


Welcome to a whole new world of microcomputing.
Here at last is a microcomputer with all the speed and
power that you have wished for. The MC6809 is an
exciting new concept in microprocessors that fills the
gap between 8- and 16-bit machines. It provides the
power of 16-bit instructions with the economy of
8-bit architecture.

The MC6809 has more addressing modes than any
other 8-bit processor. It has powerful 16-bit instruc-
tions, and a highly efficient internal architecture with
16-bit data paths. It is easily the most powerful, most
software efficient, and the fastest B-bit general pur-
[pOse MiCroprocessor ever.
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The greatest impact of the Motorola MC6809
undoubtedly will be software related. Ten pow-
erful addressing modes with 24 indexing sub-
modes, 18-bit instructions and the consistent
instruction set stimulate the use of modern pro-
gramming techniques. Such as structured pro-
gramming, position independent code, re-
entrancy, recursion and multitasking.

A memory management system with extended
addressing designed into the bus system controls
up to 256K bytes of RAM memory. The dyna-
mic memory allocation system, which is part of
the multitasking DOS, allocates available
memory in as small as 4K blocks.

The MC6809 system is the only 8-bit processor
designed for the efficient handling of high-level
languages. New addressing modes, a consistant
instruction set and easy data manipulation on
stacks allows the efficient execution of block-
structured high-level code as generated by a
compiler like PASCAL.

MP-09 ProcessorCard . . ........... $ 195.00
68/09 Computer w/48K . .......... $1,500.00

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216 (612) 344-0241
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KUDOS FOR ITHACA

| have recently had the pleasure of
doing business with a company which
deserves recognition. | ordered a 16 K
byte expansion kit from Ithaca Audio
and installed it in my TRS-80 expansion
interface box. Over several months |
discovered that most of the time it
didn’t work. | also discovered that this
was a design problem with the Radio
Shack expansion interface, not the
memory.

Radio Shack was not helpful. After
all, | had installed additional memory
not purchased through Radio Shack.
I called (thaca Audio, expecting a
similar reaction. On the contrary!
They knew about the various problems
with the interface expansion box and
offered the following free aid:

® 3 replacement set of eight NEC
memories which require less fre-
quent refresh signals.

® Should this fail, | would send
them my expansion interface box
and both sets of memory. They
would return the interface in
waorking order,

® |f the new memory did wark, |
would then return the original
set.

The NEC memory worked fine. All
prablems were solved, Now | know that
when {thaca Audio guarantees that their
upgrade kit will work, they mean it.

Al Baker
2327 5 Westminster 5t
Wheaton IL 60187

COMMENTS ON COMPUTER
ASSISTED INSTRUCTION

| appreciated the articles by Davidson,
Gerhold, and Kheriaty {(November 1978
BYTE) and by Gerhold {December 1978
BYTE) relating to computer assisted
instruction (CAIl) on microcomputers.
The discussion on what constitutes good
and bad CAl courseware was helpful,
and 1he description of PILOT software
they are using was also informative.
I am pleased 1o learn of work being done
in the arca of CAl on microcomputers,
for my experience suggests it can be a
very uselul Leaching tool.

One concern | have is that the micro-
computer system described in  these
arlicles does not include the capability
to prepare courseware on the small com-
puter system. The approach taken by
the authors to prepare and test course-
ware on a larger computer system, and
then to use thal courseware with micro-
computers, has merit for their situation
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where the larger machine is readily avail-
able. However, many persons do not
have access to such systems. Moreover,
course objectives change rather fre-
quently and individual teachers will
prefer to present materials differently. It
seems to me the small computer system
should permit the teachers to write, test,
and edit the courseware without being
dependent on a large computer. This
might possibly generate low quality
courseware, but | feel many teachers
could make good courseware who would
not do so if a large {(and probably less
accessible) computer were required.
People with experience in CAl could be
of greal assistance by publishing guide-
lines for writing good courseware along
with methods of determining its quality.

Professor Gerhold presents a strong
case for the use of PILOT instead of
other languages for CAl; however, good
courseware can be prepared using BASIC
or other languages if that is all that is
available to a particular user. | am using
North Star BASIC and a Horizon |l
computer with 32 K bytes of program-
mable memory for computer aided
instruction in soil physics at Oklahoma
State University. Three BASIC programs
were developed here to enter and edit
courscware, process the courseware and
interact with students and store their
responses, and analyze student responses.
The system is capable of performing
complex matches of the kind described
by Mr Gerhold (December 1978 BYTE,
page 125) in one to five seconds, as well
as jumping to specific parts of the course-
ware depending upon the student’s
responses 1o previous questions. More-
over it is very easy to creale and edit
courseware once the teacher has planned
the material to be presented.

I hope to see more articles in BYTE
relating to computer aided instruction
on micracomputers. | would appreciate
articles on software {such as PILOT),
software and hardware required for pre-
paring good courseware, methods of
assessing the quality of courseware, and
low cost video terminals with special
features needed in instruction such as
graphics, subscripts, and superscripts.

Asst Prof David L Nofziger
Oklahoma State University
Stillwater OK 74074

PASCAL COSTS ADD UP

I would like to respond to BYTEs
comment on ‘‘Pascal Critique and a
Comment,” by ] O'Loughlin (December
1978 BYTE, page 179). ! feel that the
UCSD Pascal system is not an affordable
implementation of Pascal. Although the
software costs ‘‘only” $200, you need
56 K bytes of programmable memory to
use it productively ($800), plus 8 inch
floppy disk ($1000), and a terminal with
cursor control ($1000). Add this to a
$1000 mainframe and this “affordable’’
system costs $4000. Compare this to a
$600 TRS-80! Sure, Pascal is more read-
able than BASIC, but there are other con-
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and perspective {or geometric) projections.
Mathematical projections are defined by a
mathematical function or procedure which
will preserve or enhance the characteristics
mosl important in the map’s application.
The Mercator map is a classic example of the
mathematical projection,

Perspective projections are very much like
perspective  engineering  drawings, which
come under the category of perspective
geometry. They are defined by, and may be
created through, geomelric constructions.
{Perspective projections may also be de-
scribed mathematically, but the converse is
not true. Projections classified as mathemat-
ical cannot be defined geometrically.) A map
made of the visible surface of the Earth,
exactly as it appears from an orbiting space-
crafl, is a perspective projection. The map
outline overlays placed on weather satellite
photos are common examples of this type of
projection.

fdeally, @ map should portray the Earth
as it actually is, preserving both the shapes
and the relative sizes of the arcas being
mapped.  Distances  throughout the map
should be at a constant ratio to the actual
distances on the Earth. For navigation and
radio communication purposes, it would be
convenient o have great circles on the
surface of the Earth {which define Lhe
shortest distance between dany itwo points)
Lo appear 4 straight lines on the map.

Untortunately, since the Earth is a
sphere and maps arc, of necessity, flat, it
is impossible to incorporate o/f of these
features into a single projection. Conse-
quently, the various map projections are
compromises sclected 1o minimize the
various distortions while enhancing other
featwres, depending upon  the particular
application that the map s to be used for.

Any map which preserves the refative
sizes ol the arcas portrayed is called an
equal-areq  projection.  Any  map  which
preserves the sfapes of the arcas portrayced
is said 10 be a conforrnal projection, In
practice, it the error is no more than one
or two percent, the map is considered to
have met the requirements. A given map
may be cither conformal or cqual-areq, or
it may be both, or it may be neither.

Hardware

The creation of maps by computer is
exceedingly simple. The only hardware
necessary is the computer itself, along
with some type of graphics device, The
graphics equipment may be a video display,
or an X,Y pen plotter. If you are primarily
interested in printed maps, then obviously
a pen plotter (or a video display with hard

OBTAIN CODRDINATES OF
REFERENCE POINT AND
TYPE OF PROJECTION
TG BE DONE

COMPUTE NECESSARY
SCALE FACTORS, BASED
ON THE REFERENCE POINT
ANMD THE MAP SIZE

GET A PAIR OF
FROM THE DATA BASE

|

CALL APPROPRIATE
SUBROUTINE TO CONVERT
GEOGRAPHIC COORDINATES
TO MAP COORDINATES

PLOT THE CONVERTED
DATA ON THE
GRAPHICS DEVICE

copy attachment] would be your best
choice. If, on the other hand, your first
interest s in Fast-changing maps for games,
then o good video graphics display alone
would serve quite well. Some dot matrix
plotters  can produce  satisfaclory  maps,
though often at o sacrifice in memory or
mass storage O {input/output) time.

Map Generation Algorithms

One ol the most appealing aspects of
mapmaking by computer is the simplicity
of the softwarc. Figure 1 shows a flowchart
of the fundamental procedure used to gen-
erale any map. The algorithm consists of a
data base of raw geographic coordinates and
a mathematical conversion procedure. Given
a reference point {a point of projection or a
set of mapping limits), the program loops
through the conversion procedure, convert-
ing onc pair of geographic coordinates to
map coordinates cach tlime, until the data
base is exhausted. As cach pair of map coor-
dinates is computed, the information is used
to draw that clement of the map. If the pro-

GEOGRAPHIC COORDINATES j&——— —

DATA BASE

RAW GEOGRAPHIC
COORDINATES
DEFINING AREAS
TO BE MAPPED

Figure 1: Flowehart of the
basic procedure used to
generate any mdp with a
computer.
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gram is to have the ability to generate scveral
different projections, each projection con-
version procedure can be written as a sub-
routine, and the appropriate subroutine
would then be called at that point in the
loop.

Most of the common projections, as we
will see by the examples later, are defined
by relatively simple mathematical equations.
More often than not, the mathematical com-
putations for a given conversion require no
more than two to six statements in a BASIC
program.

Data Base Requirements

As mentioned carlicer, the data base con-
sists of scts of geographic coordinates which
describe the areas to be mapped. Since the
map is generated by lines connecting the
points, they must occur frequently enough
to provide the desired resolution. The
greater the resolution needed, the more data
points required, and hence, the larger the
storage requirements for the data base.

Of course il you are mapping the entire
world, your data base will be much larger
than if you are mapping, say, just the United
States, Furthermore, the resolution of your
graphics device, along with the scale factor
of the finished map, sets an upper limit on
both the number of data points and the
angular resolution (that is, the number of
significant digits) necded in the data base
to secure the highest resolution possible with
that particular device. The maps that accom-
pany this article were generated from a data
base that is far more extensive than most
people would ever need. It consists of ap-
proximately 10,000 pairs of coordinates,
sufficient to produce a satisfactory world
map several feet (more than a meter) in
diameter. The angular resolution of the
Jatitudes and longitudes is 0.0001 radian,
which is sufficient for maps down to ascale
of 1:1,000,000 (ic: on the order of service
station road maps).

The geographic coordinates (latitudes and
longitudes) in the data base are almost uni-
versally stored in radians. The reason is that
almost all map projections are computed by
trigonometric formulas, and there is no sense
having to convert the data base from degrees
to radians every time the program is run.

Data Base Structure

The organization of the data base is
straightforward. Each closed area repre-
sented by a continuous solid line which
closes on itself is stored as a block of sequen-
tial coordinates (geographically sequential,
that is). The last pair of coordinates in cach

block is the same as the first pair in the same
block, so that the line drawn on the map will
fully close. (Repeating the first pair of coor-
dinates in this manner is not absolutely
necessary, but it will save headaches later,
at a very small cost in storage space.) Each
of these blocks is separated by a flag —
normally a pair of zeroes {ie: a zero for both
the latitude and the longitude).

Islands which are so small as to require
that only a dot be drawn for mapping pur-
poses arc grouped together into a single
black. The program necd know only the
starting and ending addresses of that block
so it can instruct the graphics device 1o draw
only dots for these locations, rather than
connecting them with lines. Political bound-
aries represented by dotted lines are handled
in this same manner.

The size of your data base will determing
whether it can be stored in main memory
along with the program, or whether it will
have to reside on a mass storage device.
From the standpoint of computing effi-
ciency, the ideal situation is to have il in
main memory since this eliminates a tremen-
dous amount of input/output (I/O) time. On
the other hand, if the graphics device is rela-
tively slow {as are many pen plotters), the
lost 1/O time will be masked by the time the
computer spends waiting on the plotter, so
no advantage is gained by using memory.

In cases where fast-changing maps are to
be displayed on video display, programmable
memory is definitely the best choice for lo-
cating the data base. Where sufficient main
memory isn't available for the size of the
data basc in use, the data base can fre-
quently be partitioned in such a manner as
to permit the program to load portions of it
from mass storage into memory at far less
frequent intervals.

For certain special applications it has
even been found advantageous to store dala
bases in rcad only memory. A number of
amateur astronomers, for cxample, have
stored the coordinates for the entire Messicr
catalogue of nonstellar objects, as well as
limited star catalogues, in read only memory.
The coordinates and catalogue numbers are
used for both the real time contro! (pointing})
of the telescope, as well as for generating
star maps on the video display. Such applica-
tions of rcad only memory are generally
limited to cases where the data base occupies
no more than a few hundred bytes.

Compiling the Data Base

You can put together your own data base
to fit vour own particular requirements, if
yvou have a mind to do so. Most libraries

Text continued on page 76
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in Your Computer

How would you like to make still pic-
tures “‘come to life”’? Or perhaps draw or
photograph objects and then animate them,
on a video display? You can do it on your
personal computer with the help of a data
tablet and the program described herein.
The program takes images from a data tablet
and transforms them into a three-dimensional
representation inside a computer.

Once a three-dimensional representation
of an object is entered into a computer’s
memory, programs can be used to display
the object in perspective on a graphical
video display. The object can be displayed
from an infinite variety of perspectives. One
can look at objects from any desired view-
point and generate different viewpoints
rapidly — a capability that is very useful
in animation.

Computer Animation

Animation with computers has several
advantages over traditional animation tech-
niques. First, a computer can draw faster
than a person. In 16 millimeter films, 24
frames must be displayed every second.
Thus a normal animation requires thousands
of drawings. The speed of the computer can
save the time required to draw the many
pictures animation demands.

Second, a computer can quickly generate
perspective drawings of objects. Perspective,
the reduction in size of objects as they move
further away from the viewer, gives pictures
three-dimensional realism. Many cartoons do
not use perspective drawings because of the
time required to draw them. With the aid of
computers, this realism in animation is easily
achieved.

Third, computers can recreate the effects
of wide angle or telescopic lenses, and can
simulate lighting from any angle.

With all these effects at their disposal,
artists have the potential to create realistic

and exciting animation. To make computer
animation available to artists not familiar
with computer programming, there must be
techniques which enable easy entry of visual
data into the computer. This is made pos-
sible by the data tablet.

The Data Tablet

The data tablet is a graphical input device
that enables the entry of visual images into
a computer. Just as a keyboard enters alpha-
numeric characters (the elements of text), so
a data tablet enters lines and points {the
elements of images). Data tablets are now
commercially available for personal com-
puter systems. The Bit Pad™  manufactured
by Summagraphics, is an example of a high
quality data tablet available for personal
computers,

In using the data tablet, a pen shaped
stylus is moved over a flat electromagnet-
ically sensitive board. The pen’s position
over the board is monitored by a controller
which relays information to a computer.
In this way it is possible to “draw’’ images
directly into a computer’s memaory.

The tablet board is 11 inches square.
Each point on the board represents a value
in an X,Y coordinate sysiem. Resolution is
good, distinguishing as many as ten points
per millimeter. There are three modes of
operation. Data can be sent to the computer
continuously, continuously while the stylus
is touching the board, or at distinct mo-
ments while the stylus is touching the board.

Even if you are not interested in anima-
tion, you may still find it useful to manipu-
late images using a computer, A space game
enthusiast could enter pictures of starships
and then display them during the game. The
homeowner needing to do some interior
decoration could enter photographs of a
room interior and furniture. Then different
furniture arrangements could be viewed.

Circle 255 on inquiry card. — g












Listing 1: BASIC program for entering and manipulating data from a data

tablet,

oo LET X1=1

0020 REM (THIS PROGRAM ACCEPTS DATA FROM A TABLET AND TERMINALI
0030 AEM (AND CREATES THREE DIMENSIONAL MODELS OF THE OBJECTS ENTERED!
0040 REM X ¥ .Z COORDINATES

aos0 DIM X[100],Y{100],2(100}

Q060 REM X ¥ 2 DISPLACEMENTS FROM SIDE 1'S ORIGIN

Q070 DIM X9(6) Y96} . Z9[s6]

0080 REM INITIALIZE TOTAL NUMBER OF VERTICE TO O

0090 LETI3-0

0100  PRINT "HOW MANY SIDE VIEWS ARE TO 8E ENTERED"

0110 INPUT S1i

0120 REMENTER THE POINTS FROM EACH SIDE VIEW

0130 FORS-1TOS1

0140 PRINT ""PROCESSING SIDE VIEW" S

0150 GOSUB 0230

Q160 NEXTS

0170 OPEN FILE[1,1] "RESULT"

0180 FOR 7=1TO 13

0190 PRINT FILE|VI 17 X{17},Y12).28 2171

0200 MNEXT 17

0210  CLOSE FILE[1]

0220 END

0230 REM {FIND THE USERS ORIGIN)

0240 PRINT "PLACE THE STYLUS ON THE ORIGIN FOR PICTURE 1
0250  CALL 1,01, 02

0260 PRINT "PLACE THE STYLUS ON THE ORIGIN FOR PICTURE 2~
0270 CALL1,.03.04

0280 PRINT "HOW FAR WAS CAMERA ONE FROM CAMERA TWO""
0290 INPUT L

0300 REM (FIND THE KNOWN VERTEX)

0310  FRINT "PLACE THE STYLUS ON THE KNOWN VERTEX IN PICTURE 17
0320 CaALL1. K1, K2

0330 REM {ITRANSFORM DATA TO THE USERS TABLET SPACE)
0340 LET K1=K1 D1

0350 LET K2=K2-02

0360 PRINT "PLACE THE STYLUS ON THE KNOWN VERTEX IN PICTURE 2"
0370 CALL 1 K1 K4

0380  LET K2=K3-03

0390 LET K4=K4-04

0400 PRINT "ENTER THE X Y -2 DISTANCES BETWEEN THE KNOWN VERTEX AND ORIGIN™
0410 INPUT W1 V2.V3

0420 REM (CALCULATE THE DISTANCE BETWEEN CAMERA ONE AND THE OBJECT)
0430  IF K1 -K3=0 THEN GOTO 0460

0440  LET Z={K3sLIIK1-K3)

0450 GOTO 0500

0460 LET Z={K4sLNIKZ-K4)

0470 REMICALCULATE THE PERSPECTIVE TRANSFORM)

0480 LETD-=-2+«K2/V2

0480 GOTO 0510

0500 LET O=Z.K1/v1

0510 (FS-1THENZB=Z

Qs PRINT "HOW MANY VERTICES ARE TO BE ENTERED?"”

0520 INPUT |1

0530 FOR1=1TO N

0540 IFS -1 THEN GOTO 0570

0550 IF 1 ~-S1 THEN GOTO 0570

D560 PRINT "WERTEX COMMON TO SIDE VIEW" 1+1

0570 PRINT "IN PICTURE ONE POINT TO VERTEX" |

0580 CALL 1. X1, ¥

0590 PRINT "IN PICTURE TWO POINT TO VERTEX " i

0600 CALL 1, X2, v2

0610 HEM ([CALCULATE THE X- Y COORDINATES FOR THE VERTEX)
0620 LET D1-X1-X2

0630 IF Dt -0 TREN GOTO 0660

0640 LETZ {1+ (3] ={¥2+L}!i¥1 - YD

0650 GOTO 0670

0660 LET Z11+13] =1X2.L)fIX1 X2}

0670 LET X{1+13]-2[1+13] « X1/D

0680 LET Y [k+13]=Z[1+13] «¥ /D

0690 REM IF THIS IS THE FIRST SIDE FIND COMMON VERTICE
0700 IFS -1 THEN GOTO 0790

aro REM IF WE HAVE FOUND ALL THE COMMON VERTICE LOOP AGAIN
0720 IF 1 -S1 THEN GOTO 0830

0730 LET XG[1+¥]=X[1+13]

0740 LET Y9+t =¥ [i+13]

0750 LET Z9(4+1]=2[1+13]

0760 GOTC 0830

0710 REM PROCESSING A SIDE VIEW OTHER THAN SIDE ONE
0780 REM IF THIS IS FIRST VERTICE ITS A COMMON ONE

0790 If 1-1 THEN GOSUB 0870

0800 LET X[1+13]) =X [1+13} - X8[8]

0810 LET ¥[1+13] =Y [1+13] -Y9(S]

0820 LET Z[1+13]=2[1+131 -29(S]

0830 NEXTH

0840 REM FIND TOTAL NUMBER OF VERTICE

0B850 LET 13=13+11

0860 HAETUAN

0870 IF $=1 THEN GOTO 0320

0880 AEM FIND THE DIFFERENCE BETWEEN SIDE ONE AND SIDE N
0890 LET X9(S] =X {1+13] -X9(§]

0900 LET Y8IS]=Y[I+I3] -v9[§]

0910 LET 28[5]) =2[1+13] -29(8]

0920 RETURN
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AL: Birmingham: Computer Center, Inc..
(205)942-8567 CA:Costa Mesa Qrange County
Computer Center, {714) 646-0221. Los Angeles:
Computers Are Fun, (213] 475-0566. Modesto:
Computer Magic, (209) 527-5156. Mountain Wiew:
Digital Deli, (415) 961-2670. Walnut Creek:
MicroSun Computer Center, (415) 933-6252.
COQ: Boulder: Byte Shop. (303) 444-6550. CT:
Bethel: Technology Systems, (203) 748-6856.
FL: Ft. Lauderdale. Byte Shop of Ft. Lauderdale,
{305) 561-2983. Miami: Byte Shop of Miami,
(305) 264-2983. Tampa: MicroComputer Systems
Inc., (813) 879-4301. IL: Lombard: Midwest
Microcomputer. (312) 495-9889. |D: Boise: Byte
Shop Computer Store, (208) 345-3811.  1A:
Davenport: Memory Bank, {319) 386-3330. KY:
Louisville: Martronix Associates, (502) 459-0500.
MD: Silver Springs: Computers £tc..

(301} 588-3748. Towson: Computers Etc.,

{301} 296-0520. MA: Waltham; Computer Power,
Inc., (617} 890-4440 MO: Flonssant:
Computer Country, (314) 821-4434. NJ: Cherry
Hill' Computer Empornium, (809) 867-7555

Iselin: Computer Mart of New Jersey, (201)
283-06800. NY: Endwell: The Computer Tree.
{607) 748-1223. New York: Computer Mart

of New York, (212} 6B6-7923. White Plains: The
Computer Corner, (914} 949-3282 NC: Raleigh:
Bennett-Stiles Computer. (918) 781-0003.

OH: Akron: The Basic Computer Shop. (216)
867-0808. OR: Beaverton: Byte Shop Computer
Store, (503) 644-2686. Portland: Byte Shop
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Emporium, (202) 337-6545. CANADA: London,
Ontario: Computer Circutt Litd., {519)

672-9370. Toronto. Ontario: Computer Mart Ltd.,
(416) 484-9708. Vancouver, B.C : Basic
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Digitales, 393-5299. AUSTRALIA: Prospect”
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01-54366 PHILIPPINES: San Juan: Integrated
Computer Systems, Inc., 78-40-71. SPAIN:
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(0480) 743568. VENEZUELA: Los Ruices.
Caracas: Componentes ¥ Circuitos Electronicos
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the outline of an object consists of straight
edges which meet at vertices. Rounded edges
are approximated by several straight edges.
Putting an object into perspective entails
transforming the edges’ three-dimensional
coordinates into  two-dimensional  coordi-
nates. Internally, the computer represents
the objects’ edges as pairs of vertices, Since
straight lines in three dimensions get trans-
formed to straight lines in two dimensions,
all that is nccessary is to transform coordi-
nates of their endpoints.

The screen of a video display device is
two-dimensional. We will call this plane the

PICTURE
PLANE

Figure 5: The viewing screen can be considered as the picture plane to be
viewed. Putting an object into perspective involves drawing straight lines
between the object and an imaginary viewer.

WIDE ANGLE

TELESCOPIC

Figure 6: The location of the picture plane determines the angle of view.
A wide angle effect is produced by having the plane close to the viewer.
A telescopic effect is produced by a picture plane far from the viewer,
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picture plane (see figure 5). Putting an
object into perspective involves drawing
straight  lines between the object and an
imaginary viewer. The imaginary picture
plane is also inserted between the viewer and
the object. The objects’ vertices are pro-
jected to where the lines adjoining object
and viewer intersect the picture plane. These
points of intersection can be computed using
similar triangles. Triangle ABC is similar to
triangle ADE. The equation for a perspective
transform is therefore:
XP =DP(X)/Z YP = DP(Y}/Z
where the XY, and Z dirccrions are as
defined in figure 5:

1

XP X coordinate in picture

YP = Y coordinate in picture

DP distance between viewer and

picture planc

X = vertex's X coordinate

Y = vertex's Y coordinate

Z = distance between vertex and

viewer.

H

The location of the picture plane with
respect to the viewer determines the angle of
vision. If the picture plane is close to the
viewer, there is a wide angle effect. If the
picture plane is far from the viewer there is
a telescopic effect (see figure 6). The term
DP in the above cquations is that distance,
and it is referred to as the perspective trans-
form of the fens of the camera.

The object is displayed according Lo the
values put into several equations. We know
thdat the distance between camera and object
is given by term Z, and that the angle of
vision is given by term DP. To achieve rola-
tion of the object, we use the equations
below:

XR =X x cos {angle 1) - Y x sin{angle1)
YR = X x sin {angle 1) + Y x cos{angle?).
By rotating the object around two axes, any
angle of rotation in three dimensions can be

achieved.

YRI = YR x cos (angle 2) — Z x sin(angle2)
ZR = 7 x cos {angle 2) + YR x sin {angle2).
Perspective is arrived at by applying the
original transform equations:

XP = DP(XR)/ZR
YP = DP{YR}/ZR.

Circle 5 on inquiry card, —p
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A camera is a device which produces a
perspective transform. The procedure with
the photographs and data tablet is to reverse
the transform to produce the three-dimen-
sional coordinates of the vertex. From the
equations above, we sec that there are five
variables. The photographs give us values for
XP and YP. If DP and Z are determined,
values for X and Y can be computed. It can
be assumed that DP in one photograph will
be the same as DP in another photograph, as
fong as the angle of vision does not change.
With two photographs taken with camera
positions one behind the other, and with the
distance known between positions, we have
two sets of perspective transform equations
and a relationship between Z in one photo
to Z in the other photo:

Subtracting equation 2 from equation T and
substituting Z2=L + Z1:

XP1(Z1) = XP2(L + Z1) or
Z1=XP2(L) / (XP1 — XP2).  (6)

Therefore, to learn how far the camera was
from a vertex, all we need to know is the dis-
tance between camera positions.

Finding DP, the perspective transform, re-
quires the knowledge of the coordinate in
either the X or Y direction for one known
vertex. For example, with a value for X
known and a value for Z obtained through
the use of equation 6, we can write an equa-
tion for DP as:

DP = Z(XP)/X . (7)

Once a value for DP is obtained, values for
X and Y are computed using the Z values
computed and the equations:

X=2Z(XP)/DP (8)
Y =Z (YP) /DP. (9)

Now every vertex's three-dimensional X,Y,
and Z coordinates can be determined. These
coordinates are given with respect to the
edge of the camera. To orient them with
respect to the origin, subtract the distance
between origin and camera from each com-
puted Z value. The first side of the object is
now described three-dimensionally, inde-
pendently of a viewing point or picture
plane.

To describe other sides of the object, the
above equations must be applied again. Also,
two photographs taken as above, an origin,

one known vertex, and an additional vertex
common to both side views must be sup-
plied. This additional common vertex will be
used to relate the values obtained in one side
view to the values obtained in the other side
view (see figure 3). Once all of the values are
computed for the second side, the differ-
ences are found between values computed in
view one from values computed in the other
view for the common vertex. These differ-
ences in value are the offsets from one side’s
coordinate system to the other side’s coor-
dinate system.

If these values arc subtracted from one
side’s values, all vertices will be in relation to
one origin. If this procedure is applied to all
sides, the entire object is described. With the
aid of your computer you can now display
the object from any perspective vou choose.
You are not limited to the perspective of the
photographs, and you can have the object
placed at any distance or angle of rotation
you like.

Another Input Method

There is another technique for entering
three-dimensional information from photo-
graphs into a computer. This technique is
useful in cases in which, rather than meas-
uring between the camera positions and the
object, it is easier to measure the positions
of several points on the object. Far example,
you may be taking a picture of a house, and
have no convenient way to measure the dis-
tance between the camera and the house.
Yet it may be quite simple to measure the
dimensions of a window frame. In this
technique, rather than measure the distance
between camera and object, the user meas-
ures two vertex coordinates in reference
to a third vertex which is to serve as the
origin.

The distance between object and camera
need not be known, but the camera must
point so that the origin of the object is in
the center of the photos. Again, two pholos
are required. They should be taken parallel
to each other, rather than taken one behind
the other. Each photograph will have its own
origin, and it is necessary to know the dis-
tance between the camera’s positions, or
distance between origins. Three vertices
from one photograph yield three equations:

Z1 x XP1=X1x DP
22 x XP2=X2 x DP
23 x XP3=X3 x DP.

Measurements of the object give X1,X2,X3,
21,22, and Z3. Measurements of the photo-
graph give XP1,XP2, and XP3. We can sub-
stitute the differences for the Zs with
Ls:















| told him 1'd pack all the gear in the car
and be there in three hours. Possibly | would
feel better about writing once 1 arrived.

The Colonel, sensing the termination of
the commercial, quickly responded, “Three
hours is great. The game is still in the first
inning. If you hurry you may get here before
it’s over. . .gotta go now."”

One of the good things about living in
New England is that everything is close.
It was a scant 3 hour drive between Con-
necticut and New Hampshire, but | drag-
ged it out an extra half hour so | wouldn’t
be competing with the Red Sox for the
Colonel’s attention. As | pulled into the
garage he came out to greet me.

“Howdy," he said, slapping me on the
back. From his exuberance | could tell
that the Red Sox had just won the game.

“"Come on in and get settled. I'm ex-
pecting a telephone call. . .oops, there it
is now."”

Leaving the electronics junk in the car
I followed him into the house. He was
still wearing his lucky Red Sox baseball
cap as he spoke.

“Chester, wasn’t the game great? |
thought they were going to blow it in the
6th. . .You bet, I'm ready for tomorrow’s
game. |f they can play like that again, the
pennant is in the bag..."”

Suddenly Colonel Foster’s expression
changed, to amazement, then anger. He
grabbed his cap, slung it into the chair
he was standing near and complained,
“Darn woman again!. . .What do you mean
lucky! The Red Sox won through skill,
not luck!. .Go play with your WATS
lines and let Chester and me talk.” It was
obvious that suddenly there was a third
party to their conversation.

“Beatrice, | don't care if you think it
was an error. It was ruled as a singlel. . .
Yes, | know the 6th looked bad but that still
doesn’t mean they're just lucky. .."

It was becoming an argument between
the Colonel and Beatrice. A hint as to
her identity was provided when he re-
sponded, “Beatrice, would you keep your
opinions to yourself and let me talk to
Chester? Chester, come on over for a private
talk!”

He slammed the reciever down on the
phone, put his baseball cap back on, and
slumped into the easy chair. “l just can’t
carry on a baseball conversation with that
woman around.”

“Who's Beatrice?”

“The switchboard operator for the town.
We don’t have all that new computer tele-
phone stuff you city slickers have. We have
Beatrice. When it’s business or personal
she’s good and keeps her nose out. But,

when it's baseball, Beatrice has to get her
two cents in!"

{Obviocusly what the Colonel and Chester
needed was an alternate means of com-
munication, such as CB.)

“I've got a great idea, Colonel. Why
don’t you and Chester use CB radios in-
stead of the telephone?” The Colone! led
me to the bockcase in the study. | found
myself staring directly at a CB radio. He
flipped it on and said, “Tune in channel
19 and listen.” The radio came to life.
“Breaker one nine. . .breaker one nine. . .
this is your Big Mama on this one niner. . .
all you 18 wheelers just put the hammer
to the floor and let Big Mama be your
guide. . .I'll have a Smokey report in five,
but first, the weather. . .”

My eyes opened wide. “Is that Bea. ..”

‘"‘Beatrice? You're darn tootin' it is.
She’s got an antenna tower on her house
and radio gear that would put an FCC test
laboratory to shame. | swear she’s running
a full gallen.”

“We tried CB a while back and it was
useless.” This time the conversation came
from behind. Chester had let himself in and
joined us in the study. He continued, It
all started when we telephoned the games
to the tower.”

“Tower?"

“I'm sorry, | guess the Colonel didn’t
tell you.” Walking over to the window of
the study and pointing to the adjacent
mountain top roughly two mifes away.
“You see that structure on top of that
hill? That's my tower. Well, not exactly my
tower. | just work there. It’s a combination
fire tower and radio relay station. Oc-
casionally | have to sit up there and monitor
equipment during important transmissions.

‘“What's that got to do with Beatrice?”

“With all the interference from the
equipment up there | can’t use a radio or
television to watch the Red Sox.”

(This was beginning to take on the aspects
of a good mystery.)

“The Colonel would tune in the game
on his television set here, telephone me
in the tower and then lay the receiver near
the television so | could listen to the game.
When Beatrice found out she'd bust in and
add her commentary to the game. Do you
know what it's like having a nosey Howard
Cosell-type beating on your ear for three
hours at a time?"'

I could only offer my sympathy. If
there was a solution short of stringing two
miles of wire | didn’t see it yet. But | would
continue to think about it.

“Tomorrow is a very important Red
Sox game. The pennant may hinge on it.

Text continued on page 36

Warning: due to the
nature of lasers, any
prolonged skin contact
or viewing of the laser
beam Is hazardous.

Copyright © 1979 by Steven
A Ciarcia. Al rights reserved.
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Text continued from page 33:

Unfortupately, tomorrow is also a day |
have to spend in the tower. | really want
to listen to the game, but Beatrice is tough
to listen to.”

| ran over to the window, looked at
the tower in the distance, and noted the
glass windows circling the observation
deck. ‘“What's the weather report for
tomorrow?"’

“Cloudy and cool | think.” Chester
answered.

“Good! Clear weather. . .Colonel, could
the television set be moved in this room
for the game tomorrow?"

“1 suppose so. Why?"'

| scanned the study looking for a con-
venient AC power outlet and spied one
by the window.

“Perfect,” | said.

Both the Colonel and Chester were a
little perplexed at my behavior.

“What if | told you there was a way
for Chester to listen to tomorrow’s game
undisturbed by Beatrice?’’

“We've tried everything. What are you
planning?"’

“Wait here and I'll show you." | dash-
ed off to my car and took a tripod, 2 long
white rectangular instrument, a small black
box with a lens at one end and a few patch

w2-X- HOBBY WORLD

CALL TOLL FREE: (800) 423-5387
IN CA, HI, AK: (213) 886-9200

INSTOCK - PRICED BELOWLIST!

B California
Computer
Systems®
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Extender/Terminator
Apple Wirewrap, Etch, Soldertall
S-1004-PIO
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$-100 Wirewrap, Etch, Soidertall
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We also stock: SSM, Ithaca Audio, Wameco, Speechiab, AP
Products, OK Machine, Continental Speciafties, Panavise, 5D
Systems, Mountain Hardware, and more! Call for our free
catalog.

19355 BUSINESS CTR DR 6BS
NORTHRIDGE, CA 91324

36 May 1979 © BYTE Publications Inc Circle 170 on inquiry card.

cords out of the trunk. Dragging all the
equipment into the study, | proceeded to
assemble it, much to their amazement.

“What’s all this, Steve?’’ the Colonel
asked.

With as straight a face as | could muster
| replied. “It’s a laser.”

Both men, army veterans of two wars
and thirty years’ service, took two steps
back and exclaimed, ‘A laser?" It was in-
stantly apparent that the words laser and
“death ray” were synonymous for them.
Before 1| let them think | planned to rub
out Beatrice, | quickly continued my ex-
planation.

“There are big lasers and little lasers.
This is a little one. It won't burn anything
or hurt anyone if used properly. Eye pro-
tection is the only consideration necessary
on this particular laser.”

“Do you always carry this stuff around
with you?" the Colonel asked.

“No. It just happens to be the topic of
this month’s article for BYTE.”

"What has this got to do with tomor-
row’s game? "’ Chester asked.

“We’re going to transmit the game to
you in the tower on a beam of light.”

Their eyes opened wider but they re-
mained receptive.

“Let me demonstrate."

| took the transistor radio, tuned it to
a station and placed it on the coffee table.
Taking a long patch cord, | plugged one
end in the radio earphone jack, auto-
matically silencing the radio speaker, and
plugged the other into the rear of the laser.
Aiming the laser, | turned it on. A red spot,
about 1/8 inch diameter, shone brightly on
the wall 15 feet away.

“You're sure that won't burn the wall?”

“Trust me.”

Next, | picked up the black box with
the lens on it and turned it on. | walked
over to the illuminated spot on the wall
and interrupted the laser beam path with
the box. When the beam intersected with the
lens, music was heard!

“That’s the radio station you tuned in,
all right,"’ Chester said.

“Colonel, take that poker from the fire-
place and wave it back and forth in front of
the laser so it interrupts the beam."”

“Why. . .the radio goes on and off,” he
exclaimed a minute later.

“Correction, Colonel. The radio doesn’t
go off, only the receiver, when it no longer
“sees’” the modulated laser light beam.
Notice in addition that the beam barely
spreads out at all over the 15 feet to the
wall.”

"l think | get what you're driving at,
Steve."

“You've got it. Chester takes the re-






Figure 1. Block diagram of
full duplex optical com-
munications link.
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ceiver up to the tower tomorrow, aims it
at this window using the gun sight scope on
top. Then we turn on the laser which, in-
stead of being connccted to the radio,
comes from the television. Voila! Instant
uninterrupted Red Sox baseball. And, no
Beatrice!"'

“Will it really work, Steve?”' Chester
asked.

“Sure, and tomorrow we’ll prove it.”’

Before the next comment from anyone

the telephone rang and Colonel Foster
answered it. Chester and | listened and
smiled.

“Look, Beatrice, your team doesn't

have a chance for the pennant. . .Are you
still claiming that that was an error?. . .
It wasn’t just luck in the 6th | tell you. ..”

Chester and | laughed. Beatrice was
really giving the Colonel a run for his
money, but there was a twinkle in his eye
as he spoke. The Cotonel was living what
he enjoyed most — baseball. First on tele-
vision and then blow by blow with Beatrice.

Communicate on a Light Beam

Most experimenters have never considered
using a modulated light beam for data com-
munication. I'm not suggesting that every-
one throw out their twisted pair RS-232 lines
and replace them with laser beams, but
| do ask you to consider the commercial ad-
vantages of such a concept and Iry a few
experiments.

When discussing modulated light com-
munications, a definition of terms isinorder.
The two most often heard are lasers and
fiber optics. It is important to recognize that
one is a light source and the other is a light
conductor. It is not necessary for them to be
used together but this is often the case. I'll
explain more about each later,

A full duplex optical communication link

ATA QUT
OPTICAL 0ATA O
RECEIVER
OPTICAL DATA IN
———

TRANSMITTER

is shown schematically in figure 1. It consists
of two pairs of optical transmitters and
receivers which allow data to flow in two
directions simultancously. Data from the
base to the remote travels on one line, while
data from the remote to the base is on the
other. This is a dedicated duplex hookup.
Unlike the ones you've probably used, this
one uses fiber optic cable rather than wire.
In its commercial applications it can offer
the following advantages:

® [mmunity to strong electrical or mag-
netic noise. Fiber optic material is
usually glass or plastic and since there
is no electrical conduction there can
be no induced electrical noise.

® High electrical isolation. Since the data
conductor is a dielectric material, the
isolation between the transmitter and
receiver is a function of distance.

® Higher bandwidth and lighter cable.
Optical modulation systems have
inherently higher data rate capabilities
and glass and plastic weighs less than
copper. Bandwidth is typically 100
megabits.

® | ower loss than coaxial systems. New
low loss fibers extend transmission
distance.

® Negligible crosstalk. If each fiber optic
channel is optically sheathed there is
no crosstalk. Even adjacent unsheathed
fibers rarely interfere with cach other.

e Ultimately lower cost than either
coaxial or twisted-wire systems. The
raw material (sand) used in making
fiber optics is abundant, while copper
gets increasingly more expensive. Cost
for a data transmission system is ulti-
mately based on dollars per megabit
times distance, Since fiber optic sys-
tems have higher bandwidths, the cost
factor is slowly moving in their favor.
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Figure 2: An example of reflection and refraction at an interface, such as the
side of the optical cable.

Key ingredients in any optical communi-
cations system are the transmitters and
receivers. The ultimate data rate is a func-
tion of how fast the transmitter can turn on
and off, sending one bit of information, and
whether the light sensitive receiver can track
this transition. [f the date rate is very low,
say 110 bps in your experimental setup, a
simple incandescent light and cadmium sul-
fide photocell will suffice. Higher data rates
require much faster response and dictate use
of LEDs (light emitting diodes} and photo-
transistors or photadiodes, Common red
LEDs will easily handle 100 K bits per scc-
ond and most common phototransistors, if
properly biased, will also suffice. Higher fre-

Figure 3: Pictorial diagram of u single fiber illustrating the cladding and core
boundary. Only light entering within the “acceptance cone” will be guided
down the optical fiber as in figure 3b. Any rays outside this cone are not
transmitted.

(3a) (3b)
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/
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guencies require specially fabricated LEDs
or, if the transmission line is especially long,
then laser diodes might be in order.

It is important to know what each of the
components in the system is and the way its
selection affects the other components. The
designs illustrated in this article are included
to demonstrate a workable low frequency
system which the personal computer enthu-
siast may wish to build. The physical eiec-
tronics of high frequency commercial systems
differ considerably, but the physical laws and
general concepts are the same,

Fiber Optics

Fiber optics are just what they sound like
— glass fibers which conduct light rather
than electricity. To understand optical fibers
we must look at a few definitions. An exam-
ple of reflection and refraction is illustrated
in figure 2. When a light ray strikes a bound-
ary, partial reflection and partial transmission
take place. The materials on either side of
the boundary have particular constants n,
and n, respectively (called indices of refrac-
tion) associated with them, These constants
are dependent upon wavelength of the light
transmission and the speed of light through
the material. Reflection and refraction are
related as follows:

Reflection 61 = 01'
Refraction ny sin 83 = nysin @4

The fiber has a core,a light transmitting
material of higher index of refraction sur-
rounded by a cladding or optical insulating
material of a lower index of refraction. Fig-
ure 3ais a pictorial representation of a single
fiber. Light enters the fiber at an infinite
number of angles but only those rays entering
the fiber at an angle less than the critical
acceptance angle are transmitted, Light is
propagated within the core of a multimode
fiber at specific angles of internal reflection.
When a propagating ray strikes the coref
cladding interface, it is reflected and zigzags
down the core. This is further illustrated in
figure 3b.
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by stimulated emission of radiation. Light
from a lascr is all the same frequency, unlike
the output of an incandescent bulb. Lascr
light is referred to as cofrerent, and has a
high energy density. [t can travel greal
distances without diverging from a tight
beam.

The basic requirements for the creation
of a laser are quite simple. We need a materi-
al that can absorb and release encrgy. Next,
we need an energy source for exciting this
material and a container to hold and control
the lasing action, such as a glass tube or solid
crystal.

In the actual lasing process, the laser ma-
terial is placed inside the container, and then
stimulated by means of an energy source
into the emission of light waves. The laser
beam is created by channelling the energy of
these light waves into a particular and con-
trolled direction. The result is a highly con-
centrated, brilliant beam of tremendous
power. Figure 5 is a schematic of the first
laser invented by Dr Theodore Maiman and
a pictorial description of the lasing process.

The ruby laser is a pulse type laser which
only produces a light output when the
xenon lamp flashes. The best flash lamp can
only be fired a few hundred times a second
without extcnsive cooling apparatus. In a
ruby laser this pulse mode operation is suit-
able for cutting stone and welding steel, but
not for data communications, because the
duty cycle is too short and the energy den-
sity too high for low cost fiber optics. The
solution is to use a laser that operates con-
tinuously, such as a helium-neon gas laser
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Figure 5: The first laser, imvented by Dr Theodore Maiman, was made front ¢
ruby rod excited by a xenon flash lamp. A schematic representation is shown
in figure 5a. The laser builds up energy by the following process. In figure 5b
the flash lamp is fired thereby exciting the electrons in the ruby rod. As the
electrons drop back to their original energy level (step 2, figure 5c) they emit
photons in random directions. In-step colljsions of photons with other
excited electrons start a wave front between mirrors (figure 5d). After many
reflections back and forth between the mirrors, a wave front is built up until
it contains sufficient energy to pass through the slightly less reflective of the
two mirrors. This light output consists of coherent light,
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Figure 7: System configu-
ration necessary for one
compuler to transmit data
{0 another via a helium-
neon [laser beam. The
schematic for the modula-
tor and demodulator are
shown in figures 8 and 9,
respectively,

Figure 8: A frequency
shift keyed laser modula-
tion interface, This circuit
accepts  jnput from the
computer’s UART (univer-
sal asynchronous recejver
and transmitter). A logic 1
input produces a 2400 Hz
output. An input of logic
0 produces a 1200 Hz
output, The power con-
nections for the integrated
circuits are shown in table
1. The starred capacitor is
either a mylar or poly-
carbonate capacitor,

COMPUTER A

SERIAL OUTPUT

HELIUM-NEON
LASER

MOOULATOR

The most economical high intensity light
source for long runs of fiber optics is the
laser diode. Don't be so whimsical as 1o run
out and buy one thinking you are going to
make a ray gun — it should be just as easy to
use as an LED. Laser diodes get very hot in
operation and are generally operated only in
pulse mode. An 8 W laser diode sold through
the surplus dealer can have an average power
of only a few hundred microwatts when
used in pulse mode operation. Using laser
diodes in continuous operation is beyond
the talents and resources of most hobbyists
and must be left to the commercial ranks for
the moment. The light output from a laser
diode is infrared and invisible to the human
eye.

Communicating on a Laser Beam

While it is possibic to demonstrate com-
munication with a laser diode, it is much
more dramatic with a He-Ne laser since you
can scc the beam. A He-Ne laser can be mod-
ulated, but it cannect be turned on and off

+5V

COMPUTER A

SERIAL INPUT

3

LENS AND
PHOTO
DETECTOR

DEMOODULATOR

rapidly like an LED or diode. Instcad the
light intensity is modulated by the data
signal. The Metrologic laser | used is a type
ML-969 “modulatable” laser. 1t has a BNC
connector on the rear and accepts a 0 thru
1 V input for 0 to 15 per cent intensity
modulation. Any greater degree of modu-
lation shuts off the lasing action.

Figure 7 illustrates the system configura-
tion necessary to transmit data from one
computer to another. Figure 8 is the sche-
matic of a FSK (frequency shift keyed)
modulation interface which can be used as
the input to the laser. A 4800 Hz frequency
reference produced by IC1 is divided by 1C2
to give either 2400 Hz or 1200 Hz fora 1 or
0 logic input respectively, The modulation
input to the laser can be any 1 V input up to
500 kHz bandwidth. A transistor radio is a
good test source for experiments.

The receiver is shown in figure 9. The
laser beam is directed at the phototransistor.
With no modulation, the sensitivity is adjust-
ed to set the phototransistor in the middie
of its linear range. With the modulation
turned on, the trigger adjust control is
turned until the modulation data is seen at
test point 1. If using a transistor radio as the

SERIAL INPUT 10K T source, 'lhe analog output can be obt-alm?d %t
FROM UART L[> VW this point and the rest of the circuit is
unnecessary.
3
o7 1C5
0K 4049
2 +
e 4 9 7 OUTPUT
DISCHARGE RESET o] | SET ols 6 SET ol a7k ADJUSTMENT
1C4q IC4b , 10K
1c3 3 4800M | @027 o 9027 I——> Iv_PEAK
< NESSS z 1o -l TO PEAK
247K ouT CLOCK CLOCK 0.0054F ouTPLT
6 TO LASER
THRESHOLD 1 s /J'H
K K
TRIGGER GND RESET RESET 7
% ? I /'J7ia /J;
2201 R
9 0.01ufF
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FREQUENCY 4049
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OPTICAL RECEIVER BANDPASS FILTER
2400Hz

TEST
+i2V POINT 3

IN3821

3.6V 10K

LIMITER

TEST

LASER POINT |

INPUT

10K
TRIGGER
ADJUST

PHOTO-
TRANSISTOR
LI4F2

PEAK
COMPARATOR
ADJUST 10K $ +5V
2N2222 IN9I4 (4) LM74l PN2222
47uF TEST
+ ® POINT 2
BANDPASS
TEST
10K 12k FILTER POINT 4
1200Hz2

nL).OIF.F

R3
50K
10 TURN
Number | Type [+5V | Ground ZERO
ADJUSTMENT
Ic1 7437 14 7
R2
ic2 [74Ls04 | 14 7 iK -12v
IC3 |NE555 | 8 1 10 TURN
IC4 4027 16 8
_ ics | 4049 1 8 ) )
Table 1: Power pin con- o6 [Lwad 2 7 Figure 9: Modulated laser beam serial data receiver. The demodulator consists
nections for the integrated o7 V71 " 7 of two bandpass filters, one for 2400 Hz and the other for 1200 Hz. The
circuits used in construct- power connections are given in table 1, The starred capacitors are mylar or
. . IC8 LM741 4 7 5 . s s
ing the laser communi- o VA 7 - polycarbonate capacitors, All resistors are 1[4 W unless otherwise specified.

cator. All diodes are type 1N9] 4.
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Bob Haas
20887 SW Willapa Way
Tualatin OR 97062

Single Chip

Video Controller

Several semiconductor  manufacturers
have recently produced video display con-
trollers contained on a single integrated
circuit. While none of these is the “video
terminal-on-a-chip” that some of the pub-
licity would have you believe, these new
devices perform many of the functions re-
quired in a video display, thercby reducing
the number of integrated circuit packages
required. In addition, they are all program-
mable to some degree, which allows adding
new features to an existing design at low
incremental cost, or changing display for-
mats if required by changing nceds. These
characteristics make these decvices particu-
larly interesting to a computer experimenter.
A uscr might start with a 16 line, 64 char-
acler, upper case only display, and as re-
guirements (and budget) increase, convert to

About the Author:

Bob Haas leads a double life: by day he designs 6800 systems (for

Tektronix'’s 4057 group); and by night he works on 6502 systems (on his
own KIM-T system). He uses the MC6845 display sy'stem described in this
article with his KIM-1.

in the preparation of this article.
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a “professional’ 24 line, 80 character, upper
and lower case format just by adding more
memory and a new characler generator.

In this article, | will present a survey of
the characteristics of four video display con-
trollers, namely, the Intel 8275, the Motor-
ola MC6845, the NS (National Semicon-
ductor} DP8350, and the SMC {Standard
Microsystems Corporation) 5027. In addi-
tion, | will present a detailed description of
the Motorola part and a design for a display
using that device,

Device Characteristics

Table 1 summarizes the important char-
acteristics of each device. All of the devices
are programmable. The Intel, Motorcla, and
SMC parts are programmed by the micro-
processor system to which they are attached.
This means that when the system is powered
up, a program must be executed to initialize
the display controller, before a proper dis-
play will appear on the display screen.

The display formats of the Intel and
Motorola devices are, within limits, com-
pletely variable. For the Motorola part, any
line width from 1 to 256 characters can
be chosen. (Of course, these limits are un-
reasonable values; the actual limits are deter-
mined by the display timing constraints, an
example of which will be given in the de-
tailed discussion of the Motorola unit, later
in this article.) The SMC 5027 is manu-
factured with a fixed “menu” of line widths,

Text continwed on page 56
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National Standard
Intel Motorola Samiconductor Microsystams Corp
8275 MCGB45 DP8350 5027
Format fully programmable | fully programmable | mask programmable | programmed options
Lines by Characters to 64 by 8O to 128 by 256 to 64 by 110 to 64 by 132
Microprocessor 8080 family all ail all

Compatability

[direct memory
access only)

Simplest System
Interface

direct memory
access via Intel
8257

shared memory

shared memory

shared memory

Display Memory 64 K 16 K 4 K 4 K

Size {(maximum)

Addressing linear linear linear row/column

Scrolling line, character, page | line, character, page | line, character, page |line only

Cursor blink or steady. blink or steady. reverse video or reverse video or
reverse video or reverse video or underline, no blink | underline, no blink
underline underline

Interlace none video, or video and |none none or interlaced

SYNc, or none sync and video

Light Pen yes yes no no

Graphics Capability limited full full full

Process MQOS MOS (1IN MOS

Power +5 +5 Y +5 V +5, +12 V

Other Features on board line high-speed timing self-loading for stand-

{see text) buffers; visual on board alone use

attributes

May 1979 ' BYTF Publications ing

Table 1: Summary of characteristics of four video display controllers.

Text continued from page 52:

such as 20, 32, 40, 64, 72, 80, 96, and 132
characters, from which the initialization
program can choose.

The NS DP8350 is mask programmed. [ts
characteristics are set by internal read only
memories, the contents of which are deter-
mined when the device is manufactured.
Changing the display format with this part
means unplugging the current unit and plug-
ging in a differently manufactured unit. A
number of stock formats, among them 24
lines by 80 characters, will be avaifable, but
if your particular needs are not met by a
stock part, you musl contract with NS to
program a custom part, agree to purchase a
certain  quantity, and perhaps pay a one
time mask charge.

The SMC part has the ability to load its
format parameters at power-up from an
external read only memaory, so that it does
not have to be part of a microprocessor
based system at all. It can therefore be used
in a so-called “dumb” terminal.

All of the devices may theoretically be
interfaced to any microprocessor, but prac-
ticalities limit the choices. The Intel part,
being part of the 8080 family, is designed to
interface to 8080 based systems via DMA
(direct memory access) through the Intel
8257 DMA controller. This makes it difficult
to interface the Intel part to non8080 sys-
tems. In fact, since many people’s S-100 bus
8080 systems will not support direct mem-

ory access, the Intel part would be difficult
to interface even to these systems.

The Motorola MC6845, a member of the
Motorola 6800 family, is easily interfaced to
6800 and 6502 systems, and can be inter-
faced to 8080 and Z-80 systems. The NS and
SMC parts have system interfaces similar to
the Motorola part. The simplest method of
interfacing the latter three parts is by means
of shared memory, wherein the display
memory appears to the processor to be
ordinary programmable memory.

Memory Usage

The maximum size of the display refresh
memory for each part is limited by the num-
ber of refresh memory address lines coming
out of the package. The Motorola part has
14 address lines, and the NS and SMC parts
each have 12. The [ntel part has access to
the entire system memory through an
attached direct memory access controller,
and the system memory may be as large as
64 K (65,536) bytes. The Intel, Matorola,
and NS parts access linear (sequential) re-
fresh memory addresses, so there is a simple
relationship between the refresh memory
address of a given character and its position
on the display screen.

The SMC 5027, however, oulputs ad-
dresses in a row and column format which
{(without the addition of hardware tc do ad-
dress translation) causes inefficient use of
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display memory when the display dimen-
sions are not integer powers of 2. For exam-
ple, building a 24 line by 80 character
display with the SMC part would require a
refresh memory that is 24 by 128, or 3,072
bytes total. Of these, 1,152 bytes would not
be displayed. Also, a program to manage the
display would have to perform row and
column calculations to locate a given screen
position. Of course, additional hardware
could be added to “linearize” the addresses,
but this defeats the purpose of using one of
these devices, namely, the reduction of
hardware.

Scrolling and Cursing

All of the devices provide scrolling, that
is, the ability to move data around on the
display screen without actually moving the
data in the refresh memory. The SMC device
provides line scrolling only. An example of
scrolling using the Motorola part is given in a
later section of this article.

All the parts provide for the generation of
a cursor (ie: some way for a human oper-
ator to determine the position at which the
next character entered from a keyboard will
be placed on the display). The Intel and
Motorola devices allow a steady or blinking
cursor consisting of an underscore or a re-
verse video (black on white) block. The NS
and SMC parts allow for underscare or re-
verse video, but do not provide blinking,

Video Signal Characteristics

A standard North American television
picture is composed of two frames of 262
scan lines each, with scan lines from alter-
nate frames interlaced vertically the width of
one line, so that the resultant picture has
525 scan lines. Many computer video dis-
plays use only about 262 scan lines, and are
not interlaced. This limits the maximum
number of character rows on a display to
about 25.

The Motorola part allows the use of
interlacing to produce an aesthetically more
pleasing display by doubling character dots
vertically. This fills in what might otherwise
be spaces on a high-resolution display. This
is called interlaced sync, in Motorola’s
terminology. The Motorola and SMC parts
also provide for interlaced sync and video,
in which all 525 lines can be used for charac-
ter formation, allowing as many as perhaps
50 character rows per display. The use of
interlace does cause a flicker effect on
ordinary white phosphor (P4) monitors, but
computer experimenters with long per-
sistence, green phosphor (P39) monitors
may want to consider using interlace.

Other Features

The Intel and Motorola circuits provide
support for a fight pen, that is, a light-
sensitive ‘‘wand'’ used by the display oper-
ator to point to areas on the display screen
to signify something to the attached sys-
tem. This requires additional hardware to
implement.

The data displayed on the screen by the
display controller need not be dot patterns
from a character generator read only mem-
ory. They might be dots forming part of a
graphic image. Except for the Intel part,
the display controllers support whatever
graphics-generation hardware the system
designer cares to attach to them. The Intel
part is limited in this area because of its
line buffers, which orient it toward char-
acter generation only {more on this later).

The Intel, Motorola, and SMC display
controllers are manufactured by the MOS
(metal oxide semiconductor) process, and
do not include the so-called high-speed
timing function of a display on the device,
The National part, however, uses an 2L
(integrated injection logic), with none of the
speed limitations of MQS, so it does include
the high-speed timing functions. This inclu-
sion helps to reduce external parts count. (A
discussion of just what these timing func-
tions are follows in a later section of this
article.)

As mentioned earlier, the Intel display
controller must interface to asystem through
a DMA controller such as the Intel 8257.
The Intel display controller incorporates two
80 character line buffers. While it is display-
ing a row of characters from one line buffer,
it fills the second line buffer from the mem-
ory by ‘“stealing” some memory cycles. It
then uses the second line buffer for display
and fills the first line buffer from the third
row of characters, and so on. The timing for
a 24 line by 80 character display is such that
up to 25 percent of a system's memory
cycles may be taken by the display con-
troller action. The Intel part's line buffers
store 7 bit characters, so the graphics achiev-
able with this part are limited to what can be
displayed with a 128 character set, aug-
mented by character-set switching (using
additional hardware).

A distinguishing feature of the Intel part
is support for visual attributes. With only
minimal external hardware, blocks of char-
acters can be made to blink, be highlighted
(higher than normal brightness), be reversed
(black on white), be underlined, or have any
combination of these four qualities. In addi-
tion, two more attribute signals are provided
that could provide color selection on a color
display.
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Figure 2: Block diagram of a video display utilizing the Motorola MC6845 video display controlier.
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that a given row of 64 characters of refresh
memory is scanned nine times, in order to
“paint” all seven scan lines of the characters,
plus two blank lines. When the scan line
counter resets, the vertical counter is incre-
mented so that the next row of 64 charac-
ters may be scanned. In order to center the
display, the vertical sync pulse is produced
at about the 22nd character row, and the
horizontal sync pulse at about the 80th
character interval.

The circuit includes the capability of re-
versing {ie: converting to black on white)
any character with bit 7 (the most signifi-
cant bit) on. This can be used to highlight
blocks of text, or generate a cursor.

Normally the refresh memory is con-
necled to the vertical and horizontal timing
circuits through a multiplexer, which can be
thought of as a 10 pole, 2 position switch.
When the processor wants to update the dis-
play, control circuitry switches the multi-
plexer so that the address the processor
wants to update is supplied to the refresh
memory instead of the address the timing
circuits would be supplying. The processor
reads or writes the location. The memory
output is probably not correct for the dis-
play at that moment, so a segment of a dif-
ferent character is substituted for the correct
one, producing the snow effect if extensive
updates are being performed. The snow can
be eliminated by allowing the processor to
access the refresh memory only when the
display is blanked, but | did not include cir-
cuitry for this in my design.

Using the Motorola MC6845 Display
Controller

Figure 2 shows the block diagram of the
display redrawn using the Motorola MC6845.
The change is not striking. The 6845 has re-
placed only three blocks, namely, scan line
timing, vertical (row) timing, and horizontal
(character) timing. The circuit using the
6845 has five fewer packages. The 6845
occupies about the same amount of board
space, consumes about the same amount of
power, and costs more than the TTL pack-
ages it replaces. What have we gained by the
replacement? For the person who is per-
fectly happy with the 16 by 64 TTL design,
nothing. However, the advantage of the
6845 lies in its programmability. The charac-
teristics of the display of which it is a part
are easily changeable. This means that the
same circuit can provide formats other than
16 by 64, such as 25 by 40, 14 by 72, and
12 by 80. The 6845 provides hardware
scrolling, a blinking cursor (in addition to
the selectable reverse video carried over from
the all TTL circuit), support for a light pen,
and three interlace options.

The programmability of the 6845 is in
one way a slight disadvantage. An initializa-
tion program must be run by the system be-
fore the display will start up. The TTL ver-
sion starts displaying immediately upon
power-up, although the display will show at
first whatever random characters the refresh
memory contains at power-up.

Motorola’s diagram of the 6845’ internal

Circle 335 on INQUirY Card. i
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Figure 3: Functional block
diagram of the Motor-
ofa MC6845 video display
controffer. Diagram used
by permission of Motorola
Semiconductor Products,
fnc.
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structure is shown in figure 3. The charac-
teristics of the display are set by values
stored in the 6845's internal registers by a
program run on the system processor. Some
of the registers are written only once, at sys-
tem power-up, to establish the format of the
display. Other registers are updated period-
ically as part of normal display usage.

In order for the system (o access the

6845’s internal registers, the device is con-
nected to the system data bus, the system
¢, (phase 2) and R/W (read/write) control
lines, 1o an address decoder, and to address
bus line 0, The display now responds to two
sets of addresses — 1,024 addresses cor-
responding to the 1,024 screen positions,
and to two additional addresses used to ac-
cess the 6845’ internal registers. | will call






Listing 1: [nitialization
rautine for MC6845 as
coded for the 6800 micro-
Processor,

Listing 2: Initialization
routine coded for the
6502 microprocessor.

Photo 3: Display gener-
ated by MC6845 con-
trolfed circuit. The 12 line
by 80 character format is
shown. Parameters illus-
trated are values placed
in 6845 registers by pro-
gram executing on the
main system processor. A
10.275 MHz crystal is used
to correct for severe over-
scan in the author’s moni-
tor.

Photo 4: MC6845 circuit
generated display using 16
fine by 64 character for-
mat.  Parameters shown
urtd referenced are correct
for 10.275 MHz crystal,
which was left in place
after demonstrating 12 by
80 format. See table 2 for
parameters appropriate for
8.0 MHz crystal.
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0200 SF CRTINI CLR B ; INIT REG =

0201 CE 0213 LDX ATABLE : INIT TABLE PTR

0204 F7 E800  CRATLP STA B CRTC . STORE REGISTER NUMBER
0207 A8 00 LDA A 0,X ; GET TABLE VALUE

0209 B7 E801 STA A CRTC+1 : STORE IN REGISTER
020C 08 INX : NEXT TABLE VALUE
020D 5C INC B ; NEXT REGISTER NUMBER
020E C1 10 CMP B =16 : LAST REGISTER?

0210 26 F2 BNE CRTLP . REPEAT IF NOT LAST
0212 39 RTS ; RETURN TO CALLER
0213 TABLE FCB $5E,$40,$4D,308

0217 FCB $1C.802.$10,$16

0218 FCB $00,$08,$40,508

021F FCB $00.$00,800,500

0200 A2 00 CRTINI LDX =0 ; INIT REG AND TAB PTR
0202 8E 00 E8 CRTLP STX CRTC . STORE REGISTER NUMBER
0205 8D 11 02 LDA TABLE X : GET TABLE VALUE

0208 8D 01 E8 STA CRTCH+1 ; PUT VALUE IN REGISTER
0208 E8 INX : NEXT REGISTER

020C EO 10 CPX =16 . LAST?

020E DO F2 BNE CRTLP : REPEAT IF NOT

0210 60 RTS : RETURN TO CALLER
0211 TABLE BYTE $5E,$40,$4D,$08

0215 BYTE $1C.$02,$10,%16

0219 BYTE $00,$08,$40,508

021D BYTE $00,%00,$00,500
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these latter addresses X and X+T; with the
6845’5 RS (register select) line connected to
system address line O (the least significant
bit), thesc will be consecutive addresses.

The first address, X, is the 6845's
“pointer” register, which determines which
register is accessed through address X+1. To
write to a particular register, store the regis-
ter number at X, and the desired value at
X+1. A routine to initialize the 6845 coded
for the 6800 is shown as listing T, and a ver-
sion for the 6502 as listing 2. The 6502 ver-
sion is slightly shorter, because the 6502's X
register can be used both as a table pointer
and as the 6845 register number.

Table 2 summarizes the function of cach
register and the values to be programmed
into cach register for three formats: 16 lines
by 64 characters, 25 by 40, and 12 by 80.
The detailed function of each register and
the calculation of the values for the 16 by
64 format are as shown in the following
seventeen examples.

RO Horizontal total, This register is pro-
grammed with one less than the total num-
ber of character intervals in a horizontal
scan. A valuec of 94 provides for a total of 95
character intervals. This produces slightly
better overall timing than the value of 96
character intervals used in the TTL circuit.
The horizontal scan time is 95 X 0.666
ps = 63.27 us, for a frequency of 15,800 Ha.

R Horizontal columns displayed. A value
of 64, cqual to the number of characters
displayed, is used.

R2 Horizontal sync position. A value of
77 specifies that the horizontal sync pulse is
to starl at the 77th character position. This
value centers the display on my particular
monitor, but may be varied as needed for
olher monitors.

R3 Horizontal sync width. This is spec-
ificd in number of character intervals. A
value of 8 yields a sync pulse width of 5.33
us, close to the television standard.

R4 Vertical total. This register is pro-
grammed with one less than the total num-
ber of character rows. A value of 28 speci-
fies 29 character rows.

R5 Vertical total adjust. This register
allows adding additional scan lines to the
vertical display time to trim the vertical scan
frequency, if required to bring it close to the
power line frequency (to minimize display
“shimmy”'). A value of 2 is used here.

R6 Vertical rows displayed. This register
is programmed with the number of char-
acter rows to be displayed, 16.

R7 Vertical sync position. A value of 22
specifies that the vertical sync pulse is to be
produced at the 22nd character row, which
centers the display on my monitor. Other
monitors may require a slightly different

Value for
Register Function 16 by 64 25 by 40 12 by BO
RO horizontal total 94 (5E) - 110 {6E)
R1 horizontal cols. displayed | 64 (40) 40 (28) 80 (50)
R2 horizontal sync position 77 (4D) 66 (42) 90 (BA)
R3 horizontal sync width 8 {08) — -
R4 vertical total 28 (1C) - 27 (1B}
R5 vertical total adjustment 2 (02) - 5 {05)
R6 vertical rows displayed 16 (10) 25 {19} 12 {0C)
R7 vertical sync position 22 (16) 27 (18) 22(186)
R8 interlace mode o (0) — —
R9 maximum scan line 8 (08) — —
R10 cursor start 64 {40) - -
R11 cursor end 8 (08) — —
R12 refresh start address o* - -
{high order)
R13 refresh start address o - -
{low order)
R14 cursor address o* - -
{high order)
R15 cursor address o* - -
{low order)
R16 light pen (high order) v
R17 light pen {low order) b

Table 2: Appropriate values to-be stored in internal registers of MC6845 for
several display formats, The decimal representation is given first, and the
hexadecimul representation follows in parentheses. The values marked by one
asterisk (%) may be updated during display usage. The positions marked by
twao asterisks (**) are for a light pen; this design does not provide for a light
pen. The values given for the 12 line by 80 character format should be used
with a 10.275 MHz crystal. The values for the 16 by 64 and 25 by 40 formats

are specified for a 9.0 MHz crystal.

Value Stored in R10
{decimal) Result
0 nonblinking reverse block
8 nonblinking underscore
32 or 40 no cursor
64 fast blinking reverse block
72 fast blinking underscore
a6 slow blinking reverse block
102 slow blinking underscore

Table 3. Surmmnary of cursor options for Motorola MC6845. To produce
results shown i table, a value of 8 must also be stored in R11.

value, The vertical sync pulse width is not
programmable, as is the horizontal sync
pulse width. it is fixed at 16 scan line times.

R8 Interlace mode. This register is pro-
grammed with 0, specifying no interlace
{equivalent Lo the TTL circuit). Two other
interlace modes are available, as mentioned
previously, but these require a long per-
sistence phosphor (P39) monitor,

R9 Maximum scan lines. This register
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THIS IS THE 25 BY 48 FORMAT FOR
FOR THE MC6843 DISPLAY

PARAMETERS: SAME AS 12 BY 8@
EXCEPT: R1 48 (48)
R2 72 (48)
RE 25 (19)
R? 26 (1A)
FEATURES:
UNDERLINE CURSOR_

NDTE:'TEE MONITOR SCAN WIDTH HAS X

B B BE P M S S MM PP

BEEN INCREASED SLIGHTLY AND SHOULD X
BE INCREASED EVEN MORE TO MAKE THIS %
FORMAT MORE READABLE. X

TIMING FOR 10.275 MHZ CRYSTAL

X
%
X
£
%

20 80008032982389¢8282¢2839839830830808 83

Photo 5: Display demonstrating 25 fine by 40 character formal, aguin pro-
duced by the MC6845 circuit. As before, see table 2 for 9.0 MHz crystal
parameters.

is programmed with the maximum scan line
number that is to be presented to the char-
acter generator, and is 1 less than the num-
ber of scan lines per character row. A value
of 8 causes the counter to run from 0 to 8,
then back to 0. This produces a total of nine
scan lines per character row. Using this num-
ber along with the others specified above,
the resultant vertical timing is: 29 rows
(R4) X nine lines per row [RY) = 261 scan
lines. 261 scan lines + two lines extra (R5)
= 263. Now, 263 X 63.27 ps per scan
line = 16.64 ms per vertical scan, or a [re-
quency just under 60.1 Hz, again ¢lose to
the power line frequency. (Other values
could be used Lo adjust the wvertical fre-
quency ta 50 Hz, the common power line
frequency in other countrics.)

R10 and R11 Cursor start and end, These
registers. specify the Tormat of the cursor.
The values of 64 for R10 and 8 for R1 | gen-
erate a cursor which is a blinking reverse
video block covering the entire character,
For discussion of other cursor oplions see
the section entitled “'Cursor Generation.”

The above regisiers arc write only. Values
may be stored in them, but not read back.
These registers are generally writlen to only
once (when the system is Tirst powered up)
to establish the characteristics of the display.

R12 and R13 Refresh start address, These
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registers are the high order six bits (R12)
and low order eight bits (R13) of a 14 bit re-
fresh address counter. For a nonscrolled dis-
play, these are initialized to 0. For a scrolled
display, these registers will be updated peri-
odically; since they, too, are write only,
copies of them must be maintained by the
processor. More information on the use of
these registers is given in the section on
scrolling.

R14 and R15 Cursor location. These
registers are the high order six bits (R14 and
low order cight bits (R15) of the location
at which the cursor is to be displayed. When
the refresh address output by the 6845
equals the cursor address, a cursor oulput
signal is activated, subject to the constraints
placed on the cursor by values placed in R10
and R17. More information on cursor gener-
ation is in a later section of this article. R14
and R15 are in principle readable as well as
writeable, but unless proper buffering is
provided for the 6845, they cannot be read.
The circuit presented in the next section
docs not have the proper buffering, so these
registers are treated as if they were write
only, and copies are maintained by the
processor,

R16 and R17 Light pen. These read only
registers capture the refresh memory address
at the instant a pulse is received from an ex-
ternal light pen. The processor can thereby
calculate where on the display screen the
operator is pointing the light pen. | provide
no circuitry to support this featurc of the
6845.

Display Design Description

Figure 4 shows the schematic of the dis-
play using the Motorola MC6845. The
MCG6845 being a MOS device (limited in
counting speed to about 3 MHz), the high-
er speed dot and character clock circuits are
still TTL. These are the high-speed timing
functions mentioned previously. They must
be implemented with external TTL packages
on the Intel and SMC parts as well. The
National display controller includes the dot
clock crystal oscillator and the character
clock divider on the chip.

IC10 is a 9 MHz crystal oscillator. 1C9
and 1C7a divide this by 6 to produce the
character clock. IC9 counts from O to 5;
when it reaches 5, the output of 1C7a goes
low, conditioning 1C9 to reset itself on the
next clock pulse. Two variants of the char-
acter clock are used. The output of 1C7a
goes high when 1C9 goes from 5 back to 0,
and a rising edge clock pulse is needed for
1C2, 1C4, an IC5. A falling clock is needed
for 1C1 and the 6845. Furthermore, the
clock supplied to IC1 must be high a min-
imum of 220 ns, and low a minimum of 160












Number Type +5V GND —12V -5V
I1C1 MC6485 20 1
1C2 74174 16 8
Ic3 2513 24 10 1 12
IC4 74166 16 8
IC5 74175 16 8
iceé 7416 14 7
ICY 7400 14 7
1C8 7486 14 7
1C9 74163 16 8
1IC10 7404 14 7
1C11 74157 16 8
1C12 74157 16 8
iC13 74157 16 8
1C14 21L021 10 9
1C15 21L0241 10 9
1IC16 2110241 10 9
IC17 21L021 10 9
1C18 210021 10 9
1C19 210021 10 9
1220 2100241 10 9
1C21 2110241 10 9
1C22 74L8367 14 7
1€23 7415367 14 7
1C24 7415138 16 8
1C265 7415138 16 8
1C26 7404 14 7

Table 4: A power pin table for the circuit in figure 4.
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ns, The output of 1C7a is of the wrong
phase and is low for only 110 ns. Fortun-
ately, the C output of IC9 is high for 220
ns {during counts 4 and 5), so it is used as
the 6845 clock.

The 6845 presents the address of a char-
acter for refreshing the display to the mem-
ory. The memory then presents the char-
acter to the latch, IC2. The character in
IC2 is then presented to the character
generator, 1C3. The dots for the specified
scan line of the character arc presented to
the shift register, [C4, and shifted out at the
dot clock rate to produce the video signal.

The 2 Character Pipeline

There is effectively a 2 character pipe-
line — one character being accessed from the
refresh memory, and one character (actually
one row of dots from a character) being ac-
cessed from the character generator. The
two 6845 signals, cursor and display enable,
must be delayed two character intervals by
sections of {C5 to accommodate the pipeline
effect. Display enable is low whenever the
display is to be blanked. This includes the
regions below, above, to the left, and to the

right of the active display area. Cursor is
high when the current refresh address
matches the value programmed into the
cursor address register pair (R14 and R15).
Bit 7 of the character, the 6845 cursor
signal, and the video signal from the shift
register are combined in such a way that
bit 7 being on causes reversal of the video
for one character interval {changing white-
on-black characters to black-on-white, or
vice versa), and the 6845 cursor signal being
on causes another reversal. Assuming Llhe
cursor has been so programmed, it can be
distinguished from ordinary reversal because
it will blink.

One timing consideration must be borne
in mind when the MC6845 is used. The
counter used in the all TTL circuit has
negligible delay (20 ns) compared to the
display  character time {666 ns). The
MC6845, being a metal oxide semiconductor
device, is considerably slower, with a delay
of as much as 160 ns. This delay time must
be subtracted from the character time when
specifying the refresh memory access time.
The refresh memory integrated circuits
specified in the design are - 1" suffix types
(500 ns maximum access time) so the timing
is satisfactory.

On the schematic diagram (figure 4),
IC26 (74LS138) and IC27 (7404) are con-
nected such that 1C27 is enabled for the up-
permost 8 K bytes of processor memory
address  space {hexadecimal EO000 thru
FFFF). Other connections of 1C26' cnable
inputs (pins 4, 5, and 6) to the address lines,
with or without sections of 1C27, as required,
can allow enabling for any 8 K memory ad-
dress segment. Selection of a particular 1 K
byte segment for the refresh memory is
accomplished by connecting the refresh
memory select line to a particular output of
IC26. The CS (chip select) line from IC1, the
6845, is connected to another of the outputs
of 1C26. This allocates an entire 1 K byte
segment to the 6845, whercas it needs only
two addresses. More integrated circuits could
be added to refine the decoding for the 6845
and climinate the wasted address space.

Cursor Generation

The MC6845 provides several options for
the generation of a cursor. Registers RI10
and R11 control the format of the cursor,
and R14 and R15 control its position. The
low order five bits of RI10 {(bits 0 thru
4) specify the scan line on which the curser
is to start, and R11 specifies the scan line on
which the cursor is to end. If R10 bits 0
thru 4 are all cqual to 0, and R11 is 8,
the cursor will accupy lines 0 thru 8, or the
entire  character. Using the circuitry
presented carlier, the cursor becomes a block



PUWERFUL INTERFACES

TRS-80* EXPANDOR INTERFACE

MODEL EI-80K (KIT) - $329.00
MODEL EI-80A (ASSEM.) - $349.00

® 32K high speed 250NS memory.

e Disc controller which controls mini or 8" floppies.

* R5-232 Porl.

e Parallel Port

¢ Self contained heavy duty power supply Plugs directly
into rear of TRS-80" keyboard. Comes in attractive
cabinet. Twice the value for what you would spend fora
TRS-80* expansion interface.

TRS-80*
MASTER CONTROL CONSOLE

MODEL MCC-K (KIT) - $129.95
MODEL MCC-A (ASSEM.) - $159.95

A COMPLETE COMMAND CENTER FROM YOUR
KEYBOARD OR FROM ANY LEVEL II OR DISCBASIC
PROGRAM. Turn con belis, sprinklers, sense lre and
burglar alarm, anything that needs a swich can he
controlled by the command center.

* 16 OUTPUT LINES: With 8 relays, SPST, and 8TTL
drode protected signais

¢ 16 OUTPUT LINES: 8 lines with QPTO-COUPLERS
and 8 TTL diode protected.

e FULL LED PANEL: For status wndicators of all conlrol
hnes

¢ COMPLETE WITH CABINET: Has altractive sloping
cabmnent.

e FULLY HEAVY DUTY POWER SUPPLY: Contains
power supply No external power needed.

¢ EASY CONNECTION: Plugs into TRS-80" expansion
port edge card rear of keyboard or between keyboard ang
expansion interface

¢ 2-EDGE CONNECTORS: 2-additonal expansion 40
pin edge connectors.

¢ NEEDS NO SOFTWARE: Operates from OUT and IN
statements from BASIC or machine code stalements.
Example: (Out 5, 1=turnon switch 5 Oul 5, 2=turn off switch
5. etc)

¢« COMPLETE MANUAL AND SAMPLE PROGRAMS:
Comes with comprehensive manual and sample programs.

*TRS-80 (s a Irademark of Tandy Coip

o

S-100 BUS
MASTER CONTROL CARD

MODEL MCC-100K (KIT) - $159.95
MODEL MCC-100A (ASSEM.) - $189.95

TURN IT ON....TURN IT OFF

Now you can control the outside world plus sense its
status and its functions. 16 output and inputlines. Turn
on those bells, activate burglar alarms, etc.

® 16 OUTPUT AND INPUT CHANNELS: 16 ocutput
channels with SP3T relay on each. Opto-couplers on each
one of the input channels.

¢ EASY PORT ASSIGNMENT: Port assignment 1s
made via DIP SWITCH In addtition this board features our
"ALL HARDWARE" software malch setting features. You
are able to select and set status, (s panly to match any
software configuration No need 10 change the software to
match the board.

¢ SIMPLE OPERATION: Turning off the relays s
commandable by addressing a port, plus turning a bit on or
off Sample You're in basic and you want to turn on swilch
16. You would wnite out 3. 16. This turns on switch 16 To
lurn it off you would wnite out 4, 16 and off it s

* HIGH QUALITY: The highest quality parts are used.
The P.C. board 1s double sided with plated through holes,
solder mask and silk screened legend

¢ FULL DOCUMENTATION: A compiete manual of
operation and assembly s included.

TRS-80"
DISC CONTROLLER MODULE

MODEL DCM-80K (KIT) - $159.95
MODEL DCM-80A (ASSEM.) - $189.95
Option available: 1) 16K RAM Kit, high speed 250
NS with purchase of board - Special $85.00.
® Has provisions for 16K memory
e Will control mini or 8” floppies.
e DOS operating system included.
¢ Plugs direclly into rear of TRS-80" keyboard.
* Complete with power supply in attractive cabinent.

S-100 8K STATIC 250NS
RAM MEMORY CARD

MODEL 8K-100K (KIT) - $119.95
MCODEL 8K-100A (ASSEM.) - $139.95
e Fully buffered address. control and data lings.
* Memory protect and unprotect
® Power on clear
» Bank selec! feature for selection to any 64K quadran
e Baltery backup
s Wil run with any Z-80 Microprocessor without need of
wait states
* 5-100 BUS power requirement 1 4 amps

WORLD POWER SYSTEMS, INC.

1161 N. El Dorado Place, Suite 333, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537

Circle 390 on inquiry card.
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157 LINE

16TH LINE

Figure Sa: initialization for
a scrofled display. Refresh es
addresses are shown,

of reverse video. If the value 8 is stored in
R10 bits 0 thru 4 (ie: bit 3is on) and in R11T,
the cursor occupies only line 8. Hence it
becomes an underscore. If values other than
these are used, only a portion of the charac-
ter is reversed. | have found that partial
reversal makes characters difficult to read, so
the only values | consider usable are (0, 8)
and (8, 8).

Bits 5 and 6 of RI0 control cursor
blinking. If bit 5 is on and bit 6 is off, the
cursor is not displayed at all. This can be
used to blank the cursor to indicate the sys-
tem is not accepting keyboard input. If bit
6 is on, the cursor will blink. If bit 5 is off,
the blink rate is about four times per second.
If bit 5 is on, the blink rate is about two
times per second.

Scrolling

Scrofling is the management of a video
display in the following way. New data is
entered on the bottom line of the dispiay.
When the bottom line is full, the entire dis-
play is moved up one line. In the process,
the top line, containing the oldest data, may
be discarded, or if the display memory is
farger than the portion displayed on the
screen, the old display data may temporarily

64

1024

1087
(63)

sT ) )
1088 151
(64) {127)

= F

16 TH LINE

Figure 5b: Refresh address-
calculated after one

The scrolling operation,

differing value given in

parentheses
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is that per-
ceived by the refresh mem-
ory, due to wraparound.

15T LINE

1024 1087
(0) 163)
1984 2047
TH (960) (1023)
1677 LINE ik

Figure 5c: Refresh address-
es of lust scrolling opera-
tion before the processor
memory reference must be
reset to 0.

be kept. In the latter case, the display could
be scrolled down as well as up, and the dis-
play screen could act as a maveable
“window."’

The data movement necessary to im-
plement scrolling could be done by a proces-
sor program. In fact, it must be done by the
processor in the case of the all TTL dispiay
design, Tor there is no provision for hardware
scrolling in that design. A program loop to
perform scrolling on a 1,024 character screen
might take from 15 to 20 milliseconds on a
6502 or 6800 processor. If the source of
data to the screen was a serial communica-
tions line operating at 1200 bits per second
{assume the system is emulating a terminal},
the time between characters is only about
8 ms, not long enough to perform a scrolling
operation. (An interrupt-driven program
could be written to handle both scrolling
and receiving of characters from the line,
but this would be compiex).

The 6845 does provide scrolling because
its refresh start address is programmable, and
may be updated whenever necessary. Up to
this point, I've used the term scrofling to
mean “line scrolling’' where data is moved
around as complete lines. In this case, the
refresh start address of the 6845 would be
updated in increments of 64 (for the 64
character line length).

However, scrolling can be done by
individual characters. If the refresh start
address is incremented by one, cach character
in cach line moves one position left, and the
first character of each line moves Lo the last
position of the previous line. Also, if the
display memory is at least twice as large as
the display screen, scrolling could be done
by page, in which case the refresh start ad-
dress would be updated by 1,024 each time
(again assuming the 16 by 64 format).
Since the 6845 can address up to 16 K
(16,384) bytes, the refresh memory could
contain up to 16 pages of data, and scrol-
ling could be done by line or page.

The design | have presented here has a
refresh memory the same size as the display
screen. It uses scrolling to enter new data on
the bottom line of the display, and the top
line is discarded when it is displaced. An
example of how such scrolling operations
might be done is shown in figure 5. Fig-
ure S5a shows how the display would be
initialized. The 6845 is initialized with a
refresh start address of 64 {decimal). The
6845’s refresh address counter runs to
1,023 at the end of the 15th line, then con-
tinues with 1,024 and up to 1,087 at the end
of the 16th and last line. Since only ten of
the 6845' 14 refresh address lines are con-
nected to the refresh memory, a wruparound
occurs  the address 1,024 is equivalent (in



the refresh memory’s perception) to 0.
Hence the last line of the display starts at
a memory address of relative 0, from the
processor's point of view., For example, if
the display memory were located at proces-
sor hexadecimal addresses EOOO thru E3FF,
the last line of the display would start at
E000.

The procedure o perform a scroli
operation is as follows: increment the re-
fresh start address by 64, update the cursor
address, and prepare the processor to store
new data at refresh memory locations 64
thru 127 (relative to the actual processor
starting address; for the example given above,
the addresses would be E040 thru LO7I).
Figure 5b shows the result of this scroll
operation,

All addresses are incremented by 064 for
cach new line until the situation shown in
figure Sc prevails. In order to perform
another scroll operation, the processor
memory address must be reset to relative 0
(EO00 as above), but the 6845 refresh start
address can continue to be incremented; it
needn’t be reset. It will cventually wrap
around itsclf.

Note well that the cursor address register
is a 14 bit register, as is the refresh start ad-
dress register. All 14 bits of the cursor ad-
dress must match a refresh address displayed
on the screen for the cursor to be displayed.
The range covercd by the refresh address is
determined by the refresh start address and
the number of characters on the screen. |f
the cursor address is outside of this range, no
cursor will be gencrated by the 6845.

Scrolling in the case of a 12 line by 80
character format (where neither ot the
dimensions is a power of 2) is more com-
plicated. As shown in figure 6a, the 6845
is initialized with a refresh start address of
144, so that, at the beginning of the 12th
linc, the 6845 outputs the address 1024,
which is equivalent to memory address 0.
In figure 6b a single scroll operation has
been performed. All values have been in-
cremented by 80. So far, everything is
just like the 16 by 64 case, except for the
increment  value. In figure 6¢, the last
“simple’ scroll has occurred, and things get
more  complicated from this point. In
figure 6d the result of another scroll opera-
tion is shown. Again, all values have been
incremented by 80, but as can be seen,
memory  wraparound  occurs  within  the
display line. In the 16 by 64 case, wrap-
around always occurs between lines, and it
is relatively easy for a processor program to
deal with. In the 12 line by 80 character
case, the processor program must be aware
that wraparound can occur with a line, and
it must act accordingly.

Device Availability

The SMC 5027 and the Intel 8275 (along
with its associated 8257 controller) have
been available for some time from computer
hobbyist vendors. The 5027 was originally
priced at about $50, but may be availabie
for Tess than that now in view of increasing
competiticn. The Intel 8275 and 8257 pair
are available for under $100. The Motorola
MC6845 is available from regular electronics
distributors. It usually costs about $30. The
National DP8350 is the most recently an-
nounced of the four parts, so its price and
availability may still fluctuate.

There are other video display control-
fers besides the four | have covered in this
article. There will probably be cven more
announced by the time it is published
and prices can be expected to fall as com-
petition heats up.m
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Text continued from page 12:

have publications in which geographic coor-
dinates for data base construction exisl in
both tabular and graphic form. Though some-
what tedious, tabular data can be keyed into
the computer casily and saved in mass stor-
age. If you have access to a graphics pad
input device, you zan quickly extract data
directly from existing maps.

It should be pointed out that the com-
panies which produce maps commercially
guard their data bases jealously, since they
are the products of much rescarch and
expense. They thoroughly disapprove of
someonc using their own data to go into
business against them. Most commercial geo-
graphical publications contain a copyright
notice which warns against such use, and the
following notice from a recenl Rard
McNally Road Atlas is Lypical:

"“Reproducing maps, tables, Lext, or
any other material which appcars in
this publication by photocopying, by
electronic storage and retrieval, or by
any other means is prohibited.” | Halics
mine.]

Normally, one is not precluded by the
copyright law from extracting copyrighted
information for personal use, and it would
seem that as long as you did not distribute
or usc the material commercially there
would be no problem, but this is not a fegal
opinion. If you have any qualms aboul this,
you might stick, as | have, to government
publications and maps lor source materials.
The United States government puts out a
scemingly endless supply of geographic pub-
lications covering all parts of the world, so
there is no scarcity of datla from this source.

An easier way to go aboul selling up a
data base is to obtain a ready-made one. You
can buy one from a commercial establish-
ment or from an individual (cxpensive, in
either case), or you might be able Lo gel one
free from a government agency or a universi-
ty. There are so many different data bases in
existence that it is best {or you to [irst
decide exactly what you need, then directly
contact the agencies that would be most
likely to have what you want.

Many observatories, including university
observatorics, have cxtensive dala bases for
astronomical uses, free [or the asking. As far
as governmenl agencics arc concerned, your
best bets are with the National Oceanic and
Atmospheric Administration (6010 Execu-
tive Blvd, Rockville MD 20852}, the Natjonal
Technical Information Service {Room 620,
425 Thirteenth St NW, Washington DC
20004), and the US Geological Survey

(National Center, 12201 Sunrise Valiey Dr,
Reston VA 22092). Thesc agencies have
many kinds of data bases, covering all parts
of the world. Depending upon what you
need, there may or may not be a charge for
the material.

One drawback to obtaining data bases
from agencies such as these is that they may
not be in a format that you can use directly.
For example, you may find that the data
you need is available only on standard 7 or
9 track computer tape, and you will have to
find a way to rcad it and convert il into a
format you can use.

Sample Mapping Programs

The ficld is so broad that it is impossible
to discuss here all of the projections in com-
mon use. Therefore, | have selected 4 few of
the simplest and most common map projec-
tions to scrve as illustrations of the tech-
niques involved. For each example discussed,
a program listing is included, as well as a
number of maps actually generated by the
programs. Many readers will find immediate
application for one or more of the sample
projections, exactly as they are demonstrated.
Others will want to make modifications, and
still others will want to delve deeper into the
subject. A visit to your local library will turn
up uscful books which explain map projec-
tions, their uses, and the mathematics
required to carry them out.

In all of the examples which follow, it
is assumed that the geographic coordinates
(latitudes and longitudes) in the data base
are in radians, and that they are being con-
verted to rectangular X,Y map coordinates
(measured usually in centimeters or inches),
Standard trigonometric convention is used
for the algebraic signs of the coordinates.
In other words, for the geographic coordi-
nates, north latitudes are positive; south
latitudes arc negative; east longitudes are
positive; west longitudes are negative. It is
further assumed that the origin (0,0} of the
map coordinate system is at the center of
the map, with the X axis positive to the
right, and the Y axis positive toward the top.
There may be some slight variation between
this standard system and your own graphics
device, but at most it would require only a
simple translation or rotation of the coor-
dinates,

Each of the examples is demonstrated as
a subroutine, which is to be called once lor
cach pair of coordinates in the data base.
Before the first call is made to the sub-
routine, certain initial parameters must have
already been defined, and these are noted in
the remarks accompanying each subroutine,
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For cach call made, the main program sup-
plies a pair of geographic coordinates from
the data base, and the subroutine returns the
rectangular map coordinates. Grid  lines,
when desired, may be created by generating
sets of “artificial” geographic coordinates
within loops in the main program, then call-
ing the appropriale conversion routine Lo
gel the map coordinates to draw them with.
Any labeling or annotation of the maps
would also be carried out by the main

program.

SJuHulTINE TO COMPUTE MAP COORDINATES FOR
FIUTAMGUL AR PROJECTION.

if, FOLLUWING VARIABLES MUST BE DEFINED BEFORE
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SUBROUTINE IS CALLED:

IS THE GEOGRAPHIC LONGITUDE AT THE
LEFT~HAND LIMIT OF THE MAP.

IS THE GEQGRAPHIC LONGITUDE AT THE
RIGHT=HAND LIMIT OF THE MAP. IF THE MAP
CHOSSES THE 180-DEGREE MERIDIAN (I.E..
Li>L2}r THEN L2 MUST BE REDEFINED AS

Le = L2 *+ 6.2831853.

1S THE GEUGRAPHIC LATITUDE AT THE BOTTOM
LIMIT OF THE MAP.

IS THE
OF THE

GEOQGRAPHIC LATITUDE AT THE TOP LIMIT
MAP .

1S THE GEOGRAPHIC LONGITUDE AT THE CENTER
OF THE MAP! WHERE Cl = (L14L2)/2.0r AND
MUST HAVE BEEN COMPUTED AFTER L2 WAS
RLDEFINED IF IT WAS NECLSSARY TO DO SO.

IS THE GEOGRAPHIC LATITUDE AT THE CENTER
OF THE MAP: WHERE CZ = (P1+P2)/2.0

1S THE MAP SCALE FACTOR IN THE HORIZONTAL
(EAST=WEST) DIRECTION. F1l = D1/(L2-L1)
WHERE D] IS THE MAP LENGTH» IN CENTIMETERS
OR INCHES, IN THE EAST-wWEST DIRECTION.

Is THE MAP SCALE FACTOR IN THE VERTICAL
{NORTH-SOUTH) DIRECTION. F2 = D2/(p2-Pl),
WHERE U2 IS THE LENGTH IN CENTIMETERS OR
IHNCHES QF THE MAP IN THc NORTH=-SOUTH
DIRECTION,

IS A FLAG TO INDICATE WHETHER THE MApP
CHROSSES THE 180-DEGREE MERIDIAN (THAT IS
WHETHER L1>L2 BEFORE L2 IS REDEFINED).
N=0 MEANS THAT THE MAP JOES NOT CROSS THE
1s0-DEGREE MERIDIAN. NM><0 MEAMS THAT THE
MAR OuEsn CROSS IT.

15 THE GEOGRAPHIC
THE DATA BASE) OF

LONGITUDE
THE POINT

(OBTAINED FROM

IS THE GEOGRAPHIC
THE DATA BASE) OF

LATITUDE (OBTAINED FROM

THE FOLLOWING VARIABLES ARc COMPUTED RY THIS
SUBRUUTINE S

Listing 1 continued on page 80

BEING CONVERTED.

THE PUINT BEING CONVERTED.

The flowchart in figure 1 has illustrated
the principal features of the main program,
and no attempt will be made here 1o detail
it further, since there would be some varia-
tion dependent upon your own hardware. In
any case, it will be quite straightforward and
simple.

The remarks included in the listings fully
explain the operation and use of cach sub-
routine, so those aspects will not be repeated
in detail in the text. In fact, the greatest
part of cach listing is composed of remarks,
with the actual executable portion com-
prising only about ten to 20 statements in
cach case.

Rectangular Projections

This is probably the simplest projection
in existence, and requires an absolute mini-
mum of mathemaltics to generate. The
meridians and parallels are simply laid out as
cqually spaced straight lines at right angles
to cach other. You can take a standard sheet
of graph paper, for example, and let cach
space in the horizontal direction equal a
degree of longitude, and cach space in the
vertical direction equal a degree of latitude.
Plot a few geographic coordinates on the
graph paper in this manner and you have a
rectangular projection.

The computer, of course, can do the job
faster, and the subroutine given in listing 1
will serve quite nicely. Notice that no trige-
nometry is required, and that the actual con-
version  requires  only  two  statements,
Consequently, this type of projection can be
carried out very rapidly, even when a large
data base is involved.

The rectangular projection is not a real
“projection’ in the true sense of the word,
since it is arranged arbitrarily and there is
no direct geometric relationship between it
and the surface of the Earth. Nevertheless,
tor many purposes it works very well,
especially if the latitudinal {north-south)
extent of the area being mapped is not too
great. It works best for arcas near the
cquator, and becomes uscless near the paoles.,
(The meridians on the Earth converge at the
poles, whereas they remain parallel 1o cach
other on the projection. The resuliant dis-
tortion above about 50 or 60 degrees latitude
is usually unacceptable.)

The accuracy of the projection can be
significantly improved if the horizontal map
scale factor, F1, is adjusted o compensale
for the convergence of the meridians. We can
do this in the main program by compuling
F2 first, then computing F1 by F1 = F2 X
COS(C2). This does not eliminale the con-
vergence problem, but it does reduce its
effect.






Listing 1 continued from page 78:

4580 REM S

4550 REM
4600 REM
4610 REM X
4620 Rt
4630 REM
4640 REM Y
4650 REM
4660 REM
4670 REM
4680 LET S = O
4690 REM
4700 REM
4710 REM
4720 RLM

4730 IF N =20
4740 IF L >= 0

IS THE OFF-SCALE FLAG.
S=1 MEANS OFF=-SCALE.

4750 LET L = L + 5.2831853

4780 REM

U770  RCM

4780 IF L ¢ L1 ThEN 4820
4790 IF L > L2 THEN 4820
4800 IF P ¢ P1 THEN 4820
4810 IF P ¢= P2 THEN 4860
4820 LET S = 1

4830 RETURN

4840 REM COMPUTE THE
4850 REM

4860 LET X {L-Cl} = F1

4870 LET ¥ = (p -~ C2)
4880 RETURN

¢ F2

S=0 MEANS ON-SCALE.

IS THE MAP X-COORDINATE. IN CENTIMETERS OR
INCHES

IS THE MAP Y-COORDINATE. IN CENTIMETERS OR
INCHES

IF THE MAP CROSSES THE 180-DEGREE MERIDIAN»
AND THE LONGITUDE OF THE PUINT FROM THE DATA
BASE 1S NEGATIVE:
A POSITIVE ANGLE.
THEN 4780
THEN 4780

REDEFINE THE LONGITUDE AS

IF THE POINT IS OUTSIDE THE LIMITS OF THE MAP.
SET THE OFF=SCALE FLAG AND RETURN.

MAP COORDINATES FRUM THE
GEQGRAPHIC COORDINATES.

The map of the continental United States
shown in figure 2 was generated with the
rectangular projection routine. Even though
the area being mapped does not mect the
requirements for high accuracy (ie: it is far
from the equator; it has a fairly large lati-
tudinal extent; and in the case of this partic-
ular map, F1 was not corrected for conver-
gence of the meridians), it is still entirely
satisfactory for many purposcs.

Another interesting thing about the map
in figure 2 is that it is made up entirely of
dots. In response to an article of mine which
appeared in another magazine, | received
about three thousand letters over a period of
about four weeks, These were requests for
technical data which required that the geo-
graphic coordinates for the center of the
person's town be supplied. This resulted in
a ready-made data base, and | became
curious as to its distribution. It was a simple
matter 1o have the computer examine the
data base and draw a dot for each city rep-
resented (eliminating duplications), using a
rectangular projection.

Notice that all dots are the same size, and

4890 END
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>
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Figure 2: Rectangular pro-
jection of the continental
United States. Dots repre-
sent locations of selected
cities.













The far outside arc, which is not con-
nected to the inner elevation circles, shows
the maximum  communications  range
through the satellite. In order for the ground
station to sce and access the satellite, the
satellite’s ground trach must lie within the
inner sct of interconnected circles, but once
it comes within that arca the spacecraft will
relay the signals 1o a far greater range. The
distant unconnected circle shows what the
maximum possible range is. When used for

Listing 2: Subroutine to compute map coordinates for polar equidistant

projection.

3000 REM SUBROUTINE TO COMPUTE MAP (OORDINATES FOR

3010 REM POLAR EQUIDISTANT PROJLCTIUN.

A0z0 REM

3030 REM

3040 REM THE FOLLOWING VARIABLES MUST BE DEFINED BEFORE
3050 REM THIS SUBROUTIME IS CALLED:

3060 REM

3070 REM P IS THE GEQGRAPHIC LATITUDE (OBTAINED FROM
3080 REM THE DATA gASE) OF THE PuINT BEING CONVERTED.
3090 REM

3100 REM L IS5 THE GEQGRAPHIC LONGITUDE (OBTAINED FROM
3110 REM THE DATA QASE) OF THE POINT BEING CONVERTED.
alzg REM .

3130 REM F IS THE MAP SCALE FACTOR, EQUAL TO

3lu0 REM 0/3.1415927y WHERE U IS THE DIAMETER (IN
3150 REM CENTIMETERS, INCHES: ETC.) OF THE FINISHED
3160 REM MAP,

31lTn REM

3180 REM H IS A FLAG TO INDICATE WHICH HEMISPHERE IS
alag REM BEING DRAwN., H=0 MEANS NORTHERN HEMISPHERE.
3200 REM H><D MEANS SOUTHERN HEMISPHERE «

3210 REM

3220 REM

3230 REM THE FOLLOWING VARIABLES ARE COMPUTED 8Y THIS
3240 REM SUBROQUTINE

3250 REM

3260 REM S IS THE OFF-SCALE FLAG. S=0 MEANS ON-SCALE.
3270 REM S=1 MEANS OFF SCALE.

3280 REM

3290 REM R1 IS TEMPQRARY STORAGE.

3300 REM

3310 REM X IS THE MAP X-COORDINATE IN CENTIMETERS QR
3320 REM INCHES .

3330 REM

3340 REM Y IS THE MAP Y-COORDINATE IN CENTIMETERS OR
3350 REM INCHES

3360 REM

3370 REM

3380 LET 5 = 0

3390 REM IF THE POINT FROM THE DATA BASE IS NOT IN THE
3400 REM HEMISPHERE BEING DRAWN:s SET THE OFF-SCALE FLAG
3410 REM AND RETURN,

320 IF H = 0 THEN 3490

33 IF P > 0.0 THEN 3500

3ug0 REM FOR A SOUTHERN HEMISPHERE MAP+: CHANGE THE SIGN
s ReM OF THE LONGITUDE TO MAINTAIN THE PROPER MAP
3460 REM ORLENTATION.

3470 LET L = -L

3480 GO TO 3540

3490 IF P > 0.0 THEN 3540

3500 LET S = 1

3510 RETURN

3520 REM COMPUTE THE MAP COORDINATES FROM THE

3530 REM GEUGRAPHIC CUORDINATES.

3540 LET R1 = F = (1.5707963 - ABS(P))

3550 LET X = Rl & (OS{L!

3560 LET ¥ = R1 # SIN(L?

3570 RETURM

3580 END
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weather satellite tracking, this circle Lakes on
a slightly difterent meaning. In that case, it
shows the most distant land arcas that the
station can expect to receive pictures of.

In practice, a transparent plastic overlay
showing the satellite’s ground track is placed
over the map to find the position at any
given moment. Since the shape of the orbit
doesn't change, only one ground track over-
lay is needed, and it is simply rotated on the
map Lo match up with the point where the
satellite crosses the equator on that particu-
|ar pass.

A more eclegant system, however, is to
generate the map and tracking overlays on a
video display. The satellite’s current location
can be displayed as a flashing dot whose
position is constantly updated in a real-time
mode.

Returning to the matter of the map itself,
one realizes that the orientation of the map
need never be changed, regardless of where
the ground station is located. The subrouting
shown in listing 2 generates the map from
gcographic coordinates, but this really needs
10 be done only once. A new data base can
be made up of map coordinates, and cvery
time a map is to be drawn the map coordi-
nates can be fed directly to the graphics de-
vice withoul having lo go through the con-
version calculations,

On the other hand, the azimuth-elevation
tracking overlays will change in position, size,
and shape for every different ground station
location and for every different satellite. A
separate subrouting is required to generate
scts of geographic coordinates to define the
overlays, and that subroutine would in turn
call the subroutine given in listing 2 in order
to get the map coordinates with which to
draw the overlays.,

Although the maps shown in figures 3
and 4 stop at the equator, they can be ex-
tended  further  with no change in the
program. In lact, it would be advantageous
in this particular application to extend ecach
of them another 20 or 30 degrees to provide
some overlap, Extension much beyond 40
degrees, however, will result in excessive
distortion,

As a linal note about the satellite wracking
maps, you may have noticed thal the longi-
tudes arc labeled from 0 to 360 degrees. Not
only that, they are positive westward. This
convention used in satellite tracking is an
exception Lo the standard rule stated carlier.
But as far as we are concerned il makes no
difference, It is simply the way the map is
labeled, Our data base and conversion sub-
routine still use the standard convenlion to
generate the map.

While we have concentrated on one
specific application of the polar equidistant






1000
1010
1020
1030
1040
1050
1060
1070
1080
1050
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
15980
1560
1570
1580
1590

REM SUBRUUTINE TQ COMPUTE MAP (OORDINATES FOR
REM QORTHOGRAPHIC EQUATORIAL PROJECTION.
REM
REM
RE M THE FOLLOWING VARIABLES MULT BE DEFINED BEFORE
REM THLS SUBROUTINE 1S CALLED:
REM
REM L0 IS THE REFERENCE LONGITUDE (LONGITUDE AT
REM CENTER OF MAP) .
REM
REM P IS THE GEQGRAPHIC LATITUDE (OBTAINED FRUM
REM THE DATA BASE) OF THE POINT BEING CONVERTED.
ReM
REM L IS THE GEQGRAPHIC LONGITUDE (OBTAINED FROM
REM THE DATA BASE) OF THE PUINT BEING CONVERTED.
REM
REM R IS THE RAQIuUS OF THE FINISHED MAP. IN
REM CENTIMETERS, INCHES: ETC.
REM
REM
REM THE FOLLOWING VARIABLES ARE COMPUTED BY THIS
REM SUBROUTINE
REM
REM S IS THE QFF-SCALE FLAG. S=0 MEANS ON-SCALE.
REM Sl MEANS OFF-SCALE.
REM
REM R1 IS TEMPORARY STORAGL .«
REM
REM X IS THE MAP X~COORDINATE: IN CENTIMFTERS OR
REM INCHES »
REM
REM Y IS THE MAP Y-COORDINATE: IN CENTIMETERS OR
REM INCHES»
REM
REM

LET S =z 0O
REM ROTATE THE GEOGRAPHIC LONGITUDE OF THE POINT
REM FRUM THE DATA BASE TO REFERENCE IT TO THE MAP
REM CENTER LONGITUDE.

LET L =L - LO

REM NORMALIZE THE ROTATED LONGITUDE BETWEEN =140
REM DEGREES AND +180 DEGRELS (=PI AND +PI},

IF L <= 3+1415927 THEN 1450

LET L =L - 6.2831853

GO T0 1u90

IF L >z -3.1415927 THEN 1490

LEY L = L + 6.2831853

REM 1F OFF=SCALE (QUTSIDE THE RANGE FROM -Pl/2 TO
REM +P1/2)r SET FLAG AND RETURN.

IF L ¢ =1.5707963 THEN 1510

IF L ¢= 1.5707963 THEN 1550

LET S =1

RETURN
REM COMPUTE THE MAP COORDINATES FROM THE
REM GEQGRAPHIC COORDINATES.

LET Rl = R # SIN{L1+5707963 - ABS(P))

LET X = R1 + SIN(L)

LET Y = R * SIN(P)

RETURN

END

Listing 3: Subrottine to compute map coordi-
nates for orthographic equatorial projection.

—-—

map (and a very important and useful appli-
cation at that), one should remember that
there are many other uses for it. Even il you
have no interest in communications or
weather satellites, you will probably sooner
or later come across an application where it
suits your needs perlectly.

Orthographic Equatorial Projections

Perspective projections are Lhose which
show the Earth exactly as it appears when
viewed from somg point in space. These are
especially useful for generating images of the
Earth for use in spaceship maneuvering, and
for generating outline maps for overlay on
weather satellite photos. In the orthographic
cquatorial projection, the paint of view is at
infinity, and level with the equator. As com-
plex as this might sound, the math is actual-
Iy very simple, and the entire procedure
requires only about a hali dozen statements
in the conversion subroutine, which is given
in listing 3.

Figures 5 and 6 show a pair of maps gen-
crated by the program — the former centered
on 70° west longitude and the latter on 90°
cast longitude. These are quite spectacular Lo
generate in rapid succession on 4 video dis-
play, simulating the rotation of the Earth ur
the passage of a spacecraft around the ecarth,
Incrementing the center longitude by Tive or
ten degrees between images gives asuflicient-
ly smooth transition for most purposes, but
the increment can be madc as small as desired,

It is true that not all spacecralt orbit the
Earth at the equator, and the point of view
is somewhat closer than infinity, For games,
however, the simplicity of the mathematics
required for projection often  outweighs
other considerations.
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Figure 10: Azimuthal equi-
distant projection centered
on Canberra, the capital of
Australia. Compare this
map to the one in figure 9
and notice how different
the world looks from the
standpoint of navigation
and radio bearings.
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AZIMUTHAL EQUIDISIANT MAP CENTERED ON
AUSTRALIA,
35 175

CANBERRRA
149 8E

strongest along the shartest path, so recep-
tion is best when the antenna is lined up
with the correct great circle bearing. The
azimuthal equidistant map is superb in
these applications.

Figures 9 and 10 illustrate maps centered
on Dallas TX, and Canberra, Australia,
respectively. A navigator planning a flight
from Dallas to Tokyo would draw a straight

line from the center of the Dallas map, to
Tokyo. This line indicates the shortest path
between the two cities, and shows the inter-
vening territory to be traversed. By extending
the straight line on out to the bearing scale
on the perimeter of the map, the initial
departure bearing can be read directly.

Ham radio operators and shortwave
listeners use these maps extensively. Suppose






Listing 5 Subroutine to compuie map coordinates for azimuthal equidistant

projection.
5000 REM
5010 Re M
50620 REM
5030 REM
5040 ALM
5050 REM
5060 REM
5070  REM
5080 REwm
5090 REM
5100 REM
5113 REM
5120 REM
5130 REM
Slu0  REM
5150 REM
51le0 REM
5170 REM
5180 REM
5190 REM
5200 REM
5210 REM
5220 Re M
5230 REM
5240 REM
5250 REM
5260  REM
5270 REM
5280 REM
5290 REM
5300 REM
5310 REM
5320 REM
5330 REM
S340 REM
5350 REM
S3e0 REM
5370 REM
5380 REM
$390  REM
5400 REM
5410 REM
5420 REM
5430 REM
5440 REM
5450 REM
5460 REM
5470 REM
S4Aa0 REM
5490 REM
5500 REM
5910 REM
5520 REM
5530 REM
5540 REM
5550 REM
5560 REM
5570 REM
5580 REM
5590 REM
5600 REM
5610  REM
5620 REM
5630 REM
5640 REM
5650 REM
5660 REM
5670 REM
5680 REM
5690 REM
5700 REM
5710 REM
5720 LET LI
5730 REM

SUSROUTINE FOR COMPUTING MAP COORDINATES FOR
AZIMUTHAL EQUIDISTANT PROJLCTION.

THE FOLLOWING FUNCTION MUST BE DEFINED BEFORE
THIS SUBROUTINE 15 CALLED:

FNCH{ )

COMPUTES THE ARC COSINE OF THF
ARGUMENT. THE FUNCTION MUST RE
NON=AMBIGUOUSE THAT IS, IT MUST
ATTACH THE CORRECT ALGEBRAIC SIGN
TO THE RESULT.

THE FOLLOWLNG VARIABLES MUST BE DEFINFD BEFORE
THIS SUBRUUTINE 1S CALLED!

Al

A2

L0

IS5 EQUAL TO SIN{A}» WHERE A IS THE
GELOGRAPHIC LATITUDE OF THE LOCATION ON
WnICH THE MAP IS CENTERLD.

Is £QUAL TO COS{A)
AHOVE

WHEHE A IS AS DEFINED
IS THE GEOGRAPHIC LUNGITUDE OF THE LOCATION
ON wHICH THE MAP IS CENTEREU.

[5 THE GEOGRAPHIC LATITUDE
BASE)

(FROM THE DATA
OF YHE POINT BEING, PROCESSED.

1S THE GEOGRAPHIC LONGITUDE (FROM THE DATA
BASE} OF THE POINT BEING PROCESSEDS

IS5 THE MAP SCALE FACTOR,
R/3.1415927,
FINISHED MAP»

EQUAL TO
WHERE R IS THE RADIUS OF THE
IN CENTIMETERS OR INCHES.

THE FOLLOWING vARIABLES ARE COMPUTED BY THIS
SUBROUTINE ;

L1

Pl

IS TEMPORARY STORAGE FOR THe DIFFERENCE
BETWEEN THE LONGITUDE OF THE POINT BEING
PROCESSED: AND THE LONGITUDE OF THE
LOCATION ON WHICH THE MAP IS CENTERED.

15 TEMPQRARY STORAGE FOR THE SINE OF THE
LATITUDE OF THE POINT BLING PROCESSED.

D IS THE ANGULAR DISTANCE (ARC DISTANCE)r IN
RADIANSs BETWEEN THE LOCATION ON WHICH THE
MAP IS CENTERED AND THE POINT BEING
PROCESSED.

0l IS TEMFPORARY STORAGE FOH THE COSINE OF D.

C IS THE NORMALIZED ANGULAR COMPONENT OF THE
POLAR FROM OF THE MAP COORDINATES.

Cl Is THE COSINE OF THE VALUE OF C BEFORE C IS
NORMALIZED.

R1 Is THE RADIAL DISTANCE COMPONENT OF THE
POLAR FORM OF THE MAP COORDINATES.

A 1S THE MAP X~-COORDINATE» IN CENTIMETERS OR
INCHES.

Y I5 THE MAP Y-COORDINATEs IN CENTIMETERS OR
INCHES.

L - LO

NORMALIZE THE LOMGITUDINAL DIFFERENCE BETWEEN

Listing 5 continued on page 100
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that a ham in Canberra, the capital of
Australia, hears a station in Venezuela that
he would like to talk to. By using the map in
figure 10, he can draw a line from the center,
through Venezuela, out to the edge. The
bearing read at the edge tells him where to
set his antenna, and once done he not only
receives the strongest possible signal from
Venezuela, but he also assures that his own
signal is transmitted along the shortest pos-
sible path to the other ham.

The distance scale at the bottom of these
maps can be used to measure the distance
between the center and any other iocation
on the map. But it cannot be used betwecn
just any two locations: on this type of pro-
jection the distance scale is accurate only
when measuring outward from the center,

The bearing scale, you will notice, is num-
bered from 0 to 360 degrees, clockwise from
true north, This is the usual convention for
all navigation and radio bearings, We label
the map in this manner, but work with stand-
ard trigonometric convention in the program.
More will be said about that {ater.

The program that generated the example
maps is given in listing 5. Although slightly
more involved than the previcus map pro-
jections that we have looked at, it still re-
quires only about a dozen statements to
carry out the entire conversion process. One
interesting feature is that there is no off-
scale flag to worry about, because there is no
such thing as an off-scale condition on an
azimuthal equidistant map. The entire world
is mapped, with no discontinuities, so every
coordinate in the data base will find 2 home
somewhere on the map.

The solution of the mathematics requires
an inverse cosine function, which is not
present in many BASIC interpreters, Rather
than worry about what other implementa-
tions might be like, | just set it up to com-
pute the inverse cosine by a user-defined
function, FNC, It is up to the user to insert a
properiy defined function for this operation.
[Most BASIC interpreters have inverse tan-
gent functions. Inverse cosine can be derived
by cos—V(X) = —tan~ V(XN T — X2) +
1.5708....RGAC]

Since many of the people who are inter-
ested in this type of map are also interested
in printing out tables of great circle bearings
and distances to other locations, | arranged
the first part of the program to compute the
angle in navigationfradio bearing convention
before converting it to standard convention.
The remarks beginning at line 5900 give ad-
ditional details for extracting this informa-
tion if you want it in tabular form.

One should be cautioned that the
creation of azimuthal equidistanl maps
requires a fairly dense data base, because of






Listing 5 continued from page 98:

5740
5750
5760
5770
5780
S790
5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
5060
6070
6080
6090
6100
6110
6120
6130
6140

100

REM -180 DEGREES AND +180 DEGREES (=PI AND +PI).
IF L) >= ~3.1415927 THEN 5780
LET L1 = L1 + 6.2831853
GO TO %800
IF L1 <= 3.1415927 THEN 5800
LET L1 = L1 - 6.2831853
LEY P1 = SIN(P)
LET D1 = Al * PL + A2 * COS(P) #* (0S(L1)
LET D = FNC(DL)
LET ClL = (Pl =AL#Dl) / (A2 * SINID))

LET € = FNCICL)
RiM NORMALIZE THE VALUE OF C» DEPENDING UPON THE
REM KRELATIVE LONGITUDES OF THE POINT AT THE CERNTER
REM OF THE MAP AND THE POINT BLING PROCESSED.

IF L1 >= 0.0 THEN 6020

LET € = 6.2831853 - C
REM AT THIS POINT ¢ IS IN THE KANGE FROM 0 TO
REM 2*Pl, MEASURED CLOCKWISE FROM TRUE NORTH. IF
REM DESIREDr ONE CAN COMPUTE THE BEARING IN
REM DEGREES BY B = C * 57.2957795. THE GREAT
REM CIRCLE DISTANCE ALONG THE SURFACE OF THE EARTH
REM CAN ALSO BE COMPUTED AT THI1S POINT 8Y
REM K = u * 6378+ WHERE K IS IN KILOMETERS: OR BY
REM M =D * 3963» WHERE M IS I MILES.
REM
REM NOw REVERSE THE DIRECTION uF MEASUREMENT OF C
REM AND ROTATE IT gY PI/2 (90 LEGREES). THEN
REM NOKMALIZE THE RESULT BETWEEN =Pl AND +PIl.

LET € = 1.5707963 - C

IF € >= =3.1415927
LET C = ¢ + 6.2831853

THEN 6070

REM CONVERYT THE ANGULAR DISTANCE TO THE MAP RADIAL
REM DISTANCE.
LET Rl =D = F
REM Rl AND C NOW REPRESENT NORMALIZED POLAR
REM COORDINATES ON THE MAPs FROM WHICH THE
REM RECTANGULAR MAP COORDINATES ARk COMPUTED:
LET X = R1 * COsi{C!}
LET ¥ = R1 * SINIC!
RETURN
END

the extreme elongation of graphical features
near the edge of the map. The consequence
of having widely separated data points will
be an entirely unacceptable map with long
straight and angular lines on the outer por-
tions. This can be minimized somewhat by
certain interpolation techniques, but none of
these can entirely compensate for funda-
mental deficiencies in the data base.

Perhaps by this time some readers have
realized that the polar equidistant maps that
we fooked at in figures 3 and 4 are actually
just very special cases of the azimuthal
equidistant map. Due only to their unique
central locations, they happen to be more
easily generated by the procedure in listing 2
than the one in listing 5, though either could
do the job with just minor maodification.

Celestial Maps

No examples of celestial maps have been
included because the methods used to create
them have already been covered in the discus-
sion of the other types of maps. It is doubt-
ful that you would want to generate a hard
copy of a celestial map, since the projections
used are pretty much standardized and
there are plenty of nice printed maps avail-
able at nominal cost. The true value of com-
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puter generated celestial maps materializes
in the creation of video displays for use
adjacent to the telescope during astronomi-
cal observations,

One can set up a system to display sclected
areas of the heavens on a video display
cquipped with a red filter 1o preserve night
vision. The area displayed can be spccificd at
the keyboard, or it can be automatically
designated according to the current pointing
position of the telescope. The computer can
be used o drive the telescope’s tracking
motors, and simultaneously update the video
display as the field of vision moves across
the night sky.

As mentioned earlier, ready-made data
bases abound for astronomical applications.
For all practical purposes, the format is the
same as for geographical data bases, Celestial
coordinates, however, are given in right
ascension (measured in hours, minutes, and
seconds) and declination [measured in
degrees). Right ascension can also be rep-
resented in degrees of arc, where 15 degrees
are equal to one hour of time. The format
you use would depend upon the uitimate
application.

In addition to the coordinates stered in
the data base, it will be necessary to store a
code indicating the type of object {star,
nebula, galaxy, etc) as well as its visual
magnitude (brightness). Then dots of varying
size, or even distinctly different symbols,
can be displayed to give a much more
accurate representation of what the observer
will see through the telescope. The process
used for celestial mapping is very much like
that demonstrated by the United States map
in figure 2, in that the map is made up
entirely of isolated dots or symbols with
no lines connecting them.

Since the area of the sky presented on the
video screen at any one time is comparatively
small, most portions of the sky can be dis-
played with no noticeable distortion merely
by wusing a simple rectangular projection,
Areas within about 30 or 40 degrces of the
celestial poles might be presented using a
polar cquidistant projection.

Homemade Projections

It has already been pointed out that the
projections we examined are just the most
common of the many projections actually in
usc. You may find that you have an applica-
tion that requires a different approach, and
you will probably find just what you want in
any good text on cartography or map projec-
tions. But don’t let that be the end of the
line for you. There is nothing that says that
you can't devise your own projections. If
you want a projection that shows the surface
of the Earth as viewed from an antimatter



spaceship traveling through the core of the
Earth, it's a simple matter to set up one.
When you’re through, you can even name
the projection after yourself.

To demonstrate the liberties one can take,
I have included in figure 11 a projection of
my own design. This | have called Johnston’s
Complementary Latitude Polar Projection of
the Northern Hemisphere. The reader is left
1o lind a use for it.

Summary

Some of the greatest theoretical contribu-
tions to the science of cartography were
made as far back as 400 ycars ago. But
producing each given map was a monumental
Lask of manual computation, not to be taken
lightly. What was possible in theory for
hundreds of years has only become practical
to carry out on any significant scale in the
past 25 years, and for a time only by organi-
zations with access to large scale computers.

Today, you and | can sit before our home
computers, and with a few keystrokes we
can command our machines to spew out

maps of all descriptions. In mere seconds, we
can have maps for satellite tracking, for an-
tenna pointing, Tor Space War games, or for
whatever purposes suit our fancy. The sub-
routines given in the accompanying listings
can be used to generale a number of
differcnt types of very useful maps, and with
little cffort the rcader can devise additional
software to further expand the capability.

This article has barely scratched the
surface of the field of computer generated
maps. We have not, for example, addressed
the subjeci of topographic mapping, or any
of a bost of olher interesting aspects of
computerized cartography. Commercial and
government installations use techniques far
more sophisticated than those demonstrated
here. One can, however, derive an enormous
amountl of practical use and personal
satisfaction rom putling into operation the
procedures that we have examined. I your
imagination has no limits, then the power
of your computer has no bounds.m

Figure 11: [ohnston’s com-
plementary latitude polar
projection of the north-
ern hemisphere. This is a
homemade profection in-
vented by the author, for
which the reader is invited
to find a use.
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MAM  DISASSEMBLER
S

ort

OPT  NOG

0PT O
1848 ORG  $1808

AQRC M1 EQU  SA@QC
Ad66 FLAG EQU  $A@66
hpe? CTR  EQU  $AQ67
2¢pa KBD  EQU  SBpp4
sp@e PIAD EQU  S8p@8
Eg7e P01 EQU  SEBTE
cgay BADR EQU  SEQ47
ARG XTEM EQU  SAP6R
Aps2 PCTEM EQU  $AQ62
AgG4 YTEM EQU  SAQS4
12Q¢ 2p 16 START BRA  SET

6800

182 p@ PCR FCB §,519,316,9 Prompt test string -home, clear to end of

1806 #2 FCB B,’7,4 screen, "?"

1849 90 CRLF FCB  5D,5A,8,2.08,4 Carriage return & line feed string

189F @D PAGE FCB  SD.SD,5D.'- Page spacing string

1813 20 FCB '-,50,5D,3D .4

1818 CE B8 SET  LDX  &PlAD Set up PIA for printer

1818 4f CLR A

181C A7 B1 STA A 1,X lero control reg

181E 43 oM A

181F A? 20 STA A DX All data lines are outputs

1821 86 3F LDA A #S3F

1823 A7 M STA A 1,% Idie pattern for ctl register

1825 CE 1882 PROM LDX  #PCR Prompt user

1628 BD EQ7E JSR POl Use Mikbug PDATA] to do it

1828 BO EQ47 JSR - BADR Get hex starting adr. using Mikbug BADDR

182E FE AP@C LDX  XHI

1831 FF ARB2 STX  PCTEM Put result in temp. pseudo pgm. counter

1834 B6 3B LCTR LDA A #53B Init Jines/page counter

1836 87 Ape7 STA A CTR

1839 CE 1803 CONT LDX #CRLF Print a CR/LF

183C BD 180C JSR TiS

183F 7R APGY DEC  CTR Bump 1ine counter

1842 26 @8 BHME  ADR End of page?

1844 CL 18@F LDX  #PAGE Yes

1847 BD 180C JSROTTS Page it and go reinit. counter

1844 29 £8 BRA  LCTR

184C CE AP6Z ADR DX  #PCTEM Get adr of pseudo p.c in X reg

184F BD 18£7 JSR TT4 Print pseudo p.c.

1952 FE Ap62 LOX  PCTEM Get pseudo p.c. in X reg and print byte there

1855 BD 18E9 JSE TT2 TT2 dees an INX, s0

1858 g9 DEX put X back to pseudo p.c.

1859 BO 18EB JSR - DUTS Print a space

YRSC BD 1932 J5R TABCE Go look up byte {opcode) in table

185F @8 INX

1868 7F AfGE (1R FLAG Check for immediate mode inst-if bit 4 of tag

1863 16 TAB is on, it is. (tag returns in A - tag code
routine wants it in B with bit 4 off)

1864 C4 OF AND B #3QF Mask off bit 4 in B

186611 CBA and see if it was on.

1867 27 @3 BER  FCODE [f not, leave flag=p

1869 YL APE6 INC FLAG If so, set flag=]

1860 50 FCODE 79T B Routine to interpret tag code
Is tag=§?

1B6D 27 B BEQ  PROM Yes, wiss, illegal opcode, go get new start adr

Listing 1. Disassembler for the 6800 which
resides in the upper 2 K byte portion of an
8 K byte memory which can operate on pro-
grams stored in the lower 6 K bytes.

Listing 1 continued on page 106

Processor

1. Fetch op code at address in program
counter.

2. Increment program counter,
3. Interpret op code.

4. Fetch operand bytes, as necessary,
incrementing program counter,

5. Execute instruction,
6. Goto 1.

Fetch op code at address in pseudo-
program counter.

Increment pseudoprogram counter,
Look up op code in table.

Fetch operand bytes, as necessary,
incrementing pseudoprogram counter.

Print mnemonic operand.

Goto 1.

Disassembler

Table 1: Comparison between the actual workings of the 6800 processor
while operating on a program and the logical workings of the disassembler

o the same text.
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Disassembler

Bob Lentz
POB 1194
Del Mar CA 92014

After spending two frustrating days
trying to use MIKBUG to interface both
a video display and a Teletype to the South-
west  Technical Products SwTPC 6800
assembler (object code only), | wrote the
disassembler in listing 1 to help me decipher
the assembler. The disassembler and the
program to be disassembled must be co-
resident in memory; the disassembler is
located in the highest 2 K bytes of an 8 K
byte memory, allowing it to operate on
object programs up to 6 K bytes long,
Temporary storage registers and the stack
are located in the MIKBUG programmabie
memory area, hexadecimal addresses AQO0
thru AO7F, and no page zero direct in-
structions are used.

The control port is a peripheral interface
adapter (PIA) at hexadecimal 8004, config-
ured for the SWTPC CT-1024/AC-30 tele-
vision typewriter. MIKBUG input/output
(10) routines used are BADDR (EQ47) and
PDATA 1 (EO7E). The output port is a PlA
at hexadecimal 8008, configured for the
SWTPC PR-40 printer. The disassembler
looks at object code in much the same way
as the 6800 processor, but with one impor-
tant difference: if the processor runs into an
illegal op code, it runs amok; the disassem-
bler just stops and requests a new starting
address. Table 1 compares the physical
operation of the processor with the logical
operation of the disassembler,

Operation is easy: simply type a 4 digit
hexadecimal starting address on the con-
trol port in response to the prompt "?".
Disassembly and listing will begin at the
specified address and continue until either
an illegal op code is encountered or any key
on the control port is pressed. For con-
venience, the disassembler also calculates
and prints the effective address of all relative
mode instructions.

Dirty tricks object code can make the
disassembler stumble, but not fall, since it
will request new inpul if it runs into obvious
trouble. Things to watch out for are:

® [nstructions other
instructions.

which  maodify






Listing 1 continued from page 104:

1436F
1479
1472
1673
1875
1876
1878
1879
1878
1870
1870
1860
1842
1844
1806
1887
1539
TEBA
1846C
THED
164F
1890
1892
1894
1896
18398
1894
189C
1897
18AG
18A2
1HA4
1HAG
14A8
18AA
18AC
TBAE
issd
1882
1885
1egs
18BA
188D
33213
1408

18C1
1803
18C4
18C5
1807
1809

18CA
18C8
183€D
1609
1803
180%
1408
1804
14800
180E
\8E8
TgE2
18£4
1HES
1867
1808
18ED
186D
18EF
18f1
18F3
18F5
1BF6
18F Y
18F9
18I'A
larg

187C ¢

18FE
1949
1902
1994
1996

106

54
27
54
27
54
27
54
27
SA
2
€l
2C
85
80
SA
27
5
27
54
27
SA
27
2@
86
&n
g
20
36
80
28
86
D
20
8D
80
20
8D
8D
FF
7
8D
FF
a9
£6
a

2B
2B
5A
26
2¢
89

5C
26
Fr
3
8D
7E
80
2@
A6
81
27
8D
@8
28
&n
80
86
20
A
8D
AB
08
20
44
44

a4

May 1974

a6
ik

FC
@4

97
3gpe

TST5

PRTBS

PRTXS

FRIDS

L3

Br
RET
REL

ABD

suB

TADR

TTS

T4
172
ouTs

ouT2

ouTL

QUTR

DEC
BEQ
DEC
BED
DEC
BEQ
DEC
BEQ
DEC
BEQ
cwp
BGL
L DA
BSR
DEC
EEQ
DEC
BEQ
DEC
BEG

DEC E

BEQ
BRA
LDA
BSR
SuB
BRA
LDA
BSR
BRA
LOA
BSR
BRA
BSR
BSR
BRA
8SR
BSR

TX
JMP
BSR
STX
DEx
LDA
INX

BM!
Ny
DEC
BNE
BRA
DEX

e
BNE
STX
LDx
BSR
JMP
BSR
BRA
LDA
CHe
BEQ
BSR
INX
BRA
BSR
BSR
LDA
BRA
LDA
BSR
LDA
Inx
BRA
LSR
LSR
LSR
L3R
AND
ADD
CHP
BLS
ADD
STX
LO%
STA
L.DA
STA
LDA
STA
TST
BM

B
B
B

A

=

A

A

A

A

= P 4

LD >

REL
B3
PRTOS
PRTXS

PRTBS
A
RCS

PRTXS

T5TS
='X
PCsS
n2
='D
PCs
B2
FCh
174
RET
S
172
PCTEM
CONT
172
PCTEM

184
SUB

ADD
TADR

Sus
YTEN
EYTEM
174
CONT
7Y
ouTs
0,x
#3
T2
TTY

115
ouT2
ouT2
#324
TTY
8.x
ouTL
0,x

O0uTR
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Is tag=1?

Yes, inherent instruction, go get nexl inst.
fs tag=2?

ves, relative wnst. Go process it.

Is tag=3?

Yes, 3 byte inst. Go process 1L

is tag-4?

Yes, 2 byte direct inst. Lo process it

[s tag=5?

Yes, 2 byte indexed inst. Print "N7
Is taq - B?

Yes, acc. B inst. Go print o “B"
Yo, acc. A inst. Print an A", space

. Space

[s taq=6 = B?

Yes, accumulator indesed inst. Print 2"
Is tag=7 or =C?

Yess, accumulator direct inst. Print "D", ypace

s tag=8 or=D?

Yes, inherent accumglator inst. fo return

Is tag=% ar=[?

fes, 2 byte accumulater inst. Print operand

Tag=A or F, 3 byte accumulator inst. Print opevand
Print a “B" and a spac:

. space

Set tag=tag-5
and go back into FOODE to finish wup,
Print an “%' and a space

and print the operand byte
Print a “0" and a space

and print the operand byte

Check to see if inmediate mode, {prints - if so)
and print two byte uperand

then return

Check to see it immea niode then

print one byte operand

Save new pseudo p.cC.

and loop back for next instruction to eat
Relative wode, su print operand

Save the new pseudo p.c. (inc. by "T2)
Put ¥ req. bach to operand

Get operand byte in 8

L req back to pseudo p.c. adr.,

Is the offset negative?

Yes, qgo subtract it from psewdo p.c.

flo, add one to pseudo p.c.

Added enough times?

No, go increment again

Yes, go print the effective adr,

Offset is negative, 50 subtract gng from
pseudo p.c.

Subtracted enough?

No, qo do it again

Now print the effective adr.

4 hex chrs, 2 bytes
and go get the next instruction
Prints the ascii chr. in A and a space

Prints the character string pointed to
by the X reg, until it finds EOT, then
returns

next chr in string, please

and loop ‘till EOT

Prints 4 hex characters pointed to hy X reg
Prints 2 hex characters pointed to by X req
Prints a space

Get byte into A

Print left half of byte
Get right half and

point to next byte

Print right half

YMake left half byte into
right half byte

Convert hex '; byte into asciy

by adding 30

and testing to see if it's ¢ hex letter
Na, go print the nuber

Yes, change to ascii letter code

and print it, or just plain print whatever's
in A, if you got hera from somewhere other
than QUTR, Stuff the chr. in A into the
printer data reg. and pulse the CA2 line
Tow for a few .sec,

then return CAZ to high

to start the printer

Look to see if user has hit & key

Yes he did, 50 quit whatever is going en

Listing T continued on page 108

® Text strings, constant bytes or tem-
porary storage locations embedded
in blocks of executable code.

® | ookup tables, such as the one used
in the disassembler.

@ [nstructions buried within other in-
structions, such as the CPX skip trick:

Entering at 0100 we see

0100
0103

8C 86 20
.. .next. ..

LDX #$8620
(A is unchanged)

But entering at 0101 we see

0100 8C
01 86 20 LDA A #3520
0103 ...next... (A has $20 value)

{If one enters this routine at hexadecimal
0100, accumulator A is unchanged when
NEXT is executed; entering at 0101 passes
hexadecimal 20 to NEXT in accumulator A))

No dirty tricks were incorporated in the
disassembler program, so it happily dis-
assembles itself starting at hexadecimal
1818, stopping when it reaches the top
of the lookup table (see listing 2). Machines
should work; people should think. It does
take a considerable amount of thinking to
find your way through somebody else's un-
commented code, even using this program,
but at least the clerical work can now be
done by the machine.®

S 81509
R 1500
C A9E?
63 134C
| MEaF

e e T e T o ol T S e e L Rl T o el e o

@3 IN

Listing 2: Sample output of the
assembler. This is a portion of the dis-
assembler dissassembled by itself.







Listing 1 continued from page 106:

1918 7E 1828 JMP PRON and ask for & new starting adress
199 60 &1 T3 5T 1,1 Ho. he didn't, so look to see if the
1920 2A 74 BPL Tl printer has finished, if not, wait in loop
1822 A6 DA DA A O, Printer done, so clear PIA flag
1824 FE ADGP LDX  XTEM restore the index reg
1927 29 T2 RTS and go back where ya came from
1928 70 AfI6G FCK  TST  FLAG Look at the flag to see if an immediate inst,
1928 27 B4 BEQ NIM if not, do nothing but return
1920 86 23 LDA A #°¢ If so,print a "&”
T92F 80 D5 BSR  TTY
1931 39 NIM  RTS and then return
1937 AG PP TABCK LDA A O.x Get possible opcode in A
1931 71 ApB2 57X PCTEM Save the pseudo p.¢
1937 e 1950 10X =TABL Table starting adr in X rey
1934 AT BB CKY CMP A G,X Corpare opcode to table entry Same?
193¢ 27 pC BED  AIT Yes, found opcode, go print mnemonic
1930 @ [NX No, increment X to next location in
1935 M 14X table
1940 fh [hi
1941 PH [t
1942 M 1
1943 #1036 CPY =TABIN loob to see if the end of the table has
18946 26 F2 BHL  CK] been reached, it not, go look again
1945 M0 BC MISS Bsw Ty Print the invalid opcode a5 ascii
1944 @8 AT [ha Print mnemonic string unttl finding
194k Ab pg LA A G, tag byte, less than $if
1aqd »1 1r CHit A =SIT
194F 71 @4 BLS  DONL Found tag code, qo return
1951 ®iy B3 BsR 1T ot tayg byte, so print it
1953 29 Fh BR&  HIT and go get next byte r string
19455 &Iy 94 DONT BSR QUTS Praint a space
1957 At LDA A O Gel the teo byte in A
1550 IT AQBZ LhX  PCTiM Restore the pseude p.C. to X rey
195C 39 RIS and return tag to tag routine in acc A
1950 @& TABL LB ) Long, boring table stavts here,
1850 48 FCC sHOPy First hyte is oprode, then three
1916 plpgs FOB  391gé asCii bytes containiey the mnenonic,
1863 54 FLC  /TAP/ then the tag code.
1966 I8V rog gy
19648 Ha FLC FTPAY
1960 Bigy FO8  5P1PR
196L 49 FLC SNy
1979 P19 FoB 9129
Random Comments
SET Set up PIA for lineprinter.
PROM Prompt user: Home up, clear end of file "'?*".
LCTR Line counter for pager,
CONT Continue loop reentry,
ADR Print address.
FCODE Interpret tag byte from table:
T5T S Test tag codes greater than 5 loop reentry,
PRTBS Print B, space;
PRTXS Print X, space;
PRTDS Print D, space;
B3 Print two bytes pointed to by X;
B2 Print one byte pointed to by X;
RET Return — save new address, loop to continue.
REL Relative instruction:
ADD Adder for REL; Compute absolute target
SUB Subtractor for REL; address.
TADR Printer for REL. and print it.
PCS Print ASCII character in a, space.
TTS Print ASCI{ character string pointed to by X register.
TT4 Print 4 hexadecimal characters pointed to by X register:
T72 Print similar to MIKBUG OUT4HS;
ouTs Print a space;
ouT2 Print byte;
QUTL Print left half of byte;
OUTR Print right half of byte.
TTY Line printer print routine:
T1 Tests keyboard for any key pressed,
T3 Line printer done yet?;
T2 Yes.
FCK Flag check — looks to see if immediate mode instruction, if so print
“u" if no, go;
NIM FCK done.
TABCK Table check for op code in guestion:
CK1 Check it;
MISS Not in table; print it as ASCi) and give up;
HIT In table, print mnemonic.
TABL Op code lookup table starts hare,
108 May 1979 2 D¥TL Pubbcatons Ine
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at these stores.

Computerland
At most stores, nationwide.

Arizona

Byte Shop. Phoenix. Tempe. Tuscon

California

Byte Shop Lawndaie, San Jose. Citrus
Heights

Capital Computer. Davis

Compuler Demo Room. San Ratael,
Sunnyvale

Computer Store, Santa Monica

Compuler Merchan!. San Diego

Jade Compuler Products, Hawthorne

Colorado

Compuler Tech. Denver

District of Columbia

Georgelown Compuler, Washington

Florida

Computer Age. Pompano Beach

Micro Computer, So. Daytona

Protessional Computing. W Palm Beach

Georgla

Roy Abell & Assoc.. Columbus

Hawali

MicroCompuler Syslems. Honelutu

Ilinois

Hlint Micro, Naperville

Indiana

Data Domain. Bloomington

lowa

Memary Bank, Davenporl

Kansas

Compuler System, Wichita

Kentucky

Pragma Tech. Louisville

Louisianag

Micro Compuler. New Orieans

Massachusetts

Compuler Mart, Waltham

CPUShop. Charlestown

Michigan

Computer Mart, Royal Qak

Hobby Elec | Flint

Newman Compuler, Ann Atbar

Tri-Ciies Computer Mart. Saginaw

United Micro Systems. Ann Arbor

Nebraska

Omaha Computer, Omaha

New Hampshire

Computer Man. Nashua

New Jersey

Computer Mart, [selin

New York

Computer Mart. New York

CompuWorld. [nc . Rochester

Mini-Micro Marl. Syracuse

Ohio

Cybershop Micro. Columbus

Davyion Computer. Daylon

2135t Century Shop, Cincinnati

Oklahoma

Vern St Products, Papulpa

Oregon

Compuler Pathways. Salem

Real Oregon Compuler. Eugene

Pennsylvania

Microfrontcs. Philadelphla

Texas

Byte Shop Richardson

Interaclive Computer, Houslon

Micro Mike's. Amarillo

Micro Mart San Anlonio

Vermont

Compuler Mart, Essex Junchon

Virginia

Caompuler Place. Roancke

Computer Systems Store, Mclean

Compulers Plus. Alexandna

Washington

Empire Electronics, Seaflle

West Virginia

Micro Data Systems. Osage

Wisconsin

Byte Shop. Greeniield

&

Integral Data Systems, Inc.

14 Tech Circle, Natick, MA Q1760
(6171237-7610






David J Beard
Sortiarii

RD 1 Box 648
MNewmanston PA 17073

170

Ny 1479

Spacewar in Tiny BASIC

Navigating Through Integer BASIC

So you want to fly your own spaceship,
but you're not up to doing six months worth
of assembly language programming and the
only high level language you've gol is a tiny
version limited to 4 funclion integer arith-
metic? That rules out any kind of realistic
navigation — or so il seems. All digital ma-
chines are limited Lo integer mathematics.
Nearly any operation possible in machine
code can be duplicated in a high level lan-
guage, provided you have enough memory
and the time to wail for the results. Armed
with a little bit of knowledge, though, you
can keep the convenience of your interpreter
and have three-dimensional trigonometry,
too. Here's how | did iL.

My first objective in writing a spacewar
game was to provide a realistic trainer for
spaceflight rather than a flashy video display

Figure 1: Cartesian coordinates for three-
dimensional representation of position,
velocity and acceleration.

(B8 S8

HYTE Pablcations b

or a complex set of board game type rules.
| fee! strongly that a spacewar game ought to
be three-dimensional. The third dimension is
far more than a fritl: it's the major differ-
ence between spaceflight and surface opera-
tions. | developed the scenario for my game
in 1972 when | was working with a home-
brew analog computer. In my version a
single ship maneuvers in Cartesian space and
is attacked by a series of homing torpedos
that must be either destroyed or evaded. The
game requires both aimed laser fire and navi-
gation precise enough to permit evasion by
narrow margins.

This article describes the trigonometry
routines developed for the game. It assumes
that you are familiar with high school phys-
ics and right angle trigonometry. These rou-
tines represent a compromise between preci-
sion and spced; they are neither quick nor
simple, but then, neither is astrogation.

Moving the Ship

The playing area for my game is a sphere
of Cartesian space with a radius of 10,000
units. This provides about 4.2 x 10' 2 distin-
guishable positions, or the same number of
vectors, each defined by a setl of three inte-
gers X, Y, and Z as in figure 1. The ship's
position, dcceleration and velocity vectors
can be represented by nine integers.

A convenient feature of this Cartesian
representation is that motion along each axis
can be calculated independently of the other
axes. Also, | made the simplifying assump-
tion that each turn in the game is on¢ unit of
time. This simplifies Newton's [aws of
motion considerably. The familiar:

position=5=5 +VT+AT?/2
velocity=V=V0+AT
can be written as:

S=S+V+A[2
V=V+A

for each axis. Finding relative position and






112

A-180°

A=270°

Figure 2: Spherical representation in three
dimensions. Instead of the X, Y and Z axes
as in Cartesian coordinates, spherical coor-
dinates use azimuth, declination and radius.

b-90°

12, 0,R]

D= -90° a0

18 IF S

velocity is also much simpler. Veclor addi-
tion is just that  addition:

Srel™S1759
Vie'V1i—Va

for each axis.

Spherical Coordinates

Cartesian coordinates make il simple 10
model the laws of motion. A spaceship
might possibly use a Cartesian system for

245 GOTO 6@

28 LET S=174%5,10

30 LET T=5-18

40 LET S=S-T*#T/1888¢T/6+T+T 188047 /188%T,°108*T 120
58 RETURN

60 LET 5=58-5

78 LET S=173*S718

88 LET T=5.18@

30 LET S=1068-T*T./208+T*T/1886*T./180*7,/24

108 LET $=5-T*T/1860*7,/108*T 108%T.'188%T./720

118 RETURN

Listing 1: BASIC routine for ceiculating the sine
function. The sine is calcutated in parts per thousand
and the value of the sine is returned to the cafling
routine in variable S.

18 IF U>868 LET UsU+4

28 LET T=U/i@

38 LET S=U-T*T/1888*T/3+T*T/1800*T 180*T/188*T/5
48 LET S=S-T*T/1888*T/188%T/180*T/188*T/188*T/7
58 LET 5=5%18-174

68 RETURN

Listing 2: Routine for calculating the arctangent of

U in parts per thousand. The result is returned to the
calling routine in variable S.
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navigation, but what about those homing
torpedos? Any conceivable shipboard rang-
ing and detection system tracking a foreign
body should read out an angle and a range,
not a set of grid points. Besides, entering
your throttle settings in three axes is unnat-
ural enough to deter any but the most
hardened of spacewar addicts. The simplest
solution is to keep track of all moving bodies
in Cartesian coordinates and convert those
coordinates to spherical form for display.
Figure 2 shows a system of spherical coor-
dinates. Each point or vector is defined by
an azimuth ranging from 0 to 359 degrees
{A), a declination ranging from —90 to S0 de-
grees (D), and a radius given in unit lengths
(R). Instead of X)Y,Z we have AD,R.

The ship’s position and velocity are con-
veried to spherical form for display. The
thrust vectlor is input in spherical form and
converted to Cartesian for computation. The
direction of laser fire is kept in spherical
form and compared to the spherical coordi-
nates of the target at the next turn.

Next, we need routines to convert vectors
in the form X,Y,Z to the form A,D,R and
back again. The only trigonometric func-
tions nceded for those two conversions are
the sine and the arctangent.

Listing 1 shows the S=sin (S) routine. S is
an angle ranging from 0 to 90 degrees. The
routine returns the sine of S in variable S in
parts per thousand (1000 times the sin (S)).
This routine makes use of the series:

sin (5)=5-53/31+5°/51-57 /714

where S is in radians. Line 20 converts S
from degrees to radians times 1000. Line 40
is Lthe sine series in a form suitable for 16 bit
integer mathematics. Beyond 45 degrees this
series gave poor results. For values over 45
degrees line 10 transfers control to line 60,
Lines 60 to 110 take the cosine of 90-5%
using the series:

cos (S)=1-52/21+5% 415561+ .

It's a good idea to test this routine by gener-
ating all 91 values and checking them against
a lable or calculator, The results should be
within 2 or 3 parts per thousand.

Listing 2 is a similar routine to calculate
the arctangent of a ratio U expressed in parts
per thousand (U times 1000). The scries
used here is:

arctan (U)=U U3/3+U°/5-u7/7+.

It is not valid for U2 1. Line 10 is an adjust-
ment to improve accuracy for values ap-
proaching 1. Notice that here the result S is
in radians and must be converted to degrees
immediately before exiting (line 50). Again,
it’s a good idea to test this routine for values
of U between 0 and 999 before using it.






LET v=0

IF U>=T GOTO 78
LET ¥=1

LET 5=T

LET T=U

LET U=S

IF T>32 GOTO 118
LET T=T*1800

IF U=8 LET U=1
LET U=T/U

18 GOTC 388

118 IF U>327 GOTO 168
128 LET T=T+188

138 LET U=U-/18

135 IF U=8 LET U=1
148 LET U=T/U

158 GOTD 388

168 IF T>3276 GQTO 218
178 LET T=T*10

188 LET U=U/180

185 IF U= LET U=1
198 LET U=T/U

288 GOTo 368

210 LEY U=U/180

215 IF U=8 LET U=1

@ LET U=T/U*18

3808 IF U>339 LET U=999
318 GOSUB (S=RRCTAN W)
328 IF ¥=1 LET $=98-5
238 RETURN

Listing 3: To gquarantee
that overflows do not oc-
cur during calculation, this
routine makes sure that
the range of numbers is
broken down by decades.
This also improves the
gccuracy of the approx-

imation.
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Figure 3: Measurements used for conversion
between spherical and Cartesian coordinates.
See text for full explanation.

Exact values of the tangent for angles in 1
degree increments should return the proper
angle, but a tangent falling between these
values does not necessarily return the closest
angle.

L.arge Values

In order to prevent overflow and preserve
even two digits of precision, it is necessary
to make a special case of each decade. List-
ing 3, the S=arctan {T/U) routine, should
serve as a worst case example af this process.
This routine calculates the 3 digit ratio U
and calls the arctangent routine shown in
listing 2. The variable V is a flag set for
angles over 45 degrees (line 30} and cleared
otherwise {line 10). S is a temporary storage
location used to swap T and U in these cases
(lines 20, 40, 50, 60). Lines 70 to 100 repre-
sent the first decade. Note the trap at line 85
to prevent division by zero. The other dec-
ades are similar. Line 300 traps for values of
U over 999, and line 320 tests the flag V and
complements the angle S if T and U had
been reversed.

You will also need similar, but simpler,
routines that return U=Usin{S} and U=U/
sin(S). All of these routines can be shortened
considerably if they do not need to accept
the full range of 16 bit integers {as, for exam-
ple, in a battleship type game cn a 100 by
100 grid). The general process of writing
these routines is similar to the manipulation
of decimal places and the use of rough pre-
calculations necessary if one were using a
slide rule. It may be helpful to run through

each decade of the routine on paper before
beginning to program.

One More Detail

So far, all our routines work with first
quadrant angles (positive declination and
azimuth from 0 to 90 degrees). It is nec-
essary to express each vector as its first quad-
rant equivalent before conversion, and re-
store the converted vector to its proper quad-
rant afterwards. Listing 4 is the Cartesian to
spherical routine. In lines 10 to 120 the
values X, Y, and Z are made positive and
their original signs stored in the flags F, L,
and G, respectively. The vector is now in the
first quadrant and conversion can proceed.
Refer to figure 3 during this discussion.
Lines 130 to 160 calculate the azimuth,
angle A. Lines 170 to 190 find the projected
radius (R] in figure 3) and store it temporar-
ily in variable R. Lines 200 to 220 find the
declination, angle D. Lines 230 to 260 find
the true radius. Note that line 230 comple-
ments S; the projected radius divided by the
true radius, Ry/R, is the cosine of D or the
sine of 90-D.

The vector A,D,R is now complete but
must be restored to the proper quadrant. In
line 270 the declination is simply given the
same sign as Z. Line 280 exits if the azimuth
is unchanged. Lines 290 to 310 apply the
proper correction for azimuths between 270
and 360 degrees. Lines 320 to 340 deal with
angles between 90 and 180 degrees, and
line 350 corrects for the only remaining
case.

The conversion from spherical to Cartesian
requires a similar process of reduction to
first quadrant and restoration, and uses the
same three flags. Listing 5 shows only the
actual spherical to Cartesian conversion.
Lines 10 to 40 find Z. Lines 50 to 80 find
the projected radius R and store it tempo-
rarily in Y, again using the cosine or sine of
the complement. Lines 90 to 110 find X,
and lines 120 to 150 find Y.

Application

My version of this trigonometric package
ran to 170 lines and almost 4 K bytes of pro-
gram storage in a version of tiny BASIC that
permits subscripted variables and FOR-
NEXT loops. Even if your BASIC does not
permit subscripted variables, it’s a good idea
to keep the temporary vectors A,D,R and
X,Y,Z for the two conversion routines. If
these are not written as subroutines, pro-
gram length will get out of hand quickly.
The flags F, L, and G can be replaced by a
single variable holding the quadrant number.
In a game involving two ships, one can be
kept at the origin (X,Y,Z = 0,0,0), and only



18 LET F=Q

< LET L=0

38 LET o=@

40 IF w>-1 6670 7@

38 LET X=-X

ot LET F=i

JBOIF ¥X-1 GOTO 188

S0 LET y=-¢

38 LET L=1

1gg IF Z>-1 GOTO 138
119 LET 2=-F

128 LET G6=1

138 LET T=X

148 LET U=y

158 GOSUB (S=RRCTAN T U>
is@ LET A=S

178 LET U=X

i88 GOSUB (U=U,'SIN 3O
150 LET R=U

<08 LET T=2

2180 GOSUB (5=ARCTAN T/U)
228 LET D=5

238 LET $=30-5

ad@ LET U=R

230 GOSUB (U=U/SIN 5)
268 LET R=y

7@ IF G=1 LET D=-D
28@ IF F=@ ]F L=8 RETURN
298 IF L=1 GOTOQ 28
38@ IF F=1 LET R=260-R
210 RETURN

326 IF F=1 GOTO 25@
320 LET A=180-A

348 RETURN

358 LET R=188+A

368 RETURN

Listing 4: BASIC program
for converting from Carte-
sian to spherical coord-
fnates,

18 LET S=p

20 LET U=R

30 GOSUB (U=U*SIN SO
40 LET Z=U

58 LET U=R

60 LET S=98-D

78 GOSUB (U=U*SIN SO
8@ LET v=U

38 LET S=A

1088 GOSUB (U=U*SIN S)
119 LET X=U

128 LET UsY

138 LET S=98-A

148 GOSUB (U=U*SIN S)
158 LET v=U

Listing 5: Program for
converting from spherical
to Cartesion coordinates,

relative position and velocity for the other
displayed. This saves nine more variables.
However, it also eliminates a major challenge
from the game. It’s astonishing how far from
your station you can wander while concen-
trating on combat, and how long it takes to
turn around and get back. If you assume a
fixed, forward firing weapon, you can use
the same vector to represent both thrust and
direction of fire. As a last resort, you can
always go two-dimensional; this brings the
number of variables used within limits (and
greatly simplifies the conversion process).

Don’t expect a great deal of accuracy
from these routines. | got results within 1
degree and 1 percent for most cases, but

certain values return much larger errors. As
long as the Cartesian vectors are preserved
from turn to turn, the errors do not accumu-
late and can be treated as quirks in the ship's
ranging and detection system. Any attempt
to rotate the coordinate system by convert-
ing to spherical coordinates, adding angular
translations and converting back to Cartesian
will quickly introduce large errors. Also
remember that to keep the radius (R) from
overflowing, X, Y, and Z must be limited
to about* 13,000.

If you plan to acquire a full BASIC for
your system, you'd be well advised to wait
for it before attempting a spacewar game.
If, like me, you have to live with integer
arithmetic for some Lime, a weekend'’s worth
of work will give you a package of trigo-
nometric capability that can serve as the
nucleus for a wide varielty of games and
simulations.

Gravity wells and orbits can be handled
nearly as easily as in a full BASIC; speed and
position can be controlled accurately enough
to make a docking maneuver painstakingly
difficult. Another possibility is a version of
lunar lander that includes the return to
orbit. The software vacuum is likely to be
with us for some time, but you can begin
sharpening your skill as an astrogator now.®
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TI PERSONAL COMPUTER DELAY DUE TO HARDWARE PROBLEMS. Rumors abound

that Texas Instruments has delayed introduction of their personal computer system

because of problems encountered in the design of a new microprocessor circuit to be

used in the system. The 9985 microprocessor is a 16 bit stripped down version of the 9940,
which contains 2 K bytes of read only memory, 128 bytes of programmable memory, 32 bit

I/O (input/output), 5 M Hz operation and timer/counter on one integrated circuit. Also, it

has been reported that the FCC rejected the TI approach to the RF (radio frequency) modulator
design. It is expected that TI will have solved these problems for the introduction of the system
in June at the summer Consumer Electronics Show in Chicago.

RADIO SHACK HAS OVER 50 PERCENT OF PERSONAL COMPUTER BUSINESS. According to a report
issued by Dataquest, a marketing research firm, Radio Shack sold approximately 100,000 TRS-80s,
valued at $105 million dollars in 1978. This represented almost 10 percent of Tandy's business, and means
that Radio Shack shipped over 50 percent of the total 1978 volume and 21 percent of the value of
personal computer systems. Commodore was second, selling 25,000 PETs valued at $20 million, and
Apple shipped 20,000 systems valued at $30 million. MITS/Pertec shipped 3000 units valued at $12
million, IMSAI shipped 5,000 valued at $18 million and all other personal computer makers

shipped 35,000 units valued at $130 million. Dataquest adds to this the IBM and Hewleti-Packard table-
top systems selling for less than $15,000. Thus IBM shipped 5,000 units valued at $95 million and
Hewlett-Packard shipped 4,000 units valued at $80 million.

TANDY TO INTRODUCE NEW COMPUTER SYSTEM. Tandy has disclosed that it will soon
introduce two, three and possibly four new computer systems in the second and third quarters of
1979.The systems will be designed to fit specific purposes. This is seen by industry experts as an
attempt by Tandy to strengthen its market position in anticipation of Texas Instruments

entering into the personal computer market. Tandy has had their TRS-80 in production for almost
two years.

INTEL REPORTS 42 PERCENT INCREASE IN SALES FOR 1978. Intel, the pioneer in micro-
processors, reported sales of just over $400 million dollars in 1978, compared to $282.5 million in
1977 — a 41.8 percent increase. In fact, sales in the last quarter increased over 61

percent as compared to the same period in 1977. Profits increased 39.7 percent; from $ 31.7
million to $44 million. Coincidentally, Zilog had sales of $18 million, and reportedly operated

in the red for 1978.

MICROSOFT MOVING INTO 16 BIT SOFTWARE. Microsoft, a recognized leader in micro-
processor software, plans to introduce a broad range of software for 16 bit processors, using
the new Intel 8086 and Zilog Z-8000 microprocessors. Most of Microsoft’s business is OEM
(original equipment manufacturer). This indicates that several hardware manufacturers plan
systems using these 16 bit processors. Microsoft will not desert the 8 bit area in which

they plan to release a BASIC compiler and Pascal and APL interpreters.

INTEL PRESIDENT WORRIES ABOUT VLSI. Gordon Moore, Intel founder and president, was
the keynote speaker at the recent International Solid States Circuit Conference. In his
speech, he expressed great concern about the possibility that integrated circuit technology is
too far ahead of applications. The industry is moving into the next generation of

integrated circuits, called VLSI (very large scale integration) which feature devices with
upwards of 400 K transistors, or 100 K gates. So far, the applications for such large devices
have not developed. At the same meeting Dr Tom Longo, vice-president and chief technical
officer at Fairchild Semiconductor, suggested that one possible application for VLSI might be
the 64 bit microprocessor.

MICRODISKS ARE COMING. Microdisk is the name given to the new 8 inch hard disk drive,
which is now being developed by several disk manufacturers. It is expected that at least

four manufacturers will show these new disks at the NCC (National Computer Conference)
show next month. These drives will fit into the same space as an 8 inch floppy disk, provide
upwards of 20 M bytes unformatted storage, and use Winchester technology for high speed
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access. It is anticipated that the first production microdisks should be available late 1979,
with full production not expected until mid 1980. Expected selling price in OEM quantities
is $1500. This will probably translate to $3000 retail for a complete system including con-
troller and power supply. At present 14 inch hard disks with 10 M byte storage are avail-
able at an end user cost of $7000 to $10,000.

16 BIT MICROPROCESSOR SCENE GROWING. Zilog began shipping Z-8000 samples in March,
and Motorola expects to start sampling their 68000 this month. Production quantities should

be available in the fall. Meanwhile, Intel has heated up competition by cutting the 8086

price by 23 percent; from $82.50 to $65.20 (4 MHz) and from $99 to $76.25 (5 MHz)

in 500 quantity lots. The 8086 has been in production for almost a year; a very substantial

lead time. However, the Zilog Z-8000 and the Mctorola 68000 in particular are more powerful
than the 8086, and Intel’s price reduction probably represents a marketing strategy.

HP NOW PRIMARILY A COMPUTER COMPANY. Hewlett-Packard, which until now has been
primarily a manufacturer of electronic instruments {voltmeters, frequency generators, etc),
has disclosed that their computer business is now larger than their instrument business, and is
growing at a faster rate. It is rumored that Hewlett-Packard will soon introduce a personal
computer system.

COMMODORE REPORTS 8.6 PERCENT INCREASE FOR 1978. Commodore’s 1978 Annual
Report states that sales increased from $46 million to $50 million and that income rose from $1.5
million to $4 million, a 165 percent increase. There is little doubt that the PET and KIM
accounted for the major portion of this increase. Like Tandy, Commodore does not break

down its sales figures: however, industiry experts estimate that over 25,000 PETs were sold

in 1978. The Annual Report shows pictures of a PET with a standard keyboard, numeric

pad and cutboard tape recorder. Further, they promise a "new generation of PET computers”
but do not say when.

IEEE AND ANSI WORKING ON PASCAL STANDARD. The IEEE (Institute of Electrical and
Electronic Engineers) and ANSI (American National Standards Institute) have formed a joint
committee to coordinate development of a Pascal standard. It is expected that the development
of the standard will take several months.

PERKINS-ELMER LEAVES FLOPPY BUSINESS. Perkins-Elmer is the second major floppy disk
manufacturer to leave the business within the last year. The Wangco division supplied drives

to personal computer systems makers such as Cromemco, Heath Co and Intelligent Systems Corp.
Although Wangco operated in the black and was growing, its profits were not apparently
tulfilling Perkins-Elmer’s expectations.

APL INTERPRETER AVAILABLE. The first APL interpreter for a microprocessor has been intro-
duced by Vanguard Systems Corp, San Antonio TX. It is designed to run on a Z-80 computer system.
As yet no data is available on how it compares to IBM APL. Several companies, including

Microsoft and Scientific Time Sharing, have been promising a microprocessor APL package,

but Vanguard is the first to reach the market.

LOW COST VOICE OUTPUT FOR COMPUTERS. If you are looking for a low cost, high quality
voice output for your computer system, why not try interfacing the Texas Instruments Speak
and Spell game to your system. This is done by interfacing some parallel ports to

the keyboard connections of Speak and Spell. A short software driver routine for

the interface was published in the January issue of the Ottawa Computer Group Newsletter
(Box 132218, Kanata Ontario Canada).

MICROSOFT PASCAL. We have heard that Microsoft is going 1o announce a Pascal package.

The Microsoft version is supposed to be compatible with UCSD, ANSI, and ISO Pascal. The

initial implementations of Pascal will be on the 8080, 8086, Z-80, Z-8000, and LSI-11.

Additional implementations will be produced as the demand arises. The 8080, 8086, and Z-80 versions
will be CP/M compatible. The rumoered price for Microsoft Pascal is $1,000.

Sol Libes

ACGN]

1776 Raritan Rd
Scotch Plains NJ 07076
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Text continued from page &
The parts for a simple 110 VAC lamp
controller with one channel and a 10 A

rating consist of:

One Sigma Instruments Model 221A-3-5D

Hybrid Relay $12.80
Gne AC Line Cord (surplus store) $ 100
One AC Socket (local hardware store) $ 135
One plug for my computer’s parallel

interface (0B-15) % 2.00
One aluminum minibox $ 298

Miscellaneous interconnect wire 0.00
Total for one channel $20.13

In an evening | had this relay wired to
my computer, and ready for use in some
applications. The most obvious home
oriented application is, of course, the
control of lamps in real time, assuming
you have a real time clock and an ap-
propriate operating system in your com-
puter. At a high level, the simplest open
loop lamp control procedure can now
be implemented:

DO FOREVER
BEGIN
Wait Until 6;
Turn On Lamp;
Wait Until 11;
Turn Off Lamp
END;

Here | have used “DO FORLVER” to
mean that the block will be repeated in-
definitely with no ending condition in
the program itself, although it is always
possible to pull the plug or reset the
computer with manual intervention.
This is a procedure which is reiterated
day in and day out as a background task
of the computer system, with a real time
executive which can monitor time. What
is the advantage over a simple mechani-
cal timer? It is, of course, the equivalent
of that timer, but you have gained the
ability to combine the relay control with
the more sophisticated logic of a pro-
gram.

With this simple amount of hardware,
it is now possible to write programs
which do much more than the me-
chanical timer. For example, if you want
to give your house a lived-in look on the
basis of lights, you can now add some
randomization. Let’s define a function,
RANDOM(X), which returns a random
number ranging from 0 to X, as do many
standard compilers and interpreters. We
can extend this procedure, using ran-
domization of the starting and stopping
times. In this next example, we add a se-
cond period in which the lamp is on:

DO FOREVER

BEGIN
Wait Until (6 + RANDOM(2));
Turn On Lamp;
Wait Until (8 + RANDOM(1));
Turn Off Lamp;
Wait Until (9 + RANDOM(1));
Turn On Lamp;
Wait Until (11 + RANDOM(3))

END;

Our program has no inputs now, other
than time synchronization with the com-
puter’s real time clock. The effect is that
of having two periods with random star-
ting and stopping times during the even-
ing. Combine this with several other
channels for different rooms of the
house, and you have unique and random
night lighting control for times when the
house is vacant due to business or fami-
ly trips. Of course, no computer (as yet)
can collect piled up mail or clear snow
from the driveway, but with a simple
evening's effort of wiring up several re-
lays in a control box, this sort of program
can be left running when you go away.

In this example, | wanted to use this
relay for lamp control. But, with a little
imagination, you can control much
more than lamps. The solid-state relays
can turn on and off virtually any load
within the current limitations of the
device (10 A in this example) at the zero
point of the AC waveform. This could in-
clude: turning on your coffeemaker in
the morning (assuming that you primed
it with water and grounds the night
before); turning on a hot plate (of less
than 1000 W) under a tea kettle in the
morning; responding to a voice input
microphone for the particular room you
are 1n by recognizing the words on and
off (all using techniques discussed in
past BYTE issues). There is no reason
why other appliances, such as the motor
of my attic fan, could not be controlled
in the same way.

The point is, the act of creating hard-
ware for such brute force things as turn-
ing AC lines on and off has been reduced
to wiring, and is now an easily solved
problem. Just as we all experiment with
software, we can now very simply ex-
periment with software that controls
significant hardware outside the com-
puter system. All it takes is the will-
ingness to spend some time wiring the
particular details needed to make your
system’s output port talk to the real
world. Hardware is not hard to control,
once you've got a complete computer
system with real time clock and parallel
output data ports. ll
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in orde:r to yain optimum cover-
age of your organization’s compuler
conferences, seminars, workshops,
courses, elc, notice should reach our
office a1 least three months in
advance of the date of the event.
Entries should be senmt to: Event
Quewe, BYTE Publications Inc, 70
Main St Peterborough NI 03458,
Each month we publish the current
conterits of the queue for the month
of the cowver date and the two fol-
fowing celendar months. Thus g given
event may appear ¢s many as three
times i this section if it is sent to us
far enough in advance,

May 1-3, 1979 Southwestern Computer
Conference, Myriad Convention Center,
Oklahoma City O This conterence,
sponsoted by the  Oklahoma  State
Umversity - Tedhmoal Institute o
cooperation swith the ata Processing
Management Assocation  and  the
Association for Systems Mapagement,
will include 150 exbibit booths and 60
seiminasr resentations Contact b /4
Million, OSU Techmcal Tnstitute, YOO N
Portland, Qklahoma City OK 73107

May 7-11, Data Base Concepts and
Design. Kansas City KS Sponsored by
the Amertican Managenment Assocation,
this course will teature practical infor
mation, workshops and case studies to
help the parttcgpant understand struce
ture, concepts, d(-su;n, sottware and
mansgement  Contact Amenican
Management Associations, 145 W 50th
S New York NY 100200 {21.2) 586 8100

May 11-13, The West Coast Computer
Faire. San lrancisco Civic Auditonum
This s o conterence and exposition on
personal computers tor home business,
and industry Contact Computer Faire,
POB 1579, Palo Alte (A 94302, (410
851 7075

May 14-16, Implementing Cryptography,
The New York Sheraton, New York NY
This semenar will present current techm
ques that protect transmutted and stored
data. authenticate messages and system
users, and  penerate electtome digital
signatures Contact Ketron Inc, Valley
Forpe faecutive Mall # 10, 530
Swedestord Rd, Wayne PA 19087

May 1517 MicrolExpo ‘79, L entre Inter-
nationdal de Pans, Pans TRANCE Con
tact Sybey nc 2020 Milvia St Berkeley
CA V4704
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If you need Business Reports with fancy
frills you have the wrong company. We
don’t put these in our Software or our Ads.
Both cost *** You *** Money.

But if you need solid, Down-To-Earth
Software for your North Star, Imsai, or
other low cost Data Processing System
written in Microsoft Basic or Cbasic in-
cluding GL, AR, AP, Inventory, Payroll,
Mailing List and Fixed Asset Accounting

then you *** Do *** have the right
company.

GIVE US A TRY — WE KNOW YOU'LL BE GLAD YOU DID

We honor Visa and Mastercharge

102 Avenida Dela Estrella
Suite 208
San Clemente, CA 92672
(714) 492-7633
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May 15-17, First Fducation Computer
Fair. Detroit Plaza Hotel. Detront Ml
This fair will be held in conpunction with
1979 Association for Fducational Data
Systems 17th Annual Convention  The
theme ol lhe fair will be the use of
microprocessors 1n education Contact
Bruce ¢ Alcock  Rwverdale Country
School, W 253 St and Hieldston Rd.
Bronx NY 10471

May 15-18, 1979 Association for Educa-
tional Data Systems 17th Annual Con-
vention, Detroit Plaza Hotel, Detroit MY
The convention program will focus on
computer apphcations, computer re-
sources, computer related curniculum,
application development methodologies
and futures Exshibits, user group
meetings and vendor sessions will also
be offered Contact Arthur W Daniels |r,
31202 Dorchester, Madison Heights Ml
48071

May 17-18, Microcomputers in Educa-
tion and Training. Arlington VA Contact
Society  for Apphed  Learning  Tech-
nology 50 Colpeper St Warrenton VA
22186

May 21-23, Distributed Dala Processing,
Logan Arrport Hilton, Boston MA A
detatled perspective ot the decisions o
be made in planming, implementmg and
maintainmg distributed data processing
systems Contact Amencan Management
Associations, 135 W S0th St New Yurk
NY 10020

May 21-24, Eighth Annual Incremental
Motion Control Symposivm, Ramada
Inn, Urbana IL Contact Dr 8 C Kuo, POB
2772, Station A, Champaign L 61820

May 21-25, Systems Analysis Workshop,
Chicago 1L This workshop will teach
systems  analysts and others needing
systems analysis skills 1o use a practical
set of tools and techniques ta evaluate
user requests and document  require-
ments for new data processing  sys-
tems Contact Brandon Systems Inst-
tute, 4720 Montgomery Ln, Bethesda MD
20014

May 21-25, Structured Programming and
Software Engineering, The George
Washington University, Washington [DC
This course 15 designed for experienced
program architects, designers and
managers It will pravide up-todate
technucal knowledge of logical expres-
ston, analysis and invention for perform-
ing and managing software architecture,
design and production  Presentations
will cover principles and applications in
structured programming and software
engineering  Design  workshops  with
analysis and review sessions will provide
actual practice in problem solving. Con-
tact George Washington University, Con-



" 16K MEMORY |

ADD-ON KIT

FOR THE TRS-80* - SORCERER}
APPLE I}
8-PRIME, 250 NS HIGH SPEED
MEMORY CHIPS

$Q 500

« All chips are new, top quality, factory fresh and
tested.

o Each kit comes with complete, simple to understand instruc-
tions. Even the least experienced individual can add on

memory.
« Comes complete with programmed jumpers.

GUARANTEE

If a chip fails, we will replace it with no questions asked.
Lifetime guarantee!

Remember: These are top quality prime #1 chips. All orders shipped same day as
received!

TERMS
CASH WITH ORDER, VISA, MASTER CHARGE. NO C.0.D'S! PERSONAL CHECKS REQUIRE
3 WEEKS TO CLEAR.

» WORLD POWER SYSTEMS, INC.

\_j/ 1161 N Ei Dorado Place, Suile 333, Tucson, Arizona 85715
24 Hour Order Phone No: 602-886-2537

* TRS-80 1s a trademark of Tandy Corp
t Sorcerer is a trademark of Exidy, Inc
1 Apple il is a trademark of Apple Computer, Inc

WATCH FOR MODULE 50 |
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tinuing Engineering Education,
wWashington DC 20052

May 23-24, The Clemson Conference on
Small Computers; Application for
Business, Industry, Education, Medicine,
Clemson University, Clemson SC  This
conference will be of interest to in-
dividuals interested in small computers
who have a wail and see atutude Per-
sons who are already involved with small
systerns will find the conference in-
teresting and beneficial There will be
discussions on a wide vanety of applica-
lions, tutarials on small systems and ex-
hibits of equipment Contact Witham |
Barnett, Associate Professor, College of
Engineering, Clemson University, Clem-
son SC 29631

May 24-26, Computers in Critical Care
and Pulmonary Medicine, Yale Univer-
sity School of Medicine, Norwalk C1
The purpose of 1his meeting 1s to bring
together computer scientists, biomedical
engineers and physicians who are n-
terested in the application of computer
technology to the diagnosis and treat-
ment of critically 1ll patients The pro-
gram will consist of one day devoted to
respiratory monitoring and two days
devoted to the presentation of papers
pertaining to the application of com-
puter technology to the momitoring ol

critically il patients Contact S Nair MD,
Norwalh Haspital and Yale Umiversity
School of Medicme, Norwalk CT 06856

june 3-6, 1979 International Summer
Consumer Electronics Show, McCormick
Place, Chicago It This show serves as
the marketplace tor the entire consumer
eled tromics industry Contact Consumer
Hlectromcs Show, 2 lthnows Ctr, Suite
1607, 233 N Michigan Av, Chicago (L
60601

June 4-7, 1979 National Computer Con-
ference, New York Coliseum, New York
NY NCC 79 will teature a premuer
showcase of the state of the art in com-
puting and data processing  Leading
organizabions, large and small, will show
the latest equipment and services in ap-
proximately 1500 booths. More than 100
program sessions are planned, emphasiz-
ing the four mdjor areas o management,
appheations, science and technology,
and social imphcations [n conjunction
with NCC 79, the Personal Computing
testival of commeraial extubits, applica-
tion demonsirations, and technical ses-
S1ONs on nucrocomputer systems and ap-
phcanons will be held at the Amencana
Hotel Contact NCC 79, 'o American
Federation of Intormation Processing
Socettes Inc, 210 Summit Av, Montvale
N| 07645
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June 6-8, Twelith Apnual Association of
Small College Computer Users in Educa-
tion Conference, Denison Unwversity,
Granville OH Sessions will include the
presentation of papers and demonstra-
tions ol the educational use of micro-
computers, computer text book surveys,
discussions with authors of compuler
texts, administrative uses of computers
in small colleges. and a (utoral on
microprocessors  Contact Douglas
Hughes, Computer Ctr, Demison Umiver-
sity, Granwville (OH 43055, (614) 5870810

June 6-8, Eighth Annual Conlerence of
the MUMPS Users Group, Marriott
Hotel, Atlanta GA Papers will be
presentedd on  all aspects of MUMPS
development, implementation, and use
Contact Judith f autkner, Program Com-
mittee, Department of Psychiatry,
Clinical Sciences Cur, 600 Highland Av,
Madison WI 53742

june 6-8, Computer Contracl Negolia-
tion, New York NY. This three day course
is designed to give participamts sound
answers to the complex ramifications of
prepaning and negoliating computer con-
tracts Contact Brandon Consulting
Group Inc, 505 Park Av, New York NY
10022

June 19-21, International Microcom-
putersiMinicomputers/iMicroprocessors
‘79, Palais des Exposilions, Gencva
SWITZERLAND Focusing on the chang-
g state of the art in minymicrocom:
puters and microprocessors, the 1979
conference program will probe advances
in systems and equipment, with em-
phasis on practical applications and uses
of minicomputers and micrecomputers
as well as the techniques important to
thetwr development

June 20-22, The 1979 Symposium of the
Wilmington Section of the Instrument
Society of America, Umversity of
Delaware, Newark DE The symposium
theme, “Measurement Technology for
the 80’s,” is being programmed by three
of ISA's divisions Process Measuremen|(
and Control, Analysis Instrumentation,
and Water and Waste Water Industries
Contact A H Straghtiff, £ 1 Du Pont de
Nemours and Co Inc, (302) 366-3810.

June 27-29, Machine Processing of
Remotely Sensed Data, Purdue Univer-
sity, W Lafayette IN The symposium will
focus upon the theory, implementation
and novel applications of machine pro-
cessing of remolely sensed data Contact
Purdue University, Laboratory for Ap-
plications of Remote Sensing, 1220 Pol-
ter Dr, W [ afayette IN 47906

July 9-20, Computing Systems Reliability,
University of Califorma, Santa Cruz CA
Contact Institute in Compuler Science,
University of Calitorma Extension, Santa
Cruz CA 95064 »
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TMS-9900 Monitor

Jeremy O Jones

Alan Jones

Dept of Computer Science
Trinity College Dublin
Dublin 2—IRELAND

Everyone has their own idea of what a
good monitor should and should not do. Our
TMS-9900 monitor is aimed at a small Texas
Instruments 9900 system ({without disks)
with a terminal (64 by 32 character screen
size) for 1/O (inputfoutput). It has been
designed so that programs (which may be
cross assembled elsewhere) can be debugged
efficiently. To this end, the monitor con-
tains an instant assembler, a disassembler,
and comprehensive user program tracing
facilities. The instant assembler allows
modifications in code to be made quickly,
since calculating op codes is difficult because
the op code fields are not aligned on nybble
boundaries.

The monitor occupies slightly less than
256 bytes of memory and has been as-
sembled to occupy hexadecimal locations
F400 thru FFFE. The monitor allows the
user to examine and change memory lo-

Please send copies of BYTE Nybble #

cations; disassemble instructions; assemble
mnemonics; perform memory searches;
move blocks of memory; set breakpoints;
trace program operation; and other func-
tions.m

The Nybbles Library is an inexpensive
means for BYTE readers to share some inter-
esting but specialized forms of software.
These programs are written by readers with
small computers and printer facilities, and
are therefore designed for particular systems.
The algorithms and programming techniques
in these programs can be directly used by
readers with similar equipment, or can serve
as an inspiration for improvisation on com-
puters of different characteristics.

Potential outhors of such progroms
should send us a self-addressed stamped
envelope, with g request for a copy of our
Guidelines for Nybbles Authors. Payment
for Nybbles items is based on sales and
length of the item. Rates are set at the time
of acceptance.

This month the “TMS-9300 Monitor”
(# 106) has been added to the Nybbles
Library. To order your personal copy, at
$3.00 postpaid, fill out the coupon below.

at § postpaid.

Please remit in US funds only.
Check Enclosed

8illmy BAC #

Exp Date

Bill my MC #

Exp Date

Name

Street

City State

Nybbles

Zip Code

BYTE Nybbles Library, 70 Main St, Peterborough NH 03458

You may photocopy this page if you wish to kesp your BYTE intact.



' CLIP & ORDER )
Description Model No. Price Qnty Total
16K Memory Add-On Kit $ 95.00
S-100 3 S+P Interface Card 3 S+P-100K $159.95
3 S+P-100A $189.95
S-100 EPROM Programmer +3 EPR-100K $129.95
EPR-100A $159.95
TRS-80" to S-100 BUS RSB-K $249.95
RSB-A $289.95
5-100 Video Display Board VID-100K $119.00
VID-100A $139.00
TRS-80" Master Control Console MCC-K $159.95
MCC-A $189.95
TRS-80" Expandor Interface EI-80K $329.00
EI-80A $349.00
TRS-80" Disc Controller Moduie DCM-80K $129.95
DCM-80A $159.95
16K RAM Kit {With purchase of DCM-80) $ 85.00
TRS-80* EPROM Programmer +3 EPR-80K $129.95
EPR-80A $159.95
5-100 BUS Master Control Card MCC-100K $159.95
MCC-100A $189.95
S-100 Disc Controller Card— DC-80K $139.00
TRS-80" Disc Drives DC-80A $159.00
8-100 R5-232 Control Card 232-100K $149.95
232-100A $179.95
TRS-80" Serial Parallel 170 Module MS10-K $129.95
MS10-A $149.95
S-100 Z-80 Central Processing Unit Z-80100K $129.95
Z-80100A $139.95
TRS-80" To S-100 BUS Cable Adapter CAB-80K $ 99.95
CAB-80A $119.95
S-100 8K Static 250NS RAM Memory Card 8K-100K $119.95
8K-100A $139.95
TERMS—CASH WITH ORDER, VISA, MASTER CHARGE. NO C.0.D.'S! TOTAL
PERSONAL CHECKS REQUIRE 3 WEEKS TO CLEAR.
O My check (made payable to World Power Systems, Inc.) is enclosed
O Please charge to my: O Visa 0O Master Charge No. Exp. Date
Signature
SHIP TO: Name
Address
*TRS.80 s 8 teademar of Taagy Corp City/State
a1 s Wagoman o Ao Congsies w PhONE
1161 N. El Dorado Place. Suite 333, Tucson, Arizona 8571 5
\ 24 Hour Order Phone No: 602-886-2537
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YES!! Godboul has S-100
BANK SELECT BOARDS!

We're happy Lo announce the new CompuKit™ memories, each with two
totally independent, individually selectable and addressable banks. These are
low power, completely static, 4 MHz boards that offer Econoram quality in a
brand new format.

Our memory boards are generally available in 3 forms: unkit (sockets,
bypass caps pre-soldered in place for easy assembly); assembled and tested;
or gualified under the Certified System Component (C5C) high-reliability pro-
gram (200 hour burn-in, guaranteed 4 MHz operation over the full commer-
cial temperature range, and immediate replacement in event of failure within
1 year of invoice date).

Name Storage Buss Addressable on Design Unkit Assm csc

Econoram XII-16” 16K X8 S100 8K boundaries static $369 $419 $519
Econoram XII-24" 24K X 8 S-100 8K boundaries static $479 $539 $649
Econoram XIIl™ 32K X 8 S-100 16K boundaries static $629 $699 $849

. .. AND WE STILL HAVE THE BOARDS THAT MADE US FAMOUS,
ALL THE WAY TO 32K:

Name Storage Buss Design Speed Configuration Unkit Assm CsC
Econoram Il * 8K X 8 S-100 static 2 MHz dual 4K $149 $164  N/A
Econoram IV ™ 16K X 8 S-100 static 4 MHz single 16K $295 $329 $429
Econoram VI~ 12K X 8 H8 static 2 MHz 1-8K, 1-4K $200 $270 N/A
Econoram VII™ 24K X 8 $-100 static 4 MHz 2-4K, 2-8K $445 $485  $605
Econoram IX ™ 32K X 8 Dig Grp  static 4 MHz 2-4K, 1-8K, 1-16K $649 N/A N/A
Econoram X~ 32K X 8 S-100 static 4 MHz 2-8K, 1-16K $599 $649 $789
Econoram XI ™ 32K X 8 SBC static 4 MHz 2-8K, 1-16K N/A N/A  $1050

SEE CompuKit PRODUCTS AT YOUR LOCAL COMPUTER STORE

* FULL FUNCTION 16K MEMORY EXPANSION SET $109 (3/$320)
® DUAL CHANNEL /O BOARD For Radio Shack-B0, Apple, Sorcerer machines. 250 ns chips for 4 MHz

operation, DIP SHUNTS, 1 year limited warranty Includes easy-to-follow
$189 unkit, $249 assembled & tested

instructions.
Our new IO board gives you unparalleled flexibility and operating con-

venience . . .we include features such as two independently addressable
senal ports, real LS hardwate UARTS for minimum CPU housekeepung,
iull R$232C, current loop (20 mA) and TTL signals on buth ports, ¢rystal
controlled Baud rates up to 19.2 KBaud, transmmit and receive intercupts
on both channels, industry standard RS232 level converters with (ve
RS$232 handshaking lines per port, optically solated current loop with pro-
visions for both on board and off board current sources, full feature 11 SLOT MOTHERBOARD UNKIT $90
operation with either 2 or 4 MHz systems, low power consumption (+ 8%
@ 350 mA typ; +16V @ 70 mA typ; — 16V @ 55 mA typ), no software
intialization required for board operation (although board parameters
may be altered by software) . . . and much more.

ACTIVE TERMINATOR KIT $29.50

Cur much imitated design plugs into any 5-100 motherboard to treat
the 5-100 buss as the RF system it really is, thereby reducing noise, glit-
ches, nnging, overshool, and other buss-related problems. Improves
relability of data transfer, while saving power compared to standard
passive termnalion systems.

Includes 11 edge connectors soldered in place for simplified assembly
as well as active termunation for reliable data transfer with energy effi-
aency. Dimensions: 8.5" x 11"

Amazingly enough, all these features won't cost you maore than ather
types of VO boards that do a whole lot fess. Want complete informationt 18 SLOT MOTHERBOARD UNKIT $124
Just write, and we'll be glad to tell you all about it. Same as above, but 18 slot version. Dimensions. 8.5" x 16.7".

JUST IN: AN EXCITING NEW CHIP FROM WESTERN DIGITAL, the 1791 MOS LS| dual denSIty dISC controller Chlp
10 O A N 0 O O Prime partl With p|n0ut and data only $59. S O N S N O N O O O

» Allow 5%
TERMS: Allow 5% shipping, excess HOT-OFF-THE-PRESSES-CATALOGUE:

{ . Cal dd .
:.*(;GlA‘T_:.::\at\erci‘\aarge‘ms ca?l ou,la;_‘ o ™ Qut new catatogue is something you
howr order desk at (415) 362-0636. need il you're into c|ec(rpmcs Parts,
COD O with street address for LPS from Mts, computers. electrome  music,

{LUPS COD charge apphes). Prices specals . ies really packed, and irs
pund through cover month of free fust send us your name and ad-

magazine. BOX 2355, OAKLAND AIRPORT, CA 94614 dress, welll take care of the rest
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Figure 1: A functional block diagram of the Intel 8275 video controfler

integrated circuit,
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system as a lerminal. Hence, this terminal
is intended to be connected lo a large
computer. The hobbyist, on the other hand,
often uses a microprocessor as a stand alone
computer. For the hobbyist, processor
time is more important than for the user
of a microprocessor based terminal connect-
ed to a larger computer. Therefore, the
potential homebrewer reading this article
would understandably be skeptical of the
8275 because it can rob up to 25 percent or
more of the processor's time. But after all
things are considered, [ believe that even the
experimenter will be tempted by the fea-
tures of the 8275 as | was.

An example of how the B275 can be
uniquely applied to a real life situation
will help to orienl the reader Loward its
abilities. A power generating plant could
employ an 8275 based terminal in its main
control room. Many tables of data might
be kept in the computer defining the
status  of various generators, the power
load of various points in the city and graphs
of previous days and weeks' status.

The operator, using an 8275 based ter-
minal, could flip between the pages of
information. The operator could watch

statistics change dynamically. Headings
of tables would be underlined. Important
statistics would be printed as reversc video
characters, yellow alert information would
be highlighted, and disaster information
would be highlighted and blinking. This
way, the operator can find the necessary
information at a glance. If one is looking
for all disaster and yellow alert data, onc
can spot it immediately, at a time when
seconds count. |f one is looking for other
kinds of information, it can also be found
quickly because it, too, has its own kind
of signature. Dedicated memory termi-
nals and bit map terminals would all be
too slow for this application involving
emergency situations. Once the operator
has the needed information, he or she can
initiate corrective measures through the
same terminal.

What follows is an introductory expla-
nation of 8275 operation. Its merits and
weaknesses are judged by comparing it to
scrolling terminals, dedicated memory ter-
minals and bit mapped {also dedicated mem-
ory) terminals. Finally, the frequent uses
of terminals in general are measured against
the 8275's abilities. | hope to show that
the 8275 meets most of these needs better
than the other terminals.

Device Description

The 8275 video controller requires two
peripheral items in order to operate: a
microprocessor and a direct memory access
device. The microprocessor initializes the
8275 during power-up. It also shares its
memory with the 8275. Figure 1 is a func-
tional block diagram of the 8275. The
fefthand signal lines interface to the system
bus. The processor communicates with
the 8275 via the bidirectional data bus and
standard handshaking. The single address
line, AQ, indicates that this device occupies
two locations in memory or 1/O {input/
output) space. The 8275 communicates
with the direct memory access controller
via the direct memory access request output
and direct memory access acknowledge
input. The interrupt output is used to co-
ordinate direct memory access activity.

The video control lines are described
below.

® Characrer Clock input. The character
clock tells the 8275 how fast char-
acters are to be output to the screen,
It also clocks the several internal
counters which provide the screen
timing. Direct memory access Liming
is based on the character clock as
well.
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Figure 2: A description of the circuitry needed for generating built-in characters. The resulting characters that are output are

shown in figure 2b.
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Line Count
outputs inform the character gen-
erator which scan line the screen
is tracing. At the top of a character
row, the line count is 0. After the next
retrace, the line count is 1, and so
forth., The line count tells the char-
acter generator which row of dots
to output. The line count is pro-

outputs. These four

grammable from one to 16 scan

lines per character.

® Character outputs, These scven bits

of output determine which one of
128 possible characters is to be dis-
played. They typically output the
ASCIl code representations of the
characters.



® Two Built in Characters oulputs.
These signals are used to provide Number Type +5V GND -5V 12V
11 characters without the use of a Ic1 8275 40 20
characler generator. The use of these 1C2 8212 24 12
outputs may add needless complexity 1c3 7415165 16 s
to the video circuitry, Figure 2a ca 74169 6 =
shows the circuitry needed to pro-
vide the characters in figure 2b. IC5 7404 14 L
These characters are used for drawing 16 7400 14 7
boxes around ficlds on the screen. 1c7 7486 14 7
A lower chip count and several hours IC8 7402 14 7
ol building time are sacrificed for 1C9 7432 14 7
these 11 characters. 1t is recom- IC10 7416 14 7
mended that the characters be put 1Ic11 7408 14 7
in the character generator read only IC12 7414 14 7
memory. The 2708 programmable c13 74174 6 P
read only memory makes a good C14 74157 6 P
128 by 8 by 8 character generator. C15 72157 6 8
| chose a programmable read only
memory because | could not find IC16 74157 16 8
a character generator | liked on the €17 7400 14 L
market. 1C18 74126 14 7
1C19 2102 10 ]
® Two General Purpose outputs. These 1C20 2102 10 8
lwo bits can be individually pro- 1C21 2102 10 9
grammed to change logic levels at pre- 1C22 2102 10 9
determined points on the screen. Their 123 2102 10 9
function is Ieft to the designel‘. 1024 2102 10 aq
1C25 2102 10 9
® Reverse Video output. This bit tells C26 2102 10 9
the video circuitry that the negative
image of the character is to be dis- 1€27 2708 2 12 21 19
played. A white character on a black IC28 7400 4 7
background is therefore displayed as 1C29 74426 14 7
a black character on a white back- 1C30 74426 14 7
ground. 1C31 74426 14 7
1€32 74426 14 7
® [ight Enable output. When this out- 1C33 7405 14 7
put is high, an override of the char- 1C34 7421 14 7
acler generatoer occurs and only ¢35 7486 14 7
white dotfs are sent to the screen. 1C36 74139 16 8
This output is used for (he under-
iine function and to display the
cursor. Table 1: Power pin assignments for the circuits in figures 3 thru 6.

& Video Suppress output. This output
has the opposite function of light oscillator with the 8275. The duration
enable. It blanks the screen. It also of both kinds of retrace is program-
provides blinking characters, invisi- mable.
ble retrace and ‘“end of line” blank-
ing {which will be explained later). ® [jght Pen inpul. A positive edge on
this input latches the present row and
® Highlight output. Characters of two column positions. One possible light
intensities are possible because of this pen circuit is shown in ﬁgure 3. The
output, light pen is a phototransistor. It is
connected to a differentiator (the
resistor/capacitor network) and a com-
parator, The comparator detects a

® torizontal Retrace output, Raster
liming is generated internally. This

output synchronizes the video moni-
tor’s horizontal oscillator with the
8275,

Vertical Retrace output. This output
synchronizes the monitor’s vertical

positive spike caused by the electron
beam intensifying the phosphor on
the screen. A Schmitt gate gives the
video controller a clean, sharp edge.
The controller now has the row and

Text continued an page 139
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Text continued from page 135:
column positions latched in its in-
ternal registers,

It is good to know that the two General
Purpose, the Reverse Video, and the High-
fight outputs all operate identically. Their
functions can be changed at the will of
the designer. Any three of the oulputs
could be used to represent the primary
colors. Then either additional chroma
circuitry or direct conncction to the elec-
tron guns’ amplifiers could turn the output
bits into actual colors, This feature could
be very important to experimenters who
may someday upgrade their systems to
have color video.

Video Display Circuitry

Since this article is primarily concerned
with the 8275's operation, discussion of
the circuit will be limited mostly to the
compusite video outpul circuitry., The
purpose of this section is to further acquaint
the reader with the 8275. Figure 3 shows
one configuration for producing a composite
video signal. A dot clock is divided down to
provide the character clock. If the dot clock
is divided by n, there are exactly n dots per
character horizontally. The character clock
is connected to the 8275, but it must also
connect to two other points. It controls the
loading of the shift register, and it clocks
several bits through flip flops. The shift
register turns the parallel dot data from
the character generator to serial form for
the video display. The six bits (Reverse
Video, Light Enable, Video Suppress, High-
light, Horizontal Retrace and Vertical
Retrace) are delayed by one clock by passing
them through the flip flops to synchronize
them with the slow speed of the character
gencrator. They are then gated with the
character data through some logic gates to
produce the composite video oulput signal.

My character generator (figure 4) has 128
fixed characters and 128 programmable
characters. The programmable characters
are interfaced to the processor bus in such
a way thatl the processor has priority of
access over the 8275, The video controller
selects one of the 128 character groups with
a General Purpose output. Note that up to
512 characters are possible if both General
Purpose outputs are used. The simplest
character generator would have no inter-
face to the processor bus and would consist
of a single character generator.

Figure 3 gives the reader an idea of the
complexity of the output circuit. Each box
represents one integrated circuit (if asimple
character generator s assumed), except
for the six flip flops, which are all contained
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Figure 5: This circuitry will interface the video controller to the computer’s

bus.

in a single chip. A total of about a dozen
chips is required to realize the output logic.
With a crystal and some resistors and capac-
itors, the output circuit is complete.

Screen Format

The screen format of the 8275 is pro-
grammer definable. Characters can be
displayed either single or double spaced. The

-
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Figure 6: The address
decoding circuitry is added
to the character generator
circuitry of figure 4 to
complete the video
controller.
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height of each character is programmable
from 1 to 16 raster scan lines. The number
of characters in a row is programmable from
1 to 80. The number of rows from top to
bottom is programmable from 1 to 64.
Unfortunately, the monitor's timing is not
infinitely flexible. Some screen formats
would be impossible for a monitor to
synchronize with. For example, a screen
format of two characters horizontally by
two characters vertically would not be
possible. A horizontal or vertical retrace
signal would come from the 8275 long
before the monitor’s beam was at the end of
the screen. Another limitation may be the
bandwidth of the monitor. If the monitor
has a low bandwidth, the characters may
become smeared and difficult to read if
there are too many characters in a hori-
zontal row. The parameters also depend on
the character clock going into the 8275.

In spite of all this confusion, therc is a
range of screen and character formats which
is acceptable to the monitor, and one of
them must be chosen before data can be
displayed.

The screen format parameters are loaded
into the 8275 after power-up, but can also
be changed dynamically. This means that
different screen and character formats can
be used to represent different kinds of
information. For example, a tightly packed
screen of 4 K characters might be used for
graphics, a medium packed screen of 2 K
to 3 K characters might display text, and a
loosely packed 1 K character screen might
be a table of contents or other directive
data. The user could tell at a glance what
kind of information he is looking at just by
the screen format. Only six by les are required
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to reprogram the 8275% screen and character
format.

Controller Circuitry

Building a direct memory access circuit
requires special care. The device is master
of the bus at one moment, a normal periph-
eral the next; a situation which requires
some signal reversing. Furthermore, when it
is the bus master, it can do some odd things
to the timing.

The Intel 8257 direct memory access
controller will set up a memory address
and do a normal memory read by makin
MEMRD low. Then, the 1/O write (IOWR?
will go low to strobe the data to the 1/O
device (the video controller in this case).
The signal DACK informs the video control-
ler that it alone is intended to receive the
data. If the designer is not careful, other
[/O devices may be accidentally addressed.
Each direct memory access cycle puts a new
address on the bus. The cycling of addresses
and the strobing of [OWR will eventually
access all 1/O devices unless disabling of [/O
devices is designed into the system. The job
is more complex when dealing with 5-100
signals.

My direct memory access controller has
evolved its way out of S-100 compatibility.
Stubbornly wusing Intel's direct memary
access contraller meant altering boards and
the bus. Some nonstandard things needed to
be done. Indeed, my devices are not even
1/0 mapped as the 8275 assumes. Rather
than raking over the details of my circuit, |
recommend the reader check on other direct
memory access devices, such as the Zilog
2-80 DM-8. It has separate cycles for reading
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Figure 7: An example of scrolling and using direct memory access. The screen
(7a) resides in processor memory (figure 7b). Scrolling takes place when the
current direct memory access pointer is moved as shown in figures 7c and 7d.
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memory and writing to a peripheral. It also
allows memory mapped 1/O. Of the two
direct memory access devices mentioned, it
alone can be considered S-100 compatible.

Direct Memory Access

Characters which are to be displayed on a
video screen are transferred by direct memo-
ry accessing from processor memory. The
direct memory access process also retrieves
the special attributes such as reverse video,
highlight, underline, blink, and two general
purpose signals. A series of direct memory
access transfers occur for each character line
to be displayed. After the'entire screen has
been written, vertical retrace occurs, and the
direct memory access is repeated. The micro-

processor must wait while the transfer takes
place. This may interfere with as much as
25 percent of the processor’s time. This
figure does not take ‘‘cycle stealing”’ into
account. (Cycle stealing is a condition where
the processor allows the direct memory
access controller to take control of the
system bus while the processor is doing
internal work.) The processor is not using
the bus anyway, so the direct memory access
controller steals that clock cycle or cycles.
For an 8080A, the timing diagrams scem to
indicate that no cycle stealing takes place.
The processor-direct memory access hand-
shaking is too slow. This will be true for
cither controller mentioned earlier. My
25 percent figure assumes a full 2 K screen
with no cycle stealing, and using the Intel
controller at a 2 MHz clock frequency. The
screen is refreshed at a rate of 60 Hz.

A strong argument against the 8275 is
that it cuts into processor time while merely
displaying a static picture. Other terminals
for microprocessors, such as those with
dedicated video memory, can operate
without disrupting processar operation at
all. The only time the processor uses up with
respect to video is the time it takes to
change the screen.

Opponents of the 8275 point out the
direct memory access problem as its greatest
weakness. But using direct memory access
also has its advantages. The reader can weigh
the advantages of the 8275 against this
overhead disadvantage. | find that, for
my purposes, the flexibility and display
power offered is worth the loss of processor
throughput. Furthermore, as will be seen,
the overhead can be reduced.

With direct memory access capabilities,
the processor memory is shared with video
memory but without timing confiicts.
Dedicated memory video terminals, on the
other hand, give the processor priority in
memory operations. [f the terminal s
writing characters when the processor takes
over its memory, the screen becomes unde-
fined, and a 'scratch’ mark results. Scrolling,
page changing and other operations which
require around 2,000 reads and 2,000 writes
{for a typical 2K screen) can produce
temporary havoc on the screen. A dynami-
cally changing screen can be annoying to
look at. Video memory for the 8275 can be
read from or written into at any time with-
out scratch marks because only one device
operates at a time — either the controller or
the processor.

The direct memory access controller is
programmable to work on any section of
memory. It can, in fact, be programmed to
change source locations at any time. This
means that page changes of the video screen



can be made by changing the accessed
address; a task which requires half a dozen
writes. This compares with 2,000 reads and
2,000 writes of a block transfer in dedicated
memory terminals.

With direct memory access, scrolling is
automatic. The interrupt output of the 8275
is used to tell the processor that the bottom
of the screen has been reached. At this
time the processor can effect a scroll by
changing the current pointer in the con-
troller (figure 7). Without any actual charac-
ter manipulation, the characters on the
screen are made to move up by one row.
The top row swings around to the bottom.
This new bottom row can then be erased.
The same locations in memory are used
before and after the scroll. Both scrolling
up and scrolling down are possible.

A different kind of scrolling is also
possible. In this method, the addressed
memory space actually does change. If the
programmer is dealing with 10 K bytes of
text, it could be scrolled one line at a time
by moving the direct memory access space
down by 80 (for an 80 character per line
screen format — see figure 8). The current
direct memory access pointer is always at
the top of the address space. This is just
another form of page changing with most of
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the screen being common to both pages.

The 8275 is an intelligent controller.
As it accesses Lhe data, it examines the
incoming characters for special command
bytes. When the most significant bit is a
ong, the controller knows this is a special
command. One command outputs one
of the 11 built-in characters. Another special
command sets or resets six bits corre-
sponding to reverse video, underline, blink,

Figure 8: A simplified
memory map showing
scrolling by moving the
pointers to different mem-
ory areas which are ac-
cessed by the video
controller,
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Figure 9: An example of
wsing 'invisible” special
commands with the video
controller. The output
shown in figure 9a is what
is desired. We wish to
wunderline the five fetters in
the word "codes”. Figure
9b shows a memory map
with the special codes
inserted in the text. The
set underline bit com-
mand will command the
controller to underline all
output until the bit is
reset. The reset underline
bit command stops the
wunderlining procedure. If
the codes were not invis-
ible, the output would
probably look like figure
9c. Since the special com-
mand codes cannot be
converted into printable
ASCIHl characters, spaces
are output on the screen.
Note the extended under-
fine. This occurs because
the reset underline bit
command is printed before
the bit is actuudlly reset.
This visible code mode s
not advisable for high
gquality output,
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highlight, and general purpose.

In order to underline five consecutive
characters on the screen as in ligure 9a for
example, the five characters must be pre-
ceded by a special command which sets
the underline bit (figure 9b). Every character
following the command is underlined for the
remainder of the screen unless another
special command resets the underline bit.
Such a command would follow the 5 charac-
ter word to terminate the underline. Note in
figure 9a that the special code does not
occupy a character position on the screen.
This happens with the 8275 cven though the
special codes arc accessed just like the
displayed data. The codes are “invisible.”
The 8275 can be programmed for either
visible or invisible special command codes.
Figure 9c¢ is an example of a visible com-
mand code.

A different kind of command is end of
line. When the 8275 reads this one byte
command, it blanks the remainder of the
current line by enabling the video suppress
output. Thus, after a scroll, the new bottom
line need not be erased but only headed by
an end of line command. For an 80 charac-
ter per line format, one wrile cffectively
clears the bottom line instead of 80 writes.

The end of screen command is similar to
end of line except that the remainder of the
screen is blanked instead of just one line.
Thus, a clear screen operation consists of
one write instead of 2,000. The end of
screen command would be placed at the top
lefthand corner of the screen.

[t has been shown that emulating a simple
scrolling terminal is easy with the direct
memory access controller and the 8275
video controller. When using a scrolling
terminal, one notices the large amount of
unused screen space that frequently exisis.
If the 8275 controller were to access 2,000
characters when, say, only 200 characters
were being displayed, the 8275 would be
wastefully cutting into processor time. The
stop direct memory access commands
answer this problem. A short line of printis
followed by an end of line, stop direct
memory access command, which blanks the
remainder of the line and discontinues
memory transfer until it is needed for the
next line. Variable line lengths are stored in
memory, each followed by end of line, stop
dircct memory access. The end of line, stop
direct memory access command allows text
to be both stored in compact form and dis-
played easily. Both kinds of scrolling dis-
cussed as well as page changing are simply
achieved. The only difference is that variable
line lengths are involved.

The last line of nonblank characters can
be followed by end of screen, stop direct
memory access, which blanks all subsequent
lincs and terminates the transfer operation.
The stop direct memory access commands
reduce overhead considerably. The processor
experiences not 25 percent delay, but fre-
quently as fow as 0 to 10 percent delay due
to direct memory access operation. In this
way, the direct memory access overhead
argument is no longer as strong. Further-
more, much processor time is actually saved
by the memory access — page changes, scrol-
ling, and line and screen blanking are all
faster, requiring fewer reads and writes.
They take less software than most dedicated
memory terminals. Also, visual continuity is
maintained because no scratches ever appear
on the screen during reads and writes.

Interesting results can be obtained by
changing some of the device parameters. If
the direct memory access controller is
programmed to transfer 4 K bytes of mem-
ory, but the video controller is only pro-
grammed fora 2 K byte screen, the following
results occur.

The first scan displays the first 2 K bytes
of addressed memory. The vertical retrace
occurs and the screen is redrawn. This time,
the second 2 K bytes of addressed memory
is displayed. Upon the third frame, the first
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2 K bytes is once again displayed. A double
exposure of the twa images effectively
occurs. Since each frame is 1/60 second, the
refresh of each image is 1/30 second. The
human eye senses flicker below approxi-
mately 24 frames per sccond, so no flicker
is noticeable. 1f ecach frame contained a
graph on identical axes, the double exposure
would be the superposition of the two
graphs. The graphs could be plotted by
loading programmable characters into the
character gencrator and displaying them in
the proper positions on the screen.

Double exposures would double the
memory requirement but have no effect
on the data transfer overhead. The video
display is still refreshed at the same rate
but with alternating images. Triple exposures
can also be made. The addressed memory
size is three times the screen size. Some
flicker would exist since each image is
refreshed every 1/20 second.

Superposition of screens cannot be done
with ordinary dedicaled memory systems.
Bit mapped displays can, however, super-
imposc any number ol images without
experiencing screen [licker. This can be
done by ORing the images together into
the same bit map. [f involved graphics
are intended for a video terminal, the bit
map displays are preferred to an 8275 based
display.

Interlacing

Ordinary television sets and monitors will
interlace the picture if the incoming signal
has interlace timing. An interlaced picture
has twice as much vertical resolution as a
noninterlaced picture. For ordinary Lelevi-
sion, there are 525 scan lines in an interlaced
picture but only 262 lines in a noninterlaced
picture. Like so many video terminals, the
8275 unfortunately does nol provide inter-
lace timing.

Cost

This topic is a bit unpleasant Lo the
average hobbyist. As of midMarch, 1978, the
8275 was a $100 integrated circuit. If this
device is like many others, its price could
drop significantly before too long. The
direct memory access controller is presently
about $28 (it has two spare channels left
over for the user's floppy disk and digital
cassette too). A character generator runs for
$8 to $18. My 2 board system was under
$225. All things considered, this is not
very expensive when one thinks about the
price of terminals with half the fleatures
of this one.

A smart way to build this circuit (or

anything else that uses expensive com-
ponents) is to construct the boards first,
begin testing the transistor-transistor logic,
and last of all buy the 8275, This way, you
give the price a chance to come down.

Conclusions

An 8275 based terminal offers the user a
large number of features. The useful lifetime
of such a terminal is long because of its
flexibility. It can bend to meet a wide
variety of requirements. Features which are
not immediately taken advantage of are
always available at a fater time.

Features include outputs for reverse
video, underlining, blinking, highlighting and
general purposes (user defined). A light pen
can be used and a cursor is provided. 11
built-in characters are a mixed blessing
because of the work involved in decoding
them. The character height (line count), the
screen format, the retrace timing, the direct
memory access burst timing, and the type of
cursor to be displayed are programmabile.

Upgrading the system is easy because of
its programmability. Hence, color can be
added without major complications. The
controller easily becomes a dual controller
for two video monitors.

More and more “minimal systems' that
are not so minimal in their power arc coming
into being. Greater need is arising for a video
interface that is small. 10 chip computers
with video are possible, and larger single
board computers promise great performance
for their size when they use the 8275, The
price paid for all the features of the 8275 is
in direct memory access overhecad. The
processor is halted for a portion of the time
while the screen is refreshed. The end of
ling, stop direct memory access and end of
screen, stop direct memory access commands
reduce this overhead, dependent on how
full the screen is. The double space mode
cuts the overhead in half.

Direct memory access also increases the
speed of some operations. Page changing
and scrolling are two examples that take
almost no processor time. To the user,
they appear to be instantaneous operations.
Visual continuity is maintained while the
processor works in video memory. None of
the ‘‘scratch’” marks characteristic of dedi-
cated memory terminals appear.

Feature for feature, terminals using the
8275 surpass dedicated memory terminals,
In texl environments with only light graphics
requirements, its speed and special attributes
make it more attractive than bit-mapped
terminals. For many users, a video terminal
based on the 8275 video display controller
is the optimum choice.®



THE DIAGNOSIS:

MEDICAL OFFICE MALAISE

Between insurance
forms, Medicare and
Medicaid forms, bills, and
patient records, the typical
medical office today is
swamped with paperwork.
If the sheer volume isn’t
enough of a problem, it is
also essential that all this be

done with speed and
accuracy. It has been
estimated that Doctors and
office staff spend nearly a
quarter of their time
handling paperwork. Until
now, the only alternatives
were either hiring more per-
sonnel or subcontracting

with an outside firm.
Obviously, a medical data
base management system
has great potential for
significantly increasing
office efficiency and freeing
staff for more valuable
duties.

THE CURE:

MED2 FROM OHIO MICRO SYSTEMS

MED?2 is a reliable,
debugged program that
generates valuable adminis-
trative reports, bills, aging
account analysis, and
insurance forms. It is the
result of over a year of
design, testing, and
retesting in colloboration
with medical offices. It
features a large on-line
capacity and can be
operated by the existing
office staff. MED2 is
suitable for one person
offices or group practices.
It adapts readily to GP’s,
specialists, dentists, and
medical laboratories.
MED?2 requires a Z80/8080
microcomputer system that
supports CP/M and it is
available on Micropolis
5.25in. and IBM 3740 8 in.
diskettes.

There is alot to know
about MED2 - more than can
be explained in an ad or
manual. To show you what
MED2 can do, how to use it,
and why it is configured as it
is, OHIO MICRO SYSTEMS
makes an unprecedented offer
- a FREE two day user’s
seminar {lodging included)
with every MED2 disk. We
believe this is the best way for
you to obtain a thorough
working knowledge of MED2.
You get to see, question, and
evaluate MED2 with its
designers. The seminar is
comprehensive and includes
information on procedures in
medical offices, customizing
MED?2 for unique situations,
technical aspects of MED2,
and marketing strategies. The
seminar can be a complete
course for an end-user familiar

FREE USERS SEMINAR
WITH EVERY MED2 DISK

with microcomputers, but it is
specifically geared for dealers.
MED? provides an excellent
entry for dealers into the large
new marketplace of medical
offices. There is no question
that the need exists. Investing
the time in the seminar will
open the doors to increased
hardware and system sales.

The price of MED2 is
$895. A deposit of $200, which
applies toward the purchase
price, is required for
registration in the seminar. If
you decide to not purchase
MED? after the seminar, you
owe no more. Contact OHIO
MICRO SYSTEMS for
semninar dates, registration,
and further information.
Phone (216) 678-5202 or write
to us at 500 South Depeyster,
Kent, Ohio 44240,

OHIO MICRO SYSTEMS

500 S. DEPEYSTER ST. ¢« KENT, OHIO 44240 e (216) 678-5202
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Figure 4. Word parallel associative memory. Each cell of the word contains logic to compare its
contents with the respective bit of the comparand broadcast from the central processor. The
type of comparison selected by the FNCODE is generally only exact match (=) for this archi-
tecture. The result of the comparison for each bit is placed on the output line, and the separate
bit results are combined by external logic into the result for the entire word. For exact match,
the output lines need merely be ANDed. If the outputs are open collector, this can be imple-
mented without a gate by tying the outputs together through an appropriate pull-up resistor,
An N bit mask is applied to the associative cells so comparison on only part of the word (where
the mask = 1) is possible. The inset shows how the comparison logic box could be implemented
for exact match, The word read und write logic is omitted for simplicity.






154

May 19749 0 BYTL Mehlhic atiuns inc

CLK

|3
r I X|A
r O Il

[l i g

Table 2: Partial function table of a J-K flip flop.

{8 18
8 BIT 8 BIT
COMPARISON [—-——————— — COMPARISON
LOGIC I LOGIC N
8
COMPARAND —# 4 F
M
F N CODE —# 5 f
8
MAS K —f { £
«— WORD I, OUTPUT <—WORC N, OUTPUT
K J K
- iy — —
SAMPLE PRI > PR
Q Q
{ L
7
SET S F

@ o

Figure 7: The parallel selection system. Suppose the first ten bytes of each block were defined
to hold the lastname of each person in our personnel fife. To find all people named Smith, the
computer would execute a series of byte comparisons: [lastname| = S, [lastname + 1] = M, etc.
Lastname is the beginning offset (A, — Ay = 0) of that field, and [lastname] indicates the value
stored there in each block.

For multibyte comparands we need a temporal AND of the byte comparison results, as op-
posed to the spatial AND of bit comparison resulits in figure 5. A J-K flip flop (whose partial
function table is given in table 2) performs the conjunction. The SET function intializes the
tags of all blocks. All blocks start as responders (tag = 1) because no selection criterio have been
imposed. Subsequent restrictions cause those blocks that do not meet ail specifications to turn
their tags off — and they remain discarded until a new SET command is issued.

Therefore, at the end of the comparison or selection process, that subset of blocks whose tags
are still on have met all the requirements. The SAMPLE line clocks the flip flops onty during an
associative compare function, and at the time when the comparison fogic result becomes valid.
All blocks respond to the comparison simultaneously, and as shown at this level of the design,
can only read out their data for comparison purposes.
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Figure 8: Parallel processing @
in place: the multiwrite func-

tion, New fogic black boxes

have been added to the CE @ @

{chip enable) and the WE WRITE
{write enable) inputs of our LOGIC
memory blocks to turn them
into CAPPS (content address-
able  parallel  processors),
which Foster (see bf[_)//'o— C—Ezsexe WE WE e va
graphy, port 1) has defined . MEMORY ——————— MEMORYN
as associative memories with D OuT 0 ouT
parallel write ability. Without
recourse to address, we can @ 8 1e @
change the contents of any

previously selected blocks,
WhOSE rags are 7 When the (GZOthlP.lr\RISON goi!'FTARISON
multiwrite responders com- LOGIC | LOGIC N
mand s executed, only the

chip enables of those blocks 8
whaose tags are on are acti- COMPARAND 7 — F
vated. The write enable is also FN CODE # 1 =
activated during multiwrite. MASK s 1 F
The value of the addressed

byte in all selected blocks is
changed to the contents of

the comparand bus. The tags -2 37
are unaffected (no SAMPLE

CE CE
LOGIC
N

eS|

L

. . . SAMPLE I PR > N PR
signal is present). Without
knowing the addresses of the 9 Q
blocks in our selected subset, ey
we are able to change their — ..
. , , SET S f
contents in place. Notice this
change can be common data
{mark all engineers In our file TAGg TAGN
for a £100 bonus) or specific
(show 550 parts on hand for WR = SYSTEM MEMORY WRITE STROBE WE : MW AWR
stock item #36574). MW :MULTIWRITE, | OF FN CODE EE,-MW A TAG,V MW
Access Address Resulting
Type Ajsthru A Agqthru Ag A thru Ag Access Type
MEM Hole FNCODE OFFSET | 1 of 16 associative
WRITE other <address> functions. Random
access memory write,
MEM <16 bit address> Random access mem-
READ ory read; any memary
in hole space must be
read only.

Derivation of Associative Commands

Ajg thru Aqp Aqq thru Ag A thru Ag

HOLE I FNCODE OFFSET

{Address during an associative command.)

Table 3: A clarification of the random access and associative operation definitions.
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Figure 9: Nonassociative read responder technigues. In part 1 an associative technique was
described to read the contents of responders (without addresses) when there were more than
one. [t consists of a daisy chain connecting all the tags in the memory into a priority fist.
During an associative read, only the highest priority responder (the first responder) could place
its contents on the bus to the processor. A companion function, next, to turn off the first
responder, and the query function to determine if there are uny more responders, completed
the description of necessary hardware. Implementing these priority chains would require at
feast three more different logic gates per memory word and, although fast {(and address free),
the design becomes rather buiky.

When a random daccess address structure is placed on the memory words (as it usually is to
facilitate loading and unloading ol the memory), a nonassociative technique for reading re-
sponders is available. The responders may be read serially by taking advantage of their address
structure. The tags of dalf blocks from least to highest in address may be sent in batches to the
central processor through inpul ports. The processor can then scan the tags in sequence for
the next {or first) responder, and quickly derive the responding block’s address in preparation
for a random access reuad. The tag input ports could also be arranged hierarchically, to speed
search in cases where there are likely to be few responding words. Alternatively, all responders
could first multiwrite a 1 into a reserved flag bit in their memory block. Groups of tags coufd
be ORed and the resuits for many groups sent to the processor through input ports. Finding
a 1 inany bit of the input word tefls the processor the group of blocks to search. A random
access, serial scan of the flay bit for each block in that group determines exactly which one
(or more) responded. A random dccess read then fetches the information desired. The query
function, here, simply entalis reading and testing the input words.
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ACCESS
DETERMINATION
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WRSTAT : SYSTEM WRITE STATUS
ASSOC : (A15—AI2 = "HOLE') A WRSTAT

DETERMINATION OF ASSOCIATIVE ACCESS REQUEST
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8 LATCH ]
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SAMPLE : ASSOCAFN CODE ¢ (SET, MW ) AWR

Figure 10: Accessing the add-in associative memory. Only eight address bits (A 5 thru Ag) are
used for associative memory accesses. Therefore, eight bits (A g5 thru A 8) are left to specify
whether a memory access represents an associative access, and, if so, which function is involved,
Let Ay, thru Ag be the FNCODE (one of 16 functions) during an associative instruction,
Comparison and multiwrite instructions need data supplied by the central processor. For these
operations, the processor must execute a memory write. If the nonassociative (random access)
technique for reading responders is used, all associative functions may be injitiated by a processor
memory write cycle. To distinguish between random access and associative operations, a 4 K
byte "hole’ s defined at some arbitrary 4 K boundary of address space. In general, a memory
write to the hole indicates an associative function specified by A, thru Ay A read of any byte
in the hole is considered normal random access {although memory, if present, must be read
only). Table 3 clarifies the definition of random access and associarive operations. Figure 10
also illustrates the derivation of the mask and other signals used in previous disgrams. The
mask, for example, can be implemented by a simple 8 bit output port, =
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PROGRAM DESCRIPTION TRS-30 L1/2 L2 PET PRICE
GALACTIC BLOCKADE RUNNER * AN EXCITING SPACE WAR GAME WITH GRAPHICS &\ '\- $ 5.95
SC1-FI GAME SAMPLER ¢ 3 GAMES—LUNAR LANDER—STAR MONSTER—SPACE BATTLE o|e $ 7.95
R/T LUNAR LANDER * A REAL TIME LUNAR LANDER WITH GRAPHICS L ] $ 795
MICRO-TEXT EDITOR ¢ FORMAT TEXT—SAVE & LOAD TO TAPE—OUTPUT TO PRINTER . $ 9.95
OTHELLO it ¢ A STRATEGY BOARD GAME—PLAY AGAINST COMPUTER OR OTHERS|e| |e|e $ 7.95
AIR RAID * A REAL TIME, ARCADE TYPE SHOOTING GAME IN MACH. LANG, . $ 1495
MICRO-CHESS * PLAY CHESS WITH YOUR COMPUTER—VARIOUS LEVELS OF DIFF. || |®]e 51995
BRIDGE CHALLENGER * DON'T WAIT FOR OTHERS TO PLAY—YOUR COMPUTER'S READY o |o]o $ 14.95
APPLE 21 * BLACKJACK WITH HIRES GRAPHICS ' $ 9.95
STAR WARS/SPACE MAZE » SCI-FI GAMES FOR THE APPLE . $12.95
RENUMBER * RENUMBER YOUR BASIC PROGRAMS—RENUMBERS EVERYTHING L L4 $ 1495
HSK RENUMBER * SAME AS ABOVE, BUT ON DISK . $ 19.95
PILOT 2.0 » THE EDUCATIONAL LANGUAGE. IN MACH. LANG.—INC. EDITOR . $ 14.95
PILCT 3.0 * THE DISK VERSION OF THE ABOVE [ ] $ 195
APPLE TALKER * YOUR APPLE SPEAKS! NO NEW HARDWARE REQUIRED . $ 15.95
APPLE LIS'NER * SPEECH RECOGNITION THE EASY WAY—GREAT WITH THE TALKER e $ 19.95
TIC-TAC-TALKER * TIC-TAC-TOE USING SPEECH SYNTHESIS AND RECOGNITION . $ 19.95
FORTRAN * FOR THE TRS-80—SEE MICROSOFT'S ADS . $325.00
syscop * MAKE BACKUP TRS-80 SYSTEM TAPES THE EASY WAY . $ 9.9
ANDROID NIM-2 * GAME OF NIM WITH ANIMATED ROBOTS AND SOUND ® $ 14.95
SNAKE EGG * A BETTING GAME WITH ANIMATED SNAKES AND SOUND ° $ 14.95
LIFE 2 ¢ 100 GEN. PER MIN. LIFE & BATTLE OF LIFE W/ANIMATION & SOUND | [® 5 14.95
DCV-1 * PUT SYSTEM TAPES ON DISK EVEN IF IN SAME MEM AS DOS o $ 9.95
MUSIC MASTER * ENTER SHEET MUSIC—THE TRS-80 THEN COMPILES & PLAYS IT ® $ 14.95
DISK MUSIC MASTER * SAME AS ABOVE BUT ON DISK W/MANY SELECTIONS ° $ 24.95
TRS-80 CP/M ¢ OPENS UP THE WHOLE WORLD OF CP/M SOFTWARE TO THE TRS-80 | |® $150.00
PET ASTROLOGY ® DOES ALL THE COMPUTATIONS FOR YOU ® 51495
PERSONAL FINANCE PKG. * KEEPS TRACK OF CHECKS, BUDGET, COMPUTES INTEREST of |ofe] 5 995
TRS-80 DISK LIB. A" + 9 PROGRAMS ON DISK—INC. BLOC. RON, OTHELLO ETC. ° $ 39.95
BUSINESS AND APPLICATION SOFTWARE—CALL OR WRITE FOR DETAILS
16K MEMORY UPGRADE FOR TRS-80, APPLE & SORCERER COMPUTERS $ 94.95
C-10 HIGH QUALITY DATA CASSETTES W/SCREW HOUSINGS 10/% 34.95
VERBATUM 5-1/2 INCH BLANK DISKETTES 10/5 10.00

10% OFF IF YOU ORDER 3 SOFTWARE PACKAGES OR MORE SEND FOR FREE CATALOG—GIVE TYPE OF COMPUTER

AVAILABLE FROM THESE FINE MICRO COMPUTER DEALERS
&) ELECTRONICS LTD HOBBY WORLD ELECTRONICS  CAPITOL COMPUTEK SYSTEMS COMPUTER CABLEVISION, INC.
23 COLLINGTON AVE, 19153 BUSINESS CENTER DR. #6 339 EL CAMING AVE 2617 4IND ST. NW 02
BEXHILL-ON-SEA, £. SUSSEX, ENG. NORTHRIDGE CA 91324 SACRAMENTO CA 93821 WASHINGTON DC 20007
COMPUTER VILLAGE AUGUST AUTOMATION TRS-80 SOFTWARE EXCHANGE  KENNEDY SYSTEMS
931 SW SITH AVE. W MILX ST, 17 BRIARCLIFF DR. 74 BROAD ST.
MIAMI FL 33174 WESTBORO MA 01331 MILFORD NH 03053 LYNDONVILLE VT assst
L. C. SALES THE CPU SHOP OF AMP TECH BOOKS ADVANCED COMPUTER FRODUCTS
100 HINCHEY AVE. 1703 39 PLEASANT ST. 1033 N. SYCAMORE AVE. 13108 E. EDINGER
l OTTAWA, ONT., CAN. KIYdL9 CHARLESTOWN MA 02129 LOS ANGLES CA 90038 SANTA ANA CA 975

TO ORDER BY PHONE OR FOR DEALER INFO—CALL—(617) 682-8131
ADD 75¢ SHIPPING & HANDLING ® MASS. RESIDENTS ADD 5% SALES TAX
MAD HATTER SOFTWARE « 900b SALEM RD » DRACUT, MA 01826
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Lawndale, CA 30260

ANVIDD ELECTRONICS

Long Beach, CA 90BLS
COMPUTERLAND

Loz Allas, CA 94022

BYTE SHDP

Mouotain View, £4 24040
HOBBY WORLD ELECTRONICS
Martknigdge. CA 91324
COMPUTERS-MADE-ExSY
Palmdale. CA 93530

BYTE SHOP OF PLACENTIA
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Farlietd, CT 06430

JRY COMPUTER STORE
Hamden C1 DBSIR
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WASHINGTON D.C.
COMPUTER CABLEVISION
Washmglon, DC 20007
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Forl Meyers, FL 33901
FODUS SCIENTIFIC ENTERPRISES
Miam), FL 33132

GRICE ELECTROMICS
Fensacgly, FL 37589
COMPUTER AGE

Pompane Beach, FL 33062
PAPERBACK BODKSMITH
Sarasota, FL 3358}

AMF ELECTRONICS

Tampa, fL 33617

MICRO COMPUTER SYSTEMS
Tampa. FL 33604
COMPUTER CERTER OF
PALM BEACHES

Wesl Palm Beach, £L 33409
GEORGIA

ADVANCE COMPUTER TECHNOLDGIES
Atlanta, GA 30328
COMPUSHOP

Attanta, GA 30342
DATAMART

Allanta. GA 30305

THE LOGIC STORE
Columbus, GA 31906
COMPUTERLAND OF AILANTA
Smyrna, GA 30080
HAWAI!

COMPUTERLAKD

Hanoluiu HI 36813
MICROCOMPUIER SYSTEMS
Honglulu HI 96813

RADIO SHACK |Deater)
Lihue HI 96766

IDAHO

NORTHWEST COMPUTER CENTER
Base 1D 83704

ILLINDIS
COMPUTLRLAND OF
ARLINGTON HEIGHTS
Arhnglon Heights, 11 03904
FARNSWORTH COMPUTER CENTER
Aurera, Il 60505

KAPPEL'S COMPUTER STORE
Beliewilte IL 62220
DOW-COM

Carhordate 1L 62901

BYTE SHDP

Champawga, 1L 61820

THE ELENTRIK KEYBOARD
Chucape. IL 60614
EMMANUEL 8 GARCIA IR
AND ASSOCIATES

Cheeago, IL 60613
PERSQONAL COMPUTER
Chicago, & BiB20
COMPUTERLANG

Dawners Grove, 1L 60515
COMPUIER SIRNION
Granite Oity, 1L 62040
ORCUTT BUSINESS MACHINES
La Salle, iL 6130}

Circie 302 on inquiry card.

ILLIKL MICROCOMPUTERS
Naperv.ite 1L 80540
COMPUTERLAND OF NILES
Niles L 60648
COMPUTERLAND
Oak Lawn, IL 60453
COMPUTERLAND OF PEORIA
Peara L 61614
WALLACE ELECTRONICS
Pecta )| 61614
DATA DOMAIN
Schaumburg 1t 60195
INDIANA
DATA GOMAIN OF FORT WAYNE
Fort Wayne, IN 46805
HOME COMPUTER CENTER
Indiznapolis IN 46220
PUB.IC COMPUTING
Lafavelte 1N 47904
10WA
SYNCHRONIZED SYSTEMS
Des Momes, 1A 50310
THE COMPUTER CENTER
Watetloo, 1A 50701
KANSAS
THE COMPUTER ROOM
Qveriany Park KS 66212
PERSOMAL COMPUTER CENTER
Ovedand Park, KS 66206
COMPUTER SYSTEMS DESIGN
Wichta, KS 67214
LOUISIANA
COMPUTER SHOPPE
Metare, 1A 70002
MARYLAND
COMPUTERLAND
Rocvwille, MO 20855
COMPUTER WORKSHOP
Rochwitle. MD 20852
COMPUTERS EIC
Towsan MD 21204
COMPUTERS UNUMITED
Towson MD 21204
MASSACHUSETTS
THE COMPUTER STORE
Butl ngton, MA 01803
THE COMPUTER STORE
Cambrigge, MA 02139
CPU SHOP
Charlestown MA 02129
MAD HATTER SOFTWARE
Dracut MA 01826
NEW EHGLAND ELECTRONICS
Needhare, MA 02154
NEW ENGLAND ELECTRONICS
Springheld MA& 01103
MICHIGAN
NEWMAN COMPUTIR EXCHANGE
Ann Rrbor M1 48104
NEW DIMENSIONS IN COMPUTING
East Lansing. MY 4BB23
COMPUTER HOUSE DIy
Jatkson. M1 49202
COMPUTERLAND OF
GRAND RAPIDS
Kentwood, M1 43508
COMPUTRONEX
Mid:ang, Mi 48640
COMPUTER MART OF ROYAL 0AK
Raya! Qan M 48073
TR CiTY COMPUTER MART
Saginaw, MI 48603
COMPYTERLAND
Southheld, M1 48034
LEVEL FOUR PRODUCTIONS
Westand, M1 48185
MINNESOTA
CONMPUTERLAKD
Bloominglon. MN 55431
MINN MICRO SYSTEMS
Mmneapolis, MN 55454
MISSISSIPPI
OXFORD SOFTWARE CO
Oxlerd, MS 38655
MISSOUR}
TORSYTHE COMPUGTERS
Ctayton MO 83105
COMPUTER COUNTRY
Flonssant MO 63031
GREATEST GRAPHICS
Spuagheld, MD 65804
NEBRASKA
OMAHA COMPUTER STORE
Omaha NE 68127
NEVADA
HOME COMPUTERS
135 Vepas NV 89109
NEW HAMPSHIRE
TRS BO SOFTWARE EXCHANGE
Milterss, HH 03053
COMPUTERLAND OF NASHUA
Nasnua, NH 03060
BITS, INC
Peterborough NH 03458
NEW JERSEY
COMPUILR LAB OF N
Budd Lake N} 07BZ8
COMPUTER EMPORIUM
Chesry Hii N3 08002

COMPUTER MART QF N)
isehr, N OBB30
MSM ELECTRONICS

Medford, N§ 08055
COMPUTERLAND

Marristown M) 07960
COMPUTERLAND

Paramus. NJ 07657
COMPUTER NOOK

Pne Brook, NJ 07058
COMPUTER CORNER
Pompton Lakes, NI 07442
COMPUTER ENCOUNTER
Princeton, NJ 08540
TYPTRONIC COMPUIER STORE
Ramsey. NJ 07446

NEW YORK
CIMPUTERLAND

Buitalo, NY 14150
COMPUTERLAND

Carle Place, NY 11514
COMPUTER SHOP OF SYRACUSE
De Wit NY 13214

THE COMPUTER TREE
Endwell, NY 13760

LING 1SLAND COMPUTER
GENERAL STORE

Lynbrook, HY 11963
COMPUTER MICROSYSTEMS
Manhasset MY 11030
COMPUTER SHOPPE

Middle islang NY 11953
THE COMPUTER FACTORY
New York, NY 10017
COMPUTER MART OF NEW YORK
New Yotk NY 10016
DATEL SYSTEMS

hew York, NY 10036
AUTOMATIC SYSTEMS
Poughbeepsie NY 12603
COMPUTER HOUSE
Rochester. NY 14609

THE COMPUTER STORE
Fochester, NY 14618

HOME COMPLITER CENTER
Pochester NY 14607

THE COMPUTER CORNER
White Plams NY 10601
PEADQUT COMPUTER STORE
Wibamsyila, NY 1422]
NORTH CAROLINA
BYTE SHOP

Crartotte. NC 28212
COMPUTERLAND

Charlatte, NC 28205
FITUREWORLD

Dunam, NC 27707

BYIE SHOP

Greensborn, NC 27401
NICROCOMPUTER SERVICES
Hickory NC 28601

BYTE SHOP OF RALEIGH
Ralegh, NC 27805

0HIO

BASIC COMPUTER SHOP
Swen OH 44314
CINCINNATI COMPUTER STORE
Crncnnati, OH 45246

2181 CENTURY SHQOP
Crngmnat, OH 45202
DIGITAL DESIGN

€ noinnab. OH 45207
CYBER SHOP

Calumbus, OH 43227
NICRO MINT COMPUTER WORLD
Cofumbus, O4 43213
COMPUTER SOLUTIONS
Dayten OH 45409

DAYTON COMPUTER MART
Dayton, OH 45409

ASTRO VIDEO ELECTRONICS
Lancaster, OH 43130
CIMPUTERLAND OF CLEVELAND
Nayhetd Herghts, OH 4412}
RADIO SHACK (Deater|

St Clawswlle, OH 43950
OKLAHOMA

HIGH TECHNOLOGY
Qkahoma City, OK 73106
MICROLITHICS

Okiangnia City, OK 73127
HIGH TECHNOLOGY

Tulsa, OK 74129

OREGON

THE COMPUTER STORE
Coyrvalbs OR 97330
CAMERA AND COMPUTER
EMPORIUM

Pyrttand, OR 97205
COMPUTERLAND OF PORTLAND
Taart QR 97223
PENNSYLVANIA

BYTE SHOP

Bryn Mawr, PA 19010
PERSOMAL COMPUTER CENTER
frazer. PA 19355
COMPUTER AID

Latrobe PA 15650

THE COMPUTER WORKSHOP
Nurrysuille PA 15668

P.S.: VISICALC—How did you
everdo without it?

A 8 COMPUTERS

Perkasie, P4 18944
MICROTRONIX
Philadelphia, PA 19106
SOUTH CAROLINA
DATA MART

Greenvilte, SC 29607
TENNESSEE
MICROCOMPUTER STORE
Knouille, TN 37919
COMPUTER LABS (F MEMPHIS
Memphis, TN 38117

DOC'S COMPUTER SHOP
Nashville, TN 37211
TEXAS

COMPUTERLAND OF AUSTIN
Austin, TX 78747
COMPUTERS "N THINGS
Austin TX 78731

MICRO COMPUTER SHOPPE
Cotpus Chrests, TX 7841 [
COMPUSHOP

Dattas TX 75243
COMPUTERLAND

Dallas, TX 75231

KA ELECTRONICS SALES
Datlas, TX 75247
COMPUTER TERMINAL

£t Pasa TX 79901

RAM MICRO SYSTEMS

fort Warth, X 76116
COMPUTERCRAFT

Housten, TX 77063
COMPUTERLAND OF HOUSTON BAY
Houstan, TX 77098
HEIGHBORHOQD COMPUIER
{ubboch, TX 79401
COMPUTER PAICH OF SANTA FE
Odessa, TX 79762
COMPUSHOP

Richardson, 1X 75080

THE COMPUTER SHOP

San Antonie 1X 78216
COMPUTER SOLUTIONS
San Antgero, T4 78229
WICHITA COMPUTER SYSTEMS
wichita Falis, 1% 76301
UTAH

4DP SYSTEMS

Logan, UT 84321
COMPUTER CONCEPTS GROUP
Salt Lake Caty. U1 34109
THE HI-FI SHOP

falt Lake Cdy, YT 84147
VERMONT
COMPUTERMART

Esses lunchon, VT 05452
VIRGINIA

COMPUTER HARQWARE STORE
Merandera, VA 22314
COMPUTERS PLLIS
Mexandria, VA 22304

COW. INC

Blacksburg, VA 24080
HOME COMPUTER CENTER
Newpart Heas, VA 23606
COMPUTER TECHNIQUES
Fichmond, VA 23235

THE COMPUTER PLACE
Figanohe. VA 24015
COMPUTER WORKSMOP
Spemgtield YA 22151
COMPUTERLAND

Vienna, YA 22180

HOME COMPUIER CENTER
Virgenia Beach, VA 23452
WASHINGTON

OMEGA NORTHWEST
Bel'evue, WA 95004
COMPUTERLAND OF SOUTH
KING COUNTY

Federa! Way, WA 98003

Yt OLDE COMPUTER SHOPPE
Richiand WA 99352

THE COMPUTER SHOPPE
Seattle, WA 98115

EMPIRE ELECTRONICS
Seattle WA 98166
PERSONAL COMPUTERS
Spokane. WA 99202
COMPUTERLAND

Tacoma. WA 88499
WISCONSIN

BYTE SHOP OF MILWAUKEE
Greenteld, Wi 53227
COMPUTERLAND

Madhsan, W1 5371
MADISON COMPUTER SIORE
Madison, Wi 53711
COMPUTERLAND
Milwaukee, Wt §3222

FOX VALLEY

COMPUTER STORE

Neenba, ¥ 54956
WYOMING

COMPUTER CONCEPTS
Cheyenne. WY 82001
AUSTRALIA

ELECTRQONIC CONCEPTS PTY D
COMPUTERLAND

Sydney, NS W

CANADA

COMFUSHOP

Calpary, Alberta T2N 244

Look for Personal Software™ products at the dealer nearest you!

THE COMPUTER SHOP
Calgary, Alberta 121 419
ORTHON COMPUTERS
Edmontan, Aberta TSN 3N3
TJ8 MICROSYSTEMS
Edmontan, Atberta T5M 0HY
CONTI ELECTROMICS
Vancauver, BC ¥5W 274
COMPUTER CITY

Winnepeg, Manitoba RIF OHE
COMPUTERLAND

winnepeg, Manilaba R3G OM3
INTERACTIVE COMPUTER SYSTEMS
Fredencklon, New Brunswick
MINICOMP SYSTEMS

Halifax Howa Scetia BIK 261
KOBETEK SYSTEMS

Wolfville, Nova Scotra BOP 1X0
COMPUTERLAND

Butlinglen Ontane
LYNTRONICS

Dawnsview, Onianio M2) 2WE
COMPUTER CIRCUITS

Llandan, Ontarig HEA 3H?
COMPUMART

Ontawa, Ontarp K24 1J2
COMPUTER (NNOVATIGNS
Qttawa, Ontario K18 448
RICHVALE TELECOMMUNICATIONS
Rechrnend HiHl, Ontacio

THE COMPUTER CENIRE
Sarma, Datarip N7T A4
COMPLTER MART

Toronta, Ontano MAG 3B5
THE COMPUTER PLACE
lotonto, Ontatis MSY L7
COMPUTER SPECIALIST
Taconto, @ntatis MK 1E7
HOME COMPUTER CENTRE
Toronta, Ontana M2M 3W2
HOUSE OF COMPUTERS
Tovonto. Gntanig

MARKETRON

Tavnto, Ontarig

MICRO-WARE

Taronta, Dntate MAE 212
COMPUCENTRE

Mondreal, Quebes H1J 124
fUTUR BYTE

Mantreal. Quebec HIB 309
CUSTOM COMPUTING SERVICES
Sashatoon Sashatchewan STH 285
DIGITAL SERVICE

Sashateon. Saskatchewan $7) 349
PUERTO RICO
MICROCOMPUTER STOAE

Rio Peedras. PR 00821
ENGLAND

BYTE SHOP

llferd, Essex

INFOGUIDE

Lendan

CYTER

Manchester M4 3E4

PETSOFT

Hewbury, Berkshiee RG13 1PB
KEEN COMPUTERS
Notliegham NG7 1FH

T & V JOHNSON
MICROCOMPYTERS

Camberly, Surey

PETALECT

Woking, Surrey

&1 ELECTRONICS
Bexhitl-gn-Sea, East Sussex
GPTRONICS

Twickenham TW[ ARY
DENMARK

MICRO 55

Copeahagen V1HY)

FRANCE

SWEA

Pares 75008

GERMANY

BECK COMPUTERS

8 Munchen 70

ING W. HOFACKER

8 Muncten 75

HOLLAND

COMPUTRON

Den Haag 2502 ER

ITALY

HOMIC MICROCOMPUTERS SRL
20123 Milano

SCOTLAND

MICRG CEMTRE

Edinbiurgh EHI 544
SINGAPORE

THE COMPUTER CENTRE 1t 11D
Singapore 7

SWEDEN

MICROFUTURE

Stockhoim 10327

SEMIDAKD

Uppsala 75353
SWITZERLAND

INTERFACE FECHNIC

Baset
INGENIEUBUREAL
Baser |

DIALOG CUOMPUTER
Luceme

ELBATEX

Wettingen
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IP: PUSH H
LHLD FIQ
LDA EIQ
CMP L

JNZ IP3
CALL OPOLL
CALL IPOLL
JNC IP2
MOV A,M
PUSH PSW
INX H

MVI A,TIQ
CMP L

JNZ TIP4
MVI L,BIQ
SHLD FIO
POP PSW
POP H

RET

IP2:

IP3:

IP4:

informally, like the tail of a pig — 2 shape
that is in turn called guewe in French, pre-
sumably because it looks vaguely like the
letter Q.} Consider the characters waiting for
the bus as ASCII characters, rather than as
local town characters, and consider the bus
not as a bus in the technical sense, but
{for output} as the actual output device —
the teletypewriter video display terminal,
Selectric terminal, or whatever, When your
routine wants to output a character, this
character goes on the end of the queue. It
then has Lo wait Tor a while until the charac-
ters in front of it, which were entered
carlier, get on the bus  that is, until they
arce actually output — before it can be
oulput.

The analogy with the bus is nol a perfect
one, because a real bus, when it comes along,
takes everybody wailing for it all at once. A
waiting line in a supermarket at the check-
out counter would be a better analogy, be-
cause characters, like shoppers, lcave the
queuc one al a lime, as well as entering il
onc at a time.

For input, there is another qucue, but
this time the input device feeds new charac-
ters onto the end of ihe waiting line, and
they come off the ront — that is, board the
bus — when they are actually used by the
program which is asking for input. Several
characters might be typed before they were
actually used by the program, presumably
because it is doing something clse, such as
a long computation. For oulput, the usec
of the queue is more common, because
programs typically produce output charac-
ters much faster than they can actually be
put out; these characters enter Lthe gqueuc
and are then output from it, one al a time,

SAVE HL. REGISTER

FRONT OF INPUT Q TC HL

END OF INPUT.Q {(LO} TO A

COMPARE FIQ(LO):EIQ(LQO)

IF UNEQUAL, Q NONEMPTY

Q EMPTY. TIGHT LOCP
(XEEP POLLING I AND O)
(UNTIL IN CHAR. RECEIVED)

FIRST IN Q CHAR. TO A

SAVE THIS CHARACTER

UPDATE FRONT OF INPUT Q

WRAPAROUND TEST (COMPARE
FIQ(LO) AND TOP OF IN Q
(L0} -- IF =, RESET TO
BOTTOM OF IN Q {(LOj}

PUT FIQ BACK IN MEMORY

RESTORE INPUT CHARACTER

RESTORE HL REGISTER

OUT OF THIS ROUTINE

ms me o ma ma ma ma ma ma mE MR mE mE mg R mp wa ma ms ma

Listing 1: Subroutine IP, written i 8080 assembler language and colled when
the user’s program wants an input character, 1P returns that character in the
A register.
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while the computer goes on 1o whatever it
has Lo do nexl.

Before we discuss how a queue like this
is actually implemented, let us digress 2
bit and answer one fundamental question:
how are we to handle three programs going
simultancously — an input program, an olt-
put program, and something else which is
reading inputl and writing output? There are
two ways, on¢ being the use of interrupts,
the other making use ol a technique called
polling. We shall use polling, mainly because
it does not require any special hardware (not
all 8080 systems have a priority inlerrupt
control unit) and also allows the user who
might nol have written his own monitor
to use simultaneous |JO without interfering
with any interrupl conventions which his
monitor might have established.

Polling, in this case, assumes that the
functions of watching the input device and
the output device to see if they are ready,
and taking appropriate action when they are
ready, are subrowtines of the user’s program,
We shall call them IPOLL and OPOLL. They
are not to be confused with the ordinary 1/O
subroutines which supply input to the user's
program and accept output from it; we shall
call these IP and OP. To summarize the
functions of our four rottines:

(1) 1P is called when the user's program
wants an input character, and [P re-
turns with that character in register
A,

{2) OP is called when the user’s program
has a characler to be output, and this
character must be in register A when
OP is called.

{3} IPOLL is called every so often (in a
sense Lo be described more precisely
below) to check whether the user
has keyed in a ncw character that
has to be placed on the end of the
inpul queue,

{(4) OPOLL is called cvery so often o
check whether the outpul device
has completed its processing of the
previous character to be output; if
it has, the next one is sent out.

IPOLL and OPOLL are called both from
IP and OP and from the user's program.
When they are called from [P and OP, they
employ an additjional feature, hot discussed
above, (POLL returns with the carry set if
a new character isplaced on the input gueue,
and clear otherwise, OPOLL returns with the
carry set if a new character was removed
from lhe outpul queuve and put out, and
clear otherwise. This information is used by
IP and OP, bul it is not needed by the user
program. In fact, for the user program, there
is no need 1o distinguish belween the func-
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oP: PUSH PSW
PUSH H
LHLD EOQ
MOV M,A
INX H

MVI A,TOQ
CMP L

JNZ OP2
MVI L,BOQ
LDA FOQ
CMP L

JNZ OP4
CALL IPOLL
CALL OPOLL
JNC OP3
SHLD EOQ
CALL OPOLL
CALL IPOLL
POP H

POP PSW
RET

OP2:

OP3:

OP4:

tions of calling IPOLL and calling OPOLL. [t
is cnough to have a single subroutine, POLL,
whose only function is to call IPOLL and
OPOLL and then return; the subroutine
POLL can then be called by the user program.

How often must the user program call
the subroutine POLL? The answer is that the
user program must be so organized that
there is never a significant amount of real
time during which POLL is not called. (How
10 ensure this will be described below.) The
reason, of course, is that if this is not so, we
could have the bad luck to push an input
key during such a period of real time, and
then, since POLL was not calfed, that input
character will never be placed on the input
queue and will therefore never be scen by
the user’s program. (Remember Murphy’s
law: if anything can go wrong, it will.)

On output, the situation is not that bad,
but if there were a significant amount of
time during which POLL was not called,
the output device would effectively be
stopped during that period of time. If this
were a recurrent phenomenon, you would
see the output device starting and stopping
in jerks, like a car that loses power.

The easiest way to call POLL often enough
from the user’s program is to call POLL once
in every loop and at least once in every sub-
routine. (If there is a subroutine call instruc-
tion in a loop, we do not need to call POLL
explicitly in that loop, since POLL will be
called by the called subroutine.) Or, for a
more explicitly stated method, call POLL
just before every return instruction and at
every labeled instruction to which there is a
backward jump. (That is, if the label is
ALPHA, then somewhere /ater in the pro-
gram there must be a jump to ALPHA.)

SAVE A-REGISTER

SAVE HL-REGISTER

END OF OQUTPUT Q

PUT CHAR. ON END OF Q

UPDATE END OF OUTPUT Q

WRAPAROUND TEST (COMPARE
EOQ (LO) AND TOP OF OUT Q
(LO) -- IF =, RESET TO
BOTTOM OF OUT Q (LO))

FRONT OF OUTPUT Q (LO)

TO A -— IF = EOQ (LO)
AFTER INCR., Q FULL
Q FULL. TIGHT LOOP

(KEEP POLLING I AND O)
(UNTIL SMALLER OUT Q)

PUT EOQ BACK IN MEMORY
MAKE SURE OPOLL AND IPOLL
ARE CALLED AT LEAST ONCE
RESTORE HL-REGISTER
RESTORE A-REGISTER

OUT OF THIS ROUTINE

N ma B Ms M4 M6 s ma s w3 Ne Na ma ME N me N4 B ME N s

Listing 2: Subroutine OP, called when the user’s program has a character to
be output. This character must be in the A register when OP is called.
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This insures that POLL wil| be called often
cnough. [ a system with a real time clock,
calling POLL from the interrupt handler
for the clock every few milliseconds will
accomplish the same end . . . . CH/

We now discuss the way in which we im-
plement a queue in memory, namely as a
“wraparound array.” We start with an array
IQ (input queue) of characters, together
with two 16 bit pointers, or variables whose
values are addresses, called FIQ (front of in-
put queue) and E1Q (end of input queue).
Figure 1 shows a typical configuration of the
input queue. The shaded area shows the
characters that are actually in the qucue; the
unshaded area shows the rest of the array in
memory. To take a character off the front
of the queue, assuming that FI1Q is in register
pair HL (which we can bring about by doing
LHLD FIiQ), we get the character 1o which
FIQ points (by doing MOV A M] and then
increase FIQ by one {by doing INX H). To
put a character on the end of the queue,
assuming that EIQ is in the HL register pair
(by means of LHLD EIQ), we move it 1o
memory at the place where EIQ points {by
doing MOV M A — assuming that the new
character is in the A register) and then in-
crease EIQ by one {(by doing INX H), Note
that, in a sense, the queue is “upside-down"'
— the end of the queue is on top. If it were
“right-side-up” we would have to decrease
FIQ and EIQ by one in the above processes
(by doing DCX H), rather than increasing
them by one. Of course, after either de-
creasing or increasing, we must put FiQ
(or, respectively, EIQ) back in memory (by
doing SHLD FIQ or SHLD EIQ).

Of course, we cannot keep increasing FIQ
and EIQ forever. Eventually, in figure 1a,
EIQ will get to the top of the array in mem-
ory. When this happens, we alter it to point
to the bottom of this array (this is the
“wraparound”’’ feature). After a while, the
situation looks like figure 1b. Here again, the
shaded area represents the characters act-
ually in the queue. The first one is where
FIQ points, the next one is right above that,
and so on up to the top of the array; then
we start at the bottom of the array, and so
on up to where EIQ points. We are treating
the array as if it were cyclical, and, in fact,
on big computers, this setup is often known
as a “‘circular array’’ or a “ring buffer."”

We note that FIQ points to the first
character in the gqueuc, but EIQ does not
point to the last character in the queue - it
points to the position one beyond the last
character. To see why this is so, suppose the
queue has exactly one character in it, We do
not want FIQ and EIQ to be the same, be-
cause we want that to happen only when the
queue is empty — when therc are 7o charac-
ters in it — or else when it is entirely full






IPOLL:

IPOLL2:

IPOLL3:

IPOLL4:

IPOLL7:

IN ISTAT
ANI IREADY
RZ

PUSH H

IN IDATA
LHLD EIQ
MOV M, A
INX H

MVI A,TIQ
CMP L

JNZ IPOLL2
MVI L,BIQ
LDA FIQ
SUB L

JZ IPOLL3
SHLD EIQ
JNC IPOLLA4
ADI LIQ
CPI IFUDGE
JNC IPOLL7
LXI H, IAC
INR M

POP H

STC

RET

(since these are the two cases in which special
action has to be taken). By adopting the
convention illustrated in figure 1, both of
these conditions can be sensed by testing lor
FIQ = EIQ. Of course, the entire selup of
figure 1 has to be duplicated for the output
gueue OQ and its two associated pointers
FOQ and EOQ.

Let us make the simplifying assumption
that ecach queue is entircly within onc 256
byte page {from hexadecimal addresses xx00
through xxFF for some hexadecimal value
of xx). This means that we can compare reg-
ister pair HIL with the address of the top of a
queue by simply comparing register L with
the low-order eight bits of this address. On
equality, we set register L only (register H
does not change) to the low-order cight bits
of the address of the buttom of the qucue,
Here the top and the bottom refer o the
array in memory, and are distinct from the
front and the end as discussed above.

What happens when our queues get full?
First of all, let us discuss how big we wanl
the queues to be. The two queues and the
four addresses FIQ, EIQ, FOQ, and EOQ
must of course be in programmable memory,
while the four routines 1P, OP, IPOLL, and
OPOLL can be in read only memory. So to
a certain extent it depends on how much
programmable memory is available in your
system. An input queue of n characters
allows you to type n characters ahead of
where the program is at any given moment;
an output queue of n characters allows

GET STATUS BITS (IN}

READY BIT ZEROC MEANS
NOTHING TYPED - QUT

SOMETHING TYPED - SAVE
HL REG. AND INPUT IT

END OF INPUT Q TO HL

; PUT CHAR. ON END OF

; UPDATE END OF INPUT Q

WRAPAROUND TEST (COMPARE
EIQ(LO) AND TOP OF IN Q
(LO) -- IF =, RESET TOC
BOTTOM OF IN Q {LO))

FRONT OF INPUT Q (LO)

TO A -- IF = EIQ (LO}
AFTER INCR., Q FULL

NOT FULL. RESTORE EIQ

IF FIQ-EIQ IS NEGATIVE,
ADD SIZE OF INPUT Q

TEST IN Q WITHIN FUDGE
FACTOR (7) OF BEING
FULL. IF SO, BUMP INPUT
ALARM COUNTER BY 1

RESTORE HL REGISTER

SET CARRY (CHAR. THERE)

OUT OF THIS ROUTINE

“r wn w2 me we

w5 %8 N4 NE %E e B e % e e e e e e e

Listing 3: Subroutine IPOLL, called periodically to check -whether the user
has keyed in a new character that has to be placed at the end of the input
queue.
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your program to put out n more charac-
ters than have actually been output yet
by the output device at any given mo-
ment. While the device is outputting these n
characters, your system can be doing some-
thing else simultaneously. There is no reason
for the input and the output queucs to be
the same size, and in a typical application
you might be using 10 characters in the in-
put qucue and 55 characters in the output
queue. A bit of experimentation here will
satisfy you as to what is comfortable for
your application.

When the output qucue gets full, it means
that the capacity of the queue for temporarily
saving output characters has been used up.
In that case we simply go back to what we
used to do before we had simultancous 1/O —
that is, wait for a character to be actually
put out before we do anything else. When-
ever the user’s program puls a new character
into the output queue, we perform our
incrementation, as discussed above, and then
check to sec if the output queue is full
(FOQ = EOQ). In that case, we go into a
loop, calling [POLL and OPOLL until
OPOLL returns with the carry ser. This indi-
cates that OPOLL sensed output ready and
put out a character — an operation that re-
duces the size of the output queue. The
result is that, when we enter the output
routine OP, the output queue will never be
full, and, if FOQ = EQQ, we know that the
output queue is not full but empty.

When the input queue becomes full, we
are typing too fast. Any further characters
which we type will not be read by the
user’s program. The only thing we can do
in this case is to give the user a warning that
this has happened, so that he will retype the
characters involved. Fortunately we can do
this ecasily, with most output devices, by
putting out a control-G (hexadecimal 07, or
on some output devices 87) which will
either ring a bell or put out a high-pitched
beep. A variation on this system, which we
use, involves putting out the control-G when
the output queue is a/most full {let us say,
scven or fewer spaces remaining) so that the
last few characters do not have to be re-
typed; the user simply stops typing for a
while and waits for a decent interval,

A minor technical point: We cannot
sound the bell simply by calling OP. Recall
that calling OP simply puts a character
on the output queue; it may be a second
or longer before that character is actually
put oul. When we type a character that
has to be retyped, however, we need an
immediate indication of this fact. We there-
fore use a single-byte input alarm counter
IAC which is normally zero. To specify
a bell as above, we simply increment IAC



THE TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM.

(ASTEAL AT TWICE THE PRICE)

A short ime ago,
Microsoft infroduced TRS-80
FORTRAN— a complete
ANSI-standard FORTRAN
with macro assembler, linking
loader, and text editor, all for
only $350. The response
has been overwhelming.

Many TRS-80 users even
told us, "The assembly
language development
software alone is worth that
price”” We think they're right,
of course, but we've made it
an even better deal.

ANNOUNCING:

THE TRS-80

ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM
FOR $175.

For half the price of the
TRS-80 FORTRAN Package,
you can buy the TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM,
including:

EDIT-80 A fast random
access text editor that's easy
to use and loaded with
features. Lets you insert,
replace, print or delete lines;

LINK-80 Locads your
relocatable assembly
language modules for
execution and automatically
resolves external references
between modules.

CREF-80 Gives you a
complete dictionary of
program symbols, showing
where each is defined and
referenced.

The Microsoft TRS-80
FORTRAN Package is still
available for $350. Or, for
HALF PRICE, get the TRS-80
ASSEMBLY LANGUAGE
DEVELOPMENT SYSTEM.

Either way, it's a steal.

edit individual lines;
renumber lines in a file; and
find or substitute text.

MACRO-80 The best
Z80 assembler anywhere.
MACRO-80 supports a
complete Intel-standard
macro facility plus many
other "big computer”
assembler features: comment
blocks, octal or hex listings,
8080 mode, titles and
subtitles, variable input radix
(base 2 to base 16), and a
complete set of listing
controls.

TO: Microsoft, 10800 N.E. 8th, Suite 819, Bellevue, WA 98004
O Send me the works! TRS-80 FORTRAN Package for $350.

0 Send me half the works! TRS-80 Assembly Language
Development System for $175.

O Check enclosed [0 Master Charge [ VISA

CARD NUMBER EXP DATE

CARDHOLDER S SIGNATURE

HAME

ADDRESS

T mcrosorr

cnay STATE pald
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QPOLL:

OPOLL1

OPOLLS
OPOLL7

Listing 4: Subroutine OPOLL, called periodically to check whether the
ottput device has completed its processing aof the previous character to be

IN OSTAT
ANI OREADY
RZ
LDA IAC
DCR A
JM OPOLL1
STA IAC
MVI A,CTRLG
OUT ODATA
RET

: PUSH H
LHLD FOQ
LDA EOQ
CMP L
JZ OPOLL?
MOV A,M
OUT ODATA
INX H
MVI A,TOQ
CMP L
JNZ OPOLLS5
MVI L,BOQ

: SHLD FOQ

: POP H
STC
RET

GET STATUS BITS (QUT)
READY BIT ZERD MEANS
PORT STILL BUSY - OUT
GET INPUT ALARM COUNTER
AND DECREASE IT BY 1
IF WAS ZERO, NO ALARM
STORE DECREASED VALUE
CONTROL-G (BELL) TO A
OUTPUT (TYPING TOC FAST,
ALARM) AND EXIT
SAVE HL REGISTER
FRONT OF OUTPUT Q TO HL
END OF OUT C (LO) TO A
COMPARE FOQ (LO) : EOQ(LO)
IF EQUAL, NOTHING IN Q
GET FIRST THING IN Q
AND PUT IT OUT
UPDATE FRONT OF OQUTPUT O
WRAPAROUND TEST (COMPARE
FOQ (LO) AND TOP OF OUT
Q(LO) -- IF =, RESET TO
BOTTOM OF OUT @ (LO})
PUT FOQ BACK IN MEMORY
RESTORE HL REGISTER
SET CARRY (WORK DONE)
OUT OF THIS ROUTINE

output. If it has, the next character is sent out.

FIQ:
EIQ:
FOQ:
EOQ:
IAC:
LIQ
LOQ
1Q:
0Q:
BIQ
BOQ
TIQ
TOQ

DS 2
DS 2
DS 2
DS 2
DS 1
EQU 36
EQU 36
DS LIQ
DS LOQ
EQU IQ MOD 256
EQU 0OQ MOD 256
EQU BIQ+LIQ
EQU BOQ+LOQ

ISTAT EQU 3
OSTAT EQU 3
IDATA EQU 2

ODAT
IREA
OREA
CTRL

A EQU 2
DY EQU 2
DY EQU 1
G EQU 7

IFUDGE EQU 7

~e e ma N1 Ne me we s we

e me mp o mr omE we wh o me we v ws ws

FRONT OF INPUT Q (2 BYTES})
END OF INPUT Q (2 BYTES)
FRONT OF OUTPUT § {2 BYTES)
END OF OUTPUT @ (2 BYTES)
INPUT ALARM COUNTER {1 BYTE)
LENGTH OF INPUT Q

LENGTH OF OQUTPUT Q

INPUT Q (SINGLE PAGE)
OUTPUT @ (SINGLE PAGE)
BOTTOM OF INPUT Q (LO)
BOTTOM OF OUTPUT @ (LO)
TOP OF INPUT Q (LO)

TOP OF OUTPUT ¢ (LO}

INPUT STATUS PORT

OUTPUT STATUS PORT

INPUT DATA PORT

OUTPUT DATA PORT

MASK FOR INPUT READY

MASK FOR OUTPUT READY
CONTROL-G (SOMETIMES 87H}
INPUT FUDGE FACTCR

Listing 5. Suggested data definitions.

INIT:

LXI H,IQ
SHLD FIQ
SHLD EIQ
LXI H,0Q
SHLD FOQ
SHLD EOQ
XRA A
STA IAC

+
*
’
3
’
.
14
v
’

BOTTOM OF INPUT Q IS
INITIAL VALUE OF FRONT
AND END OF INPUT Q

BOTTOM OF QUTPUT Q IS
INITIAL VALUE OF FRONT
AND END OF OUTPUT (

ZERO IS INITIAL VALUE
OF INPUT ALARM COUNTER

Listing 6: Initialization of the system.
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by one, and then OPOLL checks 1AC
before it does anything else (if the output
device is ready) and outputs a bell if IAC
does not equal 0, decrementing IAC by one
as it does so.

The complete code for 1P, OP, IPOLL,
and OPOLL is given in listings 1 through
4, with the data definitions given in listing
5 and the initialization given in listing 6.
To summarize the steps necded in order Lo
use the system:

(1) Include in your program {kept in
either read only memory or programmable
memory} the subroutines given in listings
1,2, 3, and 4.

{(2) Include as part of the initialization
of your main program the initialization
steps given in listing 6.

(3) Include as part of your data (kept
in programmable memory) the data defini-
tions of listing 5.

(4) In your program, whenever you need
dan input character, write CALL P to pul a
new character into the A register; whenever
you have a character to put out, put it in
the A register and then CALL OP.

{3) Have a subroutine POLL in your
program, as follows:

POLL: PUSH PSW
CALL IPOLL
CALL OPOLL
POP PSW
RET

and have your program call POLL once in
cach Joop and just before cach subroutine
return.

As soon as you have gotten this much
working, it will be possible for you lo
tinker with this system a bit further. Some
suggested ways of doing this are as tollows:

{1} The sizes of the input and output
quetes can be altered. Make sure to alter
the entire data structure of listing 5 o
insure  that all the routines of listings |,
2, 3 and 4 operate on the same version ol
the data structure.

(2) There is a section of code in 1P that
almost duplicates a similar section of code
in IPOLL. With a little ingenuity, this can
be muade into a subroutine called by both
[P and [POLL. (Hint: the first instruction
is INX H, and JNZ can be replaced by RNZ.)
The same thing happens with OP and
OPOLL.

{3) The input alarm logic can be further
changed. For example, two kinds ot alarms
could be given: a single bell when the input
queue is almost full, and a long string of
bells (say, ten of them) when the queuc
is actually full.m



5 reasons why you should not buy

the electric p

Check the appropriate box(es):
You love typing the same copy 20 thousand times a day.

[J Your secretary can type 250 words per minute.

[J You're dying to spend $15,000 on a word processing system, just for the
tax investment credit.

(L] All your capital assets are tied up in a 10-year supply of correction fluid.
[] You never commit a single thought to paper.

If you have checked one or more boxes, you do not need The Electric Pencil.
On the other hand, you may want to join the thousands of people who haven’t
checked a single box.

CP/M versions

The Electric Pencil Il is a Charac-
ter Oriented Word Processing System.
This means that text is entered as a
string of continuous characters and is
manipufated 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 view of the user. The
typing of carriage returns or word
hyphenations is not required since
lines of text are formatted automatic-
ally.

As text is typed and the end of a
line is reached, a partially completed
word is shifted to the beginning of the
following line. Whenever text is insert-
ed or deleted, existing text is pushed
down or pulled up in a wrap around
fashion. Everything appears on the
video display as it occurs, which elim-
inates guesswork. Text may be review-
ed at will by variable speed scrolling
both in the forward and reverse direc-
tions. By using the search or search
and replace functions, any string of
characters may be located and/or re-
placed with any other string of charac-
ters as desired.

Numerous combinations of

Digital Research’s CP/M, as well as
its derivatives, including IMDQOS and
CDQS, and Helios PTDOS versions are
also available. There are several NEC
Spinwriter print packages. A utility
program that converts The Electric
Pencil to CP/M to Pencil files, called
CONVERT, is only $35.

Features

CP/M, IMDOS and HELIOS compatible
Supports four disk drives

Dynamic print formatting

DIABLO and NEC printer packages
Multi-column formatting in one pass
Print value chaining

Page-at-a-time scroiling

Bidirectional multispeed scrolling con-
trals

Subsystermn with print value scoreboard
Automatic word and record number
tally

Cassette hackup for additional storage
Full margin control

End-of-page control

Non-printing text commenting

Line and paragraph indentation
Centering

Underlining

Bold face

Upgrading policy

Any version of The Electric Pencil

encil 11’

€ 1978 Michael

Shrayer

Have we got a version
for you?

The Electric Pencil |l operates
with any BOB0O/Z80 based microcom-
puter that supports a CP/M disk sys-
tem and uses an Imsai VIO, Processor
Tech. VDM-1, Polymorpht VTI, Solid
State Music VB-1B or Vector Graphic
video interface. REX versions also
available, 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,
e.g., SS-11A, DV- I B.

Vers. Video Printer Price
55-11 SOL TTY or similar  §225.
SP-11 VTI TTY arsimilar 225,
SVl VOM  TTY or sumilar 225,
SRl REX TTY or similar 250.
SI-ll VIO TTY or similar 250,
DS-I1 SOL Diablo 1610/20  275.
DP-11 VTI Diablo 1610/20 275,
DV-Il  vDM  Diablo 1610/20 275,
DR-Il  REX Diablo 1610/20  300.
DIl VIO Diablo 1610/20 300,
NS-1 SOL NEC Spinwriter 275,
NP-11 VTI NEC Spinwriter 275,
NVl VDM NEC Spinwriter 275,
NR-1l  REX NEC Spinwriter 300,
NI-11 VIO NEC Spinwriter  300.
SSH SOL Helios/TTY 250,
DSH SOL Helios/Diablo 300,

Attention: TRS-80 Users!

The Electric Pencil has been de-

line length, page length, line
spacing and page spacing permit
automatic formatting of any
form. Character spacing, bold
face. multicolumn and bidirec-
tional printing are included in

1253 Vista Superba Drive
Glendale, CA. 91205

(213) 956-1593

MICHAEL SHRAYER SOFTWARE, INC.

signed to work with both Level |
(16K system) and Level 1l mod-
els of the TRS-80, and with vir-
tually any printer you choose.
Two versions, one for use with
cassette, and one for use with

the Diablo versions. Multiple
columns with right and left justified

margins may be printed in a single pass.

Wide screen video

Versions are available for Imsai
VIO video users with the huge 80x24
character screen. These versions put al-
maost twice as many characters on the
screen!!!

Circle 319 on inqguiry card.

may be upgraded at any time by sim-
ply returning the original disk or cas-
sette and the price difference between
versions, plus $15 to Michael Shrayer
Software. Only the originally purchas-
ed cassette or diskette will be accepted
for upgrading under this policy.

disk, are available on cassette.
The TRS-80 disk version is easily tran-
sferred to disk and is fully interactive
with the READ, WRITE, DIR, and
KILL routines of TRSDOS 2.1.

Demand a demo from your dealer!

Version Storage Price
TRC Cassette $100.
TRD Disk $150.
BATE Sbay 1479 173



Give them

the Gift of
Life
CHILDREN’S
RESEARCH
HOSPITAL

Danny Thomas, Founder

St. Jude Children’s Research
Hospital is the only
research institution
dedicated solely to the
conquest of catastrophic
diseases of childhood.

In less than twenty years,
the knowledge and new
treatment procedures
developed there have
brought hope to suffering
children who once would
have been called incurable.

This knowledge is freely
shared with pediatricians
and physicians all over the
world. Children admitted to
St. Jude Children’s Research
Hospital study programs
receive total medical care
without cost.

This unique hospital needs
help to continue. Inflation
keeps eating away at the
value of the dollar and
increases the cost of
operation. At the same time,
the very success that allows
children under its care to live
longer means that St. Jude
must provide free care to an
increasing number of
patients.

Please join in this effort to
save children everywhere.
Write: ALSAC-St. Jude
Children's Research
Hospital, 539 Lane Ave.,
Memphis, TN 38105 for
further information.

Please give these children
the Gift-of-Life by sending a
tax-deductable gift.

BYTLE: Bits

Computer Chess Report

The ninth annual North American
Computer Chess Champsionship held at
the convention of the Association for
Computing Machinery December 1978
produced a new champion program. The
Belle system, developed at Bell Lab-
oratories by Ken Thompson, emerged
with four wins in the Swiss System
Tournament and with top honors.

Belle was seeded fourth in  the
tournament, and faced defending cham-
pion program Chess 4.7, 1he perennial
favorite written by David Slate and
Larry Atkin of Northwestern University,
in the second round. This match was
generally thought to be the finest game
of the entire event. Cnly the programs
“knew"” what was going on; neither
Robert Byrne nor David lLevy, both
highly skilled chessmasters, could even
tell which program was winning.

A complete table of tournament
results is reproduced here. The table
contains blank entries because the 4
round Swiss System does not have each
program play against cvery other pro-
gram. A clear winner is produced, but
the relative ranking of contestants
finishing in the middle of the pack is
indeterminate. The seeding of entries,
performed by Dr Monroe Newborn,
was fairly accurate; only three game
resulls were contrary to that predicted
by the seeding.

Two programs in the event were
written for microprocessors.  Sargon,
for the Z-80, and Mike, for the 6800,
competed against programs executing on
impressively large computers. Much jest
was made over the fact that Sargon,
running on a Wave Mate Jupiter com-
puter, defeated the program Awit, which
was running on a huge Amdahl 470
system.

Awit had its problems, many of
which were caused by attempts to run
the program on several different ma-
chines during the tournament. The
saddest hard luck entry, however, was
the Brute Force program. It was plagued
with system crashes, program bugs [it
couldn't handle en passant pawn cap-
tures made in just a particular way}, and
malfunctioning ‘“‘patches’’ to the pro-
gram bugs. Brute Force lost its second
round game in three different ways.

A speed chess tournament pitting
human chess players against Chess 4.7
was held as an adjunct to the main event,
The machine won two ‘'S-minute”
games from Mark Diesen, one of the
fast rising young stars of American
chess. Robert Byrne beat the machine
twice, but in '*10-minute” games. The
programmers were honored to have had
the program play a speed game against
Edward Lasker, at 93 years of age the
grand old man of chess. The computer
was not awed; it won the game.

Chess Endgame Research and
Developments

Ken Thompson, the programmer of
Belle, has written other programs which
specialize in playing chess endgames.
One program plays the endgame of
King and Queen versus King and Rook.
In late December 1978, Walter Browne
{see “Grandmaster Walter Browne versus
Chess 4.6, January 1979 BYTE, page
110) played this endgame against the
machine.

Browne played White, having the
material advantage. The computer,
playing a previously unknown defensive
method, tenaciously defended its ‘"theo-
retically lost’" position. According to the
rules of chess, Browne had to capture
the Rook within 50 moves after the start
of the exercise, or the game would be
declared drawn.

The initial position was chosen to be
the worst possible position for the
computer’'s Black pieces. It is highly
significant that despite his best efforts,

JHHHHEHHHHEE
THHEEHBBEHHEEE
p.l ¥ -1 ~
b ] x el
2 g
V.Chassar || 1 o K Tab/e 1: Cross table giv-
ing results of gomes in
2. Duchess a % % 1 the 1978 North Amer-
3. Chaos % 0 1 1 ican ;omgurer Chess
Championship.
4. Belle ) 1 1 1
5. Blitz Y 0 1 1
&. Ostrich 0 o] 1 1
7. Black Knight| 0 0 % 1
4. Awit o 0 0 1
9. Sargon L1} 1 % 1
10. Mike 0 % 3 %
11, B56676 0 0 % 1
12. Brute Forea 0|0 0 1]
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Browne was only able to capture the
Reook exactly on move 50. This enabled
Browne to quickly win the game and a
$100 wager he had riding on it, but he
was not able to find the win in 31 moves
predicted by the program.

In his chess programs Thompson uses
a Digital Equipment Corp PDP-11 which
has been outfitted with two special
purpose hardware devices. One generates
possible moves, and the other evaluates
positions. ®

Land Identification and Information
Management System

The San Diego County Department of
Transportation has recently tormed a
task tarce whose objective 15 to for-
mally detine a proposed LIMS (Land
Identitication and Information Manage-
mert System)

The collection, analysis and display ot
land related information, particularly in
magp torm, 1s @ sigmhicant part of every-
day county operations, not only in San
Diego or Calitorma, but nationwide |In
the United States, county governments
are the geographic and political unats for
land intormation and record keeping
sost land use recording and mapping
systems today are unorganized and un-
coordinated, having evolved trom anti-
guated systems which have changed
little since the days when Amenca was
still expanding westward  The current
systems used in processing, storage, and
subsequent use of this data pertaiming to
land use, acquwisition, assessment, and
development are proving to be costly
and mefhicient

San Diego County's LIMS Task Force
15 proposmg to develop a land identiti-
cation system which will combne these
cfforts into a single, comprehensive and
cost-elfective system. High-speed, high
tapacity computer technology  which
will permit increased data storage, rapid
decess to this data, and automated
display andior printout of the desired
map-tormulated products 15 now
available lhe system would provide a
central repository of all geographically
onented intormation 1in the county and a
stngular  comprehensive  file of  land
related data

San Diego County 1s approaching the
data input problem in a way that is
signihicantly ditferent from previously
proposed or developed automated map-
ping systems  The mnovative method of
data mput envisioned for the LIMS pro-
ect will utsthze mputs based on engineer-
ing calculations, 10 hew of digitized in-
puts  This pracess will produce  end
results which  represent  real  world
geographic values instead ot digitized
map dJata

Fhe study will examine the imetficien-
cres ot the current land records keeping
syslem,  prepare new  system design
parameters, evaluate alternative
systems, and recommend a tmal design
with orgamzsational, tunding, and im-
plementation plans . When 1mple-
mented. LIMS should serve such other

county departments as the planming,
assessment,  cecords,  and  registry of
voters departments Additional users are
eapected to be the municipabtics within
the county, state and Federal agencies
located in the county, and land related
busiesses i the povate sector

For further informatian on the | IMS
Project 1in San Diwego County, contact
Kenneth L Pyle, 1IMS Task Force Direc-
tor, at [714) 56552497 &

A Call For Educational Material

The londa Lducational Computing
Project. which s supported by the state
of Florida, has recently approved a pro-
ject for the evaluation and implementa-
tion ot a nmucrocomputer based instruc-
tional computing system As @ member
of the evdluation commitlee, | am
writing to you so woe may contact those
readers whiy have education oriented
sottware developed tor microcomputers

We are looking tor both computer
aidec instructson type material and ad-
ministrative supporl programs (eg: film
library mventoryicontrol, word process-
ing, statistical analysis, ete) At this time
we do not have the Tunds to purchase
any soltware, and would therefore be
willing to cortify the retum or destruce-
tion ot any program matenal loaned (o
us

Because ol the variety ol computers
these programs may run on, we would
prefer those which are not too depen-
dent on a particular hardware conhgura-
tton or aperating system (f one 1 re-
quired) However, we would Tike to hear
aboul any programs runnag on b502,
HHDD, BUBY, BOBS, or Z-80 machines

The outcome ot this propect will e a
catalog hsting all the acceplable soft-
ware prackages we receve, their evalua-
tion, and their source ob distnibution
This catalog wall be available to all
cducational institutions v the state of
Fonda and to any other interested
educational systems  Naturally  we
would hke to share with those who con-
tribute sottware tor evaluation, possibly
starting an exc hange program among the
participants

Any help we receive would not only be
greatly  appreciated,  bul would  ac-
celerate  the esposure, wuse, and
knowledge of microcomputers n
general We feel thal the microcom-
puter, hecauwse of 1y relative small wze,
low cost, and  dedicated  one-on-one
responsiveness, will prove (o he a power-
tul learning tool tor the swident and a
valuable imesaving and 1o the educator

We hope. with the cooperation of
your magazine and your readers, that
our elitorts will show that the microcom-
puter s an dea whose me has come”
in the field of education

[ hose who have software they wash to
subnmit tor evaleation and inclusion in
OLr ('(l[d'()g, 0r qu‘Ntl()nH oconoerning our
project may contact Or Nelsan | Towle,
Sarasotd (f()Llr1l\: Schools, 2400 Hatton
St. Sarasota FL 33577, (305 953-5000 ex-
tension 3228

Circle 73 on inquiry card.

ne Pascal

MICROENGINE™
16-bit P-code CPU

PASCAL PROGRAMS EXECUTE 5x
FASTER THAN ON SIMILAR CPU's

$2695* ...c.ronn

s2995 List price

$2949 coo (25% down)

STANDARD:

16-bit P-code CPU

64K bytes RAM

Floppy sk contratler

Full DMA

Floating paint hardware

2 senal I/0 ports

2 parallet 1/0 ports

Pascal & Basiccompilers, text edutor, lile manager,
CPU & memary diagnastics, symbolic Pascal
debugger

S" 795* Without case & power supply

s1995 List price
$1949 coo (25% down)

10%

DOWN, GUARANTEES
PRIORITY & PRICE

PERKIN-ELMER (Model 550)

$799*
List price ’956
COD (25% down) s899

*
$695 SHUGART (Model SABSD)
3755 List price
$719 cop (25% down)

*LIMITED TIME

CASH DISCOUNT
(IL resldents add 5% sales tax)

A lull refund will be made lor any product returned wilhin
10 days.

X-perl Systems'™ designed by Compuiax

are tntegrated and cost efficient Customer
satisfaction is guaranteed. Write tor infarmation
on technical details and apphcations software.
Special prices to computer clubs. Complete
systems catalogue $1

(312) 684-3183
COMPUTEX

“The Computer Expearts”
5710 Drexel Avenue
Chicago, IL 80637
Sales & Service
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Queuing Theory,

The Science of Wait Control

Len Gorney
Box 86 R D 1
Clarks Summit PA 18411

Part 2: System Types

In part 1 we discussed the computer
implementation of row and circular queucs,
Now, let us take a logk at the structure of
queues in the real world and see il they can
be fitted to our previous programs. In the
following discussion, the word gueve relers
to the waiting line in the system. Ihe word
facility refers to the service facility area
located at the head of the queue.

System Types

There are four general types of queuing
structures. The first, and simplest, is the
single queue single facility system {figure 3).
In this structure, there is one waiting line
and one service area to be studied. A T pump
gas station with onc entrance is a real world
example of this system.

We can extend this system to the single
queue multitacility system {sce figure 4).
In this structure, customers line up in a
single waiting linc and are serviced at the
first of a serics of facilities. Upon depar-
ture from the first facility, the customers
immediately enter another queue to await
their turn at the second service facility,
This insertion and deletion continues until
the customer is eventually deleted {rom
the last facility and consequently the cntire
system. This structure is not unlike a cafe-

I SERVICE I

CUSTOMERS IN B QUEUE

FACILITY T —

Figure 3: A single queue single facility system with one waiting fine and one

service area.

Mote: The numbering of
the figures and listings is

continued from part 1
in  April 1979 BYTE,
page 132.
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CUSTOMERS IN €& QUEUE | FACILITY

QUEUE 2
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teria where you first line up for a sandwich,
then line up for dessert, then for a drink,
and finally, for the cash register.

Another basic queue structure is a multi-
gueue single facility system (see figure ).
This is the type of structure you sce al a
typical supermarket checkout counter area.
Customers arrive at the queue with their
purchases and choose one of many wailing
lines. Each service facility offers the same
service, that is, checking out the purchases,
but each line holds different customers.

The multiqueue, multifacility system in
figure 6 is a combination of the previously
mentioned structures. A number of initial
queues feed into a series of facilities. When a
customer enters a particular queue, that
customer travels from each facility within
that subsystem until the eventual deletion
from the system. Once a customer is entered
into a subsystem, that customer causes that
subsystem to behave as does the single queue
multifacility queue system.

Any waiting line can be fitted to one of
the four queue structures just mentioned.
Try it the next time you're waiting in a line.

After we are able to define the type of
queue we have, the problem of analyzing
the structure and arriving at answers mosi
important in queuing problems is our next
step. At this time we won't concern our-
selves with the difference between a single
server or a multiserver queue. The former
represents a grocery store checkout counter
arrangement where customers enter any
line (usually the shortest or the fastest
moving). The latter fits into the situation
at a barbershop. One long line feeds into

SERVICE SERVICE
FACILITY seos FACILITY QuUT —1>
e

Figure 4: Single quewe mulitifacility system, in which the customer waits in a gueue to
use a facility, then waits in another queue for the second facility, and so on until alf ser-

vice facilities have been used.



a large service arca where a number of
barbers {ie: the servers) wait for you to
come to them.

Let’s imagine a 1 pump gas station.
At Lhe start of the day, the operator (ie:
server] opens the pump and waits for the
first customer of the day to arrive. After
some period of tlime, the first customer
arrives and immediately drives up to the
pump for service. This lucky first customer
has no waiting time since the facility (at
the head of the queue) is open and free of
previous customers. The customer requires
some period of time for service, and upon
completion of this servicing time leaves
the system. The operator sits back and
waits for the next customer Lo arrive.

The sccond customer arrives, is immedi-
ately served, and leaves the system. If the
only time a customer spends in a queue s
the time required for service, no queue
forms. What we need for a queue to form is
to have customers arrive while there is a
customer being serviced. Then a line will
form with waiting customers. The queue
will form based entirely upon the service
requirements of the customer at the service
area.

Randomness

A pure queuing problem requires that
customer arrival and service times be differ-
ent, in other words, while a customer is
being scrviced, other customers enter the
system at randoem intervals during the
simulation period to form a queue,

Formally speaking, the randomness of
these arrivals follows a Poisson distribution
and exponential interarrival times, Basically,
this means that an arrival has an cqual
chance of arriving at the tail of the qucue
at any time during the simulation period
of the problem. Typical nonqueue structures
do not exhibit this random criterion. For
example, a movie theater line is not a good

SUBSYSTEM |

queue problem because arrivals usually
bunch up in a periad 10 10 15 minutes
before the new show starts. Therefore,
during the simulation period, randomness
is a key ingredient. Randomness causes the
queue to lengthen and decrease based only
on the service requirements of cach customer.

Usually a customer must wait in a line at
any business establishment before receiving
the desired service, How the businessman
treats these waiting customers is of prime
importance as 1o the success or failure of
most businesses. A typical customer will
take one of the following actions when
faced with a waiting linc. The first action
is to just wait in the line until service arrives.

Once in ling, that customer will remain in The definition of a queue
line until the end. The businessman has requires that arrivals to the
little worry over this customer because this quete be random.

customer will eventually be serviced and
some profit will be realized.

A second alternative open to a waiting
customer is for that customer lo jockey
from line to line. How many times have you
scen this customer arrive 4l one queue, wait
for a short period ot time, move to another
queue, wait again, then move again, and so
on. This situation exists in the multiqueue
system as is cvidenced in a bank or large
supermarket  with many service facilities
available for customer usc.

SERVICE

— N S TQUEUET | FACILITY oUT ——p

I
N SERVICE

CUSTOMERS iN b— > QUEUE 2 FACILITY ouT —b
2

N SERVICE

——— > QUEUE n FACILITY oy —o&
n

Figure 5: Multiqueue single facility system. An example of such a system is
the supermarket checkout area. The checkout area has several service facili-
ties, each with a corresponding queue, that all offer the same service.

SERVICE SERVICE SERVICE

SUBSYSTEM 2

SERVICE
CUSTOMERS IN b———— QUEUE | FACILITY

SUBSYSTEM m

SERVICE
— QUEUE | FACILITY

QUEUE | FACILITY QUEUE 2 FACILITY  QUEUE 3 e e QUEUE ¢ FACILITY CUSTOMER QUT —>

e e I N IS

SERVICE SERVICE

QUEUE 2 FACILITY QUEUE 3 oese QUEUE n  FACILITY CUSTOMER OUT —— &
2

[ S

SERVICE SERVICE

QUEUE 2 FACILITY QUEUE 3 e a oo QUEUE n  FACILITY CUSTOMER QUT ———>

S T L I N W

Figure 6: Multigueue, muftifacility system. This system has a number of initial queues feeding into a series of facilities. A cus-
tomer entering a particular queve stays within that particular subsystem until leuving the system.
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First Time Offer for the Micro Market

Go First Class

DISPLAY
SCREEN CAPACITY, CHARACTERS

CHARACTERS PER LINE
NUMBER OF LINES |

SCREEN

TUBE SIZE(DIAGONAL)
VIEWING AREA |
CHARACTER SIZE

REFRESH RATE . .

SCAN METHOOD

CHARACTER GENERATION

CURSOR.

TYPE
CAPACITY

OPERATOR CONTROLS

MEMORY

POWER ON/OFF SWITCH
BRIGHTNESS CONTROL

POWER REQUIREMENTS

Model 501 — 116 volts, 60 Mz, 100 watts nominal
Model 502 — 230 valts, 50 Hz, 100 watts nominal

3S SALES, INC.

Circle 364 on inquiry card.

DEALER NETWORK IS NOW BEING SET UP — YOUR

T E b

MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY

ONLY $995.% (ary 1

DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YOU

YOUR EQUIPMENT WORKS PROPERLY

1 YEAR EXTENDED WARRANTY

AT SPECIAL RATES

p” Our Specifications Before You Buy

SPECIFICATIONS

INTERFACE
2000 DATA FORMAT
BO DATA BITS . 7 serial, asynchronous
.25 DATABITB . . 1,0 0r deleted
P4 phosphor iwhite) PARITY . | Odd, even or deleted
th displayed

12:inches (30.4 cm) gLE error displayed as
54 square inches [137.1 cm) STOP BITS . . .. Ctor2

0.20" high x 08" wide (508
mm high x 2.03 mm wide)

60 Hz {50 Hz avadable]
. Raster

DATA TRANSFER BATE

5 x 7 characier inan 8
x 10 dot matrix

Blinking tlock

INVERSE VIDED Cee

TRANSMIT MODES

Handom Access Memory
2000 characters

DATA ENTRY

END OF LINE BELL

CURSCR POSITIONING .
CURSOR ADDRESS
DISPLAYABLE CHARACTERS
CURSCA CONTROLS

On cear of unit
. On rear of unit

AUTOMATIC ROLL -UP

AUTO CARRIAGE RETURN
AND LINE FEED

MONITOR MODE .

NATIONAL DISTRIBUTOR FOR

INQUIRY IS INVITED

e O
P.O. Box 45944
918 - 622-1058

. 60,75, 110, 134.5, 150,

300, 600, 1200, 1800,
2000, 2400, 3600, 4800,
7200. 9600 BAUD

STANDARD FEATURES
. - Operator or software

selectable

Hatf or tull duplex {switch
selectable)

. Top or bottom line
. Swatch selectable

xX-Y
Load and read
126 {including space)

Up, down, teft, right.
home, return

Switch selectahie

Switch selectable

. Special “"Mamtr’ Made
allows display of control codes
{first two columns) of ASCIH
Code Chart).

OLDEST INDEPENDENT

COMMERCIAL CRT TERMINAL

MANUFACTURER

Tulsa, OK 74145
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Listing 3: BASIC program that simulates a single queue single facility system
such as a 1 pump gas station. The program incorporates several functions
discussed in part 1.

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1580
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740

180

DIM Q(10)

PRINT “MINUTES TO RUN SIMULATION=";

INPUT M

PRINT “MAXIMUM ARRIVALS/UNIT TIME=";

INPUT A2

PRINT “MINIMUM SERVICE TIME=";

INPUT S2

PRINT “MAXIMUM SERVICE TIME=";

INPUT S3

PRINT “QUEUE LENGTH=";

INPUT H2

PRINT “INPUT 1 FOR RUNNING OUTPUT, ELSE INPUT 0;
INPUT P

c =
c2

(3]

w
[ Y
[SX-X-X-F-X.}

H2

H2

J2 = 1 TOH2

Q(2) = -9

NEXT J2

QiT) =0

T=T-1

GOSUB 1610

FOR J = 1TOM

FOR J2 = 1 TOH2

IF Q(J2) = —9 THEN 1330
€=0C+1

a2} = 2} + 1
NEXT J2

cCz2=C2+¢C

IF C <=C3 THEN 1370
c3=¢

cC=0

{FP = 0 THEN 1410
PRINT “ PICTURE OF QUEUE AFTER " J; * MINUTES "
GOSUB 1680

IF Q{H) < M3 THEN 1520
M2 = M2 + M3

C4 =C4 + 1

S4 =S4 + 8§

IFP = 0 THEN 1470
GOSUB 1730

GOSUB 2110

GOSUB 1610

IFP = 0 THEN 1520
PRINT “PICTURE OF QUEUE AFTER DELETE”
GOSUB 1680

A3 =1

A = INT (RND (1) * A2)
IF A3 > A THEN 1580
GOSUB 1900

A3 = A3 +1

GOTO 1540

NEXT J

GOSUB 1730

STOP

S = INT (AND (1)*10) + (S3-9)
IF Q {H} = —9 THEN 1640
QiH) =0

M3 = Q(H) + S

IFP = 0 THEN 1670
PRINT “REQUIRED SERVICE TIME=";S
RETURN

FORJZ = 1TO H2

PRINT Q (42);

NEXT J2

PRINT “TAIL="; T ;" HEAD=""; H

RETURN

PRINT C4;” FULLY SERVED CUSTOMERS IN ”'; J;" MINUTES"

PRINT “MAXIMUM CUSTOMERS QUEUED=";C3

May 1979 € BYTE Publications Inc

1750
1760
1770
1780
1790
1800
1810
1850
1860
1870
1880
1890
1900
1910
1920
1830
1931
1932
1933
1934
1940
1950
1960
1970
1971
1972
1973
1980
1990
1991
1992
1993
2000
2010
2020
2021
2022
2023
2030
2040
2060
2060
2070
2080
2080
2100
2101
2102
2103
2104
2105
2110
2120
2130
2140
2150
2160
2170
217
2172
2173
2174
2180
2190
2200
2201
2202
2203
2210
2220
2230
2240
2250
2260
2270

M5 = M2/C4

PRINT “"AVERAGE WAIT TIME =" ;M5

S5 = S4/C4

PRINT “"AVERAGE SERVICE TIME=";S5

C5 = C2/J

PRINT “"AVERAGE NUMBER OF QUEUED CUSTOMERS=";C5

RETURN
REM
REM
REM
REM
REM

INSERTION ROUTINE

CHECK TAIL AND HEAD POINTER VALUES

IFH = T GOTO 1970
IFH < T GOTO 2030
IFT >= 1GOTO 2030
IFH=H2GOTO 2080
REM
REM
REM
REM

INSERT ITEM AT Q (H)
SINCE QUEUE IS EMPTY

Q{H2)=0

T=H2-1

GOTO 2050

IFT <> 0GOTO 2000
REM
REM
REM

RESET POINTERS TO HEAD OF QUEUE

H=H2
T=H2
REM
REM
REM

CHECK IF Q {T) EMPTY FOR POSSIBLE INSERT

IF Q{T} <> —9 GOTO 2080

H=H2

T=H2
REM
REM
REM

NORMAL TAIL INSERTION

a{Ti=0
T=T-1
IF P=0THEN 2070
PRINT “ARRIVAL"
RETURN
IF P=0THEN 2100
PRINT “OVERFLOW"
RETURN
REM
REM
REM
REM
REM

DELETION ROUTINE
CHECK POINTER VALUES FOR POSSIBLE DELETE

IFH=T GOTO 2150

IFH>0GOTO 2190

H=H2

GOTO 2180

IFH <> 0GOTO 2180

H = H2

T=H2
REM
REM
REM
REM

DELETE FROM Q (H) IF Q (H) HAS AN ITEM
ELSE, QUEUE IS EMPTY, |. E. UNDERFLOW

IF Q (H} = -8 GOTO 2240

Q(H) =-9

H=H-1
REM
REM
REM

RESET POINTERS FOR NEXT DELETE

IFH <>0GOTO 2260
H=H2
RETURN
{F P=0THEN 2260
PRINT “UNDERFLOW"
RETURN

END






OeskTop Woaders

Digits

Hal Snyder
855 Fair Oaks
Deerfiold IL 60015

Listing 1. The Digits program, written for the Texas Instruments SR-52. The
object of the game is to guess a number generated randomly by the calculator
in the fewest number of guesses possible.
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Program Listing

000
002

007
009
015

019
021

026
028
029
031
035
041
046
051
054
058
062
064

087
069
072
076
078
082
089
0N
095
097
102
105
107
111
116
118
122
125
129
131
133
137
141
143
148
150
155

158
160
163
165
170
174
181
186
192
196
198
204
208
210
212

216
218

3. BYTE Publications Inc

LBL A’
4 STO OO rtn

LBL E’
(STO-.5)
EE INV EE rtn

LBL D’
10 INV log rtn

LBL +
A
LBL cos

9 SUM 00

( IND RCL 0Q -
9 INV SUM 00
IND RCL 0O
INV ifzro 7@
IND STO 00
18UM 19
LBL T

dsz cos rtn

LBL 8

prt fix 0

<~ A"INV log
LBL sin

x 10 =

~ E'INDSTOOQ0 =

dsz sin
0STO 19
SBR +

10 PROD 19
A’ dsz x
LBL x

RCL 00 +
A’'RCL 01 (
LsL 1’

IND EXC 00
INV ifzro 2’
IND EXC 00
LBL 2

dsz 1’
+A'0)}

IND STO 00
SBR +
0=ST0 00
dsz x

RCL 19 INV fix
prt pap HLT

LBL E

fix 0 A’

LBL SUM
RCLOO+9

+ STO 01

7 y¥X 9 x RCL 99
+D'~E'=

x D' -+ STO 99
9INV log =
E'x{

IND STO 01 -
07} =

ifpos SUM
dsz SUM

INV fix CLR HLT

LBL D
EXC99 HLT

Commentary

. number of digits

. truncate

;1010

; count matching
; digits

; if match, clear
; quess digit,
; increment count

; respond to guess

; fraction in display

; tens digit in
; response
. cycle

; save outer loop
. index

; leave zeroed digit
; in place

; retrieve outer
;loop index

; pick a number
; generate random number

: by takin
; (R99 x 799) mod 1010

. get leading digit
Jis itin range?
; cleanup

; seed for random
;note EXC is used

Digits is a number guessing game written
for the Texas Instruments SR-52 program-
mable calculator featuring cyclic permu-
tation, nested loops and various space saving
devices. Hal Snyder teaches mathematics at
Roosevelt University in Chicago.

Instructions:

1. Enter program.

2. Start random number sequence by
keying in a positive integer and pressing D.

3. For a new game, press E. In the
initial configuration, the SR-52 selects
four digits, all betwecen 1 and 6, such as
2361 or 5335, then displays O (this takes
about 120 seconds).

4. Key in your guess and press B.
After a few moments (see below for approxi-
mate timing), SR-52 responds with a 2 digit
number xy, where x (tens) is the number of
digits in your guess which are in the right
position, and y (ones) is the number of cor-
rect digits in the wrong position. For
example, if the SR-52 had chosen 5335 and
your guess was 5351, the response would be
21,

5. Repeat step 4 as many times as
needed to determine the hidden number
completely. If not using a TI PC-100 printer,
you should keep a written record of guesses
and responses. The object of the game is to
use as few guesses as possible, Step 3 starts a
new game.

6. Variation: the program is ipitially
set for 4 digit numbers, For any other num-
ber (2 to 9) of places, set location 002 ta the
desired number, say by keying GTO A’ LRN
number LRAN.

7. Variation: the program initiaily
uses digits 1 thru 6. To use digits 1 thrur,
enter r+1 in locations 204 thru 205, with
leading O if r+1 is a 1 digit number. To use
digits 1 thru 7, key GTO 204 LRN 08 LRN.

Digits Versus Codebreaker

The game described above is similar to
Codebreaker (copyright 1976, Texas Instru-
ments), which comes in the Tl game library
for the SR-52. Digits, however, permits
repeated occurrences of a digit in the hidden
number, and can be easily modified (steps 6
and 7 above) for different versions of the
game.

The Program

The Digits program is shown in listing 1.
Frequently used subroutines are placed at
the front for improved speed. Subroutine






Figure 1: Diagram illustrating rotation of the vector x, y in Cartesian coordi-
nates. The final position of the vector endpoint is x', y'. Twa different "black
boxes,” or subroutines, are used to solve various trigonometric problems by
means of the CORDIC algorithm. Black Box T (BB 1) calculates x and y'
given the displacement angle 6. Black Box 2 (BB 2) calculates the displuce-
ment angle ) necessary to rotate the vecrtor to a given 3. These two routines
enable the programmer to calculate a variety of trigonometric functions
quickly and efficiently.

John A Ball
Oak Hill Rd
Harvard MA 01451
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in Two Easy Black Boxes

About the Author

John A Bdall is a radio astronomer at the Center for Astrophysics, Cam-
bridge MA. He has written ¢ book entitled Algorithms for RPN Calculators

published by Wiley.

If your computer can add, subtract,
multiply, divide, calculate square roots,
sines, cosines, Lingents, JAre $ines, 4rc cosines,
and arc tangents, then you are prepared to
solve any lrigonoemetry  problem. How-
ever, if your computer lacks some of these
trig functions, then this article will be help-
ful, as it shows how to use CORDIC tech-
nigques to program two “black boxes™ {alias
subroutines  or  processurs)  lo perform
trigonometric tunctions. As a bonus, you
will find that some complex and important
problems are casier sith the two black boxes
than with conventional trig functions.

Coordinate Rotations

Suppose we have a black box {call it BB |
for “black box number one™} that performs
rotations in Cartesian coordinates, Given s,
v, and @, BB | calculates ¥" and 3" where:

A= xeos?t wsind
(x - ytandicost
yeosd + xsint)
(3 + xtan@)cost

'

y (Eq 1)

1

These are the standard equations for a rota-
tion. They can be derived lrom ligure 1.
The sign convention on the angle & in these
equations is such that the point {or vector)
x, v rotates counterclockwise through an
angle 0 in a slationary coordinale system,
or alternatively, the coordinate system ro-
tates clockwise through an angle § and the
point is stationary. Interchanging the plus

and minus signs in equations 1 gives the
opposite sign convention for 0.

Many trigonometric problems are solvable
using BB 1. The special case y =0, x = R,
for example, gives:

N

'

Rcosd
= Rsind

1

(Eq 2)

<
i

These are the equations for converting polar
to rectangular coordinates. The special case
y 0, x =1 gives:

x' = cosd
vy = sind (Eq 3)
BB 1 will calculate sines and cosines, and
from these the other trigonometric functions
are casy.

Now suppose we have a second black
hox, BB 2, which rotates the given coordi-
nates x and y through whatever angle is

Y
8

.
¥ 8B 2 P

Figure 2: Functional diagram of Black Box 1
and Black Box 2 showing inputs and the
outputs which can be calculated from them.



WITCHED-ON TRS-80

SHSIEMS HE N SU| ' onl.-.
everything you need! Within the vear, you'll receive a disk
based Inventory system, Accounts Receivable system, Ac-

. counts Payable system, General Ledger system,

: Sales and Payroll. At the same time, all six

subjects will be covered for a tape-based sys-

* tem. Yes! Provisions have been made so

that as your system upgrades, your data

base will follow with a minimum of dif-
ficulty.

Using the Radic Shack TRS-80 as our base, we
provide a full line of business-oriented soft-
ware, plus products with the follow-on
support necessary to insure a success-

ful installation and ongoing operations.

We're not talking about stripped-

Our program costs $100 for the docu- ===+ h
down systems, either. Elements of

mentation, an additional $50 for the

software on magnetic tape, and/or < W& N L BIZ-80 are already prepared and have
another $100 for the software on diskette. .--*" been sold to satisfied customers for
We highly recommend that you subscribe . as much as $150. The Name/Address
on one form of media. In adopting this ap- " system requires an entire diskette it-
proach, we’'re going straight for the jugular - self {over 50,000 bytes) with some op-

tional subroutines relegated to yet an-
other disk.

Our magazine, SoftSide, has proven it can be
done: significant software can be offered at ex-
traordinary prices, attracting a sufficient fol-
lowing to make the effort profitable,

{so to speak). Within the next year, we anti- S
cipate a very competitive market for busi-

ness software relating to the TRS-80, and
wish to establish ourselves immediately in a
dominant position. In doing so, we are
presuming over 1,000 participants in B1Z-80.

BIZ-80 is not only competitive, but will set the
standard by which value will be compared...
and that standard will be hard to meet.

Pricing accordingly, we’re sure BIZ-80 will
become such a fantastic bargain that few
serious businessmen intending to use a
TRS-80 could possibly pass up the value of-
fered. Really ... how could you pass this up? The object of BIZ-80 is to develop systems
that are easy to use, well-documented and
include simple error-correction routines,
will be inexpensive; can be used by the cus-
tomer without the need for sophisticated com-
puter-oriented personnel; existing employees
and management can easily learn to operate.

be inter-
you'll be
Well, just about

We're sure you must
ested in just what
getting ...

Our goal is to ultimately provide the complete computer
system with 1. Basic business programs on subscription basis
2. Special applications business programming on contractual basis

The Business Software People

The systems are professional quality products developed for the businessman utilizing a TRS-80 microcomputer —
they are well-documented from the customer’s point of view; they all tie together, i.e , Order Processing feeds Ac-
counts Receivable, etc.; and they work all the time. Rerun, operation and backup procedures, as well as start-up
and first time run instructions are covered in detail, from the perspective of the first-time user

Easily followed step-by-step instructions guide you through a sample run with dummy data (providec

with every system). Start running your system at once, without the need to stumtle through it try-
ing to create a file in order to understand how to use it. Periodically, we upgrade the documentation to
reflect improvements and/or changes in the system caused by TRS-80 enhancements. The enhancements will be available
at a nominal charge to cover distribution expenses. Updates are FREE to BIZ-80 subscribers.

Programs and systems are enly as good as the documentation and people behind them. Participants in the one-year {(max.)
contract wi)l receive: ®12 Systems-6 tape/6 disk *Support eUpdates ®Newsletters Our software products are oriented to
four levels of TRS-80 systems: System S-a stand alone 16K Level |l with one cassette tape System I-a 32K with DOS, op-
tional printer (CRT oriented) and one disk drive  System I1-a 32K with DOS, line printer and two disk drives  System lil-a
48K with DOS, line printer, RS232 interface and three-plus disk drives. Remember, all these business systems tie together

They’re add-on modules developed to complement one another, the
building blocks of your complete business microcomputer system.
The TRS-80 is a powerful tool for business
management. We want to help you use this tool to 7 Briar Clff Dr. Milford. NH 03055
riar Cliff Dr. Milford,
your best advantage. C03673-5144
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Write faster in BASIC,
FORTRAN, or COBOL

Document & modify more easily, too

Human-engineered to do the job better. Yes, you really can get flawiess code
{aster, using the Stirling/Bekdorf™ system of soflware developmenl teols wilh
structured programming concepts. The 78F2, 78F4, and 781 are human-engeeied
1o reduce snilial errors, improve debugging speed, and aid concept communication

Fust, use the 78F2 Flowchartrna™ %o lay out your engmal concepl blocks. Then
use 1t to wrile a finely detailed flowcharl

54% more logic cells than other flowchart Jorms, put far more of your program
on each page. Each Flowchartrx has a lult 77 logic cells. not ust 50 This saves
paper. and makes your finished flowcharts easier lo understand. By seeing up to
27 extra steps of a program on each page, you comprehend program llow more
clearly. You save money and storage space, too.

Every matrix cell in the 7 x 11 matrix bas a specilic label to help you track
tranch points. When you wnte program documenlation, having a separate relerence
point for each cell maces your program much easier lo describe clearly

With Flowchartrix, you don't need a shape template to draw remarkably reguiar
logic symbals. Guides for the mostused logic symbols are ngh! in each matnx
cell, to elp you draw mest standard flewchart symbols eatirely free-hand

78P4 Print-Qut Designers are next. When you fimsh flowcharting, lay oul the
printed reports your program will generale.  Then when you write code you blaze
through the repert generation segments nght along wilh the rest of your program

Unique 70 x 160 matrix accommadates even proportional-spacing word processor
formats,  The 160-column width can handle praclically any printer format. The
78F4 15 big, 12"z x 22 inches, Decause we've scaled the cell sue to human wrting
comfart, not machine print. gwing acarly twice the character writing area of olher
printoul design sheets.

Special 9-column area records the program line number of the code which
creates each printed line. 1t shows, al a glance. exactly which line ol code creates
each hne of your reporl, saving howrs of neediess scarch time when you musi
change the reporl format (and don't you always have Lo, sgones or later™

Every sheet of 78C1 gives you 2 lorm uses for the price of one. Use 73C1's
full 28 line x 80 colsmn grid area to code repular program steps. Then for mter
active or instructional sechians, simply keep your charactees within Lhe appropnate
CRT indicator lines. and you'll automatically know where every character will show
on your CRT screen.

28 line x 80 column coding capacity saves you 14 sheets out of every 100,
compared to 24-line lorms. 86 sheets hold more program steps than 100 sheets
of any 24-hne form, yet we offer fullsize 6mm « 3mm gnd blocks to give you
comfortable wriling room and wisual space bebween lings

Works with your CRT display, no matter wha! brand you own. Equipped {or
both 16 line x b4 column and 24 ling « 80 column display formats.

Avaidable in three versions {one for BASIC languages. one far FORTRAN, anather
For COBOLy, the 78C1 15 so powerlul we mclude a 7-page nstruckion manual with
ewery order.

Every tool in the Stirling/Bekdor! system is surface-engineered to take both
pen & pencil without blotching. Our tough, extra-heavy, 22- paper is pure enough
te use with cotical magnelic ink character readers. and gives you casp. shaip chai
acters with pencil or plastic-tip pen

Every part of our system uses eye-comfortable soft blue grids. Al gnid rulings,
tints, and division rukes are reproduced v a special shade of blue. easy on your
eyes even afler hours of conlinuous programming.  1f you're a pralessional pro
grammer, you'll particularly appreciale our improvement over the green lines you've
been wnting on,

A 3ring hinder is one more of our secrets for your success. Al your aotes,
togic concepts, flowcharts, code, CRT layouts, prnt-oul designs, and documentatan
can be kept logether, n oeder, in one place. When everything you creale slays
together, debugging and modihcation 1s much simples

Order your :~:upplrI of the world's most advanced software developmenl tools,

a

right now, before you hatch even one mare bug. :

18F2 fln':hmr_l: JBC| Combvnabion Coding/CRT Layouts

O 2 pacs ol (llf 350 335 pheg & s W e the Sam Hice Bt ptease Lotk albch lingaape

O 10 paes ol 3 433 30« 56 S5 phng & shpg Jormat wiia wanl

G RS T fe RIARN Tt CORD

J8P4 #nat But Design Sheels 3 T .

O lgad ol 325 0 5315 png h sy ok B b 2 S b s

T4 padat 4l 53756 - 36 0% phop & uhng 0w $IBE B g & sy

Praanien ey ee st Luilet ety Wor He kg

3 hole punctied vyl packels for 78P4 Dressgr Shasly UPS 46 Pl Hon addiens mutt gus ghore sumbee Koy dhan

[0 sevatd don 5265 « G135 ohrg & shug Tor abeng & nppesg e ol G4 onle I8IPHINa 121 Cgping 1aten

L0 st ol 03 dor 5500 - 48 85 ohrg & shog e Pegner w tadonaeln s

* Sample of gna sheet ol each loam Charge to 7 Masler Chaege 15 Visa enp dole

assonialed labels & Ieatwe $2 50 Cand 7 -

Enclosedwsmychech Jorh Signalure __

Name

fAddress —_ Phone

City State L

Stirli /Bekdorf
4407 Parkwood O San Antonio, TX 78218 0{512) 824-5643 i

h 5 A7 1900 Strting Bevder) Don af eprimos W1 Gg tar 1
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necessary to give a specified ', So BB 2 also
satisfies equations 1 but x, ¥, and ¥ are the
given guantities and BB 2 calculates x* and
# as shown in figure 2. Equations 1 can be
rewritten as:

Eq 4
¢ = sin—1 {y'/R) — ¢ (Ea4)
where
R = .¢X2 +y2
¢ = tan— 1 {y/x)
x = Rcosp (Eq3)
y = Rsing

That is, R and ¢ are the polar coordinates
corresponding to x and v as shown in figure
1. Some combinations of x, y, and ¥' are
impossible: if |y’ > R, then BB 2 will award
you a demerit and write an uncomplimen-
lary error message.

Two distinct solutions exist for x" and 8.

These solutions differ in the sign of x', and

8 is replaced by 180° — 8 — 2¢. BB 2 gives
the solution first encountered while rotating.
Alternatively, a version of BB 2 could be
written Lo give both solutions.

BB 2 is also a powerful trigonometric
problem solver. The special case y' = 0, for
example, gives:

x' = xR
8 = —¢ori180° — ¢ {Eq6)

This case gives rectangular to polar coordi-
nate conversion. Also, since ¢ = tan—l(yfx),
this case gives a four quadrant arc tangent.
The special case y = O gives:

X’ = iq,l'xz__yIQ
= xcosf (Eq 7)
0 = sin—! {y'fx)

This case gives an arc sine and the solution
to a right triangle. And the special case x = 0
gives:

x =t/ y2 -2
= —ysind (Eq 8)
8 = cos—1 ty'Jy)

This case gives an arc cosine and the solution
to a right triangle.

Together with add, subtract, multipiy,
divide, and maybe a square root, BB 1 and
BB 2 can be used to solve any sclvable prob-
lem in plane or spherical trigonometry.



Many problems are simplified by being
written directly in terms of coordinate rota-
tions or rectangular to polar to rectangular
coordinate conversions. Examples are con-
versions of coordinate systems in positional
astronomy and problems in complex num-
bers, especially complex impedances in
electronics.

CORDIC Techniques

Volder (1959) developed the original
CORDIC (COordinate Rotation Dlgital
Computer) technigue for use in a special
purpose computer which solved, among
other problems, for the distance and heading
between two points specified by their lati-
tudes and longitudes on the earth. Meggitt
{1962) and Walther (1971) described gen-
eralizations of the CORDIC technique called
pscudo-multiplications and pseudo-divisions.
{(Sce the end of this article for bibliographic
information about this reference and the
other references cited.) Hewlett-Packard and
other calculators use CORDIC techniques
internally to calculate trigonometric func-
tions [see Cochran (1972) and Egbert
(1977)].

CORDIC techniques allow one to pro-
gram (or to “solder” together) BB 1 and
BB 2 using only adds, subtracts, and shifts
inside the loops. Qutside the loops one also
needs onc or two multiplications or divisions
in a base 2 machine, or one or two multi-
plications or divisions and a square root in
a base 10 machine. As a rough general
rule, CORDIC techniques are faster and
casier in a computer that has no floating
point hardware and no multiply/divide
hardware, but does have multibit shifts.
If a multibit shift must be built up from
single bit shifts or from a multiply, then
series  expansions to get trigonometric
functions are sometimes preferable. These
statements are usually also true in a base 10
machine with “digit” substituted for ‘bit.”
If vou are really in a hurry, a CORDIC rota-
tor can be made in hardware, as Volder
{1959} describes.

With the second half of equations 1 in
mind, supposc we wan: to perform coordi-
nate rotations quickly and easily. The
cosf factor multiplying the parentheses
is a scale factor for both x" and y'. As a
special case, consider rotating through an
angle 8, satisfying:

6, = tan— (b—") (Eq 9)

where b is the radix or the base of the num-
ber system in the computer (usually & =2 or
10) and 7 is an integer. For these special

p Your
Output.

MULTI-TASKING!

The TEMPOS Operating System is quickly becoming the standard in Mult-
User, Multi-Tasking operating systems for 8080 and Z80 microcomputers.
Multi-Tasking means that, even with only one user at one terminal, more
than one job can be running on the system simultaneously!If you have ever
had to go get a cup of coffee while you wait for your computer to print list-
ings, you know the advantages of a system that will handle one job while
vou are working on another. TEMPOS is a true tme sharing system, and
the maximum number of jobs is limited only by your memory.

MULTI-USER!

Want 1o share your computer with another user? With TEMPOS all it takes
is another terminal . . . up to seven interactive terminals are allowed! And
with Re-Entrant programs, each user does not need a complete copy in
memory. We include three Re-Entrant programs (the OPUS: THREE High-
Level Language, the TEXTED Text Editor, and FILES, a disc file
directory/manipulator) or write your own! In addition, we include an
assembler, a linking loader, over a half-dozen other utility programs and
over 60 system subroutines, callable by the programmer!

PROVEN!

With TEMPOS, you get a package that has been tested in our facilities for
over two years, and in the field at over 50 different installations. We have
used this system ourselves for everything from writing high-level languages
to developing applications to text editing to games. TEMPOS is undoubted:
Iy the mos! flexible soltware tool on the market . . . and you can have it for
much less than you think!

COMPATIBLE!

TEMPOS is available for many different systems; pre-written drivers may
mclude yours. Or, using our interactive System Generation Routine, you
can add your own. Call or write now for our free catalog and the name of a
dealer near you. The TEMPOS Operating System is available for $787.00,
the manual sel (price may be credited toward the purchase of the TEMPOS
package) for $21.50 (prices include shipping within the U.S ).

ADMINISTRATIVE
OCSYSTEMS
OOOINC.
OO

1642 S. Parker Road, Suite 300, Denver, Colorado 80231
(303) 755-9694
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Multiplying by 6—217 is equivalent to a right
shift by 20 places.

This scheme for finding K works well for
BB 1 because the square root can wait until
outside the loop; but BB 2 is somewhat
more difficult. in BB 2 we need to know K
at each step of the loop in order to compare
the current y' with the desired v (unless it
is 0). Except for the needed square root, we
could use cquations 14 to keep a correctly
scaled version of the desired y' to compare
with the current y' at each step. The nced
for a square root can be eliminated by step-
ping through angles of 20,,. The correct
factor for K therefore becomes (cosf)”)—z.
Rotating by 28,; at cach step is twice as
much work as rotating by 8,,, but any other
scheme involves still more work. BB 2 takes
aboul twice as much time in the loop as
BB 1, but neceds no square root.

As pointed ocut by Walther {(1971) and
Rheinstein (1977}, the CORDIC approach
can aiso be used to calculate hyperbolic
functions, and, from these, logarithmic and
exponential functions. In my experience,
however, Lhe conventional approach using
series expansions for logs and exponentials
is almost always preferable.

CORDIC techniques produce arbitrarily
precise answers if the effective word length
is arbitrarily long. If digits lost by shifting
are rounded rather than truncated, then the
precision will usually be no worse than 22 or
+3 in the lecast significant digit, as discussed
by Meggitt (1962).

Test Programs in BASIC

Listing 1 is a CORDIC version of BB 1
and BB 2 written in BASIC. The point of
using BASIC is that this listing is simultane-
ousty an algorithm (or flowchart) and a test
to verify that the algorithm works. The pro-
gram in BASIC has no practical value, but
should be translated into assembly language
for even hardware) to make useful sub-
routines.

Statements 10 thru 60 are initialization.
B is the base of the computer’s number sys-
tem (a special version for B = 2 is discussed
below). M is the number of digits in a word
and also the number of places in the arc
tangent radix representation of angles. The
array A is 0, (see equation 12). The value of
A should be precalculated and assembled
into the program as a permanent reference
array. The D array is unnecessary in a work-
ing program. Instead, think of D(])* as an
operator that produces a right shift by 2]
digits. This is important because D(J)* is
used not as a multiply, but as a shift in the
loops.

The units in this program are degrees. To

19
20
25
39
“@
5@
69

70
80
85
90
100
125
tie

120
130
132
133
i34
135
155
170
175
180
190
210
220
230
235
249
259
255
260
265
280
299

leo
Jioe
Ats
JAQ
345
350
ire
372
37a
376
aao0
ig2
384
399
400
ag2
aga
410
4e0
430
43S
436
a4
442
443
a4%
4509
460

500
519
S15
S 4p
545
558
57@
580
s9e
600
610
615
620
638
640
645
646
s a?
648
65@
660

299

REM HB1, BB2s AND R->P
REM ADARTED FROM RHEINSTEIN IN BYIE 2-8, (42 CAUGUST 19772
LET B = 10
LET M = &
DIt A(M)Y, D(M)
FOR J = ® 10 ™
LET D(J)Y = Br¢-2¢J)
LET A(J) = ATN(BT(-J))e¢1B@/3.14159
NEXT J
PRINT “TYPE | FOR BBi, 2 FOR BB2, OR 3 FOR R->P '
INPUT 2
PRINT
IF Z = 1 GOTO 120
IF 2 = 2 GOTO 3ee
IF & = 3 6OTO S@0
GOTo 70
PRINT “TYPE X» Y, THETA ';
INPUT Xs Yo T
IF T >= © GOTO 135
LET T = 1+36¢
GuTO 132
PRINT
LET K =1
FOR J = @ TO m
LET T1 = T
LET T = T-Aat())
IF T < @ GOTO 25¢
LET v1 = ¥
LET ¥ = y+X
LET X = a=-0¢Jdrsvi
LET K = KeD(J)ex
GOT0 175
LET T = Ti
LET Y = v¢B
NEXT T
LET K = SQR(K)
PRINT “X' = "} X/Ki "5 Y' = "I Y/W/Br(m+|)
GaTo 70
PRINT “TYPE X. Y, Y*' *;
INFUT X, Y, Y3
PRINT
LET T = @
LET K = ¥3
FOR J = @ TO ™
LET Y! = ¥
LET X1 = X
LET Y2 = Ysx
LET X2 = X-D¢(J)*y
LET v = v2+Xx2
LET K1 = K
LET K = K+D(J)eK
IF (Y-K)e(YI-KI1) <= @ GOTO 43¢
LET X = X2-D(JreyY2
IF XeaX1 > @ GOTO 410
[F (Y1-Ki)eX > @ GOTO 4ld@
LET T = T+A(J)Y+ALD)
GOTO 370
LET Y = Yi
LET X = X1/8B
LET K = K1
NEXT J
1F ABRS(Y/K-1) < Btr(-M+1) GOTQ 445
PRINT “ERROR! DELTA Y = "} (Y/K~1)eY3
LET K = K/Y3
PRINT X' = 3 X/K#Br(melids *, THETA = '3 T
GOTo 70
PRINT “TYPE X, Y *J rots .
NPOT X0 Llst/‘ng 1.
PRINT version of Black Box 1,
LAY Black Box 2, and g rec-
FOR J = 8 TO M tangular to polar conver-
M sion routine written
IF YeYl <= © GOTO 630 BASIC for the decimal
= + * . .
tg ; = )1(0253'; v number system. This list-
LET K = KeD(J)ex ing is intended as a "“flow-
GOTQ S7e@ "
LET Y = Y18 chart
NEXT J algorithm
LET K = SQR(K)
1IF X > 8 GOTO 658 works. Readers
LET x = -x convert it
LET T = T+180 .
PRINT "R = "4 X/KI " PRI = "1 T machine language to make
cato 7e it fast enough
END practical.
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REW BRI, B82, R->F change to radians, drop the *1803/3.14159 in

5
& REM ADF\P'FI;E.D ZESTOSHF.]BNSTEIN I BYTE 2-8, 142 (AUGUSTY 19773 Hﬂe 50 and TBDIECB 360 by 217 iﬂ nﬂe 1133
REM BINARY W » = . .
¢ and 180 by 7 in line 648,
e LET : op atements 70 thru 110 allow the opera-
L [ A "
25 DIM ALMY, D(M) tor to select BB 1, BB 2, or R—>P discussed
27 LET at@y = 98
i FOR J = | TO ™ below.
4@ LET DCJ) = 2r(1-0)
58 LET AtJY = alnrD0s1Y« 188314159 BB 1
68 NEXT J
10 PRINT “IYPE | FOR BSI, 2 FOR BB2, LR 3 FOR R->P "3 Statements 120 thru 290 are BB 1 The
g8 INPUT Z operator types X, Y, and THETA (alias T).
5 NT . ‘. .
ga T?lz = 1 GOTQ 120 Lines 132 thru 134 make T‘posnwe. Thzs
109 LF £ = 2 GOTQ Jeo version can rotate only positively; negative
1@% IF 2 = 3 GOTO 5S@O .
11@ GOTO 70 angles are handled by going all the way
120 PRINT “TYPE %» Y. THETA around. Two .nestcd loops are necessary: a
13e INPUT X» Yr T ] loop from lines 170 thru 260, which cor-
ML R responds to the 7 sum in equation 10, and
133 GOTo 131 an inner loop from 175 to 240, which
> T .
13e :ETT}'EE’T.3:BEOT° '3 rotates and alse determines R, by the sub-
Ig: gg{g_r'?“* traction in 180 and the test in 190. State-
1 . .
176 FOR J = @ TO ™ ments 210 thru 230 implement equation 1
175 LET I = SGNAT? for & = 8, but with two twists: first, coséd
176 LET 1 = L+1-ABSCL) g n e .
177 REM [ = SGN(T) WON'T DO BECAUSE SGN(®) = @ is ignored until outside the loops, as men-
lge LET T = T-IeAlD) tioned above; second, the Y value is
21e LET Yl = Y ] . Lo
212 1F J > 2 GOTO 220 actually YB! (see line 255). This eliminates
213 LET ¥ = [eX . . . . .
P1a LET X + -1av1 a shift which would (.)tl)elrww? bg in Ime_220.
215 GOTO 268 So we trade a multidigit shift in the inner
228 LET ¥ = Y»leD(d)eX ) TR X
230 LET X = X-1s00J)evI loop for a single digit shift in the ) loop {line
260 NEXT J 255} and a multidigit shift outsi
2B PRINT "K' = "1 K/WF " ¥Y* = ") ¥/K ) . . 8 t o t5|d.e .the
290 GOTO 7@ loops {in the print statement 280). This idea
308 PRINT “TYPE Xb ¥r ¥+ o3 is described by Egbert (1_977). Tk}e inner
319 INPUT Xs Y. Y3 loop also calcuiates K, as in equations 14,
P S Line 235 is another shift and add (not a
345 LET K1 = ¥2 multiply) and the square root is sutside the
IS FRAR J = 1 10 ™ H . . .
172 LET 1 = SGRCtRI-¥30%) Igop milme 26}5. Dividing by K in line 280
373 LET I = 1+)1-ABS¢1) gives X' and Y correctly scaled. Note that
&Y LET Y1 = YeleDilreX . .
W88 LET X = XeleDisyer X, Y, dnd T are all written over.
482 LET ¥ = Yis[eDiJreX
4Ba LET X = K~[eDiJrey! BB2
418 LET T = TelscAtdi+atd
hp nenp Bl T HbDGRDGING Statements 300 thru 460 are BB 2. The
44 NEAT J -
442 1F ABS{Y/K1-1) < 2r(~M+3) GOTO 445 g H H H
443 PRINT “ERROR! DELTA ¥ = *J (¥/Ki-1)eYD angle T starts from 0 In.‘llne %40 and K 1s
445 LET K1 = Kirv3 - initialized to Y3 {the desired 3"} in line 345
450 PRINT GX' ="y X/kip th THETA = 73 T rather than to unity as in line 155. The |
loop extends from lines 350 thru 440 and
o8 PRINT e X x the inner loop from lines 370 thru 420.
$15 PRINT Lines 370 thru 384 and lines 400 and 410
Sag LET T = @ ; :
- implement the double angle rotation de-
S%@ FOR J = @ TO M
513 LET vI = ¥ scribed above. The trick of moving one of
7 l = SGNCY) - . .
573 ',:FE'; [ = ”.5195”, thq shlfts outside the inner loop, as Fie-
:;‘5‘ :ETJY’ e 115910 588 scribed in BB 1, is used here also, but with
= - w - .
516 LET X = eyl the roles of X and Y interchanged (see line
577 6OTO 610 435).
SB2 LET ¥ = Y-1eD(J)nx . .
600 LET X = X+leDCJIkYI The obscure part of this program is prob-
::g N‘Eﬂ 1 = Teleand ably the three IF statements {lines 390, 402,
658 PRINT "R = 3 X/KF *a PHEL = "1 T and 404) used to determine when to exit
660 6OTO 70 frem the inner loop. Only one subtraction
399 END per cycle is needed in line 390 because the

expression Y1-K1 for one cycle is the same
Listing 2: A CORDIC version of Black Box 1, Black Box 2, and a rectangular as Y-K for the preceding cycle. The multiply
to polar conversion rowutine written in BASIC For the binary number system. is not needed. Instead, the paint of 390 is
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' TRS-80 OWNERS 1,

" AVAILABLE FOR IMMEDIATE DELIVERY )
CASSETTE SOFTWARE DISKETTE

Package # 1036 (Level II) .. .. ..o e $495.00

COMPLETE SMALL BUSINESS - This program is a complete small business program that was tailored to
work for most small business applications. The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.

Package = 1038 (Level II) . . .. ... .o $ 99.95
ACCOUNTS RECEIVABLE
Package # 1039 (Level I1) . .. ... . $ 99.95
ACCOUNTS PAYABLE
Package # 1044 (Level 1) . ... . . . $125.00
INVENTORY CONTROL
Package % 1045 (Level I1) . ... . e $ 99.95
INVOICING
Package 2 1046 (Level 11) . .. .. .. $ 99.95
PAYROLL
Package # 1047 (Level 1) ... ... . $ 99.95
MAILING LIST
Package #1024 Package + 1026
{Level II, DISKETTE) . ......... ... .ot $24.95 (Level II, DISKETTE) . .. ... ...y 324.95
Includes the fellowing: Includes the following:
SPACEWAR I — BANNER — UFO ATTACK - PILE UP — SPACEWAR II — CIVIL WAR — TRAP THE TRIBBLE —
BIORHYTHM — AUTO RACE and WORDS. LIFE - KNIGHT - CONCENTRATION and LUNAR
LANDER.

OVER 150 EXCITING PROGRAMS
* MORE EVERY DAY *

EDUCATION ELECTRONICS MARKETING

Also available for PET and APPLE.
All SOFTWARE-80 programs are guaranteed.

Programs available in Level I and Level II Basic.
All of our business programs will operate with printer; custom programs also available.

With certified check or money order, all orders shipped within 24 hours.
Personal checks allow 2 weeks. Send for our complete catalogue.

SOFTWARE-80

18228 Cabrillo Court
Fountain Valley, CA 92708

\. J
ALL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICE_J

o
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to determine whether the sign of Y-K differs
from the sign of Y1-K1 and, if so, Lo go to
line 430, These signs differ only il the last
rotation has carried past the proper stopping
point. K and K1 in line 390 are the desired
y' scaled by the same faclors as Y and Y1.
The subtractions would be meaningless il the
scale factors were different.

Even if the signs of Y-K and Y1-KI in
line 390 are thc same, the rotation might
still have carcied past the proper stopping
point. This occurs if Y1-K1 is positive and X
has changed from positive {X1) to negative,
or if Y1-K1 is negative and X has changed
from negative (X1} to positive. These two
cases correspond to rotating through 90° or
270° and arc tested for in lines 402 and 404.
The multiplications in 402 and 404 again
need notl be done, «and the subtraction in
404 has already been done in 390. An alter
native would be to perform the addition in
line 410 and then test T.

Statement 442 tests whether the desired
y' has been achicved. If not, the desired 3
is oo large (Iv'| > R) and your reward is in
443. K needed 1o scale X' is calculated in
line 445, this time withoul a square root.
However, there is a problem: ¥3 (the desired
¥') must not be 0. This version of BB 1 can-
not work with the desired y "= 0.

R-P

The special case ' = Qin BB 2 is the very
useful rectangular to polar (R—P) coordinate
converter. Although the preceding general
purpose BB 2 will not handle ¥' = 0, a spe-
cial program for ¥’ = 0 is actually casier and
faster than BB 2. Statements 500 thru 660
are R—=P. No new tricks are necded: R-P is
quite similar to BB 1. The |F statement in
line 590 determines whether or not the sign
of Y has changed. The reversed signs in lines
580 and 600 change the sign of the angle to
give ¢ rather than # as the answer {sec equa-
tions 6). Statemenis 646 thru 648 arc neces-
sary because X can be negative.

Figure 3: The side-angle-side problem in plane trigonometry (given a, b, C;
find A, B, ¢) can be soived as folfows:

Call 881 (b, 0, C; t1, 12)

Calt R—P (a-ti, t2;¢c, B)

A=180"-B-C
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t] and (2 are the rectangular coordinates corres-
ponding to a vector of length b at an angle C
fequation 2 in the text).

a — tl and t2 gre the rectangular coordinates
corresponding to a vector of length ¢ at an angle

the sum of the interior angles of a triangle is
180"

Base 2 is Special

A binary version with R, = £1, as shown
in listing 2, allows some simplifications but
also presents some problems. For BB 1 and
R—+P, K is the constant in line 12. With no
inner loop, just a J loop, no advantage comes
from shifting only X or only Y. So D{}}* is
an operator causing a right shift by |-1 bits.

This binary version of BB 1 can rotate
either positively or ncgatively, but only up
to 180°; hence the reason for lines 131 thru
136. | is the direction to rotale and is equal
10 the sign of T {see line 175}; so multiply-
ing by | infines 180, 213, 214, 220, and 230
is really just selecting whether to add or sub-
tracl. The special case for | = 0 inlines 213
through 215 is a preliminary 90° rotation,
as mentioned above.

In BB 2, | can start at 1 rather than O
{line 350) because each rotation slep is
double the normal angle. The direction Lo
rotate is positive if K1-Y has the same sign
as X and negalive if these signs differ {sce
line 372). As before, K1 is the desired y'
with the same scale factor as Y.

Most of the rest of this program is the
same as the previous version in listing 1.

Examples
This section conlains two examples of

problems solved using BB 1 and BB 2. | use
the following notation:

CallBB1(x, v, 8:x" y)
Call BB 2 {x,y, v x', 0) (Eq15)
Call R=P {x, y; R, )

in cach case above, the given quantities pre-
cede and the answers follow Lhe semicolon
{scc figure 2). When using the actual pro-
grams, remember that the given quantities
often are written over.

Consider first a plane triangle. Given two
sides and the included angle, find the other
side and two angles (see figure 3). This prob-
fem is known as SAS for side-aigle-side: A,
B, and C are angles; a, b, and ¢ are the oppo-
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site sides. Given g, b, C; find A, 8, c. The
solution can be written as:

Call BB 1 {b,0,C: 11, 2)
Call R=>P (g —t1, £2;¢, B)
A=180" -8B -C

(Eq 16)

The ts are intermediate answers. As a test
case: @ = 50, b =70.71,C =105 get A =
30°, B = 45°, and ¢ = 96.59. This test case is
in listing 3. The derivation of this algorithm
is left as an exercise for the reader; start
from the equations in any trigonometry
book.

As a somewhat more difficult example,
consider the problem Volder {1959) origi-
nally solved: given the latitudes and longi-
tudes of two points on the earth, find the
great circle distance between them and the
initial heading. This problem comes up, for
example, in long-distance ham radio in deter-
mining where to point the antenna beam.
Given the longitude A1 {west longitudes are
+) and latitude ¢y (north latitudes are +) of
station 1 (home) and the longitude A and
latitude ¢9 of station 2, the algorithm below
calculates A, the initial heading or pointing
angle (north reference clockwise azimuth)

RUN

TYPE | FORk BB1, 2 FOR BB2s OR 3 FOR R->P 7 |
TYPE X. Y, THETA ? 7@.717 67 183

X' = -18.3809 ,» Y' = £8.201)

TYPE )| FOR BBIl, 2 FUR BB2, OR 3 FOR R-*F 7?7 3
TYPE X, Y ? 68.30097 68.30211

R = 96.5922 » PHl = 45.B0¢)

TYPE | FOR BBIl., 2 FOR BB2, OR 3 FOR R-*F 7
STOP @ e

PRINT 18@-45.0€@1-105

29.5%999

Listing 3: Test case solution to a side angle
side triangle problem.

PRINT 71.025-T0.667 - 383

RUN

TYPE | FOR BB}, 2 FOR BB2. OR 3 FOR R->P ? 1
TYPE X Y, THETA ? {? §? -33.,4al7

X* = «BJ34679 » Y' = -.55073%

TYPE | FOK BB1, 2 FOR BBZs, OR J FQR K~>»P ? 1
TYPE X» Y, THETA ? 8246719 @7 .383

X* = «B3466 ., ¥' = 5.5789BE-3

TYPE | FOR BBl, 2 FOR BB2, OR 3 FOR R->F 7 )
TYPE Xs ¥, THETA ? 834667 ~.55073%7 -42,3867
X' = 42495545 » Y' = -.969374

TYPE | FOR BBI, 2 FOR BB2, OR 3 FOR R->P ? 3
TYPE X» ¥ ? -498693747 5.57698E~2

R = 496939 ,» PHI = 179.87

TYPE | FOR BBI, 2 FOR BB2, QR 2 FOR R->P ? 3
TYPE Xs ¥ ? 2455457 .96%39

R = 1 s PHI = T75.7858

TYPE | FOR BBIl., 2 FOR 882, OR 3 FOR R-»p ?
STOP @ B¢

PRINT 75.7856+6%.1 5236.8

Listing 4: A test case for the algorithm
that gives great circle distance and heading
between points on the earth.

from station 1 toward station 2, and D, the
great circle distance between stations.

Call BB 1 (1,0, ¢9;C2, S2)

Call BB 1(C2, 0, \j — \2;t1, t2)

Call BB 1 (t1, 52, —¢1; 13, t4) (Eq 17)
Call R—P (14, t2; 15, A)

Call R—P {t3, 5;16, d)

As a test, t6 = 1. The angle d is the dis-
tance D in angular units. If d is in degrees,
multiply by 60 to get D in nautical miles; by
69.1 to get statute miles; or by 111.2 to get
kilometers. This algorithm is approximale
because it assumes a spherical earth. As a
test case: A1 = 71.05°, ¢1 = 42.367°
(Boston), Ay = 70.667°, ¢7 = —33.417°
(Santiago de Chile on the west coast of
South America); get A = 179.7° (slightly
east of south) and D = 5237 statute miles.
This test case is shown in listing 4.

The derivation of this algorithm is also
left as an exercise for the reader. [ As a hint:
two approaches are possible. One approach
begins with figure 6 in Smart (1962} and
uses spherical trigonometry. Another ap-
proach, mentioned by Volder {1959), uses
rotation matrices and views the problem in
terms of coordinate transformations. Calcu-
lator algorithms for this and some similar
problems are in Ball (1978), appendix
A7 ]m
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Tic-Tac-Toe:
A Programming Exercise

Computer and calculator games serve at
least four useful functions:

® Developing
skills.

® Demonstrating programming methods.

& Demonstrating operation of the com-
puter.

® Providing entertainment.

logic and mathematical

Keeping these possibilities in mind, let us
examine the problem of developing a pro-
gram to enable the computer to play tic-tac-
toe with the user.

The game of tic-tac-toe at first appears
to be a trivial game. New players quickly
learn that a game played rationally by both
sides must end in a draw. But being un-
beatable does not mean you have mastered
the game. The skilled player sets traps in
the form of forks so thal there are two ways
to complete a row of three, only one of
which can be blocked by the opponent.
There are 15,120 different sequences for the
first five moves alone, counting rotations and
reflections, but these may be reduced to a
manageable number of possibilities. There
are only three basic opening moves: center,
side, and corner. The corner opening is
strongest; only by taking the center can the
second player avoid an immediate trap. With
a side opening or with a center opening, the
second playver has four choices to aveid an
immediate trap. For the side opening game,
these safe choices are the three adjacent
cells or the opposite side. For the center
opening game, the safe choices are the four
corners.

There are a number of tic-tac-toe pro-
grams already available, so why write an-
other one? Many of these programs play a
very passive game, and some even allow the
user to win. If the user can win, it follows
that the computer response was a mistake.
Actually, the computer response may be a
mistake even if it does ot allow a user win
(it may fail to take advantage of an oppor-
tunity to set a trap), | have designed an ag-

gressive program that allows no user wins,
and that takes every possible opportunity to
set a trap. The user has to play a perfect
game to get even a draw.

System Considerations

It is assumed that either a printer or a
video terminal is to be used for input and
output. The user's responses to program
guestions may be entered as Y or N (for yes
or na}, and user moves during the game may
be entered as single digits 1 thru 9. Each
digit represents one of the nine cells of the
playing board (see figure 1a). The printer
or video terminal allows a 2-D display of the
tic-tac-toe playing board, including the posi-
tions of all computer and user moves.

Program Planning

There are several possible ways of pro-
gramming a tic-tac-toe game. One way is
to identify all possible board configurations
{as is done in the game of Hexapawn) and
then to make the proper response for each
configuration. For tic-tac-toe, this would
involve an unreasonable number of possibili-
ties. Another approach is to check the center
cell, take it if it has not been taken, and
otherwise take a corner cell, etc. This leads
to a passive and irrational game. The algorithm
used in my program is as follows:

1. Randomly sefect a center, side, or
corner ppening move.

2. Check the user's response to be sure it
is a legal move before entering it onto
the board.

3. Based upan the user's response, select
a sequence of forcing moves so that
the user must next make a predeter-
mined move or lose the game.

4, If possibie, set a trap (fork).

5. For variety, randomly select alternate
strategies for setting traps.

6. After either a computer win or a draw
game, print an appropriate message
{remember that it is not possible for
the user to win).
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Listing 1: Tic-tac-toe program written in BASIC.

10

20

30

40

50

60

70

80

85

90

100
110
120
130
140
145
150
160
170
180
190
195
200
205
210
220
230
250
260
270
280
290
300
310
320
330
340
350
360
440
450
455
460
465
470
475
480
490
500
510
520
530
550
570
580
590
600
630
640
650
670
680
700
720
740
742
745
750
760
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There are 2 number of special cases that
complicate things. The program must cor-
rectly handle a/f possibilities.

tic-tac-toe board with the number of each
cell indicated. Note that the board array (B},
which holds the contents of all nine board
cells, is not a string array; instead, the num-
ber which corresponds to the desired ASCII
character is stored and then converted to an
ASCll character at board display time.
Program initialization is necessary to in-
sure that the first and all subsequent games
start off correctly. The initial computer
move is selected by using the RND function,
Text continued on page 202

Implementation
The program first checks to see if the

operator needs instructions for playing the
game. If so, they are printed out, including a

PRINT ** *** RATIONAL TIC-TAC-TOE ***"

REM

REM A PROGRAM BY D D HINRICHS IN TDL 8 K BASIC
REM APRIL 1977

PRINT

INPUT “DO YOU WANT INSTRUCTIONS (Y ORN) " ; A$

IF A$ = “N” THEN 230 : REM SKIP INSTRUCTIONS
N =48
FORI=1TO9
B(I)=N+1I
NEXTI
PRINT

PRINT '“THIS PROGRAM PLAYS AN AGGRESSIVE GAME OF TIC-TAC-TOE. IF"
PRINT "YOU MAKE ANY MISTAKE, THE COMPUTER WILL WIN. IF YOU PLAY"
PRINT "A PERFECT GAME, YOU WILL GET A DRAW. THE PLAYING BOARD IS"
PRINT "DISPLAYED AS FOLLOWS:"
GOSUB 1780

PRINT

PRINT “TO MAKE YOUR MOVE, ENTER THE DIGIT (1 — 9) THAT REPRESENTS"
PRINT “THE BOARD CELL YOU WISH TO OCCUPY, THEN ENTER A CARRIAGE"
PRINT “RETURN. THE COMPUTER WILL THEN CALCULATE ITS RESPONSE AND"'
PRINT “DISPLAY THE UPDATED BOARD, AT THE START, THE COMPUTER WILL"
PRINT “RANDOMLY CHOOSE A CENTER, CORNER, OR SIDE OPENING MOVE."
PRINT

: REM SET EACH BOARD CELL TO ITS NO.

: REM DISPLAY PLAYING BOARD

PRINT “COMPUTER MOVES ARE: X"
PRINT “YOUR MOVES ARE: o

F = RND(-1)

DATA 4,6,8,2,3,7,0,9,0,0, 7,3,1,4,9,3,7,6,9,4

DATA 2.8.6,4.1.9,0,7.0.0, 1.9.3,7,2.7.5.8.9,2

DATA 9,1,8,2,7,3,7,1,2,9, 8,2,1,9,6,4,0,3,0,0

DATA 9.1.6,3.4.1.9.74.3, 6.4.2.8.7.3.0.1.0,0

DATA 5,8,7,3,6.4,0,9,0,0, 5,8,64,1,9,0,7,0,0

DATA 1,3.5,9,8,5,8,3,1,7, 1,3,7,4,6,0,9,0,8,0

DATA 3,1,5,7,8,5,8,3,1,7, 1,3,58,9,0,0,0,00

DATA 1,5,74,6,3,6,5,74, 31,58,7,0,00,00

DATA 4,7,5,6,9,5,9,7,4,3, 95,7,8,4,7,49,5,8

DATA 5,9,2,8,3,3,2,9,56, 59,3,2,7,2,35,38,9

DATA 2,3,5,8,9,9,5,3,2,6, 3,2,59,7,74.,5,3,9

DATA 7,4,3,5,2,3,2,7,4,5

REM

REM ENTRY POINT TO INITIALIZE FOR A NEW GAME
RESTORE : REM RESET DATA POINTER TO START
E=0

F = INT(RND{1)*2) : REM SET FLAGTOOOR 1
G=1

H=0

C1=10

Cc2=10

N=0

FORI=1TO®9
B(l) = : REM SET BOARD CELLS TO BLANKS
NEXTI

REM INITIAL COMPUTER MOVE IS 0,1, 0OR 2 (0 THEN CHANGED TO 5)

C = INT(RND(1)*3) REM SELECT INITIAL MOVE
IFC=0THENC=5 : REM CENTER OPENING GAME

U=1i0-C : REM PUT COMPUTER MOVE IN CELL,
GOSUB 2100 : REM DISPLAY BOARD, ACCEPT 1ST USER MOVE
IF C =5 THEN 1720 : REM CENTER OPENING GAME

IF C =2 THEN 1320

IF U =5 THEN 940
R=10*U+ 140

IFU > STHENR=R — 10

: REM
: REM
: REM

SIDE OPENING GAME
CORNER GAME, 18T USER MQVE 5
FIND RESPONSES FOR CORNER GAME

E=] : REM REENTRY POINT FOR 5-UNIT RESPONSES
IFF=1THENR=R+5
F=1 : REM REENTRY POINT FOR 7-UNIT RESPONSES

IF R =0 GOTO 770
FORI=1TOR
READC

NEXTI1

: REM INCREMENT DATA POINTER TO 1ST RESPONSE

Listing 1 continued on page 200
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Listing 1 continued from page 198:
770 REM REENTRY POINT FOR LOOP TO SELECT COMFUTER RESPONSES

780 F=F -1

790 F=F*F : REM FLIP FLAG (OTO1COR1TOO)

gOO READC : REM SELECT COMPUTER RESPONSE FROM LIBRARY
10 C2=C1

820 C1=C ; REM UPDATE PREVIOUS COMPUTER RESPONSE

830 N=N+1 : REM INCEREMENT RESPONSE NO.

840 IFC=0OR C=U THEN 770 . REM [F SPACER OR MATCH, TRY AGAIN

850 B(C)=288 : REM PUT COMPUTER MOVE IN CELL

860 IF C2=00R C=H THEN 1160 : REM DRAW GAME

870 IF F =1 THEN 2070 : REM COMPUTER WINS

880 IF E = 0 THEN 900

890 IF N =5 THEN 2070 : REM COMPUTER WINS

900 GOSUB 1780 : REM DISPLAY UPDATED BOARD

910 GOSUB 1980 : REM ACCEPT NEXT USER MOVE

920 GOTO 770 : REM LOOP TO SELECT NEXT RESPONSE

930 REM

940 REM CORNER OPENING GAME, FIRST USER MOVE WAS 5

950 U=1 REM PUT COMPUTER MOVE (9) IN CELL,

960 GOSUB 2100 : REM DISPLAY BOARD, ACCEPT 2ND USER MOVE

970 IF U=3OR U =7 THEN 1220 : REM SECOND USER MOVE IS 3 OR 7
980 IFU=40RU=8THENG=0 : REM SECOND USER MOVEIS4OR §

990 GOSUB 2100 : REM CALC RESPONSE, DISPLAY, 3RD MOVE
1030 C=7

1040 IFG=0THENC=3 : REM SET UP TRIAL COMPUTER MOVES
1050 IF C < > U THEN 2060 REM TRIAL CORRECT, COMPUTER WINS
1060 GOSUB 2100 ¢ REM OTHERW[SE CALC RESPONSE DISPLAY, 4TH MOVE
1090 IF G =0 THEN 1130

1095 C=2

1100 IF B(2) <> 32THENC=6 : REM SET UP TRIAL COMPUTER MOVES
1110 IF B(C) = 32 THEN 2060 : REM TRIAL CORRECT, COMPUTER WINS
1120 GOTO 1150

1130 C=4

1135 IF B(4) <>3I2THENC=8 : REM SET UP TRIAL COMPUTER MOVES
1140 IF B(C)= 32 THEN 2060 : REM TRIAL CORRECT, COMPUTER WINS
1150 C=10-U : REM CALC FINAL MOVE FOR DRAW GAME
1155 B(C) = 88 : REM PUT COMPUTER MOVE IN CELL

1160 GOSUB 1780 : REM DISPLAY BOARD FOR DRAW GAME
1163 PRINT

1167 PRINT “"CONGRATULATIONS — YOU GOT A DRAW THAT GAME"
1170 INPUT “DO YOU WANT TC PLAY ANOTHER GAME (Y OR N)""; AS$

1180 IF A$ = “Y" THEN 450 : REM GO TO START NEW GAME

1190 PRINT

1195 PRINT “SO LONG UNTIL NEXT TIME THEN"

1200 STOP

1210 REM CORNER OPENING GAME, 1ST USER MOVE 5, 2ND USER MOVE 3 OR 7

1220 CO =2

1230 IFU =3 THEN CO = 4 : REM SET UP TRIAL COMPUTER MOVES

1240 GOSUB 2100 : REM CALC RESPONSE, DISPLAY, ACCEPT 3RD USER MOVE
1250 C=C0

1260 IFU=CTHENC=C+4 : REM ADJUST TRIAL COMPUTER MOVES

1270 GOTO 2060 : REM COMPUTER WINS WITH ADJUSTED TRIAL MOVE
1310 REM

1320 REM SIDE OPENING GAME REENTRY POINT

1330 IF U = 8 THEN 1420 : REM SKIP IF FIRST USER MOVE IS 8

1340 R =10 * U + 60 : REM FIND RESPONSES FOR SIDE GAME

1350 IFU=1THENR = 80

1360 IF INT(U/2) = U/2 THEN 700 : REM RETURN TO SELECT RESPONSES

1370 IFU > 6 THEN E = 1

1380 GOTO 740 : REM RETURN TO SELECT RESPONSES
1400 REM

1410 REM SIDE OPENING GAME, FIRST USER MOVE IS §

1420 B(9) = 88 . REM COMPUTER RESPONSE IS 9
1430 GOSUB 1780 : REM DISPLAY UPDATED BOARD
1440 GOSUB 1980 : REM ACCEPT SECOND USER MOVE

1450 IF U < 4 THEN 1560
1460 IF U > 5 THEN 1630

1470 B(3) = 88 : REM COMPUTER RESPONSEIS 3

1480 GOSUB 1780 : REM DISPLAY UPDATED BOARD
1490 GOSUB 1980 : REM ACCEPT THIRD USER MOVE
1500 C= 1

1510 IFU=1THENC=6 : REM COMPUTER RESPONSEIS1OR 6
1520 GOTO 2060 : REM COMPUTER WINS

1540 REM

1550 REM SIDE OPENING GAME, 15T USER MGVE IS 8, 2ND USER MOVE IS 30R 1

1560 F =0

1565 H= 6

1570 IF U < > 1 THEN 1600 . REM SET UP LAST 5 REPONSES

1580 F=1

1590 H =4

1600 R = 140 ¢ REM SET RESPONSE ENTRY POINT
1610 GOTO 700 : REM RETURN TO SELECT RESPONSES
1620 REM

1630 REM SIDE OPENING GAME, 1ST USER MOVE IS 8, 2ND USER MOVE IS 6 OR 7

1640 B(1) = 88 : REM COMPUTER RESPONSE IS 1

Listing 1 continued on page 202
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Text continued from page 198:
which calculates a random (actually pseudo-
random) number between QO and 1. This
number is then multiplied by 3, and only the
integer part saved to form arandom 0, 1, or
2. Then O (later changed to 5}, designates a
center opening game, 1 & corner opening
game and 2 a side opening game. Variable F
(flag), which selects alternate computer
strategies, is also randomly set to O or 1
In this program, the response library is
entered with DATA statements. The pro-
gram’s opening move and the initial user
response are used to determine where Lo
start reading in the response library. The
library contains sequences of digits which
represent the program’s forcing movces. For
13 of the 24 possible combinations of
opening move and user move, there are (wo
possible winning strategies for the program,
one of which is selected depending upon
the status of variable F. Thus, even with
the same opening move and the same initial
user move, the program’s responses may
vary. Each of these winning strategics,
which results in a fork, has five digits. These

1650 GOSUB 1780

1660 GOSUB 1980

1670 C=3

1680 IFU=3THENC=5
1690 GOTO 2060

1700 REM

digits are selected sequentially for the pro-
gram’s responses. If the selected response is
the same as the user’s move, the user has
blocked that row and the next digit is
selected by using a loop. The digits in the
even numbered positions and the fifth (last)
digit represent winning responses, and con-
trol is diverted to a win routine which prints
the board and the computer winning
message.

Two more of the 24 possible combinations
have only one strategy for a sure program
win, but the program responses are handled
in the same manner.

Six of the 24 possible combinations do
not have a forced win strategy. These are
handled by a 7 digit string of forcing moves
that may end in a draw. These 7 digit strings
have a O spacer inserted before the seventh
digit to trigger diversion to the draw routine.
The latter prints the board and a draw mes-
sage after the seventh digit has been selected.
A separate test causes a jump to the next
digit if a zero spacer is detected as a program
response.

That leaves three cases that require spe-

: REM DISPLAY UPDATED BOARD
: REM ACCEPT THIRD USER MOVE

: REM COMPUTER RESPONSE IS 30R 5
: REM COMPUTER WINS

1710 REM CENTER OPENING GAME REENTRY POINT

1720 R=U * 10— 10

1730 IFU >5THENR=R - 10
1740 IF INT(U/2) = U/2 THEN 700
1750 GOTOQ 740

1760 REM

: REM FIND RESPONSES FOR CENTER GAME

: REM RETURN TO SELECT RESPONSES
: REM RETURN TO SELECT RESPONSES

1770 REM DISPLAY SUBROUTINE TO PRINT UPDATED PLAYING BOARD

1780 PRINT

1790 PRINT TAB(4) “I I"

1800 PRINT TAB(2) CHRS(B(1)) |
1810 PRINT ** ———4———+————

1820 PRINT TAB(2) CHR$(B(4)) ;“ I " ; CHRS$(B(5)) ;

1830 PRINT "————4—— =4 r

1840 PRINT TAB(2) CHR$(B(?)) ;I " CHR$(B(8))

1850 PRINT TAB(4) “1 I"
1860 RETURN
1960 REM

1 ";CHR$(B(2)) ; “ I " ;CHRS$(B(3))

;' 1" CHR$(B(6))

;T ", CHR$(B(%))

1970 REM SUBROUTINE TO ACCEPT AND CHECK NEW USER MOVE

1980 INPUT “YOURMOVEIS"” ; U
1990 IF U < 1 OR U > 9 THEN 2030
2000 IF INT(U) < > U THEN 2030
2010 IF B(U) < > 32 THEN 2030
2020 B(U) =

2025 RETURN

2030 PRINT "YOUR MOVE IS ILLEGAL. TRY AGAIN"

2040 GOTO 1980
2050 REM

2055 REM ROUTINE FOR WHEN THE COMPUTER WINS THE GAME

2060 B(C) = 88

2070 GOSUB 1780

2075 PRINT

2080 PRINT ' #*¥#%%x [TWON *ksk!
2090 GOTO 1170

2100 REM

: REM PUT COMPUTER MOVE IN PROPER CELL
: REM DISPLAY BOARD FOR WINNING GAME

: REM NEW GAME?

2110 REM SUBROUTINE FOR COMBIMED CALC, ENTERING, BOARD DISPLAY, USER MOVE

2120 C=10-U
2130 B(C) = 88
2140 GOQSUB 1780
2150 GOCSUB 1980
2160 RETURN
2170 END



cial handling. One is similar to the six cases
of the preceding paragraph except that the
last move is not a forcing move. To avoid a
false win-test on the sixth (even) digit, zeros
are inserted as spacers before the sixth and
also before the seventh response digits.

The last two cases are more difficult,
and somewhat similar. In each case it would
be possible to use a series of forcing moves
ending in a draw if the user simply blocked
each potential row of three as it occurred.
In each case, it is also possible to forego a
first response forcing move, and instead to
set a trap if the nonforced user move is not
correct. | used the latter method in this
program. This requires checking the second
user move and then making the correct
response to that move. A number of extra
program steps are required to do this, but
the program now plays a rational game.

Other Systems?

Some BASICs may not have some of the
features used in this program, such as logical
operators, ASCIl code to character conver-
sion, string variables, prompting INPUT
statements, or PRINT TAB. These opera-
tions can normally be duplicated in other
BASICs by slight program changes. If you
would like a copy of this program in its
Hewlett-Packard HP-67 programmable cal-
culater form, send me two blank magnetic
cards and a stamped, self-addressed enve-
lope, and | will send it to you along with the
slightly different instructions.

Conclusions

This game program exercise demonstrates
the programming requirements for even a
fairly simple problem:

1. Thoroughly evaluate the problem, to
be sure that all possibilities are allowed
for.

2. Consider the limitations and special
features of the system to be used.

3. Decide exactly what you want to
program to do, and then program to
do it in a logical, straightforward
manner.

4, Plan for ease of input and clarity of
output.

5. Document so that others (and yourself
at a later date) can readily understand
the program.

In programming for this game, you may
have found some pointers on logic and pro-
gram planning. In any case, the completed
program may be used to demonstrate system
operation while entertaining your family
and friends.m
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SUPER
SOFTWARE!

MICROWARE 6800 SOFTWARE IS
\INNOVATION AND PERFORMANCEJ

LISP Interpreter

The programming language LISP offers exciting new possibilities for
microcompuler applications. A highly interactive interpreter that uses
list-type data structures which are simuitaneously data and executable
instruclions LISP features an unusual structured, recursive function-
oriented syntax. Widely used for processing, artificial intelligence,
education, simulalicn and computer-aided design. 6800 LISP requires
a minitmum of 12K RAM

Price $75.00

A/BASIC Compiler

The ever-growing A/BASIC family 1s threatening old-fashioned
assembply language programming in a big way. This BASIC compiler
generales pure, fast. efficient 6800 machine language from easy to
write BASIC source programs. Uses ultra-fast integer math, extended
string functions, boolean operators and real-time operations. Oulput is
ROMable and RUNS WITHOUT ANY RUN-TIME PACKAGE. Disk ver-
sions have disk /0 stalements and require 12K memory and host DOS
Cassette version runs in BK and requires RT/68 operating system.
Price: Oisk Extended Version 2.1 $150.00

Cassette Version 1 0 $65.00

[NEW] A/BASIC Source Generator

An “add-on” option for A/BASIC Compiler disk versions that adds an
extra third pass which generates a {ull assembly-language output
listing AMD assembly language source file. Uses original BASIC names
and inserts BASIC source lines as comments. SSB and SWTPC
Miniflex wersion available.

Price: $50.00

[NEW] A/BASIC Interpreter

Hare it is—a super-fast A/BASIC interpreter that is source-compatlible
with our A/BASIC compiler! Now you can interactively edit, execute
and debug A/BASIC programs with the ease of an interpreter—then
compile to super eflicient machine language. Also a superb stand-
aione applications and control-orienled interpreter. Requires 8K RAM.
The cassetle varsion is perfect for Motorola D2 Kits.

Price: $75.00

RT/68 Real Time Operating System

MIKBUG —compatible ROM that combines an improved monitor/
debugger with a powerful multitasking real-time operating system.
Supports up to 16 concurrenl tasks at B priority levels pius real time
clock and interrupt control. Thousands in use since 1976 handling all
types ol applications. Available on 6830 (MIKBUG-type) or 2708
(EPROM-1ype) ROM. Manual is a classic on 6800 real-lime applications
and contains a full source program listing.

Price: RTEBMX {6830} $55.00

RTBBMXP (2708) $55.00

6800 CHESS

A challenging chess program for the 6800. Two selectable difficulty
tevels. Displays formatlted chess board on standard terminals. Re-
guires BK memory. Machine language with A/BASIC source listing.
Price: $50.00

ELIZA

G800 version of the famous MIT artificial intelligence program. The
computer assumes the role of a psychoanalyst and you are the patient.
This unusual program is unique because the dialog with the com-
puter 15 in unstruclured plain English. An impressive demonstration
program.

Price: $30.00

4 ™)
Qur soMware 5 available lor most popular 6800 systems on casselte or diskette
unless ctharwise noted. Disk verslons available on S.5.B., SWTPC, or Motorola
MDOS. Please specily which you require. Phona orders are welcomed. We accepl
MASTERACHARGE and VISA. Wae Iry to ship orders within 24 hours of receipt.
Please call or write Il you require addilional Information or our free catalog.
Microwara sollware |s avallable lor OEM and custom applications.

MlC ROWARE PD'EOS' ?A%’l‘u‘?ss,sm 50304
SYSTEMS CORPORATION  (515) 265-6121
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Languages

Forum

Bill Claxton
431 Mishler Rd

Mogadore OH 44260

APL and the Greatest Common Divisor

I recad the article “‘Pascal versus BASIC:
An Exercise’ in August 1978 BYTE, page
168. Upon examining the Pascal, BASIC
and FORTRAN listings on page 172 for the
greatest common divisor between two
integers, | was curious about how an APL
program would compare. | submit my APL
version in listing 1 (several example runs
are shown in listing 2). A detailed step by
step analysis of the APL program is given
which shows some of the power inherent in
the APL language.

Analysis of Program

The explanation is given for the lunction
GCD 6 8 14. The greatest common divisor
among a series of integers as contained in
vector V' is necessarily less than or equal in
magnitude to the smallest one of the inte-
gers. The smallest integer is easily sclecled
in APL using the floor reduction | /¥, which
in our example would result in selecting the
number 6. One could proceed by dividing all
of the elements of I/ by this smallest integer
and testing each division lor a remainder of
0. This again is easily implemented using
ACCLZYY V) =0, wherein, for our exam-
ple, the 6 residuc of vector 6 8 14 given by
6] 6 8 14 returns the vector 0 2 2. When
this vector is logically equated to O the vec-
tor 1 0 0 results. The logical AND reduction
of this vector A/1 0 O returns the number

v GCD V
(1] 'Gep= ',3(PL/VIL(A/ P/ Ve [V)=0)11]Y
Listing 1
GCD 391 238 1887 1003
GCD= 17
GCD 637 735 343 49 Buy68
GCD= 49
GCD 6 8 1y
GCD= 2
Listing 2

206 May 1979 ¢ BYTE Pubhcations inc

0. One could next subtract 1 from the
smallest element, 6, and repeat, whereupan
one would find that A/ (5|6 8 14)=0
also returns the number 0. Obviously, the
first integer in the decreasing series of inte-
gers thus obtained that returns the number 1
will be the greatest common divisor.

In our example 16 gives the vector 1 23
4 56. Thus if we reverse this vector, we have
the desired elements for successive divisors.
This is done in APL for our example using
the vector reversal ®16. This gives the vector
654321.

The outer product in APL is called out by
the two symbols ** o.”, precisely the oper-
ation needed here since the outer product
will take each of the elements on the left
and apply it in turn to the primitive function
on the right. Thus in our example, 6 5 4 3

2 1 o.] 6 8 14 returns the matrix:
0 2 2
1 3 Yy
2 0 2
0 2 2
0 0 0
0 0 0

When this matrix is logically compared to 0
we obtain:

S e =
e OO O
P Ro oo o

The AND reduction, A/ , applies to the
rows of a matrix. Hence we will return in
our example the vector 0 0 0 0 1 1 when
applied to the last matrix above. The posi-
tion of the first 1 that occurs in this vector
will reference the position in the vector of
divisors ($1 /V) . If this position index is
appended as a subscript, (1L /V)[ . .index
. . 1, the greatest common divisor will be dis-
played. The first occurrence of 1 in the
vector for our example is obtained by the
dyadic use of the index operator iota on the
vector 0 0 0 0 11 1 1, which returns a 5.
The fifth element of vector 6 54321 is 2,
which is the greatest common divisor of
6814.m
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Fast, off the shelf delivery.
Give us acall TOLL FREE
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MARKETLINE SYSTEMS, Inc.
2337 Philmont Ave., Huntingdon Valley, Pa. 19006
215/947-6670 « 800/523-5355
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TERMINALS

FROM TRANSNET

PURCHASE

® The <code  breaking computers

(COLOSSI) built in Bletchley Park
England, during World War I1.

The Manchester University Mark 1
(1948) and the Cambridge EDSAC
(1949). The Mark 1 was the first
stored program computer. The first
program written for it was to detcr-
mine the highest proper factor of 218,
It succeeded in solving this problem
in a 52 minute run on June 21 1948.
It used as memory the electrostatic
Williams Tube which was later used
under license by IBM for the 701 and
702 computers. The EDSAC machine
introduced the concept of subroutines.
Two transistorized computers were
built at Manchester in 1953 and 1955,
These machines led to the MV950
computer which was used commer-
cially, six being built and used for a
period of five ycars.

The Atlas computer {1962). This was
designed at Manchester by a team led
by Prof Kilburn who was part of the
team that built the Mark 1 and also
wrote the program mentioned above.
When Atlas was finished it was said to
be the most powerful computer in the
world and it introduced concepts such
as paging and virtual storage. This
machine was also sold to a number of
users and one was still in full time use
up to a couple of years ago. The
machine made such an impression that
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FULL OWNERSHIP AND LEASE PLANS even today the power of a computer is
OESCRIPTION PUE:I'::AESE 12 MUS,PEnggg?." 36 MOS %ften quo.ted asso mar;iy At::asehS' B
LA36 DECwriter l........... $1595 § 152 § 83 S 56 © mention was made of the Bur
LA34 DECwriter 1V .......... 1,295 124 67 45 roughs machines with their unique
LA120 DECwriter Ill, KSR .... 2,295 219 120 80 architecture.
LS120 DECwriter I, RO ... .. 1,995 190 104 70 ® What ever became of DEC?
LA180 DECprinter I, RO...... 1,995 190 104 70
YITT‘{gg gg} gggzggs: """" 1232 12% gg gg If any one is interested in a fuller account
— ’ of the development of computing machines,
;:;gg ggbngll;'emglﬁ?rl\?ql"e}r’r\'..: ;%g ;ég 132 gg there are several books that should be read.
TI810 RO Printer ........... 1,895 181 99 66 They are:
T1820 KSR Printer .......... 2,395 229 125 84
ADM3A CRT Terminal ....... 875 84 46 31 ® History of Manchester Computers by S
QUME Letter Quality KSR. .. .. 3,195 306 166 112 Lavington, published by the National
QUME Letter Quality RO. .. ... 2795 268 145 98 Computing Center, Manchester Eng-
IR R N i i G e 05A b
HAZELTINE 1520 CRT _...... 159 152 83 56 The Hayden Book Company Inc, 50
DataProducts 2230 .. ... ... 7900 755 410 277 Essex 5t, Rochelle Park NJ. This book
DATAMATE Mini Floppy.. .. .. 1750 167 91 61 describes the development and con-
FULL OWNERSHIP AFTER 12 OF 24 MONTHS struction of all the computers built at
\ 10% PURCHASE OPTION AFTER 36 MONTHS J Manchester University.
/' ACCESSORIES AND PERIPHERAL EQUIPMENT The Origins of Digital Computers:
THERMAL PAPER it
AISEORE SN LR ACE MOBTREYS S OERY Blsk Unitts Selected Papers, second edition B
Randell (ed), published by Springer-

Verlag, New York, 1975, This book
contains many reprinted and some un-
published papers on the development
of early digital computers.=















Solution to Machine Language Puzzler (See page 209)

Addition can be performed without an
ADD instruction by subtracting the fwo's
complement of the addend from the augend.
Specifically:

X+Y=X-(-Y)=X-Y*

where Y* is the two's complement of Y,
A simple approach is as follows (assume
that X is in register C, and that Y is in
register B):

MOV A, B
CMA

INR A
MOV B, A
MOV A C
SUB B
cMC

HLT

A shorter solution is not quite as obvious:

MOV A, B
CMA
SuscC
CMA
HLT a

€/PM’ SOFTWARE TOOLS

ED-80 TEXT EDITOR

THE PROGRAMMER’S MOST IMPORTANT SOFTWARE TOOL
— WHY NOT MAKE IT YOUR BEST?

ED-80 encrmpasses the features found on large mainframe and minicomputer editors,
such as the IBM 370, CDC 170, UNIVAC 1100, and the DEC POP-11 series computers,
plus addit I features designed tor floppy disk based operating systems. 11 is a
contexl editor which is compatible with C/PM and its derivatives, mcluding iMDOS,
DOS-A, CDOS, erc.

Over 50 commands are provided, inciuding forward or backward LOCATE, CHANGE,
and FIND commands, INSERT, DELETE, REPLACE, APPEND, PRINT, LIST, MACRO,
upper and lower CASE, SCALE, TABSET, and WINDOW commands; and GET and PUT
commands for repositioning, duplicating, concatenating, and managing text files and
libraries. Sophisticated search and change techniques are provided lor managing
BASIC, FORTRAN, COBOL, PL/I, ALGOL, APL, PASCAL, ASSEMBLER. TEXT
FORMATTED, and other file types.

The WINDOW command allows instantaneous full screen displays of both the current
and surrounding hines for turther editing, and provides for torward and backward
scrotling in the full screen mode. Designed for today's high speed CRT's and videc
moralors, the WINDOW command separates ED-80 from all other available editors,
and i not hardware dependent

Up to three MACRO commands may be defined for iterative execution ol concatenated
editar commands. Once defined, they may be subsequently executed, or recallied for
cbservation. A MACRO may aiso be detined and executed in a single operation,
Contigurable parameters for 1ailoring the editor to the user's keyboard and environment
are provided thraugh the use of the C/PM Dynamic Debus Tool (ODT) The WINDOW,
WINDOW NEXT, WINDOW PREVIOUS, NEXT LINE, and PREVIOUS LINE commands
fall in this category These commands are considered so important to text editing that
only one key has to be depressed to cause any one of them to execute.

A CURRENT LINE NUMBER 15 interpally maintained by the editor for displaying when
promphng lor input and with certain other commands. Line numbers are dynamically

adjusted as the result of ling inserts and deletes, and may be used for positioning within
the lile They are nol stored or associated with the text in any manner.

ED-80 is thoroughly documented with a User's Manual of aver 35 pages describing each
command and feature, and includes numerous examples 1t .5 9.5K bytes in size, and a
mymimum C/PM operating system of 20K s recommended. A User's Manual and standard
size single density diskelte are $69.00. A User's Manual 15 $7.50, refundable with
purchase. COO and money orders shipped next day. COD orders require 10% deposit.
Persanal checks must clear betore shipment. Include $2.00 shipping/handling per order.

SOFTWARE DEVELOPMENT AND TRAINING, INC.
P.0.Box 4511 —  Huntsville, Alabama 35802

C/PM™ 15 a trademark of Digital Research

NO FRILLS! NO GIMMICKS! JUST GREAT

DISCOUNTS
MAIL ORDER ONLY

HAZELTINE DIGITAL SYSTEMS

1400 - $650.00 | Computer . .. ..$4345.00

1500 995.00 Double Density

Mod 1 - 1495.00 Dual Orwve 2433.00
CENTRONICS IMSAI

7791 954.00 1 ypp /1000 -§5805.00

779-2 1051.00 | yppgag 3795.00

700-2 1350.00 VDOP 42 3695.00

761 KSR tractor 1595.00 vDP44 . 4195.00

703 traclor 2195.00 16K Memory assem.  399.00
NORTHSTAR PCS 80/15 . 679.00

Horizon | assembled  1629.00 o

it 1339.00 15% ol on all other imsa producls
Horizon if assembled  1999.00 | CROMEMCO
it . 1599.00 System il $1000 off . 4990.00

Disk System 589.00 10% off on all other Cromemco products
TELETYPE TEXAS INSTRUMENTS

Mod 43 595.00 810 Printer 1595.00
IMS

ENTRON
16K Static Memory 459.95 c Micro F?mtle?S 495.00

Most ilems in stock lor immediate delivary. Factory-fresh, sealed cartons.
DATA DISCOUNT CENTER ro.8ox 100
135-53 Northemn Blvd., Flushing, New Yark 11354, 212/465-6609

N.¥.5. residents add appropriate Sales Tax. Shipping FOB N.Y.
BankAmericard, Master Charge add 3%, CQD orders require 25% deposit.
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@§arpiec computer-

SOFTWARE
FOR BUSINESS

includes:
* Mailing List
* General Ledger
*
Payroll
* Phone Directory
* Customer Information
* . .
Invoice Writer
* Inventory
* Check Writer
* Complete Business System
* Master Business System
Available Soon Word Processor

video 28 world

v

2224 N. University, Peoria, Il. 61604
Phone 309/686-9352

“Tradernark of Apple Computer Co. Inc.

\_ J
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™ Rothenberg

INTEGRATED
FINANCIAL
SYSTEM

under

CE/M*

* GENERAL LEDGER

* ACCOUNTS RECEIVABLE
* ACCOUNTS PAYABLE

* PAYROLL

* INVENTORY CONTROL

Easy to use, self-guided.
You don't have to be a CPA!

Price: $500 each
Complete manuals: $8 each
Immediate Delivery
Requires only 32K system

Requires CBASIC**
Prepaid or COD only
Send CP/M serial # with each order

Also available:
Complete Legal Billing System
Only $1995. Manual $12.

Rothenb

INFORMATION SYSTEMS, INC.

260 Sheridan Avenue
Palo Alto, CA 94306
{415) 324-8850

“CP/M is a trademark of Digital Research
**Add $100 if CBASIC is also needed
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Programming Ouickies

SwWTPC 6800 Display Routine

Mike Hayes

Tektronix

3311 Roselawn

San Antonio TX 78226

Listing 1: 6800 program
for displaying and reading

The SwTPC 6800 computer requires the
use of the MIKBUG M function to load and
display the contents of memory. The pro-
gram in listing 1 allows immediate display
or loading of X number of bytes, and is
much easier on the programmer than the
MIKBUG subroutines. | hope this program
will be of some service to readers.m

X number of bytes.

00001 CHANGE ALLOWS USER TTY INPUT OF MANY BYTES

00002 * AT ONCE. USE MIKBUG “G" FUNCTION TO JUMP TO

00003 * S0100, THEN TYPE IN THE FIRST ADDRESS . CHANGE

00004 ‘ WILL DISPLAY THAT ADDRESS AND ITS DATA ...

00005 .

00006 e DISPLAY MODE ****

00007 - ENTER A SPACE TO SHOW NEXT BYTE IF IN DISPLAY

00008 * MODE, OR TO ENTER NEXT BYTE IF IN LOAD MODE.

00009 .

00010 * ENTER . INSTEAD OF SPACE TO SWITCH FROM

60011 * DISPLAY TO LOAD MODE OR VICE VERSA . IN EITHER

00012 M MODE, ENTERING A CARRIAGE RETUFN STARTS A

00013 * NEW LINE.

00014 vees EXIT FROM THE PROGRAM *"*"

00015 . THE USER MAY EXIT AT ANY TIME FROM DISPLAY

000186 - MODE BY [NPUTTING ANY CHARACTER EXCEPT ..

00017 . SPACE, OR THE CARRIAGE RETURAN . ..

00018 ‘ EXITFROMTHE LOAD MODE BY TYPING IN AN ILLEGAL

00018 " BYTE. ALSQO CAN GO BACK TO CHANGE ENTRY POINT,

00020 FROM LOAD MODE, BY TYPING I AN ILLEGAL USER
M RESPONSE AFTER BYTE ENTRY

00021 €047 BADDR EQU SE047

00022 E0LS BYTE EQU SEO055

00023 E1AC INCH EQU SEI1AC

00024 EQCC QuUTS EQU $EOCC

00025 E1D1 QUTICH EQU SEI1D1

00026 EO8BF OUT2H EQU SEQBF

00027 EQCA QUT2HS EQU SEOQCA

00028 £0CS8 OUT4HS EQU SEOCE

00029 E07€ PDATA1 EQU SEQ7E

00030 M

00031 .

00032 AO0OC ORG $A00C

00033 AQ0C [0]4] XMt FCB 00

00034 AQ0D Q0 XLOwW FCB Q0

00035 *

00036 1000 ORG $1000

00037 1000 CHANGE EQU * BEGIN WITH USER INPUT ADDRESS

00038 1000 CE 1061 LOX =STRING

00039 1003 BD EO7E JSAR PDATA1

00040 1006 BD EO047 JSR BADDR

00041 1009 8D 46 CHAS1
00042 1008 BD E0BF CHA31
00043 100E FF  AQOC

00044 1011 BD EV1AC

00045 1014 81 20

00046 1016 27 F3

00047 1018 81 0D
00048 101A 27 ED

00049 101C 81 3B
00050 101E 27 Q01

00051 1020 3F

00052 :
00053 1021 BD E0SS  CHAT
00054 1024 as

00055 1025 A7 Q0

8SR ADODO PRINT CURRENT ADDRESS
ISR OUT2H PRINT CURRENT DATA

STX XHI

JSR INCH GET USER RESPONSE

CMPA 2520

BEQ CHA31 IF RESPONSE "' THEN PRINT NEXT
DATA BYTE

CMPA =300

BEQ CHASH IF RESPONSE CR THEN START NEW
LINE

CMPA =,

BEQ CHA?I IF RESPONSE " THEN ENTER LOAD
MODE

SwWi IF RESPONSE WAS NONE OF ABOVE,
RETURAN

JSR BYTE WAIT FOR USER INPUT OF TWO HEX
CHAR

DEX

STAA X STORE IN LOCATION POINTED TO BY
X
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Text cantinued from page 8

siderations already discussedin the forum
published with your comment, Remem-
ber, all programming Janguages are
equivalent [eg: to a Turing machine),
s0 there are no programs that will run in
Pascal that won't run in BASIC,

I don't mean to defend BASIC. It’s
slow and archaic. Butit (and FORTRAN)
have lasted much longer than any of Lhe
block structured languages: ALGOL,
PL/1, SIMULA, etc. (By ‘last,”’ | mean
that it is still in popular use.) How
Jong will Pascal last? The ideas behind
block structured languages arc great, but
they have yet to be implemented in an
optimal form.

John Beetem
Quillen 4-1
Escondido Village
Stanford CA 94305

Several comments. You are consider-
ing the cost of g system from the ground
up, Many people afready have systems
with large amounits of memory, and
therefore the Pgscal system addition is
ortfy 3200, If vou own g small business,
the cost of buying a complete Pascal
systems wversys g smaller system using
BASIC is probably less once progrom-
miing time is considered. Also, Pascal is
now running on the Apple t! computer.
The Apple cuts off the cost of a terminal
wind brivgs vou down to an 1800 doltur
computer. .. RGAC

PASCAL COMMUNICATION
REQUESTED

We are busy with the implementation
ol a high level language compiler and
would like 1o get in touch with other
groups who pursue similar goals Hereis a
short summary of our project.

The language at which we are aiming
has the full expressional power of Pascal
and will run on a p-code interpreter for a
virtual machine. As our language will
have special {ealures to support the com-
pifer wnter's task, we have chosen the
name COSY-Pascal to distinguish our
Pascal irom the strictly defined language
wWe have planned additional features lor
the following compiler subtasks. syntax
definition,  attribute propagation, and
definition table ophions. Design criterions
for the extensions were economy of
memory usage, user convenience and
simplicity of implementation.

Based on recursive descent LL(1)
techniques, synlactic rules may be for-
mulated in Backnus-Naur Form. The
grammar is compiled almost as is, and
will he interpreted at runtime

As with attnibuted grammars, variables
may be associated with every nonterminal
of the grammar, such that the vanables of
the dynamically last nonterminals are ac-
cessible to  the programmer  Error
messages produced by other errors will be
suppressed by the system.

Presently we wanl to implement a
strongly simplified version of Pascal
Most of the interpreter (6502 processor)
and some support routines are imple-
mented, but they are not yet intensively

tested. A detailed specification of most of
Pascal has been worked out and will be
discussed

We hope to have some simple programs
compiled and running soon

Bernhard Miller
Mozartstr 1

1744 Kandel
Norbert Gireitzke
Lenzstr

75 Karlsruhe
WEST GERMANY

IMPROVING STATISTIC ACCURACY

Alan B Forsyth's article “Elements of
Statistical Computation” (January 1979
BYTE, page 182) pointed out how
numerical errors can accumulate when
computing means and standard devia-
tions. Readers mterested in more infor-
mation about this topic should consult the
December 1978 issue of PPC Journal, the
monthly publication of the Personal Pro-
grammers Club for Hewlett-Packard pro-
grammable calculator users

The article, “More Accurate Statis-
tics,” discusses in detail a method for ac-
cumulating sums of data to compute
means and standard deviations The
recurrence tormulas, which can be used te
store or delete data using the new method,
are given, as well as the farmulas which

parameters associated with the line of best
fit for a group of data and the correlation
coefficient. An HP-67/97 program s
given which shows how to implement the
new technique, and numerical examples
are discussed The method given can be
programmed on any calculator or com-
puter.

Jahn Robert Kennedy
11692 Chenault St #310
Los Angeles CA 90049

SOME INSIGHTS ON INFORMATION

Thank you for publishing the fine arti-
cle by Andrew Filo, on the biology of
robots ‘“Designing a Robot from
Nature,” (tebruary and March 1979
BYTE) His article “turned on a little
light " One light turned on in my head per
day, or even per week, makes it all worlh
while.

te reports that frop skin was moved
from back to stomach. and from stomach
to back lrritating the stomach then caus-
ed the frog to scratch his back, and ir-
ritating his back caused the frog to scratch
his stomach.

I say Aha Packetswitching. Headers,
with source address.

The telegram, the telephone call, or the
computer packet all come with a source
address; a necessity if the information

show how to compute other statistical

comes inon a port that has multiple users

READ THE MAGAZINE
THE PROS READ.

For over 20 years DATAMATION has
been the magazine for the data processing
professional. Now DATAMATION
magazine is available to hobbiests, busi-
ness men, accountants, cngineers, pro-
grammers . . . anyone with a deep curiosi-
ty about the real world of data process-
ing.

Written by the data processing pro-
fessional for the data processing profes-
sional, DATAMATION magazine's arti-
cles cover a wide range of subjects . . .
industry trends, “how to do it better”
articles, budget and salary surveys, new
computer applications, advanced tech-
nology, new products and services as
well as a monthly department on person-
al computing.

Whether your interest in computers is
for fun or profit, DATAMATION maga-
zine has a world of information for you
every month . . . plus an annual Special

Edition, the Industry Profile leaturing
the “DATAMATION 50" — the top
U.S. DP companies.

TECHNICAL PUBLISHING COMPANY
A Dun & Bradstreet Company

35 Mason St., Greenwich, CT 08830
® | (203) 661-5400

_I
FOR A ONE YEAR SUBSCRIPTION
(13 ISSUES) SEND §32.

TO: SUZANNE A. RYAN
DATAMATION magazine
666 FIFTH AVENUE
NEW YORK, NY 10019

Name

Address

City

State/Zip

DARTAHAMATION.

magazine
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assembler was written by the authors for a
Computer Automation LS!1-2 machine. The
home computerist might wish they had used
one of the resident assemblers commonly
available to home users, but evidently the
book is aimed not only at the hobbyist but
also at the college classroom, where the big
equipment is more likely to be available.
Almost a third of the book is devoted to a
complete source listing of the cross as-
sembler.

Anocther substantial source listing, found
in Appendix A, is the authors’ “Hexadecimal
Debug’ program, and you may well want
Lo put it into operation in your own system.
It’s nifty. Debug is an 880 byte program
that enables the user to inspect and alter
the contents of memory, to inspect and alter
the registers, and to set breakpoints, all in
unusually convenient ways. Remember,
however, to mark all the odd pseudo-
operation codes and replace them. You may
alsa have to replace subroutine labels that
duplicate the designations of registers A, B,
D and H, if your assembler gets confused by
such duplication, as mine does. Line 254
contains a misprint: the printed instruction
is CP1 * ', whereas it should read CP! '’
perhaps the period got lost when the dot
matrix printout was reproduced.m

Structured Programming in APL

by Dennis P Geller and Daniel P Freedman
Winthrop Publishers Inc, 1976

Englewood Cliffs Nf  $9.95

Structured programming began with two
insights: one embodied in a formal proof
that any possible program logic could be ex-
pressed in terms of a conditional branch and
a conditional loop, and the other, Dijkstra’s
observation that the quality of programmers’
work is a decreasing function of the number
of GOTOs in their code. From these two in-
sights has sprung a revolution in program-
ming style among those who have accepted
them, and angry arguments from those who
haven't, and who feel put upon by those
who insist on eliminating GOTOs altogether,

This book simply shows how to use APL
in such a way that only structured programs
result, and makes virtually no mention of
the term structured programming outside its
title. [t is written as an introductory text-
book, interweaving lessons on APL functions
and operators among chapters on |F state-
ments and DO loops, other featurcs of APL
such as terminal use, workspace management
and debugging aids, and apt quotations from
Lewis Carroll’'s The Hunting of the Snark.

Coverage is thorough, and the level is ele-

64KB MICROPROCESSOR
MEMORIES

e S-100 - $695.00 ¢ SBC 80/10 - $750.00
e LSI 11 - $750.00 ¢ 6800 - $750.00

CI1-S100 — 64K x 8 on a single board.
Plugs directly into the IMSAI, MITS,
_ TDL, SOL and most other S-100 Bus
“ AR computers. No wait states even with
280 at 4Mhz. Addressable in 4K in-

L crements. Power requirement 6 watts.
Cl-S100 64K x 8 Price $695.00.

| - . C1-1103 — 8K words to 32K words in a
p . , single option slot. Plugs directly into
LSl 11, LSI 11/2, H11 & PDP 1103.
g o= Addressable in 2K increments up to

128K. 8K x 16 $390.00. 32K x 16 $750.00
C1-1103 32K x 16 qty. one.

C1-6800 — 16KB to 64KB on a single
board. Plugs directly into Motorola's
EXORcisor and compatible with the
evaluation modules. Addressable in
4K increments up to 64K. 16KB $390.00.
64KB $750.00.

ClI-8080 — 16KB to 64KB on single

t N . i
i1 ERE
!I’ i

PO v i TR

CI-6800 64K x 8

mi l':'ﬁ board. Plugs directly into Intel's MDS

g:f:.hégg;“. 800 and SBC 80/10. Addressable in

' - " 4K increments up to 64K. 16KB $390.00.
C1-8080 64K x 8 64KB $750.00

Tested and burned-in. Full year warranty.

: Chrislin Industries, Inc.

Computer Products Division
31352 Via Colinas ® Westlake Village, CA 91361 » 213-991-2254
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backup systems and floppy disks.

Chapter five examines peripherals. There
are sections on 10 control and handshaking,
timing and buffering. There are also dis-
cussions of specific common microcomputer
peripherals: keyboards, phototransducers,
circuit testers, analog to digital and digital
to analog converters, pressure transducers,
optical displays, relay drivers, synchro-
motors and printers. Finally, there are
sections on universal asynchronous receiver-
transmitters (UARTSs), line drivers, the
HPIB-IEEE 488 bus and sclf-test hardware.

Chapter six describes the various options
that exist in hardware and software develop-
ment packages from prototyping boards
to disk based operating systems. There is
also a brief discussion of high level languages
for microcomputers.

Chapter seven describes in detail the
algorithms for solutions to several common
microcomputer software problems. Algo-
rithms are described to read and to parse a
functional keyboard input, self-test routines
and number system canversion and mani-
pulations. Real time programming con-
straints are also considered.

The set of appendices describes the char-
acteristics of specific microcomputers. Each
appendix covers the architecture and organi-
zation of a particular processor integrated

circuit. The rest of the integrated circuit set
{memory, 10, ectc) is also briefly covered.
Appendices are included on the 4004, F8,
8080, 6800, COSMAC, and PPS-8 pro-
cessors. |t is refreshing to see that these
appendices are more than just a reprinting
of the manufacturers’ specification sheets.

On the negative side, there is a disturbing
absence of discussion of any of the higher
performance integrated circuits that were
certainly available when this book was
written. There is also inadequate treatment
given to bitl slice and microprogramming
techniques. Software development by emu-
Jation is also omitted. The balance is, how-
ever, overwhelmingly positive. This s
a text which starts off quietly, never grows
dull, and yet contains a great deal of sub-
stance. There are sections on using esoteric
devices like first in first out stacks (FIFOs)
that | have previously never seen in a design
text.

Microcomputer-Based Design is a wel-
come development. | recommend this book
to advanced experimenters, undergraduate
engineering students and practicing cngi-
neers.

lra Rampil

2412 independance La
Apt £103

Madison W| 537048

PERSONAL INFORMATION
MANAGEMENT SYSTEM

Personal Informa-
tion Management
System is indeed a
data base manage-
ment program. It’s
carefully customized
for the small system
owner. You can de-
fine and construct
your own data bas-
es. Each record can
contain _up to ten
fields. You define
what goes in each.
Then modify it
whenever you want
through use of just three commuands. You
can search, list, sort and also sum col-
umns of numbers. Complete source list-
ing is included. Check No. 10 on the
coupon. ONLY $9.95*

pPIMS

it pmetio
et ST

.--..o-a“
Mane’

tical puide for the novice, intermediate
or advanced programimcer. Pocket size.
Check No, 20 on coupon.

Z80 INSTRUCTION

HANDBOOK
780 Your complete guide
msmuc"“" to the powerful Z80

instruetion set. Ma-
cliine codes are pre-
gented in bolh octal
and hexadecimal
- formal. A conveni-
';-__,_—— ent  index  lists all

insiructions alpha-
Betically along with
machine codes and
timing information.
Industry standard
mnemonics are used
throughout. A prac-

HA NDBD

JUST $4.95*

CALCULATING
WITH BASIC

Here’s a variety of
programs in BASIC
language to help the
student, scientist,
engineey, technician
or hobbyist apply
the language to
practical problems.
Covers mathematics,
finance and statis-
tics, mechanical en-
gineering_ and e¢lec-
tronics. For fun be-
tween such serious
applications, Hang-
man and Space Cap-
ture games are also provided. A real steal
at such a low price. Order now. Available
for shipment in March. Check No. 30 on
coupon. ONLY &7.95*

LEARN MICROCOMPUTERS

A new multimedia information package. Includes
text (Understanding Microcomputers) plus high-
quality cassette. For the beginner. Covers all the
basies quickly, easily and enjoyably. All the funda-
mentals behind the operation of virtually every
microcomputer. Clear. Concise. Tells what to look
for in buying a microcomputer. Companlon tape
includes chapter-by-chapter synopsis of the book.
Check No. 40 on coupon. JUST $14.95*

6800 & 8080 SOFTWARE
COOKBOOKS

Now you can cook up mouthwatering programs.
Delectable “‘how to” facts include 8080 or 6800
instruction sets. How to manipulate stacks, Flow
charts. Source listings. General purpose routines
for multiple precision operation. Programming
time delays for real time. And much more. In-
cludes floating point arithmetic routines. Check
No. 50 (6800) and No. 60 (8080) on coupon,
ONLY $10.95* EACH

G SCELBI Publications

P. O. Box 133 PP STN, Milford, CT 06460

*IMPORTANT ORDERING INFO! Include 75 cents postage/hand-
ling for each item. Prices shown are for North American customers.
Master Charge, VISA, Postal and Bank Money Orders preferred. Per-
sonal checks delay shipping up to 4 weeks.

D No.10 U No. 20 2 No.30 ©O No.40 O No.50 © No. 60
Name {please print)

Card No. Bank No. Exp.

Address

City/State Zip

Signature Amt. Enclosed
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Listing 1: A 2650 disassembler. Technically, this listing is a disassembled assembly listing of a disassembler. The program is
designed to take Signetics 2650 machine language code and transform it into an assembler-like listing.

Hexadecimal Hexadecimal
Address Code Operator Operand Address Code Operator Operand
0440 76 40 PPU 0490 06 FC LODI 2
0442 77 02 PPL 0492 0E 63 F7 LODA 2
0444 06 FD L.ODI 2 0495 E1 comz 1
0446 3F 02 24 BSTA 3 04396 g8 09 BCFR o]
0449 01 LODZ 1 0498 CF 04 F9 STRA 3
044 A CE 64 00 STRA 2 0498 3F 05 E4 BSTA 3
044D DA 77 BIRR 2 049E 1F 04 DO BCTA 3
044F 06 FE LODI 2 04A1 87 03 ADDI 3
0451 OE 63 FF LODA 2 04A3 DA 6D BIRR 2
0454 Cc1 STRZ 1 04A5 F5 10 ™! 1
0455 3F 02 69 BSTA 3 04A7 18 03 BCTR 0
0458 DA 77 BIRR 2 04A9 1F 05 15 BCTA 3
045A 3F 03 5B BSTA 3 04AC F5 08 TMII 1
045D 04 02 LOD! 0 04AE iC 05 00 BCTA 0
045F CC 04 FC STRA o] 0481 07 AB LOD! 3
0462 0D 84 FD LODA 1 04B3 04 14 LODI 0]
0465 06 F8 LODI 2 04B5 06 02 LOD! 2
0467 04 03 LODI 0 Q487 E1 comz 1
0469 07 DB LODI 3 04838 99 (09 BCFR 1
0468 CC 04 FB STRA 0 04BA CF 04 Fo9 STRA 3
C46E 0E 63 F3 LODA 2 04BD 3F 05 28 BSTA 3
0471 E1l comz 1 04C0 1F 05 D2 BCTA 3
0472 98 OE BCFR 0 04C3 84 04 ADD! 0
0474 CF 04 F9 STRA 3 04C5 87 o0C ADD! 3
0477 04 09 LOD! 0 04C7 FA 6E BDRR 2
0479 CC 04 FA STRA 0 04C9 84 17 ADDI 0
047¢C 3F 05 E4 BSTA 3 04CB D8 68 BIRR 0
047F 1F 04 DO BCTA 3 04CD iF 00 00 BCTA 3
0482 87 03 ADDI 3 04D0 3F 00 B8A BSTA 3
0484 DA 68 BIRR 2 0403 QC 04 FE LODA 0
0486 04 01 LODI 0 04D6 E4 01 coml [¢]
0488 CC 04 FC STRA 0 04D8 1E 00 00 BCTA 2
0488 04 0OC LODI Q 04DB 0D 04 FF LODA 1
048D CC 04 FA STRA ¢} 04DE E1 comz 1

RADIO SHACK COMPUTER OWNERS 24

HOUR ORDER LINE

- MONTHLY (914) 425-1535
. NEWSLETTER @ %

CORPUTROMNICS:

Box 149 New City, New York 10956

-

¢ PRACTICAL APPLICATIONS
* BUSINESS

* GAMBLING * GAMES

e EDUCATION

* PERSONAL FINANCE

e BEGINNER'S CORNER

e NEW PRODUCTS

* SOFTWARE EXCHANGE

e MARKET PLACE

* QUESTIONS AND ANSWERS
¢ PROGRAM PRINTOUTS

F ....AND MORE
5 N

E WORD PROCESSING PROGRAM

ONE YEAR SUBSCRIPTION $24

TWO YEAR SUBSCRIPTION $48

SAMPLE OF LATESTISSUE $4

START MY SUBSCRIPTION WITH ISSUE _____
{#1 - July 1978 & #7 - January 1979)

NEW SUBSCRIPTION RENEWAL

CREDIT CARD
NUMBER EXP. DATE

SIGNATURE

NAME

ADDRESS

(Cassette or Disk)
For Writing Letters, Text, Mailing Lists, Files, Etc.
With Each New Subscriptions or Renewal

end lor FREE Software Catalogue (Including hstings of hundreds
o1 TRS-80 programs available on cassette and disketie}
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Listing 1 continued:

0613 —bA 48 52 -41 -4C —4F —44 -—-45 -~4AF _52 41 —4E —-44 —49 -4F _52
0623 41 —44 -44 53 -B5 -—42 -B3 -B4 52 43 -—4F —4D -42 43 -54 —42
0633 83 54 —42 -52 —-4E -42 -53 —4E 42 -43 -46 -42 -53 46 —42 —49
0643 -52 42 -44 -52 00 00 00 -52 -54 —-43 -5B2 44 -43 -52 54 -45
0653 -2 -52 52 52 44 45 52 -44 -44 00 -00 -—-00 —-00 -00 -0Q0 -—44
0663 -41 B2 57 52 —-43 -00 -00 -00 -B2 -52 -4C -57 =52 45 _G7 _§2
0673 -44 b4 4D 49 Q0 -00 -556 -53 -50 -4C —-43 -50 -55 —-43 -50 -4C
0683 -0 -8 -5 50 -B0 —4C -54 -50 -55 54 -50 -—-4C —-48 -4C -54 —4C
0693 -%0 55 —-4C -8B0 —-4C —-4E -4F -50 -—QE -0OE -0C —-8BE —-0C -8B —-4B -2D

s

In any command dealing with registers,
the R/V column represents the register
number, In all other cases the R/V column
represents the V (value or condition) field.

The total memory used in this listing is
from hexadecimal 0440 to 069A. Areas
Q4LEB to 04F2 and 04F3 to 04F6 are uscd as
tables of unigue codes. 04F7 to 04FF is a
scratch pad storage area (eg: STOP, START
addresses). The area from hexadecimal 059C
1o 05A7 contains a table of op codes that
are one byte long but which have a format
of two bytes. Hexadecimal 0613 to 069A is
used for storage of ASCII characters which
are used for mnemonics.

Storage Area Definitions

04F7 = Address mode 00=Z, 01=I, 02=R,
03=A

04F8 = R/V of op code

04F9 = Indexing for mnemonics print

04F A= Number of spaces between data and
mnemonic

04F B = Number of letters in mnemonic

04FC = Number of bytes in command

04F D= High order start address

04FE = Low order start address

04FF = Stop address

This is not a refined program by any
means: with some work it could reside in
less memory and perhaps be more efficient.
Its only intent is to be a development tool,
and it does this well. It has helped make
software development for our controller
more like higher level language
programming.®

RAM CHIPS
4044 v

4K by 1 — 18-pin — 5V, 5% supply

These are the same factory prime chips used in our
premium quality RAM boards. May be 4044, 4041,
5257, 6641, or 9044, depending on manufacturer. All
have 4044 pinout and timing specs. All guaranteed 30
days.

250 nsec. 450 nsec.
1-31 chips $7.50 $6.50
32-63 6.50 5.50
64-99 5.75 4.75
100-499 5.50 4.50

Circle Inquiry number for free newsletter.

Seattle Computer Products, Inc.

1114 Industry Drive, Seattle, WA. 98188
(206) 575-1830

Computer Lab of New Jersey

Computer Lab sells the best S-100 Bus products at the best
possible prices. Not only are our prices great, so is our deliv-
ery. We offer a 10% discount on most major lines, plus a 5%
additional discount tor a cash purchase.

QUR

LIST CASH

PRICE PRICE
SSM 1/0-4 Kit $149.95 $128.20
Integral Data Systems IP-22S Printer $948.00 $811.29
P1210 Option - add 3 33.34
Graphic Option -~ add $127.39
Vector Graphic 8K Ram $245.00 $209.47
Thinker Toys Speakeasy I/0O Kit $130.00 $111.15

Subject to available quantities. Prices quoted include cash discount.
Shipping and Insurance extra

Call for our prices on:
Cromemco, Godbout, IMSAL, IMC, Meca, Micropolis, Problem
Solver, SSM, Sorcerer, Vector Graphic

Computer Lab of New Jersey
141 Route 46 e Budd Lake, M.J. 07828
Phone: (201) 691-1984

HOURS: Monday & Friday: 12 to 6, Tuesday-Thursday: 12to 9
Saturday: 10to 5

Call or write for our free catalog & price list

Circle 330 on inquiry card.
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Aids for Hand Assembling Programs

The program takes a 16 bit number ORigin and adds two to it. The new number
then is subtracted from another 16 bit number, DEstination. The difference, which
may be positive or negative, in two's complement, is stored in POINTL, The difference
is also examined to determine if it is larger than +127 {if positive] or smaller than —127
(if negative). If this is the case, FF is loaded into POINTH; otherwise GO is loaded.
POINTH and POINTL are then displayed by transferring control to the (KIM) opera-

ting system,

BRAVEC

Listing 1. Progrum descrip-
tion for BRAVEC This
description should be the
first step taken when writ-
ing d program,

May 1874 &

BYTE Publications In

Erich A Pfeiffer PhD

Wells Fargo Alarm Services
Engineering Center

1533 26th St

Santa Monica CA 90404

Resident assembler programs and inter-
preters for high level languages are avail-
able  increasingly  for  microcomputer
systems based on the more popular micro-
processors. Nevertheless, many operalors
of small microcomputer systems arc unable
to use such programs because their systems
are not large enough to support them.
Unless they are lucky enough 1o have
access to a timesharing scrvice or to some
larger computer which supports a cross
assembler, their only way of developing
a usable object program is to assemble it
by hand.

While the mere idea of such an endeavor
might horrify any programmer who s
used to working with large machines, the
hand assembly of shorter programs for
8 bit microprocessors actually Is nol very
difficult. It has been my experience that
the assembly of programs can be greatly
simplified and the likelihood of errors can
be reduced by using somc simple aids in
the assembly process,

One of these aids is in the form of hard-
ware and consists of a special program
assembly form. The software aids are several
short utility routines which run even on the
smallest microcomputer systems. Develop-

ment of the assembly method described in
this article is based on expericnce gained
from working with programmable calcu-
lators of the keyboard language 1type.
Matt Biever of the Pro-Log Corporation
has long been advocating some of the tech-
niques that | am using. The article’s as-
sembly method is used for program develop-
ment for a KIM-1 microcomputer. [t can be
adapted easily for other microcomputer
systems as long as they use an 8 bit pro-
cessor. The assembly method will be demon-
strated with a sample program.

Before writing a program, it is a good
idea to put down in writing what the pro-
gram is supposed to do. Such a program
description, as shown in listing 1, might
state any limitations on the magnitude of
variables used or might indicate what
happens if these limitations are cxceeded.

The next step is to develop a concept of
the program in the form of a flowchart
as in figure 1. While the symbols used in
such charts are standardized, the chart's
degree of detail is a matter of personal
preference. From program descriptions and
flowcharts, one can determine how many
memory locations or registers will be nec-
essary to store data and temparary results.
These locations should be written in the
program register table as shown in table 1.
This table also contains the addresses of sub-
routines or registers of the monitoring
system that are called by the program, or
of PIA registers that will be addressed.
The table is similar to the symbol table
printed by the computer during the machine
assembly of a program,





http:prog1�mma.DI
http:Ctllgfamm.JD
http:prog1.vn
http:mamtr.i.me
http:lD()eilD1m.aaeoicitltdl.JS
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The PERKIN-ELMER BANTAM

4Q

w—— $799.00

All the Features of the
Hazeltine 1400 & LSt ADM-3A
Plus

Upper/Lower Case Tab Function

7 % 10 Char Matrix Backspace Key

White or Black Char Shiftlock Key

Transparent Mode Print Key
integrated Numeric

form. The form | developed for our KIM-1
system is shown in listing 2. (Similar forms
are available from the Pro-Log Corporation;
order Nr CF-1,) Each iine of the coding form
corresponds to one memory location with
the least significant hexadecimal digit of
the address preprinted in the ADD column,
The form can be used with any computer
system that uses a hexadecimal machine
code. For octal notation, a different layout
is advantageous.

The programmer starts writing a program
by adding the other digits of the program
starting address in the ADD and Page

Listing 2: Program listing of BRAVEC using the author’s hand assembly form
for the KIM-1. This form can be used with any hexadecimaf based micro-
processor.

Program: BRAVEC

TELETYPE

MODEL 43
KSR with RS232
10 or 30 CHAR/SEC
132 COLUMNS
UPPER/LOWER CASE

USR-310
Originate
Acoustic

$149.00 Coupler
0-300 Baud Stand Alone
Crystal Controlled RS232

USR-330
Originate
Auto-Answer

$324.00 Modem

FCC Certified for Direct Connection
Phone Lines

t
USR-320 Auto-Answer
Only Modem $299.00

All Urits include a 120 day warranty
Ophional Mainlenance package avatlable

Any Product may be returned
within 10 days for a full refund.

U.S. ROBOTICS, INC.
1035 W. LAKE ET.
CHICAGD, ILL. 60807

Sales (312) 733-0497
General Offices  (312) 733-0498
Service (312) 733-0499
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Page 1of 2 Date: Programmer:
Page|ADD|OPC|Label |MNE |Mode |Operand|N | Comment
06108 0RLO )
I ORHI | sama
2 OELo [ REGISTERS
3 DEH(
4| /8 cee
5(49 LOA 2
6|02 _~
7165 A0C| z | OreLo
8{00 -
9{90 bBed veL)
Al 02 —
Bl£G rvel =z | oruy
Clo/ —
D| 851 WELo | sTA| = | 0420
El 00 "
Fl 33 see
I Blas Loa| Zz | beco
1102 —
2|E5 §6C| Z. | oked
3100 e
4| 85 sTA | Z | pPorrne €
5| A4 _~ ]
6145 LOA | = | DER/ €
7|03 e
8|S S| = | ornr
9o/ _~
Al AT LA | 2. | PorAr2
B|FA /
c|90 aece NEG
D|o9 /
E|L BPL ou7T
Fl o9

VA-BECC Progrom Assembly Form



columns. It should be noted that the Page Circle 366 on inquiry card.
column refers to memory pages while the
Page-of heading indicates pages of coding
forms. The program is written by cntering

the mnemonic of the first instruction into g

the MNE column of line 0. Many of the

Enstructior;s of a midc(;oprocessordcanDoccur o p t n|tleS II‘I

in more than one addressing mode, During

machine assembly, the assembler program career p d COmPu er
deducts the addressing mode from the for- Robotl

mat of the opecrand or the definition of a SVStems

symbol. When hand assembling a program V|S|on

it is advantageous to specify the addressing Immediate Dallas openings

mode in the Mode column. Immediate

Texas Instruments has immediate
openings for highly motivated,

Listing 2 continued: talented individuals with interest in
the areas of robotics and pattern
recognition. You will be a member of a

Program: BRAVEC

Page Zof 2 Date: Programmer: team whose function is to develop
Page| ADD|OPC| Label |MNE [Mode |Operand|N | Comment and apply advanced technologies,
28| 47 | Fra6 |LoA | # | 4FF design and implement working sys-
1|77 _— tems, and develop state-of-the-art
2l 25 sTA | Z | poinrH tools and procedures for a broad range
3| Fs P of industrial automation applications.
4] 4C JMP | ABS | START @ We have positions for innovative
S|4F individuals with background in:
6l /c BN Hardware/Software
71i0| VEG |BPL FLAG Computer Architecture
8lF7 Operating Systems
i 'gz QUT | LDA | % 29 Systems Programming
Mini/Micro Assembly Language
g i,‘g STALZ | PoiATH ‘ Prog‘ramming . _
ol 4¢ THP| 25s | sTarr @ Electro Optics/Video Display
E| 47 ’ Systems
Fl /¢ J Applications
? Robotics
i Computer Vision System
2 Computer Speech [/O
3 Intelligent Machines
4 Servo Systems
S If you have an Associate or higher
3 degree, or equivalent experience, and
are looking for a challenging op-
6 portunity in any of the above areas,
z send vour resume in complete con-
B fidence to: Staffing Manager/P. O. Box
c 225474, M.S. 217/Dallas, TX 75265.
D
E TEXAS INSTRUMENTS
F INCORPORATED
VA-BECC Program Assembly Form An equal opportunity employer M/F
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mode addressing is commonly indicated by
the symbol #. For other addressing modes,
suitable abbreviations of the column head-
ings in the programmer's reference card
should be used. For operations which have
only one addressing mode, the Mode column
is left empty. The addressing mode deter-
mines how many address bytes will have to
follow the op code byte. After filling in the
Mode column, the programmer should cross
out the appropriatc number of lines in the
MNE column. This rescrves the correspond-
ing memory locations for the address or
operand part of the instruction.

The Label column will carry an entry for
two conditions only:

e |f the line contains the start of a
subroutine.
® If the line is the destination of a

conditional or unconditional jump or
branch instruction.

While assembly programs sometimes put
certain limitations on the choice of labels,
any suitable word or letter and number
combination can be used as a label for hand
assembly. However, it makes sense to pick
a word or abbreviation that indicates what

the subroutine or branch destination is
doing in the program, (ie: “WAITLOOP"
“COUNT," or simply “LOOP 7"},

The next column to fill in is the one with
the heading Operand. When writing pro-
grams for machine assembly, the program-
mer enters a symbolic label in this field and
leaves it up to the assembly program to
figure out what to do with it. When writing
for hand assembly, the programmer can
make the task easier by being a bit more
specific. The operand can be one of the
following things:

1. In the immediate addressing mode, it
is simply the number that is to be entered
by the operation. Rather than give this
number a symbolic name which is defined
somewhere in a symbol table, it is much
casier to enter it directly in the Operand
column. One has to be careful to remember
which number system is being used. A num-
ber without a prefix indicates decimal
notation. The prefix % indicates binary
notation. A bit mask for bit 2 and 0O, for
example, would have the operand % 0000
0101, If the number is in hexadecimal
form, the prefix $ would normally be
used, but in this case it is much simpler to
enter the hexadecimal number directly
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Get your PC masters

as little as 2 weeks

At Echo Design your circuit drawings can be con-

verted into finished artwork masters in only 2 to 6
weeks, depending on complexity.
We do board layouts for many of the biggest names

in the business.

And we have broad capability. Such as computer
boards having 450 ICs.
Choose any or all these services:

@ Layout (to digitizing
standards if desired)
® Tape-up (artwork)

@ Fab drawing

® Assembly drawing
@ Schematic drawing
® Bill of material

® Printed board

Place a call now to John Offenbacker or Al Chew
and get your new board moving at competitive prices.

Basic
FREE Guidelines
for
Ask for Printed
a copy Circuit

Partitioning

echo

DESIGN AND
DEVELOPMENT
CORPORATION

195 EAST GISH ROAD s SAN JOSE, CA 95112

408-292-0918

We also provide contract technical personnel world wide
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Circle 102 on inquiry card.

in the OPC column of the following
line.

2. With a jump or branch instruc-
tion, the operand symbol indicates the
destination of the operation. The oper-
and of such an operation must have a
counterpart in the label column some-
where in the program. The only ¢x-
ception is when the program calls sub-
routines that are stored in read only
memory (as | do frequently with sub-
routines of the KIM monitoring sys-
tem). In this case, the operand symbol
has to have a counterpart in the stored
program.

3. With any other memory refer-
enced instruction, the operand must
symbolize a memory location. | have
found it useful to think of these loca-
tions as registers cven though, unlike
the registers of the processor, they are
physically located somewhere in mem-
ory. As a matter of fact, their loca-
tion, if possible, is in page zerc of the
memory to take advantage of the
shorter addressing mode. For reg-
isters used in stock subroutines, |
have assigned locations which begin
at the upper end of page zero and
work their way downward, They are
listed in a master register list and
care has been taken that subroutines
that are likely to be used in the




samc program do not occupy the same
register addresses. The symbolic names for
registers that will be used in the main pro-
gram are noted in a program register table
{table 1) with the addresses to be assigned
later. The symbols again should be words or
abbreviations which indicate the meaning
of the data contained in the register, such as
STARLO to mean starting address, low
order bytc.

The column N of the program asscmbly
form can be used to indicate the number of
cycles it takes to execute the instruction,
This is necessary, for example, to determine
the time of timing loops. In most cases,
however, this column will be left empty.

Finally, the Comment column should
be used to explain the function of the opera-
tion listed in the current line and sometimes
some following lines. While this information
may not be needed by the programmer, it
is tremendous help for any other person
trying to understand what the program is
doing. If the program has been flowcharted
first, which is highly recommended for all
but the shortest programs, the comment
can simply be a number which refers to an
equally numbered symbol on the flowchart,

from the master register list to the program
register list. Then absolute addresses are
assigned to all other registers listed, making
sure that no duplication occurs. Registers
which contain the low and high order bytes
of numbers, or registers which contain
successive byles if multiple precision opera-
tions are used, have to be arranged in such a
way that their absolute addresses are ad-
jacent In increasing order (STARLO = B3,
STARHI = B4),

With the completed program register
list onc can go over the program again.
For ecach memory referenced instruction
other than branch and jump instructions, the
program register list will contain an absolute
address tor the symbol in the operand
column, This hexadecimal number is now
entered into the GPC column of the follow-
ing line. For registers located outside of page
zero (such as the registers in PlAs) the
address will be enlered in two lines and care
has to be taken to enter the low order byte
first, followed by the high order byte.
During this pass | also check all lines with a
# in the Mode column and, if necessary,
convert the binary or decimal operand into
hexadecimal notation which is cntered in
the OPC column of 1he following line.

In this way the programmer works
down the lines of the program assem-
bly form. Every time a O is encount-
ered in the ADD column, (s} he adds
the most significant bit. If that addi-
tion makes the ADD column is also
advanced. Eventually the program will
be completed and the hand assembly
can begin. Like the computer, | do
this in a number of passes.

The first pass is the easiest one.
Using a listing of the instruction set, or
the programmer reference chart, the
mnemonic and the entry in the Mode
column is used to look up the op code
of the instruction, which is entered in-
to the OPC column of the line. A fre-
quent error during this operation is to
mistake an 8 for a B or vice versa, and
| double check op codes with these
sumbols. The programmer’s reference
cards supplied by the manufacturers,
although they fit nicely into a shirt
pocket, were apparently not intended
for use by programmers over 40 years
of age. The listing of the instruction
set in the data sheets or system man-
uals is usually printed ina more reason-
able letter size.

The second step is to assign absolute
addresses to the symbols of the program
register list. First, all registers and their
addresses used in stock subroutines to

Parallel Processing Power

for the S-100 bus

be called by the program are transferred

Discussed and dreamed about by
computer scientists for years, Con-
tent- Addressable Memory (CAM)
is now here al an affordable price.
CAMs have been so costly to build
that few have actually been pro-
duced. Now Semionics has devel-
oped a simplified design, lowering
the cost by two orders of magnitude.
This new memory is called Recogni-
tion Memory (REM), since (like the
human brain} it can recognize words,
patterns, etc.

Adding a REM board to an ordinary
microcomputer converts it into a very
powerful machine known as a Con-
tent-Addressable Parallel Processor
{CAPP).

Features:

4K bytes per board

Static — no refresh needed
Can be used as ordinary RAM
or as CAM

RAM access time: 200 ns

CAM access time: 4 us
Multiwrite —writing into multiple
locations with one instruction
Masking —for individual bit
access
Multiple REM boards accessed
in parallel

Circle 220 on inquiry card,

Adds 17 associative memory func-
tions to instruction set of Z-80 or 8080.
Applications:

Pattern Recognition e Information
Retrieval e Compiling & Interpreting
¢ Natural Language Processing ®
Code Compression ® Artificial Intel-
ligence

Price: $345

2K firmware package of REM
routines: $40

1 semioNICS

41 Tunnel Road @ Berkeley ¢ CA 94705
(415) 548-2400
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With this step completed, the OPC column
should show a hexadecimal number in most
lines, The next step is to pass over the
program listing another time.

Any line with an open OPC column
where the mnemonic indicates a branch
instruction will require that the branch
vector for the relative addressing mode be
calculated. For short forward branches
this poses no problem because the offset
can easily be counted off (beginning at the
second line following the one which contains
the branch instruction, and continuing to
the line which has the corresponding symbol
in the label column). For longer branches and
especially backwards branches, if memory
pages are crossed it is very easy to make a
mistake and miss by one count in either
direction. | have found it advantageous to let
the microcomputer perform this operation
because, after all, it is much better in hexa-
decimal calculations than any programmer.

The example program BRAVEC receives
the origin and destination of a branch and
calculates the branch vector in two's comple-
ment notation. A flag is set if the relative
addressing range is exceeded. The program
is loaded from cassette tape beginning at
memory location 0000. Loading begins
here because this location in the KIM-1
system can be addressed easily by pressing
the space bar of the connected terminal.
The first four locations are actually data
registers into which the low and high order
bytes of origin and destination of the branch
are entered.

When the program is executed beginning
at location 0004, it displays or prints the
branch veclor in two’s complement as the
low order byte of the address field. The
high order byte of this field normally
shows 00, while FF indicates that the reach
of the relative addressing mode has been
exceeded.

While the program, as listed, is written
for the 6502 microprocessor, only instruc-
tions that have an equivalent in the instruc-
tion set for the 6800 were used. The pro-
gram, therefore, can be converted easily.
However, the registers POINTHI and
POINTLO, which are displayed as an address
in the LED display of the KIM-T micro-
computer, are specific for this system,
For other computers the user will have to
find another way of displaying the result of
the calculation.

After all branch vectors have been calcu-
lated in this fashion and entered in the
appropriate lines, the only open spaces in
the OPC column should be the address parts

of jump instructions. For jumps within the
main program, it is easy to find the line
with a matching entry in the |abel column
and to enter the address of this line into the
OPC columns of the lines following the one
containing the jump instruction. For sub-
routines called from read only memory,
the address has to be looked up in the
subroutine listing.

Stock subroutines which have been
written on some other occasion and which
can be loaded from magnetic or paper tape
frequently can be used. Normally such sub-
routines will be tacked on after the last
memory location occupied by the main
program. The KIM-1 system has a relocating
loading routine for loading from magnetic
tape. If this feature is not available, some
area in the memory should be sct aside into
which the subroutines are loaded. A move
program then can be executed to pull up
the subroutine. For the 6502 processor |
use a program called MOVBLO which re-
quires only 14 program steps due to one
very convenient addressing mode of this
Processor.

Unless one is very pressed for memory
space, it is a good idea to have all subrou-
tines start in lines with a 0 as the least signi-
ficant digit because it is easier to keep track
of the starting address after relocation. n
order to be relocatable, a subroutine may
not contain any absclute jump instructions
and only relative addressing within the sub-
routine is permitted.

After the last addresses for the stock
subroutines have been entered in the pro-
gram assembly form, the hand assembly is
completed. | have never clocked the opera-
tion, but by following the methods de-
scribed, it goes much faster than once would
expect. With all op cedes being listed in a
single column it is much easier to enter them
into the machine, either from a hexadecimal
keyboard or from the keyboard of a ter-
minal. This is another occasion in which
operator errors can easily occur and |
proofread all programs after entry. This
operation is again greatly simplified by the
use of the assembly form which shows
address and op code in adjacent columns,

The assembly method and the assembly
aids described have been in use for several
months and have been found to greatly
reduce the likelihood of assembly errors.
Unfortunately, this method does not protect
from programming errors and the debugging
of the program still is a time consuming
but necessary step to follow the assembly of
a program.m





















ITHACA AUDIO

THE OEM MARKETPLACE

Assembled and Tested
Added at Ithaca Audio

Field-proven
reliable engineering

Over 15,000 boards worldwide prove Ithaca
Audio provides the quality and reliability you
demand.

Ilthaca Audio Boards are fully S-100 com-
patible, featuring gold edge connectors and
plated-through holes. All boards (except the
Protoboard) have fully buffered data and
address lines, DIP switch addressing, solder
mask and parts legend.

Z-80 CPU Board still the most power-
ful 8 bit central processor available. Featuring
power-cn-jump, provision for on-board 2708.
Accepts most 8080 software.

A&T 4 mHz  $205.00
A&T 2 mHz 175.00
Blank PC 35.00

Disk Controller Board controls up
to 4 single or double sided drives. Supported
by a host of reliable software packages:
K2 FDOS, Pascal, Basic and complete diag-

nostics.
A&T 175.00
Blank PC 35.00

K2 FDOS Disk software in the DEC
tradition. Inciudes character oriented text
editor (TED), File Package (PIP), Debugger
{HDT), Assembler (ASMBLE), HEXBIN, 1
COPY, System Generator (SYSGEN) and
more. Command syntax follows Digital's
0S-8/RT-11 format. First in a family of high
level software. Basic and Pascal available
now. Soon-to-be-released Fortran.

K2 Disk $ 75.00

Video Display Board features the
full 128 upper/lower case ASCIll character
set. Easy-to-read 16 line x 64 character
format can be displayed on an inexpensive
video monitor or modified TV set. Includes
TTY software. Add our powerful K2 FDOS to
create a versatile operator's console.
* A&T  $145.00
Blank PC  $ 25.00

8K Static RAM Board High speed
static memory at a reasonable cost per bit.
{ncludes memory protect/unprotect and
selactable wait states.

A&T 250 ns  $195.00
A&T 450 ns $165.00
Blank PC $ 25.00

2708/2716 EPROM Board ingis-
pensable for storing dedicated prograrms and
often used software. Accept up to 16K of
2708's or 32K of 2716's,

A&T (less EPROMs) § 95.00
Blank PC  § 25.00
2708 EPROMs  $ 11.00

Circle 190 on inquiry card.

The leading manufacturer of blank S-100
boards is adding a new wrinkle—now all their
boards are available assembled and tested.
“This is a natural progression for the com-
pany" according to Mr. James Watson,
President. “Actually we've been supplying
assembled and tested for some time to our
volume customers and QEM's, particularly
those overseas. Our production staffis now
fully up to speed, so just about everything is
available from stock."” The company sched-
uled 6 months to phase in assembled and
tested to allow time to build base inventories,
before offering the boards to the public. “"We
tesl this is quiteimportant. A lot of companies
have sarned themselves a bad name in this
business by announcing products they can't
really deliver. We simply won't do that.” Mr.
Watson further explained that Ithaca Audio
intends to remain leader in blank boards and
expects to release a minimum of 6 new
designs by August, which will be offered both
blank and assembled and tested.

Memory Prices

Tumble
Ithaca Audio first to break

1¢/Byte Barrier

By cutting prices for 32K of RAM to $319
Ithaca Audio becomes the first computer
vendor ever to offer high speed memory for
less than a penny a byte. Commenting on the
announcement, Steve Edelman, Director of
Engineering said “"Just a few years ago
people were wishing for a penny a bit, and
even now memory for mast Jarge computers
costs about 2¢/byte and that's only in 1
Megabyte chunks.” [n fact it's the relative
modest capacity of the 32K board that makes
it so interesting. Users naed not buy the full
64K to take advantage of the low price per bit.
Furthermore, the board is available both as a
kit and assembled and tested.

Delivery is stock to two weeks. Pricing is:

¢ 32K kit 319
e 32K A&T 359
® 64K kit 645
s 64K A&T 695

8" Disk Drives

Shugart compatible Memorex 550's are in
stock.

Single and double density compatible, 330K
bytes capacity with our controller or use your

own.
Either way $456

Protoboard uriversal wire-wrap board
tor developing custom circuitry. Room for
three reguiators. Accepts any size DIP

socket.
Blank PC $ 25.00

Pascal/Z Ready

The tirst Pascal Compiler for the Z80, and the
fastest Z80 Pascal ever is now ready. Over
one year in development, ithaca Audio was
obviously pleased with the results. “We really
have outperformed them'" states Jeff
Moskow, Director of Software Engineering,
beaming over the recently released bench-
marks, in which Pascal/Z averaged better
than five times the speed of a recent P-code
implementation.

“Pseudo-code means a vendor only has to
supply one compiler to lots of people using
lots of different machines, and that makes his
life very easy, but it also means users' pro-
grams execute significantly slower. There-
fore, we chose to write a native compiler that
delivers fast re-entrant ROMable code, with
no need for an intermediate language and
interpreter. That's where our speed comes
from.” As a matter of fact, Pascal/Z is often
twenty times as fast as UCSD's implementa-
tion and may well be faster than dedicated
Pascal machines such as the recently
announced Western Digital Pascal Micro-
engine.™ Unlike the Microengine, Pascal/Z
does not require any new special CPU
hardware and has the added benefit of com-
patibility with existing 280 software.

Operational requirements of Pascal/Z are
the Ithaca Audio K2 QOperating system and
48K of memory during compiles. The output
is standard 280 Macrocode which is linked
and run through the Ithaca Audio Macro-
assembler. Binary files may be as small as
2.5K, or even less if the fuli library is not usad.
The compiler, including the Macroassembler,
is available on an 8" K2 floppy disk. Price
including full documentation is $175.00. The
Macroassembler is available separately for
$50.00. Delivery is from stock.

More Software:

For those that don't require the speed of a
compiler like Pascal/Z, Ithaca Audio also
offers the convenience of BASIC. BASIC/Z,
an extended version of TDL's Super Basic,
runs in slightly over 12K and is supplied on an
8" K2 disk for $75.00.

SAVE Even More -

When you buy your software as a package

K2 and Pascal/Z $225
SAVE $25
K2, Pascal/Z and Basic/Z $275
SAVE $50

HOW TO ORDER

Send check or money order. include $2.00 shipping per order.
N.Y.S. Residents include lax. pRInG per order

For technical assistance call or write to:

ITHACA
AUDIO

P.O. Box 91
Ithaca, New York 14850
Phone: 607/257-0190

BYTE May 1979
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0-DAY FREE TRIAL

PET szo5$750 / ‘

IN STOCK NOW!
32K PET — $675.00

with the trade-in of your

96‘
599\-

e 14K ROM, 8K RAM

¢ Fast Microsoft BASIC
e |ntegral Tape & CRT

* Graphics & Lower case
* Real-time clock working PET
.

IEEE and Parallel 'O Normailly $1.195.00
The most computer value you can buyin a single box.

the PET is a complete system. It's our most popular
computer.

THE PET
CONNECTION

SECOND CASSETTE FOR P[Ysgs

a5 ¢
10 faie Aagarinm

ST e g ARG e nlect s e BET

g\D“
SORCERER
for $895

“a Py me tem s
Ldec Btter Outpat fo
S tnn m e

Combe Prelura vae
Buter ~anrined

N

OF THE
MONTH

sPtC\ g
FREE

The mosl pewerlul computer you can attach lo your TY
NCE CompuMart now carnes the poputar Apple
Il microcomputer system t easdy attaches to
any TV and can be used for erther business or
games. To see why the Appie Il continues to be

the leader »n TV-display computers, wnte for
more information

16K Apple Il Computer
48K Apple Il Computer
Disk Drive & Controller $ 595
Second Disk Drive only $ 495

FREE MICROVERTER $35 value
UHF Modulator-works better than VHF (Ch.3) types
with purchase of an APPLE computer

9” SANYO
MONITOR

with purchase of a
16K or 32K SORCERER

SAVE $169

$1195
$1795

" Sladers 1meracrs m
e

cordr) Lobartacs wiih

maty
- Bult fsbins T0mb
Tulaiype biartis,
vm u

1 7N
o 48 b RIN A en
maedy anl pparshay
e

From Synertek $269.00
NOW IN STOCK — SYM BASIC $159
Datel/Selectric .4 ~
Table-top v ~a
Terminals S

82
prreanid] 5555&495

Now a 5th Generation

in Terminals:

iImmediate Delivery
Hazeltine 1500 full of teatures $1049

Hazeltine 1510 with buffer logic $1149
Hazeltine 1520 with printer interface $1499

call or write for more information

FRCTTEN

OPER T List $279.95

READER
PUNCH

We have interfaced our
reconditioned reader/
punch units 1o give you
the fastest and most reli-
able unit at these low
prices Interfaces include
power supply, cables and

TTT::;IALLEL $7 50
$950

READER/PUNCH

R$-232 SERIAL
READER/PUNCH

« 7808 Procassse
= Funsie ASCIE NeyBasns

» Compiats Opersiois Manysl
» Oniy AR

Send for our
FREE Catalog

CENTRONICS
779 PRINTERS

Selectable for 10 or 165
charin B8O or 132 char!
8 "line. Print speeds upto
110 ¢cps Paraitel interface
with handshake

CENTRONICS 779-1
with friction feed

$1035

CENTRONICS 779-2
with tractor feed

$1140

Tog walue o3 out Catang samgly ad
2 maniior 4nd Lage dechs i Lum
pite (he system Can be used 49 4
letunal Later ROM BACS will ufter
280 Assembly Language APL
PUOT Woig Pracessing and o (MG
PAC tor disk based FORTRAN and
COBOL Whal a syuiem lor $430
Y
1150
HE
iy

Sureter B
Suscnrer 1ER
Sarceres 3%
16K Espansion

INTEGRAL DATA IMPACT PRINTER

Now you can print on ptain paper and make mulitiple
copies on a tow-cost printer. The frichon-feed IP-125
and the tractor-teed IP-225 80 column. dot-matrix
printers are perfect for parallel or RS-232 serial ap-
plications at baud rates up to 1200. Graphics, prinl
density and buffer options are availabie to fit every
system’s needs. Write for information on options.

IP-125 $799

Rockwell

AIMBS }

= Fubly antambled. tonisd, and wananiend
* Aggratning ta 5K pytes (1K WAM e
»oard]
* Incluliay enbaant
« Pomartyt 48 ROM DebupiManncs
- Sockats R adgiwnal 41 RAM 168 RONW
© 20 Col AICH Thermsl prinver (90
Jsnaxsmin )
< Full B (30 dey) Alphanumenic
Aoybea
« 20 that ASCH Alghsnsmeris $isplay
- Applizakan Lann Jor TTY. 7 catsnd
bex, 10 porta.
- Epi n (fry owr MIMSE
$-100 board)
* Bath conneciors totalty JOM-) zom

patiblg
* Gan Powe comactom @375
Qptions — 4K ROM Astembler Taal
Ao
4K Bayic AOM

KTM-2
A new concept

IP-225 $949

KIM 1

e

A\-E
~ $169.95
" $214.95

EXPAND YOUR KIM

SYSTEM:

XiMSI

KIM to $-100 Board

Assembled

Conneclor Set

KIM 4

Expansion board  89.95

MICRO TECH POWLF SUPPLY

Hesee et $3408
KIM ENCLOSURE

FRURTERE L "N RIS W RIsLY )

ATIE N ATPTal Oty el Sy

Kydes 100 Blaze $23.50

Avvambirg

$168
15

in terminals
Only $349.00

RyNAITER G anigue few TEIMInE 110k
hae & weytizgrd gt f oot "\\ al ihe

s rae WV ste SF modu aton

Lz al et R [nrabe ng b 30/0eRs g

B1o3sabIe CurAar ALFATLAG weRE

AaAterae

AR Lot v ated re QBTG Maka Thi e
Pest Buy 0 Lo Aal b ge gy

CAT COUPLER

New 300 baud
Onginate. Answerback
Acoustic Coupler.
Looks good, waorks
great and sale

prniced at $189.

sps\—E $189.95
$-100 MPA

S-100 MPA gives your PET
complete control of the 8-100
bus (even DMA). Get an
assembled unit at kit price.

1250 North Main Street, Department BY49
P.0. Box 8610 Ann Arbor, Michigan 48107

10 DAY RETURN PRIVILEGE

5
SANYO

MONITOR
$169

I R

Singie n-atd

VIDEO TERMINAL
by XITEX

1607 ¢ o€ ch diaplay 128 3ontstte
charagiees so'twmie UART (ASCH
o Baegot 3 SeTa Narfaces b
casselle 10 Yue compoale nien
T1L compatiie aasg gamer con
nechon

At o § eires NOW §187

(313) 994-3200

DAl ey (BIRE 11 WNICH CatdY

Circle 283 on inquiry card.

* Michigan residenis add 4% saigs tax s Add 4%
shipping and handling tor all domesiic arders
* Foreign orders {except Canada) add 10%
additional handting (U.S. currency only} = P.O.’'s ac-
cepted from D & B raled companies — ahipment
contingent upon eeceipt of signed purchase order
« Phanes open from 9:00 a.m. to 7:00 p.m. EST
Manday-Friday. 10:00 a.m. to 5:00 p.m. Saturdays

* Open accounts invited — call tor credit applica-
tion « Most items in stock for immediate shipmeni
— call tor delivery quotation = Sorry, no C.0.0.'s
* ANl prices subject to change without notice = In
the Ann Arbor area? Retail store apen 11:00 a.m. to
7:00 p.m. Tuesday-Friday, 10:00 a.m. 1o 5:00 p.m.
Saturdays (Closed Sunday and Monday)
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['5-100 BUS EDGE CONNECTORS $1%0S76 50100 Con

126 ctrs DIP

LDER TAIL on 250 spaced rows tof
VECTOR and MAS! motherboards GOLD
plated

| " ! 1 '
S100-WWG 507100 Cont 126 cus 3
LEVEL WIRE WRAP 025" sq posis on
250 spaced rows GOLD PLATED
1-4 59 10-24
$4.00 $3.75 $3.50
S100ALT 501100 Cont 125 cirs DIP
SOLDER TAIL on 140 spaced rows for
ALTAIR motherboargs GOLD plated
58 10-24 14 58
$3.75 $8.25 $68.00

OTHER POPULAR EDGE CONNECTORS

All Edge Card Connectors are GOLD PLATED (not Gold Flash) Bodies are non briltle, Solvon!
tes., G.€ Valox. Conlacia are Bifurcsted; Phos/Bronze: GOLD over Nickal.
ADBREVIATIONS: 58 = Solder Eysiet WW = 3 Level Wire Wrap ST = Soider Tell

.100" Contact Center Connectors

10-24
$3.25 $3.00

S100SE 50100 Cant 125 ctrs PIERCED
SOLDER EYELET taits GOLD
1-4 5.9 10-24
$5.00 $4.50 $4.25
5-100-CAM 504100 Caon!

59

125 ctrs 350
spaced rows SMALL DIP SOLDER TAIL
PINS tor CROMEMCO motherboard
10-24

$5.75

3
-
iv}
m

10-24
175

PART NO. TYPICAL APPLICATION
132 imaai M10. SIO

22441 Veclor Plugboards

tmsai P10, intel Multibuss
tmaai P10, Intel Mullibuss
Intel Mullibuss

Vecior Plugboards

Vecior Plugboards

FLAT RIBBON
CABLE ASSEMBLIES
AT AFFORDABLE PRICES

® Choice of 3types of end connectors moldad
on and factory tested.

® Daisy chain and single-end also available.

® 5 popular sizes to choose from:
20, 26, 34, 40 and 50 contacts, each
with line-by-line probe access holes.

® Choice of 2 cable types and 5 lengths.
FLAT RIBBON CABLE

Stanted, 28 AWG wath laminaled PVYC insulatian

Electa Pink  rable has red stope on one edge tor on
entahon  Used anly un double end and daisy chain as
Semtiies

Raiibuw  cable s coded n standard 10-coior sc
quence aofranl Serpentuie stnping on back ads 10 dents
Fying wirke nuMbEr and wire group dunng tear down sepa
ration tae disceete wite termundnons Used only on single

Na
Contacie

ODUBLE END
Etectric Pank

CARD-EDGE JUMPERS

SINGLE END

Rwnbow |
»

QAISY CHAIN

3 connettorn|
Elactec Pink
I3

F

92405
3!

L
706 R
569

974062 36 R
3411

924082 06 R
8 42

»

k)

974053 06 R

EZECIR

36 46

579

974064 36 A

924063 3% A
34 89

5615

S2403) 06 A
49 54

24034 05 R

114

0

424055 06 R

$9 29

924065 36 A
$720

92409506 A
3130

50

324056 06 A

924066 36 R

924036 06 R

xg.rlor Plugboards £1010

SOCKEY JUMPERS
DOUBLE END JUMPER ASSEMBLIES
Electric Pink Cable

18
924002 18 R

$ 416
9240031 18 A
_SSH__
924004 18 A

3205

82 $14 86

a0 jurpes
PCB JUMPERS
OOUBLE ENO| SINGLE END
No  |Etectcpink | Rainbow
Conects [ 3 »
2 92801206 A | 924047 36 R
5257 8255
928013 b H 924043 36 A
513 $in
924014 06 A | 974084 36 R
$394 3413

B RO B
s483

s
9230 46 O H 924036 16 R
5592

Fdo

uble-row Ideal mates for
JUMPER HEADERS “GREAT JUMPERS"

® Solder 10 PC boards ® 025" square posts are ® Choice of straight
for instant plug-in molded into plastic or right angle con-
access via socket- header stripon s figurations
connector jumpars 107 x .10 matrix

STRAIGHT

DAISY CHAIN
{3 connectorst
Ellclu‘:. Pink

SINGLE END
Rawnbow
*
924012 36 R
33112
42401336 R
4R
QWIS IR
$5

No
Comacrsl 8
924002 08 R

3310

B3s8888REER8855L

%
324007 36 R
$4Bs
57003 06 A 924003 3 R

L 3678
74004 06 1 37404 36 W
w2s | | Cssn | e
374005 06 A | 924005 19 R | 324005 3 A | 24015 R
1 s 827 ( 4 968 A 622
a2a006 06 0 | 974006 10 A | ¥34606 % F | 974076 35 A
545 1 41031 i 1205 LERK]

AR ALMLELNNW.
B3zzoBseasERERRs
AAALMAAAAUSLNNL
S5BLRRLLLBBRAR

. 4.
.125" Contact Center Connectors
TYPICAL APPLICATION

Yaclor 4350 -
£-100, imeal, Vecior Molherboseds

324072 06 R
3 5u

524073 06 A
1102
924074 06 H
2918
| 52m 06 R
31076 .
924076 06 R
31243

%

PRICE
59

" 5.00
328
375
375
6.00

@
H

Puuas
S8883

L

Farwn,
RBBB34

100 CROMEMCO
.156 Contact Centers Connectol
TYPICAL APPLICATION

Po1, NSC CLK Modules
Pot, NSC CLK Modules

°
-4
[+]
"~

PART NO.

3
"
-

Pet
Pet
Veactor Plugboards, GRI Keybrds
Veocior Mugboards, GRI Kaybrds

Veclor, Kim_ elc.

Vector. Kim, etc.

Vector, Kim, stc.

Vector Plugboards

Vector Plugboards

Vector Plughoards

Mol 6800, [ntel Multibuss

Mot BADG, Intel Multlibuss, NSC pacar
Imaal Styla Card Guldas

RS232 & “D” TYPE CONNECTORS

P = Piyp-Male § = Sockel-Femals C = Cover-Hood

Price
2sets
$ .38
$1.28
$ 1.64
$1.34
$2.36

Part
Number

Dim.

S
10
13
17
20
25

Dim.
B
09
12
1.6
13
23

No.
Posts
20
26
34
40
S0

B L LI LIRS e o s et ot s e
BEBz5BBBIRRAFBRE

Ls 923862 R

923863 R
923864 A
923865 R
923866 A

VISIT OUr new retdil iocanon!

AADDLIRNRNNNN =
HRBEEREENRRRRE55E

x
1 -‘54"‘1“ nem-dm-imem

.. DR
N A AR L AL
W Tve -
[, 31 ALY

'
- ors
Boaos e P ‘
L=
PTO AP Bt din, tr
o
1}
1

paaaaaiais Daenid

(UOIOD0) |I018) MBU JNO [ISIA

PRRLDRNNNNNRORNN =
- BSBEREBVERREABR8E

e
:
g
8

v
-4
(1]
m

DESCRIPTION
9 Pin Malg

9 Pin Femaleg

2 pc. Gray Hood
15 Pin Male

15 Pin Femaile

15 Pe. Grey Hood
25 pin Mule

25 pin Female

-
o

Price
2sets

Part

Dim
- Numbar

A
10
13
17

Dim.

saasdas

No.
Posts
20
26
34
40
S50

u.n-;(.;‘_-up—u—-_.az

3NIBRFLLEBRASEBABY

09
12
16
19
24

923872 R
923873 R
973874 R | 5 1.96
923875 R | § 2.30
923826 R | 5 282

$120
$ 152

0B81212.1

2 pc. Grey Hood
50 pin Mala
50 pin Femala
1pc Grey Hood
Hargware Set
Connsctor tor CENTRONICS 700 SERIES:
Amhoenol $7-30360 lor back ol Caniranics 700 Sarlas printers 1-4 —$93.00 Sup—$7 50
DIP PLUGS
PRICE
2590 100499

36 28 P22p02
a2 A P24P02 2

B P20P02
57 A6 PaOPOZ 40
GOLD SOLDERTANL STANDARD
S0-99
24
2
.32
]
52
TIN SCLDERTAIL - LOW PROFILE
9 5099
22052
24CS2
28CS2
40C52

N T
FE8ERBILELY

FLAT RIBBON CABLE ASSEMBLIES
WITH DIP CONNECTORS

OCaTION!

Parte "ﬁ' of
ing

by o Availablo with 14, 16, 24 and 40 contacts.

e Mate with standard IC sockets.

o Fully assembled and tested.

¢ Iintegral molded-on strain ralief.

e 22576 o Line-by-line probeability. N
24570 f
28570 A P DIP Jumpers are tha low-cost, high-  board; interconnecting between PC boards,
457G quabty solution for jumpering within a PC  backplanes and motherboards; interfacing In-
o put/OQutput signals; and more.
All assemblies use rainbow cable. Stan-
dard lengths are 6, 12, 18, 24 and 36 inches.

/-AnnwD'nnul LT TS

Langth
18"

SINGLE-ENDED
DIP JUMPERS

j Ariaw Qenntes Pin No ¢

=

No
Contacts

DOUBLE-ENDED
DIP JUMPERS
3 LEVEL GOLD WIRE WRAP SOCKETS
Sochatls purchased in multipiss ol 50 per lype may be comhined lor bast anice.
124 2540 50-9% 100-249 250-099 ALE
Bpin* B 3 .
14 pln* .38 38 B 7
18 pin® 30

No.
Contacts

“

Length Length Lengih Length Langih
38 §” 12" w %

824102 36 R
232
924112 36 A
528
92312236 R
8400
924132 36 R
367

923106 6 R
24
9241166 R
$2 65
924126 6 R
$41%

924106 12.R
5261
924116 12.R
$288
924126 12 R
54 50
924136 12.R
7%

2

924106 16 R
5282
924116 18 R
3N
924125 18 R
5485
924136 18 R
811

924106 M4 R
8302
924116 24 R
33
924126 24 A
B2
824136 24.-R
87

924105 36 R
4343
G RA
33180
924126 36 R
§5 90
924136 36 A
3388

38
53
57
. 58
1. 90 Tt
1. 130 . L 924336 6 R
All socke!s are GOLD 3 tevel closad sntry. *End and side stecable 2 level Ta:, Low Prolile, Tin 6
Sockets and Dip Plugs avaitable. CALL FOR QUOTATION s

PRIORITY | ONE E‘;.ECTRONIC
%

1% 18

24

0

VISIT Our new retd

“

®

16723B Roscoe Bivd  Sepulveda, CA 91343

Terms  VISA MC BAC check Money Orger L 00 US Funds Uniy LA residents agd 6% sates tax My
mum srger $10 00 Oroers less than 875 00 «nciude 10% shpping ano handing excess retunded  Just o case

ptease incluge your phone no GOOd Thru May 1979
phone orders weicome (213) 894-8171

Visit our new retall location!

UOIODO| [I0J31 MU INO 1ISIA

Send 107 cur latesl biochure OEM and Instilylional inguines invited

Circle 312 oninquiry card, BATE Ny 273










276

7

\.

J A DE Computer Products

~N

/% DISK DRIVES %

B51 5%’ 295,00
by Micru Peripherals, Inc. Oparates
In eithe: single density (125K8,
uniormat!ed‘.l or double denslty
{250k B, unformatted) modes, up
to 40 tracks with a track-to-track
access time of onily 5 ms,
SAB01R $495.00
by Shugart Single-sided 8" floppy
disk drive,
FD8-100 $395.00
GSI/5iemens. Runs cooler and
guieter than 801 (8")

SA400 $325.00
Single density 5%, 35-Track drive.
Cabinet and power supply avallable

LOGIC PROBES
70y

Menmum Gecacraols Puise 7<)
|l rmane) e Pl Drtec
Mamars Powoa e n e b

£

$-100 MOTHER BOARDS

J.A TDIE:

JADE 6-SLOT

Kt $41.95

Agsembled & Tested $56.95 PrOdUCts
Bare Board $24.95 M

9-SLOT “"LITTLE MOTHER™ AlNFRAMES
Kt $85.00

Assembied & Tested $99.00 Accomodates all S—100
Bare Board $356.00 Mother Boards. Bulli-in card
13-SLOT “QUIET MOTMER" cage with card guides. Lighted
Kt $95.00 reset switch. Rotron whisper fan,
Assm, & Tested $110.00

Bare Board $40.00 Inciudes heavy duly power

supply. (+ 8 volts DC @ 30 AMPS,
+ 18 volts DC @ 4 AMPS, -8 volis
DC may be added.

22-SLOT “STREAKER"
Assm. & Tested $149.00

A DX
VIDEO INTERFACE

5-100 Compatible Serial inter-
face with Sockets Included.

Kit $117.95
Assembled & Tested 5159 85
Bare Board w/manuat $ 35.00

only

$389.00

CSCMII.'J\N‘( e M b et
1791 BO1
Dual Density Controller Chip 3-LEVEL GOLD
$49.95 WIRE WRAP SOCKETS
14 PIN 39¢ each
° ; ; 16 PIN 43¢ each
Wﬁ%,ﬁféﬂm'ﬁs' B FLOPPY 100 for $35
® POWER SUPPLY FOR ABOVE Sockets are end and side stack
® JADE- TARBELL DISK CONTROL able, closed enry
KIT 1S100]
® CP/M OPERATING SYSTEM WITH
BASIC £ .

« PACKAGE OF 10 BLANK S$-100 EDGE CONNECTORS
B DISKETTES < —-
Price o purchased separalely Solgertan $3.25 each

$1192.50 wire wian ' 33500 ¢4 00 each
JADE SPECIAL PACKAGE DEAL 10 tor $40.00

$1050.00

M
4 or VERBATIM
FLOPPY DISKS

5% 1n. Minidiskettes
Solft seclor, 10 sectorn or 16 sector
$4.40 each or
box of 10 for $40.00

Z80A SPECIAL
4MHz CPU Chip

Yy s1495 ¥

8 in. Standard Floppy Disks
Solt Sector
$4.75 each—10 for $42.50

Convert your T.V. set :nto a
Video Monitor

TRENDCOM 100
Intelligent Printer

l

Interface & Cable
for TRS-80
$45.%

40 character per second rate
Low cost thermal paper
96 character set
sso 00 Microprocessor controlled

- = Bidirectional look-ahead printing
» Quiet operation « No external power supplies ¢ Only two
driven parts « High reliability = Clear S x 7 characters
« Attractive metal and plastic case 2 rolls of paper for $5.00

Interface & Cable |
for Apple .

Kit $8.95
FLOPPY DISK INTERFACE
A IDE JADE FLOPPY DISK (Tarbelt
PARALLEL/SERIAL board)
INTERFACE Kit $195.00
S 100 compatible, 2 senal 140 Assembled & Tested $250.00

ports, 1 paratlel 1,0y,

S$.D. Computer Products

Kit JG.P/S $124.95
Assembled & Tested VERSA'FLOPPY
JG-P/SA $179.95 Kt $159 95
Bare Board w/Manual  § 30.00 Assembled & Tested $239.00

EXPANDOR’S BLACK BOX PRIN]’ER

This 64-character ASCI1 impact printer
with 80-column capability is portable
and uses standard B%:™ paper and reg-
ular typewriter ribbon, Base, cover
and parallel interface are included.
Assembled and compilete with manual

and documentation. Onlv $470.00

(90 day manufacturer's warranty)

TRS 80 Interface Cable for Black Box Frinter
Lot obatiig e liees $48 .00

Pl iz s £ T e pansene choadote, By |

R S R L L S L

7

Power Supply for TRS—80/Black Box Printer

$49.00

Integral

Check the impressive

Data Systems
features on Integral's
IP-125 Impact Printer

®
only $799

LOADED WITH EXTRAS AT NO EXTRA COST

® Miroprocestar contraties 8 Sl RS2 I2L anterfare # Pargiter 111 Ieves sntedtaie @0
UPDE: AN fOwer Cate AL cnarscter st (06 (haraciens) 8 Fan B8 7 sueh wide n.ule . e
ength af BO cotumng 31 10 Charactens per gk @ (mpact Ooating @ Fel ool Mative ® Gudina g
DI0E tall, LAN1G1A, A1 ANeET ® Leil BGaud rate ti 1200 D oEr teLond B Mumple e butter

of 256 (ndrgctery B instantanesus pont tale lu LOD chadaciers per secan
wilhout adiustment @ Hewhing nbDAN MEChAMAM 8 b rinl Danel ODE1Alus CONtials 8 ATtaactive
taule tup <onsote

d = Atulnple v athies,

IP-125 Integral Data System {P-125 Friction Feed Printer
€96 upper & lower case ASCII character set
sEnhanced character control

sSerial RS5232C Interface (std. factory wiring)

e Paratlel TTL Interface (factory wired on req.)
#80 column line

® 256 byte multiline buffer $799
I1P-225 Integral Data System 1P.225 Tractor Feed Printer

* All standard features of 1P-125

® Tractor feed paper drive

eForms Control Option (P1250) $949

l” W"'III':I'}

dniversal

H
l| ll\“|| ”M" 'k \’|I|

il
3890-12 .
CARD EXTENDER [y rue foow S e

Card Extendar hay 100 cantects 50 per nde -

Gen

Purpowe DI P
waith But Pattern for Solder o1

doards

14
an 128 comign Afleched connector 1 com
panble with 5.100 Bur Systemt $2600 JE77987x AN, $10.90 8000V 19.95
3P0 8 5" 2274 pin. YE& c1e 1200 M-85 kAL .. FOTA BI01-1 1435

l Eutorviary |

Yoz Plugboards

8800V

Matrocomputer (processnr
plugboatd Ute wiih 5 100 s Com.
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PLACE ORDERS TOLL FREE:
K313 LUGCLE DYNABYTE

® 12" Black and White
® {2MHZ Bandwidth

¢ Handsome Plastic Case

$139.%°

L m e dig) e
RV Mudul Rl
i aime, slualp

SO4H KW Byt ) -
ARavagt wall e e
mate Hgudwan Mar . a1
Py gmmnnyy ¥ g m
Berigiammens, HeIpuw ¢
aut Reabugtd L,

E
A 1
$179

CASES — $29.95

800/421-5800 Continenial U.8.
800/262-1710 Inside California

Jade Memory
Expansion Hits for

d

ADE A
J IIPROVZIDB Dollallg nﬁn TRS-80 and Appis!

FEATURES < 4116's
LR ATl Everything a person needs to
3 e UL AR, ~dd 16K of memory. Chips
2 MHZ come neatly packaged with

Naked Terminal

FEATURES & BENEFITS

® industry standard 80 character
by 24 Iine format (Model 57}
® Completely self contained terml-

g S5

6502 pased single board
computer with keyboard/dis-
play, KIM-1 hardware compa-
tibie, complete documentation,

SYM—1 CASE $39.95

MICAOPROCESSORS
F

16 9%
280 (2Mi2 20 00
ZBOA [4MHz ) §14 95
COPLEO2CD 1795
6502 11 9%
800 16,95
G802 25.00
BOOS-1 12.9%
Q35 20.00
B035-8 $21 00
BOBOA $10.00
8085 23.00
TRS5900TL 49 95
HOS0A SUPPOART DEVICES
8212 290
5214 4 65
8215 275
8274 [ZMH7] 430
3224-4 (aMHz} 9495
B226 275
8228 6.40
B258 5 6.40
B243 B 00
B2t 750
&253 20 00
B250 5 4%
87%7 20 00
B25Y 20 00
F27H 75 00
ERE] 18 50
T
52350 $10.9%
UARTS
AYS A0 35 $ 5.25
Ava t0laA T 8.25
TRIBOZE $ 5.25
TMSHG11 $ 595
IM6a03 % 900
BAUD RATE GENERAYORS
MO 134 $10.00
13411 Crvsl.!l % 49%
200 PROQUCT
68 | 0P $ 4.0
5BB20P % 5.6
6B21P $ 66
6H828P $11.2
GR3aP $16.9
GB50P $ 8.6
6852pP $11.0
68H0P %92
6862P $12.0
68T1P $28.7
6875P $ 87
G6880P $ 2.5
CHARACTER GENERATORS
2513 Upper {- I?‘ﬁ] $ 6.7
25}3 Lower [-12+5) $67
513 Upper [S V311 $ 9.7
25I3 Lower {5 voll) $10.9
MCMBES?] up scan $10.9
MCMES T 1A down sin $10.9
PAOMS
17024 0
9
Q
0
4

BB pwne—l ewsl UGOLE OODVOE MEBNOEEOSOMS
i NDO0D0 OO G OO0 VO VUi OUCROUVoUre oo o

3
2708 $
5716 (5+12) T1 % Kits: 450ns $12%
2716 {5\!; Retee 36 4501 W ROSECRANS AVENUE Telephone 250ns = $149.73
2758 {Bv £2 Department F" 3 (213) 679-3313 Assembled goTesied: 138.75
Dvm:vuluégzms 200m) 125 HAWTHORNE CALIFORNIA 90250 (800) 421-5809 Continental U.S 280nt :16!'75
{200ns (800) 262-1710 inside California N
_‘2’{8?;‘095 : .g UsSA Bare Board: 2% 00
TMS4027/4096 {300ns) $ 2.0 re an e = 16K — Uses 2114 s (Iow power)
STATIC RAMS - 16-10 e | { 2] VRRL | EEvE=) Assembled a. Tes
21L02 (450ns) $ 1.50 $ 12 < [ ] RAM s som] :375.00
513?21 50ms : ;;g : .g . RAM us 4530ns 325.00
. ash, checks, money orders, and credit cards accepted. Add 16K with mem man men
g”%i : ggg g 2 freignt charge o! $2.50 for orders under 10 Ibs, and $1.00 service Assembled & Tg;r sgement
FLOPPV DISK CONTROLLERS charge for orders under $10.00. Add_ﬁ% sales tax on all parts RAM €5 250!“ $390.00
$30.9 delivered in California. Discounts available st OEM guantities, RAM 658 ({450ns $330.00
xsvagm $49 9 ?K Static
ARD CHIPS sambled & Tasted:
BT $13.75 WRITE FOR OUR FREE CATALOG B mony oot es.00
AvE.3600 $13.75 All prices subject to change without notice. 450ns :725.00
MMS740 $18.00 250ns Kit $878.00
k - .

nal electronics, just add CCTV (Y
monltor and keyboard. POWER ON JUMP AND RESET easy to follow dlreo::‘::anl.I In
= No support software required. ON BOARD USART (8251) % minutes your machine is
® Switch selectable modes: Half ready for games and more
Dupjex, Full Dublex, Block 2MHz advanced software.
s Block mode allows editing be- ’;;‘,emb,,d & Tested :}22;38
fore transmit. 4 MH 75-00
» Keyboard interface provided, Kt $149.95
including regulated +5 volts and Assembied & Testea $199. 9%
-12 volts. Bare Board $ 3%.00 Cait for dsiscounts on larger quanuilies
= Video is switch selectable as
“‘Black-on-White' or *White-on- e —
Black. th tull d tati . ",
a Fully assembled, socketed, tes wt Y acumentation IMSAI"-TYPE CARD
: Kt $100.00 GUIDE SPECIAL:
ted, burned in, and guaranteed Assembled & Tested ““ 95
for a full year from date of Bare Board $ 3000 Regular Price 30d each
purchase.
SPECIAL: 10 for $1.00!
$350.00 EPROM BOARD KITS
vt cablen HOH Ve tm o e $68.95

Heow Prices

OYNAMIC RAM BOARDS
EXPANDABLE TO 64K

32K VERSION =« KITS

Uses 4115 (BKx 1, 250ns) Dynamic
RAM’s, can be expanded in 8K
increments up to 32K:

Rockweli AlM-85: TIIO Head-Start,
in Microcomputers

A KIM-1 compatible machine with
on-board printer and a real keyboard!
2275.00 w/1K RAM
50.00 w/4K RAM
4K assembler/editor in ROM: $ 80.00

) 8K $159.00 24K $249.00
BK BASIC in ROM: $100.00 16K $199.00 32K $299.00
Power supply: % 59.95
Case for AIM-65: $ 49.95

4115 SALE
8 for $39.95
64K VERSION o KITS

Uses 4116 (16Kx 1, 200ns) Qynamic
RAM's, can be expanded in 16K

Special Package Price: $599.00
AIM-65 (4K), Power Supply, Case, and 8K BASIC ROM

mcrements up 1o 64K
16K $249.00 ABK $469.00
ZIP* I2K $369.00 64K $569.00
® * STATIC RAM *
$395.00 DIP® 11 SPECIALS
SOCkets 2114’s, low power (1024x4)
1-15 16-99 100 +
mnmﬁf“‘g 4s50ns  [9.00] 6.95 [ 5.50
e 300ns _|9.00| 8.00 | 6.50
i TMS4044/MMS257, tow power
45Q0ns 8.00 | 7.50 |6.50
*ZERO 300ns  19.95 | 8.75 |8.00
INSERTION F.g:":: 4200A (4K x1, 200ns)
tncludes disk drive, power supply, regulsr board EPRICES: 9. ’5 | 8.50 Jl.oo
compact case, and cabie. The V-80 offers 23% more ®16 pin Zip Dip 11 $5.50'
storage capacily. Simply take It out of the box and 824 pin Zip Dip I s750{ 410D (4K x 1. 200 ns)
it's ready 10 go! Requires 16X, Level Ii, EX. R, 40 pin Zip Dip 11 $10.25

STATIC RAM
A TDIXES
Computer Products

JADE 8K
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Digital

TELEPHONE/KEYBOARD CHIPS

' AY-5-9100 Push Bution Telephone Dialler 3‘1: 3?
N AY-5.9200 Repertory Diafler 3
L N *  Thermometer Kit Ju3E%  ECEACems o
' SNTETIN AY-5- b
. © Keyboard Encoder (16 kuys!
soaey 6 s gg sran = | Regulated Power Supply ] Keyboara Encooet (16 keys 585
SNT401H 1
SNIH 1B E 2 ") SN e 5to 15 VDC 1CH CHIPS o
Sutow 1 b bl SNTIBIN 89 =Full 15 smp @1 5-I0V ICM7O45 CMOS Precision Timer 41
SNTAO4N in SNTATON Lo b & Quipit — Up to 5 amp 1CM7205 CMOS LED Stopwatch/Timar 7%
TN Pets 4 - . n Decade
g:"‘“’" 2 5’":”: 33 a;ﬁm : gg - - *Heavy duty irarsiormer g TR - Rl . :ghmﬂggg Clock Genaratot 6.85
i 3 A WO 600 - *Zwormnet | C.Volt.Asg. | » - NMOS READ ONLY MEMORIES
Srom SNIGR 175 e *Homt siok provided far | sDust sensors-wiiehing conuol for in- MEMESTY 128 X9 X 7 ASCH Shitied with Gresk  13.50
. 74N i Fic woar o L ng 13%0
SHTIN 2% SHz4%00 b4 S coaling Inutus LED B 0t display 74 128 X 9 X 7 Math Symbol & Pictures
. ® Seam 8 Shorm 19 PG Bowrd comstruction | +Hanaer 4L63F 1o 1900 Q8T vooe 112',12?,75 128 X 9 X 7 Alphanumenic Cartrol 13.50
San 0 Shsm 4 AL *120 VAC input :Q::m::;'f% Sironhart o1 Celsiout raading Character Generatar
SNTHI6N bl SHT&04N €5 ig;::m 1‘7;; *Size: J%' "W nE"Lx2"H 'E;m »gn: ,.l‘l‘!.'ﬁu.aﬁr ﬁfuc W:I['agn ter inct MISCELLANEOUS 2ee
SN 25 Suraan 8 : oShe ) 074N Quad Low Noise bl-fet Op Amp
4 85 SNIIBIN 195 T 149
sy 8 it oam S A JE210 sw01svoc $19.95 | g0 TR Swionig R At i
SNMZN 39 SNTO0ON 89 NI R JETIO 4 ¢ h Duvidn 10711 Proscaler 18.95
s 2 A vy 9% | ALSOAVAILABLE: Kit . $30.95  UE22068 Func, Generator Kit . $1995 | 11C% Hi-Speed Dwide 10/11 Prescaler 1.3
SNM25H n SHI4109N 59 SNINIEEN 195 JESO0 Digital Stopwate CSimon  lgagon Lune. Cr dgt. clock kit $20.98 by Photo-Darfington Oplo-Isoisior 1%
N 2 guaen 1% suoson 125 | JE301 6 digit Clock Kit . .. . 518 MKS0240 Top Ocive Frag Genwrator 175
SNTAPIN 2% NT12 6CH hz 2-phase MOS clock driver .
SNISIGIN 128 050021 4 1050
SNIZON » SNz 3 TIMEX T1001 27" red num. display -nmeq o chup
s | ) TIL308 W
SNINI0N 2 sz 49 MUID CRYSTAL DISPLAY MMS320 w Camara Syn¢ :
s 49 S 78 la. Lny ialh 3.85
wom Soir W Sy B xessen e 531 s FILLD ETFECT MZaD in g:g:: nglcm"ﬁngm Ispuc 25 Oset
SHTISR % SHIAIN 75 gzmm o9 | XC5568 gresn :g{ KCZDSBE fﬁe " 4 SN 77T
SHIAYON 2 SN 15 snroiorh g9 | XCSSBY  yeliaw XC200G g % LITRONIX 180-UIT 1 ENERATOR
SNTUGH o SHTAUIN 7: sh7aigeN a3 | XCSSEC clear St xC208Y  yellow ! Photo Transisior Oplo-tsolator Gmsouuo c'f:mplu Sounds
SNIaAN 5 SN 29! 200 dia 125 din. erates
SNTAIGON 14§ . {Same as MCT 2 or 4N25) bie
SHTHY 4 SNTAISN 298 195 | xceem Cred ST yososR  red ER Low Powsr - Programmal
SNTAIN 7 Sy 7o e | e groen 451 YCTAEC green 781 2/99¢ 3.95 each
SNLIN ] snm:sr 9 SHIAITMN 7 XC22v  yeliow 51 ey yolhpw 451 AT 5T EHARACTERS .
ol E VRS SHTIBIN 175 70 din XCHEC  ciear 4131 THIILE ENURCIATORS TV GAME CHIP AND CRYSTAL
Pl & i o S 398 | VI ced 4t 180 dla, e Ubts o eron AY-3-8500-1 and 2 01 MHZ Crystal (Chip & Crystal
AR s 59 pran 38 sdle g XCTIR e 551 O T $7.95 includes soore display, 6 games ana salect angies te 7, 95 /51
Sam Srosn & e o | NFRARED L WY S ARL | TI001A Mt 8.5 XA205  $840 khzzazce 150
NTASIN ) SHTA1504 . | . i vl | - XR2264  4.25
g-.;::w X SN 99 ;’:;“g;j 3 m-m;';ma' flat XCIME  char 451 igg:g “g XR2%S8 130
s 20 NS 7 1 X XAZsS? 299
5 7 SKTAJNN 1 05 0 155 JE2206¥A 14.95 T
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Circle 30 on inquiry card,

B ECKMN ENTERPRIS' ES All Prime Quﬂllty — New Parts Om’y
Satlsfactlon Guaranteed l
EDGE CARD CONNECTORS: GOLD PLATED. INot Gold Flash) MMM@M
BODY: Non tritlle, Solvent res., G.E. Valox. QUANTITY 14 5.9 10-24 IC SOCKETS, GOLD.
CONTACTS: Bifurcated, Phos/Branze, Gald over Nickel, DESP Mate 1.45% 1.35 V.25 | WIRE WHAP 3 TURN.
ABBREVIATIONS: ST Solder Tail, S/E Sold. Eyelat: DEAS Femnale 1.93 1.80 1 70 Y4 pin $0.36 ea.
WIW Wire Wrap 3; SW/W Short W/Wrap; DE110963-1  Zpc. Grey Hood 120 1.10 1.00 16 pin .38 es
DA15P Male 1.85 1.80 170
g . .4
PART #  Description Row Sp. 14 59 10-24 gﬁ;?grﬂale 1pe. Grey Hoaod ? 2{5) % ?g .‘; 18
5010 S0/100 S!'T ALTAIR 140 3.75 350 330 : ) ) )
. DAT108963.2 2pc. Grey Hood  1.22 110 1.05 L.C. SOCKETS.
5020 SO100 ST IMSAY 250 3.95 376 350
; 0B25P Male 2,20 210 1.80 _D_l Solder. Tin.
5030 50/100 Wiw IMSAY 250 410 3.90 370 "
. DB25S Female 320 300 270 Tdpn 5015 ea
5040 50/100 S/E ALT/IMSAI 140 5.00 4 50 425 _
5050 £0/100 ST CR . 08512121 1pc. Grey Hood 1.30 1.20 1.10 16mn Q17 ea
/ . OMEMCO 250 6.25 600 575
1450 IMSaA) CARD GUIDES 016 014 012 0B51226-1A  2pc. Black Hood 1.40 1.30 1.20
' 08110963-3 2pc. Grey Mood 1.35 1.2% 118
100" Contact Center Connectors DC37P Mate 370 350 335
1020 13126 S/E imss) MIO: 140 210 185 1.75 DC37S Female 4.90 470 4.40 B0OBO PRIME
1040 25/50 S/E 140 265 275 250 0C110963-4 2pc. Grey Hood  1.9%  1.B5 17§ “$800ea
1060 25/50 ST 140 3.00 280 2 60 ODSOP Mate 440 430 410
1008 3673 BT v 309 460 3% 313 B0812161° " Tpc GroyMood 230 210 150
1065 36/72 S/T Vector .200 4.00 375 3.50 - pc. Grey Hoo . . .
1070 40/8B0 S/E PET 140 4BO0 450 4.30 DD110963-5  2pc. Grey Hood 2 40 220 2.00 |[2708 EPROMS PRIME
1075 40/B0O WIW PET 200 500 4.65 4.35 D20418-2 Hardware Sets 075 070 065 514.00 e
I LR S A S 149 290 ag0 428 CONNECTORS FOR CENTRONICS 700 SERIES:
lggg 43,35 g,r Cos.ELF 140 510 485 460 Ambhpenol 53"22235690 ngesack of Cegn‘;g:»css;%%ggeues:
1 43/86 5/7 Cos.ELF 200 4.95 470 4.45
10385 43/86 W/W Cos.ELF 200 5650 520 4.80 WHISPER FANS: Excellent for Computer cabinet coaling. Extremely guat.
POLARIZING KEYS: For Above 010 010 010 Dim. 4-3/47 x 1-1/2" thick. U.L. Listed. 2; 80 5155900 s:ggg
156" Contact Centar Connectors. WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INGUIRIES ARE
I 1550 G- S/E PET Etc 140 1,30 110 0890 WELCOME.,
1560 B/12 ST PET.NSC. 140 1.35 1.15 095
1575 12/24 S/E PET 140 2.15% 1.95 1.7 WE ARE CONNECTOR (EDGE CARD} SPECIALISTS. IF YOU DO NOT SEE
1580 12/24 SIT PET 140 2.10 1.80 170 WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL
I 1580 15/30 S/E GRI Keybd. 140 2.25 2.0% 1.85 REPLY.
1620 18:/36 SiE 140 2.40 2.20 2.00
1650 22144 S/E KIM,VECTOR 140 2,20 200 1.80 TERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. AN orders
1660 22/44 SIT XIM,VECTOR 140 200 180 1.70 over $25.00 in USA and Canads: WE PAY THE SHIPPING.
1670 22/44 Wi KIM,VECTOR 200 2.40 220 200 NOTE. CA residents please add 6% sales tax.
1680 36/72 Wiw 200 3.90 3.75 3.50 NO C.0.0. SHIPMENTS OR ORDERS ACCEPTED.
1710 36/72 S/E 140 3.50 330 310
1720 3872 SIT .200 3.30 310 290 MAIL ORDERS TO: ., y
I 1730 43/86 5/T Mot B80O 140 440 4.5 3.90 BeCklan En terprlses
1740 43/86 5:T Mo 6800 200 4.356 410 3.85
1750 43/86 W/W Mot. 6800 200 435 426 210 P 0 Box 3089
I POLARIZING KEYS: For Above 0.10 0110 0.10
Simi Valley, CA 93063 J

COMPUCOLOR I is Heren

HERE IS A SURPRISINGLY PRICE & OPTIONS

AFFORDABLE COMPUTER MODEL 3— 8K USER RAM-1495 .00

THAT MAKES THE COMPE-

IITION LOOK TWICE 11 MODEL 4 — 16K USER RAM- 1695 .00
MODEL 5 — 32K USER RAM - 1995.00

STANDARD FEATURES 2nd DISK DRIVE - 400.00

| SPECIAL GRAPHICS PKG. MANY PROGRAMS AVAILABLE %
" EXTENDED DISK BASIC

* MINI DISK DRIVE TO ORDER

" 8K RAM MEMORY SEND CHECK OR MONEY ORDER
* 72 KEY KEYBOARD CALIF. RES. add 6% TAX
shipping 1% all orders
== CATALOG — 50¢

HOLLYWOOD 9100 SUNSET BLVD
SYSTEMS SUITE 112 |

L.A. CALIF. 90069
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Circle 387 on inquiry card.

WAMECO

THE COMPLETE PC BOARD HOUSE
EVERYTHING FOR THE S-100 BUSS

* EPM-2 16K or 32K BYTE EPROM

% FPB-1 FRONT PANEL BOARD
IMSAI Replaceable

Hex Displays,

* FDC-1 FLOPPY DISC CONTRQOLLER BOARD
Controls up to 8 Discs ............

* MEM-1A 8K BYTE 2102 RAM Board . ..
* MEM-2 16K BYTE 2114 RAM Board

* CPU-1 8080A CPU Board

With Vector Interrupt ..............
* EPM-1 4K BYTE 1702A EPROM

...... $54.95 2708 or 2176 interchangeable ..$30.00
* QMB-9 9 SLOT MOTHER BOARD
-------------- $45.00 Terminated ......oooooeereeeen ... $35.00
$31.95 * QMB-12 12 SLOT MOTHER BOARD
.$31.95 Terminated ... $40.00
* RTC REALTIME CLOCK
,,,,, $31.95 Programmable Interrupts ... .......$27.95
..$29.95

FUTURE PRODUCTS: 80 CHARACTER VIDEO BOARD,
IO BOARD WITH CASSETTE INTERFACE.

DEALER INQUIRIES INVITED, UNIVERSITY DISCOUNTS AVAILABLE

AT YOUR LOCAL DEALER

Al
wmcl,
[ /,’,C. WAMECO INC. 111 GLENN WAY #8, BELMONT. CA 94002 {415) 592-6141

K774

FORMEALY CYBERCOM/SOLID STATE MUSIC.

CB-1 8080 Processor Board. 2K ¢f PROM 256 BYTE
RAM power on/rest Vector Jump Parallel port with
status, K. . $125.95 PCBD ..$28.95
MB-8A Basic 8KX8 ram uses 2102 type rams, $-100
buss. Kit 450 NSEC . $123.95. PCBD  $2495
MB-7 16K%08, Static RAM uses ;P410 Protection,
Tully butfered 7 $299 95
MB-gA 2708 ERCM Board. 5-100, BKBX or 16KX8
kit without PROMS $75.00 . . PCBD $28.95
MB-9 4KXB RAM/PROM Board uses 2112 RAMS or
825129 PAOM kit withoul RAMS or PROMS §72 00
10.2 S-100 B bit parallel /10 porl, 2a ol boards is for
kiudging. Kit .. .$46.00 PCBD $26.95
10-4 Two serial 11O ports with full handshaking
20/60 ma current loop. Two parallel 1/0 ports.
Kit, $130.00 PCBOD .$26.95
V¥B-1B &4 x 16 video board, upper lower case Greek,
composite and parallel video wilh software, $-100.

Kit . . $125.00 PCBD $26.95
Allair Compalible Moether Board. 11 x11% x %™
Beard only ... .$39.95. Wilh 15 connectors  $94.95
Exlended Board full size. Board only $ 049
Wilh connector $13.45
5P-1 Synthesizer Board S-100
PCBD. $42.95 KIT $13595
82523 ... $1.50 PRIME SUPPORT
828123 . 1.50 BOBDA $ 9.95
B25126 195 8212 3.25
BzS129 1.95 8214 6.50
B2S130 . 3895 8224 3.49
825131 .. .. 295 2114 (450 NS) ‘Low PWR  7.25
MMIB330 1.50 2114 (250 N5) Low PWR  7.99
1MA5600 - 150 2102A-2L .. . ... 1.60
IM5603 . 195  21024-4L ... 1.25
IM5604 .95 2708 450 NSEC ... 895
Ilmgg;l] .. 1.50 1702A-6 ... 3.50
3 . 185 4116 (Apple RAM) 1295
IM5624 35 4116 Apple RAM) 1228

(WMC)pe.

FOC-1 FLOPPY CONTROLLER BOARD will drive
shugart, pertek, remic 5" & B” drives up 10 8 drives,
on board PROM with power boot up, will operate
with CPM (not inclulded)

PCBD .. $42.95
FPB-1 Front Panel. IMSAI size, hex aisplays. Byte.
or instruclion single step

PCBD $47.50
MEM-1 BKXB8 tully buttered, S-100, uses 2102 type
tams PCBD $25.95
aM-12 MOTHER BOARD, 13 slot, terminated. S-100
board only £34.95
CPU-1 B0O80A Procecsor board S$-100 with 8 level
vector interrupt PCBD $26.95
RTC-1 Realume clock board Two independent in-
terrupts. Software programmable PCBD $25.95

WAMECO INC.

EPM-1 1702A 4K Eprom card PCBD $25.95
EPM-2 27082716 16K/ 32K
EPROM CARD PCBD $25.95

OM-9 MOTHER BOARD Short Version of QM-12.

9 Siots PCBD $30.95
MEM-2 16K x 8 Fully Buflered
2114 Boarg PCBD $26.95

16K RAM BOARD by CCS fully bultered, bank se-
lect standard to IEE buss goid fingers, solder mask,
plated thru holes. sitk screened PCBD $26.95
KLUDGE BOARD by CCS for S-100 glass epoxy
over 2600 plated through holes. 4 regulators with
CAPS alt S-100 lunctions iabeled, gold tingers.
PCBD $£29.95

= MIKOS

(415) 592-1800

419 Poriofino Drive San Carlos, California 94070
Please send for IC. Xistor
and Computer parts hst

MAY SPECIAL SALE
ON PREPAID ORDERS

(charge cards not included on this offer)

WAMECO REAL TIME CLOCK BOARD. Kit with
all factory marked parts ... $54.85
PCBD . $23.85

FPB-1 wilh Mikos #14
Front Panel Kil ... ..o $124.95

MIKOS PARTS ASSORTMENT
WITH WAMECO AND CYBERCOM PCBDS
MEM-2 with MIKOS #7 16K ram

with 12114 450 NSEC ... ..o $235.85
MEM-2 with MIKOS #13 16K ram
with L2114 250 NSEC . ... . ... $269.85

MEM-1 with MIKOS #1 450 NSEC BK
RAM . e $12385

CPU-1 wilh MIKOS #2 BOBOA CPU .............. 89.95

MEM-1 with MIKOS #3 250 NSEC BK
RAM R e 14485

QM-12 with MIKOS #4 13 slol mother

board . e 89.95
RTC-1 with MIKOS #5 real hme clock . . 60.95
VB-1B wilh MIKOS #6 video board less

molex connectors ... 99.95
EMP-1 with MIKOS #10 4K 1702 Iess

EPROMS ... 4995
EPM-2 wilh MIKOS #11 16 32K EPROMS

less EPROMS . 59.95

QM-9 with MIKOS #12 9 slal mclher
board C .. TEDO

MIKCS PARTS ASSORTMENTS ARE ALL FACTORY PRIME
PARTS KITS INCLUOE ALL PARTS LISTED AS REQUIREQ
FOR THE COMPLETE KiT LESS PARTS LISTED ALL SOCKETS
INGLUDED.

VISA or MASTERCHARGE Send accounl numbar. Intarbank
numbet  expiralion dale and aign your ordsr, Approx  poslage
will be added Chack or money ardar will he sont posl pEid in
WS (1 you are not a ragular cuilomer. plasesd usa Chargs,
cashmer's check or postel money crder Otharwing thers wil|
be 2 two.wesk dely lor checks to claar, Celil, residenis sdd
6% tax Money back 30 day guaranige. Wa cannol sccapl -
turned IC's that heve been poldered fo. Pricas sublect to
change withoul notice. §10 minlmum orde®. 11.580 service chame
an orders less ihan $10.00.

Circle 230 on inquiry card.
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My B

FOR SALE: BOBOA S-100 emicroprocessor with
Martows processor and 1O {input/output) boards,
Processor Technology VOM-1 wvideo, 8 K static
programmable memaory, end ASCIl keyboard.
BASIC running, progrems included. Full doc-
umentation| Cost over $850, asking $500 plus
shipping. Milan O Chepko, 119 Belleville Ct, Thief
River Falls, MN 58201,

FOR SALE: Digital Group parsliel 1/ {input/
culgut) card. Adds four inputl sng four output
ports to any Digital Group system. Add joysticks,
printer, digitizar, atc 10 your systern. $75 or best
offer. John Case, 8703 Timbarhill, San Antonio
TX 78238, (612) 681-7504.

WANTED: Maintnance manual or schematic
informeion for Frieden Flexowriter model 23014
ar similar unit, Will pey $5. for schematic or $25
for manoal. Willlam A Brown, 78 Salem HI Rd,
Howell J 07731, {201] 364-6532.

GAMES FOR SALE: Programs an cassette for
Level { TRS.80. Star Trek {s0 compact it runs on
4 K] $10. Ping-Pong {4 K} $5. Lunar Lander
{4 KI $5. Add $5 for cassette and shipping. M
Fealey, 15018 Ave, Iberville Quebec CANADA,
J2X 143,

FOR SALE: Digital Group 2-80 system with 8
inch disk and Diskron, 34 K static memory,
keyboard and monitor. Al in Digieal Group
cabinets. 32650 or best offer. John Cigccia, 5707
Yalley P1, San Antonio TX 78233, {512] 654-0338
Byenings.

FOR SALE: Apple Il 32 K, Disk I', Applesoft
read only memaory card, carrying case, disk binder,
with over 100 programs, three months old, $1975,
Ship UPS. Peter Sils, 2065 California St, Apt #1,
Mountain View, CA 54040, (415) 965-2775.

FOR SALE: Heathkit HB and H9 with cassette
recorder, /O linputfourput] interface. 8 K with
manual set. Extended Benton Harbor BASIC.
Unit up and running, $1100. Will deliver free any-
whore in Northeast from Wirginia north. R D
Maorgarn, 2433 Hepplewhite Dr, York PA 17404,
(7171 7674770,

FOR SALE: Hewlett-Packard HP-25C program-
mable celculstor with continupus memary. Fe-
charger /AC adaptor. Programming pad. 120 page
cwners handbook, 161 page book of applications
programs. Like new wirth case, originisl box and
stand. Cost new $139. I'll pay UPS and ship il to
yvou for $100. Greg Glau, POB 1627, Prescott
AZ BB5302, (602) 445-3212,

MOTOROLA D2 USERS: A manual of experi-
ments on 6800 microcomputars conteining 73
Hssembly  lsnguage problems. A stap-by-step
approach 1o lgarn 1o wse the 6800 assembly jan-
guage, digital /O linput/output), intarrupts and
many programming technigues with solutlons. $5.
K K Rao, Dept of Physics, Westarn Michigan
Univarsity, Kalgmazoo M1 48008,

FOR SALE: H1t ILS! procassor] with arithmetic
chip and 16 K. Manusls and softwear. Mew cost
tkirh $1,850. Would like $1,600. Also H10A; now
cost fkith $350, but have had trouble. Will sell lor
$200, wath manuals. James L Achord, 2500
Horth State St, Jackson MS 392186,

FOR SALE: TI Microtarminal for use with TMS90
series microcomputers. $75. 12 inch modified line
isolated video processor. $60. Quality keyboard
case. §2%. Miscellangous character generators,
210%s, 1702As. K Zandier, 481 M Armistesd
St, Alesandria, VA 22312, {703} 6646460 during
day.

BY T Meeslicatmins lac

HELP- Need Memorex Model 1240 tarminel ser-
vice mapnual. Alsg print cartridge and print cartridge
drive belt. Johannes Oelke, BBS2 Rock Forest Dr,
St Louis MO 63123, {314) 421-5055 (Mon thru
Fril or {314} B43.5609 svening.

WANTED: New or used dumb video display or
PET. Also 8 modem for either. Jonathen Gutten-
burg, 125 E 72 5t, Mew York NY 10021,

FOR SALE: Hesth W8, 16 K, serial /O {inpw/
oulput), videp display terminal, and sll Heeth
softwara. Working greal. Bargain at $1000, Jeff
Lambros, 7 Parkshore Cir, Sacramants CA 95831,
13161 422-7802.

FOR SALE: KiM-1, TYTH and an ASCI Key-
board wired with softwere for use as an ASCIH con-
tralled video terminel. Complete documentation.
Plus First Book of KIM, Cheap Viden Cookbook,
KiM-T User Notes, Microchess and other utility
and game progrems on cassetta. Will pay shipping.
%$260. John Dakiac, QTRS 770-2, Fr Ritchie, MD
21118, {301) 2414744,

FOR SALE: Health HY9 video terminal. Up snd
running, 8 documentatian included. $425. Dr
Apuman, 509 Wolcott Rd, Wolcont CT 06716
12031 B79-3855.

WANTED: Information on the |IBM Cardatype
typewritar, 1ype B85 and 868 or on the |BM
elactric typewriter Modal 11C. 1 would like
manuals, parts, or other dats to help me convert
this machine to & printer for & 6800 microcom:
puter. John Kluth, 1060 Deleone Or, Kent OH
44240,

WANTED: Operations manual and schemastic for
a Dumont Labs type 350-R oscilloscope, Wil pay
any reasonable price for copigs. James Brown, 15
New Qcean $1, Lynn MA 01902,

FOR SALE: TMS-9900 16 bit Techinco starter
wstem with monltar, Assembler, 1.5 K power,
manuals, $450. Datel Selectric terminal with full
ASCIL 1O (inputfoutputl RS-232, extensive
manupl $700. Power Supply 5V £12 V com-
mon ground at 1.3 A regulated and protected
$50. David Lynn, 1813 Kingslend Av, Orlende FL
32808, 1305) 2534074 after 6 pm.

WANTED: Back issues of Software-Practice and
Exparigence, Computer Graphics, Computer Jour-
nal, SIAM journals; other computar journals gx-
cluding ACK. William G Hutchison Jr, Princton
Arms N 191, Cranbury NJ 08512, {609 443.6631.

EMPLOYMENT WANTED: Graduated Decernber
1978 from Cantral Michlgan University with 8
Bechelor of Independant Study degres in Elec-
tronic  Sound Synthesis {minor  in  Computer
Science). Also hold Associete degres in Industrinl
Electronics. Seeking employment in electronic
sound synthesis but will consider other areas. |
have an exceilant background in microcomputars.
Sieven Petersen, 3111 Bird Av NE, Grand Rapids
M) 43508, (616) 361-6083.

FOR SALE: Haath B10 reader/punch assambled
and tested. Never bought rest of Hesth system.
$2B0. Also Scientitic Devices digital capacitance
meter, fectary built, $60. Jeft Duntemann, 6208 N
Campbell Aw, Chicago |L 60653, (312} 764.5068
evenings, 648-1668 days.

FOR SALE- TRS-80 owners. The axciling game of
Oihella in 4 K Lewel, Two variations on one
cassatie: you play computer or you play oppanent.
Games on cassatte plus documentation, Guaranteed.
$5. Chuck Malmquist, 815 Aberdean Dr, Sunny-
vale CA 4087,

AW UNCLANNETED POLICY

FReadvrs who have equigment, toftware or other stemr
I buy, 1eff oc swap chowld iemd m a elaarly typed nopce
g shay effecs To be conngergd for pubfcanon, an aoves
FIGMENT LAr Be cloarly noacosmedcaal, teped dowide
Sp8ceE on plan winre paper, covlen T8 wordt or fesd, and
wiciude complete name and address nformanan.

These natices arg Frae of charge and well be poared ong
ame only an & space avadyble base Nances can e s
eepied frgm andenduals or bona e compurer Lier eluld
Githy. W can engrge of RE Corretguntience on fhesg ang
wour confirmation of placement 11 JOBEABACE et an 1$5ue of
BYTE.

Please note Ihat it may rake three or fout menths for an
aef 1@ appeds i the magasng.

FOR SALE: Several Digital Group Real Wortd
interface systems. Interfaces to any B it machineg
with parallel NG linputfoutput} ports. Has plug-
ins for AC and DC controllers, analog-to-digital
and digital-to-anslog converters, temperature and
current probes, and prototyping boards for custom
circuits. A B Neel, 400 § Lipan # 2, Denver CO
80223.

FOR SALE: Two complete control dats RPC
4000 computers with some spare circuit boards.
Also two autotypists with card punch. Make offer.
Frank Booth [601] 4524948,

FOR SALE: Complews ELF If, simost new. In-
cludes computer board with five edge connectors
and case, Giant 1/0 {inputfoutput] casserte and
maonitor board, two 4 K memory boards, cased
ASC)) keyboard, power supply, modulator, con-
nectors, softwara. Worth over $600. Asking 3400,
will tisten tg offars. Contact R J Crafts, FOB
139, Oak Bluffs MA 02557, [617) 683.2175.

FOR SALE. Paratronix model 1004 lagic an-
alyzer, new, assembied and working, $165 {factory
price; $229 kit, $295 assembled). | bought a
Paratronix 150, C J Drost, Cornell University,
Caltege of Vet Med, Ithaca MY 14853, at office:
{607) 256-2121, or 8t hame 607} 272-2458.

FOR SALE: Heathkit owners; assernbled 12 #
programmabla mermary basrd far HE. $180. (God-
baut Econaram VI, Darrell Meers, 201 Prospact
B1, Blacksburg VA 24050,

FOR SALE OR TRADE: intagrend 5-100 rack
mguntable mainframe. {ncludes 11 slot mothar-
board, five connscters in place, 15 A power
supply, and fan. Never been used. First check or
manegy order far $220, or | will trade it for a
KIM-1 like new with power supply and gll manuals.
David Minuk, 467 E College St, Murfreeshora TH
37130, {615 890-1701.

WANTED: Oparating manual, sarvice manual, and
used disk packs for an 1BM 2311 disk drive. Also
any information pertaining to @ source for the
above or use of the 2311 in @ hobby computer.
Mike Braun, 200 N Adams, M1 Pleassnt 1A 52641
{319) 385-2000.

WANTED: Technical data ona Fote-Mem Inc video
display terminal. Has Ball Brothers vidao display
maodel TY-12C 7.012.8100, micro switch keyboard
SW-10255 and auxiiiery keypad SW-10112. Display
80 characters, 24 lings. Fred Ordway, POB 5945,
Bethesds MD 20014,

FOR SALE: Digital Group 10 K 2-80 systam with
two Phi-Decks 64 character-wideo, Javelin monitor,
keyboard, power supplies. Mo cabiners. Fully
functional. $1,500. or bast offer. Grant ¥oungmaen,
3731 Bramblevine Cir, Lithonis, GA, 30058 ot
office {404) 586-8727, or 81 home: {404} 981.
6840,

MEMORY: Stetic 16 K byte memaory board for
S100 computer made by Vendenberg Data Pro-
ducts, uses UPD410 circuits sddressed in 4 K
blacks, Assambled, works perfectly. $200. Steve
Goldband, 58 Inwaod PI, Buffalo NY 14209. 1716}
B85-1020.

FOR SALE OR TRADE: BYTE magszine 16
issues Volume 1 thru Dec 76, excellent condition.
$125, or swap for KiM-1, Heath ET33400, ELF |1,
TI-BB, or in part for challenger 1P, AWM 65, TI-55,
After 5 PM and weekends. Ralph Rainke, 3007
Heron Ave, Wausau Wl 54401 (715} B42-0196.
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Resder Service

E—
To get further information on the products advertised in BYTE, fill out the reader service card with your name and address. Then circle
the appropriate numbers for the advertisers you select from the list. Add a 15 cent stamp to the card, then drop it in the mail. Not only do
you gain information, but our advertisers are encouraged to use the marketplace provided by 8YTE. This helps us bring you a bigger BYTE.,
Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.

1 Aaron Associates 124 91 Data Discount Center 217 204 Mo Mike's 201 318 Scelbr Computer Consulting Inc 232

4  Addmaster Corp 248 94 Datamation 223 229 Microsette 270 *  Scientific Research 89

2 Admwrusirative Systems 187 96 Data/Print Publishing 153 *  Microsoft 171 330 Seattle Computer Products 237

6  Advanced Access Group 225 82 Data Research (TX) 278 228 Micro Source 169 320 Semonics 243

3 AJA Soliware 197 80 Data Safe Products 221 211 Microware 203 319 Michael Shrayer Sofiware 173

5  Alladin Automation 27 93 DataSearch 201 231 The Micro Works 90 * Shugart 6, 7

7 Altos 45 B9 Delta Products 285 232 Micro World Electronix 274 333 Small Business Computers Magazine 199

8 Ancrona 284 87 Digital Dynamucs 248 230 Mikos 283 327 Ed Smith’s Soltwasre Works 199
156 Apple Computar 13 84 Digital Engineering 208 236 Min Computer Suppliers Inc 118 328 Smoke Signal Broadcssting 29
10 Apple v 248 86 Digital Pathways 219 255 Morrow/Thinker Toys 15 329 Softape 53
t1 AP Producis B7 95 DRC (CA) 210 256 Mountain Hardwara 137 321 Software 80 191
12 Aresco 248 100 DRC (TX) 2567 257 Mountain Hardware 224 ¢ Sofiware Development & Teaining Inc 217
13 Artec Electronics 141 102 Echo Design & Development 242 265 mm 236 340 Solid State Salas 255
19 ATV Research 270 115 Electrolabs 279 266 Nano Metric System Inc 235 350 Southwest Techrucal Products Corp CN
22 base 2, inc 79 120 Electronic Control Tech 229 269 Nat'l Small Computer Show 77 351 Speakeasy VitafFacts 126
30 Beckan Enterprises 282 125 Electronic Systems 268, 269 281 NEECO 144 335 SSM B3
29 Biotech Electronics 245 130 Etectronics Warehouse 267 282 NEECO 145 3562 Stwling Bekdar! 186

" Businc 230, 245, 246, 247 134 Federal Communications Corp 61 280 Netronics Research 239 353 Structured Systems Group ClI
28 Biz-B0O 185 136 FMG Corp 183 *  New England Recruiters 274 367 Sub Logic 256
34 Booisirap Enterprises 274 140  Allen Gelder 248 283 Newman Computer Exchange 265 364 Sunny Internavcnal 287
31 BAusiness Apphcavons Software 189 142 H Geller 187 285 North Star Computer 57 356 Sybex Inc 165
32 Buss/Charles Floto 199 150 Godbout Electronics 131 * NRI Schools (Elecironics Divl, 65 99 Synchro Sound 95

* BYTE Back Issues 209 152 Graham Dorian Entarprises 81 284 Ohiwo Micro Systems 149 359 Synergatics 209
36 BYTE Books 116, 118122, 127, 213 151 GRT 41 286 OK Machine & Toot 71 360 Tarbell Electronics BS

* BYTE WATS Line 187 158 H & £ Computronics 234 287 Ofiver Advanced Engineering 216 363 Technival Systems Consultants 81
37 Catifornia Computer Systems 34, 35 160 Hayden Book Publishers 167 ¢ onComputing 17 262 Telesonsory Systems 222
39 Calilormia Digital 259 162 Hickok Electrical Instrument Co 253 288 On Line 270 361 Terminal Data 274
45 Ceniral Data 69 170 Hobby World 36, 287 292 Qsborne & Associates 193 A86 Texas Instruments 241
47  Chrislin Industries 227 174 Hollywood Systems 282 230 0SIClv, 23 368 3/M Company 39
53 "COMPRINT' [Computer Printers Intll 37 172 HUH Electronics 235 * Dwans & Associates 216 364 3 5SalesInc 179
50 '"Compucolor’” (Div Intelhgent Syst 25 171 Industrial Micro Systems 105 296 Facific Office Systams 279 365 3 S Sales Inc 284
4B Computalker 236 173 Info 2000 99 298 Page Digital 275 371 Tora System Limited 274
49 Computall Corp 248 169 Information Termunals (Verbatmi! 31 297  PAIA Electronics lng 211 374 TransNet Corp 212
51 Compuier Components Inc 263 175 Input Quiput Unlimited 151 299 Payne, Jackson & Associates 181 38BQ Ucatan 270
52 The Computer Cookbook 47 177 Integral Data Systems 108, 109 301 Per Comm Data 54, 55 *  University Micro Fdms 147
70 Compuler Enterpsises 219 179 Integrand 207 302 Parsonal Soltware Inc 162, 163, 274 381 US Robotics 240
68 Computer Faciory {MA) 123 175 Interactive Microware inc 233 303 P 5209, 274 379 Vamp 215

*  Computer Factory {NY) 159 190 lthaca Audio 251 304 Pickles & Trout 213 383 Vector Graphic Inc 107

= Computer Lab of NJ & PA 237 195 Jade Co 276, 277 305 Podosoft 248 386 Video Warld 217
75 Computerland 8, 9, 143 200 Jameco Electromics 280, 281 312 Prnanty ) 271, 272, 273 9 Vista Computer Co 261
76 Computer Mart of NH 270 168 Key Supply Co 2586 300 FProcessar Technology 18, 19 385 V M Protessional Apphcations 274
66 Compuler Mact ¢l NJ 49 201 Kybe 181 311 Quest Electronics 263 384 VR Data 278
77 {Computer Service Center 270 203 Leedex Corp 231 313 RACET Compuies 197 387 Wameco 283
73 Compulgs Corp 175 * MacMillan Book Clubs 157 314 Radio Shack Autheorized Sales Center 274 388 Woestern Digital Corp 20
74 Conley Graphics 245 202 Mad Hatter Software 161 322 RCA 59 389 Winiek 248
7B CT Micreg Computar 86 208 Markelline Systems 212 323 The Recreational Programmer 274 390 World Powaer Systems 21, 73, 97, 111,
79 CT Micre Computar 201, 214 215 Measutement Sys & Controls 155 324 Research Mschines 213 125. 122
B1 Continental Speciaities Corp 218 216 Measwement Sys & Controls 270 325 RNB Enterprises 214, 215 397 Worldwide Electranics 270
40 Conco Corporation 256 217 Micre Computer Technology 178 315 Rothenberg Information Systems 220 400 Xitex 204
BO Cromemco 1, 2 219 Micro Diversions 5, 91 316 S5-100Inc 226 401 Xinex 205
82 Cybernetic Micro Systems Inc 210 220 Micro Focus Lid 143 * StJdude 174
85 Cybernetics Inc 183 222 Micromall 188 332 Howard E Sams (Div ITT Publishing) 195
88 Cygol 248 221 Micro Marnt 270 331 S C Dignal 211

*Correspond directly with company.
BOME )
BYTE’s Ongoing Monitor Box Video Outin Front
Voting on the February 1979 BOMB card
was rather close. The first and second place
Article No. ARTICLE PAGE winners placed 8.75 and 8.46 points above

1 Johnston: Computer Generated Maps 10 the standz_lrd deviation. The third and fou_rth

2 Blum: Representing Three-Dimensional Objects in Your Computer 14 place articles were 7.38 and 7.09 paoints

3 Ciarcia: Communicate on a Light Beam 32 above the standard deviation.

4 Morgan: The Superboard 11 50 . . .

5 Haas: Single Chip Video Controller 52 In first place W?S T1lnqthy l[_loos for his

6  Halsema: Bubhle Memories 102 short hardware article entitled "Use a Tele-

7 Lentz: 6800 Disassambler . 104 vision Set as a Video Monitor.” In second

8 Beard: Spacewar in Tiny BASIC 110 . N .

9  Tennant: The Intel 8275 CRT Controller 130 place was John Giacomo for his “Stepping
10 Smith: Smart Memory 4o 8 120 Motor Primer." These authors will receive
11 Maurer: Simultaneous Input and Qutput for Your 8080 164 .

12 Gorney: Queuing Theory 176 $100 E"_"‘I $5q respectl.\:cly. . . )
13 Ball: Trigonometry in Two Easy Black Boxes 184 Placing third was “A Microprocessor for
14 Hinrichs: Tic-Tac-Toe: A Programming Exercise 196 the Revolution,” by Terry Ritter and Jocl
15 Stirling: The Hobby Unwrap 218 Bonev foll d d v by St Gi '
16 Teja, Gonnella: A Mini-Disassembler for the 2650 233 Boney Tollowed clasely by steve tlarcia

17 Pfeiffer: Aids for Hand Assembling Programs 238 Build a Computer Controlled Security

System.”
BB kv 1979 2 BYIE Publications Ing






The Microcomputers
you should take seriously.

The C3 Series is the microcomputer
family with the hardware features, high
level software and application programs
that serious users in business and in-
dustry demand from a computer system,
no matter what its size.

Since its introduction in August, 1977,
the C3 has become one of the most suc-
cessful mircocomputer systems in small
business, educational and industrial
development applications. Thousands of
C3's have been delivered and today hun-
dreds of demonstrator units are set up at
systems dealers around the country

Now the C3 systems offer features
which make their performance com-
parable with today's most powerful mini-
based systems. Some of these features
are:

Three processors today, more
tomorrow.

The C3 Series is the only computer
system with the three most popular pro-
cessors— the 6502A, 68B00 and Z-80
This allows you to take maximum advan-
tage of the Ohio Scientific software
library and the tremendous number of
programs offered by independent sup-
pliers and publishers. And all C3's have
provisions for the next generation of 16
bit micros via their 16 bit data BUS, 20
address bits, and unused processor
select codes. This means you'll be able
to plug a CPU expander card with two or
more 16 bit micros right in to your ex-
isting C3 computer
Systems Software for three
processors.

Five DOS options including develop-
ment, end user, and virtual data file
single user systems, real time, time
share, and networkable multi-user
systems

The three most popular computer
languages including three types of BASIC

Circle 290 on inquiry card. C3-B

plus FORTRAN and COBOL with more
languages on the way And. of course.
complete assembler, editor, debugger
and run time packages for each of the
system’s microprocessors
Applications Software for Small
Business Users.

Ready made factory supported small
business software including Accounts
Receivable, Payables. Cash Receipts.
Disbursements, General Ledger, Balance
Sheet, P & L Statements, Payroll, Per-
sonnel files, Inventory and Order Entry as
stand alone packages or integrated
systems. A complete word processor
system with full editing and output for-
matling including justification, propor-
tional spacing and hyphenation that can
compete directly wilh dedicated word
processor systems

There are specialized applications
packages for specific businesses. plus
the vast general library of standard
BASIC, FORTRAN and COBOL software
0S-DMS, the new software star.

Ohio Scientific has developed a
remarkable new Information Manage-
ment system which provides end user

The C3 Series
from Ohio Scientific.

|

1333 S. Chillicothe Road » Aurora, Ohie 44202

o~

intelligence far beyond what you would
expect from even the most powerful mini-
systems. Basically, it allows end users to
store any collection of information under
a Data Base Manager and then instantly
obtain information, lists. reports.
slalislical analysis and even answers to
conventional ""English’’ questions perti-
nent to information in the Data Base
OS-DMS allows many applications to be
computerized without any programming'
The new “GT" option heralds the new
era of sub-microsecond
microcomputers.

Ohio Scientific now offers the 6502C
microprocessor with 150 nanosecond
main memory as the GT option on all C3
Series products. This system performs a
memory to register ADD in 600
nanoseconds and a JUMP (65K byte
range) in 900 nanoseconds. The system
performs an average of 1.5 million in-
structions per second executing typical
end user applications software (and
thal's a mix of 8, 16 and 24 bit.instruc-
tions!)

Mini-system Expansion Ability.

C3 systems offer the greatest expan-
sion capability in the microcomputer
industry. including a full line of over 40
expansion accessories. The maximum
configuration Is 768K bytes RAM. four 80
million byte Winchester hard disks. 16
communications ports. real time clock
line printer, word processing printer and
numerous conltrol interfaces

Prices you have to take seriously.

The C3 systems have phenomenal
performance-to-cost ratios. The C3-S1
with 32K static RAM, dual 8" floppies,
RS-232 port, BASIC and DOS has a sug-
gested retail price of under $3600
80 megabyle disk based systems start at
under $12.000. Our OS-CP/M software
package with BASIC. FORTRAN and
COBOL is only $600. The OS-DMS
nucleus package has a suggested retail
price of only $300. and other options are
comparably priced

To get the full story on the C3 systems
and what they can do for you. contact
your local Ohio Scientific dealer or call
the factory at (216) 562-3101
C3-B wins Award ol Merit al
WESCON 78 as the outstanding
microcomputer apphcation o
Small Business
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