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Memory: The Growth

By Carl Helmars

Articles Policy

BYTE is continvally seeking quality
Manuscripts wrilten by individuals who
are applying personal computer systems,
designing such sysiems, of who have
knowledpe which will prove wseful 1o
our feaders. For.a more formal descrip-
thon of procedures and requirements,
potential authors showld send a sell-
addressed, stamped envelope 1o BYTE
Authors' Guide, 70 Main 51, Peter-
borough WH 03458,

Articles which are accepled are
purchased with a rate of up te 350 per
magazine  page, based on technical
quality and swvitabitity for BYTE's
readership. Each month, 1he authors
of the two leading arficles in the reader
poll [BYTE's Ongoing Monilor Box or
“BOMB™'} are presented wilth bonus
checks of $100 and $50. Unsolicited
materials should be accompanied by full
fame amd addeess, as wel a5 return
postage @
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of a Resource

Once upon a time, | had a telephone con-
versation with a gentleman whose name |
cannot recall. This gentieman was an ardent
experimenter, both personally and profes-
sionally, and was working on the develop-
ment of a personal microprocessor system.
He knew electronics inside and out, under-
stood the principles of integrated circuits,
could predict whether or not a given wire
would have to be analyzed as a transmission
line or could be treated simply as an inter-
connection, and knew how to calculate
worst case conditions in a circuit. He was
getting into microprocessors with the intent
of learning enough about computing to
enable him to incorporate them into his
designs. | must have talked to him shortly
after he had begun his project, but certainly
before it had been completed to the state
of a "working” processor. Given this back-
ground, he was able to come up with the
statement, “Nobody will ever need more
than 1 K bytes of memory for the persenal
computer. To use any more would indicate
a lack of efficiency in the design.”

| don't believe that this gentleman still
holds this opinion, especially if he has pro-
ceeded into the world of programming and
using a computer.

Then a little bit later in my experiences,
| was having a conversation with a friend of
over a decade’s acquaintance concerning
various topics of small computer design and
utilization. Now this friend of mine has had
a quite thorough background not in engi-
neering, but in systems software, and is guite
familiar with the process of allocating mem-
ory on a large system in lumps of 100 K
bytes or more if the occasion arises. He’s
lately been enamored of the concept of
interpretive languages with dynamic symbol

Continued on page T20
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Character Generator

Larry Weinstein
Objective Design Inc
POB 20325
Tallahassee FL 32304

In part 1 last month (page 79), we saw
that a programmable memory could be
substituted for the character gencrator read
only memory in a video display to createc and
use special character sets tor special computer
applications. With a small amount of addi-
tional soltwarc overhead, it is also possible
to control high resolution screen graphics.
The techniques for using the programmable
character gencrator arc detailed this month,
and examples are presented.

Modes of Operation

Each character to be portrayed by a
lypical video display gencrator is represented
by an 8 bit binary code, labeled BO to B7.
B7 often is not used for character selection,
but rather serves a special hardware func-

Part 2: Software

tion: Lo key in reverse video, in the Processor
Technology VDM-1, for example. The
remaining seven bils are used to select from
the 128 possible ASCIIl characters. These
128 characters arc shown in figure 1. The
programmable character generator allows the
user to substitute, for some or all of these,
characters created by the user (see figure
2). In each case the 7 bit code is used as
an address in the character memory.

Programmable character generator cir-
cuitry selects the character data according
to information present in the code itseif
and the operation mode. There are five
such modes: fixed normal, fixed graphics,
command, programmed, and automatic
(part 1 of this article gave details on the
selection process). In fixed normal, the
programmable memory is never accessed.
For the fixed graphics, command, and
programmed modes, there is a simple con-
nection between the character code and the
programmable memory locations used to
describe the characters.

Figure 1: The ASCII character set. The seven bits of the ASCII code indicate which of the 128
possible characters will be generated. The data used for producing these characters is usually

stored in a character generator read only memory.
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DATA
3C
Sa
99
99
99
Q93
99
54A
3C

DATA DATA

| 08 o8
1c 08
2a 3€
a9 a9
08 a9
08 a9
08 24

e
FF

Figure 4: Some arbitrary special characters. The 16 bytes that torm a charac-
ter are projected onto a 16 by 8 grid, each bit corresponding to one space.
The programmer can choose any combination of s and 0s to create filled and

emply spuces, respectively.

Photo 1. An APL charac-
ter set generated by the
programmuable  character
generator,

take place in the center of the code num-
bers, as can be seen from the ASCII chart
in figure 1. In order to neatly separate the
programmable memory into special char-
actler and gencral purpose groups, the codes
normally located in the top 512 locations
can bc moved to the second 512 spaces.
In this case the low address 1 K of memory
is devoted to special characters and the
upper 1 K is free for system use. Automatlic
mode is probably the most convenient,
since the normal character set used by most
software is available, along with 64 special
characters,

¥RV un]ti e

18 june 1978 BYTF Publicanons Inc

Creating the Characters

The 16 bytes which form a character are
chosen in a straightforward manner. The
bytes are projected onto a simple 16 by 8
grid, where cach bit equals onc space. The
spaces arc roughly equivalent to dot spaces
on the screen. The programmer constructs
characters from filled spaces in the grid.
When converted to data bytes, the filled
spaces arc 1s and the cmpty spaces are Os
{sce figure 4).

In many cases, the circuitry in the video
display device allows only a subset of the
16 rows to appear. Also, the cighth bit in
cach row is often left unused, although Lhis
can gencrally be “‘corrected” by an alters-
tion. It is nol necessary to dig through
video display device schematics to learn
which rows and columns are projected. A
study of character generator characters on
the screen plus some trial and error work
with the programmable character generator
will quickly reveal character limits.

The horizontal to vertical ratio of screen
dot size is not 1:1 in most cases. For this
reason, a grid composed of square spaccs
will not accurately portray the characters.
The ratio of vertical te horizontal screen
dot size can be calculated by:

Size = (V dots{H dots){4/3)

where 4/3 is the standard screen aspect ratio
and V and H dots are the number of dots
across the screen vertically and horizontally,
respectively. For example, if each character
is drawn on a 12 by 8 grid with a vidco
display of 16 rows by 64 characters per row,
ane has:

oo (e)(12) {4
V/Hsize = —(64)(8) (g)

The grid should then be drawn with the
vertical dimension of each space twice as
large as the horizontal one.

Character Set Examples

There has been a great deal of interest
lately in APL for microcomputers. The two
great stumbling blocks have been writing
the interpreter and displaying the unigue
APL character set. With the pregrammable
character gencrator, producing the special
character set is a trivial task (see phota 1),

Several of the characters are plotted here
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Photo 1: The prototype for the author’s IC tester. The LEDs shown
were not included in the final design of figure 1.

A Programmable IC Tester

Junc 1978 © BYTE Publications Inc

Mark Thorson
1505 Spruce St
Berkeley CA 94709

The high cost of digital components can
be significantly reduced by Lhe construction
of this simple test instrument. While com-
ponents of guestionable reliability have lung
been available for a fraction ol their value,
the experimenter has been unable to take
full advantage of them for lack of an ade-
quate means of componenl testing. This
circuit, however, now offers such a means
for the rapid and accurate screening of bar-
gain components.

Conventional componenl testing  gen-
erally takes the form ol either building a
prototype circuit and substituting devices
until it works, or setting up a rig of lights
and switches and testing each gate or flip
flop on the chip individually. Although
these procedures are sufficient for the
construction of trivial circuits employing
a small number of integrated circuits,
neither is exacting enough nor fast enough
to provide the quantity or yuality of parts
required for a well stocked clectronics lab.

The main weakness of both approaches
is their failure to check the devices in
question under al/ possible conditions of
data. As an example, consider the 7400 quad
NAND gate with the failure dition of an
internal short between the input on pin 4
and the output on pin 3. If this device is
either tested in a circuit employing the quad
NAND gate without using the input on pin
4, or tested in a rig in which each gate
is tested individually, then device will
be passed without the failure conditions
ever having been met. To be certain of
testing all possible failure modes of this
device, all 256 possible data conditions
on the eight device inputs must be checked,
a prohibitive requirement for manual testing.

To this end, the circuit wn in figure 1
has been designed to provide an automatic,
instantaneous and exhaustive test of most
SSI and MSI components. |SS] (small scale
integration) refers to gates, inveriers, flip
flops, etc, while MSI {medium scale inte-
gration) refers lo counters, latches, shift
registers, etc.] The circuit operates by
sending eight lines of input data to the
device under test (DUT) and receiving
six lines of output. Upon depression of
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Number

1C
IC
IC
IC
IC
IC
IC
IC
1C
thru

IC 14

WO BN —

745200

7400 14
7400 14

+5 VvV Gnd
Pin

=
5

14
14
14
14
16
16
16

OO0 00 ag md = wd g =y

equivalent)

Table 1: Power wiring table for figure 1. See figure 1 for alternate memory
ICs for I1CO thru 14.

FROM

TESTER

SN

Figure 2: One method of hooking the tester up to a 7400 TTL integrated
circuit.
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the Test button, the binary counter driving
the DUT input tines is cleared and the
flip flop driving the GofNo-Go light is set.
Upon release, the counter increments
through all 256 input conditions to the
DUT. Betwcen counts, the 4 on the six
DUT output lines is compareda with the data
stored in memory, and if any mismatch
occurs, the GofNo-Go Fip flop is cleared.
Once the counter reaches its terminal count,
the clear input to the clock escillator flip
flop is driven low, thereby inhibiling further
counts until the Test butten is hit again, At
this time, if the Go/No-Go light has re-
mained lit, the component has passed the
test. Programming is actomplished by
holding the Program button down during a
test cycle of a known good device. During
this time, data on the DUT outputs is
loaded into memory between counts on the
DUT input lines. Once the PROGRAM
button is released, data in the memory is
protected by a pull-up resistor on its read/
write line.

Combinatorial inlegrated circuils, that s,

integrated circuits such as gates or com-
parators  which do not contain storage
elements such as flip flops, are tested by
connecting all device inputs to lines lg to |7
and all device outputs to lines Og to Os.
Any ordering of the connections is satis-
lactory, because the tester will run through
all possible input conditions despite Lhe

arrangement  used. Sequential integrated
circuits, however, require sp 1l ¢ r-
ation due to their internal data s A

device such as the 74161 4 bit binary
counter, for example, will require its clock
input to change at least 32 times fa than
its clear input to insure the completion of a
full counting cycle before beit < . To
aid in the testing of sequenual integrated
circuits with sevzaral clear, preset, inhibit,
and other combinatorial inputs, the clock
input  has been provided which t les
twice as fast as lg. This input is useful for
connecting o the clock inout of counters,
flip flops, and shift regist tsh 1 not
be used with combinato vices or e
combinatarial inputs of sequential devices.

As an example of the use of the tester,
consider again the 7400 quad NAND gate.
This device has a total of eight data inputs
and four data oulputs to be connected. An
example of one possible configuration of the
connections is shown in figure 2. It should
be noted that two DUT outputs are allowed
to float. This is permissible, because the
same data will be present during a test cycle
as when the tester is programmed. It is also
acceptable to use less th  eight DUT inputs,
because the tester will still run through all
possible data conditions on the remaining
inputs. Once the proper connections have
been made, the tester is programmed by in-
serting a known good device into the DUT
socket and holding the Program button
down while momentarily essing  the
Test button. If the tester has accurately
stored the characteristic output of the
device, the Go/No-Go light will remain [it
following the release of the Test button.
The Program button may now be released
and tests performed by inserting a ques-
tionable device and depressi the Test
button. If the Go/No-Go light remains
lit upon release of the Test button, the
device has passed.

As an example of the testing ol a sequen-
tial device, consider the 74161 4 bit binary
counter. An example of one possible con-
figuration of its connections is shown in
figure 3. Unlike the case of the quad NAND
gate, the ordering of the DUT inputl con-
nections is very important. Combinatorial
inputs such as clear, load, and inhibit are









pul an the more slowly toggling lines
4 to 17, and the sequential inputs are put
on the faster lines 1g to l3 This example
alsoyillustrates the wse of the clock line
for the clock. [t should be noted that there
is & minimum separation ol four lines
between the cock and any combinatorial
input. As previously stated, this is necessary
to allow the counter to complete a full
counting cycle. Strictly speaking, the pre-
setting inpuls to the counter are also com-
binatorial inputs, hut they do not interiere
with the counting cycle, so they may be
pleced within Tour lines of the clock. They
are, however, synchronous inputs and as
such may not be placed on a DUT input
fine which toggles faster than the clock.
Also, while the ordering of the DUT inputs
is important {for reasons just explained),
there are no restrictions whatsoever on the
ordering of the DUT output connections.
Connections between the integrated circuil
tester and the DUT socket should be made
via lunana plugs, matrix swilches, or other
forms of connection which readily permit
modiiication. The DUT socket itsell should
be a sero insertion force {ZIF) type socket
{Textanl or equivalent).

Expansion of the testing capacity of the
unit wan be achieved by extending the
counier length or the memory size, but it
has been my  experience that the com-
bination of cight inputs and six ouipuls
has proven tdeal for testing most standard
TTL. components. In my first prototype
{sce photo 1), a single step feature was
provided by swilching in a debounced push-
button switch in place of the oscillator, and
placing LLED indicator lights on the DUT
inputs and on the memory data outputs.
This made it possible 10 examine the
memory once it had been programmed and
verify that the tester was really doing what
it was supposced 1o do. This feature was
also necessary hecause the original version
hadk 1o be programmed manually, but the 10
to 15 minutes required to program the tester
lor even a device as simple as a quad NAND
gate made the advantages ol autoprogram-
mability quite apparent. Nevertheless, the
single step feature may prove uscful to the
hohbyist who imay wish 10 use this instru-
ment as a logic analyzer. Other features
that may prove useful would be the addition
ol low power TTL buifers on the DUT
oulpuls to permit testing of CMOS inte-
grated  circuils, miniaturized construction
for portable operation, and installation
of an ammeter in series with the DUT
sucket power input pin to provide a measure
of power dissipation.m

74161

T
TF-Tr ke

Figure 3: Tester hookup for a TTL 74161 integrated circuit. Note the use of
the clock line coming from the tester. This is to ensure that the integrated
circuit receives clock signals of the proper speed relgtive to the other test
inpult lines.
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Natural Language Understanding
on Computers

A conversdation between two  humans

could proceed something like this;

Sam: Joe, how's your micro coming?

Joe: OK. I've moved on to the video
cards.

Sam: When did you finish the cassette
interface?

Joe: Last week. [t took long enough for
the chip 1o come.

Sam: Yeah, that's why | always dedl with
the fastest companies.

Joe: What do you think of the new
video timing generator?

Sam: 1t will save some board space and
maybe some money, Loo.

We do not know much abouwl Joe and
Sam, but we do know frem this conversation
that they both know something aboul micro-
processors. We know that Joc is building one
and that Sam knows quite a bit about iL.
When asked how his micro is coming, Joe
thought of his computer, the problems he's
had on it, the last section that he has been
working on, the scctions that have already
been built . . . in other words, a4 great deal of
information about his computer came to
mind. Joe then thought of what Sam knew
of the computer, and chosce a relevant picce
of information that Joe thought Sam did not
know, dand said that he was working on Lhe
video section. Now, Sam knows a lot about
the computer, oo, He is Lhinking about it
just as Joe is. And so the conversation pro-
ceeds. Both Joe and Sam know a great
deal about the computer. Both know about
the problems of building a microprocessor,
parts availability, etc. Their conversation is
short, 1L uses few words, but it manipufates
very large information structures in cach of
their minds as the conversation takes place.
The conversation is not just & Lrickle of
words between Joe and Sam, bul it is mainly
an activity inside their brains involving a
great dedl of information. The trickle of
words is not what is really going on, it just
triggers what is going on. The real activily is
happening in the minds of Joe and Sam.

Now, what about a conversation with a
computer? If it were to happen as the con-
versation above did, the computer would
need to know a lot about the microcompu-
ter that is being built. In other words, the
computer would need knowledge very much
like joe's and Sam's. It would have 1o have
some way of representing information about
microcomputers: what they are made of;
how they are built; the particular micro-
computer being discussed; its state of com-
pletion; and so on. In addition to this, there

must be some way for the computer to dis-
cover what the words in the conversation are
referring to. How does it know that the con-
versation is about microcomputers, for
instance? The word “‘micro” could refer to
a microbiology program. As if that were nol
enough, let's say that the computer did
interpret the first question correctly, did
have information about the microcomputer,
and decided on something to tell the ques-
tioner. It then has the task of presenting the
information to the questioner in a form that
he will understand. Add to this problem that
humans converse on a wide range of topics,
and learn about new topics without even try-
ing, and the problem of enabling a computer
to converse like a human becomes a large
problem indeed. A full solution to the prob-
lem is a long way off, and quite possibly will
require hardware beyond what is available
today {a HAL 9000, perhaps?). But there are
many steps toward natural language process-
ing that can be done without a HAL 9000
and  without 30 vyears of rescarch and
development.

As mentioned above, there are three main
problem areas in natural language processing:

1. Representation of knowledge
2. Associating words with ideas
3. Presenting ideas

The problem of presentation of ideas by a
computer will not be considered explicitly.
Representation of knowledge and associating
words with ideas will be considered in the
next sections.

Representation of Knowledge

Before we approach the problem of repre-
senting knowledge on a computer, it may
help to decide how to represent knowledge
on a piece of paper. The first thing to decide
is exactly what we want to represent.

Consider the microcomputer systems in
figure 1. f we want to be able to converse
with a computer about such systems, we
need some way of storing what is known
about them. Some of the things we know
about System 1 arc:

. 1t has an 8080 microprocessor.

It has 1 K of rcad only memory.

. It has 2 K of programmable memory.
. Its only output is lights.

Its only input is a keyboard.

P 0 N —

We know the following about System 2:

1. 1t has an 8080 microprocessor.

dt has 1K of read only memory and
1 K of programmable memory.

3. It has a scale as an input device (it is a
digital scale).

4. 1t has a small keyboard as input.

™






Figure 1. System 1 and
Systemr 2 diagrammed as
components connected to
g common bus.

5. It has as output a display of decimal
digits.

The system can be represented hierarchi-
cally {in outline form} as:

System 1
I. Processar
8080
2. Memory
1 K read only memory
2 K programmable memory
3. Output
Lights
4. Input
Keyboard
System 2
1. Processor
8080
2. Memory
1 K read only memory
1 K programmable memory
3. Input
Scale
Keyboard
4, Oulput
Decimal display

Now suppose we want 1o use this data
base to answer questions about System 1
and System 2. (Note that o data base like
this could be extended 1o include many
other similar systems. It can be extended to
as many as memory will ailow. But, consider
how trivial it is in detail and breadth com-
pared to a human’s knowledge. For this
reason, one cannot expect the computer to
respond with anything like the intelligence
of a human. The relevant guestions are 1)
is there enough data in the data base to

42 June 1978 BYTE Publations b

BOSO | K READ ONLY MEMORY 2 K PROGRAMMABLE MEMORY
LIGHTS KEYBOARD
SYSTEM 1
8080 {K READ ONLY MEMORY | K PROGRAMMABLE MEMORY
SCALE KEYBOARD DECIMAL DISPLAY
SYSTEM 2

make it worth doing and, 2) is the English
interface to the data good enough 1o warrant
making it.) When asked what the processor
is for System 1, we consult our outline
of System 1, look under "“Processor,”
and reply that it is an 8080, When asked
what the output for System 2 is, we consult
the outline for System 2, look under the
output to find “Decimal display,” and we
return that. When asked about the inputs to
System 2, we respond that they are a scale
and a keyboard. But note that a morc com-
plicated problem arises if we ask what kind
of processor is in the system that uses the
scale. First we must find all systems that
use scales (we may not even realize that a
scale is an input device). For all the systems
using scales, we must then find what their
processors dare, and return that information.
This is not a problem if we have only two
systems, as in the example. But if we had
many systems whose outline descriptions
filled many sheets of paper, scarching all
the descriptions for the ones that usc scales
could be a major cffort. One of the advan-
tages of natural language is that items can be
referred to by their descriptions instcad of
their names. We referred to System 2 not by
its name, but by its description, ic: the
system that uses a scale. Because this is such
an important feature of natural language, it
is very important to be able to deal with it.
One way of doing so is to make a new sct of
outlines for each of the items mentioned in
the original outlines. For example:

8080
1. Processorin
1. System 1
2. System 2
1 K Read only memory
1. Memory in
1. System 1
2. System 2
I K Programmable memory
1. Memory in
1. System 2
2 K Programmable memory
1. Memory in
1. System 1
Lights
1. Qutput of
1. System !
Scale
. Input of
1. System 2
Keyboard
1. Input of
1. System 1
2. System 2
Decimal display
1. OQutput of
1. System 2
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for the questions asked. Major improvements
can be had by a few simple changes, how-
ever. First, what would happen to “Tell me
what you know about keyboards”? The
language processor would not recognize
keyboards as the same as ‘keyboard”,
so no information would be found. The
easiest way around this problem is to strip
the Ss off all the node names when building
the semantic net, then strip them off all the
words input by the user. However, this pro-
cedure runs into problems for words that
end in S, like “process’. Another problem
is words ending in “es”, like “processes’.
Actually, there are algorithms for analyzing
word endings that correctly reduce words
to their roots for nearly all the special cases
like these.

The whole problem of word endings can
be avoided by using a universal character.
A universal character is one that matches all
other characters. If # were a universal char-
acter, the node names could be written as
“light#" and ‘“process#’. These would
match “light” and “lights”, “process” and
“processes”. Tricks like this can help, but
may produce problems by also matching
“lightning” and “lighter”, “processor"” and
“processing”’. Therefore, universal characters
must be used with care.

Another improvement deals with nodes
that have multiple word names. A user
would probably ask about “system 1" instead
of “system1”. Multiple word names can be
handled by more property lists, one for each
first word in multiple word names. These
property lists would contain a list of the
words of the multiple word name, followed
by the corresponding node name in the
semantic net. For example, systeml1 and
system2 could be referred to by:

System (Mult-wrd-names ((1) Systeml (One)
Systeml (2) System2)).

This property list signals the language
processor that ‘‘system 1", “system one"
and “system1” are all to be interpreted as
“system1’”. Also, “system 2" means the
same as “‘system?2’'.

The same mechanism can be used to
allow synonyms, System 1 may be affec-
tionately known as the “Bit Byter”, “Old
Smokey” (for its power supply problems),
or “Zapper”. These names can be interpre-
ted as the same as “system1'" with the
following property lists:

Bit (mult-wrd-names ((Byter) System1))
QOld (Mult-wrd-names ((Smokey) System1))
Zapper (Mult-wrd-names (() System1)).

Just as universal characters can be used,
universal words and phrases can simplify
specifying a large set of synonyms. For ex-
ample, the multiple word name (President #
Washington) would match all phrases that
begin with ““President’ and end with “Wash-
ington”. This would match (President
Washington), (President George Washington),
(President G Washington and also (President
Ford never met George Washington).

A relevant question is: What good is
putting the keyword in the middle of a
sentence? Why not just have the user type
keywords and forget about the rest of the
sentence? There probably are few if any
good reasons for trying to create an illusion
of natural language understanding in this
way other than that it is a fun trick.

Nodes and Links

The keyword approach to natural lan-
guage processing is imprecise, and so it is
prone to many errors and misinterpretations.
There is an approach that is somewhat more
precise, and allows correct interpretation of
much more complex sentences without
being much more complicated. This method
involves identifying both node names and
link names from the semantic net, then
combining them to print only the parts
of the semantic net desired by the user.
The link names in our example are proc-
essor, memaory, input, output, processor in,
memory in, input of, and output of. There
will usually be many fewer link names than
node names. A user’s sentence is processed
by collecting node names, then link names,
as in:

Give me the Old Smokey processor and
output,

Using a previously mentioned definition this
is seen by the processor as:

XXX XXX XXXx systeml processor xxx output
(node) (link) {link)

to which the appropriate response is:

System1
Processor
8080
Qutput
Lights.

The response is formed by searching the
property list of the node mentioned for each
link named. Then the node name, the link
name, and the names of the nodes pointed
to by the link are printed in outline format.

If link names are found to the left of
node names in the sentence, the inverse link
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names must be substituted. For example,
What are the input of and processor in system 2
is seen as:

KXXXX XXX Xxx input-of xxx processor-in system2
{link) (link) {node).

The reverse links are used, and the sentence
is reinterpreted as:

system2 input processor.

The property list of system?2 is checked for
input and processor links and the following
is printed:

System2
Input
Scale
Keyboard
Processor
8080.

This process is diagrammed in figure 6.
This technique will allow quite complicated
sentences to be interpreted if synonyms are
chosen judiciously for nodes and links. Users
on a natural language processing system tend
to use very short and incomplete sentences if
they can, which is also allowed with this
system.

LINK NODE

a:"END OF LIST
START

Figure 6: Node and link interprertation. This
simplified method of interpreting which
nodes and links mentioned in a sentence
should be associated will often assume the
proper interpretation to the input sentence,
However, node and link names and syno-
nyms must be chosernn with care. A more
successful method requires greater atten-
tion to words other than those in node
and link names, particularly conjunctions,
prepositions and relative pronouns.

Conclusions

There is naturally a lot that keyword
based systems cannot do that humans
car. For instance, keyword systems cannot
understand pronouns, or when to use
different word meanings (like pancake).
Humans have little trouble using these.
The difference is, of course, in all the
information that keyword systems throw
out when they disregard all words that
are not keywords. Also, words carry with
them more than just a definition. Most
words say things about the words that are
surrounding them. The word ‘the’" says
that the word to its right is either a noun
or a noun modifier. In the system described
above, the keyword “input of” tells us
that either some kind of input device has
preceded this phrase in the sentence, or a
reference to a system will follow it (“what
is the input of system 2"), or both (“‘a key-
board is input of system 2").

Natural language research today has
moved far beyond the realm of keyword
analysis to use not only knowledge about
waords, but knowledge about the things
and events that the words refer to, and
knowledge about the way text and con-
versations are structured. In a data base
like the microcomputer data base used
here, the system would retain information
about the components that every system
would probably have, the probable uses of
systems, more detailed information about
each of the components, and so on, The
information that a human uses when dis-
cussing microcomputers would be collected
and added to the knowledge base to be
us2d when the computer is discussing micro-
computers. This information is grouped into
collections and the collections are associated
with the concepts they describe.

It is nearly impossible to discuss how
well such a system can work. We do not yet
have any kind of scale for measuring natural
language performance if it falls into the
subhuman range. The only really useful mea-
sure is whether or not it does what it is
supposed to. Unfortunately, that too is
difficult to ascertain. | have implemented
a system like the link and node system
described here, but it was quite a bit more
ccmplex. It attempted to account for
every word in the sentence in order to
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Figure 1: A time domain voice waveform and its energy. The top trace is the time domain signal for the word “three.” The
bottom trace is the energy in the above signal computed every 10 ms. Note that the signal before and after the word (arrows
mark the beginning and end of the word) is not zero. This is due to background noise picked up by the microphone, in this case

computer cooling fans and air conditioning noise.

The Speech Signal

If we connect 4 microphone to an oscillo-
scope and then speak into it, we will get a
jittery trace similar to the one shown in
figure 1. The vertical axis represents voltage,
the output of the microphone. The hori-
zontal axis is time and for this reason such
a representation of speech is called a ‘‘time
domain” representation.

You may ask can we use 4 time domain
representation for speech recognition? It
would be nice if we could because it is so
easy to get; all we need is a microphone.
The voltage in the output leads of the mike
is, by definition, the time domain signal. Of
course we would like to input this signal
into our computer. Since it is an analog sig-
nal and our computer is a digital machine
we will need an analog to digital converter
{ADC). The analog to digital converter gives
a binary number that corresponds to the
amplitude of the signal at the particular
time when the measurement is made. This
process is called sampling. If we take and
store equally spaced samples often enough
so that the signal does not change very much
between samples we will have a fairly
accurate representation of the time domain
signal in our computer’s memory. Figure 2
shows such a situation, in which an arbi-
trary input waveform is sampled over some
time interval, and the results of conversion

are stored as values in successive memory
locations.

It has been mathemutically proven (the
sampling theorem} that if we are to have an
accurate rcpresentation of the signal, the
sampling frequency should be at least twice
the highest frequency in the signal. It is
then calied the Nyquist frequency and it is
the lowest usable sampling frequency. One
could sample at higher than Nyquist fre-
quency butl this would not give a more
accurate representation of the signal. In-
stead there would be a lol more data words
to deal with, an unwelcome situation. [f
we Lry lo apply the Nyquist theorem to
speech we are faced with the question:
what is the highest frequency in speech?
Well, for high fidelity sound a bandwidth of
20 to 20,000 Hz is necessary. This means
that speech has frequencies up to this
limit, perhaps even higher. On the other
hand, telephone speech is band limited to
3200 Hz and it is still guite intelligible.
Since in speech recognition we are interested
in what has been said rather than the quality
of the sound, if we limit the signal using a
filter with a cutoff at 3200 Hz we will re-
tain the information needed for recognition.
Then we can use Nyquist's theorem to get
a practical sampling rate since we will know
that the highest frequency in the sigpal is
3200 Hz, due to the filter. Sampling at twice
that frequency we will get 6400 samples
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Figure 2: Sampling in the time domain. Waveform A is a time domain signal.
If we sample it at equally spaced intervals we will retain the amplitude of the
waveform at the dotted points and the signal will be zero between these
points, as shown in waveform B. Although A and B look very different, if the
sampling is done with a frequency higher than the Nyquist frequency (see
text), both signals will contain exactly the same information,

Figure 3: Rectifying the
microphone signal at A we
obtain signal B which
contains a slowly varying
DC component propor-
tional to the volume of the
signal and various high
frequency components
due to the formants. The
fow pass filter separates
these and the analog to
digital converter (ADC)

sees on/y the volume
signal.
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per second of speech. Assuming our word
length is eight bits which is about the mini-
mum usable for speech and that the average
word duration is about half a second, we will
need 3.2 K bytes of memory space per word.
If we had a 20 word vocabulary and we
wished to store each word in main memory
once to be used as reference, we would run
out of memory space in any micro and most
minis.

Using the time domain signal is out of
the question because of the huge amounts
of memory required to store it. This is not
the only disadvantage of the time domain
signal. Assuming we had enough memory to
store the data, processing it would take too
much processor time because every opera-
tion we would perform on the data would
have to be performed to such a great number
of data points. Real time operation {process-
ing the signal as it occurs such that there is
no appreciable time lag between the moment
the signal ends and the time the recognizer
decides which word has been said) would be
out of the question. Yet real time operation
is highly desirable in most situations in
speech recognition. Another basic disad-
vantage of the time domain signal is its
variability between different pronunciations
of the same word. People do not repeat
words exactly the same, down to the minute

aubIn

FULL WavE

PREAMP

RECTIFIER

LOW PASS
FILTER

ADC = COMFUTER







VOLUME —*=

Figure 4: Amplitude envelopes of the words 'ore,

details of amplitude. Quite the contrary;
there is a tremendous amount of variation
in the time domain signal even for the same
person within several consecutive pro-
nunciations of the same word.

In speech recognition we wouid like to
transform the time domain signal into some
other signal or representation with low data
rate and which remains more or less in-
variant as long as the same word is pro-
nounced. This is easier said than done. If
we try to reduce the data rate we run the
risk of throwing away important informa-
tion. For example suppose that before going
into the analog to digital converter we
rectify the signal, then process it with a low
pass filter. A block diagram of this opera-
tion is shown in figure 3 together with Lhe
resulting waveforms. Such an operation will
extract the envelope (c} of the signal. The
highest frequency of interest in the envelope
is only about 50 Hz. This is due 10 con-
straints imposed by the mechanism that
produces speech. We can thus set the low
pass filter to 50 Hz and sample at 100 Hz,
the Nyquist frequency. That gives us a very

"

OMNE
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TIME —

"ZERQ"

I ENT LLENT N

three," "zero.”’ Note

that "‘one’ has one hump while “three’’ has two. The smaller one corresponds

EERT T

to "th" and the larger one to "ee.”’ In "zerp," "z" is the low amplitude dreu

cr, 0r

in the beginning. The dip corresponds to ''r’' and the humps to “'e” and
“0.”" Vowels always have high amplitude because they are produced with the
mouth open and with strong excitation.
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reasonable data rate, 100 words per second
and well within the capabilities of all
machines.

Yet, if we try to build a recognizer using
only this information we would get very
poor performance. The reason is that we
have thrown away a lot if not most of the
information in the speech wave in the
process of rectification. The information
thal remains is quite variable between dif-
ferent pronunciations of the same word,
further degrading recognition. But it is not
tolally useless. If we select a vocabulary of
a few words carefully so their envelopes have
distinct characteristics we may get usable
performance out of a very simple recog-
nizer. We could select for example the words
“one,” “three,”" “zero.” Typical envelopes
for those words are shown in figure 4. We
note that the envelope for "‘one” consists
of one hump. '“Zero’’ has two humps and
“three’’ has one main hump preceded by a
small peak that corresponds to the sound
“th.” Based on these observations we can
write a simple program that would examine
the input data and decide which one of the
three words has been said.

Feature Extraction

The process of extracting a set of slowly
varying parameters that represent a word is
called feature extraction. It has two objec-
tives: First, as we have seen, it tries to re-
duce the amount of data necessary to
process for recognition. This is a very im-
portant consideration for any practical im-
plementation. Second (and extremely
important), the features extracted must
contain the relevant information in the
signal. The speech signal conveys a lot of
information about the sex, age, regional
origin and emotional state of the speaker.
Also it contains a lot of technical informa-
tion incidental to speech production such as
phasing and power spectra of the glottal
pulses. All this information is related but not
relevant to the meaning of the word pro-
nounced. ldeally the features will contain
as little as possible of this extraneous infor-
mation.

A good feature extraction scheme will
reduce the data rate in the recognizer by
throwing away all the unnecessary informa-
tion and retaining the information useful
to the recognizer. The information pertain-
ing to the meaning conveyed by speech is
estimated to be from 15 to 30 bits per
sccond, or about three orders of magnitude
less than the data rate of the unprocessed
speech signal. Practical feature extractors
are not even close to the theoretical data
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Figure 5: The frequency (logarithmic magnitude) spectrum of a 25 ms segment of speech.
It covers the frequencies from O to 3.2 kHz. The major peaks correspond to the formant fre-
quencies while the smaller, regufarly spaced peaks are harmonics of the glottal frequency. in
this case it is obvious that the sound is voiced both from the harmonics of glottal frequency
which are highly visible and from the fact that the lower frequencies have more energy than

the higher ones.

rate and, most important, they tend to
throw away significant amounts of the use-
ful information. An example of a very inept
feature extractor is, of course, the envelope
detector mentioned previously. But it does
have the advantage of extreme simplicity.

In order to design more sophisticated
feature extractors some knowledge about
speech production is necessary. Knowledge
about speech perception would also be very
useful but at this point we have no concrete
information as to how people are perceiving
speech. In contrast, the mechanism that
produces speech is well understood and
rather simple. It has been previously ex-
plained in the August 1976 BYTE (page 16)
in connection with speech synthesis. To
summarize, speech is produced by exciting
the vocal tract with either glottal pulses or
noise while its shape is varied by controlling
the position of the tongue and the jaws.
Noise excitation produces unvoiced sounds.
Glottal excitation produces voiced sounds,
for example vowels. The movement of the
articulators {tongue and jaws} changes the
resonant frequencies of the vocal tract,
called formants. It is well known that the
first three formants, designated F1, F2, F3,

carry most if not all meaning in speech to-
gether with timing considerations and type
of voicing. The glottal frequency, although
very important in speech synthesis because
it carries information about the particular
speaker, carries no information about mean-
ing. This rather surprising fact is easy to as-
certain in two ways: First, synthetic speech
is equally well understood whether the pitch
(another name for glottal frequency) varies
according to rules or remains constant.
Second, whispered speech, which does not
contain any glottal excitation, is well
understood.

It seems then that a good set of features
for speech recognition would be the formant
values. Information as to whether speech is
voiced or unvoiced would be useful but
not necessary. Unfortunately at this point it
is not possible to experimentally either
assert or refute this statement, simply be-
cause it is not possible to reliably and ac-
curately extract the formants all the time. In
addition, the best formant extraction
methods known are at this point out of the
reach of any imaginable personal computing
machine. They involve digital signal proc-
essing methods which for real time process-
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Figure 7: A filter bank
feature extractor consists
of a number of bandpass
filters (BPF1 to BPF (N} )
covering the range from
agbout 100 to 10 kHz
The output of the filters is
rectified and fow pass
filtered (LPF). Then it is
muftiplexed and digitized
by the analog to digital
converter for input into
the computer.
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Using Filter Banks for Feature Extraction

A less accurate yet simple and inexpen-
sive method for obtaining a spectral repre-
sentation is a filter bank. It is widely used in
existing speech recognition machines, in-
cluding the most successful commercial
speech recognition system. As shown in
figure 7, a filter bank consists of a number
of bandpass filters, covering adjacent fre-
quency bands. The output of cach filter is
full wave rectified, then smoothed and
sampled by an analog to digital converter
for computer inpul. The oulput of the con-
verter for any given filter is related Lo the
energy present in the frequencies of the
filter's passband.

A filter bank is a useful tool for feature
extraction. It should be obvious that the
speech spectrum can change only as fast as
we can move our articulators. The con-
straints here are about Lhe same as in the
case of volume changes mentioned before.
That is, a bandwidth of about 50 Hz is
sufficient to accurately represent spectral
changes. This gives us a sampling frequency
of 100 Hz. Assuming eight filters in our
filter bank, we get 800 digital words per
second of speech. I the converter is ac-
curate to eight bits, the data rate is 6400
bits per second, quite reasonable for the
degree of accuracy retained. What makes a
filter bank even morc exciting for feature
extraction is that a number of parameters
are available that can be manipulated to get
various tradeoffs of datarale versus accuracy.
Thus both simple and sophisticated systems
can be built using the same type of hard-
ware. The paramcters available for experi-
mentation are:

® Number of bandpass filters.

® Bandpass filter bandwidth and center
frequency.

® Bandpass filter
characteristics.

® Amplitude compression.

® Smoothing cutoff frequency {sampling
rate).

skirt  (selectivity)

It should be obvious that the more filters
we have, the more accurate the spectral
representation. A filter acts as an averaging
device over the frequency in its bandpass
and thus it destroys local information. By
increasing the number of filters and restrict-
ing their passbands this averaging is done
over a smaller frequency range.

The bandwidth of the bandpass filters can
be the same for all filters but usually it varies
depending on the filter's center frequency.
It has been shown that the ability of the ear
to discriminate between closely spaced
frequencies decreases when these closely
spaced frequencies are high. Based on this
observation, the bandwidth of the filters in
a filter bank is rarely, if ever, the same.
Instead it is set so that the higher the center
frequency of the bandpass filter, the wider
its bandwidth. The setting of a bandwidth
for a given center frequency is done usually
on the basis of experience in an effort to
have enough filters covering the arcas of
greatest importance. Once a setting is
decided upon, based on some criteria,
experimentation may be required to opti-
mize that particular filter bank. Another
approach is to decide on some rule for set-
ting the bandwidths. For example, a success-
ful rccognition system has been built using
filter banks of third octave bandpass filters
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Figure 8: Using a comparator after the low
, . . o THRESHOLD
pass filter in the filter bank simplifies Ay

hardware and reduces data rate at the cost of
discarding useful information. The thresh-
olds should be adjusted for the voice of each
individual speaker. In addition, a good
gutomatic gain control circuit should pre-
cede the filter bank to normalize the time
domain signal.

covering the frequencics of 150 Hz to
10 kHz. Such filters are commercially
available for audio work.

The skirt or cutoff characteristics of the
filters in a filter bank is determined by the
following factors:

® A steep skirt will give better frequency
separation than a gently sloping one.
It will also make for abrupt transitions
from one filter to the other when a
formant crosses the boundary. This is
not necessarily bad but it might affect
some systems. Both skirt types are
used in practice.

® |{ is desirable that the filter exhibit
linear phase shift in its passband. For
a given filter order, that means that
the skirts will be less steep than the
case without phase restrictions. In
general, this is not a serious considera-
tion for a practical system,

® The cutoff characteristics depend on
the order of the filter (the number of
mathematical poles it has in its design
equations). Higher order filters give
steeper characteristics but require more
poles and thus cost more.

® |t is desirable that filters overlap at
the three db points of their slopes.

The amplitude (volume) of the speech
signal is dependent on two factors that
cannot be controlled easily. These are the
distance and orientation of the speaker with
respect to the microphone and the foudness

of the voice at any given time. Volume also
varics constantly within a given word as we
have already seen. This can result ina 50 db
range for the amplitude of the speech
signal. The dynamic range of an 8 bit con-
verter which is most likely to be used in
the environment of computer experiment-
ers is 20 log (256) = 48.16 db. This seems
sufficient but it will give severe quantiza-
tion errors for low amplitude signals. The
lower the amplitude of the signal, the fewer
bits will be used to encode it, thus throwing
a lot of the information out. A 12 bit analog
to digital converter would help but it costs
too much and it wastes memory space in
an 8 bit machine because it takes a word and
a half to store its output.

A different approach would be to use
some form of amplitude compression before
the analog to digital conversion. An audio
automatic gain contro! circuit can be in-
serted between the audio source and the
filter bank. 1t will limit the dynamic range
of the signal by the amount of compression
it offers, usually in the range of 20 to
40 db. Such an automatic gain control cir-
cuit (AGC) should have very fast attack.
Its release time should be about two to
three times the lowest glottal period ex-
pected. It should nol be less than that
because then it will tend to distort the
signal by compressing between  glottal
pulses. Amplitude compression can also
be applied after the rectifier smoothing
filters by taking the logarithm of the signal
at that point. The logarithm operation is sug-
gested by the fact that our ears {and all of
our body sensors) respond to stimali inten-
sity in a logarithmic fashion. This fact is
utilized in every audio amplifier in the
design of the volume control potentiometer
which is made logarithmic so sound will






70

June 1978 . BYTE Publications $nc

BAND PASS
FILTERS ]

8rF |

BpPFz

8PF3

BPF4

SPEECH g—o
iN

BPFS

BPF&

BFF7

BPFB

|
|
|
|
f
|
|
|
|
|
|
|
AUDIO ||
l
|
|
|
|
|
|
|
|
i
|
l
|
I
|
|

|
|
|
|
|
|
|
|
|

seem to increase linearly with shaft rotation.
The disadvantage of taking the logarithm of
the smoothed signal is of course the number
of required log circuits which is equal to the
number of the filters in the filter bank. The
logarithm can also be taken by having an
analog to digital converter that converts
logarithmically. There is such a product
available from Precision Monolithics Inc.
It is the DAC-76 companding digital to
analog converter that can be used Lo build an
8 bit logarithmic analog Lo digital converter.

As a final note to amplitude processing
we should mention a method used in a num-
ber of small systems. In its simplest form it
consists of using in the place of the multi-
plexer and the analog to digital converter a
number of comparators which change state
when the inpul voltage exceeds a presel
threshold as shown in figure 8. The output
of the comparators forms an N bil binary
word where N is the number of the filters
in the filter bank, This gives a significant
reduction in data rate and works for small
vocabularies of the aorder of 8 to 12 words.
It requires a good automatic gain control
before the filter bank, and its major weak-
ness is that the comparator thresholds
have to be manually adjusted for cach
individual speaker. A variation of this

DIGITAL FREQUENCY
PROFILE CONVERSION

l:D—aana

C- COMPARATORS
A AMPLIFIERS

Figure 9: The differential comparator
feature extractor detects which one of two
adjacent bandpass filters has the highest
energy. The output of each pair of filters s
summed together and compared with the
sum of the next pair of filters, vielding
another, coarser comparison from the
frequency viewpoint. In this example, the
output of eight filters (we assume that the
output of the blocks labeled BPF is the
rectified and smoothed output of the
bandpass filters) is encoded into a 7 bit
digital word. The computer performs pattern
recognition on time varying sequences of
these 7 bit words.

method is used in a commercial recognizer
made by Scope Electronics (US Patent
#3,812,291). In that system the compara-
tors are connected between two consecutive
filter outputs to detect the slope or frequency
profile. Figure 9 shows this differential com-
parator connection. Compared to the fixed
threshold method it has the advantage that
no adjustment for the individual talker is
needed and the automatic gain contro!l be-
fore the filter bank is not necessary. Its dis-
advantage is that it throws away more infor-
mation than the fixed threshold method.
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reception with a limiting (clipping} inter-
mediate frequency (lF) stage. It is one of
the reasons FM was chosen for quality
broadcasting, ie: it is not susceptible to
interference from other weaker stations
or interference from noise. Filtering and
capture ensure that the output of the
clipper contains only one frequency, the
formant we are tracking. Determining
what that frequency is requires nathing
more than counting how many times the
square wave output of the clipper crosses
zero within a given interval, perhaps 20 ms.
The data rate of the zero crossing formant
extractor (see figure 11) is quite low, about
50 samples per second consisting of two
8 bit words per sample, a total of 800 bits
per second,

In practice it works well with vowels,
especially if there is no significant F1 and
F2 overlap. Formant overlap and noise do
affect its performance and thus limit its
applicability. It is perhaps the simplest viable
feature extractor that can be used and it
does not contain any critical analog cir-
cuitry. One word of caution about the
implementation, learned the hard way: an
8080 processor running with interrupts
generated by the rising and falling edges of
the clipped F1 and F2 signals is not fast
enough to keep up with the pace in some
cases and data is lost. Rather than trying
an all software approach, | recommend that
two hardware counters be used, read and
reset by the computer every 20 ms. These
counters are shown in figure 11.

Pattern Recognition

A set of features representing a word is a
pattern corresponding to this word. Pattern
recognition is the process by which, given an
unknown pattern, we decide which word

Figure 11: A zero crossing formant extrac-
tor. The zero crossing method of formant
extraction uses two special bandpass filters
to separate the formants. The output of the
fifters is passed through a zero crossing
detector (a comparator whose threshold is
set to zero) that puts out a logical 1" or a
“0" depending on whether its input is
positive or negative. The output is fed into
a counter for each formant and the number
of "0" to 1" transitions is counted for 20
ms. Then the counters are read by the
computer and reset to start the next 20 ms
counting period. An envelope detector
(rectifier followed by a low pass filter) feeds
a comparator whose threshold is set to de-
tect word beginnings and endings.

this pattern represents. An alternate term is
pattern classification. A basic process of
pattern recognition is template matching.
The unknown pattern is compared to a
number of reference patterns stored in mem-
ory and the differences between the
unknown and the references are noted.
Obviously the smallest difference indicates
a best match and the unknown word is the
word that corresponds to the reference
pattern that gave the smallest difference,

There exist many ways to compare two
patterns. Since features are represented by
numbers, the most straightforward way is to
compute the numerical difference between
corresponding samples and then sum all
those differences. That sum would be a
measure of similarity between the patterns.
There is a small precaution to be taken in
practice when computing the sum of the
differences. All differences should be posi-
tive. Otherwise when we sum them, negative
differences will cancel positive ones and the
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effect would be a smaller total difference
than is actually the case. To make sure
that all differences are positive we can take
the absolute value of the differences before
we sum them. This is done simply by making
any negative distances positive and leaving
the positive ones alone. A fancy name for
the absolute value of feature differences is
“Chebyshev distance.” “Euclidean distance"
is another fancy name used to denote the
square root of the sum of the squares of
individual differences. The square of a num-
ber is always a positive number and this
overcomes the prablem of adding differences
with different signs. Squaring takes much
more time than finding the absolute value
and it turns out it is no better than the abso-
lute value as an indicator of degree of match.

Another pattern recognition technique
not based on template matching is “linear
discrimination.” It is not very useful in
practice but it excites people's mathematical
instincts enough to write papers about it so
we will mention it for the sake of complete-
ness. |f we view the features as dimensions in
a multidimensional space (also called hyper-
space), a pattern becomes a point in that
space. If the points for all pronunciations of
a word cluster together in a region of this
hyperspace and regions corresponding to
different words do not overlap, we can de-
fine hyperplanes that separate these regions.
To classify a pattern then we can check to
see if it is in a region enclosed by a given set
of hyperplanes and keep checking until we
find which region it corresponds to. If the
regions cannot be separated by hyperplanes
the feature space is not linearly separable
which means that we can try to enclose the
regions in sections of hyperplancs. It often
turns out to be a matter of luck whether the
feature space turns out to be even non-
linearly scparable. The net result is that
linear discrimination is often difficult if not
impossible to use in practice.

Pattern recognition can also be achieved
using a set of tests on a pattern to decide
which word it represents. A simple example
of that method is the rules used in the pre-
viously mentioned case of the volume signal
to determine which one of the three words
acceptable to the system has been pro-
nounced. In a more complex system it is not
very easy or accurate to do all the recogni-
tion by rule. Too many rules might be re-
quired and mistakes in the application of
key rules might cause misrecognition or re-
jection. This last problem does not occur in
template matching because each feature has
equal say in the decision process; therefore
a few bad features do not affect the result,

Rules can be used successfully together
with template matching to speed up the

matching procedure or to act as an addi-
tional accuracy check. For example, in a
recognition system that accepts the digits
0 to 9, we might recognize a word as ‘six”
by template matching but we may not be
very sure that it is actually a “six’': while
the distance from the reference correspond-
ing to “six'’ was the smallest it might also be
too close to the threshold for a conclusive
determination. Applying the rule that both
the beginning and end of “six’”’ have to be
unvoiced we can either confirm our re-
cognition or increase the suspicion that
something is wrong, depending on the out-
come of the test. In another situation we
might check before template matching to
see if the volume of the word has two
approximately equal humps. [f this test is
passed we can then do template matching
on the words ‘'seven’ and ‘‘zero’" which are
most likely to exhibit a 2 humped volume
pattern. If template matching on one of
these words gives a very good match well
below threshold, we could accept it without
further testing of the other patterns, thus
saving testing time.

An interesting hybrid (template matching
combined with discrimination by rule}
recognition scheme is phonemic pattern
recognition, It is based on the observation of
phoneticians that human words are made up
of a limited number of building blocks
called phonemes. In English there are about
50  distinguishable  phonemes., These
phonemes were designated mainly by
listening tests. Trying to automatically
extract the phonemes is very difficult be-
cause our machines do not even approach
the generalizing capabilities of the ear when
it comes to speech. Proposals have been
made to use from 200 to 700 basic units of
speech for machine recognition in the hope
that it will be easier to discriminate between
those less general "‘phonemes.” Reducing a
word to a sequence of phonemes gives us a
very low data rate pattern and simplifies pat-
tern recognition, assuming of course that
phoneme extraction is accurate. Phoneme
extraction can be done using template
matching, and recognition of a phonemic
sequence can be done by rule.

Unfortunately in real life things are not
that easy. The number of individual phone-
mes a machine can recognize depends on the
type and number of features its preprocessor
extracts. There exists no way to find out for
sure what are the essential features that
determine the phonemes for a given system
except by tedious trial and error. In addi-
tion, coarticulation effects tend to change
the pattern of phonemes depending on the
phonemes that come before and after it.
These effects can generate quite drastic
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changes in the pattern of a phoneme te the
point that template matching is useless for
recognition. In those cases some form of
recognition by rule should be applied to
separate the phonemes.

These problems are compounded by the
fact that when we decide which phoneme
represents a segment of speech we throw
away all the features that make up the pat-
tern for that speech segment. As a resull, if
our decision was mistaken for some reason,
we have lost that portion of the speech pat-
tern and even worse, we have substituted a
potentially confusing phoneme. This is
always a problem when we compress data
too much. A piece of bad information can
have very unpleasant consequences because
due to the high compression factor there is
not very much information available on
which to base alternate decisions. A way
around this problem would be to store the
raw data until the final decision is made.
If we are not confident in our decision for
some reason we could go back and check
the point of dispute. This is an example of
the hypothesize and test method where on
the basis of incomplete information a
hypothesis is made as to what the word is
and then the data is checked closely to
either verify or reject the hypothesis. A
disadvantage of this method is that it is
time consuming computationally. The alter-
native to storing thousands of reference pat-
terns in memory for template matching on a
large vocabulary is cumbersome, to say the
least. Finding a best match with templates
when the vocabulary is big will take too
much time even on very fast computers.
Training the machine by storing reference
patterns is still another disadvantage of
template matching when the vocabulary is
large because it takes a {ot of user time to
pronounce the training words.

Recognition of connected speech cannot
be done using a simple template matching
recognizer for two reasons that also com-
plicate recognition of phonemes: First, it is
very difficult to find word beginnings and
endings in connected speech. Second,
adjacent words affect pronunciation because
of coarticulation. Practical recognizers at
this time are limited to isolated word recog-
nition and they require that each word be
spoken individually. This is not as restrictive
as it might seem because, with practice,
words can be pronounced in sequence guite
rapidly, up to 70 words per minute. Other
usual restrictions on current pattern recog-
nizers are the need for low ambient noise
and a cooperative speaker. Cooperative here
means a speaker who is willing to pronounce
the words clearly, evenly, and with a con-
scious attempt at uniformity.

An Example of a Speech Recognizer

The basic components of any speech
recognizer are the feature extractor and the
pattern recognizer. The feature extractor
is also called the “front end"” or “preproc-
essor' and it is usually made up of analog
circuits. The pattern recognizer nowadays
is always a digital computer. We have seen an
overview of what these two basic functions
are, how they relate to the speech signal and
how they are usually implemented. It is
time now to give a block diagram of a speech
recognition system using a particular method
and go into greater detail about the func-
tions and implementation of the various
elements. | have chosen for this example a
filter bank analyzer because | believe this
particular approach will give the best results
with the 8 bit microprocessors popular
with computer amateurs. It is also a well
known and proven approach, thus more
likely to give consistent results than any
other method. It is not the simplest possible
approach and | expect to see a number of
simple recognizers for personal computing
machines based on zero crossing detection
methods or combinations of zero crossing
analysis and some sort of filtering. While
it is possible that unusual feature extractors
could give surprising results, the chances
of something like that happening are very
small. Speech recognition has a history
about 30 years long and during that time
many schemes have been tried, none of
which gave better results in practical real
time situations than the filterbank feature
extractor.

Figure 12 is a block diagram of a com-
plete filter bank feature extractor. Let us
pay close attention to the specifics of
its elements.

Microphone

If the system is to operate in a quiet
room, the only consideration for the micro-
phone would be a reasonably flat frequency
response extending to about 8 kHz. In
practice a quiet room is rarely the case.
Radios, passing cars, the TV, the Teletype,
the phone ringing, people talking are all
usual sources of background noise which
might trigger the recognition system or
interfere with the words to be recognized.
Once this background noise mixes with the
desirable signal there is not very much we
can do to separate them. The most benefit
in a noisy situation can be derived by
achieving high signal to noise ratio at the
microphone, This can be accomplished
either by using a close talking microphone
like the ones used by aircraft pilots or
telephone operators or by using a direc-
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tional microphone. A directional micro-
phone such as a cardioid will work best
when the speaker is facing the noise source
and there is no sound reflecting surface
behind him. This last point is easy to over-
look when using a directional mike so it is
very important to remember that noise can
get to the mike in its sensitive direction by
reflection. A close talking mike depends
basically on its distance from the speaker's
mouth to separate between noise and speech
and it is most helpful when the speaker
moves unpredictably with respect 1o the
noise source and when the environment
is very noisy and reflective. The microphone
should be positioned close to the mouth
using a headphone strap or an eyeglass clip.
This may or may not bhe a disadvantage
depending on the application.

Audio Preamplifier

The audio preamplifier is quite straight-
forward in design being just a low level audio
amplifier with flat frequency response unless
it is used to equalize the response of the
mike. There should be provisions to adjust
its gain so that it can be matched to differ-
ent mikes or background noise conditions.
This is an infrequent adjustment and it
should be hidden from the casual user.

Changing the gain of the preamp affects
the point at which the automalic gain con-
trol starts compressing and it should be
done carefully.

Automatic Gain Control

As mentioned previously, the AGC
should have very fast attack because in many
instances the volume of speech increases
very rapidly. Its release time should be 30
to 60 ms, fast enough to follow instances
of quick decaying speech volume but not so
fast that it will compress between glottal
periods. If the AGC has a compression range
of about 40 db it functions as amplitude
normalizer so we do not have to do any
normalization of the filter outputs in the
computer.

Filter Bank

Eight filters were chosen for the filter
bank simply because analog multiplexers
are available with either 8 or 16 inputs
and 16 filters are just too many. Another
reason is that a workable system can be
made with six filters as shown by George
White (see references) and eight will cer-
tainly give adequate performance. There
is 2 compromise made here between cost
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required storage and processing time on one
hand and frequency resolution on the other,
An interesting study will be to vary the
number of filters in a given recognition
system from let's say 1 to 16 and plot the
recognition accuracy versus the number of
filters. The center frequencies and the band-
widths given for the filters are merely an
educated guess, based on knowledge of
where the “action” is in the speech spectrum
and on experimental results published so
far. In a practical system some “tweaking”
is highly recommended to achieve best re-
sults and to the true experimenter it should
be irresistible anyway. The skirt character-
istics of the filters should be from 24 to
48 db per octave. Steeper slopes require
more poles in the filter which in turn re-
quire precision components so the desire
for steeper slopes should be traded off with
the realities of implementation. There are
basically two approaches to implementing
the filters: First hybrid active filters using
the biquad configuration such as the
National AF-100 or the Kinetics Technology
FS-50 or the Burr-Brown UAF-31 can be
used. They are quite easy to use but they
have the disadvantage that they cost a lot.
Second, one can build filters out of opera-
tional amplifiers. Since we are dealing with
low audio frequencies, under 5 kHz, inexpen-
sive 741 type op amps can be used as active
elements. This will be less expensive than the
previous approach but you will have to build
the filters yourself, not necessarily the kind
of trade-off everyone likes.

Rectifiers and Low Pass Filters

The use of relatively low level signals
in the system makes the use of a precision
rectifier after the bandpass filters mandatory.

In precision rectifier circuits op amps are
used to eliminate the forward voltage drop
of the silicon diodes, that is 0.7 V, thus
making the circuit behave like an ideal
diode. Full wave rectification is desirable to
give low ripple. A suitable precision rectifier
circuit is shown in figure 13. A low pass
filter is suggested to smooth the output of
the rectifier. A 2 pole Butterworth filter
with a cutoff frequency at about 20 Hz will
work well and is shown in figure 14. Instead
of the low pass filter we could use an inte-
grator that is reset every time it is read by
the analog to digital converter. The inte-
grator output would be proportional to the
average of the energy in the frequency band
of the given filter during the period between
reads. This of course is more complicated
than using just a low pass filter and it is
questionable whether it will give better re-
sults. It has been used in the past though
and it is covered by a patent for use in
vocoders.

Multiplexer and Analog to Digital Converter

There are several monolithic 8 channel
analog multiplexers such as the Harris
HI 508 or the Burr-Brown MPC-85 but the
RCA CD4051 is the best choice, costing
only $1 in single quantities compared to
around $15 for the others. There is no need
for a sample and hold because the preced-
ing low pass filter assures that the signal does
not change quickly. An excellent choice
for the analog to digital converter is the
National MMS5357N which at $11.95 is three
times cheaper than the competition. Making
your own analog to digital converter from
scratch using an 8 bit digital to analog con-
verter could cost half as much assuming you
do not count your time.
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You will notice that neither volume nor
information as to whether the signal is
voiced or unvoiced is explicitly extracted
by the feature extracter of figure 12. These
features are not lost. They are buried in the
output of the filters. The sum of the filter
outputs, for instance, at any sample point in
time is the volume for that sample. A voiced
sound has most of its energy under 1000 Hz
and the opposite is true for unvoiced sounds.
If we divide the sum of the outputs of the
four higher frequency filters by the sum of
the outputs of the four lower frequency
filters we will get the ratio of the energy in
the 1000 to 6000 Hz band 1o the energy in
the 100 to 1000 Hz band. If this ratio is less
than 1, the sound is voiced; otherwise it
is unvoiced.

There are many ways of utilizing the
features extracted by the filter bank feature
extractor in a pattern recognizer. Actually
this versatility is one of the desirable charac-
teristics of the filter bank. Here | will de-
scribe only one possible approach toillustrate
the various principles involved. Since all
pattern recognition is done in software,
experimentation in this area is easy and
fun since you don't have to buy or build
additional hardware to improve your rec-
ognizer. A pattern recognizer has two basic
modes of operation: training and recogni-
tion. During training it performs the follow-
ing functions:

e Word boundary detection {beginning
and end).

® Pattern input and normalization.

® Reference pattern storage.

In the recognition mode, reference pattern
storage is replaced by pattern matching
{classification). Training is required to
generate reference patterns for the words
that form the vocabulary of the recognizer.
When a different speaker wants to use the
system, retraining is necessary to generate
reference patterns for the new speaker’s

pronounciation of the words. Implicit in
our discussion is the assumption that we
limilt our recognizer to isolated word rec-
ognition. Moreover, these words are to be
drawn from a limited vocabulary of about
10 to 30 words in size.

Word Boundaries and Normalization

In operation, the word boundary de-
tection module reads the output of the
filter bank every 10 ms and stores it in a
temporary storage area. To do this an input
routine sequences the multiplexer, starts the
analog to digital converter and reads the data
into memory. A simple and usable means of
detecting word beginnings and endings is to
sum the output of the filters and compare it
to a given threshold. [f the energy exceeds
the threshold, a word has begun. There is a
precaution to be taken however when using
volume for word boundary detection. Cer-
tain consonants called plosives or stops
{p,t.k,b,d,g) are generated by building up
pressure and then suddenly releasing it.
While the pressure is being built up no sound
is generated and this silence period or ‘'stop
gap' can last up to 150 ms. If this occurs in
the middle of a word as in “‘ago” for exam-
ple, the simple boundary detector will be
fooled to think that two separate wards
occurred. This can be corrected easily by
considering any “‘words" less than 200 ms
aparlt to be parts of one word. Another
problem arises when a noise pulse occurs
without any word being said as in the case
where something is dropped on the table.
To prevent the word boundary detector
from accepting such noise as a word, we
define any sound with duration less than
150 ms as noise because words are not that
short. These modifications will make the
boundary detector quite successful for
operation in a quiet room with a careful
speaker. For any other situation consider-
able additional sophistication might be
necessary. In a noisy environment the
threshold for word detection has Lo be
increased so that the detector will not trigger
on background noise. But increasing the
threshold will tend to chop off the low
amplitude beginnings and endings of some
words and this can affect recognition sig-
nificantly. If the speaker is careless or he is
physically strained when he speaks because,
for example, he is lifting something heavy,
breathing noises will tend to be considered
as part of the word being said, further
degrading recognition. In these situations a
sophisticated boundary detector is very
helpful in maintaining system performance.
Once the beginning of a word is detected,
the pattern input starts, Every 10 ms the
output of the filters is sampled and stored in
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ware, hardware and component parts are
described, and simple explanations are given
for how they work. Text is supplemented
with creative illustrations and numerous
photographs. Volume 0 prepares the novice
for Volume |.

#6001 (300 pages)

e
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Y e nEGiHNER'S BOOK R

Volume | — Basic Concepts

This best selling text describes hardware
and programming concepts common to all
microprocessors. These concepts are ex-
plained clearly and thoroughly, beginning at
an elementary level. Worldwide, Volume |
has a greater yearly sales volume than any
other computer text.

#2001 {350 pages!

S —_ Ty
A% INTROCUCTION S
TO MICROCOMPUTERS B

e

Volume Il — Some Real Products

{revised June 1977)
Every common microprocessor and all sup-
T port devices are described. Only data sheets
are copied from manufacturers. Major chip
slice products are also discussed.

#3001A (1250 pages)

ASSEMBLY LANGUAGE PROGRAMMING
B0B0A/8085 Assembly Language Programming

6800 Assembly Language Programming
8080A/8085
These books describe how to program a
microcomputer using assembly language.
They discuss classical programming techni-
ques, and contain simplified programming
examples relevant to today's microcom-
puter applications.
#31003, 32003 {400 pages each)

8080 Programming For Logic Design
6800 Programping For Logic Design
280 Programming For Logic Design

These books describe the meeting ground
of programmers and logic designers; written
for both, they provide detailed examples tc
illustrate effective usage of microprocessors
in traditional digital applications.

#4001, #5001, #7001 (300 pages each)

OSBORNE & ASSOCIATES, INC. « P.0O. Box 2036 * DEPT. 18 e«Bearkelay, California 94702 »

(415) 548-2805 TWX 910-366-7277
9:00 a.m. - 5:00 p.m. Pacific Time

Price applias to orders postmarked by June 30, 1978. PRICE | QTY AMT ’
6001  Volume 0 — The Beginner's Book $ 750 NAME
2001 Volume | — Basic Concepts 7.50
3001A Volume | — Some Reat Products {1977 editon 15.00 ADDRESS
4001 BOBO Programming For Logic Design 750
5001 BA0OO Programming For Logic Design 750 ary STATE ae PHONE
1]
7001 280 Programming For Logic Design 7.50 SHIPPING CHARGES  Shipping charges for bulk orders to be arranged
O  4ih class tno charge. aflow 3-4 waeks within USA. not applicable to discounted orders)
31003  808DA/8085 Assembly Language Programming 7.50 g PP
[0 £.50 per book. UPS (alfow 10 dayshin the U.S.
32003 6800 Assembly Language Programming 750
71002 Same Common BASIC Programs 750 0  $1.50 per book, specl rush shipment by air in the U S.
22002  Payrdll Wah Cost Accounting 12 50 0 &V loreegn ordars, $3 00 per book, for aw shipment
®6-1/2%. SF A i #These books are schedulad to ba published during 1978.  Please send information an'
-1/2%. 8 .Bav 182 resdents only TOTAL Pleasae notily me when they are available: 0 pricing. ordering. and titles
& 6% Callornia residents outside SF Bay Area O 23002 & ts Pavab da s R " availatile after 6/30/78
» Payment must be enclosed far orders of Sales Tax (Calf reswdents only) ceounts Pavable and Accounts Recewvabie vailatile after &/
10 books o less. Sh Charges 0 24002 Genaral Ledger 1 imtal dealer consignments
\ppIng
* | have enclosed N ' - s O desler and schoa! discaunts
. aw price list effective July 1, 1978
[Jeneck  [Qmoney order  TOTAL AMOUNT QOF PURCHASE P v O foragn dsinbutors g
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consecutive memory locations in the buffer
area, The duration of the longest word can
be expected to be less than 1.2 seconds,
giving us a maximum of 120 samples to
store in the buffer. Thus a 1 K buffer will be
sufficient.

Upon detection of the end of the word,
some form of time normalization is required
before the next step. This need arises from
the fact that people do not time their
pronunciations the same every time. They
may say ‘‘zero” one time and ‘“zeroo’ the
next. Before we can do template matching,
if we are to be successful, these timing varia-
tions should be removed. Linear time nor-
malization is a technique of doing just that.
To demonstrate the principle assume that
the normalized word length is 16 8 byte
samples and that our buffer contains 65
8 byte samples. To do time normalization,
all that is necessary is to retain every fourth
sample and throw away the rest, as shown
in figure 15. If the number of samples in
the buffer is not a multiple of 16 plus 1
(16 - N)+1, a number of rules can be
implemented to resolve the problem. For
example, if there are up to four less samples
than (16 - N)+1, then samples in areas of
high amplitude can be duplicated to reach
a number of samples that is exactly
(16 - NJ+1. The assumption here is that in
areas of high amplitude interesting things
exist. It is not necessarily a correct assump-
tion but it can give an idea of what can be
done to adjust the length of the word

25 INPUT SAMPLES

6 SAMPLES SELECTED ONE EVERY 4 INPUT SAMPLES
TO ACHIEVE LINEAR TIME NORMALIZATION

23 INPUT SAMPLES DUPLICATES

LAST SAMPLE !S DUPLICATED TWICE SO THAT ABOVE RULE
CAN BE APPLIED TO NORMALIZE LENGTH TO SiX SAMPLES

Figure 15: Linear time normalization compresses the stream of input samples
to a fixed number of samples (in this case six) by selecting a sample at regular
intervals. The resufting fixed length for all words facilitates feature matching
for pattern recognition. Various fechniques (such as duplicating samples)
are used to make the number of inputs fit the selection rule.
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without resorting to linear interpolation,
Larger discrepancies can be treated similarly
but duplication should occur throughout
the word to avoid stretching only a part
of it. Omission of samples can be used as
well, to adjust the length. Insertions and
deletions can be made in a number of
locations in the word based on criteria
other than local amplitude. For example,
deletions in the beginning or ending of
words, or slow spectral changes are other
possibilities. The best guide as to what
works for any given system is some ex-
perimentation with various techniques.

In usual practice, all words in a voca-
bulary for a given system are normalized to
the same fength, regardless of their actuai
length. It might be useful, though, if alarge
proportion of the words of the vocabulary
are distinctly different in length from the
rest, for example “yes,” ‘'no,” “on," “off"
compared to ‘‘television,” “instrument,”
“telephone,” to have two normalization
lengths. An added benefit to the obvious
savings in pattern storage memory would be
a reduction in classification time because
there is no point in trying to find a malch
between a long and a short word.

A more advanced form of time normali-
zation is based on dynamic programming
techniques. 1t is basically a systematic ap-
proach to stretching and compressing the
unknown word in time until it best fits the
reference pattern. 1t gives excellent results
but it has two drawbacks: It is time con-
suming and it requires storing all the input
samples for a given word as reference pat-
terns. Despite its shortcomings, its supcrior
performance makes it a very interesting
technique. Its detailed analysis is not within
the scope of this article.

The final phase of the processing of the
unknown word depends on whether we are
in the training mode or the recognition
mode. In the training mode all that is
necessary after time normalization is to store
the resulting pattern in memory in an area
designated for the word pronounced. To
improve performance two or more reference
patterns may be used for a given word to
account for variations in pronunciation. For
example the speaker may be required to
pronounce cach word in the vocabulary
twice (although not one immediately after
the other to avoid similarity as much as
possible) so that two references will be
generated and stored for each word. Varia-
tions of this scheme include making the
speaker repeat a word until it is sufficiently
different from the first reference or changing
the second reference adaptively as the sys-
tem is used. In the recognition mode the
normalized unknown word is compared to
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R
SS
THEN SHIFT AND TRY AGAIN AND POSSIBLY
FING A GOOD MATCH
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Figure 16: Shifting the unknown left and then right one position helps pre-
vent mismatches due to missing ends or beginnings. {n this case the right
shift gave a good match. This test has been simplified to one parameter (S)
which might be the output of one filter in a filter bank.
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each reference pattern by compuling the
sum of the absolute values of the differences
of the features. The smallest sum indicates
the best match between the unknown and
that reference. This alone is notl sufficient
for recognition because a word that docs
not belong to the vocabulary of the system
will always give a best match because one of
the reference patterns is bound 1o be more
like it than the others. To aveid "recog-
nizing"' words that are not in the vocabulary,
we impose the restriction that successful
recognition requircs that the smallest dif-
ference measure will be smaller than a given
threshold. This threshold has to be found
experimentally for any given vocabulary. If
it is too high, it will allow for acceptance
of words that are not part of the vocabulary.
If it is too small, words that are in the voca-
bulary but not pronounced very close Lo the
stored references will be rejected,

Word beginnings and endings usually
have low amplitude and it is possible that
the word boundary detector could chop
them off. I{ that happens, it will must likely
happen only occasionally and as a result
there will be instances where the reference
and unknown patterns are shifted with re-
specl to each other in time. For Lhis reason,
if computer time is available, the unknown
may be shifted to the right one position and
the difference calculated and then ta the feft
and the difference computed again as shown
symbolically in figure 6. The smallest of
the three differences thus compuicd is 1o be
used as the indicator of match quality.

When a word is recognized it can be used
directly to perform a function which could
be, for example, the equivalent of pushing a
key on a calculator. In some instances it is
necessary or desirable that more than one
word be used to perform a single function.
For example the sequence of the words
“light on'' can perform the function of turn-
ing on the lights in a room. In these cases
there should be a subroutine to check if
the word sequence is correct. For example,
the word “light’" should be followed by the
words ‘‘on' or “off." If the word “radio"
follows, we know that either ‘‘radio” or
“light” has been misrecognized. These
syntaclical constraints decrease the proba-
bility that an incorrectly recognized word
will cause something undesirable to happen.
This is due to the fact that for a senlence to
be correct, all the words that form it have to
be correct, at least syntactically. Syntactic
constraints of course do not help when the
words have the proper sequence but are still
not correct. For cxample, if we are con-
trolling a vehicle of sorts and we say “for-
ward faster,” if "“faster’ is recogniced as
“slower” the sentence will be syntactically
correct but it will not do what we want.

Performance

The performance of a recognizer is evalu-
ated on the basis of the percentage of the
words it recognizes correctly out of the total
pronounced. For a given recognizer the
recognition scorc will vary from speaker Lo
speaker, with the speaker’s emotional condi-
tion and with the level of background noisc,
to mention some of the variables. Recog-
nition scores quoted in articles and adver-
tiscments are likely to be the ones obtained
with best conditions and they are not neces-
sarily indicative of the performance of the
recognizer under actual conditions. There
exist three types of recognition errors:
failure to recognize a given word, substilu-
tion (recognizing one word for another)
and misrecognition (recognizing a word not
in the vocabulary). The first type of error
is In most cases merely an annoyance re-
quiring that the user repeat the word. The
last two types of error can causc problems
because the recognizer will give a response
which is wrong. Failure to recognize will
occur when the recognition threshold {the
maximum that the smallest difference sum
can be to recognize a word) is sel Loo low.
Setting the threshold too high will result in
misrecognition, as mentioned previously.
Substitution becomes a problem when the
vocabulary size is increased. To avoid sub-
stitution the vocabulary can be divided in
two segments and a shift word used to
swilch between the two segments of the
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vocabulary. The shift word can be “shift’”
or “change” for example. This would cor-
respond to the shift key on a typewriter or
the function (“f") key on a calculator, The
user will have to remember in what segment
he currently is and when a word from the
other vocabulary has to be pronounced he
should preface it with the shift word. The
system can provide the user with an indi-
cation such as an LED to remind him of
the current segment. Using a number of dif-
ferent shift words it is possible to extend the
technique to several segments of a large
vocabulary.

Advanced Systems

The hottest areas in speech recognition
today are feature extraction using digital
speech processing and speech understanding
systems. Unfortunately both are out of the
reach of the capabilities of the usual amateur
computing experimenter’'s machines. In
addition they tend to be involved theoreti-
cally so we will only briefly mention them
here. Digital speech processing involves
operating directly on the sampled time
domain waveform and as it was mentioned
earlier it requires very fast computers. One
of the most usual operations is the Fourier
Transform. It is computed using a fast al-
gorithm called the FFT for Fast Fourier
Transform and the result is the spectrum of
the signal as was shown in the example of
figure 5 {actually figure 5 is the log of the
magnitude of the spectrum). Its advantage
over output of a filter bank is resolution and
accuracy. A typical FFT derived speech
spectrum is made up of 128 frequencies
spanning the range from 0 to 5 kHz. The
amplitude at each frequency is specified
with 12 to 16 bit accuracy. Such perfor-
mance is very difficult to achieve using
analog components and certainly not eco-
nomical. The output of the FFT can be used
directly by making different measurements
on it to extract features, such as the for-
mants. IBM is using this approach in their
research effort in speech recognition which,
by the way, is very well funded, in the range
of millions of dollars per year.

Another digital method for speech pro-
cessing is “linear prediction.” It is 2 method
by which the impulse response of the vocal
tract can be extracted from the speech sig-
nal. It is basically a time domain operation
and it involves predicting the next sample of
the waveform on the basis of a linear com-
bination of the N previous samples. |t can be
used for formant extraction but it is at
times quite sensitive to minor aspects of
the input signal so it is not as reliable as
might be desired. When it works it gives
excellent results and therefore it has a lot

of promise as a formant tracking tool. It
has also been used in isolated word speech
recognition by storing the vocal tract im-
pulse response it generates as reference
pattern and then comparing it with the im-
pulse response of the unknown. It gave
very good results in a vocabulary of 200
words. As it would be expected, this method
yields results very similar to the filter bank
approach because they are very similar in
substance although totally different in
implementation.

Formant extraction can also be achieved
with ‘‘cepstral’” analysis which is based on
the Fast Fourier Transform. The cepstrum
is the spectrum of the logarithm of a spec-
trum. These operations separate the impulse
response of the vocal tract from the driving
function. Its name is derived from the word
spectrum spelled more or less backwards
because the operations involved in obtain-
ing it are very similar to spectral analysis of
a time domain signal. It gives very good re-
sults when used for pitch extraction but
when used for formant extraction it is not
very reliable. It tends to fail in different
ways than the linear prediction methods so
perhaps the two methods combined will
yield good results.

All these methods will become more
commonly used as computer technology ad-
vances decrease the cost of very fast com-
puters. Because of their accuracy (at least
when the data is to their liking} these al-
gorithms are bound to play a significant

role in feature extraction of future
recognizers.
Speech Understanding

Speech understanding systems differ

from speech recognition systems in that
they do not just recognize sequences of
words but instead they use knowledge about
the subject of discussion to check if the
word sequences make sense. They use syn-
tactical analysis as previously mentioned as
well as context analysis to improve recog-
nition. For example, a speech understanding
system used to input the moves of a chess
player to the computer (an experimental
system doing just that has been built at
Carnegie-Mellon  University) checks the
recognized sentences for syntax errors and
then checks whether the sentence gives a
legal chess move for the particular situation.
Speech understanding systems are usually
designed with a specific problem domain in
mind for which the semantics are known.
The US Defense Department’s Advanced
Research Project Agency (ARPA) has spent
about $30 million on the development of a
speech understanding system in the last



five years. The results have not been too
exciting, an indication that high perfor-
mance speech recognizers are hard to build.

Commercial Systems

Threshold Technology Inc, Dialog Inc,
Perception Technology and Scope Elec-
tronics all offer commercial speech recogni-
tion systems capable of recognizing isolated
words from 16 to 32 word vocabularies.
Of these, Threshold Technology is by far the
most successful commercially and their
systems are used in a variety of industrial
applications, such as baggage handling in
airports (the destination is spoken to the
system which in turn routes the baggage)
and quality control inspection (the inspector
uses his or her hands to hold a micrometer
and take measurements which then are
spoken to the recognizer and entered in a
computer for report generation). The
Threshold Technology machine uses an
LSI-11 and their feature extractor consists
of a bank of 16 filters. It costs about
$10,000. Threshold Technology claims 99.6
percent recognition rate and operation in
noisy environments,

A1 the time of this writing (April 1977)
Heuristics Inc has announced an Altair
(S-100) compatible recognizer. It sells for
$249 in kit form and a detailed description
of its hardware appears in the May 1977
issue of Popular Electronics. 11 is a simple
device consisting of three bandpass filters
and a zero crossing detector. The filters
cover the range of 150 Hz to 5 kHz. Their
output is peak detected and averaged and
then quantized with six bits resolution.
They claim 90 percent correct recognition
in a guict environment with a cooperative
speaker.

Addresses of Commercial
Speech Recognition System
Manufacturers

1. Threshold Technology Inc
1829 Underwood Bivd
Delran NJ 08075
2. Heuristics Inc
900 N San Antonio Rd (Suite C-1)
Los Altos CA 94022

3. Dialog Systems inc
639 Massachusetts Av
Cambridge MA 02139

4, Scope Electronics Inc
Reston VA 22070

5. Perception Technology Inc
Winchester MA 01890

As a final remark, a note on recognizer
performance is in order. It was mentioned
before that quoted performance figures are
usually the best obtained with a given sys-
tem under ideal conditions. This optimistic
approach reflects more than anything the
difficulty of making a very good recognizer.
People choose to present the best results
because the bad results may look terrible
and the average unimpressive. While recog-
nition scores can be taken with a grain of
salt, it would be a mistake to view speech
recognizers in the same light. The correct
approach is to see them as a challenge to
find applications in which they are useful
despite their present shortcomings. You
certainly would not want to control your
car with a recognizer that has a 90 percent
recognition score. Yet | have seen a recog-
nizer with an average 80 percent score do
a very good job in controlling the electric
wheelchair of a paralyzed patient. Think
how important this is if you can only move
your head and speak and the rest of the
body is paralyzed totally.

| am sure that a great number of appli-
cations can be found for existing systems
that 1 just haven't thought of yet, or that
I would never imagine. Given the thousands
of computer enthusiasts and their different
backgrounds and the computer power they
command, | wonder if there will be any
stones left unturned in the applications area
now that we can talk to our own speech
recognizers.m
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THE PET is the only totally integrated,
self-contained, personal computing system.

it measures a compact 162" wide; 18%2" deep;
14" high, and weighs just 44 pounds.

Bar Graphs

As an AT-HOME TOOL it will; Compute
state and federal tax returns. Make heat
and nsulation analyses. Keep Christmas
lists. Keep checkbook and finances up to
date. Programs are even being developed
to store recipes and to compute larger or
smaller portion requirements.

WHO IS THE PET FOR?

Engineers, scientists, doctors, educators,
students of computer science, attorneys,
stock brokers, realtors, insurance people,
list brokers, home economists, churches,
grocery store owners, automobile dealers,
sales people, organizations.

JUST FOR FUN

There is hardly a game, from Blackjack to
Master Chess, that cannot be programmed
into the unit. A variety of game programs is
currently available.

ANNOUNCING THE PET PRINTER

This powerful word processing accessory
lets you print hardcopies, invoices, and com-
puter correspondence. Faster than an IBM
Selectric, THE PET Printer delivers 60
characters per second at a sustained rate --
or 3,600 characters every minute -- with
upper and lower case capability. Characters
are 1/8" tall and printed in a 7 x 8 dot
matrix. The printer uses a standard 8';"
wide paper roll. And, most unbelievable -- 1t
is only $599.95. )
PERIPHERAL SECOND CASSETTE

This optional component expands storage
and increases flexibility. Only $99.95.

Amortization Chart

Blackjack

MILES OF SOFTWARE

Listed below 1s a sampling of currently
available PET programs. "BASIC BASIC"
shows you how lo write a program for the
unit. You can actually develop your own
programs to meet personal requirements.

GAME PROGRAMS ARE $3.95 EACH:
' Black Jack « Draw Poker | . Galaxy Games
: Space Flight Target Bong. OH-The-Wall
Lunar Lander, Wumpus, Rotate, Tic-Tac-Toe
.. Osero, Reverse ' Spacetren . Kingdom

PROGRAMS AT $14.95 EACH:

| Mortgage Analysis 1 1| Diet Planner and Biorhythm
Basic Basic-by Lodewyck and James

PROGRAMS Al $24 95 EACH

. . Basic Investment Analysis-loans, annutes, relurn on

regular and irregular sequences ol payments, calendar

calculations Stock Portiolic Recordkeeping and

Analysis-keeps track ol buys. sells, and dividends.

Calculates current value, rates of return  iCheckbook

Recordkeeping and Analysis-keeps trach of checks and

deposits. Analyzes expenses by date ind {ype

PROGRAMS AT $29.95 EACH:

Basic Math Package-matnx additior, mul' zation,
determinants and inverses 1o 16 x 16, sciulics of
simultaneous linear equations, vector and plane geometry
calculations, inlegration by trapezoidal. Simpson’'s rule or
Gaussian quadrature, dillerenliation

Basic Statistics Package-mean, median, varnance
standard deviation. shewness, kurtosis, [requency disire

bution, knear regression, T-tests, correlation analyses

FREE ORIENTATION PACKAGE

Your PET comes complete with two pro-
grams and an easy-to-follow instruction
manual. By working through the routines
you will quickly discover how easy it is to
gain command cof your personal computer.

MEMORY

Random Access Memory (user memory}); 8K internal,
expandable to 32K bytes

Read Only Memary (operating system resident in the
computer), 14K bytes
8K-BASIC interpreter program
4K-Operating system
1K-Diagnostic routine
1K-Machine language monitor

VIDEO DISPLAY UNIT

G" enclosed, black & white, high resolution CRT

1000 character display, arranged 40 columns by 25 lines

8 x 8 dot matrix for characters and continuous graphics

Automatic scrolling from bottom of screen

Winking cursor wilh full motion controt

Reverse lield on all characters (white on black
black an white)

64 standard ASCIl characters; 64 graphic characters

KEYBOARD

92" wide x 3" deep; 73 keys

All 64 ASCI| characters available without shitt.
Calculator style numeric key pad

All 64 praphic and reverse field characters accessible
from keyboard (with shift)

Screen Control: Clear and erase

Editing: Character insertion and defetion

CASSETTE STORAGE

Fast Commadore designed redundant-recording scheme,
assuring reliable data recovery

TECHNICAL SPECIFICATIONS

Cassette drive modiied by Cammodere lor much tigher
reliability of recording and record retention

High noise immurnity, error detection, and correction

Uses standard audio casselte tapes

Tape liles, named

OPERATING SYSTEM

Supﬁorts multipte languages (BASIC resident)

Machine language accessiiity

File management in aperating system

Cursor control, reverse hetd. and graphics under
simple BASIC contral

Cassette lile management Irom BASIC

True random number generation or pseudo
random sequence

INPUT/OUTPUT

All glher 11O supparted Lhrough IEEE-488 instrument
interface tor penpherals

110 automatically managed b* operating system software

Single characler 11D with GET command

Easy screan Wne-edit capabillljy

Flexibie IfC structure for BASIC expansion
with peripherals

BASIC INTERPRETER

8K BASIC; 20% faster than most other 8K BASICS

Upward expansian from BASIC language

Strings, integers, mulhple dimension arrays

10 signiicant digits; Hloating paint

Direct memory access: PEEK and POKE commands
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SERVICE WORLDWIDE

THE PET is made in the United States by
Commodore International, a worldwide,
vertically-integrated manufacturer of elec-
tronic products for home and industry.
Because your PET is self-contained and
compact, professional factory service is
never far away. If ever major service is re-
quired, the unit can simply be returned by
UPS to an authorized factory PET clinic.

You can order your PET by sending a check
or money order for $795.00 plus $20.00 for
shipping and insurance. To order the PET
Printer, add $599.95 plus_$12.00 for
shipping and insurance. The Second
Cassette is $99.95. No shipping and in-
surance charges are required when order-
ing a second cassette or programs with your
PET. Credit card orders are invited to call
our toll free number below. Orders will be
acceptedonour TELEX, No. 25-5268.
CONTEMPORARY MARKETING
Contemporary Marketing is a major source
for advanced electronic products. Our com-
mittment to this exciting industry is the
reason why Contemporary was selected to
bring THE PET to you. In comparison with
other full-fledged computers, it is an in-
credible value. Nevertheless, we recognize
that it is a substantial investment for any
company or individual. Please be assured
that we are pledged to protect your invest-
ment. As a Contemporary PET owner, we
will see to it that you are kept abreast of all
new peripherails and software, as they are
developed. We want you to use THE PET
with complete confidence. If, for any
reason, you are not satisfied with your PET,
simply return it within 30 days for a prompt
and courteous refund.

THE PET is perhaps the most exciting
discovery in many years, and demand is
enthusiastic. If our lines are busy, please
call again.

ORDER DIRECT
CREDIT CARD ORDERS CALL TOLL FREE

800-323-2272

ILLINOIS RESIDENTS CALL: 312-595-0461
TELEX ORDERS: 25-5268

Order your PET, Printer Accessary,
Second Cassette and Programs from
Contemporary Marketing at:
790 MAPLE LANE DEPT.BT6

BENSENVILLE, IIINOIS 60106

T CM 1978184

Contemporar

Marketing Inc.
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Periodical Guide for Computerists, January-December 1977,
by E. Berg Publications. This is a comprehensive index of all the ar-
ticles, book reviews, editorials, letters, record reviews, and miscella-
neous small inserts and notes from the top 25 magazines in the field.
Several thousand articles are grouped into over 60 subject categories
that are listed alphabetically for easy reference. At the back is an au-
thor index, including the major areas of their expertise. An indispen-
sable guide for anyone in the fields of personal computing, amateur
radio, and electronics. 72 pp. $5.00.

Robots on Your Doorstep by Nels Winkless and tben
Browning. “This book will amaze vou, frighten you, nauseate you,
excite you...it will probably make you think about things you have
never contemplated before,” states the introduction to this clever
and well-written account of robots: past, present, and future. Intelli-
gence, artificial inteliigence, brain structure and simulation, and
characteristics of robots are only a few of the areas expiored. One
chapter is devoted to the personal computer revolution and how it
has brought robots into the amateur’s workshop. 179 pp. $6.95.

Programming in PASCAL by Peter Grogono. This book is an
excellent introduction to one of the fastest growing programming
languages today. The text is arranged as a tutorial cantaining both
examples and exercises to increase reader proficiency in PASCAL.
Besides sections on procedures and files, there is a chapter on dy-
namic data structures such as trees and linked lists. These concepts
are put to use in an example bus service simulation. Other examples
range from the Tower of Hanoi problem to circumscribing a circle
about a triangle. Programming in PASCAL is sure 1o hold the read-
er’s interest. 369 pp. $9.95,

____2B0 Pragramming for Logic Design by Adam Osborne, Jerry
Kane, Rusgsell Rector, and Susanna Jacobson. Here's the book we've
all been waiting for! 11's third in the series of Osborne's program-
ming for lagic design books {the 8080 and 6800 books). Written for
both programmers and logic designers, it explains how an assembly
language program can replace non-programmable logic devices - with
direct reference to the Z80 microcomputer. 352 pp. $7.50.

There will be a one dollar price increase on July 1, 1978, so
order now and save!f

808DA/B085 Assembly Language Programming by Lance A.
teventhal. This book provides an introduction to assembly language
programming for the 8080A and the 8085 processors. Included are
sections on the instruction sets for the two processors, assemblers,
simple program examples, code conversion, tables and lists, subrou-
tines, 10, interrupts, program design, and debugging. Many examples
and illustrations are included to cover critical points. 467 pp. $7.50.

There will be a one dollar price increase on July 1, 1978, so
order now and save!

____ How to Profit from your Personal Computer by Ted G. Lewis.
If you have wanted to use your personal computer in a profitable
manner, and you fee)l you need some help planning programming
techniques for common business applications, this book is for you.
Enjoyable and readable, it contains suggestions for accounting, pay-
roll handling, inventory management, and sorting mailing lists. Many
terms and notations are explained. Sample programs in BASIC, the
use of blueprints to design program structure, and a full glossary of
terms are a few of this book's special features. 191 pp. $7.95.

Microcomputer Primar by Mitchell Waite and Michael Pardes.
Here’s a microprocessor tutorial for readers having some electronics
background. Microcomputer Primer concentrates on the hardware
of microcomputers (although there are sections dealing with soft-
ware) with chapters on basic computer concepts, hardware, pro-
gramming, memories, and number systems. A full complement of
photos and schematics accompanies the text. 224 pp. $7.95.

Programming a Microcomputer: 6502. This informal, well-writ-
ten book may be just what you need to enter the world of micro-
computers. Caxton C. Foster uses the 6502 as a basis for discussing
the techniques of writing programs. The chapters include simple,
practical example programs for creating a Morse Code oscillator,
combination lock, tune player, digital clock, and maore. The empha-
sis is on clarity, and the many illustrations and flowcharts help get
the author’s points across. 231 pp. $9.95.

Programmable Calculators by Charles J. Sippl and Roger J.
Sippl. This large (526 pages} book is an exhaustive survey of the
programmable calculator field covering its history and present
status. Chapters deal with the basic calculator, advanced hand-
held products, RPN (Reverse Polish Notation) versus algebraic
notation, desktop calculators, and programming the program-
mable calculator. Examples and illustrations abound in this use-
ful reference work. $14.95.

Here are two big packages of fascinating information and practi-
cal guidelines from the symposiums held at the 1977 and 1978 West
Coast Computer Faires.

___The First West Coast Computer Faire Conferenca Proceedings,
edited by Jim C. Warren, Jr., contains 336 pages covering such top-
ics as: tutorials for the computer novice, human aspects of system
design, robots lincluding the text of a talk by science fiction writer
Fred Pohl}, computers for the physicaily disahled, education, elec-
tronic mail, music with computers, hardware, software—the list goes
on. $12.00.

___The Second Wast Coast Computer Faire Confarance Proceedings,
edited by Jim C. Warren, Jr., is 505 pages and covers many of the
above topics plus others such as: computers for the visually handi-
capped, exotic computer games, high level design for microproces-
sors, computer articles for business and crafts, homebrewed equip-
ment, and speech input and output. You can‘t miss for only $13.00.

Up your Own Organization! by Donald M. Dible. A great hand-
book on how to start and finance a new business, this is the maost
comprehensive reference we've seen on the subject. For the pro-
grammer-consultant or the basement homebrewer-turned-entrepre-
neur, this is your book. It is recommended in the Bank of America
Small Business Reporter and Changing Times magazines. 372 pp.
Available for $14.95 in hardcover.

_____Fundamentals of Recordkeeping and Finance for thes Small
Business by Robert C. Ragan, CPA, and Jack Zwick, Ph.D. Once
you have your organization or business up and running, records
must be kept. What should | keep, and how do | record them? This
book on fundamentals will give you a helpful start. Section One
deals with maintaining records, protecting assets, and providing a ba-
sis for planning. Section Two provides a starting point for owner-
managers who want to sharpen their financial management skills.
186 pp. Only $10.00 in hardcover.

Dealer orders on quantity purchases invited.

BI'S The Microcomputer Bookstore

BYTL june 1978
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Continued from page 11

Shore) who decided 1o feed the output
from his orbital motion program into
our music system (instead of data that
represented conventional music). The
results were very intriguing, and quite
modernly musical. They helped us alt
see the power of allowing human imagi-
natian to work with objects that repre-
sent a new kind of clay or paint—in
this case algorithms for solving differ-
ential equations! The designer of the
music system (Jeff Lederer) had ob-
viously developed a use of technology
that was radically different from the
fanciest of '‘record players.”

The same ideas apply to color gra-
phics. Photo 1 shows a very simple
example of using an algorithm as a crea-
tive adjunct. The first slide shows a
static use of the medium. The artist
simply used a light pen to “paint” a
bouquet of flowers on the screen of a
Zompucolor 8051. Photo 2 shows what

feeling is that the second mode is great
for people {including very young kids)
who haven't yet developed the tech-
nigues needed for painting a bouquet of
flowers or composing a two-dimensional
space abstractly {which is what the sine
function daoes in this context). From the
point of view of technical competence,
the first mode (static computer) is the
more advanced one. The function of
the second mode is to get the user
thinking creatively so that he or she can
eventually go beyond what the machine
helped start.

Translating this idea into a general
philosophy of "Why personal com-
puting?” gives lhe unexpected but
heartening answer: "To help people do
things computers can never do.”

Tom Dwyer
Margot Critchfield
325 N Craig St

happens when the computer is no longer Pittsburgh PA 15213
static. In this case it uses two algorithms:
one to draw nothing more than the
simple elegance of a sine curve, the other
to join the artist's light pen input to the
computer’s sine curve with vectors. Our

Tom Dwyer und Margot Critchfield's
article, ""Color Graphics on the Compu-
color 8051, asppeagred on page 32 of
BYTHE May 71978,
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SMALL BUSINESS COMPUTERS Magazine

The magazine for users and potential users of
small business computer products and services

® The monthly magazine for businessmen in the process of purchasing or nstalling their first com
puters

® The practical how 1o publication written in non-techmical language and siressing business applica-
tions for smali computer systems Each monthly ssue includes:

FEATURE SURVEY REPORTS: Such as. Software Puckages for Small Business Applications,
Small Manufacturing Systems, Inventory Control Systems, Microcomputer Busmess Applien tions,
and sa on

APPLICATION STORIES: Real hfe examples of computer apphcations in the small business en-
vironment — capabilities, benefits, what 1o watch lor. and much more of direct interest to the small
businessman

COMPUTER PROFILES » IDEAS AND INNOVATIONS « INFORMATIVE ADS

SPECIAL CHARTER SUBSCRIPTION
12 issues @ 50% off

Recewe the next 12 1ssues ol Small Business
Computer Magazine forjust 9 50t off the
cover price

Mail the coupon today 1o. SMALL BUSINESS COMPUTERS Magazine
33 Watchung Plaza » Montclair. NJ 07042

I N N A D B N B e A A B B OO B B B B B B D B TE B B
SMALL BUSINESS COMPUTERS Magazine « 33 Watchung Plaza  Montclar, NJ 07042

O YES Enter my charter subscription at the ' price cost ol $9 for 12 monthly ssues
1 Check enclosed O Bill me.

Marme

Orgamzanon
Address
City/State Zip

B8  june 1978 < BYTE Publications Inc Circle 218 on inguiry card.

TEXT EDITING DREAMS AND
REALITIES WITH AN AM-100

This is in response to your March
1978 editorial. A friend of mine asked
me two years ago to create a keyboard
especially for him. He was at that time
employed as a phototypesetter for the
Los Angeles Free Press. As a result |
got heavily involved in the discrepancies
between the needs of a typesetter and
the available [Singer-Friden-Burroughs-
IBM-3%&t*($+&'&%] word processors!
Therefore, your editorial on the desire
for a truly sophisticated editor stirred
some painful memories of TTS book
codes, incompatible character sets and
paper tape format, TTL logic, etc.
The project never did "fly*' right.

However, since that time {'ve come
across (and purchased) a system that
| am surprised you haven't given heavier
mention of in your magazine. | am
referting to the Alpha Microsystems
AM-100. Let me explain why I feel it
could result in the editor you are
searching for.

The AM-100 processor is a twe board
realization designed to interface with a
parallel operating 8080/Z-80 CPU on the
Altair (5-100) bus. It uses the Western
Digital WD-16 chip set, which is an
extended version of the DEC LSI!-11,
but using special microcoding to create
a more powerful instruction set. Using
this, Mr Wilcox has made an operating
system similar to UNIX, with some
features of DECsystem 10. Included
in the software bundled with the pro-
cessor is the operating system {it sup-
ports eight users with fuill timesharing
protocols), a powerful macro assembler,
BASIC, LISP, and a system EDIT.PRG,
all disk oriented. For a preliminary
feel for what this means, read Dr Dobb's
Journal, volume 2, number 1, page 3.
The AM-100 system manuals comprise,
at present, over 250 pages of closely
packed information.

IMPROVING RELATIVE
ADDRESSING FOR THE 8080

Rabert Williams

President, Cheesy Operations
Micromouse Enterprises
POB 69

Hollywood CA 90028

| read with great pleasure Mr
Gaskell's article on *'Relative Addressing
for the 8080 in the December 1977
BYTE. The approach to implementing
the relative jumps was superb.

However, having been working with
microcomputer applications for several
years, | have learned that any program
can be made shorter and faster with
a little effort! Moreover, aptimization
in the case of the relative addressing
routine is even more critical than usual
since the code will be executed with
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Conducted by
David Wozmak

Blubs sad

Newsletiens

NCCN

The Northweslt Computer Society Inc
meets at the Pacific Science Center in
Seattle on the first and third Thursday of
each month at 7:30 PM. The first meet-
ing of the month is usually mare formal with
a featured speaker or a demonstration. The
second meeting of the month is less formal,
with freewheeling discussion and problem
solving. To contact the Northwest Computer
Society write Northwest Computer Club
News, POB 242, Renton WA 98055.

TURN YOUR COMPUTER
INTO A TEACHING MACHINE

The staft at Program Design did not leam
about educational technology from a book—
we wrote the book! We have been innovators in
such teaching materials as programmed instruc-
tion and multimedia presentations. We also belong
to that minority 1n education who actually test ma-
tenals 10 see that people can learn from them.

Now Program Design brings this experience to the personal
computer field. PDI 1s developing a line of educational and
game programs for the whole family—from preschool child to

adults.

Program Design educational software uses the computer's full teaching
potential in exciting and effective ways. Programs are simple to use and
memory efficient, and most important they teach!

TAPES NOW AVAILABLE FOR THE TRS-80. PET. APPLE II

SAMPLE OUR SOFTWARE FOR $1.49. Send us $1.49, your name, address, and
type of computer, and we’'ll send you a tape for your computer with actual samples of
our programs.

Qr circle our number on the reply card for a printed catalog.

Cepartment 200 PROGRAM DESIGN, INC. 11 IDAR COQURT GREENWICH, CONN 06830

June 1978 & BY TE Publications Ing Circle 308 on inquiry card.

PET User Group

The newsletter of this Pennsylvania
based group contains a veritable treasure
trove of information and interesting facts
about the Commodore PET. On the hard-
ware side it has information about opera-
ting modems with PET, interfacing to an
Altair  (5-100) mother board, available
peripherals, and more. In the software
section there is a PET Errors and Bugs
column, which offers solutions for the few
bugs which have been found. There are also
a number of columns by various contrib-
utors on the subject of PET programming.

PET User Notes is published six or more
times a year by Gene Beals, PET User
Group, POB 371, Montgomeryville PA
18936. Membership/subscription is $5 per
year in the US and Canada, $10 in other
countries,

APPLE

An Apple Il users group has recently
been formed in the Seattle Washington
area, with membership open to all. The
primary function of the group is the ex-
change of ideas and programs, which is
accomplished through the medium of
Call Apple, a monthly newsletter. For a
sample copy of the newsletter and an ap-
plication blank, send an SASE to APPLE,
cfo Val ) Golding, 6708 39th Av SW,
Seattle WA 98136.

Theater Computer Users Group

The Theater Computer Users Group
(TCUG) exists to provide a method of
exchange of information about uses of
computers in theater. The primary medium
of communication is a periodic newsletter
which is supported with a $4 fee. Topics
of interest include special programs for
specific theater jobs such as set design
and inventory, cutting lists and ticket
sales and special uses of hardware for things
like stage lighting and management of pro-
duction cuing. Other areas of interest
include ticket sales, mailing list and patron
records, actors/casting lists, volunteer crew
management, financial records and a num-
ber of inventory and management functions.

Material in the newsletter includes
comments from theater people, descriptions
of programs and problems and analysis of
new products that might have special uses
in theater. Book reviews and reports of
past or upcoming meetings of interest are
also included. Contact Mike Firth, Theater
Sources Inc, TCUG-TSI, 104 N St Mary,
Dallas TX 75214, (214) 827-7734.









Programming Duickies

Those Calculating Romans

T e = 07.0
1Rl r-m rmrmn MNears
. T AUNNME L= ANFXT Fo

' [NTHR!"N
\FF\IINT\NFXT F1 .
Laurence G Dishman i 1F TFP!TFJ;\ FLINC T LN IA- SMLD)Y L FE
5525 Metropolitan Pky : & ! ARG VTR 6o o s,
Starling Heights MI 48077 - i -r'.-'_'--;.;m Iﬂnm b TARREND
Lo 10 Ma v THEN ©iong BIoE 10
T e P
FINT TARCIOY 5 o = Listing 1: Roman numeral
Remember  learning  about  Roman 0 FRINT e maf‘hemat{cs N program
) . oG TR ] -
numerals and all the fun you had with the ;};EII;'I?.'TM_ THEN o Zzgleg ’Ln Om; Star
N I <)M LIENTE 1 -
ungainly numbers? Now you can let your L ) /st/ng’m”cron
A i Lra] / -
computer have fun with them too! The 1 finues on pages '

. o . . FRINT Tabotor, " LTRAR N0 "
program in listing T is a 4 function Roman ISR SR

numeral  calculator that displays inter-
mediate values in Arabic notation. A slash
(/) preceding a Roman numeral is substi-
tuted for a bar above the numeral. The slash
signifies multiplication by 1000. The pro-
gram was written in North Star BASIC and
uscs the variables shown in table 1. Table 2
is a brief description of the program.

The examples in listing 2 are, of course,
addition, subtraction, multiplication and
division. The program prompting is remi-
niscent of many old mathematics texts
which are arranged as conversations between
teacher and pupil. One interesting aspect of
the program is that if a nonstandard Roman
expression is entered in addition mode and
nothing is added to it, the result will be a
Roman expression in standard form.

'M' THEN 4.0
TARCLOY, FAC TN .

ek

TADK 1Y "FACTOR 7,
S0

B, =,

N a0t

CHUOIMICOR

DAL=

PRINT M3
GOATO §2in
FRINT TQE( 1739."ET TH BRUTE. . . THEN <YZITEM CRALHEL"
" k)

TER _ROMAN NUMERAL @, N$
THEN RETLURN

DOFOR FPlsa) T 4ONNIFL)=ONNEXT Fi

MICRO-PROCESSOR PROGRAMS VIA PHONE LINES

DIAL-A-PROGRAM

— Why spend time waiting for expensive
software by mail when you can obtain low cost
software in minutes on our Toll Free Phone Lines.

— This unique Software Service makes available
to its subscribers a wide selection of Micro-
Processor Programs via conventional phone lines.

— This system is TRS-80 and Kansas City
Standard compatible.

— Call Toll Free for More Information between
9:00 a.m. and 11:00 p.m. EDT. Fla. residents call
(904) 269-4406.

A Division of Micro Systems Services, Inc., P. O, Box 1444, Orange Park, FL 32073 All Rights Reserved
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ey . . N1=i) GATD 7
Listing 1, continued. F=L EN(N$) IF A/900000 < 1 THEN %&0
FOR P1=F T STEF -1 NE(P,P+3i="/C/M"
IF N&(Fi)="/" THEN NEXT F| A= QU
BOSLR 750 p=f
O NEXT F1 JF A/SQoms 1 THEN pom
NI=N(P) N# ¢ Pna—'/n“
0 FOR PI=P-1 TO_ 1 ETCF -1 A=A
0 1F N(P1+1)=0 THEN P2=F1+2 GL3E P2=Pi+1 F=P o
IE N(EJ)E=N(PZ) THEN NI=N14N{F1) ELSE NI=N1-N(F1) v IF THEN 1140
NEXT F| 0 NS "
FRINT T A=
9 RETLIRN e
IF Ns(F IF THEN 10540
IF N$(F 0 N$
IF Ns(F A=
D IF N$ (P o
IF N%(P G
IF N$(P IF L THEM 1130
O IF N$(F D NS (F. i
0 IF P1=1 NS UEE:
0 IF _N$(P F=F+
1 RETLIRN Ir A ‘.nunll j 1 THEM s34 70
o NE=" « NS (F Bel)=riLs
D P=1 A=A S
3 1P A/Z1000000 01 THEN 220 Fx=fre
D NS (P, P+l )="/M" 1IF A/ Y 1 rnrr.l [y
¥ A:;ﬁ;»]l'u'u')ofn') M (F P+ Iy
Yy p=Pe A=F- A0
Table 1. Variables used in A Intermediate Arabic value for later conversion to Roman
Roman mathematics pro- F$ Character value indicating function desired
N Array holding the Arabic value of each Roman numeral in the expression
qgrans. N$ Array holding the Roman numeral expression
N1 Returned Arabic number after conversion
P, P1, P2 Pointer variables
S Intermediate Arabic value used in caleculations
Table 2: Brief description Statement Commentary
of program broken down ) . .
‘9 G 1 Switches from CRT to Printer mode in my system.
by line number. 10-50 Inputs desired function.
60-530 Based on which function is desired, the computer calls for the inputting of

a Roman expression and calls the appropriate subroutines. Then prints the
values and answer.

540 If na legal function is inputted, the pragram aborts,

560-880 Were used for diagnostics during program preparation. May be omitted.

590-740 Input Roman expressien and evaluates it back to front using the sub-
routine at 750.

750-840 Checks for value of Rornan numeral then check 1o see if it is preceded by a
stash. If so, muliplies by 1000.

850 Set the output array equal to 40 blanks.

860-1910 Is a eommon ascembly line approach to assembling the standard Roman
expression of the Arabic value calcilated,

1920 Prints OFD |t is finsihed."”

MORE 6800 SOLUTIONS:

FOR SWTPC 6800 FOR MOTOROLA “D2” M6800 SOFTWARE

AS-1ANALOG INTERFACE MODULE DA-1 UPGRADEKIT A/BASIC COMPILER

o FANT ACCURATE AV D, DIA o CONVEIRTS D2 TO TERMINAL 170 o BRhOINTENDUDY BASIC COMPILIR
CONVIRSIONS RETAINS TULE CASSETTE 1 O o CONVIRIS BASIC PROGRAMS TO
o LTGHT ANALOG INPUT CHANNLES CAPABITITY FAST, MENMORY FEFICHNI
o ONETHGH-SPHED ANALTOG OUTPUT INCIUDES RT 68NN RONY - NACTINT LANGUAGE
o OCCUPIES ONT 7O STOT MONHTOR "ON e DENSIGNIDYTOR R 688 SUPPORITS
o B90.00KIT $125.00 ASSM. ALTOWS ULSE OF BASIC, EDHTORS, MUTTHPROGR AMNING
ASSEMBLERS, HIC. o ENTRENIEY MERSATHE T O

SC-1 SERIAL INTERFACE CARD RG-232 SERIAL INTEREACH o KO CASSETTE + MANU AL - $30I0

s RS-232 SIRIAL INTERFACI * DAT w70 p. MANUAL $70.00 RT/68MX OPERATING SYSTEM

o JUHL CONTROL SIGNALS MOTOROLA MMS68104 16K RAM . INANDI D OSSO MOSNTTOR RO
IMPLIAMENTLD g 16K BYTES DYNAMIC RAM o REAL TINIE OPER ATING SYSTEAG

¢ MOST VERSATILE SERIAL 17O ENGINCERED SPECTHICALLY FOR 027 | [o DIRECE ATURBU ¢ REPTACENTN
AVAILABLE INORCISOR — TYPE BLSS e PIAOR MHULTEACIN T O

* 34000 KIT $50.00 ASSM. $395 00 ASSIEMBILD S R 68MA RONT w MANE AL $55 00

Master Charge & VISA Welcome Wit o call tor Free Catalog

MICROWARLE SYSTEMS CORPORATION

P.O. BOX 954 « DES MOINES, IOWA 50304 « (515) 265 6121
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Listing 1, continued: Listing 2: Examples of the four arithmetic
functions which are arranged in the form of
Roman mathematics texts.

1200 F=p
1 7 1 THEN 1260
1 N$ ( X"
i ﬁ;?., CLNETOM
1 T
17 IF A/ 1 200
i N (P EHTFR FONCTION (AL M, 1 1A
1 =A - TO0I EMTOR ®= [OR TIIM.
1 F=F+z o nnnrun TNTER RUMAR MUMERAL @ M/MIMMMIM Ty
1 IF A/Snno o 1 THEN 1 40 MIMIMMME ML Y T R
1 NS (F. Pr1)="/V" nnnrun fNTER o an NIM[RHL ST MM
1 A=B--SG0O0 MM e,
1 PPl i o nnnrmn rNTrn REMAN MORERG <o) ]
1 IF A/74G00 | THEN {Xod = e
L NS (P, Pe2)="M/y" nr-r-mru rmrr Fv it uumrw. =
i A=A- 4000 AINTITL - MMM M IR
1550 GF ars T 1 THEN 143 e
00 m N 1420 REAMY
1 NS (F) pﬂur
1300 A=A-1
1410 P=P+] VEM R T
1420 GOTN 3380
1430 IF A/900 1 1 THEN 1470
1340 NS (F,F+1)="M"
1450 A=A -200 FHMIFER FLED FEsy 2@, S Mo 1
1460 F=F4+> MINUTMDG CATT rnmAN NUMERAE L X
1470 IF A7S00 < 1 THEN 1510 MY T
1420 N$(P)="0" HhTFmHFNh rw1rr nnmAN MUMTRAL 2 M X
1490 A=R-501) [4ub
1500 P=P+l v IMIX(VI]I
1510 IF A7400 < 1 THEN 1SS0 v
1520 N$(F,Psidr="D" REANY
1530 A=A-400 RN
1580 P=p+>
1550 IF A/Z1ut [ 1 THEN 600 FEMTIIF e
1540 N$(F)="C"
1570 A=A-100
(580 P=P+]
15%0 GOTO §550 3 FMTER FUMCTION A5 M
1400 IF A/90° 7 1 THEN 1440 FASTOR ENTER I NGN NHHIRAl M XTI
1410 NS (P F+1)="XC" MOCrll -~
1A20 A=A-T0 -8 AR ENTER nnmau TNUMERAL sl VT
1630 F=F+2 VT =
1440 JF A/SO . 1 THEN 1480 I AN L IR R S R B
1650 N$(P)="L" CED
1640 A=A-50 READNY
14670 F=Pel FeliM
1680 IF A780 0 1 THEN 1720
1670 N$(P,P+1)="XL" FENTURTON
1700 A=A-40
1710 F=P+2
1720 IF A7160 2 1 THEN 1770
1730 N$(P)="x" ENTER FUMITION (A5, M0} D
{740 AmA~10 DIUIDEND ENTrﬁ ﬁuMuN NHMFRAL T LH/MT X XMLV
(750 P=Pel JTA XM/ XLV o1z
1760 GOTO 1720 . v Hh [NT!R HHNQN NHMfﬁﬁl DYIx
1770 IF A/% 0 1 THEN 1300 ERES iy
1780 N$(F, F+1)="1X" Ao - m/\,n 11
1720 RETURN FD
1200 IF A/S 1 1 THEN 1240 REANY
1210 N$(P)= V" RiiN
1820 A=A-S . .
13 P=P+1 CENTLR TN
1240 1F A/8 1 THEN 1870
ig IF A = 0 THEN RETURN ENTER FUNCTION (A:5:.M 00 :A
13" NE(FP)Y="1" FWTER f=  FiR S, ~
12 A=A} ADRFFD FNTFF\ ﬁHMON NHMFI‘\M TIMMMLXTX
130 FP=P+i MMM x [ %
19160 GOTO 1870 nr-[vrnn FNTER Rl rHaN NHMERN i=
1926 PRINT TAB(20), "0ED" Y - MMOMLXT X
READY DED B
AAA C.C.C. 6800 Systems Specialists
Dealer in the complete Editor — Text Processor with complete file handling
GlMlX® GHOSTW line capabilities, mailing lists and labels, right and left margin
justification, up to 10 tabs, block move and copy for
This month’s feature: contract writing, easy enough for your secretary to use.
16K software addressable STATIC RAM board for the $100

55-50 bus Ask about our programs for payroll $400, inventory
Uses TMS 4044s $400, stock club-market evaluation with tax reports

Fully socketed. $75. Power supply modification kit for SWTPC
Assembled and tested. computer $20

.
[ ]
® Separated into 4 independent 4K memory blocks

e CPU can read status of the software control registers.
Each block can be:

AAA Chicago Computer Center

Separately addressed Specialists in 6800 Systems

Separately enabled or disabled
Separately protected ® Smoke Signal ® SWTPC e Percom
Features above are under both software and hardware * GIMIX e Motorola D2
control. 3007% W. Waveland Avenue
Facillitates multi-programming and time sharing. $495 Chicago, IL 60618 (312)539-5833
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Figure 1: Model pinball
machine layout used in the
game of Pinball Wizard

{see listings 1 and 2).

Pinball Wizard:
A Game for the HP-67 and HP.97

This program duplicates the play of
standard pinball machines including features
like out hole bonus points, ‘‘Special” for
higher scoring, two thumper-bumpers, a
spinner gate, three drop targets for a free
ball, bonus advance roll overs, kick out
holes, two flippers, and a tilt option for
putting the ball into play in two out of three
chances. The program is meant to be left
running at all times, with all input from the

—event |

SPECIAL

w
&

ADVANCE
BONUS

|

SAS SA S
AT A@A
"" SPECIAL "'
3 3
DOUBLE
Qo000
2000 O
QO 3000

ADVANCE

BONUS

AN

{1000 on sPECIAL )

— >

D

SPECIAL

B
>

ADVANCE

BONUS

FLIPPER

EACH
50,000 - | GAME

QUT HOLE: ©

CUT HOLE WITH TILT QPTION: -2
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user occuring during the active keyboard
pause feature of the HP-67 or HP-97.

There are eight different scoring devices
on the play field (see figure 1) and each
device is given an identification number.
When a score is made on a device, the dis-
play pauses twice, showing the amount of
points just made to the left of the decimal
point, and the device identification number
to the right of the decimal point. The
score to the left of the point is added to the
player's total score, which will be displayed
at the end of each round of play. The
various devices are:

Device #1: Consists of two star roll overs
{buttons) on the play field which, when hit,
will add ten points to the player’s score and
switch on the “Special” scoring (which is
indicated by turning on all the trailing zeroes
after the device ID number). When this
occurs, all devices so listed will score ten
times higher than normal. Hitting device
#1 repeatedly will alternately switch the
Special scoring on and off.

Device #2: Consists of two top roll over
lanes which score either 100 {or 1000 points
if Special is lit), and advance the out hale
bonus by 1000 points.

Device #3: Consists of two thumper (jet)
bumpers. Each scores 100 points (or 1000
when Special is lit) whenever the ‘“ball”
strikes them. The ball can bounce be-
tween them up to ten times, so scores
from 100 to 1000 (1000 to 10,000} can
be made.

Device #4: This is a spinner gate that will
score 50 (or 500 points for Special) each
time it spins one turn. The gate can spin
from one to 25 times,

Device #5: Consists of two kick out holes
where the ball drops in, scores either 50
(or 500 points again depending on the state
of Special), and is kicked back out.

Device #6: Consists of two bonus advance
roll over stars and functions in the same
manner as device number 2.

Device #7: Consists of three drop targets.
Each time device 7 is hit, one target drops
away and the player receives ten points
added to his score. On the third hit, how-
ever, the player receives 100 points and is
credited with a free ball. The targets are
reset to try again. Special scoring increases
the point value by ten times.

Device #8: Consists merely of two slingshot
kickers giving a score of only ten points,
whether or not Special is lit.

A 0" on the display means that the ball












120

The

*% GENERAL X'¥

IS COMING

The Computer Mart of Massachusetts proudly announ-
ces the advent of 8 major new microcomputor system:
the General from Technical Design Laboraiories.

The General is a complete lloppy disk - based syslem with a butll in
CRT, keyboard, and plenty of RAM and ROM memory [t comes fully
assembled, tested and burned n, with all components in a single
cabinel

The General is a general purpose programming Ssyslem with
top-ranking hardware and software...al an aflordable price. In tact, il
has the best price/performance ratio of any disk-based system on the
markel.

To assure a steady supply for our customers, the Computer Mart has
purchased a significant portion of TDL's planned praduction. However,
we expect these units to sell very lasl, so place your order early lor
early delivery. We are making the General available for mail order, and
have a special Buyer Protection Plan to help guarantee satisfaction lor
our mail arder customers

PRELIMINARY FEATURES ( PARTIAL LISTING):

COST: s 3500 {approx.}

SPECIAL INTRODUCTORY OFFER: 5% off 1or pre-pad

orders placed before August 15, 1978
DELIVERY: Fust units August 1, 1978

HARDWARE:

* 4MHz Z-80A CPU

* 32K RAM memory

* BOx25 upper/lower case videc with high resclulion graphics

* 12" burlt 1n high resolution video monilor

¢ one tloppy disk - capacity 350,000 bytes (2nd disk optional)

* one serial port, two paralle! ports

* high guality keyboard with cursor cantrots, numenc pad and lunction
keys

SOFTWARE:

e TDL's new disk BASIC with extensive data hile handling
* TDL's new WORD PROCESSOR with full screen editing
» Oplional : assembiler, editor, debugger etc

PERIPHERAL SUPPORT:

* low cost dot matrix printer
* XY Plotter
e Diablo Hytype Il printer

FOR MORE DETAILS: on the General, the special introductory olfer,
and our Buyer Protection Plan, contacl:

Computer Mart of Massachusetts
1097 Lexington St., Waltham Mass., 02154
(617) 899-4540

“We carry the largest selection of microcomputer systems ol any
computer retailer in New England.™
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Continued from page 6

tables and reverse Polish operand notation
for use on his personal computers. What sur-
prised me to no end, though, was when |
heard from him words to the effect that,
“With this language we've developed no one
would really ever need more than 16 K byies
of memory.”

It sounded vaguely familiar, as if the engi-
neer’s statement had merely been updated
by a hexadecimal order of magnitude. (Of
course the particular system involved did use
a floppy disk secondary storage medium, so
the memory limit of 16 K obviously applied
only to resident capacity.)

Reflecting on both of these incidents, it
is abvious that memory as a resource has be-
come quite inexpensive yet people do not
fully realize quite how inexpensive it has
really become. Both points of view are in a
sense equally valid, but based upon an eco-
nomic impression formed when memory
was dear and had to be economized much
more than is currently the case.

Ten years ago people were still seriously
talking about the expense of semiconductor
memory relative to the existing core mem-
ory technology. Would semiconduclor mem-
ory really catch on? Could it be made for
the same price of core? Core memory, as a
technology, has in many respects gone the
way of the buggy whips in the automobile
era. Except for the limited contexts in which
its nonvolatility is useful, | would be sur-
prised to find any engineer seriously con-
sidering it for a new design in view of the
cost savings to be attained by using semicon-
ductor memory parts. Semiconductor mem-
ory is basically a mass production item by
comparison with core. The number of
delicate manual operations required is inde-
pendent of the number of bits for the most
part, depending only on the number of pins
in the package; for core memory, virtually
every bit required a manual operation of
some form during assembly by stringing
cores on wires in a complicated braided
pattern. The mass production of memory
using silicon technology has changed the
whole attitude which is appropriate toward
memory as a system resource.

In short the era of memory riches is now
upon us. All it takes how to add 16 K bytes
of dynamic memory to a system is eight
integrated circuits at a price of about $50
per circuit in small quantities, and in another
year the prices will be even lower as the
parts progress further on the “learning
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SOFTWARE EXCHANGE

SOLICITING:

User prepared software in RS Basic Level I or II
READY to LOAD.

Topics-Any that you feel would be of interest to
others.

COMPENSATION:

in descending order o! preference, und generusity
and ascending order of gquality standurds applied
services, or comissions, or cash.

APPLICATIONS:

Accepted programs are catalogued and grouped in
logical categories into volumes (60 minute tapes) for
loan.

MECHANIC OF SERVICE:

- Volumes will be LENT for 3 week periods (including
time in the mails).

Deposit $20 for each volume borrowed. Deposit re-
funded, less any late charges when cassette is re.
turned.

Usage Fee of $3 (not refunded) for each volume
borrowed.

Sample catalog of software upon request.

Catalog subscription $3 per year.

write: TRS-80 SOFTWARE EXCHANGE
17 Briar Cliff Drive
Milford, N. H. 03055

TR

The KIM to S-100 bus
Interface/Motherboard

® Combines the power of the 6502 with the flexibility of
the §-100 bus

® Attaches to any unmodified KIM

» Complete interface logic and fully buffered motherboard
in one unit

® On-board regulation of power for KIM

' e FEight slots of 5-100 compatibility for additional RAM,

—

Video and 1/0 boards. PROM Programmers, Speech
processors . . .

® Includes all parts, sockets for ICs, one 100 pin connector,
and full Assembly/Operating documentation

¢ Kit $125, Assembled $165
+ All units shipped from stock

FORETHOUGHT PRODUCTS

P.O. Box 386-F
“ Caburg, OR 97401 E
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Circle 140 on inquiry card.

The Importance

of Choice of Languages

1 R MacCallum, Senior Lecturer
Dept of Computer Sciance
University of Essex

Wivenhoe Park

Colchestar C04 3SQ ENGLAND

It is good to see that structured program-
ming is permeating the field of personal
computing.  However, David Higgins
{October 1977 BYTE, page 147) should
really know better than to reduce Dijkstra’s
contribution to the art of programming to
a statement that “(he) simply observed that
the more GOTOs that were in a program, the
less likely it was to run correctly."

| doubt whether the great man himse!f
ever uttered such words. What he did say, in
a celebrated letter to the editor of the
Communications of the ACM (March 1969)
was that “For a number of years | have
been familiar with the observation that the
guality of programmers is a decreasing
function of the density of GOTO statements
in the programs they produce.’”’ Please note,
Mr Higgins, that with 11 GOTOs in your
Bug Program, Dijkstra's remarks cast doubt,
not upon the quality of your program, but
upon you! There have been reams of corres-
pondence around the world on the vexed
question of GOTOs, most of which, |
believe, was settled by Donald Knuth in
his constructive article in the December
1974 edition of ACM Computing Surveys,
entitled, ''Structured Programming with
GOTO Statements.”

To leave the matter there would ignore
Dijkstra’s principal contribution to the art
of programming. In 1972 in a paper which
forms part of the book Structured Pro-
gramming (Academic Press), he discusses
at great length, and with deep insight, the
methods of top down step-wise program
construction. The principals which he
described, and the set of primitive control
functions which he advocated have had a
profound influence on modern high level
programming languages. What Warnier and
Orr have done is simply to offer a notation
for writing down the top down step-wise
construction of a program. This notation
is not unique. Michael )Jackson's approach
is similar, but his diagrams are rotated
through 90°.

Finally, | believe your readers should
be warned concerning the choice of lan-
guage. David Miggins suggests that it does
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LSI-11 TIME

It's TIME you brought your LSi-11 up to DATE. TIME and
DATE, two important parameters in the computer world, are
available to your LSI-11 on one DUAL SIZE BOARD. When
requested, the TCU-50D will present you with the date (month
and day), time (hour and minutes), and seconds. Turn your
computer off and forget about the time — your battery sup-
ported TCU-50D won't, not for 3 months anyway. The correct
date and time will be there when you power up.

The TCU-50D is shipped preset to your local time, but can be set
to any time you want by a simple software routine.

AT $295
YOU CAN'T AFFORD TO IGNORE TIME

Time is only one way we can help you upgrade your LSI-11 or
PDP-11 system. We’d also like to tell you about the others. So
contact Digital Pathways if you're into -11's, We are too.

@ DIGITAL PATHWAYS INC.

4151 Middlefield Road - Palo Alte,
California 84306 = Telephone (415) 493-5544
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P.L.I. GOMPUTER

®MODS 6502 Microprocessor Contralled

®|ntegrated CRT, ASCH! Keyboard/Cassette

® £yl 8K Extended BASIC in ROM

@ 3K (Standard) to 32K RAM Expansion

®peripherals {Printer/Floppy) Available-Summer

® Can be interfaced with 5-100 BUS Devices

® Utilizes IEEE-488 BUS for intelligent contra)
of Periphera! Devices

@54 Built-in Graphics Char for Games/Charts

p e ¢ @£yl File Control under Operating System
ersonal Lompuler  eygp MANY OTHER FEATURES TO LIST!

8798

8K RAM

{x commadore

FOR ADDITIONAL INFO CALL
AND REQUEST OUR PET INFOR-
MATION PACKAGE!

NEECO HAS A LARGE, EVER EXPANDING LIBRARY OF PRO-
GRAMS FOR THE PET. CALL AND REQUEST OUR PET
LIBRARY LISTINGSeSOFTWARE AUTHORS®NEECO OFFERS
25% ROYALTIES FOR ACCEPTABLE PET PROGRAMS!1e

®6502 Microprocessor Controlled

® 13 Addressing Modes, Muitiple Interrupts

®65K Bytes Address Range

®2.MCS 6530 with 1024 Bytes ROM each. 64
Bytes ARAM, 15 1/0 Pins, umer. Monitor and
Operating Programs are in ROM.

®TTY and Cassette Interface ® 23 Key Pad and
6 Character LED display ® 15 Bi-Directiona!
TTL lLines. MUCH MORE! “Attach a power
supply and enter the world of Microcamputers
and the future”’ Cx commodora

TH E KIM__‘I “Computer on a Board”” — Instant Delivery

MOST MAJOR BRANDS OF CALCULATORS TOO!

w mn E.Emm m “Authornized PET Sales & Sarvice”’

248 Bridge Street  Area Code (413)  sonZiinio, RO
Springfield, Mass. 739-9626

PET Customers. Call
for our PET Package.
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built on the smallest number of primitive
concepts that can assure a powerful and
expressive language, and those concepts
should not overlap or cause ‘‘side effects”
when combined (2). Syntactical and logic
errors should be easy to find and should
not propagate through the program (3).
The compilation should not result in a
kludge, nor should the compilation take too
long (4). As much as possibie, the data
“types’ should allow checking during
compilation (5), and they should not be
treated differently in similar constructs {6},
ie: one ought not to have “Number 1 :=
Number 2" for integral values, but rather,
“Move String 1 to String 2'' for strings in
the same language. Furthermore, the language
should allow procedures (routines) to be
compiled separately (7). The syntax should
allow optimization of loops (8} and should
aliow for language to operate with a minimal
character set (9), such as 64 character
ASCIIL.

To these | might add that the syntax
should suggest logical possibilities so that the
programmer is not apt to forget to include
things. To this end, the “/f...then...
[efse] ... fi" formatis better than thelimited
“IF  condition THEN statement’” form,
because in using the former, the programmer
is reminded to think about the "‘else’" possi-
bility, which he might otherwise overlook,
In other words, the language should support
the programmer’s thinking. [Here the token
“fi" is used as an “end-if’' marker . .. CH.J

It might seem, by now, that we should
pitch all of our current languages, and
possibly give up in despair. But | don't believe
we will. Most of us are saddled with "“out-
dated’’ languages with no real hope of ever
getting away from them. However, it may be
possible to have the best of both worlds.

The great boon in using a ""good’’ compu-
ter language is that it permits us to think
easily. Since we are using, say, BASIC to
program our computers, we tend to fall out
of the habit of thinking in English and into
the habit of thinking in BASIC. But BASIC
is not necessarily a good language to think in.
It lacks good control structures and good
data structures. One cannot easily express
complex ideas with it. And vet, | must pro-
gram in it and many other users prabably
do, too.

Actually, | don’t program /n it; | program
“into" it from another language, one which
is convenient to think in. And | believe
that if we would think and communicate
in a language or group of languages which
are easy to think in, and program in what-
ever language was available, we could avoid
being limited by our computer languages.
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FORTRAN IV

THE MOST EXTENSIVE FORTRAN
SYSTEM AVAILABLE, RUNNING ON THE Z-80

* ANSI Standard Fortran IV Compiler
— Byte, Word, Real, Double, Complex, and
String data types and operations.
— Produces efficiant and compact code,
— Compiles up to 600 stataments per minute,
-~ Expressions in Do loops, output lists, etc.

* Linking Loader
— Merges, links, and locates Fortran and As-
sembler modules.
— Searches libraries for needed modules.

* Runtime Libraries
— ANSI standard formatter.
— All standard mathematical functions.
— Sequential, Random and Blocked disk 1/0.
— Supports CP/M® and user-defined devicas.

AVAILABLE NOW!! $349
OEM Inquiries invited.

smell s7ystems sevices e
P.O. Box 2400 Stn. A Champaign, lllinois 61820

CP/M is a Trademark of Digital Research Group.
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COMPUTE YOUR
$AVINGS

SOLID STATE MUSIC MB-7 18K static RAM memaory

board, kit — list: $449

............... OURCASHPRICE: $37/5
TDOL 16K static RAM memory board, assembied

and tested — list $699

............... OUR CASH PRICE: $ 399
TDOL 32K dynamic RAM memory board, assembled

and tested — list: $869

............... OUR CASH PRICE: $ 699

TOP OF THE LINE COMPUTER

TDL XITAN ALPHA 4, factory assembled and tested
incl. ZBOA CPU, 16K static RAM, system
monitor board (SMB-I1], video display board
25x80 (VDB), Intertace I, and full Software Package
“A' on cassettes featuring 12K BASIC — list: $2149

.................. CASH PRICE: $ 1648

Quantities hmited. Shipping and insurance extra. Prices guoted
based upon cash purchases.

BUS ....... 5—‘UD,iﬂE.

ADDRESS . ... .. 7 WHITE PLACE
CLARK, NJ 07086
INTERFACE . .. ... 201-382-1318

Circle 312 an inguiry card.

Techaicsl

Forum

Big Disks
Must Be Managed
Properly

Charlaes A Rovira

2250 Grand Blvd #21
Montreal Quebec H4B 2W9
CANADA

As a data processing professional, | view
the announcement of the new 10 to 100
megabyte disk drive memory sub-systems
(Electronics, January 19 1978, volume 5,
number 2, page 33) with mixed feelings.

This development will at last put true
workable mass storage within the reach of
countless users who could not otherwise
avail themselves of this much needed capa-
city. The believably low $2000 price tag
generates an enormous market potential.
These new drives may cause an even larger
revolution in data processing than the
introduction of microprocessors; a revo-
lution for the industry, by the elimination
of high price tags and relief of software
headaches caused by too much data and too
little storage. Of course, the users benefit
as a whole slew of new applications and
data management tools present themselves
at an affordable price.

A computer system that is easy to sell
and easy to program is a software house's
or original equipment manufacturer’s dream.
There is however a danger that this dream
will turn a nightmare. My concern is based
on tWo Major points.

First are the limitations inherent in a
fixed disk system. When a disk fails (as all



do at some point, either through hardware
fatigue or software and operator errors)
there arises a problem of data recuperation.
In removable disk systems, external backups
can be made and remounted. Data loss
is limited to entries made since the backup’s
creation. Start-up time is the time it takes to
get the disk back on the drive and running.
A fixed disk system calls for backup onto an
external device, which can be a very slow
process, or by 100 percent redundancy
{(namely, buying two drives and using one
for backup purposes).

Due to the impracticality of copying
ten to 100 megabytes of data on diskette
or cassette, the only practical solution is
redundancy. The problem is that the low
cost of these drives will open whole new
markets of unsophisticated users who will
not see the need for buying two drives
until they call to cancel orders or sue
because they have lost valuable data. No-
body needs this kind of aggravation. In
order to protect both the users and the
industry, | think such drives should be
designed with at least a backup surface for
data recovery.

Second, a 100 megabyte drive is a 100
megabyte drive and the software must be
treated as such. Inadequate disk manage-
ment systems are inexcusable, since the
necessary software tools already exist. These
devices will have to be provided with the
proper routines (ie: dynamic disk allocation,
catalogs and catalog path file allocation,
binary files, spool and random access files,
hash/sequential and multikey indexed/
sequential files (with keys in separate files)
record oriented 10 and cylindrical allo-
cations in multisurface systems).

The most sensible solution is to take the
standard routines and some diagnostic
routines, put them in read only memory
with a dedicated microprocessor (thereby
making the device intelligent) and to offer
the controllers with serial, parallel and DMA
interfaces for the major bus configurations
{that includes the Altair (S-100) bus). Even
if these steps triple the price of the drive,
they will still result in a vast improvement
over present prices. These steps also will
ensure the smooth and painless creation
of new and lucrative markets as well as
rapid acceptance by existing markets.

| hope the manufacturers will act on my
recommendations as | write this not as
criticism, but merely with a critical eye. The
only problems which don't occur are the
ones that are foreseen and prevented.®

Circle 405 on inquiry card.
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I 2708
B> .FD 458
- ™S 2716

PRAMMER III
by Xybek

The Ultimate EPROM Memory Board
For Your S100-Bus Computer

* Accommodates from 1k to 30k of the above EPROMS, in
any combination, each addressable on any 1k (2k for
2716) boundary within the board’s 32k address space

1k of scratch-pad RAM
On-board programming for all three EPROM types.

Tri-state bufters on all address and data hnes.
Empty EPROM sockets do not require address space.
Assembled, tested, ready to run — only $369.50

* % % ¥ *

Xybek « p.0.B0x4925 « stantord, cA94305
Telephone: {(408) 296-8188

BKRG )
8K STATIC RAM

ASSEMBLED
S-100

DIGITAL/ 1L

RELIABILITY
QUALITY
DEPENDABILITY

A D D R E S S’ N G TWI INGEPENDE WY A% BLOCHS SELECTED
BY PLUGCABLE JUMPERS AT BOARD £DGE
PROT EC 'I‘ ON BOAHD SWITCH WHRITE PROTECTS/UNPROTECTS AL BK
O EACH 1K BLOCK CAN BE PROTECTED VIA FRONT PANEL
BUFFERIN G ALL $-100 BIS ONFS APE PULLY BUFFFRED
ONL LS-TTL LOAD PLR LNE
LOW POWER PILDZ AAMS  THE BRAS TYPICALLY REGUIRES | 5 MBS
ATBVOLTS - 1 GH-BOARD b VOLT REGULATORS
WA” STA]’ES 0,1, QR 2 WAIT STATES MAY UE SELFCTED
WA A PLUGGABLE SUMPER
QUA“TY THE BOAHDIS GLASS LPOXY VATH SIK SCREEN LEGEND
JULL SCALER MASKS. ON BUTI SIDES. FLOW SOLDERNG, GOLD CONTACTS
G U A R A N ‘l’ EE I HOT SATIFIED RETURN THE LNCAMAGED 8RS WITHIN
O DAYS EOFAIYA L IEFUND - ALSD 70 DAY LAGTED WARRANTY
D E l | V E RY STOLA TO XK DAYS « CALL BETWEEN 8 W0 AND AQ0 TQ RESE HVE
VOLE) BMRS G TOR MORE INFORMATIOH
P H A N ‘I’O M MEMOHY DISABLE 15 IMPLEIAENTED VA PraANTOM (PIN 67
'[ES'“N G COMPLETE TERIING 1O1 OHL ¥ OF ALL MEMORY CELLS BUT ASO
OF ALL SUFX0RT CRCUITAY AND OFTIONS
SP C A INTRODUCTORY 450 ns 250 ns
PRICE
ECIAL  2coresro $149%5  $189%
CALIFORNIA RESIDENTS ADD 6% TAX
{714) 992 - 5540 o f o
2555 F CHAPMAN AVE
M DIGITAL/ 1L
\_ FULLERTON, CA 92631 )
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MIKBUG can communicate with the out-
side world.

The jitter is caused by software loops in
MIKBUG which wait for timeout of the
monostable MC14536 but cannot quite
catch the exact trailing edge of the mono-
stable output. The following loop:

E1EF DEL TST 2,X (7 cycles)
E1F1 BPL DEL (4 cycles)

senses bit 7 of the PIA in a loop and exits
when bit 7 is a logic *‘1.” In practice, the
program exits anywhere between 7 and 18
machine cycles after the leading edge of the
signal into pin 7, since bit 7 is only sampled
every 11 machine cycles.

The input routine (E1AC) looks for a
start bit by continually sensing bit 7 of side
A of the PIA in a short loop, jumping out
into the main routine when a logic zero is
detected indicating a start bit. The main
routine starts the programmable monostable
which is sensed on bit 7 of side B of the PIA.
The monostable effectively times out
1.5 T, where T is 1/data rate, 3.33 ms for
a data rate of 300 bps. After this, the first
bit of data is sensed and rotated into the
accumulator via the carry bit. This proce-
dure is repeated eight times for all eight
bits separated by a delay routine (DEL
above) which waits for the monostable to
timeout.

The output routine works in a similar
manner but then outputs data from the
accumulator by rotating it into bit 0 of
side A of the PIA,

The effective input and output data
rates are therefore determined by the
time interval between samples or program
loops, and mostly dependent on the mono-
stable pulse width. The actual time between
input samples in MIKBUG is:

0
Trmono * 28.Teycle * [”] Teycle

where To,ono is the monostable delay,
Tcycle is the 6800 machine cycle time

and ]? is my notation for any number

between 0 and 11.
The time between output samples is:

0
Tmono + 62.Tcycle * LJ Teyele

except for the width of the start bit which is:

0
Trmono * 36.Teycle * [11] Teyele

_

%
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IMSAI/ALTAIR SCOM!RQLEO Bo ARDS

8K BLANK RAM BOARD iz ypememor,  $25.00

—wilh MEMORY PROTECT/UNPROTECT and SELECTABLE WAIT STATES

Z-80 CPU BOARD $35.00

—with PROVISIONS for ONBOARD 2708 ang POWER DN JUMFP

PROTOBCARD $25.00
NEW) 2708/16 EPROM BOARD $25.00

—gecapls up Yo 16K of 2708y or 32K of 2716's
Atl BOARDS FEATURE
FULL BUFFERING on ALL DATA and ADDRESS LINES'
SOLDER MASKS and SILK SCREEN'
DIP SWITCH ADDRESSING'
GOLD EDGE CONNECTORS
PLATED THROUGH HOLES

Vexcopt ler PROTOBOARD

WATCH FOR QUR 16/64K DYNAMIC RAM BOARD AND
ADDITIONAL BOARDS TO BE ANNOQUNCED FORTHWITH.

o)

IMSAI 8080 Kit $ 56000 |

—wlith 22 Slot M.B. PLUS $1000 SHIPPING |

A -80cpu CHIP................$22.00 -
\ﬁb Z-80Aceu CHIP..............525.00

2708 CHIP 450 ns.......$12.00

PLEASE ADD $2 D0 SHIPPING PER DROIR

i Cj"mﬂ PO BOX 91
ITHACA. N.Y. 14850
PLEASE CALL (607) 273-3271

TO ORDER OR OBTAIN TECHNICAL ASSISTANCE.

OEM and quantily discounts avaladis

WHAISIT.

A “DATA BASE MANAGER” FOR YOUR MICROCOMPUTER

Much at the uniapped potential ef computers hies in theer abilily 10 store “'data bases” of constantly
changing nlormation, and 1o permil convenmient, timely access 1o 1t through 4 one {0 one “converss
tion'' woth the pecson who needs 1. Used as a 'Data Base Manager,” WHATSIT can support a dise
resrdent dala base and process queries (a1 well as updates! in a real Lime conversalional mode

APPLICATIONS
Eanly umplenented on ¢ vmall deik10p computar with
2 little w1 24K ol tonsl memaey, the WHATSIT iystam
€4 1 bl In BPRNCIBM ke these

2 A saleuaprion ey ieed 10 1o cuttome: and
Wiespec) Ints, buyers’ names and phona num
bary, €ys tant orger Lt
A oMisionl para may need 16 NOu chien
raceith, appeintmens whaduler, o¢ iethoxael
HANE esded Tod Pragquent eeferance
A COnIaEIor mughtl wan gusk Xeen 16 material
Brecan aisd yciticatiam
A manuliciwer't dair base might inciude cut
1oman mul Iupsitian, snd recent pnos quolationy
thued sad raesived
Au IRHRLos Mgt wanl 1o keep 1aDs 0 8 pust
Jaho ol swecunties, with purchase dates and 12w
By aklormanen

OPERAATING SIMPLICITY

I asiponie o mopn Engiih Requaste.” WHATSIT
20 UErE axi. andd relWre APOIMATON Shat 004 OF
erial aumcn ol yous business, hobby, o othver
mplicatan You we fiss ta mearmix uarslsted daie o
wungle diic, gr to “dedvcate” anandivdusl disc to esch
of a sty ol applicationy

Since Nhe incaeeiy and dine ipace allacation arn pay
Foamed salisnanicatly 1hE 1y iem San be uwsl without
Isarming complen iocadurss And Lnce both quenes
and Iatet dre iNCCatRd within & Sugle DiOQIT,
thaur'y ny owed lur (he uonrrnengy s delay of »
“menu wleclor. o v manuslly 1wiiching fiom ane
O M 1D drig T

e conteakt 16 many progemmi. WHATSIT doss Aot
1PQuirs yuu 1o Conmmit yoursed! on sivands 1o parie
culmi dura siruciuees. o4 C'racoed format”t The file
MOaCtun 13 novie doion, but develiot sutomancally 1o
B W pous FRguTEmBENIL

DYNAMIC FILE RESTAUCTURING

This “dynsnic awiliwctunng ol ihe dats base shas
place Wigugh aoemal wie ol the system, wihous
r#IDE S IRF AEIOA GF TADTOQERMMING

This i haw 1L woihi Whalsrer nfoimaten you wish
b NG 14 Suimally €13a1e ke meed under "Subject
wd Fay hesdings you durgnate Uung WHATSIT's
ochpn Englah Beyuals, vou may 2kt of changt
Neadings. M weoll o4 dBla, 3 wny bk Because the
L¥Tiem Mainiaing hesdings M disc 1E0rage, iy May ba
changed reaity by the (N igram il

CONVERSATIDNAL QUERY CAPABILITY

Dand retcmvsl n wyuslly way  You can quary the
system drectly aboul sy dard st on bv, o you

Circle 176 on inquiry card.

ey quie staul any heading Att that's reguerad 18 2
g Englith “Request’ such o WHEN'S DR
JEXYLL'S APPOINTMENT?  Systern rasionie Lime b
wiually 3 matier of wcondh

Up to Iwo headings may be wcihied in 4 single Ae
Quesl. 2 capabdity That mekes bassibln ceriatile ciom
ndening within ihe dats bae

INSTALLATION
For eay imtatlanes the WHATSIT progams wre
supplied m Ihe widdly avateble Nasth St BASIC and
can be mstailed without maddicanon oo any $ 100 bus
1B0BO o 2 BO) comuuter ruussiend with 3 North Star
dac wystem and a1 beast 4K Dytet of andum accais
memory (RAM) For other ditc tystems ar non
compatible tomputers the programs wauld resuitu
o it atige
SPECIFICATIONS
MODEL N§-3, Version 1

Hargwate compatitnlty Any § 100 Bun (BOGBD o
Z-B0} computer with one Nonh Siar g tyyem and
24K o) RAM lrandom acens mermaiyi

Language Morth Star BASIC. Varnion § Release 3

Request ypes Store, Scoateh Ohange. Add Sprdl 16
Ty icluding tndexed Setector, and Analegy}, plun
sprcul Requesis

Response tima Normaily 3 to 10 seconds

File cappcity 1500 10 JO0K0 entoes aer i or
PROQUYY QN Sryt g antiy Wngih

indexing Every sotry sutimalcat y oseed by
Subwct Teg Obect

Requast tengih Up 10 100 ¢ weny

Entry ength Ut to 30 chacacten

WHATSIT o5 memiable loe $7500 43 a Aeaay 16 Aun
Sysiem inciuding thige preframa on Nonyar g
ARG 5 100 GAQE USET 3 mkhe( w18 i AQGEEG N fug, AT
language Tte macuai may be ugitaily aBeecd Ha
$26 00 Besaars de1aded s1artup a40d LEEIFNAY O L
HONS 1he ManLAl INGRIGN CLMEINE Lo Ama liubinygs
n BASIC
INFORMATION UMUMITED
690 W 70 50 Freair Ra
Pebien tng 6441
1219) 988 44300

gomeuter

CREATION
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Figure 1.
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Wait No Longer!

The new educational programs are here.

Discover how to get more out of your
computer.

Magnemedia has produced the innove-
tive line of software products you've been
waiting for. Designed for use both at home
or in the classroom, these programs make
learning an exciting experience.

This software comes in handsome two-
cassette albums. Each cassette provides
voice instruction on one side and a machine
readable code on the other. Separate
instruction booklets are provided in non-
technical language.

PROGRAMS NOW AVAILABLE

All software is for Apple I1. {Programs
for other popular micro computers will be
available soon).

®Supermath™ (16K)—The computer
teaches you to add, subtract, multiply and

divide on your own level—in color!

® True/False Quiz (BK)—Tells you how to
enter your own quiz.

® Variable Message—You choose mes-
sage and colors, the computer does the rest.

® Matching Quiz {(8Kj—Three changeable
categories in each program. Match item on
left correctly with one on right and they
both disappear.

®Don't Fall'™ (8K}—The computer
chooses a word—you try to guess the
letters without falling off cliff. Then you
give the computer a word.

® Memory Aide (8K]—Help memorizing
facts, verses, lists. Computer prompts you,
asks you to provide missing wordas, etc.

®Study Aide (8K)—The computer gives
questions in random order. If you miss, it
saves the question for a later try.

®Keyboard Organ (4K)—Turn your
computer into a musical instrument. Play
the keys like a piano!

®Grading Routine (16K)—Takes the
drudgery out of finding class curves. Dif-
ferent categories, grading scales, etc.

® Drawing (4K)—Computer chooses word
at random from list you supply.

Here's the best news of all—each package
of two programs sells for only $12.00!
Individual programs are available for
$7.50. Include $2.00 per order for shipping
and handling. (California residents add
6%).

Magnemedia software is in stock at
computer stores everywhere. (Dealers
listed below). If not available yet at your
store, order directly from us. Specify which
programs and enclose your check.

Arnizona
Personal Computer Piace, Mesa (602) 833-8949
Arkansas
Datacope. Little Rock {501) 666-8588
Calitorma

Byte Shop. Marina Del Rey (213) 530-3860
Ayle Shop, Tusun (714) 731.1686
Byle Shop Computer Store, Walnut Creek (415) 833-6253
Byte Shop No 8, Hayward (415) 537-2983
Computer Cormponents, Westminster (714) 898-8330
Computerland, El Carnto (415) 233.5010
Computertand, Mission Viejo (714) 770-0131
Computerand of West L A, Inglewood (213) 776-8080
Computers Ar¢ Fun. Los Angeles (213) 475.0566
Recreational Computer Ctrs, Sunnyvale (408) 735-7480
The Computer Store, Santa Monica (213) 451-0713

Colorado
The Byte Shop, Inc ., Englewood {303) 761-6232

Connecticut
Computeriand, Fairtield (203) 374.2227
Flonda

Byte Shop. Miami (305) 264-2983

Georgia
Byle Shop, Atlanta (404) 255-8984
Datamart Inc., Atlania (404) 266.0336
Compulteriand of Atlanta, Smyrna (404) 953-0406

DISTRIBUTORS

thinais
Byte Shop, Champagne (217 352.2323
Computertand. Arlington Heighls (312) 255-6488
tmpenal Computar Syslems, Racktord (815) 226.8200
Kansas
Personal Computer Centar, Overtand Park (913) 649-5G42
Lowisiana
Computer Shoppe, Metawie (504} 454-6600
Maryland
Computertand. Hockyille {301) 948-7676
Massachusefls
The Caomputer Store, Burlington (617} 272-8770
Michigan
Computertand ol Grand Rapids,
9422931

Kenlwood (616)

New Hampsiure
Computedand, Nashua (603 869.5238
New Mexico
interactive Computers, Sania Fe {505) 892-9997

Write to:
Magnemedia

17845 Sky Park Circle, Suite H
Irvine, CA 92714 (714) 549-9122

New Jersey
Computer Corner, Pompton Lanes (201) 835-7080
The Computer Emporium, Cherry Hill (609) 667-7555

New York
Computer Shop of Syracuse, De Witt (315} 446-1284
Computer Tree Inc., Endwell, (607} 748-1222
North Carolina
Byte Shop, Rateigh (919) 833-0210
Chio

21st Century Shop. Cincinnati (513) 651-2111

Okiahoma
Microhthics Inc., Oklahoma City (405} 947-5646

Texas

Byte Shop. Richardson {214) 234.5955
CompuS$hop, Dallas (214) 234.3412
Computer Terminal, El Paso (915) 5321777
Computeriand, Austin (512) 452-571
Computers 'n Things, Austin (512) 453-5970
Interactive Computers, Houston (713} 486-0291
Interactive Computers, Houston (713) 772-5257
Micro Computer Shop, Corpus Christi (512) B55-4516

Washington
Ye Olde Computer Shappe, Richiand (309} 946-3330

Ontario, Canada

The Computer Mart, Toronto (416) 484-9708

Circle 206 on inquiry card.
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M6800 SOFTWARE TOOLS

NEW for Relocaung Assembler Usars’

ME800 RELOCATABLE DISASSEMBLER AND SEGMENTEL: SOURCE TEXT
GENERATOR This software tool enables you to modify and adapt those large sized
object programs (BASIC. Assemblers, €10} and re assemble them an your system with
oul reguiring enormous memory This program will preduce seqmented source texi
files with all the external tinkage nformanion requered for (e assembly uslnq the Helo
caling Assembler {Requires M6BAS program for use | M63AS. . $35.00

Me800 RELOCATING ASSEMBLER AND LINKING LOADER soltware for rapid pro
gram deveiopment and debugging Some of (15 features are RELOCATARLE CODE

FULL ALPHABETIZED CROSS REFERENCE LISTING BOTH GLOBAL AND
LOCAL LABELS LISTING OF EXECUTION TIME  RELATIVE BRAMUH TAR
GET ADDRESSES 8 CHARACTER LABELS CORESIDENT EDITOR EMGLISH
ERROR MESSAGES 80 COLUMN LISTING USING PR-AD  etc See March BY'TE
{or addinional details M68AS. ... .. 55000

The above two programs are furfushed on rassette in relocatable formatted code with
instruction manual and commented assembly Listing A short ma loader progran an
standard Mikbug format 15 supplied 1o mmbally load the haking loader at any dessred
address

The f{ollownng programs are supplied on standard Makbg fonmatted casselies See
December BYTE

Mb6800 DISASSEMBLER/TRACE. Our best selling program [t s a super powerful de
bugqing tool that allows the user Lo examine ar examine and execute with full CPU
status displays any area of memary under complete operator control

M680T. . §20.00
M6800 DISASSEMBLER SOURCE GENERATOR will produce compacted soutce cade
or an assembler styled program listing with symbolic labels and inst mnemonics

MEBSG. .. 32500
M6800 RELOCATE wall take any contiguous area of memory and relocate 1t anywhr-ru
within RAM MEBBRL. 31500

M6800 BINARY LOADER MBEBL. . $15.00
SPECIAL OFFER Programs MOBDT MMo8SG M6SRL. MOBHL. av a pal:kaqe
MBBPK 85500

Get under Ed Smith’s Software RUG (Relocating assembler Users Group) All RUG
members will have use of a building software support library 10 relecatable format Up
coming items are a Floating Point package and & Tnig package

Order direct by check Specify system configuration f other than SwTPCo Califorma
ressdents add 6°- sales tax

Ed Smith’s

SOFTWARE WORKS

P. O. Box 339
Redondo Beach, CA 90277

0P 0000000000 0C00COORNOODOORIRONEGOESIBEIEINDRERASSES
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TERMINALS FROM TRANSNET

PURCHASE
12-24 MONTH FULL OWNERSHIP PLAN

36 MONTH LEASE PLAN

PURCHASE PER MONTH

OESCRIPTION PAICE 12 MOS 24 MOS 36 MOS
DECwriter I .......... $1,495 $145 § 75 § 52
DECwriter il .......... 2,895 275 145 99
DECprinter | .......... 2,495 240 125 86
VT52 DECscope ...... 1,695 162 B85 59
VT55 DECgraphic CRT 2,695 260 135 94
ADM 3A CRT ..... .... 875 84 45 30

ADDS Regent 100..... 1,325 126 67 46
Tl 745 Portable ....... 1,875 175 94 65
Tl 765 Bubble Mem. ... 2,995 285 152 99
Ti 810 RO Printer ..... 1,895 181 97 66
Data Products 2230 ... 7,900 725 395 275
QUME, Ltr. Qual. KSR. 3,195 306 163 112
QUME, Ltr. Qual. RO .. 2,795 268 143 98
FlexiFile 21, Flpy. Disk 1,995 190 102 70

FULL OWNERSHIP AFTER 12 OR 24 MONTHS
0% PURCHASE OPTION AFTER 36 MONTHS

ACCESSORIES AND PERIPHERAL EQUIPMENT
ACOQUSTIC COUPLERS » MODEMS ¢ THERMAL PAPER

TRANSINET CORPORATION

2005 ROUTE 22, UNION, N.J. 07083

201-688-7800

)4

RIBBONS » INTERFACE MODULES ® FLOPPY DISK UNITS
PROMPT DELIVERY e EFFICIENT SERVICE

June 1978 © BYTE Publications Inc
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Tom Pittman
POB 23189
San Jose CA 95153

Beware
Compromising

the Stack Pointer

In the November 1977 BYTE there are
several articles on implementing real time
clocks, and at least two of them suggest
bringing the interrupts in on the NMI inter-
rupt of the 6800 or 6502. | think your 6800
users should be warned that 1o do so re-
guires (with no exceptions) a clean stack.
This means never using the stack pointer for
any other purpose.

| notice that SWTPC software is gaining
wide acceptance in 6800 circles (especially
among SwTPC users, naturally enough, but
also clsewhere). By my count their 8 K
BASIC (version 2.0) has no fewer than 13
places where the stack pointer is used
to move a block of data. While this tech-
nique certainly works, it makes the software
incompatible with interrupts such as those
used by the various clock articles in the
November BYTE. In two of these places the
stack pointer is used to shift the user BASIC
program over for line insertions and
deletions, which tends to take a long time
for large programs. This means thal as you
edit your BASIC program, little by littie
your real time clock will eat little holes in it,
leaving debris which may cause the inter-
preter to self-destruct when you try to RUN.
The SWTPC coresident editor and assembler
does not even disable interrupts when
fooling with the stack pointer, so any inter-
rupt (NMI or IRQ) will compromise the
data. | should remark here that the as-
sembler part of this package appears to be a
modified copy of the Motorola coresident
assembler, and it is only the SwTPC modifi-
cations which compromise the stack.

The 6502 is less subject Lo such hazards
because there is less temptation to use ils
8 bit stack pointer for other purposes, and
because its indirect addressing capabilities
obviate the need for such machinations.

Both the 6800 and the 6502 are subject
to a different hazard in the use ol the NMI
interrupt for a clock (or any other purpose,
for that matter). This is the inherent conflict
between the NMI and the other interrupts.
You sec, the NMI wins that conflict. In the
case of an IRQ at the same time, this is not a
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Notes on Teaching with Microcomputers

Dr William H Norton
RR 6, Box 7
{owa City 1A 52240

The microcomputer in a classroom is
worth a thousand words. The visual demon-
strations of computer function and design
enable students to grasp ideas that would
otherwise have to be abstract verbal con-
structs. The ability to help student under-
standing of computers reach a more pro-
found level faster using microcomputer
demonstrations opens up many possibilities
for the instructor. The newness of micro-
computers and probable future applications,
such as energy conservation, lend interest
to the subject for both student and teacher.
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The Teaching Tool

We recently purchased a KIM-1 from
MOS Technology for use in the computer
science program at Marycrest College in
Davenport {A. Our conventional computer
facilities consist of a remote line to the
IBM 360/65 at the University of lowa about
60 miles away. The KIM-1 compensates for
the remoteness of the (BM computer and
opens new possibilities for computer use
as well.

As a teaching tool the microcomputer has
several strong advantages over the larger
computer systems:

® |t is portable enough to be moved into
a classroom.

® |t is small enough to be nonthreat-
ening Lo students.

® Students can get actual hands-on ex-
perience programming it.

® Small schools can afford to purchase a
microcompuler system.

A whole microcomputer system with
basic language facilities can provide an ex-
cellent computer facility for many small
schoo! systems and colleges. In the future
a microcomputer system with a modest
amount of bubble memory may finally make
computer assisted instruction {CAl) a
reality. Thus educational uses for microcom-
puter technology look very promising.

Talking 1o a class about computers is
really different when you have one in your
hand. [t is almost like adding another
dimension to the teaching situation. The
KIM-T we are using has the added advantage
that programs can be stepped through one
instruction at a time. This allows registers,
addresses, op codes and data to be inspected
after each instruction. We have even dis-
played voltages on a DVM and oscilloscope.
These activities make computing a visible
reality for the student; that seems to be
an important part of learning.

My goal in setting up the computer curri-
culum has been to make it practical and
career oriented rather than a theoretical
science. The term ‘‘software engineering' is
closer to describing the intended approach
than is traditional computer science. The
microcomputer fits nicely into this scheme.
It enables me to base teaching software

‘techniques on known hardware mechanisms



rather than on abstract mathematical
theories. Hopefully this will increase the
range of students who can become good
programmers.

The Microcomputer as a Friend

Students seem to have gotten used to the
idea of the calculator as a friend. Big com-
puters with flashing lights and noisy 10
devices are totally beyond the understanding
of many students, especially those in the
introductory courses. The microcomputer
seems 1o fit in the same category as the
calculator: it somehow has to be under-
standable because it is so small. This is a
significant contribution toward overcoming
student fear of technological monsters.

Not only is it less threatening for the
beginning student, but it is a thrill to make it
actually work for the more advanced stu-
dent. We are using the microcomputer as
the basis for a course in large computer
organization. The basic architecture of
micros is similar enough to large scale com-
puters so that actual hands-on experience is
applicable to understanding most computer
systems. [n addition, by the time the stu-

dents currently enrolled in this course
graduate, microcomputing jobs may be
plentiful, enabling them to apply their

microcomputer experience directly 1o a
career siluation. Either way the students
come out ahead.

But Is It Affordable?

Current  prices put microcomputers
within the range of most school systems
and colleges as well as affluent students.
According to Datamation (January 1977)
the University of California and Pasadena
Polytechnic High School are among the
first users of microsystems. Computer
Power and Light Inc of Studio City CA
is a new business engaged in selling micro-
computer systems to schools. Schoolwork
on home computer systems as we have
seen in BYTE is now a reality.

Computer assisted instruction requires
little computing power and lots of memory.
The ideal solution might be a micro with a
video display and a bubble memory module
containing the course to be learned. Perhaps
a micro could integrate the verbal material
with a visual display on a television using
video tape.

Thus microcomputers are an ideal tool
for teaching students about computers and
hold much promise for deeper involvement
in education in the future. This means
many more marketing and occupational
opportunities in microprogramming.m

S-100 BUS Needs?

Computer Enterprises Fills
Them Quickly, Inexpensively
And 0Of Course, Courteously.

* Main Frames
* Memory Boards

=

Dynabyte 280ns 1 6K RAM
(assembled) .....................
Dynabyte Naked Terminal
(assembled) . ....................
Cromemco 260ns 168K RAM Kit . ...
Cromemco Bytesaver Kit ... ... .. ..
Cromemco Z-8 Computer Xit . ... ..
Cromemco Z2-2D Computer Kit ... ..
IMSBAIPCB-80/18Kit ... ...... .. ..
IMSATIPIOB-6Kit .. ... ... ... ... ..
IMBATMIOKIt ........... . ..... ..
IMSAAT 8080 Kit with 83-slot M.B. .
IMBAIVIO-CKit ... .. ... ... ... . ..
Trace 16K Btatic RAM (assembled
on38Kboard) ...................
Trace 33K Static RAM (assembled)
Trace 16K RAM Fxpansion ........
North Star Micro Disk System Kit .
North Star MDS Second drive Kit . .
North 8tar Horlzon 1 Computer Kit
North Star Horizon SBecond Drive ..
North Star Horizon 1l (assembled) .
TDL ZPU (assembled) ......... .. ..
TDL D-32 RAM (assembled) .......
TDL Software Package A (for
NorthStardisk) ................
Lear Sieglor ADM-ZAKIt .. ... ..
BSeals Electronics 8K 260NS8 RAM
{asgembled) ............ ... ......
George Risk Model 756 ASC IT
keyboardKit ... ...... ... ... ..
George Risk Model 7868 ASC IX
keyboard (assembled) .. ... .. .. .. .
Metal Cabinet for Model 786

Credit Cash
Card Discount
Price Price
8520. $800.
8328. $318.
8464, $448.
8136. $131.
8557, $838.
$1399. $1348.
$731. $703.
8$155. $149.
$166. $160.
8593. $870.
8297. $8886.
$529. $809.
$883. $849.
8441, $424.
8623. $899.
8395. $380.
$1497. $1439.
8395. $380.
81777, $1709.
$183. s$178.
8769. $739.
8228. $219.
writeor call for prices
8187. $180.
$60. $88.
871 $68.
828. $27.

* Disk Systems
* Interface Boards

Shipping charges 810 per CPU on larger units, 81 50 per kit $2.00 mun per

arder

Dalivery 18 stack W 30 days on moest iterns Shipment 1s unmediate for pay-
mant.by cashier's check, money order or chargda card Allow 3 weaks for
persenal chacks Lo alear N Y State residents add spprop sales tax Avail-

ability, prices and specs may change without notice

Write or Call

P.O.Box 71

™

Fayetteville, N.Y. 13066
Phone (31B) 637-6208 Today!

Operating Houra:
M-W10-8E.8.T.
Th-F10-0 BS.T.

Closed Bat., & Bun.

T T T Ty

Circle 70 on inquiry card.
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More Music
for the 6502

‘Tha following zero page locations must be loaded before execution:

(114 BEAT bass downbeat rate. Typical valve = 08,
D00F MASY determines largest table increment used. Typical value = OF.
0012 TEMPO determines duration of shortest note; controls termpo.

Typical value = 0D.

Gther labele used:

LI%) INCR Table increment (harmonic number}

0011 CHTRL Inner loop counter {(wraparound}

0013 BCHTR Downboat counter

ool CNTRI Cuter loop counter

0300 TABLE Starting address of waveform table

P300 DAL Mdress of cutput port connected to DAC

0zo00 A0 00 wy 0 y index is the note counter

0302 98 NOTE TYA spiit y into upper and lower halves.
0203 % PO AND 11110000

0205 (2.3 LSR A

o206 (.3 LSR A

0207 (Y LSR A

o208 L1 LSR A

o209 85 10 STA INCR

0208 98 TYN

d200C 29 OF AND 00001111

Q20E 25 10 AND INCR AND the two halves

P31 65 10 ADC  INCR and add to lower half.

0212 25 OF AND  HASK MASK out upper half.

0214 85 10 STA INCR Store result for use as table increment.
0216 A2 0D RESET LD%X 0 X is waveform table pointer

aia AS 12 LOA TEMPO Reset tempo counter.

021a 85 14 LDA  CNTRH

gaic BD 00 03 LOOP LDA TABLE Get Xth byte of table and send to DAC
olr 8D 00 F% STA DAC

0222 BA TXA Add the table increment INCR to X.
02i3 18 eLe

0224 65 10 ADC  INCR

0326 AR TAX

Q227 €6 11 DEC  CNTRIL Rapeat until 256 X TEMPO table bytes are output
0229 Do 08 BNE RPEAT {which constitutas one note)

0216 cE 14 DEC  CNTRH

0220 D0 ED BNE  LOOP

022F ro 04 BEQ MEXT

0231 EA RPEAT  NOP Waste as much time as it takes to Aecrement CNTRL.
b2l 18 cwe

0213 0 ET7 BCC  LOOP

8215 ca HEXT INY GO on to next note.

0226 <6 12 DEC  BEAT

0238 00 CB BNE NWOTE

023A A% CE LDA  BEAT

0331 8% 13 STA  BCNTR

0133 A9 D1 LDA 40}

0235 s 10 STA INCR

o237 18 cue

0218 90 bl BCC  RESET

Listing 1: A program written for the 6502 which generates first order tone
sequences. The program can reside in any 70 consecutive memory locations.
It requires a 256 byte waveform table on page 03 and an 8 bit digital to
analog converter address at FO00. The program uses the X and Y registers and
zero page locations OF thru 14. This program was hand assembled and is re-
produced here from the author’s typed listing.
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T C O’Haver

Deapt of Chemistry
Univarsity of Maryland
College Park MD 20742

Here is a simple “music” composition and
generation program which should provide
some fun for the experimentally inclined. In
September 1977 BYTE, page 12, Hal Tayler
wrote about rules describing the style
and structure of computer generated music.
He described zeroth order stochastic controf,
in which the note sequences and durations
are completely random. This sort of thing
is very easily implemented with a micro-
computer, and | suspect many of you have
already done so just for fun, but the novelty
wears off very quickly. More interesting
is first order control, in which the pitches
(or more precisely the transitions between
pitches, or intervals) and rhythms are
governed by some set of rules derived from
conventional music {or from mathematics,
poetry, etc, according to Hal Taylor).

The algorithm given here generates
a monotonic tone sequence under first
order control based on simple arithmetic
and Boolean relations. The tone generation
itself is done by the conventional sampled
waveform approach with a stored waveform
and wvariable table increment (see Hal
Chamberlin’s article cited at the end of this
article for explanation). In the conventional
technique, the table increments which
determine the pitches are stored in a table,
which forces the computer to play a pre-
determined tune. In the system described
here, though, the table increments are
calculated in real time by means of a simple
pattern generating algorithm. The result
is music which is “natural,” at least from
the computer’s point of view, because the
elements of the pattern algorithm are simple
binary machine operations such as incre-
ment, shift, AND, OR and add. While you
might not consider the results serious
competition for the top ten, | think you will
find that the computer's idea of music
has many elements in common with our
own.

The hardware requirements are minimal:
an MOS Technology 6502 based computer
with 1 K of programmable memary, a simple
8 bit latched output port, and an 8 bit
digital to analog converter (DAC), A KIM-1,
Ebka 6502, PAIA 8700, or an OSI 400


http:count.er

board should be able to run this program
by simply changing the output instruction
(locations 021F to 0221} to the address of
your output port {F900 on my Ebka).

The complete program is given in the
accompanying listing. It is written to occupy

. . Harmonic
the first ‘70 bytes of page 02, but is relo- Number Note Interval
catable without change. The 256 byte wave-
form table is on page 03. Page zero locations . c
0E to 14 are used. The pattern generating 2 -
routine (hexadecimal addresses 0202 to 2 Cq Octave
0213) produces a 4 bit integer table incre-

. . 3 G Perfect 5th ab o
ment (INCR) from the value in the y index 3 eriect St above L3
register, which is initialized to O and is 4 Cq Next octave
incremented by 1 for each successive note )

X X 5 E Major 3rd above C
(at location 0235). Then code at locations 4 4
0216 to 0234 generates the note with the 6 Gy Perfect 5th above Cyq

duration determined by TEMPO. To add a 7 8Y Harmonic minor 7th
rhythmic touch, locations 0236 to 0241
force the fundamental (lowest) frequency
to be played every eight notes: a sort of
bass drone effect. Table 1: The harmonic series based on the note C2. (Cy is two octaves below

The waveform table can be anything middle C.)
you like. Of the simple waveforms, a tri-
angular wave sounds pleasant. Or you can
use a more complex waveform such as the
one given by Hal Chamberlin in his Septem-
ber 1977 BYTE article, page 62.

In addition to the waveform, several
other variables can be changed for experi-
mental purposes, including TEMPO, MASK,
BEAT, and, most interestingly, the pattern
generator ftself. For example by changing
the AND and ADC operations at 020E and
0210 to ORA, EOR, SBC, etc, a variety of
other patterns can be generated.

Note that, since only integer table incre-
ments are used, the pitches obtained will be
a 'natural” harmonic series resulting in a
so-called ‘‘scale of just intonation” rather
than the equally tempered scale more

8 Cg Next octave

Microprocessor Lexicon, Acronyms and Definitions, by

familiar in post 17th century Western music
(see Olsen’s book in the references). The
difference is slight for the first few har-
monics, so for that reason the harmonic
numbers {table increments) are limited by
the MASK applied at 020B.m

REFERENCES

1. Hal Tavylor, “Scortos: Implementation of a
Music Language,”” September 1977 BYTE,
page 12.

2, Hal Chamberlin, "A Sampling of Techniques
far the Computer Performance of Music,”
September 1977 BYTE, page 62.

1. H F Olson, Music, Physics, and Engineering,
second edition, Dover, New York, 1967,

Circle 35 on inquiry card.

SYBEX. 110 pp. This little book is a necessity to anyone who
wants an explanation of those hard-to-fathom acronyms and
other micro terms. At 4%" x 5%" it can be pocketed easily.
For only $2.95 every microcomputerphile should have a copy.

Microprocessor Interfacing Techniques (2nd expanded
edition) by Austin Lesea and Rodnay Zaks. Now available is
this newly revised edition featuring: new material on *‘useful
circuits,”” an enlarged floppy disk section with new double den-
sity controllers, updates on LSl controllers—and much more.
Including basic concepts and techniques, this book is a very
comprehensive handbook on interfacing. 416 pp. $3.95.

Microprocessors: From Chips to Systems by Rodnay
Zaks. 416 pp. $9.95.

For convenience, please use the coupon on page 96, writing in
this book’s title. Processing may occasionally exceed 30 days.

Send now to: BITS, Inc, 70 Main St, Paterborough, NH 03458,
Master Charge and BankAmaricard/VISA walcoms.
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Figure la: Block diagram of a digital speech recording system. Speech is picked up as sound
waves by the microphone and is amplified and processed through a high speed analog to digital
converter which samples the anafog sound waveform several thousand times a second. These
samples are stored In the computer's prograrmmmable memory.

MICROPHONE
TALK ) )) |

TO ME! AMPLIFIER

I needed it to troubleshoot this board. This
is all you need for digitized speech.” |
tossed the board to Ken. “It contains a
100,000 sample per second 8 bit analog to
digital converter and an equivalent speed
digital to analog converter. And now the
beauty part: |t cost Jess than $35 to build.”

“Great! Tell me how to use it. How much
memory does it need? What kind of program
does it use? Can you tell me how to use it
so | can borrow it for work tomorrow?”’

“Well, let’s go over the concept in more
detail. . . ."”

What is Digitized Speech?

Digitized speech is simply a standard
data acquisition technique with a new defini-
tion. For vyears people have been using
computers to scan analog to digital input
converters and store the results in memory.
Often, in high speed applications such as
wind tunnels and nuclear experiments, the
sample rates can exceed thousands of samples
a second. In cases where the critical event is
of short duration, these thousands of samples
are stored directly into memory to increase
system throughput capabilities. When the
event has passed and sampling has stopped,
the computer memory contains a record of
that event in discretely timed intervals. The
stored data is now available to be reduced,
analyzed or listed. It's often listed in “slow
motion.” This technique employs an analog

COMPUTER SYSTEM

COMPUTER

pen recorder and a digital to analog conver-
ter. Each sample is successively processed
through a digital to analog converter at a
slow rate to the pen recorder. The result is
an expanded view of a short event.

An alternative method for utilizing this
stored data is to play it back in real time.
In this case the computer outputs the stored
data to the digital to analog converter at the
same rate the data is taken. The output of
the converter would then exactly duplicate
the values of the event previously recorded
{at the times the samples were taken).

Digitized speech is a specific application
of this type of data recording technique.
Your voice, when applied to a microphone
and amplifier, creates a fluctuating analog
voltage that varies at the frequency rate of
the sound. If this analog signal is applied to
the input of a high speed (greater than 10,000
samples per second) analog to digital con-
verter and stored in memory, the computer
won't care whether the source is speech or
a nuclear reaction. The analog fluctuations
are “digitized” at discrete sampling intervals
and stored (figure 1a). If the stored memory
table is sent to a digital to analog converter
at the same rate it was initially sampled, the
speech is reproduced exactly. Of course
there are trade-offs and limitations that
have to be considered to produce a usable
system (figure 1b). We will consider them
in detail later.

COMPUTER SYSTEM

( COMPUTER
= PROCESSOR
-Jg AND
HIGH SPEED it e PROGRAM
ANALOG TO ——————{ I MEMORY
DIGITAL CONVERTER =7
iz g7
[ BLANK /
MEMORY SPACE
" i /

Figure 1b: Block diagram of a digital speech playback system. Digital sample
points stored by the system in figure 1a are converted by a high speed digital
to analog converter into an analog speech waveform. A low pass filter is used
to smooth the signal, which is then amplified and plaved back through ¢

speaker.

PROCESSOR
AND
PROGRAM
MEMORY

PARALLEL
QUTPUT PQRT

HIGH SPEED
DIGITAL TO
ANALOG CONVERTER

LOW PASS
FILTER

AMPLIFIER

SPEAKER

“DATA FILLED™/
/. MEMORY SPACE
A
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Figure 2a: A waveform
{considerably  simplified)
which is characteristic of
the voice.

Figure 2b: Waveform in
figure 2a after being pro-
cessed through a digital to

analog converter at a
sample rate of 5000
samples per second.

Figure 2c: Waveform in
figure 2a after being pro-
cessed thArough a digital to
analog converter at a
sample rate of 10,000
samples per second.
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A digitized speech system creates its out-
put waveform by digital to analog conversion
rather than by completely analog generation
as in the case of a voice synthesizer. The
major consideration that limits the usefulness
of digital speech is the vast quantity of data
which must be stored to reproduce a single
spoken word.

Choosing the Correct Sampling Rate

The 8 channel digital voltmeter mentioned
earlier has a maximum sampling rate of 25
conversions a second. A slow speed analog
to digital converter of this type is of no value
in this application. The normal human voice
occupies a bandwidth of 4000 Hz, and taking

+V
o——+——+—+——+—+—+—+—+ > TIME
100 sec /7 DIV
-V
+V
1
|
|
|
[
4] A— — + + ' TIME
1 100 sec/ DIV
{
|
|
|
SAMPLE |
PERIOD —
200pusec
-V
+y
G
ottt TIME
100 usec /DIV
|
|
SAMPLE |
PERIOD —»! |
00 usec
v O SAMPLE UPDATE
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;r.oo —{ > D6 r:-,
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Figure 3a: An & bit

successive dpproximation
anafog to digital converter,

Table

146

1: Power wiring
table for figures 3a and 3b.
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are counteracted by the increased memory
requirements. Digitized speech uses a lot of
memory. In the previous example, if the
voice input is sampled at 10,000 samples per
second, the table in memory needed to store
one second of data would be 10,000 bytes
long (presuming an 8 bit analog to digital
converter). If increased fidelity is required
and the sampling rate is set for 16 kHz, the
table would fill up at a rate of 16,000 bytes
per second.

Obviously, systems like my own, which
already have considerable amounts of pro-
grammable memory, would be easy to use
for experimenting with digital speech. | do
not recommend buying additional memory
just to store a few words, but, if you have it,
you'll be surprised at the results.

Building a Voice Digitizer

To experiment fully with digitized
speech, it is necessary to have a high speed
analog to digital converter to store the
analog input and a high speed digital to
analog converter to reconstruct the analog
output,

Figure 3a shows the schematic of an 8 bit
analog to digital converter capable of sample
rates in excess of 200,000 samples per
second. With an 900 kHz clock rate it will
run at a modest 100,000 samples per second.
Figure 3b shows an 8 bit digital to analog
converter and low pass filter with similar
capabilities. The estimated total cost for parts
is $35.

The analog to digital converter is a general
purpose high speed 8 bit converter that can

tC Number Type +5V Gnd +12V -12v -6V

1C1 MC1408L8 13 1 3

1C2 MC14559 16 8

1IC3 74100 24 7

1C4 LM301A 7 4
1CH LM710 8 4
IC6 7400 14 7

IC7 7404 14 7

iC8 MC1408L8 13 1 3

1Co LM301A 7 4




+5V

10K 9
ZERQ ADJ
-6V

be used for any data acquisition application
requiring high speed. The technique used to
attain this speed is called successive approxi-
mation. The circular logic of successive
approximation is best explained in a block
diagram (see figure 4).

Initially, the output of the Successive
Approximation Register (SAR)} and mutually
connected digital to analog converter is at
a zero level. After a start conversion pulse,
the register enables the output bits one at
a time starting with the most significant
bit (MSB). As each bit is enabled, the com-
parator gives an output signifying whether
the amplitude of the input signal is greater

Figure 3b: An 8 bit digital +V REF
to analog converter and
fow pass filter. SPAN 34 o
apy X
+5v
T|3 1K
b
r ) 4
07 [ 5|mss
06 D—S 4
: 7 10uT
05 [o>— .
B8 gIT : a {
paraLLeL (0F 2 o] '¢8
INPUT 03 [>—— Mcla08LB $3.3x
pe >——] 1
D1 [:: 1] |
' 12
- 2
oo C Ls8
' 77
3 ©
47pF
-12v

Notes for Figures 3a, 3b and 3c:

1. All resistors are 1/4 W 5% unless otherwise
indicated.

2. All capacitors are 100 V ceramic unless other-
wise indicated.

3. With components shown, clock frequency is
900 kHz. This is 100,000 conversions per
second in free run mode.

4. The fallowing circuit can be added to each
output pin of IC3 if a visual indicator is desired:

5. Clock rate is not critical. A slower clock of 100
kHz (about 9 K samples per second) may be
quite adequate.

+5v

a700

FROM
JC3

LED

$39kK
5
47pF
' 5
19x
150pF
0—)
2
o ! I0uF  10uF » 2K
Lm3oia S »-)I-—{(—q '
+ o+

6.8K

$ 10K A A »
-
4 ) Y

LOW PASS FILTER

TO AMP
INPUT
(o1, IS

P D
° 7

than or less than the amplitude of the con-
verter. [f the converter output is greater,
that particular bit is set equal to Q; if less
than, it is set to 1. The register moves succes-
sively to the next least sjgnificant bit {retain-
ing the setting on the previously tested bit
or bits) and performs the same test. After
all the bits of the converter have been tested,
an EQOC is output and then the conversion
cycle is complete. The entire conversion
period takes only nine clock cycles, and

+sv > [ sv

100 ufF
25v

i

L
i)

-2y D—c»ﬁ—D-lzv
I‘I +I |205PVF

1804
/2w

+zy > o
L

2200
1F2w

Figure 3c: Power supply
circuitry for figures 3a and
3b.
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another conversion begins on the next clock
pulse when in free run mode. To retain
the 8 bit value between canversions, an 8 bit
register (IC3) has been added (see “Control
the World,” September 1977 BYTE, page
30, for a complete description of MCi408
digital to analog converter operation).

ANALOG
DIGITAL TO
REFERENCE ANALOG
v our CONVERTER
|
MSB LN
COMPARATOR >
- > |88
= Y PARALLEL
- —{> ( outpur
v INPUT >
MSB ? D, )
I
D SUCCESSIVE
- APPROXIMATION |—— SERIAL QUTPUT
CLOCK cL REGISTER
800 KH:
START
conversion L>———

Figure 4: Block diagram of a typical successive approximation analog to
digital -converter. The device uses a digital to analog converter to perform its
function. The successive approximation register is Initially set to 0. After a
start conversion pulse, the register enables the output bits one at a time,
starting with the most significant bit (MSB). As each bit is enabled, the
comparator gives an output signifying whether the amplitude of the input
signal /s greater than or less than the amplitude of the digital to analog
converter, If the converter output is greater, the bit in question is set equal to
0. Otherwise It Js set to 1. The process continues for the remaining bits until

the conversion is complete.

ing system
tation

available)

accounts.
¢ Only $200.00

handling to:

(714) 633-1222

Micro Business Software

s Complete interactive, double entry account-
& 51 programs with 120 pages of documen-
o Written in Northstar BASIC (other variations

s General ledger, accounts receivable,
accounts payable, inventory and payroll

e Only 24K of memory
e Single diskette can hold 400 customer

listings, 50 vendors, 400 line items of
inventory, 25 employees, 60 general ledger

Send check or money order (Calif. residents add
6% sales tax) plus $2.50 to cover postage and

Computer Products Of America
A Division of The Computer Mart
633 West Katella Avenue

Orange, CA 92667

Dealer and OEM prices upon request
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Circle 77 on inguiry card.

Assembly and Testing

1. Component types and values are chosen

to allow high speed operation. Substi-
tution of slower devices may com-
promise overall performance.

. Assemble components on a prototype

board as neatly as possible. Keep wires
between components short and direct.
The MC14559 is a CMOS device and it
should be handled carefully. Sockets
are suggested for all integrated circuits,

. Check power supply voltage before

inserting integrated circuits. Then insert
clock oscillator IC6. The clock fre-
quency should be around 900 kHz.

. Insert the rest of the integrated circuits

and ground the V input connection of
IC4. Slowly rotate the zero adjust pot
until the parallel output of IC3 reads
binary 10000000, This output can be
read either through a computer pro-
gram which scans and displays this
value or with LEDs attached to the
output pins. In practice, the LEDs
are easier in the long run,

. Remove the shorton Vinput and apply

a voltage of +2V. Adjust the span
adjust pot until the displayed output
is 11171111, The result of this proce-
dure is an analog to digital converter
with an input range of —2 to +2V
represented by binary 00000000 and
11111111 patterns respectively. 0V
is represented by 10000000. Any
voltage span between + and —5 V can
be set on this circuit using this method.

. The digital to analog converter section

should be assembled with the same
care. Insert all ICs. With all parallel
input pins at a logic zero level, adjust
the zero pot until IC9 pin 6 reads O V.

. With all parallel input pins at a logic 1

level, adjust the span pot until the out-
put at IC9 pin 6 equals the +V setting
of the analog to digital converter, or
as in the example (2 V).

. The low pass filter in the schematic

is optimized for the speech samples
in the text, but can be experimentally
determined. The optimum cut off fre-
quency of the low pass filter should
be the sampling rate frequency. lie:
10 kHz cut off for 10 kHz sample
rate).



9. The easiest way to test the entire unit
is to attach the analog to digital con-
verter output to the digital to analog
converter input. What goes in should
come out! Since both units would be
running continuously at the 100,000
samples per second rate, this will give
the experimenter firsthand knowledge
of the ultimate fidelity of the system.
Don't expect miracles with an 8 bit
unit; 12 bit units would be far superior,
but 8 bit precision is more than ade-
quate. A standard cassette recorder in
the record mode serves as a handy
amplifier. The amplified output is
available at the earphone jack on most
recorders.

Using the Interface with a Computer

Not everyone will want to add a voice
to their home computer but the concept is
none the less intriguing. Once you have built
the analog to digital converter and digital
to analog converter of figure 3 you are ready
to digitize the spoken word. Listing 1 is a
simple program that reads the analog to
digital converter output and puts the values
sequentially in a memory table. Hardware
for the experiment should be arranged as in
figure 1b, When the program is executed it
will scan the input port containing the analog
to digital converter information and will
compare this value to hexadecimal A8 (when
speech is started, the audio level will presum-
ably exceed this trigger level). The amplifier
should be adjusted to eliminate false trig-
gering because of background noise.

When the input level is attained, the
digitization process begins. The program
sets the beginning address of the memory
table and sequentially reads the input port
and stores the value. The rate at which the
sampling occurs is determined by the value
of a constant, “SAMP.” A value of hexa-
decimal 38 is approximately 3 kHz on my
Z-80 system. When the table is filled, the
program stops. All programs in this article,
while written on a Z-80, use only 8080
instructions.

Once the table is filled with digital values
corresponding to a voice input, we are ready
for the next phase: voice output. The hard-
ware is configured as in figure 1b, and the
output program shown in listing 2 should
be used. The same values as those of the
input program should be used for START,
END and SAMP. When the program is
executed, the recorded data gives a speech
output.

As with most computer experimenters,
hearing is believing. To allow people to try
out the concept without having to construct

the analog to digital converter | have included
a predigitized listing of a few words. This
2000 byte listing (listing 3), will say “Talk
to me” when read out using the program of
listing 2. Since | could not presume that
everyone had the patience to hand load a
10,000 byte table with good fidelity, a com-
promise was in order. The sample rate on this
table is only 3 kHz, but the speech will still
be understandable. It should also be realized
that since this example of digitized speech is
actually recorded sounds, the words “Talk
to me” will be in my voice. The fact that
| have a fairly low voice allows understand-
able speech even at these very low sample
rates.

Listing 1: An 8080 assembler program that reads the 8 bit parallel output of
the analog to digital converter and stores the samples sequentially in memory.
This assembly uses octal notation for machine codes.

1, Qo
LNV TG

0100
(AR 39

SR00G0
20000

0126 THORT  EQU 020
Q200 SAHF Equ o7
RO Q10 *
200U O ¥
D0 LRIV 3

iLoaon G140 [TNF IN TFORT
] 0250 CF TRIG

Janud Iul 0w 11y 0160 Ji NZs INF
S0LS 04l Q00 Q1Y 0170 Lo
20012 3354 o Q2HO AGAIN IN 1FORT
Junla las are0 Lo (HL) ¢ A
o B O RTAEN ) 0300 CAaLt DELY
. [SRIRV] INC HI
. Q370 LD Ak
< T 1 [ERKL CF ENIt
» ot [ 0440 JE
BT IS F-1 0350 HaL !
VIRV 0340 %

(ORI ]

!

1

!

'
b 30
1020030
[

4
I
1

0390 LELY Lo KrSAMF
0400 [CR nEc k

Qa0 JE NZ[CR
Q4 KET

¢ 0130 S.CIARCIA
Dol i 0140
S 0150 %
Sundo 0160 START EUU 010000
Dt 0170 END EQu 110
23000 ULy TKIG EGU 250

*
*
0120 * VOLICL TO MEMORY TAERLE TEST FROGRAM ¥
*
*

MEMORY TARLE START HL ALDRESS
MEMORY TABLE ENDI H ADDRESS
INFUT START CONVERSION LEVEL
A70 INFUT FORT NUMBER

SAMFLE RATE TIHE CONSTANT

READ A/TY TNFUT VAL LE
COMF. INFUYT TO CONVERT TRIGBER LEWEL
LDOF AGAIN IF NOT SUFFICIENT LEVEL

HLL.START LOAD TARLE START ADLRESS

TOKNE A SANFLE
STORE SAMFLE IN MEMDRY
SAMFLE TIME DELAY

TEST TO SEE iF AT END OF TAKLE

NZs»AGAIN IF NOT TARE ANOFHER SAMFLE

33496 & SAMFLE KRATE TIMING (LQOF *

Listing 2: An 8080 assembler program designed to output digital speech sam-
ples to the digital to analog converter at the correct rate. This assembly uses

octal notation for machine codes.

AR ]

PR EVEN |

DEO & MEMOFY TARL
*
*

IRPIE IR S | D480 RLT

[0 VUICL OUTFLT TEST FROGRAM %

. 130 S.CIARCTA
- @140
N RN |
N V160 START LAY 010000 MEMOKRY TARLE START HL ANDRESS
z 01720 END Lau 012 MEMOKY TAELE ENU H ADDRESS
R QL EORT tau  on D/ DUTFUT ORI NUMHER
. NP0 GAME Fng 07¢ SAMELE RATE TIAE LONSTANT
N 0000 ¥
K EASEYAN S
. DD #
R Q00 Ot AN n HEL s START LOAD FTABLE START ADNRESS
. CAGARTN D AddHL ) TABLE YALUE TO ACCUKULATOR
s aur AFORT»A ODUTPUT RYTE Ti} D/A
S + [ Aty DELY SAMELE TIME DELAY
- ING I
LD ArH
[ AR ce END TESY 10 SEE 1f Al END OF TABLE
[ AR JF NZ+AGAIN TF NOT QUTFUT THE NEXT SAMFLE
[ IR S Y] HAL T
1 0320 &
I 0530 %
Lo DA & SAMILE RATE TIMING { 0OF ¥
(R B T 080 LY ih Hoy SNAMF
[V B IA 0 G360 DUR BLC B
(AR B 6 JARNE UL S T HA70 " M7 HCR
s
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THE FLELOWING 15T NS THL ABDGLSS T ULATTON W D)
ALL HEMOKY HYIE WALIEES AKE IVEN W UCial NOTAT LI

A77AR Y oy ER ) 107 07 aar g a0
3z778 i aon L : U 204 a04 s 2ni
FEPLET RN oo 174 100 oy 201 s 07
1avn oo a5 aaz oL o5 D40 s 190
17808 170 RN 1Ly [ 040 037 oa 04l
Iroig 044 003 410 077 150 107 053 040
angg oty 0a0 a7 113 677 s aa0 v
EEERT] 043 nan n7e 170 I o0 1/a 137
37848 160 140 0y Ve LT 340 auy 041
37858 a4a 037 041 o’y nap a3/ 03 240
ArBed 040 043 060 var ol 047 nag 470
32878 047 0an 974 o460 077 140 477 0ar
32868 377 370 ona 2200 10 000 134 oAz
a2@78 080 000 000 000 177 240 006 100
A7P0R | 74, 17 1o/ 077 240 617 800 na0
22918 130 000 060 060 377 377 000 000
s it 32920 177 and 120 000 15 133 000 034
Listing 3: A listing of the 12938 127 - oo aon aua on7 a7z 130 ooo
. ; 32948 101 240 317 oun 77 170 057 043
dlgital samples making up 32958 140 077 200 807 000 377 377 000
o o 3988 ao0 294 300 o00 330 ila bo0 077
the phrase, “'Talk to me 12978 137 087 oan 623 P 000 577 377
32968 000 nao 344 120 000 383 174 ago
spoken by the author. This 32998 147 140 034 o460 200 oon 077 Ay
somewhat bandwidth Him- 33008 210 000 067 2a 000 06 377 040
33018 060 177 084 017 o010 000 000 377
ited signal allows Inter- 33020 377 000 000 237 noo 000 31 274
\ 13038 o0n 1an 170 can 917 Q00 000 047
ested readers to reproduce 33048 377 100 oo 300 @43 ooy 137 377
33058 aon o4 157 o/ 00 004 s00 000
the message rhrough an & 33048 i77 azy ooe 3lé 140 a0 o7 370
23078 ava vl 191 o7 o4 003 von 000
bit digital to analog con- 33008 477 vy s00 271 234 ooo 030 1)
7 ; 33098 127 0a0 o34 G060 067 ono 000 000
verter without having to 33108 azy 37/ ano 210 213 000 077 303
build the analog to digital 33118 190 037 047 014 07 000 do7 040
33108 a0n 77 245 237 bl 117 013 100
converter. 13128 016 113 060 047 020 077 017 074 77
13148 o17 140 177 141 130 137 170 120 077
33158 oA 070 057 060 0s7 047 o7 677 073
33148 674 077 107 134 117 100 077 077 060
33178 asa 027 0o 037 040 074 067 170 120
33186 077 120 074 041 130 677 o0& 120 077
33198 107 100 077 120 130 200 170 ize 134
33000 103 130 077 130 077 077 071 077 077
338 100 a7? 077 o7 077 070 074 047 060
33708 a70 ou7 aal 57 040 ¢70 057 060 070
33738 o5y 641 074 100 0746 077 077 076 077
33748 073 074 077 070 077 047 0ra a77 047
33768 100 ary 077 077 077 100 077 a77? 073
33740 076 0ry 101 077 101 170 077 077 100
33078 077 o7 100 077 075 077 077 101 077
13288 077 101 077 Qs 076 077 077 078 77
33090 073 070 077 074 077 047 074 4?7 073
313408 074 077 o077 077 677 073 77 677 075
23318 or7 0s7 073 077 071 076 077 070 074
13308 077 o4l ara ol 078 047 Qa3 0’4 047
13138 04 B4 a0 n7a 077 047 LEYS a7/ oar
33548 074 677 042 0rd 047 09 o7 073 100
axasa a7 07 Vo 077 100 07 ur7 101 077
13486 vrr 101 G4 101 074 077 07 110 077
13570 avs P 04 101 077 077 101 077 077
33388 101 0¥ 077 a7a w77 073 078 @7 077
FAIPE 974 a77 0/ 077 07/ 04 017 077 P
13408 02 674 074 0s7 0/4 07 a7y 071 077
33418 577 07t 074 470 078 047 o0 078 087
33428 160 0.4 194 076 047 043 o4 047 043
33438 04 047 o8d 077 071 ova 077 087 074
33448 077 047 64 an? ara 077 067 ora 077
33458 073 024 977 877 100 077 0?7 100 oy 077
33448 101 074 627 101 S 077 101 120 077 077
33478 120 07 077 103 o7 077 103 077 07 0r7
33488 110 ars 077 1o 627 07 074 077 077 o7s
33498 07 077 074 uz? o077 071 074 077 071 078
33508 077 071 078 ar7 071 476 077 071 076 077
33518 nas 074 477 o067 674 077 aa5 074 077 043
33508 aza 0r7 043 074 ar? 083 o070 077 083 07
33538 077 oas 074 0rr 063 074 077 087 074 07y
33548 067 074 037 047 00 07 0s7 070 a7 473
33558 100 077 077 100 077 077 101 077 077 073
13548 120 o727 o7 110 077 077 110 077 077 120
32578 077 277 110 077 077 103 077 a77 077 110
13588 67 asy 100 Qrs o7 100 a77? 077 100 077
13598 077 100 077 077 073 a77 077 071 074 077
33408 073 074 077 071 077 077 041 140 7 143
i3e18 078 03/ 053 140 077 013 q40 477 063 a0
13808 074 057 080 077 077 101 057 027 o020 080
33438 027 040 077 143 120 a77 077 120 130 077
33448 167 o 074 0az 120 137 147 140 077 a77
23458 1720 134 077 140 130 077 120 074 077 043
13448 077 07/ 027 240 RYE: 123 074 o74 021 030
33478 057 007 070 037 027 040 077 127 140 137
23488 137 00 150 077 040 040 037 920 o3e o017
33598 013 040 057 o83 160 o7y 107 140 137 137
23708 140 144 147 140 134 077 043 074 ca7 040
33718 038 0az 043 074 077 100 074 077 100 140
33728 137 137 140 134 ory 070 074 047 070 077
33738 117 111 120 077 121 140 137 151 174 154
33748 117 074 074 047 040 a3z 017 o0 0a3 oo0
33758 000 277 itz azo 174 077 010 040 077 121
33768 076 017 073 070 077 051 070 627 000 000
33778 neo 000 a00 017 147 370 278 147 040 677
137ee 477 o0 140 1z 800 040 017 1m 140 167
33798 043 040 017 033 soo oo0 ono ooo 157 243
23808 340 240 o 810 134 157 200 130 077 000
33818 030 017 161 a77 157 133 074 057 073 080
33828 107 oon 000 200 027 220 277 237 103 077
33838 067 140 160 1a7 043 040 017 040 060 077
33848 073 150 137 127 040 077 043 020 007 a0
13858 000 034 147 200 230 177 140 130 117 12
EREYES 077 077 053 950 037 041 040 o7& 101 130
a3a7e 077 107 120 077 087 060 054 037 aa0 037
3IB8BE an? 100 150 147 147 140 137 1 120 ar7
33898 673 070 974 043 040 057 053 160 077 117
33708 120 170 877 061 a7o 037 040 054 037 071
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More Advanced Applications digital methud  Eacre phuneme could be
tecorded  sepaiately  and  would  occupy
approaimately, 2 K bytes. As in the analog
situdation, a sepatdle conbiol program deter-
mines how these individual phonemes are to
be connected together. Besides determining
the type of phoneme 1o be used, the proc-
essur milst dlsu create the waveform. Such
a4 system uses mach mure memory and takes
cunsiderably more processing time than
something like the Yotrax, but it is equally
as velsatile.m

| don't want you to finish this article and
think that digitized speech is as limited as |
have represented it so far. |t is possible to
totally simulate the capabilities ot an analog
speech synthesizer with more involved soft-
ware. |f you realize that the analog synthe-
sizer works by connecting strings of distinctly
independent phonemes, it is not hard to
consider that the same can be true for the

Listing 3, continued:

RRLDE:) 139 137 153 140 13/ 1A [+ s Q70
33928 074 047 Q&0 o770 1159 ars 117 121 134
33918 o577 073 aza a7 Qoal 037 AL T¢} 060 077
33948 120 160 157 133 140 orr 100 077 057
ER LAt Q40 0460 [eE R Q60 074 160 or? 117 121
33948 07/ 077 061 064 037 oS50 557 pal 076
33978 G677 140 15 154 127 o077 077 070 076
18908 I a0 A28 [N [ s I.ou 134 137
1len 101 vt s ag a o IEN ad o Ve’
1008 1.0 147 144 1aa [T | [ (O nol
{A01R s il 0.1 N A T e e 130
140, [T 1k 47& V7 (LI NE A Wt
3401y 067 100 137 147 Lau [ 10 ez
LEDEL e o ot a7 & . bl L st 117
10%8 [R5 ars arz Q7a are dod (AN et (X DO
34048 33V [Ev 120 137 14 Ly LAn 14 iy 120
34074 (s o ary Ol gat LY T as? B Dr7
3408y 100 1.0 0r? wrs 1800 WA 0o ) [Y DR¥
14098 (LT 08 arl J RN 154 s 14 150 [I4 13
34100 1.0 0 0ad fal v ral a0 [ it 2764
33110 a7 149/ 140 134 [ Qhd [T DR (48 1) 034
ia128 [l 001 ol0 uzr7z HE 1% RE14) L A& 147 AL 137
ta138 [V 1an or7 Qe? L BL ] 033 [ [V 047
34148 100 X4 17 140 14a nrs 083 [+F1v] 057 Q40
3atoR Ay o7 QoY Qoo a4l Lan 179 HEFS O 140
34148 137 Q77 sl 077 nzz fan Qny a7 a1 074
34170 an7 DG OFa ilz 149 1o ey aFa Hra oh7
34148 oaz [S30) 037 o3 Q20 [ oy LA 177 207
14193 200 134 147 100 140 ar? o827 DN Q17 DAl
3a208 0&0 &t &l gra Q3?7 L 142 (R 376
15218 074 047 0&a0 naz 053 14 e} 040 170
3420 164 201 (B} 137 140 o7 07 024 F10)
34228 oat n60 057 ons 0/ 101 120 136 143
Jarag L2G Q77 b7 0&a0 570 041 [ ES an? 040
34258 034 a7z 140 140 127 LA 137 101 Q74
34268 077 067 070 057 033 oud el 574 077
34278 MR 1aa 140 127 1040 thS [§X34] o 047
34788 Q40 oL4 04? G40 Qo 1an 17 1a7 141
34298 1ae a2 11’ 1o 0727 QT Gl DE] ou? 080
34308 077 047 074 a77 1L N1 132 077 063 070
34318 o657 fat Q70 047 043 [ Rdul Galr fel 07a 77
34328 121 160 176 141 120 a7y a4y 140 QLY 087
34338 260 070 047 060 076 de? 109 nr? 117 121
3a348 120 0r7 053 070 047 043 70 057 061 060
34358 057 041 () 137 147 Lao 137 107 170 077
34348 077 074 07& o577 D60 un? oar a40 077 277
3a378 M 170 077 073 074 074 a0 oro 057 053
34388 070 057 061 o7a 07 b3 L&D 154 127 120
34398 Q77 Q27 100 0?27 Q27 G720 074 05?7 a0 Q77
34408 077 120 12 077 071 [¥2¢) a4 060 070 257
34418 047 070 0L7 961 Q74 Q77 Q43 140 137 133
34428 140 130 077 100 02z 977 [SEERY n*’ or7 083
34438 074 067 Q460 aza 057 040 0?0 aaF [+E1¢) 070
3aq4g 077 140 140 156 137 130 077 or? 130 0727
34448 067 060 052 043 060 074 047 100 077 077
34468 100 077 077 064 076 057 LT 70 067 041
34478 074 oLz 100 Q7?7 Q77 103 122 D77 117 120
34488 077 027 107 077 077 07y 474 07?7 0e? 074
34498 077 065 074 077 047 078 077 043 120 137
34508 123 140 136 107 100 07 087 070 074 057
34518 080 074 057 050 076 as57 340 077 087 070
34528 074 047 070 a7é 077 109 077 0r? 107 077
34538 077 077 100 077 077 070 077 047 070 076
34548 043 070 074 047 070 074 047 100 077 087
34558 070 077 077 100 076 a77 Lo 077 077 100
34568 0764 077 073 077 077 477 100 077 073 074
34578 077 073 100 077 077 1o 077 077? 100 077
34588 077 077 077 077 077 100 077 077 110 077
34598 077 100 077 077 074 077 077 100 077 077
34408 101 027 0?77 azs 78 Q727 055 nza o077 043
34418 074 077 067 076 077 071 078 o077 067 074
34428 067 061 070 077 061 074 o7? 063 0674 077
14438 063 024 077 047 070 027 047 o7e 077 043
34448 070 077 067 ¢74 77 Q77 oo 027 Q77 101
34558 077 077 100 074 077 0467 074 o2y 021 076
34468 077 077 076 077 077 100 077 077 100 077
34478 077 103 120 0?7 101 120 0z 103 120 077
34488 077 120 077 077 100 77 0677 160 077 077
34498 100 077 077 7% 077 0?7 07y D74 a7 073
34708 074 077 067 074 077 073 a7 077 071 074
34718 077 067 074 077 063 870 ) 053 Q70 077
34728 [eT- 1 070 arzr? o0&’ 0za ar7 [s7-%4 074 o7 067
14738 074 Qr7 Q867 070 Q77 67 Q7o o7s oa? 070
Jazag 074 77 070 074 077 100 (g Q77 073 077
34758 077 073 074 077 073 nra 0?7 0r? 120 077
34748 077 110 077 077 101 077 077 101 120 077
3477B 103 110 077 077 110 azr? 07?7 110 ar7 077
34,88 100 072 027 100 077 027 025 077 077 075 Next month: Keyvboard
35798 074 077 075 (e 2.3 0?7 073 Q74 or7 073 074 .
14808 077 047 070 077 087 w4 ¥ GYat 155 014 Function Decoder.
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Please post or circulate

Make your reservations now for the

BUSINESS & PERSONAL COMPUTER EXHIBITION

3rd Annual

Computerfest™ ’78
June 23-25, 1978
Detroit, Michigan

Presented by the Midwest Affiliation of Computer Clubs
24 Hour Computerfest™ Hotline phone number (313) 775-5320

The Computerfest™ 78 to be held in the ultra new Detroit Renaissance Center, Detroit Plaza
Hote!l, June 23-25, will feature a full scale three day business and personal computer exhibition.
The Computerfest™ will inciude useful information on how to computerize your business, home
or office. Bring your walking shoes to cover over 100,000 square feet of convention facilities!

Only $5.00 for all three days, or save 20% now by pre-registering
Deadline for $4.00 advance registration tickets is June 15, 1978
Use coupon below to get 20% pre-registration discount

® Stupendous Hobbyist Exhibits

® Tours and Evening Activities

® Club Hospitality Suites

® Special Club Meetings

® Fabulous Programs

Special events to feature:
* Tours of automotive facilities
* Saturday evening Detroit/

Canada river cruise

Limited exhibit space is available!

For convention booths contact:
Mr. Jim Rarus - Chairperson
Computerfest™ '78

Box 9578 — Department PAT
Detroit, Michigan 48202 U.S.A.
or call 24 hours (313) 775-5320

For convention advertising contact:

Mr. Ken Ascher - Advertising Director

c/o Communications Electronics™

Box 1002 — Department DON

Ann Arbor, Michigan, 48106 U.S.A.

24 hour Advertising phone (313) 994-4441

BYTE June 1978

® Manufacturer's Party

® Technical Sessions

® Giant Flea Market

® New Product Displays

® Seminars in computer
applications for:
Education, Business systems,
Computers for the Handicapped,
Graphics/Art, Automotive,
Hobbyist, New Technology.

Mail this coupon and make your

check payable to:
SEMCO/Computerfest™ '78
Box 9578 - Department ERIC
Detroit, Michigan 48202 U.S.A.

O send me ___advance tickets at $4.00 each
O please put me on your mailing list

O send me more Computerfest™ information
0O send information on special hotel rates

O please send exhibitors information

0O please send advertising information

1978 South Eastern Michigan Computer Qrginization

Circle 203 on inguiry card.









CHARACTERS FROM SCREEN MEMORY

I ~
LOAD (2
€Lock
1C5 1C6
7415175 74L8175
CHARACTER
ODECODE
CHARACTER
LATCH C
8
A
CURSOR cu
it 1Cl4 AAA Gl
A6 A5 A4 A3 A2 Al A@ v
1Ca (ROM) SW6
RS RS RS RS DDDDDDOD P
SCAN ! 6 54 32 1 ¢
DIVIDE 2 |2z [23 lea
ez SHIFT Ic3
74L5163 REGISTER 74166
5 LOAD @ CLR CLK
L___4:::] DoOT
cLock
BLINK
LATCH
117
5 TO BLANKING GATES
Q c ) AND VIDEO OUT
BLINK icra 7
IN

Figure 1: Partial schematic of the Processor Technology VDM-1 video display driver circuitry.
Character generation is done by fetching the characters in the current line of the display in
sequence from the screen memory in the form of 8 bit ASCII characters and latching them into
two 4 bit registers, IC5 and [C6. This data and the scan line data from [C2 are presented o
character generator 1C4, a read only memory circuit. The latter outputs the correct pattern of
seven dots for each scan line of every character; this information is routed through shift register

1C3 to become the video output signal.

decoder, is modified to force a low state on
the O output whenever the control character
detector gate output goes high. (Contral
character blanking must be enabled with
switch 6.) This modification will disable the
automatic blanking from carriage return
(CR) to end of line and from vertical lab
(VT) to end of page, but if you're writling
your own software this won’t matter. Next,
the control-character-low signal is inverted
1o enable the equals input of the 7485, and
is ANDed with LOAD CLOCK in order to
disable the shift register load when control
characters are present. The comparator out-
put supplies either a low {control character

present, but not the one for the scan line
where we are now) or a high {(control charac-
ter present and the right one for this scan
line) to the serial input of the shift register.
The video output will then appear as a blank
or a line of dots, accordingly, when clocked
out by DOT CLOCK. (The first circuit modi-
fication we tried fed the output of the com-
parator directly into the video line. This
allowed the single scan line character to
appear one character position too early, By
sending the signal through the shift register
it is delayed by one character position and
appears in its proper place in the display.)
The shift register serial input is normally

June 1978 ¢ BY TE Publicaupns fne
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ADD GROUND Power Wiring Tabia
15V Gnd
Number Type Pin Pin
L) 1ICA 7485 16 g
28 = ocur (I3 74027 14 7
3L TRACES
Qg "-—___________———-‘
3
| a - 2 I
i) 3 ! I
apt 1 ]
|
[
c
3/4 7402
m 2
> < B
S IC 2 '
1 15 14
43 oz 1ca
o & 3 748% 1l
op 3 1143 9
Ul X CUT TRACE
[
CONNECT PINIO
0 PN g ——
CuT
TRACE X N o
e
o
[
15 x LOAD
cur CLoCn
(I} TRACE

Figure 2: Modification to the VDM-1 circuitry enabling the softwure to
generate single fines of dots when required for the theatre light control
graphics package. The special display consists of two sets of adjacent parallel
{ines totalling 26 lines used to display lighting intensities as functions of time.
Control characters are used to activate the new circuitry and produce a single
line of dots only once in the generation of a given character and on the de-
sired scan line. The new 7485 comparator (ICA) compares the low order
bits of a character with the current scan line value and supplies either u low
logic level output findicating that a control character is present, but not the
one for the current scan line), or a high level (control character present
which is the correct one for the present scan line). The video output then up-
pears as a blank fine or a line of dots, respectively. Normal operation of the
VDM-1 is not affected by these modifications.

low, grounded in the unmodified VDM-I.
When we don’t have control characters in
the character latch it will still be low, and
LOAD CLOCK will get through to parallel
load the shift register with the read only
memory output, for normal text display.

The additional circuitry may be mounted
on a small strip of breadboard and attached
by spacers to the back of the board, as
shown in photo 3. Betwecn the first and
second columns of [Cs near the top of the
board, just above the read only memory
socket, are several small areas where ground
is on one side and no traces on the other.
Small holes lor spacers may carefully be
drilled at this location.
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JTHE A REGISTER CONTAINS TIE fUMBLE Gf THE LTHE TO BE DISILAYED
JTHE BC REGISTER PALAR FUINTS T THE UPPER CHARACTER PORTIOR

BAR Rl A
Ml H,n JHL CONTATRS LIKE HUMAER
pad : (TARLY CONTRTND LOUHLE HYTES
X1 [, TARLE T AULHFSS OF LOOMUP TAALE.
Al b it ENTRY IN TABLE
4 LM VIRST CONTHOL CHMARACTEL
ITAR [ fhUT O INOTHE QPPEH CHARACTER Bos)ITION
1y " (POINT TO SECOND CONTROL CHARACTER
ey AM SGET LT
%1 .6 LAHER CHARACTER POSITION I4
DAL n 164 CHARACTERS BREYOND UPPER ONF
ity “,x ISIHE LUWER CHARACTEA

JTHE FIKST EMTRY TN THE TABLEF 1S THF CONTROL CHRRACTEH FOR THY
(UPFER CHARACTER POSITION IN THE DISPLAY. THE SECGHD ENTHY IS
FCR THE LOWER POSITION.

TABLE: 0B O1H,04H :BOTTOM LINE {01 IS BLANK)
DR ClH, Q8K
el Ol a6k
fel) O1H,UTH
DB oM, 080
tik OLH, DOk
be OlH,DAH
b QLH. DB
o8 AL, OCH
) OLH, 00K
DB QlH,0EH
us OLH, OFR
D8 OLH, OOH
uB D4K.01H
o8 AR, N1
Da aeM,0lY
2% GTH,O1H
pa 08K, OLH
D8 0%H.O1H
OB akB, 014
oy oBM, aEh
0B ocH, 011
DR 00N, 011
o8 OLM, 04
oB OFH,A1H
08 00N, 1K :TOP LINE

Listing 1. Display software used with the
theatrical lighting graphics package. TABLE
is a lookup table containing 26 pairs of
control characters that turn on the proper
line in a vertical pair of character positions.

Programming

The scan divider starts with a count of 0
(top line of character) and counts down {0,
F, E, etc), until it reaches a count of 4
{bottom line of character). It is then reset
and counts down again for the next text line
of characters. This means that characters 01,
02, and 03 will never appear as bars on the
display since the scan counter never gener-
ates these codes and the comparator can
never detect them. Character 04 will light up
the bottom line in a character position.
Character 05 will light up the next line up,
and so on. Character OF will light up the linc
below the top line, and 00 the top line.

In our display software we use a lookup
table containing 26 pairs of control charac-
ters to turn on the proper line in a vertical
pair of character positions (note that the
lower character position is 64 locations after
the upper character position). Listing 1
shows the display routine we usc. m
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John Webster

John Young

Audio Visual Services
University of New Brunswick
Keirstead Hall

Fredericton NB CANADA E3B 5A3

Listing 1. The GRAPH
program. GRAPH was as-
sembled at 00 using Proc-
essor Technology’'s ALS-8
assembler. The notation
£ +n indicates a displace-
ment of n beyond the next
instruction address. For
example, [MP $+5 indi-
cates an unconditiona
jump to the address 6
bytes along in the listing.
Listing 1 continues on
pages 159 thru 163.
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GRAPH:

A System for Television Graphics

Part 2

Last month, [ohn Webster and john Young's article {(page 62) on
GRAPH, a television graphics package for the VDM-1 and other memory
mapped video displays, began a discussion which we continue with the
detail discussion of program functions. Listing 1 provides the detail 8080
code for the program. We continue the table numbering sequence begun
inpart 1.

GRAPH ASSEMBLY LISTING Page Up
AUDRESS  HEX COUE LInE ¢ Page Up, Page Down, Page Right and Page
0000 (3 90 07 0001 START JHP INIT Left are some of the more complex sub-
*HGHE ines i
rou .
0003 7100 CC 0002 HOME Lx] ,0LCO0N outines in GRAPH . .

* LURSOR * Although the VDM-1 centains a scrolling
D005 4F 0003 CURSOR MOV C, 1 ; ;
proc . Q00 LA 03FEH featgre which rrpght, at ﬁrst, seem useful fqr
ooR 8l 0005 A0 € moving screen information up and down, it
0B 77 DO0C OV M,A ; : :
00t 3 FS 03 (007 LiA DaFSH operates by changing the orientation of the
DOOF  B7 00U URA A display on the screen and not by actually
W B . e moving data in memory. If, for example, the
0013 DE OO 0010 STATIN 1N 00 screen were scrolled halfway up or down, a
0015 EG 4D D011 ANL 040K .

Wl B 017 17 STATIN character entered at hexadecimal CCOO

* UATIN * would appear in the middle and not at the
01A DB O 0013 DATIN {4 Ol ; - L
P o e top. While this is a useful function in some
001D 3A F6 03 0015 LDA O3F6H driver applications, it does not allow infor-
0020 B0 0016 ORA B . b d d h
w1 & 0017 OV BLA mation to be moved up or down on the
W ey e R screen and then stored away in its final con-

! . .

0075 70 001 GISP KOV M.B f!guratlon. ThUS7 to use GRAPH's store and
885; g? F7 03 ggﬂ) (IIUR: 23”“ recall functions properly, it is necessary to
24 £2 52 09 0022 N7 LFR actually move data between memory loca-
w23 o231 tions within the 1 K byte screen program-
00ZE 3E DU 0024 M1 ALQD0K i . .

03 BC 0925 G H mable memaory so that an image modified by
D031 A D300 BOZE J7 HOME a screen move up or down will be stored and
0o3y €3 06 00 0027 JMP CURSOR . . o . .

* LINEIEED * recalled in its modified form. This function
ggg; ‘;i A0 gg;g tfrcmmlmcémn is useful for positioning complex drawings
003R 11 4D 0D 0030 (FP LX| 0, 04GH or charts which invariably turn out to be
o3y 19 0031 UAD D i
por . P sllghtIY off center when cgmplete. _
0040 BC 0033 WP H As in most other routines, Page Up first
o sew o moves the contents of C to the present char-
0s6 03 06 00 0036 JHP CURSOR acter position, thereby returning the screen

* LINE REIRCAT = : o ) N ;
oms OF AD G037 (RC IV L OAGH to its original state and freeing register C for
oo 71 0033 LR MOV 1,C use, The contents of H and L are stored at
R o Ly ooFecoh hexadecimal locations 3FF and 3FE for
050 3E (B o0s1 HVI A,0CBH future use. Because our program is designed



to co-reside with Processor Technology's
ALS-8, and because this subroutine uses the
stack pointer register, it is necessary to save
the value of the stack pointer to allow a later
jump back to the ALS-8. This probably
applies to other resident monitors, too.

To accomplish this, H and L are loaded
with hexadecimal 0000, the Stack Pointer is
added to H and L (SPHL), and H and L are
stored (SHLD} at hexadecimal memory loca-
tions 3FD and 3FC.

H and L are then initialized to hexadeci-
mal CCO0, D and E to hexadecimal 3CO0, and
the Stack Pointer to hexadecimal FFCO. The
current character position is then hexadeci-
mal CCOO0. Next, the program moves M to B
{move contents of hexadecimal location
CC00 to B) and adds D and E to H and L.
Thus H and L becomes CCO0 + 3CO = hexa-
decimal CFCQ and this takes us to the first
character position in the 16th line. (In Page
Up and Page Down, information is moved on
the screen by working in vertical rows rather
than horizontal lines.)

The data in hexadecimal location CFCO is
moved to C, and B (old contents of hexa-
decimal CC00) is moved to M (hexadecimal
position CFCO). This causes a wrap around
from top to bottom. The contents of C are
then moved to B and the Stack Pointer is
added to H and L (CFCO + FFCO = hexa-
decimal CF80). At this point we compare H
with hexadecimal CC to see if we are on one
of the first four lines. If not (as in this case),
we go through the cycle again: MOV M - C,
MOV B - M, MOV C — B, and jump up one
line by adding the Stack Pointer.

On the 13th cycle, H becomes hexadeci-
mal CC. When H is compared with hexa-
decimal CC, the answer is zero so the cycle
is not immediately repeated as before. In-
stead, L is compared with hexadecimal 3F,
the last character position on the first line
{(hexadecimal CC3F). If L is greater than
hexadecimal 3F the current position is in
either line 2, 3 or 4. The cycle continues,
checking L every time, since H is still hexa-
decimal CC.

If the current position is in line 4, then
on the next cycle it will be in line 3, then
line 2, and finally in line 1. At that point,
when L is checked as described above, it will
be less than hexadecimal 3F. Next, B is
moved 1o M (which in this example will now
be hexadecimal CCO00). The entire vertical
row has now been shifted up, with the top
wrapping around to the bottom. Finally,
H and L are incremented (to hexadecimal
CCO1), and the entire process is repeated for
row 2. This is done 64 times, once for each
vertical row.

On the last (ie: right-hand) row, however,
when L is compared to hexadecimal 3F, it
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0084
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N0t
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09t
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* BATKSPACE *

“FLPWAMY SPACE *

*OELE

* PAGE UR®

fORGE DRRN

LIKE #

an42
a3
0044
onas

PP H

JHE $+2
tvl H,0CFH
JMP CURSOR

GD4e BSC MVI C,0AOH
Uo47 BS MOV M,C
0048 BSP DCX H

po4S  MVE A,DCBH
DOS0 CHP H

D051 JNZ 82

0052 1V] W.OCFH
0053 JHP CURSOR

D054 FSC MY C,0ACH
0055 FS MoV %, C
0856 FSP 1N H

0357 MOV A4

4058 (P ODIK

Oose U7 HoME

300 Ji4P CURSDR

0de)
0052
0063
0064
0065
0066
0067
0368
0aLy
0076
0071
0072
no73
0G7y
0975
0076

CR KOV 4, C
AL
(Pl QuJH
JRC $45
M1 L, 040H
JWPQUT
MOV AL
CPL 0804
JP $+5
MVl L,080H
Nt
MOV AL
CP1 O0CH
JP $+5
M¥l L,0CoH
JBP guT

0077 INR H

0078 M¥l (00

0079 DUT MV A,ODOH

0080 CMP H

0081 JNZ CURSCR

0082 JKP HDME

0083 PII MOV #,C
0384 SHLD O3FEN
0085 LXI H,00
D086 DAD 6

0087 SHU DZFCH
0088 [XI H,0CCO0K
DO8Y  LXI 1, 03LCH
0390 LAl B,0FFCOH
0091 KDWU MUY B.M
D092 DAD D

D055 LINEU MOV (LN
0094 MoV M,B

0095 MoV B.C

0096 DAL &

0097 V1 ALUCLH
uoag  Cr i

@23%  JNZ LINCY
Q100 M1 ALO3FH
o) CHP L

0Lz LN
G103 47 ENDY

oi0g MJv M.B

0105 WX

QI0L  SMP RODWU
010/ LNDU MOV M,B
0108 LILD O3FCH
4103 SPHL

0110 LIL O3FEH
0111 4P LR

0022 PO MOV KL
U113 SHLD O3FEH
D116 LX1 K,00
Dll% DAL ©

D116 SHLD O3FCH
D117 LX1 H,OCFFFH
D118 LXI b,OFCHOH
0119 L] 6,040H
0120 RIWD MOV B.M
0171 DAL D

0122 LIRED MOV .8
0123 MOV M,B

U1z Moy B¢

0125 DLAD 6

0126 MV A,OCFK
o127 Che I

0128 IN7 LIWED
01?9 VI A,DCOH
0130 CMe L
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will be greater than hexadecimal 3F for
three cycles, as above, but on the fourth
compare it will be exactly hexadecimal 3F,
instead of less, as before.

At this point the program moves B to M
(hexadecimal CC3F), loads H and L with the
value at hexadecimal locations 3FD and
3FC, and exchanges it with the contents of
the stack pointer to restore the stack pointer
address.

Then, H and L are loaded with the con-
tents of hexadecimal locations 3FF and
3FE, which contain the values of H and L
before Page Up was exccuted {ie: the address
of the leading cursor before the page was
moved up). Operation then jumps to a sec-
tion of the Line Retract subroutine (LRP)
which moves the cursor up one line to re-
store its relative position on the screen.
From Line Retract, operation returns to
CURSOR.

Page Down

Page Down works the same as Page Up
except that it starts at the lower right-hand
position, hexadecimal location CFFF. It
then moves up to hexadecimal location
CC3F, or the upper right-hand corner, by
adding D and E (hexadecimal location
FC40). Then the MOVE cycle begins,
moving information down vertical rows and
finally arriving at the lower left-hand corner.

To restore the leading cursor to its rela-
tive screen position, the program jumps to a
section of Linefeed (LFP) upon termination
of Page Down. As explained above, Linefeed
ends with a jump to CURSOR.,

Page Left

Page Left commences in the same way as
the preceding two subroutines by moving C
to M, saving H and L at hexadecimal loca-
tions 3FF and 3FE, and saving the stack
pointer value at hexadecimal locations 3FD
and 3FC.

It then loads the stack pointer with hexa-
decimal FFC1 (the value needed to move
left ane line length), D and E with hexadeci-
mal 3F (the value needed to move right one
line length), and H and L with hexadecimal
CFCO (the address of the lower left-hand
corner position).

The cycle begins by storing the contents
of hexadecimal location CFCO in register B,
and adds D and E to H and L moving the
present position to lower right-hand corner
(hexadecimal location CFFF). It then moves
the contents of this location to register C,
moves the contents of B to this location, and
moves C to B, the same procedure as that
found in the Page Up and Page Down sub-
routines.

ADDRESS  HEX CODE
0101 CA OC DI
0104 12 F4 00

jotivg 70
0108 B
0109 (3 Fz o0
410C 70
G10p 20 FC 03
0110 F§

(13331 2A FE 03
014 (3 38 00

o1z 71

0118 22 FE 03
alim 21 00 0O
0lie 39

QllF 22 FC 03
0127 310 FF
0125 11 3F 00
0128 1 Q@ CF

0128 46

gl12¢ 19

012 4t

012t 70

012F Hl

0130 2B

0131 3E CB
0133 BC

0134 (A 5201
0137 3C 3F
0139 BD

OL3A CA 75 a1
a13d 3E7F
013F B

0140 CA 7501
O3 3E BF
0145 ED

Q146 CA 7501
0149 3E FF
0148 8D

Q14C CA75 01
(14F €320 01
01y2 28 FC 03

o155 Fg

0156 2R FE 03
0159 70

015A FE 08
a15C Ch 71 Q1
NIsF FE UD
8161 71 01
Gles FE 80
0166 7] 01
0169 FE €0

0168 CA 71 01
016E (3 58 a0

0171 19
072 C3 06 00
0175 39

0176 (3 2B 01

0179 /1

0174 22 FE 03
0170 21 Q0 00
0180 39

0181 22 FC 83
0184 31 3F @0
0187 21 3F CC
0184 11 C1 FF

018D 46

018t 1%

018F 4F

0190 70

0191 41

0192 23

0193 3t DO
0193 BC

0196 CA B3 01
0199 AF

0194 j:h]

0198 CA D6 01
019€ 3E 40
0LAQ BR

o1 CA D6 01
01AY 3E 80
BiAG BL

D3A7 CA D6 01
01M 3EC0
O1AC 8D

QLAD CA D6 0L
0180 (3 &F Q1
O1B3 2A FC Q3

0186 F9

0187 2A FE 03
OIBA 70

0188 FL 3fF

° PAGE LEFT *

° PAGE RIGHT *

LIHE #

0131 4 ENDD
0132 JNC LIKED
D133 MOV M,B
0134 DCX I

0135 JMP ROWD
0136 ENDB MOV M, B
0137 CHLD O3FCH
0138 SPHL

D139 LHLD O3FEH
0lug JNP LFP

Diul PL ROV M,C
4142 SLD 03FEH
0143 LX[ H,00
alss DAD 6

0145 SHED Q3FCH
0la6 LA 6,0FFCIN
0la7 W1 0,038
0IHg LK1 h,OCFCOH
014% LINEL MOY B.M
0150 DBAD D

0191 BGML MOV C.A
0152 ¥V LB
0153 #0V B,C
0154 DCX H

0155 N[ A, OCEM
G156 M H

0157 37 ENDL
0158 NI ALO3FH
0159 (&P L

0160 JZ HEXTL
D1GY MY[ A,07FH
0162 CHP L

0163 JZ HEXTL
D164 HV[ ALOBFH
0165 CHP L

0166 JZ HEXTL
0167 MYl A, GFFH
0168 C(HP L

0169 JZ NEXTL
0170 JMP BGHL
0171 ENOL LHLD O3FCH
0172 SPHL

0173 LHLD D3FEH
al7u v AL
0175 Pl 00

0176 JI FIXL
0177 LRI Q4OH
0178 JZ FEXL
Q179 P 0804
Qlg0  JZ FIXL
0181 CP1 oCod
0182 1 FISL
0183 JKP BSP
0184 FIXL DAD [
0185 J¥P CURSDR
(186 NEXTL DAD &
0187 J¥P LINEL

0188 PR MOV ¥,
U183  SHLD D3FEH
0190 LX[ H,00
011 LAD &

D192 SILD O3FCH
0193 Lx{ 6,03FH0
0194 X[ H,OCC3F1
0195 LX§ D,OFFCIH
0196 LINER MOV B8
0197 BAD D

Q19C BGHR MOV (M
0199 MO¥ n.B
0200 ®OV B,L

D201 INX H

0202 A1 A, 0DOH
0203 CEP 1

0204 JZ ENDR
205 XRA A

0206 CHP L

0207 )2 NEXTR
0208 MY A,040H
0209 CMP L

0210 32 HEXTR
0211 MY1 A,DEOH
0212 (NP L

0213 JZ KEKTR
0214 M¥] %, 0C0H
0215 Chp L

0216 JZ REXTR
0217 JMP BGHR
0218 FHPR LHLD O3FCH
0219 SPHL

0220 LHLD O3FEH
0221 MO¥ AL
0222 CP] Q3FH



Next, it decrements H and L and com-
pares H with hexadecimal CB to determine if
this new value is still on the screen. When it
is not, the operation is complete and the
subroutine exists as explained later. However,
if the new value is on the screen, L is com-
pared with the hexadecimal values 3F, 7F,
BF and FF, consecutively, to determine if
the present cursor position is a right-hand
end of a line. If not, the cycle is repeated
by moving the contents of the line, space
by space, to the left until the current char-
acter position becomes one of the above
mentioned right-hand end of line positions.
This will mean that we have decremented
(moved left) all the way through our present
line, and then decremented once more,
moving up to the right-hand end of the line
above. When a right-hand end of the line /s
found, the subroutine adds the Stack Pointer
contenis (hexadecimal FFC1) to H and L,
having the effect of moving the current char-
acter position to the left-hand end of the
new line. The value at this location is stored
in B; D and E are added to H and L as be-
fore, and the cycle continues, moving line by
line to the left one space at a time.

After the last screen memory location has
been transferred, the decrement changes H
from hexadecimal CC to CB. When this
condition is sensed by an appropriate check,
the program jumps out of the cycle. At this
point, the subroutine restores the values of
H and L and the Stack Pointer. H and L now
contain the address of the leading cursor
position before Page Left was executed. The
cursor, in order to maintain its relative
screen position, must now also be moved to
the left.

Part of the complexity of the above
program comes from the fact that it was
designed so that characters disappearing off
the left-hand side of the screen reappear on
the right-hand side and on the same line that
they were on, rather than on the next line
up, as in the case of asimple decrement/move
loop.

If the new leading cursor position is
moved Lo the left off the screen, it should
appear on the right-hand end of the same
line. Hence, knowing the pre-'Page Left"
value of the cursor, it is not sufficient to
simply decrement it, since if the cursor is
on the left-hand end of a line, it would
appear on the right-hand end of the next line
up, and its position would no longer be
relative. To avoid this, the subroutine checks
to see if the old leading cursor position is
one of the four left end values (hexadecimal
00, 40, 80, or CO) and if it is, then D
and E arc added to this value in H and L and
this simply shifts the cursor position to the
right-hand end of the same line. The pro-

ADLRESS
DiRE
2100
302
[l
o7
LA
Bilt
QiCt
017
010z
1HNg
2107

R
10D
J1Bt
0it}
uit3
MES
NS}
S1ER
CLED
1FF
TiF
siFL
A7
01FY
N0
BIFE

D
bU}
IRK

L2RE
0290
023

HEX Ll

o
e

N
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£h
LA

by

02 nl
ks
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E
a2l
tH
[T

oG Dl

i

13 0y
il

S OPACE SELALL C

"t WECAT BCLAY ¢

o
sl
1 00
ol

LiNg 7
72
224
0275

022t

17 FIsk
Py 07FR
12 FIiR
(Pl OFFk
JZ FEER
fPLOFFH
dZ TIeR
dE? RSP

15

G231 FIRK DAL T

0252 [P CURSOR
0733 NENTR DAU €
N234 1P LINFR

{235 PRGER SHLD O3F 3N
0230 KoV KL

0257 LXI H,0CCO0H
0738 Wv1 B,ODOH
0234 AVl L00
G240 LM 03F8N
o241 ¢ 00

C2u7 J2 Ut

ey ok

A7 W0

(P o

10 THREE
CRLoal

J¢ FUUR

CPT 04k

A2 FIVE

Hel L01Ck
RO VU

1744

0245

zuab
uza/
02ud
0249
250

u2he DA U3FaN
N2l KR A

a2l P JtH

u? 1ORESET

naks AMF PUIG

v RESET sVl oa, i
aeh FLUG 51A O3F8H
N4, LHL 3F3H
et/ WV LM

a6 MV ALUCLH
2607 STA G3FAH
W A0

STA O3RN

P STATIN

U5 TWU MvD DL O0CH
276 M2 M0V

0277 THREF W1 LLuldn
neFs M0 Find

(27 ¢ FUUl AV DL 0TS

DXel AN ML
GZaL IV MV L D10H
(DA R S S

52 R LKD H, 08000
3 MV EOCH

0285 LUPK LXI D,0CCUOH
0266 Lha O3F3H
1287 DR A
0255 STA 43084
0253 MR ROV]

02740 RO LXL oS00
¥ VIO, UMD

M LD
ROLS Lel H,01020H
2294 MVDOBLOlGH

YRR HUR A
0296 RCLA LRD 1, 0L400K
07247 MV B,018H
G2U5 NP LIRE
bORCLS LXE ML 01B00K
M1 B, 01CH

1P LLFX
G302 RLE6 X1 H,0CC0H
1503 W] RLO20:

0304 1P Iex

305 BEPT (XL 1, 010FFH
U306 (U0K DER |

0307 INS LLOK

308 BCR O

7 L0k

JIEIR N

Al DRI
J7ODATIN

1 Ok
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gram then jumps to CURSOR. If it is not a
left-hand end of line position, program
operation jumps to a section of the Back-
space subroutine which moves Lhe cursor
to the left one space, and displays it on the
screen.

Page Right

Page Right is similar to Page Left in pro-
gram structure. The Stack Pointer is loaded
with hexadecimal with 03F to move from
the left to the right-hand end of a line. The
D and E pair are loaded with hexadecimal
FFCi1, to move from the right to the left-
hand end of a line, and H and L are loaded
with a starting value of hexadecimal CC3F
which is the upper right-hand corner of the
screen.

Operation causes the H and L value to
shift from upper right-hand to upper left-
hand by adding D and E, then simple incre-
ment loops move operalions lo the right
step-by-step. The Stack Pointer is used to
move from the left to the righi-hand side
whenever a left-hand end of line is en-
cotintered.

This subroutine uses all registers in the
same way as Page Left except that they are
toaded with different values necessary to
move characters to the right. In finishing
this subroutine, the old leading cursor posi-
tion is checked for a right-hand end of line
value and, If true, this value is changed to a
left-hand end of the line value, again by
adding D and E and jumping to CURSOR as
in Page Left. If the old teading cursor posi-
tion is not at the end of a line, the program
operation jumps to a section of Forward
Space which moves the cursor to the right
one space and displays i1, while maintaining
its relative position.

Page Store

Page Store is a memuory block program
which moves the present contents of the
screen to one of several allocated memory
seclors. This process duplicates screen infor-
mation somewhere else in memory for later
use without destroying the present screen
information.

Page Store and Recall require an addi-
tional 6 K bytes of programmable memory
to allow sterage of six full screens of data
for later recall. The number & was chosen to
satisfy our needs, but could be casily modi-
fied to any number up to 256 depending on
available memory. Note: (o expand the Next
Store operation to define more than six
memory sectors, additional controb checks
are needed in the Control/W section. Screen
storage locations are addressed in GRAPH
to reside in the area from 2K to 8 K in
programmable memaory. If they are to be
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L
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[t}
I
Ch
FF
ih
LE
FE
o
FL.
LA
It
Ch
I
A
13
i
I
)
I
[y
g
L&
LA

L&

FE 3

£
Fe
L
FE

WL
FE 3

¥
g
¥
§8
Ch
&3
I
o
FL
i
re
(¥}
FE

/1

FLons
13 0

FS 03

0o
g
00 CC
20

el
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34900
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Sl 0o

-

£ 00
B3]
3700
Gt
LR
86
i 00
8
&h 00
/F
UA
Era
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o
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UE
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Nl
S
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1
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aED
17
56 03
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L3 03y
U a0
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ch
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" IWITIALIZE *

*LLLAR *

* CUNTROGL CHECK *

LIRE ¢

0334
Q315
0316

a3tz
0313
0319
0320
(321
322
323
11324
0325
0326
0327
RRY]
kY]
7330
0331
9332

1333

0330
0335
0336
0337
338
0339
0340
341
0342

U343
03454
NETE)
346
347
(348
1349
1350
0351
0352
0353
135y
0355
J3h0
0357
0358
0352
0360
03e
0362
0363
(364
1365
560
0367
0363
4369
370
037
572
373
034
037%
(376
o377
6378
(379
0380
0381
352
6383
11384
1385
G386
8/
4388
0389
0390
0391
034z
0393
0304
0305
0396
BN
04y
13499
QuCh
ol
ooz
0s03
0434

M| ALO%
STA 0O3FSh
JEe STAFIN

[NET LX1 D,O3F5H
XA

STAX
[

STAN [+
[LEL

STAX D

INe D

STAY D

1% L

STAXR D
[t

¥l A, OCCH
STRA D
i

MYl A, 0804
STAS B

CLEAR BWT f,00
bUT ocall

LX] K, OCCOUH
BLANE MV M, 0201
INX H

1A, DUDH

CHP H

JREBLARK

JHE hORE

CTRLC CPY D164
32w
0 Qb
JZ2 LR
{PI 6H
A7 B
8 07
HFS
CP1 096H
J2RFC
CP1 094k
7 LRL
L2 DEGH
JZBSE
CPI 0B7H
JZ TS0
AHT DPFH
P10
JiCR
{91 Q154
J2
CFL DGH
J7 Pl
£ 0sh
JZPL
CP1 DRH
J R
CP1 013K
JZ PAGESR
LAl 010
JHECONT

STLW 8 o
AN 040K
7 ETIN
it BH
Al BFFH
LPI 1514
J2 Rl
or 0324
Ay
CPL 0330
JT RS
CPY D34l
JZ RCLY
TP 0351
J2 RLLG
el 36l
JZ Rl
JHE STATIH

CONT P O CH
JZ CLEAR
CP1 O1BM
2 OEQROH
CPI 017
JZ RIWT
LF) 018K
JRE STRT
MOV ML C
AP HGHE

RINT 1K OO
AHL OudH
JIRINT



addressed elsewhere, it is only necessary to
modify the start and end locations for
each 1 K sector in the Store routine (see the
Addressing and Memory Requirements Sec-
tion).

A status word in hexadecimal memory
location 3F8 is used as a counter to choose
which sector is being accessed. The data in
hexadecimal location 3F8 is initialized to
zero at the beginning of the program, incre-
mented every time a store is made, and
checked by the program to determine where
the next screen should be stored. Control/W
allows this counter to set to any number
from 0 to 5. This specifies one of six loca-
tions to which the next "STORE” will move
the screen information. Otherwise, it will
cycle automatically.

The information stored in each sector is
recalled to the screen with a block move by
antering Control/P followed by a number
from 1 to 6, The information in the storage
sector remains valid until written over by
another store to that location. Thus stored
information may be recalled as many times
as desired.

The main block move operation in Page
Store is also used by Page Recall, which
changes certain parameter registers in order
to move the information stored somewhere
in memaory back to the screen.

Upon entering the Page Store subroutine,
the contents of H and L are stored at hexa-
decimal locations 3FA and 3F9. The con-
tents of C are moved to the screen to restore
the screen to pre-“leading” cursor state.
Then, H and L are loaded with the screen
starting hexadecimal location CCOQ, and B is
loaded with the most significant byte of the
first invalid location after the screen (hexa-
decimal DO).

Next, register E is loaded with zero for
subsequent use with D, as a register pair. The
accumulator is loaded with the contents of
hexadecimal location 3F8, (a number from
0 to 5 denoting which of the six blocks in
memory wil! contain this page).

To determine which of these six blocks
is indicated, the accumulator contents are
compared with these six numbers (0 thru 5),
and a subsequent jump is made to a location
governed by the results of the comparison.

If hexadecimal location 3F8 is found to
be zero, the program loads register D with
the most significant byte of the starting
location of the memory to be used to store
the screen information (hexadecimal 08).
The actual move cycle then begins.

If the value is 1, 2, 3 or 4, the program
iumps cause D to be loaded with the respec-
tive memory block starting address's most
significant byte (hexadecimal OC, 10, 14 or
18}. If the value is 5, no jump is encountered,
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0350 litk 1 nuns [N 01k
358 Hie 7t $406 - AND (7FH
3k [l 2an/ - £F] 01CH
363 oy B8 J4INT
U3hh Fto3 Da0y  LF1 0311
a3 r o3 610 JHZ $+5
15ER 3t w [N S I )
a3l i FE s tyly  STA D3F8H
340 [ iz oqL3 CPL 0321
(372 L 04l JNZ $+5
1375 ar D4lh  MVI A, 0L
1377 RO Dult, STA D3FEH
037 FLo33 ml7 P} D33H
U3 [ Gile NI $eh
037¢ SO Ual%  MVT AU
B3l 21863 e STA D3F8H
2384 e 3n nazl P 034H
D38 L7 AL N3 D822 URZ $+5
(384 363 N423  KV1 A, D3R
C3ak FAR XN D24 STA 03F5H
038E e s nazs Pl L3Sk
2500 [ 1 (A7 T TR T
3303 ok L7 O R
{505 1 auzi STA O3F8H
0398 0479 CP1 036H
340 430 INZ 845
390 ansy Myl A0
039F ON32 STA O3RN
0342 1433 NP STATIR
U345 a3 STET 21 01200
547 USSR e S H ]
0344 14356 1V ALDSOH
03ac 0437 STA DIFSH
034F M NP STATIN
u3Ez D39 CPL DI
0384 D40 JHZ $+0BH
03By ngsl LA D3 Bk
0384 i, ARL Ui
03ac uuas STA D3FBN
U3EF RUTTI S TR 1]
B30 UNYS  CPE UL
430y C4 b ud ulils  INZ $-0BM
a3c/ PG 08 ukl7 DA O3F6H
Q30N [l U448 AD] 080H
UL 3 Fu 03 04k 5TA OIFGH
L3 15 G50 JRE RTATIN
1L 13 L5l CPT 0L
EEND [ T D457 JRZ $-UEH
0307 P U453 LA Q3F7H
1504 H O4%s ALY DBDH
031 DA%t STA O3F7H
03LF DUSE MR STATIN
03gz a7 (Pl OFFN
15E nuse  UNZ 36
n3F7 [ N G R Elb T
L3k ! BUEL PV LA
54 VIR el P par
L3R L3Sl T 2N R NG

but D is lpaded with Lhe appropriate value
(hexadecimal 1C) at the next sequential
program step.

After D is loaded, D and E are used as a
register pair (E = 00}. The move cycle moves
the memory contents of the position speci-
fied by H and L to the accumulator (MOV
A M). This value is then stored in memory at
the location indexed by D and E.

Next, D and E, and H and L are incre-
mented, and the value of H is compared with
the value in B (first invalid location) to see if
the new value of H and L is still a valid
screen position. 1f so, the cycle is repeated.
When the comparison of H with B indicates
that the new value of H and L is no longer a
valid screen position, the entire screen has
been transferred.

At this point A is again loaded with the
value at hexadecimal location 3F8, the page
store select number {0 to 5). This value is
incremented and checked to see if it is equal
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to 6. If so, the accumulator is loaded with O
and stored at hexadecimal location 3F8. If
not, the value in A is stored at hexadecimal
location 3F8 unaltered.

The next time Page Store is entered, the
page store select number will indicate that
the screen is to be stored at the next mem-
ory block higher than the last screen was
stored at. However, as described above, if
the last screen is stored in page 6 (memory
block 6, indicated by a 5 in this location)
the program will have reset the location to 0
so that the next screen stored will be stored
in page 1.

After the page number value has been
determined and stored in hexadecimal loca-
tion 3F8, H and L are loaded with their
original prestore value (from hexadecimal
locations 3FA and 3F9), and the value of M
at this position is moved to C for use in any
subsequent subroutine. Hexadecimal loca-
tions 3FA and 3F9 are then loaded with
CCOQ for subsequent use by page recall.
Next, the program jumps back to the status
input (STATIN) of the driver program.
Hence, no cursor is on the screen after a
store. This is a good way to see if you have
already stored the present screen. A Page
Store blanks the leading cursor.

Page Recall

Page Recall can be entered at six points,
depending on which page the operator
decides to recall. At cach entry point, H and
L are loaded with the value of the starting
address of the page or block desired to be
recalled, and B is loaded with the most
significant byte of the first invalid address
after this block of memory to be recalled.
D and E are loaded with the screen starting
location (hexadecimal CC00). Then A is
loaded with the value of hexadecimal loca-
tion 3F8 (the Page Store select value),
decremented by 1 and deposited in hexa-
decimal location 3F8, since later on in the
program it will be unavoidably incremented.
(Thus a decrement followed by an increment
leaves the Page Store select value at its
original value.)

With D and E holding screen locations
and H and L holding the page in memory
locations, moving information indexed by H
and L through the accumulator to posi-
tions indexed by D and E in effect moves
information from the page in memory to
the screen. Since the moves are accomplish-
ed by the move cycle in the Page Store
routine, the program operation now jumps

to this cycle, which operates as described
in Page Store. The result is that the selected
page in memory now appears on the screen.

Notice that, when the move cycle in Page
Store is used by Page Store, hexadecimal
locations 3FA and 3F9 are used to contain
the address of the present leading cursor
position of the page being stored. When the
move cycle in Page Store is used by Page
Recall, these locations contain hexadecimal
CCOO0 to initialize the cursor on the recalled
page. Also, as in a Page Store, no leading
cursor appears on the screen, Hence, a Page
Recall will set the cursor position to the
upper left-hand corner of the screen, even
though the cursor is not visible, until some
other function is executed.

Users who do not have a hard copy out-
put device in their systems may find a way
to use the Page Store and Page Recall
routines outside the GRAPH program.
Running BASIC or even an assembler or
editor with only a video terminal means
that you often run information off the top
of the screen that would be useful for later
reference. Resident Page Store and Recall
subroutines might help to reduce this
problem. If the BASIC input routines, for
example, could be modified to incorporate
control character checks for Page Store and
Recall, these routines would be called to
store the existing screen without interfering
with the program currently running in
BASIC. This approach would be cumber-
some (unless universally accepted) because
all the higher level programs would have to
be modified separately.

Other alternatives might incorporate
interrupts to exit from main programs that
reside above the 8080's RST addresses, or
even some sort of parallel processor that
would “preprocess’” input data and route it
either to special service routines or to the
main program.

Repeat

Repeat simply loads hexadecimal location
3F5 with hexadecimal 80 and jumps back to
STATIN in the Driver. Hexadecimal location
3F5 is subsequently reset by the program as
soon as a second key after CTRL/R is
pressed, as explained in the Driver section.

Vertical Write

When the contrel check subroutine
recognizes the code for vertical write, it
loads the accumulator with the contents of
hexadecimal location 3F7 (which determines



Systen Clear

When a CTRL/W followed by a Clear is
detected in the Control Check Section, a
jump is made to INITialize and all system
parameters are initialized. The screen is
cleared and the cursor is moved to the upper
left-hand corner.

System Clear is designed to be accessed
by pressing CTRL/W and then Clear, to avoid
accidental use, It is, however, occasionally
handy to be able to reinitialize the entire
program.

Clear Screen and Home Cursor

When only the Clear key is pressed, the
program jumps ‘to CLEAR. This clears the
screen and returns the cursor to the upper
left-hand corner. Memory status words are
unchanged.

Home Cursor

When a CTRL/X is detected in the
Control Check section, the program jumps
to Home, which returns the cursor to the
upper left-hand corner but does not affect
the screen contents or the memory status
words.

Escape

When the escape key (ESC) is pressed, it
is detected by the Control Check section and
a jump is made to hexadecimal memory
address 345 where the program receives
instructions for exit from GRAPH (see
Program Function and Use).

Addressing and Memory Requirements

In its present assembly, GRAPH resides
in hexadecimal memory locations 000 thru
3FFF and is designed to drive a VDM-1
addressed at hexadecimal CC00. VDM-1
status port (to reset scrolling) is addressed
at hexadecimal C8.

In addition, six 1 K byte memory sectors
are set aside for the STORE and RECALL
functions (see table 3).

A keyboard inputs status information to
{O port 00 {data present = bit 6 set) and
data to 1O port 01.m

A 300 bps cassette of GRAPH in Kansas
City, BYTE or Cuter formats with a CUTER
header is availabie far $5 {cash or money order)
from UNB Audio Visual Services, UNB,
Fredericton NB CANADA E38 5A3.

Hexadecimal Hexadecimal
Locations of Begin | Hexadecimal Location of End
Hexadecimal Address in GRAPH | End Address Addrass in GRAPH
Sactor Beginning Address Program Plus One Program
1 0800 22F, 249 (08) Qco0 248 i0C)
2 0C00 234, 25B {0C) 1000 25D {109
3 1000 239, 263 {101 1400 265 {14}
4 1400 23E, 268 (14) 1800 260 118)
5 1800 243,273 (18) 1C00 275 (1C)
6 1C00 202,278 {1C) 2000 270 120}

if the program is in the vertical write mode),
It then adds the value 80 to the accumulator
and deposits the result back into 3F7. This
has the effect of alternately loading that
location with hexadecimal 00 or 80 every
time this routine is entered. Thus, one stroke
of the appropriate key (CTRL/Q) puts you
in the Vertical Write mode, and another
stroke takes you out of that mode. Opera-
tion then jumps back to STATIN in the
Driver.

Cursor (On/Off)

This operation works exactly the same as
Vertical Write by alternately loading hexa-
decimal location 3FB with hexadecimal 00
or 80.

Cursor Write/Don't Write

Cursor write/don’t write works exactly like
Vertical Write, alternately loading location
hexadecimal 3F6 with hexadecimal 00 or 80.

Next Store

When a CTRL/W and a number from 1 to
6 are detected (see Control Check Section),
the Next Store routine is entered. This
routine is actually only a series of compari-
sons in the Control Check Section which
compare the input character with several
ASCIl hexadecimal values, For example,
after CTRL/W and a numeral 1 are entered
from the keyboard, the data input to the
computer is hexadecima! 31. In this case a
CPI 31 instruction would route the program
to instructions that would load status word
hexadecimal memory location 3F8 with
hexadecimal 00, and when 3F8 is checked
by the next STORE operation, it would
store page 1 in the first memory sector.
Entering a 3 would be detected by a CPI 33,
which would load 3F8 with hexadecimal 02
and set up the next STORE operation for
page 3.

Table 3: Six 1 K byte
memory sectors which are
set aside for the STORE
and RECALL functions.
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Audio Processing

with a Microprocessor

There is a lot of talk about digital audio
processing, but talk is not the same as
practical action. As the prices of micro-
processor systems and interface devices
continue to drop, such applications are sure
to become quite common, even among
amateurs. This article describes a few of the
possibilities of the use of a small low cost
microprocessor system for digital processing
of audio signals. The effects described in-
volve echo, reverb, fuzz, time delay, phase
phlanging, mono-to-enhanced-stereo conver-
sion, and frequency multiplication. These
effects could also be quite useful for the
experimentally inclined audio enthusiast or
music group.

Hardware Requirements

To run the programs given here, you will
need a 6502 (or equivalent) processor with
from 1 K to 5 K bytes of programmable
memory, an 8 bit input port connected to
a fast 8 bit analog to digital converter
(ADC), and a latched 8 bit output port
connected to an 8 bit digital to analog con-
verter (DAC). An additional output port and
digital to analog converter are required for
sterec applications. The basic hookup for
a simple monaural system is shown in figure
1. The signal from the preamp is amplified,
low pass filtered, converted to digital by the
analog to digital converter, processed in the
microcomputer, converted back intoranalog
by the digital to analog converter, and then
filtered some more before going to the
power amp. The success of such a system in
audio processing depends upon its ability to
operate at ultrasonic speeds; that is, the rate
at which the audio signal is digitized,

processed, and output must (or should)
be as far above the upper limit of the audio
spectrum as possible. Thus the speed of each
of these steps is critical. We'll consider cach
step individually.

Next to the microcomputer itself, the
analog to digital converter is really the most
critical component. It must be a fast one; a
conversion time of 50 us or fess is necessary
to allow sufficiently high sampling rates.
| have been using a Datel Model ES8HBI,
an 8 bit successive approximation analog to
digital converter with a 4 us conversion
time (available from Datel Systems Inc,
1020G Turnpike St, Building S, Canten
MA 02021, for $85 in unit quantities}. |
rccommend this unit. Its conversion time is
probably faster than you will need, but at
least you won't have to buy a new one when
microsystems get faster (as they certainly
will). In addition to speed, the Datel analog
to digital converter has two other features
you should ook for in a converter. First, it
is bipolar, which means it is capable of
accepting both the paositive and the negative
excursions of the audio waveform. Other-
wise, you would have to add some offset to
the incoming signal. {The programs in this
article assume offset binary coding.} Second,
it ¢/ips on overload rather than wrapping
around. That is, if the input audio signal
exceeds the dynamic range of the analog to
digital converter, the digital output simply
stops at full scale rather than wrapping
around or folding back to zero. The reason
this is a useful feature is the fact that an
audio signal contains many peaks and
transients which greatly exceed the average
signal amplitude. With only an 8 bit system,
there is really no way to keep these transients



from exceeding the range of the converter,
at least occasionally; if you try to prevent it
by adjusting the average amplitude to a very
low level, you'll get tos much quantization
noise. Clipping the peaks may offend the
audio purist, but I'll guarantee you that it
sounds a /ot better than wrapping around.
Of course, a better solution would be to
use 12 bit converters and a 12 or 16 bit (or
faster 8 bit) computer. Sufficiently fast 12
bit analog to digital converters are available
for about $150, and 12 bit digital to analog
converters are typically about $30. But
without a 12 or 16 bit processor, all proc-
essing would have to be done in double
precision, which might slow things down too
much {unless you have a 4 MHz 6502, which
| do not). Anyway, an 8 bit converter which
clips is good enough for the time being.

Selection of a digital to analog converter
is much easier, since several fast, low cost
8 bit units are available. The digital to analog
converter needn't be bipolar, since a DC
blocking capacitor can be added easily. The
Hybrid Systems 371-8 at $10 is a good
choice, as is the Motorola MC 1408L8 at
about $5. I've used both successfully. The
Hybrid Systems unit is more convenient
because it has a built-in reference supply,
while you will have to supply an external
{2 V) reference for the Motorola unit. This
must be very well filtered but not necessarily
well regulated for audio applications. (An
advantage of the Motorola units is that they
can be used as multiplying digital to analog
converters. If you drive the reference input
of one converter from the output of another
converter, then the output of the first con-
verter will be the product of the digital
inputs to the two converters. This aliows
you to obtain automatic level control,
compression, expansion, fading, and ampli-
tude modulation effects without relying on
much slower software multiplication rou-
tines and without getting into trouble with
guantization noise.)

As for the processor itself, almost any
6502 system should do with the examples
I've included in this article: KIM-1, Jolt,
Ebka, OSI, PAIA, Apple-il, PET 2001, etc.
I've used both the Ebka and the OSI systems
with good results. OSl has a particularly
canvenient analog 1O board (Model 430)
which can be populated with two MC1408L8
8 bit digital to analog converters, an 8 bit
analog to digital converter, and their associ-
ated latches and address decoding logic. The
0S| Model 430 analog to digital converter
circuit is of the synchronous tracking {(up-
down counter) type. Be warned, however,
that this analog to digital converter wraps
around on overrange. It also requires some
individual tweaking of component values to

get it to work. If you want to use the OS|
430 board, | strongly recommend that you
replace their analog to digital circuit with a
better one, such as the Datel ESHB1. Other
than that, the OS} board is just fine.

One very important concept which you
must understand is the relation between
sample rate, aliasing, and low pass filter-
ing. If you don't understand these terms
and their significance, then before you
go on you should read the article by Hal
Chamberlin on page 62 of the September
1977 issue of BYTE. For the programs
presented in this article, the sampling rate
will fall between 20 and 40 kHz with a 1
MHz processor clock frequency, assuming
you are using a sufficiently fast analog to
digital converter (less than 50 us sampling
time}. To control aliasing, you have to roll
off the high frequency response of the input
signal to the analog to digital converter at a
frequency no higher than about 1/4 of the
sampling frequency, ie: about 5 kHz for a
20 kHz sampling rate. This may not sound
much like “'hi-fi,"”" but actually it sounds
better than you might think. For better
highs, you need faster processing and may-
be 2 faster input converter. The 6502 is
pretty good in this respect; it’s available in
versions at least up to 4 MHz. This would
give you a sampling rate of 80 to 160 kHz
for the programs given here and would ex-
tend the highs to the 20 to 40 kHz range.
Now, that’s a high fidelity computer!

The sampling rate therefore determines
the frequency at which the response of the
system must be rolled off {by means of
appropriate low pass filters) in order to re-
duce aliasing to a tolerable level. In the
simple circuit of figure 1, the only roll off
is that provided by the capacitors in the
feedback loops of the two op amps. Al-
though this circuit is satisfactory for ex-
perimental purposes, the cutoff rate of the
high frequency rolloff is not sharp enough
for first class results. If you're really serious,
you'll want more sophisticated, sharp cutoff
filters. Hal Chamberlin gives the circuit of
an excellent filter in his article in Sep-
tember 1977 BYTE, mentioned pre-
viously. The unpopulated printed circuit
board, as well as an assembled and tested
unit, is available from Hal. The cutoff fre-
quency of this filter is 3 kHz, probably too
low if you have a reasonably fast processor,
50 you might want to modify it or roll your
own based on the designs in Don Lancaster’s
Active Filter Cookbook or ather reference
sources. Only one sharp cut filter is needed,
between the preamplifier and the input ana-
log to digital converter, to reduce aliasing.
The filter on the ocutput, between the digi-
tal to analog converter and the power
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Figure 1: The system design of an audio processing test bed requires two simple peripheral devices and a computer. The input
device is an analog to digital converter (ADC in this diagram) preceded by a filter. The output device is a digital to analog
converter (DAC in this diagram) driving another filter, Source material from (for example) a broadcast program is input through
the ADC, processed in real time by the program in the computer, then output in real time to the DAC where it (for example)
goes to your audio power amplifier and speaker system. The program in the computer can be as simple as an unprocessed trans-
fer from input to output, or as complex a transfer function as the constraints of real time will alfow, given the speed of the
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amplifier, needn’t have as sharp a cutoff,
but it should have the same cutoff frequency
as the input filter. For the simple filters
in figure 1, the cutoff frequency is equal
to 1/2aRC, where R and C are the values
of the feedback resistor and capacitor,
respectively.

One last thing to consider about the hard-
ware is the level (amplitude) of the audio sig-
nal. In order to avoid excessive quantiza-
tion noise, the input signal must be amplified
enough to utilize the whole dynamic range
of the input analog to digital converter. In
figure 1, the first op amp provides gain in
addition to filtering. The gain of this ampli-
fier, which is equal to Ro/Ry, will have to
be adjusted for your particular system.
Given choices of R and C for filter cutoff,
Rq can be chosen given a desired gain level.
For example, if your preamp provides a
maximum output signal of 0.2 or 1 V peak-
to-peak, and your input converter has an
input voltage range of 5 V (10 V peak-to-
peak), then a gain of 10 V/1 V = 10 is
appropriate. Also, the maximum output sig-
nal of the digital to analog converter must
not be allowed to overload the power ampli-
fier. This will dictate the selection of the
feedback resistor Rq of the output op amp
in figure 1; the output voltage is directly
proportional to the value of this resistor.

Software Considerations

So what about the software? First, let's
see how to get data in from the input con-
verter and out to the output converter
without any processing at all. If your analog
to digital conversion device (which | reference
symbolically as CONV) is connected to an
input port whose address is F800, then to
load one sample of the audio signal into the

QUTPUT

For each amplifier, pick R and C such that
1
fc =
(27 RC}
where

f. is cutoff frequency (kHz)
R is kilohms

C is microfarads

accumulator (A) register of a 6502 requires
one instruction, thus:

LDA CONV

This is all you need if you're using a
tracking converter such as that on the OS)
board, but if you're using a strobed con-
verter, you'll have to give the converter a
strobe pulse first, allow it time to convert,
then load the A register. The fastest way
to do this is to assign the input conversion
strobe to an unused address, decode that
address, and use the address select line
{address “‘strobe,' as it is sometimes called)
as the pulse which strobes the converter.
I have used the latter approach for my
strabed analog to digital converter and have
(arbitrarily) assigned address EC00 {which [
call STROBE symbolically} to the address
strobe. With this arrangement the converter
is strobed by any instruction which refer-
ences that address; for example an STA as
shown here:

STA STROBE

__ | several instructions executed
while conversion occurs.

LDA CONV

The above routine strobes the converter and
then loads the data into the A register. The
dashes represent intervening instructions
which take up enough time to allow the






AE 00 F8 BSTARTLDX CONV Put converter data into x register

8D 00 EC STA STROBE Strobe converter.

BD Q0 03 LDA TABLE, X Logok up xth byte of TABLE
AD 00 F9 STA DAC Cutput to DAC

18 CcLC Repeat

90 Fl BCC START

Listing 2. Waveform modification. This 6502 program, obtained by modify-
ing the program of fisting 1 slightly, uses the input sample from the analog
to digital converter {value 0 to 255} to look up the output sample in a '‘trans-
fer function” table located at 0300 in memory and referenced with the name
TABLE. The key to what the distorted output sounds like relative to the
input is the data stored in TABLE (see text and figure 2).

ing special effects {such as “fuzz”} with
clectric guitars and other electronic instru-
ments. The computer can perform a rather
elegant general purpose distortion function
by utilizing a stored transfer function as
illustrated in the program of listing 2.

To use this algorithm, you must set up a
table in memory (on page 03 in this ex-
ample) which serves as the transfer function.
Each sample of the input waveform obtained
from the input converter is used as an index
to look up a corresponding byte in the
table, which is then used as the output
value. In this example the table is just 256
bytes long and is indexed by the 6502 proc-
essor's X register. Depending upon what we
store in the table we can get any kind of
distortion effect we want. A trivial case
would be to use a straight line function,
ie: put 00 in 0300, 01 in 0307, 02 in

FF FF FF
a
P
<
o
Q0 ADDRESS FF ae FF Qo FF
A & c
FF FF FF
o le] FF <o) FF s]¢] FF
D E F

Figure 2: Examples of transfer functions for use with the waveform modifi-
cation technigue of listing 2. These curves are produced by plotting the data
at an address versus the address within the table, with both values having a
rarnge of 00 to FF hexadecimal (eight bits worth). (A) is the simple linear
transfer function. (B) Is a transfer function which is equivalent to a saturated
clipping amplifier: it puts out a square wave. (C) represents a slight distortion
of the finear response of {A). (D) is a transfer function which effectively
doubles the frequency of the input waveform, while (E) guadruples the input
frequency and (F) multiplies the frequency by a factor of 8 (ie: three octaves
higher),
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0302, . .and FF in Q3FF as shown in figure
2a. This would yield no effect at all; the out-
put would be identical to the input as was
the case with the program of listing 1. But
if we use anything other than a straight line,
we'll get distortion. Several possibilities are
shown in figure 2. Figure 2b would give a
square wave output while 2c would yield a
somewhat less strongly distorted output.
With the function shown in figure 2d, we
would get a frequency doubling effect;
that is, if the input were z sine wave of one
frequency, the output would be an approxi-
mate sine wave of twice that frequency {one
octave higher). With figure 2e, we'd get an
output two octaves higher. This can be ex-
tended even further with the appropriate
transfer function {eg: figure 2f), The effect
on the sound of an electric guitar is quite
remarkable, particularly as the frequency
multiplication factor is a function of the
amplitude of the input signal and changes
at the input decays.

Quite apart from its potential uses in
music recording or performance, the above
technique is a neat way to teach (or learn}
about the effect of transfer characteristic
nonlinearity on audio distortion. Just put
in the characteristic under consideration and
fisten to the effect it has on the audio.

Time Delay, Phase Shift and Reverb Effects

If we store digitized audio in an array in
programmable memory, and read it out to
the digital to analog converter at a later
time, we have a time delay effect which can
be used for phase shift and reverb. The max-
imum time delay you can achieve depends
on the sampling rate and the amount of
available memory; but even with only 256
bytes you can get some pretty good phase
shift and phase “phlanging” effects. With
4 K bytes you can get a good reverb.

The essential programming technique
behind all of these effects is quite simple:
output a byte from the data buffer to the
digital to analog converter; inpul a new sam-
ple from the analog to digital converter and
put it in the same focation in the data buffer
as the byte just output; increment the point-
er modulo the length of the buffer and re-
peat. {Thus, when you get to the end of the
data buffer you reset the pointer to the be-
ginning and continue.) By scaling and adding
the new data from the input converter to the
old data from the data buffer, we can gener-
ate a range of effects depending on the
length of the time deiay.

The routine of listing 3 adds the audic
signal to a slightly delayed version of itself
and outputs the scaled sum to the digital to
analog converter. In this routing, page 03



serves as the data buffer and x as the point-
er. The pointer is initialized 1o DELAY, dec-
remented until it gets to zero, and then re-
set to DELAY. This results in a sort of circu-
lar data buffer which acts as a first in last
out shift register. The new and old (delayed)
data are added and sent to the output con-
verter. (Note that to prevent overflow, the
data are divided by two before adding.) The
time delay, determined by DELAY, can be
adjusted from 1 to 225 samples. Such short
delays do not result in a perceptible echo.
The effect is rather that of a *‘comb filter”
with multiple peaks and dips distributed
throughout the audio spectrum. This is due
Lo the fact thal there will be a cancellation
at every frequency whose period is an inte-
gral multiple of twice the time delay and a
reinforcement at every frequency whose
period is an integral multiple of the time
delay. This rearranges the amplitude and
phase relationships of the harmonics of
music and speech and has a guite noticeable
effect on the sound, variously described as a
“resonant’ or “twangy ' effect. (If you have
a hum problem in your audio setup, you
might try to find the value of DELAY which
puts a dip right at the hum frequency.)

The above idea can be extended and the
effect made much stronger by causing
DELAY to change continuously in real lime.
This would cause the peaks and dips to
sweep Lhrough the audio spectrum. This
effect is called “‘phase phlanging” by some
people. An easy way lo do it (not neces-
sarily the best way, however) is shown in
listing 4. This is the same as the previous
program except that the DEC DELAY in-
struction has been added to reset the buffer
pointer to a different value esach cycle
through the buffer. The effect of this
routine on voice and music is quite dramatic.
With speech and solo singing it gives a kind
of voice doubling effect, as if two people
were speaking or singing in synchroniza-
tion. It makes a 6 string guitar sound re-
miniscent of a 12 string guitar. A concert
pianc comes out distinctly like a question-
ably tuned honky tonk piano. The cffect
on organ music is unreal and unpleasant.
If you play the guitar and sing, or think you
do, lry processing a tape recording of your-
self this way. It will sound better, or at
least different {which in my case is the
same thing).

IT you have two output ports and two
digital to analog convertlers, you can gen-
erate lwo channels of audio output. For
example, you can convert a monaural
source to ‘“‘pseudosterco” with a further

A6 10 RESET LDX DELAY initialize pointer to buffer length
BD 00 03 NEXT LDA BUFFER, X get oldest data

4A LSR A divide by 2

85 11 STA TEMP keep

AD 00 F8 LDA CONV get new data

8D 00 EC STA STROBE (strobe converter)

9D 00 03 STA BUFFER, X replace old data with new
4A LSR A divide by 2

18 CLC

65 11 ADC TEMP

8D 00 F9 STA DAC output to DAC

CA DEX advance the buffer

DO EF BNE NEXT pointer and repeat

18 CLC

90 E2 BCC RESET

Listing 3: Time deluys are possible with a buffer. Using the memory focated
at hexadecimal 300 to 3FF as a 256 byte delay buffer, a number of interesi-
ing effects can be achieved. This program supports a delay of up to 255 inner
loop periods, oo short to be perceptible as a delay per se, but it does truns-
form signals by adding the delayed sumple’s points to the new inpul samples,
producing an interesting filtered result. The delay buffer fength is set by the
value loaded into the X index register from location DELAY in the first in-
struction of the program. As in all the examples of this article, this 6502
progrum is position independent and can be foaded at any arbitrary place in
memory address spuce which contains programmable memory not conflict-
ing with 10 or data storage locations.

A6 10 RESET LDX DELAY

BD 00 03 LDA BUFFER, X
4A LSR A

85 11 STA TEMP

AD 00 F8 LDA CONV

8D 00 EC STA STROBE
9D 00 03 STA BUFFER, X
4A LSR A

18 CLC

65 11 ADC TEMP

8D 00 F9 STA DAC

cA DEX

DO E7 BNE NEXT

C6 10 DEC DELAY

18 CLC

90 EO BCC RESET

Listing 4: Modifying the processing done by the deluy program of listing 3
to sweep the time delay value results in this "phase phlanging’’ program. The
difference between this program and that of listing 3 is the DEC instruction
which changes the value of the delay parameter DELAY each time it is re-
loaded. The effects must be heard to be believed.

A6 10 RESET LDX

BD 00 03 NEXT LDA BUFFER, X

8D 00 EF STA DAC2 delayed sound to one channel
AD 00 F8 LDA CONV

8D 00 EC STA STROBE

9D 00 03 STA BUFFER, X

8D 00 F9 STA DAC 1 direct sound to other channel
CA DEX

DO EB BNE NEXT

cé6 10 DEC DELAY

18 CLC

90 E4 BCC RESET

Listing 5: Modifving the program of listing 4 to turn it into a pseudostereo
processor. Here, the deluyed data is sent to u second channel, with the
amount of delay swept as ft was with the phase phianger approach. But
instead of adding the two channels together, they are kept separate and sent
to the left and right stereo speakers.
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F800
ECO00
F%00
0009
0010
00A0
QDAL
0011

AD

A9
85
AS
85
8D
Bl
LY
85
AD
4A
18

65
91
8D
Cc8
DO

Eé6
A5

C5
Do
18
90

00

00
AQ
09
Al
00
AD

11
00

11

A0
00
E9
Al
10
Al
ED

DA

EC

F8

F9

modification of the program in listing 3
(see listing 5).

In this example the additional DAC is
connecled to an output port whose address
is EF00. Instead of being added together,
the direct and delayed signals are simply
sent to the two different channels. The re-
sult is a sort of stereo phase phlanging
effect which sounds much like a “‘rechan-
neled for stereo’ disk recording. Try this
through stereo headphones. So now you
can have a stereo electric guitar, Would
anyone like to extend it to quadraphonic?

If you have at least 4 K bytes of memory
available in your system for your buffer,
then you can obtain echo and reverberation
effects quite readily. The idea is basically
the same as the phase shifter routines just

AUDIO REVERB SIMULATION

LABELS
CONV Address of 8 bit analog to digital converter
STROBE Converter strobe line
DAC Address of 8 bit digital to analog converter
FIRST Lowest page number in data buffer
LAST 1 + highest page number in data buffer
PNTRL Low half of data buffer pointer
PNTRH High half of data buffer pointer
TEMP Temporary storage
PROGRAM CODE
LDY #0 Set pointer to zeroth byte of page
, “FIRST".
LDA #0
STA PNTRL
RESET LDA FIRST
STA PNTRH
NEXT STASTROBE Strobe converter.
LDA (PNTR), Y Get oldest byte.
LSR A Divide by 2.
STA TEMP Save.
LDA CONV Get new byte.
LSR A Divide by 2.
CLC Add to oldest byte, and return to
data buffer.
ADC TEMP
STA (PNTR), Y
STA DAC Output.
INY Go to next point.
BNE NEXT Increment pointer {double
precision).
INC PNTRH
LDA LAST When end of data buffer is reached,
reset pointer to FIRST and
continue.
CMP PNTRH
BNE NEXT
CLC
BCC RESET

Listing 6: The use of large amounts of memory can lead to interesting effects,
for example this reverberation program. Here a 4 K byte buffer from address
space locations 2000 to 2FFF js used to store delayed samples obtained from
the input converter at location CONV. This code for the 6502 processor is
position independent, provided it is not loaded in the same region as the de-
tay buffer, the page rzero constants, or the 10 device addresses.
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discussed, except that a much larger data
buffer is used. Here we can use the indirect
form of the LDA and STA instruction, and
we maintain a 16 bit pointer in page zero
{unlike the 6800, the 6502 has only 8 bit
index registers). The routine of listing &
yields a reverberation time which is adjust-
able up to about 0.5 seconds. The data buff-
er is assumed to be the 4 K byte block
from addresses 2000 to 2FFF. On ecach
cycle through the buffer, the old data is
divided by two, added to the new data oul-
put, and returned to the buffer. Thus, the
old signals (ie: the echo) die off by a faclor
of two each time they are heard. You can
hear about five or six echos before they drop
below audibility.

If START is set to 20, using the whole
4 K buffer, the effect is something like that
of a large hall or perhaps an old railroad
terminal. The difference is that the com-
puter produces a clear, clean echo at very
precisely timed intervals and with a precisely
controlled decay rate. Compare this with
either a natural reverberation situation or a
mechanical unit: the result is 2 mare me-
chanical sound, much like a tape loop reverb
device, without the false resonances of a
spring type device. The advantage over a
tape loop device is, of course, that it will
never wear oul or get out of alignment.

Several useful modifications of this pro-
gram can be made. For example, you could
utilize a second digital to analog output and
a stereophonic sound system to achicve
spacial separation between the direct and
“reflected” sound. You could then apply
some filtering to the reflected sound channel!
to simulate selective absorption by the room
furnishings. You could also improve the real-
ism of this effect by writing the routine to
provide more than one delay time, for
example by maintaining two or more buffer
pointers which would allow the incoming
data to be added to several points in the
data buffer. You'll need a fast processor to
keep the sampling frequency up, however.
Finally, by simply dropping the LSR and
ADC instructions in the program of list-
ing 6, you can get a simple time delay
effect; say a word and it is repeated immedi-
ately. Great for language study; listen 1o
and critique your pronunciation without
wearing out your tape recorder. Or if you
have lots of memory {at least 32 K), you
can get delays long enough 1o allow you to
sing a round with yourself! | won't com-
ment on the frightening social significance
of this,



GLOSSARY

Analog to digital converter (often abbreviated
ADC}: Integrated circuit or hybrid module which
converts an analog voltage into a parailel digital
number, usually in a binary or binary coded deci-
mal format; characterized principally by the
number of bits of parallel binary output (the more
the better] and the conversion time {the shorter
the better). Most commercially available analog to
digital converters have from six to 14 bits, convert
in 0.5 ps to 200 ms, and cost from $12 to $300
each.

Address decoding: Logic circuitry present in all
microcomputer systems which looks for certain
addresses on the address bus and outputs a pulse
{address strobe} whenever those addresses occur.
Used to select individual 10 ports, sections of
memory, and devices tied to the data bus.

Address strabe: A pulse or logic level generated
by the address decade lagic in response to the
occurrence of a particular address or a range of
addresses in a microcomputer.

Aliasing: An instrumental artifact, caused by
sampling a periodic waveform less than twice per
period, which rasults in an apparent reduction in
the frequency of the waveform. (The effect is quite
analogous to the use of a stroboscope to “slow
down” the action of periadic mechanical motion.)
In audio processing, aliasing sounds like a gross
distortion.

Canversion time: The time it takes an analog to
digital converter to convert an analog voltage to a
binary numbear. Specifically, it is defined as the
time between the strobe pulse and the instant that
the digital output is valid.

Cut off frequency: The frequency at which a low
or high pass filter begins to cut off a signal {which
means to reduce its amplitude).

Cut off rate: Also called attenuation rate. The rate
at which the response of a low or high pass filter
increases attenuation as you go to higher or lower
frequencies. The response of a simple single section
low pass RC filter drops off only at the rate of a
factor of two for every factor of two increase in
frequency {called —6 dB per octave in engineering
jargon). More sophisticated “active” filters employ-
ing operational amplifiers can have much faster cut
off rates. These have the advantage of extending
the high frequency response as far as possible while
still reducing aliasing to an acceptable level.

Digital to analog converter {frequently abbreviated
DAC}: An integrated circuit or hybrid module
which converts a parallel binary or binary coded
decimal number to an analog voltage or current
proportional to the number. Commercially avail-
able digita! to analog converters have resolutions
from eight to 16 bits and cost from $5 to $100.
Orata buffer: A section of programmable memory
used to store data, usually temporarily.

Fuzz: A kind of distortion occasionally used by
electric guitarists for special effect.

Offset hinary coding: An arrangement for opera-
tion of a bipolar analog to digital converter in
which a zero input voltage corresponds to a mid-
scale digital output. For an 8 bit converter with a
5 V input range, an input of O V would be con-
verted to hexadecimal 80, -5 V to hexadecimal
00, and +4.96 V to hexadecimal FF. (This differs
from twa's complement coding.)

Peak-to-peak: The voltage difference between the
average positive excursion and the average negative
excursion of an AC signal.

Phase shift: A (usually small} time delay between
two similar periodic waveforms.

Phlanging: An audio effect originally produced by
playing duplicate tape or disk recordings in almost,
but not quite exact, synchronization.

Quantization noise: The noise caused by the
conversion of a smooth, continuous analog wave-
form into a “‘stair step’’ approximation in the
process of digitization. It adds a “hiss’’ to audio
signals, technically called "'white noise.”” Like any
other type of hiss, it can only be partially removed
by filtering. The smaller the steps, the less the
noise. Thus an 8 bit digitization, yielding 256
discrete steps or '‘quantization fevels,’”” results in a
slightly noticeable guantization noise, but in a 12
bit conversion (4096 steps), the effect is quite
negligible.

Sample rate: The rate at which the signal waveform
is digitized. The larger the number of samples per
period of the waveform, the closer the digitized
waveform will be to the original analog waveform.
The sample rate must be at /east twice the highest
frequency to be digitized in order to prevent
aliasing. in this article, the sampling rates are
determined by the execution times of the inner
loops of the programs.

Strobe: In general, a pulse used for time synchroni-
zation of some event. In the context of an analag
to digital converter, the term refers to the “'start
conversion’’ pulse applied to the converter to
initiate the conversion process. In this article, the
input conversion strobe is supplied by the micro-
computer under software control.

Successive approximation: A popular type of
analog to digital converter. Most fast converters are
of this type. It performs the conversion bit by bit,
starting with the most significant bit and progressing
to the least significant bit. Although generally fine
for audio processing applications, this type of
converter can exhibit nonlinearity {and therefore
distortion) if the input signal changes appreciably
during conversion. To prevent this, a sample-and-
hold circuit can be used ahead of the converter, or,
as in this article, one can reduce the problem to
insignificance by using a converter with a conver-
sion time much less than. the period of the highest
frequency passed by the input low pass filter.
Tracking analog to digital converter: A low cost
type of converter which uses an up-down binary
counter to track or follow the analog input. Its
advantage is that it requires no strobe pulse, as its
output is always trying to keep up with the output.
This type is often implemented in software when
conversion time is not particularly important.
Transfer function (or characteristic): The func-
tional relationship between the output and the
input of a device.

Wrap around: What happens to your car’s mileage
indicator after you've driven 99999.9 miles. It
‘‘wraps around’’ to 00000.0. The same thing occurs
in electronic counters; in an 8 bit device, the next
count after hexadecimal FF wraps it around to 00.
Some analog to digital converters do this when the
input voltage exceeds full scale. It must be pre-
vented in audio processing. B
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INUCQOR PO RATEDRD
A SUBSIDIARY OF SCOPE INC , RESTON, VA

PRINTERS FOR SALE
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LLLE TROSENSITIVE NONMPACT PRINTERS
ARL AVAILABLE F ROM THE MANUFACTURER
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WILL RECONDITION TO LIKE NEW
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CALL OR WRITE

WALT PLYTER, SCOPE DATA, INC.
3728 SILVER STAR RD.
ORLANDO, FL 32808

{305) 298-0500
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Sockel tor front panel connection
[IMSAl fromi panel connecter pin compatible)
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single board computer
Bare board, schematus, imited documentation  §35
Schematics, Itmited documentation [snciudes
simple montar lor single board gperabion} $3

uPMEM
1291 Center St. N.E.
Cedar Rapids, lowa 52402 )

.
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COMPUTER
PROFESSIONALS

Opportunities available
worldwide.Experiencein
Scientific or Business en-
vironments can lead to ex-
citing projects in varied
locations.
SUN STATES: State-of-the-
Ant Design and Development.
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HAWAI: Digital Switching
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GERMANY /JAPAN: Soft-
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HAZELTINE CRT 1500 ==5i*1000

Complete 1¢2+3 Computer
System: Hazeltine 1500, 9145
Rorizan-2, Gentronic 779

Visa, Master Charge, Cash, C.0.D.

MANCHESTER EQUIPMENT CO., Inc.
30 Midland Ave. » Hicksvilie, N.Y. 11801
Call Collect: (5161 433-0613

Circle 204 on inguiry card.

Qprrates Abdve Me vwiiching harmonees at the campurer,
L therzhy yielding 3 ¢lranet, motm-tres picture. Tunabbe
. inlertaces direclly wikh

Power: +5Y. Current apprar. ( ma. Self-powered wilh §
pencell paftenies, Operanag f1fe 1n excess af 1000 heurs
of near shelf-life of batteries. Ezcellent stabality. Pracise
ttequency adiustment. Mo assembly required ercepl for

AYAILABLE FROM YOUR LOCAL COMPUTER DEALER
or direct tram ATY RESEAACH, COST including sheggang
anywhete 1n USA and Canada — $35.00,

Circle 302 on inquiry card.

WE SHIP FROM STOCK
TELETYPE MODEL43TTL..... ... ... $985
RS232 ......... .. $1085

TECHNICO 9900 SS 16 BIT COMPUTER 16 bit
microP, 32 bit 1/0, hardware mult and divide, buf-
terad bus, 20 ma loop. RS232C, 8 interrupts, fully
socketed. Expands up to 64 KB memory.
Languages: assembler, BASIC, SUPER BASIC,
(COBOL, FORTRAN iV soon available).

Super Starter Kit: ... . ... ... $299
Asssmbied: .
EX*150 ELECTRONICS PROJECTS KIT Bunld
160 working electronics projects including basic
computer circuits, he detactor, transistor radio.
Partact for all ages to learn electronics fundamen.
tals. A COMPLETE KiTI Nothing else required. $69
ATTASHE 200 EXPERIMENT INTEGRATED
CIRCUITKIT ... ... 587
T157 PROGRAMMABLE CALCULATOR . . . $50
To arder: Check, monay order, major cradit cards.
$4 shipping {excapt teletypa). NYC residents add
8% tax.

OWENS ASSOCIATES, DEPT. B
147 NORWOOD AVENUE
STATEN ISLAND, N.Y. 10304

Day, g, d calls

{212) 448-6283 or (212) 448-6298

CPIXE-YERTER'" The strpns! compules videa-10-RF
iferface module. Kit torm: §8.50 Mode! PXY-14

PHONE of WAITE TODAY. DAL AQ-387-3371,

Circle 21 on inguiry card.

THE
COMPUTER
HARDWARE
STORE INC.

Dealess tor:
APPLE I, IMSAI
VECTOR GRAPHIC
KIM-), CAE
CYBERNEX JIM PAK

With
ALPHA-1CASSETTE SYSTEM
16 Bits

ALPHA MICRO
TECHNICO STARTER SYSTEM

Catalog Available
B18 FRANKLIN ST ALEX., VA

FWESTCARY ST.. RICHMOND, VA
B04. 7800348

Circle 71 on inquiry card.
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1NG14 100v 10mA 06 8-pin pch 25 ww 45 2N22224 NPN (2N2222 Plastic .10) 15
1N4005 600v 1A .08 14.pin  pcb .25 ww 40 EAVES AR At AN ok
1N4007 1000v 1A 15 16-pin pcb .25 ww .40 2N3804 NPN {Plastic) 10
1N4148 75y 10mA .05 18-pin pchb .25 ww .75 gxgggg mgﬁ 15 60 gg
1N753A 6.2v z .25 22-pin pch 45 ww 1.25  Blwv .
1N758A 10v z 25 24.pin  pcb 35 ww  1.10 e S o P ey ngton 35
1N759A 12v z .25 28-pin pcb .35 ww 145 D.L.747 7 seq 5/8" High com-anode 1.95
IN4733 5.1v z .25 40-pin  pcb .50 ww 1.25 rmrmg ;seg com-snoge ES“;’% ]gg
seg come-gnode <] .
Wesds a1 g | gome O Bdtes S8 mwmo jmeneim
1IN52458 15v z .25 2 Amp Bridge  100-prv 120 1 NAN74A 7 seq comeathode iRed) 1,50
25 Amp Bridge  200-prv 1.95 FND359 7 seg com-cathode {Red) 1.25
C MOS - T T L —
4000 .15 7400 15 7473 .25 74176 1.25 74H72 A5 745133 A0
4001 18 7401 15 7474 .30 74180 .75 74H101 .75 745140 .55
4002 .20 7402 .20 7475 .35 74181 2.25 74H103 .75 745151 .30
4004 3.95 7403 .20 7476 .40 74182 .95 74H106 .95 7451563 .35
4006 .95 7404 .15 7480 .65 74190 1.75 745167 .75
4007 .35 7405 .25 7481 .75 74191 1.05 74L00 .25 745158 .30
4008 .86 7406 .35 7483 .95 74192 75 74102 .25 745194 1.05
4009 .45 7407 .65 7485 .75 74193 .85 74103 .30 745257 81231 1.05
4010 .45 7408 .25 7486 .25 74194 1.25 74L04 .30
4011 .20 7409 .15 7489 1.35 74195 .95 74L10 .30 74LS00 .25
4012 .20 7430 10 7490 .55 74196 1.25 74120 .35 F4ALS01 .35
4013 .40 7411 .25 7491 .95 74197 1.25 74L30 45 741502 .35
404 .95 7412 .30 7492 .95 74198 2.35 74147 1.95 741504 30
4016 .80 7413 .35 7493 .35 74221 1.00 ' 74L51 45 741505 .45
4016 .35 7414 1.10 7494 .75 74367 .85 74155 65 741508 25
407 1.10 7416 .25 7495 .60 74L72 45 L 741.509 .35
4018 1.10 7417 .40 7496 .80 75108A .35 74173 A0 74L510 .35
4019 .50 7420 .16 74100 1.15 75110 .3b 74174 45 7418511 .36
4020 .85 7426 .30 74107 .35 75491 .50 74L75 .55 1 741520 .25
4021 1.00 7427 45 74121 .35 75492 .50 74193 .55 741521 .25
4022 .85 7430 156 74122 .5b 741123 .85 741522 .25
4023 .25 7432 .30 74123 b5 74H00 15 741532 A0
4024 .78 7437 30 74125 45 74H01 .25 74800 35 741837 .35
4025 .30 7438 .35 74126 .35 74H04 .20 74502 .35 741340 A4Ab
4026 1.95 7440 25 74132 1.35 74HOS .20 74503 .30 74542 1.10
4027 .50 7441 1.15 74141 .90 74H08 .36 74504 .30 741551 B0
4028 95 74432 45 74150 .85 74H10 .35 74505 .35 741574 6o
4030 .35 7443 .65 74151 .65 74H1 .35 74508 35 741586 65
4033 1.60 7444 45 741563 75 74H15 45 74510 35 74L580 .85
4034 2.45 7445 .65 74154 .95 74H20 .30 74511 .35 741583 .95
4035 1.26 7446 95 74156 95 74H21 .25 74520 35 74L5107 .BS
4040 1.35 7447 .95 74157 .65 74H22 .40 74540 .20 74L8123 1.00
4045 .69 7448 .65 74161 .85 74H30 .20 74550 .20 74L5151 .85
40432 .95 7450 .25 74163 .85 74H40 .25 74551 .25 74L5163 1.20
4043 .95 7451 .25 74164 .60 74H50 .25 74564 .20 74LS167 .Bb
4044 .95 7453 .20 74165 1.50 74H51 .25 74574 .35 7415164 1.90
4046 1.75 7454 .25 74166 1.35 74H52 15 745112 .60 7415367 i
4049 45 7460 .40 74175 .80 74H53) .28 745114 .65 7415368 75
4050 45 7470 .45 74H55 .20 74C04 .25
4066 .9% 7472 40 74C151 2.2%
4069 .40
4071 .35 MCT2 .95 LINEARS, REGULATORS, etc.
4081 .70 8038 3.95 LM320T5 1.65 LM340K 15 1.25 LM723 .50
4082 .45 LM201 .75 LM320T12 1.65 LM340K 18 1.25 LM726N  2.50
MC 14409 14.50 LM301 .45 LM320T15 1.65 LM340K24 .95 LM739 1.50
MC 14419 4.85 LM308 (minn .95 LM324N .95 78L05 .75 LM741i8-14).25
LM309H .65 LM339 .95 ‘ 78L12 .75 LiM747 1.10
LM308K (340K-5,85 7805 (34075 .95 78L15 .75 LM1307 1.256
9301 135000 SER9|5E|_|%3]_10 LM310 1.18 LM340T12 1.00 78M05 .75 L1458 .95
9322 .75 9602 .45 LM318 (mini) .95 LM340T18 1.00 LM380(8-14 Pirvy) .95 LM75451 .65
LM320K5¢790511.65 L.M340T24 .95 LM709 (8,14 P13 25 NEB55 .50
MICRO'S, RAMS, LLM320K 12 1.65 LM340K 12 1.65 LM711 .45 MNES56 95
CPU'S, ETC. NES65 .95
745188 3.00 NEB66 1.75
17024 450 INTEGRATED CIRCUITS UNLIMITED NESST 135
MM5314 3.00
MME316 3.50
21021 1.45 7889 Cilairemont Mesa Boulevard, San Diego, California 92111
210211 5 (714) 278-4394 (Cali SPECIAL
TR16028 4.50 : alif. Res.)
TMS 4044.45NL 14.50 i i . DISCOUNTS
8080AD 12.:00 All orders shipped prepaid No minimum Total Order  Deduct
8T13 1.50 Open accounts invited COD orders accepted $35-599 5%
8723 150 $100- 8300 10%
8T24 2.00 Discounts available at OEM Quantities  California Residents add 6% Sales Tax 5301 - 81000 15%
g:lfg_’?'s “ A 1.00 All IC's Prime/Guaranteed. All orders shipped same day received. $1000 - Up 20%
7708 1?:28 24 Hour Toll Free Phone 1-800-854-2211 American Express / BankAmericard / Visa / MasterCharge
Circle 180 on inquiry card. BYTE June 1978 193







FOR ALL CUSTOMERS EXCEPT CALIF.  CALL TOLL FREE 800-421- 5809

100 : Rl DMB1TIE THS ATT PILGT  ranems 1A 65027 2768 14500 ¢
Sty FLem ¢ " B grvasea, Hoare Dirr s, Rattih Sram Ay £ PADM RLTART AT E FAOM
oo L ) 100 1re 5] 1w Wit o 83 36, 1001 e §3 940 e 10 A 69 10 Fa Ao 83 75 ea Sl 51100 Ao 511000 100 e 5 36 e

Zomin o ] T:,:{GE:PD‘: ! . a7y IR 7415367 TAL5368 51350
M anrasrsne W R o - ' 1 . Bl e TR dn Moo s Taa

513 IR0 K A 5300 - u:.-.-s:ul}u--- EIRE-Y i St Ehn o v . W MG . W0t 0§ Sl 55000 va

MICROCOMPUTER COMPONENTS STATIC RAM BOARDS NUMBER CRUNGHER

o o . | 1aeZ80

1 o
Hoa = W T [ 250m ASSEMBLED & TESTED 518385 . _valh PACYISIGNS for KIT

- ASSEMBLED & TESTED  $148.75
i H ‘,_f,ﬂ:: X7 $169.95 ONSOARD 2708 snd POWER DN JUMP
T e

SARE BOARD N5 ST : $135.00 EA. »
6800 A[JA:IIIEH 10 5100 Systermn $12.95 : ; $149.95 EA. o
o R BARE BOARD $35.00

xmon sumam neE 2500 ASSEMBLED & TESTED  $435.00
4500 ASSEMBLED B TESTED  S380.00 —
450m ®IT $335.00 [N P ASS(MB[EU Sresica

[
Turton

32K
ny ASSEMBLED & TESTED  $B50.00
ot ASSEMBLED & TESTED 577500 full ABCH 'JA"DB" .
asgm KT £675.00 PROFEBSIGNAL KEYBOARDS 280 "UPGRADE" KIT

Fyll 138 Chaarten A5C

e GomaLLEn : DYNAMIC RAM BOARDS BB T A - o e R

. On bowd Falisth posn 11 [HaNGRN mith i wist . 88 w1y 517,95 with trade
Wates ol Cyels Ateshing ovgumed Nevgetes vog. 158 Waynl $49.95 purchase.
T L - L SEVDC 4D0MA DC,  tTEVLIC 00MA TE and AT .

o 3 . 1BYDC UMAA DO Ml 144 comemmionr $7363 st - I 280 n 0

Hrhivsid b ¢ 8493 ol BIT4 1l ko

REVBOWAD CHIFY e h EXPANDABLE J2K o l—«am. My .
IR - o 2 - : Moyt ThE o e The OPORAGE KIT o
S e v BK 1375wk KT $151.00 ot Taaml g Fiams 495 2HDA g 4 BK 1 -
< ‘ 16K {3750 KIT : BIZH A e Bl gl
BEG R . 137%ns]  KIT WIH L 0 nrat

e e Iy P Tt A 32K {3¥Sml KT $425.00
B SUPHINT DEY CES EXPANDABLE 4K TARBELL
s B . o 5 i e .

o . E : " L 1396ml  KIT $281.00
- ” 1375mb  KiT $519.00 CASSETTE INTERFACE E—PROM BOARDS
[375m}  KF1 £757.00 . - .
[375mb  KIT $995.00 el MRS IHK wws 27081 KNT S69560
wth 1K RAM
MR 1ET (16K uses 271N KIT 599 50
with 1K AAM

JADE PARALLE L/SERIAL - SA MM 16 116K wies 2708 $98.00

oy w e s RAMINIAOM (16K wses any

INTERFACE KIT L R+ E PRON «1 o Si1700
4G-B/16 Juses 2708 27161

P $124.95 KIT ¢ - KIT 35905

2 Seom Tneelarey et HS23D HARE  BUARD 330 00

o L K gosas Loy ctaerre

By LAMD CHR

SPafc faus

'

TARREABEZREE

LT LY N I R R ALY |
Dl tase
L Casseite wiiby b fo 1 MHY o ‘oo ot
w41 a ' T el e Tiadame: hn oF “WI TS, * P beemor Tachnoiogy
oo " * Orwgrac 27 o2 1 0 IR0 o) TH
o 3 e n eddicated v, ety et -
i revect i 1 CUT souBle
JADE VIDEO -Ammmd mmnummp«mnun
e hitar s Bees
TS MRE PG Convert T.V. set to

INTERFACE KIT e T e Video Maonitor.

FEATURES $99.95 e KIT $8.95

S-100 Bus Compatible 4 89 wcaniy o bt Socumen
32 or Charal‘:’ters per hne

T
o
o
s
N
w
"
R
iz
w
w
Lo
te
2ic
w
"
»
H
x
i
»
n
W
x
&
"

{ines PHICES  radl ooami cu e i S4005
raphlcs {}:23 W 48 matrix) e i AN e e S2TEDS

arallel & Compesitive video o s ! $150 55
On board low-power memary

Powerful softwhabe mgluded I X THE PROM SETTER
Ehr;ruarcmrmgtei crall G'EDhICSn’ AEAL TIME CLOCK FOR 5908 305 WRITE & READ
Dpper case, lower case & Greek L Mg Evu Omenmer EPROM
Bink o white & whiie.on-biack P otco iyl LS 17024 - 2708 - 7736
iy 5.‘.4....1. 4 1 chcade Eve Hror:
100 LSEC 10 50 s

TWAE CT 100
5100 BUrL COMATIBLE oo sine
TIME & LALENDAR b b bapiry lime o ol G - I-.I. ef"nouh 2
3 paler (gt 7l
Migengracessn naed A pua 1435 u a2l ime T rgelbptigmbing - Bagat atmaren] gt

:
- - : il breoiney mienily 2 .
MOTHER BOARD's — 5100 Style Rt o O
e nyny wetond 0@ | pOLEREL 8 (1 503T L noAl K 5124
13 slot — w/ront panel stot s oo e o o i v ol ss000

BAR E BOAHD $3500 ﬁf’."'é‘ﬁ:'.‘.'. cauntery Tane date sl Cosinigrg ard vl

KIT $95.00 g o 100t SomenIEd 3 P JADE 8080A KIT 1 g o
22 slot $149.95 annihmpric Te lree up memary fuges dedcared ‘SP::‘UI. 810000 T

A SE M B L E D T EST E D ml&n-m rnduln :umi‘ mnhmn-:la Iuylmm Ci
ol Acksun CAlgulyle areay 1y 1

S & wrhn:: orr-;;n;mnn:u l:n:‘r LU TIPS T :rn BARE BOAHD $30 .00
Br talved withaut the nped 58 g 40N WAl

Lorirware P

PP IE L TR 1

i

PUMPL T o T S10E W $245 ey o
i, RUBE 1T T I 5199 -
[TT IR 708

CONNECTORS RTINS 5w
DB — 25F  $3.00 Computer Products
258 $4.00
ASSEMBLE 5351 West 144th Street

COVER $1.50 D & TESTED $245.00 LAWNDALE, CALIFORNIA 50260
44 Pin — PC & EYE {213) 679-3313
44 Pin — WW MEMORY PLUS

; RETAI RE ; - i —
86 Pin {6800} PC . tor KiM—1 T ETAIL STC HOURS Wonday Sa'i;lrccljaa\,‘; g—g

86 Pin {COSMAC ELF) ESS ! ;

PC 8K RAM {21L02) Discounts available at OEM guantities ADD $£1.50
100 Pin — (Altir) PC 8K EPROM under 10 Ibs. for shipping. California residents add
100 Pin — {Imsai) PC ASSEMBLED & TESTED |Sinedf| | 6% sales tax.

100 Pin — (Imsall Ww $245.00 NEW CATALOG NOW AVAILABLE

Circle 185 an inquiry card. HWYTE June 1978 195
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5-100
32K STATIC MEMORY BOARD

fealures

1. FULLY STATIC - usable with all DMA devices.

2. BUFFERED - with noise suppressed control inputs.
3. MODULAR - populated in 1k increments.

4. RELIABLE - single source -+ 5V regulator

5. PROM COMPATIBLE - monitors available on request.

AVAILABLE EITHER IN COMPLETE KITS
OR ALREADY ASSEMBLED UNITS WHICH
HAVE BEEN FULLY TESTED AND BURNED !N.

DEC> LSI-11 16K MEMORY BOARD

» BUFFERED AND
NOISE SUPPRESSED
« PROM COMPATIBLE

o (-BUS—FULLY
STATIC

s MODULAR

$-100 EXPANDABLE MOTHER BOARD

©§.5107 EXPANDABLE BACKPLANE—in
line male and female connectors enable
backplanes to be plugged together, or the
female may be used in place of an extender

® ADDRESSABLE TO 128K WORDS
® MAPPABLE IN 4K INCREMENTS

1
surnen i 31199090 $110900

LARGEST 4 FASTEST STATIC MEMORY AVAILABLE

A

COMPLETE
M $6600

board.
QUIET—pground plane decouples all signal

lines.
RELIABLE—SAE 8100 phenolic bady, gold

contact connectors.

ASSEMBLED
$8900

20KY at 100mA 32.95

fOR UNDER 8 HOUR PROCESSING SEND MONEY ORDER. CERTIFIED OR CASHIERS CHECK
SORRY! WE CANNOT ACCEPT PURCHASE ORGERS, COD'S. PHONE ORDERS OR CREDIT CARDS

BARE BOARD $38°° UNIVERSAL ‘U DESIGN" WIRE WRAP BOARDS S-100 EXTENDER BOARD
L BOMRDS 4Rt G 10 GLASS LFPORY WM( icc AND GROUKD with  connectst
LANES PL HROUGH NEA 10 PIATED EDGE CONNECTORS
. ASSEMELED A MUsT for trouble- $1795
8K $270% $296% shooting your Computer boards
16K $44000 $4550 No. 1 BEST DN THL MARKEI No. 2
WICRO CPU CARD #IFH 5 100 815 1 | UNIVERSAL BONRD FIIS 86 PiN
24K $58000 $61200 OM BOARD: REGULARORS 1415 ALL slun SOCKEY WIIH OLD CONTACT BUILD YOUR OWN
00 [+ ] DAMD 1C SOCKED CONFIGURAT ONS SFACING  MADL BY LLADING (OM
32K ssgs s740 1700 + HOLES " PUIER MANUFACTURER AS I“l HOUSE LOG'C PROBE
PRICES QUOTED ARE FOR 300ns MEMORIES BINTS . 25 10-9; G »
WIS AND ASEOMRSD UNTS INELUDE. DOCUMENTATION ST b $23%% Eﬂ?"i' 753"?: 5;291(5 $795 4# :ﬁn"fu gl.[DéMMAtlSIFU:::ZLTIgmilNGTO::?I\. $495
—4
MAXI SWITCH KEYBOARDS OUR NEW POWER SU PARTS
UNENCODED-MOUNTED ON G-10 GLASS EPOXY BOARDS-A BLACK PPLY PAR
METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. ASCil KEYBOARD DIODES
HAS ON BOARD UV PROM, A MAN oy oy o
’;’g-ktey main keyboard ’;'g'kzey keyboard KEYBOARD SECTION OF 58 KEYS, A oso. e o 20 o
. m . IN250 BOY 2t 10A 35
-10 auxiliary & cursor control keys | -1 auxiliary power/contro HEX PAD OF 15 KEYS AND 16 MORE IN3309 50V :c 308 nz;
-11 key numeric pad DPDT rocker arm switch PERIPHERAL KEYS. 89 KEYS TOTAL & BRIDGES
-Bank of 5 auxiliary power and $299% ASCLT ENCODED for only $999% FAST RECOVERY AVALANCHE BRIDGE
control, rocker arm switches- [LEERIN 200¥ st 104 5425
one of them lights up. BEIGE METAL FRAME MOUNT FOR FULL WAVE  MINI BRIDGE WiTH TAB TERMINALS
33995 NO. 2 KEYBOARD 3995 EDGE VIEW METER PR 10OF 106V at 124 53179
CHARGE  DISCHAR: o 5% ZENERS
X NNECTOR EOR HARGE SCALE READS -20.0.40 " . o
WIRE WRAP SOCKET CONNECTOR SOCKET CONNECTO MOVEMENT  + 60 120mA
FOR NO. | KEYBOARD  $2% NO. 2 KEYBOARD $29 | 0135 oHms $249 e 394 e e
v 3 t
VOLTAGE REGULATORS
TTL COMPATIBLE 4K STATIC RAMS MINIATURE WA773 VARMBLE 2V 10 3 7Y PR M
BUILD YOUR OWN REED RELAY 16 BUTTON PADS 78L05 5V at 100mA 10 52 3498c
PAPER TAPE 400 OMMS s 2014 5500 600 s:s 25| MR ENCODED % MOT 6 6V a1 | AMP 10 270 ? 94c
MS 4045 4 4500s 300mw $1095 :
READER $148 118875 [ N304 Sooms 200mm ::! 35 $1 mu::sss TRANSISTO:!OSA PLASTIC ”
<
17107 CENTER STACKABLE NG5S 108 103 95
PHOT for that prof CARBIOE DRILL BITS 205301 0n 103 $19s
TM:S?STOORS I.C. SOCKETS o ’W::‘:."E”;S::n WORK PROTECT YOURSELF IWSTALL AN ELECIRONIC
LOW PROFILE-SOLDERTAIL ASSORTWENT DF SIES FROM NO 55 TO NO. 70 CROWBAR SCR  Comns e s
10/$960 SMISTY  10MIVS12Y 100 MIX/$99% ? W
GOLD
coo WIRE WRAP INLAID i OPTO DEVICES INFRA RED SOLAR CELLS
SOCKET STRIPS 8 PIN 10/81.59 10/$1.35 PHOTD P DETECTOR
MALE UNIVERSAL 7 pin STRIP 14 PIN 10/81 89 10/$1.49 TRANSISTORS ~ ULTRA SENSITIE ULTRE LOW LEVEL 75'9“"' lmmgo
SIOUBLE WA 16 PIN 10/$1 99 10/$1 59 SIMILAR T8 TPL 45D HGH e LGHT ALINATED | oY TV $495 $1°9 ea. 10/89
WRAP BOARDS fop ViEw 22 PN 5/31.69 5/51.43 4/98¢ rumi . ,,,jf;{',t by
gzliflllNﬂal: SIOE viEw 24 PIN 5/31.89 5/81.59 PHOTO DETECTOR :':::’""ll“:’u:' "“:,L‘f;gg‘;iz‘m mmu:zrgnsuv
14 PIN 28 PIN 5/81.99 5/$1.69 DARLINGTONS 054 tred yards HIGH EFFICIENCY LED LAMP
7 wveL 48¢ 40 PN 4/3199 4/31.69 MOTORGLA m“;;lﬂ,[ 32% ON BOARD LED EXTREME WIDE ANGLE VIEWING
L 3 tevet S6c 4/98¢ swws oeto0 | 3/98c  10/$2¢5
co10 EDGE CARD CONNECTORS WRE NP | oo | OP AMPS | DIODES | TRANSISTORS | s | LEDS
2 cEvet WIREWRAP | O /A CRYSTAL
No, 1 No. 2 No. 3 e 709 10c | INSL 15¢ | 2n2222  12¢ | CONVERTER YELLOW.
SACIBS/2-2 SAC225/2-2 2¥H31/ICB6 199 31 20 SOCKET PIN | 743 12¢ | e 12 FILTER GREEN. DA
SINGLE ROW I8 | SINGLE ROW 22 | 31 SOLOER w6 D $id 0 . © [ an3s0s  2e SIGNETICS 455 KHZ h
PIN  CONNECTOR | PIN  CONNECTOR | CONNECTOR WiTH T LEVer s oust IN3 14 15¢ NES008 Wit bers AMBER
WiIW 0156 CON | WIK 8156 CON [ 0125 CONTACI A 100/39 MCI4SB  39c | 1Nagoop  15¢ | ZN3906  12¢ ; (SPECIFY COLORY
IACH SPACING TCT SPACING | SPACING AL $hrp 1000/$79% | quo INVIA8 10c | 2N30S3 49c $995 $2%
99¢ 99¢ 99¢ 0 847 LIS PRICE 252 IM2300 49 3/880
HIGH YOLTAGE DIODES
erPoxy 1500Y ar | AMP 10/31.99 NO BACK ORDERS FREE DELIVERY BY UPS ON U5 ORDEAS ONLY
£6250 2500V a1 350mA 95¢ YOUR PARTS OR /MMEDMIATE  REFUNT GR 8 SURFACL WAIL Of SPECIFIED — CALIF RES ADD 6% SALES TAX F_ Reichert sales
HOEL oot 25m 5195 [ MONEY BACK GUARANTEE wos wo 1o oowces scwens $20 MINIMUM | 1110 E. GARVEY AVE.

W. COVINA CA. 91790

SUBMINIATURE
% 3-1/2 DIGIT LC.D.’s

LIQUID  CRYSTAL DISPLAY FORE'GN ORDERS
No 1 No 2 CANADA  PUERTO RIEO  US LuS ANGELES
- # B .
D& CHARACTER PR A T S 1 961 611
WITH CONMECTOR S e A W IMMEDIATE SHIPPING ON CHASE LMN ELECTRONICS
$695 95 MANMATIAN  FIRS" CITEPENS 4 E BARYIY AV W COYINA CA
$399] cuswitens” cnrers s Cansoian INGINT & SAN BCROw FWY b
‘ POSTAL MONEY GRDERS 1L v SAT 16 - TLUBED S0% & MON

DROP INTO ONE OF OUR LOCATIONS
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S.D. GOMPUTER PRODUCTS..........

P.O. BOX 288108 DALLAS, TEXAS 75228

EXPANDORAM
THE ULTIMATE RAM BOARD

32K FOR $475 00

EXPANDABLE EPROM BOARD
16K GR 32K EPROM $4095 W/0UuT EPRDI
Kllpws e o Use Lerer F7EB: for 16k ol Eprom or
2TL6 s For 37K ol Eprem .

Low Cost
Cassette
Interface Kit

KIT FEATURES: $19.95

Al Aditress Lines & Data Butiered

¢ Qualty Flales theaugh P.C. Boarrt Incluthng,
Soider Mask and Sdk Screen

3. Seleclople Uit Stotes

4 On Board Hegnlal aa Provigec
A1 Sockols Prowded W/ Boandg

WE CAM SUPPLY 35DAs 2708's AT $1195
WHEN FURCHASED WITH BOARD

32K MODEL 64X MODEL
$151.00

259.00

367 00

475 00

Fratures Play and secors M O Standsrd 240071200 W
1apes SDC Baud FTL 10 Campatidle, Phave Lock Lop
Both 27 #w Cornetlor an¢ 8 P Mowms Cennectar
Comes pathially aviembled  Oscolator and phawe foch
louz pre tuned to K T Standard  Sefecler toich wendy
<assette dala or gunily npul dita e mitlopracessar
LED indicater lagie 3 level

THE 32K VERSION USES TME MOS

4K LOW POWER RAM KIT
The Whole Works - $79.95

TEK MASEIS RAM AMD HAS Be
BOUNDARIES AWDR PROTECTION &
UTILIFES DIP SWITCHES P
BOARD COMES WITH SOCKRETS FOR
12K OPERATION

BUY A 5100 COMPATIALE RAM
BOARD AND UPGRADE THE SAME
BOARD TO A MAXIMUM OF 6Sm
MIMORY IN STEPS QF EITHER BK
OR J6K AT YOUR OPTION 8Y MERE
LY PURCHASING MDRRE RAM CHiPS
FROM $D COMPUTIR PRODUCTS

THE 64K VERSION USES THE MOS
TEM MEALIE RAM AND MAS 16X
BOUNDARIES AKD PROTECTION &
UTILIZES DIP SWITCRES 7 C.
BOARD COMES WITH SOCKETS FOR
€4K OPERATION

8K LOW POWER RAM
$159.95

FULLY ASSEMBLED AND TESTED NOT A KIT

nsdc — Allaie  5.100 Buss compalitie u3es law puwae
alare 21LAZ 50040 lully buMterad dn Toard requidled
qua iy plated threy Jh PC Geard, intlading satder mays B
P11 iR awdces (a7 addrasy derect

b~ 1~~~ ]
“hdd $3000 = )
25008 RAM ogerstinn u

Full Bulered - on board regulated - reduced
power CoONsumMplian uhhang Jow power 21L02-)
£00ns RAMS - Sochels provided 1o all IC's
Qually plated through PC baard

LOOK AT THE FEATURES WE HAVE BUILT INTO THE EXPANDORAM!
* MEMORY ACCESS TIME IS 37% ns ® NO WAIT STATES REQUIRED
® MEMORY CYCLE TIME (S 500 ns ® NO CYCLE STEALING NEEDED
* POWER REQUIREMENTS ARE: * ON BOARD REGULATION
8 ¥DC 400 MA DC » CONTROL, DATA & AODRESS INFUTS
1B ¥vDC 400 MA DC UTILIZE LOW POWER SCHOTTKY
—18 VDU 30 MA DC DEVICES
* ON BOARD INVISIBLE RCFRESH * DESIGNED TO WORK WITH Z.80.
6080, 8085, CPU's =
ADD $50.00 TO ABOVE PRICES FOR FULLY ASSEMBLED AND YESTED BOARDS Z

A9 310 00 for
250n3 MAN ogoranan

Z-80 CPU BOARD KIT
Complete Kit $139.

CHECK THE ADVWANCED FEATURES OF OUR Z-80
CPU BOARD: Expanded set of 158 instruchions,

280 STARTER KIT
LEARN COMPUTERS FROM THE START!
SIMPLE, STEP BY STEP LEARNING. CONSTRUCTION,
PRQGRAMMING, OPERATION, MEMORIES, INTER.
FACING, COMPUTING, AND CONTROLLING WITH
AUDIO CASSETTE INTERFACE CAPABILITIES,
Camplele Kit includes: Key board ang Display; ZBD

Central Processag Unit; Insiructions; Qperation Man-
uval; Learning Guides.

NEW FROM S.D.

“VERSAFLOPPY"" KIT
THE VERSATILE FLOPFY DISK CONTROLLER
ONLY $149.00

operation from a single | reatures 18M 3740 Soit Sectored Compatbte. 5-100 BUS

BO8OA software capability,
= | Ny

SVDC power supply. always
stops on an M1 state, true
sync generated on card (a3
real plus teature!), dynamic
refresh and NMI available,
either 2MHZ or 4MHZ op-

eration, guality double sided plated through PC
board; parts plus sockets provided for all IC's.
*Add $10. extra for Z-80A chip which allows

Compatible for T80 or 8080 Controls up ta 4 Dnves (sipgle
or double mided). Direcily controls me tollawing drives.

1. Shugart 5A400/450 Mini Flop,

2 Shugart SABOO/B50 Standard Fmppy

3. PERSCY 70 and 277,

4. MFE 700/)50.

. CDC 940479406
34 Pin Connector Jor Mini Floppy 50 Pin Connector far Stand
ard Fioppy. Oprrates with moditied CP/M operaling system
angd C.Basic Comptler The new ' Versatloppy”™ from S.D
Computer Products peowides complete control for man,
1he nvmlnblo Floppy Oisk Drives, Soth Mint and Full §u
FO)7718-1 Single Density Controlier Chip. Listinge for Cen-
trot Solftware are wncluded in price

FO 17718:1 CHIP ALONE $39.95

Features: Powertul ZBO CPU with 158 wnstryctions » 1024
Bylgs (Expandable to 2048 Bytes ON BOARD) of RAM #
2 BiDirectional Input/Output Ports with Handshaking
® Kansas Crty Standaed Audte Casselis Interface lor
frogram Storage ® Hesadecimal Keyboard and Dhsplay
® Wirewrap area for custom circuitry ® 5-100 Conneclor
e¢n board for Memory and [/0 Espangion ® 271672758
FROM Programmer # “Z.8UG™ Manitor ROM (including:
Memory, Port and Register £aamine and Change Com.
mands; Breakpsints; ssngla Stap Capabilily; audio Tags
Load and Dump; Execute user program ummandst}

Many more unigue fi . The best edu-
cational kit @n the market . . _ the camplele computer

and educationai package for nnly $199.00. {Available
June 1978

AMHZ operation.

INTRODUCING THE SBC-100
(The Z-80 Based, 5-100 Single Board Computer)

$349.00

0.E.M. SPECIAL
ASK ABOUT SPECIAL DE M OISCOUNTS ON THd S0
50C 100 — SINGLE BOARD COMPUTER
VERSAFLOFPY " — FLOPPY DISK CONTRIOULLER
FXPANDORAM — 32K RAM
EACH KIT F PURCHASED SEPARATELY TOTaL £973 a0
ORDIR ALl 3 KITS TOGETHER FOR

$899.00

This Powertul Threesoma Qporates Togelher to Form A Complete Computer for Your System

COMPAT BLF 507
$44y 00
$14% 00
475 00

FEATURES

» No fronl Panel Needed
* 780 CPU {2 ar 4 MHI) * Para'lel Input Port
v K RAM ®» Paratiel Quipyt Port
* 4 RGMPROM Sockets lor 4K /8K of Memory s 4 Channel Timer /Counter
* SYRCHRONGUS/ASYNUHRONDUS Senal 1,0 wah « 4 Vectared Interrupts

RS& 232 and Curresl Loop Inlertoce ang Software

« Programmatle Baud Rate

IN DEPTH DETAIL OF S. D. SALES SPECIAL
THE Z-80 CPU

MICRQO-COMPUTER $9.95

$.D. NOW HAS SOFTWARE FOR IT’S CUSTOMERS MlCROgSI%%ESSOR

8212 - 1/0 part

8214 — P.1.C. .

8216 — Non Invert Bus ..

8224 — Clock Gen. . _

8226 — (nvert Bua .

P10 for Z—80 . .

CTC for 2—80

8228 Sys. Controller

g%gg Prog. comm, intre!rflct

X X prog. prep. inlsrlace
$49.95 8820 Dual Line Recr

single toard cam ul Lln. Dr.

2513 Chor. Gen. . .

B83B Quad Bus. Recwr. ..

F4LS138M — 1/B decoder

8797 -Hex Tri-State Buffer
1483/1489 RS232 .

TR 16028 Usrt .

TR 1863 Uart

D 17718-1

Z-80
Programming Manual

RAMS

29,02 5MS
2'L02 - Z5ONS
2014 — 3K

VHIA ~ 256
103 — 1K

MK 4115 BK
45 300 256

CP/M - DISK OPERATING SYSTEM $99.95

CP M 15 & powertul disk operabing system which has become an indastry standard 1 (s compatibio with several
disk based FORTRAN antl BASICS This packape 'acludes a CP /M disketre (munn or 101 size) adapted for S O s
SBC 100: VERSAFLOPPY EXPANDORAM Gosrd set Complete doLumentstion s wcwded | CP/M 15 a reg
stered trademark of Dhgital Resesreh Corp  Pacihe Grave, CA

CPU's

£—80 roues manpal
Z-—d0A mciudes manual
BOB0A CPLUA BT

B CPUBEBIT

PROMS
3.95 ar 10/35.
. . .14.95

2.95
B25179 — 1K . 2.50
27081 BK signetics 650ns 9.95

COUNTER CHIPS

8.95
..4.99

2.80° DISK BASED ASSEMBLER . . $69.95

Runs an ANY CP/AY Dased o sk sysiem Assemnbles
the officoal Zneg Moatek Mnemomcs Contains ex
tensive 501 of pseude ops  Avadatle on mim or
tull siza diskette

SD MONITOR

Powertul mon tor far SBC 100
puters  ncludes all VERSAFLOPPY contral firm
~are Comes 1 2716 prom Avaabie i 4 6 weeks

VERSAFLOPPY DIAGNOSTIC PROGRAM . . . $24.95

Frovides routines which are helptul in chacking oot
3 sk haned system Avalable o 2708 ar 2758
orom

VERSAFLOPPY'™ CONTROL FIRMWARE . . . $24.95

Proviges controt for VERSAT OFPY and hoots up
CTP/M  This runs on £ BD BOHO or HOBY based
computers Avaitable « 2708 or 2758 prom

L7024 - 1K - 1. 508
2708 - 8% - 450n
5204 - 4K .

SUPER FLOPPY SPECIAL

S D SALES VERSAFLOPPY 5100 CONTROILER BOARD FlLUS
SHUGART SA 400 FLOPPY DISK DRIVL INCLUDING CAULE FOR ONLY

$449.00

MKS0337 6 Digit elapsed timer
MKS0250 Alsrm clock ..
MKS0O380 Almrm chip
MKS50395 6 diglt up/dn. count.
MKS002 4 digit counter . .
MK5021-Cal. chip sq. reot |

.2.95
"12.95
8.95
.. 2.50

CALL IN YOUR BANKAMERICARD . S
(VISA) OR MASTER CHARGE OR- Texas Residents Cal Collect . - ‘
DER IN ON OUR CONTINENTAL 214/271—-0022 I ‘

TOLL FREE WATTS LINE:
DEALER INQUIRIES INVITED!

1—-800-—-527—-3460

NO COD's. TEXAS RESIDENTS ADD
5% SALES TAX. ADD 5% OF OADER
FOR POSTAGE & HANDLING . OR
DEAS UNDER $10, ADD 75¢ HAMND
LING FOREIGN ORDERS - U. §.
FUNDS ONLY!

(All prices subject to change
without prior nolice )

Circle 215 on inquiry card. BYTE June 1976 205
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Unclsssiticd Ads

FOR SALE: Cromamco Byteraver with MITS 8 K
BASIC + 8 PROMs $300. With 1 PROM $150.
MiTS disk boot loadar $30. Multi boot loader $20.
IMSAI 4 K siwatic $80. MITS 4 K dynemic $80.
Ken Roberts, 10560 Main, #515, Fairfax VA
22030. {703) 591-6008 or (703} 378-7266.

WANTED. For Microdata 1600 processar (Reality)
magnetic tape controller and disk cantroller and
core mamory boards. Jack Hardman, 140 Forest Av,
Glen Ridge NJ 07028, (201) 429-8880.

FOR SALE: COSMAC microprocassor COP1802
end 2 2101 proprammable memory chips, Get
started for $20. CPU used less then 1 hour. Pro-
grammable memory new. | 8lso hsve 10 new
210ts. $2.50 esch or all ten for $20. Jeff
Duntemann, 6424 N Albsny Av, Chicsgo IL
60645, 1312} 764-5069.

FOR SALE: SwTPC BB00 16 K systern with AC30
cassette inmerface, fully sockeled, first-class working
condition, with documentation, $700, delivered
within 200 miles. Processar Technology VOM-1
video board, $125 shipped prepaid. Robert Boyd,
Woodlawn Av, Kennebunkport ME 04046.

FOR SALE OR S5waAP: Altair 8800 kit micro-
computer. Prefer ham gssr. Write or call after
7 PM. Mantey Nichols, Box 344, Henning MN
56551, {218) 583-2124,

FOR SALE. Viatron Systermn 21. )1 has two tape
storage units, a video monitor, a keyboard, two 10
ports, etc. It aiso includes three tapes. two instruc-
tion manuels, and a technical manual (which
includes all circuits), Asking $600. P Gabrail,
209 Highland Av, Syracuse NY 13203.

FOR SALE 200 CPM Burroughs B122 card
resder, fair condition $150. You prowvide trans-
partation. # Carisan, 103 Droad Ln, Pittsburgh PA
15237. (412) 367-4632

WANTED: Any informetion thet you may have
pertaining 1o hardwsere and software ol personal
computing systems, progremming langusge and
intarfaces. Any snd sll contributions gratefully
acknowledged by correspondence. Am presantly
assigned oversees and hsve no access to such
moaterial, David E Feher, Box 22, US Nave!
Communications Station, Flest Post  Office,
Naw York NY 095871,

FOR SALE: Processor Tech Video Display Module
VDOM-1 for $160, 2 K Read Only Mamory 2 KRO
for $60. Still in kit form. (ncludes manuals and
VOM software. Will sell both for $200. Shipped
by return mail to first money order. G Briggs,
6195 Deer Path, Manassas VA 22110,

IMSAl MEMORY Four programmable memory
4 A assembled, tested, and burned in $99.95 each.
These use NEC 2102AL 4 Chips. They are 4 K X B
static mamaory cards with write protect in 1 K
blocks. Excellent in all respects, with documenta-
tion. Cashier's check or money order 1o Don
Johnson, 3139 SW Alwadena Terr, Portlang OR
97201, {503} 246-3139.

Readers who have equipment, software or other
iterms to buy, sefl or swap should send in a clssrly
typed notice to that sffect, To be considersd for

bication, sn adverti should be clesrly

iaf, typed douti d on plsin
white paper, and include complate name and

o infor Fi Thae i are free of
charpe and wilf be printed one time only on 8 space
aveilable basis. Insertions should be limited to 100
words or lsss, Notices can be sceephed from
individusls or bons fide computer usars clubs only.
We can angage in no cor di on these and
vour confi ion of pl is appearance in
an isue of B8YTE.

Pisaze note thar it may take thrwe or four
months for an ad to appasr in the megarine 8

June 1978 © BYTE Publications Inc

FOR SALE: KSR37 Tech manual and schamatics
for maintenance and installation, including opto-
isolator mods, pert orig. $25; HEATH LSk11
manual set, including terminal and punch/reader
in bindars $15; INTERFACE AGE and SCCS
INTERFACE, vo! 1, #1 ta present, parfect, $50;
BYTE back issues, $1.75 each; misc set of micro-
computar mags, including ROM, PERSONAL
COMPUTING, etc, the lot for $10: POLY.
MORPHICS VT1-64 video board assambled, $75;
STAT/MATH/PERT program listings in BASIC,
$5 each, send SSAE for list; O E Mann, 120%
N Roosevalt St, Arlington VA 22205,

WANTED: Original soft LEATHER (not plastic)
case for HP-35 calculator. State price, condition,
and whather snaps or velcro. John Ball, Qak Hilt
Rd, Harvard MA 01461

FOR SALE: HP 9830A 32 K (OPT 001} memory
(B) with following ROMs strings, matrix, ext 10,
APl APIl, plotter. 9871A Printer with form feed.
11203A BCD interface. Make offer. Robert Luke
MD. Dept of Pathology. Maine Medical Center,
Portland ME 04102, (207) 871-2843 days,
(207) 883-9998 nights.

FOR SALE: Altair 680b with complete docu-
mentation, very little work left to get it up and
running $200. | pay shipping. William J Spencer,
V-2 Div USS America {CV66), FPO New York
NY 09501.

FOR SALE: 16 bits plus parity by 8096 words
per board Texas Instruments memory labeled
1103 memory assembly number 226844.000 card
number 2268450001 and 8 K logic number
2268461L)", includes on board sense amps, clock
sync etc $100 per board, or all 3 boards (24 K x 16
bits) for $250. Contact Robert Monaghan, Dept of
Anthropology SMU, Dallas TX 75275.

FOR SALE. Complete Alwir B080a System ||
w/8 K programmable memory, 4 K static, 2510
interface to COMTER |l terminal and cassette
tape recorder, VOM-1 kit, TV Dazzler kit, 4 siot
expander board, 8 K BASIC 1ape papertape VDM
driver and 5 K BASIC. All documentation in-
cluded. $2000 or best offer. Barry C Frank, 306
Oak Rd, Seaford DE 19973.

FOR SALE Complete microcomputer system,
new {purchased 12/77), fully assembled, Byte 8;
Digicomm Byteuser (prom); Cromemco D + 7A
10 (7 channel analog interface}; Dazzler (color TV
interface), Byte MPU (processor), SD Sales 4 K
programmable memory; all manuals. OQur cost
$1300, best offer takes it. D G Linville, 4865
Pasadena Av, Sacto CA 95841, (916} 4854050,

FOR SALE: DEC rack mount building block
system. Contsins two DEC 749 power supplies,
one DEC 721 power supply, one positiva current
driver, one negative current driver, twelva plug
in units as follows. 2 clocks, 2 inverters, 6 delays,
one flip flop, ona pulse generator. Comes complets
with two mother boards capable of accepting 20 of
the plug in units. Will sell the whole thing for
$125. Also have Micro Switch keyboard $15; and
one industrial power supply 5 V 25 A $35. Write
or call Ron Demcka, POB 243, Richfisld Spgs
NY 13439, (315) 858-1755.

PET SOFTWARE: Bring your PET alive with this
interesting collection of games, persanal finance,
teaching, and demonstration programs written in
BASIC especially for 8 4 K PET. Includes bleck-
jack, children’s math, biorhythm, and 15 other
programs. On cassette, reedy to losd and run.
Accompanied by written program dascriptions.
All for $15.95. Robert G Schmidt 14 Tinker Ad,
Nashue NH 03060.

MOTOROLA 6800 USERS: 1 have a nifty trace
program that prints out the resuits of each step:
CC, B, A, X, plus the PC, opcode, and instruction
of the next step. Program locates anywhere in
memory. A beautiful debugging aid. Uses com-
bined hardware/software trace and will trace
through ROM, Works as is on any 02 kit interfaced
to video or Teletype. Works on any MIKBUG or
other systam with NMI vector user available, with
the addition of 2 1CS. Send $3 and SASE for
complate listing and instructions. Specify D2/
MIKBUG/Other. Lynn Kurrz, 2104 Campo Alegre
Rd, Tempe AZ B5281.

FOR SALE- Radio Shack TRS-B80 with 16 K, level
| and |l BASIC. Na manior or recorder but all
documentation and cables. Best cash offer Mike
Heck, 167 S Spring Mill Rd, Villanowa PA 190BS,
{215) 525-0709.

WANTED Memorex 3664 o IBM2311 disk
drive. Please reply wia air mail stating price and
condition. Also, would like contact wilh anyone
who owns a Memorex 40 mimcompuyter and for
informarion exchange on its hardware or soltware.
P A Williams, 15 Fiany Av, Lower Hurt NEW
ZEALAND

FOR SALE: 1BM T402 card reader/punch, manual
included. Hest offer over $200 or trade for disk
drnive. You pay shipping. Steve Mardh, 5805 Boulder
Creegk, Austin TX 78724, (512) 926.5497,

FOR SALE: HAL-MCEM-808Q with keyboard,
BASIC in ROM, 9 K programmable mamory,
2708 programmer, dual cassetta intarfece &
power supply. Cost $1200 will sell for $695
used less than 4 hours. William C Dewbarry, 314
Interbay Aw, Pennsacola FL 32507, {904} 455-
6644.

FOR SALE: Conirol Data 160-A computer sys-
tern, 8 K by 12 buts core memory, two multiple-
device 10 channels, 350 cps paper tape reader,
TTY¥ BRPE punch (110 cpst. in desk-type cabinet.
110 VAC, also 1614 (O typewriter interface with
stand, 168-2 auxiliary arghmetic unit, 1wo Model
601 magnetic tape drives, all documsntauon,
soltware on magnetic tape and listed, spare cards,
cables. $895 for all. Roger C Buck, 1122 Post Dr,
Rackford IL 61108, (815) 398-2507.

FQOR SALE: E and L instruments MMD-1 micro-
computer  with  MMD-1/M}I memory intarface
board. % K of memory an processor board, 2 K
on Interface board. Cassette {K.C formatl Load/f
Dump PROM included Fully tested and burned
in. Only 8 months old “Bugbooks ¥ thru ¥
included. Good machine to learn an and expand.
Cost me $650; will sacritice a1 $485 or best offer
Serious inquiries may be sent to Garrh L Bock,
RA =1 Box 123, LeRoy IL 61752,

WANTED Any information, especially schematic,
for UNIVAC care unit, type 9001 03, part number
402920000, senial 2792-B. This core was probably
used 1In 3 UNIVAC 1004 card processor system,
W E Hefley, 157 Marian Ln, San Jose CA 95127,

FOR SALE. Quay Z-80 processor, factary assem-
bted and tested, $250. VDM-1 video display mod-
ule, factory assembiled by Processor Tech, $200.
SO Sales 4 K static memory for Altaw [5-100],
280 compatible, $50. Godbout-Morrow "Smart
Cassette Interface™ tor three casssttas and RS232
and 20 mA,$75. CCTV high resolution prolessional
video monitor, $100. SwTPC ASCIl keyboard,
fully encoded with interface and parity . n cabiinet,
850. SwTPC power supply suiable for Altair
(5-100}, 5 and 12 and —12V, in cabinet, $50.
IMSAI 6 slot mother board, $15. Or take all of the
above with documentation far $750. Eric Schneck,
426 E 85th St 5D, New York NY 10028, {212}
7376458,

FOR SALE. One Tarbell cassette rnterlace for
$85 and one Dalen cassette interface {CRI) for
$95. Both operate an popular Tarhell cassette
bi-phase nterface standard Dalen board 15 com-
pletely software and hardware interchangeable
with the Tarbell booard but has switch selectable
bps rates. Both fully assembled, sockoted, Altair
{§-100) compatible, and working gerfectly. Dan 8
Parker, 1007 3Jrd Streer =3, Davis CA 95616,
(916) 758.2341 after 6:00 PM.

FOR SALE- Manrge =326 BETA '‘Screntst”
programmable calcularar with Modet 292 digital
tape unit. Tape drive fully controlisble by pro-
gram, permiting automatic read-in of program
averlays plus automatic storage/ratrieval of data.
Features over 100 keyboard scientific funcuons,
matric conversions, full edit and seif-test capa:
bilities, conditional jumps and nested subroutings,
and large 12 digit cisplay. Program size can gxtencd
1o 27,000 keysitokes using the tape drive.
Originally cost $1300. asking $650. in like-new
condition with full documentation and fitted
attaché carrying case with key lock., Gene
Szymanski, 693 Rosedsle Rd, Princeton NJ D8540,
{609) 924-8B56.
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Fo dot turther snvormanon gn the producis sdvertived m 8Y TE, Till oul the reader service card with your nome and oddress. Theet ¢ofcle he
. GPEOPnIte e bers fon the gdverliens pon select from she tng Add o 13 cent stamp (o the cord, then dropg it in the mail. Not only do you
ﬂeaden senv‘ce Ui ettt hons, Bt Gure ddvesieiees Jre entcutsayed 10 wae the markelplygce provided by BY TE. This helps us bring you ¢ bigger BYTE.
Inquiry No. Page No. Inquiry No. Page No. Inguiry No. Page No.
1 AAA Chicago Computer Center 111 160 Heath 34, CIV 297 PerCom Data 11
3 Administrative Systems Inc 118 170 Hobby World 177 298 PerSci 63
4 AJA Software 130 175 IMSAI CI 299 Personal Computing ‘78 89
6 Alco Electronic Produets 180 176 Information Unlimited 133 *  PolyMorphic Systems 21
10 Anderson Jacobson 69 177 Integral Data Systems 77 301 Poly Paks 201
11 Apparat 183 179 Integrand 137 302 Preferred Positions 181
15 Apple Computer 12, 13 180 Integrated Circuits Unlimited 193 303 Priority |1 202, 203
' Art-by-Computer 169 181 International Data Sciences 125 305 Processor Technology 8, 9, 10
20 Artec Electronics Inc 51 185 International Data Systems 54 306 Program Design 106
21 ATV Research 181 186 International Technical Systems 179 307 AQuest Electronics 204
25 Awwood Enterprises 184 190 1thaca Audio 133 * Radio Shack 73
26 Bit Basement 180 191 J & E Electronics 179 311 Rothenberg Information Systems 123
35 BITS 59, 96,97, 122, 141,157 195 Jade 195 312 S§-100128
* BYTE Back Issues 138 200 James Electronics 196, 197 313 S & R Electronics 183
39 California Industrial 185 201 Jim-Pak 49 310 Scelbi 36, 37
40 Canada Systems 131 202 LMN Electronics 199 322 Scelbi/BYTE Primer 65
45 Central Data 71 203 MACC 152 * Scientific Research 39, 45
50 Centronics 53 204 Manchester Equipment 181 314 Scope Data 181
60 Component Sales 186 206 Magnemedia 135 315 SD Computer Products 205
65 Computer Corner 181 207 Maxi-Switch 61 316 Seattle Computer Products 104
66 Coamputer Data Directory 131 309 Micro Comp 183 317 Silver Spur 181
70 Computer Enterprises 139 208 Micro Computer Devices 55 318 Small Business Computer Magazine 98
71 Computer Hardware Store 181 209 Microlithics 183 319 Small Systems Services 128
75 Computerland 6, 7 211 Micro Mart 183 321 Ed Smith's Software Works 136
72 Computer Mart of MA 120 212 Micromation 15 320 Smoke Signal Broadcasting 75
73 Computer Mart of NJ 125 213 Micro-Puzzles 179 325 Software Exchange 35
73 Computer Mart of PA 125 214 Microsette Co 183 330 Software Records 107
77 Computer Products of America 148 216 Micro Systems Services 109 335 Solid State Music 23
78 Contemporary Marketing 82, 93 240 Microware 110 340 Solid State Sales 207
79 Creative Software 179 241 MIJOBE 179 350 Southwest Technical Products ClI
80 Cromemco 1,2 242 Mikos 192 351 Speech Technology 132
81 Dal Data 145 243 Minicomputer Accessories 105 352 Structured Systems Group 19
82 Databyte 100 250 Mini Micro Mart 102 353 subLOGIC 127
83 Datec 183 251 Mini Micro Mart 102 354 Summagraphics 103
90 Digital Group 29 265 mpi 134 356 Sybex 33
91 Digital Pathways 126 275 National Multiplex 87 355 Synchro Sound 94
95 Digital Research (CA) 83 280 Netronics Research 101 358 Synchro Sound 95
100 Digital Research {TX) 187 281 New England Electronics 126 357 Szerlip Enterprises 130
105 Disc 3 183 282 Newman Computer Exchange 134 360 Tarbell Electronics 43
110 Dynabyte 67 285 North Star Computer 17, 31 370 Technical Systems Consultants 41
115 Electrolabs 186 286 Northwest Microcomputing Systems 121 371 Technico 79
120 Electronic Control Technology 127 * Ohio Scientific 24, 25, 26, 27 372 Telecommunications Services 179
125 Electronic Systems 189 287 OK Machine & Tool 5 373 TransNet 136
130 Electronics Warehouse 191 288 Oliver Advanced Engineering 132 374 TRS-80 Software Exchange 124
131 EMM/CMP 99 289 Osborne & Associates 85 376 uPMEM 181
140 Farethought Products 124 * Owens Associates 181 377 US Robotics 183
145 Gallaher Research Inc 107 291 Pacific Digital 129 378 Vamp 179
146 Hamilton Logic Systems 180 292 Pacific Office Systems 192 379 Whales 157
156 DC Hayes Associates 81 293 Page Digital 204 395 Worldwide Electronics 179
156 Hazeltine 119 294 PAIA Electronics 137 400 Xitex 108
296 PCE Electronics 179 405 Xybek 129
"Correspond dectly with comgany.
B86M
BYTE's Dagoiag Monitor Box EROM BOMBs
Articla No. ARTICLE PAGE Program Y.our Next EROM in B/'i.SJ.C
by Steve Ciarcia, page 84, was the winning
1 Wainstein: A Programmable Character Generator 14 article in the March BOMB, placing 1.7
2 Thorson: A Pragrammable IC Tester 28 standard deviations above the mean. Steve
3 Tennant: Natural Language Processing and Small Systems 38 will receive a bonus of $100. Second place
4 Georgiou: Give an Ear to Your Computer 56 was a tie between “‘User’s Report: The PET
5 Pearce: The HP-67 and I'!P-97' ) 112 200] 1 by Dan Fy[stra, page 1 ]4' Zlnd “The
6 Norton: Notes on T_eachmg with Microcomputers 138 Intelligent Memory Block” by Kenneth
7 O'Haver: More Music for the 6502 140 Castl 186 h o olac 1.5
8 Ciarcia: Talk to Me: Add a Voice to Your Computer 142 astieman, page , each placing 1.
9 Hemsath-Seawright-Ghent-Garrard: Theatrical Lighting Graphics 153 standard qewa“qns above the_ mean. Both
10 Webster-Young: GRAPH: A System for Talevision Graphics 158 authors will receive $50. To find out more
1" O’Haver: Audio Processing with a Microprocessor 166 about BYTE's BOMB, see the card oppo-
12 Maorgan: A Look at Shugart's New Fixed Disk Drive 174 site.m
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A full advantage of the Hll's power. And
I e worl the H11 is fully compcmhle with all DEC
s LSI-11 accessories.
Heath documentation is aqondto none.
You get ﬂlustrcrtad step-b:

most powerful
microcomputer -

MEATIKT

TR AR

Lk LTI

HEATHKIT

q
oo o System Engineered
ital Equipment ¢ for Personal Computing

Be sure to use coupon
on page 34 of this
magazine to order your
FREE Heathkit Catalog!

IR |

( .executes the pawer-
- ful PDP Ilfﬂiﬂ instruction set which in-
cludes over 400 commands. And the fully
assembled KD-11F CPU board includes
4K x 16 bits of memory. The backplane
accepts up to six additional modules
(memory, serial and parallel I/O, etc.)
Heath will soon introduce a dual floppy
with a disk operating system to take

Circle 160 on inguiry card.
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