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vious — move the disk from the source to the
destination rod.
® When n+1 disks are to be moved:
® 1) Move n disks from the source rod to the inter-
mediate rod;
2) Move one disk from the source rod to the
destination rod; and
3) Move n disks from the intermediate rod to the
destination rod.

Listing 1: Recursive solution to the Towers of Hanoi problem in
BASIC.

010 REM Declare the stack arrays.
020 DIM S$(15) D$(15),1$(15)

030 PRIN

040 PRINT ‘Number of disks'’;

050 INPUT P

060 REM If P is too large or too small, STOP.
070 IF (P>15) THEN 170

080 IF (P<1) THEN 170

090 REM Move P disks from Left to Right.

100 LET S$(P)=""L"

110 LET D$(P)=*'R"

120 LET I$(P)=*"'C"

130 REM Move those disks!
140 GOSUB 180

150 REM Since that was so much fun let us do it again.

160 GOTO 30

170 STOP

180 REM This is the recursive HANOI procedure.

190 REM If P =1, move one disk from source to destination.
200 IF (P>1) THEN 230

210 PRINT ““Move a disk from ““;S$(P);"' to *“;D$(P);""."

220 RETURN

230 REM Else, move P — 1 disks from Source to Intermediate.
240 LETP=P—1

250 LET S$(P)=S$(P + 1)

260 LET D$(P)=I$(P + 1)

270 LET I$(P)=D$(P + 1)

280 GOSUB 180

290 REM Move one disk from Source to Destination.

300 PRINT *““Move a disk from *;S$(P + 1);"" to *“;D$(P + 1);"*
310 REM Move P — 1 disks from Intermediate to Destination.
320 LET S$(P)=I$(P + 1)

330 LET D$(P)=D$(P + 1)

340 LET I$(P)=S$(P + 1)

350 GOSUB 180

360 LETP=P+1

370 RETURN

380 END

*run

Number of disks?4
Move a disk from L to C.
Move a disk from L to R.
Move a disk from C to R.
Move a disk from L to C.
Move a disk from R to L.
Move a disk from R to C.
Move a disk from L to C.
Move a disk from L to R.
Move a disk from C to R.
Move a disk from C to L
Move a disk from R to L
Move a disk from C to R
Move a disk from L to C.
Move a disk from L to R
Move a disk from C to R

Number of disks?2

Move a disk from L to C
Move a disk from L to R.
Move a disk from C to R

Number of disks?1
Move a disk from L to R.

Number of disks?0

ready
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The fact that this algorithm is correct can be proven via
the principle of mathematical induction. Since a solution
is defined in the case of having to move one disk and
since, given a solution for n disks, a solution can be
found for n+1 disks. That is, given a solution for one
disk, we have a solution for two disks; given a solution
for two disks, we have a solution for three disks, and so
on. The proof that this algorithm produces the fewest
possible moves is left to the reader.

Now that our algorithm is defined, we can implement
the program. In many BASICs, recursion is allowed in
function calls. In my BASIC, however, it is not. It turns
out that recursion is supported in all BASICs for sub-
routine calls. The only limiting factor is the depth of
subroutine nesting allowed. In my case, this limit was fif-
teen levels. The only major problem was the method of
parameter passing. Each invocation of the HANOI pro-
gram has different source, intermediate, and destination
rods. In order to keep these straight, the names of these
rods [L (left), R (right), C (center)] must be kept on
separate stacks [S$ (source), D$ (destination), I$ (inter-
mediate)]. The variable P tells the program the number of
disks to move, as well as the offset into the arrays to find
the current names of the rods.

Recursion, when applied effectively, is one of the most
powerful tools a programmer has. Many computer lan-
guages support recursion more fully than BASIC. Among
these are Pascal, LISP, and APL. These languages allow
recursive functions and local variables (local variables
have separate storage locations for each invocation of the
function). I hope that this Programming Quickie. will
prompt you to try some recursive programs. If you have
access to any of the above languages, I suggest that you
use them. If not, BASIC will still work.m

The Correct Order of
Operations Can

Shorten Code

Pointer Decrementing on the
6502

Philip K Hooper, 5 Elm St, Northfield VT 05663

Several instances of 6502 code I have come across
decrement a 16-bit pointer as follows:

DEC POINTL decrement low byte of the
pointer.

LDA POINTL move result to accumulator.

CMP $FF test for page crossing.

BNE 02 if not FF, no page crossing

—decrementing complete.
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“IF YOU WANT TO KEEP UP WITH THE
LATEST DEVELOPMENTS IN CONTEMPORARY

LANGUAGE TOOLS LIKE PASCAL, ADA, C,
AND LISP, YOU MUST PLAN TO ATTEND
“THE BYTE GONFERENGE ON LANGUAGES AND
TOOLS FOR MICROCOMPUTING”

'JUNE 16-17, 1980 McGRAW-HILL WORLD HEADQUARTERS, NEW YORK‘ CITY

Don’t get caught without the right words. Be prepared by learning how
to use the concepts of high level language technology and their
advantages in practical design/documentation and product situations.

This conference will introduce you to the importance of high level
languages, software tools and their availability for use with small
microcomputer-based systems.

THE PROGRAM COVERS:
e Block-structured languages and software systems in practical problems

e The Pascal language and concepts of using high level languages as
tools of program design

e Ada as a strong alternative for programming of real-time
microcomputer applications systems

e C in the context of other block-structured languages

e Background context of traditional assembly language tools: when to
use and when to avoid using low level languages

e LISP and its applicability in microcomputing

e FORTH and its variations for experimental programming

e And more

MEET WITH EXPERT SPEAKERS, INCLUDING:

Conference Chairman Carl T. Helmers, Jr., Editorial Director,

BYTE Magazine

Dr. Henry Baker, Assistant Professor of Computer Science, University
of Rochester, a specialist in areas including artificial intelligence.

Dr. Kenneth Bowles, Institute for Information Systems, and a driving
force behind the UCSD Pascal Project

Dr. Peter Grogono, author of the book Programming in Pascal

Dr. Fred Martin, Intermetrics Inc., and one of the designers of

the HAL/S software system for the NASA space shuttle

John Morse, Digital Equipment Corporation, and active

in areas of software and language design Circle 213 on inquiry card.
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For more information on how you BYTE
can attend this conference, complete

s coupon and return to McGraw-Hill

Conference & Exposition Center,

1221 Avenue of the Americas,

Address Room 3677, New York, NY 10020,

or call 212-997-4930.

Remember, space is limited, so reserve today!
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Company

City State Zip

Phone



Circle 214 on inquiry card.

HOW TO MANAGE YOUR
INFORMATION EXPLOSION

1. MODERN MICROPROCESSOR SYSTEM

DESIGN: Sixteen Bit and Bit-Slice Architecture
Daniel R. McGlynn

Presents a detailed overview (with examples) of the new 16-bit
and bit-slice microprocessors, together with modern peripheral
components and devices such as:

+ magnetic bubble memories

- charged coupled devices (CCD)

- CRT interface devices
Also provides a detailed 8086 instruction listing, plus program-
ming examples using various addressing techniques.
(0471 06492-0) April 1980 approx. 275 pp. $20.00 (tent.)

2. PERSONAL COMPUTING: Home, Professional,
and Small Business Applications

Daniel R. McGlynn

Here’s a non-technical survey of the expanding field of
personal computing, covering the features, capabilities, and
limitations of hardware and software commercially available
today. This book offers criteria for selecting and purchasing the
right system for you, and explains the various programming
languages from BASIC to PASCAL and APL. Many charts,
photographs, detailed glossary, appendices, and much more.
(0471 05380-5) 1979 263 pp. $9.95 paper

3. ADVANCED ANALYSIS WITH THE SHARP

5100 SCIENTIFIC CALCULATOR
Jon M. Smith

Written for all who use a Sharp 5100 or 5101. Emphasizes
numerical methods that are particularly suited to the Sharp
scientific calculator. But the mathematical material is general
enough so it can be used with any of the Sharp scientific
machines or with small computers. Numerous examples show
the new computing power available with a 5100 as a result of its
unique algebraic capability.

(0471 07753-4) 1979 132 pp. $6.95 paper

4. WRITING INTERACTIVE COMPILERS

AND INTERPRETERS

PJ. Brown

Here's a simple yet practical examination of how to implement
an interactive programming language. Reviews how
techniques and challenges differ from traditional non-interac-
tive languages. Also balances material for planning/performing
the task with underlying theoretical principles. No more than an
ability to program and a familiarity with interactive working is
assumed.

(0471 27609-X) 1979 265 pp. $26.95

New for the computer hobbyist...

5.INTRODUCTION TO COMPUTER MUSIC
Wayne Bateman

(0471 05266-3) March 1980 approx. 368 pp. $20.00 (tent.)

WILEY-INTERSCIENCE

a division of John Wiley & Sons, Inc.
605 Third Avenue

New York, N.Y. 10016

In Canada 22 Worcester Road Rexdale Ontarlo

F Please send the books indicated for 15-DAY FREE EXAMINATION. 1
I (Restricted to the continental U.S. and Canada.) I
Mail to: WILEY-INTERSCIENCE, P.O. Box 092, Somerset, N.J. 08873
I [0 Payment enclosed, plus sales tax. Wiley pays postage/handling. We '
normally ship within 10 days. If shipment cannot be made within 90 days,
I payment will be refunded. l
O Billme. [ Bill firm or institution.
I 01. McGlynn (0 471 06492-0) 0a. Brown (0471 27609-X) I
$20.00 (tent.) $26.9
I 0J2. McGlynn (0471 05380-5) 0s. Bateman (0471 05266-3) |
$9.95 paper $20.00 (tent.)
| 013. Smith (0471 07753-4) |
$6.95 paper
I NAME L = TR S — I
| APPLIATIDAEY oo we BLe it Dty 1
I ADDRESS LS
CITY ol STATE/ZIP_____ I

I_F'rlces subject to change wnhout notice. 0-7587
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DEC POINTH otherwise, decrement high byte of

pointer to cross page.

The following code produces the same result, but requires
two fewer bytes of code and executes 2 us faster:

LDA POINTL bring low byte of pointer into ac-
cumulator.

BNE 02 if not zero, no page crossing, so
branch ahead, skipping high byte.

DEC POINTH otherwise, decrement high byte of
pointer.

DEC POINTL and decrement low byte of
pointer.

Although this might seem a minor improvement, it
amounts to 20% (for a pointer on page 0), and sometimes
several similar small savings substantially shrink soft-
ware storage space stress.®

Sets
Tutoring in BASIC

Linda M Schreiber, 29143 Carlton, Inkster MI 48141

Listing 1: Altair Extended BASIC listing for helping children
learn about sets.

10 7 Rkkkx SETS VER. 1 KKKk
20 4 X% L. M. SCHREIBER XX
30 / X% 4-78 ALTAIR EXTEDED-BASIC X

40 ‘ PURFOSE:!TO TEACH NUMEER RECOGNITION & THE NUMERICAL VALUE

50 * OF A GIVEN SET.

60 * MESSAGE TO AN ADULT.

70 PRINT®THE CHILD WILL BE SHOWN A SET OF CHARACTERS.*

80 PRINT"AFTER COUNTING THE CHARACTERS, THE CHILD SHOULD' ENTER®

90 FRINT'THAT NUMBRER FROM THE KEYBOARD. IF THE CORRECT NUMBER IS*
100 FRINT®*ENTERED, THE TERMINAL WILL SMILE. IF THE NUMEER IS WRONG»*
110 FRINT*THE TERMINAL WILL FROWN,*

120 C=INT(RND(1)%4)+35 ‘CHOOSE ASCII CODE FOR CHARACTER

130 N=INT(RND(1)%9)+1 ‘CHOOSE A NUMBER BETWEEN 1 AND 9

140 T=T+1 ‘COUNT NUMBER OF SETS VIEWELD

145 W=0 ‘CLEAR COUNTER FOR WRONG ANSWERS

150 C$=CHR$(C) 'CUNUERT ASCII CODE TO CHARACTER

160 PRINT:!FRINT:F$="" ‘CLEAR FLAG FOR NEXT ANSWER

170 FOR P=1 TO N LDOP TO FRINT CHARACTERS

180 FRINT Cs* i

190 NEXT F

195 IF W=3 THEN PRINT®*=*N:!GOTO 120

200 PRINT:!FRINT!INPUT G$ ‘ENTER NUMBER OF CHARACTERS

210 IF VAL(G$)<*N THEN F$="FROWN® ‘CHECK ANSWER

215 FRINT:PRINT

220 PRINTTAR(23) "x¥kkkkkxx*

230 PRINTTAE(22) "X *

240 FRINTTABR(21) "% = = x*

250 PRINTTAEB(20) "X 0 0 x*

260 PRINTTAB(20) "X + X
270 IF F$="FROWN" THEN 330

280 PRINTTAER(20) "% X LI
290 PRINTTAB(21)"x X *x X'
300 FRINTTAB(22) "% X¥kXxkx X*
310 PRINTTAERC23) "XKK¥KKKKX "

320 IF T«>5 THEN 120 ELSE 380
330 FRINTTAE(20) "X KKK K X
340 PRINTTAR(21) "% ( ) ke
350 FRINTTAB(22) "X x*
360 PRINTTAR(23) "Xkkkkkkkk*

365 W=W+1

370 GOTO 160

380 FPRINT:FRINT!PRINT:PRINT"RYE"
390 END

0K

The program Sets (shown in listing 1) reinforces the
recognition of numbers and their set values for a
preschool child. Except for a message at the beginning of
the program, no reading is required. All interaction be-



Listing 2: Sample run of program Sets. The computer outputs a smiling face when the child's answer is correct and a frowning face

when the answer is incorrect.
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tween the computer and the child is accomplished by the
use of graphics.

The terminal prints out a set of 1 to 9 characters for the
child to count (see listing 2 for sample run). The child
enters the number from the keyboard. If the number
entered is incorrect, a frown will appear on the terminal.
When the correct number is entered, the terminal will
show a smile. The child is allowed three attempts to
answer each set correctly. The answer will be printed
after the third attempt.

In line 200, a string variable is used for input, so that a

child who mistakenly enters a letter or symbol will not
become frustrated with error messages. All incorrect in-
puts are treated in the same manner.

The T variable in line 140 counts the number of sets the
child will be shown. In this version the program will end
after 5 sets. The variable can be easily increased (lines 195
and 320) for a child with a longer attention span. Similar-
ly, the 9 in line 130 can be changed to a greater value for
the child who has mastered sets from 1 to 9.

Sets is written in Altair (Microsoft) Extended BASIC
and uses just over 1 K bytes of memory.m
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Whst's New?

SOFTWARE

Z80-Based Disk Operating
System Written in PL/M

A Z80-based operating system which
allows up to four simultaneous users
and hard disk-drive control has been
released by Altos Computer Systems.
AMEX (Altos Mutli-User Executive) is
written in PL/M and is compatible with
CP/M versions 1.4 and 2.0. AMEX can
manage up to four user-memory areas of
up to 48 K bytes each. It utilizes a
priority ordered interrupt-driven dis-
patching algorithm. Priority is given to
input/output (I/0) bound tasks, while
microprocessor compute-bound tasks
tend to migrate to the bottom of the
priority line.

Access to on-line storage on floppy or
hard disk is handled for multiple users
by AMEX, using direct memory address
(DMA) hardware. AMEX features a

dispatcher and a spooler that allocate
and free various peripheral devices as
requested by user programs or com-
mands. The system is designed to carry
on multitasking operations within an
individual user’s 48 K memory block.
AMEX includes a screen-oriented text
editor, an 8080 assembler, built-in
utilities, file management commands and
a transient command handler which
allows the user to define new disk-
oriented commands separate from those
implemented by CP/M.

AMEX requires an Altos ACS8000
series computer and 64 K bytes for one
user, 112 K bytes for two users, and
208 K bytes for four users. It is priced at
$250 and comes on a single floppy disk.
Contact Altos Computer Systems,
2338-A Walsh Ave, Santa Clara CA
95050.

Circle 400 on inquiry card.

Apple II Animation
Package

The A2-3D1 is a package of easy to
use assembly language programs for
three-dimensional and two-dimensional
animation on the Apple II. The program
allows users to view two- or three-
dimensional scenes created in the stan-
dard XYZ coordinate system, zoom be-
tween wide angle and telephoto fields of
view, select a location in space, and a
direction of view. One feature allows
users to generate an output array of line

start and end points instead of plotting
on the Apple screen. Other features
include zero page restore which leaves
all zero page variables intact after
subroutine exit, page control for selec-
tive page erase, display, and draw for
ping-ponging between screens for
smooth animation. The load and go
manual guides beginners through an
orientation session with the A2-3D1 pro-
gram. The technical manual is for
advanced applications and describes the
transformer algorithm in detail. The
program requires 16 K bytes of pro-

Where Do New Products Items
Come From?

The information printed in the new
products pages of BYTE is obtained
from "new product” or “press release”
copy sent by the promoters of new
products. If in our judgement the in-
formation might be of interest to the
personal computing experimenters
and homebrewers who read BYTE, we
print it in some form. We openly
solicit releases and photos from
manufacturers and suppliers to this
marketplace. The information is
printed more or less as a first in first
out queue, subject to occasional
priority modifications. While we
would not knowingly print untrue or
inaccurate data, or data from unre-
liable companies, our capacity to
evaluate the products and companies
appearing in the “What's New?"
feature is necessarily limited. We
therefore cannot be responsible for
product quality or company perfor-
mance.

grammable memory for the three-
dimensional and two-dimensional
transformer, small scenes, and small
control programs. Larger scenes, control
programs and the DEVELOP program
require 24 K bytes of programmable
memory. The program costs $45 on
cassette and $55 on floppy disk. For
more information, contact Sublogic,
POB 5, Savoy IL 61874.

Circle 401 on inquiry card.

Intel Adds Pascal-80 to
8080/8085 Microprocessor
Software Development

Intel Corp has developed Pascal-80 to
support 8080 and 8085 microprocessor
software development on Intellec
microcomputer development systems.
Similar to its PL/M, BASIC, and
FORTRAN programs, the Pascal-80
package is available on floppy disk and
runs under the ISIS-II operating systems
on Intellec Series II and MDS-800
models. This Pascal-80 offers extensions
that make the language suitable for com-
mercial and industrial applications. The
extensions include three new data
types—the string type, untyped files,
and interactive files—plus twenty-eight
predeclared procedures and functions.
Pascal-80 provides a Trace facility
allowing a user to monitor program
execution, and a set of compile and run-
time error diagnostics. Users create
Pascal source programs using the
Pascal-80 software and standard Intel
microcomputers. The Pascal-80 software

package includes a floppy disk contain-
ing a compiler, a pseudocode interpreter
and demonstration programs, a
Pascal-80 user’'s manual and the Pascal
User Manual and Report, second edi-

tion, by Jensen and Wirth. The software
package is priced at $975 and is
available from Intel Corp, 3065 Bowers
Ave, Santa Clara CA 95051.

Circle 402 on inquiry card.
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The home computer you thought was:
years awayis here. g
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C8PDBF %2597
Ohio Scientific’s top of the line personal com-
puter, the C8P DF. This system incorporates
the most advanced technology now available
in standard configurations and add-on options.
The C8P DF has full capabilities as a personal
computer, a small business computer, a home
monitoring security system and an advanced
process controller.

Personal Computer Features

The C8P DF features ultra-fast program execu-

tion. The standard model is twice as fast as
other personal computers such as the Apple ||
and PET. The computer system is available
with a GT option which nearly doubles the
speed again, making it comparable to high end
mini-computer systems. High speed execution
makes elaborate video animation possible as
well as other |/O functions which until now,
have not been possible. The C8P DF features
Ohio Scientific's 32 x 64 character display with
graphics and gaming elements for an effective
resolution of 256 x 512 points and up to 16
colors. Other features for personal use include
a programmable tone generator from 200 to
20KHz and an 8 bit companding digital to
analog converter for music and voice output,
2-8 axis joystick interfaces, and 2-10 key pad
interfaces. Hundreds of personal applications,
games and educational software packages are
currently available for use with the C8P DF.

Business Applications

The C8P DF utilizes full size 8" floppy disks
and is compatible with Ohio Scientific's ad-
vanced small business operating system,
0S-65U and two types of information manage-
ment systems, OS-MDMS and OS-DMS.

The computer system comes standard with a

high-speed printer interface and a modem in-
terface. It features a full 53-key ASCI|
keyboard as well as 2048 character display
with upper and lower case for business and
word processing applications.

Home Control

The C8P DF has the most advanced home
monitoring and control capabilities ever
offered in a computer system. It incorporates
a real time clock and a uniqgue FOREGROUND/
BACKGROUND operating system which allows
the computer to function with normal BASIC
programs at the same time it is monitoring
external devices. The C8P DF comes standard
with an AC remote control interface which
allows it to control a wide range of AC appli-
ances and lights remotely without wiring and
an interface for home security systems which
monitors fire, intrusion, car theft, water levels
and freezer temperature, all without messy.
wiring. In addition, the C8P DF can accept
Ohio Scientific’s Votrax voice I/0 board and/or
Ohio Scientific’s new universal telephone inter-
face (UTI). The telephone interface connects
the computer to any touch-tone or rotary dial
telephone line. The computer system is able to
answer calls, initiate calls and communicate
via touch-tone signals, voice output or 300
baud modem signals. It can accept and
decode touch-tone signals, 300 baud modem
signals and record incoming voice messages.
These features collectively give the C8P DF
capabilities to monitor and control home func-
tions with almost human-like capabilities.
Process Controller

The C8P DF incorporates a real time clock,
FOREGROUND/BACKGROUND operation and
16 parallel I/O lines. Additionally a universal

ssory BUS connector is accessible at the
back of the computer to plug in additional 48
lines of parallel I/0 and/or a complete analog
signal l/0 board with A/D and D/A and
multiplexers.

Clearly, the C8P DF beats all existing small
computers in conventional specifications plus -
it has capabilities far beyond any other com-
puter system on the market today.

C8P DF is an 8-slot mainframe class computer
with 32K static RAM, dual 8" floppies, and
several open slots for expansion.

C8P 3895

Or get started with a C8P with cassette inter-
face, 8K BASIC-in-ROM which includes most
of the features of the C8P DF except the real
time clock, 16 parallel I/O lines, home security
interface and accessory BUS. It comes with
8K static RAM and Ohio Scientific's ultra-fast
8K BASIC-in-ROM. It can be expanded to a
C8P DF later. Base price $895. Virtually all the
programs available on disk are also available
for the C8P cassette system on audio’
cassette.

Computers come with keyboards and floppies where specitied.
Other equipment shown is optional.

For literature and the name of your local
dealer, CALL 1-800-321-6850 TOLL FREE.

OHI0 SCIENTIFIC

1333 SOUTH CHILLICOTHE ROAD
AURORA, OH 44202 « [216] 831-5600

Circle 281 on inquiry card.
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