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About the Cover. . .

The computer artwork for the
cover of this issue of BYTE is the
work of Ed Kellerman, whose article
appears on page 40. It was donc using
the facilities of IBM in Endicott NY,
with the APL language as the major
tool and a Tektronix plotter for pro-
ducing the black images for the various
colors of the line drawing component
of the cover.

But we looked at the resulting
artwork, and then asked Ed if he
would allow us to provide some
additional hand coloration by Clien
Shamonsky of our art department.
(Ellen is the person responsible for
the airbrush work on July 1978’
cover, which we forgot to credit in
that issue.) Ellen provided the multi-
colored airbrush background for the
present cover, using the artwork
supplied by Ed as the guide for
positioning the various zones.

A background in vectors and
matrices can give you a set of powerful
tools for manipulating shapes on a
graphics display. Read Jeffrey L
Posdamer’s The Mathematics of Com-
puter Graphics. You may find that the
mathematics is not as difficult as you
think. page 22

As other articles in this issue dem-
onstrate, matrix operations are one
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method of manipulating graphics. The
manipulations hecome simpler when
the implementation language is de-
signed to work wilth matrices. APL is
such a language. Lduardo Kellerman
gives us a Laste of what happens when
you mix APL and Graphics.

page i

In this issue Kin-Man Chung and
Herbert Yuen start a series of articles
detailing the design and construction
of A "Tiny” Pascal. Part 1 contains
an overall view of the project along
with a detailed look at an interpreter
for pscudocode which is what the
Pascal source program will be com-
piled into. The Pascal project empha-
sizes the portability of the language by
compiling lrom Pascal to pseudocode
which will then have an individual
interpreter  lor  every  different
machinc. page 58

What constitutes a program, and
what is the proper way o write
one? Proper is a loaded word, but if
ease of thought and unambiguity are
goals of (he effort, Some Words
About Program Structure by Albert
D Hearn will be a good starting point

for the novice. page 68

This month we conclude Dr [ames
Williams's three part series on Antique
Mechanical Computers with Part 3:
The Torres Chess Automaton. In-
credible as it may seem, Leonardo
Torres built o working ¢hess autom-
aton in 1911, After a discussion about
early concepts in the first “thinking”
machines, the chess amnomaton is
described in detail in o this  artidle.
Dr Williams concludes the series with
some philosophical speculations about
Automdtd. paye 82

Steve Ciarcia completes his  de-
scription of a non-contact scanner
by describing the soltware that will
Let Your Fingers Do the Talking.

page i

In an extended Technical orum
discussion, Jonathan Bondy presents
a peeliminary  design Tor S2L: An

Altair (5-100) to LSI-11 Bus Adapter.
Here is a starting point for  ose
interested in  taking advantage of
numerous personal computing peri-
pherals in combination with the 16
hit Digital Equipment Corporation

ILSET1 computer. page 102

If you intend to use your computer
for arithmetic operations it is neces-
sary lo have a floating point arith-
metic package. Joel Boney's article
on implementing a binary floating
point package will help you imple-
ment Math in the Real World if you
don't have an appropriate package
at your fingertips in a high level
Janguage or program library.  page 11

A displayed object can be defined
within @ matrix in a program. Once
the object has been so deflined it is a
simple  matter to perform  Graphic
Manipulations Using Matrices as de-
scribed by Joel Hungerford,

puge 1506

Are you faced with the prospect of
owning 4 just buiit computer system
bare of all niceties such as BASIC or
even assembler? Somehow, it is diffi-
cult to impress noncomputer people
by adding 1 to | to get 10. Larry
Kheriaty has an interesting language
to solve this problem. For Larry’s

solution read WADU. W
Write a Language in 256 Words or
Less. page 166







































The TASA Keyboard

Features:
O 51Keys, withentire 128 posi-
tion ASCII code output.
All keys identified as to Un-
shift, Shift and Control outputs.
Full 8-bit ASCIl output with
selectable positive or nega-
tive parity.
Single power supply, 12.5 -
20V unregulated.
Output TTL, DTL and CMOS-
compatible.
Full solid state design with no
moving parts.
Standard PC edge connect-
er.
Use on any flat surface, or with
Optional plastic support
stand (as shown)

a
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Touch Activated Switch Arrays, Inc.
2346 Walsh Avenue, Santa Clara
California 85050 (408) 247-2301

NAME

ADDRESS

cITY

STATE r4ld

Enclosed is my check for $

to cover:

— TASA Keyboards
@ $49.95— $

— Optional stands
@ $12.00— $

Shipping and handling

charge at $5.00

per keyboard— $

SUBTOTAL—$

Sales Tax, 6%—$
(Calfornia residents only)

TOTAL ENCLOSED  §
9/78
Price subject to change without notice

Circle 363 on inquiry card.

eIfens

WANTED: A RANDOM NUMBER
CIRCUIT

Writing a rcally good pseudorandom
number generator is not an easy thing to
do; Knuth devoted hali a volume to the
process. Also, if you base a computer
game on a pscudorandom number gen-
erator, you have the awkward problem
of supplying a seed for cach game. For
these reasons, | would like a way of get-
ting truly random numbers into a micro-
processor. One way to do this is to have
the computer increment a counter while
waiting for the user to enter something.
If the computer is fast enough, the low
order bits of the counter will be random.
However, this method is not good for
generating large numbers of random
numbers, since the user must be con-
sufled for each one. What | really want is
a circuit which generates random bits.
I've heard that such circuits exist,
based on something called “noisy”’
diodes. Where can | get details?

Scott D Johnson
241 Linden Av
{thaca NY 14850

Certain processors, like the Zilog
Z-80, have methods of apparently form-
ing u random seed number, Sipce the
hidden refresh counter for dynumic
memory is alwavs in operution it can be
paged whenever o seed for a pseudo-
random number qeneralor is required.
Within certain constraints it may also
be possible to use a series of these num-
bers as pseudorandom numbers.

WHAT A SMALL COMPUTER CAN
DO FOR THE MULTIPLY
HANDICAPPED

Being extremely green at this com-
puter game and having no hardware
experience {come to think of it no
expericnce whatever) | have only had
my Apple about three weeks, but |
have a glimpse of the tremendous
possibilitics now open to me,

Since breaking my neck whilst
on National Service in Germany, |'ve
been able to move my head, left, right
and slightly backwards and forwards
and that's my lot. If anyone tries lying
on the floor on his back, using the
above movements and tries writing
his name with a pen in his mouth (hold-
ing a pad above) they will quickly
realise there's not a big variety of things
someone in my position can do.

Now imagine the same person with
the keyboard of a computer in front of
him you find the limits go up tenfoid.

I know there are machines like
“"Possom'’ issued in certain cases by
the UK government. It will connect
the disabled to TV telephone, it will
open doors and curtains, and work
a typewriter, about a dozen functions
and it costs between £1,400 and £1,600
depending on the number of functions.

The processor | have is an “Apple I1"
16 K and because | have to work with 2
stick in my mouth, the shift and control
keys have had to be modified so that
they work like a typewriter and use two
maovements to lock and release.

The Apple has opeped up a new
world | didn’t know existed. It now
makes jobs possible, the design and
colour graphics and all the games {and
don’t knock the games, remember
your capabilities while lying on the
floor) and all this at a touch with a
stick, and at costs comparable with
“'Possom."’

All 1 have to do now is buckle down
and do a lot of studying and practicing.

1 hope this gives some of your
readers a glimpse of what a computer
could do for the disabled and severely
disabled. Alsc wonder if they have the
same problem | have of doing a bit more,
and a bit more to find it's 3 AM, or later,
and that you have to force yourself to
turn that switch off.

Charles Smith

222 West Ct

The Thistle Foundation
Edinburgh EH16 4EB
SCOTLAND

SOME NOTES FROM JAPAN

You may be interested in details of
two recent Tokyo shows. At the Busi-
ness Machines Show Sharp featured
a new programmable calculator, the
PC1300. This features magnetic card
program storage, alphanumeric printer
and display. It has 26 memories (A thru
Z), program size is up to ‘256 steps,”
two levels of subroutine nesting are
allowed, size is 44 by 123 by 220.5 mm
{1.7 by 4.8 by 8.7 inches), weight is
680 grams (8 ounces). Numeric format
is 10 digit mantissa, 2 digit exponent.
Display scrolling (programmed?} was
demonstrated at the show. Display and
printer are both 16 characters wide.

Continusd on page 66
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bounded or unbounded and are defined by
the nature of the problem, not the use of
computer graphics as a tool.

Naturally, there must be a way to convert
from one space to the other when both are
used. If

xsmin left screen value

xsmax = right screen value

ysmin = bottom screen value

ysrmax = top screen value

and

upmin = minimum problem space v
coordinate value

upmax = maximum problem space u
coordinate value

vomin = minimum problem space v
coordinate value

vomax = maximum problem space v

coordinate value

then the point [u v] in problem space
maps into a point |x y] in screen space as
follows:
x = (—5'—‘!&'!'—'-'"—.) X {xsmax-xsmin) +
upmax-upmin
{xsmin}
= v-vpmin . .
% (vpmax‘vpmm’ X {ysmax-ysmin) +

tysmin)

In most cases, operating on individual
points is only a beginning. Generally, tech-
niques are needed to deal with line segments
that connect points to define figures and
regions.

If two points Pg=|xgygl and Py=
[x7 7] are to be connccted by a line seg-
ment, it is often necessary to compute cvery
point on the connecting line (see figure 2). A
traditional representation of the straight line
is of the form:

y=mx+b
where

Y17¥o
m —X.‘_—Koandb = VO —-{XOX m}.

To compute the serics of points that would
represent the line segment connecting Py
and Py, a program would start wilh the
point at (xg,yg) add m X Axtoygand Ax
to xq enough times to reach xq and y1 {A x
means a small increment of xJ. I is impor-
tant to realize that m, b and the interme-
diate values of x and y may take on non-
integer values. For each intermediate point,
the rounded values of x and y are used to
designate a picture element to be displayed
as part of the line’s representation.

An alternative to this scheme is the “para-
metric” line representation. Here, the mathe-
matical representation of the infinite line
that passes through Ppy and Py is not used.

gl

(X))

Po

(Xg.¥o)

Figure 2: The straight line, a basic element
in many displays. If two points are to be
connected by a line segment, in a raster
graphic display it is necessary to calculate
every point on the connecting line. in the
case of a vector display, only the endpoints
of the vector need be computed.

Instead, we represent only the points be-
tween Pgand Py:

x = (1—t)x0 xS xg ¥ t(x.l—xo)

y= (1—t)y0 tty =yt t(y1—vo)
where t varies from 0 to 1

{x,y) = (xo,yo) att=0

(xy)= (xl,v1) att=1

A line similar to the above line is generated,
but with simpler, more direct computations.

For more advanced systems, a number of
hardware schemes for line generation exist.
Since hardware is not the topic of discussion
in this article, refer to reference 1 for a dis-
cussion of binary rate multipliers, digital
differential analyzers and multiplying digital
to analog converters.

Another basic graphics element is the
polygon. The polygon is a plane figure
consisting of all points inside and on the
boundary of a simply connected series of
straight lines. For our purposes it is more
convenient to represent a polygon by a list
of its vertices than by a list of the entire set
of displayed points. Polygons raise the issue
of the differences between video or raster
displays and line drawing vector or calfi-
graphic displays.

The line drawing display has been a
standard graphics device. It contains hard-
ware to draw lines between points in the
screen space. The image is drawn by tracing
aver each line in the image in the order the
lines were specified. Thus, only points on
displayed lines are scanned.

The raster display uses a fixed scanning
pattern that covers the entire screen. At
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screen positions which are parts of the
displayed image, the scanning beam is
intensificd, causing images to appear on the
screen. On a line drawing display, polygons
can be represented by their boundaries; on a
raster display they can be “‘colored in.”

Displaying Polygons

A polygon is represented by an ordered

set of points: (xg,yg), (x7,¥1), - .. (xp,¥p)-
An alternative notation for this collection is
a matrix;

%o Yo ™ "‘121
M= Iyl = | M1 M2
Ly1 Vn_ _mn1 mn2_

Each element of the matrix is a number,
specified by its row index and column index.
In memory, arrays arc typically stored in
conseculive locations in ecither row or
column order. It is necessary Lo calculate an
element address from the row and column
indices of a particular clement in order to
access it

Given the vertices, how can the displayed
interior points be calculated? Let us assume
{as is usually the case) that the display scans
from top to bottom and from left to right.
For ecach line segment in the polygon, deter-
mine the vertex with the maximum y vilue
and sort the cdges in descending order
by the maximum vy value. Every vertex
in the polygon is now represented in two
places: as the beginning and cend of two
lines. Beginning with the topmost vertex, a
line generation algorithm is used on any line
that crosses the current y value. Because of
the sort that was performed, line segments
which begin lower on the screen may be
ignored. Since both ends of the line segment
arc present, a line is dropped from the
computation when its “lower"” end is passed.
For every linc passing through the current
y value, the x valuc has been calculated. The
points generated are now sorted by x value.

Starting with the minimum x value, fill in
picture clements on the scan line until the

next value is encountered; leave empty
picture clements until another  picture
element (if any) is encountered. As the

program scans from left to right, the x values
occupying odd numbered positions (1st,
3rd. . .) in the x-sorted list causc picture
clement insertion to begin; the even position
elements causc picture clement insertion to

be superseded. Figure 3 shows how this
process can be generalized and applied to an
arbitrary plane figure in oultline form, ie: a
letter “P."" This procedure is repeated as the
y valuc is stepped down the screen space
for each scan line until the “lowest" vertex
is encountered, ending the figure.

Transformations

Now that the basic graphic elements have
been defined in terms of points and a set of
algorithms which generate lines and arbitrary
figures from the points, il is neccssary Lo
examine the operations needed to manipu-
late points o perform useful tasks. There are
three basic trensformations in two dimen-
sions: translation, rotation, and scaling or
magnification,

Translation is the movement ol a point or
points by an amount in x and an amount in
y. The motion is such that neither the shape,
size nor orientation is changed. It may be
expressed as:

x' = x + changex
y' =y +changey

where the chungex need not equal changey .
If all of the points associated with a line
or figure are translated by an equal amount,
the graphic clement is wranslated without
change in size, shape or orientation. Figure 4

SCAN LINE

SCAN LINE

L

® EVEN IMTERSLOTIOMS

Figure 3: Creating a letter P with a raster
scanning video display. During eaclt scan fine
the program creates blanks until it comes to
the first line. After this point it creates solid
picture elements until it encounters the next
line, whereupon it switches back to blanks.
The algorithm states that sofid picture
elements should follow odd numbered line
intersections and that blanks should follow
even numbered line intersections.
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[

ECHANGE ¥

F—olcmwce x

Figure 4: Translation in the xy plane.

shows the effect of a translation applied to
our arbitrary figure, the letter *'P."" Rotation
is a somewhat different problem. It involves
a computation which maintains shape
but changes orientation. A rotation will
generally leave only one point in the two-
dimensional space with its position un-
changed: the center of rotation. For the
sake of simplicity, the rotation computation
is developed with the point (0,0) as the
center of rotation. The polar coordinate
representation is used (see figure 5). Later it
will be shown how to rotate about any
arbitrary point. The point to be rotated, Py,
is at position (x(,y0) (see figure 6). This is
at a distance r from {0,0) and the line from
the origin to P makes an angle of a with the
x axis. From trigonometry we know that:

Xg =T cosla)

Vo<©f sin{a)
If PO is rotated about (0,0) by an angle ol b
to become PI then

x, =1 cosla+b)

1
v,=r1 sin{a+b)

but from trigonometry we may substitule

o

Figure 5: Polar coordinate representation
of a point in the xy plane.

Figure 6: Rotation of vector about the origin.

for the sum-of-angles form:
Xy =r cos{a} cos{b) — r sinfa) sin{b}

vy=r cos{a) sin{b) + r sin(a) cos{b)

but from above we get
Xy =X cos{b) — vo sin{b)
¥y = %g sin{b) + Yo cos(b)

The last of the basic transformations is
scaling or magnification. This involves a
change in size without change in orientation.
Depending on the definition of shape, it is
either unchanged or changed “‘without
distortion.” As in rotation, only a singlc
point in the plane is unchanged by a partic-
ular scaling transformation and once again,
for convenicnce, the origin [00] is left
unchanged. The equations:

)(.l = SXO

V=9

will scale x and y by a factor s. The factor
may be greater than or less than 1. If a
negative value is used for s, then reflection
about the origin is performed. If the scale
factors for x and y are different, then
“stretching” s accomplished. Figure 7
illustrates several scaling transformations
applied to the ‘‘P" figure seen in several
eariier illustrations.

Vectors and Matrices

The use of matrix notation allows simpli-
fied extensions and combinations of the
basic transformations. A matrix is a rectan-
gular array of numbers identified by row and
column numbers. Every row in a particular
matrix has the same number of entries, as
does every column. The notation Afl,))
refers Lo the element of matrix A in the Ith
row and Jth column. A matrix has a size
associated with it, [r ¢], which defines the















matrix, with zeros everywhere but on the
diagonal, where the value | is placed. The
diagonal is the set of elements where the row
index equals the column index. For example,
if I and M are both 3 by 3 matrices, then
IM=M:

1 0 0
0 1 o M=M
0 0 1

Now let's turn back to rotations, and see
how these may be applied to a collection of
points describing a figure on the display
screen.

Two comments are worth noting at this
stage. It is often useful and necessary to
apply the same transformation to several
points. This occurs when applying a trans-
formation to items such as polygons or more
complex collections of points. Additionally,
it is useful to combine basic transformations
o create more complex transformations.

A collection of points may be represented
as a matrix:

*oYo
X1 Y4

X Y
nn

Recall the basic operations of scaling, rota-
tion and translation:

Scaling (about the origin)

* = sx X0
Y= sy Yo
Rotation {about the origin)
X =%, cosi{b) — Yo sin(b)
vy = X9 sin(b) + Yo cosib)
Translation
x1 = x0 + changex

y‘I = VO + changey.

If these transformations could be represented
as appropriate matrices, they could be
applied simultaneously to all points in the
collection. Scaling may be represented in
matrix form as:

'yl =[xyl [s, 0

0 sy

or, for a collection of points:

’

*a Yo

Rotation through angle b about the origin
may be represented as:

Xy Yo X ¥
cos(b) sin(b)
—sin{b) cos(b)
xn vn xn vI'l
Translation presents a somewhat more

difficult problem. No 2 by 2 transformation
matrix can be devised that will transform a
group of points by a uniform displacement.
An alternative representation of the transla-
tion is:

=1{x)1 + {y)0 + 1 - changex
vy = {xJ0 + y)1 + 1 - changey

If we now represent all points in two-
dimensional space with a 3 element vector of
the form [x y 1] for the point at [x y], then
the translation operation may be represented
in matrix form as

changex changey 1

Note that a third (unnecessary) column is
added to the transiation matrix to make the
results have the same dimensions as the
input points.

The scaling matrix is now rewritten as:

The rotation matrix is now:

cos(b) sin{b) ©
—sin{b} cosibl O
0 0 1

The use of an n+1 element vector Lo repre-
sent a point in n-dimensional space is known
as the use of romogeneous coordinates.

Now that a uniform representation, the
3 by 3 matrix, is available for transforma-
tions, Lwo questions arise: (1) How can more
complex transformations be implemented?
(2) What effects are obtained from matrices
which do not fit into the special structures
generated for the basic transformations?

Most complex geometric operations may

September 1978 ® BYTE Publications Inc
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Transformed Coordinate Translation to Rotation by Translation by
Coordinate Matrix Origin by (=X, —Yr) Angle b {Xr, Yr)
Matrix {n by 3) {n by 3} (3by 3) (3 by 3) (3 by 3}
(%o Yo' 1] [ X Yo 1] [1 0 0] [costb) sintb) 0 10 0
. . 0 1 0 —sin{b} costb) O o] 1 o]
= —Xr =Y 1 o} ¢] 1 Xr ¥e 1
| X' Yo' o1 Xn Yo 1|
Example 1.
a b
T3 = |d e f
9 t I

Sepiember 1978~ BYTE Publications Ing

be implemented as a sequence of basic
operations. A few examples are examined
next.

Rotation About an Arbitrary Point [x, y, 1]

Since we know how 10 rotate about the
origin, the point R and the ohject are first
moved to the origin. The object is then
rotated and the system moved back so that
R is at its original location. A matrix repre-
sentation of this procedure is shown in
example 1. The point R will be unchanged
by this scquence of transfarmations. Trans-
formations are not generally commutative;
ie: the order of application of the trans-
formations /s fixed to achicve a particular
combincd result.

A similar statement is true Tor matrix
multiplication:
AB # BA in general.
But, matrix multiplication is dssociutive.

That is, if the order of the matrices is fixed,
the order in which the individual multiplica-
tions is performed does not matter as far as
the value of the result is concerned. Thus, in
the example shown, we could combine the
last threc  (transformation) matrices by
multiplication o yield a single 3 by 3 matrix
which represents the combined transforma-
tion. If more than three points are repre-
sented in the coordinate matrix, this tech-
nigue will reduce the amount of computa-
tion necessary to calculate the result.

As a general comment, it s uscful 1o
decompose  complex transformations into
a series of basic transformations.  Any
transformation which preserves shape in the
sense  discussed above can be decomposed
into a series of basic transformations repre-
sented as muatrices. The product of these
matrices will be the matrix representation of
the complex transformation,

A general 3 by 3 matrix might be repre-
sented by:

{h intentionally omitted)

Three special cases of this matrix have been
presented that represent the basic trans-
formations. While the products of such basic
transformations can yield many of the cases
of the general T3 matrix, it is useful 10
examine some other simple cases. The 3 by 3
identity matrix:

1 0 0
I, = 0 1 0
3 0 0 1

yields a result identical to the original set of
points, This is a nu/l transformation. The
effect of setting elements ¢ and e (referring
to the general Tg matrix elements) equal to
other values results in scaling, Setting
clements ¢ and /7 to nonzero values creates a
translation. The process of setting element
h to a nonzero value is shown in the follow-
ing equations:

x' = X

y' =bx+y .
The effect of this change on our figure “P*
test pattern is shown in figure 9. This type
of transformation is known as a y shear.
Note how the “P" has been distorted in the
y direction only by this operation.

7* X

Figure 9: An example of v shear.
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Eduardo Kellerman
V34/0284

IBM Carn

Endic 13760

Entire article and all
figures copyright Interna-
tional Business Machines
Corporation, 1978. Printed
by permission. All graphics
were produced digitally
{including author’s signa-
ture).

TRI+% 3p1,0,1,0,(C0S 30),(-SI¥ 30},0,{-C0O5 30},

Figure 1: Equilateral tri-

an

gin,

gle centered at the ori-
the basic drawing

block of our design.
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This article presents an introduction to
the use of APL for creating and manipulat-
ing graphic images. The paper carries the
reader through the steps of interactive
graphic design using APL and [BM 5100
APL Graphpak. The last section of this
article, giving background information about
APL and Graphpak, should be reviewed by
the reader not familiar with either of these
two topics. August 1977 BYTE is a useful
source of APL information. For more de-
tailed information about APL sce the refer-
ences listed at the end of this article.

The initial checkout of the examples was
done using an IBM 5100 in stand-alone
mode. The results were drawn on an IBM
5103 printer by modifying Graphpak to use
output functions from the IBM 5100 Print
Plot/APL Problem Solver Library. When the
designs grew more compiex, the IBM 5100
was connected to an IBM System 370/
Model 168 and the code was executed there.
The IBM System 370/Model 168 produced
its output on a storage scope equipped with
a hard copy unit.

Developing Repetitive Patterns

The first example follows a graphic de-
signer through the development of a pleasing
design for wrapping paper. Using a triangle
as the basis for experimentation, the co-
ordinates for a triangle centered at the ori-
gin are derived as shown in figure 1. A
matrix, TRI, is then created to describe the
triangle to the DRAW function:

(-SIN 30),0,0.1

For this example, TRI looks like:

TRI

1 0 1

[} 0.87 0.5
[} “0.87 To0.5
0 0 1

To create patterns, translate the TRI matrix
into the display window and draw it with
the following APL function:

v DESIGNL
(1} TR+(C0S 30),SIN 30
{2} DRAW TR TRANSLATE TRI

v

When executed on the IBM 5100, DESIGN1
gives a very small triangle of the defined
dimensions. It will be necessary to increase
the size of the triangle since it is presently
too small to be used in a design. The func-
tion DESIGN?2, shown in listing 1, is written
to rotate the triangle 15 times and then
transtate the magnified pattern into the
viewing area before drawing it.

Note in line 4 of listing 1 that the initiali-
zation of variable OUT is to be a matrix with
no rows and three columns. This is done so
that OUT has the proper shape when in line
6 it is catenated with TRI2 (which has three
columns). When DESIGN2 is executed on
the IBM 5100 the result is:

Even though the original (magnified) tri-
angle is within the viewing window, the com-
plete pattern is not. Instead of moving the
whole pattern into the display window,
rotating triangles can be shrunk so they stay
within each other. The result of experiment-
ing with different shrinking factors (actually
magnifications of less than 1.0) is the APL



function in listing 2. Execution of DESIGN3
results in:

To extend the design over a larger area of
the plane, an upside-down version of the
nested triangles is used. This upside-down
design is obtained by rotating the original
design 180° (m radians). The original and
new patterns are then drawn side by side.
This is accomplished by adding the following
two lines at the end of program DESIGN3:

{13]1 QUT2+180 ROTATE 0OUT

[14] DRAW 15 MAGNIFY (2xTR) TRANSLATE 0UT2

Execution of this program gives:

This pattern is used to cover the plane. To
do so, variable OUT is made into a matrix
containing the description of both the
original set of nested triangles and the upside-
down nested triangles by replacing lines 12
thru 14 with:

[12] OQUT2«TR TRANSLATE 180 ROTATE OUT

{13} oureour,[1] OUT2

Then, to draw the N by M tilings, two
nested loops are added at the end of the
APL function. These loops are incorporated
inlines 14 thru 19 of the function DESIGN7,
which is shown in its entirety in listing 3.

Note that, in line 16 of listing 3, unneces-
sary parentheses were used to make the
meaning clearer. However, not enough
parentheses were added to make the mean-
ing completely unambiguous to readers not
familiar with APL. For example, the expres-
sion

TRX*(1+2x4)

could be written

TRXx(1+(2xd))

[10]
{111
(12]
[(13)
[1u4]
{15)
{16)
[17)
(18]

f1a}

9

<

DESIGN2:TR :ROT ;REP ;0UT ;TRI?
TR+(COS 30).5IN 30
ROT+0
REP<15
OUT+ 0 3 po
LOOP :TR12+ROT ROTATE TRI
oUT+0UT (1] TRI?
ROT+ROT+$
~LOOP IF 0<REP<REP-1

DRAW 15 MAGNIFY TR TRANSLATE OUT

DESIGN3 ;TR ;MAG ;ROT;REP ;OUT ;TRI2
TR+(COS 30),SIN 30
MAG+1

ROT+0

REP+15

oUT+ 0 23 o0
LOOP:TRI2+ROT ROTATE TRI
TRI2+~MAG MACNIFY TRI2
OUT+0UT.11} TRI2
ROT+ROT+5

MAG+MAG=0.87

+LOOP IF Q<REP+REP-1

DRAW 15 MAGNIFY TR TRANSLATE OUT

Listing 1: DESIGN2, an
APL routine used to rotate
the basic triangle and
transfate it into the view-
ing window. This oper-
ation is repeated 15 times.
Note the use of variables
in the header line of the
function. This assures only
local use of those vari-
ables.

Listing 2: DESIGN3, an
APL routine which rotates
and shrinks the basic tri-
angle shape to keep the
rotated triangles inside of
the previously drawn tri-
angle. This also keeps the
rotated triangles within
the viewing window.

9 N DESIGNT M TRiTRX,TRY ;MAG .ROTREP QUTITRI2;0UT2

TR« (TRX+C0S 30) ,TRY+SIN 30

MAG+1

ROT+0

REP«15

OUT« 0 3 o0
LOOP :TRI2+«ROT ROTATE TRI

TRI2+MAGC MAGNIFY TRI?
our-ouT,{1) TRIZ2

ROT«ROT+S

MAG+MAGx0.87

+LOOP IF 0<REP+REP-1

OUT2+TR TRANSLATE 180 ROTATE OUT
our«our.l(1) ouT2

I+0
LPI:J~0
LPJ :TR«(TRX%(14+42%J) )} (T+TRYx(JT+1))
DRAW 15 MACNIFY TR TRANSLATE OUT
+LPJ IF M»d+Jr1

+LPI IF N>I+1¢1

Listing 3: APL program
for drawing an N by M
titing of a surface. Each
of the tiles consists of @
right side up, rotated, mag-
nified triangle serles and
an upside down, rotated,
magnified triangle series.
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TARBELL SOFTWARE

Extensive & Inexpensive.

TARBELL CASSETTE BASIC only $36.00

Most features of ALTAIR" Extended BASIC are inclu-
ded PLUS these added features:

* Assignment of 1/O
® Alphanumeric line labels
® Unlimited length of strings
® Unlimited length of variable names
® Procedures with independent variables
¢ Number system 10 digits BCD integer or floating
point
Included are commands unique to TARBELL CASSETTE
BASIC which provide capabilities to:

CP/M Disk Operating System

The 1/0 section of this software has been modified
to operate with the TARBELL Floppy Disk Interface in
24K bytes of memory. Five commands permit listing of
directory, typing contents of an ASCI! file, renaming
a file, erasing a file from disk, and saving memory on
disk. Fourteen programs are included which are invoked
like commands. Six source files are included for transfer-
ring between TARBELL Cassette and disk, cold-start
leading, Basic /0 system with drivers, and reformatting
crashed diskettes. Documentation includes a listing of
BI10OS and instructions to patch CBIOS for your system.
Price is $100 on CP/M diskette with documentation.
{CP/M is a product of Digital Research).

CP/M 1.4 Update Package

A TARBELL Update Package for those now using
CP/M 1.3 is now available on diskette. The Update
Package adds new commands and the ability to access
four disk drives, as well as 2 new CP/M manuals, TAR-
BELL CP/M User’s Guide and a new BIOS listing.
Price: $50.00.

SPOOLER

This 8080 program will save many hours of computing
time. It intercepts all output to the list device, spocls the
output to a high-speed disk file, and directs the spooled
data to a low-speed printer during unused cycle time while
the CPU waits for transfer of data to and from the console.
System throughput is greatly increased with the aid of
SPOOLER. Output is never lost due to insufficient memory
allocation. Fully compatible with the CP/M file system,
SPOOLER permits parallel processing without hardware
interrupt, and with minimal impact on other processes.
Price: $560.00 (Copyright KLH Systems.}

r

on

‘Circle 360 on inquiry card.

® [nitialize 1/O channel ® Assign a physical device to
a logical device ® Drop an 1/0O channel previously assign-
ecl ® Save the BASIC interpreter and monitor or 1/0
routines on cassette ® Cause programs to be appended
onto programs already in memory ¢ Call a procedure
and pass variables on the Jist ® Cause interpreter to enter
edit mode using 15 single character edit commands,

Tarbell BASIC occupies 18K of RAM. Source is available
on cassette, CP/M*™ Disk, and printout---all at reasonable
prices. Price for TARBELL CASSETTE BASIC and com-
plete documentation: $36.00,

BASIC-E Compiler

Designed to work with CP/M Disk Operating System
this software requires a total of 20K bytes of memory.
Inctuded are 26 compiler error messages and 23 run-time
error messages. Disk files may be read, written or up-
dated by using both sequential and random access. In-
cluded are blocked and unblocked files. Price for com-
piler and run-time monitor on diskette is $10.00. Manual
is available separately for $5.00. (Public domain soft-
ware by Gordon E. Eubanks, Jr.}.

CBASIC Programming System

Upward compatible from BASIC-E, CBASIC is simi-
lar but expanded to include several business oriented
facilities, allowing decimal computations to 14 digits of
precision, data formatting and PRINT USING state-
ments. Statements allow access to disk files and disk
file maintenance. Strings of characters may be read from
the console to permit correct input line format to be
checked before reading data. General programming fea-
tures include variable names up to 31 characters, option-
al line numbers, dynamic debugging tracers, and optional
data output to printer. CBASIC on diskette and manual

priced at $100. {Copyright Software Systems.)
.

EMPL-an 8080 APL

Especially suited to educational applications, EMPL
is an adaptation of APL, using the ASCII character set,
This 8K version occupies the first 5376 bytes of memory
and operates in two modes, The Execution Mode per-
mits all instructions to be executed immediately. The
Definition Mode permits the user to enter functions.
EMPL on Tarbell Cassette with manual is $15.00.
{Copyright 1977 Erik Mueller).

PALTALIR is a trademark/tradename of MITS, Inc,
**CP/M is a trademarkZteadename of Digital Research.

950 DOVLEN PLACE » SUITE B» CARSON, CALIFORNIA 90746
(213) 538-4251 » (213) 538-2254
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Figure 5: Basic design for example 2 in the text. The drawing
window is shown for clarity.

Figure 6: Series of logos shrinking into infinity, created by
experimenting with size. A magnification process fs all that
is required to reduce the size of the logo and converge into
the origin which is at the corner.

¢ LOGOS1:LOGO: T MAG
{1] LOGO+180 ROTATE BYTE

[2)] LOGO+ 100 76 TRANSLATE LOGO
ra] I+t

[4)  MAG+1

[s] roor:

(43] DRAW MAG MAGNIFY LOGO
Listing 6: LOGOS], APL
program that translates
and shrinks the logo into (e} +EOOP IF 15>I+I+1
infinity. v

[7] MAG+MAG»0 .74
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but in reality it needs no parentheses at all.
Similarly, all the parentheses in

( I+TRYx(I+1))

are unnecessary, The values for TRX and
TRY are computed in line 1 of listing 3.

Variables N and M have been placed in
the header line of the new APL { :tion,
and now become part of the calling syntax
for it. Trying out the new function by enter-
ing:

2 DESIGNT 2

results in figure 2.

It appears that a better design can be ob-
tained by shifting every other row by half a
triangle. This is accomplished by making use
of the residue primitive function,

where
217

ro lts in 1if I is odd, and O if | is even. This
change is incorporated in line 16 of
DESIGNS:

(163 LPJ:TR+(TRX»"1+4(2[I)+2xJ) , T+TRY=x(J+1)

Also incorporated in line 16 is a shift of
TRX units to the left for the entire drawing.
The purpose of this shift is to avoid uncov-
ered areas in the display window.

When DESIGNS8 was tested, it was clear
that an appropriate selection of enlare
would add significantly to the des
out going into details, DESIGN8 was modi-
fied so that it would create three different,
overlapped pictures. Each could then be
printed in a different color. The resulting
design is shown in figure 3.

Several other interesting designs « |
obtained by slight modification of program
DESIGNS. For example, instead of rotating
the nested triangles to obtain an upside-
down pattern, the sign of the values for the
Y axis of the original set of embedded tri-
angles can be reversed. This is equivalent to
flipping the pattern over. The result is shown
in figure 4. The APL function used to pro-
duce the design for figure 4 is shown in list-
ing 5. Additional designs can be created by
overlapping patterns,

Designing the Cover

The areas involving graphics in which
APL and Graphpak can be used are virtually
unlimited. This second example follows a
graphic designer who would like to create a
design using a customer’s trademark. He is
told that the design should portray the
virtues of the product. For the example
consider the logo which appears on the cover
of BYTE magazine.












52

Description of Graphpak

This seclion covers common APL termi-
nology, some Graphpak conventions, and a
description of APL functions which are used
in the paper. The discussion is, by necessily,
oversimplified. It provides only enough in-
formation to understand the paper. For
more complete information on APL and
Graphpak, consult the references.

In APL, programs are called functions.
Primitive functions are those which are part
of the APL system, and are generally written
as just one symbal or two overstruck sym-
bols. One of the exceptions is the sine (unc-
tion which is written:

1o
For example:
[P - |

A scalar is a single number, for example:
3.1415. In general, a vector consists of scv-
eral numbers, for example: 3 5 2.54, This
definition of scalar and vector suffices as far
as this paper is concerned. However, the ex-
act definition of a scalar is “‘an object with 0
dimensions,” and for a vector, "“an object of
1 dimension.” In Fact, a vector can contain
one or more elements or be empty,

This paper is limited to the “Drawing
Component” and parts of the “Descriptive
Geometry Component’” of Graphpak. For a
description of the other componenls of
Graphpak refer to the /BM 5700 APL
Graphpak, Program Description/Operations
Manual.

The descriptive geometry functions of
Graphpak are designed to perform geometric
transformations on descriptions of three-
dimensional objects, and 10 display projec-
tions of the transformed objects on Lhe dis-
play window. The Graphpak display window

is normally a rectangle in the XY plane with
the coordinate origin at the left bottom cor-
ner. [n this paper the width (X direction) of
the window is 100 units and the height (Y
direction) is 76 units, Even though only two-
dimensional objects are used here, the trans-
formations take place in three-dimensional
space. The Z dimension is assumed to come
perpendicularly out of the page.

To describe a series of lines to be drawn
by Graphpak, a matrix with three columns is
used. The first column is a binary vector. A
1 tells the program Lo go to the (X,Y} posi-
tion indicated by columns 2 and 3 without
drawing a line. A 0 means go to the indi-
cated (X,Y) position while drawing a straight
line. The function DRAW takes as its argu-
ment a matrix that describes a serics of lines
and draws them. For example, if the variabic
BOX contains:

1 0 o
a1¢ 0

a 10 1o

then DRAW BOX gives:

The desired values can be placed in BOX
by entering

BOX+«5 3p1 0 0 0 10 0 ¢ 10 10 0 0 10 0 O O

where

4

(rho) is the reshape (primitive) function. The

Table 1: Geometric transformation functions used in this article.

2D TRANSLATE X Yieids Z, a matrix which describes the object X having been translated O/1], and D[2]
in the X and Y directions, respectively.

If D is ascalar {a single number), it is assumed to be a transiation in the X direction.

Z+«A ROTATE X

Yields Z, a matrix which describes the object X having been rotated Af1/, Af2], and

A[3] degrees counter clockwise {looking in) about the X, Y, and Z axes, respectively,

in that order.

If A contains only one or two values, enough zeros are assumed to precede it to make

its length equal to three.

Z+«P MAGNIFY X

Yields Z, a matrix which describes the object Z having been magnified P{1] and P{2]

times in the X and Y directions, respectively. If P is a scalar, the function extends that

number to all coardinates.
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left argument of rho specifies the shape to
be given to the right argument. If two mat-
rices describing two objects arc to be put
together, they can be catenated in the ftirst
dimension using

M1
For example, using the 7TRANSLATE func-
tion (whose description follows):

BOX2+10 10 TRANSLATE BOX

DRAN BOX.[11ROX?

gives:

The geometric transformation functions
used in this article are summarized in table 1.
in the descriptions given in table T, TRANS-
LATE and MAGNIFY are described as op-
erating only in the X and Y directions. This
is a simplification for the purpose of the
paper. They are capable of performing three-
dimensional manipulations.

In addition to the Graphpak functions,
the following APL functions are used here:

VOl I3
[1. Iel/A
vV OZ2eDIN X
[3] ZelOX» (O VEIEN
v
7 IV X
[1] Z+IOX 02 E 360

The /F function is used to make the APL
code used in the paper clearer to readers
not familiar with APL. The S/N and COS
functions are also used to make the code
clearer to readers not familiar with APL;
but in addition, they tzke an argument cx-
pressed in degrees (the APL primitive trigo-
nometric functions assume their arguments
to be expressed in radians).

the display window after rotating it 180°
requires:

URAW 100 76 TRANSLATE 180 ROTATE BYTE

Incorporating the above into the APL func-
tion LOGOSI (listing 6) to test the hypo-
thesis produces figure 6.

Next the designer tries to make a spiral
by adding an X and Y translation to the
shrinking logo using a sine function (in
APL, sinc is designated by:

10

followed by an argument in radians) which
decreases in magnitude. After some experi-
mentation the function in listing 7 was
found.

Note the shift by 13 units in statement S
of listing 6. This was necessary because the
translation using sines (statements 10
thru 15) carricd the design into negative
X values. Execution of LOGOS?2 results in
the pattern of figure 7.

There is still some empty space which
could be filled with some type of interesting
design. After experimenting with rotaling a
shrinking line, the functibn in listing 7 was
developed.

Lines 10, 11, and 12 of PICTURET create
a symmetrical picture by reflecting the fig-
ure generated about the Y axis. Line 13 de-
termines the minimum translation required
to get the figure within the display window.
Execution of PICTURET results in figure 8.
After rotating and making smaller drawings
of the design created by PICTURE?2, they
are placed in the design created with logos.
The finished product can be seen on the
cover of thisissue of BYTE.

In summary, we have followed a graphic
designer using APL and Graphpak through
two problems and have seen the case with
which these software tools can be used for A good practice in

creating and manipulating graphic images.® APL is to localize varia-
bles needed only within

a function by placing
REFERENCES them in the header line
of the function. In this
way all the local varia-

1. APL Language, 1BM form GC26-3847.

2. IBM 5100 APL Graphpak, Program Descrip- bles will disappear from
tion/Operations Manual, 1BM form SB30-0850. the workspace when
the function completes

3. I1BM 5100 APL Graphpak Application Bro- execution ... RGAC

chure, IBM form GB30-0850.

4. |BM 5100 Print Plot/APL Problem Solver
Library, User's Manual, IBM form SA21-9264.

5. lverson, K E, An Introduction to APL for
Scientists and Engineers, APL Press, Pleasant-
ville NY, 1976.

6. lverson, K E, APL in Expositian, APL Press,
Pleasantville NY, 1876.

7. Nerson, K E, /ntroducing APL to Teachers,
APL Press, Pleasantviile NY, 1976.
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Real-time
interrupts

add

immense
powey

fo your
compuier.

With a real-time calendar/clock
your corputer can extend its influence
irtto the future — take action at any
pre-programmed date and tirme.

Imagine the possialities! Program
a daily printout of appointments. Pro-
gram house temperature torise at 6 a.m.
every mornng Program games in
which tast reaction ime wins. Turn hights
on and off to simulate occupancy of
an empty house. In your business, print
hme and date on all computer ocutput —
hard copy or video display Make your
computer a frequency counter or time-
interval meter. The possibilities are
endless  especially if you use our Introl
cornltrol system to send commands
over existing wiring.

We have superb calendar/clocks
for Apple Il and $- 100 computers. The
Apple [l clock keeps time for over 2
yearsin | ms increments. Programming
is simple because of the on-board ROM.

The 100,000 Day Clock for S-100
bus computers keeps time in 100 psec
increments Programmmg is easy with
most BASICs — especally our Introl
BASIC.

Both clocks feature crystal controlled
accuracy and on-board battery back-
up Very simple to interface. Easy to set.
And provided with interrupts that do
not derail ongoing computer action
when the clock commands action

Calendar/clock for Apple I11s $179
assembled and tested. For the 5-100
clock $219 assembled and tested. See
them both at your local computer shop.

Mountain Hardware Inc., 3523 Scotts
Valley Drive, Scotts Valley, CA 95066,
Phone 1408) 438-4734.

AN
a

Mountain Hardware

B4 BYTE Seprember 1978 Circle 280 on inquiry card.

BYTE’s Bits

UCLA Computer Club 20th
Anniversary Party

The UCLA Computer Club will be
holding a 20th anniversary party and
reunion in October 1978, The tentative
date is October 14, The intent is to have
club members from every era (WDPC,
Computing  Facility, ARPA, CCN)
present so that everybody has old tricnds
to talk to. “Resistors' are atso welcome.

If you are a farmer UCLA Comgputer
Club member, or vou knew old members
and would like Lo sce them again, please
send vour name, address, and phone
number to Joe Katz, Computer Club,
3514 Boclter Hall, UCLA, Los Angeles
CA 90024, A complete list will be sent
to everyone who responds whether they
decide to attend or not.®

A Worm Invades an Apple. , .
{or, Computer versus Computer)

Rumar has it that the underground
wechnology of defrauding the telephone
monopoly took a dubious step forward
with the notoricus "Capt Crunch's”
latest escapade. Word is thal the Federal
prosccutors in the trial will introduce an
Apple [l computer in evidence as the
instrurent of the crime.®

More Notes from the Rumor Mill:
Heath Software

According to highly reliable sources,
Heath is offering a shightly scaled down

YIE

Capacitor Value

In Robin Moseley's article “A Low
Cost Light Wand Amplifier’” {(May 1978
BYTE, page 92}, the value of capacitor
C1 should be approximately 47 mF.

Anyone using the optional peak
detector to measure the amplifier output
should allow for the Torward drop of the
two  detector diodes and  adjust  the
circuit tor a DC output voltage from the
detector ol approximately 0.5 v 2

version of the DEC RT11 operating
system [version 2C) as part of their H27
dual fullsize floppy disk kit. The soft
ware package, called the HT11, is being
bundled with the floppy kit for a total
price of approximately $1700, and will
be available in October 1978, The RT11
operating system {well-known in mini-
computer circles) plus the RX01 dual
floppy disk system would cost about
$7000 if purchased from Digital Equip-
ment Corporation (DLC).

The only difference between the
RT11 and HT11 packages is that the
latter dees not have Lhe super macro-
assembler or the foreground-background
monitor (plus some additional utilities).
It does have DLC's standard BASIC,
however. Heath will also be offering
DEC's standard FORTRAN package for
$100.

Finally, therc is a possibility that
Heath will be offering a UCSD Pascal
package for $200 in the near future.®

Computeriand's Second Birthday

Computerland, currently the largest
computer store chain, reports to us thal
they will be celebrating their second
birthday on Saturday, September 23,
Customers and friends are invited to
local outlets of the chain. In our
gpinian, as patrons of the Nashua NH
store, Computerland has to be one of
the best planned and managed retafl
operations in this business. We trust
that the MNashua store is typical of the
other stores in this chain, which number
over 40, .. .CH®E

Bugs

Meetings in Bedford MA

In July 1978 BYTE, we mentioned
in the Clubs and MNewslelters section
that the New England Computer Society
meets monthly at the Mitre Corp Cafe-
teria, Bedford MA. However, we neg-
lected to mention that they meel the
first Wednesday of each month at
7 PM. (Members of the BYTE editorial
stafl are wsually in attendance at these
meetings, )





http:Only$99.95
http:only$695.00







A llTiny”

Pascal Compiler

Part 1: The P-Code Interpreter

Kin-Man Chung
124 Scottswood Dr
Urbana IL 61801

Herbert Yuen
POB 2591, Station A
Champaign IL 61820

Roughly spcaking, a compiler is a pro-
gram that translates the statements of a high
level language (such as Pascal or FORTRAN)
into a semantically equivalent program in
some machine recognizable form (such as
machine or assembly code). The former is
usually referred to as the source program
while the latter is called the object pro-
gram. An interpreter, on the other hand,
reads in the source program and starts
exection directly, without producing an ob-
ject program.

There is little doubt that compilers and
interpreters are a necessary part of any
computer system. The rcason most per-
sonal computer systems do not have high
level language compilers is not that there is
no need for them. Compilers, being inherently
more complex than interpreters, require
more effort to write and more computer
memory to run. The main advantage of a
compiler over an interpreter is the relative
speced. A compiled program typically runs

About the Authors

capable of animation.

Kin-man Chung is currently a graduate student at the University of
fllinois at Urbana-Champaign. Presently his equipment includes an
Altair 8800 with 44 K bytes of memory, a North Star disk system, a
100 cps impact matrix printer, and a Selectric terminal. His current
interest in microcomputers is the development of an interactive Pascal
compiler for microcomputers, and a high resolution graphics system

Herbert Yuen received a master of science degree in computer
science from the University of Illinois at Urbana-Champaign. He is
presently working full-time as a research assistant at the university.
His primary interest in microcomputers is software systems develop-
ment. One of his future plans is to implement a small information
retrieval system for a microcomputer.
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an order of magnitude faster than an equival-
ent program executed interpretively. In fair-
ness, it must be also pointed out that inter-
preters are usually easier to use, and more
suitable for an interactive environment.

This secries of articles is an attempt to
describe how a compiler for a subset of
Pascal was implemented on an 8080 com-
puter system. [t is not our intention to go
into details for the reasons for the choice
of the language. Pascal is widely recognized
as superior to many other languages. For
an overview of the language, readers are
referred to August 1978 BYTE. The publi-
cation, Pascal: User Manual and Report, by
Kathleen Jensen and Niklaus Wirth
(Springer-Verlag, 1974) should also be
consulted as the authoritative source book
on the language in its original form.

This is not, of course, the first Pascal
compiler ever written for microcomputers.
However, instead of waiting for a Pascal
compiler to be written for our particular
processor, we decided to undertake the
project ourselves. In this way, we can add or
subtract features from the original Pascal to
suit our needs and system capabilities, so
that it can be easily integrated with other
system software developed so far.

2 Stage Compiler

The compiler is divided into two stages:
a p-compiler and a translator. Instead of
having the compiler generate machine code
directly, it generates code for a hypothetical
machine, called the p-machine. These codes,
called p-codes, are then converted into the
target machine cedes by the translator.
Dividing the task of a compiler into two
stages offers several advantages. The com-
piler can be written abstractly, without com-
mitting oneself to a particular machine and
worrying about details of code generation
and optimization. Such a compiler is said to
be portable, meaning that it can be used on
other computer systems with minimal start
up effort. It is only at the last stage of code
translation from the p-codes to actual ma-
chine codes that we have to commil our-
selves to a particular machine.

Another advantage this method offers is
greater flexibility when writing the com-
piler. The compiler and the translator can be
coded and debugged separately. The flexi-
bility of such a compiler was apparent to us
as we started to introduce more and more
Pascal features into our original minimal
subsct. Seldom was it necessary for us to
introduce new p-codes cather than those
originally specified.

There is also one more reason for breaking






MEMORY

LOCATION
0000 ( 0000
P-CODE P- CODE P-CODE
1000
100 RUN-TIME ROUTINES RUN - TIME
2000 1= 2000 DOS 00S DOS DOS 005
2200
3000 BASIC BASIC BASIC STACK
INTERPRETER INTERPRETER INTERPRETER
4000 |-
5000
558¢
6000 |
EDITOR P- COMPILER TRANSLATOR RUN - TIME
STACK
7000
7800
8000 |-
TRANSLATED P-CODE PASCAL
8080 CODES INTERPRETER PROGRAMS
9000 L 9000
CREATE/EDIT (@) compiLE (&) TRaNSLATE (3) INTERPRET (3) execuTe

USER PROGRAM

Figure 1: Memory overlay structure of the modules of the compiler, The
North Star DOS and BASIC start at hexadecimal 2000 and take up approxi-
mately 14 K bytes of memory. The p-compiler is the lurgest BASIC program
of the system; in its compressed form (void of all comments and blanks) it
occupies 14 K bytes, It reads Pascal source programs created by the editor
from disk files, and generates relocatable p-codes directfy in memory. We use
hexadecimal 0000 to 19FF for p-codes and find it adequate for Pascal source
programs under about 300 lines in fength. The smuller trunsiutor {9 K byies)
produces 8080 codes directly filled into memory. The origin of the codes
can be specified. The run time routines (which totul 1 K byies of memory)
are needed onfy when the transluted 8080 codes ure being executed. The
interpreter is written in Pascal, compiled and transfated. The BASIC inter-
preter js no longer needed when it or uny other Puscel program is being run.

the compiler into two stages: most small
computers do not have cnough memory
space to storc the complete compiler. Aflter
the p-codes are generated, the p-compiler is
no longer neceded, and can be overlaid with
the translator. Therefore the compiler and
the translator can share the same memory
locations.

Actually we also use two other utility
programs: a text editor and a p-code inter-
preter. The cditor is used to prepare the
Pascal source programs. The interpreter is
used to interpret the p-codes produced by
the p-compiler. This provides another
alternative for running the Pascal programs.
Because it is equipped wilh various de-
bugging aids, such as setiing up breakpoints
in p-codes and outputting values for vari-
ables, debugging can be casily done. Only
after a program is verificd to be correct is
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the transiator loaded, and 8080 code pro-
duced. This allows easy development of
the Pascal programs without sacrifying
cfficiency at run time, Figure 1 shows
the overlay structure for the various mod-
ules of the compiler. Figure 2 shows Lhe
logical flow during a program development.

In this part of the series on our project,
we  will describe the general plan. The
Pascal subset is defined using syntax dia-
grams. A description of the p-machine and
its codes are also given. We will discuss the
p-compiler, translator and runtime routines
in the following parts.

Bootstrap Compiler

How does onc introduce a new language
into a computer system with limited com-
puter resources? By computer resources we
mecan not only the computer hardware like
memory and peripherals, but also software
tools. We have learned from experience not
to attempt programs with the complexity
of a compiler in machine or assembly lan-
guage. This left us with BASIC. Although
it is not the most desirable language to
write a compiler with, it turned out to be
adequate. Some careful thought is needed,
of course, 1o handle recursive subroutine
calls from BASIC, a feature central to our
compiler writing.

The alternative to BASIC is to go to a
commercial computer and write the whole
or part of the compiler in an appropriate
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would be very inefficient and slow. But this
actually would not matter, since it would
only be used as a bootstrap compiler. The
concept of bootstrapping should be familiar
ta most personal computer owners. We
usually use it when initially starting up
our computers. After turning on the power,
a bootstrap loader is first loaded into the
computer (either manually or through the
use of read only memory). This bootstrap
loader is then used to load the loader, which
in turn loads the monitor into memory. The
bootstrap loader is a smaller version of the
loader; it is just big enough to load the main
loader and nol adequate to be a general
purpose loader.

The same idea can be applied to com-
piler writing. A compiler for a small subset
of a language is first written. This subset
should be big enough so that a compiler for
a bigger subsel of the same language can be
written in it. The larger compiler is then
written and compiled, using the first com-
piler. Next, a compiler for a still bigger sub-
sel of the same language can then be written
and compiled, using the second compiler,
and so on until a compiler for the complete
language is produced. In actual practice, no
more than threc stages are used. It does not
matter il the first compiler is very inefficient.
The idea is to get a working, albeit primitive

and incfficient, compiler with minimum
starting effort.

Pascal Subset Syntax

The syntax of Pascal can be described
precisely by using a notation usually called
Backus-Naur form (BNF). This is a collec-
tion of rules for the grammar of the lan-
guage. Instead of dealing with Backus-Naur
form directly, we use an equivalent but more
understandable notation: the syntax dia-
grams. Figure 3 describes the syntax of the
Pascal subset we are interested in.

In the syntax diagram, the square boxes
are called nonterminal symbols, while the
ovals are called terminal symbols. Terminal
symbols are the basic building units of the
language and require no further expansion.
In our case, the names that represent the
terminals are also their textual representa-
tions in the language. The nonterminal sym-
bols in the syntax diagrams can be expanded
using rules specified in another syntax dia-
gram, and there is a syntax diagram for each
nonterminal symbol in the syntax diagram.
A branch in the diagram represents options
allowable by the grammar. When all non-
terminal symbols are climinated by cx-
pansion in this fashion, we would have a
valid program. We start off a compilation
with the nonterminal program. Looking at

There are two mountain peaks
of evolution on planet earth:
on the land, homo sapiens-
human beings; in the sea,
cetaceans- whales, dolphins,
and porpoises.

Deauing by v e
Pen Stnrls -~

The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer,
non-profit education and conservation organization dedicated
to seeking the abolition of all whale killing. Any
concerned citizen can help our efforts by sending
name and address and a $10 or more contribution to :
CCS, P.O. Box 145, Wethersfield, CT 06109.

SAVE THE WHALE

The world’s best computer may be inside a Sperm Whale’s head.

The Sperm Whale has the largest brain of any creature that has ever existed
on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms.
It uses echo-location to find giant squid at ocean depths of over 1,000 meters.
More than 13,000 sperm whales are scheduled to be slaughtered this year
by agreement of the International Whaling Commission.
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Figure 3: Syntax diagrams of the Puscal subset. For the syntax diagrams of the full Pascal set
refer to the book by Kathleen [ensen and Niklaus Wirth, entitled Pascal: User Manual and
Report. These diagrams totully define the subset of the language that we are using.

the syntax diagram we see that a program
is a block followed by a period {.). Looking
at the syntax diagram for block, we notice
that it can have an optional declaration part
followed by the main body which begins
with the string begin, followed by any
number of the nonterminal symbols, state-
ment, separated by semicolons (;), and then
the string end. The statement block can be
further expanded by the syntax diagram for
statement, and so on.

The reason we go through the details
here is because it is important to precisely
describe the features we want to include in
our language before starting to write the
compiler. It is the first step towards writing
the compiler. These syntax diagrams will
later become flowcharts for the syntax
analyzer of the compiler.

Readers familiar with Pascal will no
doubt notice several important features
missing from our subset. There is no GOTO
statement. The only data type we have is
integer and integer array of one dimension.
Also missing from the subset is the structured

data type, pointer type, user defined type,
and file type. A less obvious omission is
passing the parameter of a procedure by
address; the parameters are passed by value
only. Aside from the fact that these features
are difficult to implement, they are not
indispensable in our bootstrap process, Of
course, features like user defined type and
structured type are some of the unique fea-
tures of Pascal, and should not be omitted in
the long run. But we feel that they can be
added later.

We have also included some trivial but
nevertheless useful enhancements to Lhe
language, which we hope do not deviate
from the standard too much. One is the
addition of the optional clause else to the
case statement which provides an exit path
if the value of the variable does not fall
into any of the case labels. Another is the
inclusion of format controls in the read and
write statements. Following an expression
in a write statement, a pound sign, #, indi-
cates numeric form and a percent sign, %,
indicates hexadecima!l format. If there is no



format control, a character whose ASCII To allow interfacing Pascal programs with

code equals the expression is output. Also a assembly programs, a facility is provided to
hexadecimal constant is prefixed by %. This read or write a byte from or to absolute
allows processing of hexadecimal numbers memory locations. The array mem is a re-
without conversion by the user. served array name that is used to do this.
EXPRESSION

.__.[ SIMPLE EXPRESSION

1
J
QOO
SIMPLE EXPRESSION
SIMPLE EXPRESSION

J [} :
o oJolo

o 99259

— | LETTER -~

DIGIT

INTEGER

) Lf : (oom) : -
STRING
MEXINTEGER

e HEXADECIMAL HEXADECIMAL HEXADECIMAL HEXADECIMAL
DIGIT oIGIT DIGIT DIGIT

Figure 3, continued: Elementary constructs for Pascal subset. Hexinteger Is usually not defined
in Pascal but is used here so that actual memory locations can be easily manipulated.

Continued on page 149
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Figure 1: The process block is the “black box" of programming: it is entered
by a single input path, does some arbitrary operations upon data, and is
exited by a single output path. The “arbitrary operations' cuan be as simple
as one step in un arithmetic calculation, or as complex as ¢ compilation of u

SINGLE . ASSUMED FLOW
INPUT = === ys OF EXECUTION
PATH

PROCESS

program — it ull depends on the point of view taken.

SINGLE
QUTPUT -~ - ~-=]3
PATH

Some Words About Program Structure

Microprocessor programming, at this
point in time, is a black art. Once you have
learned the basic instruction set, you're on
your own. Some people get the knack of
this mysterious task fairly quickly, and
some do not. Those who do well seem to
have developed some sort of system for
going about it. The point is that an or-
ganized, systematic approach is required
if there is any hope for continued program-
ming success. The purpose of this article
is to describe to you one such method
which has become very popular with pro-
grammers of all types, using all kinds of
computers from micros to the giants.

Concept

What we're looking for is simplicity in
the writing of programs. This is usually
achieved if the program can be reduced
to a collection of basic components which
fit together in very well-defined ways. This
is the conceptl behind structured program-
ming.

Any program can be considered to have
only two basic building blocks. One is the

Albert D Hearn
98 SW 13th Av
Boca Raton FL 33432

Figure 2: The decision block is a simpler concept than the process block, in
the sense that the amount of computation required rarely upproaches the
generality of an “arbitrary process.” A decision block has one input and,
depending upon g binary condition, takes one of two output puths. In this
figure, the numes “true,’ "then' and ''ves" denote one possible path; the
names '‘false,”” ‘else” and “no’ describe the other possible path. In pro-
gramming languages, the “then’ or “else’’ terminology for the two paths
is frequently built into the language design; the other terms are frequently
seen Iln flowchart representations of programs.
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process block shown in figure 1. It simply
performs some defined function, or proc-
ess. It might represent a simple function
requiring only a few, maybe only one, in-
structions in the program, or a much larger
function requiring many instructions. What-
ever it does, it has one input and one output.

The second basic block is the decision
block shown in figure 2. This elementary
capability of any computer is that which
gives it all its power and flexibility. It is
the ability to alter the path taken by the
program based upon the value of some
parameter or condition which can be tested
by certain instruction types. For example,
two numbers can be compared and a test for
equality used to decide which of two pro-
gram paths will be taken as a result.

These two fundamental building blocks
will now be used in the construction of a
set of basic program structures with which
any other program can be built. The three
general structures are called seguence, ff-
then-else and foop. Variations of these will
be examined, as well as combinations which
can be used to build more complex functions.
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Figtire 3: The sequence structure is the simplest programming structure.
it can be viewed from the outside as the equivalent of a process block, but
upon close examination it is found to contain one or more process blocks.
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Basic Structures

The simplest of the program structures,
shown in figure 3, is the sequence structure,
which is composed of one or mare process
blocks strung together serially. Like the
process block from which it is built, the
sequence structure has only one input path
and one output path. In fact, you will soon
see that one of the rules that we want all
structures to conform to is that they havea
single input path and output path. Further-
more, an entire program, which can be rep-
resented by one large process block, should
also canform to this rule,

The next structure is the /f-then-else
structure, shown in figure 4. It consists of
a decision block and two process blocks.
Only one of the process blocks is executed
for any single pass through the structure.
The result of the test or comparison repre-
sented by the decision block determines
which process block is chosen. Notice that

Figure 4: The if-then-else structure is composed of a decision block and two
process blocks. The process blocks may themselves be viewed as any form of
structure with a single input and a single output path, and thus might in fact
be sequence structures, if-then-else structures, etc.
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regardless of which path is taken there is
one common exit path from the /f-then-else
structure. This is required to maintain our
single exit philosophy.

An if-then-efse structure does iy
what it says: /f a condition is true, then
take a specified action, e/se take a specified
alternate action. However, there are times
when only one action is required in only
one of the paths. No action is necessary
in the other path. In an actuai flow dia-
gram, this is of course shown by drawing
a flow line in place of one or the other
process block of the if-then-efse structure
since the most trivial process is simply
going to the next process without doing
anything. Note however that only one of the
process blocks can be made up of this
simplest case of ““do nothing” since if both
process blocks were eliminated from the
if-then-else structure, the net effect would
be to “do nothing” all the time whether
or not the condition was true or faise.

The if part of an /f-then-efse struct e is
simply any program instruction which can
perform a test and take one of two paths
depending upon the outcome. In an as-
sembly language, this is usually a condi-
tional jump or a branch instruction based
upon the outcome of some comparison,
arithmetic operation or other operation
which affects processor status flags used in
such branches and jumps. The branching
instruction specifies the destination address
of the beginning of onc path. Whether it is
the then or the e/se leg is arbitrarily defined,
and the next sequential instruction is as-
sumed to begin the opposite path.

Some higher level languages like BASIC
have ready-made /f-then-efse instructions.
BASIC has IF and THEN; ELSE is implied.
The following shows how an if-then-efse
would look in BASIC:

1 IF X=Y THEN 10

In this example, the efse code immediately
follows the IF instruction. The GOTO 15
ends the efse path and causes the program
to branch to the common exit point at
line 15. The then path starts at line 10 and
ends at line 15. [BASIC /s considered to be
an  “unstructured” language becuuse of
the need for an explicit GOTO folfowing
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Figure 5: The do-until structure is a looping form whose purpose is to exe-
cuite a given process block at least once. After executing the process block,
the "untit condition” is tested and if found to be false, execution loops back
to repeat the process block before testing the condition again.

the ‘false part’”’ of an |F-THEN-ELSE
construction. |

If you use assembly language in your
programming, and your assembler has a
macroinstruction capability, then you can
write your own jf-then-else macros. it is
beyond the scope of this article to describe
how this is done, but it isn't very difficult.

If you use assembly language and don’t
have facilities for writing macros, then you
can simulate the function of the macro-
assembler in order to gain the advantages
of structured programming. Simply sit
down and write yourself a set of standard
/f-then-else structures. Take the five or
six most common decision types (equal,
not equal, zero, greater than, etc) and write
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Figure 6. The do-while structure is a fooping form whose purpose is to exe-
cute a given process block only if the "“while condition’ is true. Thus it cun
execute the process block zero times if the condition is false initially, or an
arbitrary number of times so fong us the condition remains true during re-
peated execution of the process block.

skeleton programs for each. Leave blanks
for the actual condition to be tested, and
leave space for the actual code which will
perform the then and else functions. Later,
when you need an if-then-efse while writing
a program, you can draw upon your set of
prewritten structures. Not only does this
eliminate your having to invent sin r pr
gram sequences over and over again, but it
also prevents many bugs and greatly eases
the effort you have to put into program
writing.

The last basic structure is the /oop,
which provides a means of repeating a
quence of instructions until some stop
condition is found to exist. There are two
kinds of loop structures: do-unti! and
do-while.

A do-until structure, shown in figure 5,
performs the function in the process block
at least once. After that, a test is done to
determine if the condition for stopping the
process looping has been found true. As
iong as the condition is not true, the loop-
ing continues. When it becomes true the
looping ends and the exit path is taken.
This type of structure can be used. for
example, when you need to searchata :of
values, looking for a particular value. If you
know that the table will always contain a
matching entry, the program routine need
not be more complicated by logic to detect
end-of-table before a matching value is
found. Notice that the first table entry is
always examined before the decision is made
to continue (this is because the ending
condition decision is based upon the value
of that entry).

The second type of loop is the do-while,
shown in figure 6. The difference between
this and the do-until structure is that the
test is done before the process block is
executed. In many cases there is not a lot
of significance to this difference because
both types of structures can do the same
jobs.

In specific situations you will find that
one form will usually be better suited or
more convenient than the other. The pri-
mary difference to remember is that the
do-until form always executes the process
block at least once whether or not the
until condition is true, and that the do-
while may not execute the process at all if
the whife condition is false at the time of
the first test. Experience will best teach
you which to use in the various situations.

A wvariation of the loop structures of
either form might be considered, the endless
loop or do-forever. This form of loop occurs
when the while or until condition is never
changed to allow execution of the output
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Figure 7: The various types of structures cun be nested by noting that any
pluce where a process block is indicuted, a more complex structure can be
wsed since it, too, only hus one input puth and one output puth of execution.
Hhus, for examnple, this flowchart shows nesting of a process @ block and an
it-then-else structure as the else part ot the if-then-else structure with condi-
tion X=Y?. This second it-then-cise in turn has u third if-then-else us purt of
its efse purt. The colored outlines show the nesting of one structure within

wnother.
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Figure 8: An unstructured
Howchart performs an end-
less process us might be
implemented in an auto-
mobile intertock. This is ¢
complete und viuble sofu-
tion of the problem, but it
invalves numerous branch-
ing vperutions perforned
i un unconliolied (GOTO)

fushion.

path of the structure. Intentional endless
loops are occasionally used, as in the low
level programming trick of hanging up
execution in a tight loop to flag errors,
or the quite legitimate endless loops which
form the outer level of control of a typical
executive or monitor program. But for most
programming purposes, an endless loop is a
bug or error in the program.

An Example

Now using the basic structures, we cdn
construct a program of any size and com-
plexity by combining and nesting in any
manner as long as some fundamental rules
are adhered to:

® The program as a process should have
only one input path and one output
path.

® Structures within the program can
be nested but each structure must be
totally contained within the structure
in which it is being nested (this will be
illustrated later).

® There should be no branching unless
it is part of a structure (for example,
the GOTOs required in languages like
BASIC).

® Refrain from attempting to optimize
the program by violating the above
rules. There is a right time for this
later.

Before we look at an example of struc-
turing a program, let's first look at how
nesting of basic structures works. Figure 7
shows a flowchart of a program which,

d

DOOR
OPEN
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YES

SOUND THE
BUZZER
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Listing 2: A BASIC-like
upplication program for
activating a buzrer of un
automobile given severyl
conditions. A subroutine
BUZZ is indicated (by a
call  with the keyword
GOSUBJ to actually sound
a noise during the loop.
In this BASIC-like repre-
sentation, several liberties
with syntux huve been
taken.
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Let’s look now at an example of a simple
program and show how a structured version
might differ from an unstructured version.

The program is one which might be part
of a future automobile computer control
system using a microprocessor. Its purpose
is to trigger a buzzer if the ignition key is
left in the lock when the left front door is
opened, or if the headlights are left on
when the key is not in the lock. A delay is
performed before conditions are checked
again.,

The flowchart in figure 8 shows how we
might have drawn it without attempting to
apply any of the principles of structured
programming. Now, look at figure 9 which
shows the structured version. Both forms
of the program do the same function, but
the structured form is clearly more straight-
forward and easier to write code from.

Basically, a number of things happened
to the flowchart when it was structured.
First, all the branches {or GOTOs) became
forward branches except those in loop
structures. This allows for reading the chart
from top to botiom in an orderly way.
Secondly, each decision block and process
block has been put into a proper structure
and nested totally within its parent struc-
ture. Thirdly, every structure regardless
of its place in the overall program has only
one input and one output.

One thing has happened that might ap-
pear to be a little strange to you. The se-
guence structure which performs the buzzer
function appears twice now, where it only
appeared once befure. This is necessary in
order to keep the structure clean. Remem-

1 LET X-0

[axRor BN #V) Ny

~4

1Q
11
12
13

14 GUIO |

ber, you cannot simply branch into the
other buzzer block because iose tw

structures would then overlap. The inef-
ficiency implied by the double appearance
of that block might bother you, but it will
probably turn out that the block will be
written as a subroutine and the only in-
efficiency will be an extra call instruction.

Listing 2 is a BASICHike prograi ‘or @
structured flowchart. (Here “BASIC-like”
means using the syntax of BASIC but
allowing variable names to be many char-
acters in length for purposes of illustrating
their meaning.) | have not atten ed to
make the program complete and have taken
some liberties in order to illustrate my
points.

A few words of cxplanation are in order.
First, the instructions at lines 3, 4 and 5
represent a do-until structure which is used
to implement a delay by simply increment-
ing a counter (X) until it reaches a large
value. The name BUZZ represents the line
number of a subroutine {not shown) which
activates an electronic buzzer in the car’s
dash.

Now is the time to go back and look at
the program to make it more efficient in
its operation or in the amount of memory
required. This should be done only if it is
absolutely necessary. If it is necessary, try
to maintain the structuring to the extent
that it doesn’t destroy the clarity of the
program or increase its complexity. In our
example program, notice that there are
three  CONTINUE  instructions at  lines
13, 14 and 15 leading to a GOTO at line
16. The speed of the routine can be im-
proved and the memory requirements can
be reduced by eliminating the CONTINUESs
and changing any instruction which refer-
ences any of them to go to line 16, Alter-
natively, you could change each of those
references to go directly to line 1 although
you would be seriously interfering with the
intent of structuring.

In conclusion, | invite you to try the
techniques described in this article when you
write your next program. If you have done
it any other way before, it takes a Iittle
getting used to, but | think you will ulti-
mately agree that it has a loL to offer.
Hopefully, you will see the benefits in the
form of less time spent getting your pro-
gram designed, written and debugged. In
short, | believe that it can help make pro-
gramming even more enjoyable.m















QUESTION:

“Why are more and more dealers
carrying Godbout/Compukit™
products?”’

SEE

ECONORAM™ I

AT A STO

ALABAMA

COMPUTER CENTER

433 VALLEY AVE.
BIRMINGHAM, ALA 35200
{205) 942-8567

1CP, COMPUTERLAND
1507 CHAMBLISS LANE
BIRMINGHAM, ALA. 35228
{204 9790707

ARIZONA

BITS & BYTES COMPUTER
6B15-C NORTH 218T AVE
PHOENIX, AZ 85038

{602) 2422507

PERSONAL COMPUTER PLACE
1840 W. SOUTHERAN

MESA, AZ 85202

(802} 8338848

CALIFORNIA

BYTE SHOP OF BERKELEY
1614 UNIVERSITY AVE.
BERKELEY, CA 94703

{415) BA5-8356

BYTE SHOP OF CITAUS HEIGHTS
5041 GREENBACK LANE

CITAUS HEIGHTS, CA 95610

(918) §81.2983

BYTE SHOP DF FAIRFIELD
87 ALDER STREET

SLISUN CITY, CA 84585
(707} 4223515

BYTE SHOP OF LAWNDALE
16508 HAWTHORNE BLYD.
LAWNDALE, CA 80250

[213) 371241

BYTE SHOP OF LONO BEACH
8451 £ STEARNS

LONG BEACH, CA 90815

(213} 5977771

BYTE §HOP OF PASADENA
438 SOUTH LAKE AVE,
PASADENRA, CA 81101

{213) 884.3311

BYTE SHOP OF SAN DIEGO
8250 H VICKERS ST,

SAH DIEGD, CA 82111

(T14) 565-8060

BYTE SHOP OF SAN JOSE
2628 UNION AVE

SAN JOSE CA 95124

(408) AT7-4685

BYTE SHOP OF SANTA BARBARA
4 WEST MISSION

SANTA BARBARA, CA 83101

(BOB} B68-2838

BYTE SHOP OF SANTA CLARA
3400 EL CAMIND REAL

SANTA CLARA, CA 95051

[408) 248-4221

BYTE SHOP OF TARZANA
18424 YENTURA BLYD.
TARZANA, CA 91356

{213] 343-3918

BYTE SHOP OF THOUSAND QAKS
2707 THOUSAND DAKS BLVD.
THOUSAND DAKS, CA 21380
{B05) 4879595

BYTE SHOR OF TUSTIN

B4 EL CAMIND REAL

TUSTIN, CA 92680

{714) 731-1688

BYTE SHOP OF WALNUT CREEK
2889 NORTH MAIN

WALNUT CREEK, CA 94508

1415) 833-6252

BYTE SHOP OF WESTMINSTER
14300 BEACH BLYD.
WESTMINSTER, Ca 52683

(714} BB4-9131

COMPUTERLARD OF DUBLIN

E742 QUBLIN BLVD.

DUBLIN, Ch B4566

j415] 828-8060

COMPUTERLAND OF INGLEWOQOD
BA40 LA CIENEGA BLVD
INGLEWOCHD, CA 80302

(213} 7768030

Circle 180 on inquiry card.

COMPUTERLAND OF SAN DIEGO
4233 CONVOY STREET

SAN DIEGO, CA 82111

(714) 560-9912

COMPUTER COMPONENTS
5848 SEPULVEDA BLVOD.
VAN NUYS, CA 91411

(213) 7B8-7411

COMPUTER STOP CORP.
16919 HAWTHORNE BLVD
LAWNDALE, CA 90260
213) 371.4010

HMALTEK ELECTRONICS
1062 LINDA VISTA

MT. VIEW, CA 94040

1415) 9690510

L.C. ELECTRONICS SUPPLY
819 W KATILLA AVE
ORANGE, CA 92667

714) 633-2382

C. ELECTRONICS SUPPLY
4881 CONVOY STREET
SAN DIEGO, CA 92111
{714) 292-5484

L.C. ELECTRONICS SUPPLY
18723. ROSCOE BLVD.

YAN NUYS, CA 91406

{213) 884-8171

ODD ASSORTMENT
€980 B PACHECO BLVO.
PACHECO, CA 94553
(415} 228-4180

P.C.E. ELECTRONICS

4782 DEWEY DRIVE

FAIR QAKS (SACTQ), CA 95628
(816) 968-7033

CANADA

ORTHON HOLDINGS LTD.
12411 STONY PLAIN ROAD
EDMONTON, ALBERTA
CANADA T5N 3N2

(403) 488-2921

PACOM DISTRIBUTORS, INC.
4509 RUPERT STREET
VANCOUVER, B.C.

CANADA VSR 2J4

(604) 435-3282

TJ8 MICROSYSTEMS LTD.
10991 - 124TH ST.
EDMONTON, ALBERTA
CANADA T8E 5G7

{403) 455-5208

COLORADO

POOR RICHARD'S CALCULATOR CO.
204 WEST LAUREL

FT. COLLINS, CO 80521

303) 211776

SOUNUD-TRONIX

900 - 8TH AVE
GHEELEY, CO 80831
(303) 356-1588

FLORIDA

ALTAIR COMPUTER CENTER

8220 SO. ORANGE BLOSSOM TRAIL
SUITE #602

ORLANDO, FL 32809

(305) 8510813

COMPUTER STORE

1548 W. BRANDON BLVD.
BRANDON FL 33511

{813) 6A5-7659

GEORGIA

DATAMART, INC.
3601 . FULTCN DAL
ATLANTA, GA 30305
(404) 266-0335

HAWAII

COMPACT COMPUTERS
1008 UNIVERSITY AVE
HONOLULW, HI 88828
(B08) 9491557

SMALL COMPUTER S5YSTEMS
3148 C WAIALAE AVE.
HONOLULY, HI 88818

(808 7325248

ILLINOIS

BYTE SHOP OF ILLINOIS
1802 S, MEIL STAEET
CHAMPAIGHN, ILL 81820
[217) 352-2323

ILLINI MICRO COMPUTERS
812 E. OGOEM
NAPERVILLE, ILL BOBAD
{312 420-8813

10WaA

BRIDAE ELECTROMICS

216 - §TH AVE_ SO

CLIRTON, 10W» 52732

{316} 243-8282

COMPUTER STORE OF DAYENFORT
4128 BRADY STREET

DAVENPORT, |OWA 52806

(3191 386-3330

KENTUCKY

CONTEMPORARY COMPOKENT SALES, INC.
SOWMAN FIELD ADMINISTRATION BLDG

LOUISVILLE, KY 40205
(502) 458-4848

LOUISIARA

COMFPUTER SHOPPE, INC.
3028 VETERARS BLYD.
METAIRIE, LA 70002

{504) 4548800

MICHIGAN

COLOMA COMPUTER CO.
5847 JILL ANN DRIVE
COLOMA M1 48038

{B16) 458-4145

MICRO COMPUTER WORLD
213 MICHIGAN NE

GRAND RAPIDS, MI 4%503
1816} 451-8872

COMPUTER MART
1B00 W. 14 MILE
ROYAL CAK, M| 48073
{313) 5780800

0OUG BRINKS SOUND

&75 WEST RIVER RQAD
KAWKAWLIN, MI 48631

{517} BE2-6787

LUZIER ELECTRONICE
22530 GORDON

ST, CLAIR SHORES, M) 48081
{313} 7739535

BILL GODBOUT ELECTRONICS

ANSWER:

‘““They like happy
customers”

MINNESOTA

P.8. INC. — RES. LABS
1825 FIRSY AVE. NO
MOORHEAD, MINN 56560
{218) 233-6582

NEBRASKA

BYTE SHOP OF OMAHA
8523 PARK DRIVE
OMAHA NE 68127

1402) 339-7350

NEVADA

CENTURY 23

4588 SPRING MOURTAIN ROAD
LAS VEGAS, NV 89102

(702) 678-7087

NEW JERSEY

COMPUTER EMPORIUM

BLVD. 103 — AVE. OF COMMERCE
2428 ROUTE 38

CHERRY HILL, NJ 08002

(608} 687-7555

$-100 INC.

T WHITE PLACE
CLARK, N.J 070868
(201) 3821318

MEW YORK

COMPUTER MICRO SYSTEMS
1311 NORTHERN BLVD.
MANHASSETT.NY 11030

{518) 627-36840

COMPUTER STORE OF NEW YORK
55 WEST 35TH STREET

NEW YORK, NY 10018

1212) 221-1404

COMPUTER TREE, INC.
409 HOOPER ROAD
ENDWELL, NY 13760
{807) 748-3223

COMPUWORLD INC.

2530 W. HENRIETTA ROAD
ROCHESTER, NY 14623
(716) 4241300

MEMORY MERCHANTS, INC.
1350 BUFFALO ROAD
ROCHESTER, NY 14624

{718) 328-5585

NORTH CAROLINA

BYTE SHOP OF QREENSBORO
218 N. ELM STREET
GREENSBORQ, NC 27401

1918) 275-2883

BYTE SHOP OF RALEIGH
1213 HILLSBOROUGH ST
RALEIGH, NC 27805

{918} 833-0210

ROM‘'S N RAM'S
CRABTREE YALLEY MALL
RALEIGH, NC 27612

{819) 781-0003

OHIO

BYTE SHOP OF OHIO

18524 CENTERRIDGE ROAD
ROCKY RIVER, OHIO 44118
{218) 333-2261

GCYBEASHOP

1451 SOUTH HAMILTON
COLUMBLS, OHIO 43227
(Bt4) 235-8081

@30)( 2355, CAKLAND AIRPORT, CA 94614 &

PERSON

E NEAR YOd.

OKLAHOMA

BITS, BYTES & MICROS
218 N. MACARTHUA BLVD.
OKLAHOMA CITY, OK 73127
{405) 847-5646

OREGON

ALTAIR COMPUTER CENTER
8105 SW NIMBUS AVE_
BEAVERTON, OR 97005

(603) 644.2314

PENNSYLVANIA

ERIE COMPUTER CO.
1253 WEST 8TH

ERIE PA 18502

{814) 454.8691

MICRO-COMPUTER PRODUCTS, INC.
116 SOUTH PUGH ST,

STATE COLLEGE. PA 15801

(8145 238-7711

PERSONAL COMPUTER CORP.
FRAZER MALL

FRAZER, PA 18355

{215} 647-8463

TEXAS

COMPUTERLAND OF AUSTIN
3300 ANDERSON LANE
AUSTIN, TX 78757

(512} 452-5701

COMPUTER PORT

926 N. COLLINS
ARLINGTON, TX 76011
{817} 469-1502

COMPUTER SHOP OF SAN ANTONIO
8812 SAN PEORO

SAN ANTONIO, TX 78218

(812) B28-0553

COMPUTERS 'N THINGS
2625 HANCOCK DRIVE
AUSTIN, TX 78731

(512) 4535970

MICRQ COMPUTER SHOP
5301 EVERHART ROAQ
CORPUS CHRISTI, TX 78411
512} 855-4516

NEIQKBORKOOD COMPUTER STORE
4902 — 34TH ST, SWNTE 20
LUBBOCK. TX 79410

(806) 797-1488

UNITED KINGDOM

COMPUTER CENTRE

20 DURNSFORD AVE.

FLEET, HANTS

UNITED KINGDOM GU13 8T
02514.29607

VIRGINIA

HOME COMPUTER CENTER, INC,
2927 VIRGINIA BEACH BLVD.
VIRGINIA BEACH, VA 23452

(B04) 340-1877

WASHINGTON

COMPUTER SHOP OF SPOKANE
$. 107 WALL STREET

SPOKANE, WA 99204

(508) 456-0311

PERSONAL COMPUTERS

SO, 104 FREYA

SPDKANE, WA 99202

{508) 534-3955

RETAIL COMPUTER STORE

410 NE 77TH STREEY

SEATTLE, WA 88115

{206) 524-4101

YE OLDE COMPUTER SHOPPE, INC.
1301 GEORGE WASHINGTON WAY
RICHLAND, WA #8352

(509) B46.3330

WEST VIRGINIA

COMPUTER STORE OF CHARLESTON
SUITE ¥5, MUNICIPAL PARKING BLOG,
CHARLESTON, W. VA 25301

(304) 3451360
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The most
complete
Software Library
in the

Business...

for your 6800 or 8080 micro.

Technical Systems Consultants tailors powerful software to small systems. Our
large variety of assembly language programs is priced to fit a personal
computing budget, but designed to handle the most demanding jobs. We
feature editors, text processors, assemblers, math packages, diagnostics, games,
and more. Documentation is very extensive with almost every program
including a complete, fully commented source listing! Most programs are
available with cassette or paper tape and now some TSC 6800 software is
olfered on SWTPC compatible disks. Send 25¢ for a complete catalog today!

55,

e o o ——

Technical Systems
Consultants, Inc.
Box 2574 W. Lafayette, IN 47506

Specialists in Software & Hardware for Industry & the Hobbyist
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If BLACK KING

iS IN SAME
ZONE WITH ROOK

IS NOT IN SAME ZONE WITH ROOK AND VERTICAL
DISTANCE BETWEEN BLACK KiNG AND RDOK 15

[

I

MORE THAN EQUAL TO ONE SQUARE, AND
ONE SQUARE DISTANCE BETWEEN KINGS 15
ROOK MOWES l
HORIZONTALLY GREATER THAN EQUAL TO TWO SQUARES, AKND THE MUMBER
TWO SQUARES OF SQUARES HORIZONTAL DISTANCE IS

ROOK MOVES ONE SQUARE
TOWARD BLACK KING | l I

[N N N
ZONE ZONE ZONE

00D EVEN NOT ANY

WHITE KING MOVES ONE
SQUARE TOWARD BLACK KING

ROOK MOVES ONE
SQUARE HORIZONTAL

WHITE KING MOVES ONE
SQUARE TOWARD BLACK KING

\

ROCK MOVES ONE SQUARE
TOWARD BLACK KING

Figure 1: A chart of the algorithm used by Torres’ 1911 chess endgame playing automaton.

"1t is necessary that the
automata imitate living
actions according to their
inputs, and adapt their
conduct to changing
circumstances.”

BE  September 1978 © BYTE Publications Inc

modate wires that sensed the location of a his “large and well-equipped mechanical
piece, and a complex clutch and gear system laboratory at Madrid." Perhaps this is
within the tabletop accomplished White's related to the fact that in 1906 in Bilbao
moves, via magnets. It was all powered by a harbor he displayed before the King a small
few small electric motors, and a phonograph scale radio controlled boat which ‘‘could
record pronounced the words “‘echec et mat” select between various rudder positions and
when Black was checkmated. Figure 1 shows speeds, and cause a flag to be run up and
a chart of the action, drawn from the down a mast.” A lifelong Francophile,
Scientific American article. [According to during World War | he designed a plane
David Levy in Chess and Computers, the called the Astra-Torres for the French Air
Torres machine is still in good working order Corps. He also pursued quite mundane
and can be seen in the museum at the Poly- things: designs for aerial cablecars, apparatus
technic Institute in Madrid SPAIN, .. .CM/ to test lubricating powers of oil, a2 *'uni-
Torres was one of those vital persons who versal pantograph’ that automatically cor-
ornaments the history of science: a person rected any unwanted jiggles by a special
of intense curiosity and independent means linkage.
who devotes time and energy to the explor- One of his first interests was mechanical
ation of arcane subjects many decades analog computing devices, perhaps before
before the professionals find their way into 1900. He was familiar with Babbage's
the original excavations and mine the un- publications. In a paper dated 1920 he
covered veins of ore left behind. He was a outlined an electromechanical calculating
true amateur who did his work because he machine he exhibited in France. The machine
loved it; history is studded with these men: consisted of a modified Lypewriter and
Schliemann, Humboldt, Lavoisier, Rumford, several boxes of apparatus, connected only
Kelvin, Babbage, Bohr, etc. by a bundle of wires, all mounted on a
Leonardo Torres was born in 1852 in table for display. {A picture of the machine
Santander on the north coast of Spain, and is in Randell’s book; see the bibliography.)
was trained as a civil engineer. Unfortunately The operator types in the numbers desired
| could learn only very little about his life to be manipulated together with the sign of
since the biography by his son is in French the operation lo be performed, and after a
and is not available to me, bul a few facts few moments an = followed by the result
emerge: he was a patriot, and a capable is typed out. This is a 4 function machine
politician as well, who arranged for the that can deal with perhaps six or seven digits.
Spanish government to liberally subsidize This was in 1920, mind you! He revealed the






“Construction of mech-

anisms which play the role
of sense organs is not diffi.

cult in theory.”

theoretical underpinning for his calculating
apparatus in general terms in 1914, in the
Essais sur ['automatique. (In 1914, auto-
matique was a new word, translatable as
automation or as automatics.)

Torres' essay is so lucid and fresh that
today, 64 vyears after publication, it still
casts much illumination on the human and
machine interface. After describing a first
type of automaton, a machine designed to
mimic the movements of a living creature,
he describes a sccond type of automaton
{Torres’ own italics), ... those that imi-
tate, not the simple gestures, but the
thoughtful actions of a man, and which
can sometimes replace him.” He gives
examples: ... the self-propelled torpedo,
which knows how to mancuver in order
to arrive at its target, the balance which
weighs coins so as Lo choose the ones which
are of lfegal weight.” He speaks of the need

for a .. .special chapter of the theory of
machines which would be called Awvto-
matics” and of the need to investigate

“means for constructing automata endowed
with a pattern of behavior of greater or
lesser complexity.” “These automata will
have sense organs, ie: thermomelters, mag-
netic compass, manometers, etc’ together
with “limbs, ic: machines or mechanisms
capable of exccuting the operations which
they are instructed to do.” And they will
need power sources. “Moreover, it is essen-
tial, being the chicef objective of Avtomatics,
that the automata be capable of discern-
ment; that they can at each moment take
account of the information they receive,
or even information they have received
beforehand, in controlling the required
operation.” "/t is necessary that the automata
imitate living beings in requlating their
actions according to their inputs, and adapt
their conduct to changing circumstances.”
After noting that construction of mech-
anisms which play the role of sense organs is
not difficult in theory, and that new appa-

ratus to achieve this measuring (scnsing)
function is invented every day {what cannot
be measured today will be measured tlomor-
row or shortly), he adds that the same may
be said of devices to effect the automaton's
work. No one can point to a limit in the
inventing of machines to perform functions.
But, "It is not the same when onc asks
whether it is possible Lo construct an autom-
aton which, inorder to decide on its manner
of working, ponders on the circumstances
which surround it. The estimale is, | belicve,
that this may be done only in some very
simple cases ...it is thought possible
to automate the mechanical opcrations per-
formed without thinking by a workman, but
that those requiring the exercise of mental
faculties will never be executed mechan-
ically." “I shall try to show in this article,
from a purely theoretical point of view,
that it is always possible to build an autom-
aton whose actions depend on a greater or
lesser number of circumstances, wccording
to rules which one can impose arbitrarily
during its construction.” In reference to
this quote, Torres described a simple digital
device, but with the novelty that it displays
a worked out form of conditional branch-
ing: ahead of its time, like so much of
Torres” writings and work.

In his writings, Torres selected his words
so carefully that it is possible to argue his
distinction between ‘‘to discern,’’ a process
of “input which he welcomes and illustrates
as measurements; and “'to ponder,” a verb he
seems to reserve for human thought, where
more has to be taken into account than just
the information of the moment or informa-
tion previously received. And what is that
“more”? | suggest that only people who
know mechanics very well can appreciate
fully the chasm between their creations and
those of life (ie: between organic informa-
tion and mechanical information}. Randcil
observes, and | heartily agree, that “'In afl
this work [Torres] was deliberately exploit-
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why the last [[SS is

It has the latest news for users
{and prospective users) of Heath
Co. computer products. It isn't
company-controlled--BUSS can get
new product information and tid-
bits about items being developed
before the official announcement
by Heath Co. But BUSS does more
than that--BUSS also lets you in

THE INDEPENDENT NewsLETTER OF HeaTH Co. COMPUTERS

Seplember 1978 2 BY TE Publications Inc

on news of compatible hardware &
software from other vendors. H8
and H11 users may Save enough on
these products to pay for a BUSS
subscription several times over.
And users of the ET-3400 Trainer
aren't left out either.

The first issue of BUSS came out
more than a year ago in April of

325 Pewnnsyivania Avenue. S.E.

the best [J[55

1977. Every issue goes by first
class mail and almost all orders
for new subscriptions are filled
within two days. Back issues go
fast, but most of those for 1978
are still available. BUSS keeps
getting better. So send for it:

12 Issues For $ 6,80
WasHingTon, DC 20003
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100

110
120

130
140
150
160
170
180
150
195
200
205
210

Data Ready — Input Port 2

(least significant bit)

— Qutput Port 16
(least significant bit)

Ready Rescet

X, Y Coordinate input Port 16

{b-bg is X address)
(b3-bg is Y address).

REM THIS IS THE ONLY SOFTWARE NECESSARY TO EXERCISE THE
SCANNER

REM *"* RESET SCANNER *"*

OUT 160 : OUT 16,255 : REM THIS WILL GIVE A SHORT RESET PULSE TO
PORT 16

REM *** TEST DATA READY “**

T=INP{2) : REM THE DATA READY SIGNAL IS BIT 0 OF PORT 2

T=T AND 1 :REM MASK ALL BUT BITO

IF T<>1 THEN GOTO 140 :REM TEST TO SEE IF DATA READY |S SET
REM *** READ DATA ***

D=INP {16) :REM SCANNER IS ATTACHED TO PORT 16

D1={D AND 240)/16 :REM MASK AND SHIFT RIGHT 4 BITS

REM D1 1S THE X COORDINATE

D2=D AND 15

REM D2 1S THE Y COORDINATE

RETURN :REM RETURN IS ONLY NECESSARY (F CALLED AS A
SUBROUTINE

Listing 1: Subroutine used to determine activated coordinates on the scanner.

10
20
30
40

PRINT "MY SCREEN ITCHES!! PLEASE SCRATCH ITH"
GOSUB 100 :REM ACTIVATE SCANNER

PRINT “OH! THAT FEELS SO GOOOOOQOD!IN"

END

Listing 2: Example of using the entire video screen as a push button.

100
110
120
130
140
150
140
120
iBv
190
200
210
220
250
240
270
80
290
300
310
320
330
340
150
1000
1010
1050
1040
1070
10680
1090
1100
1110
1120
1130
2500
2310
2520

S:=USKR(255) IREM THIS IS A SCREEN CLEAK FOR DG Z-80

FRINT*THIS IS A TEST OF TOUCH INFUT®

FRINT*THE SCREEN IS5 CURRENTLY HBIZING SCANNEL BY AN ARRAY®

FRINT* INFRARED LELS AND DFTICAL SENSORS®

FRINT

FRINT*FOINT AT THE SCREEN SOMEFI.ACE *

GOSUN 1000 (REM GOIO THE SCANNER SUBROUTFINE AND RETURN WITH CODRDINATES
PRINT® THANKNYOU®

FRINT

PRINT

FRINT*THE SCANNER HARDWARE SAYS TRA' YOU TOUCHFD LOCATION®

FRINT® X-*ille*AND  Y-*i0e" ON N 1&X14 GRTID®

GOSUK 2500 IREM CALL SLIGHT DELAY TIMER

5 HSR(25Y) REM CLEAR SCREEN

FRINT*LE] ME LEMONSTRATE THE COORDINATE SYSTEM®

FRINT*FDINT YOUR FINGER AT THE SCREEN AND 1711 FRINY OUT (X,¥)"
FRINT*TO EXIT JUST POINT TO LOCATION (15¢15) ---UFFER RIGHT"

GOSUR 1000 IKREM CALL SCANNER

S=USR{(205) (REH CLEAR SCREEN

IF D1=1% THEN 320 ELSE 230

IF b2=15 THEN END

PRINT
PRINT D1.D2%
GOTO 290

tREM PRINT COORDINATES

REM 338 RESET SCANNER 321

QUT 14,0 :0UT 16255

REM »%% TEST DATA READY x8x

T=INP(2)

T=T AND 1

IF 7-0-1 THEN GOTO 1040

REH #%% READ DATA 2x%

D=INP(16)

Di=(D AND 240)/14 !REM THIS IS THE X VALUE
D2=D AND 15 (REM THIS IS THE Y VALUE
RETURN

FOR W=1 TO 2000

NEXT &

RETURN

Listing 3: This program outputs the coordinates of the point yvou are totich-
ing on the screen. The output of the program can be used at a higher leve! to
indicate some objfect that is printed on the screen.
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Using the Touch Panel

Using the touch panel in any BASIC pro-
gram, whether it be game or instructional,
will necessitate having a subroutine to read
and reset the scanner placed somewhere
within the BASIC program. The total soft-
ware necessary to exercise the touch panel
is shown in listing 1.

If a GOSUB 100 command is encount-
ered, BASIC vectors to this subroutine and
begins execution. This subroutine will not
return until someone touches the screen.
Variable D1 would contain the X coordinate
and D2 would contain the Y value. Each call
Lo this subroutine results in returning to
the main program with the X, Y address of
a single touched point. To obtain ten touch
inputs would require calling this routine ten
times.

The simplest program utilizing the scan-
ner would be one which sensitizes the entire
screen to act as one giant push button. Such
a program is similar to a press any key op-
tion on a keyboard.

The program in listing 2 prints “MY
SCREEN ITCHES!! PLEASE SCRATCH
IT!” on the video screen, waits for some-
one to touch any place on the screen and
then responds with the message in line 30.
Notice that we did not use the coordinate
information from the scanner because we
only needed to take advantage of the fact
that the subroutine returns only if data is
reddy.

Test the Coordinate System

If one builds the touch panel, the first
program written should be one that illus-
trates the coordinate system dynamically,
such as the program in listing 3. (Al
BASIC programs in this article are written
in Micro Com 8 K Zapple BASIC.)

After printing an opening comment on
the video screen, the program calls the
scanner subroutine as before. This time
when it returns, it prints out the X and Y
coordinate which was touched as shown in
photo |. The rest of the program is a repceat
of this basic cycle with one exception. The
values of DI and D2 are both compared 1o
15 after each scan. Should you point at
coordinate position (15,15) the program
cnds.

Converting Position to Function

So far we have displayed only the raw
output of the scanner and have not used it
in its true application. Telling you that you
are pointing to focation (4,2) illustrates that
the touch panel functions, but does no use-
























Figure 1: Block diagram
of the S2L interface which
alfows Altair (S-100) bus
peripherals and memory
to be used with the
L8411 Q" bus. Details
of memory conirol, in-
terrupt control and DMA
control logic blocks are
found in figures 7, 8 and
9 respectively,

Finally, both direct memory access and
vectored interrupts had to be supported if
there was to be any hope of running L51-11
software on the beast which would result.
It should be noted that just because a
memory address responds from the Altair
(S-100) bus, that doesn’'t mean that it
couldn't be built to look to the LSI-11 as
if it were a ‘‘normal” LSI-11 device inter-
face. | wouldn't be giving up the facility to
use standard PDP-11 software by building
this bus adaptor, but merely making it a bit
more difficult.

I should note here that what follows
is an untested design based on the refer-
ences given at the end of the article and
some conversations with friends who have
Altair (S-100) systems. A varicty of Al-
tair  (S-100) schematics from Processor
Technology, IMSAI, Technical Design Labs
and Cromemco, to name a few, were
scanned to try lo insure some approxima-
tion of compatibility, but the design is
neither built nor tested. | welcome any

comments from rcaders who are intcrested
in this project.

The block diagram of the S2L bus inter-
face box is shown in figure 1. It consists of
three main sections devoted to memory
signals, direct memory access signals and
interrupt signals. The schematics for the
control logic blocks may be found in figures
7 thru 9, but for the time being, [ will
discuss their function rather than their de-
tailed implementation in order to simplify
the discussion.

Let us first consider a memory read
operation as diagrammed in figure 2. Note
that all times in the timing diagrams are
sequenced correctly, but, many times
they are not to scale. Also, note that the
clock (b2) may be shown as being synch-
ronous with some signals, but this is not
necessarily so since the LSI-11 bus is an
asynchronous bus. The LSI-11 indicates
the start of a bus cycle by asserting the
BSYNC L signal. {*'Asscrted” means going
into a logical 1 state, not becoming +4.5 V;
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Osborne & Associates announces two new books. . .

There are hundreds of microprocessors on the
market today, but there’s nothing like Vo/ume 2 and
3. These books provide the only detailed descrip-
tions of real products from an independent source.

NEW MICROPROCESSORS

Yolurme 2 describes individual microprocessors,and
support devices commonly used only with the
parent microprocessor. The new edition represents
a massive expansion of our previous Volume 2;
among other new material it includes the first
detailed description of the Intel 8086 16-bit
MICroprocessor.

NEW SUPPORT DEVICES

Volurme 3 describes support devices that can be
used with any microprocessor. The majority of this
book is new material; in particular it has one of the
most comprehensive discussions of memory
devices ever printed.

AN INTRODUCTION TO MICROCOMPUTERS:

VOLUME 2 - SOME REAL MICROPROCESSORS
VOLUME 3 - SOME REAL SUPPORT DEVICES

NEW UPDATES

Because of the tremendous amount of material
that Volumes 2 and 3 must cover, these books have
been written to be updated on a regular bimonthly
schedule. Six update sections for each of the two
volumes may be purchased on a yearly subscrip-
tion basis. Each update will describe new products,
or products not covered in the original volumes;
updates also provide additional information for
products already included, and errata pages for
previous text.

NEW FORMAT

For your convenience, Volumes 2 and 3 are printed
in loose leaf form and may be purchased with or
without a binder.

The 1978 edition of Volume 2 and the new Volume 3
of AN INTRODUCTION TO MICROCOMPUTERS will
be available at the end of September. To order
these or other Osborne & Associates publications,
check the appropriate boxes below.

S50 AR IERORNIEIR IR PO EI IR IT IR I NI NI R IR PO OIRNROTITOITIIRIOONRITREPTRIITIIIIITIOTD eIl ORIOEsNIEeEIRTIPINITIRIRESOTIRS

These prices effective July 1, 1978, PRICE | QTY AMT OSBORNE 8 ASSOCIATES, INC. (415) 548-2805
Votome 2 Some Real M i } P.O. Box 2036 DEPT. 112 TWX 910-366-7277
plume me Real Microprotessars $20 00 Berkeley, California 84702
1978 Edition — With Binder
Without Binder $15.00 NAME
Binder alone $ 500 ADDRESS
Yolume 3 Some Real Support Devices $70.00 airy
With Binder STATE 7P FUONE
Withaut Binder $15 00 SHIPPING CHARGES:  Shipping for large orders to be arranged.
Binder alone $500 Not apphcable to Update Subscniptions.
Volume 2 and 3 Updates (Subscnption $40.00 =] All foreign orders, $3.00 per book, for ar stepment
to six issues of each senes) ' [m} 4th class $0.35 per book fallow 3-4 weeks within USA,
p not apphicable to discounted orders)
Yolume 2 Updates only isix issues) $25.00 O  $0.75 per book. UPS {allow 10 days} in the U.S.
Yolume 3 Updates only (six 1ssugs) $25 00 ] $1.50 per book. special rush shipment by air in the U.S.
» 6'72%, SF Bay Area residents onty TOTAL Please send information on:
- 6%, Califarnia residents outside SF Bay Area Sales Tax 0O  Other O&A publications
«Payment by check or monay order (Calif residents only! O Becoming an O8A dealer
must be enclosed for orders of Shipping Charges O  School discounts
10 books or lass. a List of fareign distnbutors
TOTAL AMOUNT ENCLOSED
a} More information on Volumes 2 and 3 F10
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Figure 4: Timing diagram of an L.SI-11 memory write (8 bit byte) cycle as it
is interpreted by the S2L and passed on to the Altair (S-100) bus.
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Figure 5. Timing diagram for the initiation of DMA activity on the Altair
(S-100) bus between memory segments on that bus and peripherals on that
bus. (DMA from an Altair (S-100) bus peripheral to peripherals or memory
on the LSI-17 “Q" bus is not supported in this design.)

DIRECT MEMORY ACCESS ACTIVITY-/‘
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a byte selection signal (DOUTSEL) 10 a
multiplexer which will determine which
half of the word will be written at any time.
The timing is as in the figure. As in the case
of the read, | assume that only word width
writes will occur with a word {even} address.

In order to perform a single byte write
cycle, the S2L performs a normal write
cycle, except that it skips the first of the
two Altair {S-100) bus writes. Since it is
the write to the address with the inverted
lowest bit which is skipped, the correct
byte is written in half of the time, and the
cycle terminates nermally, The diagram for
this is shown in figure 4.

The LSI-11 bus supplies signals with
which the memory and device interfaces
reply to the LSI-11 when 10 transactions
take place (BRPLY L). The S2L adaptor
will respond with a BRPLY L signal whether
the address requested is implemented or
not. This will cause problems with some
LSI-11 software and firmware, especially
the firmware ODT LOAD command which
sizes memory automatically by sensing when
memory addresses fail to set a BRPLY L
response. Also, the system of reply signals
has another advantage which will be lost
when using the S2L adaptor: when attempt-
ing to write to ROMs on the LSI-11 system,
no BRPLY L is generated and a bus Lime-
out error occurs, which is a good error
detection system. The S2L will effectively
eliminate this facility.

The procedure for dealing with direct
memory access (DMA) is much casier on
the Altair (5-100} bus than on the LSI-11
bus, and the S2L interface enables the
Altair {5-100) devices to take advantage
of the simpler protocol. Looking at figure 5,
the device starts the DMA cycle by asserting
the HALT L signal to request use of the bus.
The assertion of BDMR L by the S2L
requests the use of the bus by a peripheral
of the LSI-11. The simultaneous assertion
of BDMGI L and the termination of BSYNC
L and BRPLY L indicates that the DMA
privilege has been granted by the LSi-11.
The S2L then responds by terminating
the BDMR signal, and by asserting both
the BSACK L signal to tell the LSI-11 that
the bus is in use, and the HLDA L signal to
tell the Altair bus peripheral that it may now
use the bus. Note that if more than one
peripheral wishes to perform direct memory






LSI-}l BUS SIGNALS

BIRQ

8DIN

BIAKI

BRPLY

apaL

VECTOR

ALTAIR (S-I00) SIGNALS
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Figure 6: Timing diagram
of the 521 interface’s re-
sponse to an Altair (5-100)
bus vectored interrupt sig-
nal. When one of the
eight possible vectored in-
terrupt signals is asserted
(fow), the S2L interface
responds by creating a
vectored  interrupt  se-
guence for the LSI-71
Q" bus.

access, neither will be able to determine
easily which device is being selected. When-
ever lhe Altair (S-100) bus peripheral is
finished with the bus, it terminates the
HALT L signal, causing the S2L to terminate
the BSACK L signal, releasing the bus for
the LSI-11 to use.

Note that this interface will not allow
Aitair (5-100) bus devices to perform DMA
to any memory which is on the LSI-11 side
of the S2L; | felt that the simplicity of the
interface as shown, combined with the

complexity of the extended function inter-
face, was justification for leaving things
as shown. In any event, one justification
for the development of this adaptor was that
Altair bus memory was cheaper than DEC
memory, so one can expect most of the
system memory to be Altair (S-100) bus
memory.

One other point to make is that the
LS1-11 on board memory is dynamic and
requires refreshing, which the LSI-11 does
by microcoded routines. This microcoded
refresh creates bursts of bus activity every 2
ms, lasting about 130 ps. These bus acti-
vations can cause problems in a real time
environment, and can cause data overruns
in DMA devices if these devices do not
allow enough internal buffering to last the
130 us. Although nonburst-mode refresh
is possible, the prices which DEC asks for
the module are pretty high for the facility.
For this reason, use of Altair {S-100) bus
static memory and disabling of the KD11-F’s
dynamic memory and refresh microcode
might be useful to some people.

The eight vectored interrupt lines on the
Altair (5-100) bus lend themselves directly
to interfacing with DEC’s vectored interrupt
scheme. Looking at figure 6, the timing for
the S2L's interrupt sequence is given, When-
ever one of the vectored interrupt inputs
from the Altair (S-100) bus (VIO thru VI7)
is asserted, BIRQ L is sent back to the
LSI-11 to request interrupt service. The

03 4
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Figure 8: Direct memory

access controf logic.

BRPLY
{(FIG 7}

L

—7] <] RALT

HHLDA
c

U

[
BSYNG
ifle. 71 [

BOMGO D———D"——-—[_-

BSACK G——oq—

LSI-11 will respond by asserting BIAKI L
and BDIN L, the former to request that an
interrupt vector be placed on the bus, and
the latter to indicate that data is coming
in on the bus. The S2L responds to this by
placing the vector on the bus, and by assert-
ing BRPLY L, 1o inform the LSI-11 that the
bus value is now valid data. The termination
of BDIN L and BIAK! by the LSI-11 results
in the S2L’s termination of BRPLY L and
the release of the bus for other uses. At
this point, an interrupt should occur. Each
of the eight interrupl lines is prioritized
and will cause an LSI-11 interrupt when
asserted. The LSI-11 vector address for each
Altair {5-100) bus vectored interrupt line
will be the value programmed in (he read
only memory.

| am not going to go through the sche-
matics in figures 7 thru 9 in detail, since
their function is fairly well-deflined by the
timing diagrams and the above discussions.
However, a few notes are in order. The use
of the 7485 is a bit subtle since the load,
which occurs via CLK2 whenever a BDIN or

BDOUT signal is asserted, changes the mode
of the shift register from LOAD to SHIFT.
This allows the first write to be skipped
conditionally upon the state of the BWTBT
L. signal at the start of the write cyele, and
allows the shifting to stop when the ane bits
coming in from the scrial input reach the
third Mip llop. The lalches used for most
significant byte and least significant byte
storage are 8551s since they have three
state buffers, which allow their output to
be placed on the LSI-11 bus conditionally.m

REFEREMNCES
“Introducing the 5-100: Standard Small Computer
Bus Structure,” by William M Goble, fnterface

Age, June 1977, page 66.

LSI-T1, PDP-11/03 User's Manual (EK-LSITT-TM-
002), DEC, 1975.

Microcomputer Handbook, DEC, 1976.
Also: numerous Altair {S-100) bus peripherals

schematics borrowed from friends served as back-
ground information for this discussion.
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the electric pencil II”

The Electric Pencil IT is a Character Oriented

Word Processing System. This means €that text is
entered as a string of continuous characters and
is manipulated as such. This allows the user
enormous freedom and ease in the movement and
handling of text. Since line endings are never
delineated, any number of characters, words,
lines or paragraphs may be inserted or deleted
anywhere in the text. The entirety of the text
shifts and opens up or closes as needed in full

¢ 1978 Michael Shrayer

As text is typed in and the end of a screen
line is reached, a partially completed word is
shifted to the beginning of the following line.
Whenever text is inserted or deleted, existing
text is pushed down or pulled up in a wrap
around fashion. Bverything appears on the video
display screen as it occurs which eliminates any
guesswork. Text may be reviewed at will by
variable speed scrolling both in the forward and
reverse directions. By using the search or the

view of the user. The typing of carriage returns
as well as word hyphenation is not reguired
since lines of text are formatted automatically.

search and replace function, any string of
chacacters may be located and/or replaced with
any other string of characters as desired.

When text is printed, The Electric Pencil II automatically inserts carriage returns where they
are needed. Numerous combinations of line length, page length, line spacing and page spacing allow
for any form to be handled. Character spacing, BOLD PACE, multicolumn as well as bidirectional
printing are included in the Diablo versions. Right justification gives right-hand margins that are
even. Pages may be numbered as well as titled. This entire page (excepting the large titles and
logo) was printed by the Diablo version of The Electric Pencil IT in one pass.

Now on CP'M

You've probably seen
The Electric Pencil in
action by now. It's the
most powerful 8080/Z80

NEW FEATURES: !!! CP/M Compatible !!! Disk Operating System
Supports Four Disk Drives !!! Simple File Management !!! Quick and Easy
Disk Storage and Retrieval !!! Dynamic Print Formatting !!! Multicolumn
Printing !!! Print Value Chaining !!! Page-at-a-time Scrolling !!! New
Bidirectional Multispeed Scrolling Controls !!! New Subsystem with
Print Value Scoreboard !!! Butomatic Word and Record Number Tally !!!
Cassette Backup Capability !!! Full Margin Contrel !!! End-of-Page

character oriented word Control !!! Non-Printing Text Commenting !!! Line and Paragraph
processor on the market  Indentation !1! Centering !!! Underlining !!! BOLD FACE !!!

today. Michael Shrayer is

now proud to present the W I D B S CRE E N v I D E O 111

new Electric Pencil II. Available to Imsai VIO video users for a huge 80x24 character screen !!

HAVE WE GOT A VERSION FOR YOU ?

The Electric Pencil II operates with any 8080/Z80 based microcomputer that supports a CP/M disk
system and uses a Imsai VIO, Processor Technology VvDM-1, Polymorphic VTI, Soli_d State Mus;c vB-1B,
Vector Graphic Flashwriter or any similar memory mapped video interface. Specify when using CP/M
that has been modified for Micropolis or North Star disk systems as follows: For North Star add
suffix A to version number, for Micropolis add suffix B to version number, e.g. SS-IIA, DV-IIB.

Vers. Video Printer Price
SS5-T1 SOL TTY or similar $225.
sp-I11 Vrl  TTY or similar  $225. m MICHAEL SHRAYER SOFTWARE
5v-11 VDM TIY or similar  $225. 1253 Vista Superba Drive
SI-1X VIO TTY or similar  $250. Glendale, CA 91205
DS-11 SOL  Diablo 1610/20  §275. ss (213) 956-1593
DP-11 VTI Diable 1610/20 $275.
DV-II VDM Diablo 1610/20 $275.
DI-1T VIio Diablo 1610/20 $300.
The Electric Penmcil I is still available for non CP/M users:
- Vers. Video Printer Cassetke pisk Drive Price
coming - 100
i Ss SOL TTY or similar CUTS -— .
a_tt..!a,ctlon—- SP YTl TTY or similar Tarbhell ——— $100.
5v VDM TTY or similar Tarbell ——— $100.,
Sort & Merge Utility !!! SSN SOL TTY or similar CUTS North Star $125.
SPN VTI TTY or similar Tarbell Morth Star $125.
The NEC printer package 11! SVN VDM TTY or similar Tarbelil  North Star $125.
DS SOL Diablo 1610/20 CUTS -— $150.
The HELIOS Electric Pencil !!! DP yTI  Diablo 1610/20 Tarbell - $150.
DV VDM Diablo 1610/20 Tarbell - $150.
Pencil to CP/M file conversion !!! DSN S0l Diablo 1610/20 CUTS North Star $175.
DPN vl piable 1610/20 Tarkell Worth Star $175.
CP/M to Pencil file conversion !!I DVN VDM Diablo 1610/20 Tarbell  North Star $175.

Demand a demo from your dealer!
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Math in the Real World

Your system is completed. You bought a
kit with lots of memory and spent many
hours assembling it. The manufacturer's
manuals are dog eared. You've read various
works on computer programming which
inspired you lo write integer multiply and
divide routines and create your own mathe-
matical statement processor. The routines
are thoroughly debugged and now you are
ready to enter your {irst mathemalical state-
ment: 5 + 2 =. The computer promptiy
responds with 2", Well, that's not really
wrong in integer arithmetic where remainders
are often dropped, but most of us learned in
the third grade that 5 + 2 really equals 2.5,
How do you get your compuler Lo answer
2.5 instead of 27 Read on. The answer lics
in floating point or real representation and
manipulation ol numbers,

Floating Point

A floating point number is 4 number that
can be representated by an integer portion
and a fractional portion. The number 2.5 is
a floating point or real number; so are 3.3,
0.9 and 2.0. All can be represented by an
integer part and a tractional part. The num-
bers: 1, 8 and 17 are not real since they have
no fractional portion. Numbers in scientific
notation such s 2.37 X 108 are real.

Before jumping head first into how 1o
represent floating point numbers in the com-
ptiter, an understanding of how lMoating point
aumbers are representated in base ten s
instructive. For example, in the number
125.76, the digit positions correspond to:

3 2 1 0

T T T T L)
SIGN EXPONENT byte 1
T T T T T T T
1 FRACTION byte 2
T T T T T ¥ T
FRACTION byte 3
T T T T T T T
FRACTION byte 4

Figure 1: Format for the arrangement of duta in the computer’s memory for
the binary floating point representation described here. The high order bit
of byte 2 will usually be ‘1" because of normalfization. The only time that this
will not happen is when the number being represented is zcro.
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1 X102 = 100.00
2x 100 = 20.00
5x 100 = 500
7x10-1= 0.70
6X10~2=  0.06

The decimal point merely tells where the
boundary exists between the positive powers
of ten and the negative powers of ten. Num-
bers to the left of the decimal point are
positive powers of ten and those to the right
arc negative powers of ten. In binary (base 2)
numbers the same rule applies. The base 10
equivalent of the binary number 101.11 is:

1X22 =1X4 =400
ox2! =0x2 =000
1x20 = 1x1  =1.00
Ix2-l = 1x.5 =050
IX2 2 = 1x.25 =025

575

The ', which is now called a binary
point, denotes the division between positive
and negative powers of two. This concept
can be expanded to any base, but here we
will only consider base 10 and base 2. In
generdl the might be called the “'base
point.”

Quite often it is more convenient to
represent real decimal numbers in scientific
notation. This allows both very small and
very large numbers to be written with the
fewest number of digits (eg: 3.75 X 10 10
rather than 0.000000000375). Numbers in
scientific notation are represented by three
parts: integer portion, fractional portion and
exponent. In order to conserve memory
within the computer and to make calcula-
tions have fewer steps, it is more convenient
to represent all real numbers with only a
fraction and an exponent. This is accom-
plished by moving all digits 1o the right of
the base point while adjusting the exponent
appropriately. Thus all numbers are of the
form: .FFF X 70EL in base 10 {where
“FFF" arc the fractional digits and “EE"
is an expression for the power of ten ex-
ponent). This change of form does not in
any way alter the valuc of the number or
change the accuracy of the suhsuqumt
caleulations. For example: 3.75 X 102



Binary

00000000 10000000 00000000 00000000
00000001 10000000 00000000 00000000
00000001 .11000000 00000000 00000000
10000001 11000000 00000000 00000000
oM -10000000 00000000 00000000
1119111 -10000000 00000000 00000000
00000000 -10000000 00000000 00000001

becomes 0.375 X 103 thus eliminating
the integer portion of the number.

If the fractional portion of a number
has a fixed number of digits as is the case
within a computer, then the greatest ac-
curacy is achieved if the digit following
the base point is nonzero. Using a 5 digit
fraction, the number 0.37868 X 102 is more
accurate than 0.03787 X 100, We now have
formulated two rules that will make calcula-
tions easier and maintain maximum accuracy:

® Floating point numbers will consist
of only a fraction and an exponent.

® Floating point numbers will be adjusted
so that no zeros immediately follow
the base point.

The only exception to these rules is the
number zero which is allowed to violate
rule two. Manipulating numbers so that
they conform with the above rules is called
normalization.

All of the above examples were in base
ten, but as might be expected the concepts
are just as valid in base two cxcept the
exponent is now a power of two instead
of ten. Therefore, numbers are of the form:
FFF X 2EE (where FFF and EE are now
hexadecimal representations of binary num-
bers). At this point we must decide upon
a specific format to use within the computer
that will give sufficient accuracy without
wasting memory. A fraction containing
24 bits gives an accuracy of 17224 or about
seven decimal places. A two's complement
exponent of base 2 containing seven bits
gives an exponent range of approximately
+10*19. This format has sufficient magni-
tude range for many applications and can
represent numbers over 38 decimal orders
of magnitude,

There are several common formats for
floating point numbers. In some, the expo-
nent is a power of 16 and a fraction is
considered normalized if any of the four
most significant bits are set. Exponents
are often represented in “‘excess” form

Decimal
- 05 x 29 - os
= 05 «x 2 = o
= 075 x 2 - 15
= 075 x 21 - s
= 05 LI : = 025 Table 1: An example of
=  -05 x 27 - _0.2% binary floating point num-
= 050000006 x 20 = 050000006 bers and their decimal
equivalents.

Listing 1. Algorithm for inputting real numbers, This algorithm will result
ina flouting point number in the four byte form described in this article.

Begin
Clear exponent and integer of answer
Clear fraction of answer (4 bytes)
Do while input character « *.°
If input character = '
If input character is a number then

—’ then set fraction sign = |

Convert input character from ASCII to binary
Integer: = integer * 10 + input number

Endif
Endde
N:=1

Do while input character = number and N <7 8
Convert input character from ASCII to binary
Fraction: = fraction + (Table(N) * input number)

N:=N+1
Endda
Do while integer - 0

Shift integer and fraction one bit right

Increment exponent
Enddo
Normalize answer
Foundup answer

Delete integer portion and fraction byte 4

End

instead of two's complement form. In this
form same appropriate number is added to
all exponents so they are all positive. The
specific format | chose consists of four 8
bit bytes for cach number and is shown in
figure 1. The high order bit {bit 7 typically)
of hyle onc is the algebraic sign of the
number {1 = -J). The low order seven bits
of the first hyte (bit 6 to bit 0) arc the
signed  two's complement value of the
exponent. Bytes two, three and four contain
the normalized unsigned fraction with the
understood binary point preceding byte two.
Nole that bit seven ol byte two is 1 for all
normalized numbers exceptl sero because of
normalizing rule two.

Some sample numbers and their decimal
equivalents are given in table 1.

Ins and Outs

Now that we've defined a format for real
numbers, how can we put it to use? Several
subroutines will be required. We need to be
able to read real numbers from a terminal
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and convert them to our defined format and
vice versa. Also, we need to outline how we
can operale on real numbers once they are
converted, First, the ins and outs.

The conversion to and from the terminal

Table 2: Decimal fraction to binary equivalent conversions. The table covers
only the first seven digits since the accuracy of the routines we are consider-
ing is only seven places. This conversion assumes that the exponent is set to

Zero.

Decimal
0.1
Q.01
0.001
0.0001
0.00001
0.000001
0.0000001

Example 1.

Example 2.
Integer
Q0001101
Example 3.
Integer
00000000
Example 4,

Exponent
00000100

Binary

= 00011001 10011001 10011001 10011001 - 10__1
= 00000010 10001111 01011100 00101000 = 10_2
= Q0000000 01000001 10001001 00110111 = 10_3
= 00000000 00000110 10001101 10111000 = 10-4
= 00000000 00000000 10100111 11000101 = 10_5
= 00000000 00000000 00010000 11000110 = 10_‘G
= 00000000 00000000 00000001 10101101 = ‘IO_7
0.10 = 1 X 00011001 10011001 10011001 10011001
0.01 = 5 X 00000010 10001111 01011100 00101000

00100110 01100110 01100110 01100001
Fraction Exponent
00100110 01100110 01100110 01100001 00000000
Fraction Exponent
11010010 01100110 01100110 01100110 00000100
Fraction
11010010 01100110 01100110

Table 3: Portion of table used to convert the exponent of 2¢ inio decimal
notation of the form F x 10Exp,

e {index)

CWN—=O=NWE .
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Exp (1 byte)

00000010 (2)
00000001 (1)
00000001 {1}
00000001 (1)
00000000 (0)
00000000 (0)
00000000 (0}
00000000 (0}

F (3 bytes)
00101000 11110101 11000001 (0.16)
11001100 11001100 11001100 (0.80)
01100110 01100110 01100110 (0.4)
00110011 00110011 00110011 (0.2}
00000000 00000000 00000000 (0)
10000000 00000000 00000000 (0.5)
01000000 00000000 00000000 (0.25)
00100000 00000000 (0.125)

00000000
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is the most difficult part of handling floating
point numbers. An attempt is made here to
outline a procedure that is well adapted to
microprocessors. Several other algorithms
are outlined in The Art of Computer Pro-
gramming, volume 2 by Donald Knuth (see
references following this article) including
information on converting to and from
scientific nolation.

Suppose the input string 13.05 is typed at
a terminal. Since the computer will see the
characters as they are typed left Lo right, the
program in listing 1 can easily convert any
number preceding the decimal point into a
binary integer. In this example the 13
becomes 00001101, assuming an 8 bit
integer. Once the decimal point is read the
fraction can be calculated if a table of
unnormalized fractions corresponding to the
binary equivalent of 10—9 is stored in
memory. Since there is no need for n to be
larger than the accuracy of the final format,
table 2 was calculated with n equal Lo seven.
Table 2 was calculated using a BASIC pro-
gram to determine which bits in the fraction
should be set. Note that the fractions in this
table are 32 bits wide instead of the 24 bits
required in the final answer. This is done to
insure the accuracy of the conversion. Using
this table and starting with a zero exponent
byte and zero in a 4 byte fractional portion
in the answer, when the first number fol-
lowing the decimal point is typed on the
terminal it is multiplied by the table value of
the fraction for 0.1 and added to the frac-
tion of the answer. Subsequent inputs are
multiplied by 0.01, 0.001, etc, and added Lo
the answer until the bottom of the table is
reached after seven inputs or the input
string is exhausted. Since the input numbers
are 0 thru 9, it is easier and takes less time in
a microprocessor to do the multiplication
by successive additions. For the example
input, 13.15, the fraction is calculated by
example 1. Including the integer portion
and the exponent the input becomes the
representation in example 2. Normalizing
this by shifting the integer and fraction four
bits to the right and adding 4 to the expo-
nent it becomes example 3.

Now the integer portion and the low
order byte of the fraction can be deleted
after incrementing the next to low order
byte if bit seven of the low order byte was
set (rounding up). See example 4 for the
final value in the correct 4 byte format. Had
the input number been —13.05 instead of
+13.05, the only difference in the number
generated would be bit seven of the expo-
nent {fraction sign bit) would be set. Note
that if the input had been something like
0.005 the normalizing process described
above would require left shifts of the frac-



tion while decrementing thus creating a
negalive exponent.

Qutputting real numbers is slightly more
difficult. The fraction and exponent part
must be dealt with simultaneously since
conversion of the exponent from base 2 to
10 will affect the fraction. Due to this com-
plexity, it is preferable to output real num-
bers in scientific notation. The output form
that is wused is 1305E+2 instead of
0.1305 X 1072,

To accomplish the conversion we will
need a rather large (4 by 128 byte) table to
convert 2% {where e is the exponent of the
real number to be output) to F X 10EXP
{where F is an unnormalized fraction in our
3 byte nolation and Exp is the power of 10
of the number we wish to print. A portion
of the middle of the table is given in table 3.

The base 2 exponent e is not a member of
the table, but is used as the index into the
table Lo retrieve values of Exp and F. Usinge
we access the table and multiply the fraction
F times the fraction of the number wc wish
to output using a multiply fraction sub-
routine described later. The resultant frac-
tion of this multiplication will be the frac-
tion that must be converted and printed
followed by the letter E and the decimal
value of Exp, including its sign, from the
table to obtain the desired scientific
notation.

Printing of Lhe fraction uses the same
table as used for converting to real format.
In the first iteration the binary fraction for
0.1 is subtracted from the fraction until the
fraction goes negative. For each subtraction
except the last a counter is incremented and
becomes the number to prinl. After the
number is printed, the fractional value of
0.1 is added back into the fraction. This
whole process is effectively a binary divide
by 0.1. After 0.1 is added back, the pro-
cedure is repeated for 0.01, 0.001, etc, untjl
all seven output digits are printed. This
process is summarized in listing 2.

It should be noted that the above algo-
rithms pose particular problems on various
implementations and the programmer should
be cautious of such things as overflow and
carry flags as well as round off errors while
doing the multiprecision operations,

The Arithmetic

Now we have a format for floating point
or real numbers and we know how to input
and output them. All that remains is the
internal manipulation subroutines. All these
subroutines require two normalized real
arguments, which in the following text and
listings will be referred to as argument 1
{ARG1) and argument 2 {ARG2). They al

Listing 2: Algorithm for outputting real numbers. This algorithm uses table 2
to convert the fraction. The outout algorithm shifts the fraction and integer
part left until the exponent equals zero or bit 7 of the integer word is set
to 1. If bit 7 of the integer word is set, any further shifts will destroy the

number.

Type entry = record of
Exp: 8 bit binary
F: 24 bit fraction

Var conv-table: array [ —64..63] of entry

table: array [ 1..7] of 24 bit fraction

(* e is the base 2 exponent of the number to be output*)

Begin

Fraction: = conv-table[e].F * fraction of number to be cutput
If Fraction sign = 1 then print ‘—'; endif

Print decimal point

N:=1
Do while N <8
CTR: = -1

Do while fraction is positive
Fraction: = fraction-table(N)
CTR: =CTR + 1

Enddo

Fraction: = fraction + table (N)

Convert CTR to ASCII and print it

Enddo
Print ‘E’

If conv-table[e].Exp is negative then print ‘—’; Endif
Convert conv-table[e|.Exp to decimal ASCII and print it

End

create a normalized real answer (ANS). We
will use the predefined format except that
during the internal manipulation some extra
bits are occasionally necded at the right of
the fraction to retain accuracy. Only a
couple of bits are necessdary, but since most
microprocessors have 8 bit words, it is easier
to add a whole byte to ecach fraction thus
creating a 4 byte fraction instead of the
prescribed three bytes. This fraction will be
rounded to a 3 byte fraction in the defined
format before returning to the caller of the
manipulation subroutines.

Addition is defined as ARG1 + ARG2 =
ANS. Once again the base 10 analogy will be
useful in understanding how to implement
an algorithm. If we desire the sum of the
two normalized real numbers 0.375 X 109
and 0.22 X 104, we must first make the
exponents equal before we can add the
fractions. Once the exponents arc equal, the
fractions can be added and the answer given
the common exponent. Thus, the example
becomes:

0.375 X 103
+0.022 % 105

0.397 X 105

To make the exponents equal in this
example, the number with the smaller expo-
nent was shifted right n decimal digits and
its exponent incremented by n. It is desir-
able to adjust the smaller number since
shifting the larger number would require
left shifts that might result in numbers
being shifted into the integer portion which
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would violate the defined format. Any
shifting, however, can create accuracy
problems in a fixed digit (or bit) computer,
since if the magnitude of two numbers
differs by a large amount, their sum will be
equal to the larger number. For example, if
we had a calculator with six digits for a
fraction and we added 0.300 X 108 and
0.20 X 100, the answer would be 0.300000
X 108 since shifting 0.20 seven digits to the
right would cause it to become zero.

Listing 3: Algorithm for real addition and subtraction. Before additions or
subtractions can take place the numbers must be manipulated so that their
exponents are eqial.

Begin
Do while exponent ARG1 # exponent ARG2
If exponent ARG > exponent ARG2 then
Shift fraction ARG2 right one bit
Increment exponent ARG2
Else
Shift fraction ARG right one bit
Increment exponent ARG
Endif
Enddo
If fraction ARG] is negative then 2's complement fraction ARG Endif
If fraction ARG2 is negative then 2's complement fraction ARG2;Endif
If operation is addition then
Fraction ANS: = fraction ARG] + fraction ARG2
Else
Fraction ANS: = fraction ARG] — fraction ARG2
Endif
Exponent ANS: = exponent ARG1 or ARG2
Normalize ANS
Roundup ANS
End

Listing 4. Real multiplication algorithm. When multiplying real numbers it
is not necessary to worry about the exponents being equal. Multiplication
carn take place under any conditions.

Begin
Fraction ANS: = fraction ARG1 * fraction ARG2
Exponent ANS: = exponent ARG! + exponent ARG2
Set overflow flag if exponent overflowed or underflowed
Normalize ANS
Roundup ANS

End

Listing 5: The real division routine must check to see if the dividing number
is zero. If it is, the overflow flag is set and the routine js ended. The frac-
tional part of the number to be divided should always be smaller than the
dividing number. This is assured by shifting the number to be divided one
place left and incrementing the exponent.

Begin
If fraction ARG2 = 0 then
Set overflow flag
Else
Shift fraction ARGI one bit right
Increment exponent ARG1
Fraction ANS: = fraction ARG1/fraction ARG2
Exponent ANS: = exponent ARG1 — exponent ARG2
Set averflow if exponent overflowed or underflowed
Normalize ANS
Roundup ANS
Endif
End
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Binary real addition is identical to the
above decimal example cxcept the shifts are
by n binary bits and the exponent is a power
of 2. The algorithm in listing 3 first checks
to see if the exponents arc equal. If not
equal, the fraction of the smaller argument is
shifted one place right and its exponcnt
incremented. This continues until the
exponents are equal. Since our formal stores
the fractions as absolute unsigned values, all
the fractional portions of negative fractions
must be twa's complemented before addi-
tion can proceed. Once the negation of any
negative fractions is completed, the fractions
can be added by a mulliprecision addition.
The fractional portion of the answer is then
composed of the sum of the adjusted frac-
tions and the exponent becomes the com-
mon exponent. This answer may necd Lo be
normalized. In fact, all the manipulation
subroutines will require a check for normali-
zation before exit, and therefore a subrou-
tine to normalize arguments is desirable.

Subtraction is defined as ARG1  ARG2
= ANS. The subtraction routine is identical
to the addition routine except a multiple
precision subtract is substituted for the
addition. In  most implementations the
addition and subtraction routines are the
same routine with a flag to indicate whether
a subtraction or addition of the fraction
should occur.

Multiplication of real numbers is easier
than addition since the fractions can be
multiplied regardless of the exponcnts.
The multiplication algorithm in listing 4
is defined as: ARG1 * ARG2 = ANS, The
multiplication of the fractions involves a
32 bit by 32 bit multiplication, but only the
most significant 32 bits of the result are
necessary which reduces the complexily of
the multiplication somewhat.

For details on writing a multiplication
subroutine check the references, or betier
yet check the user group library for your
microprocessor to sce if onc already exists,
The biggest problem with real multiplication
is that overflow or underflow of the expo-
nent can occur during the addition of the
cxponents. Therefore, the subroutine must
take precautions to check for overflow or
underflow and flag the result as crroncous
if cither occurred. The answer obtained by
the abave algorithm may need to be normal-
ized before returning it to the caller.

Division is similar to multiplication and
is defined as ARG1/ARG2 = ANS. Since
most division algorithms will not terminate
if ARG2 is equal to zerg, the division
algorithm in listing 5 first checks the frac-
tion of ARG2 to see if it is sero. If il is
zero, the algorithm should return with an












We've
reduced digitizers to
two words.

EYeEAs

Bit Pad is the low-cost digitizer for small computer systems.
Better than a joystick or keyboard for entering graphicin-
formation, it converts any point on a page, any distance into its
digital equivalents. It's also a menu for data entry. You assign a
value or an instruction to any location on the pad. At the touch
of a stylus, it's entered into your system.

Who can use it? Anyone from the educator and the engineer
to the hobbyist and the computer games enthusiast. The data
structure is byte oriented for easy compatibility with small
computers, so you can add a power supply, stand alone dis-
play, cross-hair cursor and many other options.

Bit Pad by Summagraphics. The leading manufacturer of
data tablet digitizers. Bit Pad. The only words you need to say
when considering digitizers.

$1,000 creativity prize. Just write an article on an original Bit
Pad application and submit it to any national small-computer
periodical. If the editors publish it—and the decision is solely
theirs —Summagraphics will pay you $1,000.

corporation
35 Brentwood Ave . Box 781, Fairfield. CT 06430
Phone(203) 384-1344 TELEX 96-4348

Dealer inquiries invited
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care professionals about current and
potential applications of computer tech-
nology to patient care; and to identify
areas of future rescarch and development
that need to be addressed. Contact
Abund O Wist, PhD, general chairman,
Medical College of Virginia, {804)
770-4957,

November 6-8, Asilomar Conference on
Circuits, Systems and Computers,
Asilomar Hotel and Conference
Grounds, Pacific Grove CA. This con-
ference, sponsorcd by the {EEE Com-
puter Socicty, will delve into areas such
as circuit theory and design, communi-
cation and control systems, computer
systems, computer aided design, etc.
Contact Donald E Kirk, Electrical
Engincering Dcpt, Maval Postgraduate
School, Monterey CA 93940,

November 8-11, Asian Business Expof
Hong Kong, Kowloon-Canton Railway
Convention Complex, Hung Hom, Hong
Kong. This exposition will feature dis-
plays of over 100 business services and
cquipment with the opportunity to
participate in seminars. Contact Indus-
trial & Scientific Conference Manage-
ment Inc, 222 W Adams St, Chicago IL
60606, (312) 263-4866.

November 13-16, COMPSAC, The
Palmer House, Chicago IL. The |EEE
Computer Society's second international
computer software and application con-
ference. This conterence will bring Llo-
gether computer practitioners, users and
researchers to share their ideas, experi-
ences and reguirements for applications
softwarc, management lechniques, and
software development support, including
automated techniques. Contact Wallace
A Depp, executive director, Processor
and Computer Software System Divi-
sion, Bell Laboratories, Naperville |IL
60540, (312) 690-2111.

November 19-22, The 11th Annual
Microprogramming Workshop, Asilomar
Conference Ground, Pacific Grove CA.
This worksop will provide a forum for
the discussion and comparison of design
techniques for firmware and for the
supporting hardware. Informal inter-
action between groups working In
similar research and application environ-
ments will highlight the topical session,
For more information contact Dr Alice
G Parker, Micro-11 program chairman,
Dept Electrical Engineering, Carnegie-
Mellon University, Plttsburgh PA 15213,
(412) 578-2472.

November 28-30, 9th Annual Canadian
Caomputer Show, International Centre,
Toronto CANADA. Products displayed
at this show will include: computer and
data processing equipment, supplies and
services, including minicompuiers, peri-
pheral hardware and software, keypunch
services, consulting and contract pro-
gramming and timesharing. Contact
Industrial Trade Shows of Canada, 36
Butterick Rd, Torontoe Ontario MEW
328,(416) 252-7791.m









ware amd soltwdre sessions, software
exchange, various types of guest

. The Southern New England

Computer Society

speakers, ete, when needed and 2. 267 Willow St
feasible, New Haven CT 06511
— 3. Varies
1. TRS Club 5. Yunkee Bits
2, 96 Dothan 51 6. Arthur Downes
Arlington MA 02174 7. {203) 562-8034
5. Yes 8. $3 covers dues and newsletters
6. Poi K Pow 9. Micros, minis and macros from the
9. TRS user group; TRS cassette or ELF to IBM 360 and software at all
disheite media, A software library is levels
available al [ow or copying cost. 10. Sometimes we will send a sample
Library includes inventory, security, copy of Yankee Bits, Anybody is
games, data base, sort, etc, welcome no matter what level of
interest or knowledge.
1. Rhode Island Computer Hobbyists
{RICH) 1. Bridgeport Area Society for Involved
2. ¢fo E D lannuccillo Computerists {BASIC)
POB 39y 2. 12 Wildwood D
Bristol R1 02809 Trumbull CT 06611
3. Jabbour Electronic City 3. Trumbull Town Library
4. Third Tuesdday ol September, 4. Second Wednesday each month
October, November, March, April, 5. MICROFLASH published monthly
May L. Al Song
5. Yes 7. [203) 268-9807 (nights),
6. E D lannuccillo (203} 576-6556 (days)
7. {401) 253-5450 8. $8 per year
8. $2 per year 9. Hardware, softwaie, anything what-
9. Constructlion projects sovver to do with computers
i3, Our club is small and friendly. 10, Established August 1977 with 40

Members come from many vocations
and many Jdre students; most are not
experts in computers. We demon-

strate equipment and help cach other

with preblems.

paid members and 150 on the mailing
list.

. Amateur Computer Group of

New Jersey

(2]

1776 Raritan Rd

Scotch Plains NJ 07076

4. Main mecting third Friday of month;
8080/Z2-80 user group first Friday of
month; 6800/6502 user group fourth
Friday of month

Yes

Sol Libes

{201) 277-2063

$5 per year

User groups: CPM, Radio Shack,
PET, 8080/Z-80,6800/6502, 1802
and 9900. Classes: BASIC, 8080 pro-
gramming, 6800 pregramming, 6502
programming and “Getting Started,"
10. Software libraries, annual member
directory, annual festival, and annual
contest, There are 800 members,
Starting PC network,

O 00~ Lh

1. New Jersey Apple Users Group
3. Computer Lab of NJ

141 Route 46

Budd Lake NJ 07828
4. First Friday of month, 7:30 PM
6. Dan Fischler

Zips 10000 - 20000

—_

New York Amateur Computer Club
POB 106, Church St Station

New York NY 10007

Varies

Untitied, monthly 5 to 10 page
newsletter

[ 28]

Lad

Ln

BASIC is BASIC is ...

And BASIC does what it should. But if you're ready to step up
from Beginner’s All-purpose Symbolic Instruction Code, look
at OPUS, the high-level 8080/Z80 language from A.S.I. ... roots
in BASIC, but designed for business applications. OPUS gives
you the capabilities you need, like extended precision, string
handling, and easy formatting. OPUS/TWO takes up where
OPUS/ONE leaves off, allowing subroutines, overlays, and
extended disc file management.

But we didn't stop there. OPUS programs and data are
directly upward-compatible, all the way up through TEMPOS,
A.S.L's multi-user, multi-tasking operating system.

Ask your dealer, or contact A.S.I. We'd like to tell you more.

OPUS/TWO
TEMPOS

$99.00
Cooo. $385.00

OPUS/ONE
$.0.S.

LIC]
aag
0]

==
00
00

ADMINISTRATIVE SYSTEMS, INC.
1642 S. Parker Road, Suite 300
Denver, Colorado 80231 (303) 755-9694

ORDER A MANUAL NOW and we'll apply the price
toward your software purchase.

OPUS Users Manual ........................ $12.50
§.0.S8. Manual Set (includes OPUS Manual) . .... $20.00
TEMPOS Manual Set (includes QPUS Manual) .. $20.00

MASTER CHARGE and VISA accepted.
Add $1.50 per manual {set) for shipping/handling in U.S.
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BETTER

BASIC
OR SOL

Introducing G/2 Extended
Basic for Processor Tech-
nology’s SOL computer
series. The best Basic you
can buy.

Developed by Micro-
soft}” the industry leader in
microprocessor languages,
and fully debugged and
field-proved, this 15.5K pro-
gram offers such ouistanding
features as sinng arrays,
16-digit accuracy, fully
descriplive error messages,
automatic line numbering
and renumbering in selected
increments, long variable
names, trace function for
easy debugging, and many
other superior capabilities.

(/2 Extended Basic can
read tapes wntten in PT’s 5K
and Extended Basic. This
allows you to use all your pre-
viously developed programs.

Available now on cassette
tape with full documentation.
At your dealer, or wnite for
information.

THEREASON

YOU BOUGHT "
YOUR COMPUTER. a

n[.‘g..[ GRT Corporation
Consumer Computer Group
1286 N. Lawrence Station Road
Sunnyvale, Califomia 94086

(408) 734-2910

Clubs sad Newsletiens

DIRECTORY, continued

9

limesharing system for members.
Very informative newsketler with
over 500 subscriplions.

—_

o]

O~ O Ll

SPC-12 Users Group

7706 W Gregory

Chicago IL 60656

2704 W North Av, Chicago IL 60647
Soon to be announced

Manuel C Martinez

{312) 631-6623

Nong at present

()

DT e o I

5t Louis Area Computer Club Inc

. POB 28924

5t Louis MO 63132

Thornhill Branch, St Louis County
Library, FeelFee Rd and Willowyck
First Thursday of every month, 7 PM
SLACC STACK

FFrank Curtis, president

{314) 993-0589

$5 per yeur

Every third mecting is “show and tell
nite.” Special groups include: 8080
homebrew group; moden design
group; Dura terminal group

. The clubis a Missouri not-for-profit

corparation fur vducational and
scientilic purposes related Lo micro-
campulters and personal computing.
We have a technical and software
library Tor members' use,

Computer Network of Kansas City
F251 Kansas Avw

Kansas City KS 66105

Midwest Research Instituwe, 425
Volker Blvd, Kansas City MO

. Second Sunday of cach month,

6:45 PM

Thra-Put, Earl Day, editor

Harold | Schwarte, president
{94135 371-2610 {work], 648-54 |0
{home)

£12 per year

. Completing modem designed by

members; hardwdare schoaoling and
design and trading; software school-
ing; network priorities and software.

. We are in the very interesting posi-

tion since our starl {Lwo years ago)
to shortly begin a local network.
We hope Lo be Lying inle a nation-
wide network late next year,
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Mid-America Computer Hobbyists
POB 13303
Omaba NE GB1I13

. Commercial Federal Savings and

Loan, Bellcuve ME

Sceond Thursday of cach month
MACH

Thomas I Smith, president

{402) 294-4479 (work]), 292-603|
{home)

35 per year

| 802 51G and Poly 88 SIG

tMost club members are military
stationed al OHfull AFB, NE, SAC
Headgquarters where a greal many

computers are used for command and
control application.

SCAMPUS
2215-A Walker Dr
Omaha NE 68123

. SCIMP Users Group Newsletter
. Tom Bohon, coordinator

Zips 70000 - 80000

1.

CENtral Oklahema Amateur
Computing Association (CENOACA}
POB 2213

Norman OK 73070

Oklaheima $1ale Univ Tech, 200 N
Portland, Cklahoma City OK
Sceond Saturday, 10 AM
CENOACA Newsbits (monthly)

Lee Lilly or Don Holycke

{415) 737-6121, 329-3209,
Fespestively

45 per year

6800 Users Group meels third
Saturday at 333 NW 5th, #2308,
Oklahoma City OK. Dr James Pelty
is the cottact person. Demonstra-
tions and special programs planned
for cach CENOACA meeling.

. MNewshits aceepts free nonbusiness

classified advertising {space avail-
able) and very low cost business
advertising,. CENOACA was
organized in January 1976 and in-
corperated as a nonprofit organi-
zation under the laws of the state
of Oklahema in June 1976 to
“provide a forum for the exchange
and dissemination of information
among members concerning the
computer arts and sciences.”

. The Tulsa Computer Society
. POB 1133

Tuisa OK 74101

Tulsa Vocational Technical School
Seminar Room 3420

E Memorial Dr

Last Tuesday ol month at 7:30 PM
The {10 Port

Jerry Henshaw

{918) 836-7364

$6 per year

.

SRR

The Computer Hobbyist Group of
MNorth Texas

POB 1344

Grand Prairie TX 75051

UTA, University Hall, Room 108 and
UTA, Green Center, Room 21530
1 PM, third Saturday; 1 PM, first
Saturday, respectively

Frinted Circuit

Bill Fuller

$7 per vear

TRS-80, 6502, PET, 9900, Digital
Group.

. Houston Amateur Microcomputer

Club



L

% P

POB 37102

Houstan TX 77036

Various

second Friday and fourth Tuesday
NYBBLE

Troxel Ballou

{713} 661-6806

$12 per year

—y

J5C Computer Habbyist Club
cfo EP4fL W Jenkins, president
NASA LB| Space Center
Houston TX 77058

Gilruth Research Center, I.B) Space
Center

First Thursday, third Monday 5
to 7 PM

Meeting announcement flyer
EP4/L W [enkins, president

$7 per yvear first class mail

$4 per year I1SC interoflice mail

. Cur B8YTE subscription is mailed

to JM6{Technical Library where it
is available 1o club members and
others in the periodical arca.

Py

MO0~y

. Texas A&M Microcomputer Club

POB M9, Aggicland Station
College Station TX 77844
Room 203, Zachry Engineering
Center, Texas A&M University
Alternate Wednesdays, tutorials
on other Wednesdays

. In process ol publishing lirst issue

Larry Wayne Brown, president

. (713) 693-5748
. %5 per semester or $10 per year
. APL committee {8080); BASIC

committee (6800); hardware and
software tutorials; Micro Expo '79.
Micro Expo '79 to be held March
2,3,and 4 1979 in the Memorial
Student Center of Texas A&M
University.

Alamo Computer Enthusiasts

. 7517 Jonquill

San Antonio TX 78233

. Room 104, Chapman Graduate

Center, Trinity Unjversity
Fourth Friday of every month
Alemo Computer Enthusiast
John R Stanton

{512) 657-3069

$2 per year subscription

All areas.

Northside Computer Group

5819 Brenda

San Antonio TX 78240

John McClenny Jr

No dues

£800, 6809, 6502 microprocessors,
bipolar bit slices. Projects include
256 by 256 molion graphics; super
cheap voice synthesis, making all our
software ROMable; flight simulalor
Program.

. Permian Basin Computer Group
. Dala Processing Depl

cfo Eclor Counly Schools
POY 3912
Qdessa TX 79760

. Midland chapier: Student Center,

un

e

Midland College

Qdessa chapter: Elect Tech Bldg,
R 203, Odessa College

Midland chaptler: Sccond Monday
each month at 7:30 PM

Odessa chapter: Sccond Saturday
each month at 1 P

Mong

John Rabenaldl

Midland: {915} 697-4607 after 6 PM
Qdessza: (915) 332-9151 ext 43
weekdays

None

Comsumer [home) compulers;
home-built computers; color
graphics; lloppy disk systems;
Selectric typewriter interfaces.

Zips 80000 - 90000

1.

2.

@~ o

Southern Nevada Personal
Computing Society (SNPCS)

1405 Lucilee St

Las Vegas NV 89101

Clark County Conumunity Collegy
Cheyenne Campus, Room 1062
12 noon, second Saturday cach
month

HARD COPY {(monthly)

Edna H Wells, sccretary

(702) 642-0212

Individual, $ 12 per year; family 3138
per year; student $3 per year

Qut primdry purpose is Lo assisl
cach other in making informed
decisions when buying cumputers,
accessories and soltwire.

. We have {May 78) 54 members

with widely varied technical
backgrounds.

o

W GO o~ O n

. Northern Nevada Computer Club

cfo UNSCC

POB 9068

Reno NV B9507

University of Nevada Computing
Center

8 PM, sccond Wednesday, September
thru May

None

Al Brady

{702) 784-4008

None

Intormation exchange for small
computers,

The listings follow this
form:

Name of organization
Mailing address

Meeting location

Meeting algorithm
Newslctter or publication
Contact person

Contact phone number
Dues or subscription fees
Special interests

Other comments

—_

BETTER
BASIC

FOR
PC

Introducing G/2 Standard
Basic for the SWTPC com-
puter series. It'1] load faster
and do more than you ever
thought possible.

Developed by Micro-
soft]” the indusiry leader
in microprocessor languages,
and proved for more than 3
years in MITS applications,
G/2 Standard Basic is now
available for the first time
for use with Southwest Tech-
nical Products Corporation’s
6800 hardware.

Four to eight times faster
than the basic you're now
using, this interpreter offers
string arrays, extensive string
functions, Peek, Poke, Wait
and Conlinue, direct execu-
tion of statements in the
calculator mode, 10 nested
machine language sub-
routines, multidimensional
arrays and much more. And
it uses only 7K of memory.

Available now on cassette
tape with full documentation.
At your dealer, or write for
information.

THEREASON
YOU BOUGHT "
YOUR COMPUTER. e

IBRT! GRT Corporation
Consurner Computer Group
1286 N. Lawrence Station Road
Sunnyvale, Calilorma 94086
(408) 734-2910
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Continued from page 65

FACTOR
TANT
—~ [constan || ,
;'l VARIABLE } A
A
A FUNCTION
ICENTIFIER EXPRESSION @J
© )
70N A
VARIABLE

CONSTANT

EXPRESSION

1 IDENTIFIER l—l

HEX INTEGER

INTEGER
STRING

Figure 3, continued: Notice that some of the diagrams, for example FACTOR, contain them-
selves in their own definitions. This is known as a recursive definition,

For instance:
mem [i]:=memlj];

reads the byte from the memory location j
and writes it back to memory location /.
Machine language subroutines can be called

from Pascal programs. The statement:
Call (i};

can be used to make a call to memory

address /.

The P-Machine

The p-machine is a stack oriented ma-
chine consisting of four registers and two
memory storage areas. Memory is separated
into program storage and data storage areas,
The program storage area contains the pro-
gram codes (p-codes), and remains un-

changed during program execution. The
data storage area contains the values of
variables. [t is also used to slore temporary
values  during arithmetical and logical
operations.

Though the variables can be fetched and
stored in a random fashion, the data storage
area operates as a stack with respect to
arithmetical and logical operations and run-
time storage allocation. Arithmetical and
logical operations are dane on the top
elements of the stack, and the results of
the operations are pushed back on the
stack. In this respect, one might call it a
zero  address machine, since operations
(except store and load instructions, which
must specify an address) are done without
reference to any address. Later we will
discuss the use of the stack during runtime
storage allocation.



STATEMENT

EXPRESSION

PROCECURE
IDENTIFIER

-

EXPRESSION THEN

STATEMENT

STATEMENT 1

New{ CASE EXPRESSION

STATEMENT

WHILE EXPRESSION I STATEMENT }

STATEMENT

M (rEPEAT STATEMENT

UNTILH EXPRESSION l

{DENTIFIER

EXPRESSION

IDENTIFIER

D
o/

Figure 3, continued.

The four registers in the p-machine are
the program counter, P, which points to
the next executable instruction in the
program storage; the instruction register, |,
which contains the current execution in-
struction; the stack pointer, T, which points
to the top of the stack, and the base address
register, B, which contains the current base
address. The functions of the First three
registers should be quite clear from the
above discussion. The function of register B
will become clear after we discuss storage
allocation.

Each variable in a Pascal procedure has a

¥. o EXPRESSION !
@@ O—O—{Emmm

55 ’
150 0 ‘
i,

scope and lifelime. The scope of a variable
is the range within which it can be refer-
enced. The scope of a Pascal variable is
simply the procedure block to which it
belongs. The lifetime of a variable is from
the time storage is allocaled for it to the
time slorage is disallocated. In Pascal, this
is the time the procedure defining the vari-
able is activated 1o the time a return is
executed by Lhe procedure. This is different
from the way variables are treated in BASIC,
where the scope of a variable is the entire
program and its lifetime the entire execution
time,
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Circle 330 on inguiry card.

Software

Games = CRAPS (Las Vegas style) $6.00
« MULTIPLE LUNAR LANDER $8.00
« SLOT MACHINE $6.00

« GAME PACKAGE: Russian Roulette, Moad
Scientist, and ABM  $8.00

Graphics « PICTURE MAKER with AMP'L ANNY  $12.00

» GRAPHICS PACKAGE I Laser Beam, 5pace
Shuttie, and Blast Off  $40.00

» GRAPHICS PACKAGE Ii: Rain in Greece, Flea,
Textwriter, Random Walk  $10.00

Scientific « FOURIER FIT: Does curve fitting $15.00
Systerns  « RANDOM NUMBER GENERATOR TEST  $5.00
» HEX MEMORY LOADER $10.00
» MEMORY DUMP PROGRAM $10.00
« MEMORY SEARCH $5.00

All Programs Written in BASIC
Complete Easy 10 Read Docurmeniation
Programs Completely Tested

SOFTWARE RECORDS

F.O. BOX 8401-B
UNIVERSAL CITY, CA 91608

{cal residents add 6% sales fax)

modem / ‘'mo ¢+ dom / [ modulator
+ demodulator] n - s : a device for
transmission of digital information
via an analog channel such as a tele-
phone circuit.

¢ Completely compatible with your IMSAI, ALTAIR®,
SOL** or other S-100 microcomputers.
Trademarks of *MITS, **Processor Technology
® Designed for use on the dial telephone or TWX
networks, or 2-wire dedicated lines, meets all
FCC regulations when used with a CBT coupier.
® All digital modulation and demodulation with on
board cyrstal clock and precision filter mean that
NO ADJUSTMENTS ARE REQUIRED
® Bell 103 standard frequencies
® Aytomated dial {pulsedl and answer
® Qriginate and answer mode
® 110 or 300 BPS speed select
® Complete self test capabiiity
® Character length, stop bit, and parity
® 90 day warranty and full documentation

D.C. Hayes Associates, Inc.

P.O. BOX 9884 ATLANTA, GEORGIA, 30319 (404) 455-7663
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The P-Codes

The p-machine has only 11 basic instruct-
ions, which are listed in table 1. For the sake
of simplicity and easy handling in this ver-
sion of the implementation, all instructions
are Tour bytes long. The contents of the four
byles are as follows:

byte 1: op — the operation code.
byte 2: can be (i} v — static level dif-

fercnce.
or {ii} ¢ - condition code in a jump
instruction.
or {ili} 255 — denotes absolute
addressing.
or {iv}) not used lor some instruc-
Lions.

bytes 3.4: can be (i} d - displacement
from Lhe base address.
or {ii) n - numeric constant.
or (iii) 2 — address in the p-code
program.

The OPR (arithmetic and logical opera-
tions) and CSP {call standard procedure}
are further subdivided inlo more instructions,
The complete set of instruction mnemaonics
and operations is listed in table 2. The
LODX and STOX instructions are used Lo
load and slore array elements with the value
of the array subscript on top of the stack.
The call standard procedure {CSP) instruc-
tion is primarily vsed lor inpul and output
(10} operations, Besides the basic function
of mputting and outpulting single char-
aclers, additional procedures  have been
implemented to relieve the user frony writing
IO conversion routines in Pascal for numeric
and hexadecimal numbers. In the futore,
more procedures can be added 1o handle
the input and output ol other data types
such as floaling point numbers and [lile
rccords Tor tape or disk. Meanwhile these
seven instructions are sulficient for conven-
icnt use in writing the boolstrap compiler
and its related software. .

Readers are uwrged Lo read the p-code
interpreter  listing  which  simulates  the
operations of the p-machine. The program
statemenls  are  straightforward and  self-
cexplanatory. Familiarity with the p-machine
instruction set is essential in understanding
the code gencration part of the p-compiler,

The P-Code Interpreter

Since the p-machine_is a hypolhetical
computer, there has to be some method of
exceuting the p-codes generated by the
compiler. There are two simple solutions
Lo this problem, One is to write an inter-
preler which can decode and execute the p-
codes. The other solution is to write a trans-



lator which can decode the p-codes and simple but not usclul, because the user has

outpul equivalent exccutable machine codes no control ol the program during execution
for an existing computer. Both methods until it lerminates.

have been used in our compiler system. The In order (o enable user control of an
first method, although it runs slower, is exccuting p-code program, the main program
good for developing programs because many must accept commands from the user which
debugging facilities can be implemented in instruct it tw call the simulator a specificd

the interpreter, The second method is good
for production programs which may nced
{aster exccution speed. A p-code to 8080
machine code translator witl be described in

: ‘ G:go — Set program counter 1o zero; initialize other counters; start execution.
part 3 of this scries. S: single-step — Execute one p-code; display the mnemonics of the next p-code pointed
The p-code interpreter is made up of two by the updated program counter.
_ dules: R: run/restart — Start execution from current program counter until the program ends
major moduies: or a breakpoint is reached. This command is used to continue execution at a break-
. point.
® Main program. B: set breakpoint — A p-code address is entered as a breakpoint after the interpreter
® Procedure which simulates the p- prompts with a 2. Up to five breakpoints may be set.
hi C: clear — All breakpoints previously set are cleared.
macninc. Y. display breakpoint — Display the breakpoints already set.
) . . . X: examine statuys — Display the values of: current program counter, base address, stack
Every call to the simulator will execute pointer, the top two elements of the stack.
one p-machine instruction. Each p-machine K: stack content — A value 1s entered as the stack pointer after the interpreter prompts
instruction cycle can be divided into four ::;(;tl:tzr.. It will then chisplay the values of six stack elements starting from this stack
sLages: T: rrace — Display the address and mnemonics of the 16 p-codes last executed. This
command is usually applied at a breakpoint. It is used for tracing the logic flow of
® Felch a p-codce from memory. the program. '
& Increment the program counter E: examine program — A p-code address is entered as a display pointer (DP) after the
T | ' interpreter prompts with a 2. 1t will then display the mnemonics of the p-code at this
® Decode the instruction, address. This command and the U and N commands are used for examining the
® Executle the instruction. p-codes anywhere in the program without altering the current program counter.
U: up — Decreiment the display poinier by one and display the mnemonics of the p-code
Several global variables are used Lo hold the pomnted by it _ ) )
alue f achi et | N: next — Increment the display pointer by one and display the mnemonics of the
values of the p-machine lﬂg'ISltlS SUCh dS p-code pointed by it.
program counter, stack pointer, current Q. gquit Terminote the interpreter program and return to operating system,
instruction, ctc. A one-dimensional array
represents the data stack. Functional opera- Table 3: Interpreter commuands. Ml communds for the p-code interpreter ure
tions of the various p-machine instructions single charocters, A comunand is entered after the interpreter promplts the
are coded dircctly from the instruction set user with a > on the video display. Additional information is needed for some
defined in table 2. The main program commands such as breakpoint and stack addresses. On entry to the inter-
simply initializes the program counter to prefer it will wsk for the starting memory uddress of p-codes and initialize
zero and then calls the simulator repeatedly the program counler (o rsero. On exit it will display the number of p-codes
to simulate machine execution. This sounds exectied,
Mnemonic  Description Mnemonic Oescription
LIT O, n load literal constant OFPR 0,20 decrement {sp} by 1
OPR 0, 0 procedure return OPR 0,21 copy (sp) to lsp+1)
QPR (0, 1 negate (sp) LOD v.dd  load a word
OPR 0, 2 add (sp) to (sp—1) LOD 2550 Joadahyte from absolute address (sp)
CPR 0, 3 subtract (sp) from (sp-1) LODX wv.d load a word with index address {sp)
OPR 0, 4 multiply {sp—1) by (sp) STO v,d store a word
OPR 0, 5 divide (sp—1) by (sp) STO 2550 store abyte to absolute address (sp—1)
QPR 0, 6 low order bit of (sp) STOX wv,d store aword with index address {sp}
OPR 0, 7 {sp—1) modulo {sp} CAL v,a procedure call
OPR 0, B test for (sp—1)-{(sp} CAL 2550 call procedure al absolute address {sp)
OPFPR 0, 9 test for (sp—1}-x(sp) INT 0,n  increment sp by n
OPR 0,10 test for (sp- 1)<{sp) JMP 0,82  jump to location a
OFR 0,91 test for {sp—1)==(sp) Jerc 0,a jump 1o location a if low order bir (sp)=0
OPR 0.12 1est for (sp—1)=isp) JPC 1,2 jump tolocation aif low order bit {sp)=1
OPR 0,13 test for (sp—1)<={sp) CSP 0,0 input 1 character
OPR 0,14 logical {(sp—1) OR (sp) CSP 0,1 output 1 charactes
OPR 0,15 logical {sp—1) and (sp) CcsP 0,2 input an integer
OPR 0,16 logical NOT of {sp) CSP 0,3  output an \nteger
OPR 0,17 shift left {sp) logical CsP 04 input a hexadecimal number
OPR 0,18 shift right {sp) logical CspP 0,5  output a hexadecimal number
OPR 0,19 increment {sp) by 1 CSP 0.8  outpui astring

Tuble 2: The p-machine instruction sel. The stuck pointer, sp, points to the top element of the stack. The content of the stack
element js represented by (sp). The operands of the OPR instructions ure replaced by their results on the stack. The result of the
six refational operations is 1 if the test is true and O if fafse. With the exception of single operund OPR instructions, afl instruc-
tions adjust the stack pointer, sp, ufier execution.
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North Star BASIC

A brief summary of North Star BASIC (version 6, release 3) is given for
readers not familiar with its particular features.

Variable names are one or two characters long: an alphabetical character fol-
lowed optionally by a decimal digit. There are four types of variables: numeric,
string, array of numeric, and function. The string variables are names postfixed
by a dollar sign $, while function names are prefixed by FN. Functions {and the
parameters) are defined by the declaration DEF, and ended by FNEND (for
multiline function), The parameters in the function definition are local to the
function, and wouid not affect variables in the calling program.

Strings cannot be dimensioned. The DIM declarations for strings declare
the maximum length of the string variables, not their dimensions. The notation
AS {3, 8] denotes the substring of A$ from position3to 5. Thusif A$=ABCDEFG,
A% (3, B} is the string CDE. This substring expression can be used both on the
ieft or righthand side of an assignment statement.

Multiple statement lines are allowed. Statements within a line are separated
by either colons, :, or back slashes, \

Absolute memory locations can be accessed from BASIC programs. The
function EXAM(I} returns the content of memory at address |; and the instruc-
tion FILL |, J writes a value of J into memory address |I.

Another feature of North Star BASIC is its ability to read from or write to
disk files. The statement OPEN #0, “FNAME'’ assigns disk file "FNAME"" to file
unit #0. A subsequent READ %0,AS reads A% from the disk file, and a WRITE
#0,A% writes A3 to the disk file. A built-in function TYP can be used to check
the type of data to be read. [t has a value of O when the end of file is reached.

number of times or to display register and
stack contents. This is the simple idea of a
debugging interpreter. The debugging aids
commonly known include single step execu-
tion, set and reset of breakpoints, and dis-
play of register and stack contents. A num-
ber of thesc debugging facilities have been
incorporated in the p-code interpreter,
Table 3 shows the 13 interpreter commands
and their functions. Note that the trace
command is particularly useful in analyzing
mysterious logic flow ol a program, such as
discovering the path along which a break-
point is reached. This command is more con-
venient to use and much faster than single
step execution, The limits on the number of
breakpaints and the number of instructions
traced can be changed easily in the program.

The first version of the p-code inlerpreter
was written in BASIC. While developing the
p-compiler, different constructs of Pascal
statements were lested one at a time using
the interpreter to verify the correctness of

Listing 1:
authors' system. This version implements alf of the command's in tuble 3.

F=CODES STRRTEL AT GG00

Pascal source code for the p-code interpreter as oulput by the

the p-codes generated. After the compiler
was debugged, the interpreter was rewrillen
in Pascal. The program logic is very similar
to the BASIC version. Since the program

WAHT CORE FRINTEDTH
@ OTEP IHTS 166 1 :5[(T): =-5(T3.
@ { F-COOE INTERPRETER HY + 3 21,78 EY W OHEN 176 2 GBEGIM T:=T=1:&X[T):=2(T1+&(T+1] ENC,
4] {OLAST MOD 4-12, 78 194 3 JBEGIN T:=T-1;S0T) =8(T1-5{T+1) ENG;
B CONST UslSiBRLIN=S. ZIJE=500. 517F =450, 212 4 BEGIN T -=T-1:S[T] =S[TI¥S[T+1] EMD;
L JaR Z.F.E.T.EBF.PA.TF. (MO T. 1.} . ATOF THTEGEFR 23a 5 CBEGIN T:=T~1,5[T1 =S[{T7] OIW SIT+1} EHO.
1 S-nRERYISIZED OF INTEGEF. 248 6 :&[T) =5(T) AKD L. (TEST FOR OO0
1 TERCE -ARRAYIU] OF THTEGEF. 254 7 -BEGIM T:=T-1.S[T1 =5(T] MOD S(T+11 ENO.
L MM ARERYLZE] OF INTEGLER. 277 8 'BEGIN T =T-1,;8(T):=5[T]= 5(T+I] EHD.
1 BRERK AREAYIBFLIM] OF IHTEGOR. 29% 4 BEGIN T =T-{.&[1) crnCPel] FiQn.
1 31z 16 BEGIN T =T-1.%[TJ (7401 Enb.
1 { IMFORTANT GLOEBNL WAKTAEBLE: 331 11 BEGIN T =T-1.4(T)" LTl EHD.
1 F FEQGRAM LOUNTER bk EntE FOINTEFR 24 12 BEGIN T =T-1.3(71) (T+21 FH.
1 T-&Tack FOIHTER BF BFEn FOINT IHDEY ks 12 EBEGIN T =7-1,%011] ST+ b EnD
L TR TRALE LThihk FTF KOINMZTRUCTION COUNTEFR Ik 14 BEGIH T =T-1L,5[T) QF S (Te1l TR
L 5-DATA STalh 2 LTuRV MG AQDDE (F P-CODF 462 15 BEGIN 1.=T-1.%[T) AHD S 0T411 BN
1 qz1 16 2071 =HuY (T1.
L FUNC BRSE(LEU). 431 17 BEGIN T =T~1,%{1) =2[T) SHL Z[TaF) EH[.
1 uak B1:IHTEGER. 449 1& BEGIN T =T-1,%(T3.=2{T} ZHE %“{T+11 FHD.
2 BEGIN Bi =B 467 19 S0T) =5073+1.
5 WHILE LEY:B DO EEGIH 478 2 30T) =301~
o BL:=5[BLJ:LEV =LEVU-1 ENLD. 484 &l BEGIN (COPY:
[ BASE =EL 443 T =T+1.5[T3 =507-11 ERQ
18 EHD {BASE;. Sex ELSE EBEGIMN MRITEL* FLLEGAL CGFF'HLCRLFLCETOF =1 FHN
ze RESY END {{HZE QF wi.
e PROC IMNIT, S23 & REGIN «(LOnD:
2@ Ak 1 INTEGER, Sev Lo=MEM{K+1]:
21 BEGIN T =6.B -1.FP =@:% =@. 53¢ TF L=2%% THEN (7)) =MEM[E[TI]
3¢ Sl1Y:=0.50(2) =6.%513) €34 ELSE BEGIN IF 10 THEN @ =A+:(T)
40 FO:=@:TP:=U.+ =0: $49 T =T+1-10K, 5071 =3(EBEASEZL 2+A) END
46 FOR T-=¢ 10 U 0O TRACELID =-1 564 ENG,
S END ¢INIT;. S65 I BEGIN <STOKRE:
63 o6 =MEMEX+L] .
53 PROC CRLF., 574 IF L=2%% THEH BEGIN
63 BEGIN WRITEC1Z.16% ENO. S76 MEMISIT-L))-=5[T):1:=T-2 END
7@ 589 ELSE BEGIN
76 PROC EXEC: 596 IF 10N THEN A =2(T-11+A;
78 UAR X,R,L.F.10% INTEGER. 594 SIBASECL )+A) =S[T1: T:=T-1-10 END
7?1 BEGIN ¥ =P SHL 2 + 2: 614 END,
78 A-=MEM{X+3] SHL & +MEMIX+2]. 615 4 - BEGIN (CALL:
9a TP:=TP+L.IF TF:U THEH TP =G. 619 L o=MEMIN+L].
Le6 TRACELTFI =F: 624 TF L=25% THEN EBEGIN (ALLCSITIN.T =T-1 EHND
183 P:=P+1, Pl =P.K =K+1. 635 ELSE REGIN
113 F:=MEML{ X1, 636 SIT+1] =BASE{L Y SI(T+2):=8:
116 IFf F<{=8 THEHM 10X =0 649 S(T+3) =B =T+#1,P = END
1z1 ELSE BEGIN 10X =1,F =F-16 ENMD. 660Q ENLD,
L2s CASE F (OF 661 S IF T &IZEL-A) THEN BEGIN
138 @:BEGIN T -=T+1.&f1) =R END, 67 WRITES ' STACK QUFL '), CRLF,STOP =1 END
142 L: CasSE A OF 687 ELSE T =T+p.
147 @ -BEGIM (RETLRM: 692 6:P:=n; (IMF;
151 T =B-1:BE =alT+2):P =5[T+3] ENDO. 786 7 .BEGIN IF S{TI=MEM{x+1] THEN F:=nA. {JFCY
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the sequence of operations to produce a
three-dimensional picture of an object is
short and casily stated:

. Generate an array of data consisting
of the X, Y and Z coordinates of the
object 1o be drawn. This may be
either computed as the drawing pro-
gresses, or done all at once and stored,
The latter way is faster if the view-
point is to be adjusted to find the
most pleasing picture.

. Define the viewpoint. For this part,
a matrix is generated for each motion
required to arrive at the desired
point of view. The matrices are then
multiplied together to produce a
single 3 by 3 matrix to be used in the
main routine, The order of multi-
plication may be important.

3. Write a program to draw the object in
its untransformed state. This will be
a sequence of commands which move
the graphic cursor Lo a spot on the
object at the beginning of an edge or
other f{eature, then draw (move
leaving a line behind) to another
spot on the object, Specify the move
and draw coordinates in terms of a
column matrix element rather than
X, Y and Z. Define the elements at
gach spot by using each of the points
in the array,

4. When the untransformed piclure is
accurate and understood, then the
picture is reoriented by simply in-
serting a matrix multiplication be-
tween Lhe specification of each col-
umn matrix and the associated graphic
command. The original X, Y, Z
coordinates of the spotl on the object
are thercby transformed into a new
set of X, Y, Z numbers representing
the spot seen from the new viewpoint.,
Each set of coordinates from step 1
is multiplied by the matrix generated
instep 2.

44, An alternate method is to do all the
transformations at once, changing all
the X, Y and Z points in the array
formed in step 1 into transformed X,
Y and Z numbers in the same array.

D

Since the computer screen is really only
two-dimensional, only the X and Y elements
are used in step 3. After transformation,
these numbers are shifted about and contain
depth information. The drawing made in this
fashion is a projected view rather than a
three-dimensional drawing, The difference is
that in the projected view sides which are
parallel on the object remain parallel in the

projected view, but in the three-dimensional
view all lines converge at infinity along the Z
axis. The difference is minor. The observer
perceives a three-dimensional picture in most
cases; the projected view in some figures is
perceived cither as having reliel or depth
without the visual clue of lines meeting at
infinity.  This leads to some interesting
optical illusions using projected vicws.

The rest of this article discusses some of
the transformations available and shows the
pictorial resutts of cach.

Matrix Multiplication

What information Is necessary to write a subroutine to perform the
maltrix transformations described in this article? The general theory of
matrix algebra and its interpretation is beyond the scope of this dis-
cussion. For more information and a very clear description of many
other uses for matrices, the reader Is referred to The Mathematics of
Matrices by Philip | Davis. Here are some brief notes on the subject:

Two aspects of matrices are important in matrix multiplication.
These are the order of the matrices being multiplied (which one comes
first), and the shape of each matrix. The elements in the output matrix
resulting from a multiplication of two matrices are each formed by
combining numbers in the columns of the first matrix and rows of the
second matrix, done in a standard order. All the necessary rows and
columns have to exist for the output to exist. Thus, some malrices
may be muiltiplied in one order, but not in the opposite order. The rule
is: the number of columns of the first matrix must equal the number
of rows of the second matrix.

in table 1, the two matrices may be multiplied in the order (C) (P)
but not in the order (P) (C). The result of multiplying (C) (P) is a new
column matrix P. A mathematician would say that two matrices are
“conformable for multiplication” when the order and shape require-
ments are met. He would afso say ‘(C) is multiplied by (P)’’ here. The
requiirement for conformability leaves one dimension of the shape of
each matrix unrestricted. The unrestricted dimensions establish the
shape of the output matrix. Tables 1 and 2 summarize the necessary
arithmetic. The efements in (C) are numbers, which are each computed
in various ways depending upon the desired transformation.

A 8 c X x’

D E F Y = \

G H | 2 z'

X'= (X A+Y*B+Z+C)

¥'= (X*D+Y*E+Z*F)

2= {X*G+Y*H+2Z*))

Table 1: Matrix muitiplication format.

A B [ J K L A’ B’ c’

D E F M N (o) = D E F’

G H | P Q R G' H v

A= [A*JHB*M+C*P) B '= (A*K+B*N+C*Q) C'= (A*L+B*O+C*R)
D= {D*JHE*M+F*P) E'= (D*K+E*N+F*Q) F'= (D*L+E*O+F*R)
G'= {G*J+H*M+]*P} H'= (G*K+H*N+I*Q) )= (G*L+H*O+I*R)

Table 2: 3 by 3 matrix multiplication format.
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Scaling

The object may be defined with some
shape which is not quite the final version,
bul which uses casily verified dimensions.
Thus, in our example, the height is cqual Lo
the diameter, and the square outline in
figure 2 quickly shows that the array of dala
defining the cup is correct in the X and Y
dimensions,

Selective magnification along any axis
may be used to alter the proportions of
the object to a shape that may be nearer
that required by the user. Thus, table 4 and
figure 3 arc appropriate for users with large
capacities; table 5 and figure 4 produce a
cup for those with wide mouths, while
table 6 and figure 6 produce a cup which
could be used for filling a pie plate with
whipped cream.

If the proportions are correct but the
user wants to create several different sizes,
table 7 will allow the same magnification to
take placc along all the axcs. One such
magnified cup is shown in figure 5.

Figure 3: Expanded along the Y axis by a
factor of 1.5.

Figure 5: Magnified by a factor of 0.5.

X"K+Y¥*0+Z*0)
XY 1+20)
K*Q+Y*0+Z2*1)

oo

0 0
1 0
0 K

X 1+Y*0+Z*0)
X*0+¥Y*1+2"0}
X*O+Y*0+Z*K)

(L R

Q 0
K 0
ol K

{X*K+Y*0+2*0)
{(X*0+Y* K+2*0)
(X *0+Y* Q2 K]

T

X
Z

N <X

3

N <X N <X

N <X

Table 5: Expansion dlong
the X axis by a factor K.

Table 6: Expansion alang
the Z axis by a factor K.

Tuble 7: Magnification by
a factor K.

Figure 4: Expanded alony the X axis by u factor of 1.5.

Figure 6: Rotated 90 degrees and expanded along Z axis by a factor of 1.5.
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Shear

The object in its original shape may be
boring and conventional in shape and lack
individuality. This tailing may be rectified as
in table 8 and figure 7. To shear the object,
the position of a point on the object is dis-
placed from its original position by a func-
tion of the point’s position along an ortho-
gonal axis. These figures displace the points
upward by a value cqual to half the hori-
zontal distance to each point.

Table 9 and figures 8 and 9 show shear
along the horizontal axis. Figure 9 shows the
same object as figure 8 rotated 90° to illus-
trate that the third axis is unchanged by this
operation. As in the other operations, shears
along all axes may be combined.

L~

|~

P

e

.~

Figure 7: Sheared along Y by X*0.5.

Ly

Figure 8: Sheured along X by Y*0.5.
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1 0] 0 X X
K 1 0 Y = \a
0 0 1 Z z'
X '= (X*1+Y*0+2*0)
Y = (X*K+Y*1+2*0)
Z'=(X*0+Y"0+Z*1)

Table 8: Shear along the Y axis in the X,
Y plane by a factor K.

1 K 0 X X’
0 1 0 Y = \a
0 0 1 z ra
X'=(X*1+Y*"K+Z*0)
Y = (X*0+Y*1+2*0)
Z'={X*0+Y*0+Z*1)

Table 9: Shear alony the X axis in the X,Y
plane by a factor K.

1A E

Figure 9: Rotated 90 degrees, sheared along X.

Rotations

The object may be reoriented in space by
rotating it about any axis. A particular angle
ol view may be arrived at by some sequence
of rotations about each axis. This is casily
accomplished using the matrices in the fol-
lowing tables,

A point of contusion occurs when using
rotations. The order of multiplication of the
matrices (or the order of applying the opera-
tions to the object) is important. The axes
remain associated with the object, not the
screen. This means, lor instance, that it the
rotation in the X, Y plane shown in table 10
is applied Tfirst to the object, then subse-
quent rotations in the other planes happen
in the slanted planes (X,Z and Y,Z) shown in
figure 10.

It required some care to accurately pre-
dict the final picture after several rotations,
especially since projected views lack the
visual clue due to lines converging atinfinity,
Tables 11 and 12 along with figures 11 and
12 show Lhe effects of rotation in the other
two planes.






Combinations

Table 13 shows an example of the se-
quential application of two rotations using
the procedure shown in table 2 to define
the elements. Figure 13 combines the three
rotations, & magnification and two scale
changes along individual axes. Figure 14
applies shear and rotation. Figure 15 shows
just the rotation lor comparison purposes.

0 0 COs(s)  —SIN(S) 0 A B’ C:
COS(T) =SIN(T) SIN(S) COS(s} 0 = D’ E: F
SIN(T) COS(T) 0 0 1 G’ H 1

) B '= {1*=SIN{5)+0" CCS{$}+0*0)
D = {0* COSISI+COSITI*SINISI-SIN(T)*0)
F = {00+COSITI*0-SIN{T}* 1)

{1*COS(S)+0*SIN(S}+0*0)
{1*0+0*0+0* 1)
{0*-SIN(S)+COS(T}*COS(S) ~SIN(T)*0)
(0" COS(S}+SIN(T) *SIN(S)+COSIT) *0)
{0”-SIN(S}+SIN(T)*COS(S)+COS(T)*0)
= (0" 0+SIN(T)*0+COS(T}*1}

v

[ T T ]

TOMORE OO

Table 13: Rotation in the
XY and Y,Z planes se-

guentially.
Figure 13:  Magnitied,
expanded, and rotaled.
K+k X'
Y+m = Y’
Z+n 2’
X'= Xk Translation
;:;::“ Moving the object sideways is not shown
but is accomplished by adding the transla-
Table 14: Translation tion value to the original value for each axis
matrix. as shown in table 14,
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Figure 15: Rotated but not sheared.

Mapping

All of the examples shown so lar have
applied the same operation 1o every point
on the surface of the object. The coordinate
transform matrix contains the same numbers
for all parts of the object. A morc compli-
cated operation results when the value {X,Y,
Z) associated with a point on the surface
of the object is replaced by a functionof X,
Y, and Z at each point. The result maps the
object onto some surface. Thus, il X is
replaced by sin{X), for instance, the objecl
will expecrience a change in scale which
changes with X, and the output position of a
point on the object which has a value of X
equal to zero, and an arbitrary Y and Z is
the same as a point with a value of X equal
to 180 or 360 if the computer interprets the
value of X as degrees.

The result of replacing X by sin{X) pic-
torially is identical to the projected view of
a cylinder, parallel to the Y axis, which has
the original view (such as ftigure 2) painted
onto its surface. If the dimensions of the
object for this example are such that the
width is equal to 360 units, then the cylin-
der is completely circumscribed by the
original view of the object.

In order to muake a three-dimcnsional
picture of the mapped figure, the other
two dimensions must also be specificd.
For the example here, the depth must also
be mapped by setting Z equal to cos(X).
Since the new surface is a cylinder, Y is
unchanged,
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2509
2092
2003
2204
2085
281e
20598
2188
2148
2158
2168
2170
2180
2192
2195
2208
2490

2635
2548
2558
2560
2570
2580
2580
2600
2618
2620
2630
2648
2650
2669
2678
2688
26589

Figure 18,

llusions

Figure 19 shows the same object as ligure
18, rotated 180°. While most viewers see the
cup with the handle toward them, “looking
down into 1t™ in figure 18, many find that
figure 19 alternates between looking down
into it with the handle away from Lhe
viewer, and looking 4p at it from the bot-
tom, with the handle at the top. This exam-
ple shows that a relatively minor change in
viewpoinl may produce a great change in
terms of the clarity of the information
prescnted.

DELETE al,A2,81,82,83,B4,85,86,87,88,89,C1,02,C3,V1,C4,v2
DIM A1(282,4),A2(2682,43,8103,3),B2(3,3),083(3,3>,B4¢3,23),B5¢3,3>

DIM B6.3,30,87(3,32,

DIM VI1€3,1),¥2¢3,12
REM THIS SUBROUTINE
GOsSUB 25ee

REM THIS SUBROUTINE
GOSUB 2S4@

REM THIS SUBROUTINE
BGOSUB 312@

REM THIS SUBROUTINE
GOSUB 5508

REM THIS SUBROUTIME
GOSUB 5240

REM THIS SUBROUTINE
GOSUB 5288

END

BEC3, 33, 80803,32,C1¢3,3),02¢3,32,C3¢3,3),04¢3, 3

DEFINES THE CUP

DEFINES THE TRANSFORM MATRICES

MULTIPLIES ALL THE MATRICES TOGETHER

CHANGES A1 TO A NEW VIEM, A2

CHANGES THE CUP FROM USER DATA UNITS TO GDU‘S
DRAWS THE FIGURE

REM B' ROTATES IN THE X,Y PLANE BY TI DEGREES

21=p

BICH, 12=COSCT1)
B1(},2)==-8INCT1)
B1C2, 1)=5INCT D
B1¢2,2)=C08(T1>
B1(3,3%=1

REHM B2 ROTATES IN THE X,Z PLANE BY T2 DEGREES

p2=a

8204, 13=C03(T2)
B2(),3)=-SINCT22
B2L2,2¥=1
B2(3,1)=8IN(T2)
Be(3.3>=CA5(T2)

REM B3 ROTATES IN THE ¥,% PLANE BY T3 DEGREES

B3=89
B3aC1, 10=1
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Mapping Uses

Mapping may be used Lo compress the
picture of an object Lo fit it into a particular
space, Lo seleclively emphasize some part
while compressing the rest, such as the re-
gion near X equal to zero or 180° in this
example. Or it may be used to piclure some
complicated configuration which is more
casily defined in a reclangular coordinate
system. Thus, a simple reclangular electrode
configuration expressed in Cartesian coordi-
nates may be used to compute the eleciric
field lines at cach point in the configuration.
Mapping processes  plus  Lthe coordinate
transforms may Lhen be used Lo change the
known field picture into one for a compli-
cated clectron gun in a cathode ray tube.

Excerpts from the BASIC program
which produced the pictures in this
article are shown in listing 1. The
machine used is a Tektronix 4051 graphic
computer with a 4662 plotter, with
matrix read only memory. The matrix
command A MPY B js specific to this
equipment. The rest of the program is in
a fairly standard BASIC.

Lines 2000 to 2490 comprise the
main program which draws the coffee
cup. The purpose of each subroutine is
noted. The program defining the various
matrices in terms of viewpoint parameters
is shown In lines 2535 to 3010. The
program to combine the matrices info a
single 3 by 3 matrix, C4, which is applied
to the drawing is listed in lines 3120 to
3200. The A MPY B format does the
matrix multiplication. In a machine
withou! this extension, a subroutine using
the equation listed in the various figures
would do the same job, but take much
more space.

Lines 4000 to 4300 show part of
the much longer listing which defines
the cup: A1 (N,7) = X, Al (N2} =Y,
ATl (N,3) = Z. The variable AT (N4} is
a secondary address used with a form
of the print command to make it move
(21) or draw (20). This is a faster way
to draw on the Tekitronix machine.
Lines 4050 to 4140 draw the top and
bottom circle.

Lines 5240 to 5270 convert the cup
dimensions to graphics display units
{GDUs) which are required to use this
style of drawing commands. This pro-
gram, with all arrays, filled, uses about
28,500 bytes of memory. Incidentally,
lacking a printer, I printed the program
using the plotier.









quentially. The jump statement is used to
alter the normal sequence. The lormat of the
Jump statement is ], followed by a colon,
and a number from zero to nine. The stale-
ment J:0 causes a branch back to the last
gccept  statement  executed. Execution
resumes from that statement. The ):0
statement can be used to allow the user to
reanswer a previous question. For example:

T:HOW MANY FEET IN A YARD?

A:

M:3

YT:RIGHT.

NT:WRONG STUPID, TRY AGAIN.
NJ:0

The second form of the jump makes use of
program markers. A program marker is an
asterisk, *, preceding any statement. The
statement J:n, where n is a number from
I 10 9, causes a branch to the nth program
marker forward from the jump. This form of
the jump is shown in the sample program in
listing 2 which plays NIM.

The last type of statement is stop. This
stalement merely terminates execution of
the program and returns control to the pro-
gram editor. The format of the stop state-
ment is S:

To increase the versatility of the language
the S: statement can, at the user’s option,
be made to call a user written machine
language subroutine from  within the
WADUZITDO program. To do this requires
a one statement modification to the system
which is detailed below. If you choose to
make this modification you can consider
S: 1o be the operation code for subroutine
rather than stop. The format of the sub-
routine statement is S:x where x is any
single character which serves as a parameter
to the user written program. The value x will
be stored in register A in both the 6800 and
8080 version. It can be used to select dif-
ferent functions to be performed by the
program.

During exccution any statement which
does not fit the syntax of onc of the five
slalement types is printed in its entirety,
then execution resumes normally with the
next statement. Table 1 summarizes the
WADUZITDO instruction set.

When WADUZITDO is first entered con-

T:IT 15 BEFRTHDAY LEST TIME.

T:THE PDRFO3E OF THI - PROGRAM [ Tu
TIDETERMINE WHAT LIFTS ARE ACLEPTAELE.
TITYFE THE <0UDE LETTER ASSOUCIATFD WITH
T:THE FOTENTIAL GIFT IDEA...

T A  HOME AFFLIANLE

T 8 SOMETHING BORING
T 2 L1EM OF CLOTHIRG
T U SOMETHING DECORATIVE FOR THE HOYSE
T: ¢ CGARBALE D1iPOSAaL
T: M MY DWN COMPUILER
"N

M:A

YT:UNACCERTABLE .

M:E

YTEND WATY,

[T

YT:ACCEPTABLE IF WNOT LDGLY.

M:U

YTIO0KAY 1F CHOSEN WITH (D TALTE
YT:30 a5 NAOT T BE TACKY.

YT:THE LAST THING IN THE WORLD
YT:1 WOULD EWER WANT.

NM:A

NM:8

NM:C

NM: T

NM: G

NT:CANT YO READ FOL . THAT 15 NOT
NT:ONE OF THE CHOICED.

NTSTRY AU UL DR M

Jr

FELETS FLAY MIM WITH 7 PEBRELE ..
THWE TARKE TURNS TARKING Y1eo OF 3.

T:THE LAS UNE T0O TARE N Lose:,.
TLTHERE ARE JFv HuW MANY 2

LH

M:l

(RS

LI

M:

a4

TeYenl AN TAKE ONLY bele OF

dre

#TITHAT LEAVES &« | FAFE 1 LEAVING 5.
TiHIW MANY -

J3
U MOST TAKE e 0k 2,

THAT LEAVES 5 | TAKE | LEAVING 4.
OW HMANT °

Yz

T:rouw MUST TARE 1.2 DR 3 DNLY

i@

#T:THAT LEAVEY THE LAST ONE.

T:l TAKE IT ... f0OU WEN.

45

#T:THAT LEAVES & | TAKE 1 LEAVING 1,
Ji3

#T:THAT LEGVES 3+ I TAKE £ LEAVING 1,
Jdig

#+T:THAT LEAVES 4. |
+T2HOW MANY

a:

M:l

NT:YOL HAVE ND CHOICE BUT TO TAKE ¢,
WTIHOW MANT 7

NJ:@

TsYOU JUST TOOK THE LAST ONE ... I MWIN.
+T:T0 PLAY AGAIN FUSH THE DULLAR SIGN.

TAKE 2 LEAVING 1.,

Listing 1. WADUZITDO
program written by a non-
computer person. Notice
the last line of the pro-
gram, the ):0 command.
This instruction will make
the program execution
jump back to the accept
statement to try another
input.

Listing 2: A NIM playing
program.  This  program
demonstrates the jumpiny
capability of the lunguage.
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STATEMENT FORMAT WHAT IT DDES
tvpe T :text Display text on the terminal,
accept A: Input one character from the
terminal keyboard.
match M:x Compare x to last input character
and set match flag to Y if equal,
N if not equal.
jump J:n If =0 jump to last accept.
If n=1 thru 9 jump to nth program
marker forward from the J.
stop S: Terminate program and rsturn 1o
text editor.
subroutine S:x Cal) user machine language program
(requires modification).
conditionals May precede any pperation code.
Y Execute only if match flag is Y.
N Execute only if match flag is M.
program marker * May precede any stataman?, serves
as a jump destination.

Table 1: Program instructions for the WADUZITDO fanguage.

EDIT CHARACTER HEX MEANING
$ 24 Start execution,
Y 5C Move edit pointer 1o prograrm start,
/ 2F Digplay next line of program.
% 25 Pad inserted tine with nulls,
bs or - 08 or 6F Backspace o correct typing error,
cr 0D End of statement.
any other Character stored in program and
edit pointer advances,

168

Table 2: Editing characters used by the built-in text editor.

September 1978 © BYTE Publications Inc

trol is passed to the program editor which
is used to enter or alter source programs.
Also an internal program pointer, called
LOC, is automatically set to the beginning of
the source area. As each statement is entered
on the keyboard the characters are stored
and the internal pointer advances. Typing
errors may be corrected by enlering a
backspace and the correct character. To
reset the pointer to the start of the program
enter a backslash, \. To display Lhe next line
of the program enter the mirvor image of the
reset slash, /. To replace a ling, display each
line up to but not including the one 1o be
replaced, then enter the new line, The new
line should be no longer than the line it
replaces. If it is longer, the next line of text
is also overwritien. End the replacement line

with a percent key rather than a carriage
return. The % causes null characters to be
stored as filler up to the start of the next
line. To begin execution of the program
enter a dollar sign, $. (The editing com-
mands are summarized in table 2.)

If you already have a good text editor in
your system it may be used instead of
the one included. Each statement is variable
fength, terminated by a carriage return
character. All other control characters
between statements are ignored.

Complete 6800 and 8080 assembly list-
ings containing source and object code are
included to simplify implementation on
your system. The 6800 version in listing 3
uses the MIKBUG monitor; the 8080 version
in listing 4 uses the SOLOS/CUTER moni-
tor. If you have one of these two system
monitors you need not modify the program
at all.

The entry point to the system is at loca-
tion zero. Upon entry the stack pointer is
assumed set to address some scratchpad
memory area large enough to accommodate
a few levels of call. In MIKBUG or SOLOS/
CUTER, as with most system monitors, this
is handled automatically by the GO or
EXEC command. The 2 byte value stored in
LOC (hexadecimal 100) must point to the
place where the user program is to be
stored. In the assembly listings note that this
value is shown as hexadecimal 0106, the first
focation not occupied by the system.

If you don't have one of the above
monitors you must supply character input
and character output routines and change
the references to IN and OUT to address
these routines. In the listings you will find
one reference to IN and one to OUT which
needs to be changed. If your terminal
requires a delay after each carriage return
you can sct the number of null padding
characters by a one byte modification to
the statement labeled PLF.

Any of the special characters used by the
text cditor {$, %, \, /, bs) can be casily
changed to another more convenient charac-
ter on your keyboard.

As shown in the assembly listings the S:
statement halts execution by branching to
the text editor. If you don't modify this you
can treat it as a stop statement. To use it as a
subroutine call you must modify the |MP
SUB instruction to be a JSR or CALL
{(depending on the system) to the appropri-
ate address. Upon entry to the subroutine

Text continued after listings on page 173
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Figure 1: Absolute loader format representation of the 6800 WADUZITDO program of listing 3.

O 0oy 0000
b0 00000

01 23435 67890 . WAL L TDN
Do nnbna * £33 VERSION BY LARRY HHERIATY

.
t(: ‘|! I;I f4' 2 ‘7] E;) (\] 8 1“) . MIKEUG SUBROUTINES WSEL - )
09 2 A TR YOS L In EQU  $t1AL INFUT FROM KEYELARD TO ACCA

- - ’ Ut Eal SFLDL UUTPUT FROM ACLA TO TERMINAL
HRG $80RR
g U 40988 USER SUBR START (TAN BE HMODIFIED)

. ENTER SYSTEM AT LOCATION @ WITH STALK POINTER PRESET
* T SLRATCH PAD RAM ENCULH FIOfF A FEW LEVELS OF CALL

= 3098 FE @10@ START LDY LOL SOURCE PROGRAM AREA START
= PBB: 3D 4S EGET L3R JIN ACCEPT SRURCE CHAR
= VR8s B G CMF A #$5C v
= 20B7 27 17 BEG START YEs» BALK UF TO FRUGCRAM START
.
AT 21 L4 CHP A #$.4 s
BPRAE 17 A5 BEu EXEL YEY) (0 EXECUTE THE PROGRAM
*
@380 31 ar LMP A W$P® BS *
= ABOF 4 B3 BNE DIs NO
= 3311 89 DE X YES» BALK UP ONE IN SOURCE
= @1z 2P EF GRA EGET LOOP BACK
= . PROCESS DISPLAY OF NEXT LINE
= ev14 21 2 DI CHMP A N$2F T
= #3316 1L 07 BNE PAD N1
= #8018 BD @8DS JSR PRT GO PRINT TD CR
= @a18 3D 21 ERLF ESR PLF PRIKT LINE FEFD AND NULLS
E PB1D 28 E£4 BRA EGET LOOP
= D DO LIME REPLACEMENT~ PAD T END OF STHMT NITH NULLS
= BBLF 81 /S PAD IHMP A #8295 X
ea21 26 12 BNE LHAR (']
= #4323 86 8D LDA A ¥$2D CR
= 8025 3D 27 BSR JOuT PRINT 11
= 6827 8& 8D LDA A #%0D R
= BB2% C6H 49 LDA B #3480 COUNT OF &4
= = P88 Al 0D PADL LHP A B X AT CR YET »
= = 892D L7 @4 BEW CHAR YES QUIT PADDING
g = BRiF &F 0B CLR (2R} PAD WITH NULL
= = @331 83 INX INCR LOC PTR
= = 2432 SA DEC B DECREMENT SAFETY COUNTER
= = 2833 24 Fb BNE PADL LOOP TILL CR OR &4 NULLS
= . STORE ENTERED SOURGCE CHAR IN PROGRAM
= #A35 A7 00 CHAR STA A B1X CHAR TO SOURCE LOC
- #3837 @3 INY HOVE LOC PTR P ONE
= 2833 81 eDn CHMP A #3580 IS IT a4 R ?
= BB3IA 27 DF BERQ EPLF YESr ECHD A LINE FEED
BB IF S BRA ECET NO/+ GET ANOTHER CHAR
= * SUBRGUTINE TO PRINT LINE FEED T3 TERMIMAL
= BB3E L6 08 PLF LDA B ¥$99 NUUMBER OF NULLS TO PRINT
= BR42 4F PLFL CLR A NULL
= #¥41 3D @B BSR JouTt WRITE A NULL
= #6143 SA DEC B DECREMENT COUNTER
= B344 28 FA EPL PLFL LOOP TILL ENOUGH NULLS
= QUL A N LDA A #3094 LENEFFEED
= Aan R vid CRA NIaTIRt
= 0 NE X T LINES MUST CE ALTERED [F YOU DLONT USE MIKBUG
BB4A BD + 1AL JIN IN CALL 1 HAR INPUT ROUTINE
3340 39 RETURN To CALIER
WWAE BD L1DB1 .Ut uyT CALL LHARALTER OLTPUT &UOUTINE
wes1 29 RETURN T CALLER
*
] TiME HERE T BEGIN EXECUTIGN 1F THE SOURLE FROGHAM
L[]
AYH2 FE ving  EXEC Lo Loc STHRTING LUL OF PROUGRAM
BI55 B9 LE X LESYS ONE
WRSE W8 Ll INX ADK F NEXT PGM EBYTE
BYS7 AL WY Lime LOA A BeX NEXT FOM LYTE
= 8U59 81 . A UMP A W#$ZA *  CHAR °
= WISH F F9 BLE Luoe ] TES40OR IGNORENBLE CONT CHARY
= L[]
= . FHRUOCESS Y R N FLAG TESIS
= = anslb 31 % CMF A #$59 Yy 2
= = BBSF 17 wa BED  TFLG TES
= = ves1 31 3E LMP A M$4E No@
= BALL 26 Wb BNE XA BRANCH 1F NOT A FLAG TEST
- »
= gL B3 TFLG INX STEP LIC OVER ¥ OR N
= 2o4L Bl B195 LMP A FLG COMPARE Ti} CUHRENT MATCH FLAG
= #0461 (7 EC BEQ Lonp [T$ EQUAL S0 EXECUTE THE STHMT
—3 *
= . ITS A FLAG FAILURE, <KIP OVER THE *.THMT
= ¥B48 B3 SKIP INX STEP LOC PTR
= BRLL AL VB LDA A d,X NEXT CHAR IN I'GM

Listing 3: 6800 version of the WADUZITDO language. A dump of the MiK-
BUG format of WADUZITDO (shown in listing 3a, page 172) can be used for

DAL OO0 0000 ; . :
DO U000 manual entry of the program. This version was run locally at BYTE using a

3 I T T S T S O A I SwTPC 6800.

170 Septomber 1978 2 BYTE Publications Ing









Listing 4, continued:

BR7E Zi 9291 SHLD 3T YES, SAVE LOC OF LAST ARCERT
SBTE CD 4509 CALL  JIN AZCEPT ONE CHAR FROM KYBD
@631 SF MOV EeA SAVE 1T
#9532 23 INX M MOVE OVER A
#9222 P4 A0 My ] BeBDH LR
#3825 <D 4096 CALL .yt PRINT 1T
) 8923 00 Fitoe CALL  PLF PRINT LINE FEED
Text continued from page 168 3388 L3 ARG JMP LODPI STEF DVER : AND GO DN
-
. . . s PROCESS MATCH STMT
the index register (6800) or HL register BESE FE 4D XM CPI 4DH "o
pair {8080) contains the location of the el Alee P Ve oveR
P 5 v L]
next program statement and should be saved 2394 23 INK M STEP DVER
and restored before returning from the Paes 78 A CET MATCH CHAR
b ; , : 6094 16 57 MVI D SIH ASSUME ¥
subroutine. In the 8080 version the DE @092 BE MP E ZOMP MATCH CHAR T INPUT CHAR
register pair should als . . @899 CA WEH Jz M BRANCH IF IT MATCHES FLG=Y
BISLCT palls also be saved. Register A BBIC 14 4E MYD  D4EM RESULT 15 N
will contain the one character parameter, x, GE L3 5488 My AP LODPL SET MATCH FLAG TO Y OR N
of the S:x. is : .
¢ .S x. Its use is totally up to the v PROCESS JUMP STATEMENT
subroutine. BBA1 FE 4R X.J CP1 4AM NI
. C haa S #OA3 CZ 206 JNZ XS ND
Thg system has been organized so [hat B0as 23 INX B STEF OVER .
the six bytes of changeable data are iso- GBA7 L3 INX  H STEF OVER :
, i - . . ‘ @3n3 7€ MOV AN DESTINATION
lated {rom U]e ICdd’Oﬂly portion. This means PIAT ES OF ANt BFH TLEAR ZONE
the rest of the 256 byte system could be 3323 a7 - Moy ErA NUMBER OF S TO SKIP
. ’ . BAL D2 B9OV INZ U ITS A JUMP FORWARD
PlaceFI in read only memory. It would fit BBAF ZA 2181 LHLD  LST ZERD.. JUMP BACK TO LAST ACEEPT
in asingle 1702A EROM chip. BAEZ T3 STOR NP LDOP CONTINUE FROM THERE
. X 3
It is easy to see how this language could +  SKIF FORWARD UNTIL PASS N #-MARKERS ( N [S I[N BREG )
be used to write a question and answer con- POBS 23 +F INa STEF PGM LOC
; s : . #IBL TE MOV AH NEXT CHAR
versalion using mulliple choice or true, BIE? FE ZA LPL LAM +-MARKER >
false answers. It may not be so obvious that gl 2 03a dNEIF i KEEP LOOFLNG
o A ABEL BS DIR B FOUND ONE . COUNT IT
more complex logic is possible. The example $8ED (& BHaY INZ JF LOOP IF NEED T FIND MORE
in listing 2 is a computer versus user NIM BBCH T3 5,00 JMP LODPT DESTLINATION FOUND: G EXESUIE
L
game which demonstrates a way this can +  PROCESS STOP OR SUBROUTINE STATEMENT
PBL: FE 53 %3 CFT S53M s 2
be done. ) @uLS L2 DiDw JNI O XT N
Although  WADUZITDO is not the BHIB 23 INY M STEP OVER 3
. . - . @ry I3 MK H STEP DVER :
_u]tlma[e answer 1o personal computing, it BUrR TE MV A FARAMETER T8 REC A
is something that almost anyone can have BBLB I INX  H =TEP OUVER PARAMETER
- : . . e +  NEXT STHT MAY BE MADE T) BE A CALL T USER SUBR
some fun w.llh, and i1 definitely squeezes the BRULL L3 Haug JHMP 5148 G0 TN USER SWBR (DR TN EDITOR:
most out of 256 bytes of memory. BUCF L3 5708 AMP LDOF GO ON UPON RETURN FROM USER SUBR
L]
+  PROVESS TYPE STATHMENT AND SYNTAX ERROR?
#a02 FE S84 x1 CPL 54N L]
2A04 I D7D NI TE N3y 1TS AN ERROR
A Pascal WADUZITDO BEn? 23 INX  H YES, STEP WWER T
P08 23 N H 3YEP OVER :
#BD9 CD DFB8 TE CALL  PRT FRINT UF YO ©R
Notes by RaY Cote $aDcC 2 ST JMP LDF DONE WITH T
Program by Larry Kheriaty .
»  SUBR T PRINT UP TO NEXT LR
PRADF BE 493 PRT MY I s 49H COUNT 0OF 44
SHEL 44 PRTA MOV BM NEXT CHAR
; - BBEZ WD IR € DECREMENT SAFETY COUNTER
& '3 ’ |/, -
. Alony :\/(h the assembl /angu.age ver PRET LA FERA Jz PLF EXIT IF OVER 44 BEFORE CR
sions of WADUZITDO, Larry Kheriaty sent ¢9ES CD 4008 LALL  J0ouT PRINT 1T
. el ; NS g PBEY? 7E MOV AN RELOAD CHAR T ACCA
us the Pascal version shown in listing 5. The GoEn 25 v crep Lot PTR
program is basically self-documenting and WOEB FE @D LPT  BDH CR 2
very easy to translate into assembly level 9PED Lz EIBD JNZ PRIA NOT CRy LOOP
programs for any particular processor. The *  SUBROUTINE TO PRINT LINE FEED AND PAD
. S #0F@ BE @B PLF MYl Ce20H NUMBER OF NULLS TO PRINT
program is indented to show logical lé/dt{()l{- BOFZ 05 83 FLFL MYI  BeduH NULL
ships between related areas of text. This is @0F4 D 4LYY CALL  .JouT WRITE A NULL
» & ) o @8F7 AD DIR  C DECREMENT SOUNTER
50"??{-’1”77@5 nown as prettyprinting. @8F2 Fz Foo8 JP PLFL LDOP TILL ENINGH NULLS
The tirst four lines of the program are BBFB 26 84 MVI  BedAH LINE FEED
"y , , 88FD 3 4098 JMP JDuT PRINT THEN RETURN
definition ftines for the main program. In .
Pascal, all variables must be defined com- ¢« ABNVE [$ END OF READ ONLY PORTION OF THE PROGRAM
. . . *
DJ’E’L‘.’/}/ at the start of the section in which * THE EDLLOWING 1S CHANGEABLE DATA
*

they are used. "Completely '’ means name and

o . ORG  @18@H MOVE TO START OF DATA AREA
data iype. This is a great help since all var- 6188 vegl  LOC bW B10&H ADDR OF SOURSE PROGRAM AREA
iables must be explicitly defined. You can @192 Baae LST Dw pepen PLACE T SAVE LOC OF LAST A:

A A i . ¥ THE MEXT TW) BYTES ARE ONLY FOR 43060 COMPATIBILITY
easily check to see what type of variable is 2184 00 THR ne PBH UNUSEDs LAST INPUT CHAR IN EREG
being used. B1OS B2 FLG DB 30H UNUSED+MATCH-FLAG IN DREG

o - *

WADUZITDO uses two types of var- END
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iables: integer and character. There is also
a definition for constants (CONST). CONST
informs the compiler that the value being
assigned to this variable wifl not change.
Integer variables will only take on whole
number values.

The type character (CHAR} means that
the variables will tuke on the values of
ASClI characters, including alf fetters, num-
bers and special symbols.

The last line of the definition section de-
fines a variable PROG as an array of charac-

Listing 5: Pascal listing of WADUZITDO.,
See notes by Ray Cote.

PAzi AL VERSTON OF WADZITDO, LARRY KHERIATY
FROGRAM WADUZITDO

CONST F2=95883F BI=1.7% EUL=187

VAR LD LT

INTEGERG LECHR(FLG CBUF» 53 EDL ¢ LHARE
FROGC = ARRAY(L..F2Z1 OF CHARG

PROCEDURE £ HING BEGIN ACCERT (L BUF)Y: ENDG
PROCEDURE CHOIUTE BEGIN DISPLAY (LEBUF)Y P ENDS
FROCDURE NEWLINES BEGIN DIZPLAY (NL) 5 ENDG

FROCEDURE LISTi VAR 1:INTEGERS

EEGIN I:- 35

REPEAT
LLUF iz PROG (LOCTF L2 5= LOC+HLF Li=ls1s
CHOUT
UNTIL ¢1. &4) DR (CEUF=ZIEQOL)F NEWLINE
END
FROCEDURE EXECUTE: VAR DONE : BOOQLEAN
BEGIN LD = 17 DONE := FALSE:
REPEAT
CBUF = PROGILOCY & IF CBUF <« *‘s' THEN CBUF 1= *fs¢;

IF NOTICBUF IN [ "2 "Y'y 'N* Yy "A s "M P )" " TP 'S 13 THEN LIST ELSE
LASE CBUF 0OF
Yot LT = LOCH+1G

"Y'Te'NT IF CBUF=FLG THEN LOC 3 LOCe!
ELSE REPEAT CBUF = PROG{LOCI} LOC:=LIC+)
UNTIL CBUF=CEDLF

'AY ¢ BEGIN LST := LOC? CHINi LCHR :=CBUF3

NEWLINE: LOC :=LOC+2 END}
*M*' @ BEGIN IF LCHR=PROG({LOC+2] THEN FLG t='ft!

ELSE FLG := 'N';

LOC = {0C+3 END}

*J? t IF PROGILOC+2] = '@' THEN LOC :=LST

ELSE BEGIN [:= QRD(PROGILOC+21)-483;
REPEAT LOC:=LOC+1}

END

IF PROGCLOC) = '®' THEN | := [-1}
UNTIL 1=0 ENDi/
'T* : BEGIN LOC := LOC+27 LIST END}
'S’ 3 BEGIN DONE := TRUE}{ LDOC := § END
END
UNTIL DONE
BEGIN ©BS := CHR(BS)i CEOL :z CHR(EQL)$ LCBUF :a'yt'j

WHILE TRUE DO BEGIN
IF CBUF ='\' THEN LOC ::={
ELSE IF CBUF=CBS THEN LOC 3= LOC-1
ELSE IF CBUF='/' THEN LIST
ELSE 1F CBUF="¢' THEN EXECUTE
ELSE IF CBUF='%"' THEN
BEGIN [:=@i
WHILE (1<¢64} AND (PROGCLLOC] <> CEOL) DO
BEGIN PROGILOC] := CHR(B): LODC 1= LOC+1 ENDF
PROGELOCT :a CEDLE LOC :s LOC +17 NEWLINE
END
ELSE GEGIN PRuLLCOC] 2= CBUFF LOC &= LOL+1G
IF CBUF=CEOL THEN NEWLINE ENDi
CHIN

ters. This definition also states that the rel-
ative base address of the array will be unity
and the variable PZ will be used to specify
locations within the array.

After defining our variables we are ready
to start the first executable part of the pro-
gram. In Pascal, the logical parts of the pro-
gram are broken into procedures, equivalent
to subroutines in languages such as FOR-
TRAN. Every procedure is blocked off by
BEGIN and END statements. The name of
the first procedure is CHIN. After we have
determined the name, we are told to begin
executing procedure ACCEPT (which will
return to us input values in variable CBUF).
This is a subroutine which is not shown
since it is specific to the processor being
used. The next two procedures are afso
calls to subroutines used to DISPLAY the
contents of the buffer and move the output
to a new line. These two procedures are also
machine dependent. Notice that PFascal
allows you to use descriptive names. This is
very important when writing a program
that you want other people to read or that
you want to understand at a later date.

The next procedure, LIST, first defines
its own local variables, which jt will use
only within the LIST routine. As before, the
procedure is delimited by BEGIN and END
statements. This procedure introduces us to
the concept of loops. Here we have a related
pair of commands: REPEAT and UNTIL,
These two commands cause the one line of
three instructions and the call to procedure
CHOUT to execute until either the value 1 is
greater than 64 or the variable CBUF s
equal to CEOL. Once either of these two
conditions occurs, the program logic pro-
ceeds to call procedure NEWLINE. At this
point the LIST procedure ends and returns
to whatever procedure called it.

Procedure EXECUTE looks structurally
the same as procedure LIST. There is a def-
inition of variables, the BEGIN and END
delimiters, and a REPEAT-UNTIL struc-
ture. This time the REPEAT-UNTIL state-
ment is not waiting for a relation to be
true, but is rather checking against one var-
iable. Looking at how DONE was defined
at the beginning of the procedure, we see
that its designation is BOOLEAN. This
means that the varigble is being used as a
logical variable and can take on the value
true or false. The REPEAT-UNTIL instruc-
tion waits to see if the varigble DONE is

END true. If so, we have finished this procedure
END. and can stop it.
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Procedure EXECUTFE also contains an IF-
THEN-ELSE statement. If the value of
CBUF Is not contained within the brackets,
perform procedure LIST, If the value of
CBUF is somewhere within the square
brackets, we want to perform an operation
related to that value. We now come to
another Pascal instruction, the CASE state-
ment.

We are givenn a set of cases to choose
from. The CASE statement tells us that we
witl be using the value in variable CBUF to
determine what is to be done. We scan down
each of the cases and find the one labeled
with the value in CBUF. Since CBUF is
type character we are looking at ASCI!
characters. Once we find the value of CBUF
we execute the statements associated with it
that are blocked off by another set of
BEGIN and END statements. After we
have finished, we move to the end of the
CASE stetement and then the last line of
REPEAT-UNTIL statement.

The next section of the program does not
look tike the preceding sections. It does not
start with ¢ PROCEDURE statement, but
has a BEGIN statement. So far we have dis-
cussed procedures. Any of the procedures
that needed to use variables have defined
their own. 50 why did we define those var-
iables at the very beginning of the program?
The reason is not to use them in a pro-
cedwre, but to use them in the main pro-
gram., This BEGIN statement is nothing
more than the start of the mainline logic for
program WADUZITDO. The maintine fogic
inpulis characters and either stores them in
an array as program or exectites them ds
conunands. This routine will not jump out
of the foop and will have to be interrupted
to stop. OF course it is possible to create
arother command that will allow vou to
exit from this cycle.

Now that we have looked at the Pascal
version of WADUZITDO, the reader should
refer back to either of the assembly versions.
The Pascal version performs the same func-
tion as the assembly versions.

The assembly language versions need to
be fheavity commented for the reader to
understand what is happening. Even liberal
comments will not help when converting
from one assembly language fo another.
The Fascal version can be easily converted
into any machine language. It Is afso self-
documenting. Notice that even without a
single comment, the Pascal fisting is extreme-
ly easy to decipher, .. . RGACH

DO0COQO0BS000000CGO0C0O000GU000T000D0DT0UEDDONDOBUNT

R
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To further improve

service to our customers we

have instafled a toll-free
WATS line in our
Peterborough, New

Hampshire office.

If you would

like to order a
subscription to
BYTE, or if
you have a

BYTEs New
Toll-free
Subscriber
W.A.TS. Line

question relat-
ed toa BYTE
subscription,
you are invited
to call ¥
{800}258-5485
between 8:00 AM and
4:30 PM Eastern Time.
(Friday 8 AM - Noon).
¥ Calls from conti-
nental U.S.

(800) 258-5485

We thank you and fook
forward to serving you. only.

9178°

A RORD0QRORAR

0000000000000 0000Q0000000D000CGN00O0O0DD0CD

Circle 178 on inquiry card.

The New
Sound Effect Generator

Introducing a new dimension for your computer
system — computer generated sound effects. Not
canned or recorded sounds, but a fully programmable
sound generator capable of duplicating most any
mechanical or natural sound. Guaranteed S100 Bus

compatability. And, yes, it makes music, too.

Versions will soon be available for Pet, Apple,
IBM and other popular brands. Detailed instructions
a#nd listings for many sounds are included, Kit—5135,
Assembled—$175.

Hear for yourself-$1.00

Its fantastic applications are far too numerous to
mention here, so we've made a record you can hear
for yourself. Send $1.00 for our 33-1/3 RPM demo
record, detaited information and special introductory
offer, to:

iT INTEGRATED TECHNOLOGY
519 Prospect Heights, Santa Cruz, CA 95080
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Circle 387 on inquiry card.

2708/2716 EPROM
MEMORY BOARD

$-100 BUS

1-32 KBYTES USING EITHER 2708 OR 2716 EPROMS
HIGH/LOW LIMIT ADDRESS RANGE SELECTION
MEMORY BANK SELECT OPTION

SOL_, COMPATIBLE MEMORY DISABLE

SELECTABLE WAIT STATES

FULLY BUFFERED INPUTS AND OUTPUTS

DOUBLE SOLDER MASK

SILK SCREENED PARTS LAYOUT

COMPLETE DOCUMENTATION

?

®
¥ KKK KKK KX ¥

IT WILL TELL YOU WHERE TO GO -
CPU-1_8080A CPU BOARD WITH

8 LEVEL VECTOR INTERRUPT. $30. BARE
$100. KIT (LESS EPROMS)
$30. BARE $185. KIT TESTED AND ASSEMBLED $130.
$220. ASSEMBLED AND TESTED (LESS EPROMS)
W s | | B o

ITHACA AUDIO

THE OEM MARKETPLACE

_ Quality Components
Ithaca Audio Boards 2106 Z-80 $19.00
Are fully 5-100 compatable, featurin ?old |Zr:|(3627zngA ??88
gdgedconnectotrstgn Ppl?tgd-thé'%gh ? ?;s All FAIRCHILD 2102 LHPC 160

oards (except the Protoboard) have fu '
bufferec{ datapand address lines, DIP swi?ch FAIRCHILD 2102 LIPC 1.35
addressing, solder mask and parts legend. IMSAI 8080 Kit with 22 Siot M B
2-80 CPU Board Most powerful 8 bit central $560.00
processor available. eaturm% ower-on- 1us $10.00 shigoin
|um;:‘ rs%vm?tn for on-board 2708. Accepts ' v 20 shipping.
ware. Rt\]\/l ‘Nr RD

::(O:tmc RA:: Bo:d High speed static m:?nsc;(r):l] * HO TO O ER
at the lowest cost per bit. Includes memory” 32K for $319.00 R R e Oncl, g, nclude $2.00 shipping per order

protect/unprotect and selectable wait sstggz& Ithaca Audio is now stocking the Mostek 4115

for §.0.'s Expandoram. Buy their basic kit, 24K
2708/2716 EPROM Board Indispensable for stor-  ©f add-on RAM from us and SAVE.

ing dedicated programs and often used soft- S.D. SALES Ex . I HACA
g .D. > Expandoram Kitw. 8K $151.00
w7a1r§.5-Accepts up to 16K of 2708's or 32K of ithaca Audio 24 4115's @ $7.00 ea. 16800 T

2 _1od W
e o w0 AUDIO
Protoboard Universal wire-wrap board fur de- S.D. SALES Expandoram Kit w. 32K $475.00

veloping custom circuitry. Accepts any size YOU SAVE 815600 P.O. Box 91
OIP socket. $25.00 Ithaca, New York 14850
Phone: 607/273-3271

For technical assistance call or write to:

Circle 190 on inquiry card. BYTE September 1378 183
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
::;914 100v 10mA .05 8-pin  pcb 20 ww .35 gﬁggg; r;m {2N2222 Plastic .10} 15
ngs 600v 1A .08 14-pin pcb .20 ww .40 . .15
1N4007 1000 1A 15 16-pin  pcb .20 ww .40 IN3906 R \Piastic - Unmarked) .10
! ¢ - Unmarked) B¢
1N4148 75v 10mA .05 18-pin  pch 25 ww .75 2N 3054 NPN .35
1N4733 5.1v 1 W Zener .25 22-pin  pch 35 ww .95 _?_‘:'3?2555 ’;‘gg‘ 16A 60v 50
o Darlingtan .
m;ggﬁ 61.2v 500 mV'\.I Zener .25 24‘p1'n pch .35 ww .95 LED Green, Red, Cleor Y?gg o ?g
Ov 25 28pin  pcb 45 ww 1.26 D.L.747 ' 7seq5/8" High com-anode  1.95
:m;ggg\ :llgv " .25 40-pin  pcb B0 ww 1.26 “Mnﬁm?:‘é 0 ?’ seg com-anode {ged) \ lgg
v " . . seg com-anode (Orange 1.
1N5244B 14y " gg Molex pins .01  To-3 Sockets .25 MANS2A 7 seg com-anode (Yellogw! 1.25
1N52458 16y . % 2 Amp Bridge  100-prv a5 MAN74A 7 seg com-cathode (Red) 1.50
. . FND359 7 seg comrcathode {Red) 1.25
25 Amp Bridge  200-prv 1.95
C MOS - TTL -
4000 .15 7400 .10 7473 .25 74176 .85 74H72 .35 745133 40
4001 .15 7401 15 7474 .30 74180 .66 74H101 .75 745140 .55
4002 .20 7402 .15 7475 .35 74181 2.25 74H103 .65 745151 30
4004 3.95 7403 15 7476 40 74182 .75 74H106 95 745163 35
4006 .95 7404 10 7480 b 74190 1.26 748157 .75
4007 .20 7405 .25 7481 .75 74131 95 74L00 25 745158 .30
4008 .75 7406 .25 7483 75 74192 75 74102 .20 745194 1.05
4009 .35 7407 .66 7485 55 74193 85 74L03 .25 745257 8123) 1.05
4010 .35 7408 .15 7486 .25 74194 95 74L04 .30
4011 .20 7409 16 7489 1.06 74195 95 74L10 .20 741500 .20
4012 .20 7410 .15 7490 45 74196 .95 74L20 .35 74LS01 20
4013 .40 7411 .25 7491 70 74197 .95 741.30 45 74L502 .20
4014 .75 7412 .25 7492 45 74198 1.45 74147 1.95 741L.504 .20
4015 .75 7413 .25 7493 .35 74221 1.00 741.51 45 741505 .25
4016 .35 7414 .75 7494 .75 74367 .75 74155 .65 741508 .25
4017 .75 7416 .25 7495 .60 74L72 45 74LS09 .25
4018 .75 7417 .40 7496 .80 75108A .35 74173 .40 741810 .25
4019 .35 7420 16 74100 1.15 75491 .60 74L74 45 74LS811 .25
4020 .85 7426 .25 74107 .25 75492 50 74L75 .55 74L.S20 .20
4021 .75 7427 .25 74121 .35 74193 .55 741.821 .25
4022 .75 7430 15 74122 .55 741123 .85 741822 25
4023 .20 7432 .20 74123 35 74H0O0 .15 741832 .25
4024 .75 7437 .20 74125 45 74HO1 .20 74500 .35 74LS37 .28
4025 .20 7438 .20 74126 .36 74H04 .20 74502 .35 741538 .35
4026 1.95 7440 .20 74132 .75 74HO5 .20 74503 .25 741540 .30
4027 .35 7441 1.15 74141 .80 74H08 35 74504 .25 741542 .65
4028 .75 7442 45 74150 .85 74H10 .35 74505 .35 741.851 .35
4030 .35 7443 45 74151 .65 74H11 .25 74508 .35 741574 .35
4033 1.50 7444 45 74153 75 74H15 45 74S10 .35 741L.586 .35
4034 2.45 7445 .65 74154 .95 74H20 .25 74511 .35 741590 .55
4035 .75 7446 .70 74156 .70 F4H2Y .25 74520 25 741.593 55
4040 .75 7447 .70 74157 .65 74H22 A0 74540 .20 74LS5107 .40
4041 .69 7448 50 74161 .55 74H30 .20 74S50 .20 7418123 1.00
4042 .65 7450 .25 74163 .85 74H40 .25 74551 .25 74LS151 .75
4043 .50 7451 25 74164 .60 74H50 .25 74564 .15 74151563 5
4044 .65 7453 .20 74165 1.10 74H51 .25 74574 .35 74LS157 .75
4046 1.25 7454 .25 74166 1.25 74HB2 15 745112 .60 7405164 1.00
4049 45 7460 .40 74175 .80 JAH53) 25 745114 .65 74L5193 .95
4050 45 7470 A5 74H55 .20 74LS367 .75
4066 .65 7472 40 741.5368 .65
4069/74C04 .25
4071 25 MCT2 .95 LINEARS, REGULATORS, etc,
4081 .30 8038 3.95 LM320T75 1.65 LM340K15 1.25 LM723 40
4082 .30 LM201 .75 LM320T712 1.65 LM340K18 1.25 LM725N 2.50
MC 14409 14.50 LM301 45 LM320T16 1.65 LM340K24 1.25 LM739 1.60
MC 14419 4.85 LM308 (mini) .95 LM324N 1.25 78L05 .75 LM741(8-14}.25
4511 .95 LM309H .65 LM339 .78 78L12 .75 LM747 1.10
74C151 1.90 LM309K (340K-5185 7805 (3s075) .95 78L15 .75 LM1307 1.29
LM310 .85 LM340T12 .95 78M05 .75 LM1458 .65
9000 SERIES LM3110(miny .76 LM340T15 .95 LM373 2.95 LM3900 .50
9301 .85 95H03 1.10 LM318 (minyy  1.76 LM340Ti8 .95 LM380 (8-14 PiN) .95 LM75451 .65
9309 35 9601 20 LM320K5(7905)1.65 LM340T24 .95 LM709 (8,14 Pin).25 NESBES .35
9322 65 9602 .45 LM320K12  1.66 LM340K12  1.25 LM711 45 NES56 .85
NESBS 95
MICRO’S, RAMS, CPU’S
' ! ( NESG6 1.25
MR8 emows U | INTEGRATED CIRCUITS UNLIMITED [ %8 ‘%
1702A 4.50 8224 3.25
MM5314  3.00 8228 6.0 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
MM5316 3.50 8251 8.50 _ ;.
21024 145 | 8255 1050 (714) 278-4394 (Calif. Res) DISCOUNTS
210211 175 | BT13 150 All orders shipped prepaid No minimum Total Order  Deduct
2114 9.50 8723 150 Open accounts invited COD orders acce
TR16028 385 | 8724 200 P © s accepted $35- 599 10%
TMS 4044. 9.95 8797 1.00 Discounts availablie at OEM Quantities  California Residents add 6% Sales Tax $100 - $300 15%
21078-4 4.95 All IC's Prime/Guaranteed. All orders shipped same day received. $301-$1000  20%
gg?g gzgg %7833','0 ggg 24 Hour Toll Free Phone 1-800- 854-2211 American Express / Bank Americard / Visa / MasterCharge
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Text Processor for the
EPA Micro-68b Computer

TEXT is a word processor which exe-
cutes on the EPA Micro-68b computer
with the following equipment: 16 K
bytes of programmable memory, one
floppy disk unit, one video display ter-
minal and a printer. TEXT accepls lines
of source text interspersed with lines of
format contro! informatibn and formals
the text into a printable, paginated docu-
ment having user designated style. Some
of the capabilities of TEXT include: left
and right justification; automatic word
hyphenation; page headings; page foot-
Ings, including page numbers; indenting;
centering; single, double or triple spacing
of lines; footnotes and bibliography
references.

The most important feature is that
the text stream Is free format, which
means that the typist, with the aid of the
EPA TEXT Editor, can type the docu-
ment text in any convenient format and
TEXT will format the outpul as desired.

For further information contact
Chuck Bennett, Electronic Product
Associates Inc, 1157 Vega Si, San Diego
CA92110.m

Circle 575 on inguiry card,

A New DOS for Poly 88 and North Star
Disk Systems

The Lazy Man’s DOS (disk operating
system) far Poly B8 owners with North
Star Disk Systems has been announced
by Cardinal Products, 1600 Tilden 5t,
Wichita Falls TX 76309. According to
the company, contrel character com-
mands let you quickly and casily load
and start BASIC, jump back to DOS,
restart BASIC cold {initialtzed} or warm
{retaining some user program data),
list directory whlle in DOS or BASIC
and bring up front panel mode at any
time. List scrolling can be controlled on
a line by line basis. The control Z Is
released for use in the BASIC editor.
Delete key backspaces and erases a
¢haracter at a time. The Poly 88 real
time clock interrupt system may be
left connected. Diskette and instruc-
tions are $15.95..

Circle 576 on inquiry cord.

Multitasking Executive Added
to Microbench Software

MTX-11, a multitasking executive for
PDP-11 and LSI-11 computers, is the
latest addition to Microbench software.
The MTX-11 is said to execute multiple
tasks on an interleaved basis with soft-
ware priorities determining which task to
execute if competition exists for proces-
sor and system resources.

The MTX-11 is priced at $1395 plus
$100 per processor and is available from
Virtual Systems Inc, 1500 Newell Av,
Suite 406, Walnut Creek CA 94596.m

Cirgig 577 on inguiry card.
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Compiler BASIC Does Business, Contro!
Applications on Microprocessor Systems

Software Dynamics BASIC, a compil-
er version of the programming language,
is now available for 6800 microprocessor
systems. Decimal arithmetic, formatted
output and file 10 is said to make SD
BASIC ideal for microprocessor business
applications such as payroll and Inven-
tory. High speed binary arithmetic,
transcendental functions, assembly lan-
guage [nterface and the performance
resulting from compiling BASIC programs
makes SD BASIC a tool for building
process contral  programs. According
to the company, the software is cur-
rently avallable on American Micro-
systems MDC, Smoke Signal Broad-
casting BFD-68, SwTPC DOS and Wave
Mate microcomputers. The 10 Interface
Package concept allows you to customize
SD BASIC to your DOS system. Further
infoermation can be obtained from Soft-
ware Dynamics, 18914 S Laurelbrook
Pl, Cerritos CA 90701.a

Circle 578 an inquiry carel.

Soflware for the H8

Two tapes are available for the
Heathkit H8 computer from a newly
formed company called Ed-Pro Inc,
6580 Buckhurst Tr, Atlanta GA 30349,
According o Lthe company, one of the
tapes contains a collection of 11 game
programs, while the other contains
personal finance preograms for check-
book reconclliation, budgeting and cai-
culation of interest for varicus kinds of
loans and invesiments. Tapes are supplied
with complete program listings and user
instructions. The Lapes sell for $20 each
{with a 10% discount if Dboth are
purchased).m

Circle 580 on inguery cerd.

Assembly Language Development
System for 8080 and Z-80

The Program Development System
{PDS) is an assembly language develop-
ment sysiem for 8080 or Z-80 micro-
computers with at least one disk drive.
PDS is said Lo include a unified assem-
blerfeditor, @ macro assembler combin-
ing the feawres of a relocating linking
loader, a string oriented lext edltor, and
a trace debuggerfdisassembler. The as-
semblers favor the |Intel instruction
mnemonics treating the Z-80 superset
as a logical and syntaclical extension.
Source modules are available for floating
point arithmeltic, floating point 10, trigo-
nomuetric functions, numerical and alpha-
betic  sorling, matrix Inversion, [ast
Fourier transform, and a full function
expression evaluator, For further infor-
malion contact Allen Ashley, 395 Sicrra
Madre Villa, Pasadena CA 91107.m

Cirgle 5¥8 on inguiry card,

Data Base and Query System Responds
to Pidgin English

It is said that your home or business
computer can manage a data base of
stored information and respond to your
gueries in pidgin English, using a new
microcomputer software package called
WHATSIT. The system runs in BASIC
on a modest personal computer yet it
brings the power of a data base manager.
Data is stored and retrieved by typing
pidgin English requests. Indexing and
disk space allecation are handled auto-
matically. The file structure Is never
frozen Lut develops automatically
through normal use to adapt to user
requirements. Stored information s
automatically cross-indexed under any
desired headings, and headings may be
added or changed at any time. Available
in Morth Star BASIC, the system runs
in 24 K of memory. It is offered with
three ready to run programs on a minl-
disk for $75. A manual written in non-
technical language is $25. It is available
from Information Unlimited, 698 W 70
S Private Rd, Hebron IN 46341.m

Circle 683 on inguiry card.

Communications Software for
L5111 Announced

The RT-11 compatible software driver
for the Mighty-Mux 11L, direct memory
access [DMA]) serial line multiplexer, has
been announced by Educalional Data
Systems, Inc, 1682 Langley Av, lrvine
CA 92714,

Providing efficient 10 far any RT-11
hased LSI-11 system, this new package
simultancously supports Tfull duplex
asynchroneus 10 to as many as 128
ports on the multiplexer. Control re-
guests arc provided to determine port
status, set port characteristics (bps rates,
parity, etc), assign logical and physical
port mapping, and abert (0 reguests.

For stand alone multiplexing opera-
tions, madules are provided which may
be linked directly to an applications
package. This avoids the intervention
and overhead of the RT-11 10 subsystem,
A second configuration loads the pack-
age as a standard RT-11 driver.

The driver will function with any
V0?2 system and is provided at ne charge
to users of the Mighty-Mux 11L.m

Circle 582 on inguiry card

Seftware for Users of
Narth Star BASIC

A series of programs for users of
MNorth Star BAS!IC is available on North
Star diskette with user instructions.
Word processing, investments, inventary
and other business oricnted programs are
offered. A complete catalog of Norih
Star software is now available, including
not only California Software materia,
but programs available from firms around
the warld. For further information con-
tact California Seftware, PGB 275,
El Cerrite CA 24530.m

Cucle BB1 on inguiry cary
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Circle 207 on inquiry card.

# $20 MINIMUM DRDER
US ORDERS ONLY

F. Reichert Sales
1110 E. GARVEY AVE.
W. COVINA, CA 91790

= FREE UPS DELIVERY ON
DR BY = CALIF RES ADD 6%
SURFACE MAN IF SPECIFIED
® MONEY BACK GUARANTEE
{MDS & LED DEVICES EXCLUDED)
@ UKDER 8 HOUR PROCESSING ON
MONEY ORDERS & CASHIERS ADD US 3700 NO 1

= SORRY' KO COD'S
PO'S, OR CREMT CARDS

SALES TAX

* CANADA PUERTO RICO
& U5 POSSESSIONS ADD
S $350 ALL OTHERS

MAXI SWITCH KEYBOARDS

UNENCODED MOUNYED ON G-10 GLASS
EPOXY BOARDS A BLACK METAL FRAME
KEEPS KEY SWITCHES SECURELY IN PLACE

NO 2

ASCH KEYBOARDS

FULLY ASSEMBLED
FULLY FUMCTIONAL

—MAIN KEYBOARD SECTION OF
58 KEYS

CHECKS *US FUNDS OMLY <53 K MAIN KL TEOARD -53 KEY ALYBOARD —HA HEX PAD OF 15 KEYS
10 AUXILEARY & CURSOR —i AUTILLARY POWER/ —16 MORE PERIPHERAL MEYS
THE $-100 BUS DIAGNOSTIC BOARD CONTROL KEYS CONTROL OPOT ROCKER —ASCH) ENCODED
[F REY NUMERIC PAD ARM SWHEH
CENTURION IV e $299%
A LEGION OF DIAGNOSTIC TOOLS ON ONE BOARD! Woeria wme Swices | Brice wE pawe | NO- 1 - WITH ON BOARD v PROM
ONE OF THEM LGKTS 1P | FOR MO 2 $9G95
« EXTENDER BOARD e PULSE DETECTOR $39% $995

NO. 2 - IDERTICAL TQ THE ONE ABQOVE,
BUT WITHOUT ON BOARD UY PROM

$7995
$-100 EXTENDER BOARD

WITH CONNECTOR

= 0GIC PROBE * CURRENT SHUNT WW SOCKET CONNECTOR | SOCKET CONNECTOR
FOR NO 1 #EYBOARD FOR NO 2 KEYBOARD

« CONYERTIBLE INTO BACKPLANE. $2% $295

e (N BDARD CONNECTORS FOR SCOPE, DVM. VOM, GENERATORS, ETC.

(N BOARD 5 WAY CONNECTORS AND RF CONNECTORS.

® OVER 160 WIRE-WRAP POINTS FOR TOTAL AND COMPLETE FLEXIBILITY

WANT PEACE OF MIND? IN
CRITICAL APPLICATIONS

IN WIRE WRAPPING ANY (/O CONNECTOR AND ALL LOGIC PROBE USE BIPOLARS!! A MUST for trouble-
INPUTS INTO ANY AND ALL 100 BUS LINES, WHICH MEANS YOU BIPOLAR RAMS shooting your Computer boards  $ 1799
2510 24
CAN MOMITOR AND MEASURE ANY PARAMETER OM ANY ONE OF THE §2§:1 :g“:} ;: 3: $100 EXPANDABLE MOTHER BOARD
100 BUS LINES, OR LOGIC LEVEL PROBE ANY FIFTY BUS LINES o5 o oA W
. squitt ¢ £5 M S
:Lﬁ;:]&;:ﬂ:?:;?‘i €T:FEO ’?TNLY TOOL OF ITS KIND. A MUST FOR ANY BIPOLAR .g[ull; Euongou&ncztp::«mnicuc;:‘vltcmétu SIGHR LINCS
) PROGRAMMABLE LOGIC ARRAYS COMPLETE 00 ASSEMBLED [}
Kit $11990  Assembled $14900 | szsi0 $1195 w366 389
825101 $119%
S-100 | WIRE WRAP | sseL coco
$-100 32K STATIC MEMORY BOARD BIPOLAR PROMS 100 PIN 5 L?V‘QL WRAP
WiH THIS BOARD Y0U CAN BEGIN WITH JUST 8K OF MIMORY AND ADD ON 8223 256 (32 x 8) $2.65 ' SOCKET
IATER 1 AN BE AS SIMPLE AS INSERTING MORE MEMORY CHIPS 82523 256 (32 x 8) $310 | EDGE CARD 10/78¢ POST
FEATURES 825126 1024 (256 1 4) 495 | CONNECTOR 1008650 | oo
5 BUCHERED WiTh KOISE SUPPRESSCD T 927 756 & 4 TRISIATE  S45 | GO0 CONIACES | 4 LEVEL 16:39 50
FTH ¥
L PORULATCD N Tk IRGHERLNIS SEACH 1h CA BE ACCESSED INDMIBUALLY) 825131 2048 (512 x 4) 865 [ ©425 10/38¢ 1000/$ 790
4 INCLUDES A RELIABLE SINGLE SOURCE +5 YOUI AFGULATOR 6306 1 2K TRISTATE $5 45 100487 40 st PHCE P9
5 PROM COMPATIELE THE BOARD MONHOR CAN BE [XCHANGED (PIN BY FIN WiTHOU! 1604 4096 (512 1 8) $1195

BOARD MODIFICAIHIN) WITH A HIPOLAR PAOM FROGRAMMED 10 YOUR SPECIFICATIONS SUMMER SPECIALS/ LoW PROFILE SDLDERT&L

& CRLATES WD WAII SIATES
7 PRICES QUOTED ARF FOR  300nS  200mW MEMORIES ULTRA LOW POWER 10 SOCKETS OTHIR SHES IN PREVIOUS AD
— ASSEMBLED UNITS ARE FULLY TESTED AND BURNED IN 256 4 4 BIT STATIC CMOS RAM GO INLAD ™

— KITS AND BARE BOARD COME WiTH FULL ASSEMBLY AND CHECKOUT INSTRUC TIONS N g 74 PIN 541 09 5:50 89

3K 16K 24K 32K BARE 5101L-3 650nS I0mw is ,'::: 5:3119 :{sn 99

KIT $270%  $440%  $580%  $695%  BOARD PATA RETENTION 0 s 1099
ASSEMBLED $296% $465% $6120 $7400 $380 ; “{‘“"“" s 3995 PRICES AND AVAILABILITY SUBJECT TO CHMANGE

0 7uh AT 2 VOL WITHOYT NOTICE

ra . r B0 ) Wmt' /ne. WAMECO INC. INTRODUCTORY OFFER. Good lor Ihe month of this issue
L@ CLLECT BOARDS o
| MEM-1 BKX8 fully buffered, S-100, uses 2102 type WAMECO
rams PCBD $24 95
. 3 B Mother Board 12 slot termnated. S-100. board
Mot K-8 Compuier RAM (no1 S-1001. 3KXE_uses | il $34.95 16K STATIC 2114 RAM BOARD
) ¥ : CPU-1 80BOA Processor board S$-100 with 8 level
MB-3 1702A EROM Board. 4KXB 5-100 switchable vector intecrupt PCBD $25.95 PCBD $24 95
address and wan cycles. kit less PROMS $58.00 RTC-1 Realtime clock board Two independent in- | B 5+ rorrmrmroemmeraromernrmiers e .
MB-4 Basic 4KX8 ram. uses 2102 type rams S-100 terrupts Software programmable PCBD $2395
buss, PG board Y so5.05 | EPM:1 1702A 4K Eprom card PCBD s2595 | PCBD & MIKOS PARTS ASSORTMENT
MB.EA Basic BKXA ram uses 2102 type ams. $-100 EPM.2 2708, 2716 16K/32K #7. All_parts‘ including sockets
buss KIT 450 NSEC §125 PCBD $24 85 EPROM ;A()RT?-iEF’CBBDOAHD s v £2595 and pnme 21 14[_ ______________________ $27595
MB-7 1GKXB. Stalic RAM uses ,P410 Protection, SHORT R hort Version ol QM-1A
lully buftered KiT $37500 | 9 Slots PCBD w705 | Assembled, Test and
MB-BA 2708 EROM Board, S-100, BKX6 or 16KX8 | 2102AL-2 Prime 250 NSEC siz70 | Burnin by PROKO............. $335.95
kil without PROMS $75.00 2102AL-2 Prime 450 NSEC $1.30
MB-8 KX8 RAMPROM Board uses 2112 RAMS or | 2708 Prme (Natonal) $9.95
825128 PROM kit without RAMs or PROMs  $72 00 :Zgg:‘? AMD Pume 2Us 52 gg K e G Sy 0 B st
#N 1S COTEO NPT ILET
10-2 S-100 8 bt paraltel 1/0 poit, 7y of boards is for 2;')018 ntel Not rnrsvw‘esg 1"~188N 2,'50 oo Fmrm
kludging Kit 346 00 PCBD $2595 25028 "50 1489N ‘1 25 HOUD CPU k1T 5 RO O Aag»-nhu.ﬂ
1044 Two senal /O pods weh [ull hangshaking | 2504 150 MC404s 225 | DAL TIMECLOCK T s PESt
20060 ma current loop Two paraltel 1°'C ports 2507V 150 8038 390 K 180 NSEC (IEMA1L KIT S .'-«%r_-n.:_l:?\d 145
Kl 5130 PCBD $25.95 2510A 1.50 5320 598 B 250 MSEC (IEM-T, KIT 313 Aosemoled 10 G5
VB-1B 64 « 16 video board, upper lower case Greek. 2517y 160 5554 190
compasde and parallel video with soltware  $-100. 25188 1.50 5555 250 LIMITED UANTITY
Kit $125.00 PCBD §25 95 55'?8 ! 50 ggg? ﬁ-52° e N A .
Allar Compatibie Mother Board. 11 x 111z x 73" 2252 1 23 3312 4 03 TESTLD fneh CURNED N AR TS ony e LRMARKED
Board only  $4000 Wun 15 connectors  $94 95 2525 V50 MHO0025 1 50 ALLOWY 3 WEEKS . <195 Qv
Exiended Board full tize Board only $ 895 2527 150 MHO026 175
Wrth canneciar §12.95 2532y 150 MH00?8 190
5P-1 Synthesizer Board S-100 2529 275 52862 .50
PCRD 33 85 XIT s13s 95 | 2533V 195 210 3.50
82523 $150 PRIME DEVICES
55512 185 soa0A §11.50 VIBA n MAGTERGHARGE Surd ictoun mutilier expic
BN Jate & S0 your Grges Apging pusinge el be aoded
828129 1.95 8212 375 Crngkour money ordec wal ordee will be sent pust paid o
§235130 300 8214 6.50 US I yau are ngt a fuquld cuslumer please use charge
8251 300 8218 3.95 cashiers ehgek of postal maney aides otheiwase there witl
AMIE330 150 8234 4.00 De a two-weck deiay foe rtecks 1o clear Cald rosigents
dN2E 75 8228 695 419 Portofino Drive Al 67 lax ,'.'Ionéy pack 30 day quaraniee We cpannn!
ANZT 7 1 99 . . dccept returred 1C = thal have beco soldered 1o Frices
4:44228 75 gggs Q.Qg San Carlos, California 94070 Lubect 1o chunge withaut :\Ull(;l.’ 510 mimmum order.
LM223 285 21014 850 Plegse sen f for 1C Xister 5§1.00 service charge on orders less than $10.
4116{apple ram) 19.50 an § Computer parts his!
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Unclsssitied Ads

FOA SALE: All issues of BYTE magavine Ex-
cellent ¢ondition, no cuwis. Besy offer received
after 6O days of publication of this nonce. Charles
Woll, 986 Valencia St, San Francisco CA 94110,
{415} B47.5705.

WANTED APL versions of nongraphic terminal
games, such as Womposhunt, Lunar  Lander,
Dungeons and Dragons, Adventure, Battieship,
Mim, Space War, Craps, Slov Machine, Sea Hunt
and any others that show users that computers can
be frigndly, even f they win Star Trek 80 percent
of the time' Larry G Leslie, 2626 Angling Rd,
Katamaszoo MI 49008.

CHALLENGER (IP user would hke 10 swap sofr-
ware, apphcations, eic with other |IP owners. It
there 15 enough response, { will put out a monthly
newsigtter. Let rme know your thoughts. Netl
Shapiro, 32-20 91 St Apt 607, Jackson Heights
NY 11369

FOR SALE. TDL Xuan wath sysiem monitor
board, video display board, 2 processors, 34 K and
250 nsec memory, George Risk keyboard, 12 inch
CRT-TV. Software - 12 &K BASIC, Macro-
assembler, text editor, text processor. All for
$2095 assembled and running. Call Jon A
Batcheller, Gainesville FL 32603, {804) 373-7004.

FOR SALE: Alreir 88B00B computer with 32 K
200 ns stanc programmable memory, two serial
ports, one parallel pori, PROM board, ACR
cassette interface, floppy disk drive and con-
woller, panel mounied baud rate switches for
fast dewice change, extended BASIC on cassette,
disk exiended BASIC, and DOS, along with 30
floppy disks, $5000, Steve Mastrianni, 2852 Main
Si, Coventry CT 06238. (203) 742-6727 or (203)
664.2401.

FOR SALE- ISC B0OO1 color graphics terminal
with U/ case, background color, large keyboard,
80 characters x 25 lines, 4 K memory; character
and line ediling, line and plot graphics options.
Excellen1 condition. $1500 cash. Digitronics
(ICMEC) Model 2540 400 cps tape reader.
Complete — never used. Includes fan fold bins,
19 inch rack mount. $350. Commercial Regulated
Power Supply ¥15 V a1t 12 A and 35 V a1t 12 A,
Well-built, enciosed, fan cooled case 5 x 8 x 15
inches. $100. Two units available. Corliss A Beck,
2533 Bernice Rd, Suite A2, Lansing IL 60438,
(312} 895-3010.

FOR SALE SwTPC CT-64 CRT ternunal with
screen read ophiop, assembled and tested, S600
TI Sient 700 printer model 751, complete with
primthead, powes supply, modem and maintenance
manual  $200, in excellent condition. SwTPC
MB800 computer, mother poard, 4 K memory,
pracessor bpard, senal conirol interfpce. parallel
interface and complete data on the system hin.
cluding  Mararola's  Applicarons Manual  and
Pragrammiing  Manual). 3375 assembled  Lear
Siegler ADM-3JA CRT termingl, assembled and
tested, $815. Tim Tibbott, 714 North Nottawa,
Sturgis M1 49091, {6161 651-7245

NEW UNCLASSIFIED POLICY

Reagers who have sguipment, software or other itams
1o buy, s#ll or swap should send in a clearly typed notice
to that effect. To bo considerad for pubdicetion, an adver-
tisement munt be cleary noncommercial, typed double
spaced on plein winte paper, conmin 58 words or less, and
inciude complate nameg and sddrass information.

Thess natices am frae of charge and will be prined ane
G onfy on 8 1psce avsilabis basis Notices can be ac-
capted from ingividesis or bona fide computer user clubs
anly. We can gngage in ng corrmpondence on thase and
your confirmation of i in an iesus of
BYTE,

Plasss ncie that it may take thres or four manths for an
ad to appear in the magarine

September 1978 © BYTE Publications Inc

FOR SALE Otivetts TE318, ASR33 campatible,
very quiet, 85.232, 72 characters per hine, half
fudl duplex, anty 120 hours of ogeration. Askang
$650. Prapote Srichareon, 400 Central Park W,
Apt 15 H, New York NY 10025, 1212) 866-5144,

FOR SALE Data reference card tor RCA COP-
1802 Opcodes, mnemomcs n alpha ond numeric
seyuence. Cross reference  binary, actal, hexa-
decimal, ASCIl $1.00 pius SASE R W Moell,
55056 Daywood Ct. Raleigh NJ 27609,

FOR SALE SwTPC MP.A Micropracessor System
Board, Meticulously assembled with gold sockets
angd all chips. Checked out by SwWTPC, nearly new.
$125, Gil Shattuck, 116 Vincennes, Chartottesville
VA 22901.

FOR SALE. Altarr BBOOb microprocessor, 18 slot
motherboard with 11 edge connectors, Procassor
Tech 3P+S and VDM-1, Tarbell 10 with RO-CHE
cassetie controlier, keyboard Model EW-1008 all
assembled with cables and manuals included.
$2000, or best offer. K Mcleanas, 711 E Elizabeth
Av, Linden NJ 07036, {201) 994-3100, ext 268
days or (201) 9253053 nights.

FOR SALE 1BM Selectric corres code termmnal
Recent mechamical overhaul, ran beautfully until
something went in fagic board | have complete
IBM mechanical manual and some  electronics
into, but no complete togic diagram $250 or trade
tor TVT, DVM, or what hove you James Trplett,
POB 815, Leverett MA 01054 (413) 2566101

Strugghng  Avtist/Programmer  needs bhard copy
graphics, duptal or analog XY plotter Mitch Wade,
20221 Birch St, Santa Ana Heights CA 92707

WANTED Prom programmer far 5204s, Tom
Caqe, POB 402, Amanlio TX 79105,

FOR SALE New Polysoftware using A00 or A0t
BASIC Ower 50 programs 1o choose from Send
SASE for complete list 1o John McCaplin, 2203
RirdgeCrest, Riwchardson TX 75080 or call (214}
2352594

FOR SALE Apple Il Computer, 16 K memory,
three months old, $1200 or best offer Brand
New Sharp 13 inch Color monitar/TV, $400 firm.
Bob Majanski, 214 Coolidge Av, Hasbrouck
Heights NJ 07604, (201) 288-3742

FOR SALE. HP£5 Programmabie Pocker Calcu-
lator, Al conditton, in original box with all onginal
manuals, standard pac. blank programming cards,
carrying case, battery charger, etc. $275. Tom
Strigel, 3566 Hwy 101, 5 Wayzata MN 55391,
(612) 473-5743

FOR SALE TVT-V terminat with UART board,

300 bps acoustic coupler and T) Silent 700 Key-

board all enclosed in standard briefcase with power
supply. Several nice modifications. Uses standard
TV to display 32 characters per line and 16 lines
per screen. Memory for 2 or 4 pages of screen.
Operates at 110 to 1200 bps. Schematics provided.
Very portable and in perfect working order. Com.
ponents cost $3430. Best offer. Wayne Esch, 860§
Zeeb Rd, RR 3, Ann Arbor M| 48103,
{313) 994-1366 evenings.

FOR SALE | have designad a BASIC coding torm
which works well yath 32, 40 or 64 characier per
ling systems such as the Radio Shack TRS.80 and
Commodore PET There are 25 normal use fines
plus four additional hines reserved far corrections
on each torm. 1 can supply these forms 1o anyone
interested at a cost of 52 for the first 40, and $2
for each additional 50 sheets ordered at the same
ume. | also have TRS.80 programs for sale or
trade, please send SASE far bist. J DeMia, 53
Fenimare St, Lynbrook NY 11563,

FOR SALE. Seleciric terminal. Convert any
Selectric typewriter to 10 terminal. Assembled
SC/MP controfler and ps (RS232 ASCIY, 110/300
bps, 256 character huffer, EPROM software}
n nice case plus all parts 1o convert your Selectric,
£500/atler (kit 15 %600 commercially} TDL text
editor on cassette tape {one copy) $20. John R
Cameron, Dept af Biochemistry, Sianlord Medical
Center, Stanigrd CA 94305, (415) 327.031
evanings.

FOR SALE: Floppy disks. Information terminals
fexible disks, FO3I21000. Wang flexible disks,
FO/IV $2 each. Will toke back if they don't (it
or work Gabriel F Garqwiae, 160 EIm 5t, Nerth
Haven CT 06473,

FOR SALE MITS 88-ACR, 88-2S510 TTY, 88004,
B8-4MCS, 88-16MCS5. ASR-33 TTY Two IBM
5440 hard disks. Must sell, High bidder takes any
nem. Michael Clark, RD =3, Nazareth PA 1B064,
(215) 759-6873.

FOR SALE | have 200 rare 1BM (1 million cycle,
computer type) WIRE relays removed from IBM
equipment. 45 V, up 10 12 pole [some laiching
types). Also have plugs. SASE for hst. Price $8
to 515 each depending on type. Wil sal) for less
in quantites Also a FLEXOWRITER, with tractor
feed with 10 ports, $295 plus packing and Ireight.
Jack Weaver, 16255 SW B2 Av, Miami FL 33152,
(305) 2384837,

FOR SALE" Afwr BBOO computer ncludes
processor board, mother board with 8 connectors,
souped up power supply good for full B A, docu-
mentaton, etc, $400. Mini Micro Mart RM Z-80
poard ncludes parallel and serial ports, 1 K
monitor PAOM cassette tape interface, documen-
tation, 8300 Terry M Lang, 16300 SW Blanton,
Aloha OR 97005, (503 649-8633.

FOR SALE- Apple 1l compuler, single board
computer with 36 K mamory mountad in plaxi-
glas case with keyboard. A 31600 value, will
sell tor S1000 cashiers check, Robert Msader,
17721 140 NE, Woodinville WA 98072,

FOR SALE: Alair B800 A, two PT 4 KRA, one
8 K Vector Graphic, 3P & S, PT 2KRO, MITS
ACR, all assembled and working. Inctudas MITS
4, 8. & 12 K BASIC on paper tape and Radic
Shack cassette tape recorder. First cashier's check
for $1200 iakes it. John Hunt, 1 Kelton Ct #E,
Qakland CA 948611, 1415} 6526408 or 415}
398.0289.

FOR SALE: ASR 33 TTY with autoresder, guto-
punch, print blind features and all parts, main-
tenance, lube manuals and schemaiics. Very good
condition. $650. A W Walker, 1914 Ridgewood
Dr, San Diego CA 921238, (714) 4739074,

FOR SALE: IMSA) BOBO with 13 slots, Four
IMSAI 4 K programmable memory (16 K totail,
IMSAI MIO board with cables. Merlin video board
with MBI read only memory. All boards are ps-
sembled and working, all documeantstion includad.
$1300, | pay shipping. Send maney oOrder ar
cashier’s check to: Bruce Paige, 11210 Carvel Ln,
Houston TX 77072, {713) 933-8385.

FOR SALE: North Star sofiware special. Parsonel
finance and budgeting package, $15. Memory test,
$10. Disckopy, S10  both for $15. Stock markel
analysis package, $10. Correspondence editor, $5.
Mail list, $5. Special sssortment disk, $10, plus
much more. Send blank disk, or $5.25 for dhk.
Write for complets list. Herb Schildr, 1007 N
Division, Urbana IL §1801.

FOR SALE Over S00 magazines yn my collection
must go. BYTE beginning 1978. Popular Elec-
rronics beginning 1960. Electranics World, 1963 to
1871. Popular Scieace begnaing 1961, Mast i
nint canduion. Best offer far ane oc all withan six
weeks of ad appearsnce. E 8 Scont, 309 Duke,
Garland TX 75043.

FOR SALE" Pertec 78503 9-track tape transporls.
800 bytes per inch x 11.25 IPS-9 K bytes per
second. NRZ1 (BM Tormat. 9@ by 19.nch rack style
115 VAC., RMW head, R/W electranics, servo
control electranics; computer & manual mation
control, Documentation available. $200 each FOB.
Gary Gaugler, 2276 Beaver Valley Ad, Fawbaorn
OH 45324, (513) B78-0288.
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Fa get further intormation on the praduc ts advertised in BY TE, fill oul the reader senvice card with your narne and oddress. Then circle the

SPRroprivic fumbers for the advs rtisers }ou select from the list. Add a 1% cens stomp to the card, then drop it in the mail. Mol only da you
ﬂead p Sep Qain snformation, bul our advertisers are encouraged 1o use the markelpluce provided by 8% TE. This helps us bring you g bigger 8YTL.
Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.
1 AAA Chicago Computer Center 146 142 Functional Automation 136 302 Personal Software 90
4 Administrative Systems 125 150 Godbout Electronics 61, 81 276 Personal Systems Consulting 30
7 Advanced Interactive Systems 176 149 GRT 134,135 303 Poly Paks 203
6 AJA Software 150 151 H & K Computer Corp 163 304 Priority | 201
10 Anderson Jacobson 31 153 Hamilton Logic Systems 169 305 Processor Technology 8,9, 123
1t Apparat Inc 176 155 DC Hayes 1562 277 Program Design Inc 138
14 Apple Computer 14 170 Hobby World 179 306 PRS 43
16 Apple Computer 15 175 IMSAI G, 11 307 Quest Electronics 188
16 Atlas Electronics 128 176 Info 2000 97 * Radio Shack 73
17 ATV Research 169 177 Information Terminals 99 322 RCA 45
25 Atwood Enterprises 199 180 Integrated Circuits Unlimited 193 * Real World Simulation 176
26 AVR Electronics 197 178 integrated Technology 175 308 Rondure Co 199
27 Basic Computer Shop 176 183 international Data Sciences 145 311 $-100 147
28 Bazzy Electronics 176 190 (thaca Audio 183 * Scelbi CiN
33 Beckian Enterprises 192 195 Jade Company 181 * Scientific Research 35,37
33 Beta Business 197 200 Jameco 194, 195 309 S & D Computer Technology 176
35 BITS 95 201 Lifeboat Associates 119, 160 313 Seattle Computer Products 62
36 BITS 109 207 LMN Electronics 205 316 Michael Shrayer Software 113
37 BITS 111 215 Logical Services 133 312 Shugart CIV
38 BITS 196 216 Manchester Equipment 67 317 Signetics 23
31 Biz Comp '78 144 217 The Math Box 197 318 SPI1105
32 Buss 88 218 Maxi-Switch 59 318 Small Systems Services 136
* BYTE Books 77-80 208 Micro Madness 197 320 Smoke Signal Broadcasting 137, 139, 141,
* BYTE Wats Line 175 219 Micro Mail 124 143, 145,147, 151, 155
39 California Digital 185 231 Micromation 66 330 Software Records 152
40 Canada Systems 139 235 Micropolis 120 335 Solid State Music 69
45 Central Data 51 236 Micropolis 121 340 Solid State Sales 207
46 Computalker 49 237 Mikos 205 343 Soroc 29
47 Computer Age 176 255 Morrow/Thinker Toys 25 350 Southwest Technical Products Cil
65 Computer Corner 169 260 Mountain Hardware 54 3561 Structured Systems Group 13
70 Computer Enterprises 127 265 mpi 161 362 Summagraphics 122
71 Computer Factory 151 268 Mullen Computer Boards 140 353 Sybex 39
72 Computer Hardware Store 169 275 National Multiplex 83 355 Synchro Sound 56, 57
75 Computerland 5 280 Netronics 129 356 Synertek Systems 93
77 Computer Pantry 169 281 New England Electronics 142 357 Tano 132
78 Computer Resources 137 283 New England Recruiters 176 360 Tarbell Electronics 47
79 Contemporary Marketing 55 285 North Star 7, 27 363 Tasa 16,17
80 Cromemco 1,2 286 Northwest Microcomputer Sys 71 370 Technical Systems Consuitants 85
91 Digital Pathways 143 290 Ohio Scientific Instrument 18-21 372 Technico 87
95 Digital Research {CA) 91 287 OK Machine & Tool 131 373 Telesis Laboratory 197
100 ODigita! Research (TX) 187 291 Oliver Advanced Engineering 165, 197 374 TIS 197
103 Digital Research & Eng 165 289 On-Line 163 377 Tora System Limited 197
105 Disc 3169 293 Osborne & Associates 107 376 TransNet 92
110 Dynabyte 89 * Owens 141 378 Utec Corp 131
115 Electrolabs 180 294 Pacific Digital 158 386 US Robotics 169
120 Electronic Contro! Technology 140 296 Pacific Office Systems 180 389 Vector Electronics 103
125 Electronic Systems 189 297 Page Digital 188 387 Wameco 183
130 Electronics Warehouse 191 298 PAIA Electronics 158 143 Whales 63
131 Emerge Systems 197 292 PanaVise 126 395 Worldwide Electronics 169
132 EMM/CMP 130 288 PCE Electronics 169 400 Xitex 146
133 Essex Publishing 144 301 Per Com Data 32 401 Zeta Systermns Canada Lid 176
140 Forethought Products 119 267 Per & Small Business Cmptr Show 101

*Correspond directly with company.

BOMB-
Article No. ARTICLE PAGE Ear Ear for the June Bomb
1 Posdamer: The Mathematics of Computer Graphics 22 Two “ear” oriented articles were at the
2 Kollorman: APL and Graphics =~ a0 top of the June 1978 BOMB results. First
3 Chung-Yuen: A “Tiny" Pascal Compiler 58 prize of $100 goes to Steve Ciarcia for his
4 Hearn: Some Words About Program Structure 68 . “ R .
- . . article “Talk to Me: Add a Voice to Your

5 Williams: Antique Mechanical Computers: Part 3 82 "

6 Ciarcia: Lot Your Fingers Do the Talking: Part 2 a4 Computer_ for $35’ _page 1‘%2' The" $_50
7 Bondy: S2L: An Altair (S-100) to LSI-11 Bus Adapter 102 sccond prize goes to Bill Georgiou for "Give
8 Boney: Math in the Real World 114 an Far to Your Computer,” page 56. The
9 Hungerford: Graphic Manipulations Using Matrices 156 two articles placed 1.6 and 1.3 standard
10 Kheriaty: WADUZITDO: How To Write a Language 166 deviations above the mean, respectively.®
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Shugart invented the minifloppy in 1976
loday there are more than 100,000 of the little drives
in use. That's because users want the affordable
random access data storage of the minifloppy.

Shugart packs years of proven floppy
drive technology into this tiny package. Up to 110
kbytes of data storage. Fast random access of
about one-half second. And high speed data trans-
fer of 125 kbits per second. Plus sensible,
maintenance-free features like write protect to
prevent accidental data loss, an activity light to
indicate when the drive is selected by your
computer and a door interlock to protect your
media from damage.

Qur proprietary read /write head provides
maximum data interchange margins, and it is

positioned precisely on the selected frack by a
patented spiral cam actuator. The DC drive motor
with integral tachometer assures accurate diskette
rotation and low heat dissipation. A die cast
aluminum base plate provides a solid foundation
for the drive.,

At Shugart, iechnology leadership is more
than a slogan, it's a commitment. Get reliability
and value when you invest your money for floppy
disk storage. Ask for the standard of the industry.
minifloppy. If it isn’t Shugart, it isn’t minifloppy.

/A '
w4 _.Shugart Associates

435 Oakmead Parkway. Sunnyvale. California 94086

For a list of manufacturers featuring Shugart's minifloppy in their systems, circle reader response number.
T™ minifloppy is registered frademark of Shugart Associates

Circle 312 on inquiry card.
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