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Sol.

that won't
fenceyouin.

A lot of semantic nonsense is
being tossed around by some of the
makers of so-called “personal”
computers. To hear them tell it, an
investment of a few hundred
dollars will give you a computer to
run your small business, do a
great amount of financial planning,
analyze a host of data in the
engineering or scientific lab and
when day is done play games
by the hour.

Well, the games part is true.
The rest of the claims should be
taken with a grain of salt. All of
the personal computers will help
you learn about computers and
how they work in general and the
kinds of things they can do for
you. Only a few have the capacity
to grow and handle meaningful
work in a very real sense. And they
don't come for peanuts.

Remember, there's no
free lunch.

So before you buy any personal
computer, consider Sol® the small
computer. Consider it because it
costs more at the start so in the
enditcostsless. Consider it because
it can grow with the complexity
of the tasks you ask it to perform
and grow with your ability to
use it. No, it’s not cheap. But it’s
not a delusion either.

From the very beginning, Sol
small computer systems were
designed to be at the very top of the
microcomputer spectrum. We
designed them so you wouldr’t have
to add costly extras to do many
jobs. We designed them so you could
add quality peripherals and more
memory to take care of more
complex tasks. We designed them

Circle 305 on inquiry card.

to use the best fully supported
disk operatingsystem on the market
today, PTDOS, which we also
designed. We designedthem to use
our Helios II mass memory. And
for Sol small computer systems we
designed new and adapted existing
software to give you the choice of
the best on the market today.

Build computer power
with our software.

No system is complete without
software, and at Processor
Technology we have tailored a
group of high level languages,
and assembler and other packages
to suit the wide capabilities of
our hardware.

Take a look at our exclusive
Extended BASIC as an example. In
cassette form, this BASIC features
string and advanced file handling,
special screen commands, timed
input, complete matrix, logarithmic
and trigonometric functions,

8 digit precision and square root.
The language handles serial
access files, provides tape rewind
and offers cursor control for
graphics capability.

The disk version has all the
number crunching talents of the
cassette BASIC plus instant
access to data and programs on
floppy disks. It includes
random as well as sequential files
and a unique ability to update
sequential data in place.

Processor Technology FORTRAN
is similar to FORTRAN IV and
has afull set of extensions designed
for the “stand alone” computer
environment. Thousands of special
application programs available
through books and periodicals have

The smaill computer

already been written in this well
established language.

Processor Technology PILOT is
an excellent language for teachers.
It is a string-oriented language
designed expressly for interactive
applications such as programmed
instruction, drill and testing.

No wonder we call it the
serious solution to the small
computer question.

It’s the small computer system
to do the general ledger and
the payroll. Solve engineering and
scientific problems. Use it for
word processing. Program it for
computer aided instruction.

Use it anywhere you want versatile
computer power!

Sold and serviced only
by the best dealers.

Sol Systems are sold and serviced
by an outstanding group of
conveniently located computer
stores throughout the United
States and Canada. They are also
available in Australia, Europe,
the United Kingdom, Central
America, South America, Japan
and Singapore.

For more information contact
your nearest dealer listed on
the following page. Or write Depart-
ment B, Processor Technology
Corporation, 7100 Johnson
Industrial Drive, Pleasanton, CA
94566. Phone (415) 829-2600.

In sum, all small computers
are not created equal
and Sol users know it to their
everlasting satisfaction.

ProcessorTechnology
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See Sol
at all these
fine
computer
centers

AL: Birmingham: ICP Computerland,

(205) 979-0707 CA: Berkeley: The Byte Shop.
(415) 845-6366. Citrus Heights: Byte Shop.

(916) 961-2983. Costa Mesa: Orange County
Computer Center, (714) 646-0221. Hayward:
Computerland of Hayward, {415) 538-8080.
Lawndale: The Byte Shop, (213) 371-2421
Modesto: Computer Magic, (209) 527-5156
Mountain View: Digital Deli. (415) 961-2670.

San Franoscc Computer Center. inc . (415)
387-2513 San Rafae!: The Byte Shop. {415)
457-9311. walnut Creek: The Byte Shop. (415)
933-6252 CO: Boutder: Byte Shop, {303)
444-6550. Denver: Byte Shop, (303) 399-8995
CT: Bethel: Technoiogy 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. GA: Atlanta.
Atlanta Computer Mart, (404) 455-0647 IL:
Lombard: Midwest Microcomputer, (312)
495-9889. IA: Davenport: Computer Store ot
Davenport, (319) 386-3330. KY: Louisville
Martronix Associates, (502) 459-0500. MD:
Towson. Computers Etc., (301} 296-0520

MN: Minneapolis: Computer Depot, (612)
927-5601. MO: Florissant Computer

Country, (314) 921-4434 NH: Nashua:
Computeriand of Nashua. (603) 887-5238 NJ:
Cherry Hill: Computer Emporium, (609)
667-7555 Iselin: Computer Mart of New Jersey.
{201) 283-0600. NY: Endwell: The Computer
Tree. (607) 748-1223. New York: Computer Mart
of New York, (212) 686-7923. Wnu¢ Plains:

The Computer Corner, (914)949-3282. NC:
Raleigh: Roms 'N' Rams, (919) 781-0003

OH: Akron: The Basic Computer Shop. (216)
867-0808 Columbus Byte Shop, (614)
486-7761. Dayton: Computer Mart ot Dayton,
(513) 296-1248. OR: Beaverton: Byte

Shop Computer Store, (503) 644-2686. Portland:
Byie Shop Computer Store, (503) 223-3496.
Salem Computer Pathways, (503) 399-0534.
PA: King of Prussia: Computer Mart of
Pennsylvania, (215) 265-2580. RIl: Warwick’
Computer Power. Inc., (401) 738-4477.

SC: Columbia: Byte Shop. {803} 771-7824. TN:
Kingsport: Microproducts & Systems, (615)
245-8081. TX: Artington: Computer Port. (817)
469-1502. Arlington: Micro Store, (817)
461-6081. Houston" Interactive Computers, {713)
772-5257. Houston: Interactive Computers.
(713) 486-0291. Lubbock: Neighborhood
Computer Store, (806) 797-1468. Richardson
Micro Store, {214) 231-1096. UT: Salt

Lake City: Home Computer Store (801)484-6502
VA: McLean The Computer Systems Store

{703) 821-8333. WA: Bellevue. Byte Shop
Computer Store, (206) 746-0651. Seattle:

Byte Shop of Seattle. (206) 622-7196. WI.
Madison: The Madison Computer Store.

(608) 255-5552. Milwaukee: The Milwaukee
Computer Store, {414) 445-4280. DC:
Washington: Georgetown Computer Emporium,
(202)337-6545. CANADA: London. Ontario:
Computer Circuit Ltd., 737 Richmond St., {519)
672-9370. Toronto: Computer Mart Ltd., 1543
Bayview St,, (416) 484-9708. Vancouver: Basic
Computer Group Ltd., 1548 West 8th Ave.,
(604) 736-7474 ARGENTINA: Buenos Aires:
Basis Sistemas Digitales, Colombres

849-1-A 93-1988 or 57-7177 AUSTRALIA:
Sydney Automation Statham Pty Ltd., 47

Birch St., (02) 709.4144. Carnegie: Sontron
Instruments, 17 Arawatta St_, (03) 569.7867
BELGIUM: Bruxelies: S.P.R.L. Finncontact,
Square Larousse, 5, 2/345-98-95. COLOMBIA:
Bogota: Video National, Diagonal 34N 5-62,
326650. GREECE:Athens:Attikos,Inc..41 Char.
Tricoupi T.T. 145, 3604091. JAPAN: Tokyo:
Japan Personal Computers, Ltd.. Yamamoto Bldg.
No. 11-18. (03) 375-5078.5079. MEXICO:
Plateros: Industrias Digitales, S.A de C V., (905)
524-5132. PHILIPPINES: San Juan:
Integrated Computer Systems, Inc., Suite 118,
LIM KET KAI Bldg., OrtigasAve. SWEDEN:
Stockholm: Wernor Elektronix, Torsvagen 61, Box
72,(0)8 717-62-88. UNITED KINGDOM:
Hurmirgaen, England: Comart, 1td, 24A Market
Square, St. Neots, Cambridgeshire, {0480)
74356. VENEZUELA: Los Ruices. Caracas:
Componentes Y Circuitos Electronicos,

TTLCA 355591.

Processor

10 BYTIE October 1978

Leticrs

TOP-DOWN MODULAR
PROGRAMMING

| enjoyed the article, “Top-Down
Vodular Programming,” by Albert D
dearn in July 1978 BYTE, page 32; |
hought he did a good job of explaining
he subject. While | realize that he was
surposely trying to simplify matters,

do take exception to his comment that
1 module should be no more than 50
ines long.

The concepts of structured pro-
jramming are intended as guidelines,
10t as the dogma for a programmer’s
eligion. All of the better known pro-
yonents of the methodology stress this
yoint, along with the idea that you must
ipproach the study of structured pro-
jramming with your eyes open, making
your own evaluation. In this light let
1s explore the 50 line limit.

One of the bases for breaking a
srogram up into modules is so that a
complex problem can be handled with
wnall, easy-to-understand pieces of code.
One of the thoughts about module size
is, therefore, that a module ought to be
ible to fit on the printed page. This is
;0 that all the information about the
module is in one place and the pro-
srammer doesn’t have to thumb through
several pages to read the code for a single
module. (Having experienced “‘modules”
-unning as long as 10 to 15 pages, |
1eartily agree with this philosophy.)

In professional programming instal-
ations this idea has frequently been
translated into a loca! standard of about
50 lines of code, since this is the number
of lines which are printed on an 8% by
11 inch (21.25 by 27.5 cm) page coming
put of a line printer (allowing for
headers, footers, etc). For the personal
computer enthusiast, however, this limit
might be more conveniently set at 24, 32
or 40 lines — the size of the video
display.

For many more complex problems,
it is possible that a significant module
cannot be constructed in 24 lines. T his is
no problem — just make the modules
longer. The point is to try to restrict
the module size to a length which en-
hances the programmer's ability to
understand the code.

The basics of structured program-
ming must be studied, evaluated, and
possibly modified to work in each
individual situation. |here are a lot of
great ideas included in the structured
programming lore, but they should not
be adopted blindly.

Jim Fleming
2220 Sims Dr
Columbus IN 47201

Continued on page 156
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56 GREAT LOCATIONS

Computerland’

NOW OPEN:

ALABAMA
Huntsville
CALIFORNIA
Dubtin
El Cerrito
Hayward
Los Altos
Los Angeles
Mission Viejo
San Bernardino
San Diego
San Francisco
San Jose
San Mateo
Santa Rosa
Thousand Oaks
Lawndale
Tustin
Walnut Creek
COLORADO
Colorado Springs
Denver
CONNECTICUT
Fairfield
DELAWARE
Newark
FLORIDA
Boca Raton
Ft. Lauderdale
GEORGIA
Atlanta
HAWAII
Honolulu
ILLINOIS
Arlington Heights
Downers Grove
Niles
Oak Lawn
Peoria
INDIANA
Ft. Wayne
KENTUCKY
Louisville
MARYLAND
Rockville
MICHIGAN
Grand Rapids
Detroit
MINNESOTA
Bloomington
NEW HAMPSHIRE
Nashua
NEW JERSEY
Cherry Hill
Bergan County
Morristown
NEW YORK
Buffaio
Ithaca
NO. CAROLINA
Charlotte
OHIO
Cleveland
OREGON
Portland
PENNSYLVANIA
Harrisburg
TEXAS
Austin
Dalias
Houston
WASHINGTON
Bellevue
Federal Way
Tacoma
WASHINGTON, D.C.
WISCONSIN
Madison
INTERNATIONAL

Sydney, NSW Australia

Winnipeg, Canada

(205) 539-1200

(415) 828-8090
(415) 233-5010
(415) 538-8080
(415) 941-8154
(213) 776-8080
(714) 770-0131
(714) 886-6838
(714) 560-9912
(415) 546-1592
(408) 253-8080
(415) 572-8080
(707) 528-1775
(805) 495-3554
(213) 371-7144
(714) 544-0542
(415) 9356502

Call Directory Assistance
{303) 759-4685

(203) 374-2227
(302) 738-9656

Call Directory Assistance
Call Directory Assistance

(404) 953-0406
Call Directory Assistance
(312) 2556488
(312) 5600193
(312) 967-1714
(312) 422-8080
Call Directory Assistance
Call Directory Assistance
(502) 425-8308
(301) 948-7676

(616) 942-2931
(313) 356-8111

(612) 884-1474
(603) 889-5238
(609) 795-5900
(201) 845-9303
(201) 5394077

(716) 836-6511
(607) 2774888

(704) 536-8500
(216) 461-1200
(503) 620-6170
(717) 736-1116
(512) 452-5701
Call Directory Assistance
(713) 977-0909
(206) 746-2070
{206) 838-9363
(206) 581-0388
Call Directory Assistance

(608) 273-2020

29-3753
Call Directory Assistance

Circle 75 on inquiry card.






Listing 1: Memory E-

CHANGE program written
for the 6800 to test for
memory pattern sensiti-

Vity.

12

EQ7E
E1DL
E067
EO6B

0000
0000
0002
0004
0006
0008

0009
oooc
000F
0010
0012
0013
0014
0016
0017
0019

001B
001D
001F

October 1978 © BY TE Publications Inc

8E A0 7F
BD 00 9D

37
DE
09
08
E7
5C
aC
26

DF
DE
DF

00

00

02
F8

06
00
04

Faulty memory is a very difficult prob-
lem to detect. Most distributors of memory
board kits supply a simple memory test
designed to detect assembly errors such as
misplaced components, solder bridges, etc.
These tests are ineffective in detecting
certain types of memory related problems.
One of these problems, called pattern sen-
sitivity, manifests itself in the very dis-
turbing fact that accessing one memory
location alters another memory location,
but only when the memory contains a
certain pattern of bits.

It is my intention, through this article, to
make the experimenter aware of potential
memory problems and to provide some

information which may be helpful in
1 *
2 *
3 * EXCHANGE
4 * A MEMORY TEST
5 *
6 *
7 *
8 * EXTERNAL ROUTINES (MIKBUG ROUTINES)
9 PDATA EQU SEO7E
10 OUICH BQU SEID1
11 OUTHL BQU S$E067
12 OUTHR EQU  SEO6B
13 *
14 *
15 * STORAGE
16 ORG O
17 BEGIN RB 2
18 END RMB 2
19 ™™ RMB 2
20 ¢ 2 RMB 2
2] COLCNT RMB 1
22 *
23 *
24 INIT IDS  4ern7F set up stack
25 START JSR | F RLF
26 1OOP PSHB :arting ~int
27 IDX BE 3inninc lress
28 DEX aqjust
29 INITLP INX point next location
30 STAB 0,X initialize
31 INCB set next value
32 CPX  END see if done
33 BNE  INITLP if not, do again
34 *
35 *
36 BUBBLE STX 2 save end pointer
37 IDX  BeuiN
38 EXCHG STX  XTEMPL save top pointer

Don Kinzer
3885 NW Columbia Av
Portland OR 97229

diagnosis of the problems by discussing a
recent experience.

Every memory testis capable of detecting
only a certain few of the many possible
memory faults. Because of this, the user
should be armed with a battery of memory
tests and run them all at the first sign of
trouble. Better yet, the tests could be run
at regular intervals. A very good selection
of such tests is contained in a package
available from Technical Systems Con-
sultants (POB 2574, W Lafayette IN 47906)
as their SL68-23 Diagnostic Package. This
package contains, among other tests, five
memory tests, written in 6800 code, to
expose bad bits, convergence problems
and some types of pa rn sensitivity. This
package is highly recommended for all
system users as the tests can be rewritten
for the user’s own machine.

As indicated before, the more tests, the
better. The new test | am about to describe
was discovered quite by accident. | was
writing a resident assembler for my 6800
and was wo ng on the sort routine which
alphabetizes the symbol table. The sort,
called a shell sort, works by comparing
symbol table entries and exchanging them
if they are not in alphabetical order. The
process involves a tremendous amount of
data shuffling. To my dismay, af  the sort,
the labels and their values had changed.
TEMP1 became TEMQ1. Before the sort
MASK was hexadecimal 3E; after the sort
it was hexadecimal BE. Needless to say, |
wasted a lot of time looking for a software
bug before | decided to test the memory.
The tests from the Tec iical Systems
Consultants diagnostic package revealed
a 2102 with pattern problems. However,
replacing the bad memory did not stop the
errors.

It occurred to me that writing a test
program which operated in a manner similar
to the sort routine would help track down












16

Listing 1, continued:

0021
0023
0025
0027
0029
002A
002C
002E
0030
0032
0034
0035
0037
0039
003A
003B
003C
003E
0040
0042

0044
0046
0047
0049
004B
004D
004F
0051
0052
0054
0056
0057
0059

005B
005D
005F
0062
0064
0066
0067
0068

006A
006C
006D
006E
0070
0072
0074
0076
0078
007A
007C
007E
0080
0081
0082
0084
0085
0087
0089
008A
oo8c

008E
0090
0092

0095
0096
0099
009A

009D
00A0
00A2
00”4

00A7
00A9
00AB

ODAE

A6 00
DE 06
E6 00
A7 00
09

DF 06
DE 04
E7 00
9C 06
27 05
08

SC 06
26 E6
32

36

4A

DE 02
DF 06
DE 00
DF 04

DE 04

DF 04
DE 06

DF 06
20 E9

E6 00
37

36

8D 2D
96 06
8D 21
96 07
8D 16
96 04
8D 19
96 05
8D OE
32

16

8D 0A
32

8D 07
8D 14
17

DE 06
20 BD

8D 05
86 20
7E E1 D1

36
8D EO 67
32
7E EO 6B

CE DO A7

7JE EO 7E

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
5
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

. 102

103
104
105
106
107
108
109
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

CONTIN

PASS

ERROR

OUT2HS

PRINT

QUTI2H

October 1978 © BYTE Publications Inc

STX

STX

CQMPA

0:25 4

DX
STX
DX
DEX

BRA

BSR

BSR
PULB

BSR

JMP

PSHA

JSR

1DX

STAA

0,Xx
XTEMP2
0,X
0,X

XTEMP 2
XTEMPL

BEGIN
XTEMP1

XTEMP2
0,X
BEGIN
GOOD
XTEMP1

XTEMP1
XTEMP 2

XTEMP2

#l!l
PRINT
COLCNT
PASS

.LOOP

0,X

XTEMP2
OUT2H
XTEMP2+1
OUT2HS
XTEMP1
OUT2H
XTEMP1+1
QUT2HS

OUT2HS

QUT2HS

XTEMP2

OUT2H
FOn

#32
COLCNT
PDATA

$D,SA

0,0.4

get byte

get other
put alternate

get other pointer
put byte
check dane

check done

get starting value
adjust

get end pointer
set end pointer
get begin pointer
save

get current pointer
set value

check match

if not, error

see if checked all
if so, good pass

advance pointer

retard pointer
go check. next

signal good pass
need CRLF?

if not, skip
perform CRLF
get old value
set new value
do again

get contents
save

save check value
new line

print address

print altermate address

print check value

print cantents
new line

get pointer back
start new pass

print 2 characters

print character

save byte

print left hexadecimal digit

print right hexadecimal digit

point to string

set colum count
go print string

the trouble. The result is a program called
EXCHANGE which is shown in listing 1.
The program works by initializing the
memory to be tested to a sequence of the
256 eight bit numbers. Then pointers are
set to the beginning and end of that same
block of memory, XTEMP1 and XTEMP?2
respectively. Next, the data at each of the
pointers is exchanged. The pointers are then
moved toward one another. The process of
exchanging and moving repeats until the
pointers meet. The inverted sequence is then
checked for accuracy. Any discrepancies are
reported by printing the memory location
which is incorrect, the location where the
data resided before the exchange, what the
data was supposed to be and what the data
actually was.

The first time | ran the test, the program
crashed. The memory problem had caused a
byte of the program to change. After several
tries with the same results, | took my
machine to work and attached an oscillo-
scope to the data bus. | found that the data
lines had an unbelievable amount of noise.
At the advice of a friend, | installed resistive
terminations on the data lines, which
immediately cleaned up the signals. This
eliminated the majority of the memory
problem and even allowed the EXCHANGE
program to run without crashing. Several
hours of further testing using EXCHANGE
exposed three more malfunctioning 2102s
in my 12 K byte system.

After all of this | am happy to say that
the sort routine was in fact working pro-
perly. Furthermore, the pattern sensitivity
problem explains away several bugs in other
programs | have worked on.

Before closing | would like to offer a few
pointers on using EXCHANGE. If you
suspect memory problems, run a bit test
or convergence test to rule out physical
problems (like shorted wires) and bad bits
(nonfunctioning memory parts). If the
problem persists, run EXCHANGE on the
entire contiguous memory (except, of
course, where EXCHANGE is located)
noting any errors as they are printed. Next,
run EXCHANGE on smaller areas corres-
ponding to each set of 2102s. Replace the
memory chips as necessary but don’t throw
them away yet. If the memory is still bad
in the same area then the memory chips
are not to blame and it is time to put an
oscilloscope on your system to see what
the problem is.

Based on my own experience with a
homebrew computer | recommend running
a battery of tests after any system hardware
changes to uncover memory problems before
they turn up as a bug in your next
program.m
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Type Function
Ay-5-1013A UART
2708 1 K x 8 EROM
2716 (Intel) 2 K x 8 EROM
2716 (T1) 2K x 8 EROM
MC1408L8 8 bit digital to
analog converter
LM301 op amp
LM741 op amp

J 70 -IoV
AT 10 mA

Figure 3: A variable output DC to DC converter capable of producing 0 to =10 V.

simulating a pseudo AC signal to the voltage
multiplier. During the first half cycle, the
capacitor, Cl1, is charged to approximately
4 V, and during the second half cycle, C2
is oppositely charged. The voltage across
the two capacitors is twice the input voltage,
or approximately 8 V (open circuit). If this
circuit were not isolated from the drivers
(IC1d and IC1e), neither +V nor -V line
can be grounded or the multiplier section
will be shorted out. The 1T mF 15 V capa-
citor between pin 8 and the junction of
the two IN914 diodes provides isolation and
allows the -V lead to be grounded. The
output is then approximately 8 V, refer-
enced to ground.

+5V -5V -12V +12V
20 mA 18 mA
10 mA 45 mA 65 mA
100 mA
22 mA 12mA 45mA
8 mA 20 mA
3 mA 3 mA
28mA 28 mA

Table 1: Worst case current requirements for a variety of integrated circuits.

Figure 4: Low current
dual voltage output DC
to DC converter which
supplies =15 and -15 V
from a +5 V input.
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Inverting Supplies

Most often DC to DC supplies are used
where a negative voltage is required to power
a bipolar linear interface or a dual supply
large scale integrated circuit such as a key-
board encoder.

Figures 2 and 3 are examples of con-
verters which would be suitable for these
low current applications. Figure 2 produces
-15 V from a +15 V source and provides
a relatively constant output voltage because
of the shunt regulator formed by the diode,
D1, and the transistor, Q1. Changing the
zener diode, D1, to 13 V makes the output
-12 Vinstead of =15 V. The circuit outlined
in figure 3 uses the voltage control input of
an NES555 timer circuit to produce a variable
outputof 0 to -10 V.,

Dual Voltage Converters

In most cases single voltage converters
use diode steering and charged capacitor
voltage multiplication. Transformers or
other inductive devices must be incorporated
if dual outputs are a requirement. Figure 4
is a very simple £15 V converter which is
powered from a +5 V supply.

8108

15V AT
OmA

15V AT
omA

1] 19 A FULOL LINGHYLLNIING 1N AINI UNLn TL v





















DYNABYTE COMPUTERS
ARE ALL BUSINESS

_INSIDEANDOUT.

When we designed our new small
business computers, we meant busi-
ness.

As basic as that seems, it is unique.
Just about every other microcomputer
being sold as a small business system
today was originally designed as a kit
for hobbyists.

Every design decision was made
with quality and reliability in mind. The
result is dependable performance and a
solid appearance for business, profes-
sional and scientific applications.

FIRST SMALL SYSTEM WITH
BIG SYSTEM STORAGE

Many applications handle large
quantities of information, so the DB8/2
uses two quad density 5-inch disk
drives with our exclusive Dual Density
Disk Controller for up to 1.2 megabytes
of formatted storage. That’s more
capacity than two single density 8-inch
drives.

If you need more storage, our
DB&8/4 has two 8-inch drives with up to
2 megabytes capacity, more than any
other dual floppy disk system on the
market.

OUR SOFTWARE IS
BIG ON BUSINESS

Dynabyte helps you get down to
business immediately. The DB8/2 is the
first microcomputer to offer enough
storage capacity on 5-inch drives to
fully utilize CP/M,* the most widely
accepted disk operating system. We
also supply and support BASIC, FOR-

¢ CPM is a trademark of Digital Research.

TRAN and COBOL programming lan-
guages. Our applications packages in-
clude general ledger, accounts receiv-
able, word processing and many other
CP/M compatible programs.

Reliability is a big consideration in
buying a business computer, so we built
it in. Our edge connectors meet military
specifications, the toughest electronics
manufacturing standard. Qur regulated
power supply is designed to meet U.L.
standards, which means the entire sys-
tem runs cool and dependable. And our
cast aluminum enclosures are rugged as
well as attractive.

AND THE BIGGEST
THING OFALL

Customer support. Our support
starts at the factory with testing and
bum-in programs that assure the entire
integrated system is reliable prior to
shipment. Our completely modular de-
sign allows continuing support in the
field. We maintain a bonded inventory
of all sub-system modules which means
we can deliver replacement sub-
assemblies overnight nearly anywhere
in the continental U.S.

Dynabyte built in little things, too.
Like a fully-populated 12-slot
backplane, switched AC outlets for ac-
cessories, an option for European
power, quiet whisper fans with long-life
metal construction, lighted indicator
switches for Power On and Halt, a
shielded enclosure to protect disk drives
from electro-mechanical interference,
and a fully enclosed power supply for

operator safety.

Since we didn’t cut comers in de-
sign, the price/performance ratios of
our systems make good business sense.

THE INSIDE FACTS

The DB8/2 Computer System in-
cludes two 5-inch disk drives either
single or double sided for up to 1.2
megabytes of mass storage; a 4MHz
Z-80 processing module with one
parallel and two serial ports, an
EPROM programmer and up to 4k
ROM; 32k of RAM, a 12-slot fully-
populated backplane; our exclusive
Dual Density Disk Controller, and
CP/M.

The DB8/1 Computer includes a
4MHz Z-80 processor with one parallel
and two serial I/O ports, an EPROM
programmer and up to 4k of ROM; 32k
RAM, and a 12-slot fully-populated
backplane.

The DB8/4 Disk System, designed
to be the mass storage companion to the
DB8/1, includes two 8-inch floppy disk
drives in either single or double sided
configuration for up to 2 megabytes of
mass storage, our Dual Density Disk
Conwroller, and CP/M.

All three units will be available in
rack mount models.

For a descriptive brochure and
price list, call or write Dynabyte, 1005
Elwell Court, Palo Alto, CA 94303.
Phone (415) 965-1010.

Or better yet, see yourlocal dealer.

DANABITE

YOU CAN DEPEND ONIIT.

Circle 110 on inquiry card.
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Listing 1: BASIC version of the p-compiler. This program takes the Pascal after some processing that we have made

program and compiles it into p-code. The term p-code stands for pseudocode, the wrong choice. We would then have to
an assembler language code for a hypothetical computer which can be con- undo what had been done by the wrong
verted into an existing assembler language. Listing continues thru page 48. choice and back up to the point where we
could try other alternatives. This is usually
LBREM PRSCAL SUBSET COMPILER FOR F-MACHINE a messy business and involves a lot of
e Ly KINan N o a7 bookkeeping. Fortunately, in the parsing of
4@ H@ REM 8 OF KESERULL WIRDS Pascal, no backup is necessary. A keyword
R ol InELE St is present at each decision point, and it
78 MZ=GWREM IOENT LEN o determines what subgoal we should choose.

22 ol Upsisate et nesenun s An example will make thisclar
166 LIM TEs${T@)“REM KIND OF IUENT IN SYM TABWC.W.F Suppose our goal is to recognize a state-

116 DIM L$CE40REM LIHE BUFFER )
120 DIN g,;“a;_-), T ment. A statement can be a number of basic
136 DIN SCL00), S0 188D FEM STACKS constructs: it can be an assignment state-
148 DIM TLCTEOWREM LEUEL (F (U IN S¥e TBL

15@ OIM TZCT@)wREM UALCFOR CONST I QR AORCFOR INTIOF IR IN 5.7 ment, an if statement, a case statement

166 DIM T3CTEINREM BERAY UINM OR# OF FROC PARAMETERS or anv other construct define e
176 WES$(1,40)="AN0 ARRAVEEGINCALL CASE CONSTDIYW Do < roany ther constr defined by_ th
180 WBS$C41,68)="0CUNTELSE ENL FOR  FUNC IF  IMTEGMEM " syntax diagram. The Pascal grammar is so
196 We${&1,120)="NO0  NOT GF  UR  FROC READ REPEASHL - designed that we know which type of
200 WB$< 121, 166)="SHR THEH T0  TYFE UNTILUAR WHILEWRITE" : .

218 DIM M$(27),C8L80) statement we should choose by just looking
Egg E;i;LITGF'F:LG[lSTL'IE:nLIN‘JJHF_IFL:E:'; “WREM F-COOE MNEMONICS at the next token. If the token is if, then we
248 PP=@\PI=F7-REM START COLE=@ida know it is going to be an if statement;

2%0 !“P-CODES STARTS AT aoaa"

268 Q9=4@9c32~REM LAST UZABLE MENM
2?8 F3=-1

288 INPUT "“WANT COBE PRINTEDT".Y$

if the token is case, it is going to be a case
statement, etc. There would seem to be a
problem if the token is an identifier, since

298 IF Y§="y" THEN ¥9=@ ELSE Vi=l i

388 X$=" "S\GOSUE 1Z4@~REM GET A TUKEN the statement can be the beginning of an

318 GOSUE S34@NREM ELQCK . t stat ¢ du I

326 2=FNEL(" ", %) assignment statement or-a procedure call.

338 FILL P9,255 FILL F3+1,255WKEM FILL 1M EOF MARK But this can be easily resolved by consulting

348 INPUT“INTERPRETC(I ), OR TRANGLATECT %", 5

358 IF Y$=4" THEN END the.symbol table, where we also keep the

368 IF Y$="1" THEN CHAIN “INTERF" attributes (data types, addresses, etc) of

370 IF Y$="T" THEN CHAIN "TRANS" . - e

386 END the identifiers. This is one of the reasons

396REN FEEEIXLEYY why identifiers and procedures must be

480REN ERROR ROUTINES declared  bef T K 0

4 LGREM #1% eclare efore use: it makes compiler

428KEM FNEL..IF CURRENT TOKEN<>K$ THEN ERROR #E writing easier.

438 DEF FNEL(K$,E) .

440 IF S@$<>K$ THEN Z=FNECE) A top-down parser without backup can
RETURN . . .

323 FRENE e be implemented by using a technique called

47BREM X1 » ' ) recursive descent. Such a parser uses a

Rk, hENT TUKENCKE THEN ERROR 4E recursive procedure for each nonterminal

gee GOSUE L24@ in the syntax diagrams. A call is made to

16 IF S@5<3K$ THEN Z=FNECE) .

526 RETURN @ this procedure whenever a parse for such

530 FHEND

SABREM ¥i%

SS6REM FRINT ERROR MSG

566 DEF FHECES) Line

578 1TAB:CE+d), "t ,ED Number R K

580 GOSUE 616 emar

598 STOF )

680 RETURN @>FNEND 400 Error routines — FNE, FNE1, FNE2

6 LEREM (OF MEG3 1030 Get a character

€20 ON IHTLCES-1)-8)+1 GOTO G GHE, Ted 1080 input a line

630 ON EY GUTO 7LE. 720,736, 7 1240 Get a token

548 UN EZ- L‘E'w,‘ 1950 Enter entry into symbol table

656 ON E3-10 GUIT 2060 Search symbol table

668 ON E3-15& GUIL 2170 c decl .

678 ON ES-72@ GOTUQ onstant declaration

680 ON 5 GUTO @, X 2240 Get‘constant .

6306 OM GOTO 243, 930, 950, 400, 370 2340 Variable declaration

708 0N E3-3% GOTO 334 2380 Simple expression

716 !|“MEM FULL"-KETURN 2610 Term

72@ 1"CONST ENPECTED" -RETURN 2850 Factor

736 1%'=' EXPECTEL “RETURN 3290 Expression

740 |“IOENTIFIER EXFECTED ~RETURN 3490 Statement

?5@ ("'t OR ' MISZINGSRETURN 40 Block

P68 1** ' EXPECTEL"“RETUKN 2%20 Pu‘;ﬁ numeric

P26 17,0 MISSING"RETUFH !

788 1"UNDECLARED TOEMT".RETURN g}gg Pop numeric

796 !"ILLEGAL IDENT" TURN Push string

300 !“':=' EXFECTED"-KETURN 6240 Popstring

816 !*'THEN' EXFECTER"-KETURH 6310 Code Generation — FNG

32@ !"';' OR 'END' EXPECTED"“RETURN 6520 Fixup forward references

838 1°'00' EXFEXTED"“RETURN

848 | “IHCORRECT SYMEQL"“KETUKN

850 !"RELATIONAL QFERATOR EXFLUTED"“RETURN Table 1: For easy reference the main sub-

§60 ["USE OF FROC I0ENT IM £SFR"SHETURN . . :

878 1°')' EXPECTED“~EETURH routines of the p-comp/{er are.//sted here

386 !“ILLEGAL FACTOR"-RETURN along with remarks regarding their uses.
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890 !*'BEGIN' EXPECTED"“RETURM

560 !"'OF' EXPECTED"“RETUFM

916 I"ILLEGAL HEX CONET"“RETURNM

928 1*'TE' OR 'OBWNTC' EXFECTEL"MKETURN

930 !"NUMBER @UT OF RANGE"“RETURN

948 1"'(' EXPECTEO"“RETURHN

958 !®"'[' EXPECTED"\RETURN

968 !"'1' EXPECTED"\RETURN

978 !"PARAMETERS MISMATCHELD"\RETURH

980 !"DATA TYPE NOT RECOGHIZEL"“RETLURN

998 !"BUG"\RETURN

LOBOREM FEAXA4XXXALERLENLEY

1818REM SCANNER

L1020REM XAXXXEXXLLLXLLINLENY

LO3GREM GETCHAR

1040 IF CO<LOG THEN 1060

1850 GOSUB 109G\GOTe 1040

1060 CO=CO+1\X$=L$(C0O,CO)

1878 RETURN

LBBOREM XXX ATIAAXY

1096GREM INPUT A LINE

1180 !Z4I,CL." “,

11108 IF F5<@ THEN INPUT L$ ELSE 11i6@

1120 IF L$="" THEN 1li06@

1136 IF L$(1,1)="$" THEN 1216“REM MACRO FILET
1140 L$=L$+" "~\CO=0

1150 LB=LEN(L$>\RETURN

1160 IF TYP(F5){>@ THEN 1190\REM EOF 1F TYFP=@
1170 CLOSE #FS5.F5=F5-1\REM RETURN TO LAST ACTIVE FILE
1180 GOTH 1110

1196 READ #F5S.L$N!L$

1280 GOTO 1130

1210 FS=F5+1\0OPEN #F5,L$(2,LENC(LS))

1220 GoTe 1050

1230REM XEEXAXLAER

1240REM GET A TOKEHM

1256REM RETURN SO$=TOKEM, A$=STRING., N3=HUMERIC
1260 IF X$<>" " THEH 1z&6

1276 GASUE 16380070 1&dunREM FLUSH BLANES
1280 IF X3<"A" THENL4GU FEM JMOENTIFIERT

1290 IF X$>"2" THENLl4e@

13606 K=@\pas$=" "

131G IF K>=NZ THEN 133@~REM ONLY 13T 12 LETTERL nakb ULLU
1320 K=K+1“A$ K. K)=K$

1336 GOSUB 1029

1346 T=ARSC{Kk$)

135@ IF T>4? AND T<&G OR Tr&d4 ANU T{HL THEN 121@WKEM UGT Ok LTTR

L136GREM BIN SERACH FOR RES LOKDE

1376 I=1.J=NE5-4

1386 B$=A3

1396 K=INTCCT+0),16)45+1

1460 Z$=HA$CK, K+4)

1416 IF B$<=2$ THEN J=K-%

1426 IF B$>=2% THEN 1=K+

1436 IF I<=J THEM 135@

1446 IF I-5>J THEM S0$=E$ ELSE 503="10ENT"
1456 RETURM

1464 Zg=""

1476 IF X$<"@" THEN L148@-REM AN INTEGERT
1486 IF X$3"5" THEN 15&@

1498 s@$="NuN"

1580 Z$=2$+3$

1516 GOSUE 1030

1520 IF ASC{X$)>=48 AND ASCCHEIC=S? THEN 1500
1538 N3=UAL(Z$)

1546 IF N3<=N1 THEN RETURM

1556 £5=30~GOSLE 550

1568 NI=N1\RETURM

L57@REM CHECK FOR SFECIAL SYMBOL

1586 IF X$<o>v: IHEN 1€46
1590 GOSUB 1630

1680 IF X$="=" THEN 1620
1610

1620 =
1636 GOSUE LB3GRETURN

1646 IF H$<>"<" THEN 1716

1656 GOSUE 1030

1666 IF x$=">" THEN 169@

1676 IF X$="=' HEM l7a@

16860 <KE | URN

169a <>"\GOSUE 1@IE-RETURN

1766 $@$="<="\GOSUG 1G3E\RETURN

1718 IF X$<3">" THEN 174@

1720 GOSUB 1@iussus=">*

173G IF X$<;"=" IHEN RETURM

1746 S@$=">=" GOSUE 16I6“-RETURN

1758 1F X$<3*'" THEN 179@

1766 Sas="STR"~C§=""

1770 GOSUB 1630-1F x$="'" THEN 1038@

1786 C$=C$+X$7GOTO 1776

1798 IF X$<O"(" THEN L&Z@.REM IGNORE COMMENTS
1806 GOSUB LB3GNIF X$<>"}" THEN L1500

1816 GOSUE 103G\GOTS 1240

1826 IF X$<>"x" THEN L33B+REM HEX CONSTANT
1830 GOSUB 1830\505="NUN" N3=E

1846 FOR I=1 TG 4
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a nonterminal is required. It is easy to see
why such a scheme would work. The stack-
ing mechanism of the run time procedures
ensures that we get back to the correct
position in the syntax diagram after com-
pleting the parse of the nonterminal.

If you look at the syntax diagrams care-
fully, you will see that diagrams for certain
nonterminals actually contain the non-
terminal itself, either immediately or after
several expansions. In terms of compiler
writing this means that the procedures corre-
sponding to these nonterminals would call
themselves recursively.

BASIC Recursive Subroutines

Most versions of BASIC do not
adeguately support recursive sub-
routine calls. In North Star BASIC, the
multiline function call can be invoked
recursively, in a limited fashion. This is
because the function parameters are
local within the function definition
and are pushed onto a stack when
making a call.

The surprising fact is that most
BASICs do not forbid a recursive
call if one is made. For instance, the
following BASIC subroutine, which is
an inefficient way of printing the first
N integers in descending order, is
probably permitted in most BASICs:

100 PRINT N

200 IF N=0 THEN RETURN
300 N=N-1

400 GOSUB 100
S00RETURN

The problem of doing recursive
calls in BASIC is that of preserving
the values of the identifiers in the
subroutines. This can be done by
using a stack. The values of the identi-
fiers are pushed onto the stack before
a recursive call, and popped out of the
stack in the reverse order when
returning from the call. In BASIC, the
stack can be simulated by an array:

10 DIM S(100)
11 P=0
12 REM INITIALIZE STACK POINTER

1000REM PUSH X INTO STACK
1010 S(P)=X

1020 P=F+1

1030 RETURN

2000REM POP X FROM STACK
2010 P=P—1

2020 X=S(P)

2030 RETURN







185@ T=ASC(X$)
186@ IF T>=48 AHD T<=57 THEN 1556

1870 IF T>=65 AHD T{=¥@ THEW T=T-7 ELSE t3l@

1889 1=T-48

1890 N3=N3X16+T-.GOSUE 1E@ICG\NEXT

1964y RETURN

1916 IF 1)1 THEN Z=FNE{Z7V)

192G SO$="%"\RETURN

1938 Sus=xX$uuil Lueu

194@REM XXX 4344

1950@REM ENTER SYMEGL INTO lablib

1900 T1=T1+1

19¢8 THOITL-LOAHE+ L. TL4H imug

1986 TESCTL,TLO=KINREM “TukE 1%FE
1390 IF K$<i"C" THEM 201la@

2086 Tl TLI=NIWRETURNRELI @ lukE AL UL
2019 TLCTL=LENREM ZTORE LEVEL UF 1DERT
2020 IF KE<>"U" THEN RETURKN

Sdsld [r MUl P9 rHel BETUHRERER &F el1L aliOCni D f U FROC FARS

2040 TZ{TLH)=0@00=00+ L1 KETURN-KEN STURE GFFZLT

ZB50REM 33331194

2B6OREM FIND IDENT A IN T, STRRTING FROM TL RELD UF

2870REM RETURN FOINTER 10 TAELE 1t FUUGD,
2080 J=C¢T1~1o4NZ4 L
209G FOR I=T1 710 1 STEP -1
2164 IF A$=T$C U, 4ANZ-1) THEN EX1T 13w
21160 J=J-NZ HEXT
21za I1=0
213G RETURN
2L40REN SXEXLE0ELL00L508 048
Z215GREM PRKSER AND CUDER
Z16OFREM $3fddddeidaifaaiiys
2176REM CONSTANMT DECLARATION
218@ Z=FNEL1 "IOENT"“.,a)
219u Y=FNEZ("=",3)
2266 GOSUE 124@~GO5UE 2040
2210 K$="C"~GOSUE 194@
2220 GOTO tz4w
2230REM F3ixidpiay
2240REM CONSTRNT
2230 IF Sas="NUM" THEH RETUKN
2260 IF %a3="IDENT" THEN ZZ3@\REM CON&TY
227@ 2=FHEL("STK". 2>
2280 N3=ASCI{CSONRETURNSKEM TAKE 18T CHAR
2290 0sUB 2@60G-IF I=6 THEN FNE{Z)
2360 IF Tas(I,I1)<>"C" THEN FHE:Z)
231G N3=T2( I)\RETURN
2326 GOTD 1240
2330REM XXifdiiiis
2340REM VRRIARELE CECLARATIGN
235@ Z=FNEL{ "IDENT",4)
2360 K$="U"~GO5UE 195%@-60T0 Li4d
237BREM k¥yiyyyyyy
2380OREM SIMPLE EXFRESSION
23%@ IF S@$="+" THEN
2400 IF 50s$<>"~" THEN 2550
2410 Y$=S@s$\GUSUE E€1&@
2420 GOSUB 1240
2430 GOSUE 2610
244@ GOSUB &€240@
2450 IF Y$="-" THEN Z=FNGC(L1,8.1)
2460 '+" THEN Z2&@d
2470 " THEN 24bd
248@ IF Sus="0R " THEN &%00
249@ RETURN
2500 Y$=S0$\GOSUE &1&d
251@ GOSUEB L1240
2520 GOSUER 2616
2530 GUSUE 6240
254@ IF Y$="--" THEN z470@
2550 IF Y$="+" THEN z%&0
2560 2=FNG¥ 1.0, 1456070 46
2574 2=FNGY 1,0, 2)~60T0 2460
258@ Z=FNGoX 1,@,22.00T0 2460
2596 GOSUE Z6leNGOTO 2460
Z6BOFEM IXfiiiiiyy
2616REM TERM
2626 GOSUE z&850
IF Sa

2638 $="3" THEN Z?7@0

2640 IF Sos="0IU " THEN Zvaa
2650 IF " THEN Z7ao
266a IF " THEN Zvas
267@ IF " THEN Zvee
2680 IF " THEN zvaoe

269a RETURN

2760 Y$=50$.GOSUE &1&@-REM FUSH

2716 GOSUER 1240~G0SUE 850

272G GQSUR 6240

2730 IF Ys$="DIY " THEN &79a

2740 Ik re=" Mou THEN Cd@dd

275 IF Y$="%" THEN Z&l@

2760 IF Y$="35HL *“ THEN Z82@

277@ IF Y$="SHR " THEM Z£8Z@

8@ Z=FHNGL L. 8. 15 G0TR tuREP MRNDY
E79Q I=FNGL L, AL 50
2800 Z=FHG. 1L, GOT0 [ e
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ELSE RETURN @

One important part missing from our
compiler is the ability to recover from
errors. Of course all syntactical errors
are caught by our compiler and somewhat
meaningful messages are printed to indicate
errors. However, if an error is found, the
compiler is aborted prematurely and will
not resume compiling. Such a compiler is,
of course, not acceptable in practice. But
with the understanding that this compiler
will be used as a bootstrap compiler, as
discussed in part 1, it is tolerable. A com-
piler with simple error recoveries would
not be particularly difficult to implement
but would involve a lot of programming
codes and processing time. We hesitate
to add things to an already big and slow
program.

It is generally difficult to implement a
compiler with sophisticated error recovery
features. Such a compiler would not only
detect errors, but would also try to repair
the damages caused by such errors. The com-
piler has to make some assumptions about
the nature of the errors and the intention
of the author. This is usually difficult.

If our concern is solely that of locating
all errors in a single parse of the source
program, there are simple ways of doing it.
Upon detecting an error, the compiler
simply skips the input text until it can safely
resume the compilation process. To do this
the compiler looks for certain keywords
or stopping symbols for hints to resume the
parsing process. For instance, if we find an
error while parsing a conditional expression,
we skip the input tokens and search for
symbols, such as =, > = etc, and keywords
such as then and do or perhaps begin. If
we do this for all the parts of the language
constructs, we will at least have a compiler
that would resume compilation after an
error is encountered in the hope of finding
all syntactic errors in one pass, and which
would give meaningful diagnostics for most
errors.

To reduce the size of the program shown
in listing 1, comments are kept to a mini-
mum. Each module or subroutine is clearly
identified. To facilitate easy reference,
the important subroutines and variables are
shown in table 1 and table 2, respectively.

Scanner and Symbol Table Management

Each time the p-compiler calls the scan-
ner (line 1260, listing 1), the input text is
scanned and a new token is produced.
This is done by calling a subroutine (line
1040) that returns a character from the
input string. Since the input/output (10)
routines are line oriented instead of charac-
ter oriented, a line buffer (L$) is used to






2816 Z=FNG L .40 U0 &

28E@ 2=FNGLL, 8, 17 - G0TT hold a line, and a counter (CO) is used to
28308 Z=FNGi 1,6, 185 .6070 A .
SE4EREM 333IELTIE0 indicate the- cha_racter just read. Whep the
ngé'gk‘?:‘ FF[;C-TE'?LUF o end of a line is reached, the line input
2860 SO$="TUENT" THEH Z540 . . . .
Z87@ 1F S@5="NUM" THLH ZUc routine (line 1100) is called to read in a new
2860 IF S@5="STR* THEH &0E line.
2890 1F SE$="(" THEN 2100 | | ide th
2oB@ IF S@s-UMEN " THEN 2140 In our compiler we also provide the
e MhppmetihUT T THEE decn capability of invoking or recalling a file
Z93@REN *1% IDENTIFIER of Pascal text from disk. This is initiated
2940 GusUE cece by a command that starts with a dollar
295@ IF I=é THEN Z=FNEC115 . . R “ d .
2966 1F Tasil,Id= THEM Z7¢HES 21)<KEM FROC NAME sign (#) in the first column followed imme-
2gre IF TBE{L, [oa2"y" THEN Zavy diately by the name of the disk file to be
298@ 2=FNG(S, @, LinREM FUNC . . . North S
2990 1=1-1.60TO 4Z38REM TEZ{I)FAUL OF FUNC inserted and compiled. Since North Star
3eeq IF TESCL Io="f" THEN S190REN AkRu BASIC allows four disk files to be open at
361@ IF Ta$C1,1)(>“C" THEN Zaia .
302@ 2=FNG(@,0,T2(1)2%G0UT0 LZ4BAKEN CONST the same time, there can be four levels of
ggfg g;?g“ii'{-l‘“‘ Iy, Teciynken I file nesting. The variable F5 is used to indi-
! z4a . .. .
305@REM $3% WUMERIC COMET cate this level. If it is equal to —1, then input
3860 Z=FNG(u,0,N3-GUTL 1246 is taken from the keyboard. The initial
307@REM #4% STKNG CONET . ; board. This f X
3086 2=FNG(@,0, ASTICEIINGUTU 1Z4E input is from the keyboard. Is feature IS
309GREM 1E¥ FAREN EXFF : :
- w cedures
3186 COSUB 1240-6050E 3290 quite useful, since we can store proc
31te IF S@$=")>" THEN 1249 that are commonly used in a disk library,
3126 2=FNECZ22Z)\RETURN W eded.
313@REM 4% READ MENMORY and have them recalled when ne
3l4@ Z=FNEZ("[*,33) Usually, the token that the scanner
3122 gﬂiﬂil%‘]‘u\gg;UE Iz returns is a number that represents the
317@ GOSUB 1246 token class the symbol is in. To make the
318@ 2=FNG{2,255,@)SRETURN :
3196 X=IGOSUE €170 program more rez_ldable, we use string
328@ 2=FNEZ("[",33) variable S0$. Possible values returned by
321@ GUSUB 124&\GUSUE 3250 .= -
322 ZoFNELC 1", 34 the scanner are: ; , := BEGIN, IPENT,
323@ GOSUB 6156 Z=FNG L&, L1-T1C%), T2(K) and NUM. The last two tokens, which are
3240 GOTO 12460 . cpe .
325@REM 315 NEGATE tokens for |dept|f|ers z%nd numbers, require
326@ GOUSUB 1248~GUSUL 2&50 some further information. A$ and N3 are
327@ 2=FNG{1,@, L1&)NRETURN .
328BREM IEIIALLLLE also used to.store the textual representation
329@REM EXFRESSION of the identifier and the value of the num-
3300 GOSUE ZI9ANREM SIMFLE ENF ber, respectively
3318 IF S@$="=" THEM - , .
§§§G iF g““" ' TL*;’E“ The recognition of a valid token is a
8 IF sas="q" v 2 . .
3346 IF S@$="{=" THEHM straightforward process and will not be
gggg }: vt‘;‘ ' T';S';Hv detailed here. Since : and := are both valid
s@g="="T 22&e .
23376 RETURN tokens, the scanner, after seeing the : ,
ggg‘c‘ ;Ezﬁg‘lﬁﬂCUEtt;UFS” FUSH must also look at the next character to
< UB z4oNCUSUER 2330 . .
348@ GOSUEB EZ4E-REM FUF determine the correct token. This can be
3410 IF MG L, 6,8 done by using a one character look ahead.
342@ IF FNGL L, B, ) yh & ; q h
343G IF THEN Z=FHG{ 1,4, 100 When the scanner is entered, a character
3440 IF " THEN Z=FNGi1.¢.11) is assumed to have been read, and upon
3ica IF T;‘EN E:F?G“ic‘ﬁlm exit from the scanner, a character beyond
3466 IF v$="I=" THEN Z=FLG{1,8,13) ,
3478 RETURN the current token is read.
348AREM FXixia a4y
349GREM STATEMEMT Another problem that the scanner may
3%e@ IF S@s="I0ENT" THEN 3630 have is that of recognizing reserved words.
351@ IF S@s="IF " THEN 4448@ qi bl
352@ IF S@$="FOR " THEN 5170 The reserved words are stored in a table
3536 IF Ses="WHILE" THEN 4tcd in sorted order. When an identifier is found,
354@ IF S@$="CASE " THEN 453 L A o
3558 IF S@$="REFEA" THEN 473u it is compared with the entries in the table,
356@ IF S@s="BEGIN" THEN 4530 rming a binary search. If it is not
357@ IF S@$="READ " THEN 4G4y _by perfo gat M
356@ IF S@$="WRITE" THEN 2&7w in the table, it is assumed to be a user
3596 IF $@8="MEHM " THEN 4658 fined identifier.
3606 IF S@3="CALL * THEN 4240 de o
361@ RETURN In Pascal programs, identifiers are de-
3620REM ¥%% ASSIGHMNT !
k43 ASS 1] N .
3630 GOSUE 2acd clared at the beglnnlng_ of f?a.Ch procedure
3646 IF 1=6 THEN Z=FNE(11) block. The scope of an identifier covers the
365@ IF T@${1,1)="A" THEN 37BOKEM ARRAY ) P
3666 IF T@$CI,1)="U" THEN 376@ KEM IN1 UAR entire block containing it (and any of the
367@ IF Te$CI,1)="Y" THEN I7E@NRENM FUNC RETURN UALUE blocks inside that block). A simple symbol
3686 IF TG$CI1,1)="P" THEN 4296~REM FROC CaLL management scheme that reflects such scope
3690 Z=FNE(12)
3706 X=I1\GUSUE 61ZB\REN FUSH TEL AOC rules makes use of a stack. When the com-
371@ X=16\GUSUE 61Z@-REM INDEX AL MODE .
3720 2oENEZCTLY,33) piler enters a procedure block, a segment
3730 60SUB 1246°GOSUE 3298 of the stack is used to store identifiers
374@ 2=FNELC“1",34) -
3750 60TO 378@ for the block. If the procedure block con
3768 X=1\GOSUB 612@ tains another procedure block, then another
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473@
474@
4750
4760
4770
4780

X=CI~GOSUB 612@

GOSUB 1246°NGOSUE 3450

IF Ss@$="," THEN 474a
2=FNELC"UNTIL".1@)

GOSUB 1246°NGOSUE 329@

GOSUB 6156°2Z=FNG{7,@.,K)“RETURN

4790REM ¥x¥ WHILE .. 0O

4800
4816
4820
4836
4840
48506
4860
4870

488@REM ¥1x CASE

4898
4908
4910
4328
4930
4940
495@

49608
49708
4980
49%@
Seea
Séle
Se2e
5636
Sede
5656
Se6a
Seva
5888
50896
5180
Siie
5126
S13@
5140
S15@

GOSUB 1246 \X=CLGOSUR 6126

GOSUE 3z9ax=C1-GOZUE &1z@

2=FNG(7,@,0)

Z2=FNELC 00O ".18)

GOSUB 1240NGQOSUE 34%@

GOSUB 6156 \K=¥\GOSUB 6150

Z=FNG(&,0.%)

X=K\GOTO &540

. QOF

GOSUB 124G0N\GOSUB 3IZ50

Z=FNEL{"QOF " 2%

I2=1\REM & QF CA§E
=3

STATMHTS
I1=@\REM % OF Cn LABELS
GOSUB 124@°GOSUE ZZ46

Z=FNG(1.8,21).2=FNG{0.,0,N3)2Z=FNG1.G.8)

GOSUE 1240N1F Z@$=":" THEN 499@

2=FNELC",",35)

X=CI\GUSUB 6126\I=FNG(7, L1, @) KEM A MATCH FOUND?T
I1=11+1GQTO 4336

K=CINZ=FNGC?.0,6 )NREM GUTO NEXT CASE STMHT IF HO MATCH
FOR I=l TO IL1~GQOIUE &SEBNNEXTNREM FIXKUP FORWO REFS
X=K\GOSUB €120

GOSUB 1240N\k=12G05UE €12u

GOSUB 3430 \GOZUR &156%12=X

IF S@$="ELSE " IHEN 5030

IF S8$<>"; " THEN &13&

K=CINZ=FNGCE, @, GOvREM EXIT AfFTER R CASE STMNT
GOSUB 6520

X=K\GOSUB 61206N1Z=I12+1MGOTO 4920
K=CINZ=FNGL6, 0,0 )\GO5UE &S20

X=K\GOSUB 612@

60SUB 1240 \X=12".GOSUE &1Z¢

60SUB 349@GOGSUB 615@~12=k

2=FNELCT"END ", 170

FOR I=1 TO I2NGOSUE €SZG NEKT-KEM FIKUP FORWD REFS
Z=FNGCS,6,~1)GOTO L1adiévmErt FOF UAL OF CASE EXP

SL6GREM *x¥ FOR

Stive
Si8@
Sis@
5200
S2la
5220
5236
5240
S525@
5260
5276
5280
5296
5360
5310
5320

2=FNEZC"TDENT",4)

GOSUB 36306MGOSUE €120

F9=1NIF s@$="T0 " THEN S216~KEM KEMEMBER UF OR DOMWM
Z=FNE1<"OO0OWNT", 28 ) F9=0

GOSUB 124@\GOSUEB 3z%2@

GOSUB 6156 K=x\¥X=Cl~GOSUB €1z@
Z=FNGCL,@,21)E=FNGLZ,L1-TIC(K ), TEKK D)
2=FNG(1,8,13-F3-FF ) %=CINGOSUE €Lc0~&=FNG{Y,0,0)
X=FI\GOSUB €1206-X=K-GOSUE &1Z@

2=FHNEL1("0QQ ", 18)~GOSUE 1240

GOSUB 3436NGOSUB 6150I=FNGCZ, LL-T10R),T12(K))
K=X\GOSUB €150 NZ=FNG{1,&,z26-¥)
2=FNG(3.L1-TLI(K), Taik))

GOSUB 6156 K=X \GOSUE &15@"Z=FNG{&. &, k)

X=K\GOSUB €S4a

2=FHG(S, @, -1 »KETURNNREM FOF QFF WAL OF LOOF CNTRL WYAR

S33BREM Xxxtiyiiit
S346REM BLOCK

5356
536@
537a
S3te
239@
S4a0
241a
54z@
543a
5440

(@=3\REM RESERVED FOR STATIC LINK.DYNAMIC LINK &
T2CTL-K1)=CI~REM INIT AOO OF THE FROC ELOCK
Z=FNG(6.,0,0)~REM UMF TO STARTING ELE ADO
X=T1-Ki~GOSUB &1Z@
IF 50$="CON3T" THEN
IF SO$="UAR " THEN
IF Sa$="PROC " THEHN
IF S@3="FUNC " THEN
IF Sa$="BEGIN" THEN
Z=FNEL 25)

RETN ADL

S45GREM *¥¥ CONST UCL

S460
o470
G486
5496
5560
551@
S52a
5530

GOSUB 1z4@

GOSNF 2170

2= | O R A (Tu R e =
IF ze$="UAR " THEN
IF Se3="FROC " THEN
IF S@s$="FINHC " THEN
IF ~=$="BEGIH" THEH
GaQ 5470

LRI 2 N

SS54G@REM sa¥ URRIRELE LCL

o]
S56a
Sora
G580
5590
Seaa
Ssla
5620
5630
o640
5850
]

L=@Fo=1
GOSUB 1Z40GOEUL 2348
L=L+15IF S@E="." THEN Saé@
Z=FNELL": 7,80
GOSUB 124@NIF S@S="aRRAY" THEN S616
Z=FMEL{"INTEG", GOTO ey

SGUELIE &

Z=FNEZ . Uk 13

a2 ISFNESCINTEGR Y, B6)
[4]4
FOx I=T1-L+1 TQ T1

Ta${ I, I)="A" T3 1 H=MH3+1
T2l )=De~0e=0a+N3+ 1 ~HEXT
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for each type of identifier. For constants,
the information is the values of the con-
stants; for program variables, the informa-
tion is the address pair (level, offset from
base address); for procedures and functions,
it is the address pairs and the number of
parameters; and, lastly, for array variables,
the information is the address pair as well
as array sizes. See table 2 for actual variables
that are used to store these quantities.

The symbol table is used by both the
parser and the semantic analyzer. The infor-
mation in the symbol table is used in a
number of ways. The type of identifier
is used, for instance, to check the type
consistency in an expression. When a vari-
able is referenced or a procedure or function
called, the symbol table is searched to
obtain the level and relative address from the
base address. The number of parameters
in a procedure or function is used to check

1e correct matching of parameters in actual
procedure or function calls.

An identifier is searched for by starting
from the end of the symbol table and work-
ing towards the beginning. (Viewing the
table as a stack, we say that we search from
the top of the stack down to the bottom.)
There are two reasons for this searching
direction. First, identifiers in the current
block are more likely to be referenced and
should be searched first. Secondly, suppose
that a variable X is declared in both an outer
and an inner block: by searching for X from
top to bottom of the stack, we can be sure
that we will find X of the inner block first,
in accordance with the scope rule.

Parser, Semantic Analyzer, and Coder

The parser, the semantic analyzer and
the coder are not separate routines, but are
intermixed in a large routine. In most
cases, after the successful parsing of a
statement, its meaning is also understood
by the compiler. Thus the semantic analyzer
either requires minimal extra processing
or is implicit in the parser and disappears
altogether.

The parser, as we have mentioned before,
uses a top-down technique called recursive
descent. Since there is a close correspond-
ence between the parser and the syntax
diagrams of the Pascal grammar, there
should be no difficulties in understanding
the parsing process. The parser adopts the
convention of one token look ahead which
is similar to the one character look ahead
convention used by the scanner. The vari-
able SO0$ is used to hold the next token
to be read by the parser.

There is a part of the Pascal grammar,
commonly referred to as the dangling
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S67@ Z=FNEZ{"." . %)

680 GOZUB 1Z4@IF SWI~"HROC " THEM S7VZ@
5696 IF S@$="FUNC " THEN &

S766 IF S@f="BEGIN" THEN E

571@ L=gsFo=1cQEUE 2340 v

G72GREM %% FROC OCL

5736 2=FNEZ("IDENT".4)

9740 K1=0~K$="P"~LO05UE 1254

575@ L1=L1+1GUTO S&l@

S?6@REM *¥% FUNC UCL

S7ra 2 FHESC"TOENT" o4 )

S78@ K$="F"~GUSUE 1Z¥SONREM FUNC nOURSS
S79a L1 Li+1nK1=1

S586@ K$="Yv"~GUSUR 195@~KEM FUNC UALUE
581@ KZ=KI\GOSUE Lzd4@

S826 X=T1~GAZUE 610

5836 X=0B\GUSUEB &1Z0Q

S840 IF Se$c (" THEN S&3@

S85@ GOSUE 1Z24@\F3=0~GUSUE Z34@~K1=kK1+1
586@ 1F ses="," THEN S&oo

S87@ 2=FHEL(")",
S588a@ GUSU& 124a- T3§T1 K1)=K1-Ke

5896@ Z=FNELL™; ",

5966 FOR I 1 fo hl REM FUNC WALUE & FARS
591@ Ta(T1-1+1)=-TNEXT

5926 GOSUE 1240°6OSUE &SZ4@~L1=LL1-1

593@ GOSUB 6156@~00=¥

594¢ GOSUE 615@~T1=K

5956 2=FHEL(";", %)

596G GOSUR 1248\GOTO Sd1@

S97AREM ¥¥3¥ STAKRT OF EXECUTIBLE HTIMHTS
598G GOSUB 124@\GASUE S1L9ONK=X

5996 K=T2(K>~GUSUB €54@

6086 T2(K)I)=CI1-REM START ELOCK ALQOR

6016 2=FNGCS,@,00)

682G GOSUB 349@

6630 IF Ses$<>";" THEN caSa
684@ GOSUB 1240~GO0TO eaza
6050 IF S6$<>"END " THEN®
606G GOSUB Lz40

60876@ 2=FNGC1,0.,0)

6688 RETURN

G6O89GREM XXX I ALLLLNE

6186REM ENO PARSER ANDO COCER
GLIAREM X titisy

612GREM PUSH X IHTO STACK
613@ S{S9I=X~S9=STF+L-RETURN
6L4OREM T¥Errdiiiy

615AREM POP X FROM STACK
6168 S3=S9-1 X=S53)~RETURN
6170KENM X LEFLIILE

6LSAREM FUSH ¢ JHTO STACK
619@ L=LE )
620G SEF
621y
6228 .
623@ PS=P3+L~ PETUFH
6240FREM FOF Y¥ FROM STHCK
6256 GOSUB 6150

626@ L=x\60%UB &150

6276 Y$=S${K,L)

6280 PE=P&-L+X-1

6296 RETURN
630AREM tiXday
631EREM GENE
6326 DEF FHGY
6330 B3=" d

6348 FILL F9,MLNFILL FI+l.X2

635@ FILL P9+2,FNACKI IWFILL FA+&, FHECKI)
6366 IF Y53 THEN €4@@~REM IF INPUT FRUM KE
637G IF X116 THEN &

638G B${1, 1 r="X" K1 ~1&6%KEEM TNUEX

6390 1%41,C1," ", MECHLAT+L, KIEE+3 0, E$, %3
6400 C1=Cl+1~FI=F3+4

6416 IF P9>=Q9 THEN Z=FNE{1)

642G RETURN @

6436 FHEND

6448REN XX EXAEAEY

6450 DEF FREBC(Z)D

6460 N=INT(Z,258)

6476 IF HN<B THEN N=2S6+N

6480 RETURN H

6496 FHEND

6560 UDEF FHALZ )=Z-INTC2/256 04256

651AREM ik diriix

652GREM FIXUF FORWORD REF

6530 GOSUB 6156

654@ N=P?+X¥4

655¢ FILL N+Z,FNACCLINFILL N+3,FNECCL)
6566 IF ‘Y3 THEN RETURHN

6576 !"A00 AT", X, " CHANGED Ta",ClL

6588 KRETURN

READY

=FNECL?)

|f
W REM PUSH STaET & EHD
GLEU

**I*

RS WP
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HHUE - OFFSET

LTRNG FOS

YBROARD THEN DONT ECHO

1,62, %61, K3

else, that is ambiguous. The statement:
if condT then if cond2 then stat? else stat2;

can be parsed in two ways. The else state-
ment can be associated with the first if or
with the second if, producing entirely
different results.

We resolve this difficulty by always
associating the else statement with the
most recent if. If an else statement with
the first if is desired, one of these two
methods should be used:

if cond7 then
if cond2 then stat7 else
else stat2,

or:

if cond1 then begin
if cond2 then stat?
end

else stat2;

The situation is similar to the case state-
ment with the added feature of an optional
else statement. If the statement for the last
case label is an if statement, we then have
the dangling else problem. This is resolved
in the same manner.

There are three functions used to print
messages when errors are detected. The func-
tion FNE(X) prints the error message
corresponding to error code X. FNE1(A$,X)
checks to see if the current token is equal
to A$, and prints the error message corre-
sponding to error code X if not. FNE2
is similar to FNE1 except that the scanner
is first called to get a new token. As we
mentioned earlier, the compiler aborts as
soon as an error is found. Therefore these
error routines do not return to the calling
procedure.

The code generator requires more work:
care must be taken to store important
values in stacks due to the inability of
BASIC to fully support recursive subroutine
calls. Otherwise the coder is more or less
straightforward, since the p-codes are so
designed (see part 1) that there is a direct
correspondence between simple Pascal state-
ments and p-codes. Table 3 shows the almost
direct translation of Pascal statements into
p-codes.

The declarative statements (const, var,
proc, and func) do not produce any exe-
cutable statements; they merely provide
information about declared identifiers. The
first executable code encountered when
entering a procedure or function block is a
forward jump instruction to the main body
of the block. This jump is necessary since in
general there may be procedures and func-
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Russell E Adams
3008 Moshy St
Alexandria VA 22305

Testing Memory in BASIC

I hate to toggle in a program through the
front panel of my computer. Yet every time
| finish 2 new memory board | have to do
this to a machine language memory test
program. | therefore resolved to write a
memory test program in BASIC which could
be loaded with an 8 K interpreter in 8 K
of proven memory. The BASIC program in
listing 1 is the result.

The program is written in MITS 8 K
version 4.0 BASIC and uses multiple state-
ment lines with statements delimited by a
colon {:). In addition to the normal func-
tions of most BASICs, the program requires

LIsT

0 REM #% BASIC MEMCRY TEST REV.5 *v

| REM COPYRICHT 1977 F.E./DAME

25 CLEAR 80

30 INPUT"START WITH BEGINNING OF PAGE";A

35 IF A<2 OR A>7 OR A<>INT(A) THEN PRINT"ERROR":GOTO30
40 INPUT"END WITH END OF PAGE";R

45 I 8<>INT(B) OR B<A OR B>7 THEN PRIt T"ERROR" :GOTO4O
€n A=4096*A:B=4096# (B+1)~]

55 PRINT:PRINT"TEST PATTERN #1 LOADING" :PRINT

60 P1=85:P2=17G:GOSUB 300

70 R=B:X=A:GOSUS 5C0:AS=NS

75 X=B:GOSUE 500:BS=NS

80 PRINT:PRINTUMEMGRY TEST #1 FROM ";A$;" TO ";35;" OCTAL"
85 PRINT:PRINT"ADDRESS","DATA","SHOULD BE"

90 GOSUB 350

95 PRINT:PRINT:PRINT"TEST PATTERN #2 LOADING" :PRINT
100 P1=170:P2=85:GOSUB 300

110 PRINT :PRINT"MEMORY TEST &2 FRON ";AS;" TO *;BS;" OCTAL®
115 PRINT:PRINT"ADDRESS" ,"DATA","SHOULD BE"

120 GOSUB 350

125 PRINT:PRINT"TEST COMPLETED"

130 END

300 FOR I=A TQO B-1 STEP 2

305 POKE [,P1:POKE [+1,P2

315 NEXT:RETURN

350 D=P1:FOR I=A TIC B-1 STEP 2

352 7=PEEK(!):IF 2<>D THEN GOSUB 365

353 NEXT I

354 D=P2:FOR I=A+1 TO B STEP 2

366 Z=PFEK(I) :IF 2<>D THEN GOSUB 365

360 NEXT [ :[F F=0 THEN PRINT"NO BAD BITS DETECTED"

362 F=Q:RETURN

365 F=1:R=8:X=]:GDSUB 500 :BAS=NS

370 R=2:X=2:G0SUBS500 :D$=NS

37¢

X=0:G0SuUB 500

390 IF LEN(DS)<>8 THEN DS="0"+DS :GOT0390

395

IF LEN(NS)<>8 THEN NS="0"+N$ :GOTO395

410 PRINTBAS,DS,NS

418
500
505
51C
515

RETURN
stll"

K=INT(X/R) :L=X-R*K
NS=RIGHTS(STRS (L), 1)+NS
IF K<>0 THEN X=K:GCT0505

520 RETUR?

0K

Listing 1: A BASIC memory test program. The memory to be tested is
first loaded with the alternating patterns 01010101 and "'10101010”
in the even and odd memory locations, respectively. After testing all the
locations, a second pattern (the logical inverse of the first) is loaded and
tested. If any bit is influencing the state of an adjacent bit, the bad bit will be

detected.
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PEEK and POKE with arguments between
0 and 32767. In addition, the program
needs the following BASIC primitives
which may not exist on every system:

CLEAR 80

INPUT". .prompt. .”
IF...OR...OR...THEN
INT

GOSsuB

LEN

RIGHTS$

STR$

The program has two parts: lines 25 to
130 contain the main program, while lines
300 to 520 contain four subroutines. Sub-
routine 300 loads a test pattern into
memory; subroutine 350 reads back the data
in memory and compares it to what the data
should be; subroutine 365 prints out the bad
address and the data; and subroutine 500
converts a base ten number into a base R
number.

The memory under test is subjected to
two test patterns. The memory is first
loaded with the alternating pattern 0101-
0101, 10101010, the first byte being placed
in all the even addresses and the second
being placed in all the odd addresses. After
reading and comparing the first pattern, the
second pattern is loaded. The second pattern
consists of 10101010 loaded in all the even
addresses and 01010101 in all the odd
addresses. This alternating pattern is used
so that if a bit is influencing the state of
another adjacent bit, the bad bit will be
detected (the pattern assumes that adjacent
addresses are physically wired up as in the
memory parts specifications).

The BASIC interpreter must be limited
to the lowest 8 K of memory. In MITS
8 K you answer the initial dialog MEMORY
SIZE? with 8191. Also the trigonometric
functions must be deleted. The program
asks which pages of memory are under
test. The first 4 K of memory is defined
as page 0 and the last 4 K of memory is
defined as page 15. The memory under
test must be addressed between page 2 and
7, inclusive. This is sufficient space to test
six 4 K boards, three 8 K boards, or one
16 K board.

The program takes about two minutes
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F D Sodamann
2603 N Greenwood
Pueblo CO 81003

In Defense of Analog?

I am an avid and enthusiastic supporter
of the personal computing hobby and of
BYTE. (At present | am building a full 6502-
based OSI machine which pleases me very
much.) But | am an old timer in electronics
and think that all the fantastic digital devices
which have been developed over the last
few years have convinced people that general
purpose analog computers belong in
museums.

| feel there are a couple of things we
digital hackers ought to consider:

1. Computing is computing. Setting up
an analog machine to solve a differen-
tial equation is as satisfying as writing
an elegant software program and, given
some proper peripheral equipment, the
results can be useful and aesthetically
pleasing.

2. In some areas, analog machines can do
a better job more easily; compare re-
wiring an analog machine to writing a
a Runge-Kutta program or performing
a slow digital computation when a
less precise but real time analog com-
putation will do).

3. The present CA3XXX series of op
amps should be able to increase the
accuracy of an analog machine by
several orders of magnitude, especially
when using a good analog/digital
design for a digital readout.

Surely among your readers there are
people who think as | do; 1'd like to contact
such people and find out the following
things:

1. Does any manufacturer produce
printed circuit boards or kits to build
a reasonably powerful machine — say
4 or 5 integrators?

2. Does anyone have an old general pur-
pose machine which could be up-
dated? Is it for sale?m

Program faster,
debug easier now

Flowchartrix™ a unique flowchart development tool from Stirling/Bekdorf,
saves you time, space, and money, no matter what language you work with.
Whether you program professionally or just for fun. The 78F2 Flowchartrix™
helps your thoughts mave in logical steps, and lets you retrace logic easily
when debugging.

When you use “top-down’ programming methods, you can use the 78F2
to lay out your original logic concept blocks. Then by following the plan
you lay out in words at the concept stage, you can write a finely detailed
flowchart quite smoothly. Then it's easy to write actual code based on the
flowchart.

58% more logic cells than other flowchart forms, so you get far more
of your program on each page. Each Flowchartrix has a full 77 logic cells,
not just 50. This not only saves paper, but also makes your finished flow-
charts easier to understand. By seeing up to 27 extra steps of your program
on each page, you comprehend program flow more clearly. That's important
while writing the flowchart, more important when you write actual code.
It's also extremely helpful when you debug, and indispensable when you come
back months or years later to modify your original work. 78F2's higher ma-
trix count makes your flowcharts quicker to debug because there are fewer
pages to search for errors. Fewer pages also save you money and storage
space.

Unigue matrix can show your loops AS loops. The Flowchartrix 7 x 11
matrix gives you plenty of room to write loops laid out as sort of a squared
circle. This makes loops and subroutines easier to recognize, because their
form is readily apparent at a glance. Since they're easter to find, and may
even be completed on a single page, they're also simpler to debug or modify.

Every matrix cell has a specific label to help you track branch points.
Now it's far easier to follow your program from page to page, point to point.
When you write program documentation, having a separate reference point
for each cell makes your program much easier to describe clearly.

With Flowchartrix, you don’t need a shape template to draw remarkably
regular logic symbols. Guides for the most-used logic symbols are right in
each matrix cell. They help you draw most standard flowchart symbols en-
tirely free-hand.  This saves all the time you'd otherwise spend hunting a
shape template and positioning it to draw every symbol. Your train of th-
ought need no longer be interrupted by template tedium. With 78F2, your
pencil can fly as fast as you can write, without interruption. When a flash
of insight strikes, now you can keep your pen on paper, flowing rapidly from
one step to the next without a break.

78F2 is surface-engineered to take both pen and pencil without blotching.
The tough 22 base stock is the same brilliant white opaque material used
in our 78C1 Combination Coding/CRT Layout forms. Pure enough to use
with magnetic ink scanners, heavy enough to withstand vigorous erasure,
every Flowchartrix gives you crisp, sharp, characters and symbols. It takes
ink without spreading, and accepts soft pencil lead with good contrast.

Order your supply today. Ask your local computer store for Stirling/
Bekdorf™78F2 Flowchartrix™ To enjoy the world's most advanced program
development aids most, use the entire Stirling/Bekdorf system: 78F2 Flow-
chartrix (for concept planning and flowcharting), 78C1 Combination Coding/
CRT Layout forms (for coding and display planning in BASIC, OPUS, and
other line-number languages), and 78P4 Print-Out Design Sheets (to design
report printouts for easy coding). Our programming tools work together
as a complete system to save time and reduce errors during every stage of
program development, from concept to completion. Try them for yourself
today. |If your store is out-of-stock, use the coupon below to get yourself

a supply on the way now.

F—--------—------------------—ﬂ

VEQI Please rush the programming aids indicated below:

78F2 Flowchartrix™ 78C1 Coding/CRT Cambination
Oltwo 50-sht. pads  $7.90 + $2.85 shpg CItwo 50-sht. pads:  $6.35 + $1.95 shpg.
[Jten 50-sht. pads $34.35 + $6.45 shpg, Oten 50-sht. pads: $26.85 + $3.35 shpg

78P4 Print Out Designer
[one 50sht. pad;: $7.45 + $3.19shpg. [ five 50-sht. pads: $32.10 + $6.75 shpg
Texas residents please add 5.5% sales tax to base price
Enclosedismy checkfar$
Charge to: [JMaster Charge [TJwisa  exp. date
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Dealer inguiries welcome

Name
Address Phone
Oity State Iip

We ship UPS so P O Box addiess must give phone number

Stirling/Bekdorf

L_,lo 4407 Parkwood O San Antonio, TX 78218 0(512) 824-5643
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file support

MVT-WORDFLOW™
MULTI-USER WORD
PROCESSING PROGRAM

* Search/replace

* "Cutting & pasting” scratch pad
* Simultaneous multi-file editing
* Automatic Field insertion

* Supports all RS232 terminals

@ el MVT-ASMZ™

9, g MACRO Z80/8080
MMM ASSEMBLER
Relocating

L]

’

* Cross references
* Debug package
¢ Library facilities

I‘I'I'....MVT

mﬂﬁ

MICROCOMPUTER SYSTEMS INC.
9241 Reseda Blvd., Suite 203
Northridge, CA 91324

Phone: (213) 349-9076

- J/

68  BYTE October 1978

Nested Macro calls & definitions

Circle 269 on inquiry card.

Prograsmming Ceickies

Formatting
Dollars
and

Cents

Les Palenik

25 Silversprings Bivd
Suite 512
Scarborough Ontario
M1V 1M9 CANADA

Listing 1: BASIC program
for formatting dollars and
cents in BASIC inter-
preters that do not have
the PRINT USING func-
tion. Also shown is a
sample run of the pro-
gram.

Most of the BASIC interpreters avail-
able on the microcomputer market today
do not provide the PRINT USING option.
[ have written a formatting subroutine that
will perform some of the PRINT USING
functions for monetary output:

® Round the monetary amount to the
nearest cent.

® Convert the numeric value to a charac-
ter string and check the digits after
the decimal point. If the last one or
both digits are missing, insert zeroes.

® |Insert a dollar sign in front of the con-
verted amount. If the amount is less
than 1, insert a O in front of the deci-
mal point.

® Supply the length of the amount.

Before calling the subroutine, we have
to pass the dollar figure to be processed to
the variable X1. The converted figure is
passed back in the variable X$. The length
of the formatted amount is passed back
in X3.

The routine in listing 1 has been written
in the Commodore PET-2001 version of
Microsoft BASIC. Modifications may be re-
quired for other BASIC interpreters. The
remarks can be deleted for faster execution
and memory savings.

| use this subroutine in most of my pro-
grams. | place it rather high in the program
(line numbers 3000 thru 3099) so | can
always use the same line numbers.m

10 INPUT A
20 X1=A:GOSUE 3000
30 PRINT TAEB(20-X3);X$
40 GOTO 10
3000 REM KKK KKK 0K KKK KKK KKKk KKk
3001 REM THIS SUBROUTINE WILL FORHAT
3002 REM DOLLARS AND CENTS
3003 REM  XAXXKEXEKEKEKKERKKXKRKKKKAXKKKK
3004 REM ROUND THE AMOUNT
3005 X4=INT(X1%400+.5>/4100
3010 X0$="";X$=""
3020 IF Xi=0 GOTO 3030
3025 IF X4<i THEN X0$="0"
3030 X1#=STR$(X1)
3035 X2=LEN(Xi$)
3040 X2=X2-1
3041 REM DELETE SPACE IN FRONT
3042 REM OF THE FIRST DIGIT
3045 Xi$=MID$(X1i$,2,X2)
3050 FOR I=1 TO X2
3055 X2$=MID$(Xis,I,1)
3060 X3=I
3065 IF x2%="," GOTO 308S
3070 NEXT I
3075 Xs=".00"
3080 GOTO 3090
3085 IF X3=(X2-1) THEN X$="0"
3086 REM CREATE THE FINAL STRING
30920 X$="8$"+X0$+X18+X$
3094 REM FIND THE STRING LENGTH
3095 X3=LEN(XS$)
3099 RETURN

RUN

12 $2.00
2.2 $2.20
72.22 $2.22
72,222 42,22
7222 $222.00
175.756 $75.76
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to Front Panel Design

Since the first personal computers
appeared about three years ago, the field
has been growing and advancing at an ever
increasing rate. The variety and complexity
of products increases even while the cost
decreases. Indeed, the field has evolved so
rapidly that it has gone through two genera-
tions (using the term somewhat loosely)
in those three years. The first generation
machines were typified by the first 8800
system sold by MITS, a bare bones machine
festooned with switches and lights. It took a
fair amount of technical know how to build
one of these to get it operational. Before
long, however, a new generation of machines
was available. These, such as the SwTPC
6800, were usually cheaper and simpler to
build, using fewer but more powerful inte-
grated circuits.

And in July 1977, the Heath Company
announced its two versions of the home
computer idea, the H8 and H11 systems. |
write as one of the persons who took partin
the design of the H8's front panel firmware,
an 8080 program called “PAM/8” which
shows how software and hardware are often
intimately related.

Microprocessor Front Panels

The ideal front panel for a microcom-
puter should allow its user total control and
access to the processor’s workings. A good
panel system should allow an instantaneous
display of the processor’s states, register
contents, memory contents, and other
operating flags. An operator should be able
to force a new state, register value, or
memory value upon the processor with ease
at any time without otherwise interfering
with the executing program. [n other words,
it should be possible to examine any mem-
ory location or any register at any time with-
out disturbing the program.

Ten years ago the implementation of such
a front panel was obvious. The processor
was built up from components such as
integrated circuits, and the flags and registers
were directly available on the circuit cards.
In the remainder of this article, | will refer
to this type of machine as a discrete proces-
sor, although it may be built out of high
level integrated circuits. To build a suitable
front panel for such a discrete processor, it
is merely necessary to run a wire to a front
panel indicator. Likewise, special logic can
be built to allow flags and registers to be
set from the front panel switches, usually
when the machine is in a halted condition.
Readers may have had experience with some
of these minicomputer systems, such as the
CDC 1700 or the IBM 1130 and 1620. This
design works reasonably well, but the binary
format is inconvenient and the cost of the
front panel hardware and logic can be pro-
hibitive for use in a personal computing
system,

The situation was considerably changed
with the advent of microprocessors. Now,
for the first time, a full-fledged computer is
within the financial reach of the general
public. Unfortunately, the very development
which brought this exciting possibility also
brought problems. With a 1 integrated cir-
cuit microprocessor, the processor flags and
register contents were no longer available
for a front panel system, being buried out
of reach of any possible hardware hookups.
A typical microprocessor integrated circuit
only has 40 connection pins {or pinouts).
These are partly taken up with power
supply and clocking signals, as well as the
data and address buses. The remaining
pins are allocated to receiving and providing
signals to interface the processor to the
rest of the computer system. As a result,
there is no direct way to determine the
contents of the processor’s registers.
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Previous Front Panel Systems

Attempts to solve this fundamental prob-
lem of control over the microprocessor have
been responsible for the major differences
between competing machines. The first
widely available machine, the MITS 8800,
used a direct approach to front panel design:
it simply had LED readouts for each pinout
on the microprocessor chip and a bank of
switches hooked across the data and address
busses. Some additional logic was incor-
porated to control the running state of the
microprocessor and to allow memory loca-
tions to be read to and written from via the
front panel. This scheme is a straightforward
adaptation of traditional panel design;
unfortunately, there wasn’t a great deal of
correspondence between the useful items a
programmer might want and the data
available on the processor pinouts.

The difficulties of using such a panel sys-
tem are by now nearly legendary: it is very
awkward and time consuming to get infor-
mation in and out of the processor. For
example, to simply determine the contents
of a register, it is necessary to stop the
processor, write a small program to store
the register in a memory location, key it
in to some unused portion of memory,
run it, read the stored value from memory,
and then restore control to the interrupted
program. Needless to say, this is a tedious
process with many opportunities for error.

The problems with this approach no
doubt influenced the designers of the second
generation machines. They used a different
approach wherein a console terminal was
used in conjunction with a monitor program
{usually in read only memory) to provide
the equivalent of front panel service. With
such a system, a programmer could display
desired information such as memory or
register contents directly in octal or hexa-
decimal. This represented a great step
forward: entry speed was increased, and
the clerical task of encoding and decoding
binary values was eliminated. Another
great benefit of this system was that most
of the monitors incorporated a bootstrap
loader so that the loader did not have to
be keyed in each time.

This technique has been rapidly gaining
popularity at the expense of the lights and
switches system, for obvious reasons. Several
companies are offering such monitors en-
coded in read only memory boards to allow
users to convert their old systems. However,
this new technique still has a few disad-
vantages: it requires a console terminal,
which adds considerably to the system cost,

and once a user program has started execu-
tion the services of the monitor system are
no longer available.

PAM/8 Design Goals

It was mentioned above that the front
panel system is the area in which many of
the differences between computer systems
are found; this holds true for the Heath H8
system as well. The H8 employs a new con-
cept in microprocessor front panels: it uses
a unique combination of software and
hardware to allow the emulation of a com-
plete real time front panel system which |
believe to be superior in performance to

even the discrete minicomputer panel
systems.
When the H8 project began, Heath

engineers studied the requirements for a
good front panel system closely and drew up
a list of the major features to be satisfied.
There were nine major requirements of a
good front panel:

® The front panel system must present
and accept data in a convenient
octal format. Encoding and decoding
binary is a job more suited to a com-
puter than a human being.

® The front panel system must incorpor-
ate facilities to load and dump mem-
ory to and from an external device
such as a cassette interface. A nearly
foolproof error detection scheme must
be used so that mysterious errors will
not be introduced by bad loads.

® The front panel system must allow
memory and register contents to be
conveniently displayed and changed.
In addition, data display has to be in
real time. That is, if the front panel is
displaying the contents of a register
and the running program changes
those contents, the change should
be immediately visible on the panel.

® The front panel system must be
capable of execution control. That is,
the programmer should be able to step
through a program one instruction
at a time, and be able to set break-
points within his code.

® The front panel system must provide
facilities for inputting and outputting
to IO ports.

® The front panel system must be easy
to use, and (as much as possible)
should reduce the opportunity for
operator error. Whenever a front
panel operation is performed, the
programmer must be informed of
the operation’s success or failure.












Memory Display

High Order

Address Location

Register Display

High Order
Contents

I/0 Port Display

Data

-— DATA REGISTER ——

Data at
Location 040 100

Low Order
Address Location

—— DATA REGISTER ——

Low Order
Contents

Register
Identification

—— {ATA /REGISTER ——

Port Number

Photo 3: Three examples of the H8 LED readout format for memory dis-
play, register display and 10 port display.
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“The front panel system must present
and accept data in a convenient octal
format.” This has already been discussed:
PAM/8 displays and accepts octal values.
16 bit values are represented in a convenient
byte octal notation.

“The front panel must incorporate
facilities to both load and dump memory.”
The 8 and 9 keys are used for loading and
dumping memory. In order to dump a
block of memory to an output device
{(usually magnetic or paper tape), one must
supply PAM/8 with the starting dump
address, the ending dump address, and the
entry point address. When the DUMP key
is struck, PAM/8 writes a formatted record
containing the memory contents. The dump
record produced contains the starting
address, the entry point address, and the
memory data. The record is followed with a
16 bit cyclic redundancy check (CRC-16).

To reload a memory dump tape, place
the tape in the transport (cassette or paper
tape) and strike the LOAD (8) key. PAM-8
will read the tape and discard any informa-
tion until the beginning of record sequence
is found. The load operation then begins.
When the load is complete, the computed
CRC-16 is compared to the one on the tape,

If the load is correct, PAM/8 gives a single
beep. Since the program counter (PC)
register was loaded with the entry point
address, striking the GO key will begin
execution, If the load is incorrect, PAM/8
displays the error code 001 (CRC error)
and repeatedly beeps the horn. Pressing
CANCEL (*) silences the horn.

During the load and dump operations,
the six leftmost LEDs display the address
being loaded or dumped, while the three
remaining LEDs display the data value
going into or out of that location. This
allows the operator to see if the load is
progressing, and gives an idea of how much
is left. The H8 cassette system runs at
1200 bps, allowing the loading of 8 K
BASIC in about 60 seconds.

The CRC-16 check value used in PAM/8
is nearly foolproof: single bit errors, double
bit errors, and error bursts of less than 16
bits are always detected. The chance of a
larger error escaping undetected is less than
0.0002%.

“The front panel system must be capable
of displaying and altering both memory
and registers conveniently.” To display the
contents of a memory location or register,
strike the MEM (#) or REG (.) key followed
by a 6 digit address (for MEM) or a 1 key
register select {for REG). In the case of
memory display, the address will appear
in the left six digits, the value in the right
three. In the case of a register, the value
of the register {if 16 bits) or the register
pair (for 8 bit registers) is displayed in the
left six digits, and the register name(s)
is displayed in the right two digits. See
photo 3 for examples.

To change the contents of a register
or memory location, first display the old
contents as described above. Next strike
the ALTER (/) key. You can then alter
the register or location by entering six (or
three) octal digits. As each 3 digit group
is entered, the PAM/8 monitor provides
a beep in acknowledgement. In the case
of memory alteration, the memory address
is automatically incremented by one. This
allows you to enter a series of memory
locations by entering a steady stream of
values.

When the altering is complete, restriking
the ALTER key clears the aiter mode
and restores the O through 7 keys to their
usual function.

It is important to note that the register
and memory displays are real time: if the
contents of that register or location change,
the display will immediately show the new
value. Thus, to watch the PC register in a
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running program, merely select it for display
and type GO. Should you now decide to
watch the contents of a memory byte,
press RTM/O (# and 0 simultaneously)
to halt the program, select the memory
location, then press GO to resume execu-
tion from where it halted.

“The front panel system must be capable
of execution control.” PAM/8 provides
five types of execution control :

Run

Halt

Jump
Breakpoints
Single Instruction

Pressing the GO key starts a program run-
ning at the current value of the PC register.
The desired start address can be entered into
the program counter beforehand. To stop a
running program, press RTM (return to
monitor, keys 0 and # simultaneously).
Execution of the program will immediately
halt, and the MTR light will come on. The
operator can now examine registers and
memory locations and may alter them if
desired. Pressing GO causes execution to
resume where it left off. To jump the
processor to a section of code, press RTM,
alter the PC register and press GO.

When a HLT instruction is encountered
by a user program, the PAM/8 gives a single
alarm beep and execution of the user pro-
gram is halted. The PC register points to the
byte following the HLT operation. Pressing
GO causes execution to resume following
the HLT opcode. The user can make use of
breakpoints to debug programs by assem-
bling or patching in HLT operations.

PAM/8 also includes a single instruction
facility. Each time the SI key is struck, the
instruction pointed to by the program
counter is executed and the user program
is immediately halted. This works for all
8080A instructions except DI (disable
interrupts) including jumps, subroutine
calls, and other control-transfer instruc-
tions. Holding down the S| key causes the
execution of an instruction every 400 ms. It
is especially instructive to display a register
and use the S| key to execute instructions
one by one while watching the effect these
instructions have on the registers being
displayed.

“The front panel system must provide
facilities for communicating with 10 ports.”
To communicate with an 10 port, use
the MEM key to enter the 3 digit data
value and the 3 digit port address as a 6 digit
memory address. Striking the OUT key
causes the data value to be output to the

port. Striking the IN key causes the value
read from the port to be displayed in the
leftmost three digits.

“The front panel system must be easy
to use and should reduce the possibility
for error.” In order to increase convenience
and minimize operator errors, PAM/8 is
designed to maximize the bandwidth of
the operator-machine communication chan-
nel. Thus, PAM/8 communicates in three
different ways: by the digit displays, by the
alarm horn, and by the display decimal
points. The use of the digit displays in
communication is obvious. Many panel
operations, such as entering addresses
and values, cause the display to change.
For instance, when altering memory, the
value of each key struck is shown in the
displays. The front panel horn actually
serves three purposes:

® Verify keystrokes.

® Provide information (such as the beep
when entering byte values).

® Provide alarm indications {(such as a
CRC error when loading).

The PAM/8 uses the digit decimal points
independently of the values on the digits
themselves. As can be seen from photo 1,
some keys have multiple uses. PAM/8 uses
the decimal points to indicate which use of
the key is currently active. When the REG
or the MEM key is struck, PAM/8 expects
an address (or register number). The decimal
points are lit continuously, indicating that
the address must be entered and that the
keys O through 7 will be taken as address
values. When the ALTER key is struck,
PAM/8 displays a rotating pattern on the
decimal points, indicating that a value must
be entered, and the keys O through 7 will be
taken as data values.

“The front panel system must be trans-
parent.” In operation, PAM/8 is totally
transparent to a task program; ie: the pro-
gram need not take any notice of the pres-
ence of the PAM/8 system; any existing
8080A program can run on the H8 without
change (assuming it is ORGed correctly, and
the 10 is compatible). Since PAM/8 is imple-
mented partially in system software, it does
require processor service for operation.
Normally, PAM/8 uses about 15 percent of
the processor’s capacity, leaving 85 percent
for task programs. Most programs are com-
pute bound for very short periods of time,
and this presents no difficulties. Programs
which must run at full speed can set a flag
bit in the PAM/8 programmable memory
area to turn off the front panel, which then
gives the task program 100 percent of the
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processor’s capacity. The task program can
then reenable PAM/8 when it desires.

“The front panel system must be ver-
satile.”” Although a user program need not
communicate directly with PAM/8, such
communication is possible. In general,
there is a set of special control bytes in
the PAM/8’s programmable memory area
which can be used to control system opera-
tion. For example, a user program can cause
PAM/8 to display any arbitrary segment
pattern on the LED displays. Likewise, the
user program can cause PAM/8 to stop
refreshing the displays so that the program
can refresh them itself. In general, it is
possible to totally close down PAM/8
operations and to have a user program take
them over, thus totally replacing the PAM/8
monitor with a homebrew system. Of
course, user programs can make use of
the PAM/8 utility subroutines to com-
municate with the tape system, read the
keypad (with audio feedback and auto
repeat), sound the horn, and so forth.

“The front panel system must be inex-
pensive.” PAM/8 provides powerful features
at a low cost due to its firmware design.
The read only memory software handles
display decoding and refreshing, keypad
debouncing, and all high level functions.
The necessary hardware consists of the
keys, the LED displays, and a few SSI
and MSI logic gates. In general, the PAM/8
design costs less than a good toggle switch
and lamp panel.

How It Works

As mentioned above, PAM/8 is a firm-
ware system, meaning that its functions are
implemented by a closely integrated com-
bination of hardware and software. The
hardware resides on the front panel circuit
board itself, and the software resides in a
1 K read only memory on the processor
board. This read only memory contains a
program which does most of the work for
the PAM/8 system. Actual hardware was
used only when the function could not be
implemented by the program.

The central concept in the PAM/8 system
is its built-in clock interrupt. When the sys-
tem is powered on (or master cleared)
PAM/8 sends a command to the panel
control port requesting an interrupt every
2 ms. This interrupt interval is derived
from the system’s crystal clock and is
therefore called the clock interrupt, The
presence of this interrupt allows PAM/8
to perform two processes, or tasks, simul-
taneously. Of course, they are not actually
performed simultaneously, since the com-

puter has only one processor, but to a
being as slow as a human the operations
appear simultaneous.

This division of the work load between
two independent tasks, the task time and the
interrupt time processes gives PAM/8 its
power. For the sake of clarity, the functions
of these two tasks will be discussed sepa-
rately and it will be assumed that they are
truly simultaneous.

Interrupt Time

The interrupt time task is always running
(unless shut off by the user program) and
has three main jobs:

® Process
updating.

® Maintain system clock.

® Allow user program clock servicing.

display  refreshing  and

The most important job of the interrupt
time process is to refresh the front panel
displays. The displays are not latched
and decoded; the display hardware consists
of a 4 bit digit select field and an 8 bit
pattern select field. Every interrupt cycle
{2 ms), a segment pattern and digit number
are output by the code. The digits are
refreshed round robin so that each digit
is lit every 18 ms (nine digits at 2 ms each).
This gives an overall refresh rate of 55 times
a second, which is sufficient to eliminate
flicker. The segment patterns being refreshed
are obtained from a 9 byte programmable
memory area. Each 8 bit byte contains the
pattern for a digit (seven segments, one
decimal point). Every 32 clock interrupts,
or about 16 times a second, the 9 byte
pattern being displayed is updated. The
PAM/8 monitor examines flag locations to
determine which memory location or
register is being displayed and decodes
its value into nine bytes of display bar code.
If a register is being displayed, the program
finds its value on the stack where it was
pushed when the clock interrupt occurred.
It should be noted that both of these proc-
esses, refreshing and updating, may be con-
trolled by a user program. There is a bit
for each function allocated in a PAM/8
control byte; setting the bit causes the
function to be discontinued. Most pro-
grams which make use of this feature turn
off display updating, but they leave display
refreshing turned on. Then the program
can display any arbitrary pattern by simply
placing segment bar patterns into the 9 byte
area in memory.

The second main job performed by the
interrupt time task is the maintenance of
the system clock. The PAM/8 monitor






maintains a 16 bit count of the clock inter-
rupts received. Since this count is updated
during the clock interrupts, it appears to
task time programs that the location
“magically” increments itself. Many pro-
grams, including the task time portion of
PAM/8, make use of this counter.

The third major job of the interrupt
time task is the handling of user clock
processing.  Normally, PAM/8 returns
directly from the clock interrupt so that
the operation will be transparent to the user
program. However, a user program can set
a bit in a PAM/8 control byte requesting
that a user subroutine be called during
every clock interrupt. This allows the user
to also write task time and interrupt time
systems, as well as giving multitasking
capability.

Task Time Task

While all this clock ‘interrupt processing
is taking place, the H8 is also running a
task time program. Task time refers to
the “problem solving’ program which runs
when interrupts are not being serviced.
Under the PAM/8 system, the task time
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Circle 281 on inquiry card.

program may be the user program itself, or it
may be the PAM/8 command processing
program.

When the system is initialized after power
up, the task program is the PAM/8 command
processor, which continually reads the
keypad for operator commands. Keypad
debouncing, key strike verification (beeps)
and auto repeat on the keypad are all time
dependent functions; PAM/8 makes use of
the system clock to implement them.
When a command is recognized, it is exe-
cuted immediately. Having the interrupt
time task running simultaneously with the
command loop greatly simplifies command
processing. For example, pressing the + key
(when displaying memory) is supposed to
cause the next location to be displayed.
All the command processor needs to do is
to increment the ‘“address being displayed”
word in memory. Sometime during the
next 32 clock interrupts the interrupt task
will decode this new address and its con-
tents, causing the new address and value
to be “magically”’ displayed (after a maxi-
mum wait of 1/6 of a second). In a similar
manner, the routines to handle the LOAD
and DUMP functions merely update the
address being displayed word after every
byte is loaded or dumped; the interrupt
time task sees to it that the address being
loaded is continuously displayed on the
panel LED:s.

After reading this discussion, you can
probably guess how the GO command is
implemented: the PAM/8 monitor merely
restores the user registers from the stack.
The PC register is restored last, which
causes execution to begin at the specified
location. The interrupt time task proceeds
as before, decoding and displaying the
selected memory or register contents.
Should the location or register be altered
by the running program, the front panel
will very quickly (typically in 32 ms) show
the change.

HLT and Return to Monitor

So far, we've seen that the interrupt
time and task time processes don’t inter-
mingle; each keeps to its own. The proc-
essing of the HLT instruction and the RTM
(return to monitor) command are exceptions
to this principle. When a HLT instruction
is encountered the processor waits with the
program counter pointing to the next byte.
When the next clock interrupt comes along,
the interrupt processing code takes a look
at the preceding instruction; if it is a HLT,
the code passes control directly to the
PAM/8 task time command loop, never
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returning to the user program. Naturally,
a little bit of cleaning up is performed to
smooth over the abrupt transition from
interrupt time to task time. This feature
allows the use of the HLT instruction as a
breakpoint and also provides transparent
support of the HLT operation. When a pro-
gram halts, the front panel comes alive,
and user program execution stops. Striking
the GO key causes execution to resume
following the HLT instruction.

The RTM command is a key command
executed by pressing the 0 and # keys
simultaneously. This command serves the
purpose of the RUN/HALT switch on
hardware front panels: striking RTM causes
execution of the user program to cease, and
it causes the front panel to become active.
The RTM command is implemented by a
joint hardware and software effort: on a
hardware level, the pressing of the two keys
causes a clock interrupt to be requested
immediately, without waiting through the 2
ms interval, On the software level, the clock
interrupt code in PAM/8 checks the keypad
for the special RTM key combination. If it is
present, the same process that was used for
the HLT operation is used: control passes
directly to the PAM/8 task time command
loop, not back to the interrupted user
program.

Using the PAM/8

The design of recent microcomputer sys-
tems has shown a trend away from front
panel designs toward the “no front panel”
monitor. This is being done for a very good
reason: a terminal monitor based on pro-
grammable memory or read only memory is
much easier to use and is more powerful
than hardware front panels. This fact also
applies to the PAM/8 system: a good console
oriented monitor and debugger, such as
Heath’s HBUG, is much more convenient for
debugging programs. This is not to say that
PAM/8 does not perform an indispensable
task, as | will try to show in the following
real life examples.

A typical experience in the life of a com-
puter experimenter is the debugging of some
peripheral interface. I've spent many a long
hour slaving over a processor, trying to make
some new device or interface talk to my
computer. A favorite technique | use for this
is to enter a 2 statement program into
memory:

L1 IN <port number>
JMP L1

This program simply inputs from the port
assigned to the recalcitrant device into the
accumulator, then loops back to do it again
and again. Then all | do is set the PC register
to the L1 address, punch up the accumulator
for display, and press GO. The value read
from the port will be continuously displayed
in the A register, even while | adjust the
hardware. By watching the panel displays,
| can instantly see any results of my labors,
such as, “if | ground this line, will that bit
come on?”’

Another important use for PAM/8 is as an
aid to debugging software. Often | find my-
self debugging a complex piece of software
that maintains various state flags in memory.
For example, a command completion sub-
routine, which examines characters as they
are entered for valid syntax, is a state de-
pendent program. As each character is
entered, the program sets flag bits indicating
various things such as “two alphabetic char-
acters entered,” or “have just seen a blank,”
etc. When debugging this code, | simply dis-
play the address (or register) containing the
state flags on the front panel. Then, as |
strike test keys one by one, | can immedi-
ately judge the program’s reaction by
examining the state flags. This technigue can
be used to monitor working programs as
well. For example, | have a loader program
which | use to download programs from
other computers. It keeps the address cur-
rently being loaded in the HL register pair.
By simply displaying this register pair, | can
watch the load progress {or fail!).

A real time front panel can be used for
more than just debugging. The presence of
the displays and keypad provides another
channel of communication with the proces-
sor, independent of the console terminal.
The displays can be used to indicate any
desired status, and the keypad can be used
as a bank of “sense switches,” even while the
console is being used by the program. For
example, the BASIC interpreter supports
commands to control the displays and read
the keypad.

Conclusions

The PAM/8 front panel system provides
an inexpensive and effective ““firmware front
panel” which emulates a complete hardware
front panel. Its design combines the capa-
bilities of a true hardware panel with the
flexibility of firmware and ultimately pro-
vides the user with a greater communications
bandwidth to a personal computer.®






First Steps in

Computer Chess

Kathe and Dan Spracklen
10832 Macouba PI
San Diego CA 92124

GENMOV MPIECE

INCHK

Programming

The fascination of chess gains a new
dimension with microcomputer chess. No
longer are the struggles confined to giant
machines. With the advent of the Chess
Mate, Chess Challenger, Boris, and Compu-
chess, as well as some custom software
packages, the day of microcomputer chess
has dawned. Writing a program to play
chess on a small system is no small matter,
though. Consider just for a start the chal-
lenge of meaningfully representing the board
and its pieces in computer memory: there
are 64 squares, 32 pieces, 6 piece types
and 2 piece colors. Since the machine is a
microcomputer, storage requirements must
be kept to a minimum. Next comes the job
of moving the pieces. Only when these first
problems of piece representation and move
generation have been solved can the chess
programmer go on to consider strategy.

PATH
ADMOVE
CASTLE ATTACK PATH
ATKSAV PNCK

—— ADMOVE

— ADJPTR
ENPSNT ‘-— ADMOVE

\—— ADJPTR
ATTACK —=—— PATH

ATKSAV PNCK

Figure 1: Block structure of the move generation routine of Sargon, the
authors’ chess playing program written for Z-80 assembler language.
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Sargon, a chess playing program we
developed for Z-80 machines, solves the
representation problem through the use of
a board array. Move generation is accom-
plished through a network of routines
diagrammed in figure 1. The functions of
the routines are as follows:

GENMOV Generate move routine.
Generates the move set
for all of the pieces of a
given color.

MPIECE Piece mover routine.
Generates the move set
for a given piece.

INCHK Check routine.
Determines whether or
notthe Kingis in check.

PATH Path routine.

Generates a single pos-
sible move for a given
piece along its current
path of motion.

ADMOVE Admove routine.

Adds a move to the
move list.

CASTLE Castle routine.
Determines whether
castling is legal and
adds it to the move
list if it is.

ENPSNT En passant routine.
Tests for an en pas-
sant pawn capture and
adds it to the move
lists if it is legal.

ATTACK Attack routine.

Finds all the attackers
on a given square.

ADJPTR Adjust move list point-

er.
Links around the second
move in a double move
(ie: castle or en passant
pawn capture).

ATKSAV Attack save routine.
Saves attacking piece
value in the attack list
and increments the
attack count for that
color piece.

PNCK Pin check routine.
Checks to see if an

attacking piece is in the
pinned piece list.

Several of the routines involved are multi-
purpose routines. Their involvement in move
generation is incidental to a main function
elsewhere in the move selection logic. The
key routines in move generation are MPIECE,
PATH, CASTLE and ENPSNT. Of these,
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(a)
111 112 113 114 115 116 117 118 119
101 102 103 104 105 106 107 108 109
91 92 93 94 95 96 97 98 99
81 82 83 84 856 86 87 88 89
A 72 73 74 75 76 77 78 79
61 62 63 64 65 66 67 68 69
51 52 53 54 55 56 57 58 59
41 42 43 44 45 46 47 48 49
31 32 33 34 35 36 37 38 39
21 22 23 24 25 26 27 28 29

11
1

12 13 14 15 16 17 18 19
2 3 4 5 6 7 8 9

(b)

6E 6F 0 71 72 73 74 75 76 77
64 65 66 67 68 69 BA 6B 6C 6D
5A[5B 6C 5D 5E 5F 60 61 62]63
50 |61 52 53 B4 55 56 57 58|59
46 |47 48 49 4A 4B 4C 4D 4E| 4F
3C|3D 3 3F 40 41 42 43 44 |45
32|33 34 35 36 37 38 39 3A|3B
28 (29 2A 2B 2C 2D 2E 2F 30|31
1E|1F 20 21 22 23 24 25 26|27
14 |15 16 17 18 19 1A 1B 1C| 1D
A B C D E F 10 11 12 13
0 1 2 3 4 5 6 7 8 9

Figure 2: Decimal (a) and hexadecimal (b) representations of the chessboard used in the Sargon program. Each square of the
board is represented by a single byte in memory. Border squares are assigned a flag value of hexadecimal FF. The use of the
border simplifies move generation, since it becomes easy to determine when a piece moves off the board.
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MPIECE and PATH will be discussed here.
The routines will be described in a language
independent narrative. The Z-80 assembler
code in which they are implemented will
also be presented and exhaustively com-
mented.

The Board in Memory

The chessboard in memory is an array of
120 bytes that can be visualized as in figure
2. Each square of the board is represented
in memory by a single byte. Border bytes
are assigned a flag value of hexadecimal FF.
The border simplifies move generation,
since it becomes easy to determine when
a piece moves off the board.

The Pieces in Memory

Each piece is represented in memory by
one byte of data. The meaning and function
of the bits are as follows:

Bit 7 — color of the piece.

1 — Black

0 — White
not used.
not used.
castle flag for Kings only.

Set if the King has

castled.
moved flag.

Set if the piece has

moved.
Piece type.

1 Pawn

2 Knight

3 Bishop

4 Rook

5 Queen

6 King

Bit 6 —
Bit 5 —
Bit 4 —

Bit3 -

Bits 2-0 .

The pieces in play occupy squares of the

board. If a board square is empty, it has the
value 00. Thus the board set up for play
would be as shown in figure 3,

Piece Mover Data Base

In order to generate moves for the pieces
on the board, data must be maintained to
describe the possibilities for each piece. This
is accomplished through the use of three
tables. Values for the tables are given in
table 1.

DIRECT Direction Table.
Used to determine the
direction of movement
of each piece.
Direction Table Pointer.
Used to determine
where to begin in the
direction table for any
given piece.
Direction Table
Counter.
Used to determine the
number of directions
of movement for any
given piece.

DPOINT

DCOUNT

FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF
FF[ 84 82 83 85 8 83 82 84]FF
FF|81 81 81 8 8 81 8 81|FF
FF| 00 00 00 00 00 00 00 00| FF
FF{ oo 00 00 00 00 00 00 00|FF
FF| 00 00 00 00 00 00 00 O00|FF
FF| 00 00 00 00 00 00 00 00| FF
FF{ o1 01 01 01 01 01 01 01|FF
FF|04 02 03 05 06 03 02 04]FF
FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF

Figure 3: Representation of the pieces on
their home squares. Pieces are identified by
means of unique byte values.



Listing 1: The Sargon move generation routine, written in Z-80 assembly language.

;***********************************

; EQUATES
#**********************************
PAWN = 1

KNIGHT = 2

BISHOP = 3

ROOK = 4

QUEEN = 5

KING = 6

WHITE = 0

BLACK = 80H

BPAWN = BLACK+PAWN

;***********************************

;TABLES SECTION
T T T

’
START:

.LOC START+80H
TBASE = START+100H

;***********************************

;DIRECT — DIRECTION TABLE
SEER Rk dk ko ok ok ko k ok ko dok ko dk ok ok

DIRECT = .—TBASE

BYTE +09,+11,—11,-09
.BYTE +10,—10,+01,—01
BYTE —21,—12,+08,+ 19
BYTE +21,+12,—08,—19
BYTE +10,+10,+11,+09

BYTE —10,-10,—11,-09
;***********************************
:DPOINT-DIRECTION TABLE POINTER
;***********************************
DPOINT = —TBASE

BYTE 20,16,8,0,4,0,0
#**********************************
:DCOUNT-DIRECTION TABLE COUNTER
;***********************************
DCOUNT = —~TBASE

BYTE 4,4,8,4,4,8,8

#**********************************

;BOARD — BOARD ARRAY

ok ks ek ko ok R kR ek ek ok
BOARD = —TBASE

BOARDA .BLKB 120

sk koo ko kR ok ok kR ek Rk ko ok

;TABLE INDICES SECTION
AR AR Rk ko k ok ok ok ok ok ok k kR

.LOC START+0

MIl: .WORD TBASE
M2: .WORD TBASE
M3: .WORD TBASE
M4: .WORD TBASE
Tl: .WORD TBASE
T2: .WORD TBASE
T3: .WORD TBASE

;***********************************

;VARIABLES SECTION
kR K ok kKR Rk kR Rk kR ok ko

Pl: .BYTE O
P2: .BYTEO
P3: .BYTEOQ

;***********************************

JPIECE MOVER ROUTINE
SRk ek ok R ok Rk ok ko Rk ok ko

MPIECE: XRA M

ANI 87H
CPI BPAWN

Equate statements supply symbolic equivalents for the piece
types and colors.

Start is the first address in Sargon and should lie on an even
256 byte page boundary.

Indexing in the Z-80 makes use of an address, contained in
either the IX or IY index registers, plus a displacement. The
displacement is a signed number +127 to —128. Thus a 256
byte area of memory centered on the index address is access-
ible. For this reason TBASE is placed in the middle of the
tables section.

The value of “.” is the current program counter. Direct is
now the displacement of the direction table from the table
base. So if the value of TBASE is loaded in the IY index
register, ““DIRECT(Y)" will reference the first element in
the direction table.

Diagonal directions used for Bishop, Queen, and King.

Rank and file directions used for Rook, Queen, and King.
Knight move directions.

White pawn directions including two forward moves and
two diagonal moves for captures.
Black pawn directions.

Displacement from table base.
Starting point in direction table. In the order BP, WP, N, B,
R, Q, K.

Number of directions to use from table. In the same order
as DPOINT,

The board array consists of 120 bytes in memory.

Uses the area of memory between START and START+80H.
These indices are used to index into the various tables. Since
TBASE is on an even boundary, its address is of the form
XX00, where XX depends on the load address. The table
address needed for a particular routine is formed by storing
a one byte value in the 00 portion. Since addresses are stored
in memory with the low order byte first, XX00 would be
stored as 00XX. Then changing the 00 portion is simply a
matter of storing a one byte value in the index.

Working storage area to hold the contents of the board array
for a given square.

Gets the piece to be moved into register A. In GENMOV,
the routine which calls MPIECE, the piece value in register A,
had been exclusive ORed with COLOR, the color of the
piece to determine whether or not to call MPIECE. Another
exclusive OR restores the piece.

This clears all the flag bits and leaves just piece type and
color.

Is it a Black pawn?

October 1978 © BY TE Publications Inc
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Listing 1, continued (Listing 1 is concluded on page 95):

JRNZ  MP2
DCR A
MP2: ANI 7
STA T1
LIYD TI
MOV  B,DCOUNT(Y)
MOV  A,DPOINT(Y)
STA INDX2
LIYD  INDX2
MP5: MOV  C,DIRECT(Y)
LDA M1
STA M2
MP10: CALL PATH
CPI 2
JRNC  MPI5
ANA A
EXAF
LDA Tl
CPI PAWN+1
JRC MP20
CALL ADMOVE
EXAF
JRNZ  MPI5
LDA Tl
CPI KING
JRZ MP15
CPI BISHOP
JRNC  MP10
MP15:  INX v
DINZ  MP5
LDA TIi
cPl KING
cz CASTLE
RET
;***********PAWN LOGIC************
MP20: MOV  AB
CPI 3
JRC MP35
JRZ MP30
EXAF
JRNZ  MP15
LDA M2
CPI 91
JRNC  MP25
crl 29
JRNC  MP26
MP25:  LXI H,P2
SET 5,M

October 1978 © BYTE Publications Inc

No--Skip.
Decrement, making piece type a 0 for a Black pawn.
Clears color bit and leaves just the piece type.
This is the first step in forming the index into DPOINT and
DCOUNT. T1 contains the value of TBASE (XX00) stored
in low-high order (00XX). After storing the piece type
(0—6) in T1, it contains the address of TBASE + TYPE.
This operation loads the entire TBASE + TYPE address into
the IY index register.
DCOUNT is the displacement from TBASE to the start
of the direction count table. So DCOUNT + TBASE is
the starting address of the direction count table. Then
DCOUNT(Y) is:

DCOUNT + CONTENTS IY Register
= DCOUNT + TBASE + TYPE (0-6)
= START OF TABLE + TYPE (0—6)
This move instruction pulls the direction count for the given
piece type and places it in register B.
Similarly, this instruction pulls the direction table pointer for
the given piece type and places it in register A.
The direction table pointer will be used to index into the
direction table.
Gets the direction and places it in register C.
Gets the “from"” position which was stored in M1 in
GENMOV.
Save in M2 to form the address of the current position.
Generate a single move in the given direction.
Did the moving piece encounter a piece of the same color,
or is new position off the board?
Jump if yes to either question. No move to add to move
list. Ready for new direction.
Was the square moved to empty?
Save the answer to this question by swapping flag register
for alternate flag register.
Get type of moving piece.
Is it a pawn?
If so, jump to special pawn handling logic. PAWN+1 is equal
to the number 2. A White pawn would be of type 1 while a
Black pawn would have type set to 0. In either case the
carry flag would be set upon a comparison to a value of 2.
Valid move, so add it to the move list.
Restore the answer to the empty square question,
If it is not empty, go get ready for next direction. No further
moves are possible in this direction.
Get piece type. Some pieces may only make one move in a
given direction.
The King is such a piece. Is this piece a King?
If so, go get ready for a new direction.
Compare piece type to a Bishop.
If piece type is bishop or greater (ie: Bishop, Rook, or
Queen) go make another move in this same direction.
Increment direction index for next direction in the direction
table.
Decrement the direction count (in register B). If count is
not yet 0, go back and repeat this process for the new direc-
tion. Otherwise all of the directions have been considered.
Fetch piece type again.
Is it a King?
If so, call castle to add it to the move list if legal.
Return to GENMOV.,

Get the number of move directions left to consider. If this
is the first direction, register A=4.

Are there three directions left to look at?

A carry on this compare indicates a diagonal move. If so,
branch to diagonal logic.

Equality on this compare indicates a forward move of two
squares,

Branch to check for legality.

Otherwise this is a forward move of one square, Restore the
answer to the empty square question.

If the square is not empty, this is not a valid move. Go check
the next direction.

Get the “to”” position of the move.

Is it on the last rank and therefore a promotion of a White
pawn?

If so, go set promotion flag.

Otherwise, is it on the first rank and therefore a promotion
of a Black pawn?

If no, skip setting flag.

Load the address of the promotion flag.

Set the flag (bit 5 of P2).
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i The subroutines in Sargon that handle
Reasons TO i the actual move generation rely heavily
Always Choose [ | on the indexing capabilities of the Z-80
[ | microprocessor. For this purpose several
Computer [ sets of indices are maintained to access
. . elements of the tables. The piece mover
Enterprlses' = routines depend especially on the following

: Q lity M handi 0 groups of indices.

. Quality Merchandise

M1—-M4  Working indices used to
index into the board array.

T1-T3 Working indices used to
index into direction count,
direction value, and piece
value tables.

INDX1 General working indices.

INDX?2 Used for various purposes.

2. Lowest Prices
3. NEW! No-Risk Guarantee

Take A Look At
Our Latest Line Of Products
From MICROPQILIS

Variables and constants used in the routines

Credit Cash PATH and MPIECE include:
ALL ASSEMBLED: Card Discount
METAFLOPPY DISK SUBSYSTEMS FOR THE 5-100 BUS. PAWN =1 (I_dentlflcatlo.n of the
1053 Mod Il Two-disk system KNIGHT =2 piece types is made
with 630,000 bytes (formatted) 1,774 1,706 BISHOP =3 through use of
1043 Mod Il One-disk system ROOK =4 equate statements
with 315,000 bytes (formatted) 1,072 1,031 q .
METAFLOPPY ADD-ON STORAGE MODULES QUEEN = Numbers are hexa-
1023 Mod Il One-disk 315,000 KING = decimal.)
byte add-on storage module WHITE _
with enclosure and power sup- -
ply. Requires daisy chain cable. 604 581 BLACK =80
MACROFLOPPY DISK SUBSYSTEMS FOR THE 5-100 BUS. = +
1042 Mod | One-disk system BPAWN BlaCk, pawn
with 143,000 bytes (formatted) 744 716 P1—P3 = Working area to hold the

contents of the board
array for a given square.

MACROFLOPPY ADD-ON STORAGE MODULES
1022 Mod | One-disk 143,000

byte add-on storage module

with enclosure and power sup-

ply. Requires daisy chain cable. 510 491

DISKETTES

1081-05 Package of 5 DPOINT (a)

Micropolis diskettes (5-%") for

use with both Mod | and Mod

Il drives. 3 32 0 +09 +11 -1 —-09
DAISY CHAIN CABLES AND ACCESSORIES 4 +10 —10 +01 —01
1083-02 Daisy chain interface 8 -21 —12 +08 +19
cable B, with 3 connectors for 12 +21 +12 —08 -19
use with 2 storage modules at- 16 +10 +10 +11 +09
tached to contraller. 33 32 20 —10 —~10 —11 —~09

1083-04 Daisy chain interface

cable D, with 5 connectors for

use with 4 storage modules at-

tached to controller. 61 59

(b)

Piece Type DPOINT DCOUNT
NO-RISK GUARANTEE Black P 20 4
\ ) ) . e ack Pawn
gaar;gellanon With No Obligation If WE Don't Deliver In 90 White Pawn 16 4
* Full Satisfaction Or You May Return Product Knight 8 8
* Plus All Manufacturers’ Factory Guarantees Bishop 0 4
Rook 4 4
Queen 0 8
. . . . King 0 8
Shipping charges: $10 per CPU on larger units; $1.50 per kit. $2.00 min.

per order,

Delivery is stock to 30 days on most items. Shipment is immediate for
payment by cashier's check, money order or charge card. Allow 3 weeks
for personal checks to clear. N.Y. State residents add approp. sales tax.
Availability, prices and specs may change without notice.

Table 1: Direction table (a) and direction
table pointer and counter (b). In order to
generate moves for the chess pieces, data
describing the possibilities for each piece is
kept in table 1a. Table 1b shows the direc-
tion table pointer, which tells where to
start in the table for a given piece, and the
direction table counter, which determines
the number of directions of movement for
a given piece.

Operating Hours:

M-WI10-5ES T
) TM TH-F109ES.T.

Closed Sat. & Sun.

P. O. Box71 Favyetteville, N.Y. 13066

Phone (315) 637-6208 Today!
T T T T L L LTt
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Then MPIECE, the piece mover routine,
generates all possible legal moves for that
piece (moves that place the King in check
are eliminated later in the program). The
piece is brought in from memory. It is a
one byte data value, as previously discussed,
which contains piece type, flags and color.
The flags are deleted from the piece before
checking for type. Basic piece types are
indicated by values from 1 to 6. Except for
pawns, White and Black pieces move alike.
So a special case is needed for the Black
pawn. If the given piece is a Black pawn,
the piece type is decremented, making it
type O.

The type of the piece, now one from
0Oto 6, is used as an index into the DCOUNT,
direction table count, and DPOINT, direc-
tion table pointer arrays. The values for the
given piece are fetched. The direction table
pointer is then used as an index into
DIRECT, the direction table, and the first
move direction is fetched. The ‘“from”
position of the piece is the square on which
the piece currently stands. This ‘‘from”
board index and the direction table value
are passed as parameters to the routine
PATH.

PATH generates the move indicated
and returns a flag which describes the status

of the ‘“to” position of the piece. Flag
values are:

0 “to" position is empty.

1 ‘“to” position contains a piece
of the opposite color.

2 to” position contains a piece
of the same color.

3 “to” position is off the board.

PATH accomplishes its task by fetching
the ‘““from” position, adding the direction
counter, and storing the result as the “to”
position. {t then uses the ‘‘to” position to
form an index into the board array. The cur-
rent contents of the square are fetched. If
the square contains hexadecimal FF, it is
off the board. The off board flag is set and
control is returned to MPIECE.

If the square is on the board, the contents
of the square are saved in memory location
P2. The color and flag bits are then cleared
and the remaining piece type is saved in T2.
If the square is empty, control is returned
to MPIECE with the flag value still set to O.
Otherwise the color of the piece on the “to”
square is compared with that of the moving
piece. The appropriate flag is set to indicate
whether or not the pieces are of the same
color, and control is returned to MPIECE.

Upon return from PATH, piece mover
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PLAY CHESS WITH YOUR COMPUTER!

MICROCHESS is the culmination of two years of chessplaying
program development by Peter Jennings, author of thefamous 1K
byte chess program for the KIM-1. MICROCHESS 2.0 for 8K PETs
and 16K APPLEs, in 6502 machine language, offers 8 levels of play
to suit everyone from the beginner learning chess to the serious
player. It examines positions as many as 6 moves ahead, and
includes a chess clock for tournament play. MICROCHESS 1.5 for
BRIDGE CHALLENGER by George Duisman for 8K PETs, Level ||
16K TRS-80s, and 16K APPLEs: You and the dummy play 4 person
Contract Bridge against the computer. The program will deal hands
atrandom or according to your criterion for high card pgints. You
can review tricks, swap sides or replay hands when the cards are
known. No longer do you need 4 people to play! ........ $14.95
ORDERS: Check, money order or VISA/Master Charge accepted,
programs and cassettes guaranteed. If you have questions, please
call us at 617-783-0694. If you know what you want and have your
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400

4K TRS-80s, in Z-80 machine language, offers 3levels of play (both
Level | and Level Il versions are included and can be loadedonany
TRS-80 without TBUG). MICROCHESS checks every move for
legality and displays the current position on agraphic chessboard.
You can play White or Black, set up and play from special board
positions, or even watch the computer play against itself! Available
now at a special introductory priceofonly.............. $19.95
STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs, 4K
Level | and Il TRS-80s, and APPLEs with Applesoft Il: Ten original
simulation games such as Forest Fire, Lost Treasure, Gone Fishing
and Diamond Thief, progressing from elementary to quite complex
with most suitable for schoolchildren. Includes a 64 page book
giving flowcharts, listings and suggested modifications ... $14.95
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can
mail your order to the address below. Personal Software™ products
are now AVAILABLE NATIONWIDE FROM COMPUTER STORES.
Look for the Personal Software™ display in your local store!

r.0.Box 136810 Personal Software™ Cambridge, MA 02138
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checks to see if the square is occupied by
a piece of the same color or is off the board.
If so, this cannot be a legal move, so a check
for further moves must follow a new direc-
tion. Otherwise a check is made to see if the
square is empty. The answer is saved. A
check is made to see if the piece being
moved is a pawn. If so, control is passed
to the special pawn logic. Otherwise the
move generated must be added to the move
list. ADMOVE is called for the job. After
the move has been added to the move list,

Listing 1, continued:

MP26: CALL ADMOVE

the answer to the empty square question is
recovered. If the square is empty and the
piece is a Bishop, Rook, or Queen, it is
possible to continue moving in the same
direction. In this case control passes back
to the call to PATH for another move in
that direction. Kings and Knights may make
only one move in a given direction.

When the time comes to consider a new
direction of movement for the piece, the
index into the direction table is incremented.
DCOUNT, the number of directions to con-

Add this move to the move list.

Increment directionindex for two square move direction.

INX Y
DCR B
LXI HpP1
BIT 3M
JRZ MPI10

JMP MP15

A *AAAMOVE OF 2 SQUARES*## %k
MP30: EXAF
JRNZ MP15

MP31: CALL ADMOVE

JMP MP15
FRkIH R R AN DIAGONAL MOVE****kkhkhsk
MP35: EXAF

JRZ MP36

LDA M2
CPI 91
JRNC  MP37
CPI 29
JRNC  MP31

MP37: LXI H,P2
SET 5M

JMPR MP31
FxF**DIAGONAL SQUARE EMPTY ** k%%
MP36: CALL ENPSNT

JMP MP15
hokkdkok ok ok ko ko ko ko k ok ok ok kkk ok k ok kk kA hok

PATH ROUTINE

;***********************************

PATH:  LXI HM2

MOV  AM

ADD C

MOV  M,A

LIXD M2

MOV  A,BOARD(X)

CPI OFFH

JRZ PA2

STA P2

ANI 7

STA T2

RZ

LDA P2

LXI HP1

XRA M

BIT 7,A

JRZ PAl

MVI Al

RET
;***********SAME COLOR************

MVI A2

RET
;************OFF BOARD************

MVI A3

RET

Decrement the direction count.

Load the address where the piece was saved.

Check the flag in the piece which tells whether it has moved
before,

If the pawn has never moved, go generate a second forward
move. {The pawn can move two squares on the first move.)
Otherwise go get new direction, skipping second forward
move.

Restore the answer to the empty square question,

If the square is not empty, this is not a valid move. Go check
the next direction.

Otherwise add this move to the move list.

Go check the next direction.

Restore the answer to the empty square question.

If the square is empty, it is not a normal pawn capture.
Go try en passant.

Get the “‘to” position of the move.

If the board index is 91 or greater, this is the last rank and
a White pawn promotion.

If so, go set promote flag.

Otherwise, if the board index is less than 29, this is the first
rank and a Black pawn promotion.

If not, just go add the move to the move list.

Load the address of the promotion flag.

Set the flag (bit 5 of P2), and go add the move to the move
list.

Check for possible en passant capture and add it to the
move list if legal.
Go check the next direction,

Get the address of the location where the “from'" position
was stored.

Get the ““from” position from that memory location.

Add in the direction from the direction table, giving the
“to" position.

Use “‘to” position to form an index into the board array.
Load the board index.

Get the contents of the board at the “to” square.

Is the “to" position off the board?

If so, go set off-board flag.

Save contents of the board at *'to" square,

Isolate piece type.

Save piece type.

Return if the square is empty. The flag value is returned in
the A register and it is already 0.

Get piece again.

Load the address of the moving piece.

Compare the pieces.

Check to see if the colors match. If so, after the exclusive
OR the color bit will be 0.

If they match, go set match flag.

Otherwise, set different color flag and return.

Set same color flag and return.

Set off-board flag and return.
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sider, is decremented. When DCOUNT legal castling moves. Then control is returned

reaches zero, all the moves for the piece to GENMOV.
have been generated. If the piece involved All that remains is to discuss the special
is the King, a call to castle will add any pawn logic. Pawns are peculiar in that they

capture diagonally, but move straight ahead.
They also have the option of moving one or
two squares forward on their first move.

START

] Furthermore, if they reach the eighth and
eron final rank, they may be promoted to another
MOVE o piece. Sargon always promotes its own

pawns to Queens. A flag in variable P2 indi-

DECREMENT
PIECE
TYPE

g_® cates pawn promotion.

The pawn logic in MPIECE first checks

Figure 5: Flowchart of the piece mover routine, MPIECE,

96

L

to see if the direction of movement is along
a diagonal. If so, the square must be occu-

NO

GET
DPOINT AND
DCOUNT FOR
PIECE TYPE
2
DIAGONAL SQUARE
MOVE MOVE
B ?
SQUARE
EMPTY
?
NO SET,
“To
l POSITION
INCREMENT caLL
DIRECTION PENT
(NDEX ENPSN
PROMOTE
PAWN
2
DECREMENT
OIRECTION
COUNT
SET
PROMOTE
FLAG
cacL
ADMOVE

®

GET

“ro"
POSITION

‘ RETURN '

PROMOTE
PAWN
Fl
CALL
AOMOVE
] SET
PROMOTE
INCREMENT FLAG
DIRECTION
INDEX ]
DECREMENT . 3
DECREMEN Note: The. authors con_?p/ete. Sargqn
COUNT chess playing program is available in

book form. The documentation in-
cludes a complete Z-80 listing with
detailed comments. The price is 315
from Dan and Kathe Spracklen, 10832
Macouba PI, San Diego CA 92124, or
from local computer stores for $17.95.
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Note: Next month the
authors discuss their
Sargon Exchange Eval-
uator.

In the case where this routine is called by
CASTLE or INCHK, the routine is termi-
nated as soon as an attacker of the oppo-
site color is encountered.

ADMOVE adds a move to the move list.
The move list is a linked list. Each move in
the move list is stored in a 6 byte area. The
meaning of each byte is as follows:

Figure 6: Flowchart of the
PATH routine, which per-
forms the actual move

of the piece.

GET
PREVIOUS
PLSITION

400
DIRECT.OR
CONSTANT

l

SAVE
NEw
POSITION

GET
LONTENTS
Of BDARD

0&1 MLPTR — Move list pointer.

BORDER
Fl

NO

YES

SAVE PIECE
AND
PIECE TYPE

ND

COMPARE
COLORS OF
PIECES

RETURN
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SET

QPPOSITE SAME

COLOR COLOR
FLAG FLAG

A pointer to the next move
in the move list. Used to
facilitate sorting the list.
MLFRP — Move list from posi-
tion.

The board position from which
the piece is moving.

SET OFF
BOARD

RETURN
FLAG

RETURN

3 MLTOP — Move list to posi-
tion.
The board position to which
the piece is moving.

4 MLFLG — Move list flags.

5 MLVAL — Move list value.
Contains the score assigned to
the move in evaluation.

It is hoped that this introductory discus-
sion will assist potential chess programmers
in getting started. With the essentials of
move generation out of the way, the fun
part of evaluation can begin.=®

BIBLIOGRAPHY

In writing Sargon, it was our original intention
to put together the first version without any
research into the attempts made by others. In
this respect Sargon is a unique creation. After
competing in the Second West Coast Computer
Faire, we began to investigate some of the litera-
ture. This bibliography presents some of the
references we found most helpful, together with
our evaluations.

1. Michie, Donald, On Machine Intelligence,
Edinburg University Press, 1974.
Michie's book provides an excellent treatment
of exchange evaluation. He uses the concept of
an exchange polynomial for accurately deter-
mining the outcome of battles engaged on the
board. The basic approach we used in XCHNG,
the Sargon exchange evaluator, turned out to
be surprisingly similar. Sargon’s approach,
however, is far less computationally com-
plex. We highly recommend this reference to
anyone planning to write a chess program
without look-ahead.

2. Samuel, A L, "“Some Studies in Machine Learn-
ing Using the Game of Checkers. 11-Recent
Progress,” IBM Journal, November 1967.
Samuel provides a complete though some-
times difficult treatment of alpha-beta pruning.
One of the few articles we encountered before
writing Sargon, Samuel’s article is the basis
for the tree search used in the Sargon program.

3. Fine, Reubin, /deas Behind the Chess Openings,
David McKay, New York, 1943.
Fine's book makes a great starting point for
anyone contemplating the addition of an
opening book. Although Fine does not present
enough lines of play for a complete book, it
does provide a good orientation to other
references.

4. Chernev, Irving, Practical Chess Endings, Dover
Publications, New York, 1961.
Perhaps the greatest weakness we've seen in
microcomputer chess programs is the play of
the endgame. Chernev’s book presents a mar-
velously readable introduction to this phase of
the game.

5. Kmoch, Hans, Pawn Power in Chess, D McKay
Company, New York, 1959,
Alas, too many microcomputer chess programs
shoot out pawns like photon torpedoes. Kmoch
provides an excellent introduction to what
constitutes good pawn structure.












admittance value is also given; the program
is required to calculate the admittance as
part of analysis.

Review of Complex Numbers

If you are unfamiliar with complex num-
ber notation or admittance, some review is
necessary before beginningany programming.
Complex numbers exist in either rectangular
or polar form; rectangular form is used here.

Complex Number Arithmetic

The rules for rectangular form arithmetic are shown in the table
below. Note that division and inversion have equal value denominators
for both real and imaginary parts. Finding the denominator first in the
division routine will increase computational speed. Note also that in-
verting (C + jD) is equal to dividing (A + jB) by (C +jD) and setting A

at unity and B at zero.

Actual test equipment such as oscilloscopes present magnitude
and phase angle. This is the polar form, and conversion is as follows:

Given rectangular form A + jB,
magnitude = MAGN = A + B and
phase angle = PHA = (BJA).

Conversion from polar to rectangular form is:

Given polar form MAGN at angle PHA,

real part = MAGN x cosine (PHA) and

imaginary part = MAGN x sine (PHA).
Trigonometric functions in the language will determine whether angles
are in radians or degrees. Most are in radians. The conversion factor
from radians to degrees is:

Degrees = 57.29577951 x radians.

Given Complex Numbers of (A + jB) and (C +jD)

Addition:

(A+jB)+(C+jD)=(A+C)+j(B+D)

Subtraction:

(A +jB) —

Multiplication:

(A +]B) X {C +jD) = (AC — BD) +j{AD +BC)

Division:
(A +jB)
(C+jD)
Inversion:

1
(C +jD})

Summary of complex arithmetic used for analysis.

(C+jD)={A —-C)+ilB—-D)

_[Ac+BD]  [AD- 8C]
" lc2 427! | c2+ D2

c _ D
c2+ p2) 7! a2+ p2],
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This requires two floating point numbers for
every complex number. The lefthand num-
ber is called the rea/ component and the
righthand number, separated by the i, is
called the imaginary component. Don't let
the imaginary term fool you — it is very real.
The naming comes from mathematical nota-
tion. [Note that electronics applications use
J instead of the mathematical symbol i to
avoid confusion with the symbol for current
... BWL]

Admittance is the reverse of impedance.
You may be more familiar with impedance
and the notation:

Z=R+jX

with X being reactance, either positive or
negative. Admittance is:

Y=G+jB

with G being conductance and B suscep-
tance, either positive or negative. The rela-
tionship Y = 1/Z is true but there are special
rules governing complex number mathe-
matics. These rules are summarized in the
text box on complex number arithmetic.

The circuit to be analyzed is converted
into a model for the computer by copying
each component as a branch. Each branch
has two node numbers corresponding to con-
nections in the circuit. All nodes above
ground must have sequential numbering, be-
ginning with 1, but the node numbers may
be in arbitrary positions. A ground node is
signified by 0.

A complete set of branch descriptions
comprises a circuit list. The circuit list we
use requires three integer values and two
floating point values to completely define a
node. The three integer values are for the
connections to other nodes and for indicat-
ing what number node we are presently at.
The two floating point values define the
complex admittance of the branch. To be
useful, the minimum number of branches
available should be at least 20.

You will notice that signal sources are
currents and not voltages. This and use of
admittances are deliberate in the solution
of a node voltage. Consideration of node
voltage solutions is important for our
analysis.

Fundamental Circuit Matrix

A simple resistor network is shown in fig-
ure 1. This circuit can be analyzed quickly
using pencil and paper, but will serve to
show the mechanism of solutions. Keeping
this circuit in mind, inspect the general
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NODE | NODE 2
25v 250 125V
bi={1oa $ 500 3250
) ]

NODE O {GROUND)

Figure 1: Simple resistive network with a
current generator. The direction of the elec-
tron flow from the generator is indicated by
an arrow. Note that nodes are numbered
sequentiall y.

Matrix Representation

(Y11 Yi2 Y13 Yia . vin] [E1] (17
Y241 Y22 Y23 Y24 .- Y2N E2 I2
Y31 Y32 Y33 Y34 - Y3N Ez3 | - |3
Ya1 Ya2 Ya3z Yaa ... YaN Eq g
LYNJ YnN2 YN3 YNg - YNN En N

Simultaneous Equations

Y1,1E1 + Y12BE2 + Y13E3 4+ Y14Eq4 + .. YINEN T I
Y2,1E1 + Y22E2 + Yp3E3 + Yp4E4 + .. YoNEN - 12
¥3,1E1 + Y32E2 + Y33E3 + Y34E4 1+ Yz nNEN = 13
Y421E1 + Ya42E2 + Y43E3 + Y4484 + .. Y4NEN T g
YN,1E1 + Yn2BE2 + YN3E3 * YN4E4 + .- YNNEN T IN

Figure 2: Matrix and simultaneous representations of any circuit. In the fig-
ure, and also in the text, the following conventions hold:

Y := circuit branch admittance

E := circuit node voltage

! = circuit node current
The circuit branch admittance is determined by the node description.

Matrix Array Subscripts
Enter into
Branch Type Row Column Array by
Plus node Plus node Addition
Passi Plus node Minus node Subtraction
assive Minus node Minus node Addition
Minus node Plus node Subtraction
Generator Plus node NMAX + 1 Addition
Minus node NMAX +1 Subtraction

Table 2: Matrix insertion subscript rules for branches. Any row and column
node combination that contains a zero will not enter the matrix. NMAX is
the maximum node number in the circuit. Remember that the nodes must be
numbered sequentially.
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matrix and simultaneous equations given in
figure 2.

The mathematical matrix form and the
simultaneous equations form are identical.
Mechanizing the solution will require parts
of both forms. Admittance subscripts will
depend on node numbers (in the branch list)
and follow certain rules depending on type.
Those rules are given in table 2.

The simple example, expressed in the gen-
eral equations of figure 2 is:

Y EitY 0 Ey= 1, (1)

Yo Bt Y B =l (2)

The conductance of 50 ohms is 0.02 mho,
25 ohms is 0.04 mho. [The mho is a unit of
conductance, the inverse of the ohm. The
mho is also called the siemens . . . CM] Us-
ing only the real parts of admittance and fol-
lowing the rules of table 2 vyields the nu-
meric forms:

006 E, —004E,=1.0  (1A)
~0.04E, +0.08E,=0  (24)

Solving for E, can be done by multiplying
equation (1A} by 2/3 and adding the pro-
duct to equation (2A) to give:

0.05333 E, = 0.66667
E,=125

Substitution of E, into equation (1A)
gives:

0.06 E, — 0.50=1.0
E, = 1.50/0.06

E,=25
The preceding straightforward mathe-
matics becomes impractical for models with
many nodes. Note that the subscript rules of
table 2 are different than the example just
given. A slightly different matrix arrange-
ment is actually used.

Fundamental Properties of Matrices

Mechanization of the solutions requires a
matrix in two dimensions having N rows and
N+1 columns, N being the highest node
number in the model. The first subscript is
the row, and the second is the column posi-
tion. The rightmost column is used only for
signal sources.

Figure 3 shows the example represented
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Inexpensive.

TARBELL CASSETTE BASIC only $36.00

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

® Assignment of |/O

Alphanumeric line labels

Unlimited length of strings

Unlimited length of variable names

Procedures with independent variables

Number system 10 digits BCD integer or floating

point

Included are commands unique to TARBELL CASSETTE
BASIC which provide capabilities to:

CP/M Disk Operating System

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

CP/M 1.4 Update Package

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

SPOOLER

This 8080 program will save many hours of computing
time. It intercepts all output to the list device, spools the
output to a high-speed disk file, and directs the spooled
data to a low-speed printer during unused cycle time while
the CPU waits for transfer of data to and from the console.
System throughput is greatly increased with the aid of
SPOOLER. Qutput is never lost due to insufficient memory
allocation. Fully compatible with the CP/M file system,
SPOOLER permits parallel processing without hardware
interrupt, and with minimal impact on other processes.
Price: $50.00 (Copyright KLH Systems.)
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® Initialize 1/0 channel ® Assign a physical device to
a logical device ® Drop an 1/O channel previously assign-
ed ® Save the BASIC interpreter and monitor or 1/0O
routines on cassette ® Cause programs to be appended
onto programs already in memory ® Call a procedure
and pass variables on the list ® Cause interpreter to enter
edit mode using 15 single character edit commands.

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

BASIC-E Compiler

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

CBASIC Programming System

Upward compatible from BASIC-E, CBASIC is simi-
lar but expanded to include several business oriented
facilities, allowing decimal computations to 14 digits of
precision, data formatting and PRINT USING state-
ments. Statements allow access to disk files and disk
file maintenance. Strings of characters may be read from
the console to permit correct input line format to be
checked before reading data. General programming fea-
tures include variable names up to 31 characters, option-
al line numbers, dynamic debugging tracers, and optional
data output to printer. CBASIC on diskette and manual
priced at $100. (Copyright Software Systems.)

EMPL-an 8080 APL

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

*ALTAIR is a trademark/tradename o f MITS, Inc.
**CP/M is a trademark/tradename of Digital Research.
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M| M| 2 M3 06 -.04 1.0
INITIAL
Mp g Mp 2 Mp 3 -.04 .08 0
D 0 06 -.04 1.0
FORWARD
| SOLUTION
N -.04 .05333 | .66667
N 06 -.04 1.5
t BACK
] SOLUTION
D ) -.04 .05333 | .e6667
D N) LOCATION OF .06 15
SOLUTION
NUMERIC
D2 N VALUES 05333 | .66667

Figure 3: Graphical representation of a matrix solution to the simple example
given in the text. Solutions are found at both of the nodes. The denominator
of the solution is always found in the main diagonal, and the numerator of
the solution is found in the generator column.

by an array of two rows (maximum node
number is 2) by three columns. Variable
name M has been used for any matrix posi-
tion. At the beginning of a solution all Ms
are set to 0. The branch list is then in-
spected, values calculated and added or sub-
tracted into the matrix array positions ac-
cording to the rules of table 2.

The variable N is used to denote a numer-
ator value. D denotes a denominator value of
a multiplying factor. A circle indicates that
the array variable is multiplied by the
factor; an arrowhead indicates that the pro-
duct is subtracted from the array position.
Only arrowhead marked positions are
changed; all others are extracted and held in
temporary storage.

Numeric values in figure 3 are the same as
our simple example. The forward operation
has these steps:

M.
Multiplication factor :(M—“)= —0.66667.
1,1

NewM, , =M, , — (MULT.FACT X M, ,)
=0.05333

New M, 5 =M, ; = (MULTFACTX M, ,)
= 0.66667

Note that the steps are equivalent to finding
E, by conventional mathematical opera-
tions. The back operating steps are the same
as those for finding Ey and are:
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MI 2
Multiplication factor = =1=-0.75
M2 2

H]

New M, 3" M1 3= (MULT.FACT X M2)3)

»

=1.50

Final node voltage solutions are indicated by
numbered subscript Ns and Ds, where the
subscript stands for the node of solution.

We have used a slightly different number
handling scheme and have arrived at the
same solution. This technique can be ex-
panded to larger arrays in order to provide
an algorithm that solves all node voltages. It
should be noted that solutions provide node
voltages with reference to circuit ground;
modeling techniques allow finding the volt-
ages between nodes.

A consideration for programming is array
size. The array consumes 2 X NMAX X
(NMAX + 1) floating point variables with
NMAX referring to the maximum number of
nodes allowed in any circuit. The actual
physical size of the array is twice as large
since both real and imaginary parts of the
complex number must be stored. The ex-
ample showed only real parts.

Final Matrix Solution Algorithm

A flowchart for the MATRIX solution
algorithm is shown in figure 4. The routine
assumes that all admittance values of a cir-
cuit have been calculated using the formulae
in table 1 and have been entered into an ini-
tially O matrix at positions according to the
rules of table 2. Figure 5 is a pictorial of a
4 node solution sequence using the same
symbology as figure 3. The pictorial assumes
that the optional tests in figure 4 are not
performed. This will give voltage solutions
to all nodes.

IBM’s venerable ECAP program yields all
node voltages at each frequency. While use-
ful, it can be difficult to interpret. A better
way is to command the program for a spe-
cific node of solution (NS in the flowchart).
The matrix must be solved at each frequency,
so including the optional tests will reduce
the number of back solutions to a minimum.
A solution printout can then be made of all
node voltage data at one node for the de-
sired frequencies.

Calculation speed is increased by invert-
ing the denominator in the outer loop. Divi-
sion is invariably one of the most time-con-
suming functions; the inverted denominator
allows multiplication instead of time-con-
suming division.

Another  timesaving technique, not
shown, is to include a O test of numerator
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M(K,)) in the optional section. A O numer-
ator will have no effect on inner loop vari-
ables, so a bypass could occur on Os. (Re-
member to check both the real and imagi-
nary parts of 0.) Many circuits will have
only about one half array positions nonzero,
so this test will help running time.

A similar test can be made by bypassing
the inner loop if M(J,I) is equal to 0. This
helps reduce running time on large node cir-
cuit models; at 20 nodes or less, the help is
arbitrary. All such tests take time, so it is
worthwhile to perform these tests outside
the inner loop since the inner loop iterates
the most.

It is interesting to note where the node
voltage solution numerators and denomi-
nators are located. Numerators are always in
the righthand or generator column. De-

OPTIONAL

Kk sl

NS ]

e}

YES

RNUM =M NG NMAX+I]
DEMOM=MING, NS)

RETURN

i
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N=M{K,J)x D
I=d+I

77" B

T=M{J,I)xN
MK, [h=M(K, 1}=T

T=T¢l

INNER
LOOP

Figure 4: The MATRIX routine solves the
matrix asin the example in figure 3. As little
calculation as possible should be done within
the inner loop. The optional section allows
calculations to take place only until the
node being solved for is reached. This will
decrease computation time, since the entire
matrix does not have to be solved.

nominators are always in the main diagonal
from upper left to lower right. Row position
is equal to node of solution. Highest node
numerators and denominators are always
found; back solution is required only for
nodes less than the highest node. The back
solution algorithm is called the Gaussian
elimination or Gauss-fordan method of
solution.

Complete Frequency Solution

The flowchart shown in figure 6 is the
ANALYSIS routine. This routine assumes
that the admittance of each branch, Y, is
already calculated. Before the matrix branch
values can be calculated, the entire matrix
is set to 0. Zeroing the matrix will allow
simple addition and subtraction in the
matrix fill section.

Variable W is the frequency in radians
per second. Variable W1 is the negative in-
verse of W. These simplify admittance calcu-
lations. An often used constant is 27 which
should be stored as a single variable. Variable
F is the solution frequency.

Variable Y is the calculated complex ad-
mittance for passive branches but is the
stored value of current for generators. Vari-
able M is the two-dimensional complex
matrix array used in figure 3, and variable S
is the solution matrix, which is capable of
storing complex values. Variable L is the
subscript value for array S.

Most of the flowchart involves an exami-
nation of each branch, calculation of the ad-
mittance, and addition or subtraction of that
value into the matrix. Positioning tests seem
to be rather complex, but they do follow the
rules of table 2. The flowchart and table 2
can be expanded to fit a special branch type.

Current flow of a generator branch is de-
termined by node number entry order. This
will be illustrated further under modeling
techniques. A generator with one node set to
zero will enter the matrix at only one posi-
tion. If both nodes are nonzero the gener-
ator will enter the matrix at twa positions.

Passive branches can have arbitrary node
ordering. The test flow allows for this. One
node specified as O will cause calculated ad-
mittance to add at only one matrix position.
If both nodes are nonzero, calculated admit-
tance will add at two positions and subtract
at two other positions.

To check the node test flow, go back to
the example of figure 1 and the matrix val-
ues shown in figure 4. Remember that ad-
mittance, matrix and solution arrays of
figures 4 and 6 require handling two floating
point values per complex number. There is
no way around this fact.
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Figure 5: Sequential solution for all nodes of a 4 node circuit. This solution is the type that would take place if the optional sec-
tion of figure 4 were deleted.

Branch Types and Passive Calculations

Small systems need simple rules, so it is
probably easier to identify branch types in
storage by integer numbers, One is suffi-
cient. The number of different types should
be considered in terms of calculation code
and analysis needs.

Multicomponent  branch  types are
strongly recommended since they reduce
the number of nodes required in a model.
Multicomponent branches are given in table
3 in terms of ohms, farads and henries stored
in the branch list. List array storage posi-

Branch Value Storage
V1 V2
Type (First Floating Point Variable) {Second Floating Point Variable)
Parallel RL R L
Paraliel RC R C
Parallel LC L C
Series RL R L
Series RC R C
Series CL Cc L
Admittance Value Calculation
YR Yl
Type (Real Part) {Imaginary Part)
Parallel RL 1/V1 W1/v2
Parallel RC 1/V1 WX V2
Parallel LC 0] WX V2 + (W1/V1)
Series RL V1 WX V2
Series RC V1 W1/v2
Series CL 0] WX V2 + (W1/v1)

Table 3: Calculations showing how a multicomponent branch admittance cal-
culation is performed. The three series calculations (RL, RC, CL) are actually
impedance calculations since they are so much easier to perform. To obtain
the admittance, perform the complex inversion Y = 1[(R+jX).
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tions should be considered in regard to the
calculations.

Radian frequency, W, and its inverse neg-
ative, W1, are from the single frequency
analysis routine. All of the parallel combina-
tions are calculated as impedances first and
then inverted. Series combinations should
require less coding if calculated as imped-
ances first; this can be seen by comparing
table 3 with the complex values given in
table 1.

Direct admittance calculations may be
slightly faster for series combinations. The
choice is determined by the amount of mem-
ory, possibly by external memory control.
All analysis matrices should be in main
memory when ANALYSIS is called.

Passive Branch Values at DC

Direct current (DC) analysis can be con-
sidered as analysis at 0 Hz. Resistances re-
main the same but capacitors have O suscep-
tance. Their susceptance (imaginary part) is
effectively bypassed. Single inductors should
have their susceptance value replaced by a
low resistance, say a hundredth of an ohm
(100 mhos susceptance), to avoid calculating
difficulties. In actuality, inductors have
finite resistance at DC.

Series combinations can be bypassed for
certain types. A series resistor-capacitor
(RC) or inductor-capacitor (LC) branch will
have 0 admittance. In a series RL branch
calculation, the susceptance calculation can
be omitted and only the conductance calcu-
lation performed. Parallel combinations are
also modified. A parallel RC branch requires
only the conductance calculation. Parallel
RL or LC branches would have the nominal
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T N2 :NI
SET MATAIX
7o ZERO
CALCULATE 2
I INVERT FOR ¥ CALCULATE ¥
Wifo 2w
Wi=-[1/w] -

K=l

NOQ N2:=0
P
Pl=PLUS NODE
NI=MINUS NODE YES
GET TYPE l
INDICATOR ADD ¥ TO
MINI N2
YES
YES i\
NO |
P2:NMAX+
Y:GENERATOR NO
AOMITTANCE

SUBTRALT Y
FROM M{PI, N2}

NOA

"
(o]
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ADD Y TO
WIiPI,P2]

SUBTRACT ¥
FROM M(NI,P2]

_ L
l

TATAR Figure 6: The ANALYSIS routine, which
MBATRIR performs the setup for the MATRIX solu-
SOLUTION tion routine. ANALYSIS checks what

l type of branch is under analysis and calcu-

Y lates the admittance according to the for-
MINS, NMAX+1]/ mula of table 1. This value is then inserted
MINS. NS into the matrix according to the rules of

table 2. When all the nodes have been

checked, MATRIX is called to perform the
solution.
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the electric pencil II"

° 1978 Michael Shrayer

The Electric Pencll| 11 is a Character Oriented As text Is typed In and the end of a screen
Word Processing System. This means that text Is line Is reached, a partlially completed word is
entered as a string of continuous characters and shifted to the beginning of the following llne.

I's manlpulated as such. This allows the user Whenever text [s Inserted or deleted, existing
enormous freedom and ease in the movement and text Is pushed down or pulled up In a wrap
handling of text. Slince llne endings are never around fashlon. Everything appears on the video
delineated, any number of characters, words, display screen as It occurs which eliminates any

|Ines or paragraphs may be Inserted or deleted guesswork. Text may be reviewed at will by
anywhere In the text. The entirety of the text varlable speed scrolling both In the forward and
shlifts and opens up or closes as needed in full reverse directlons. By using the search or the
view of the user. The typlng of carrlage returns search and replace functlon, any string of
as well as word hyphenation Is not required characters may be located and/or replaced with
since lines of text are formatted automatically. any other string of characters as desired.

When text Is printed, The Electrlc Pencll| Il automatically inserts carriage returns where they
are needed. Numerous comblnatlons of |ine length, page length, |ine spacling and page spacing allow
for any form to be handled. Character spacing, BOLD FACE, multicolumn as well as bldirectlonal

printing are Included In the Diablo verslions. Right justiflcation glves right-hand margins that are
even. Pages may be numbered as well as titled. This entire page {(excepting the large titles and
logo) was printed by the Dlablo version of The Electric Pencll |l In one pass.

NEW FEATURES: * CP/M, IMDOS and HELIOS Compatible * Supports

Now on CP/M Four Disk Drives * Dynamlic Print Formatting * DIABLO as well as NEC

printer packages * Multicolumn Printing ¥ Print Value Chalning *

The Electric Penctil 1|1 Page-at-a-tIme Scrollling * New Bldirectlonal Multispeed Scrolllng

Is also compatible wlth Controls * New Subsystem with Print Value Scoreboard * Automatic Word

Imsal®s IMDOS. HELIOS and Record Number Tally * Cassette backup for additional storage * Full

versions SSH and DSH are Marglin Control * End-of-Page Control * Non-Printing Text Commenting *

now ready. The NEC print Line and Paragraph Indentatlon * Centerling * Underiining * BOLD FACE *
package Is now avallable.

A utlility program that W I D E S C R E E N vV ¢+ D E O !
converts PENCIL to CP/M
to PENCIL flles [s ready. Avallable to Imsal VIO video users for a huge 80x24 character screen.
"CONVERT" Is only $35.00. These verslons put almost twice as many characters on the screen !1!!
HAVE WE GOT A VERSION FOR YOU ?
e
The Electric Pencll |l operates with any 8080/Z80 based mlcrocomputer that supports a CP/M dlsk

system and uses a Imsal VIO, Processor Technology VDM-1, Polymorphlic VTIl, Solld State Music VB-1B
or any simllar memory mapped video Interface. REX versfons now avallable. Speclify when using CP/M
that has been modifled for Micropolils or North Star disk systems as follows: For North Star add
suffix A to verslon number, for Micropolis add suffix B to version number, e.g. SS-11A, DV-11B.

Vers Video Printer Price

SS-11 SoL TTY or simllar $225.

SP-11 VTI TTY or similar $225. m MICHAEL SHRAYER SOFTWARE, INC.
sv-1 VDM TTY or simllar $225. 1253 Vlista Superba Drive
SR-t1 REX TTY or simllar $250. Glendale, CA 91205

Si-t1 VIO TTY or similar $250. (213) 956-1593

DS-11 SOL Diablo 1610/20 $275.

DP-14 1 VTl Diablo 1610/20 $275. "
DV-11 VDM Diablo 1610/20 $275.
DR-11 REX Diablo 1610/20 $300.

DI- 11 VIO Dlablo 1610/20  $300. Eiectric Pencll | Is still avallable for non CP/M users:
NS-11 SoL NEC Spinwriter $275. -
NP-I1  VTI  NEC Spinwriter  $275. Vers Video Printer Cassette Disk Drive Price
NV-11 VDM  NEC Splinwriter $275.
NR-1t  REX  NEC Splnwriter  $300. SS SOL  TTY or similar CuTS -—- $100.
NI-I1 VIO NEC Spinwriter  $300. sp VT TTY or similar Tarbell - $100.
SSH SOL  Hellos/TTY $250. '] VDM TTY or simlilar Tarbell - $100.
DSH SOL  Hellos/Dlablo $300. SSN  SOL  TTY or simliar CUTS North Star $125.
SPN VTI TTY or simllar Tarbel North Star $125.
UPGRADING POLtCY: Any version of SYN VDM TTY or simllar Tarbell North Star $125.
The Electric Pencll may be upgraded 0s SOL Dlablo 1610/20 CUTS - $150.
at any time by simply returning the DP VT  Diablo 1610/20 Tarbel | — $150.
orlglnal disk or cassette and the ov VOM Dlablo 1610/20 Tarbell -— $150.
price difference between versions DSN SOL Dlablo 1610/20 CuTS North Star $175.
plus $15.00 to MSS. Accept only OPN VTl Dilablo 1610/20 Tarbel North Star $175.
orlglinal medla at time of purchase. DYN VDM Dlablo 1610/20 Tarbell North Star $175.

Demand a demo from your dealer!
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SWEEP

L:=0
F1MINF

L=L+%

l

ANALYSIS

CALCULATE
ANSWER

STORE OR
PRINT
SOLUTION

YES

Figure 7: The SWEEP rou-
tine, used to perform a
number of analyses on a
particular circuit over a
frequency range. Two
types of sweeps are possi-
ble: linear and logarithmic.
The variable DELTA is
used as an increment and
also as an indicator of
which type of sweep anal y-
sis is to be performed. If
DELTA is negative, a
logarithmic analysis will be
performed, if DELTA Is
positive, a linear analysis
will occur.

r——="

r 1
| LOGARITHMIC | Fe<{FxDELTA) F=F+DELTA | LINEAR |

| S |

L

NC

F>MAXF
H

RETURN

PLUS
NODE

§(| S - e

MINUS » o MINUS
NQDE NGODE

DEPENDENT DEPENDENT
BRANCH CURRENT
SOURCE

Matrix Array Subscripts
Enter into
Row Column Array by

Plus node Dependent branch minus node Addition
Plus node Dependent branch plus node Subtraction
Minus node Dependent branch plus node Addition
Minus node Dependent branch minus node Subtraction

Table 4: Turning a dependent branch into a dependent current source. The
source is entered into the matrix by the stated rules. Remember that any row
and column combination with a zero node will not enter the matrix.
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100 mhos conductance specified above. In
all branches at 0 Hz the susceptance would
be 0.

Frequency Sweeping

For this analysis, minimum and maxi-
mum analysis frequencies must be specified
plus an increment. Most solutions over a nar-
row range will have a small increment but it
is often useful to have a logarithmic fre-
quency sweep with wide bandwidths. The
main program should have a command
point to which all major routines return.
Frequency range can be selected at this
command point with a minimum (MINF),
a maximum (MAXF) and an increment
(DELTA).

A choice between linear and logarithmic
sweep can be done by simply checking for a
negative or positive DELTA. A positive
DELTA is the incremental change for a
linear sweep, and a negative DELTA can be
the frequency interval multiplier. The multi-
plier can be precalculated for the number of
frequencies per decade:

DELTA = — (EXP(2.302585/NFD))
which reduces to
DELTA = —10(1/NFD)

where NFD is the number of frequencies
per decade and EXP is a function to raise e
(the base for the natural logarithms which is
approximately 2.71828) to the power of the
following argument. For example, twenty



frequencies per decade would have a DELTA
equal to —1,122018.

Figure 7 is the flowchart for a frequency
sweep analysis routine. The option of storing
results or printing them directly depends on
the operating system and memory. Subscript
L is used only for solution matrix purposes.

There is a caution to be observed with so-
lution storage: the number of frequencies
to be analyzed must not exceed the storage
matrix size. Other storage matrices may be
written over if no check on the total number
of frequencies analyzed is made. This is a
very easy error to make.

Branch Switching

Implementing this function is useful for
circuit modeling. In effect it allows you to
disconnect or reconnect a branch from anal-
ysis and yet retain it in the branch list. It is
the same as removing or replacing a compo-
nent in a breadboard. If removed, it is still
on the bench and can be installed later.

There are two easy ways to implement
switching. Since we are using a numeric
value to designate the branch type, we can
define a positive value as a connected branch
and a negative value as an open branch. An-
other method is to devote one byte per
branch with a numeric value of +1 if con-

nected and O or —1 if open. Another test
can be inserted in the ANALYSIS routine of
figure 6, just before the passive type? test.
An open condition would bypass any calcu-
lations and go on to the next branch.

Dependent Current Sources

This branch type, not mentioned before,
enables a2 model to duplicate transistors or
operational amplifiers. It is a current source
dependent on the voltage across another
branch and is specified by a gain factor
called transconductance. The symbology
and matrix entry rules are given in table 4.

Transconductance is specified in mhos
and is equal to the current divided by the
voltage. Branch value entry is the transcon-
ductance, and admittance calculation for so-
lution takes this as the stored value for the
real part with an imaginary part of 0. You
can think of transconductance as a current
gain factor. A transconductance of 0.1 with
a dependent branch voltage of 24 V pro-
duces a dependent source current of 2.4 A.
A transconductance of 1.0 gives 24 A.

You do not have to be concerned about
the dependent branch voltage. The matrix
entry and solution will determine the cur-
rent from the specified transconductance.
The direction of electron flow is another

underwater for distances of at least 500
miles, and under optimum conditions
might carry for a radius of over

4,000 miles, potentially reach-
ing an area greater than the
entire Atlantic Ocean.

Scientists believe that loud, deep-tone, low-frequency
sounds made by Fin Whales (frequencies around 20
hertz, or cycles per second) actually travel

g Fin Whales, the second largest

creatures ever to have lived on planet
earth, grow up to 24 meters in length {(ex-
ceeded only by the 30-meter Blue Whale), and
inhabit all the oceans of the world. Tens of thousands of
Fin Whales have been ‘‘harvested” in recent years, by agreement
of the International Whaling Commission, for the sale of products
for which substitutes are readily available.

SAVE THE WHALE

The Fin Whale is the world’s greatest long-distance communicator.

Drawing by
Don Sineti

The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, non-profit edu-
cation and conservation organization dedicated to seeking the abolition of all whale killing. Any
concerned citizen can help our efforts by sending name and address and a $15 or more contribution
to: CCS, P. O. Box 145, Wethersfield CT 06109.

Circle 143 on inquiry card.
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Figure 8: Optional patch
that can be inserted into

SET
MATRIX the ANALYSIS routine to
100 perform switching and di-
\I/ T rect current source anal y-
| IMPEBANCE | sis.  Switching allows a
P |PATE PONT branch to be taken out of
Wiz —17W) the circuit and reinstated

K=l

K>NMAX i
TEST

PI:zPLUS NODE
N1=MINUS NODE

GET TYPE
INDICATOR

l

GET SWITCH

factor and is determined by node number
entry order of both the source and depend-
ent branch. Reversing plus and minus node
numbers of the source will reverse the
source’s flow; reversing node numbers of the
dependent branch has the same effect; and
reversing both source and dependent nodes
returns electron flow to the original direc-
tion in the source.

One node of either source or dependent
branch may be 0. [nspection of matrix
entry subscript rules will show this. The
only problem left is to allow the program
to identify the dependent branch for
subscripting.

Dependent Branch Identification

All passive components and generators
may be entered into the branch list in any
order. The ANALYSIS routine of figure 6
scans the entire list in order to fill the

at a later time. The direct
current source analysis
simplifies the calculations
at O Hz. The routine can
be patched into ANALY-
SIS at the indicated points.

DIRECT R
| CURRENT

NO
P2=Pl
NO
utrFENUEN |
BRANCH
NUMBER=
SWITCH
p2=
NMAX+| "
P2:=DEPENDENT
BRANCH MINUS
NOODE
N2 = DEPENDENT
BRANCH PLUS
NODE
CALCULATE 1
Y
N2 NI=0
TEST

matrix for solution. A dependent source
should be allowed to enter the list either
ahead of or behind its dependent branch.

Two options come to mind. The extra
integer byte mentioned wunder branch
switching can be used to identify the de-
pendent branch number in the list. Since
transconductance is specified as the real part
only, the second value storage might be used
to hold the dependent branch number. Make
sure that the particular floating point storage
method that you are using will not change
the value of the integer slightly. If there is



Design of igital Systems - six volumes

(2 . -

The products of digital electronics techno-
logy will play an important role in your
future. Calculators, digital watches and TV
games are already commonplace. Now,
microprocessors are generating a whole new
range of products. Personal computers will
be in widespread use very soon. Your TV,
telephone and computer will combine to
change your children’s education, your job—
your entire way of life.

WRITTEN BY EXPERTS

These courses were written by experts in
electronics and learning systems so that you
could teach yourself the theory and appli-
cation of digital logic. Learning by seif-
instruction has the advantages of being
faster and more thorough than classroom
learning. You work at your own pace and
respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will
have broadened your career prospects as well
as your understanding of the rapidly chang-
ing technological world around you.

The courses are designed as much for the
professional engineer as for the amateur
enthusiast. You'll learn about microprocess-
ing as well as personal computing — not to
mention all the other aspects of digital
electronics design.

ADVANCED COURSE
DESIGN OF DIGITAL SYSTEMS

Design of Digital Systems is written for the
engineer and serious hobbyist who wants to
learn more about digital electronics. Its six
large-format volumes—each 11%'" x 8% are
packed with information, diagrams and
questions designed to lead you step by step
through number systems and Boolean algebra
to memories, counters and simple arithmetic
circuits,and finally to a complete understand-
ing of the design and operation of micro-
processors and computers.

CONTENTS

The contents of Design of Digital Systems
include:

Book 1: Octal, hexadecimal and binary
number systems; representation of negative
numbers; complementary systems; binary
mulitplication and division.

Book 2: OR and AND functions; logic
gates; NOT, exclusive-OR, NAND,NOR and
exclusive - NOR functions; multiple input
gates; truth tables; DeMorgan’s Laws; canon-
ical forms; logic conventions; Karnaugh map-
ping; three-state and wired logic.

Also available at leading computer stores:

Ene Computer Co,, 1253 West 8th St Erie, PA

Computer Mart of Royal Oak, 1800 W 14 Mile Kd., Royal Oak, MI.
The Madison Computer Store, 1863 Moaroe St., Madison, W1,
Personal Computer Corgp., Lancaster Ave & Rt. 52, Frazer, PA.
Computer Shoppe, 3225 Danny Pk., Metairie, LA.

Computer Corner, 200 Hamilion Ave,, White Plains, NY,

Impenal Computer Systems, {nc., 2105 23rd Ave,, Rockfard, 1L.
Home Computer Center, 6101 Yonye St., Willowdale, Gntario, Canatla

and many others. Ask your dealer

Book 3: Half adders and full adders; sub-
tractors; serial and paralliel adders; processors
and arithmetic logic units (ALUs); multi-
plication and division systems.

Book 4: Flip-flops; shift registers; asynch-
ronous counters; ring, Johnson and exclusive
-OR feedback counter; random access mem-
ories {RAMs); read-only memories {ROMs).

Book 5: Structure of calculators; keyboard
encoding; decoding display data; register
systems; control unit; program ROM; address
decoding; instruction sets; instruction decod-
ing; control program structure.

Book 6: Central processing unit (CPU);
memory organization; character represen-
tation; program storage; address modes;
input/output systems; program interrupts;
interrupt priorities; programming; assemblers;
executive programs, operating systems, and
time-sharing.

BASIC COURSE

Digital Computer Logic & Electronics

CONTENTS

Digital Computer Logic and Electronics is
designed for the beginner. No mathmetical
knowledge other than simple arithmetic is
assumed, though you should have an aptitude
for logical thought. It consists of 4 volumes—
each 11%"” x 8%’ —and serves as an intro-
duction to the subject of digital electronics.

Contents include: Binary, octal and decimal
number systems; conversion between number
systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth
tables; DeMorgan’s Laws; design of logical
circuits using NOR gates; R-S and J-K flip-
flops; binary counters, shift registers and
half-adders.

Personal Computers
& Microprocessing

Here are two inexpensive programmed
learning courses designed to keep
you up-to-date in digital electronics.

NO RISK GUARANTEE

There's absolutely no risk to you. If you're
not completely satisfied with your courses,
simply return them to GFN within 30 days.
We'll send you a prompt, full refund, Plus
return postage.

TAX DEDUCTIBLE

In most cases, the full cost of GFN'’s

courses can be a tax deductible expense.

HOW TO ORDER

To order by credit card, call GFN’s toll-
free number — (800)331-1000; or send your
check or money order (payable to GFN
Industries, Inc.) to the address below.

Prices include overseas surface mail post-
age. Air Mail: additional costs (10 volumes),
$10. Or write for exact quote.

Write for educational discounts, quantity
discounts and dealer costs.

LOW PRICES — SAVE $5
We ship promptly from stock. There are
no extras—we pay all shipping costs; we even
pay your sales tax where required. And if

you order both courses, you save $5. Order
at no obilgation today.

FREE OFFER

When you order both courses, we’'ll also
send you a copy of The Algorithm Writer's
Guide — a $5.95 value — free of charge, and
yours to keep even if you decide to return
the other volumes.

Design of Digital Systems ........ $19.95
- 6 volumes

Digital Computer Logic .......... $14.95
& Electronics - 4 volumes

Both courses - 10 volumes . ...... $29.90

GFN Industries, Inc.
Suite 400-C
F 888 Seventh Ave.
N New York
N.Y. 10019
Call TOLL-FREE (800)331-1000
{ordersonly) 7 days — 24 hours
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IMPEDANCE
SET

any doubt about whether your floating
point to integer conversions are totally accu-
rate, use the extra integer per branch for
both switching and dependent branch iden-
tity. A dependent source can be switched
by signing the extra integer. This method
will be assumed for all further discussion.
Entering branch data in the list requires
an extra entry for dependent sources to
identify the dependent branch. The ability
to print out a branch list should also include
printing the dependent branch number.
Modification of the ANALYSIS routine
to handle dependent current sources is
shown in figure 8 This modification also

Ll

I

P1:=PLUS NODE
P2:MINUS NODE

]

GET TYPE
INDICATOR

]

GET SWITCH

SWITCH

MINUS

K=K+

DIRECT

CURRENT

SOURCE
TEST

GENERATOR

includes the switch function with the extra
integer SW acting as the switch and identifier
of dependent branch list number.

Impedance Analysis

All analysis procedures have so far given
only voltage solutions. The last analysis we
will consider is readily determined by disre-
garding all generators, placing a value of
unity in the proper generator column posi-
tion and then solving the matrix as before.

This may seem too simple. To under-
stand it, consider once again the circuit of
figure 1 and the position of solution numer-
ators and denominators. Denominators al-
ways lie in the main diagonal and numer-
ators always lie in the generator column. Im-
pedance analysis will have only one gener-
ator column entry since all other generator
branches automatically bypass any entry in-
to the matrix.

A unity current is simply (1.0 + j0),
1 A with no phase shift. This is the condi-
tion of figure 1 if an impedance is desired at
node 1. The resistance of the total figure 1
circuit looking into node 1 is simply 25

MINS NMAX+1}: ohms. In the model all generators are pure
1+10 current sources; that is, they have no ad-
K>NMAX \ NO ¢ mittance themselves and can therefore be
TEST / disregarded.
Addition of impedance analysis is shown
W:Fa2sm . . . . .
Wi —{1/W) in figure 9, a modification of figure 8. A

flag variable must be held in the main pro-
gram to identify analysis type. It is con-
sidered to be on for impedance and off for
voltage analysis. It can be logical, integer
or a single bit, but must be available if both
types are desired.

Implementing impedance analysis re-
quires a solution at only one node. It is best
to use the optional tests in the flowchart of
figure 4 and have all solutions at only one
node. Direct printouts of impedance will be
in rectangular form but the polar form can
also be printed at the same time by using
temporary variables and form conversion.
Both forms are useful in studying analysis.®m

REFERENCES

1. Huelsman, Lawrence P, Basic Circuit Theory
with Digital Computations, Prentice-Hall,
Englewood Cliffs NJ, 1972, Contains a great
number of FORTRAN routines along with
good basic circuit theory in both frequency
and time domain.

2. Cornetet, Wendell H Jr, and Battocletti, Frank

E, Electronic Circuits by System and Computer
Analysis, McGraw-Hill, New York, 1975. Again,
FORTRAN oriented, but contains complete
source code for Ohio State's linear and tran-
sient analysis programs.

Figure 9: A patch that can be made to figure 8 to further increase the cal-
culating power of the program. This patch will allow the solution of the
matrix with impedance entries. It can be added to figure 8 at the instructions
indicated.
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Now! A computer course and a
computer kit featuring 8K RAM
all for one unbeatable price!

Video monitor optional,

RECOMP - |

Factory-tested RCA 1802 CPU.
8K RAM.

ASCIl and hexadecimal keyboards.
RF modulator for T.V. interface.
Tape cassette recorder interface.
A big, three-amp power supply.
Full color graphics capability.

Integer BASIC, Machine Language, and
Assembly Language built right in.

Twenty ready-to-play computer games.
A handsome, functional plastic case.

... and much, much more!

BYTE October 1978

That’s right —

A powerful personal
computer system

— PLUS —

A complete home study
course in computers

All for $460 ...
less than you’'d expect
to pay for peripherals

alone!

Now you can have a flexible, easy-
to-assemble computer kit PLUS a
comprehensive course in computers
— all for one incredibly low price.
RCA’s engineering know-how and
Reston’s publishing excellence make
it all possible.

Because you learn by doing, you'll
quickly become an expert in computer
programming and operation ... even if
you’ve had no experience with com-
puters before!

In just a few hours of pleasurable
kit building, you can assemble a ver-
satile computer system that offers fea-
tures found in units costing many
times more. Check our features and
compare!

UNLIMITED
EXPANDABILITY!

The RECOMP-1 is designed to
keep up with the latest advances in
computer technology. It’ll never be-
come outdated because you can ex-
pand it easily whenever you want to
— the possibilities are endless. Call



Much more for your money —
professional performance at kit price!

us or write for details on these cur-
rently available options:

* Memory expansion to 64K RAM.
* 9-inch video monitor.
* A fast, high-quality printer.

And there’s a lot more to come!
But best of all, you won’t have to
send RECOMP -1 back to us for ex-
pansion. You can install all the op-
tional circuit boards and peripherals
yourself, in your own home. Just
make the necessary interconnections
and your computer will be ready to

go.

RECOMP - 1: FOR HOME,
OFFICE, OR WHEREVER

Part of the fun of owning a personal
computer is finding unique applica-
tions for it. Here are just a few ways
you can take advantage of this
computer’s amazing versatility:

EDUCATION: Solve math and sci-
ence problems with ease. Use it as a
tutor on most any subject.It’s a valu-
able study aid for any student from
grammar school to medical school.

HOUSEHOLD: Organize, index, and
store data on household finances. Cal-
culate your income tax, record lists,
balance your checkbook, and more!

BUSINESS: Program RECOMP-1 to
handle general accounting, inventory,
patient/client records, just about any
routine office chore — all with a
minimum of time and effort. It's the
perfect work aid for the busy profes-
sional.

NO NEED TO PAY
UP TO $1,000 FOR
A COMPUTER COURSE

As incredible as it may seem, you

get a complete course in computers
along with our RECOMP-1 kit.
Whether you’re a complete novice or
an expertenced computer professional,
this is the course for you. It's a com-
plete guide to all phases of computer
construction, programming, and oper-
ation. This all-inclusive course con-
tains:
Complete assembly instructions. They
guide you every step of the way. Just
follow the directions provided for
easy, flawless assembly, even if
you’ve never built a kit before!
There’s just no room for error because
the assembly manual explains each
procedure clearly and completely. (If
you should get into trouble, however,
write us and we’ll bail you out!)

An introduction to digital electronics.
You’ll leamn all the basic principles of
computer operation. The course cov-
ers the essentials to give you a work-
ing knowledge of the latest in microp-
rocessor technology. You don’t need
a degree in computer science to un-
derstand how computers work. This
course explains it all in easy-to-
understand language.

Simplified programming methods.
You’ll be amazed at how easy compu-
ter programming can be. With this
crash course in programming techni-
ques, you'll gain the basic skills you
need to write and implement accurate
programs. In no time flat, you’ll be
giving your RECOMP -1 commands
in three of the most widely-used com-

puter languages.

NO-RISK TRIAL OFFER

Order your RECOMP-1 today.
Send us your check or money order
— or use your Visa/BankAmericard
or Master Charge if you wish. We’ll
ship your kit to you just as soon as we
receive your order. Remember, the
full price of $460 includes all ship-
ping and handling charges.

RECOMP-] comes to you on a
15-day trial basis. If you’re not com-
pletely satisfied, just return it, in its
original condition, within the trial
period. You’ll receive a full refund.
What’s more, the parts carry a one-
year warranty. Your investment’s pro-
tected — you can’t go wrong!

Let our RECOMP -1 kit and com-
puter course introduce you to the
world of the personal computer.
You’ll discover for yourself how use-
ful, and how much fun, a home com-
puter can be.

One more thing. If you have any
questions or problems regarding the
RECOMP-1, just write to us or call
our toll-free number. We’ll be glad to
hear from you!

RESTON PUBLISHING CO.

A Prentice-Hall Company
11480 Sunset Hills Road
Reston, Virginia 22090

.................................................................................... R I N N R R N R X

. O Send me my RECOMP -1 computer kit and course for $460.
. (Price includes shipping, handling, and insurance fee) If I'm not
: completely satisfied | can return the kit, in its original condition,

within 15 days for a full refund.

. DO Send me just the RECOMP home computer course manual for

. Pay by check or money order, or use your bank card. By mail, send
. your payment to: RESTON PUBLISHING COMPANY,
11480 Sunset Hills Road, Reston, Virginia 22090

- For IMMEDIATE service, dial your bank card orders toll free! Just

call 800-336-0338

Circle 313 on inquiry card.

: $29.95. (Assembled RECOMPs are available. Write for info)

O Master Charge No.

Interbank No.

O Visa/BankAmericard No.

O Check or M.O. enclosed.

.Expiration date

NAME Signalure
ADDRESS
CITY STATE ZIP

sour state’s sales tax w

plicable. Dept. BV

-
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Figure 1: The author’s algorithm for solving the eight Queens problem, in which eight Queens
are to be placed on a chessboard so that no Queen attacks any other Queen. (In chess, the
Queen can capture any piece that isin direct line with it horizontally, vertically, or diagonally.)
The method consists of placing the first Queen on the lower lefthand corner square. Markers
are placed on all squares that the Queen can attack (a). Moving one column to the right,
another Queen is placed on the first empty square from the bottom. Markers are again placed
(b). The process is repeated. Eventually, either the problem will be solved or there will be no
more spaces for one or more Queens; (c) illustrates the latter situation where corrective action
is taken by altering details of the trial solution.

Solving the Eight Queens Problem

Terry Smith The eight Queens problem is a chess
9 Hillard PI related puzzle, the object of which is to
Weston, Ontario place eight chess Queens on an 8 by 8 chess-

CANADA MSR 2N1 board in such a way that no Queen can take

another. [For the benefit of nonchessplaying
readers, the Queen can capture any piece
that is in direct line with it horizontally,
vertically or diagonally. No detailed know-
ledge of chess is required in order to under-
stand the rest of this article. . . .CM] 8 is
the maximum number that is not obviously
impossible, since 9 would force one Queen
to be in at least one other Queen’s row or
column. | will explain how [ solved this
problem using a computer, since a look
into the mind of a problem solver from
start to finish might help you with your
own problems.

The First Method

The first method | tried was to place
the Queens at random on the board and

About the Author

Terry Smith is 21 years old, has studied data processing at Humber
College in Rexdale, Ontario CANADA, and is a mathematics oriented
computer hobbyist. He works as a computer programmer and is saving
to buy a computer of his own on which to develop programs.
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check the board for a proper position.
There are 64!/56! or 1.7846289 x 1014
such permutations. | would never have
thought about this except that | grossly
overestimated the speed of the IBM 370
(the machine on which | was working).
Even 370s have their limits, | was to dis-
cover. If the 370 evaluated 10,000 posi-
tions per second, it would have taken 565
years to find all the answers, and then only
if 1 could have written a program that would
create all the permutations one after another
with no duplications. This is very difficult.
| tried writing one and failed. If you can
actually do this, 1'd like to see it.

The Second Method

| then divided the board into eight
columns and placed one Queen at random in
each column and realized that with one
Queen in each column, | could represent
any permutation with an 8 digit number,
each digit representing the position of one
Queen in its column. Since no two Queens
could have the same column position (for
example, if the leftmost Queen was at 1
or the bottom, obviously no other Queen
could also be at the bottom), what | needed
was a list of permutations of all numbers
from 1 to 8. With this method | would have
to check only the diagonals; much of the
work would already have been done. This
also reduced my problem to 8! or 40,320



Is personal
computing
worth it?

We want your answers at the NCC °79
Personal Computing Festival.
New York City, June 4—7

Has personal computing been worthwhile for most comprehensive computer show on earth.
you? Every aspect of this fast-growing field is
being questioned...from the effort to generalize a
subroutine to the cost of the latest hardware. What
are your views?

Some key questions about personal computing
need answers. How is personal computing en-
riching our lives and those of our families and ! . .
associates? What is its potential? What are we The deadline for receipt of letters of intent to
getting for our investments in this field? Is it worth participate is February 1, 1979. Accepted
the time, effort, cost...even the criticism? papers will be published in the 1979 NCC

JOIN THE PERSONAL COMPUTING FESTIVAL Personal Computing Proceedings. Honors and

You can answer these and other questions by prizes will be awarded for the best papers and

participating in the Personal Computing Festival application demc‘mstfat‘lons. .
of the 1979 National Computer Conference, the For more details, fill in and return this coupon.

Here's how you can participate:

* Present a paper

* Give atalk

* Organize a panel

« Deliver a tutorial

» Demonstrate your application and equipment

e -

NCC'’79
Personal Computing Festival

c/o American Federation of Information
Processing Societies, Inc.

210 Summit Avenue, Montvale, New Jersey 07645
201/391-9810

Send me more details on:
O Participating in a Personal Computing Festival session.
O Demonstrating my personal computing application.
JKeeping me up-to-date on the Personal Computing Festival.
(O Exhibiting my company's products and services atthe Personal
Computing Festival.

MName
Company
Street _
City State Zip_
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10
11
12
13
14

30
40
50
60
70
80
89
90
91
92
93
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
281
290
300
310
320
321
330
340
350
360
380
390
391
400
410
420
430
440
441
450
451
460
470
480
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DIM A(8,8),A$(10),F(8)

FOR T=1TO 10

READ AS$(T)

NEXTT

DATA 0" 17,2 3" 4" "5 "6","7","8","9"
Cc=0

C=C+1

IF C=9 THEN 250

FOR E=1TO8

IF A(C,E)=0 THEN 89

NEXT E

GOTO 330

F(C)=E

A(C,E)=—1

D=1

GOSUB 100

GOTO 30

FOR X=—1TO 1

FOR Y=—1 TO1

IF X*Y+X+Y=0 THEN 220

FOR 2=1TO8

A=C+Y*Z

B=E+X*Z

IF A>8 THEN 220

IF A<1 THEN 220

IF B>8 THEN 220

IF B<1 THEN 220

A(A B)=A(A B)+D

NEXT Z

NEXT Y

NEXT X

RETURN

FOR X=8TO 1 STEP —1

FOR Y=1TO8

IF ALY, X)=—1 THEN 290

PRINT AS(A(Y X)+1);

GOTO 300

PRINT "“Q"';

NEXTY

PRINT

NEXT X

PRINT

REM NO SPACES, NOW WHAT?

Cc=C—1

A(C,F(C))=0

E=F(C)

D=-1

GOSUB 100

\F E=8 THEN 340

FOR X=E+1TO 8

IF A(C,X)=0 THEN 440

NEXT X
GOTO 340
A(C,X)=—1
F(C)=X
D=1
E=X
GOSUB 100
GOTO 30
END

Listing 1: A BASIC pro-
gram for solving the eight
Queens problem.

positions to search, a far cry from
1.7846289 x 1014 or even 88. But a pro-
gram to create all these numbers? Much
later | discussed this with some friends
whom | consider to be software experts.
They shook their heads saying, '“This is a
difficult task.” They were right, for as it
turned out, | had to give up. An easy solu-
tion just wasn’t going to work.

Final Method

A determined human, after trying permu-
tations and finding the problem is not
trivial, would get a set.of pawns to represent
Queens and, using pennies for markers,

attempt to find a solution by placing a Pawn
(to represent each Queen) on a chessboard
and a penny on each square that comes
under that Queen’s influence. By inspection
(she would determine where to put subse-
quent Queens. A methodical procedure
would be as follows (I have shown in paren-
theses the line in the program which is
relative to the step in the manual solution):

Place a Queen in the lower lefthand
corner of the board (line 90) and then, on
all the squares that would come under that
Queen’s influence, place one penny (GOSUB
100, D=1). Then moving one column to
the right (line 30), place a Queen on the first
empty square from the bottom. This entails
having to move up two squares. Place
a penny on each square (even the ones
already marked) in this Queen’s domain.
You'll see why in a minute. Continue
moving right and repeating this algorithm
until you hit a column that is all pennies
(line 80). You use a lot of pennies here.
If you run off the righthand edge of the
board (line 40) you have solved the problem.
However, you probably won’t find one the
first time. Three columns from the end you
will have to stop, having run out of spaces.
Now you remove the latest Queen (line 350)
and then remove one penny from each of its
dominion squares (line 380, GOSUB 100
D=-1). This is why you placed pennies on
already covered squares because if you
didn't, you wouldn’t know if the penny
there was the subject Queen’s or not. Con-
tinuing from the subject Queen’s square
(line 400) look up the column for a new
blank spot (line 410) to place a new Queen
and continue. If there are none or if your
last Queen was at the top of the board (I
check for the top first, line 391), move back
one column (line 340 again). Remove that
Queen and remove her pennies, and check
for blanks above, etc. If you are trying this
by hand by now you will have noticed how
slow and messy it is. It was only the feelings
of frustration from the manual simulation
that kept me moving on this seemingly
hopeless computer simulation.

The final program started off at half
its present length and 1 spent three days
repairing it by adding one line after another
as it failed time and again. | added line 391
to eliminate a subscript error.

| was beginning to get worried because
the program was twice its original size and |
was no longer capable of understandingit at
a glance. | typed RUN for the 100th time
and waited for the next error. My method of
repair depended on my being able to com-
prehend the program. | added several
GOTOs and | knew | couldn’t keep it up
much longer.



























Basic BASIC, Game Playing with BASIC, and

The BASIC Workbook are just three of Hayden's
top-notch BASIC language books. Our line runs the
gamut of BASIC books: the beginner’s beginner
(BASIC From the Ground Up; Basic BASIC); the
advanced applications book (Advanced BASIC);

the game playing guide (Game Playing with BASIC);
the problem-solving guides (The BASIC Workbook;
Discovering BASIC); and the style guide for advanced
programmers (BASIC With Style).

These books succeed in teaching BASIC because
they present the perfect balance between theory and
practice. All the guides are chock full of programs that
illustrate the techniques. All the explanations are
fairly general so that they cover a variety of computer
systems using BASIC.

Their simple approach puts principles to work —
so you can get to work in BASIC quickly and with
desired results.

So, whatever your BASIC needs are, HAYDEN has /

the answer. / 0@
HAYDEN —The Best in BASIC! /
15-Day Money-back Guarantee‘/‘/@@

/

Hayden Book Company, Inc. ' _,-5*.@'5";;&.
50 Essex Street {\6,_;;}6&‘\@ &
Rochelle Park, NJ 07662 ¢ NSO
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Programmiag Ovickies

e S T Sl e et St e S S

! ! ! ! ! !

A=t o+ et et o+ bbb et -
1 '

F=t—t—t—t— +=+ ==t o =+ - +-
! ! LI ! P P !
e ket ST S S S T S R S TR Tt Robert J Bishop
v ' ' . . . Vo 1143 W Badillo #E
o : : o ' Covina CA 91722
44+ =t = = = =t - 4= +—+
! ! L U ! Pt !
S e s e A N A Ce Here is an interesting novelty program
! | vl I 1o | R . .
: y o : o oo or that you can leave running on your video
e e HE S R L L ' display whenever you are planning to have
! LI Pl [ guests over to see your computer. The pro-
+—4+—-4+-+—-+ - —+—+ + +-4+ - F+=F-4+ - -+ - gram automatically generates and displays a
! [N [ 1 1 | ! different maze about once a minute on an
4t =t - - =t ==t =t ==+ +=F - F—f— Apple | computer. Each maze is 11 squares
1 1oy ] R ] t o high and 19 squares wide, and has only one
4 det - et 4ttt —+ et - path through it. The size, 11 by 19, was
y ' ' | - v chosen so that a display with 24 lines of
) o ) ; e o 40 characters each would just fill the screen
T=+=+ - 4=+ +—+-+ + + + +—+— + + + + '

Basically, here’s how the program works.
The entrance and-exit points are randomly
chosen first. Next, a random walk is per-
formed from both of these points until the
two paths cross. This determines the one,
and only one, way through what will
become the maze. As each “cell” is visited
via these random walks, the location of the
cell is placed in a queue. A queue is simply
a list of items in which all insertions are

+
! I

1 1 1 | 1
t—t—t—t—t—t—t—d—F—F—+ +—F—t—F—t—t—t—F—+

Figure 1: Two typical mazes as generated by the program of listing 1.
A series of these will entertain you for hours and furnish you with
another response to that age old question, ""What do you do with it?"

tot—t—t F—t—t—t—t—t—t—t—F—F—t—t—F—t—+—+
{ ! Lo

+-+ +-+-+ +-t+-+-+-+-+-+-+ + +-+-+ - made at one end, and all accesses are made
! P ! ! ! ! P from the other end, ie: it’s a first in-first out
L S e (FIFQ) list. When either of the walks runs
t ] ! 1 1 P 1 1 out of places to go (gets stuck in a corner,
C b bbbk e ek 4 - e e or gets boxed-in), it goes back to the queue
| v foroy v o1y ' vy and restarts from the node indicated by the
" PR g e gt - next |tem'|n the queue. This restarting pro-
oy Cor oy ' \ ' Vo cess continues unt||. the queue b.ecomes
o o : ot empty, at which point the maze is com-
ot S e e et plete. The resulting maze is then displayed,

. I ! ! ! ! ! and the whole process starts over again.
+—+-4+ + - S+ =4 - = - The program is written in Apple BASIC
! ! S T A P ! ! and requires less than 2 K bytes of memory;
— 44—+ -4 + + ettt —t + - an additional two pages (512 bytes) are
1 ! P ! 1 ] 1o required for the queue and grid array. Along
-t e 4 o mf—d—t At At 4t - with the BASIC interpreter the whole
ro Vo Vo i ) ) Y thing easily fits in 8 K bytes. In order to
) o T T ) ) ’ conserve space, the grid array and the queue
\ |-+-+-+ _' okt 4 T-+ ' T—+ T_+ T-+ . are accessed Yia PEEK and POKE functions.
fo : : : ; : : The queue, indicated by the variable Q in
S s A Bt B e St S the program, is located starting at decimal
! ! P! ! Pt ! location 768; the grid array G starts at
t-t+-+-+-+-+-+-+-+-+-+ +-+-+-+—-+—-+-+-+-+ decimal location 1024. These values are set

in line 100 of the program. Each of these
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Osborne & Associates announces two new books. . .

There are hundreds of microprocessor books on
the market today, but there’s nothing like Volumes
2 and 3. These books provide the only detailed
descriptions of real products from an independent
source.

NEW MICROPROCESSORS

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

NEW SUPPORT DEVICES

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

Between Volumes 2 and 3, every microprocessor
and most support devices available today are de-

AN INTRODUCTION TO MICROCOMPUTERS:

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

NEW UPDATES

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

NEW FORMAT

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

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

scribed — in detail, and from an independent
source.
[ E AR R NN NN RERENENENENNEEENEEENENNENNE SR EREEENENNEENNENEREENRENENEREENENEENREENRENNENNEENNEENEERNENNERERERENEEIENERSENERENENENNREENNENENNREENNNERNERENNHNN]
PRICE | QTY AMT OSBORNE & ASSOCIATES, INC. (415) 548-2805
Volume 2 — Some Real Microprocessors P.0. Bax 2036 DEPT. l 13 TWX 910-366-7277
g oM P $2000 Berkeley. California 94702 U.S.A.
1978 Edition — With Binder
15.2 Without Binder $15.00 NAME
16-0 Binder alone $ 5.00 ADDRESS
v — ; ay
17.9 o.lumé 3 — Some Real! Support Devices $20.00
With Binder STATE 7P PHONE
187 Without Binder $15.00 SHIPPING CHARGES:  Shipping for large orders to be arranged.
19-5 Binder afone $ 5.00 UPDATE SUBSCRIPTIONS:
O  All foreign orders $4.00 per 6-issue subscription for airmail
Volume 2 and 3 Updates (Subscription O  No extra charge in the U.S. - 4th Class Mail ONLY.
to six issues of each series) $4000 BOOKS:
O Al foreign orders, $3.00 per book. for air shipment
Volume 2 Updates only (six issues) $25.00 w] 4th class $0.35 per book {allow 3-4 weeks within USA. not applicable to discounted orders)
O  $D.75 per book, UPS (allow 10 days) in the U.S.
Volume 3 Updates only {six issues)} $25.00 O  $1.50 per book, special rush shipment by air in the U.S.
- 8Y:%, SF Bay Area residents only TOTAL Please send information aon:
. ) . . . Other O&A publications
6%, California residents outside SF Bay Area Sales Tax Becoming an O&A dealer

« Payment in advance must be enclosed for (Calif. residents only)

purchases of up to $70.00. Invoicing for

purchases of $70.00 or mare in the US.A. Shipping Charges

available upon approval of your account. All
foreign orders must be prepaid in U.S. doliars
drawn on a U.S. bank.

TOTAL AMOUNT ENCLOSED

School discounts
List of foreign distributors
More information on Volumes 2 and 3
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Programming Ouickies

Converting North Star’s

Deletion Characters

| own a North Star floppy disk operating
system and have patched in my own 10
routines. | found that attempting to correct
a single error by using the DEL (or RUB
OUT) key doesn’t work. Orifl try to cancel
a complete line with the ESC key, nothing
happens. The problem is that North Star’s
disk operating system uses the BASIC com-
mands of the at symbol “@" for canceling a
line and the back arrow (or underline) for
correcting a single character. All my other
programs, monitors, assemblers and so on
use the ESC key to cancel a line and the
DEL (RUB OUT) key for deleting the
previously typed character.

The solution is fairly simple and is shown
in listing 1. Since | had to write a set of 10
routines anyway, | incorporated a section to
look for ESC and DEL input. When either is
found, the byte is changed to the corre-
sponding value needed by the operating
system. The extra 16 bytes will readily fit
into the space allocated to the user.

Of course, the original correction charac-
ters, at sign and arrow, can still be used.m

294D DBOO CHIN: IN STAT ; CHECK STATUS

294F EB01 ANl MASK ; MASK FOR INPUT READY
2951 CA4D29 Jz CHIN ; LOOP UNTIL READY

2954 DBO1 IN DATA ;GET DATABYTE

2956 EG7F ANl  7FH ; STRIP PARITY

2958 FE1B CPI IBH ; ESC?

295A CA6329 Jz CESC ; DELETE LINE IF SO

295D FE7F CPI 7FH ;DEL?

295F CA6629 JZ CDEL ;DELETE CHARACTER IF SO
2962 C9 RET ; OTHERWISE RETURN

2963 3E40 CESC: MVI A,"@"' ;CHANGEESCTO@

2965 C9 RET

2966 3EbBF CDEL: MVI A,5FH ;CHANGE DEL TOBACK ARROW
2968 C9 RET

Listing 1: 8080 assembly language listing of the changes to the North
Star disk operating system to allow usage of DEL and ESC key codes

for deleting characters and lines.

Alan R Miller
New Mexico Tech
Socorro NM 87801

\~ alpha
".‘mncr-o

See the exciting 16-bit world of Alpha
Micro at your local Alpha Micro dealer.

ALABAMA
HUNTSVILLE
Computerland
{206)538-1200

ALASKA
ANCHORAGE
DataCam
Systems, Inc.
(8071344-4536

ARIZONA
PHOENIX
Byte Shopof
(802)265-0085
TEMPE
ByteShopol
{6802)967-1421
TUCSON

Byte Shopo!
(602) 327-4579

CALIFORNIA
BERKELEY
Byte Shopol
(415) 645-6366
CARSON

Shaw Brothers
{213)770-3688
COSTA MESA
Orange County
Computer Center
(714) 848-0221
FRESNO
Electric Brain
(209) 227-8479
GLENDALE
Beaumare

(213) 244-6340
LAJOLLA
Tech-Mart

(714) 450-2797
LAWNDALE
Byte Shap of
(213)a71-2421
MANHATTAN
BEACH

De Marco-Shatz
Computer Systems
(213) 545-4539
MISSION VIEJO
ComputerLand
(714) 770-0131
OCRANGE
CamputerMart
(714) 8331222
OXNARD

APR Systems
{805)4085-5488
Prodata Systems
{805)483-1188
PALOALTO
Byle Shopof
(415) 327-8080
PASADENA
Byte Shopo!
(213)684-3311
SAN DIEGO
ComputerCenter
{714) 202-6302
Computeriand of
San Diego

(714) 560-9912
SAN LUIS OBISPO
Byte Shop of

Byte Shop of
{415) 457-8311
Computer
Allernatives
(415) 458-1386
SANTA ANA
Advanced
Migrocomputer
Products

{714) 558-6013
SANTABARBARA
Byte Shop of
(B0S) 966-2838
SANTA MONICA
Mission Control
(213 829-5137

CONNECTICUT
HAMDEN

JRV Computer Store
{203) 2611452

FLORIDA
CORAL GABLES
Sunny Computer
Stores, Inc.
{305) 681.8042
FORT LAUDERDALE
Byte Shop of
(305) 561-2883
HIALEAH
Melronix
Computers. Inc.
(305)885-4700
MIAMI

Byte Shopol
(305) 264-2983

HAWAN
HONOLULU
Pan Pacitic
Computer
Compan:

(808) 737-5857
Small Computer
Systems
1808)732-5248

IDAHO

BOISE

Capito1 Olfice
Machines, Inc,
Computer Divisian
{208)342-8585

ILLINOIS
CHAMPAIGN
Champaign
Computer Co
(217) 588.4131
CICERO

Digital Research
(312) 856-3363
EVANSTON

Itty Bitty
Machine Ca.
(312) 328-8800
SCHAUMBURG
Data Domain of
(312) 387-8700

INDIANA
BLOOMINGTON
Data Domain
1612)334-3607
INDIANAPOLIS
DataOomain
(317) 25t-2139
Computers
Unfimited

(317) 849-6505

IOWA
WATERLOO
The Computer

Center
(318) 232-8504

KANSAS
OVERLAND PARK
Persanal Computer
Canter, Inc.

(913) 649-5942

XENTUCKY
LOUISVILLE
Mermory
System Co.
(502)895-4269

MARYLAND
ROCKVILLE
ComputerWorkshop
(301)468-0455

MASSACHUSETTS
WALTHAM
Computer Mart

of Boston

(817) 899-4540

MICHIGAN
ANN ARBCOR

The CamputerStore computer Storgof

(212}451-0713
SHERMAN OAKS
Peoples
Computer Co
TARZANA
Tach Mart
(213) 344-0153
VAN NUYS
Computer
Components
(213) 344-0153
WESTMINSTER
Byte Shap of
{714) 8548131
COLORADO
BOULDER
Byte Shapot
(303)444-8550
DENVER
ByteShopol
(303)399-8995
Computer Hut
(Prime Radix)
(303) 673-4885
Miti Mini
Camputer Co.
ENGLEWOOD
MiliMini
Computer Co.
(303) 770-5005

{313)995-7818
ROYAL OAK
Computer Mart ot
(313)578-0900
MINNESOTA
MANKATO

North Kato Supply
(507)825-5475
MINNEAPOLIS
Computer Depot

(812) 827-5801
MOCREHEAD
PS.Inc.

(218) 233-6882
MISSOURI

PARKVILLE
Computer

Workshop
(818) 741-5055
MONTANA
BILLINGS

Big Sky Byle Shop
{406) 252-2209

NEBRASKA
OMAHA

Byte Shop of
(402)339-7350

Computer Store
(402) 592-3580

NEVADA

LAS VEGAS
Computer Systems
for Business, Inc,
(7028727400

yte Shop of
702) 826-8080
NEW JERSEY
ISELIN

Computer Martof
(201)283-0800

NEW YORK
NEW YORK
Computer Mart of
(212) 8867623

NORTH CARGLINA

HOONE

Alpha Digital
Systems
{704)264-7946
NEWELL

Oigital Dynamics
(704) 3741527

OHIO
CINCINNATI
Software Syatems
Consutting Ing
{513) 745-2111
CLEVELAND
ByteShopo!
{216) 333-3261
COLUMBUS
Midwestern Digital
Electronics

(814) 294-2991

OREGON
BEAVERTON
ByteShop of
(503)844-2666
EUGENE

Real Qregon
Computer Co
(503)484-1040
PORTLAND

ByleShopof
1503)223-3488
PENNSYLVANIA

BURGETTSTOWN

Business Computer
ancepts

(412) 728-3510

FRAZER

Persanal Compuler

Corporation

(215) 647-8460

HUNTINGDON

VALLEY

Marketline Systems

(215) 947-6870

TENNESSEE
KNOXVILLE
Byle Shaps
ofTennessee
(815)564-0385

TEXAS

FORT WORTH
Tandy Computera
(817) 335-7198
HOUSTON
Camputercralt, Inc.
(713) 977-0884
Computertex

(713) 5266934

Electronic
Specialty Co.

1713)805-0477
LUBBOCK
Computer Mariof
WestTexay

(608) 785-7134
RICHARDSON
TheMicro Store
{214) 2311098

UTAM
SALTLAKE C1TY
Byte Shopof
(801)355-1041
DataWorld

(8C1) 843-0033

VIRGINIA
ALEXANDRIA
The Computer
Hardware Store,
Incorporated
(703) 548-8065
SPRINGFIELD
The Computer

VIRGINIA BEACH
Home Computer
Center, Inc.

(808) 340-1977

Circle 4 on inquiry card.

WASHINGTON
BELLEVUE
Byte Shopof
(208) 748-0851
SPOKANE
Microsystems,
tncorporated
(509) 747-4135

WISCONSIN
MILWAUKEE
The Milwaukee
Computer Store
(414)259-8140

WYOMING
JACKSON

Teton Data Systems
1307) 733-8313

ARGENTINA
BUENAS AIRES
MarketonS.A.
AUSTRALIA
GORDON
Trudata Pacific
498-8708
WESTPERTH
Australian Computer
Products

(09) 322-6487
ALIC” SPRINGS
Microcomputer
System:

Alice Springs. NT
NORTH
FREMANTLE
James McLarty

011
25.4677
NORTH SYONEY
Kingsway
Computers
929-9801

BELGIUM
BRUSSELS
Computer
Resources
(02)538-9082

CANADA
TORONTO
The Computer
Place

(416) 598-0262
QUEBEC
Trais-Rivieres
Salin Inc,
819373.2367
VANCOUVER
Byte Shop of
(804)736-7221
Pacific Computer
Stors, Ltd,
(604)438-3262
Quill Computer
Systems
(604)684-5062
WINNEPEG
Micro-Byte Lid,
1204) 94782689

ENGLAND
LONDON
Computer
Appiications
Rasearch
(01) 373-4834
ALFORD
MANCHESTER
Computer Design
Systems

Computer Boutique
310-085-047

Euro Computar
Shop Paris
GERMANY
HOLSTEIN
Digitranic
Computersystems

4103
73-93/4103 88-89
MUNICH
Datameg KG
{089)460-4893
HOLLAND
Romea

Telex 50483
HONG XONG
CAUSEWAY BAY
Teltec
5-703-669
JAPAN

TOKYO
NihonTerminal
Computar
Tokyo 170
SPAIN
BARCELONA
Infotecnos
(000) 235-7110
SWEDEN
BROMMA
Mentor, AB

SWITZERLAND
2URICH

Comicro.A.G

{01} 242-2603
VENEZUELA
CARACAS

E.DC MEGA. CA,
33-79-90
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Figure 1: Simple custom circuit that modifies the SwTPC 6800
computer so the user can change the processor clock speed by !
plugging in different crystal oscillators. The entire circuit can be
mounted on a small perforated circuit board (see photos 1 and 2) i
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which plugs directly into the SwTPC 6800 board in place of the
existing 7474 data rate generator timebase divider.

Memory Access Usable
Number Time at 1 mHz?
2102 1000 ns No
21021 500ns Yes
2102-2 650 ns No
2102A 350 ns Yes
2102A-2 250 ns Yes
2102A-4 450 ns Yes
2102A-6 650 ns No
2102AL 350 ns Yes
2102AL-2 250 ns Yes
2102AL-4 450 ns Yes

Table 1: Some commonly used memory
integrated circuits (ICs) and their compati-
bility with a 1 MHz processor speed.

+5V
LM—@’ﬁ
p TO
' <Jpins, ic2
”

e —

Figure 2: Simple test rig to verify that the
oscillator circuit (shown in figure 1) is work-
ing. Both LEDs should light up when con-
nected to pin 5 of IC2.

Interface Adapter), PIA (Peripheral Interface
Adapter), and the like, which are currently
available, you can adjust the timebase
simply by replacing the 2.0 MHz crystal
with one specified at 3.0 MHz (for a 1.5
MHz processor clock) or at 4.0 MHz (for a
2 MHz processor clock). Increasing the
processor speed above 1 MHz will necessitate
replacing (or adding a slow memory inter-
face for} memories not suited to the in-
creased speed, and replacing the MIKBUG
read only memory (not currently available
in higher speed versions). But for some
applications the increased speed is un-
doubtedly worth the effort.

Building the Oscillator Card

The schematic shown in figure 1 indicates
how the oscillator card works. This is one
of the most common circuits of its type
and was chosen for its simplicity. The parts
as shown in photo 1a are mounted on top
of the board and the connector (a 14-pin
DIP [dual in line package] header) mounts
underneath with its upper pins sticking
through the top of the board. The reverse
of the board is seen in photo 1b.
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was more than adequate to the task. Pascal
it is not, but any high level language is better
than no high level language.

So, with all the preparation carried out,
and a program verified, | was able to analyze
the 38 categories of preferences included in
our survey, and proceed to begin analyzing
BOMB results the same way.

Let’s take a look first at what readers
of BYTE found of interest based on our
survey. The task presented to our survey
participants was the following:

The following list contains a selection
of topics drawn from computer
science, mathematics, science and
engineering. Please give your personal
rating from 0 (no interest) to 10 (high
interest). If a particular field within
this list is your professional or occu-
pational specialty, please record a
check mark in the “Primary Interest”’
column to the left of the line. If you
have already used a personally owned
system for at least one nontrivial appli-
cation in the field, please record a
check mark in the ‘“Have Imple-
mented" column for that line.

The complete list of 38 topics is presented
in table 1, ranked according to weighted
total count, along with the actual weighted
total counts and a fraction representing the
number of standard deviations away from
the mean of 38 categories. The mean
weighted count total of the 38 categories
was 8579.5, and the standard deviation
calculated was 1977.9.

The top ranked category was rather
nebulous: “‘applications to everyday life.”
Thus its 2.2 standard deviation rank may be
less than significant. If the survey had asked
for a ranking of ‘“‘motherhood and apple
pie’’ the result might have come out the
same. | tend to think that the whole moti-
vation for having a personal computer is to
use it in everyday life, and it is always a
great ego trip to have such an appraisal
measure out at the top. Household auto-
mation with computers is one way to
accomplish such a task, and is also a fitting
subject for the experimenter. Personal
data base design is a natural, ranging from
the oft mentioned kitchen recipe file to
the record collector’s inventory to the
maintenance of tax records. The latter
of course overlaps on the application of
personal computers to personal business.

In the experimenter’s corner, there is a
high interest in voice recognition by com-
puters. But no pattern matching and recog-
nition of sounds is possible without heavy
emphasis on the art of programming, a topic
which turned up as the sixth ranked item.

Circle 308 on inquiry card.

ARPPl = ]
TRS-80
& Other

CASSETTE TAPES FOR SALE

We promote, advertise and sell
software for free lance computer
specialists all over the United States.

Get the latest issue of our book full
of programs by return mail.
Send $1.00 to:

—————

Programmers Software Exchange
2110 N. 2nd Street
Cabot, Arkansas 72023

Circle 158 on inquiry card.

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

® Completely compatible with your IMSAI, ALTAIR*,

SOL** or other S-100 microcomputers.
Trademarks of *MITS, **Processor Technology
® Designed for use on the dial telephone or TWX
networks, or 2-wire dedicated lines, meets all
FCC regulations when used with a CBT coupler.

® All digital modulation and demodulation with on

board cyrstal clock and precision filter mean that

NO ADJUSTMENTS ARE REQUIRED
® Bell 103 standard frequencies
® Automated dial (pulsed) and answer
® QOriginate and answer mode
® 110 or 300 BPS speed select
® Complete self test capability
® Character length, stop bit, and parity
® 90 day warranty and full documentation

D.C. Hayes Associates, Inc.

P.0. BOX 9884 ATLANTA, GEORGIA, 30319 (404) 455-7663
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November 19-22, The 11th Annual
Microprogramming Workshop, Asilomar
Conference Ground, Pacific Grove CA.
This worksop will provide a forum for
the discussion and comparison of design
techniques for firmware and for the
supporting hardware. Informal inter-
action between groups working in
similar research and application environ-
ments will highlight the topical session.
For more information contact Dr Alice
G Parker, Micro-11 program chairman,
Dept Electrical Engineering, Carnegie-
Mellon University, Pittsburgh PA 15213,
(412) 578-2472.

November 27-December 1, Micro Pro-
gramming Workshop, Lafayette IN. This
5 day hands-on advanced programming
workshop is for individuals interested in
developing skills required to plan,
prepare, test and document 6800/6801
microprocessor applications software.
Contact Jerilyn Williams, Wintek Corp,
902 N 9th St, Lafayette IN 47904.

November 28-30, 9th Annual Canadian
Computer Show, International Centre,
Toronto CANADA. Products displayed
at this show will include: computer and
data processing equipment, supplies and
services, including minicomputers, peri-
pheral hardware and software, keypunch
services, consulting and contract pro-
gramming and timesharing. Contact
Industrial Trade Shows of Canada, 36
Butterick Rd, Toronto Ontario M8W
328, (416) 252-7791.

December 3-5, Ninth North American
Computer Chess Championship,
Sheraton Park Hotel, Washington DC.
The 1978 annual meeting of the Asso-
ciation for Computing Machinery will be
the site of this chess championship. This
will be a 4 round Swiss style tournament
with participants restricted to com-
puters. Two rounds will be played on
December 3 (1 PM and 7:30 PM), one
on Monday (7:30 PM) and the last
round on Tuesday (7:30 PM). Deadline
for entries is October 20. Contact
Prof M M Newborn, School of Computer
Science, McGill University, Montreal
Quebec H3A 2K6 CANADA.

December 12-14, Midcon/78, Dallas
Convention Center, high technology
electronics show and convention.
Contact Electronic Conventions Inc,
El Segundo CA, (800) 421-6816 (toll
free).

December 13, Computer Networking
Symposium. Sponsored by the IEEE
Computer Society’s Technical Com-
mittee on Computer Communications
and the Institute for Computer Sciences
and Technology of the National Bureau
of Standards. This symposium will high-
light papers of practical and research
experiences concerning both computer
and communication networks. Contact
Dr George Cowan, Computer Sciences
Corp, 6565 Arlington Blvd, Falls Church
VA 22046.m

Cartoon by
K N Lodding

“I think | found the human in your code.”

F T T T T 1 1T T T i rrrrrrrrrsrnrrrririr;
Announcing . . .

SMALL BUSINESS COMPUTERS Magazine

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

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

® The practical how-to publication written in non-technical language and stressing business applica-
tions for small computer systems. Each monthly issue includes:

FEATURE SURVEY REPORTS: Such as. Software Packages for Small Business Applications,
Small Manufacturing Systems, Inuventory Control Systems, Microcomputer Business Appliactions,
and so on.

APPLICATION STORIES: Reallife examples of computer applications in the small business en-
vironment — capabilities, benefits, what to watch for, and much more of direct interest to the small
businessman.

COMPUTER PROFILES « IDEAS AND INNOVATIONS « INFORMATIVE ADS

SPECIAL CHARTER SUBSCRIPTION Receive the next 12 issues of Small Business
12 issues @ 50% off Computer Magazine for just $9 . . . 50% off the
cover price

Mail the coupon today to: SMALL BUSINESS COMPUTERS Magazine
33 Watchung Plaza « Montclair, NJ 07042

A I I O A N B B B B B B BN B BN A B Ah BN Bm .
SMALL BUSINESS COMPUTERS Magazine ¢ 33 Watchung Plaza « Montclair, NJ 07042

O YES. Enter my charter subscription at the 's-price cost of $9 for 12 monthly issues.
O Check enclosed. O Bill me.

Name

Orgamzation
Address
City/State 2ip

N N N N N O S N S N B B o o o U
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permits the reset signal to reach the
6800 and you can then recall your 6800
from the “never-never land” it inhabits
after performing a WAI.

I hope this will help anyone who's
been annoyed by his SwTPC not
responding to reset on mysterious
occasions. | don’t know if SWTPC fixed
this on their new MP-A/2 board or not.

William R Hamblen
946 Evans Rd
Nashville TN 37204

PERSONAL COMPUTER
COMMUNICATIONS NETWORK

| was certainly surprised by the
degree of negativity expressed by Donald
Newcomb, commenting on my article
(“Personal Computers in a Communi-
cations Network,” February 1978
BYTE, page 80) in the July 1978 BYTE.
Perhaps some comment is in order.

First, | certainly do not wish to
characterize a distributed communi-
cations network as anything less than
highly complex. However, | do believe
that in principle these complexities can
be solved with a combination of sophis-
ticated software and straightforward
hardware. What makes a problem like
this particulary difficult is that it is not
isolated in the same way that the
development of a language processor or
operating system can be isolated. The
first step in the creation of complicated
software interfacing to a myriad of
systems has to be communication in
generalities. In that spirit | welcome Mr
Newcomb’s comments.

A second large point is made by Mr
Newcomb that such a scheme runs
contrary to the sensible regulation of
the radio spectrum. Again, | acknow-
ledge the difficulties, but | would like to
mention that Dr John deMercado, head
of Canada’s Telecommunication Regu-
latory Service (analogous to the FCC)
and an early developer of ARPA, char-
acterized my article as “forward
thinking” and has solicited my further
opinions. Perhaps regulatory agencies are
not quite as committed to maintaining
the status quo as Mr Newcomb assumes.

On the specific question of “Why not
use the phone?”, 1 believe there are
several responses. First, | agree that the
phone system is fine for well-defined
transfers between two individuals. But,
there is a strong possibility that “Ma
Bell” will soon begin charging data
communications automatically at a
different rate. Further, and this is the
primary point of the article, new types
of network activities will evolve if the
environment is open-ended.

Finally, it is simply not true that
unsupervised transmitters are rarely
approved by the FCC; there are hun-
dreds, if not several thousand, VHF
and UHF repeaters operating in the
amateur bands on a 24 hour basis with
only periodic maintenance. When the
FCC modified its regulations for
commercial broadcasters to allow oper-

ation over a remote control link by
nontechnical personnel, a clear state-
ment was made that the Commission felt
that the technology had progressed to
the point that broadcasters should no
longer be burdened by unnecessary rules.
Yes, it was still possible that there might
be situations where an on site technician
would save the day, but the FCC seemed
willing to take the risk in that case. |
would prefer to think positively about
the matter and hope that the FCC will
view networks as another case where
the benefit can outweigh the risk.

I am not certain that the network
structure | have discussed is workable,
but | do know that it can never work
without a beginning. | am slowly work-
ing toward such a beginning, and | hope
that others will as well.

J eff Steinwedel
715 Reseda Dr, Apt 2
Sunnyvale CA 94087

PERSONAL COMPUTERS REQUIRE
INSURANCE, TOO...

In shopping around for insurance on
my house (renewal due in August), |
discovered that none of three large
insurance firms in this area would
cover—specifically—a personal computer

of any significant value. None of the
three would add any rider or offer any
separate insurance coverage. The general
concensus was that personal computers
were considered no more than “hi-fi”
equipment.

The specific area of insurance on a
personal computer does not affect me
yet since | am just starting to collect the
components for a fairly large system.
Medium to large microcomputer systems
can run from $3 K to $8 K, the price of
a new or nearly new auto.

Auto insurance is commonplace and
there is a good reason for it. Only part
of such insurance is devoted to the auto
itself. Home insurance covers only part
of personal property within a dwelling
and is generally covered as half the
amount of the dwelling itself. With the
increase in overall prices, replacement
of personal property will probably not
cover a system of $3 K or greater. This is
especially true in a household having
expensive relatives such as children.

Perhaps some reader might comment
on insurance for such expensive devices?

Leonard H Anderson
10048 Lanark St
Sun Valley CA 91352

Where there is demand, the market-
place is sure to follow. Here is a niche
for some enterprising underwriter.

adults.

TURN YOUR COMPUTER
INTO A TEACHING MACHINE

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

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

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

our programs.

Circie 307 on inquiry card.

TAPES NOW AVAILABLE FOR THE TRS-80, PET, APPLE Il

SAMPLE OUR SOFTWARE FOR$2.00. Send us$2.00, your name, address, and
type of computer, and we'll send you a tape for your computer with actual samples of

Or circle our number on the reply card for a printed catalog.
Department 200  PROGRAM DESIGN, INC. 11 IDAR COURT GREENWICH, CONN 06830
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REGIONAL BASIC
CONTEST NOTES

Thank you for the nice article in the
July 1978 issue of BYTE about the re-
gional BASIC contest. | would like to
make a couple corrections. First, Scott
Parker is really Scott Porter, and the
second man was Newton B White Jr of
St Louis MO. Mark Grundler, the advi-
sor, was unable to make the trip.

If the truth must be known, it was
Newton, and not Porter, who led the
team. He spent the weekend teaching
BASIC to Scott, a situation which wasa
major handicap to the team's effort.
I am happy to report that next year
Grinnell will be able to field a team of
four BASIC programmers.

White and Porter were members of
Grinnell's FORTRAN team, which took
second in this year's Midwest Regional
FORTRAN contest and competed in the
national FORTRAN contest. The other
two members of the team were Bruce
Albrecht and Steve McKelvey. Both Al-
brecht and McKelvey had strong per-
mances to help the Grinnell team to
a second place in its first outing. An
interesting side note: at the FORTRAN
regional, Porter taught White how to
program in batch FORTRAN. Porter
was a batch FORTRAN programmer and
White was an interactive BASIC (redun-
dant, but anything for a parallel con-
struction) programmer, and both had the

faults of each style. This last summer
White was working in some batch
environments and, likewise, Porter is
working mostly with interactive BASIC.

Since Grinnell is a liberal arts college
without an applied math or computer
science major, it was necessary to go
looking among the other majors for
programmers. The makeup of the team
was a math/philosophy doubte major, a
physics major, and a chemistry/math
major. The blend of that group's
problem solving ability was its major
asset.

Scott Porter

Office of Computer Services
Grinnell College

Grinnell 1A 50112

SOME ACES NEED ENGINEERING

After reading your magazine avidly
for a couple of years we felt we could
write to you and request the assistance
of you and your readers. First a few
words about our aims: the Awareness,
Consciousness and Energy Studies Group
(ACES Group) is devoted to the scienti-
fic study of the various manifestations
and attributes of consciousness. Today
the ‘“‘consciousness explosion’” is well
under way and more and more people
are practicing some sort of technique
to bring about an expansion of their
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awareness. Success becomes apparent
through the subjective experience of joy
and well-being. However, our society
has long been indoctrinated with the
need to provide objective proofs of
every experience. We reasoned, as other
groups have done, that an increase in
awareness or a change in one’s state of
consciousness should have some corres-
ponding effect on the body’s physiology
and therefore be physically detectable.
Research during the last eight years
shows that this is indeed the case. Stress
is apparently the biggest hindrance to
increased awareness. A reduction in
stress shows itself in such ways as an
increase in galvanic skin resistance
(GSR), normalization of the blood
pressure and increased alpha activity of
the brain (to mention but a few). In
order to study the effectiveness of
different methods of reducing stress
the ACES Group has developed its own
equipment. Continuous monitoring of
EEG, GSR, heart rate and body tem-
perature is possible.

The outputs from our present moni-
toring equipment are eight analogue
voltages which we wish to sample at not
less than 100 times per second. This
information should then be passed to
our microprocessors for storage and
analysis. For this purpose we have pur-
chased two processors, one being the
Digital Group Z-80 and the other the
OSI Challenger; both have VDUs, four
digital tape drives and in excess of 20 K
memory.

Our main problem is interfacing the
analogue monitoring equipment to our
processors. Perhaps some of your readers
with experience in analog to digital
conversion could offer us some helpful
suggestions. We welcome contact with
anyone (professional or hobbyist) who
has experience of biomedical monitoring
systems and we are constantly on the
lookout for methods of increasing the
speed of computation. Another problem
we have not yet resolved is that of de-
signing a simple but accurate noninvasive
method of monitoring blood pressure for
use in a nonlab environment. ldeas,
anybody?

Thank you for a most informative
and interesting journal.

Graham Else, lan Wales
ACES Group

Koenigsberger Strafe 10
6107 Reinheim/Odenwald 1
WEST GERMANY

9900 DOWN UNDER

Living as we do on the other side of
the world from where it is all happening
on the microcomputer scene, we depend
very heavily upon what we can read in
the pages of BYTE and the other maga-
zines. We can hardly tell you with what
avid interest each issue of BYTE is per-
used (we get it shipped out to us airmail
in order to get it as early as possible).
Keep up the good work.

We ourselves use TMS-9900 based
equipment, so every mention of this rare
but wonderful beastie in your pages
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Figure 1a: Top view of the read head.

The phototransistor was mounted peek-
ing through some translucent tape which
served as a focusing screen. The entire
assembly was covered on the top and sides
with a cardboard hocd to exclude ambient
light. The block of wood on which the read
head was assembled was attached to two
strips of wood, which were in turn attached

Figure 1b: Read head
assembly for the bar code
reader. The  focusing
screen is made out of
translucent tape.

FOCUSING SCREEN

LIGHTS
LENS

164

October 1978 © BYTE Publications Inc

to a base. This allows us to move the read
head up and down while keeping it level.

The system was focused by moving the
the base plate back and forth. A pair of type
222 prefocused penlite bulbs were mounted
on either side of the lens and angled toward
the bar being read. These bulbs are rated at
2.25 V; when wired in series they ran fine
from the +5 V used for the logic, and drew
250 mA. A strip of ordinary black tape was
wrapped around each bulb to prevent stray
light from reaching the lens.

The Interface

The interface consists of a 500 k trimpot
and a 74C04 CMOS hex inverter, as shown
in figure 2a. Since the input port on our
computer accepts CMOS logic, no further
buffering was required. In order to drive
standard TTL logic, the remaining CMOS
inverters can be used or a transistor and two
resistors (see figure 2b). This interface owes
its simplicity to the high gain of the 2N5777
and the very high input impedance of the
CMOS chip.

Calibration and Use

The calibration and use of this system are
simple. Once physically assembled, the read
head is moved close to the page to be read
and is adjusted to bring the page into focus
on the screen. This requires some experi-
menting at first. The phototransistor is
positioned about 3 inches behind the lens,
which provides a magnification of about 2.
To adjust the sensitivity, focus the head
and then, with the turntable turned off,
turn the platter until the read head faces
plain white paper. Observe the voltage at the
collector of the phototransistor at point
A in figure 2a. With a lot of light from the
white paper on the phototransistor, and the
potentiometer set to its highest value, this
point is pulled low by the transistor. The
potentiometer is adjusted until it just pulls
the line high and then it is backed off just
enough to let the line go low. This completes
the sensitivity adjustment. While spinning
the turntable by hand, you can watch the
output of the transistor alternate. In our
case we had a voltage swing of about 4 V at
point A.

In order to actually read the lines, the
output of the CMOS interface is hooked to a
single bit of an input port on the computer.
The computer then waits for a line to start,
times the light and the dark times, and
decides if the bit is a one or a zero. The
computer program itself is straightforward,
if somewhat long-winded. The computer we
used is an MCM/800 manufactured by Micro
Computer Machines, Kingston, Ontario. The
processor is a discrete bipolar affair that has



the same instruction set as the 8008, with a
few enhancements.

Notes and Conclusions

Because this reader was produced and
documented within a period of 48 hours, we
did not have time to go through many
revisions. From our experiences we gained
a considerable amount of information that
could be applied to the development of an
improved reader.

When we set out to build the reader, we
assumed that the mechanical portion would
be easy and that most difficulties would be
with the electronics. This was not the case.
Although the entire electronic portion of
our reader turned out to be extremely
simple, (it cost under four dollars), it per-
formed flawlessly. We have had no difficul-
ties with it and we do not suggest any
modifications. In one test performed while
checking the reader, we read a single line
255 times without glitches.

The mechanical portions of the reader,
however, could stand some improvements.
Our most serious problem was keeping
the read head focused on the page. The
juice can was not perfectly round, parti-
cularly at the end with the top removed,
and minor variations tended to put things
out of focus at one end or the other of the
line. The can had to be centered exactly
on the turntable or similar problems would
arise. Anyone seriously considering this
approach might use a full unopened juice
can, remove the turntable spindle and glue
the can (after careful centering) to the
turntable.

Probably the weakest link in the design
is the head support mechanism, which we do
not recommend. Given some sort of reason-
ably round support for the page, it would
be nice to have the head permanently
mounted on a slide arrangement so it
could be focused once and then slid back
and forth in front of the page beingread. If
you standardize on a fixed spacing for the
lines, it would be possible to add a detent
mechanism so that the head would stop
only in the middle of lines. [t would be
reasonably easy to add some automatic
method of advancing the head.

We feel we should also mention some-
thing that we discovered in the course of
testing our reader. It applies to bar code
readers of our type and to wands as well. As
Keith Regli points out in his article
“Software for Reading Bar Codes” (Decem-
ber 1976 BYTE, page 18), readers will tend
to read light and dark areas of equal width
as being somewhat different. Our reader was
no exception, and in fact the amount of
bias shifted from one part of the line to

AOINT 4

74C04

TO COMPUTER PORT

P cad 2M5TTT
Figure  2a:  Interface
method for computers
that accept CMOS logic.

another as the focus changed a bit. This
caused quite a bit of jitter in the light time
to dark time ratios, which are, in theory,
what is used to separate 1s from 0s. How-
ever, we also observed something that is of
considerable use: while the light to dark
ratio jittered a lot on our reader, the timing
of a full bit (light time plus dark time) was
very stable. This suggests an improved
software decoding routine in which you can
compare the total time (light plus dark)
for the current bit with the total time of the
previous bit. Since you know if the previous
bitis a 1 or 0, you can determine what this
next bit is by appropriate comparison. This
automatically compensates for the jitter in
the light to dark ratio introduced by the
reader, and also allows tracking on wands
where the time will tend to wander a lot.®
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Figure 2b: Two interface methods for computers that accept TTL logic.
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to conduct, resulting in a logic zero at the
interface input. Those voltages below the
reference (corresponding to black bars)
cause the comparator output to turn off,
resulting in a logic one at the interface
input. The process of using the average of
the peak to peak voltage as the reference
input to the comparator is known as adap-
tive thresholding.

As the line of bar coded data is scanned,
a string of Ts and Os is serially applied to the
10 interface. At this point the software
loader is continually inputting the value of
the parallel interface and testing a specific
bit for 1s and 0s. To optimize the human
engineering aspects of the scanner, an LED
is turned on every time a bar is detected.
Also available, as an option, is a beeper to
signal the operator when a line of bar codes
is scanned successfully.

I mentioned earlier that the transmitted
and reflected light passes either through the
aperture directly or first through a fiber
optics cable. These variations represent a

COMING TO ATLANTA IN
OCTOBER---

BizGomp "78

October 27—29
1 Marriott Motor Hotel, Atlanta, Georgia

Crowds:-Exposure-Sales-
Atlanta,The Computer City Of The South--.
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Plan To Exhibit: reserve Space Now!
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number of scanner models | have designed For Complete :;;%u;g Aszo'fiafes.‘I,ng. sox 735
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ATTENTION COMMODORE PET* OWNERS

HuH] §100 MPA

- ELECTRONIGS (MEMORY + PERIPRERALS ADAFPTER) .

AN S-100 BUS ADAPTER FOR THE COMMODORE PET*

* PLUGS INTO ANY S-100 BUS MAINFRAME

« CONNECTS TO PET VIA RIBBON CABLE (PROVIDED)
* FULL S-100 BUS EMULATION
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the propased IEEE specificabons for the S 100 Bus which insures compatabilly for the widest range of $-100 Bus peripherais, Now you
can easily expand your PET's memary and VO capabitiies.

THE S-100 MPA CAN ALSO BE A STAND ALONE 6502 CPU BOARD FOR THE S-100 BUS

With the adeition of a 6502 chip and 3 few ather components. the S-100 MPA bacomes a stand-alone CPU board for the 5-100
Bus—the only ane ta offer such complete compatability. Just order the Stand-Alone Opion Kit for an additional 549,95,

OTHER HUH ELECTRONICS ACCESSORIES FOR YOUR COMMODORE PET*
The BEEPER— Automatically beeps when cassette LOADS and SAVES are completed. Also can beep under
program control. Just $24,95 + 2.00 shipping. Fully assembled and tested.

The PETUNIA—Music Board that is actually an 8-bit DAC. Our software makes it play up to four notes at once.
Software included. External amp and speaker required. Just $29.95 + 2,00 shipping and
handling. Fully assembled and tested.

The VIDEO—  Allows use of a standard monitor or TV with the PET. Great for classroom or remote viewing.

BUFFER  Designed so that M&R Enterprses SUR'R'MOD Il plugs right on allowing use of Standard TV's.
Just $29.95 + 2.00 shipping and handling. With SUP'R'MOD Il for standard TV's—$59.95 +
2.00 shipping and handling. Assembled and tested.

The COMBO— A Petunia and a Video Buffer ail on one board. You save $10.00! $48.95 + 2.00 shipping and

handing—with SUPRMOD I1I—$79.95 + 2.00 shipping and handling.

ALL HUH ELECTRONICS PRODUCTS ARE AVAILABLE FROM STOCK FROM LEADING
COMPUTER STORES OR FACTORY DIRECT. CALL OR WRITE FOR MORE
INFORMATION.

1429 MAPLE STREET
SAN MATEO, CA 94402
(415) 573-7359
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TRS-30
USERS:

Benefit from the ever
growing body of system particular
mformatlon contained in each issue of
SoftSide “the first magazine written for the
TRS-80 microcomputer.

¢ TRS-80 Hotline sSoftware

Ist.
ISSUE!

¢ BASIC Tutorials Games

e Software Exchange Education

e New Products Business

e Business Ventures Household Appli-
e Gossip cations

And Much More

PREPUBLICATION OFFER
Order now and receive the first 12 months
of SoftSide™ for $10.00 (re. subscription
price, $15.00). To order write:
SoftSide '
PO Box68 Milford, NH 03055
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Free of threats at last, White can move
in pursuit of his goals. White could play
3 R-N7, preparing to position his Rook
behind the passed pawn; 3 K-Q2, bringing
his King toward the center; 3 P-RS, advanc-
ing the passed pawn; or 3 R-R6, to force
the exchange of Rooks. Somewhat arbitrar-
ily, | included in the tree only the two
moves that seemed best. 3 R-R6 forces the
Knight to move. Obviously it should ap-
proach the passed pawn, but it is not im-
mediately clear which square is best. After
3 ... N-K2 4 RxR PxR the assessment is
clear: having two passed pawns in a minor-
piece ending, White should win easily.
There is no need to consider other Knight
moves, because the effect on the evalua-
tion of the position would be too small
to affect White's choice of move in the
initial position.

From this brief discussion we can see
some of the factors that determine the
selection of moves. When there is a defi-
nite threat, it is necessary either to answer
the threat directly or to make a counter-
threat. Otherwise you must decide which
goals are most important and choose the
moves that best advance these goals. When
two moves have similar effects, not much
is learned by including both in the tree,
particularly at a deep level.

We can also see some of the reasons for
terminating a node (that is, choosing not
to expand it). In this example, a node is
terminated when the position can be evalu-
ated sufficiently well or when the previous
move was not forcing and the side to move
has no forcing move that accomplishes
anything. At node 14, for example, it is
already clear that White doesn’t have a won
position, and it follows that one of his
moves must have been a mistake. Thus we
can evaluate the position sufficiently well
(but not accurately: further analysis would
lower the estimated evaluation given in the
figure). At node 5 White has the forcing
move 3 B-K3, but after 3 ... R-R1 his
position hasn’t improved. We consider
these moves but don’t add them to the
tree, because the resulting position is mere-
ly compared with the position at node 5,
not evaluated.

Once the tree is complete, the next
step is to evaluate the terminal positions:

Evaluation — Label each leaf with
the value of the position from the
point of view of the player whose
turn it is to move in the /nitial posi-
tion. Positive values mean the player
has the advantage; negative values
mean the player’s opponent does.
A value of %1 means an advantage
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Figure 3: A routine to choose a move. A ply table (so called because it is
indexed by the ply number, i) is used to choose moves. (A ply is a move on
the part of one player; two plies equal one chess move.) The entries in the ply
table correspond to nodes in the game tree (see figure 2). Each entry contains
three fields: L(i), a pointer to the list of moves selected at each node; M(i),
the move currently being processed; and E(i), the evaluation. Most of the
subroutines are written as functions in order to show which data areas they
use and affect. Only those data areas that play a central role are indicated.
oo refers to a number which is larger than any returned by subroutine VALUE.,
Its additive inverse, —ee is used as the initial value of E(0).
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can be eliminated from the tree without
expanding node 12. Although in this exam-
ple only one branch can be eliminated in this
way, it is an important method for limiting
the size of the “bushier” trees generated by
chess programs.

We have seen that there are three major
aspects of chess reasoning that need to be
analyzed to create a chess program: selec-
tion, termination and evaluation. The
handling of these functions by existing pro-
grams is only a crude approximation to the
human reasoning process. It has proven
particularly difficult to limit the number of
moves considered at each node without
inadvertently eliminating the best move.
Consequently, Chess 4.6 uses no selection or
termination at a depth of less than six plies,
and generates trees with hundreds of thou-
sands of nodes. Even those programs that
exercise some selection generate, in most
cases, trees too large to store in program-
mable memory. Fortunately our procedure

can be reformulated so as to require only a
small part of the tree to be retained in mem-
ory at any time.

The Depth-First Minimax Procedure

A tree can be traversed systematically by
the following procedure:

Start at the root — At each step, move
to the leftmost unmarked son and
mark it. If there is no unmarked son,
move to the father. If there is no
father, stop. (The terms son, father
and brother are analogous to those
in a family tree.)

The depth-first minimax procedure traverses
the game tree in this way, simultaneously
doing the expansion, evaluation and backup.
Storage is required only for one path from
root to leaf and for the brothers of the
nodes on the path.

Figure 3 shows one way to organize the
procedure. The processing is centered on
the ply table, so named because it is indexed
by the ply number i. The entries in the ply
table correspond to nodes in the game tree.
Each entry contains three fields: L{i}, a
pointer to the list of moves selected at the
node; M(i), the move currently being proc-
essed; and E(i), the evaluation. The data
area P contains the board position. As the
tree is traversed, P is modified to show the
position at the current node. At the start
of the routine, the position is as it was
presented to the opponent. The routine
applies the move in location M to the posi-
tion, chooses its move, stores it in M, and
applies it to the position.

The subroutines named in figure 3 are
discussed briefly here and in greater detail
in the following sections. MOVE applies a
move to the board representation P. It may
also update auxiliary information describing
the position. RESTORE simply reverses the
changes made by MOVE. LIST generates the
list of selected moves and places a pointer
to the list in L(i}. If the list is empty, L{i)
is set equal to zero. FETCH moves the first
move on the list to M(i) and advances the
pointer L(i) to the next move. VALUE
places the evaluation of a terminal position
in E(i). BACKUP moves the evaluations
E(i) up the table in accordance with the
minimax rules.

Programs that generate a large tree
generally use a depth-first search and have an
overall structure similar to that shown in
figure 3. The inflexibility of the depth-first
search is a significant disadvantage, though.
For example, suppose that shallow analysis
of the first ply-1 move casts doubt on its
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value. Time might be saved by proceeding at
once to the other moves and returning to the
first move only if they seem no better. But
in a depth-first search, the decision to termi-
nate a variation cannot be changed on the
basis of later information. Consequently,
programs that generate small trees usually
maintain the entire tree in programmable
memory. Then it is possible to skip around
in the tree, expanding those nodes that look
most promising. Although such programs
aren’t structured like depth-first programs,
they perform many of the same functions,
and so the following discussion of the sub-
routines partially applies to them.

The BACKUP Routine

The movement of values up the tree is
controlled by BACKUP, which also prunes

refuted nodes. The procedure is shown in
detail in figure 4. The minimax part of the
procedure manipulates the fields E (i), which
can contain initial values, provisional values,
and final values. The initial values are
—oo for even ply and +oo for odd ply, where
oo is a number larger than any returned by
VALUE. E(i) is always set to the initial
value when the table entry is not being
used. The values produced by VALUE are
final values. Whenever a final value E(i)
appears in the ply table, BACKUP compares
it with the value E(i—1). E(i) replaces
E(i—1) if i is even and E(i—1) is greater than
E(i) or ifiisodd and E(i—1) is less than E(i).
E(i—1) then contains a provisional value. A
provisional value becomes final when the
move list at its ply becomes empty. When-
ever E(1) replaces E(0), M(0) is saved in M.
As a result, M ultimately contains the first
move in the list L(0) that produces a maxi-
mum final value in E(1).

The Alpha-Beta Algorithm

The elimination of refuted moves from
the tree is accomplished by a procedure
called the alpha-beta algorithm. [The alpha-
beta algorithm is discussed in Slagle and

Figure 4: The BACKUP
routine. The lefthand side
of the flowchart depicts
the minimax algorithm, a
method which Is guaran-
teed to choose the best
move provided that the
evaluations of the nodes
in the game tree are
accurate and that the best
move at each node is
included in the tree. The
right side of the flowchart
illustrates the alpha-beta
algorithm, used to
“prune’’ refuted nodes -
that is, nodes which are
known to represent in-
ferior positions. Trimming
the tree in this way re-
duces the amount of infor-
mation  that must be
stored in memory and
speeds up the evaluation
process (see text).
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Search Depth

Number of Terminal Nodes

59

929
1,800
27,900
54,000
837,000

~NO PN

Table 1: Tree size as a function of search
depth (D), assuming exhaustive search and
the maximum possible number of alpha-beta
cutoffs. The branching factor (B) is assumed
to be 30. The number of terminal nodes is
2BP12_7 when D is even and B/P*1)/2
+8(D=1)12_1 when D is odd.

at each node. This number is called the
branching factor or fanout. If D repre-
sents the depth of search, the tree has
BD leaves; the tree grows exponentially
with depth. A typical position might have
30 legal moves, and if no sclection is exer-
cised, the tree will have 27,000 leaves at
a depth of three plics. This is probably
already too large a tree to examine with a
microcomputer in a rcasonable time. We
have not, howecver, yet taken alpha-beta
pruning into consideration.

The effectiveness of the alpha-beta
algorithm depends on how well the move
list is sorted. The greatest possible reduc-
tion in trec size is achieved when the best
move is always first on the list. Table 1
shows the tree size under this condition,
assuming a branching factor of 30. Clearly,
exhaustive scarch beyond six plies is im-
possible for a small computer. To play

Branching Depth of Tactical
Factor Search Skill
31.6 4 Class C
15.8 5
10.0 6 Class B

7.2 7
5.6 8 Class A
4.6 9
4.0 10 Expert
3.5 11
3.2 12 Master
29 13
2.7 14
25 15
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Table 2: Depth of search (D) and tactical
skill as a function of the branching factor
(B). It is assumed that the alpha-beta
algorithm reduces the effective branching
factor to B2!3 and that 10,000 terminal
nodes can be processed. These assumptions
yield the formula B=109/D-

strong chess a microcomputer will have to
use selection. The question is: how much?

To derive a relationship between the
branching factor and the depth of search,
we have to make some assumptions. Let us
assume that we must limit the size of the
tree to 10,000 leaves, and that the alpha-
beta algorithm reduces the effective branch-
ing factor from B to B2/3. Then table 2
gives the desired relationship. Although
much guesswork went into this table, it
seems safe to conclude that an Expert-
level program must be very fast or very
selective.

The TECH Program

How simple can a program be and still
play reasonable chess? The TECH program
was developed in order to answer that
question. 1t would be a good model to fol-
low if you want to have a running program
in the shortest possible time. Despite its
simplicity, or perhaps because of it, TECH
placed higher in computer chess tournaments
than some of the more complicated pro-
grams. It is good enough to defeat only
inexperienced human players, but that is
true of most programs. For the newcomer
to chess programming, the design of a TECH
type program would be a good way to gain
experience.

TECH considers all moves to a fixed
depth, beyond which it considers only
captures. The evaluation of terminal posi-
tions is based only on material. Hence there
is no need for a VALUE routine; the evalua-
tion is computed on the run whenever cap-
tures occur. When the program has an
advantage of two pawns or more, it reduces
the value of its own pieces slightly so that
exchanges are favored. TECH sorts moves
for two purposes: to increase the frequency
of alpha-beta cutoffs, and to bring factors
other than material to bear on the choice
of a move. At ply 2 and lower, captures
arc considered first and the killer heuristic
is used. The positions at ply 1 are assigned
a rating that includes such factors as the
number of legal moves, the advancement
of the center pawns, and the proximity of
the pieces to the center, to the enemy King,
and to passed pawns. The program expands
the ply-1 nodes in descending order of the
rating, which thus breaks ties in the backed-
up evaluation.

Becausc TECH does very little proc-
essing at each node, it is able to generate
a relatively large tree. Cutoffs are frequent;
basing the evaluation only on material
cnsures that the alpha-beta comparison will
often give an equal result. The ply 1 rating
procedure could be made more claborate















Our knowledge in these matters is based
on the early work of Binet in France and
that of de Groot in Holland and on more
recent investigations by other scientists in
the USSR and the United States. In the late
nineteenth century, Binet was surprised
to discover that masters did not have a vivid
image of the board when playing blindfolded
chess. Instead, they seemed to remember
positions in abstract terms such asby specific
relations among pieces. Interviews with
masters clearly indicated that a photographic
memory was not a prerequisite for being
able to play many simultaneous games of
blindfolded chess. In the 1930s and 1940s,
de Groot worked with a number of strong
chess players (from Grandmasters to strong
club players) and had them verbalize their
thought processes while selecting a move in
a complicated position. His research indi-
cated that the Grandmasters’' general ap-
proach was highly similar to that of weaker
players. They analyzed a similar number of
moves (about four) from the initial position,
a similar number of total moves (about 35),
made a similar number of fresh starts (about
six), and calculated combinations to the
same maximal depth (about seven plies or
half-moves, where a move is defined as a
play by one side and a response by the
other). The only clear measurable difference
was that the Grandmasters invariably chose
the strongest move while the weaker players
did not. Thus de Groot concluded that
Grandmasters play better chess because they

pick better moves. Unfortunately, this con-
clusion is not very informative since it is
obviously circular. The fact that de Groot's
extensive study did not uncover any promi-
nent differences in the move-selection strate-
gies used by strong and average players im-
plies that the analysis procedure itself is not

the critical factor which determines chess
skill.

An important clue to the difference be-
tween skilled and unskilled players was
discovered by de Groot when he displayed
an unfamiliar chess position to his subjects
for a few seconds and then asked them to
recall the position from memory. He found
that masters recalled almost all the pieces
while club players remembered only about
half of them. Recent work in this country
by Chase and Simon at Carnegie-Mellon
University has indicated that novice players
recall only about a third of the pieces.
Chase and Simon also added an important
control procedure. They demonstrated that
the differences in recall ability completely
disappear if the pieces are positioned
randomly. This outcome indicates that the
superior memory of the chess master is
chess-specific and not a general trait.

Simon and Gilmartin have proposed that
skilled chess players learn to recognize a
large number of piece combinations as
perceptual chunks and perform well in the
recall task because they remember four or
five chunks rather than four or five pieces
like the novice. If the average chunk size is

Artwork by K N Lodd

ing.

De Groot’s “law’ of chess
is that Grandmasters play

better chess simply be-
cause they pick better
moves.

October 1978 © BYTE Publications Inc

183



three to four, the skilled player will recall
16 to 18 pieces.

On the basis of this analysis, skill in chess
depends on a learned perceptual ability
which is highly similar to that acquired
by every schoolchild as he or she slowly
builds up a large repertoire of words.
Initially the child learns to read each word
character by character and often does not
understand the meaning of the word. The
novice chess player perceives the chess-
board in a similar way, assessing a position
piece by piece and failing to recognize the
meaning of common piece configurations.
The adult reader recognizes words and
phrases as basic units (chunks) rather than
individual characters and has a recognition
vocabulary of approximately 50,000 words.
The skilled chess player, in a similar vein,
recognizes a very large number of piece
configurations (chunks) and understands
what they imply both individually and in
combination,

The critical aspect of move selection
occurs in the first few seconds of the task.
Based on his asscssment of the position,
the skilled player immediately recognizes
appropriate long-term and short-term goals
and has a good fcel for the specific moves
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which are compatible with these goals. For
this reason, only two to four moves on the
average are given serious consideration. The
difference between the Grandmaster and
the expert lies in the fine distinctions which
are made in the first few seconds of their
analysis. Skilled chess players can play a
remarkably strong game when they are given
only five seconds for each move. In this
short time, it is not possible to make a
careful analysis of many different continua-
tions. The player must have an “instinctive”
feel for the correct move and be able to
recognize key features and to understand

both their immediate and long-term
implications.

Human chess skill, therefore, is based on
two highly refined capacities, pattern

recognition and rapid information retrieval.
The latter ability depends on the fact that
human memory is content-addressable rather
than location-addressable like that of a
computer. Computer systems often have to
search for a specific item of information in
memory by conducting an exhaustive,
linear search of an entire file. Human
memory however is organized in an amaz-
ingly complex fashion such that most of us
can easily recall a specific fact on the basis
of a completely novel retrieval cue. For
example, name a flower that rhymes with
nose. In this case, your quick response
demonstrates that words are grouped to-
gether on the basis of their phonetic similar-
ity (ie: sound). Your ability to quickly recall
words which are similar in meaning to the
word fat (such as obese, chubby, rotund,
flabby, plump and stout) demonstrates
that human memory is also organized by
semantic similarity (ie: meaning). When a
person is given a retrieval cue which does not
elicit an immediate response, he or she can
usually find the correct information after a
brief search of related ideas or concepts.
This facility contrasts sharply with the
extremely limited linear searches which are
generally conducted with large computer
based storage systems. Even sophisticated
computer retrieval strategies which arrange
the data base in multilinked lists with
elaborate tree structures presently lack
the large system efficiency displayed by
their biological counterparts,

Pattern recognition and rapid information
retrieval are not only key capacities for
chess, but are also essential for a wide
range of important human problem solving
skills. Whether your field is medicine,
engineering, plumbing or computer program-
ming, you would be a complete failure at
your job without these essential abilities.
Jastrow’s claim that machine intelligence
will soon equal man’s intelligence seems to






The superior memory of
the chess master is chess-
specific and not a general
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trait.
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The Type B Strategy

One of the difficulties of this approach is
that a complete analysis of all possible
continuations (type A strategy) very rapidly
leads to an overwhelming number of poten-
tial positions. The look-ahead tree grows at
an exponential rate and with an average,
according to de Groot, of 38 legal moves at
each position, a search involving three
moves (three half-moves for each player)
produces over 3 billion (38%) terminal
positions. You may recall that de Groot's
research indicated that human players
regularly searched a tree to seven plies and
sometimes much deeper. Because of this,
Shannon concluded that it would not be
possible for the machine to consider all
possible legal continuations at each rode
of the game tree. Instead, he proposed a
type B strategy in which only reasonable
(ie: plausible) moves are pursued at each
branching point. If the program considered
only five continuations at each node in-
stead of all 38, a 6 ply look-ahead would
involve only 15,625 (56) terminal positions.

The attractiveness of the type B approach
seems overwhelming when the number of
terminal positions increases exponentially
with depth. The fact that skilled human
players explore only a limited number of
continuations at each choice point is addi-
tional evidence which favors the adoption
of this strategy. It is not surprising, there-
fore, that most programmers have used
Shannon’s type B strategy in designing a
chess program.

Sometimes our understanding of the real
world, however, is not always as accurate
as we presume. In selecting a type B

strategy in preference to a type A strategy,
the programmer does not necessarily sim-
plify the problem. This approach was
competently implemented in 1967 by
Greenblatt at MIT. His program played
reasonable, and at that time, fairly impres-
sive chess. The major design problem in a
selective search is the possibility that the
look-ahead process will exclude a key move
at a low level in the game tree. The failure
to consider an important move can lead
to a very serious miscalculation. A chess
game can be lost by a single weak move.
For this reason, it is of critical importance
that a necessary move not be missed. The
type B programs place a critical dependence
on the accuracy of their plausible move
generator. Chess is an extremely complex
game and in many situations a move which
at a superficial level seems unlikely, is, in
fact, the best one. Grandmasters find
these moves while lesser players, including
machines, fail to see them. For a decade,
several dozen individuals have tried to
create a plausible move generator that is
superior to Greenblatt’s. The evidence is
fairly clear, however, that type B programs
have improved very little since 1967.

As strange as it may seem, recent pro-
gress in computer chess has come by aban-
doning the type B strategy. Shannon’s
logical analysis was made in a ‘“stone-age”
hardware environment and without know-
ledge of several important algorithms.
Today, the type A strategy is not as ridic-
ulous as it seemed in 1950. In addition,
very few individuals anticipated the immense
difficulty involved in constructing a com-
petent plausible move generator. To become
a chess master, a man has to study chess
intensively (20 hrs or more a week) for at
least 5 years. During this time he acquires an
immense amount of detailed knowledge
about the game of chess. Subtle features of
a particular position are recognized immedi-
ately and suggest both short-term and long-
term goals as well as specific moves. This
kind of knowledge is sufficiently abstract
that most players find it impossible to
verbalize the relevant thought processes.
The one factor which stands out clearly,
however, is that the chess master has
acquired a tremendous library of factual
information which can be retrieved quickly
and applied in apparently novel situations.
No chess program has been able to duplicate
this facility and, without it, the creation of
a workable plausible move generator is next
to impossible.

When a type A strategy is employed,
however, this problem can be bypassed. By
making all the moves plausible, the program
never overlooks a subtle but important one.
In fact, by reverting to a brute force search



of all possible continuations, the program
often finds interesting combinations that are
commonly missed even by strong human
players. It seems ironic that the brute force
approach (full width searching) produces
many more brilliant moves than the smart
approach (selective searching). This impor-
tant discovery was made independently by
Slate and Atkin at Northwestern (the au-
thors of the current world champion chess
program, Chess 4.6) and by the Russian
KAISSA team.

Minimax and the Alpha-Beta Algorithm

Slate and Atkin's work has demonstrated
that a full width search can be conducted
considerably more efficiently than anyone
had previously suspected (including Slate
and Atkin; see references). There are a num-
ber of important developments which are
responsible for this reassessment. The most
important discovery was made in the late
1950s by Newell, Shaw and Simon as well
as by Samuels. Because of the basic logic
underlying a minimax search, it is not neces-
sary to search the entire look-ahead tree
before selecting the best move. Consider a
simple 2 ply search (one move for you and
one for your opponent). First you examine
one of your possible moves and the 38 or so
terminal positions which result from each
of your opponent’s legal replies. You select
the one reply which is best, according to
your evaluation function, for your opponent
{ie: the one which minimizes your own
maximum potential gain). Next, you con-
sider a second move for yourself and the 38
or so replies that your opponent can make
to this move. In considering these moves,
vou discover that the third reply you ex-
amine would give your opponent a better
outcome than his best reply to your first
candidate. Immediately you realize that it
is a complete waste of time for you to ana-
lyze any more of his replies to your second
candidate. Since you are already guaranteed
a worse position after the second move than
after the first, it is reasonable to reject the
second one and turn to your third candidate.
This decision eliminates the need for eval-
vating 35 of the potential replies to your
second candidate. A very tidy savings.

Historically, the score for the best move
so far for White has been designated as a and
the score for the best move so far for Black
has been called 8. Thus the name alpha-beta
(e—B) algorithm. When the tree is both wide
and deep, this algorithm can reduce the
number of terminal nodes to a small fraction
of the number which would be examined by
a complete minimax search. The beauty of
this procedure is that it always produces the
same result as the full minimax search.

An important factor in determining the
efficiency of the alpha-beta algorithm is the
order in which the moves are examined. If
White's best moves and Black’s best replies
are considered first at each choice point, the
search of the uniform game tree of height h
(number of plies deep) and width d (number
of successors at each node) will involve ap-
proximately 2:d"/2 terminal positions in-
stead of dM" (see references, Knuth and
Moore). The potential magnitude of this
saving can be appreciated by considering
our previous example with a 6 ply search:
386 is more than 3 billion while 2 X 383 is
about 110,000. Shannon might have given
more consideration to the type A strategy if
he had been aware of the alpha-beta algo-
rithm and some of the other technical im-
provements which were to follow.

General Strategy

To maximize the benefit of the alpha-
beta procedure, it is necessary to devise an
efficient strategy for generating the moves
at each node in an order which is likely to
produce a cut-off, such that searching
can be terminated at that node. There are
several general heuristics which have proven
their value time and time again. One is
extremely simple and powerful: try captur-
ing moves first, Because a full width search
includes many ridiculous moves, a reply
which involves a capture will often remove
a piece which was ‘‘stupidly’ placed en prise
(ie: attacked and insufficiently defended).

P-K4
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3 6
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Figure 1: Portion of a game tree for the opening game in chess. Square nodes
indicate that White is to play,; round nodes that Black is to play. Techniques
such as alpha-beta pruning and minimax strategy are used to optimize the use

N-QB3

N-XB3
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Captures also have the beneficial effect of
reducing the number of potential offspring.
An additional important characteristic of a
capturing move is that it will generally have
to be examined sooner or later in order to
insure the quiescence of the terminal posi-
tion, Because of this, every capture that is
examined early generally reduces the
amount of work which will have to be done
later. In practice, investigators have re-
ported a speed-up in search time of as much
as 2 to 1 by simply putting all the captures
at the beginning of the move list.

In addition to captures, there is another
class of moves which is also effective for
producing cut-offs. These are called &illers
because they are moves which have pro-
duced cut-offs in the immediate past and
have been specifically remembered for that
reason. A short list of killers is maintained
by the program and whenever the legal
capturing moves fail to produce a cut-off,
each of the killers (if legal in the given
position) is then examined. This killer
heuristic is quite effective in producing a
move order which enhances the probability
of a quick cut-off.

The general features of the alpha-beta
algorithm and its important servants, the
capture and killer heuristics, were reason-
ably well-known late in the 1960s. In recent
years, several important refinements have
been added to this list. One of the most
important is the staged or iterative alpha-
beta search. For example, instead of con-
ducting a 5 ply search all at once the search
is done in stages, first a 2 ply search, then a
3 ply search, then a 4 ply search, and
finally a 5 ply search. Superficially this
might appear to be wasteful since the staged
search requires the full 5 ply search eventu-
ally anyway. This is not at all the case. As
each search is completed, the principal
variation (best moves for each side at each
depth) is used as the base for the next (1 ply
deeper) search. The 3 ply search therefore
starts with a move at ply 1 and a reply at
ply 2 which has already been proven to be
reasonable (from the machine’s limited
perspective). The 4 ply search starts with
reasonable moves at its first three plies.
The 5 ply search has the benefit of reason-
able moves at its first four plies. Because
the efficiency of the alpha-beta algorithm
is tremendously sensitive to move ordering,
the spill-over in information from one
iteration to the next has a surprisingly
powerful effect. A single 1 stage 5 ply
search might require 120 seconds of proces-
sor time. The last segment of the staged
5 ply search might require only half as much
time (ie: 60). Since each iteration requires
about five times as much processor time
as its predecessor (the exponential char-





http:each-1.50

190

October 1978 © BYTE Pubiications Inc¢

techniques which fall in this category. One
of these is called incremental updating. In
order to make an evaluation of a node, it is
necessary to have certain key facts available,
such as which squares are attacked by each
piece, which pieces are present, etc. This
information can be newly calculated at each
terminal node or can be incrementally
maintained by updating the appropriate
tables as the tree is generated during the
search. This latter procedure is more com-
plex to program but tremendously more
efficient in terms of computing time because
neighboring terminal positions are highly
similar. They usually differ in respect to
only a single piece, and therefore the up-
dating procedure requires about 10 percent
of the computations that would be ex-

pended if the evaluation data base were
recalculated from scratch for each evaluation.

A second refinement in this category is
the use of serial organization in the eval-
uation function. In order to assess the relative
merit of a chess position, most programs
place heavy emphasis on the material bal-
ance (ie: the relative number of pieces for
each side). This tradition is founded on the
idea that winning or losing is strongly
correlated with being ahead or behind in
material. An additional rationale is that this
information is readily available and easily
updated.

In most programs material factors are so
dominant that the other evaluation terms,
such as mobility, pawn structure, King
safety, area control, etc, taken together
almost never account for more than two
pawns. Because of this, it makes sense to
compute the material balance factor first
and then determine if the result is within
two pawns of the target value. If not, there
is no need to assess the other factors,
because the final decision will be independent
of their value.

This simple idea encourages one to organ-
ize the evaluation function in strict serial
order such that influential (heavily weighted)
terms are analyzed first and the result ex-
amined to see if a decision is possible based
on this initial information. If not, the next
most influential term(s) are examined and
another determination is made. This process
is repeated until an escape condition occurs
or until all terms have been examined. In
most cases, the evaluation will be terminated
long before the list of potential terms has
been exhausted. This technical refinement
can save a significant amount of time,

A third procedure for speeding the eval-
uation process is to remember past evalua-
tions. For instance, one should avoid re-
assessing the same position two or more
times. In chess, there are many pathways by
which one can reach identical positions. In a
3 ply sequence in which the middle move
remains constant, for example, the first and
third moves can be interchanged and the
resulting position will be the same. Trans-
positions such as this occur frequently in the
end game where the King may have literally
hundreds of 4 move pathways that end on
the same square. Rooks, Bishops and Queens
also have a special facility for reaching a
particular destination square in multiple
moves rather than in one or two.

A full width search (ie: type A strategy)
greatly accentuates this foolishness. By
creating a large table of past positions which
have been already evaluated, and using a
hashing procedure to check if the present
position is in the table, the programmer can
completely eliminate a portion of the eval-



vation effort. In most middle game posi-
tions, this technique will produce a 10 to 50
percent saving. In certain end game posi-
tions, however, the transposition table can
eliminate more than 80 percent of the
evaluation effort. This idea seems to have
been implemented first by Greenblatt in
1967.

An extension of this idea is to use the
table to store likely moves as well as
evaluations. By remembering a move which
previously produced a cut-off, the table can
facilitate move ordering decisions. In add-
ition, the use of the same reply at a familiar
position may have the added benefit of
increasing the number of transpositions
which will be encountered at later nodes.
Additional details on the use of a trans-
position table are discussed in chapter 4 of
Chess Skill in Man and Machine.

One of the most difficult challenges for a
chess program is the end game. A machine
which calculates a move for each position
has difficulty competing with humans who
“know’’ the correct move on the basis of
their own or someone els.’s past experience.
There are a huge number of end game sit-
uations in which a specific and highly tech-
nical strategy isrequire 1. Strong chess players
study these intricacies at great length and use
this knowledge at the chessboard to avoid
unnecessary calculations. For example, a
King and a pawn against a lone King is a
win in some positions, and a draw other-
wise. The same is true for a King and two
pawns against a King and a pawn. If a Rook
or minor piece is added to each side, the
situation changes dramatically. Unfortu-
nately our present day programs are obliv-
jous to these subtleties. For this reason they
can find the correct move only by engaging
in prodigious calculations. Their human
counterpart, on the other hand, ‘“‘knows”
the correct move after a cursory glance at
the position.

Newborn {see references) has introduced
a useful technique for reducing this knowl-
edge gap. The main idea is to categorize
familiar end game positions as wins or
draws. Many games end with a King and a
pawn fighting a lone King. Skilled players
usually terminate the contest before it runs
its inevitable course because the outcome is
not in doubt. Newborn has shown that it is
feasible, taking advantage of the symmetries
of the chessboard, to make a bit map that
indicates either a win (1) or a draw (0) for
each potential square on which the lone
King might reside for each of the potential
locations of the opposing King and pawn.
This knowledge can be encoded in approx-
mately 300 bit boards of 64 bits each
(see chapter 5 of Chess Skill in Man and
Machine).

Although a tremendous amount of work
and chess knowledge is required to complete
this task, the end result is well worth the
effort. When a position involving two Kings
and a pawn is encountered anywhere in the
look-ahead tree, it can be immediately
scored with 100 percent accuracy as a win
or a draw. This extends the look-ahead
horizon of the program by as much as 12 to
15 plies for these specific situations, and
eliminates all the tree searching effort which
would normally be required. Furthermore, it
permits accurate evaluations at the end
points of a deep search, which allows the
program to select a continuation which leads
to a favorable end game. [f this approach
were extended to a wider range of situations,
the machine’s present knowledge deficit
with respect to the end game would be
greatly reduced.

These programming refinements, together
with rapid hardware advances, have made
the Shannon type A strategy feasible if not
particularly elegant. For this reason it is
possible to program a machine to play a
game of chess which is free of gross blunders
and which sometimes even contains an
innovative move or two. Although this
approach is clearly not a final solution, it
does provide a solid base which can be used
as a reliable starting point for future
developments.®
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SOFTWARE

Palo Alto Tiny BASIC Extended for
North Star

California Softwarehas made available
Palo Alto Tiny BASIC Extended (PATB)
for use with the North Star DOS. Ac-
cording to the firm, all save and load
functions are available for disk storage
and loading of programs. Programs are
said to be automatically sized, typed and
saved without leaving PATB, even the
disk directory can be accessed while
still in PATB. The extended version of
the software allows string handling along
with other advancements. Although
originally designed as a memory saving
interpreter, it provides an alternative
language of North Star users at an
affordable price. The product is available
on diskette for $30 (plus 6% sales tax for
California residents), including user’s
manual. Contact California Software,
POB 275, El Cerrito CA 94530.m

Circle 605 on inquiry card.

Software for North Star Disk Systems

The following software programs
have been announced for the North Star
Micro-disk System: Maillist is a general
purpose mailing label program. It is said
to be capable of producing formatted
lists for tractor fed or Xerox type labels.
Maillist will also sort lists for any field,
name, address, city, state or zip. DOS
In-Out Driver Version 4.0 is designed to
set up mapped memory video boards
with its driver located at C700H and a
terminal at port 1. Register is a flexible
cash register and inventory control
program which records transactions,
writes sales receipts and flags items
which fall below prespecified reorder
quantities. Prices are $39.95 for Mail-
list, $12.95 for [n-Out Driver, and
$299.95 for Register. Contact Alpha
Data Systems, POB 267, Santa Barbara
CA 93102.m

Circle 606 on inquiry card.

Star Wars Simulation Now Available

194

The Star Wars simulation game, an
adaptation of the end of the movie
battle against the Death Star, is a real
time simulation. Under player control,
ships move in three dimensions to create
a realistic simulation of actual space
flight. Objects increase in size as the
ships approach and diminish as they
pass. Weapons, deflector screens, and a
directional control joystick are imple-
mented in each ship. Ships of the rebel
forces must pass through Imperial de-
fenses and Tie-fighters to enter a channel

October 1978 © BYTE Publications Inc

on the Death Star.

The game requires the high density
graphic display provided by Objective
Design’s programmable character genera-
tor. Written in 14 K bytes of 8080
assembly language, the program code is
offered on Tarbell and CUTS tape. Game
rules and instructions for assembling the
required ship control boxes are included
in the total price of $7.50. The game is
available from Objective Design Inc,
POB 20325, Tallahassee FL 32304.m

Circle 607 on inquiry card.

Air Conditioner Selection
Program in North Star BASIC

An Air Conditioner Selection Program
(ACSP) written in North Star BASIC has
been developed by HSC Computer Ser-
vices Ltd, POB 43, Brooklyn NY 11236.
The package allows the calculation of
the necessary capacity of an air condi-
tioner in BTUs per hour, taking into
account the heat gain through windows,
walls, ceiling, floor, electrical equipment,
number of people in room and heat loss
through doors and arches. The program
applies a correction factor depending on
locality in the United States. Also avail-
able are North Star error messages and
their meaning.

Price of the ACSP package on dis-
kette with a user manual is $19.95, and
the North Star Error Message Summary
is $5.m

Circle 809 on inquiry card.

SOLOS Tied to North Star DOS and
BASIC

Microcomputer Resources Inc has
announced a software package which is
said to tie the North Star disk operating
system (DOS) and Nbrth Star BASIC
to the SOLOS 1O routines and allow
the use of the CUTS tape 10 port for
archive ‘storage of data. The tape rou-
tines are accessed as 10 devices. The
cursor control keys on the SOL are
interfaced to BASIC, allowing most
edits in the line editor without the
use of control keys. The package is
said to allow the user to list the direc-
tory of a disk while in BASIC. Docu-
mentation for the software is included
on the disk.

The package sells for $10 for the
diskette and program, and a $2 shipping
and handling charge. Contact Micro-
computer Resources Inc, 3000 Medical
Park Dr, Suite 107, Tampa FL 33612.=

Circle 610 on inquiry card.

PDP-8 Simulator for 8080

The Simul8torissaidto be a complete
PDP-8 simulator for the 8080. Simul8tor
enables 8080 owners to utilize the
thousands of PDP8 programs available
both commercially and through the
Digital Equipment Corporation User’s
Society (DECUS). DECUS software such
as ALGOL, BASIC, FOCAL, SNOBOL,
FORTRAN, LISP, assemblers, editors,
debuggers, floating point, etc, is readily
available. The .simulator is available in
two formats: Intel paper tape and
Intel Tarbell cassette. It comes com-
plete with a user's manual, PDP-8 pro-
gramming  tutorial, PDP-8 loader,
DECUS library information, and a source
listing of its 10 routines for users who
wish to modify them. Prices are: one to
three, $20 each; four to ten, $18 each;
and 11 and up $15 each. Discounts
may be applied to any format combina-
tion. Add $3 for each cassette ordered.
Contact The Amide Corp, POB 600, Sag
Harbor NY 11963.m

Circle 608 on inquiry card.
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“Smart” VIDEO BOARD
KIT At A “Dumb” Price!

A VIDEO BOARD + A MEMORY BOARD + AN I/O BOARD — ALL IN ONE!

® STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR 1.C.
& NUMBER OF 1.C.s REDUCED BY 50% FOR HIGHER RELIABILITY = MASTER PIECE
OF ENGINEERING ® FULLY SOFTWARE CONTROLLED

SPECIAL FEATURES:
S-100 bus compatible
Parallel keyboard port

On board 4K screen memory
(optional)* relocatable to main
computer memory

Text editing capabilities (soft-
ware optional)

Scrolling: up and down through
video memory

m Blinking characters
8 Reversed video
& Provision for on board ROM

CRT and video controls fully
programmable (European TV)

8080 SUPPORT

m Programmable no. of scan lines
® Underline blinking cursor

® Cursor controls: up, down, left,
right, home, carriage return

s Composite video

*Min. 2K required for operation of this board.

DISPLAY FEATURES:

m |28 displayable ASCII charact-
ers (upper and lower case alpha-
numeric, controls)

®m (4 or 32 characters per line
(jumper selectable)

m 32 or 16 lines

(jumper selectable)
B Screen capacity 2048 or 512
m Character generation:

7 x 11 dot matrix

CPU
$7.75

RAM-2114

1Kx4

450ns
$8.00

ASCII KEYBOARD KIT

Additional Improvements: Double Size Return Key

$199.95

Priced at ONLY Basic Software Included

OPTIONS:
Sockets

2K Static Memory
(with Sockets)

4K Static Memory
(with Sockets)

Complete unit, assembled
and tested with
4K Memory

Basic software on ROM .
Text editoron ROM . . ..

$45.00

$90.00

$335.00
$20.00
$75.00

DEALER
INQUIRIES WELCOMED

$74.00

WIRE WRAP WIRE
KYNAR 28 AWG
$2.95/100 Feet 5000 mfd 60VDC
Blue, Red, White $1.50

EDGE CONNECTOR WIRE WRAP PINS
44 Pin $1.25 — 72Pin $1.75 — 100 Pin (S5-100) $5.45

MISC. IC’s CMOS LINEAR
DM8810  3/§1 6/$1.00 I1.Cs
DM8210 $2 ea. 2/$1.70 [LM320K-5 .99

NBTIS  §1ea 4/$1.00 [LM320-12 99

9024  2/$1.50
93L08 $1./50ea. 5/$1.00 [LM709N  11/$1
LM710H  6/$1

93L09 2/$1.50
93L24 $1 ea. LM711H  6/$1
LM741M  7/81

Computer Grade
Capacitors

GROUNDED
A.C. CORDS

6Fu. S1.19

Control Characters Molderd on Key Caps
Power: +5V 275mA OPTIONS:
Upper and Lower Case L
Full ASCII Set Blue and White
7 or 8 Bits Parallel Data ~ ® 18 PinEdge Con.

Optional Serial Output ® LC. Sockets
= Serial Qutput Provision
(Shift Register). $ 2.00

Strobe Pulse Width »  Upper Case Lock Switch for
2 Key Roll-Over Capital Letters and Nos. $ 2.00

3 User DEfineable Keys Assembled (on Sockets)
/S and Tested

Metal Enclosure Painted
$27.50

$ 2.00
s 4.00

Selectable Positve or

Transistors
Negative Strobe, and

& Diodes

2N3906  7/81
2N3300  9/3]
IN4403 9/l
IN2222A  4/51
IN4003

4011
4022
4023

4071 $90.00

3
{6l/$ P.C. Board Size:
14/8 17-3/16"x 57

SCR 400V
4A.TO2208 80

APPLE II I/O BOARD KIT

Plugs Into Stot of Apple II Mother Board

SHIPPING: Keyboard and Video Board: $3.50; ot 125
California residents add 6% sales tax

ELECTRONICS WAREHOUSE Inc.
1603 AVIATION BLVD.
gm#® REDONDO BEACH, CA. 90278
TEL. (213) 376-8005

WRITE FOR FREE CATALOG
Minimum Order: $10

18 Bit Parallel Output Port
(Expandable to 3 Ports)

1 Input Port

15SmA Output Current Sink
or Source

Can be used for peripheral
equipment such as printers,

floppy discs, cassettes,
paper tapes, etc.

1 free software listing for
SWTP PR40 or IBM selectric

PRICE:
1 Input and 1 Output
Port for $49.00

1 Input and 3 Output
Ports for $64.00
Dealer Inquiries Invited

Circle 130 on inquiry card. BYTE October 1978
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS, LEDS, etc.
1N914 100v 10mA .05 8-pin pcb 20 ww .35 %mggg; l:PIF\,I (2N2222 Plastic .10) .15
1N4N05 600v 1A .08 14-pin  pcb .20 ww .40 IN36  PNP (Plastic - Unmarked) 10
1N4007 1000v 1A .15 16-pin pcb 20 ww .40 2N3904 NPN (Plastic - Unmarked) 10
1N4148 75v 10mA .05 18-pin  pcb .25  ww .75 2N3054  NPN 35
1N4733 5.1v 1 W Zener .25 22-pin  pcb .35 ww 95 2N3055 NPN  15A 60v 50
1N753A 6.2v 500 mW Zener .25 24pin  pcb 35 ww 95 i aroen, o Clog " ynaton k!
1N758A 10v " .25 28-pin  pcb 45 ww 1.25 D.L.747 7 seg 5/8" High com-anode 1.95
11'\\1;239 1§v o .25 40-pin  pcb 50 ww 1.26 MAN;% o ; seg com-anoge }ged) ) 1%2
" . MAN361 seg com-anode (Orange .
}N5244B 14‘\: " :gg Molex pln.S .01 To-3 Sockets .25 mﬁmgzﬁ ;Seg com_antor?ed(y(;“o:v;,) :Il.gg
B seg com-cathode (Re .
1N52458 15v " -25 2 Amp Brlc?ge 100-prv 95 FND359 7 seqcom-cathode (Red) 125
25 Amp Bridge  200-prv 1.95
C MOS - TTL -
4000 .15 7400 .10 7473 .25 74176 .85 74H72 .35 745133 .40
4001 .15 7401 .16 7474 .30 74180 .55 74H101 .75 745140 R15)
4002 20 7402 .15 7475 .35 74181 2,25 74H103 .65 7451561 .30
4004 3.95 7403 .15 7476 .40 74182 .75 74H106 .95 745153 .35
4006 .95 7404 .10 7480 .55 74190 1.25 745157 .75
4007 .20 7405 .25 7481 .75 74191 .95 74100 .25 745158 .30
4008 .75 7406 .25 7483 .75 74192 .75 74L02 .20 745194 1.05
4009 .35 7407 b5 7485 .55 74193 .85 74L03 .25 745257 (8123) 1.05
4010 .35 7408 .15 7486 25 74194 .95 74L04 .30
4011 .20 7409 .15 7489 1.05 74195 .95 74L10 .20 741.500 .20
4012 .20 7410 .16 7490 .45 74196 .95 74L20 .35 74L.S01 .20
4013 .40 7411 .25 7491 .70 74197 .95 74L.30 .45 741502 .20
4014 .75 7412 .25 7492 .45 74198 1.45 74147 1.95 741504 .20
4015 .75 7413 .25 7493 .35 74221 1.00 74L51 .45 741505 .25
4016 .35 7414 .75 7494 .75 74367 .75 74155 .65 74LS08 .25
4017 .75 7416 .25 7495 .60 74172 .45 741.S09 .25
4018 .75 7417 .40 7496 .80 75108A .35 74173 .40 74LS10 .25
4019 .35 7420 .15 74100 1.15 75491 .50 74L74 .45 74L511 .25
4020 .85 7426 .25 74107 .25 75492 50 74L75 55 741520 .20
4021 .75 7427 .25 74121 .35 74193 .65 74LS21 .25
4022 75 7430 .15 74122 .55 741123 .85 74L.522 .25
4023 .20 7432 .20 74123 .35 74H00 .15 74L.532 .25
4024 75 7437 .20 74125 .45 74H01 .20 74500 .35 741537 .25
4025 20 7438 .20 74126 .35 74H04 20 74S02 .36 741538 35
4026 1.95 7440 .20 74132 75 74H05 .20 74503 .25 741.540 .30
4027 .35 7441 1.15 74141 .90 74H08 .35 74504 .25 741542 .65
4028 75 7442 .45 74150 .85 74H10 .35 74S05 .35 74L.551 .35
4030 .35 7443 .45 74151 65 74H11 .25 74508 .35 741574 .35
4033 1.50 7444 .45 74153 .75 74H15 .45 74510 .35 741.586 .35
4034 2.45 7445 .65 74154 .85 74H20 .25 74511 .35 741590 .55
4035 .75 7446 .70 74156 .70 74H21 .25 74520 .25 741593 b5
4040 .75 7447 .70 74157 .65 74H22 .40 74540 .20 74L5107 40
4041 .69 7448 .60 74161 .55 74H30 .20 74550 .20 74L5123 1.00
4042 .65 7450 .25 74163 .85 74H40 25 74551 .25 7415151 .75
4043 .50 7451 .25 74164 .60 74H50 .25 74564 .15 74L.5153 .75
4044 .65 7453 .20 74165 1.10 74H51 .25 74574 .35 74L5157 .75
4046 1.25 7454 .25 74166 1.25 74H52 .16 745112 .60 74L5164 1.00
4049 .45 7460 .40 74175 .80 74H53J .25 745114 .65 741.5193 .95
4050 .45 7470 .45 74H55 .20 74 L5367 .75
4066 .bb 7472 .40 7415368 .65
4069/74C04 .25
4071 25 MCT2 .95 LINEARS, REGULATORS, etc.
4081 .30 8038 3.95 LM320T5 1.65 LM340K15 1.25 LM723 .40
4082 .30 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM7256N 250
MC 14409 14.50 LM301 .45 LM320T 15 1.65 LM340K24 1.25 LM739 1.50
MC 14419 4.85 LM308 (mini) .95 LM324N 1.25 78L05 .75 LM741 (814) .25
4511 .95 LM309H .65 LM339 .75 78L12 .75 LM747 1.10
74C151 1.90 LM309K (340K-5)85 7805 (34075) .95 78L15 .75 LM1307 1.25
LM310 .85 LM340T 12 .95 78M05 .75 LM 1458 .65
9000 SERIES LM311Dmin)) .75 LM340T 15 95 LM373 2.95 LM3900 .50
9301 .85 95H03 1.10 LM318 (Min)  1.75 LM340T18 .95 LM380(s-14 Pin) .95 LM75451 .65
9309 .35 9601 20 LM320K5(7905)1.65 LM340T724 .95 LM709 (8,14 PIN).25 NEbG55 .35
0322 65 9602 45 LM320K12 1.65 LM340K12 1.25 LM711 .45 NE556 .85
MICRO'S, RAMS, CPU'S, N 3
E-PROMS ’
INTEGRATED CIRCUITS UNLIMITED | M&® 'R
745188 3.00 8214 8.95
1702A 450 8224 3.25
MM5314  3.00 8228 6.00 7889 Clairemont Mesa Boulevard, San Diego, California 92111 SPECIAL
MM5316 3.50 8251 8.50 N i
21021 1.45 8255 8.50 (7.14) 218 439_4 (Calit. Res.) o DISCOUNTS
21021 175 | 8T13 150 All orders shipped prepaid No minimum Total Order  Deduct
%:11146028 ggg g;gg ;(513 Open accounts invited COD orders accepted $35 - $99 10%
. X .
TMS 4044- 9.95 8T97 1.00 Discounts available at OEM Quantities California Residents add 6% Sales Tax $100 - $300 15%
21078-4 4.95 All IC’s Prime/Guaranteed. All orders shipped same day received. $301- $1000  20%
gg?g ggg %Z}?]BPlo ggg 24 Hour Toll Free Phone 1-800- 854-2211 American Express / BankAmericard / Visa / MasterCharge

Circle 180 on inquiry card.
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Circle 356 on inquiry card.

$199.95
AS IS

IBM® Selectric-Based
1/0 Writers

Excellent Hobby Printers

oSeries 72/731
sHeavy Duty
8% Platen

o All Solenoids
eBCD Code

These terminals are from a large

airline reservation system. They are
heavy duty and were under continuous
maintenance. The units have been
instorage. We make every effort to
ensure that all essential parts are
included. Most work when plugged

in. No warranties are given or implied.

With this controller the 731 becomes a
versatile ASCII printer with the world
famous Selectric quality and an alpha-
numeric ASCll-encoded keyboard with
the wonderful Selectric feel. An
eightbit parallel input/output port
{bidirectional or separate} is all that is
necessary to add the KING of the
hardcopy terminals to your system.
Serial RS-232C is also available for
connection to a serial communications
port or modem.

Power supply requirements are 5VDC
at.75A and 48VDC at 1A for the basic
parallel controller. Additional power
needed for the serial unitis + 12VDC.

PRICE $249.95
ASSEMBLED BOARD

Surplus power supply for above $30.00

L * L L L] . L L L) L] L] . L] L

Print only interface unit

. . 59.95
Board and instructions only $

$249.95 Selectric Controller Complete Terminal Unit
., CLEANED  The 35-01 is a complete controller for
cH EgK ED the IBM Model 731 /0 typewriter This unit consists of:
ouT for both input and output operations. 1. A cleaned, checkout, repainted

used selectric. This unit has been
converted for upper & lower case
with new ball containing all
BASIC characters.
2. Selectric controller unit allowing
both input and output
. Power supply {used)
., Terminal table {new)
. Assembled and tested. Ready to
plug in and go.
. ASC !l to computer
. Crated for shipping by motor
freight {collect)

PRICE $775.00 FOB TULSA
DEALER INQUIRY INVITED

oW

N

Have 10 HP 26718 card readers left at
$299.95 each FOB Tulsa.

Cashier Check or Money Order.
Personal check allow 3 weeks. Units
shipped collect. Price Net FOB Tulsa.

SUPER SALE

3 S Sales, Inc.

P. O. Box 45944
Tulsa, OK 74145
1-918-622-1058

B |
4400 STATC, TILIK DUT 409681 N-HOS RAM W TRITEN
i B 7808 Norfth 27th Avenue
Phoenix, Arizona 85021
GENERAL T 16021 9959352
DESCRIPTION N
16,384 -BIT DYNAMIC RANDOM ACCESS MEMORY DA.TA CO.\I.NECTORS
Part Number 4801 . PR N Popular 25 pin subminiature "D" connector
. . N The MCMA4116 is o 16,384-bit, high-speed dynamic Random Access N .
isa 4K semicon ~ . . . 4 . . os used in RS232 interfaces.
ductor random e Memory designed for high-performance, low-cast applications in main- Special sol sl
access memory . frame and buffer memories ond peripheral storage. Organized as 16,384 pecial sole prices
organized as 4096 1-bit words. It is fully static and nebit words ond fobricated using highly relioble N-channel double= 1-9 10-99 100-up
needsno clock or refresh pulses. trequiresa ©f o s 0 abricoted using highly refio o 3 DBC-25P (mole  $2,19 19.80 173.00
single +5 volt power supply and is tully TTL com- polysilicon technology, this device optimizesspeed, power, ond density DBC~255 (female) $3.19  30.50 265.00
patible on input and outpul tines, The 4801 is trodeoffs. By multiplexing row ond column address inputs, the MCM4116 . " °
ina ient 18 pin dual-in-li requires only seven oddress lines ond permits packaging in standord 16-pin DATA PHONE HOODS
package. FEATURES duol in~line pockages. This packaging technigue allows high system den- "Clam Shell" type junction shell for 25
u Single +5V Power Supply sity and is compatible with widely availoble automated test and insertion pin dota connectors,
® 4Kx1 Organization equipment. Complete address decoding is done on chip with oddress lat~ DB-51226 ..81 3%
u Replaces 4 1024x1 Static RAMs hes | ted. Alli b TTL tibl d th tput is 3-
« Completely Static—No Clacks of Refrash ches incorporated. inputs ore compatible, ond the output is
® 18Pin Package state TTL compotible. The data output of the MCM4114 is controlled by
u Access/Cycle Times 600 nsec max the column address strobe ond remains valid from occess time until the e
- : N t
= 250 mw Typical Operating Power column oddress strobe retums to the high state. This output scheme allows "
® Separate Data In and Data Out . . ol ars, N
« TTL Compatible 1/0 higher degrees of system design flexibility such os common input/output SCREW LOCK ASSEMBLY
» Three State Cutputs operation and two dimensional memory selection by decoding both row Set of 2 Male/Femal lock od
& Data Bus Compatible I/O Function oddress ond column address strobes. The MCM4116 incorporates a one= fet or < € kemc Z STEW ock adopters
transistor cell design and dynamic storage techniques, with each of the ;2{0':';'"9 socket ond plug conneclcirs.w
4304 STATIC, TTL IN/OUT 1024x4 N-MOS RAM 128 row addresses requiring o refresh cycle every 2 milliseconds. L AT RER T L
.Flexible timi ith reod-madify-write, RAS=Only refresh, ond Page-
GENERAL Me;u e u:};\lg with reod-madify-write, y refresh, ond Page — . u
DESCRIPTION ode capability. ] oy e
.Industry stondard 16 pin packoge 7 & .
Part Number 4304 .16,384 X 1 orgonization &
is a 4K semicon- "
ductor random .+10% tolerance on all power supplies b wae
access memary All inputs are fully TTL compatible g PP
organized as 1624 4-bil words. it is tully static and Three-state fully TTL-compotible output
needsna clock or refresh pulses. It requires a .Comman 1/0O capobility when using "Early Write” mode .KPﬁ[l'ISION
singla - 5 volt power supply andis ully TTL com- On chip lotches for addresses ond data in =
patible on input and output lines. The 4804 is . 1/ ir i
ina 18 pin dual-in-li Law power dissipatian=-462mW active, 20mW standby(Max) New 3 ’2 D’g“ Portable DMM
package. «Fost access time: 200nS
FEATURES _Easy upgrade from 16-pin 4K RAMs u Relieble_turyorarions protectsd
ingle +SV P 1 . . . - =eyio
= Single +5VPowerSupply .Pin compatible with 2117, 2116, 6616, uPD416 and 4116 *agyp e renared
= 1Kx4. Organization ’ . ’ Iy portable—use
* Replaces 4 1024x1 Static RAMs MCMAT16. . ieiiananns P
= Completely Static—NoClocks or Retresh g owar Dhma for
= 18 Pin Package mcvcui wceuracy
® Access/Cycle Times 600 nsec max : l::. Ana:;:.:‘.;:::m
® 250 mw Typical Operating Power «  For premium shipping (first ciess, soaciet handling, stc) ¢ ANV 78funds wilt be by eeck, not credit vauchary. s S e W
= Common 1/0 Bus 409extes Eucats wille dotunden + i we shoul be temparenly out of stack an any em. it @ frcsliont tampaianre cosmicn
» TTL Compatibte )/O ©  Pleass give s1caet sdgien for UPS shinping whens 0o3tible, will be olaces an back order It we cennot e in 30
® Three State Outputs +  COD. NOberceioon COO e torenine i s pastage 8aa cera i mn 16 MoOEL
LPS C.0.0. Add BS¢10 order cance! vour order (1 desirad. 2800
. Any correspondence not c wd with vour order, . Terms, Chack, maney Order, Credit card Nel 30 davi 1o
4801 or 4804 4K RAM's Please use 18541818 anset and 1 SASE for repiy. tetegtirmy. schooltend govemmant sgencies
$8.95 8/50.00  16/$100.00 e et e ST T SR o T TS
. Peices are wubjact 1o Change without t1otice date & detactiveastis
- n
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BECKIAN ENTERPRISES

Circle 30 on inquiry card.

1 1 1 X I I 1 J |
All Prime Quality — New Parts Only
Satisfaction Guaranteed

$1.25 ea.

S pes.

$1.10 ea. ]

IEDGE CARD CONNECTORS: GOLD PLATED. I SUBMINIATURE CONNECTORS: (DB 25 SERIES, RS 232.) I
BODY: Non brittle, salvent resistant, high temp, G.E. Valox. The finest you can buy. DB 25P Male Plug 52 80 ea. 5 pcs. $2.20 ea.
CONTACTS: Bifurcated Phos./Bronze; Gold/Nickel. DB 25S Female Socket 3.60 ea. S pcs. 3.40 ea.
I . . DB 51212-1 Grey Hood 1.20 e, 5 pes. 1.10 ea.I
ALTAIR S-100: Cont./Ctrs. .125 Row Spacing, .140 DB 51226-1A Black Hood 1.30 ea. [} pcs 1.20 ea.
50/100 Dip Sold. $3.95 ea. 5 pcs. $3.75 ea. D 20418.-2 Harm 0.75 ea. Sp 0.70 ea.
50/100 Sold. Eye. 6.95 ea. 5 pcs. 6.50 ea. A UY A SET: {1 DB25P, 1 DB25S, Anv Hood )
" N 1 Set: $6.35 ea. 5 sets: $6.15 ea.
IMSAI S$-100: Cont./Ctrs. .125 Row Spacing, .250 NOTE: For Hardware, (D20418-2) Add $.65/Set.
50/100 Dip Sold. $4.20 ea. 5 pcs. $3.95 ea.
50/100 W/Wrap 3 3.75 ea. 5 pcs. 3.50 ea. WHISPER FANS
IMSA| CARD GUIDES 0.19 ea. 5 pcs. 0.16 ea. Excellent for cgmputer cabinej cooling. This is the most quiet fan you will find. Only
" " measures 4 3/4 squareby 1% deep. U. L. Listed.
CROMEMCO S-100: Cont./Ctrs. .125 Row Spacing, .250 $21.00 ea. S5pcs. $£19.00 ea.
I50/100 Dip Soid. $6.50 ea. 5 pes. $6.00 ea.
(Or short W/Wrap) 1. C. SOCKETS. GOLD. . C. SOCKETS.
OTHER CONNECTORS AVAILABLE Wm—'?ﬁ‘wgagé;’j’“”' ?;pp?r?""?s’d T I
I.1oo" Contact Crrs., 140" Row Spacing. 16 pin  0.38ea. 16pin  0.17ea.
22/44 Dip Soid. $2.30 ea. 5 pcs. $2.10 ea.
25/50 Sotd. Eye. 2.95 ea. 5 pcs. 2.75 ea. 2708 EPROMS PRIME 8080 PRIME
40/80 Soid. Evye. 4.80 ea. 5 pcs. 450 ea. £14.00 ea. $9.00 ea.
43/86 Dip Sold. 4.90 ea. 5 pes. 470 ea.
43/86 Sold. Eye. 4.90 ea. 5 pcs. 4.70 ea.
I,156"c°mac: Ctrs., 140" Row Spacing. I
6/— Sgle. Row (PET} $1.00 ea. 5 pcs. $0.90 ea.
22/44 Sold. Eye. (KIM) 1.90 ea. 5 pos, 180 ea. wg[l(:‘[_:o/lf;EOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE
22/44 Dip Sold. {(KIM) 1.90 ea. 5 pcs. 1.80 ea. )
l“’86 Dip Sold. 4.90 ea. 5 pes. 470 ea W Wwr ARE CONNECTOR (EDGE CARDJ SPECIALISTS. IF YOU DO NOT SEE
1" " . WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL
.156 _Contact Ctrs., .200 Row Spacing. REPLY
15/30 W/Wrap 3 $1.05¢ea. 5 pcs. $0.95 ea. :
22/44 WiWrap 3 2.30 ea. 5 pcs. 2.10 ea. R B 7ERMS: Minimum Order $10.00: Add $1.25 for handling and shipping. All orders
36/72 Sold. Eye. 3.45ea. 5 pes. 3.30 ea. QW ,er $25.00 in USA and Cansda: WE PAY THE SHIPPING.
36/72 W/varap 3 3.85 ea. 5 pes. 3.70 ea. NOTE: CA residents please add 6% sales tax.
|43/ 86 W/Wrap 3 550 ea. 5 pes. 500 ea. NO C.0.D. SHIPMENTS OR ORDERS ACCEPTED.
POLARIZING KEYS FOR ALL OF THE_ABOVE:
—. vl ; MAIL ORDERS TO: > >
Specify: IN Contact or BETWEEN Contact:
I 1 to 49 pes. $0.10ea. 50 pcs./Up $0.08 ea. BeCklan En terprlses I
PECIA P.O. Box 3089
I 12/24 Pin 156" Cont./Ctrs. .200 Row Spacing.
TIN PLATED CONTACTS. o y
IDEAL FOR PET INTERFACE & PARALLEL USER PORT. Slml Valley, CA 93063 I

KITS
MIKOS PARTS ASSORTMENT

WITH WAMECO AND CYBERCOM PCBDS
MEM-1 with MIKOS #1 450 NSEC 8K

RAM .. . $125.00
CPU-1 with MIKOS #2 8080A CPU .... 8995
MEM-2 with MIKOS #3 250 NSEC 8K

RAM ... . 155.00
QM-12 with MIKOS #4 13 slot mother

board o 79.85
RTC-1 with MIKOS #5 real hme clock 60.95
VB-1B with MIKOS #6 video board less

molex connectors ... ... ... .. 89.95
MEM-2 with MIKOS #7 16K RAM ... ... 275.95
EMP-1 with MIKOS #10 4K 1702 less
EPROMS . ... ... 49.95

EPM-2 with MIKOS #11 16-32K EPROMS

less EPROMS ... ... ... .. ... ... ... 49.95
QM-9 with MIKOS #12 9 slot mother
board . . ... ... T 67.95

MIKOS PARTS ASSORTMENTS ARE ALL FAC-
TORY PRIME PARTS. KITS INCLUDE ALL
PARTS LISTED AS REQUIRED FOR THE
COMPLETE KIT LESS PARTS LISTED. ALL
SOCKETS INCLUDED.

. 51 8 ¢ 7 I rr 3 J }J |
e erCOrm BOARDS WML/,  WAMECO INC.
H MEM-1 8KX8 fully buffered, S-100, uses 2102 type
rams. PCBD B o, $24. Qfon
MB.1 K-8 Computer RAM (not S-100), 4KX8, uses | o2 x,?yTH_EH OARD, 12 siot. terminated, il
2102 type RAMs, PCBD only -.$22.00 CPU-1 8080A Processor boar with 8 level
MB-3 1702A EROM Board, 4KX8, S-100 switchable vector interrupt PCBD . $25.95
address and wait cycles, kit less PROMS.......$58.00 RTC- 1t Rgalftlme clock board. b;rwgclggependesrgs gf—)
. terrupts. Software programmable .§25.
MB-4 Basic 4KX8 ram, uses 2102 type rams S$-100
EPM-1 1702A 4K Eprom card PCBD $25.95
buss. PC board ..$25.95
MB-6A Basic BKX8 ram uses 2102 type rams, S-100 EPM-2 2708/2716 16K/32K
buss. KIT 450 NSEC.......... S105.  PCBD. o $24.95 EPROM CARD PCBD .- $25.95
. . QM-9 MOTHER BOARD. Short Ver5|on or QM-12,
MB-7 16KX8, Static RAM uses ,P410 Protection,
fully buffered. KIT oo $299.95 :’AES,::‘; 1"6(;3)'(38 Fuly Buttered T $27.85
MB-8A 2708 EROM Board, S-100, 8KX8 or 16KX8 -
kit withoul PROMS ... ... %7500 | 2114 Board PCBD $25.95
2102AL-2 Prime 250 NSEC $1.70
MB-9 4KX8 RAM/PROM Board uses 2112 RAMS or ;
825129 PROM kit without RAMs or PROMSs ...$72.00 g;gg"}';;f‘mp”',z‘er“sonNSEc ey
10-2 5-100 8 bit parallel 1/0 port, % of boards is for | aeoug 0 o ers0  1488N $150
kludging. Kit ........... $46.00 PCBD.........52595 | 52028 150 1489N 125
10-4 Two serial I/O ports with full handshaking 2504 1.50 MC4044 225
20/60 ma current loop: Two parallel 1/0 ports. 2507V 1.50 8038 3.90
Kit . $130. PCBD .. .. $25.95 2510A 1.50 5320 595
VB-1B 64 x 16 video board, upper lower case Greek, 2517V 1.50 5554 1.90
composite and parallel video with software, S-100. 25188 1.50 5555 2.50
Kit . . $125.00 PCBD ...... §2595 | 25198 1.50 5556 250
. K s 2521 150 5055 1.25
Altair Compatible Mother Board, 11 x11%2 x V" 2522 150 5312 4.00
Board only ... $40.00. With 15 connectors . $94 95 2525 1'50 MH0025 150
Extended Board tull size. Board only ............ $ 895 2527 150 MHO026 1.75
With connector $12.95 | 2550y 150 MH0028 1.90
SP-1 Synthesizer Board S-100 [ 2529 275 5262 .50
PCBD......oooce $39.95 KIToroe oo $135.95 | 2533V 1.95 2101 3.50
82523 $1.50 PRIME DEVICES
828123 1.50
825126 1.95 8080A $ 9.85
828129 1.95 8212 3.45
825130 3.00 8214 6.50
825131 3.00 8216 3.75
MMIB330 1.50 8224 4.00
4N26 75 8228 6.50 419 Portofino Drive
pivrd S oo San Carlos, California 94070
LM323 295 21L14 7.95 Please send for IC, Xistor
4116 (apple ram} 19.50 and Computer parts list

VISA or MASTERCHARGE. Send account number,
interbank number, expiration date and sign your
order. Approx. postage will be added. Check or mo-
ney order with order will be sent post paid in U.S.
If you are not a regular customer, please use
charge, cashier's check or postal money order,
otherwise there will be a two-week delay for checks
to clear. Calif. residents add 6% tax. Money back
30 day guarantee. We cannot accept returned IC's
that have been soldered to. Prices subject to
change without notice. $10 minimum order. $1.00
service charge on orders less than $10.00.
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Unclsssilied Ads

WANTED: For Microdata 1600 processor (Reality)
magnetic tape controller, disc controllerand drive,
core memory boards. Jack Hardman, 140 Forest
Av, Glen Ridge NJ 07028, (201) 429-8880.

FOR SALE: Apple I Game of Life. High speed,
180 generations per minute for 36 by 36 cell
matrix. Variable size color display and many
features using game paddles and keyboard
requires 8 K of memory. On Apple cassette,
$12. C H Gaifo, 602 Orange St, Charlottesville
VA 22901.

FOR SALE: Apple || ham radio software package.
Send and receive in Morse, Baudot or ASCII code.
Variable size text buffer, 3 field screen display,
stored messages and more features. Uses on board
{game) 10 — requires 8 K of memory. On cassette,
$18. C H Gatfo, 602 Orange St, Charlottesville
VA 22901.

FOR SALE: Blank 4 K memory cards, 2102
memories, buffered address and data lines, pro-
visions for on board regulation and standby power
utilization, $18. Industrial quality G-10 glass
epoxy boards with gold plated 44 pin edge con-
nector, on board decoding to 32 K of memory.
Specially manufactured for my personal system,
but easily used for KIM or other expansion. |
also have 5 slot mother boards — $20 — and power
supplies. Bob Ribbeck, 10990 Howe Rd, Clarence
NY 14031.

FOR SALE: MITS Attair 88-S4K Synchronous 4 K
memory board. Built by experienced kit builder,
and checked out by local MITS computer store.
Full documentation pack included. Wish to use
slot for higher density board. Asking $150. Dave
Busse, 1510 W Dempster, Mount Prospect IL
60054, evenings (312) 364.0147.

FOR SALE: Distortion Analyzer TS-817/GG,
Stelma model TDA-2 detects bias distortion and
other faults of 5 level teleprinters. 60-75-100 WPM.
With instruction manuai, $40. John Riley, 914 N
Cordova, Burbank CA 91505.

FOR SALE: Radio Shack ASCIl keyboard
assembled and tested for $40. Like new TI-58 pro-
grammable calculator-make offer or swap for
SwTPC hardware. Dennis Doonan, 2307 Carlisle
Av, Racine WI 53404

FOR SALE OR TRADE: Stand and enclosure for
chain printer. Can be modified to house a Cen-
tronics printer. Would consider trading for Tele-
type model 35 RO parts. James Mullen, RR 5, POB
106, Evansville IN 47711,

FOR SALE: Updating to bigger system. Must sell
Digital Group Z-80 system complete with Z-80
processor, video and cassette 10 board, four
parallel ports, 8 K bytes static memory. Complete
with case and full documentation. Originally
$1400, will sell for $900. Ray Cote, POB 68,
Peterborough NH 03458.

NEW UNCLASSIFIED POLICY

Readers who have equipment, software or other itams
to buy, sell or swap should send in a clearly typed notice
to that effect. To be considered for publication, an adver-
tisement must be clearly noncommercial, typed double
spaced on plain white paper, contain 75 words or less, and
include complete name and address information.

These notices are free of charge and will be printed one
rime only on a space available basis. Notices can be sc-
cepted from individuals or bona fide computer users clubs
only. We can engage in no correspondence on these and
your confirmation of placement is appearance in an issue of
8YTE.

Please note that it may take three or four months for an
ad to appear in the magazine.®

QOctober 1978 © BYTE Publications Inc

FOR SALE: Autonetics % inch magnetic tape
drive minideck and solid state electronic control
circuits. Requires parallel interface. $75 plus ship-
ping {weight 45 Ibs). Dick Jugel, 3814 N 85th Av,
Omaha NE 68134, {402) 572-8441.

FOR SALE: Programs for HP-25. Sniper, Cannon,
Wumpus, Wumpus 2, Artillery, Artillery 2, Golf,
Hi-Lo, Blackjack, Mastermind, (including Random
number generator, Roulette, Poker-machine, Para-
chutist, Biorhythm f{includes 100 year calendar),
Amplifier {designs simple amplifiers). $4 each,
5 for $18, 10 for $32 or complete set for $45.
Also, programs custom written to requirements
and to run on any of Hewlett-Packard range
{specify). $10 each. | Webber, 92 Royal Pde,
St Johns Wood 4060, AUSTRALIA,

FOR SALE: A Heathkit H8 and H9 and cassette
recorder, fully assembled and running with 16 K of
memory, including many programs and three
versions of BASIC. Will sell for $2450 or over
$100 less than the price of the kits. Price includes
shipping. George Walker, 67 Wyndham St, Guelph
Ontario, CANADA (519) 823-1411.

WANTED: Intel 8008 {or -A) processor based
system or parts thereto. Send specifications and
requested pricing. Also need Octaber 1977 BYTE
in good condition. James Tucker, POB 471, APO
New York NY 09305.

WANTED: Speech Synthesizer and Heuristics
Speechlab in good condition. State price and
condition. Contact William Yeap, 2217 7th Av,
NW, Calgary Alberta, CANADA T2N 0Z9, (403}
283-6863.

WANTED: September 75 thru June 76, September
1976, January 1977 and February 1977 BYTE
issues. Will accept all or separate copies. Will accept
a reasonable price. Randy Pray, 3209 SW 2nd,
Des Moines |A 50315, {515) 288-8189.

FOR SALE: TRS-80 sci-fi games {4 K, Lt}
Galactic Blockade Runner—a sophisticated space
war game. You control your ship and its weapons,
fight off enemy attacks and cope with hazards to
run the blockade and to deliver vital supplies on
time. $9.95 for cassette and 12 page manual. SASE
for list of games. Tim Quinlan, 219 Washington Av,
Chelsea MA 02150.

FOR SALE: Two IMSAI 4A-4 static programmable
memory boards. Professional construction, from an
operational IMSAl B080 system. Going to Z-80
and do not want the 450 ns slow programmable
memory in the system. $200 buys both boards.
K J Halliwell, 2373 John Smith Dr, Apt F,
Schaumburg IL 60194, or call after 6 PM {312)
885-0362.

FOR SALE: Heathkit H-8 Computer system, 16 K
memory, H-8-5 serial 10 and cassette interface. All
available Heath software, assembled and working,
$900. Lear Siegler model 7700 Display Terminal,
serial RS-232 output, 25 lines with 80 characters
per line, service manual, $450. Bob Majanski,
214 Coolidge Av, Hasbrouck Heights NJ 07604,
{201) 288-3742.

FOR SALE: One Processor Technology 8 K
programmable memory board, working, $150.
One Ithaca Audio 8 K programmable memory
board, working, $100. Two Godbout 4 K pro-
grammable memory boards, working, $50 each.
One Vector Graphics 18 slot mother board,
assembled, $75. One ICOM microfloppy system
{board and floppy) complete with FDOS IIl for
the SOL, working, $800. One PerSci dual floppy
drive, working, $800. All prices are negotiable.
Jeff Roloff, 2214 Brookshire, Champaign IL
61820.

FOR SALE OR TRADE: Hewlett-Packard Model
180E dual trace oscilloscope. Excellent condition
asking $300 or trade for KIM-1 or similar system,
Also power supply with 324 VDC, ¥12 VDC,
5 VDC and -6 VDC all outputs rated at 5 A.
Asking $30. Contact Roger at {904) 6514153,

FOR SALE: Five computer memory and 10 boards
{all units from Digital Equipment Corp). They are
all in new condition, but | cannot guarantee any
of them as | do not have the equipment. Three
of the boards are core memory {(nonvolatile}.
There is a 4 K by 12 DEC part number H220 P-33,
unmarked board, and a 64 by 64 by 18 10 part
number CF-4. The remaining boards plug into a
PDP-1I. One is a memory driver G23IE-P2; the
other is a control and data loops board number
GI09C. Boards go to the highest bidder. Marty
Bunshaft, 29A Forest Acres Dr. Bradford MA
01830.

FOR SALE: 12 issues of BYTE (October 1976
thru September 1977). Best offer or trade for
what have you. G F Sabin, 6022 Sage Dr, Orlando
FL 32807.

FOR SALE: PDP-15 computer 24 K of 18 bit core
memory, 4 DEC tapes, Teletype, paper tape reader
/punch, Fortran and Focat. Always on DEC full
maintenance. Dr L K Steinrauf, Dept of Bio-
chemistry, 1 U Medical School Indianapotis IN
46202, (317) 264-7544,

FOR SALE: OSI1-400 computer system. Assembled
and tested by a professional. 4K programmable
memory {unfinished 2nd 4 K board included).
Cassette 10, video display, keyboard; $300 value,
best offer takes it. Assembled and running. Robert
W Warfield, 3202 Boyd, Midiand TX 79701, {914)
694-7035.

WANTED: IMSAI/iCOM/DEBBI owners to join
European based users group for software exchange,
mutual assistance; or alternatively CP/M European
users group. Contact K A Geiger, 66, Rue Roths-
child, 1202 Geneva SWITZERLAND.

FOR SALE: Fine 1959 SULLIVAN pipe organ
with electric key and stop action ideal for artist/
hobbyist integration of micro based C-° as de-
scribed in two articles in February 1978 BYTE.
Two manuals (61 keys), 32 pedals, nine ranks,
498 pipes, chimes, pistons, shutters; suitable for
home or church installation {in daily use in home
now). $6200 plus optional packing and shipping.
Send SASE for complete specification and details.
Phil Bergstresser, 128 Jackson Av, Madison AL
35758,

I am looking for an individual or company willing
1o provide on site service contracts for the metro-
plitan New York City area. Equipment would be
microcomputers and related peripherals. Also
looking for other owners who would like to have
on site service and maintenance for their equip-
ment. B Rabinowicz, 1061 54 St, Brookiyn NY
11219.

MUST SELL: 3P+S Processor Technology |0 card.
Two parallel 10s and one serial 10. $100, as-
sembled and tested. Paper tape reader, Oliver
Audio OP-80A, used only several times, assembled
and tested, $50; all that is needed is to interface
a parallel input. PerCom Electronics cassette
interface; all that is needed is a serial or paratlel
10 and cassette recorder. Assembled and tested,
$50. Godbout PROM board, holds 8 K (5204}
and has Godbout monitor. $75 takes assembied
board and PROMs. Larry Belmontes Jr, 1762
Yale St, Corpus Christi TX 78416, (512} 855-2687
or (512) 854-2662.

PROM PROGRAMMING: From binary paper
tape: 1702A ($4), 2708 {$8). From hexadecimal
or octal listing: 1702A ($58), 2708 {$16]. You
supply the read only memory. Quantity discounts
for multiple copies. 48 hour turnaround. David
Corbin. 11704 Ibsen Dr. Rockville MD 20852,
{301) 881-7571 after 6 PM.

FOR SALE: First 16 issues of BYTE exceptnum-
ber 11 {July 1976 BYTE). Also February, March
and April 1977 Data Communications for free. No
reasonable offer refused. L R Chauvenet, 11 Sussex
Rd, Sitver Spring MD 20910.



FOR SALE: Sharp Associates Selectric typewriter
interface kit model SK2. Converts any selectric
typewriter to printer and keyboard input peri-
pheral. Includes power supply and transistor-
transistor logic {TTL} compatible outputs, as-
sembly and interface manuals. Partly assembled
$180. Contact Jeff Duntemann, 6208 N Campbell
Av, Chicago IL 60659, {312) 454-2755 during
business hours, otherwise {312} 764-5069.

FOR SALE: Altair 8800 with 16 slot motherboard
and 16 edge connectors, cooling fan modification,
2510 serial 10 with both ports, 88P10O parallel
1O board, 1 K static memory with 512 bytes of
memory, 12 K static memory, 4 K read only
memory software board with 8080 assembler,
text editor, system monitor and all documentation.
All A and T, original cost over $2000, yours for
$1500 and you pay shipping. Don Cheeseman,
8231 Creekline Dr, San Antonio TX 78251, (512)
681-4938.

WANTED: Cheap optical paper tape reader;
RAECO, OAE, or similar. Also cheap high-speed
8 level paper tape punch, hopefully with enough
documentation to build a parallel port interface.
Chuck Johnson, 17104 Via Alamitos, San Lorenzo
CA 94580, (415) 278-6595 evenings.

FOR SALE: Digital Group system with 8080
processor, 6502 processor, 26 K programmable
memory, erasable read only memory card 64/32
character displays, two phidecks and interface,
keyboard, video monitor, audio cassette, 25 A
power supply, processor cabinet, software, BASIC,
assembler, editor and games. All for $1500. Bill
Seiler, number 202, 1717 Woodland Av, Palo Alto
CA 94303, {415) 323-2083.

FOR SALE: A number of copies of BYTE, volume
1, number 1 at $10 per copy. Copies will be mailed
insured as long as supply lasts. Joe Haran, 517
Bridge St, Mont Clare PA 19453, {215) 935-0484.

WANTED: Literature on Intel SDK-BO (the
MDS-80 Systems Development Kit). | am inter-
ested in specific applications of your SDK-80 fie:
distributive processing). Dave Fashenpour, 5411
Cerro Vista, San Antonio TX 78233.

FOR SALE: TI-59, PC-100A, two libraries {master
and statistics), 40 magnetic cards, 22 thermal
paper rolls, three card holders, one battery charger,
one carrying case, all in perfect condition. Plus
my own special programs including Horse Race,
Universal Calendar, Personal Finance (Expense
Analysis and Cash Register), Alphanumeric Entry
Routine. All documents came with original ship-
ment {they are still brand-new). Please quote offer;
if no reply, outfit has beensold. H T Chen, Physics
Dept, University of Georgia, Athens GA 30602,
(404) 546-1065.

FOR SALE: Altair 8800A mainframe micro-
computer with 40 K memory, % K programmable
memory/read only memory resident bootstrap
lpader for diskette system, 88DCDD flexible
diskette drive with controller and extended
BASIC software version 4.1. Additional boards:
vectored interrupt/real time clock, ARC tape 10,
two SIO RS-232 10s, PIO parallel 1O etc. Retail
value over $3,500: asking $2,000 for ail, including
many extras; will sell separates too. TVT Modified
SwTPC 32 character line with video monitor and
Pendar keyboard — $150. Burroughs terminal/
printer with logic controller — $150. lra Wilner,
POB 582, 8rattleboro VT 05301, {802) 254-8807.

WANTED: Any Micro Systems Design MF10-1
1Q Board user. Help. Stephen Gladstone, 1103
Namdac Av, Bay Shore, Long island NY 11706,
{516) 666-8342.

PROM PROGRAMMING: From binary paper
tape: 1702A ($4), 2708 {$8). From hexadecimal
or octal listing: 1702A ($5), 2708 ($16). You
supply the read only memory. Quantity discounts
for multiple copies. 48 hour turnaround. David
Corbin. 11704 Ibsen Dr. Rockville MD 20852,
(301) 881-7571 after 6 PM.

WANTED: | need a design or kit to convert an |1BM
2741 selectric terminal to ASCIl. It presently
uses correspondence code and requires a special
element which | would like to replace with a
regular element. Peter Baum, PO8 399, Sunny-
mead CA 92388.

WANTED: Floppy disc drives {any condition),
line printer {100+CPS), OSI boards, S-100 boards,
6502 hardware and software, C-MOD {MMM/Cele-
tron) boards and software. | R Peterson, 669-23
Av NW, St Paul MN 55112, (612) 633-1599.

FOR SALE: Persci model 70 8 inch floppy drive
and model 1070 intelligent controller. Never
powered up — perfectly new, $1000. Elwood
Downey, 1000 W Spring Valley, number 242,
Richardson TX 75080, {214) 690-1523 home or
231-9303 ext 312 work.

WANTED: Modules/parts to restore a DEC RK0S
disk drive for personal use. G180 read/write board,
M7700 board, M7701 board, M7702 board,
G938 board, H604 board, two 20 V regulator
modules, 5 V regulator module. The above items
do not have to be in working condition. Peter
A Balkus, 18 Clearview Av, Lynn MA 01904,

GETTING MARRIED: So I'm selling the whole
ball of wax to pay for my honeymoon: IMSAI
with full motherboard and connectors, SDS 2-80
card, 24 K 500 ns memory, 3P+S 10 card, Tarbell
floppy controller, real time clock, Tarbell tape
Interface, bus terminator, 2708/2716 erasable
read only memory card {with two 2708s) 12 by 80
video display with built-in modem and much 8080/
2-80 Software. Complete documentation on every-
thing. Worth much more than the $2,000 I'm
asking. Judd Ellmers, (201) 967-2645, 9 AM to
5 PM. {Congratulations from BYTE. .. .DWH/

FOR SALE: Complete microcomputer system.
IMSAI 8080 mainframe with Wunderbuss, 4 MHz
2-80 processor, 56 K bytes of fully static pro-
grammable memory {250 ns) PerSci 277 dual disk
drive with PerSci power supply and cabinet, DMA
disk controller, D C Hayes modem board {set up
for autoanswer timeshare using CP/M saftwarel,
Lear Siegler ADM-2 video display terminal, Data
General Dasher terminal/printer (60 cps matrix),
complete library of CP/M software (version 1.4)
with documentation, approximately 20 diskettes.
Many many extras! Individual components cost
over $9800 in kit form. Asking price is $8900
or best offer for this completely integrated system.
(714) 521-2344 or 738-8086.

CASINO BLACKJACK: For TI Programmable
59. Most complete version available for a hand
held unit. Allows up to six players to bet, hit,
stand, double down, insure and split pairs against
the house. Keeps score and displays all cards
automatically. Cost is only $3.50 and includes
program listing and quality documentation. Send
two mag cards and will record this 600+ step
program for you as well. Game rules from Thorp's
Beat The Dealer. Robert Griffin Jr, 104 Briar Rd,
Nanuet N'Y 10954.

FOR SALE: TRS-80 level-1 tapes and program
lists. Star Trek {runs on 12 K), list $7, tape $10.
Lunar Lander {runs on 4 KJ, list $3, tape $6.
Biorhythm ({runs on 4 K), list $4.50, tape $9.
J R Menzies, 7106 Colgate Dr, Alexandria VA
22307.

FOR SALE: Two Innovex floppy drives {com-
patible with Tarbell and Peripheral Vision inter-
faces), three 8 K memory boards {4 MHz), one
Alpha Video |l video board {4 MHz compatible,
on board keyboard port with 5 V and status out,
1 K buffer, etc), one GRI keyboard (case and
connector cable}, one video monitor {as in Com-
puter Warehouse ad). John Whiffen, 443-6324 or
279-1496, Toronto CANADA,

FOR SALE: Must sefl ASAP an IBM 6420 com-
puter system with 6425 magnetic ledger card
reader attached. It contains 1 to 220 column
tractor feed and 1 to 130 column friction feed
selectric  with 3 magnetic ledger card reader
attached. Unit works and | have some manuals for
it. Some boards and lots of extras are included.
Unit sold new for $55,000 a few years ago, will
sell to first person with certified check for $1200
or call and make offer above. Dave Dahlberg,
4375 Weber River Dr, number 95, Ogden UT
84401, (801} 399-2396.

HELP: Southern Connecticut New Haven area;
anyone using Tarbell disk system please contact me
for mutual system support. Also need help in
maintenance, fine points of CP/M; will pay! James
Van Pelt, 25 Sagamore Cv, Branford CT 064065.

WANTED: Programs for ecosystem and forest
management simulation that could be used in a
study of the feasibility of the utilization of wood
for energy. Mitchell Bayersdorfer, 8325 New
Second St, Elkins Park PA 19117, {215) 635-2126.

ME800 CROSS ASSEMBLER: A two pass cross
assembler written in FORTRAN |V is available
for the M6800 Motorola micro. Input is in fixed
format; statements are similar to Motorola as-
sembler language, most features of the language
being supported. Additionally, a system symbol
table is supported, enabling symbolic reference
10 system addresses, and assembly of routines to
contiguous memory locations. Send 31 for the
manual, and $5 for the listing, (or $14 for a paper
tape) to: G A R Trollope, 466 Caswallen Dr, West
Chester PA 19380, {215) 431-2885.

FOR SALE: HP-25 Game Programs. | have several
games including a neat golf game, two versions
of Master Mind (or Camp 1V), Football, Tic-Tac-
Toe, Mortar Barttlefield, Battle the Dive Bomber
and others. $2 each or trade. Jerry Hansen, 420
West 800 South number 1, Richfield UT 84701,
(801) 896-6110.

FOR SALE: Fully assembled and fully operational
Morrow Micro Stuft/Thinker Toys front panel
processor board. All documentation included. First
certitied funds for $300 gets rid of that “'knuckle-
buster,” double clutching front panel, including
UPS shipping charges. W Howard Adams, 1590
South Krameria St, Denver CO 80224, (303)
756-4052.

FOR SALE" ACT Il, a video terminal capable of
over the telephone communication with its built-in
acoustic coupler, Complete with video display and
RF Modulator. $600. Contact: {516) 671-3957.

FOR SALE: Paper tape reader and punch; Heath-
kit H10, assembled and tested. 50 character per
second reader, 10 character per second punch.
$320 delivered with manuals, cable and supply
of tape. Write D T Mears, 32.E S Westmoor Av,
Newark OH 43055.

FOR SALE: Built and tested SwTPC 6800 with
8 K (extra 2 K unbuilt}, Hazeitine 2000 video
display terminal, and Hazeltine thermal printer
{with extra Texas Instruments print head) in
excellent condition. Will make super system just
by adding diskette or tape drive. $1595 complete
or best offer. Also BYTE volume one, number 1
in excellent condition. V Farmer, 78 Harvard St,
Walpole MA 02081, {617) 668-7339.

FOR SALE: Eif Il with 4 K memory, the giant
board, and expansion power supply. $200. Winston
Cope, 302 Anderson St, Apt G, Durham NC
27705, (919) 684-0893.

FOR SALE: TVT |l with keyboard, monitor and
modem. Ready to go on line. Asking $350. Jack S
Davis, POB 5, Endwell NY 13760.

FOR SALE: Assembled SwTPC CT-64 terminal
with Hitachi model P-05 TV monitor $450. The
ASCII terminal is in excellent condition and is
configured for 16 lines of 64 characters. The
serial interface is R$S232 and can be strapped for
various baud rates. Jim Crane, 5650 Windsor
Way number 308, Culver City CA 90230, (213)
649-4187.

FOR SALE: PET BASIC action games including
Bomber, Seawolf, Indy 500 and Aerial Dogfight.
All four on cassette. Send $6. Andy Fraley, 1753
York Rd, Reading PA 19610.

HELP: | have a DEC PDP-8/1 mini with a Dataram
Corp memaory stack, P/N 2100270, S/N DR5049D.
Does anyone know if the firm is still in business
and the address where they may be contacted: or
does anyone have any information on the stack?
If you can heip with any infarmation please write.
Thomas Parquette, 116 Sanford Av, Clinton New
York 13323

LEARN: Complete self-study microcomputer
training system. Includes microcomputer, work-
books, texts, interfacing board and power supply.
Will send full information to all sending me SASE.
First $500 takes this $1200 package. Tony Durr,
2802 W Kenmore, Tampa FL 33614. =
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Besder Sepvice

To get further information on the products advertised in BY TE, 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 @ 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 BYTE. This helps us bring you a bigger BYTE.

Inquiry No. Page No. Inquiry No. Page No. Inquiry No. Page No.
2 Administrative Systems 143 150 Godbout Eiectranics 77 288 PCE Electronics 202
3 AlJA Software 167 * GFN Industries 117 301 Per Com Data 45
4 Alpha Micro Systems 140, 141 157 Hamilton Logic Systems 202 302 Personal Software 94
7 Altos Computer Products 5 159 Hayden Book Publishing 133 303 Personal Systems Consulting 52
10 Anderson Jacobson 85 158 DC Hayes 149 321 Phone | 189
12 Apparat Inc 180 160 Heath Company 17 304 Preferred Positions 218
14 Apple Computer 14 170 Hobby World 192 306 Priority | 214, 215
15 Appte Computer 15 172 Honeywell 87 305 Processor Technology 8,9, 10
* Art-by-Computer 161 173 Houston Instruments 47 307 Program Design Inc 157, 159, 161
20 Artec Electronics 69 174 HUH Electronics 170 308 Programmers Software Exchange 149
22 ATV Research 202 177 |EE Corporation 202 309 PRS 51
24 AVR Electronics 218 175 IMSAI 13 311 Quest Electronics 195
26 Base 2 Inc 99 176 Information Terminals 35 * Radio Shack 79
30 Beckian Enterprises 219 * Information Unlimited 159 * The Recreational Programmer 185
35 BITS Inc 127,128,129 178 Innotranics 181 313 Reston Educational Institute 120, 121
27 Biz Comp ‘78 167 179 Integrand 171 314 Rondure Co 213
28 Bootstrap Enterprises 163 180 Integrated Circuits Unlimited 209 316 S-100 188
29 Business Application Software 171 184 [International Data Sciences 176 * Scelbi CIN
32 Buss 147 190 Ithaca Audio 198 * Scelbi/BYTE Primer 125
" BYTE Back Issues 159 193 J & E Electronics 218 317 Schrier Software Index 175
* BYTE Books 61,62,63, 64 195 Jade Company 197 * Scientific Research 54, 55, 160
" BYTEWATS Line 50 200 Jameco Electronics 210, 211 318 Seattle Computer Products 101
39 California Digital 201 201 Jim-Pak 71 319 Michael Shrayer Software 113
40 Canada Systems 181 203 Judge Eiectronics 218 312 Shugart CIV
45 Central Data 73 204 Kybe Corp 131 322 Signetics 37
46 Chrislin Industries 206 205 Lear Siegler 107 323 Smali Business Computer Magazine 155
47 Computer Age 206 * Lifeboat Associates 159, 161 324 Ed Smith’s Software 161
65 Computer Corner 206 215 Logical Services 151 320 Smoke Signal Broadcasting 93
70 Computer Enterprises 92 217 Mathematical Application Services 218 326 Softside 170
72 Computer LabofNJ 163 219 McGraw-Hill Publishing 139 330 Software Records 167
75 Computerland 10, 11 221 The Memory Coop 206 335 SSM 56, 57
73 Computer Mart of NH 206 222 Micro Mail 150 340 Solid State Sales 221
74 Computer Mart of NJ & PA 126, 206 223 Micromation 25 343 Soroc 41
76 Contemporary Marketing 109 224 MicroPro International Corp 49 350 Southwest Technical Products CI1
77 Cosmic Search 158 226 Micro World 563 352 Stirling Bekdorf 65
78 CPAids 177 228 Micro Z 206 351 Structured Systems Group 29
* Creative Software 189 229 Mikos 219 353 Summagraphics 152
80 Cromemco 1, 2 255 Morrow/Thinker Toys 23, 75 354 Sunny Trading Company 218
81 Datafacs 184 265 mpi 179 358 Sybex 39
83 Datec 206 267 Mulien Computer Boards 126 355 Synchro Sound 66, 67
87 Digital Marketing 91 269 MVT Microcomputer Systems 68 359 Talos Systems Inc 43
89 Digital Pathways 97 271 NCC 79123 360 Tarbell Electronics 105
95 Digital Research (CA) 175 280 Netronics 153 363 Taylor & Associates 150
100 Digital Research (T X) 203 281 NE Electronics 82 370 Technical Systems Consultants 119
103 Digital Service & Design 218 283 Newman Computer Exchange 111 372 Terrapin 138
110 Dynabyte 32, 33 284 Nortek Inc 218 356 3 S Sales Inc 217
112 Ed-Pro 151 285 North Star 7, 27 373 Tora Systems 218
114 Electro Analytic Systems 188 286 Northwest Microcomputing Systems 59 374 TransNet 60
115 Electrolabs 195 290 Ohio Scientific Instrument 18, 19, 20, 21 376 TriTek 217
120 Electronic Control Technology 177 291 OK Machine & Tool 31 381 Ultra Violet Products 174
125 Electronic Systems 205 293 Oliver Advanced Engineering 176 382 University Microfilms International 83
130 Electronics Warehouse 207 292 Osborne & Associates 137 383 US Robotics 97
132 EMM/CMP 156 * Owens Associates 206 386 Vamp 202
134 EMM Semi Inc 185 294 Pacific Digital 174 388 Wameco 213
137 Exidy Inc 81 296 Pacific Office Systems 199 * Whales 115
140 Forethought Products 148 297 Page Digital 198 395 Worldwide Electronics 202
142 Fuller Eng & Mfg 179 298 PAIA Electronics 180 397 X & Y Enterprises 202
144 General Electric 103 299 PanaVise 154 400 Xitex 146, 147
*Correspond directly with company.
BIMB-
BYTE: Ongoing Monitoe Box Readers Choose
“Choosing a Microprocessor”
Article No. ARTICLE PAGE . N A
The first place winner in the July BOMB
1 Kinzer: A Memory Pattern Sensitivity Test 12 (BYTE’S Ongoing Monitor Box) was “How
2 Ciarcia: No Power for Your Interfaces? 22 To Choose a Microprocessor’” by Louis
3 Chung-Yuen: A “Tiny" Pascal Compiler: Part 2 34 Frenzel, page 124. Second prize went to
4 Adams: Testing Memory in Basic 58 Lane T Hauck for “Who's Afraid Of Dy-
5 Letwin: PAM/8: A New Approach to Front Panel Design 70 namic Memories?”, page 472, The first mace
(; The Sprackll_e'ns. Flr?t St'eps in Ct.Jmputer Chess Programming 86 article score was 1.4 standard deviations
Am_jerson' -inear c'r_cu't Analysis 100 above the mean, and the second place article
8 Smith: Solving the Eight Queens Problem 122 1.34 dard deviati b h
9 Steeden: Assembling the H9 Video Terminal 130 was L. A standar eviations above t_e
10 Burhans: A Simpler Digital Cassette Tape Interface 142 mea‘n_qu“te a close score. The aUthor_S will
1 Hughes: Souping Up Your SwTPC 6800 144 receive prizes of $100 and $50, respectively.
12 Farnell: A Novel Bar Code Reader 162 “Antique Mechanical Computers,”” page 48,
13 Whaland: A Computer Chess Tutorial 168 placed third, and the other two history
14 Frey-Atkin: Creating a Chess Player 182 articles tied for fourth place.m
224 October 1978 © BYTE Publications Inc












Shugart invented the minifloppy in 1976.
Today there are more than 100,000 of the little drives
in use. That's because users want the affordable
random access data storage of the minifloppy.

Shugart packs years of proven floppy
drive technology into this tiny package. Up to 110
kbytes of data storage. Fast random access of
about one-half second. And high speed data trans-
fer of 125 kbits per second. Plus sensible,
maintenance-free features like write protect to
prevent accidental data loss, an activity light to
indicate when the drive is selected by your
computer and a door interlock to protect your
media fromm damage.

Our proprietary read/write head provides
maximum data inferchange margins, and it is

positioned precisely on the selected track by a
patented spiral cam actuator. The DC drive motor
with integral tachometer assures accurate diskette
rotation and low heat dissipation. A die cast
aluminum base plate provides a solid foundation
for the drive.

At Shugart, fechnology leadership is more
than aslogan, it's a commitment. Get reliability
and value when you invest your money for floppy
disk storage. Ask for the standard of the industry.
minifloppy. If it isn’t Shugart, it isn’t minifloppy.

?%.Shugor’r Associates

435 Oakmead Parkway, Sunnyvale, California 94086

For a list of manufacturers featuring Shugart’s minifloppy in their systems, circle reader response number.
TM minifloppy is registered trademark of Shugart Associates

Circle 312 on inquiry card.
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