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NEED HARDCOPY? + SHTFC PE-48 ALPHAMUMERIC PRINTER *

f you are one of the many somputer 1 &8 FBMPRETRee 0 M RE o pe

users who wants hardcopy printouts, . |jcps GTRNDARD 3 78" CALCULATOR FRAPER

but can't afford any of the available 4 =5 | [HE .~ MINUTE PRINT FATE

machines, your troubles are over. Our * AUTOMATIC RIEBECOH REVERSE

PR-40 is a universal printer that gives * &4 CHARACTER ASCIT CHREACTER SET

you clear easy to read hardcopy like * 48 CHARACTER LINE MEMORY

the sample on the right with almost + TTL, SHTPC &8B@E, MITS COMRATIELE

any computer. Our printer operates

from any eight bit parallel 1/O port.

The printer has it's own character

generator and memory buffer. This

means that the computers only job is

to feed data when the printer is ready.

No special program is needed in the

computer to convert the data to a

form that the printer can use as each

character is printed. The PR-40 is easy

to use, easy to interface and easy to

afford. PR-40 LINE PRINTERKIT................ .$250.00 PPd
SRR e

FeLirry
L

UTER

T2 6800 EORTEm

HOW ABOUT PICTURES?

Games are more fun with pictures. Now you
can add graphics displays to your game pro-
grams and on any type computer. Qur GT-
6144 operates from any eight bit parallel I/0
port. It has it's own self contained memory,
so memory space for the display is not robbed
from your computer. The 9% x 13 circuit
board contains all you need to produce a
graphic display like the one of the starship
“Enterprise” shown on the left. Kit is less
power supply, or chassis.

GT-6144 GRAPHICS TERMINAL KIT . .$ 98.50 PPd

Southwest Technical Products Corp.
Box 32040, San Antonio, Texas 78284

S S S S5 S S
i | know a bargain when | see it. Send the following:

I [0 6800 Computer $395.00 [] PR-40 Printer $250.00
| CJOGT-6144 Graphics Terminal $ 98.50 [ Just data (free)

|

|

I NAME

|

I ADDRESS

I

| cITY STATE zIP

|

|

I
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How to save your programs--
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Supplied with one 2704 PROM
containing special software
to transfer RAM content to

PROM and PROM

to RAM.

and have a PROM programmer, too

Cromemco’s popular BYTESAVER™
memory board gives you two of the
most-wanted features in microcomputer
work:

(1) asimple, easy way to store your
computer programs in program-
mable read only memory
(PROM).

(2) a PROM memory board with
the capacity for a full 8K bytes

of PROM memory storage.

ECONOMICAL

The BYTESAVER™ s both a place
and a way to store programs
economically. It transfers programs
from the non-permanent computer
RAM memory to the permanent PROM
memory in the BYTESAVER™ | Once
your program is in the BYTE-
SAVER™ | it’s protected from power
turn-offs, intentional or accidental. The
PROMs used with BYTESAVER™ are
UV erasable and can be used again and

again.

The BYTESAVER™ jtself plugs
directly into your Altair 8800 or
IMSAI 8080.

PROM PROGRAMMER

Many people are surprised to learn
that in the BYTESAVER™ vyou also
have your own PROM programmer. But

it’s so. And it saves you up to hundreds
of dollars, since you no longer need to
buy one separately.

The built-in programmer is designed
for the 2704 and 2708 PROMs. The
2708 holds 1K bytes, four times the
capacity of the well-known older 1702
PROM (yet cost-per-byte is about the
same). The 2708 is also fast — it lets

your computer work at its speed
without a wait state. And it's
low-powered. With 2708’s in all 8

sockets, the BYTESAVER™ s still
within  MITS  bus specifications,
drawing only about 500 mA from the
+8V bus. A complement of 2708
PROMs gives the BYTESAVER™ s
full 8K capacity.

HOLDS LARGE PROGRAMS

The BYTESAVER'S™  8K-byte
capacity lets you store the larger and
more powerful programs. 8K BASIC,
for example, easily fits in the
BYTESAVER™ capacity of 8 PROM:s.
One 1K PROM will hold many games
such as Cromemco’'s DAZZLER-LIFE
or DAZZLE-WRITER.

NO KEYBOARD NEEDED

The BYTESAVER™ comes with
special software programmed into a
2704 PROM. This software controls
transfer of the computer RAM content
to the BYTESAVER™ PROM.

So you are ready to go. You don't

Cromemco

Specialists in computer peripherals

even need a keyboard. Just set the
computer sense switches as instructed
in the BYTESAVER™ documentation.

Transfer of memory content to
PROM (“burning") takes less than a
minute. The BYTESAVER™ software
controls computer lights to verify
complete and accurate transfer of
memory content.

The software also programs any of
the other 7 PROM positions in the
BYTESAVER™ a5 readily as the first.

And when used to transfer
information from the BYTESAVER™™
PROMs to RAM, the special design of
the software allows loading a large
program such as 8K BASIC in one
second.

AVAILABLE NOW — STORE/MAIL

The BYTESAVER™ s sold at
computer stores from coast to coast. Or
order by mail from Cromemco.
Cromemco ships promptly. You can
have the BYTESAVER™ in vyour
computer within a week after your
order is received.

BYTESAVER™ kit . . . ., . .. $195
{Model 8KBS-K)
BYTESAVERTM assembled $295

{Model 8KBS-W)
Shipped prepaid if fully paid with order.
California users add 6% sales tax.
Mastercharge and BankAmericard accepted
with signed order.

2432 Charleston Rd., Mountain View, CA 94043 ® (415) 964-7400
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What's good for about four billion
bytes on line capacity, 10 to 50 ms
access time, and a system cost in the
personal computing category? Find
out by reading Martin Buchanan’s
article on What Do You Do With a
Video Disk?

“Friends, Humans, and Country-
robots. Lend Me Your Ears.” When
you’ve reached a point in your audio
output micro-experimentation where
the computer can talk, you’ll have
quite an accomplishment. D Lloyd
Rice describes some of the background
information needed to create a human
vocal tract model with computer con-
trol in his excellent tutorial on the
subject. Imagine, Star Trek imple-
mented with a real ship’s computer
output!

What plugs into one Altair or
IMSA! compatible bus slot, eats serial
phoneme snacks, talks back and won’t
shut up till you pull the plug? Find
out by reading Wirt Atmar’s historical
background and description of a new
Altair compatible plug-in voice synthe-
sizer, a commercial version of the
prototype which was demonstrated as
a prize winning entry in the recent
MITS World Altair Computer Conven-
tion. Once you get the hang of its
accent, your talking computer will add
a new dimension to conversational
software.

What’s wrong with the 8080 pro-
cessor architecture? Ask a programmer
for “features” and you’ll get some
answers. An analysis followed by
definition of improvements resulted in
the new Zilog Z80 microprocessor
which is the ultimate in 8 bit micro-
processors at this point in time. Find
out what the Z80 is all about by

reading Burt Hashizume’s
processor Update: Zilog Z80.

The act of programming, like any
act of creation, requires a bit of
organization and discipline on the part
of the thinker. In the second reprint
from Nat Wadsworth’s Machine Lan-
guage Programming for the *“8008”
(and similar microcomputers) you’ll
find some thoughts on the design and
planning of programs.

In May BYTE, we had A Date With
KIM. Here is the next chapter in the
continuing story of True Confessions:
How | Relate to KIM. Turn to Yogesh
M Gupta’s account of modifications to
the KIM-T system which achieve com-
patibility with slower memories, bus
expansion, and a priority interrupt
capability.

A sub theme of this BYTE is the
idea of the talking personal computer
system. Well, Jack Hemenway and
Robert Grappel got together recently
to concoct an allegorical tale of Jack’s
assembler. In Jack and the Machine
Talk you’ll see a dialogue with a
computer personified. Which leads to
the next step: Who'll be the first
reader to create a program to imple-
ment the computer side of the dia-
logue, using one of the new voice
output devices which are coming to
market?

Micro-

Want to experiment with high level
languages (like APL) that require an
extended character set? Want to
simply build and utilize a convenient
text display output device? Need up-
per and lower case displays for a text
editor? If so, and if you can get by
with a 32 character line on a standard
TV set or monitor, then Dr Robert
Suding’s latest article will be of in-
terest. Build a TV Readout Device for
Your Microprocessor using his detailed
design.

What'’s an 12L? Terry Steeden has
written a short background summary
of this relatively new logic family, one
which has important manufacturing
and power consumption advantages
which assure its place in the stable of
semiconductor fabrication methods.

Many readers have found real bar-
gains in older Baudot Teletype
machines such as the Model 15 and the
Madel 19. The main problem, though,
is Interfacing the 60 mA Current Loop
to the normal TTL level signals of a
typical microcomputer. One solution
to this problem is provided by Walter
S King’s short article in this issue.

And for the cover, Robert Tinney
portrays a scene from the near future.
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Some Notes on Clubs

Editorial by Carl Helmers

Mapping Sessions

On April 28 1976 | attended one of the
biweekly meetings of the Homebrew Com-
puter Club in Palo Alto CA with Dave
Fylstra and Mike Wilbur of Stanford Re-
search Institute as my guides. The meeting
was most interesting from several points of
view. One of the best features was the
session of ‘“‘mappings” which occupied the
first portion of the evening’s activity. This
activity is one which would be well worth
instituting by clubs elsewhere, so !'ll des-
cribe my impressions.

The mapping session provides a mecha-
nism for various members to advertise what
they personally have to offer or what they
are personally looking for. It is a way for the
persons attending the meeting to find other
persons with similar (or complementary)
interests so that they can get together for
exchanges of software, surplus components,
expertise in fixing bugs, etc.

The key to the mapping session is a large
set of people (in the Homebrew Computer
Club, n =400) and an efficient “moderator”
to coordinate the session (in the Homebrew
Computer Club meeting of April 28, this was

TOWARD SPEECH INPUT?

Speech by computers is now quite possi-
ble and reduced to the form of output
peripherals which can be commercially pur-
chased. The problem of ‘pattern recogni-
tion’’ as applied to human speech inputs is a
more difficult problem. For an excellent
background tutorial on the subject of speech
recognition, see an article by George M
White of the Xerox Palo Alto Research
Center, page 40 of the May 1976 IEEE
Computer magazine. (Any good engineering
library should have a subscription to this
publication as well as the other technical
journals of the IEEE).

Lee Felsenstein). The moderator selects
individuals who have raised hands to indicate
they have an announcement. (The mecha-
nism would obviously not work if everyone
yelled at once.}) Once recognized, the indi-
vidual selected stands up, states his or her
name, gives a short description of interests
for the evening, then sits down. The purpose
of standing up is to allow others in the
audience to get a visual fix on the person so
that he or she can be located during a
“random access” session at the end of the
mecting. After each announcement, the
moderator selects another person from those
with pending announcements.

The moderator also serves to smooth out
the process in several ways. Since various
people do not speak clearly enough to be
heard throughout the assemblage, the
moderator will often summarize and repeat
the person’s request through the PA system
if quizzical looks are perceived at various
places in the gallery. Sometimes, if the topic
of the person’s announcement is exciting or
generates extreme interest in the audience,
the moderator can decide to obtain an
informal poll of interested persons by asking
for a show of hands. Also, if a long winded
person gets the floor, the moderator has the
crucial function of cutting off the speaker if
necessary, using a polite but firm approach.
Detail discussions are the province of small
groups of interested persons getting together
later in the evening, and are to be avoided
during the mapping session.

The announcements people offer include
fixes of hardware problems, special interest
applications areas, personal surplus hardware
or parts, copies of personal software, etc.
For example, at the April 28 meeting, Tom
Pittman, author of a Tiny BASIC for the
6800 processor, stood up and described the
fact that he had it available with paper tape
code and documentation in a package cost-
ing a nominal $5. [See page 76 of july

Continued on page 126



SUPER CHIP!

The Z-80 CPU by Zilog

FromThe Digiiul Group, of course.

If you are considering the purchase of an 8080-based sys-
tem, look no further. The Z-80 has arrived. A new genera-
tion 8080 by the same individuals who helped design the
original 8080 — combining all the advantages of the 6800,
6500 and 8080 into one fantastic little chip! And, the Z-80
maintains complete compatibility with 8080 software.

What's even better . . . the Z-80 is being brought to you by
The Digital Group — people who understand quality and
realize you expect the ultimate for your expenditure. With
the Z-80, combined with the Digital Group System’s video-
based operation, you're at state of the art. There's no place
better.

Take a look at some specifications:

Z-80 FEATURES

@ Compiete compatibility with 8080A object code
@ 80 new instructions for a total of 1568
@ 696 Op codes
©® Extensive 16-bit arithmetic
@ 3 Interrupt modes (incl 8080), mode 2 provides 128
interrupt vectors
® Built-in automatic dynamic memory refresh
® Eleven addressing modes including:
Immediate
Immediate extended
Page Zero
Relative
Extended
Indexed
Register
Implied
Register Indirect
Bit
Combination of above

® New Instructions (highlights):
Biock move up to 64k bytes memory to memory
Block /O up to 256 bytes to/from memory directly
String Search
Direct bit manipulation

® 22 Registers — 16 general purpose
® 1,4,8 and 16 bit operations

DIGITAL GROUP 2-80 CPU CARD
@ 2k bytes 500ns static RAM
® 256 bytes EPROM bootstrap loader (1702A)
® 2 Direct Memory Access {DMA) channels
@ Hardware Interrupt controller

Supports all 3 modes of interrupt
Mode 2 supports 128 interrupt vectors

® Data and Address bus lines drive 30 TTL loads
® 7-80 runs at maximum rated speed
® Single step or single instruction step

® CPROM de-selectable for full 64k RAM availability
{programs may start at location @)

® Complete interchangeability with Dlgltal Group 8080A,
6800 and 6500 CPUs

The Z-80 is here. And affordable. Prices for complete Digital
Group systems with the Z-80 CPU start at $475. For more
information, please call us or write. Now.

THE DIGITAL GROUP INC.

PO.BOX 6528
DENVER,CO 80206
(303)861-1686

1y



What Do You Do With a Video Disk?

Martin Buchanan
2040 Lord Fairfax Rd
Vienna VA 22180

The new video disk
technology will probably
be ‘“write only once”
memory. But that won't
matter much, for with es-
sentially infinite storage
(50¢ per billion bytes) you
can store each new version
of a program at a new
physical location until the
disk is full. Then you start
a new disk.

in one to three vyears, for less than
$1,000, you should be able to buy a mass
storage system with the following
characteristics:
Directly accessible in 10-50 ms.
Data transmission rate of 15,000,000 bits
per second.

On line capacity of 4,000,000,000 by tes.

Storage units costing $2 each.
The only limitation on the first such

systems may be a ‘‘write once’ limitation.

Once something is recorded, it is recorded
permanently. A California engineering con-
sultant has told me that this limitation can
be overcome, but | haven’t researched the
suggested techniques. The limitation isn't
particularly serious because essentially in-
finite storage (50¢ per billion bytes!) will
allow you to store each new version of a file
or program in a new location. Not writing
over old versions of files and programs will
certainly aid documentation.

Table 1a: Systems.

system
cost

low speed <$100
audio cassette

interface

Processor ?
Technology

CDS-VIII fast

cassette system

Altair 88 DCDD
disk kit {incl. disk
controller, disk
drive, one floppy
disk and software
controller)

$1480

digidisk system ~$1000

The key to this technology is ‘‘video-
disks.” Several companies, here and abroad,
have developed home videoplayers, all using
disks as their recording medium. Two main
types are in competition. RCA uses varia-
tions in capacitance to record information
with an arm and head which track the
grooves and pick up the signal. The RCA
disks can only be accessed serially (sequen-
tially); like a magnetic tape or audio cas-
setle, to access a record you must pass over
all the records between the desired record
and your present position. Philips and MCA
Discovision have developed optical players
which use a laser to scan the disk. Informa-
tion is stored in ‘“micropits’’ less than a
micron in diameter which produce changes
in the beam detected by photodiodes. These
optical systems are direct access. The user
can address any frame and access it quickly,
regardless of the present position of the
mechanism. Both systems are scheduled for

on line

access data rate access

type capacity (bits/sec) time
{Kbytes)

serial 25 — 540 110 — 600 seconds to minutes

serial 128 1200 seconds to minutes

direct 300 250,000 400 msec average

direct 4,000,000 15,000,000 30 msec average



marketing in late 1976. The RCA system has
a projected price of $400 and the Discovi-
sion system, $500. Both systems are players
only, for use with existing color television
receivers.

The Discovision system will store 36,000
color video frames on a 12 inch floppy
plastic disk. At roughly a million bits per
frame, such disks can be expected to hold
over four billion bytes if adapted for digital
storage. The disk will rotate at 1500-1800
rpm. This implies an average latency time of
less than 20 ms. Assuming an average seek
time and transfer time of 10 ms yields an
average access time of 30 ms. 15 mbps is a
very high data transmission rate and is best
handled by conversion to 8 bit or 16 bit
words read in parallel to interface via direct
memory access to semiconductor main mem-
ories. A digital system for personal com-
puting will also require a write capability, a
laser precise enough and powerful enough to
burn new information into the disk. Pos-
sibly, the same laser can be used both to
read and write, at different power levels. |
make a projection that the added write
capability, software for controlling the sys-
tem and smaller production runs will result
in a system cost of $1000. Estimates of the
cost of videodisk production run as low as
50¢ per disk. |'ve projected an end user cost
of $2 each for blank disks for the digital
system. A nice amount of information to
store on the ‘‘digidisk” is 232 bytes, the
number addressable by 32 bits, just over
four billion.

Table 1 compares this hypothetical sys-
tem with systems presently available for
home computers. There are three main
classes of computer memory. Main memory
is fast, expensive and directly addressable by
the CPU. RAM and ROM memories are
accessible in several hundred nanoseconds
and cost 2-6¢ per byte. Secondary storage is
less expensive and directly accessible in less

Table 1b: Media.

storage unit

approximate

Table 2: Information Formats in Omnidisk System.

. Color video.

. Digital storage (232 bytes).
. Music or voice (one or several channels).

O hWN =

and homes.

than a second. Magnetic drums and disks are
secondary storage devices. Their speed al-
lows use in virtual memory systems where
the operating system software moves pro-
grams and program storage in and out of
main memory as needed, freeing the user
from having to program around severe
memory restrictions. External storage is least
expensive, but is accessed serially, making it
unsuitable for use in virtual systems. Magne-
tic tape, paper tape, punched cards, and
audio cassette are all serially accessed ex-
ternal storage media. External storage is used
for storing programs and data when not in
use. Optical storage of the type projected
here will be directly accessible for use in
virtual systems, will be faster than floppy
disks, will be 10,000 times cheaper per byte
of storage, and nearly 1,000 times cheaper
per byte of on line capacity.

A more useful but more expensive system
will be capable of accessing all or several of
the five types of information in table 2.
Several types of information can be stored
on a single disk. For example, a book or
music library could come with the software

approximate

and cost cost (¢/byte cost (¢/byte of
of storage) on line capacity)
low speed interface audio cassette 4—40 x 10'4 2x 10'2
$1 -2
Processor C30 cassette 5x1 0'4 more than a low speed
Technology ~$1 interface, but faster.
fast system
Altair 88 DCDD floppy disk 5x10° 5x 10
$15
- . . -8 -5
digidisk optical disk ~5x 10 ~2.5x 10
system ~$2

. Black and white video {can use color format but is wasteful).

. High resolution black and white frames to replace microfilm and fiche in libraries

The most likely video disk
technology to be ap-
plicable in mass storage
areas will be the Dis-
covision laser system of
Philips and MCA, since it
has direct access capability
and a potential adaptation
to allow writing of infor-
mation in a personal
system.



One problem of optical
disks is their sheer
abundance of data storage
capacity.

The overhead per unit of
information will decline,
though. It does not take
10,000 times as much soft-
ware to access 10,000
times as much data.

to access it. Input and output will be
possible in all formats under microcomputer
control. Interesting esthetic effects will be
possible. You will be able to program your
system so your TV interprets music as a
color pattern, or displays complex and
flickering hypnotic bit patterns as your
computer operates.

Some Long Range Speculations

Cheap storage implies that wasteful but
marginally more useful data structures will
be used. Hash codes and bit manipulation
may be unknown to most users of the next
generation of home computer systems. One
problem with optical disks is their sheer
abundance of capacity. It would be clumsy
to send 2 15 minute tape to a friend on a
disk which can hold hundreds of hours of
music or voice. What you will do instead is
tape simultaneously into your corres-
pondence disk and a cassette, mail the
cassette to a friend who plays it into his
correspondence disk as he listens and who
can then reuse the cassette.

Larger storage implies more complex data
structures. A small conventional disk system
that | use now has the following hierarchy of
structures:

(magnetic disk)
group
library
file
record
word

Cataloging, indexing, and writing the soft-
ware to access the wealth of information in
existence will be an important profession.
The overhead per unit of information will
decline, though. It does not take 10,000
times as much software to access 10,000
times as much data.

Electro Optical Libraries

| believe this new storage medium will be
so convenient that it will replace conven-
tional libraries. The first generation library
system will be photographic, each page the
equivalent of one or more video frames
depending on the desired resolution. Black
and white images will satisfy most demands
and higher resolution than TV will be
desirable. 10 — 40,000 pages will be stored
on each disk, the equivalent of 50 — 200
books. This kind of system will resemble
microfiche in its storage capacity but will be
directly accessible in milliseconds. The first
file on the disk will be the software for
reading the disk and a lookup table which
tells the computer where each title begins.
This is an application of the omnidisk

system. Lawyers, doctors, architects and
engineers will be among the first users as
their professional libraries become available
on optical disk. Converting existing fiche
and film to the new medium will be done by
machine. Putting the Library of Congress
onto optical disk will be tedious and expen-
sive if photographed by hand. A robot
camera with demand feed conveyer, waldos
for turning pages and automatic focussing
and alignment would be useful for con-
verting large libraries. Such a library could
require 10,000 disks, and will require a more
complex system to make the system fast and
economical. At least one prototype disk
system has been develop 4 with an auto-
matic feeding mechanism. the principle can
be applied to constructing a college or
university system with the following
elements: :

1. 100 high resolution CRTs for accessing
material,

2. A read only multiple player which can
play up to 100 disks simultaneously,

3. A disk store accessed by the multiple
player under computer control.

If a user requests material on a disk other
than the one he is currently using, his
current demand is deleted, a disk that is not
being used is returned to the store if drive
space is needed, and the disk with the
requested material is brought on line. If a
user requests a disk being used by another
user, they can both read from it in a
timesharing arrangement. The system will be
virtual. The user accesses material in the
same way whether or not it is on line
(though it may take several seconds to bring
new disks on line). Bigger optical storage
records can make the system faster and
cheaper.

The average book can be ASCII coded in
about 5 million bits. In this form, one
optical disk could hold 6400 books. Each
book will cost less than a tenth of a cent to
produce (compare with present photocopy-
ing costs of several cents per page, and with
skyrocketing book prices). 1t will take less
than a second for the system to read or write
an entire book. ASCII text and high resolu-
tion photos (for illustrations, graphs and
diagrams) can be interleaved on the same
disk along with the software for controlling
access. The Library of Congress will fit in a
filing cabinet, but to economically convert it
to ASCIl records, you need advances in
optical character recognition so a robot can
scan a printed page and read the characters.

Continued on page 15



If you thought a rugged,
professional yet affordable

computer didn't exist,

think
IMSAI
8080.

Sure there are other commercial,
high-quality computers that can
perform like the 8080. But their
prices are 5 times as high. There is
a rugged, reliable, industrial com-
puter, with high commercial-type
performance. And prices that are
competitive with Altair’s hobbyist
kit. The IMSAI 8080. Fully assem-
bled, it’s $931. Unassembled, it’s
$599. And ours is available now.

In our case, you can tell
a computer by its cabinet. The
IMSAI 8080 is made for commer-
cial users. And it looks it. Inside
and out! The cabinet is attractive,
heavy-gauge aluminum. The
heavy-duty lucite front panel has
an extra 8 program controlled
LED’s. It plugs directly into the
Mother Board without a wire
harness. And rugged commercial
grade paddle switches that are
backed up by reliable debouncing
circuits. But higher aesthetics on
the outside is only the beginning.
The guts of the IMSAI 8080 is
where its true beauty lies.

The 8080 is optionally
expandable to a substantial system
with 22 card slots in a single
printed circuit board. And the
durable card cage is made of
commercial-grade anodized
aluminum. The Altair kit only
provides 16 slots maximum in four
separate sections, each section

requiring 200 solder connections.

The IMSAI 8080 power
supply produces a true 28 amp
current, enough to power a full
system. The Altair produces
only 8 amps.

You can expand to a
powerful system with 64K of
memory, plus a floppy disk con-
troller, with its own on board
8080-and a DOS. An audio tape
cassette input device, a printer,
plus a video terminal and a
teleprinter. These peripherals will
function with an 8-level priority
interrupt system. IMSAI BASIC
software is available in 4K,
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that you can get in
PROM. And a new $139 4K
RAM board with software
memory protect. '

Find out more about the

- computer you thought didn’t

exist. Get a complete illustrated
brochure describing the IMSAI
8080, options, peripherals, soft-
ware, prices and specifications.
Send one dollar to cover handling.

Call us for the name of the
IMSAI dealer nearest you.

Dealer inquiries invited.

IMSA

IMS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577
(415) 483-2093



Imagine a microcomputer

fmagine a microcomputer with all the design
savvy, ruggedness, and sophistication of the best
minicomputers.

Imagine a microcomputer supported by dozens
of interface, memory, and processor option boards.
One that can be interfaced to an indefinite number
of peripheral devices including duat floppy discs.
CRT's, line printers, cassette recorders. video dis-
plays, paper tape readers, teleprinters, plotters.
and custom devices.

Imagine a microcomputer supported by exten-
sive software including Extended BASIC. Disk
BASIC, DOS and a complete library of business.
developmental, and industrial programs.

Imagine a microcomputer that will do everything
a mini will do, only at a fraction of the cost.

You are imagining the Altair™ 8800b. The Altair
8800b is here today, and it may very well be the
mainframe of the 70's.

The Altair 8800b is a second generation design
of the most popular microcomputer in the field,
the Altair 8800. Built around the 8080A micro-
processor, the Altair 8800b is an open ended
machine that is compatible with all Altair 8800
hardware and software. It can be configured to
match most any system need.

NOTE: Altair is a trademark ot MITS, Inc.
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Redesigned front panel. Totally synchro-
nous logic design. Same switch and LED
arrangement as original Altair 8800.
New back-lit Duralith (laminated plastic
and mylar, bonded to aluminum} dress
panel with multi-color graphics. New
longer, flat toggle switches. Five new
functions stored on front panel PROM
including: DISPLAY ACCUMULATOR (dis-
plays contents of accumulator), LOAD
ACCUMULATOR (loads contents of the
8 data switches (A7-AQ) into accumulator),
OUTPUT ACCUMULATOR (Outputs con-
tents of accumulator to 1/0 device
addressed by the upper 8 address
switches), INPUT ACCUMULATOR (in-
puts to the accumulator from the /O
device), and SLOW (causes program
execution at a rate of about 5 cycles per
second —for program debugging).

T,
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Rugged, commercial grade Optima
cabinet,

L New front panel interface board buffers
all lines to and from 8800b bus.

Two, 34 conductor ribbon cable assem-
blies. Connects front panel board to front
panel interface board. Eliminates need
for complicated front panel/bus wiring.

Full 18 sfot motherboard.

New, heavy duty power supply +8 volts
at 18 amps, + 18 volts at 2 amps, 18 volts
at 2 amps. 110 volt or 220 volt operation
(50/60 Hz). Primary tapped for either
high or low line operation.

—New CPU board with 8080A micro-
processor and Intel 8224 clock generator
and 8216 bus drivers. Clock pulse widths
and phasing as well as frequency are
crystal controlled. Compatible with all
current Altair 8800 software and
hardware.

altair 8800-b

MITS, Inc. 1976/2450 Alamo S_E./Albuquerque, New Mexico 87106




Letters

Very soon the interest is
going to shift from “‘what
to buy” and “how to get it
going” over to “what to
do with it.”

i

COMPILER INPUTS NEEDED

Do you have space at the front of your
Letters column for this request? [ Yes. /

I’'m writing a compiler for 8080 systems,
and I'd like to know what everybody would
like to have in it. I'm personally leaning
towards PL/I, which is my favorite language,
but the compiler will be able to accept
FORTRAN as well. «

Would everybody take a moment to write
me and tell me what they’d like to see in a
new compiler? I'll try to put in .all the
routines you can think of.

And please, don’'t be afraid to write
simply because you think somebody else
might, or you're too ‘‘new at the game.”
Although I’ve been an IBM systems engineer,
| also spent several years as a disc jockey in
St Louis and Kansas City. No matter who
you are, your ideas need to be put into this
compiler.

Peter Skye

Chief Engineer
Watermark Inc

10700 Ventura Blvd

No Hollywood CA 91604
(213) 980-9490

Let us know when it’s ready.

EMULATION, ANYONE?

I just finished reading the literature on
the new PCM-12 microcomputer which uses
the Intersil IM6100 MPU that recognizes the
Digital Equipment Corporation PDP-8
instruction set. It occurs to me that a very
worthwhile software development project
for the home microcomputer system would
be an interpretive translator/emulator pro-
gram that would allow the microcomputer
to run DEC’s PDP-8 software (ie: program
would input a single 12 bit PDP-8 instruc-
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tion and then output one or more micro-
computer 8 bit instructions which would be
immediately executed and accomplish the
same task). This would allow the hobbyist to
take advantage of the huge mountain of
software developed for this very popular
minicomputer, which includes such high
level “languages as BASIC, FORTRAN,
ALGOL, FOCAL, etc. Most of the software
is available over the counter from DEC for a
very nominal charge.

Because the architecture of the PDP-8 is
based on a 12 bit word, the 8 bit micro-
computer would have to operate on each
word as two 6 bit half words stored in
consecutive locations. The main disadvan-
tage with this emulator method would lie in
the increased memory length and execution
time required.

| would like to see some dialogue started
in the pages of BYTE on the desirability and
feasibility of a program such as this. Some
prime candidates for translators would be
microcomputer systems based on the 8080,
M6800, and MCS6500 (especially the latter
since no high level languages exist for this
unit, but a number of very low cost systems
are available).

Don B Keek Jr

Senior Engineer, Loudspeakers
ElectroVoice Inc

600 Cecil St

Buchanan M| 49107

Is anyone doing such an emulation?
Rumor has it that at least one or two
PDP-11 emulators are around running on
8080s and the like, and the technical chal-
lenges of a PDP-8 version cannot be any
worse.

CRITIQUE AND SUGGESTIONS

Your article in the March BYTE ““Assem-
bling Programs by Hand” [page 52] was
very pertinent and timely. It's probably the
method most of your readers will be using.

The actual “how to do it" part was well
done and allowed rather complete compre-
hension by most of your readers. But the
first part of the article setting up the
example to work on was probably beyond
most of your readers, at least those who did
not come up through programming. Either a
simpler example or more explanation of the
example used would have made the article
even more valuable.

We see much written on interfacing to
peripherals such as TTY, TV keyboards, tape
cassettes, etc, which, of course, is needed.
But isn’t it time to start going into some of
the other functions a growing number of



UNBELIEABLE

The Intecolor 8001 Kit

A Complete 8 COLOR Intelligent CRT Terminal Kit

$1,395

“Complete” Means: T T Tt "'i
* 8080 CPU o 25 Line x 80 Characters/Line « 4Kx8 RAM ¢ PROM | Send me (No.) Intecolor® 8001 kits at $1,395 |
Software e Space for UV Erasable PROM ¢ 19" Shadow Mask | 3 plus $15.00 shipping charges each.
Color CR Tube « RS232 I/0 o Selectable Baud Rates to 9600 | ~ Enclosed is my U cashier's check, [ money order, {
Baud ¢ Single Package ¢ 8 Color Monitor ¢ ASCII Set ® Keyboard | O personal check* |
* Bell « Manual | Shipmentfor$ I
And you also get the Intecolor® 8001 9 Sector Convergence | NAME |
System for ease of set up (3-5 minutes) and stability. | ADDRESS |
Additional Options Available: | ciTy |
¢ Roll ® Additional RAM to 32K e 48 Line x 80 Characters/Line | STATE ZIP |
e Light Pen e Limited Graphics Mode e Background Color | *Allow 8 weeks clearance |
¢ Special Graphics Characters e Games : on personal checks. !
Delivery 30-60 days ARO. | I
*Domestic USA price | i
i ' |
I1SC WILL MAKE A BELIEVER OUT OF YOU. | .
i Intelligent Systems Corp.., |
| 4376 Ridgegate Drive, Duluth, Georgia 30136 |
| Telephone (404) 449-5961 i
U — ——————— -y



Should | do it in hardware
or software?

Nothing compares with
the satisfaction of exercis-
ing complete control over
a small universe which can
be tailored and operated
to suit one’s needs.

your readers will become interested in? For
example, | would think a number of readers
will be wanting to control some interrelated
physical quantities which are measured with
digital and analog sensors/transducers (digi-
tal tachometers, digital flowmeters, tempera-
ture sensing, etc). Hence a detailed article on
processing input pulse trains might be well
received. The reverse, an in depth article on
outputting pulse trains to move something
via a stepping motor (now relatively inex-
pensive) should be equally popular. Many
readers might be interested in inexpensive
AD inputs. Although Motorola covered this
subject well in their AN-757 note for the
6800, it could still be “interpreted’’ to your
readers.

All of this could pave the way for some
articles on dedicated digital contro! systems
which should be intriguing to your readers as
they grow in sophistication. | say all this
because it would seem that very soon the
interest is going to shift from ‘“what to buy”
and “how to get it going’’ over to “WHAT
TODOWITH IT.”

Gordon March
Cedar Rapids IA

Potential authors take note. Gordon
March has some good suggestions to make,
concerning both implementation and choice
of subject matter of articles,

ANOTHER ARTICLE IDEA

I think BYTE is fantastic. | have been
thinking about writing a little algebraic
expression processor for several years now
but could never figure out how to exactly.

When | got February and March issues of
BYTE and read the articles on Processing
Algebraic Expressions [page 26, February,
page 62, March], things started clicking
into place. Now all | have to do is test it on
the college’s Univac 1106 and see if it works.

[ don't have a micro yct and probably
won’t get one for a few years. When | do, it
will probably be based on Intel’s 3000 series
because | want to be able to define my own
instruction set. /t would be very helpful if
you had an article on this family of chips.

R Tim Coslet
Phoenix AZ

YE OLDE HARDWARE — SOFTWARE
TRADEOFF

I was very impressed with Mr Frank’s
novel approach to the design of analog to
digital convertors. For those who missed the
May 1976 issue, he suggested [page 70]
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using a microprocessor for the feedback
element of an ADC. This technigue has the
advantages of being inexpensive, and very
simple to put together. However my applica-
tions for ADC require higher speeds (20
kHz) and complex data reduction. In light of
these requirements, CPU control of the ADC
loop is too slow, and wastefu!l of processor
time. Essentially all the processor is doing is
acting as an Up/Down Counter, at least in
the “Tracking” configuration. Therefore, at
a slight increase in cost, | would replace the
processor as control element, with the
appropriate MSI TTL packages (ie: 74193).
This has the effect of greatly speeding up the
conversion time, and unburdening the proc-
essor so it can do its thing in between sample
times. The question boils down to the old
one: “Should | do it in hardware or soft-
ware?”’ The answer is not usually an obvious
or easy one; but my experience tells me to
try hardware first, if the costs are almost the
same. Microcomputers can have a hard time
keeping up with real time, and my impulse is
to try to ease their minds by doing some of
the work outside in supporting circuitry.
The difficult part is making sure the total
system gets the maximum effectiveness from
each component part.

Ira Rampil

University of Wisconsin
Dept. of EE and CE
Madison WI 53706

PS: The Motorola Linear IC Data Book, 3rd
edition, has a nice section on applications of
their data conversion chips.

YOU OLD TSO AND TSO!

| don't think that anyone has thus far
mentioned in BYTE the single greatest
impetus for DP professionals like myself to
take up personal computing. That impetus is
frustration. The amateur cannot appreciate
how frustrating it can be, even im a multi-
CPU shop. There is slow batch turn-around
time, slow TSO response time, missing print-
outs, lost decks, and of course the inevitable
system down time . ...not to mention the
restraints of system standards, rules, and
regulations.

It is so satisfying to turn on one’s own
system, input through its console, and enjoy
instantaneous response. There is nothing to
compare with the satisfaction of exercising
complete control over a small universe which
can be tailored and operated to suit one’s
needs. And there is the sense of freedom in

Continued on page 108



Continued from page 8

When your children get good grades, you
won’t get them a Brittanica, but a Universal
Data Base, a compendium of human know-
ledge made up of several thousand selected

books.
What about music? One optical disk will

be able to record hundreds of albums.
Around 1980 you may see and hear this ad
on your TV:

“Discomania! The complete works
of the Beatles, Cat Stevens, Beethoven,
Johnny Cash, the Mormon Tabernacle
Choir, and many many more! Just
send your name and address, check or
money order for $9.95 to...or

call ... toll free to order your copy
now. Hurry, hurry. Our supply is
limited.”

Problems of Copyright

Works in the public domain like classical,
religious, and ethnic music will be quickly
offered once the technology is widely avail-
able. Pirates could have a field day with
easily copied disks. Duplicating a rock and
roll collection costing hundreds of dollars,
putting it on one disk and making a killing
could become quite enticing to unethical
individuals. Copyright conventions will have
to evolve and adapt to this medium as it
becomes available.

Education via Disk

With versatile inexpensive mass storage
media, correspondence schools might evolve
into a new form. You might receive one or
more disks containing:

text,

pictures and film clips where needed,
voice for language lessons,

all the software necessary for im-
mediate interactive examinations and
correction of mistakes, including a
diagnostic exam at the start of the
course, and a final at the end.

For language courses you may be able to
buy a voice analyzer that digilizes your voice
response so the software can check your
pronunciation.

Present schools will be obsolete as the
free market provides the tools for a superior
form of education. The home computer will
teach better and faster, providing individual
atlention.

The average book text can
be ASCIl coded in about
five million bits. [n this

form, one

optical disk

could hold 6400 books.

The compulsory education laws will prob-
ably be reduced to the requirement of a
yearly examination covering basic subjects.
For poorer families, there will be neighbor-
hood computer centers (lots of space and
low rents in those deserted former schools)
with perhaps ten children wusing each
terminal during the week, each with his or
her own software library and keyword.

Long Distance Communications

With millions of computers in homes and
small businesses, the market for cheap long
distance communications will open up. My
computer in DC will talk to your computer
in California via phone hookups to DC and
Los Angeles data transmission centers which
send information across the country. There
is one present bottleneck: Phone lines can’t
handle high data rates. They are for audio
signals, and signals at 1 kHz or so are
extremely slow compared to a potential 15
MHz video disk. With 106 gigahertz of
bandwidth via laser networks you could
reserve 20 MHz for every computer in the
country. That requires optical circuitry now
being developed. Eventually the present hard
wired phone technology will be supple-
mented and then superseded by a fiber optic
network.

With large cheap optical storage, new
levels of reliability will be cheap and desir-
able. Parity bits and error checking codes
will be in vogue.

The postal service may go the way of the
pony express. The network made economic-
al by computer traffic will also carry the
daily paper, BYTE, and first class mail. Why
physically transport data if an energy saving
electronic communication does the same
thing? Data privacy will be easy to secure.
With cheap storage you can generate your
own ‘‘one time pad,”’ a cipher which cannot
be broken because it uses an infinite cipher
alphabet. Ciphering and deciphering will be
computerized.

With cheap processors and unlimited
cheap fast memory, what can't we do? The
effects on individuals and society will be
major and sometimes unexpected. Today's
personal computer is but a first step in this
trend toward sophisticated applications.®
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Why physically transport
data such as letters and
books if an energy saving
electronic communications
medium can accomplish
the same thing?




HARD PALATE

NASAL TRACT

SOFT PALATE
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Figure 1: The Human Vocal Tract. The
human vocal tract is roughly described as a
tube approximately 17.4 c¢cm long with
varying resonance characteristics as muscles
control the shape. The tract splits into two
parts, nasal and oral, at the top, with a valve
called the velum providing flexible control
of the nasal resonances in given utterance.
An electronic model of this natural organ
roughly parallels the function of the tract.

DESIREED——\ /
CURYV
*\Y/ \

/ —— | ACTUAL
DAC OUTPUT

Figure 2: DAC Quantization Errors. The actual output of a computer to the
analog world is a step function (in the absence of any filtering). This leads to
the problem of quantization errors, depicted conceptually here by the shaded
areas in between the smooth analog function and its closest step function
approximation. Low precision digital to analog conversions accenluate this
problem.
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Friends, Humans,

D Lloyd Rice
Computalker Consultants
821 Pacific St #4

Santa Monica CA 90405

You've got your microcomputer running
and you invite your friends in to show off
the new toy. You ask Charlie to sit down
and type in his name. When he does, a
loudspeaker on the shelf booms out a hearty
“Hello, Charlie!” Charlie then starts a game
of Star Trek and as he warps around thru the
galaxy searching for invaders, each alarming
new development is announced by the ship’s
computer in a warning voice, “Shield power
low!””, “Torpedo damage on lower decks!”

The device that makes this possible is a
peripheral with truly unlimited applications,
the speech synthesizer. This article describes
what a speech synthesizer is like, how it
works and a general outline of how to
control it with a microcomputer. We will
look at the structure of human speech and
see how that structure can be generated by a
computer controlled device.

How can you generate speech sounds
artificially, under computer control? Let’s
look at some of the alternatives. Simplest of
all, with a fast enough digital to analog
converter {DAC) you can gencrale any
sound you like. A 7 or 8 bit DAC can
produce good quality sound, while some-
where around 4 or 5 bits the quantization
noise starts to be bothersome. This noise is
produced because with a 5 bit data value it is
possible to represent only 32 discrele steps
or voltage levels at the converted analog
output. Instead of a smoothly rising voltage
slope, you would get a series of steps as in
figure 2. As for the speed of the DAC, a
conversion rate of 8,000 to 10,000 conver-
sions per second [The sample rate in con-
versions per second or samples per second is
often quoted in units of Hertz. We will use
that terminology here, although conversions



and Countryrobots: Lend me your Ears

per second is a generalization of the concept
of cycles per second] is sufficient for fairly
good quality speech. With sample rates
below about 6 kHz the speech quality begins
to deteriorate badly because of inadequate
frequency response.

Almost any microprocessor can easily
handle the data rates described above to
keep the DAC going. The next question is,
where do the samples come from? One way
to get them would be by sampling a real
speech signal with a matching analog to
digital converter (ADC) running at the same
sample rate. You then have a complicated
and expensive, but very flexible, recording
system. Each second of speech requires 8 K
to 10 K bytes of storage. If you want only a
few words or short phrases, you could store
the samples on a ROM or two and dump
then sequentially to the DAC. Such a system
appears in figure 3.

If you want more than a second or two of
speech output, however, the amount of
ROM storage required quickly becomes im-
practical. What can be done to minimize
storage? Many words appear to have parts
that could be recombined in different ways
to make other words. Could a lot of memory
be saved this way? A given vowel sound
normally consists of several repetitions of
nearly identical waveform segments with the
period of repetition corresponding to the
speech fundamental frequency or pitch.
Figure 4 shows such a waveform. Within
limits, an acceptable sound is produced if we
store only one such cycle and construct the
vowel sound by repeating this waveform
cycle for the duration of the desired vowel.
Of course, the pitch will be precisely con-
stant over that entire interval. This will
sound rather unnatural, especially for longer
vowel durations, because the period of
repetition in a naturally spoken vowel is
never precisely constant, but fluctuates
slightly. In natural speech the pitch is nearly
always changing, whether drifting slowly or

T MICROPHONE

[PROGRAMMABLE]

MEMORY | »| ROM

SPEAKER
P

LOW-PASSI ADC >
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CLOCK
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Figure 3: Waveform Playback from ROM Storage. One way to achieve a
digitally controlled vocal output is to first digitize a passage of human speech,
then store the digital pattern in memory. For a commercial product, such as a
talking calculator, the limited vocabulary required makes this a feasible
avenue of design, especially when a single mass produced ROM can be used in
the final product. In an experimenter’s system, the ROM is not needed, and
programmable memory can be substituted during experiments. This is
probably the Jeast expensive way to augment an existing computer’s
capability with vocal output, but the memory requirements limit its use to
small vocabularies. The quality of the result varies with the ADC (and DAC)

sampling rate and precision.

~——PITCH PERIOD ——‘4—P|TCH PERIOD —J

Figure 4: Typical Vowel Waveform. In prin-
ciple, a vowel is a fairly long sustained
passage of sound with repetitive characteris-
tics. The vowel sounds are produced physiol-
ogically by the resonances of the vocal tract,
and are controlled electronically by the
formant filters which produce the equivalent
of vocal tract resonances.
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ACOUSTIC RESONATOR
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Figure 5: Tube Resonances. Temporarily ignore the complicated shape of the vocal tract and
simplify it to a tube 17.4 cm long. Applying the equations of physics to acoustic waves in air
gives resonances at several modes or natural frequencies. The standing waves along the tube at
each frequency are shown, and identified as formant 1, formant 2 and formant 3. In the actual
vocal tract, a more complicated and time varying geometry changes the resonances as a sound is

created.

sweeping rapidly to a new level. It is of
interest that this jitter and movement of the
pitch rate has a direct effect on the percep-
tion of speech because of the harmonic
structure of the speech signal. In fact,
accurate and realistic modelling of the
natural pitch structure is probably the one
most important ingredient of good quality
synthetic speech. In order to have smooth
pitch changes across whole sentences, the
number of separate stored waveform cycles
still gets unreasonable very quickly. From
these observations of the cyclic nature of
vowels, let us move in for a closer look at
the structure of the speech signal and ex-
plore more sophisticated possibilities for
generating synthetic speech.

How Do We Talk?

The human vocal tract consists of an air
filled tube about 16 to 18 cm long, together
with several connected structures which
make the air in the tube respond in different
ways (see figure 1). The tube begins at the
vocal cords, or glottis, where the flow of air
up from the lungs is broken up into a series

vocal cords. Each time the glottis snaps shut,
ending the driving pulse with a rapidly
falling edge, the air in the tube above
vibrates or rings for a few thousandths of a
second. The glottis then opens and the
airflow starts again, setting up conditions for
the next cycle.

The length of this vibrating air column is
the distance from the closed glottis up along
the length of the tongue and ending at the
lips, where the air vibrations are coupled to
the surrounding air. If we now consider the
frequency response of such a column of air,
we see that it vibrates in several modes or
resonant frequencies corresponding to dif-
ferent multiples of the acoustic quarter
wavelength. There is a strong resonance or
energy peak at a frequency such that the
length of the tube is one quarter wavelength,
another energy peak where the tube is three
quarter wavelengths, and so on at every odd
multiple of the quarter wavelength. If a tube
17.4 cm long had a constant diameter from
bottom to top, these resonant energy peaks
would have frequencies of 500 Hz, 1500 Hz,
2500 Hz and so on. These resonant energy
peaks are known as the formant frequencies.

G

of sharp pulses of air by the vibration of the Figure 5 illustrates the simple acoustic
resonator and related physical equations.
The vocal tract tube, however, does not
have a constant diameter from one end to
the other. Since the tube does not have
constant shape, the resonances are not fixed
at 1000 Hz intervals as described above, but
can be swept higher or lower according to
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Figure 6: ‘‘ah” as in “father.” In figure 1,
the vocal tract was shown in schematic form.
Here is a similar figure showing how the
tract has been modified to produce the
vowel sound “ah.” The human typically
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closes off the nasal cavity and widens out
the oral cavity by opening the mouth during
this sound.
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the shape. When you move your tongue
down to say “ah,” as in figure 6, the back
part is pushed back toward the walls of the



throat and in the front part of the mouth
the size of the opening is increased. The
effect of changing the shape of the tube in
this way is to raise the frequency of the first
resonance or formant 1 (F1) by several
hundred Hz, while the frequency of formant
2 (F2) is lowered slightly. On the other
hand, if you move your tongue forward and
upward to say ‘“‘ee,” as in figure 7, the size
of the tube at the front, just behind the
teeth, is much smaller, while at the back the
tongue has been pulled away from the walls
of the throat, leaving a large resonant cavity
in that region. This results in a sharp drop in
F1 down to as low as 200 or 250 Hz, with
F2 being increased to as much as 2200 or
2300 Hz.

We now have enough information to put
together the circuit for the oral tract branch
of a basic formant frequency synthesizer.
After discussing that circuit, we will con-
tinue on in this way, describing additional
properties of the speech mechanism and
building up the remaining branches of the
synthesizer circuit.

A Speech Synthesizer Circuit

To start with, we must have a train of
driving pulses, known as the voicing source,
which represents the pulses of air flowing up
thru the vibrating glottis. This could be
simply a rectified sine wave as in figure 8. To
get different voice qualities, the circuit may
be modified to generate different waveform
shapes.

This glottal pulse is then fed to a se-
quence of rescnators which represent the
formant frequency resonances of the vocal
tract. These could be simple operational
amplifier bandpass filters which are tunable
over the range of each respective formant.
Figure 9 shows the concept of a typical
resonator circuit which meets our require-
ments. IC1, 1C2 and 1C4 form the actual
bandpass filter, while 1C3 acts as a digitally
controlled resistance element serving to vary

Figure 7: “ee” as in “heed.” In contrast to
figure 6, when the "ee” vowel sound is
created, the mouth opening tends to be nar-
rowed, and the upper end of the vocal tract
is restricted, This lowers the frequency of
the first resonant mode and raises the
frequencies of the second and third. Refer-
ring to table 1, the “ee” vowel sound has
some of the highest resonances for formants

F2 and F3 and the lowest for F1.

+V

ov

Figure 8: Voiced Sounds from the Glottis. Sounds which have definite pitch

are called voiced sounds. In the natural larynx, these sounds are generated by
the vocal chords and drive the vocal tract at the glottis. In an electronic

analog, the voiced sounds can be generated by a programmable counter (to
set the frequency) which in turn creates a sine wave of the same frequency. A
rectified sine wave is a good source for the glottal pulses used in the
electronic model of a larynx used in the author’s approach to speech
generation.

the resonant frequency of the filter. Several
such resonator circuits are then combined as
in figure 10 to form the vocal tract simu-
lator. The voicing amplitude control, AV, is
another digitally controlled resistance similar
to IC3 of figure 9.

This gain controlled amplifier configura-
tion is the means by which the digital
computer achieves its control of speech
signal elements. The data of one byte drives
the switches to set the gain level of the
amplifier in question. In figures 10, 13 and
15 of this article, this same variable resis-
tance under digital control is shown symbol-
ically as a resistor with a parameter name, Figure 9: Typical Formant
Resonator Circuit. A
digitally controlled band

AN pass filter can be built
VW from four operational

o - ———e amplifiers and 8 digitally

NpuT >N i .,..JQ ca controlled analog switches.
N Y N [~ L FILTERED The filter characteristics
/,L‘l/ . ouTeuT are set by the choice of

the resistance and capaci-

tance elements as well as

TrrT T the digital control word.

YR NG O I ST U The operational an7p/ifier
BLINES IC3 serves as a gain con-

$333 5 & ‘L trolled amplifier in the

) ) ] feedback loop, which

»

alters the filter resonance.
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SOURCE AV=8BITAMPLITUDE CONTROL
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anlt)thJTE‘:ach AV 2 Fl F2 F3 ouTPuT

CONTROL ‘L

/7
Fl F2 F3
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Figure 10: A first approximation of the voice synthesizer can be constructed
by using three formant filters in series with differing resonance settings all
controlled by 8 bit digital words. The resistance indicated as AV is an
operational amplifier circuit (see IC3 of figure 9) with a digital gain control
input. It is thus a programmable element of gain less than unity, in other
words the electronically controlled equivalent of a variable resistance. This
notation of a controlled resistance is used in figures 13 and 15 as well.

F1 F2 F3

heed 250 2300 3000
hid 375 2150 2800
head 550 1950 2600
had 700 1800 2550
hod 775 1100 2500
paw 575 900 2450
hood 425 1000 2400
who 275 850 2400

Table 1: Steady State English Vowels. The vowel sounds are made by
adjusting the formant resonances of the human vocal tract to the frequencies
listed in this table. These figures are approximate, and actual formant
resonances vary from individual to individual. In a speech synthesizer based
upon an electronic model of the vocal tract, the formant frequencies are set
digitally using operational amplifier filters with adjustable resonant peaks.
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1800 |- s HAD
~ 1600 |
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Figure 11: The Steady State English Vowels. The distinctions between
various vowel sounds can be illustrated by plotting them on a two
dimensional graph. The horizontal axis is the formant 1 frequency, the
vertical axis is the formant 2 frequency. A location for each vowel utterance
can be determined experimentally by locating the resonance peaks with an
audio spectrum analyzer.
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rather than as an operational amplifier with
analog switches.

Generating Vowel Sounds

The vocal tract circuit as shown thus far
is sufficient to generate any vowel sound in
any human language (no porpoise talk, yet).
Most of the vowels of American English can
be produced by fixed, steady state formant
frequencies as given in table 1. A common
word is given to clearly identify each vowel.
The formant frequency values shown here
may occasionally be modified by adjacent
consonants.

An alternative way to describe the for-
mant relationships among the vowels is by
plotting formant frequencies F1 vs F2 as in
figure 11, F3 is not shown here because it
varies only slightly for all vowels (except
those with very high F2, where it is some-
what higher).

The F1-F2 plot provides a convenient
space in which to study the effects of
different dialects and different languages.
For example, in some sections of the United
States, the vowels in “hod” and “paw” are
pronounced the same, just above and to the
right of “paw” on the graph. Also, many
people from the western states pronounce
the sounds in “head” and “hid” alike, about
halfway between the two points plotted for
these vowels on the graph.

A few English vowels are characterized by
rapid sweeps across the formant frequency

2400

2200 [ 'V{
2000 [ )
1800 |-
1600 |

1400 |-

FORMANT 2

1200 -

1000 [
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Figure 12: English Diphthongs. A diphthong
Is a sound which represents a smooth transi-
tion from one vowel sound to another
during an utterance. The time duration of
the swap from one point to another in
formant space is typically 150 to 250 ms.
This graph shows typical starting and ending
points for several common diphthong
sounds.
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Figure 13: Synthesizer with Aspiration Noise Generator. Not all utterances are vowels. By
adding a digitally controlled noise generator to the circuit of figure 10, it is possible to
synthesize the consonant sounds known as ‘stops.” In this circuit,.the amplitude versus time
characteristics of the noise pulse are determined by an 8 bit programmable gain control AH
(shown symbolically as a resistor). The ouiput of the noise source is mixed with the voicing
source with the analog sum being routed to the formant filters. The noise generator is a zener

diode.

space rather than the relatively stable posi-
tions of those given in table 1. These sweeps
are produced by moving the tongue rapidly
from one position to another during the
production of that vowel sound. Approx-
imate traces of the frequency sweeps of
formants F1 and F2 are shown in figure 12
for the vowels in “bay,” “boy,” ‘buy,”
“hoe” and “how.” These sweeps occur in
150 to 250 ms roughly depending on the
speaking rate.
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Figure 714: Stop Consonant Patterns. This figure illustrates 6 different stop
consonant patterns. The release of the stop closure (start of noise pulse) is at
the point marked by “Rel” and the beginning of the voicing sounds is marked
by “VO". Note the typical transition of the vowel formants as the steady
state js reached.
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Consonant Sounds

Consonant sounds consist mostly of vari-
ous pops, hisses and interruptions imposed
on the vibrating column of air by the actions
of several components of the vocal tract
shown in figure 1. We will divide them into
four classes: 1) stops, 2) liquids, 3) nasals,
and 4) fricatives and affricates. Considering
first the basic ‘stop consonants,” “p,” “t,”
“k,” “b,” “d” and ‘g, the air stream is
closed off, or stopped, momentarily at some
point along its length, either at the lips, by
the tongue tip just behind the teeth or by
the tongue body touching the soft palate
near the velum. Stopping the air flow briefly
has the effect of producing a short period of
silence or near silence, followed by a pulse
of noise as the burst of air rushes out of the
narrow opening.

The shape of the vecal tract with the
narrow opening at different points deter-
mines the spectral shape of the noise pulse as
well as the formant locations when voicing is
started. Both the noise burst spectrum and
the rapid sweeps of formant frequency as
the F1-F2 point moves into position for the
following vowel are perceived as character-
istic cues to the location of the tongue as the
stop closure is released. We need only add a
digitally controlled noise generator to the
vocal tract circuit of figure 10 to simulate
the noise of the burst of air at the closure
release and we can then generate all the stop
consonants as well as the vowels. Figure 13
shows the speech synthesizer with such a
noise generator added. The breakdown noise
of a zener diode is amplified by IC1 and
amplitude is set by the digitally controlled
resistor AH. 1C2 is a mixer amplifier which
combines the glottal source and aspiration
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Figure 15: The Complete Synthesizer. This diagram shows the organization of a complete synthesizer which includes a wide
variety of parameters. The voicing frequency and amplitude are set by parameters FV and AV. The noise pulses of stop
consonants are generated with the programmable gain element AH. The fricative resonator with amplitude AF and frequency
resonance FF are used to generate fricatives like "'s” and ‘‘sh.”’ The normal vowel sounds are generated by control of the formant
frequencies F1, F2 and F3, and a nasal resonator with amplitude AN and fixed frequency characteristics is used to add varying
amounts of nasal sounds. The result of signals processed through the nasal, formant and fricative paths is summed by a final

operational amplifier and used to drive the output speaker.
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noise at the input to the formant resonators. closure in the vocal tract, even though these
It is important to notice at this point the sweeps may be partially silent for the un-
range of different sounds that can be gen- voiced stops “p,” “t’ and “k,” where the
erated by small changes in the relative timing voicing amplitude comes on after the sweep
of the control parameters. The most useful has begun.
of these timing details is the relationship The second consonant group comprises
between the pulse of aspiration noise and a the liquids, “w,” “y,” “r’ and “L.” These
sharp increase in the amplitude of voicing sounds are actually more like vowels than
(see figure 14). For example, if we set the any of the other consonants except that the
noise generator to come on for a noise pulse timing of formant movements is crucial to
about 40 ms long and immediately after the liquid quality. “W” and ‘“y” can be
this pulse, F1 sweeps rapidly from 300 up to associated with the vowels “00” and “‘ee,”
775 Hz and F2 moves from 2000 down to respectively. The difference is one of timing.
1100 Hz, the sound generated will cor- If the vowel “00” is immediately followed
respond to moving the tip of the tongue by the vowel “ah,” and then the rate of F1
down rapidly from the roof of the mouth. and F2 transitions is increased, the result
Observe, however, that the formant output will sound like *‘wa.” A comparison of the
is silent after the noise pulse until the resulting traces of F1 and F2 vs time in
voicing amplitude is turned up. If voicing is “wa’’ with the transition pattern for “ba” in
turned on before or during a short noise figure 14 points out a further similarity. The

burst, the circuit generates the sound “da,”
whereas if the voicing comes on later, after a
longer burst and during the formant fre-

: (TP Resonator Fricative
quency sweeps,_the o.ut_put.sounds like Fa. Frequency Amplitude
This same timing distinction characterizes (FF) (AF)
“" 3 [ n i » “ »
the sounds “ba” vs “pa apd ga" vs ka{ sh, zh 2500 9
as well as severa-l other pairs which we will s,z 5000 7
explore later. Figure 14 gives the formant :
f,v 6500 4
frequency patterns needed to produce all the 0 ”
stop consonants when followed by the vowel ! 8000 )
“ah.” When the consonant is followed by a
different vowel, the formants must move to
different positions corresponding to that Table 2: Fricative Spectra. A fricative sound typically consists of a pulse of
vowel. high frequency noise. The various types of fricatives are classified according
The important thing to note about a stop to the spectral profile of the pulse. For the electronic model described here,
transition is that the starting points of the the fricative amplitude and resonator frequency for several sounds are listed
frequency sweeps correspond to the point of in this table.
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Product Information

At the time this article
goes to press, a synthesizer
module incorporating several
detail refinements and im-
provements over the circuits
of this article is being de-
veloped by the author and
associates. A detailed user’s
guide will be supplied with the
Computalker module which il-
lustrates the timing relation-
ships needed to produce ali
the consonant-vowel and vow-
el-consonant combinations
which occur in natural speech.
This can serve as a reference
guide for creating your speech
output software which gener-
ates the proper control pat-
terns from text inputs. Write
to Computalker, 821 Pacific
St No. 4, Santa Monica CA
90405 for the latest informa-
tion on this module.

direction of movement is basically the same,
only the rate of transition of “ba” is still
faster than for ‘“wa.” Thus we see the
parallelism in the acoustic signal due to the
common factor of lip closeness in the three
sounds “ua,” “wa’” and “ba.” “Y” can be
compared with the vowel “‘ee” in the same
way, so the difference between ‘“‘ia” and
“ya" is only a matter of transition rates.
Generally, “1” is marked by a brief increase
of F3, while “r” is indicated by a sharp drop
in F3, in many cases, almost to the level of
F2.

The third group of consonants consists of
the nasals, “m,” ‘“n” and “ng.” These are
very similar to the related voiced stops “b,”
“d” and ““g,” respectively, except for the
addition of a fixed ‘“nasal formant.” This
extra formant is most easily generated by an
additional resonator tuned to approximately
1400 Hz and having a fairly wide bandwidth.
It is only necessary to control the amplitude
of this extra resonator during the ‘“closure”
period to achieve the nasal quality in the
synthesizer output.

The fourth series of consonants to be
described are the fricatives, ‘s,” “sh,” “z,”
“zh,” “f”" ‘v and “th” and the related
affricates “ch” and “j.” The affricates “‘ch”
and “}” consist of the patterns for “t” and
“d” followed immediately by the fricative
“sh” or *“‘zh,” respectively, that is, ‘“‘ch’” =
“t+sh” and “j"’ = “d+zh.” The sound ‘‘zh’’ is
otherwise rare in English. An example occurs
in the word “azure.” With the letters “‘th,”
two different sounds are represented, as
contained in the words “then” and “thin.”
All the fricatives are characterized by a pulse
of high frequency noise lasting from 50 to
150 msec. The first subclassification of
fricatives is according to voicing amplitude
during the noise pulse, just as previously
described for the stop consonants. Thus,
“S," “Sh," (lf’)) ((Ch" a.nd (lth" a.S in l(thin"
have no voicing during the noise pulse, while
“Z," “Zh,” I(v’,) ll]‘)’ and “th” a.S in “then"
have high voice amplitude. When a voiceless
fricative is followed by a vowel, the voicing
comes on during the formant sweeps to the
vowel position, just as in the case of the
voiceless stops. The different fricatives with-
in each voice group are distinguished by the
spectral characteristics of the fricative noise
pulse. This noise signal differs from that
previously described for the stop bursts in
that it does not go thru the formant resona-
tors, but is mixed directly into the output
after spectral shaping by a single.pole filter.
Table 2 gives the fricative resonator settings
needed to produce the various fricative and
affricate consonants. Fricative noise ampli-
tude settings are shown on a scale of O to 1.
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The Complete Synthesizer

The system level diagram of a complete
synthesizer for voice outputs is summarized
in figure 15. The information contained in.
this article should be sufficiently complete
for individual readers to begin experimenting
with the circuitry needed to produce speech
outputs. In constructing a synthesizer on
this model, the result will be a device which
is controlled in real time by the following
parameters:

AV = amplitude of the voicing source,
8 bits

FV = frequency of the voicing source,
8 bits

AH = amplitude of the aspiration noise
component, 8 bits

AN = amplitude of the nasal resonator
component, 8 bits

AF = amplitude of the. fricative noise
component, 8 bits

F1= frequency of the formant 1 fil-
ter, 8 bit setting.

F2 = frequency of the formant 2 fil-
ter, 8 bit setting.

F3= frequency of the formant 3 fil-
ter, 8 bit setting.

FF = frequency of fricative resonator
filter, 8 bit setting.

This is the basic hardware of a system to
synthesize sound; in order to complete the
system, a set of detailed time series for
settings for these parameters must be deter-
mined (by a combination of the theory in
this article and references, plus experiment
with the hardware). Then, software must be
written for your own computer to present
the right time series of settings for each
sound you want to produce. Commercial
synthesizers often come with a predefined
set of “phonemes” which are accessed by an
appropriate binary code. The problem of
creating and documenting such a set of
phonemes is beyond the scope of this
introductory article, but is well within the
dollar and time budgets of an
experimenter.®
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The Time Has Come to Talk

Wirt Atmar

Ai Cybernetic Systems

PO Box 4691

University Park NM 88003

The extent to which art and literature,
particularly science fiction, affect the future
course of civilization remains a persistent
and perplexing question. Must a dream, by
necessity, occur decades before its realiza-
tion? Or does the presence of the dream
itself generate its own reality? Mankind’s
trip to the Moon in 1969 was the dream
dreamt by Cyrano de Bergerac and Johannes
Kepler 300 years prior to its enactment.

And now, we, nurtured by the thousand
different dreams of the future as portrayed
in novels and movies, all expect computers

to be able to talk in the near future. Whether
we see the computer becoming the benign
and obedient servant of man or wildly out of
control, we all tend to see the computer
becoming more anthropomorphic, more
humanlike in behavior and form.

In science fiction two great dreams of the
future predominate. One is the seemingly
inevitable first contact with intelligent be-
ings of an extra terrestrial origin. The second
is the construction, by our own hands, of an
alternate embodiment of intelligence in
machine form. The first dream may well not
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“The time has come,” the Walrus said,
“To talk of many things:

Of shoes — and ships — and sealing wax —
Of cabbages — and kings —

And why the sea is boiling hot —
And whether pigs have wings.”’

occur within the lifetime of our civilization;
the second would seem to be almost guar-
anteed within the next 100 years.

The addition of speech to the computer’s
behavioral repertoire makes the computer no
more intelligent nor aware than it was
before. It remains a simple machine. But it
undeniably takes on a human characteristic
that it never possessed before. An observer
finds it impossible not to personify the
machine with an identity and a distinct
personality. While the addition of speech is
only a minor step toward achievement of a
truly self-organizing, artifically intelligent
machine, it is a psychologically important
one. The computer, once it speaks, seems to
be intelligent. But again, the dream of
machine produced speech is much older than
its reality. The ancient Greco-Roman civili-
zation was fascinated with the idea of deus
ex machina. Stone gods were often hollowed
to allow a priest to speak from within, a
practice that persisted well into the Christian

era,
The first known practical realization of

machine generated speech was accomplished
in 1791 by a most ingenious engineer,
Wolfgang von Kempelen, of the Hungarian
government. Von Kempelen’s machine was
based on a surprisingly detailed under-
standing of the mechanisms of human
speech production, but he was not taken
seriously by his peers due to a previous well
publicized deception in which he built a
nearly unbeatable chess playing automaton.
The “automaton” was unfortunately later
discovered to actually conceal a legless
Polish army ex-commander who was a
master chess player.

By 1820, a machine was constructed
which could carry on a normal conversation
when operated by an exceptionally skilled
person. Built by Joseph Faber, a Viennese
professor, the machine was demonstrated in
London where it sang “God Save the
Queen.” Both the Von Kempelen and Faber
machines were mechanical analogs of the
human vocal tract. A bellows was provided
to simulate the action of lungs; reeds were

used to simulate the vocal cords, and vari-
able resonant cavities served to simulate the
mouth and nasal passages.

The basic method, modelling the human
vocal tract, remains to this time the only
practical method of actually synthesizing
speech. In the 20th century, such modelling
is done electronically. The approach was
first put in electrical analog form by Bell
Laboratories in the late 1930s. The Bell
Telephone VODER  (Voice Operation
DEmonstratoR) was initially shown at the
1939 New York’s World Fair where it drew
large crowds and considerable attention. The
VODER consisted of a buzz source (similar
to human vocal cords or mechanical synthesi-
zers), a hiss source to simulate the rush of
aspirated air, and a series of frequency filters
to imitate the three, four, five or six
preferred frequencies (called formant fre-
quencies) passed by the resonant cavities
formed by the mouth, tongue and nose.

The original VODER was played by
highly trained operators using a keyboard,
wrist switches, and pedals at an organ-like
console. Twenty four telephone operators
were trained six hours a day over a 12
month period for the 1939 World’s Fair. The
VODER itself was a full rack in height.

With the advent of digital computers,
however, the synthesis of speech has been
made much easier. All the information
necessary to repeatedly and reliably generate
any one speech sound (a ““phoneme”) can
now be programmed into the machine.
Through the proper connection of
phonemes, a digital computer could be made
to say words and sentences.

General American English, the dialect
spoken in the midwest and southwestern
parts of the United States, contains 38
distinct phonemes. These speech sounds can
be divided into the following classes:

Pure vowels: produced by a constant
excitation of the larynx and the
mouth held in a steady position; eg:

€
Diphthongs: a transition from one
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— Lewis Carroll, 1871, in
Through the Looking-Glass.
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Figure 1: The serial analog speech synthesizer in block diagram form.
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Among possible realizations of such a
synthesizer, there are the serial analog and
parallel analog forms. Figure 1 illustrates a
block diagram of a serial analog design, and
figure 2 shows the general organization of a
parallel analog synthesizer.

The parallel analog method was the reali-
zation chosen by Ai Cybernetic Systems for
its synthesizer module. The parallel realiza-
tion was chosen because of the low digital
information transfer rate and the smaller
number of bits required to control the filters
which simulate the resonant cavity of the
vocal tract.

In the Ai Cybernetic Systems design, the
rush of aspirated air is generated by the
noise of a zener diode operated at its knee,
amplified many times, as shown in figure 3.
The action of the larynx is simulated by an
integrated circuit function generator. One or
both of these circuits is selected to produce
the excitation necessary to generate any one
class of phonemes. The actual phoneme
perceived is determined by the duration of
the excitation and the selected formant
filters. Figure 4 shows the typical formant
filter circuits which are digitally activated by
analog switches.

The control of the several analog switches
is provided by a read only memory which is
addressed by the ASCII bit patterns identi-
fied in table 1.

No hard and fast rules exist in the design
of the circuitry to generate a phoneme. In
fact, small changes in component values can
often make large differences in the phoneme
which is actually heard. Because no set rules
exist, a steady stream of listeners must
parade before the machine while it is being
designed in order to determine which
phoneme the synthesizer is really saying.
The phenomenon of “tired ears’ rapidly sets
in; and a person will begin, after a bit,
hearing any one speech sound as a whole
array of possible phonemes. Suggestion, on
the other hand, is an ever obtuse enemy to
the designer. Surprisingly, almost any speech
sound can be suggested to sound like a great

SPECTRAL
GYE COMPENSATION
T SPEECH
OUTPUT
SUMMING
AMPLIFIER

Figure 2: The parallel ana-
log speech synthesizer in
block diagram form.
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number of alternate phonemes, especially
after 20 to 30 minutes of intense listening.

Once the design is experimentally deter-
mined, careful procedures must be followed
to insure that when the circuit is duplicated,
it produces each phoneme properly. This
means precision components must be used,
as small changes in values can make the
difference between moderately distinct
speech and a fairly mushy speech.

Analog simulation of the vocal tract is the
only method of true speech synthesis

Figure 4: The parallel fil-
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known. A popular alternate method of
speech production (actually, reproduction)
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of the ROM at the proper rate and smoothed
by a low pass filter, the generated speech can
be quite clear and distinct. But it is impor-
tant to note that this is not synthesized
speech. In effect, this method is no different
than any other method of recording speech.
Yet, the method does have the advantage of
producing readily understood words by a
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Photo 1: The Ai Cybernetic Systems Model 1000 Speech Synthesizer. The
synthesizer js primarily an analog circuit controlled digitally. Ten active filters
composed of 15 operational amplifiers are mounted in the upper left corner
of the board. Directly beneath these resonant-cavity simulating filters are the
vocal excitation circuits. The right half of the board is composed of the
ASCI! character decoding circuits and phoneme memories. Four 32 x 8
ROMs control the 16 analog switches to select the proper combination of
circuits to generate any one phoneme. A device-busy flag is returned for the
duration of the phoneme.

computer or calculator. However, the vocab-
ulary is totally predefined and must remain
small due to the high cost of storing this
kind of generated speech. Moreover, the
repertoire of this kind of speech is limited to
the person who initially spoke the recorded
words.

Synthetic speech, on the other hand, is
generally not as clear and distinct. The
proper transitions from phoneme to pho-
neme, the automatic emphasis given to
leading or terminating.consonants, and the
intonation of a rhythm in speech which is
associated with a word’s importance or
placement, are all facets of human speech
which are difficult to properly recreate in
machine produced speech. The determina-
tion of accurate rules to account for these
factors has been the subject of active and
intense research at centers here, and in
Europe and-)apan, including Bell Telephone
Laboratories, the Haskins Laboratories of
New York, the Royal Institute of Tech-
nology in Sweden, and the Musashino Elec-
trical Communication Laboratory in Tokyo.
On the whole, totally satisfactory rules have
not yet been worked out although a great
deal of progress has been made in the last 20
years. Machines which do incorporate the
known rules quickly become elaborate and
expensive {in the tens of thousands of
dollars).
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Simplified speech rules can be incor-
porated in a much smaller machine, but the
burden of intelligibility now falls upon the
listener. The produced speech is not natural
speech. It sounds for all the world like the
speech produced by the robots of 1950s
grade B science fiction movies. But it is
intelligible and it is quickly learned. Because
the machine pronounces every phoneme in
the same fashion each time it occurs, a
listener quickly gains a feeling for the
speech. The process is not unlike [earning to
listen to a newly-arrived foreigner who
possesses a strong accent. The fashion by
which  he mispronounces the English
phonemes is quickly learned and intel-
ligibility increases rapidly. The difference
with synthetic speech is that the speech is
truly an alien form of speech, not often
heard before by many of us.

As to the naturalness of synthetic speech,
M D Mcliroy of Bell Telephone Labs wrote
this in 1974 [in “Synthetic English Speech
by Rule,” Computer Science Technical Re-
port No. 14, Bell Telephone Laboratories] :

The Computer Science Center at this
laboratory has experimented with an
inexpensive speech synthesizer [pre-
sumed to be the Votrax] as a regular
output device in a general purpose
computing system. Our intention was
not to do speech research or to create
artificial speech as an end in itself. In
the present state of the art, those goals
require much more elaborate facilities
than we have at our disposal.

We wished to see what uses might
evolve when speech became available
more or less on a par with printed out-
put. For this goal, “naturalness’’ was
not a prerequisite, any more than it is
for printed output. Most computers
still print mainly in upper case, are
incapable of printing mathematical
notation, and normally produce
cryptic codes or tabular stuff that
require considerable indulgence to be
understood. Since printed gobbledy-
gook is so widely accepted from com-
puters — and fed into them, witness
any manufacturer’s operating system
manual — we suspected that spoken
gobbledygook might be quite passable,
too, except for one severe difficulty:
Being ephemeral, sounds must be
understood at first hearing. As it turns
out, long speeches are hard to under-
stand, as are extremely short utter-
ances of very simple words out of
context. But given a little familiarity
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Vowels:

Semi-Vowels:

Plosives:

Fricatives:

Liquids:

Nasals:

Others:

with the machine’s “‘accent”, one finds
short sentences to be quite intelligible.

The phonemes generated by the Model
1000 synthesizer appear in table 1. Each

.phoneme has been assigned an ASCII charac-

ter to represent its particular sound. The
assignment was done in the most intuitive
manner possible; the consonants are gener-
ally the consonants as they appear on the
keyboard, but there are many more vowels
than a, e, i, o and u. Non-alphanumeric
characters were chosen to represent the
remaining vowels and consonants in such a
manner that they could be easily associated
with their sound. As examples of this, the
number symbol, “#” is used to signify the
vowel er as in number, ‘&’ for the vowel ge

as in and “(” for ah and )"’ for aw
Table 1: List of Phonemes.
Phoneme ASCII Symbol Usage
a A pace, bay
ae & and, Altair
ah ( father, all
aw ) bought, robot
e E see, harmony
eh ! excessive, ten
er # number, bird
i | hit, six
o (0] Mexico, over
00 U too, sue
uh ! the, computer
A t putt, up
w w water, wind
Yy Y yaw, yacht
p P pop, deep
k K computer, Atlantic
t T top, pot
b B boy, bird
d D dog, died
g G go, great
f F puff, food
h H how, had
s S saw, miss
v \Y David, vow
sh / slash, shoot
th + thaw, Earth
z z zero, is
1 L low, all
r R row, round
m M miss, am
n N now, nine
Glottal Stop The pause associated
with aspiration
Draw Bar - An extended vowel
with decay
Pause {space) Normal word spacing
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representing the position of the tongue when
these vowels are spoken, "!”" for the sharp
sound of wh, "+ for the fricative consonant
th as in thaw, and ‘[’ for the sh in slash.

The Model 1000 accepts a string of ASCII
characters as if it were a normal printing
device. Read only memories on the board
convert the incoming ASCIl symbol into
specific control information which in turn
determines the vocal source, duration and
frequency content of the spoken phoneme.
Less than 50 bytes of machine code or 8
lines of the typical BASIC are all that is
required to generate a subroutine to accept a
string of characters and output it character-
by-character to the synthesizer.

For example, to write the phrase ‘I am a
talking robot’ on a printer or display periph-
eral, an ASCII character string is set up and
sent to the output device. In BASIC, if C$ is
the argument of the output subroutine, the
setup would be:

C$="1 AM A TALKING ROBOT."”

To have the synthesizer say the same phrase,
the setup for the phonetic output routine
with argument P$ might be:

P$ = “&IE AM AE T). .KEN- RO.B)..T”

{The ASCII symbols are taken from table 1.)
The long vowels | and A occur in this
passage. As a rule, most of the long vowels
are not really vowels at all but rather
diphthongs composed of a sequence of pure
vowels. Pronounce out loud each of the
phonemes in the phrase above, referring to
table 1 as necessary. Remember that each
phoneme has only one specific sound. Play-
ing the part of a synthesizer yourself, you
will find that you can say any English word
with the phonemes of table 1.

Programming the Model 1000 synthesizer
is easy once you actually begin to listen to
what you say and learn to rely less on how a
word is written. English is a hodge podge of
languages and carries with it all the alternate
symbolisms of the pronunciations of its root
languages. Purely phonetic languages such as
the Polynesian languages of Samoa or Tonga
could be made to be spoken almost as they
are written. This is unfortunately not true of
English; homonyms such as ‘“‘won” and
‘“one”” and ‘‘two”, ‘too’’ and ‘‘to’’ abound.

Generally, only one phonetic spelling
exists for any one word regardiess of the
number of alternate written spellings. It
becomes important to identify the sounds
that you actually are saying when a word is
pronounced. The word ‘“‘one’” is phoneti-
cized using the phonemes of table 1 as W!N
in similarity to the word ‘‘won’’; “two" is
programmed as TOU- more as if it were the
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written word ‘“too”. For most Americans,
there is no difference in the way these words
are pronounced.

Proceeding in the same fashion, the
remaining numbers up to ten are typed in as:

T+#E- FO# F&IE.V SI.KZ
S-VIN AE.T N&IEN T'N

Again, pronounce these phonetic spellings to
yourself. As you will discover, phonetic
spellings are quickly deduced and learned.

In a very short period of time, it becomes
possible to make the machine say anything.
At that point, conversational computing
takes on a whole new meaning. interactive
computing will never again be the same once
your computer has actually spoken to you.®
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COMMERCIAL PRODUCTS

At the present time, two speech synthesizers
are both commercially available and affordable by
the hobbyist. One is the Votrax produced by:

Vocal Interface Division

Federal Screw Works

500 Stephenson Dr

Troy MI 48084

Price, approximately $2,000
Interfacing: Parallel or Serial (RS-232)

The second is the Model 1000 manufactured by:

Ai Cybernetic Systems

PO Box 4691

University Park NM 88003

Price, $425

Interfacing: Electrically and mechanically
compatible with Altair/IMSAI/
Poly-88 bus structure.

Either company will be pleased to provide
literature free of charge. A demonstration tape is
available from Ai Cybernetic Systems for $5 and a
complete programming guide, theory of operation
manual and phonetic glossary is available for
$2.50.

Video Terminal Interface: This is
one almost every owner of an Altair-
compatible computer needs. There
have been problems getting parts for
this one (the people with the other
Video board have had the same
problem, since they use the same
hard-to-get chip), but deliveries are
improving. By the way, our video
board has GRAPHICS as well as

an 8 bit parallel key board input
port, so compare before you buy
$185.00 - $210.00 kit depending on
whether 32 or 64 characters per line.

Poly I/O: With this one you will
save a lot of time in making proto-
type circuits. [/O port address is
selectable with dip switch and fully
buffered inputs and outputs. $55 kit.

Analog Interface: Good for interfac
ing your computer to an analog
world. Ten bits of resolution in and
out. $145.00 for one channel and
$195.00 for two channels (kit)

Ask about how to get a free POLY
/0O or ANALOG Board

Watch for our new products. Next
time they will be on the shelf before
we advertise.

Have you heard about the POLY-88?
We don't have the space here to
describe all the features.See it at
your local computer store (except
for MITS dealers, though some do
carry our other products). This might
be the system you’re looking for.

Support your local computer store,

All prices and specifications subject to change

without notice. Prices are U.S.A. only. Calif.

residents add 6% sales tax. Add 5% shipping,

handling, and insurance. Bank Americard and
[ Mastercharge accepted

. PolyMorphic
Systems

737 S. Kellogg, Goleta, Calif. 93017
(805) 967-2351
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Photo 1: The Z80 microprocessor evaluation board.

Microprocessor Update: ZI|Og 80

Burt Hashizume
PO Box 172
Placentia CA 92670

One feature of the Z80
not found in other 8 bit
microprocessors is a built
in dynamic MOS memory
refresh algorithm which
employs unused memory
cycles to do hidden (from
software timing) refresh
operations.

Zilog, a fairly new company in Los Altos
CA, has been sampling an 8 bit micropro-
cessor, the Z80, since early this year. The
Z80 is a ‘‘third generation,” single chip,
NMOS microprocessor, which is completely
software compatible with Intel’s 8080A. Its
158 instructions include the 8080A's 78
instructions as a subset. Because the 8080A
is probably the most widely used 8 bit
microprocessor on the market today and
because of the Z80’s upward software com-
patibility, this article evaluates the Z80 in
comparison to the 8080A.

Physical and Electrical
Characteristics

The Z80 processor is packaged in the
standard 40 pin dual in line package; how-
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ever, even though the Z80 is software
compatible with the 8080A, it is most
definitely not pin compatible. (See figure 1
and table 1 for pinout definitions.) There are
numerous differences between the two pro-
cessors as far as electrical characteristics are
concerned.

The 8080A requires three voltage levels,
+12, +5, and —5 V. A high voltage two phase
clock is also required. Maximum speed is a
480 ns clock period. Finally, some sort of
system controller is needed to separate the
system control signals from the data bus.
This all makes for a fairly complex system
design around the 8080A.

On the other hand, it is very easy to
design a system around the Z80. [t requires
only a single +5 V power supply because the



technology used is of the same type used by -
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time of this writing is the capability to cPU WAIT  ——= 2-80CPU ——— A
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Because the Z80 is upward software . . — 2% o A4
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configuration in figure 2.) Both have 16 bit e BUSRG —25 14, o)
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registers, (B, C, D, E, H and L), an accumu- . —— 03 LDATA BUS
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The 280 h dditional W s
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characteristics. It has an additional duplicate 2 & 5,
register array consisting of 8 registers (A’ F’, 2

B’, C’, D’, E’, H and L’). These can be
switched with the primary register array for

fast interrupt processing. There are also two Figure 1: Pin configuration of the Z80 processor. Of particular note to
16 bit index registers (IX and 1Y) for custom hardware hackers is the “M}” line which gives users the possibility of
increased addressing capability and easier identifying instruction cycles.

data manipulation. An 8 bit interrupt vector

register {I) expands the capability and in-

crcases the power and speed of interrupt

handling by the processor. Finally, an 8 bit

memory refresh register {R) automatically

increments after every instruction fetch and Table 1: Signal list for the Z80 processor. This table lists each active pin of
refreshes memory while the processor is not the Z80 with a short explanation of its purpose.

using the bus. Thus the execution time of

the system is not increased due to refresh

overhead. Ag—A1s Tri-state output, active high. Ag—A15 constitute a 16 bit
(Address Bus) address bus. The address bus provides the address for
Software memory {up to 64 K bytes) data exchanges and for 10

device data exchanges. 10 addressing uses the 8 lower
address bits to allow the user to directly select up to 256
input or 256 output ports. Ag is the least significant

Now that we have seen the hardware
aspects of the Z80 and how it compares to

the 8080A, let’s take a look at its instruction address bit. During refresh time, the lower 7 bits contain a

set. The fact that the Z80 has 158 instruc- valid refresh address.

tions versus the 8080A’s 78 gives only a Dg—D7 Tri-state input and output, active high. Dg—D7 constitute

small indication of its technological super- (Data Bus) an B bit bidirectional data bus. The data bus is used for

iority in this area. The instruction set can be . data exchanges withiemory and 10 devices.

broken up into two aspects, addressing M1 Output, active low. M1 indicates that the current machine
{Machine Cycle one) cycle is the OP code fetch cycle of an instruction

modes and instruction groups.

. . 5 execution.

Since the Z80 is software compatible T Tristate outout low. Th |
. . . ri-state output, active low. e memory reguest signa
with 8980A’ it necessarily has the same {(Memory Request) indicates that the address bus holds a valid address for a

gddressmg modes as the 8080A. The m(?des memory read or memory write operation.
!n f:ommon are'reglst(.er addreSSIng,. register IORQ Tristate output, active low. The IORQ signal indicates
!ndlreCt addressmg, direct addressing, and {Input/Output Request} that the lower half of the address bus holds a valid 10
immediate addressing. address for a 10 read or write operation. An JORQ signal

35



Table 1 (continued).

RD
{Memory Read)

WR
(Memory Write)

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT

(Interrupt Request)

NMI
(Non Maskable
Interrupt)

RESET

BUSRQ
(Bus Request)

BUSAK
(Bus Acknowledge)

is also generated when an interrupt is being acknowledged
to indicate that an interrupt response vector can be placed
on the data bus. Interrupt Acknowledge operations occur
during M4 time while {O operations never occur during
M1 time.

Tri-state output, active low. RD indicates that the
processor wants to read data from memory or an 10
device. The addressed 10 device or memory should use
this signal to gate data onto the processor data bus.

Tri-state output, active low. WR indicates that the
processor data bus holds valid data to be stored in the
addressed memory or 10 device.

Output, active low. RFSH indicates that the lower 7 bits
of the address bus contain a refresh address for dynamic
memories and the current MREQ signal should be used to
do a refresh read to all dynamic memories.

Output, active low. HALT indicates that the processor has
executed a HALT software instruction and is awaiting
either a non maskable or a maskable interrupt {with the
mask enabled) before operation can resume. While halted,
the processor executes NOPs to maintain memory refresh
activity.

Input, active low. WAIT indicates to the Z80 processor
that the addressed memory or 10 devices are not ready
for a data transfer. The processoricontinues to enter wait
states for as long as this signal is active. This signal allows
memory or 10 devices of any speed to be synchronized to
the processor.

Input, active low. The Interrupt Request signal is
generated by 1O devices. A request will be honored at the
end of the current instruction if the internal software
controlled interrupt enable flip flop {IFF) is enabled and
if the BUSRQ signal is not active. When the processor
accepts the interrupt, an acknowledge signal ({IORQ
during M1 time) is sent out at the beginning of the next
instruction cycle. The processor can respond to an
interrupt in three different modes that are described in
detail in the Zilog documentation.

Input, active low. The non maskable interrupt request line
has a higher priority than INT and is always recognized at
the end of the current instruction, independent of the
status of the interrupt enable flip flop. NMI automatically
forces the Z80 processor to restart to location 0066
hexadecimal. The program counter is automatically saved
in the external stack so that the user can return to the
program that was interrupted.

Input, active low. RESET forces the program counter to
zero and initializes the processor. The processor ini-
tialization includes:

1) Disable the interrupt enable flip flop
2) Set Register 1 = 00
3) Set Register R =00

During reset time, the address bus and data bus go to a
high impedance state and all control output signals go to
the inactive state.

Input, active low. The bus request signal is used to request
the processor address bus, data bus and tri-state output
control signals to go to a high impedance state so that
other devices can control these buses. When BUSRQ is
activated, the processor will set these buses to a high
impedance state as soon as the current processor machine
cycle is terminated.

Output, active low. Bus acknowledge is used to indicate
to the requesting device that the processor address bus,
data bus and tri-state control bus signals have been set to
their high impedance state and the external device can
now control these signals.
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® Register addressing. The opcode itself
specifies a register or register pair in
which the data is contained. An
example would be to load the data in
register B into register D.

® Register indirect addressing. The
opcode specifies a register pair which
contains a 16 bit address. This address
points to the data in memory or is an
address to be loaded into the program
counter (PC). An example would be to
load the accumulator with data in
memory pointed to by the HL register
pair.

® Direct addressing. The opcode is fol-
lowed by two bytes of operand. These
two bytes are either a 16 bit address
pointing to data in memory or a 16 bit
address to be loaded into the PC. For
example, in a jump instruction, the
two bytes indicate an address to which
program control is transferred.

® /mmediate addressing. The opcode is
followed by one or two bytes of
operand. This operand is the data itself
to be used. An example is load
accumulator immediate which moves
an 8 bit operand into the accumulator.

To these addressing modes, the Z80 has
added three more powerful modes. These are
indexed addressing, relative addressing, and
bit addressing. The first two are somewhat
similar to index and relative addressing in
the Motorola 6800 microprocessor.

® /ndexed addressing. The opcode is
followed by an 8 bit displacement.
This displacement is a signed two’s
complement number to be added to
the contents of one of the two index
registers. The result is a 16 bit effec-
tive address. The contents of the index
register are unchanged.

® Relative addressing. The opcode is
followed by an 8 bit signed two’s
complement number. The number is
added to the contents of the program
counter and the result placed back in
the PC. This results in being able to
execute program jumps within a range
of +129 to —126 bytes using only a
two byte instruction. Since most pro-
grams have a lot of jumps to locations
relatively close to current locations,
using relative addressing will signi-
ficantly reduce program size. Another
advantage is the ability to write re-
locatable code using relative address-
ing.

® Bjt addressing. Three bits in the
opcode itself specify one of eight bits
in a byte to be addressed. This byte



could be the contents of a register or
of a memory location. An example
would be to set bit 6 in memory
pointed to by index register, 1X, dis-
placed by —20.

The Z80 instruction set’s increase of 80
instructions over the 8080A’s didn’t come
from just increasing the number of address-
ing modes. There are instructions which
don’t exist in any other microprocessor. The
instruction set will be broken up into groups
by their function.

Load and Exchange Instructions

This group includes all the instructions
that move data to and from registers, such as
load B from D, load C from memory, store
HL into memory, push IX into stack, and
exchange AF with A'F'. The 8080A has
most of the same instructions.

Block Transfer and Search
Instructions

This group has several useful and unique
instructions. The load and increment instruc-
tion moves one byte of data from memory
pointed to by HL to another memory
location pointed to by DE. Both register
pairs are automatically incremented and the
byte counter, BC, is decremented. This
instruction is extremely valuable in moving
blocks of data around.

Another instruction repeats the load and
increment instruction automatically until
the byte counter reaches zero. Thus, in one
instruction, a block of data, up to 64K
bytes in length, can be moved anywhere in
memory. Each byte of data transferred
requires only 8.4 us.

In the compare and increment instrue-
tion, the contents of the accumulator are
compared with that of memory pointed to
by HL. The appropriate flag bits are set, HL
is automatically incremented, and the byte
counter is decremented.

The instruction compare, increment, and
repeat repeats the above instruction until
either a match is found or the counter
reaches zero.

The 8080A has no analogy to these
instructions. It would have to execute three
to ten separate instructions to achieve the
same result. The number of bytes would be
several times larger and the execution time
would be several times longer.

Arithmetic and Logical Instructions

These instructions include all the adds
and subtracts, increments, compares, ex-
clusive-ors, etc. What the Z80 has added to

MAIN REG SET
N\

ALTERNATE REG SET
N

r Y4 \
ACCUMULATOR FLAGS ACCUMULATOR FLAGS
A F A' F'
B c B8’ ¢ GENERAL
PURPOSE
) € D' €' REGISTERS
H L H' L'
INTERRUPT MEMORY )
VECTOR REFRESH
I R
INDEX REGISTER IX SPECIAL
> PURPOSE
INDEX REGISTER 1Y REGISTERS
STACK POINTER SP
PROGRAM COUNTER PC

the 8080A instructions is the indexed ad-
dressing mode and double precision add with
carry and subtract with carry.

Rotate and Shift Instructions

Here the Z80 has taken the four 8080A
rotate accumulator instructions and in-
creased the possible addressing modes as well
as included logical shifts and arithmetic
shifts. On top of this there are a couple of
rotate digit instructions. With these a digit (4
bits) can be rotated with two digits in a
memory location, which is great for BCD
arithmetic.

Bit Manipulation Instructions

There are three basic operations, test bit,
set bit, and reset bit. With the various
addressing modes, a powerful group of in-
structions is generated. For instance, if
several memory locations are used for 10
devices, status bits can be individually tested
and control bits individually set or reset. The
8080A (nor any other 8 bit microprocessor)
has no such capability to manipulate bits.

Jump, Call, and Return

Both the 8080A and Z80 have numerous
conditional and unconditional jumps, calls,
and returns. In addition, the Z80 has several
jump relative instructions using relative ad-
dressing. One of special interest decrements
the B register, and jumps relative if B is not
zero. This is especially useful in program

loop control; it would take the 8080A two

instructions to perform the same task.

Input/Output Instructions

The 8080A has two IO instructions, input
and output to and from the accumulator.
The device address is in the second byte of
the instruction, which means that each
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Figure 2: Programmable
registers of the Z80. Con-
siderable improvement
over the 8080 design is
found in the alternate
register set, and the addi-
tion of two index registers,
interrupt vector and mem-
ory refresh registers.

The Z80 should be a nat-
ural for string manipula-
tion software with its pair
of full 16 bit index
registers and powerful
multi-byte operations such
as block move, memory
search and block 10 in-
structions.



In addition to expanding
operations upward to the
level of blocks, the Z80
refines its addressing
downward to the bit level
with a group of bit mani-
pulation instructions
which are quite unique.

The Z80 simplifies the
hardware required to im-
plement a system as com-
pared to the original 8080
design. Aside from the in-
struction  enhancements,
here is a way to get an
8080 instruction set with
the ease of interfacing un-
til now only available (in 8
bits) with processors like
the 6800 and 6502.

For more information on
the Z80 CPU and other Z80
parts contact Zilog Inc, 170
State St, Ste 260A, Los Altos
CA 94022, (415) 941-5055.8

device must have its own O routine. One
standard routine can’t be used in common
because each device has a different address
and therefore different instruction. The Z80
has resolved this by including O instructions
that use the C register to contain the 10
device address. Therefore one 1O routine can
be used with the device address placed in
register C before. entering the routine. Also
instead of being restricted in inputting or
outputting to and from the accumulator
only, any register can be used.

If this isn’t enough, the Z80 has eight
block transfer 1O instructions which are
similar to the memory block transfer instruc-
tions. HL is the only memory pointer, C is
the device pointer, and B is the byte
counter. Therefore, an 10 block transfer can
handle up to 256 bytes. Essentially these
commands are a processor implementation
of direct memory access (DMA), invoked by
a software sequence.

Miscellaneous Features

These instructions include no-operation,
halt, enable and disable interrupts, decimal
adjust accumulator, set carry, and com-
plement carry. The Z80 can also select one
of three interrupt modes.

Interrupts on the Z80

The 8080A has one input for interrupts;
the Z80 has two. One is a nonmaskable
interrupt (similar to the Motorola 6800 or
MOS Technology 6502) which cannot be
disabled by the software. The other is a
maskable interrupt which can be selectively
enabled or disabled by the program. The
maskable interrupt is analogous to the single
8080A interrupt.

A nonmaskable interrupt will be accepted
at all times by the Z80 processor. When one
occurs, the processor will execute a restart
to hexadecimal location 0066. The non-
maskable interrupt is used for very impor-

tant functions that must be serviced imme- *

diately, such as a power failure routine.

The Z80 has three programmable modes
for processor response to a maskable inter-
rupt. There are three instructions that will
select these three modes.

Mode O is identical to the 8080A single
interrupt response mode. The interrupting
device places an instruction on the data bus,
and the processor executes it. The instruc-
tion will often be a restart. This mode is afso
the default mode for the Z80 upon a reset.

In mode 1, the processor will respond to
an interrupt by executing a restart to loca-
tion 0056. The response in this mode is
similar to the response to a nonmaskable
interrupt except for the restart location.
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In mode 2, a table of 16 bit starting
addresses for every interrupt routine must be
maintained. This table can be anywhere in
memory. When an interrupt is accepted, a 16
bit address is formed from the contents of
the 8 bit | register and the 8 bits on the data
bus. The | register contains the upper 8 bits
of the address and the 8 bit data on the data
bus from the peripheral device constitutes
the lower 8 bits of the address. This 16 bit
address points to a location in the interrupt
vector table. The processor fetches the 16
bit address found at the selected table
location (in two bytes) and loads the pro-
gram counter with its value. This whole
process takes 19 clock periods, or just 7.6
us.

The peripheral devices in the Z80 micro-
computer family all have daisy chain inter-
rupt structures. They automatically supply a
programmed vector to the processor during
interrupt acknowledge. Only the highest
priority device interrupting the processor
sees the interrupt acknowledge because of
the daisy chain structure. With these devices,
10 interfacing becomes quite a simple task,
and is as powerful as the 10 techniques used
in many minicomputers.

Conclusion

What does the Z80 have going for it? It’s
easy to interface; one chip does the job of
several 8080A family chips. It's as easy, if
not easier, to design an entire system around
than any other microprocessor on the mar-
ket today, and the Z80 is software com-
patible with the 8080A, the most widely
used and known 8 bit microprocessor. lts
instruction set is much more powerful than
the 8080A’s or any other 8 bit micropro-
cessor’s instruction set.

Is there anything negative about the Z807?
As of this writing (March), it is not yet in
production and therefore not readily avail-
able to the personal computing ex-
perimenter. The price tag for unit samples is
$200, but there are numerous price breaks
with larger quantities. For instance, the price
is $80 for quantities of 25 — 99. This is still
more expensive, however, than either the
8080A, 6800 or 6502, and is about the same
as 16 bit microprocessors.

The result is a tradeoff of cost versus
performance. Much of the cost difference
relative to other 8 bit processors is made up
by the Z80's better memory utilization and
(with respect to the 8080A) by the fact that
fewer parts are needed to get a minimum
system going. Although the Z80 processor is
priced higher than the 8080A, when the cost
of all the support devices the 8080A requires
are included, the costs are comparable.®
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TDL IS PROUD TO ANNOUNCE THE REVOLUTIONARY Z-80 CPU CARD

AN ALTAIR/IMSAI COMPATIBLE CPU CARD FEATURING THE POWERFUL
Z-80uP PRODUCED BY ZILOG INCORPORATED. WHAT’S SO REVOLUTION-
ARY ABOUT THE Z-80? A LOOK AT THE FOLLOWING COMPARISONS

WILL SHOWYOU:

As you can see, the Z-80 is a very
powerful and fast uP - in fact its a NEXT
generation microprocessor. And its
available to you in a totally compatible
format, NOW. Just unplug your current
CPU card, plug in the Z-80 CPU, load
a program, and you're up and running -
with a NEXT generation uP. The power
and versatility of the Z-80 is unequalled
in the uP field, and it opens the door to
tremendous developments in the state of
the art. More powerful, faster, and less
memory consuming versions of your
current 8080 software are just a part of
the possibilities the Z-80 provides. (TDL's
own 8-K BASIC for the Z-80 will be
available in September.)

Each Z-80 CPU kit comes complete with:

® Prime commercial quality boards, IC
sockets etc.

® easy to follow instructions

® Zilog's Z-80 Manual

® Schematics

® An easy to understand and apply user’s
guide

® TDL's Z-MONITOR on paper tape (soon
to be available in deluxe PROM version)

¢ And membership in the Z-80 user’s
group.

Move up to the Z-80. Only $269.

THE FASTEST RAM? The high speed
capability of the Z-80 demands an extra-
fast RAM to back it up, and TDL's new
Z8K RAM board fills the bill. The Z8K is
an 8K by 8 static RAM with the fastest
access time in personal computing - 215ns.
Its the only RAM in personal computing
fast enough to let the Z-80 run at full
speed with no wait states. If that isn't
enough, it also happens to be one of the
lowest powered RAMs around as well.
Only 150 ma typical current load on the
5V supply. That makes the Z8K run cool
-and perfect for battery standby opera-
tion as well. Other so-called "low power”
4K RAM boards can't compete with these
specs. Its the perfect match for the Z-80,
and its features and low cost make it a
perfect match for ANY uP. (It's fully Altair
gus compatible of course...) Price: Only
295

WHAT ABOUT AQUALITY? All TDL
products share one thing in common -
exceptionally high quality. The quality
starts with engineering that is dedicated
to keep your system state of the art at the
lowest possible cost. Consider also the
“Qual Division” whose ONLY purpose is

Comparison of the Zilog Z-80, intel 8080, and Motorola 6800CPU chips
280 8080 6800

NUMBER OF:

Instructions 1568* 78 72

Internal Registers 17 7 6

Addressing Modes 10 7 8
Voltage Required +5 +5,-5,+12 +5
Standard Clock Rate DC-3MHz 0.5-2MHz 0.1-1MHz
Clock Phases 1 2 2
Clock Voltage 4.2 8.4 4.8
DynamicRAM refresh and timing signals :

without slowing down CPU or

requiring additional circuitry Yes No No
Single instruction memory to memory and

memory to I/O BLOCK TRANSFERS Yes No No
Single instruction SET, RESET, or TEST

of any bit in accumulator, any

general purpose register, or any

external memory location Yes No No
Single instruction BLOCK SEARCH of

any desired length of external

memory for any 8-bit character Yes No No
Non-Maskable Interrupt and TTL

compatible inputs Yes No Yes
Internal sync of inputs and direct

strobe of outputs Yes No No
* Includes all 78 machine code instructions of the 8080A and is therefore capable

of running any standard 8080A software without modification.
ADDITIONAL FEATURES OF THE Z-80:
e Up to 500% more throughput than the 8080A
® Requires 25% to 50% less memory space than the 8080A CPU
e Three modes of fast interrupt response plus a non-maskable interrupt
e QOutperforms any other microcomputer in 4-, 8-, 16-bit applieations

to keep TDL's products the best in the
industry. And our products use only the
finest boards available, prime components,
sockets for all ICs, gold plated edge
contacts and other earmarks of a
commercial grade product. And its backed
by a solid 90 day guarantee on parts and
materials.

SAVE MONEY NOW Order both a Z-80
CPU card, and one or more Z8K RAM
boards before September 1st, 1976, and
you can deduct 10% on the total cost. Act
now while this special offer lasts. (Does

TDL/

not apply to COD orders.)

HOW TO ORDER Just send check or
money order, or use your BankAmericard
or Mastercharge, and your orders ‘will be
shipped to you postpaid within 30 days.
COD orders must be accompanied by a
25% deposit. Your credit card order must
include the serial # of the card, expiration
date, and your order must be signed. New
Jersey residents add 5% state sales tax.
For more information, send for our free
catalog.

Dealer Inquiries Invited

(609) 392-7070 TECHNICAL DESIGN LABS INC.
342 COLUMBUS AVENUE
39 TRENTON, NEW JERSEY 08629



BYTE Reprint

Chapter 2

MACHINE LANGUAGE
PROGRAMMING FOR THE “8008”

and similar microcomputers

Reprinted from MACHINE LANGUAGE
PROGRAMMING FOR THE ‘'8008” (and
similar microcomputers).

Author: Nat Wadsworth
Copyright 1975

Copyright 1976 — Revised
Scelbi Computer Consulting Inc
With the permission of the
copyright owner.

INITIAL STEPS FOR DEVELOPING PROGRAMS

The first task that should be done prior
to starting to write the individual instruc-
tions for a computer program is to decide
exactly what it is that the computer is to
perform and to write the goal(s) down on
paper! This statement might seem unneces-
sary to some because it is such an obvious
one. It is stated because the majority of
people learning to develop programs will
realize its significance when they discover,
halfway through the writing of a large mach-
ine language program, that they left out a
vital step. Such an error can typically result
in the programmer having to start back at
the beginning and rewrite the entire pro-
gram. The practice of writing down just
what tasks a particular program is to perform
and the steps in which they are to be done,
will save a lot of work in the long run. The
written description should be as complete
and detailed as necessary to ensure that
exactly each step of the program will be
clear when actually writing the program in
machine language. It is generally wise for
the novice programmer to take pains to be
quite detailed in the initial description.

The act of actually writing down the
proposed operation of the program desired
serves several valuable purposes. First, it
forces one to carefully review what is
planned. In doing so, it often "vividly
reveals flaws in original mental ideas.
Secondly, it serves as a guide and a check
list as the machine language program is
developed. Remember, it will often take
a number of hours to write a fair sized
program. These hours might be spread over
several days or weeks. In this period of time
the human mind can easily forget original
intentions and plans if the human memory
is not refreshed by written notes. A pro-
gram that is not kept carefully organized
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as it is developed can become a real mess.
This is especially so if one keeps forget-
ting key concepts or has to constantly
add in forgotten routines. The time wasted
by such sloppy procedures can be avoided
if proper work habits are developed from
the beginning.

Once one has written a description of
the general task(s) to be performed, and
has ascertained that there are no flaws to
the overall concepts or ideas, it is a good
idea to draw up a set of FLOW CHARTS
for the proposed program. FLOW CHARTS
are detailed written and symbolic descrip-
tive diagrams of the flow of operations
that are to occur as the program is executed.
They also show the interrelationships be-
tween different portions of a program.

Over the years a variety of symbols and
methods have been developed for creating
flow charts. All of the varieties have the same
basic purpose and most of the differences are
the result of individuals pushing their own
preferences. Most people can do admirably
well using just a few basic symbols to denote
fundamental types of operations in a com-
puter program. The small group to be pre-
sented here will enable most microcomputer
programmers to develop flow charts rapidly,
with little confusion, and without having to
learn a host of special symbols.

A CIRCLE may be used as a general
purpose symbol to specify an entry or exit
point in a routine or subroutine. Information
may be printed inside the circle. This in-
formation might denote where the routine
is coming from or going to (such as the page
number and location on a page for a program
that requires several sheets of paper to be
flow charted). It might contain transfer



information. Or, it could denote the starting
and stopping points within a program. Some
typical examples of the CIRCLE symbol
are illustrated next.

OO ®O

A square or rectangel may be used to
denote a general or specific operation. The
type of operation may be described inside the
box such as illustrated in the following
examples.

[CLEAR THE ACCUMULATOR]

STORE THE

A diamond form may be used to symbolize
a decision or branching point in a program.
The determining factor(s) for the decision or
branching operation may be indicated inside
the symbol. The two side points of the
diamond are used to illustrate the path
taken when a decision has been made. The
diamond symbol is illustrated next.

NO YES

NO INFO

READY ?

YES

Lines with arrows may be used to inter-
connect the three types of symbols pre-
sented. In this way, the, symbols may be
connected to form readily understood FLOW
CHARTS of operations that are to occur
in a program and to show how various
operations relate to each other. Flow charts
are extremely valuable references when
developing programs as well as when one
wants to update or expand a program and
needs to quickly review the operation of the
program of specific interest.

An example of a flow chart for a relatively
simple program will be shown next. The pro-
gram illustrated by the flow chart is to accept
characters from an ASCII encoded electric
typewriter and send out the equivalent
character to a BAUDOT coded device. In
this illustration it is assumed that the I/O
interfaces to the machines are parallel inter-
faces (versus the possibility of being bit-
serial interfaces). Thus, complex timing
operations do not have to be discussed in
the example. A written description of the
example program could be stated as follows.

The computer is to monitor bit B7 of
INPUT PORT 01, which is the control port

Y

NO

1S B7
OF INP PORT 01
A LOGIC ‘0" ?

for an interface to an ASCII encoded elec-
tric typewriter. Whenever bit B7 on INPUT
PORT 01 goes low (logic ‘0") it indicates a
new character is waiting in parallel format
from the typewriter at INPUT PORT 00.
The computer is to immediately obtain the
character that is waiting at INPUT PORT 00
and as soon as it has obtained the data it is
to send a logic ‘1’ (high) signal to bit BO of
OUTPUT PORT 11 to signal the ASCII in-
terface that the character has been accepted
by the computer. (The receipt of this signal
by the ASCII interface will then cause the
ASCII interface to restore the control signal
on bit B7 of INPUT PORT 01 to a high
(logic ‘1’) condition.)

Whenever a character has been received
from the ASCII typewriter on INPUT PORT
00, the computer is to compare the charac-
ter just received against an ASCII to
BAUDOT look-up table which is stored in the
computer’s memory until it finds a match. It
will then obtain the equivalent BAUDOT
character from the conversion table. It will
then send the BAUDOT code for the charac-
ter in bit positions B5 through BO of
OUTPUT PORT 10. Bit B5 will serve to in-
dicate to the BAUDOT interface whether

YES

GET ASCII
CHARACTER
FROM INPUT

PORT 00

SEND A LOGIC ‘1’ ON BO
OF OUTPUT PORT 11 TO
CLEAR THE ASCII

INTER

FACE

GO TO LOOK-UP TABLE
ROUTINE AND FIND
THE EQUIVALENT BAUDOT
CHARACTER

SEND THE BAUDOT CODE
TO OUTPUT PORT 10 IN
BITS B5 THROUGH BQ

a1




the code in bits B4 through BO is to be pro-
cessed by the BAUDOT device when it is in
the LETTERS or FIGURES mode. It is
assumed that the character rate (but not
necessarily the baud rate) is the same for both
machines so that the example may be simpli-
fied by eliminating the requirement for
character buffering or stacking in the memory
of the computer. However, in practical appli-
cations such capability might be required.
The feature could be added to the program.
However, for this case, as soon as the
BAUDOT code has been transmitted (in
parallel format) to the BAUDOT device, the
computer will simply go back to waiting for
the next character to come in from the ASCII
machine. The written description of the pro-
gram just presented is succinctly summarized
in the flow chart shown on the previous page!

The flow chart of the program shown on
the previous page could be considered an
outline of the program. Portions of that flow
chart could be expanded into more detailed
flow charts to present a detailed view of
special operations. For instance, the rectangle
labeled GO TO LOOK-UP TABLE ROUTINE
AND FIND THE EQUIVALENT BAUDOT
CHARACTER really refers to a portion of the
program that consists of a number of opera-
tions. Those operations could be described
in a separate flow chart such as the one just
presented.

The reader can see that the expanded
flow chart illustrates the operation of the
table look-up routine portion of the program.
With a little study one can discern that the
look-up table consist of an area in memory
that has an ASCII encoded character in one
word, followed in the next word by the
same character in BAUDOT code. This
sequence continues for all the possible
characters as illustrated below. The flow
chart illustrates how the data in the look-up
table is scanned by skipping over every other
memory location (which contains the
BAUDOT codes) until the proper ASCII
character is located. When that is located,
the routine simply extracts the proper
BAUDOT code from the next memory
locaction in the table. The flow chart makes
the sequence easier to understand than a
purely verbal explanation of the routine.

INITIALIZE POINTERS TO
START OF LOQK-UP TABLE

-
>

COMPARE THE CONTENTS OF THE
CURRENT LOCATION IN THE LOOK-UP
TABLE AGAINST THE CHARACTER
PRESENTLY IN THE ACCUMULATOR

NO

ADVANCE THE
TABLE POINTER
BY TWO WORDS.

il

ADDRESS

PAGE: XX LOC: Z

PAGE: XX LOC: Z+1
PAGE: XX LOC: Z+2
PAGE: XX LOC: Z+3

PAGE: XX LOC: Z+2(N-1)
PAGE: XX LOC: Z+2(N-1)+1

ARE THEY YES
THE SAME ?

HAVE FOUND THE DESIRED
CHARACTER. ADVANCE THE
POINTER TO THE NEXT WORD
IN THE TABLE AND FETCH
THE BAUDOT EQUIVALENT.

MEMORY CONTENTS

ASCII code for letter A
BAUDOT code for letter A
ASCII code for letter B
BAUDOT code for letter B

ASCII code for N'th letter
BAUDOT code for N'th letter

ILLUSTRATION OF LOOK-UP TABLE ORGANIZATION FOR THE EXAMPLE PROGRAM

It is strongly recommended that beginning

_programmers develop the habit of first writing

down the function(s) of the desired program
they intend to create. Next, one should draw
up flow charts as detailed as one feels is neces-
sary to clearly show the operation of the pro-
gram that is to be developed. A novice pro-
grammer will be wise to prepare quite detailed
flow charts. More experienced programmers
may prefer to leave out details of operations
that they thoroughly understand. Flow charts
should serve as ready references when the pro-
grammer goes on to actually develop the step-
by-step machine language instruction sequen-
ces for the computer.

Flow charts are also an excellent method

for communicating programming concepts
to ° fellow computer technologists.
Remember that general flow charts do not
have to be machine specific!) Learning how
to prepare and read flow charts is an
important (yet easy) skill for all computer
programmers to acquire. It can also be fun
and a highly creative process. Using the
technique, one may review the overall
operation of a program under development
and gain new insights into where to
interconnect routines, where common loops
exist (which can save valuable memory room
if they are subroutined), and find other ways
in which to enhance a program’s
capabilities.

Chapter 3 of MACHINE LANGUAGE PROGRAMMING FOR THE “8008" {and
similar microcomputers) will appear in the September BYTE.
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S SCELBE

Introducing SCELBAL,

the new microcomputer
language that’s simpler
than machine language.

A complete language for
‘8008°°/‘8080” systems
including source listings,
routines, flow charts and
more!

SCELBAL. SCientific ELementary

BAsic Language for '‘8008"'/''8080"
systems. A complete, illustrated program book. Routines.
Techniques. Source Listings. Flow Charts. And more.
Took several years to develop. Now yours for many years
to come. First time that intimate details of higher level
language has been offered for such a low price. Only $49!
You get 5 Commands: SCR, LIST, RUN, SAVE, LOAD.
14 Statements: REM, LET, IF ... THEN, GOTO, FOR with
STEP, END, INPUT, PRINT, NEXT, GOSUB, RETURN and
optional DIM. 7 Functions: INT, SGN, ABS, SQR, RND,
CHR, TAB. And, it runs in 8K and more. Here’s all the
data needed to customize a high level language for your
system ... at a fraction of the cost!

Order your copy today! Get $49
started advancing your system! ppd.

L “8080"
SOFTWARE MANUALS

Three new basic, com-
‘plete “MUST” manuals!
“8080" Assembler Pro-

- grem operates easily in
4K bytes of RAM (includ-
ing symbol table}. Unique

. feature: How to accept
mnemonics related to
"“8008" based machines
on “8080'". includes all
major routines, pertinent
flow charts, highly com-

mented assembled listing
and more. $17.95.

‘8080’ EdHor Program
identical to “8008"
Editor, with -machine
codses for ‘'8080", $14.95.
#8080” Monitor Routines
same functions as “‘8008""
specifically developed

to utilize expanded

$11.95. ppd.

FOR THE

“8008”

Here's the detailed,
basic manual you need to
develop today's machine
language programs. 170
pages. lllustrated. Easy-
to-read, understand. Most
techniques applicable to
other micro-computers,
Including ‘‘8080"'.
Floating-polnt arith-

metic package is
“ wclmh the price
ic alonel
\\‘ ‘\;‘: ‘a(im > Order todayl
o 1995ppd

capabilities of “8080". 1795 i
'SAVE $5.35! BUY ALL 3 FQR ONLY $39.50!"

MACHINE LANGUAGE
PROGRAMMING

{and similar microcomputers)

Here’s SCELBI's First Book of
Computer Games for the 8008/8080.
- Action-packed. And fun.

i Try to beat the computer at its own game.
. Here's the first complete machine language
1 computer manual for computer games to
§ include source listings, flow charts,

i routines and more. Space Capture — You
against the computer using ‘“search and
destroy” strategy to shoot down roaming

i alien spaceships in outerspace. Hexpawn

i — a mini-chess game that lets the

v computer make mistakes ... but only

{ once. Hangman — an updated version
i of the great kid game. Computer selects
i words at random from long, expandable

. list. Try to beat it in 8 moves or less.

%uuu conIts i Illustrated. Fun extras to put your

g o \ computer to challenging, competitive,

— . 95
Order yours today! 14 ppd.

‘‘‘‘‘ S fun use

SCELBI's new microcomputer

Game Book of Outer Space...
Captain your own crusading starship
against the logic of your “'8008'" or
*'8080". You must destroy a random
number of alien ships without running
out of stardates, out of fuel, out
of ammunition or out of the galaxy.
Plan your mission. How much fusl is
used for your warp factor? Don’t run
into roaming stars that can damage your
ship. Suddenly! Condition Red! Alien in
sight! How big is he? Fire a phasor or
torpedo! He's damaged or destroyed.
But, you've used valuable fuel. That's
Just the beginning. A new game every
time. Complete program book in machine
language for 4K memory, including
source listings, flow charts, routines, etc.
Great intergalactic adventure and fun.

Order “GALAXY” today! 14°° ppd.

®.
‘ SCELBI'S

S

. ppd. - ppd. o 5

Detailed presentation of 8008 codes ¢ Flow Charts
Mapping e Floating-point Package ¢ Debugging
Basic programs: loops, counters, masks

Organizing Tables e Editing/Assembling

Math operations ¢ 1/0O, Real Time Programming
Maximizing memories ¢ And lots more.

4

Master Charge, Postal and Bank Money Orders preferred.
Personal checks delay shipping up to 4 weeks. Pricing,
specifications, availability subject to change without notice.
Prices for U.S. and Canadian delivery at book mailing rate.
Add $2.50 for each publication If Priority Air Service (U.S.)
desired. Foreign orders add $6.00 for each publication.

SCELBI (OMPUTER
C(ONSULTING INC.

1322 Rear Boston Post Rd., Milford, CT 06460
Telephone: 203/874-1573



True Confessions:

How | Relate to KIM
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{C2 7474 14 7
iIC3 7400 14 7
1IC4 74103 4 I

Yogesh M Gupta
118 E Main St
New Concord OH 43762

I recently purchased a KIM-1 micro-
computer card from MOS Technology (See
“KIM-O-Sabee?” in the April BYTE, page 14

and “A Date With KIM” in the May issue,
page 8). In my opinion, KIM-1 offers one of
the best bargains to a computer experi-
menter for the price ($245 for the card +
$4.50 for shipping and handling). However,

the hobbyist may be faced with a few
problems, as | was. The intent of this article
is to solve some of these problems.

Clock Stretch and
Random Access Memories

The cheapest random access memory in
experimenters’ markets today is the standard
2102 static memory which averages approxi-
mately 0.15¢ per bit. During a write cycle,
the inexpensive slow versions of this device
require the data to be stable for 800 ns
before the trailing edge and data hold time
of 100 ns after the trailing edge of the write
pulse. Even if the MOS Technology 6502

processor is slowed down to 250 kHz to

obtain the data stability, there is still not
enough data hold time for the slow chips.

| solved this problem by implementing
the circuit shown in figure 1. This circuit
allows the 6502 processor to use a mixture
of fast and slow 2102 memory devices in the
same system. The processor cycle is main-
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Figure 1: A circuit which
creates an alternative slow
clock cycle for the 6502
processor on the KIM-]1
board under control of a
“SPEED SELECT” line
generated by slow mem-
ories. SPEED SELECT =0
for fast cycles, SPEED
SELECT = 1 for slow
cycles. This circuit  re-
quires a 2.0 MHz crystal.
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POINT B |
POINT C I
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FAST SLOW
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t2 = 1000nS
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t5 = TIME FOR ADDRESS DECODER

tained at 1.0 us for the fast memory access,
while for the slower 2102s, the cycle is
automatically stretched to 2.0 us.
Sometimes integrated circuits behave in
ways that are not predicted by, or are
overlooked by, their manufacturers. This
modification of KIM-1 to enable the clock
stretching function is accomplished by re-
moving the usual KIM-1 6502 clock genera-
tion circuitry, and simply driving the ¢q pin
of the 6502 directly from a TTL clock
source which is external to the chip. This
mode of operation is not documented in the
6502 Hardware Manual of MOS Technology,
but it worked quite satisfactorily in my
system . The intention of the designers of the
6502 was that the clock generation logic on
the chip would be used with external com-

6502 PIN 51] 3

t2 —f
te

Figure 2: Method ]
SPEED SELECT Dis-
cipline. In this method,
fast cycles are' the rule,
slow cycles are the excep-
tion. Refer to figure 1 for
points B and C. [nvalid
data on the address bus is
indicated by the cross-
hatched areas.
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cycles are the exception.
Refer to figure 1 for
points B and C of the
timing diagram. Invalid
data on the address bus is
indicated by the cross-
hatched areas.

Figure 4: Write Cycle for Slow 2102 Mem-
ories. The timing requirement is that valid
data be present on the bus when the RW
signal to the memory changes from O (write

~ state) to 1 (read state). The crosshatched

areas Indicate when data is invalid on the
data bus.
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Figure 5: Alternate Slow
Clock Generation Circuit.
In this circuit, the original
KIM-1 crystal can be used,
since a digitally controlled
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cycle is generated by address bus decoding
logic using one of the following two
methods.

Method 1: Normally the SPEED
SELECT signal is kept low so the proces-
sor cycle is 1.0 us. However, this signal
goes high when the processor addresses
the slow memory region causing the cycle
to stretch to 2.0 us. See figure 2 for the
timing relationships.

Method 2: Normally the SPEED
SELECT signal is kept high so that the
processor cycle time is 2.0 us to access
slow memory. However, this signal goes
low when the processor addresses the fast
m emory devices causing the cycle time to

2us o
-—500ns-—1
@2(6502) |
-1 r-zom.s
DATA S T B
KOs _-:IsoOnsL
oL —

Figure 6: Write Cycle for Slow 2102- Mem-
ories using the circuit of figure 5. The
output pulse width of RW is adjusted to
1.2 us nominally. (Check the results on your
scope even if you use other than precision
parts of the values shown for R1 and C1 in
figure 5.)
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timing cycle is replaced by
the 74123 oneshot.

be only 1.0 us. See figure 3 for the timing

relationships.

The circuit shown in figure 1 will allow a
data stability of 950 ns before the trailing
edge and data hold time of 350 ns after the
trailing edge of the Write Pulse for the slow
2102s. See figure 4 for the timing relation-
ships.

However, the KIM-1 board comes with a
1.0 MHz crystal. Figure 5 shows an alter-
native circuit using a 1.0 MHz crystal. The
timing relationships to control SPEED
SELECT signal are the same as shown in
figures 2 and 3. The RW signal for the slow
memory is generated in this case by using a
74123 oneshot. The value of the RC
constant for the 74123 is chosen to provide
a nominal output pulse width of 1.2 us. This
allows a data stability of 1.0 us before the
trailing edge and data hold time of 300 ns
after the trailing edge of the write pulse for
the slow memories. Figure 6 shows the
resultant timing relationships. It should be
noted that the output pulse width of the
74123 can only tolerate a T 16.66%
variation, and still permit successful opera-
tion of the 2102 memory devices. This
tolerance may require selection of precision
parts for the external resistor and capacitor
of the oneshot.

Bus Expansion

The 6502 bus is only capable of driving
one standard TTL load. If more drive
capability is needed, the tristate drivers such
as the 8T97 or DM8833 parts may be used.
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Figure 7: Use of a Bus Extension Integrated Circuit. In order to tie in extra
memory or peripherals, a bus extension is required. The typical logic diagram
of a simple attempt which will not always work is shown here. (Conflicts can

arise.)

However, you must be very careful when
using an extended data bus. If you enable
the drivers by RW signal as shown in figure
7, then during read mode, the drivers for the
existing KIM-1 memory (eg: 74125s) can be
turned on simultaneously. The low level
output current of 74125s is only 16 mA and
is not sufficient to pull down a turned on
8T97 type driver to logic O level. Therefore,
during read mode the bus extension tristate
drivers should be turned off when the
existing on board KIM-1 memory (RAM,
6530-002 and 6530-003) is being accessed as
shown in figure 8. In actual implementation
the DECODE ENABLE signal may be the
same as the one needed on the application
connector of the KIM board (when more
than 8 K memory is needed).

Interrupt Prioritizing Logic

The KIM-1 Hardware Manual (Section
2.3.3) describes a few approaches to im-
plement interrupt priority logic; but | found
them either inefficient (software time) or
expensive (use of ROM). The circuit shown
in figure 9 provides a cost effective com-
promise. The interrupts from the peripheral
devices are latched in by the ¢2 signal. This

inhibits the priority encoder from generating
a false vector (if the interrupts from the
peripherals are changing while the 6502 is
fetching the vector). In response to IRQ, the
6502 fetches the vector from hexadecimal
locations FFFE and FFFF. During these
fetch cycles, the 6530-002 is disabled by
letting the decode enable signal go high on
the application connector. Therefore, the
vector generated by this circuit is fetched by
the 6502 instead, and the program goes to
one of the locations from 0200 to 021C.
This segment of memory serves as a vector
table with pointers to the individual inter-
rupt service routines as follows:

0200 JMP VECO
0204 JMP VECI
0208 JMP VEC2
020C JMP VEC3
0210 JMP VEC4
0214 JMP VEC5
0218 JMP VEC6
021C JMP VEC?

The actual service routines will reside in
focations VECO through VEC7 for the
respective interrupts. It should be noted that
each vector in the table requires 4 locations.
(Only 3 locations are needed for a jump but

== BUS EXTENSION INTEGRATED Figure 8: Adding a gate to
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3 RTS the bus extension control

resolves a potential con-
flict through the use of a
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Figure 9: By disabling normal address decode through the DECODE ENABLE pin for the
KIM-1 applications connector, an alternate source of the interrupt vector at locations FFFF
and FFFE can be created which accomplishes interrupt prioritizing functions.

the extra location is a requirement of a
simple hardware design.) JMP instruction
takes only three locations, so your software
might use the fourth location to save the
accumulator, eg:

0200 PHA
0201 JMP
0202 VECO (LOW)
0203 VECO (HIGH)

This architecture will re-map the 1K
resident RAM on the KIM board as follows:

0000 through OOFF  Page O

0100 through O1FF  Stack

0200 through 021F Vector Table
0220 through O3FF  Applications

The disable signal in figure 9 will deselect
existing KIM-1 memory when low. This is
implemented for memory expansion as
described earlier. However, if memory ex-
pansion is not desired the signal may be
fixed to a logic 1 level.
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Halt?

Another problem -one faces is how to
debug the software when the processor does
not have a HLT instruction. You can single
step the program instructions on KIM-1, but
this feature does not help the programs
which involve multiple levels of loops or
critical peripheral timing controls. The
obvious solution is to use the BRK (software
interrupt) instruction. However, this would
require software overhead in every interrupt
service routine to determine whether it was a
hardware or a software interrupt. On the
KIM-1 system, | found the sequence JSR 05
1C (Jump to subroutine at location 1CO5)
more useful for this purpose instead. The
execution of JSR causes the program to
jump to an input monitor loop and display
of the address (PC+2) on the KIM board.
PC is the location where the JSR was
executed.m



iCOMS’s uFloppyl“”

At *995, your microprocessor’s best friend.

iCOM disk drive

iCOM, the microperipheral™
people have done it again! This
time with a ready-to-go Floppy
Disk Subsystem for your low
budget microprocessor-based
project.

You get everything from

iCOM

Our Frugal Floppy includes:

¢ Interface cable to your
microprocessor

* Proven IBM compatible
controller

¢ Diskdrive with daisy chain
capability

* Controller-to-disk drive cable

If you need a power supply and

software, we've got that too!

iCOM’s famous FDOS-II
software

iCOM’s FDOS-II software
package is now available for the
OEM or the hobbyist. Its super
features, such as named
variable length files, autofile
create open and close, multiple
merge and delete, help make

your project a winner right away.

Versions to run on any 8080 or

iCOM'’s proven
CF360 controller

6800 based system are ready to.
ship. Use FDOS-II either in your
development system or
integrate it into your
applications package. In either
case, it's easy to do. And

low cost too.

Easy interface

Real easy. Three 8 bit latches
and you've got it. Just one
ribbon cable (which we provide)
handles the hook-up. What
could be simpler?

Powerful controller

The dependable iCOM controller
is already used in hundreds of
different systems. It takes the
load off your software, letting
your microprocessor do its job

B MICROPERIPHERALS

6741 Variel Avenue ® Canoga Park
California 91303 e (213) 348-1391

without getting bogged down.
Auto track/sector seek and
verify, full sector /O buffers,
auto CRC generation and
checking, are just a few of the
controller features. Handles
from 1to 4 drives with no
changes in software or
hardware. IBM compatible, too.

The clincher

iCOM’s Frugal Floppy™ sells
foronly $995 in small OEM
quantities. If you need just one
it's still only $1195.

Call us today. When it comes to
microperipherals™ iCOM has
the answers.

Ask about our completely
packaged systems too. We
have complete development
systems for:

¢ Intellec MDS-800

s Intellec 8

* Motorola M6800

¢ PCS Micropac™80

Intellec is a trademark of Intel Corp.




New Products Policy

Insertions in this section of BYTE are
chosen at our discretion from unsolicited
“press release’”” materials sent by vendors.
New companies inexperienced in the game
of publicity seeking are advised that a press
release on a hardware product should con-
tain a descriptive text plus glossy black and
white photograph (or photographs) of the
item. Software products should include
ample descriptive text to convey an idea of
what Is being marketed; if there are any
characteristic graphic materials associated
with the software product, pictures or
camera ready copy should also be supplied.

Appearance of descriptive information on
a product in these columns does not con-
stitute an endorsement of that product.»

Don’t Waste Time Loading from Tape
... Put a Chunk of EROM into Memory
Address Space

The Cromemco BYTESAVER is a novel
and quite useful idea for the person who
wants to have his or her software instantly
available without wasting the power needed
to keep volatile memory alive: This product
is a combination EROM memory board and
programmer, designed for the Intel 2704
(512 byte) and 2708 (1024 byte) erasable
read only memories. It plugs directly into
one slot of the Altair 8800 or IMSAI 8080
bus structure, and has a maximum capacity
of 8 K bytes if all 8 sockets are loaded with
2708s.

The basic price of the unit is $295, which
includes one 2704 memory and the board
shown in the photograph. The 2704 which

comes with the board contains software
customized for the Altair and IMSAI hard-
ware which uses front panel sense switches
to control loading of selected EROM chips
from a block of volatile memory. The
BYTESAVER is shipped FOB Los Altos CA
and delivery is quoted as being from zero to
30 days.®

Parallel Interfaced Audio
Cassette Driver

Custom Design Services, 4021 Windsor,
Garland TX 75042, sent along this picture of
the CI-810 tape interface board. The circuit

of this design, by Harold Mauch, appeared in
BYTE’s March [page 43] and April [page
70/ issues. The design uses the modified
Manchester encoding scheme of the audio
interface standards conference organized by
BYTE in November 1975, and runs at 27.27
bytes per second (300 Baud).

The modulator and demodulator can be
modified to run at much higher data rates
with a fairly simple circuit modification
which creates a full Manchester encoded AC
coupled signal. The board uses a standard 22
pin double sided edge connector, has room
for custom modifications with wire wrap or
hand wired connections, and uses two 16 pin
DIP sockets for the parallel data connection
to your computer. Audio and power con-
nections are through the edge connector.
Power requirements are 5V at 100 mA,
—12V at 15 mA, 5% regulation on both
supplies.

The price for this single channel interface
is $59.95, and the unit is supplied with
complete documentation of its interface
requirements and operation. ®

Make Hard Copies With This Printer

The mp-40 is a low cost impact printer
designed for the small microsystem market.
The number of moving parts has been
minimized to increase the reliability and
reduce any maintenance time. It generates 5 x
7 dot matrix characters at a rate of 75 lines
per minute with a maximum print line width
of 40 characters. A standard width (12
characters per inch) character or an ex-



tended width (6 characters per inch) charac-
ter can be printed under software control. It
prints a 64 character ASCII set with 6 lines
per inch on ordinary roll paper and has
muitiple copy capability. The paper guides
can be adjusted to accept paper widths from
2 3/4 inches (7.0 cm) to a maximum of 4
inches (10.2 cm). The molded plastic case
measures 13 by 13 by 6.5 inches (33.0 cm
by 33.0 ¢cm by 16.5 cm) and encloses the
printer and paper roll. [t also includes an AC
interlock to remove any shock hazard when
the case is opened. The printer comes with a
TTL 8 bit parallel “handshake’ interface
which is compatible with most micro-
processor parallel 10 ports and provides for
optional line termination resistors which
may be required when long cables are used.
A self test feature is included in the interface
design to aid in system debug operations.
The completely assembled and tested mp-40
is priced at $425 in quantities of one and is
available from mpi, PO Box 22101, Salt
Lake City UT 84122, (801)566-0201. De-
livery is 60 days after receipt of order.®

10 Board With ROM Software

The National Multiplex Corporation, 3474
Rand Av, Box 288, So Plainfield NJ, has
introduced a new 8080 10 board with ROM.
This is an Altair 8800 and IMSAI compatible
board which plugs into the bus and has
routines for bootstrapping, loading software,
dumping software, editing and control of
either a UART interface or a USART. The
board can drive one terminal through the
UART and one or two tape cassettes
through the USART. For the complete
details of the software in this monitor,
contact National Multiplex, which sells the
kit version for $140 and an assembled and
tested version for $170.m

If you want a microcomputer
with all of these standard features cos

= 8080 MPU (The one
with growing soft-
ware support)

» 1024 Byte ROM
(With maximum ca-
pacity of 4K Bytes)
» 1024 Byte RAM
(With maximum
capacity of 2K
Bytes)

» TTY Serial I/O

» EIA Serial I/0

= 3 paralle! I/O's
» ASCli/Baudot - q
terminal com- b
patibility with TTY machines or video units
= Monitor having load, dump, display, insert
and go functions

» Complete with card

» Comprehensive
User's Manual, plus
Intel 8080 User's
Manual
» Completely
factory assembled
and tested —not
a kit
» Optional ac-
cessories: Key-
board/video
display, audio
cassette modem
interface, power supply, ROM programmer
and attractive cabinetry ... plus more options

to follow. The HAL MCEM-8080. $375

...then let us send you our card.

HAL Communications Corp. has
been a leader in digital communi-
cations for over half a decade.
The MCEM-8080 microcomputer
shows just how far this leadership
has taken us...and how far it

can take you in your applications.
That’s why we'd like to send
you our card—one PC
board that we feel is the
best-valued, most complete

microcomputer you can buy. For
details on the MCEM-8080, write
today. We'll also include compre-
hensive information on the HAL
DS-3000 KSR microprocessor-
based terminal, the terminal that
gives you multi-code compati-
bility, flexibility for future
changes, editing, and a
convenient, large video
display format.

HAL Communications Corp.
Box 365,807