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DYNABYTE COMPUTERS

ARE ALL BUSINESS

INSIDE AND OULT.

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 S5-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
DB8/4 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-

* CP/M is a rademark 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 OF ALL

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
DB&/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
Controller, 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 your local dealer.

DUNABYTE

Circle 110 on inquiry card.

YOU CAN DEPEND ONIIT.
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00010
00011
Q0012
00013
00014
00015
00016

0100
¢100
0104
0106
0108
0109
0108

108E 1000 4
96 32 4
c6 o4 2
30 11
D3 33 6
EC AB 9

calculate the offset used by an indexed in-
struction during program execution, so we
included an index mode that allows the A,
B, or D accumulator to be used as an offset
to any indexable register. Far example, con-
sider fetching a 16 bit value from a two-
dimensional array called CAT with dimen-
sions: CAT (100,30). Listing 2 shows the
6809 code to accomplish this fetch. These
addressing modes can also be indirected.

Implementation of position independent
code was one of the highest priority design
goals. The 6800 had limited position inde-
pendent code capabilities for small programs,
bul we felt the 6809 must make this type of
code 50 easy to write thalt most prog  1mers
would make all their programs position inde-

ORG  $100

LDY  #CAT LOAD BASE ADDRESS OF ARRAY
LDA  SuUB1 GET FIRST SUBSCRIPT

LDB  #100 MULTIPLY BY FIRST DIMENSION
MuL

ADDD SuUB2 ADD SECOND SUBSCRIPT

LDD DY FETCHVALUE

Listing 2: Array subscript calculations. This 6809 program fetches a 16 bit
value from a two-dimensional array called CAT, with dimensions: CAT
(100,30).

34 January 1979 @ BYTE Publications Inc

Circle 38 on inquiry card.

pendent, To do this, an additional long r
tive (16 bit offset) branch mode was added
to all 6800 branches as well as @ 2
gram relative addressing. Program rela
addressing uses the program counter much
as indexing uses one of the ir xable
registers. This allows ail instructions that
reference memory to reference data relative
to the current program counter {which is
inherently position independent). Of course,
program relative addressing can be indirected.

The addressing modes of the 6809 have
created a processor that has ! n ied a
“programmer's dream machine.” To date all
the benchmarks we have written for the
6809 are position independent, modular, re-
entrant and much smaller than comparable
programs on other microprocessors. It is
easier to write good programs on the (19
than bad ones!

New or Innovative Instructions

The 6809 does not contain dozens of new
innovative instructions, and we planned it
that way. What we wanted to do was clean
up the 6800 instruction set and make it
more consistent and versatile, We do not
feel a processor with 500 different assembler
mnemonics for instructions is better than
one with 59 powerful instructions that
operate on different data in the same man-
ner. For example, the 6809 contains a trans-
fer instruction of the form TFR R1, R2 that
allows transfer of any likesized registers.
There are 42 such valid combinations on the
6809, and clearly one TFR instruction is
easier to remember than 42 mnemonics of
the form: TAB, TBA, TAP, TXY, etc. Also
an exchange instruction {EXG) exists that
has identical syntax to the TFR instruction
and has 21 valid forms. In the time  took
to read three sentences you just learned
63 new 6809 instructions! As another
example, we combined the numerous
instructions that set and cleared condition
code bits on the 6800 into two 6809 instruc-
tions that AND or OR immediate data into
the condition code register.

Other significant new instnt .
the new 16 bit oneratinns, ster
can be loaded, stc ed ted

from, compared, transterred, exchanged,
pushed and pulled. All the indexable regis-
ters (16 bits) can be loaded, stored and
compared. The load effective address instruc-
tion can also be used to perform 8 or 16 bit
arithmetic on the indexable registers as
described later,

vo significant new instructions are the
multiple push and multiple pull instructions
on the 6809. With one 2 byte instruction,
any register or set of registers can be pushed
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00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
G016
00017
00018

0500 34
0502 32
0504 1F
0506 EC
0509 AE

050C ED
050F AE
0511 EE
0513 32
0516 6E

Listing 4: Use

40
66
43
D8
D8

D8
48
46
E8
84

Table 5: Hexadecimal ad-
dresses of the 6809 restart
and interrupt vectors.

FFFE
FFFC
FFFA
FFF8
FFFG
FFF4
FFF2
FFFQ

Restart
NMI
SwWi
IRO
FIRQ
SWiz2
SWi3
Reserved

6 SUBR PSHS U

5
6
OE 10
0C10

0A10
6

6
10 6
3

-

-

t3

finishes with an answer in the D register.
The subroutine exit saves this value. It
then puts the return address in X and
restores the previous stack mark pointer.
The whole stack is then cleaned up (delcted)
and return is made to the caller.

Motorola 6800 users should note that the
stack pointers on the 6809 point to the last
value pushed on the stack rather than the
next free [ocation, as on the 6800. This was
done so that autoincrement and autodecre-
ment would be eguivalent to pulls and
pushes. For example: STA |, -S is equivalent
to PSHS A; and LDA , S+ is equivalent to
PULS A. This also means the X and Y
registers can be used as stack pointers if the
programmer desires. For example: STA , -X
is a push on a stack defined by X. The
possible ambiguity between where the stack
pointer points on the 6800 and the 6809
may be less of a problem than it seems,
since the 6800's TSX becomes the 6809's
TFR S, X without adding 1 and TXS be-
comes a TFR X,S without subtracting 1 —
think about it. The only danger is in pro-
grams that used the stack pointer as an
index register. In these programs the stack
pointer may point one location away from
where it did previously.

SAVE CLD STACK MARKER

LEAS 6,5 RESERVE LOCAL STORAGE
TFR SU GET NEW STACK MARKER
LDD [14,U] GET ARGUMENT 1

LDX [12,U] GET ARGUMENT 2

SUBROUTINE BODY

STD [10,U] SAVE ANSWER

LDX 8U  GET RETURN ADDRESS

LDU 6,U RESTORE U’

LEAS 16,8 POP EVERYTHING OFF STACK
JMP X RETURN

of stacks on the 6809 processor. In this typical high level
language subroutine example, U’ and S' are the muark stack pointer and
hardware stack pointer, respectively, just prior to the call. U and 5 are the
surme registers during execution of the subroutine body. Before calling the
subroutine the caller pushes the addresses of two arguments and the answer
on the stack and then executes the jump to subroutine which puts the return
program counter on the stack. The subroutine then saves the old stuck mark
pointer on the stack as well as reserving space on the stack for the local
variables for the subroutine (see figure 4).

42 January 19790 BY TE Pyblications Inc

23
3%

ADDRESS
14 | oF arcl ]
ADDRESS
12 i OF ARG2 )
QFFSET FROM ADDRESS
?JfCK MARK 10 I OF ANS )
RE TURN
8 i PC —n—S
OLD STACK
6 | MARK (U} )
5
. 5 4
3 —LOCAL

2 VARIABLES

Figure 4: lllustration of the high level lan-
guage subroutine example in listing 1.

Interrupts

The 6809 has three fully vectored hard-
ware interrupts. The nonmaskable interrupt
(NM1) and maskable interrupt (IRQ} are the
same as the 6800’s NMI and IRQ. The new
interrupt is the fast maskable interrupt,
or FIRQ, that stacks the program counter
and condition code register only on inter-
rupt. Table 5 gives the addresses of the
interrupt vectors for the 6809,

A new signal (IACK) has been added that
is available anytime an interrupt vector is
fetched. This signal together with address
bus lines A1 through A3 can be used to
implement an interrupt scheme in which
each device supplies its own interrupt vector.

The interrupt control and prioritization
logic of the 6809 have been defined very
carefully - no redundant or indeterminate
conditions can exist when several inter-
rupts occur simultaneously. The details
of this interrupt structure are precisely
defined in Motorola documentation for the
6809.

Part 2, entitled “Instruction Set Dead-
Ends, Old Trails and Apologies,” will be
a question and answer discussion about the
design philosophy that went into the 6809.m
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Comments on

Techaicsl

Forum

John Walker
Marinchip Systems

16

St Jude Rd

Mill Valley CA 94941
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The fetter from Olav Nuaess {Techmeal
Forum, August 1978 BYTE, page 12} sug-
gesting the use of the data in and data oul
lines of the S-100 bus as a bidirectional data
bus was especially interesting in light of the
announcement ol a commercial product that
operates this way, and adoption of (his
mode of 16 bit operation in the proposed
standard for the 5-100 bus.

In August 1977, 1 was involved in design-
ing the prototype ol 4 processor board that
interfaced the Texas Instruments TMS9900
16 bit processor Lo the S-100 bus, Since the
design was to work with most existing S-100
boards, it included logic to multiplex the
16 bit data translers into pairs of conven-

S-100 Bus Extension

tional 8 bit memory cycles. Since perlorm-
ing this multiplexing impaosed a4 substantial
performance penalty on the processor com-
pared to operation with 16 bit parallel mem-
orics, | wanted to allow the processor 10 alse
work with 16 bit wide memories, ideally
intermixed with normal $-100 memorics.

After discarding several schemes such as
having a separate 16 bit wide bus along the
top of the card, and splitting the bus into
two separate mother boards, 1 hit on the
idea of using the dawg in and data out buses
as a bidirectional bus. The findl design was as
follows.

At the start of 2 memory cycle, the pro-
cessor asserts a line, informing the memaory
that the processor is capable ol 16 bit trans-
fers. I the memory addressed is also capable
of 16 bit operation, it responds with a signal
informing the processor of this Tact. When
the processor sees the 16 bit mode reply
from the memory, it initiates a paraliel 16 bhit
transfer instead of the normal pair of 8 bit
transfers. Since a conventional 8 bit 5-100
memory is not connected 1o the 16 bit reply
line, and the processor pulls this line to the
8 bit vdlue, normal § bit memories will run
with the processor with no modilications in
multiplexed mode.

The processor’s 16 bit request line dlows
the design of memories that operate in either
8 or 16 bit mode. Such design is desirable
because memories so designed can be used
both with regular 8 bit processors or with
the new 16 bil processors, Also, such a mem-
ory is required in order 10 use an 8 bit direct
MEMory access device in a system with o
16 bit processor and memory,

The Marinchip Systems M9300 processor
was designed to run in the manner described
above. A prototype of Lhe processor wilth
16 hit mode operation was tested in January
1978, and the production model of the pro-
cessor was demonstrated at the West Coast
Computer Faire in March 1978, running
with mixed 8 and 16 bit memorices and an
8 bit direct memory access disk controller.
At the Faire, our scheme for 16 bit opera-
tion was presented at the $-100 standards
meeting. The S-100 standards committee
later adopted it in the proposed standard.

The bidirectional 16 bit bus proposal, as
integrated into the proposed standard, has
many advantages. It requires no new hard-
ware signal routing {compdred to o separate
16 bit bus, or a split mother board). It re-
quires only two new bus lines: the 16 bit
request from the processor, and the 16 bit
acknowledgement from the memory. Finally,
and meost importantly, it allows a smooth
transition from a primarily 8 bit world w
the coming 16 bit era. Users' investment in
8 bit memory, input/output, and direct
memory access devices is protected, as these
devices continue to run without modifica-
tion, while 16 bit processors and devices can
be added as they become available, The 16
bit processor, when executing out of 16 bit
memory, operates at its Tull rated speed.

To answer the objections raised to this
proposal by John C McCallum in the same
issuc, allowing 8 bit memory boards to oper-
alte in their original mode allows them o
work with a 16 bit processor with no prob-
lems. I a memory board works with «n
S0801, it will work m 8 bit mode with the
new processor. Processor Technology's paral-
lel bus affects only the SOL computer, as far
as | know, and not any of their accessory
boards. In any case, their 3P+S, VDM-1, and
8KRA memory work fine with the M9900
processor. Since the SOL has the processor
integrated in the system rather than on a
separate card, users are not likely Lo change
it anyway. Finally, nobody expecls anybody
to rewire anything under the 16 bit proposal,
The most attractive facet ol the proposal is
that it allows existing hardware to run as it
does now, while allowing new hardware Lo
run with unimpaired performance.

I the S-100 busis to remain the dominant
bus for modular system construction, it must
accommodate the existing and forthcoming
16 bit processors. | feel the proposed 16 bit
standard is the best route to this goal.m

REFERENCE

Marrow, G, and Fullmer, H, “Proposed Standard
for the 5-100 Bus,” Computer, May 1978, page 84.



Russell F. Roth, President, Roth Computer Processing, Indlanapolls, IN: "Bookkeeper
and Autoscribe are flexible enough for almost any business application. MicroSource
narrows the applications gap bebtween micros and the other guys . . . refreshing for
packaged systems.”

Chuck Faso, Owner, Computerland of Niles, IL: "You cannot find more for your money
anywhere. Autoscribe is the easiest to operate I've seen. It does everything you would
want to do with word processing. There's just no competition at this price.”

Norm Dinnsen & Dave McDonough, Owners, Computerland of San Diego: "We like to
sell systems we can depend on. That's why we sell MicroSource. MicroSource software is
more business-oriented. the systems are a lot cleaner and they use good dependable
equipment.

“MicroSource has the best documentation we've yet to see. Bar none. We're looking
forward to more MicroSource packages.”

Autoscribe — The Paperwork Manager’™. Bookkeeper — The Office Accountant'™,
Here's the lowest-cost answer to your Now you can use the same system used by
office paperwork problems. And. the only CPA firms to prepare your monthly state-
word processor that's also a small business  ments. What used to take you days now
computer. Less than $8,000 (under $200/ takes just hours. Just $7595 (under $200/
mo. on a financing lease) with a North Star-  mo. on a financing lease) with a North Star-
based system (sugg. list). based systemn (sugg. list).

ficro 5OUALE

1425 W. 12th Place ® Tempe, Arizona 85281 » (602) 894-9247 e Cable: MICROAGE
Telex: 165 033

The following are trademarks of The Phoenix Group, Inc. MicroSource, Autoscribe, Bookkeeper
DEALERSHIPS STILL AVAILABLE

Circle 226 on inguiry card. BYTE January 1979



Build a
Computer Controlled
Security System

Copyright © 1978 by Steven
A Ciarcia. All rights reserved.
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for Your Home

Bisrciss

Bircuit Cellsr

“Steve? Lloyd? How did you get in?”
| jumped back in my swivel chair in surprise
as they approached,

‘‘Joyce let us in.”

It wasn’t unusual for Steve and Lloyd to
drop over. We've been friends and fellow
computer buffs for years, The surprising
part was that they hadn't scen my new base-
ment since | had moved and they decided
not to wait for an invitation.

“Boy, when you said you moved Lo the
woods, you really meant il.”" | was sure that
a weslern Long Islander like Lloyd probably
considered more than three trees and a
hedge in a yard a forest, but 1 did have to
admit that the fast 100 yards along my dirt
road was a real killer. "How do you plan to
get out of here in the winter?”

A picture of Nanook of the North com-
plete with dogsled and team flashed into my
mind. | felt the cold wind blowing in my
face and frosty icicles forming in my bushy
beard. Protecting my eyes from the blizzard
conditions with a heavily gloved hand, |
searched the horizon Tor the faint wisp of
smoke rising from a chimney that would
provide some respite from the harsh winter.
The whip in my other hand was glazed with
ice and no longer produced the crisp snap
that was necessary Lo command the atten-
tion of the lead sled dog. The iciness envel-
oped me and began to cloud my conscious-
ness. | could only hope thal instinctual
survival reactions would be triggered in
time, . ..

“Steve! What are you going o do in the
winter?”" Lloyd repealed, breaking me from
my trance.

Steve Ciarcia
POB 582
Glastonbury CT 06033

Software consulting by Steve Sunderland

Part 1

Thoughts of my arctic ordeal instantly
dissolved and the true answer came to mind.
“A Jecp camc with the house. Come over
when it snows and I'll show you how io
plow a road.”

Lloyd shuddered. The thought of being
bounced around in a Jeep while plowing a
rutted dirt road was more than he could
take. “No thanks. Maybe I'll watch — from
inside!” :

Before | could discuss the merits of
mechanized dogsleds and their relationship
to my fantasy, Steve asked a guestion | had
been concerned about but had not yet re-
solved. "Have you thought of a security
system for this place?”

“Actually, I've done more than think
about it, I've started to design onc.” | was
aware of my new isolation, and while crime
was an important consideration, any security
system | designed would do far more than
just ring an alarm bell.

“Yeah! You ought to see the system |
have,” Lloyd piped in. “lt cost a foriune,
but anybody breaking a window or opening
a door will set it off. It automatically dials
the police too.”

“Lloyd, I've been to your house. It's
wired like Fort Knox! You've got foil tapes
on every window like a jewelry store. This
house is a contemporary, if you didn't no-
tice as you entered. Do you realize how
much glass there is in the living room along?"”

“It's a pretty foolproof method,” he
answered as though not hearing my question.

“Well . . ., | continued, “therc arc over
300 square feet of glass in that onc room.
All | need is 300 square feet of strips. And
didn’t you say you often had false alarms in
the spring and fall when the temperature
variations induced cracks in the tapes?”’

“Hold i1 Steve. Lloyd was only talking
about one possibility, You don't have (o
install the same system. In fact there must
be dozens of commercial burgler alarms you
could have installed.”

Steve was right. “I'm sorry guys. Moving
out here in the woods has pointed out the
need for self-sufficiency and independence.
That's why | have the wood stove over there.
I'm cven going Lo install an auxiliary gener-
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"My Structured Systems
business software has paid
for itself in labor hours

saved alone.”

Mr. Ken ‘Tunnah, Colluid-A-Tron Inc., Buffale, New York

Says Mr. Tunnah: *The program is designed
from a CPA standpoint, for multiple corporations,
which we have. It is flexible and gives me the
ability to change reporting by profit centers
easily. It is up and running quickly, and it just
keeps on running. I think it’s the best business
software available.”

The best software available. That's what Structured
Systems Group set out to create.

Structured Systems offers three sophisticated
accounting systems. Our General Ledger software is
big enough for multi-client write-up by the CPA, or
multi-corporate reporting for the business, but small
enough for the micro budget. The very comprehensive
Accounts Receivable and Accounts Payabie packages
will operate independently, or they will coordinate with
the General Ledger.

Our systems record transactions easily and cor-
rectly, and provide an audit trail from source document
Lo financial statements. And they will maintain monthly
and year-to-date information in dollars and in
percentages. And they are reliable.

The three systems interact with the
user to set up parameters such as ho%gf.ﬁ»e
format and headings, account |
titles and numbering,
automatic billing or reminder
notices, credit limits, sales

ACCOUNTS
RECEIVABLE
reports, a check register, ==

=0
and much more.

Circle 351 on inquiry card.

Ken Tunnah is one
of many innovators
bringing the micro
revolution to the
small business. As
a programmer, he
knows computers
and their languages.
As a businessman,
he knows business
and its languages.
And when Mr. Tunnah
decided Lo micro-
computerize the ac-
counting function at
Colloid-A-Tron, he
turned 1o Structured
Systems software.

The software is designed to run on an 8080 or Z-80
CPU with 48K of memory, dual disks with CP/M®,
printer, keyboard, and CRT. To make it all work for you,
we have provided the most extensive documentation
and support in the industry.

We provide the capability to computerize complex
accounting functions on relatively inexpensive micro-
computer equipment. Ken Tunnah has told us what that
means: “I've bucked some trends. I looked around,
and decided that with the right software, I could
get a micro to outperform a $45,000 mini. P’m
satisfied. It’s simple economics.”

We can refer you to a growing number of sophisti-
cated retailers experienced in Structured Systems
Group business systems. Or we can work directly with
you. We'd be happy to provide you with more informa-
tion on our product line, which includes QSORT™ (a
sort/merge program), CBASIC (a business BASIC),
NAD™ (a mailing and addressing system}, and our
General Ledger, Accounts Receivable, and Accounts
Payable packages.

*.PfM is a registered trademark of Digital Research

Structured fystems Group

INCORPORATED

5208 Claremont Avenue
Oakland, CA 94618
Call us at (415) 547-1567. Or write Dept. B7.

Putting the Microcomputer in Business.
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ASCIl character trom  the
mogdule to the Teletype.
® Cuarriage returnfling feed which out-
puts Lo the Teletype a carriage return
followed by a line feed.
¢ Hexadecimal number  printer which
converts a byte of data to two ASCII
characters (hexadecimal O thru F) and
outputs them to the Teletype.
Three modules are provided for sending
and receiving data to the keyboard/LED
display. They arc:

sending

& Update data which displays Lhe
contents of register A on the data
field of the display in hexadecimal
nolation,

® Read keyboard which returns to the
requesting module the character en-
tered on the keyboard.

® Qutputl data which outputs data to
the address or data field of the display.

The security system software is com-
prised of a set of highly structured modules
(see figure 5) used to process records passed
from one module to another. Within this
structure the initiating event can come from
onc of two sources, the detection of an
exlernal evenl or the occurrence of a time
evenl. The occurrence of an external event
is detecled by the digital scan modulc;
the occurrence of a time event is detecled
by 1he timer interrupt processor. When
gither of these modules detects the occur-
rence of an event that requires further
processing, it passes an e¢vent index Lo
the event processor, which will initiate
the processing of the vcvent. The event
processor utilizes the event index to ex-
tract the response records associated with
the event in question from the event record.
It then transmits this data to the response
processor, which will perform the required
response (ie: output a contact closure to

turn on a siren or autodialer, or activate
a special application module). The detailed
structure and functions of the various
tables and modules that make up the secur-
ity system software set will be described

in part 2 of this 3 part series.

COLD START
MODULE

REAL TIME CLOCK
INTERRUPT

OIGITAL SCAN
MODULE

REAL TIME CLOCK
INTERRUPT
PROCESSOR

EVENT RECORD INDEX

—

EVENT RECORD
PROCESSOR

RESPONSE
RECORD INDEX

)

RESPONSE RECORD
PRGCESSOR

— e—
4

DIGITAL OQUTPUT
MODULE

TIMER
USER SUPPLIED ACTIVATION/
APPLICATION
MODULE DEACTIVATION
MODULE

Figure 5: Block diagram of the computer controlled home security system.

CONVERT ANY TV
TO A HIGH QUALITY MONITOR

NEX

MG QUALITY

ARAARRA!
T

® Hot Chassis or Transformer sets
® 64-80 characters per line

® By-passes tuner & I.F.

¢ Narmal viewing unaffected

» Safe—Easy installation

ACVM Hi-Resolution $24.95 ppd

“POLYGRAFIX"”

A completely self-contained, high
density graphics system for 5-100
buss users of Polymaorphic VTI-64
video board. —512H by 128V
resolutlon. Total software control.
Assembled & tested. . . .$245.00
Write for details and avail. options.

The “EXTERMINATOR”

T R CR N

All New Dual Functlon Board:
Serves as an axtender card & also
terminates S-100 buss. Ellminates
crosstalk, overshoots & nolse
which can scramble data. Occuplas
only a singie slot. Fully fused.

VTE-100-K (Kit) . . . .. $49.95

VAMP Inc. Box 29315
Los Angeles, Calif, 90029

VTE-100-A (Asmb.) ... . 74.95
Extender Card (w/conn.). . 24,95
Add $2 shipping & handiing
Calif. Resldents add 6% Salss Tax

Circle 384 on inquiry card.
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Everything you've ever
wantedhlt(r)l%(now about
microcomputers in

Over 400 pages. Full 8%z x 11" size.

72

ONE complete book
foronly $10.95

The ultimate book
about microcomputers.
Written by experts

...SCELBI and BYTE. Over
400 pages. A collector’s item,

featuring The Basics

— -

from the first 16 issues of BYTE and SCELBI’s
classic library of books. Your microcomputer
bookshelf is incomplete without this priceless edition.

ou can't buy information
Y organized like this any-
where. This is the book
that everyone who is into micro-
computers needs for reference,
for ideas, for clues to problem
solving. It is a truly authorita-
tive text, featuring easy-to-read,
easy-to-understand articles by
more than 50 recognized pro-
fessional authors, who know and
love microcomputers from the
ground up. Logical and com-
plete, it features many glos-
saries, and is illuminated with
profuse illustrations and photo-
graphs.

The Scelbi/BYTE Primer is
divided into four logical sec-
tions, that take you from point
“0" through building and pro-
gramming your own computer...
step-by-step-by-step.

What can you do with a micro-
computer? Checkbook balanc-
ing. Recipe converting and food
inventory. Heating and air condi-
tioning control. Home and busi-
ness security and management.
Playing the ponies. Analysis of
the stock market. Maintaining
massive data banks. Self-instruc-
tion. Toys and games. Small
business accounting and inven-
tory. And lots, lots more.

[anuary 1979 © BYTE Pyblications Inc

How does a microcomputer do
it? Lots of “how to” theory. In-
troducing you to microcomputer
operation. 6800, 6502, Z80 CPU
chip capabilities. RAM and ROM
memories. Addressing methods.

THE
SGHEEUTE
PSITIES

Over 400 pages. Selected articles
from BYTE and SCELBI books.
Profusely lllustrated. Many
photographs. $10.95, plus $1
shipping and handling.

How to control peripherals.
Transmission of information to
and from computers. Magnetic
recording devices for bulk stor-
age. Analog to digital conver-
sion. How a computer can talk.
Other |/0 techniques. And more.

Order your copy today!

SCELBI COMPUTER
CONSULTING INC.
Post Office Box 133 PP STN
Dept. B

Milford, CT 08460

BITS

25 Route 101 West

P.0. Box 428
Paterhorpugh, NH 03458
1-800-258-5477

Pricas shown for Morlh Americen customers.
Master Charge. Postal and bank Money
Qrders pratarrad. Parsonal checks delay
shipping up to 4 weeks. Pricing, specifica-
tions, availabilily subjecl te change without
notice.

All about building a micro-
computer system. Over 12 com-
plete construction articles. Flip-
flops. LED devices. Recycling
used ICs. Modular construction.
Making your own p.c. boards.
Prototype board construction.
Make your own logic probes.
Construction plans for 6800 and
Z80 computers. Building plans
for I/0Os — TV and CRT displays,
cassette interfaces, etc. Mathe-
matics functions. ROM program-
mer. Plus much, much more.

How to program a micro-
computer. Programming for the
beginner. Assembling programs
by hand. Monitoring programs.
Number conversions. Game of
Hexpawn. Design your own as-
sembier. Lots more.

And that's only the beginning!
Others have spent millions ac-
quiring the type of microcom-
puter information found within
the 400 pages of The Scelbi/
BYTE Primer. But, it costs you
only $10.95, plus $1 for postage
and handling, complete! You
know the quality of Scelbi and
BYTE. This is your assurance of
excellence throughout this MUST
text. Order your copy today! And,
get one for a friend!




First Time Offer for the Micro Market

Go First Class

SCREEN CAPACITY, CHARACTERS |

DISPLAY

CHARACTERSPER LINE |

VIEWING AREA .
CHARACTER SIZE

REFRESH RATE. .

SCAN METHOD

CHARACTER GENERATION , .

CURSOR. .. . ..

TYPE
CAPACITY . |

OPERATOR CONTROLS

POWER ON/OFF SWITCH
BRIGHTNESS CONTROL . . .

POWER REQUIREMENTS

Model 501 — 115 volts, 60 Hz, 100 watts nominal
Model 502 — 230 volts, 50 Hz, 100 watts nominal

3S SALES, INC.

Circle 379 on inquiry card,

DEALER NETWORK IS NOW BEING SET UP — YOUR

INQUI

MEMORY

1Er:

MODEL 501

DATA-SCREEN® TERMINAL

A NEW LOW COST, MICROPROCESSOR
CONTROLLED CRT TERMINAL

QUALITY — APPEARANCE
ECONOMY

ONLY $995.% (atv 1)

DELIVERED CONT. USA

90 DAY WARRANTY GUARANTEES YOU

YOUR EQUIPMENT WORKS PROPERLY

1 YEAR EXTENDED WARRANTY

AT SPECIAL RATES

p” Our Specifications Before You Buy

SPECIFICATIONS

INTERFACE
2000 DATA FORMAT
B0 DATA BITS . ... . 71 serial, easynchrongus
25 DATABITS. , . .. . 1.00r deleted
P4 phosphor Iwhite} PARITY . . . .. ... .. Odd, even or deleted
. with error displayed as
,,,,, 12 inches 130.4 cm) DLE
54 square inches (137 § cm) STOPBITS . . ........... lTor2

. 020" tigh x 08" wide {5.08
mm high x 2.03 mm wide)

. 60 Hz (50 Hz availabie}
. Raster

DATA TRANSFER RATE

. 5x 7 characternan 8
% 10 dot matrix

. Brinking block

INVERSE VIDEQ

TRANSMIT MODES

. Random Access Memory
2000 characters

DATA ENTRY
END OF LINE BELL . .
CURSOR POSITIONING
CURSOR ADORESS . . . . .

On rear of unit

- On rear of unit CURSOR CONTROLS

AUTO CARRIAGE RETURN
AND LINE FEED

MONITOR MODE .

NATIONAL DISTRIBUTOR FOR

RY IS INVITED

visA*

P.O. Box 4594
918 - 622-1058

DISPLAYABLE CHARACTERS .

AUTOMATIC ROLL-UP . . . . . ..

- 80, 7%, 110, 134.5, 150,

300. 600, 1200, 1800,
2000, 2400, 3600, 4800,
7200, 9600 BAUD

STANDARD FEATURES

Operator or soliware
selectable

. Half or lul dupiex {switch
selectablel

. . Top or bottom line

. Switch selectable

. X=Y

Load and read
. 126 lincluding space)

Up, down, lefr, right,
home, return

Swiich selectahle

- Switch selectable

. Specral “"Monitor™ Mode
allows display of contral codes
{firsy two columns) of ASCIH
Code Chart].

OLDEST INDEPENDENT

COMMERCIAL CRT TERMINAL

MANUFACTURER

Tulsa, OK 74145
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An Exposure to MUMPS

David D Sherertz
University of California
San Francisco CA 94143

About the Author

David D Sherertz is a
senfor systems analyst in
medical {nformation sci-
ence at the University of
California, San Francisco.
His activities include de-
sign analysis, medical pro-
gramuning and lechnical
writing. For the past tirree
vears he has been actively
involved in the MUMPS
standardization effort, und
is currently chairman of
the  Subcommittee for
Language  Development
within the MUMPS De-
velopment Committee.

Command

BREAK
CLOSE
Do
ELSE
FOR
GOTO
HALT
HANG
IF
KILL
LOCK
OPEN
QuiT
READ
SET
USE
VIEW
WRITE
XECUTE
Z...

Provides for

access points for programming and debugging aids
relinquishing device ownership

generalized subroutine calls

conditional execution

generalized iterative execution

generalized transfer of control

terminating execution

suspending exscution for a specified period of time
conditional execution

expunging specified variables and their values

a generalized interlock facility for concurrent processes
securing device ownership

explicit termination of a DO or FOR command
specifying data input

assigning values to variables

designating a specific device for input and output

an access point for examining machine-dependent information
specifying data output

execution of string expressions as program text
implementation-specific extensions

Table 1: Commands in the MUMPS language. The execution of any cormmand
cant be made conditional by adding a logical expression to the command word.
MUMPS is a general purpose interpretive language developed at Massachusetls
General Hospital and designed for use in writing conversational programs. [t
features string manipulation, pattern matching abifity und timing functions.

74
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MUMPS  (Massacusetts General Hospital
Utility MultiProgramming System) was de-
veloped in the mid 1960s as a timesharing
system for a modest minicompuicr. A
general purpose interpretive language, also
called MUMPS, is an integral part of the
system. The MUMPS language contains
a powerful set of string manipulation capa-
bilitics, a pattern matching facility and
timing functions, all ol which facilitate
the creation of conversational programs.
In addition, users can share access to a
hierarchically organized data base, with the
file management details transparent to the
user.

Recently, the American National Stan-
dards Institute approved the MUMPS pro-
gramming language as a national standard,
joining FORTRAN, COBOL, and PL/! in
that category. The existence of a MUMPS
standard and the robustness of the features
included in the standard language make
MUMPS an attractive choice for the de-
velopment of interactive applications. This
article gives an overview of Standard
MUMPS, emphasizing its capabilities.

Commands and Variables

The MUMPS language is based on the
sel of commands summarized in table 1.
Any command name can be abbreviated
to its first letter (the HANG command
is distinguished from HALT by the pres-
ence of an argument). Supplemental com-
mands are usually added by implementors
1o support program creation, editing, de-
bugging and storage. The execution of
any command {except IF, ELSE or FOR)
can be made conditional by adding a logical
expression to the command word. The
conditional command is then executed
only if this ‘‘postconditional” is true.
A maximum time limit can be placed on
the actions of certain commands {1.OCK,
OPEN and READ). For example, the com-
mand OPEN TAPE:30 will periodically
altempl to acquire the device TAPE for
30 seconds. If the unit is not available
within this time, the command proceeds
as if it were completed and a special var-
iable is set by the system to allow check-
ing for the expiration of the timer.
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GLOSSARY

Argument: The independent variable upon whose
value a function depends. For the function
y=cos(x}, x is the argument of the function.

Binary Operator: An operator which acts on two
operands. For example, the addition operator {+)
is a binary operator. Also known as a dyadic
operator. Compare Unary Operator.

Binding: The action of associating machine ad-
dresses with the symbolic addresses of a computer
program.

Case Statement: A type of “multiple choice”’
statement in which the execution of the statement
depends on the numerical value of an argument
contained in the statement.

Global Variable: In MUMPS, a variable that can be
defined by any authorized user and can be used

(referenced) by any user's program.

Literal: A constant value (as opposed to a variable).

Local Variable: In MUMPS, a variable that can be
defined and used by only one user and that user’s
program {which may consist of many segments).

Scope: The portion of a program in which the
definition of a variable (but not necessarily its
value) remains unchanged.

Truncate: Usually means to reduce the precision
of a number by arbitrarily removing iow or high
order digits without adjusting the remaining digits.
The number 4.5673 could be truncated 10 4.5, for
instance.

Variable: A name or symbo! which in principle
can take an arbitrary value during execution of a
program.
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MUMPS  contains only one explicit
data type: the variable length character
string. Certain contexts require an implicit
interpretation of a value as a real number,
an integer or a logical value. Unambiguous
rules are defined for mapping a string into
the requisite data type. Variables in MUMPS
are created dynamically by assigning values
to them (as in APL and BASIC). There is no
scoping or binding of variables. Variables
exist across program boundaries and can
only be removed with the KILL command.

Each MUMPS user has a private variable
space, called “local variables’ which only
that user can access and modify. There is
also a common data basc called ‘'global
variables” which any authorized user can
inspect or change. Both local and global
variables can be subscripted to any depth;
subscripted variables are stored as sparse
arrays, with storage allocated only for
defined subscripts. A third class of var-
iable is called the ‘‘special wvariables.”
These are reserved variables, distinguished
by a leading dollar sign ($). The special
variables are maintained by the MUMPS
system for a variety of purposes, including
line and column control on 10 devices,
current data and time, process identifi-
cation and timers.

Date Base Management

MUMPS global variables, or globals, are
tree structured files in which any node may
contain a data value. Syntactically, globals
are distinguished from local variables by a
circumflex (*) preceding the global name.
Operationally, globals form a hierarchical
data base that exists independently of any
user. References to a specific global node

appear as a list of subscripts. For example,
the sales record of a salesman might be ac-
cessed with *SALESMEN (DEPT,LNAME,
FNAME), where DEPT, LNAME and
FNAME have appropriate values. Each sub-
script level in a global reference represents a
lower node in the tree structure. There is
also a facility in MUMPS, called the naked
reference, to avoid redundant higher leve!
subscripts in global references.

When a new node is created by assigning
a value 10 it, the necessary access paths to
the node are constructed automatically by
the system. Similarily, when an individual
node or an entire subtree of a global is ex-
punged with the KILL command, the
affected paths are pruned appropriately by
the system. Thus, the MUMPS file manager
achieves a substantial degree of data inde-
pendence, allowing a programmer 1o con-
centrate on building a logically meaning-
ful file structure. The details of the phys-
ical file layout are invisible to the
programmer.

Operators and Pattern Matching

The MUMPS language includes the nor-
mal set of arithmetic unary operators
(+ and -) and binary operators {(+ — X and
/). There is also a modulo operator (#), a
division with truncation operator (\), the
algebraic relational operators less than
(<), equals {=) and greater than (>), as
well as the logical operators and (&), or
(") and not ().

The language includes several string op-
erators which greatly simplify string manip-
ulation. Strings can be merged with the
concatenation operator (_), and compared

with the relational operators equals (=),



Technical Systems Consultants, Inc.
TSC, Technical Systems Consultants, is
the software company for all the newest,
maost innovative ideas in computer
software TSC builds a variety of pro-
grams, packages and games 5¢ you can
get down to business or just some fun.

IS
(sUMIPSEmy

Text Editing System

The most complete and versatile editor
available for the 6800 and 8080 micro.
The system is line and content oriented
for speed and efficiency and features
such commands as block move and copy,
append and overlay, as well as string
manipulators. The 6800 version requires
5K beginning al 0 hex, the 8080 needs
6K starting at 1000 hex. Both should

have addilional file space as required.

SL68-24 6800 Text Editing

System $23.50
SL68-24C w/cassette $30.45
SL68-24P  w/paper tape $31.50
S$L68-24D w/mini flex disc $31.50
SL68-24F w/flex disc $50.00
SL80-10 8080 Text Editing

System $28.50
SL80-10P w/paper tape $37.50
SL80-10F w/ CP/M disc $40.00
Space Voyage
SL68-5C  w/casselte $18.95
SL68-5P  w/paper tape $19.00
SL80-9P w/paper tape $19.00
6800 Disassembler
SL68-27C  w/cassette $15.95
SL68-27P w/paper tape $13.00
Micro BASIC Plus for 6800
SL68-19C w/cassette $22.90
SL68-19P w/paper tape $21.95

6800 Floating Point Package

SL-68-4 Floating Point
Package $6.50
SL68-4P w/paper tape $9.50

Technical Systems

Consultants, Inc.

Box 2574 W Lafayette. IN 47906
N oe——

Specialists in Software & Hardware for Industry & the Hobbyist

Circle 370 on inquiry card.

Text Processing System

As a complement to lhe Edilor, the
Processor supporlts over 50 commands
for left, right or center justilication. titling,
paging and general lext outpul formatting.
A loop command is available for repeated
formaltting jobs such as form leiters. Also
included are capabilities lor macro
definition to build special formatling
commands. The program requires about
8K of RAM and previously edited text.

SL68-29 6800 Text Processor $32.00
SL68-23C w/casselte $38.95
SL68-29P w/paper tape $40.00
SL68-29D w/mini fiex disc $40.00
SL68-29F w/flex disc $75.00
SL80-11 8080 Fext Processor $32.00
SLB0-11P  w/paper tape $41.00
SLB80-11F w/ CP/M disc $50.00
Relocator

This self-prompting, easy io use program
relocates object code in RAM or from
tape. Complete instructions included for
making the TSC Editor and Assembler

or Editor and Tex1 Processor co-resident,
{As sold they reside in the same area.)
Just over 1K in length.

SL68-28 6800 Relocator $ 8.00
SL68-28C w/casselte $14.95
SL80-13 8080 Relocator $ 6.00
SL80-137  w/paper tape $13.00

The Mnemonic Assembler

The ideal addition to the Text Editing
System, together they form a complete
program development center. The
Assembler is one of the most versatile
available and allows for easy adaplation
to most systems. The Assembler is many
times faster than other resident assem-
blers. Requires approximately 5.5K plus
file and symbol table space.

SL68-26 6800 Mnemonic

Assembler $23.50
SL68-26C w/cassette $30.45
SL68-26P w/paper tape $31.50
SL68-26D w/mini flex disc $31.50
SL68-26F w/flex disc $50.00
SL80-12 8080 Mnemonic

Assembler $25.00
SL80-12P w/paper tape $34.00
SL80-12F w/ CP/M disc $40.00

All programs include complete source
listing. Casseltes are in the Kansas City
standard format.

All orders should include check or money
order. Add 3% for postage and for orders
under $10, please add $1 for handling.
Send 25¢ for a complete software
catalog.
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as an integer the ASCI| code of a selected character from a string
a string whose characters are generated from a specified set of

an integer code that indicates if a specified local or global variable
a character or substring, extracted from a starting and ending char-
an integer that gives the end character position of a specified sub-
a formatted string consisting of a right justified expression in a
an integer which is the length in characters of a specified string
an integer which is the next Jowest defined numeric subscript on the
same level as the last subscript of a named subscripted variable

a string extracted from the characters between two specified occur-
rances of some substring delimiter within a string expression

a pseudocrandom integer from the set of integers within a specified

the value of a particular expression from a set of expressions, se-
fected by the first true expression in an associated set of logical

a string that consists of the commands of a specified program line in

a value which is machine dependent data, accessed in an implemen-

Function Returns
$ASCIHI
$CHAR
integer ASCt) codes
$DATA
has a defined value or node path
$EXTRACT
acter poesition in a string expression
$FIND
string within a string exprassion
$JUSTIFY
blank field of a'specified size
SLENGTH
expression
SNEXT
$PIECE
$RANDOM
interval range
$SELECT
expressions
$TEXT
the current routine
SVIEW
tation-speciflc manner
$Z...

values fraom functions that are implementation-specific extensions

Table 2: Built-in functions included in ANSI Stundard MUMPS, which can be

nested to any arbitrary fevel.

contains ([),follows (]). {As an explanation,
assuming A and B arc defined variables,
then the expression A[B is true if and
only if B is a substring of A: similarily,
AlB is true if and only if A follows B in
the ASCII collating sequence.)

The logical operator not {') can be used
alone or in conjunction with the relational
and logical operators above to produce
the complementary operation. For ex-
ample, A">B means A less than or equal
to B, and A']B means A does not follow
B. All logical and rclational operators pro-
duce an integer “truth value’ {1 is true, O
is false).

A particularly powerful  feature in
MUMPS is the pattern matching facility.
A pattern specification follows Lhe operator
for pattern matching, which is a gquestion
mark (7). The pattern matching operator
determines whether or not the string pre-
ceding it conforms to the specified pattern.
Patterns are formed by combining any
number of pattern codes or string literals.
A string literal is any sequence of graphics
enclosed in quotes (*' "). Each element of
a pattern is preceded by an integer repeti-
tion count. An indefinite count is specified
by a period (.). Included in the seven pattern
codes are A, which matches alphabetics,
N, which matches numerics, and P, which
matches all other graphics. The pattern
matching facility allows filters to be con-

structed, similar to those of the language
SNOBOL, with which to test input for
validity. The degree of selectivity of the
filter is controlled by the amount of spec-
ificity in the pattern. For example, the
pattern

2N1P3A.ATP2N.N

means Lthat an acceptable string must contain
two numbers followed by one graphics sym-
bol, three alphabetic characters, any number
of alphabetic characters, one graphics sym-
bol, two numbers, and finally any number
of numbers. The following strings would
pass successfully through this filter:

Y25 AUG 1948
“07-MAY 1977”
“04/FEBRUARY /47"

On the other hand, the string filter
2N1“DEC 192N would only pass strings
of the form “nnDEC 19nn’".

Functions and Expressions

Table 2 summarizes the built-in functions
included in Standard MUMPS, Because these
functions can be nested to an arbitrary level,
very complex string manipulations can be
performed in a single statement,

Expressions in MUMPS are made up
of literals, functions, and variables, com-
bined with operators that act upon them.



TRS-80 OWNERS |

AVAILABLE FOR IMMEDIATE DELIVERY |
CASSETTE SOFTWARE DISKETTE

Package # 1036 (Level II) . . ... ..o i $495.00

COMPLETE SMALL BUSINESS — This program is a complete small business program that was tailored to
work for most small business applications. The program includes such things as Accounts Receivable,
Accounts Payable, Invoicing, Inventory Control, Payroll and General Ledger.

Package # 1038 (Level I1) . . .. ...t $ 99.95
ACCOUNTS RECEIVABLE
Package # 1039 (Level I1). ... ... i e $ 99.95
ACCOUNTS PAYABLE
Package # 1044 (Level II) . . ... oot e e e e $125.00
INVENTORY CONTROL
Package # 1045 (Level IT). ... ....... e $ 99.95
INVOICING
Package # 1046 (Level I) . . ...\ttt e e e e $ 99.95
PAYROLL
Package # 1047 (Level 11} .. .. .00ttt e e e e e e $ 99.95
MAILING LIST
Package #1024 Package #1026
{Level II, DISKETTE) . ........ e $24.95 (Level II, DISKETTE) . .. ......covvvriinnn ... $2495
Includes the following: Includes the following:
SPACEWAR [ — BANNER — UFO ATTACK — PILE UP — SPACEWAR [l — CIVIL WAR — TRAP THE TRIBBLE —
BIORHYTHM — AUTQ RACE and WORDS, LIFE — KNIGHT - CONCENTRATION and LUNAR
LANDER.

OVER 150 EXCITING PROGRAMS
* MORE EVERY DAY *

EDUCATION ELECTRONICS MARKETING

Also available for PET and APPLE.
All SOFTWARE-80 programs are guaranteed.

Programs available in Level I and Level II Basic.
All of our business programs will operate with printer; custom programs also available.

With certified check or money order, all orders shipped within 24 hours.
Personal checks allow 2 weeks. Send for our complete catalogue.

SOFTWARE-80

18228 Cabrillo Court

Fountain Valley, CA 92708
\ (714) 962-3423 )

&LL PRICES AND PROGRAMS ARE SUBJECT TO CHANGE WITHOUT NOTICE y
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Since the only data type is a string, any
operator can be used on any operand.
The interpretation of an operand is auto-
matically determined by the implicit data
type required by its operator. All expres-
sions are evaluated in strict left to right
order; there is no precedence of aperatars.
Parentheses can be used to override this
convention.

Other Features

Another feature included in MUMPS
allows data to be treated as program code:
indirection, although usually found only
in assembly languages as a method of address
calculation, is available in MUMPS in a
powerful symbolic form. In effect it allows
implementation of the lunctions of CASE
statements, subroutine parameter passing,
and a number of other useful language
features that are not expficitly included in
MUMPS. Both variable names and command
arguments can be used indirectly by putting
an “at" sign (@) before the element. This
forces the intrepreter to use the value of
the variable to search for another variable.
For example, if the variable AMOUNT3
has the value 45.82, and the variable
SWITCH has the value "AMOUNT3," then
the command WRITE @SWITCH would
write 45.82.

An additional form of indirection is pro-
vided by the XECUTE command, which
permits general expressions to be executed
as program text. One common use of
XECUTE is to direct a driver program,
in which the next program step is deter-
mined dynamically by branching logic in
prior steps, using lines of program code
stored previously as data values in a global
file. This approach has been utilized in
constructing automated medical histories,
in computer assisted instruction, and in
text cditors and other utility programs
written in MUMPS,

The MUMPS Environment

Traditionally, MUMPS has been imple-
mented on dedicated minicomputers with
the primary memory divided into modest
(2 10 6 K bytes) user partitions. The central
processor is timeshared among the users,
but since most MUMPS applications are
usually 1O bound, the processor ¢an handle
as many as 40 users and still maintain a
rapid response time. Over the past few
years, MUMPS has been implemented
within existing general timesharing systems
on both large and small computers.

Because the user partitions are rela-
tively small, a programmer must explicitly
segment large MUMPS applications into
appropriately sized routines, using the

GOTO command to overlay segments as
required. Recent implementations have
eased the size restriction on user partitions
by using techniques such as sharing com-
monly used routines among several par-
titions, and pooling storage for the local
variable values from all partitions.

Summary

MUMPS is a useful development tool for
many applications involving string manipu-
lation, interactive dialogues, and file man-
agement. Multi-user access to a hierarchical
data base is a particularly powerful compo-
nent of the language. The number of
MUMPS implementations has been steadily
growing, including several supported by
major computer vendors. Although a ma-
jority of the present MUMPS applications
are related to health care because of the
language's historical origins, nothing con-
strains MUMPS solely to medical systems.
{n fact, an increasing number of business
applications have been implemented in re-
cent years using MUMPS.

The attractiveness of MUMPS is pri-
marily due to the full set of facilities avail-
able for conversational applications. The
collection of useful interactive capabilities
included in the MUMPS Standard is much
more complete than that found in any other
interpretive language. Among the advantages
of the features of Standard MUMPS are the
following:

String Handling: MUMPS includes an cx-
tensive set of string operations and func-
tions that makes string manipulations
quick and easy. Tasks such as string searches,
sorts, data extractions and compactions are
greatly simplified by these facilities. Further-
more, MUMPS allows variable length strings
to be used routinely in programs, without
the obstables presented by most other pro-
gramming languages.

Globals: MUMPS eliminates many of the
problems of working with random access
devices by obviating the need for traditional
read and write operations as well as the
intermediate abstraction of a file. A data
element on a secondary storage medium
is directly referenced as a set of subscripts,
with all the details of file organization and
retrieval handled by the system. Nothing
with the flexibility of this unique hierarchi-
cal file system can be found in any other
general purpose programming language.
Languages such as FORTRAN or BASIC,
the most obvious alternatives to MUMPS
on small computers, allow for random
file operations, but only as extensions
that are often machine dependent.

Pattern Matching: MUMPS allows user






input to be filtered with a useful patiern
matching facility. This helps to minimize
the effect of user or device crrors. The
pattern matching capability is sufficiently
general to be used in various transaction
oricnted applications, such as constructing
cammand processors. [t is even powerful
enough for the development of other lan-
guage scanners.

Timing: MUMPS enables a programmer to
associale liming constraints with several op-
erations. If a READ command does not get
a complete response from a user terminal
within a specified time after queuing the
request, the command will take any input
already received and proceed. This feature
allows testing for terminal malfunctions
as well as prompting users in a time critical
dialogue. A similar capability is available
for detecting and handling delays in access-
ing globals or acquiring shared resources as
a result of multi-user interference.

Program Management: MUMPS provides
all the facilities needed 1o manage programs
and program files. Programs can be created,
edited, cataloged and debugged from within
MUMPS. As in APL, and similar program-
ming environments, MUMPS incorporates
the necessary tools to make a complete
programming system. The task of debugging
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programs in MUMPS is made easier by fa-
cilities that allow the interruption of execut-
ing programs, the examination or modifi-
cation of variables or program text, and the
resumption of program execulion at a
different location,

Economy: MUMPS implementations are
available on a variety of small, relatively
inexpensive minicomputers and microcom-
puters. These dedicated MUMPS computers
can be managed with a smali amount of
administrative overhead. There are numer-
ous commercially available BASIC systems
roughly comparable to these MUMPS in-
stallations. However, for many applica-
tions MUMPS represents a mare economical
and advanced tool for system development.
Applications Experience: The number of
MUMPS application packages is steadily
increasing, with many developed and avail-
able in the public domain. There is also an
active MUMPS Users' Group (MUG) in the
United States as well as in Europe and in
Japan. MUG publishes newsletters, holds

an annual meeting, distributes MUMPS
documents and maintains a library of
available MUMPS application programs.

The mare successful and widespread MUMPS
appplications include an abbreviated medi-
cal record system for outpatient clinics,
numerous clinical laboratory reporting sys-
tems, and several inventory and information
management systems.

In conclusion, MUMPS is designed for
an interactive timeshared environment, and
for a general class of conversational applica-
tions. On the whole, MUMPS satisfies the
requirements of these areas more completely
than many other languages.m

A full specification of the MUMPS Language
Standard is available from the MUMPS Users'
Group {the cost is $5.00). Write for ANSI XI1.1-
1977 to:

MUMPS Users' Group
D-130

POB 208

Bedford MA 01730

Information on MUG and MUG documents can
be obtained from:

Richard E Zapolin

MUG Executive Director
MUMPS Users' Group
D-130

POB 208

Bedford MA 01730

Technical questions on the MUMPS Standard
should be directed to:

Dr Richard F Walters

Chairman, MUMPS Development
Committee

Medical Learning Resources
University of California at Davis
Davis CA 95616
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Creating, printing and updating mailing
lists offer practical applications for a micro-
computer system with a floppy disk or other
magnetic mass storage medium. The series of
programs prescnied here allow the user to
create and maintain mailing lists. The pro-
grams are written to be run on a 8080 or
Z-80 system with at least one disk drive and
20 K of programmable memory. The pro-
gram is written for an interpreter called
BASIC-E which is widely distributed under
several names.

Onc of the biggest problems facing a
programmer using BASIC-E is the relative
lack of complete documentation on the file
commands. A fairly detailed description of
the BASIC-E filc commands, uscd in the
programs, will be included to help this
situation.

There are six basic types of operations
necessary to maintain mailing lists:

1. Generate a new list. This operation
would normally be performed once
for cach mailing list.

2. Print the list. This operation would be
used as copies of the list are nceded,
or as changes to the list are made.

3. Add 1o the list. New cntries to the list
would be added 1o the end of the list
with this operation.

4. Update existing entries. Changes could

be made te entries alrcady in the list

with this operation.

Insert new entries inloe list. This oper-

ation would allow new entrics o be

inserted into the list. All existing
entries would be shifted 1o make
room for the new entry,

N
D

6. Remove an entry from the list. An
existing entry could be removed from
the list and the remaining entries on
the list would be moved up to fill in
the space.

Seven programs were written to perform
these functions (see listings 1 thru 7). Two
of the programs print the list in differvent
formats.

Sections

Each entry (or record) in the mailing fist
consists of seven sections:

Name

Call sign
Street address
City

Statc

Zip code
Phone number

NO R

These programs were written to handle the
mailing list for an amateur radio club, so the
ham radio call sign section was included.
This section could easily be removed or
additional scctions added, as necded, in a
specific application. Keeping the entries
divided into sections allows maximum
flexibility in the system.

The mailing list is set up as a disk file
divided or "blocked” into records. Each
record occupies exactly the same amount
of space on the disk. Files set up in this way
are nol the most efficient in terms of using
the space available on the disk, but this
type ol file allows direct access to any
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Listing 1. Program used to
generate a new maiting list.
The user is prompted to
enter the necessary infor-
mation. {This program and
the other programs in this
article were written in
BASIC-E.)

record in the file using a record sequence
number as an address. Files of this type
arc also referred to as random access files.

128 bytes are set up for each entry in
the file. If the entry does not use all 128
bytes, the remaining bytes are filled with
blanks.

PRINT “PROGRAM #} - GENERATE MEW LIST -

INPUT "FILE NAME")FILE«NAMES
FILE FILE.NAMES( 128)

FOR RECORD=1 TO 1000
INPUT “NAME"INS
IF N$="END" THEN 100
INPUT “CALL"ICS
INPUT "STREET") 5$
INPUT "CITY"™1 TS
INPUT "STATE™IAS
INPUT “"ZIP™32%
INPUT "PHONE™IPS
PRINT #1, RECORDBNS:C$s 55, T5, AS»Z S5, PS

NEXT KECORD

100 END

Listing 2: A program which prints the maifing
list, single column,

PRINT “PROGRAM #2 = TYPE LIST, SINGLE COLLMN ="

INPUT “FILE NAME"J FILE.NAMES
FILE FILE.NAMES( 128}
IF END ¢#1 THEN 200

INPUT “PRINT PHONE NUMBERS "JPHONES
PRINTt PRINTtPRINT

FOR RECORD=1 TO 100D STEP 1
READ 71, RECORDINS.C%, S$,TS» AS.Z5,PS
PRINT CS;TABL{FIINS
PRINT 5%
PRINT T$3"» "zAS)™ *yZS$
IF PHONES="YES™ THEN PRINT FS
PRINT

NEXT RECORD

200 END

Listing 3: A program which prints the mailing list, double cofumnm.

FRINT "PROGRAM

#3 - PRINT LIST, BOUBLE CALUMM -"

INPUT “FILE NAME'"SFILE.NAMES
FILE FILE.NAMESC( 128)

IF END o}

THEN 200

INPUT “PRINT PHONE NUMBEKRS'™I PHONES

PRINTtPRINTIPKINT

FOR RECORD=1 TO 1000

FLAG=0

READ #1,RECORDINS, C$, 5SS, 15, AS, 28, P%

FLAG=1

READ #1, RECORD+ 1)NES, CES, SES, TES, AES.ZES, FES

PRINT C$»
PRINT 5$s
PRINT T$s

TABC9)INSEI TAB{ 34) ) CESI TASC 232 INES
TABC 34) SES
s "FASIT  IZSITABC34)ITESITs “"SRESI' MIZES

IF PHONES="YES"™ THEN PRINT P$) TABC( 34)IPES
RECORD=RECORD+ |
PRINT:1PRINT

NEXT RECODRD

200 IF FLAG=0

THEN 300

PRINT C$ITAB(9)INS

PRINT 5%
PRINT T$3"»

“I1AS" "sZS

IF PHONES="YES'" THEN PRINT P%
300 PRINTIPRINTIPRINTIFRINT

END
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The first step in writing a BASIC-E pro-
gram that uses disk files is to set up, or open,
the file. The FILE statement is used to open
a file. 1t is used in the following form to
sct up a blocked file: FILE NAMES
(RECORD LENGTH). Each of the seven
programs starts with the following lines to
set up the file:

INPUT “FILE NAME'"; FILE.NAMES
FILE FILE.NAMES (128)

The first line enables the user to type in the
name of the file containing the mailing list.
The file name is stored as string variable
FILE.NAMES$. The second line opens the
file as a blocked file with a record length
of 128. BASIC-E searches through the files
on the disk looking for a file with the name
typed in by the user. If a file with a match-
ing name is found, it is used. If no file with
a matching name is found, BASIC-E creates
a file with the name typed in by the user.
From this point on, references to the file
are made by referring to the file as #1,
rather than by name.

The IF END statement is an important
statement in BASIC-E programs that read
files from a disk. It is of the form IF END
#N THEN XXXX, where N is the file
number and XXXX is the line number the
program should jump to if the end of a file
is encountered. If this statement is not
included in the program and the end of a
file is encountered during execution, the
program terminates and prints an error
message.

Data is written into the disk file using
the PRINT statement. It is of the form
PRINT # N, RECORD; V1, V2, V3, ..,
VN, where N is the file number, record is
the record number, and V1 thru VN is the
data to be written into the file. The variables
can be numeric values or strings. All data for
the mailing lists is stored as strings.

Data is rcad from the disk file with the
read statement. The statement is of the form
READ #N, RECORD; V1, ..., VN where N
is the file number, record is the record
number, and V1 thru VN are the variables.

The FILE, IF END, PRINT # N AND
READ # N commands are the only ones
used in the program that refer specifically
to the disk file. BASIC-E also includes the
CLOSE command, used to close a file. This
command is not needed in these programs,
since BASIC-E closes all files when the
program ends.

Program 1

The first program, program 1 (see listing
1), is used to set up a ncw mailing list.
The first two lines set up the file as a block-
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ed file with a record length of 128. The data
for name, call sign, strect, city, state, zip
code and phone number is entered. After
the phone number is entered, all the infor-
mation for that entry is stored on the disk.
Addirional sequential entries are made
until the word END is entered for a name.
Additional characteristics for each entry
could Dbe included by adding additional
input statements and adding the variable
to the PRINT =1, ... statement. The order
of the variables in the PRINT #1 statement
is very important. The data is stored in the
record in the order that the variables arc
listed in the statement. If a particular
piece of information is not available for an

Listing 4: A program used to add new
names, addresses, etc, to the list.

PRINT "“"PROGRAM # 4 - ADD TO LIST -"

INPUT “FILE NAME™) FILE.NAMEY
FILE FILE.NAMES(128B)
IF END #1 THEN 100

REM FIND END OF FILE

FOR RECORD=1 TO 1000
KREAD #1,RECORDINSG
NEXT RECORD

100 REM ADD TO END OF FILE

FOR RECORD=RECORD 10 1000
PRINTIPRINT
PRINT “NEXT RECORD “) RECORD
INPUT "NAME"INS
IF NS="END" THEN 200
INPUT "CALL"ICS
INPUT "STREET"1S$
INPUT “CITY "5 TS
INPUT “STATE"; AS
INPUT “ZIP™iZ§
INPUT "PHONE"1P$
PRINT #1.KECONDINS, CS, S§, 15, AS,v $, PS5
NEXT HECORD
200 END

Listing 5: A program used to update the
mailing list.

PRINT "PKOGRAM 45 - UPDATE LIST -*

INPUT “FILE NAME"3FILE.NAMES
FILE FILE-NAMES$( 128)
IF END #1 THEN 200

INPUT “CALL SIGN"sCALLS
REM SEARCH FOK RECORD TD BE CHANGED

F0h RECDEKD=1 70 1000
READ #1, RECORDINS, C$
IF C$=CAL.LE® THEN 100
NEXT KECORD

100 FRINT NEW INFORMATION.'

INPUT “NAME™INS

INPUT “CALL SIGN'"ICS

INPUT “STREET*) S¥

INPUT “CITY') TS

INPUT "STATE'") AS

INPUT “Z1P*"1Z%

INPUT “PHONE';PS

PRINT #1, RECORDINS, CE, S8, T8 AS. 2 85, H8

200 END

entry, a dash or somc other character
should be entercd to keep the order of the
data in the record constant.

Program 2

The mailing list is printed by program 2
(sce listing 2). The particular file containing
the address information is selected by the
first lines of the program. The user is then
asked if phone numbers are to be included
in the printout. Phone numbers would be
printed if the list is being used for a member-
ship list or dircctory. If the list is being used
for mailing labels, phone numbers would
most likely be omitied. Program 2 prints the
contents of the file in the lollowing format:

NAME 1 CALL1
STREET 1

CITY 1 STATE 1 ZIP1
PHONE 1 "if selected”’

NAME 2 CALL 2
STREET 2

CITY 2, STATE 2 ZIP 2

PHONE 2 "if selected”

Program 3

Program 3 (see listing 3) is used to print
the list in the following format:

NAME 1

STREET 1
CITY 1,STATE 1 ZIP 1
PHONE 1 "if selected”’

CALL1

NAME 3 CALL3

STREET 3 etc

CITY 3,STATE3 ZIP3
PHOME 3 “if selected””

This program is similar to program 2 except
that the program recads two records from the
disk at a time. The variable FLAG is used to
insure that the program prints the last record
if there is an odd number of records in the
filc.

Program 4

Additional records may be added to the
end of the ffle with program 4 {sec listing 4).
After the [ile is selected and openced, records
are read until the end of the file is located.
After the end of the file is located, addi-
tional information is entercd by the user and
records are added sequentially to the end of
the file. This operation continues until END
is entered for a NAME,

Program 5

Changes in address, phone numbers or
other sections of an existing record may
have to be made. Program 5 (see listing 5)
allows the user to select a particular record

NAME 2
STREET 2
CITY 2,8TATE 2 ZIP 2
PHONE 2 “'if selected”

CALL 2
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Listing G: A program used to jnsert new eniries
into the fist.

PRINT "PROGRAM #& - INSERT NEW ENTRY -"

INPUT "FILE NAME™} FILE.NAMES
FILE FILE.NAMES{ 128>
IF END #1 THEN 100

INFUT "CALL SIGN"BCALLS
RFM FIND FND OF FILE AND RECORD CONTAINING CALL

FOk KRECOKRD=21 10 1000

KEAD #). NECORDINS, (S

IF CALLE¥=CS THEN LOCAT]ON=RECORD
NFKT RECORD

160 IF LOCATEON=Q THEN PRINT "NOT FOUND™: 510F
FINISHsKECORD-1

KEM MOVE KECOKDS UP 1 STARTING AT LOCAIION

FOk RECORD=FINISN TO LOCATION STEP -|
KEAD #1y»RECORDINS,» C5» 55, 15, AS»Z 5,8
MRINT #1,RECORD+1INS, C5, 58, TS, A5, 25, P8

NFAT RECORD

REM 1MSFR1 NEW RECOKD

INPUT “NAME"INE
INFUT “CALL"ICS
INPUT “SIREET"1 53
IMPUT “CITY™1 TS
INPUT "ETATE™: A%
INPUT “ZIP"1ZS
INPUT "PHONE™IPE

FRINT #1+LOCATIONINS, CHr 55> TS, AS,Z 5, PS

END

and reenter the infarmation on that record,
The user first enters the call sign which
identifies the record to be changed. The
program then reads through the file until a
match is found. If no match is found the
program ends. If a match is found the user
may reenter the information for that record
including any necessary changes.

Program 6

If the mailing list is kept in some logica!
order such as alphabetical, it may be neces-
sary to insert records into the file. Program 6
(see listing 6} enables the user to insert a
new record anywhere into the file. The user
enters the call sign of the existing entry
where the new record is to be inserted. The
program then reads through the file loaking
for a match. When a match is found the
record number is stored as variable LO-
CATION. The program continues reading
through the file until the end of the file is
located. All the records from LOCATION
to the end of the file are moved up one
record to allow room to insert the new
record. The user enters the information for
the new record which is then written into
the file. This method of inserting new
records into the file in their proper location

Scientists believe that loud, deep-tone, low-frequency

AVE THE WHALE

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

Diuwning by
Dan Sreselt

sounds made by Fin Whales {frequencies around 20
hertz, or cycles per second) actually travel A
underwater for distances of at least 500 g
miles, and under optimum conditions i

might carry for a radius of over
4,000 miles, potentially reach-
ing an area greater than the
entire Atlantic Ocean.

‘

e Fin Whales, the second largest
i creatures ever 1o have lived on planet
earth, grow up to 24 meters in lfength {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.

The CONNECTICUT CETACEAN SOCIETY is a small, totally volunteer, non-profit edu-
cation and conservation organization dedicated Lo 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. 0. Box 145, Wethersfield CT 06109.
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is much faster than adding the new records
to the end of the file and running the file
through a sorting routine.

Program 7

From time to time it may be nccessary
to eliminate records from the file. Program
7 (see listing 7) enables the user to locate
and remove a record within the file by
specifying a CALL SIGN. The program
reads through the file looking for a record
with 2 matching CALL SIGN. If a match
is found, the record number is stored as
variable REMOVE. The program continues
reading through the file until the end of the
file is located. ALL the records in the file
from record number REMOVE to the end
of the file are moved down one record,
climinating the gap that would have becn
left by the removal of the record. | hope
this mailing list program will be of use to
readers.m

Listing 7: A program used to remove entries

from

PhINT

the list.

“FROGRAM #7 - KEMOVE ENThY FROM FlLe -"

INFIT "FILE NAME™t FILE.NAMES
FILE FILE-NAMESC 128)
IF END #) THEN 100

INFUT "CALL SIGN')CALLS

KEM SEARCH FOR RECORD AND END OF FILE

FOR KECORD=1 10 1000

NEX

L{L

FOR

NEX

HEAD #1,RECORDING. CS
IF CALL$=CS THEN KEMOVE= KECORD
T RECOKD

100 IF REMOVE=0 THEN PKINT "“NO1 FOUND" :
FINl SH=RECOKD-2

E-PACK FILE

RECORD=REMOVE TO FINISH

READ #),RECORD+1INS,CS, S5, TS, AS, 28, F§
PRINT #1,RECORDINS, CS%, S35 13, A%,2%, PS
T RECORD

REM BLANK OUT LAST RECORD

END

PRINT #1,FINISHe g™ T, % 2, ", 0,0 o1,

Additional Notes on BAS|C-E

the beginning of a line.

The following points will aid in converting programs written in Migrosoft (MITS,
Applesoft, 051, Commodore) BASIC to BASIC-E.
BASIC-E does not allaw |F-THEN statements to be located anywhere other than at

EXAMPLE: 100 A=22:D=E+1:|IF A=D THEN 200

The above line would not be compiled by BASIC-E because the IF-THEN statement is
not at the beginning of the line. The solution to this problem involves using the editor to
insert a carriage return/line feed in place of the : preceeding the IF-THEN statement.
After this is done the line will be in the following form which will be compiled correctly:

100A=22:D=E+1
IF A =D THEN 200

BASIC-E uses the statement RND for random number generation. The editor can be
used to replace all the RND {x) statements in the Microsoft BASIC program with RND.

BASIC-E does not have a SPC {x) function. Use the editor to replace “SPC (" with
“TAB { pos +”. The new function will then be TAB (POS + x}, which has the same effect
as SPC (x}).

The most serious inconsistency between Microsoft BASIC and BASIC-E is in the area
of variable names. Microsoft BASIC allows a variable name used as a dimensioned array
to be independently used as a simple variable. For exampie, Microsoft BASIC would
allow the use of A (3, 2) and A as two separate variables in the same program. BASIC-E
does not allow variable names used on arrays to be used as simple variables. The solution
involves either changing the array variable name or the simple variable name.

BASIC-E is very particular when it comes to print statements. Semicolons must
separate all sections of BASIC-E print statements. For example, 100 PRINT “"NUMBER"’
NUM* DATE™ DAT would run properly in Microsoft BASIC. The line would have to be
connected to the following form to run in BASIC-E:

100 PRINT “NUMBER’; NUM; "DATE"; DAT

BASIC-E will not insert missing spaces in a line as Microsoft BASIC will. For
example:

100FORI=1TO10:NEXTI

The above line would run in Microsoft BASIC but it would have 10 be converted to the
fallowing form ta run in BASIC-E:

100FOR 1=1TO 10: NEXT I

510+

woa oW
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Much has been written on the subject
of Conway'’s game of Life, but most of the
literature on this subject has been devoted
to configurations, patterns and theorems.
Little has been written about methods of
actually implementing Life programs on a
cofnputer. To correct the paucity of in-
formation, this article is devoted almost
exclusively to Life algorithms. My associ-
ates Peter Raynham and David Buckingham
have given invaluable assistance in the
development and refinement of the algo-
rithms contained herein. For convenience,
the algorithms, with a few obvious c¢x-
ceptions, will be given in a pseudolanguage
resembling ALGOL.

Life Algorithms

Mark D Niemiec

Computer Communications

Network Group

E4, room 2369A
University of Waterloo
Waterloo, Ontario
CANADA N2L 3G1

Rules of Life

The game of Life deals with patterns
that change according to certain rules.
The changes proceed in discrete steps
called generations. The patlerns are con-
figurations of bits (or cells) which may
have two states: live and dead. These states
are analogous to true and false or 1 and O.
The Life cells are arranged in a square
field of infinite size (ie: arbitrarily large).
Each cell has cight ncighbors: those cells
orthogonally adjacent to it on all sides
as well as diagonally. If a live cell has two
or three live neighbors, it lives in the next
generation: otherwise it dies. If an empty
cell is surrounded by exactly three living
cells, a new one is born there in the next
generation. Dead cells not meeting this
requirement remain emply.

Simple Algorithm

A simple algorithm for performing these
operations is shown in listing 1. The pattern
resides in the old and new arrays within
fimits MINX through MAXX and MINY

About the Author

Mark Niemiec is currently a third year mathematics student at the
University of Waterloo. Introduced to Life by one of the articles in
Scientific American, he has been actively involved in local Life groups
in Sarnia and Waterloo, Canada. He has had several Life related dis-
coveries published in the now defunct LIFELINE newsletter. His other
related interests include computer graphics and automata theory.
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through MAXY, The major problem with
this algorithm is that it requires two arrays,
onec to hold the present generation, and onc
1o hold the next. Since only one bit is really
used in each element of the array, both
arrays may be stored together in the com-
puter memory using one byte per element.
The cells of the new generation are kept in
one half {or nybble) of the byte, while
the data for cells of the current generalion
is stored in the upper half of the byte. This
has the advantage of using only one loop,
since the loop at the end is no longer re-
quired Lo copy data between arrays.

Improving the Simple Algorithm

A simple observation leading to further
improvement is that the computed value
of a cell in the next generation will be
1 if and only if the sum of the values of
itself and the values of cells in its neighbor-
hood is 3. This pertains to the case where ¢
cell is 1 and the neighborhood is 2, and to
the case where a cell is 0 and the neighbor-
hood is 3. The new cell will be 1 only if
the neighborhood ORed with the old cell
itsell is equal to 3. If we use a language with
primitives like AND, OR, XOR, and NOT
for bit manipulation, we can climinate one
of the IF statements. This makes the code
simpler and faster. This new algorithm
appears in listing 2.

Each of the above algorithms acts on
one cell at a time. While this approach is
easy Lo program, it is not terribly efficient.
Even wusing assembler language we gel
an cfficiency ratio of only about 15 10
20 instructions per bit. This may seem
adequate for most applications, but it
is not sufficient when running extremely
large patlerns, or running dany pattern
for a very long time, While one or 1wo
bits per byle may be adequate storage
density for many applications, small com-
puters and large patterns demand greater
density.

Other Possibilities for Improvement

Let us now examine algorithms which
are not restricted to calculating or aulo-
mating the next gencration for one bit
at a time. The obvious advantages of such
algorithms are increased memory and time
efficiency. However, there are severdl
major disadvantages from the point of
view of the algorithm designer. Since the
program must perform several calculations
simultaneously, we cannot use decision
primitives (ic: the IF statements in the
previous examples).

We are therefore

restricted to  using



individual bit and byte manipulations,
in much the same way that a parallel adder
device adds numbers without making deci-
sions about such things as carry bits. The
algorithm in listing 3 uses binary integers
of any length, allocating three bits per Life
cell. Using this algorithm, we can effec-
lively automate n/3 cells at the same time,
where n is the word size in bits.

The entire pattern is divided into vertical
strips of n/3 columns, which are all auto-
mated simultaneously, The program must
include means to provide the necessary
neighbors for the cells at the edges of the
strips. With the other algorithms, we can
keep track of the limits of the pattern
and automate only within those limits.
However, using the vertical strip method, we
can keep track of the height of the pattern
only, since the pattern is chopped up across
iLs entire width.

Vertical Strip Method

In the example shown in listing 3, | used
a hybrid notation combining high level and
lower level instructions in order to concen-
trate on the actual calculation algorithm.,
| wished to avoid using low level code for
the mechanics of indexing and loops, which
are better illustrated in a high level language.
| tried to choose low level instructions that
are available on most machines: load and
store, left and right shifts and Boolean
operations.

In the coding of listing 3, the lines
beginning at point 1 copy over the bits
at the cdge of ecach strip in the overall
pattern 1o the extreme edges of the adjacent
strips so Lhat one contiguous array is sim-
ulated. Lines starting at point 2 add up
the values of the necighbors and perform a
logical OR of the current state, as described
carlier. Lines of code at point 3 basically
calculate the following for every bit:

B = sum(q piyy N sUM(g gy N (sumy piy)

Or in English, the resultant bit (Bg) is the
logical sum of the 1 bit ANDed with the
sum of the 2 bit ANDed with the negation
of the sum of the 4 bit. The code at point
4 cleans up the garbage bits and stores the
new result, Lines of code after point 5
merely copy the new field Lo the old, as
before.

With this algorithm, the interior of the
calculation loop takes 17 instructions,
Subscripting is assumed to be ‘'free’ for
array indices so close together, with constant
displacements. If we use a processor with
a word length of 16 bits, we have an effi-
ciency ratio of 17/4, or less than 5 machine

o [s] QO [e](e]
o |0 elle] O O (e} (o]
[s) [si[=] [e)[s][e) of [O

[*] [e)

14 i 2 3

Figure 1. Transformation of a Life pattern through
three generations. This process is sometimes referred
to as the automation of the pattern. Generation 0 is
the original pattern of live cells. The succeeding
generations proceed according to the rules of
birth, existence and death.

FOR ¥ = MINY TO MAXY BY | DO

BEGIN
FOR X 1= MINX TO MAXX BY | DO
BEGIN
SUM o= OLD(Y-1.X-1) + OLD(Y-1.X) + OLD(Y- 1 .X+1)
+ OLI{Y . X-1) + OLD(Y .X+1)
+ OLD(Y+1 . X-1) + OLD{Y+1.X) + OLD(Y+1 X+1);
IF SIM = 3 THEN NEW(Y.X) := |
ELSE  ITF SUM = 2 THEN NEW(Y.X) := OLI(Y.X)
ELSE NEW(Y.X) = 0
END
END

FOR Y = MINY TO MAXY BY | DO

BEGIN
FOR X = MINX TO MAXX BY t DO
BEGIN
OLDtY. Xy = NEW(Y.X)
END
END

Listing 1: The basic algorithm for computing Life generations. The code
presented here is written in a pseudolanguage resembling ALGOL. Each
element of the matrices represents one cell. The second group of statements
coples the complete new generation matrix into the old generation matrix

50 that the procedure may repeat.

FOR Y = MINY TO MAXY BY | DO

BLEGIN
FOR X = MINX TO MAXX BY | DO
BEGIN
SLM = OLD{Y-1 . X-1) + OLD(Y-1.X) + OLD(Y-1.X+1)
+ OLD(Y . X-1):
SLM = (SIM/16) + OLD(Y ,X+1)
+ OLD(Y+1.X-1) + OLD(Y+1.X) + OLD(Y+1 .X+1};
SUM = SIM OR OLD(Y.X):
QILDIY . XYy = OLD(Y. XY * 16
I SIMMOD 8 = 3 THEN OLD(Y.X) = OLD(Y.X) +
LIND
END

Listing 2: A routine using bit manipulation by the logical OR operation.
This enables the program to store the old and new generations in a single
matrix. The key point is that a cell in the new generation will be 1 only
if the sum of its neighbors ORed with 1 gives the result 3. To code this
routine In low level machine instructions, the user may use left and right

shift operations to perform the multiplication and division.
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instructions per bit, which is much better
than the previous algorithms,

One problem which arises is that, since
the procedure works only with three bits,
in some cases the neighborhood will have a
sum sufficient lo cause a carry into the
next bil. This can sometimes creatc e€rro-
neous results, To prevent this, before all
cight neighbors have been added together,
the sum must be thus folded: ifsum(4 bit) 18
on, then turn of f sumy iy and sumy iy

FOR Y := MINY TO MAXY BY | DO
BLEGIN
[1] OLD(Y MINX- 1) OLD(Y . MAXX) / 8
OLD(Y MAXX+1) := OLD(Y.MINX) * 8
FOR X := MINX TO MAXX BY | DO

BEGIN
[2] LOAD OLB(Y-1.X-1)
ADD OLD(Y-1.X )
ADD OLD(Y- 1. X+1)
ADD OLD(Y X-1)
ADD OID(Y . X+1)
ADD OLD(Y+1.X-1)
ADD OLD(Y+1.X )
STORE  TEMPI
NOT
AND OCTAL’ 444 .. . 4"
RIGHT |
STORE ~ TEMP2
RIGHT 1
OR TEMP2
AND TEMPI
ADD OLD(Y+I1.X+1)
OR oLD(Y .X )
(3] STORE  TEMP|
NOT
RIGHT 1
AND TEMP |
RIGHT 1
AND TEMP|
[4] AND OCTAL’ 1111, ...1"
5] STORE  NEW(Y .X )
END
END

FOR Y := MINY TO MAXY BY | DO

BEGIN
FOR X := MINX TO MAXX BY | DO
BEGIN
OLD(Y.X) := NEW(Y.X)
END
END

Listing 3: Routine to compute Life generations using cell data packed with
rmuiltiple cells in a word. Several cells can have their new generations com-
puted, or be automated at the same time. The code here is a generalized
machine language with the high level iteration instructions retained for
clarity. The packing density is n/3, where n is the word size in bits. The
ellipses in the octal constants indicate that the method works for any word
size. This method may be referred to as the vertical strip method from the
manner in which it divides up the Life universe.
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Complete Storage Efficiency

All of the cell storage methods previously
described involve wasting from 75 to 87 per-
cent of storage in order Lo maintain program
simplicity. We must eventually ask, '"“Why
not use every bit?"” By completely packing
the data, cell storage becomes about eight
times as compact as the original algorithm
allowed.

When each bit is surrounded by relevant
data, though, a drawback arises: there is no
room for any kind of arithmetic instructions
which produce a carry to the next bit. We
remove this difficulty by performing the
arithmetic in the same way that hardware
performs it. Since there exists no semi-
conductor “add” gate, one adds by selec-
tively combining the AND and exclusive
OR (XOR)} gates. Similarly, here it is pos-
sible to add using only a large assortment of
logical operators.

One such solution, using PDP-11 machine
cade, is shown in listing 4. The BIC instruc-
tion of the PDP-11, which is effectively
an AND/NOT instruction, is actually more
useful then a normal AND instruction in
this case. A similar implementation for
a different processor not having this instruc-
tion might be slightly larger.

This example shows that we can auto-
mate 16 bits at a time in about 40 instruc-
tions of 16 bits, which is about 2 1/2 in-
structions per bit — more efficient than any
previous method. If 8 bit instructions are
used, we must approximately double the
number of instructions per cell. This also
holds for the previous algorithms of many
bits per word. As an example of how this
improves performance, we are able to
automate 72 bits at a time on the Honeywell
66/60 by looping with double word instruc-
tions with an average of almost 2 bits per
instruction. So, despite the fact that this
method has the longest code segments inside
the calculation loop, it is by far the most
efficient method of those discussed.

Life in Three States

One generalization of Life is a 3 state
version called /mmigration, which has the
regular blank or dead state, plus two living
states, X and O, for instance. The rules
are the same as those for Life, except
that, upon birth, a new cell’s state is de-
termined by the majority of parent cells.
For example, three X cells or two X and
one O will produce an X offspring. One
use of the two distinct living states is to dis-
tinguish the major predecessor of an object.
A case in point: if two gliders collide to
form a block, from which one docs the
block actually originate?





http:0,095.00
http:10,580.00

Listing 4: A program to
manipulate cells stored as
a single bit. This code
uses the instruction set of
the Digital Egquipment
Corp PDP-11 processor.
The addition is performed
by selective use of logical
operations. Application of
this method results in the
greatest possible storage
density. Although there
are more lines in the pro-
gram, automation of many
cells simultaneously makes
this the most efficient
procedure discussed.
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The major difference between  this
algorithm and regular Life is thal one must
keep track of the kind of bit, as well as
whether a bit is alive or not. An algorithm
which does this is shown in listing 5. For a
living cell of type X, bit 1 of the byte is
set 1o 1; for a type O live cell, both bit 1 and
bit 8 of the byte are sct to 1. The distinctive
feature of this algorithm is that when a new
cell is created, the kind of cell it becomes is
detcrmined by how many Is from bit 8
have been added into the sum. Since bit 8

is uniquely used, packing the old generation
and the new into two halves of the same
byte is no longer possible. Note that this
algorithm will work in the same manner as
a standard Life algorithm on an array
cantaining only one of the living states.

Life Generations of the Fourth Kind
An extension of [mmigration results

in a version of Life having four different
kinds of living states. The kind of cell which

MOV OLD(Y-1.X-1),R0O (RI.RO) NEIGHBOURS 1+2

MOV OoL(Y-1.X ).RI

XOR Ri.RO

BI1C RO RI

MOV OLD(Y-1.X+1).R2 (R2.R0) NEIGHBOURS (1+2)+3

XOR R2.RO

BIC RO .R2

B1S R2 . RI (Ri,RO) NEIGHBOURS 1+2+3

MOV OLR{Y+1.X-1),R2 {R2,R3) NE1GHBOURS 4+5

MOV OLD({Y+1.X ).R3

XOR R3.R2

BIC R2,R3

MOV OLD(Y+1,X+1) R4 (R4.R2) NEIGHBOURS (4+5)+6

XOR R4 [ R2

BIC R2 . R4

Bi5s R2 R3 (R3.R2) NEIGHBOURS 4+5+6

XOR R2 RO (R2,R0) NEIGHBOURS (1+2+3)+(4+5+6)
BIC RO _R2

XOR R2 R} (R2.R1) CARRIES (1+243)+(4+5+6)
BIC R1 .R2

XOR R3.RI

BIC R1.R3

BIS R3.R2

MOV oLy . X-1).R1 (R4 .R3) NETGHBOURS 7+8

MOV OLIX(Y . X+1).R4

XOR R4 .R3

BIC R3 .R4

XOR R3.RO (R3 ,R0O) NEIGHBOURS (142+3+4+5+6)+( 7+8)
BIC RO . R3

XOR R1 . R3 (R4 ,R1) CARRIES (1+2+43+4+5+6)+(7+8)
BIC R3 . R1

XOR R1.R4

BIC R4, R1

BIS R3 . R2

BIS R4 .R2

BIS oLD(Y X ).RO (RO)Y IS OR'ED WITH ORIGINAL BIT
BIC R2.RO NEIGHBOURHOOD OF > 4 CAUSES DEATH
oM R1

BIC RI1.RO NEIGHBOURHOOD OF > 2 A NECESSITY
MOV RO NEW(Y X )






Listing 5: A program lo FOR Y := MINY TO MAXY BY | DO

perform calculations for BEGIN
the 3 state, or Immigration FOR X := MINX TO MAXX BY | DO
game. Live cells are of two BEGIN
distinct tvpes. Cells are SIM = OLD(Y-1.X-1) + OLD(Y-1.X) + OLD(Y-I.X+1)
stored one per byte. For + OLD(Y .X-1) + OLD(Y .X+1)
one type of five cell, the + OLD(Y+!1,X-1) + OLD(Y+1 .X) + OLD(Y+1 ,X+1});
byte has its 1 bit set to 1. IF OLD(Y,X} -= 0 THEN
The other type of live celi IF (SUIMOR 1) MOD 8 = 3 THEN NEW(Y.X) := OLD(Y.X)
is indicated by setting ELSE NEW(Y.X) := 0
both bit 1 and bit 8 of ELSE IF SUMMOD 8 = 3 THEN
the byte to 1. Data stored [F SWM < 16 THEN NEW(Y.X) := |
by this scheme may not be ELSE NEW(Y.X) := 9
packed further, ELSE NEW(Y.X) := 0
END
END

FOR Y := MINY TO MAXY BY 1 DO

BEGIN
FOR X := MINX TO MAXX BY | DO
BEGIN
OLD{Y.X) := NEW(Y.X}
END
END

Listing 6: A program that ARRAY HASH(0::33) CONTAINING

demonstraies a version of I, L, 9, 5, 0, 0, 0, 1, 89,9,
{ife in which cells are in 6. 1. 37,9, 57,57, 0, 0, 9 1,
any one of five possible 0, S7, 89, 89, 0, 57, 0, O, ¢, B89,
states. A hash table is 0. 0. 0, 89;
used to determine the kind
of celf which Is born to FOR Y := MINY TO MAXY BY | DO
various sets of parents. BEGIN
FOR X := MINX TO MAXX BY 1| DO
BEGIN
SUM = OLD(Y-1,X-11 + OLD(Y-1.X) + OLD(Y-1.X+1)
+ OLD(Y . X-1) + OLD(Y . X+1)
+ OLD(Y+1.,X-1) + OLD{Y+1,X) + OLD(Y+I.X+1};
1IF OLD(Y.X) -= 0 THEN
IF (SUMOR |) MOD 8 = 3 THEN NEW(Y.X) := OLD{Y.X)
ELSE NEW(Y.X] := 0
ELSE IF SUWMMOD 8 = 3 THEN NEW(Y.X) := HASH(SUM/8)
ELSE NEW(Y.X) := 0
END
END

FOR Y := MINY TO MAXY BY | DO

BEGIN
FOR X := MINX TO MAXX BY | DO
BEGIN
OLD{Y . X) = NEW(Y.X}
END
END
Listing 7: The game of Life programmed in vV LIFE X ;¥

one line of APL. This function accepts the ~ [17  *1.p0¢" [I'[Xe(3=Y)VIAU=F<(T18Y)+Y+1dYw("18X)+X 410X+
; : : (0,((1+pX)p1),0)0F+(C,{(14pX)p1),0)\ X+

n}pur pattern as a Bog.-’ean ;?namxdanc_i dis- ((113pX )2 (VEXI11IAB( 1L 4pX)2(bVFX )11 )/ X+

plays it every generation. The reader is left (COr14pX)2(V/X) 1A 11 4pX)2(0V/ X 1) £X]

ta determine which algorithm is tsed. v
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may be born is determined by the majority
of the parent cells. If no majority exists
{ie: all three parents are different), a cell
of the fourth kind is generated. Patterns
containing only two kinds or one kind of
live cells make this game become equivalent
to Immigration and Life, respectively.

Listing 6 shows a procedure for auto-
mating this Quad-Life. It is essentially
the same as the Immigration algorithm,
except that the determination of cell type
is done most efficiently by using a hash
table. The program may index a table con-
taining cell types using the sum of the types
of the parent cells. Since a birth can occur
only between three live cells, the hashing
function need only meet the condition that
it be unigue when any combination of three
of the four different values representing the
four different cell types is added together.
The values 1, 9, 57, and 89, produce a
unique hash. This is also the smallest solu-
tion, giving a hash table with 34 entries,
of which 20 are actually needed.

Exploiting Language Power

No proper treatment of algorithms is
complete without a program written in
one line of APL which performs the de-
sired task. The program in listing 7 accepts
the input pattern as a Boolean matrix and
displays the pattern every generation. The
grid is effectively of infinite size, since
storage allocation for the pattern is grown
and shrunk as necessary, The program
warks only in origin 0, but changing it
to work in origin 1 would be fairly trivial.
Determining which algorithm is used here
will be left as an exercise to the reader,

Ultimate Purpose

The more research that is done con-
cerning Life, the more it appears that
investigators are becoming less concerned
with merely empirical questions such as
“What does pattern such and such eventu-
ally form?" — and more concerned with
more esoteric problems such as entropy, in-
formation theory and computability theory.
Due to this shift in emphasis, it is becoming
apparent that the future of Life algorithms
will not rest in smaller and faster programs
to automate Life. The advances of the future
abide rather in highly specialized abstract
mathematical programs for proving theorems
or gathering statistics. However, for most
enthusiasts, Life will always be a fascinating
diversion that produces fascinating pictures
on the screens of video displays.m
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The Digicast System

A | Halsema
4921 Patrae St
Los Angeles CA 90066
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Imagine turning on your radio and re-
ceiving the latest copy of BYTE—or receiv-
ing only the news of interest to you. Tuning
in to a program could mean exactly that:
you would receive software sourcc code
listings, binary object code listings, and do-
cumentation. All of these are possible with a
revolutionary new system called Digicast.

Digicast is similar to Britain’s Tecletext
and France’s Antiope systems, bul would
be transmitted by commercial FM radio
stations. Teletext data is broadcast during
a portion of the vertical blanking Lime by and
television stations of the BBC {sece figure
1). Decoded by logic connected to the
television set, Teletext news and announce-
ments are dialed up and displayed on the
television screen at the viewer's option.

Operation

To understand how Digicasting would
work, consider FM stereo broadcasts. FM
stereo is transmitted as two separate signals

Receiving Data and

modulating the same radio frequency carrier.
Both channels of the stereo signal are com-
bined into one monaural signal. This com-
bined signal is what you hear when listening
with a monaural only FM receiver. A second
signal of 38 kHz away from the center fre-
guency, amplitude modulated by left
channel minus right channel difference
information, is also transmitted (sec figure
2}. This is called the pilot carrier, and is used
in the receiver's stereo demultiplexer to
separate the two stereophonic signals. Stereo
other Subsidiary Communications
Authorization {SCA) signals are transmitted
only by FM stations due to the wide band-
width assigned to the stations by the Federal
Communications Commission. This wide
bandwidth (150 kHz, with deviations of 75
kHz above and below the center frequency
of the carrier) is required to reproduce high
fidelity music. Stereo transmissions do not
exhaust the bandwidth available to an FM
station, however. Digicast signals can be
broadcast in exactly the same way as stereo-

HORIZONTAL
HLANKING
AND SYNC

BLACK LEVEL —

WHITE LEVEL —

ﬂ_’

EQUAL-
1ZING
PULSE
INTERVAL

VERTICAL
SYNC
INTERVAL

HORIZONTAL SYNC PULSES

_

OF vIDED DATA

NN n__n It N T J'H

VERTICAL BLANKING TIME J

Figure 1: Video swvnchironization signafs. The pulses riding on the waveform at the “‘blacker than
black’ voltage level are horizontal sync pulses. Intervals between the horizontal svnc pulses can be
used to carry information, and are so used in the Teletext and Antiope systems. This portion of the
video can be seen if the vertical hold control on the receiver js misadjusted slightly to roil down the
picture, Nonblack portions visible it the bar displayed are test signals added at the transmitter. Note
that this figure is not to scale, since more horizontal sync pulses actually appear during the vertical

blanking time than are shown here,

January 1979 2 BYTE Publications Inc



Information Over Your FM Radio

Digicast and Digicasting are
proprietary names protected

SCA|SCA| STEREQ STEREO MONAURAL by trademark laws.

7 ? te— 15 kHz —ope— |5 kHz — 15 kHz
kHz | kHz
74 60
67 kHT 53 kHz 38 kHz 23 kHz 15KkHZ CENTER
FREQUENCY

Figure 2: Frequency assignments in an FM station’s signal. Not all stations trans-
mit both stereo and SCA (background music). Spaces between the various signals
are required to allow separation and reduce mutual interference at the receiver.

L] ] L] ]

Figure 3: Simplified block
diagram of the Digicast
system from input to out-

put.
FM TRANSMITTER FM RECEIVER
STEREOQ DIGITAL SIGNAL
OTHER SCA DEMULTIPLEXER
DIGICAST DATA AND AMPLIFIER

|

WIRE SERVICE IUARTI

TELETYPE, STOCK
QUOTATION SERVICE, COMPUTER
LOCAL MESSAGE
SYSTEM

MASS STORAGE

PRINTER

TERMINAL
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phonic music. Reception would require the
use of a wide bandwidth FM receiver with
subcarrier output jacks to allow connection
of the Digicast demuitiplexer. This demulti-
plexer would be similar to a standard stereo
demultiplexer, but with a different operating
frequency and output voltage levels. The
demultiplexed data would be fed into a
computer via a standard Universal Asyn-
chronous Receiver Transmitter (UART)
circuit {see figure 3). Data rates of 4800
to 9600 bps are envisioned. The higher
data rates may require the use of special
fast rise time receivers.

Applications

Digicast is designed to allow serial read
only access to large data bases. One such
data base is the news. Used in the newscast
mode, Digicast would provide high-speed
transmission and reception of all the news
in alphanumeric form. The computer at the
receiving end would be programmed to
select those items containing keywords of
interest to its owner and to store or print
them for later reading. A news transmission
facility is simple to implement, since the
news is received in machine intelligible
form from the wire services (ie: UPI, AP,
Reuters, etc). Software at the receiver can
range from the simplest search and save
program to complex artificial intelligence
programs to correlate data and extrapolate
stock market trends. (Stock market and
commaodities quotations are also available
in machine readable form.) As the amount
of news and ‘information increases to the
saturation point, a UHF television channe!
{6 MHz bandwidth) could be allocated for
this purpose. A & MHz channel could handle
a 6,000,000 bps data rate, spurring deve-
lopment of still faster microprocessors. An
alternate approach to the problem of infor-
mation saturation is to use additional FM
stations in the area to handle additional
data. Digicasting will reduce the amount of
paper needed for newsprint, and reduce
pollution levels. How much of your news-
paper do you read? Once read, most news-
paper becomes trash, adding to poliution.

Current Status

For Digicast to be a success technically,
it must also be a financial success. An FM
station can be equipped with the needed
electronics for under $10,000, and sub-
scriptions to the service sold to the public

on a monthly basis. Specialized Digicast
receivers could be mass-praoduced now for
$50, exclusive of the computer, related
software and peripherals. To insure that no
pirating of the broadcasts takes place, the
data can be encrypted, with 2 new decrypt-
ing key being mailed to subscribers on a
monthly basis.

Digicasting is being developed by the
Digicast Project directed by Jim C Warren |r,
who has edited Dr Dobb’s fournal of Com-
puter Calisthenics & Orthodontia, and has
also been the organizer of the West Coast
Computer Faires. The project expects to
have a Digicast facility operating in the
San Francisco area by the end of 1979, but
needs both technical and financial help. The
project is currently financed by subscrip-
tions to the [ntelligent Machine journal,
which prints news and details of the project;
you may offer technical help and buy sub-
scriptions ($18 a year) by writing to Jim C
Warren Jr, 345 Sweit Rd, Woodside CA
94062.m
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Write bug-free code faster in BASIC,
FORTRAN, or COBOL with our
unique software development system

Enjoy a bonus in better documentation and easier modification, too

Yes, you really can get flawless code faster,
using the Stirling/Bekdorf™system of software de-
velopment tools with structured programming con-
cepts. Not only does the system help prevent errors,
it also helps you trap errors you do make, quickly.

Each tool is human-engineered to do its job
better. Every step in the programming process,
from initial logic design through print-out or display
layout, flows more smoothly with the Stirling/Bekdorf
system. Designed to make fullest use of structured
programming concepts, our software development
tools are human-engineered to reduce imtial errors,
improve de-bugging speed, and aid concept commun-
ication.

When you use “top-down” structured rrogram-
ming, the fust parl of our system to help you is
the 78F2 Flowchartris™ no matter what language
you're using. You use it first to Y3y out your original
concept blocks. Then you use it to write a finely
detailed flowchart quite smoothly.

54% more logic cells than other flowchart forms,
s0 you get far more of your program on each page.
Each Flowchartnix has a full 77 logic cells, not just
50. This not only saves paper, but also makes
your finished flowcharts easier to understand. By
seeing up to 27 extra steps of your program on
each page, you comprehend program flow more cl
early. That's important while writing the flowchart,
mare imporiant when you write actual code. It's
also extremely helpful when you debug, and indis-
Fensable when you come back months or years
ater to modify your original work. 78F2's higher
matrir count makes your flowcharts quicker to de
bug because there are fewer pages to search for
eriors  Fewer pages also save you money and stor-
age space

Unique matrix can show your loops AS loops.
The 7 x 11 matrix gives you a central ¢olumn to
use for executive control logic, plus 3 columns on
each side to describe loops and subroutines. In
fact. these 3 columns on each side give plenty of
room to snte loops laid out visually as loops (sort
of a squared circle).  This makes loogs and sub-
outines easier to recognize, because their form is
readily apparenl at a glance. Since they're easier
to find, and may even be completed on a single
page, Lthey're also simpler to debug or modile;.

Every matrix cell has a specific label to help
you track branch points. Now 1it's far easier to
follow your program from page to page, point to
point.  When you wrnte 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 tem-
plate to draw remarkably regular logic symbols.
Gindes for the most-used logic symbols are nght
in each matrix cell. They help you draw most stand-
ard flowchart symbols entirely free-hand. With 78F2,
your pencil can fly as fasl as you can write, with-
out interruption.  When a flash of insight strikes,
now you can keep your pen on paper, flowing rapidlﬁ
from one step to the next without breaking to pic
up a template.

78P4 Print-Out Designers are the next step.
When you Tinish flowcharting, you're ready to lay out
the printed reports your program will generate. This
helps you focus your thinking on the end resuit
to be produced from all your effort. Then when
you begin to follow the Irowchan to write actual
code you'll be ready to blaze through the report
generation segments right along with the sorts and
computations,

Unique 70 x 160 matrix accommodates even
propostional-spacing word processor formats. The
160-column width can handle practically any printer
lormal. The 78P4 is big, 14'z x 22 inches, because
we've scaled the cell size 1o human writing comfort,

Circle 352 on inguiry card.

not machine print. Each 78P4 character cell is 3mm
wide by Smm high, giving nearly twice the character-
writing area of other printout design sheets. Special
markmFs at columns 80, 96, and 132 show you
the relatwe positon of each prinied charac¥er
Scaled page length arrows referance the last possible
punted line for standard 8':" and 11" paper (for
printers with 6 vertical lines per inch).

Special S-column area records the program line
numbet of the code which creates each printed
line. This unique feature makes the control code
much faster to debug and modify. It shows, at
a glance, exactly which line of code creates each
line of your reporl, saving hours ol needless search
time when you must make a change in the report
format (and don't you always have lo, sooner or
later?y

Now you've done your [lowcharting and planned
the printed reports, you're ready to write the clean-
est code you've ever created. And Stirling/Bekdorf's
78C1 Combination Coding/CRT Layouts will help
you do it faster. If you're usin% separate coding
forms and CRT layouts now, you'll really enjoy the
improvements we've designed for you in the com-
bination 78C1.

Every sheet gives you 2 form uses for the price
of ane. When display layout and line folding points
aren't critical, use 78C1's Tull 28 line x 80 column
grid area for regufar program steps. Then for inter-
active or instructional sections, to plan display lay-
outs snm[g{y keep yourvcha:acters within the appro-
Enale CRT indicator lines, and you'll automatlcall¥
now where every character will show an your CR
screen. .

Gives you 4 extra coding lines on every sheet.
Full 28 line x 80 column coding capacity saves you
14 sheets oul of every 100, compared to 24-{ine
forms. 86 sheets hold more program steps than
100 sheets of any 24-line form, yet we offer full-
size omm x 3mm grid blocks 1o give you comfortahle
writing room and visual space belween lines.

Works with your CRT display, no matter what
brand you own. Equipped for both 16 line x 64
column and 24 line x 80 column display formats,
78C1 1s compatible with your video terminal.

= = sau = -

T8F2 Flowchartnx
T 2padsof 50 = $7 90 « $2.85 pkng & shpg
1110 padsof S0 $34 35 + §6 45 pkng & shpp

I 78P4 Print-Cut Design Sheets
T lpad of 30 = $745 « $3 15 phng & shpg
~ 5 pads of 50 = 132 10 + 36 75 pkng & shpg

J-hale punched vinyl pockets for 78P4 Design Sheets
“oselo!S lor$2 65 + 81.35 phap & shpg
~ setof 12 for 500 + $1.85 pkng & shpg
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YES! Please rush the programming aids indicated below:

Available in three separate versions (one for
BASIC languages, one for FORTRAN, another for
COBOL), the 78C1 is so powerful we include a 7-
page instruction manual with every order, to help
you discover every facetof itsunmatched capabilities.

Every tool in the Stirling/Bekdorf system is sur-
face-engineered to take both pen & pencil without
blotching. Qur tough, extra-heavy, 22+ paper is
pure enough to use with critical magnetic ink char-
acter readers, although you'll prabably never use
it that way. We use it because it gives crisp, sharp
characters whether you write with pencil or plastic-
tip pens.

Every part of our system uses eye-comfortable
soft blue grids. All grid rulings, tints, and division
rules are reproduced in a special shade of blue.
We chose it because it's easy on your eyes, even
after hours of continuous programming. I you
write software as a professional programmer, you'll
particularly appreciate the improvement over the
green lines you've been writing on.

A 3-ring binder is one more of our secrets for
your success. Every tool in the $/B system 15 de-
signed to work together in a standard 3-ring binder.
All your notes, logic concepts, flowcharls, code,
CRT layouts, print-out designs, and documentation
can be kept together, in order, in ane place. This
saves time every time you sit down to write. It
also makes debugging and modification immensely
simpler. By ensuring everything you create stays
together, you assure you can find the area you need
to modify when the time comes, whether it's nesl
week or next year. You can readily recapture your
original train of thought by scanning your flowcharts,
then go directly to the area of code you need to
alter. In fact, when you use our system to its full-
est, even another programmer can quickly compre-
hend your original thinking, so he can help you
make changes or extensions.

Order your supply of the world's most advanced
software development tools, right now, befare you
hatch even one more bug. Ask your local computer
store for Stirling/Bekdorf 78F2's, 78P4's,and 78C1 s,
or use the coupon below to get your supply.

78C1 Combination Coding/CRY Layouts

All are the same price, but please check which language
format you want.
T lor BASIC 77 for FORTRAN  C for COBOL

1 2padsol 50 = $6.35 « $1.95 pkng & shpp
1 10 pads of 50 = $26.85 -« $3.35 pkng & shpg

Teeas residents please add 5 5%, sales taa to base puce We ship
UPS 30 P 0. Bos address must give phone number  Prices shown
tor paching & shipping are U 3 A anly Internateonal shigping tates
are gher, write for detasts

I~ Sample of one shest ol each form -+

Charge to: © Master Charge O Visa exp. date____

associaled labels & literature. $2.50 Card =
- . |
Enclosed ismy chechfor§— Signature
Name
Address Phone

State

Lip

Stirling/Bekdorf

4407 Parkwood O San Antonio, TX 78218 0(512) 824-5643

Iby () 1978 Stuling/Behdorl Dv. of Blackman Matg, 6., Inc.
L 3 r 1 1. v 1 ' F ¢ | ¢ ¢ 1 7 f° 1 T % 7 1 7 |
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S5YM-1, 6502-BASED MICROCOMPUTER
FULLY-ASSEMBLED AND COMPLETELY INTEGRATED SYSTEM that's
ready-to-use
* ALLLSIIC'S ARE IN SOCKETS
s 28 DOUBLE-FUNCTION KEYPAD INCLUDING UP TO 24 “SPECIAL"

FUNCTIONS
s EASY-TO-VIEW 6-DIGIT HEX LED DISPLAY
® KiM-1* HARDWARE COMPATIBILITY
The powerful 6502 8-Bit MICROPROCESSOR whose advanced
architectural features hove made it one of the largest selling “micros”
on the market today.
THREE ON-BOARD PROGRAMMABLE INTERVAL TIMERS available to
the user, expandable to five on-board.
4K BYTE ROM RESIDENT MONITOR and Operating Programs.
¢ Single 5 Volt power supply is all that is required.
* 1K BYTES OF 2114 STATIC RAM onboard with sockets provided for
immediate expansion to 4K bytes onboard, with total memory expan-
sion to &5, 536 bytes.
USER PROM/ROM: The system is equipped with 3 PROM/ROM ex-
pansion sockets for 2316/2332 ROMs or 2716 EPROMs
* ENHANCED SOFTWARE with simplified user interface
* STANDARD INTERFACES INCLUDE:
—Audio Cassette Recorder Interface with Remote Control (Two
modes: 135 Baud KIM-1* compatible, Hi-Speed 1500 Baud)
—Full duplex 20mA Teletype Interface
—System Expansion Bus Interface
—TV Controller Board Interface
—CRT Compeatible Interface (RS-232)
APPLICATION PORT: 15 Bi-directional TTL Lines for user applications
with expansion copobility for added lines
e EXPANSION PORT FOR ADD-ON MODULES (51 1/0O Lines included in
the basic system)
SEPARATE POWER SUPPLY connector for easy disconnect of the d-c

Synertek has enhanced KIM-1* software as well os the hardware. The
software has simplified the user interface. The basic SYM-1 system is
programmed in machine longuage. Monitor status is easily accessible,
and the monitor gives the keypad user the same full functional capabili-
ty of the TTY user. The SYM-1 has everything the KIM-1* has to offer,
plus so much more that we cannot begin to tell you here. So, if you want
to know more, the SYM-1 User Monual is available, separately.

SYM-1 Complete w/manuals $269.00
SYM-1 User Manual Only 7.00
SYM-1 Expansion Kit 75.00

Expansion includes 3K of 2114 RAM chips and 1-6522 (/O chip.
SYM-1 Manuals: The well organized documentation packoge is com-
plete and easy-to-understand.

SYM-1 CAN GROW AS YOU GROW. lis the system to BUILD-ON, Ex-
pansion feotures that are soon to be offered:

power 8K Basic ROM $159.00
AUDIBLE RESPONSE KEYPAD TV Interface Board 349.00

QUALITY EXPANSION BOARDS DESIGNED SPECIFICALLY FOR KIM-1, SYM-1 & AIM 65

These boards are set up for use with a regulated power supply such as the one below, but, provisions have been made so that you can edd
onbeard regulatars for use with an unregulated power supply. But, because of unreliability, we do not recommend the use of onboard
regulators. All 1.C.’s are socketed for ease of maintenance. All boards carry full 90-day warranty.

Al products that we manufacture are designed to meet or exceed industrial standards. All components are first qualtiy and meet full
monufacturer’s specifications. All this and an extended burn-in is done to reduce the normal percentage of field failures by up to 75%. To you,
this means the chance of inconvenience and lost time due to a failure is very rare; but, if it should happen, we guarantee a turn-around time of
less than forty-eight hours for repair.

QOur money back guarantee: If, for any reason you wish to return any board that you have purchased directly from us within ten (10} days ofter
receipt, complete, in original condition, and in original shipping carton; we will give you a complete credit or refund less o $10.00 restocking
charge per boord.

VAK-1 8-SLOT MOTHERBOARD
This motherboard uses the KIM-4* bus structure. It provides eight (8)
expansion board sockets with rigid card cage. Separate jacks for audio

cassette, TTY ond power supply are provided. Fully buffered bus.
VAK-1 Motherboard $129.00

VAK-2/4 16K STATIC RAM BOARD

This board using 2114 RAMs is configured in two (2) separately
oddressable 8K blocks with individual write-protect switches.

multiplyer so there is no need for an additional power supply. All
software is resident in on-board ROM, and hos a zero-insertion socket.
VAK-5 2708 EPROM Programmer $269.00

VAK-6 EPROM BOARD

This board will hold 8K of 2708 or 2758, or 16K of 2716 or 2514
EPROMs, EPROMs not included.
VAK-6 EPROM Board $129.00

VAK-2 16K RAM Boord with only $239.00 VAK-7 COMPLETE FLOPPY-DISK SYSTEM (Feb. '79)

8K of RAM (2 populated)
VAK-3 Complete set of chips to $175.00 VAK-8 PROTYPING BOARD

expand above board to 16K This board allows you to create your own interfaces to plug into the
VAK-4 Fully populated 16K RAM $379.00 motherboard. Etched circuitry is provided for regulators, address and

data bus drivers; with a large area for either wire-wrapped or soldered
IC circvitry.
VAK-8 Protyping Board $49.00

VAK-5 2708 EPROM PROGRAMMER
This boord requires a +5 VDC and +12 VDC, but has o DC to DC

POWER SUPPLIES
ALL POWER SUPPLIES ore totally enclosed with grounded enclosures for safety, AC power cord, and carry a full 2-year warranty.
FULL SYSTEM POWER SUPPLY

This power supply will handle o microcomputer and up to 65K of our
VAK-4 RAM,. ADDITIONAL FEATURES ARE: Over voltage Protection on 5

KIM-1* Custom P.S. provides 5 VDC @ 1.2 Amps
and +12 VDC @ .} Amps

volts, tused, AC on/off switch. Equivalent to units selling for $225.00 or KCP-1 Power Supply $41.50
more.
Provides +5 VDC @ 10 Amps & +12 VDC @ 1 Amp SYM-1 Custom P.S. provides 5 VDC @ 1.4 Amps

VAK-EPS Power Supply $125.00 VCP-1 Power Supply $41.50

*KIM is a product of MOS Technology

E N T E R P R | S E S 2967 W. Fairmount Avenue Esrancma
Phoenix AZ. 85017 a
'NCORPORATED {602)265-7564 Prices in effect Nov. '78
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Figure 1: Polyphonic keyboard interface design. Multiplexer array at top is scanned by counters untif a difference is detected between the
addressed key and the corresponding bit in memory. The scan is stopped and the key address and direction are read by the processor,
affowing the scan to continue.

Table I: Power wiring table
for figure 1.









networks shown in the schematic. Any re-
maining bounce may be trimmed out by
adjusting the clock rate, which is nominally
12.5 kHz. There is one light emitting diode
(LED} on the board to provide a visual
check of operation: “Key In Progress” is
lit between the data available signal and the
acknowledgment signal.

The circuit concept is directly expandable
1o accommodate many more inputs, with
the memory and counter capable of address-
ing up to 256 points. This interface concept
would be quite at home in many industrial
control environments, as well as anywhere
a large number of contact closures must be
cbserved.

In the music system shown in photo 1,
the keyboard interface has provided the
much needed flexibility in the interactive
utilization of the instrument. The ‘‘feel”
is not unlike that of a standard electronic
organ, and with the available processing
horsepower taken into consideration, the
unit is a composer’s delight. From teaching
applications (where the human must cor-
rectly repeat '‘by car’ a computer generated
phrase) to the support of creative effort, an
efficiently integrated polyphonic keyboard
is an essential link between artist and com-
puter. m

Circle 354 on inguiry card.

Build Your Own Low Cost
$-100 Bus Micro-Computer
POWER SUPPLIES

Unregulated Output: * 8.5VDC & ¥ 17VvDC
With Heavy Currents: 15 Amp or 25 Amp @ + 8.5VDC

avenc

—“+%~ BRIDGE RECT.:
h D1: 35 Amp. 50piv
D,; 4 Amp. 50piv

$ 375
$ 1.95

COMPUTER CAPS:
C1:100,000UF, 15V
Ci 52,000UF. 15V
C,  6.000UF. 50V

$ 9.50
$ 4.75
$ 2.50

TRANSFORMERS:
T.:Supplies + 8.5V/15A, - BSV/2A & ¥ 17V/2A
SIZE: 3a/8"(L) x 4"(W) x 23/16"(H), mtg. brackel incl.
T_: Supplies + B.5V/25A, - 8.5V/3A & t17V/3A
SIZE: 33/47(L) x 41/8"(W) x 31/8"(H), mtq. bracket incl.
POWER SUPPLY KITS: Dimensions; 13"{L) x 5"(W) x 47/8"(H)
KIT “A™ Output; + B.5V/25A, - B.5V/3A & 1 17V/3A $57.50
Incl. trans. Tz, Cy, {100,000 UF),3XC2(6000UF), D1, Dy, 4x resis.,
fuse, holder, barrier strip, alum. chases plate & all nece. mtg.
parts. 3 hrs. assy. time & instructions incl.
KIT “B™ Output; + 8.5V/15A, - 8.5V/2A & T 17V/2A $47.50
All parts same as kit A, except trans. Ty . & C, (52,000UF)
SHIPPING: $4.75 per transformer. For each kit: $5.00 in Calif.,
$7.00 for all other states. Calif. residents add 6% sales tax,
Master Charge/B of A, OEM are available.

SUNNY INTERNATIONAL

MAIL ORDER: STORE:
P.O. Box 4296 7245 E. Alondra Bivd.
Torrance, Ca. 90510 Paramount, Ca. 90723
STORE HOURS: 9 AM-6 PM

PHONE: (213) 633-8327, 530-3732

$17.50

$22.50

CBASIC Is Better

Take CBASIC—the best Business BASIC.
Make it faster, easier to use,
and more flexible, and you have

CBASIC-2

New features thal enhance CBASIC's value as the besl
buy In Business BASIC:

CHAINING 1o pass confrol from program o program:;
INTEGER VARIABLES allow fasl computation in 16-bit binary
arithmetic; MULTIPLE LINE FUNCTIONS allow easier, more
sluctured coding: XREF produces a cross-reference
dictionary of variables, SAVEMEM reserves memory space
and loads subroutines; SADD% retums absolute address of
stings; CONSTATY reports console status; UCASES converts
a siring o upper case; COMMANDS$ retums conlents of
command line; plus CONCHAR%, %EJECT, FILE
BUFFERING, %PAGE, ond more.

Special Introductory Price: $89.95

SSG CBASIC version one
owners con updale for only:
{send regisiration # when ordering)
Other vendors sell CBASIC.
But how many back up their customers when
software is updated? We do.

For information, or 1o order, contact:

Ttructured Systems Group
INCORPIPBLTED
5208 CLAREMONT AVENUE
OAKLAND, CALIFORNIA 94618
(415) 547-1567

Circle 352 on inquiry card.

SHOULD BE
ALLOWED TO SORT!

with

SORT-80

CALL, and all have unigue benefits.

we're waiting to hear from you.

COMPUTERS PLUS, INC.
678 S. Pickett St.

January 1979 S BY TE Publications tnc

ONLY PROGRAMMERS

Isn't that ridiculous? They're your files, your infor-
mation and your needs. Take control of them now

available separately (for only $95.00) or as part of
FMS-80, the only fully integrated microcomputer
File Management System. From initial file defini-
tion through selective report generation, FMS-80
takes you every step of the way interactively.

Also ask about REMOTE-80 Intelligent Terminal
Software; SCREEN DESIGNER—interactively
create and utilize video forms; and MLU—the
complete Mailing List Utility. All run under any
CP/M-based system (IMDOS, CDQOS, etc.).
BASIC interfaces implemented for most through

DEALERS: Have we got a deal for you! Liberal
discounts and painless evaluation packages—

Alexandria, VA 22304. (703) 751-5656



About the Author

} R Douglas has had
a professional interest
in  computers Ssince
18959. For the past ten
years, he has been a
designer of "“larger and
farger” computers for
Control Data Corp. He
and Dovid Caohlander
{also with CDC} acr as
operators of the data
communications system
on those occasions
when Chess 4.6 plays in
competition. They also
assist in interfacing the
Chess program to the
operating system and in
maintaining the open-
ing book data base.
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Grandmaster Walter Browne

John R Douglas
25 Cannon Dr
Elk River MN 55330

The organizers of Minnesota's Twin Cities
Open invited Northwestern's Chess 4.6 and
Control Data's CYBER 176 to take part.
Since this World Champion computer system
had not been tested in open human competi-
tion, its programmers readily acceptled the
invitation. With a rating ol 1936, Chess 4.6
was seeded number one in the 5 round Swiss
system tournament, perhaps the first time a
computer has been accorded that position,

A new electronic chessboard was used for
the first time. The microprocessor which
controls the board senses the opponent's
moves magnetically, transmits the move in
algebriac notation via telephone to CYBER
176, and then indicates CYBER 176's re-
sponses by illuminating small lights on the
square of Lhe picce to be moved and on the
one to which it is to go. Chesstor, as this
device is called, also senses the hitting of the
chess clock and thus keeps Lrack of the time
used.

Chess 4.6 did very well in this event,
wrapping up first place in four rounds and
finishing the tournament with a perfect 5-0
resuit. The 30 to 35 points gained brought
its rating close to the clusive Expert barrier.
This win carried with it an invilation 1o
enter US Champion Walter Browne's simul-
lancous exhibition,

A large crowd gathered Lo listen to
Grandmaster Browne's lecture and to watch
his 44 board simultancous exhibition. Asked
his opinion of computer chess, Browne re-
plied that he did not mind their slow style
of play. Browne invited wagers on his com-
puter game and was surprised to find takers
in the audience. Laler he declined the side
bets, saying that although he would win, the
time he spent at the computer's board would
not be fair to the other players,

Grandmaster Browne's 1978 tour had
thus far produced an amazing winning
streak, with only two losses and six draws
in 17 exhibitions. As this exhibition began,
everyone was amazed at Browne’s pace
around the first six circuits; he barely paused
at each board before responding Lo the posi-

versus Chess 4.6

tion before him. He certainly did not seem
concerned about the computer's Benoni
opening, which requires sharp and exact
play. (Later Browne acknowledged that he
should have spent more time with this open-
ing.) Browne did, however, appear to be per-
plexed by the computer's advantage out of
the opening, and this put an end to his
making blitz mode moves at the computes’s
table. Here is the way the game wenl.

Benoni Defense
White: W Browne Black: Chess 4.6

1 P-Q4 N-KB3 2 P-QB4 P-B4 3 N-KB3
PxP 4 NxP P-K4

Chess 4.6 tends toward sharp opening
play.

5N-N5

Walter Browne tends toward sharp open-
ing play.

5...BB4

Chess 4.6 has been modified for this
event o allow the operator to wait until the
visiting Grandmaster arrives before request-
ing the computer’s move. This gives the sys-
tem maximum time for computation.

6 QN-B3 Castles

Browne's Knight move brings 4.6 out of
the opening book. At this point Chess 4.6
has used two minutes and Walter Browne
has hardly broken stride as he passed. But
now the skid marks in front of the clectronic
chessboard are added to each time Browne
passes by.

7 P-K3 P-Q3 8 B-K2 P-QR3

The chessboard seems to flicker with elec-
tronic pride as the machine’s estimate of its
advantage climbs to more than one half
pawn — morc than one half a Grandmaster’s
pawn.

9 N-R3 N-B3

Browne's charming wife spent a lot of
time watching the computer and was dis-
mayed as with each successive move the
computer’s evaluation routine gave a stronger
and stronger procomputer assessment of the
position.



10 N-B2 B-B4

Chess 4.6 is predicting Browne's moves
with impressive accuracy, and it gets about
four minutes per move in which to thwart
Browne's design for the game.

1100

4.6 expected N-Q5

11...Q-Q2

Still retaining a onc half pawn lead and
expecling 12 B-Q3 P-KR4 13 N-Q5 N-KN3
14 P-K4.,

12 P-QN3 K-R1 13 B-N2 R-KN1

4.6 is having trouble finding something to
improve the position. It predicts 14 Q-Q2
P-R3 15 QR-Q1 N-K5 16 NxN BxN,

4.6's position seems solid now.

15B-R3 P-R3 16 R-B1

[Not 716 BxP? BxN ... Burt Hochberg|

16 ... QR-Q1 (cxpecting Q-Q2) 17 N-N4
NxN 18 BxN

All anticipated by 4.6; at this point the
4.6 corner fell prey to a bit of mild panic
and requested Lhe nexit move about three
minutes before Browne was due back at the
board. Thenew clectronic chessboard seemed
not to have sensed the previous move (which
indeed it had), and in the flurry of the
opcrations flollowing, Chess 4.6 committed
its only error.

18...Q-B2

14 N-R4 B-R2

There may be a stronger move,

Copyright 1978 by J R
Douglas. Reprinted from
Chess Life and Review by
permission.

GLOSSARY

Algebraic notation: a system of recording chess
moves characterized by the assignment of the
letters a thru h to the files (columns of squares)
and the numbers 1 thru 8 to the ranks (rows of
squares) done from the point of view of the player
with the White pieces. Usually certain abbrevia-
tions are employed. The World Chess Federation
(FIDE) strongly endorses the use of algebraic nota-
tion {see '"descriptive notation*’).

Annotations of ! or ?: represent someone’s opinion
of the guality of the move. The exclamation point
shows a good move; the question mark shows a
poar move.

Benoni opening: the name given to the particular
set of opening moves which are played in this
game., |t is a forceful defense by Black which often
teads to great tactical display. |t was first studied
by Reinganun of Frankfort in 1825, and was a
favorite defense of two World Chess Champions,
Alekhine and Tal.

Blitz move: a move made very quickly.

Chess clock: a device used to put a time limit on
a chess game. It is a mechanism with two clock
movements and faces, one for each player. When a
player makes a move, he or she presses one of two
buttons on the top of the clock which starts the
opponent’s clock movement and stops his or her
own. In tournaments a player must make a pre-
scribed number of moves in a limited timespan.

Descriptive notation: the traditional system of
recording the moves of a chess game, used in this
article. A file is named after the piece positioned
on it at the start of the game. The ranks are de-
noted numerically from the point of view of the
player having the move.

Expert class: the class of chess player who has a
tournament rating of somewhat over 2000 points.
As a comparison, the average rating for all mem-
bers of the United States Chess Federation is
around 1300.

Kingside attack: an aggression on the side of the

board on which the Kings were positioned at the
start of the game.

Pawn up: 1o have a material advantage of one pawn
or its equivalent, or to have a positional advantage
of the same value. Under maost circumstances, the
advantage of one pawn is sufficient far victory.

Piece up: simifar te, but better than, being a pawn
up; usually leading to certain victory.

Ratings: a guide to the ability of a chessplayer,
based on historical data of performance in over-
the-board competition in rated chess tournaments.
The system mast commonly in use was invented
by Dr Arpad Elo. A player gains rating points by
winning a tournament game, and loses points by
losing a game. The effect of a draw on a rating de-
pends on the difference in rating between the two
players in the drawn game. A lower rated player
achieving a draw with a higher rated player will
gain points, while the higher rated player will in
all probahbility lose points,

Sharp play: playing moves which are likely to lead
to great tactical display.

Simultaneous exhibition: an event in which a very
strong chess player engages in competition against
many weaker opponents in many separate games.

Swiss system tournament: a popular type of chess
tournament in the United States. It is usually con-
ducted as follows: in the first round, the players
are ordered according to their ratings. Then the top
player in the upper half is paired against the top
player in the lower half, and so on down to the
battom player in each half. For each game, each
player is given one point for a win, one half point
for a draw, and zero for a loss. In the second and
later rounds players are paired according to the
following ordered general principles:
1. A player must not be paired with any other
player more than once.
2. Players with equal scores after each round
must be paired as much as possible.
3. Colors are assigned by the director of the
tournament as equitably as possible,

The program Chess 4.6
was written by David Slate
and Larry Atkin of North-
western University. The
Chesstor electronic chess-
board was constructed by
David Cahlander of Con-
trol Data Corp.
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19 QK1

Now 4.6 is only one quarter pawn up,
but it thinks 19 Q-Q2 would have been more
to the point.

19...B-B4 20 B-KB3 B-Q6

One half pawn up again. Computer fans
could relax a bit. Both 4.6 and Browne see
the next four moves now. Browne spends a
lot of time at our table. Mrs Browne spends
a lot of time warning Walter that he should
spend a lot of time at our lable. She asked
how much the machine cost and was told
several million dollars. She told Walter that
the machine said it had the advantage.
Browne was not impressed, although he did
start to thump the pieces and our clock as he
passed. After a lengthy stay at the board he
played.

21 BxB PxB 22 B-K2 B-B4 23 P-B3 P-K5
24 P-B4 B-Q2 25 N-B3 Q-R4

Now the visting master stops, does a
double step, smiles: he's got this thing now.
The Quecn is out of play. Browne begins a
Kingside attack, smiles at the speclators,
savors his move.

26 Q-R4

Thump, smile. It’s lucky that the elec-
tronic board can only sense the position of
the piece and not the force with which it is
moved, for Browne's forceful play intimi-
dates the spectators.

26 ...B-B3

For the next four moves, 4.6 must find
defensive resources that are not obvious to
those in attendance, and predictions of an
carly end to the game begin.

going to like what's happening on the Queen
file.

31 R-Q1 RxRch 32 BxR

Small thump, walk away, stop, look back,
frown.

32...RQ3

At this point the clocks show two hours
44 minutes for 4.6 and 22 minutes for
Grandmaster Browne.

33 Q-N3 Q-Q1

4.6 correctly projects Browne's game for
the next 11 moves.

34 R-B1

Now Browne is defending. Things are not
going well at some of the other boards,
either, but it is here that Browne spends
most of his time.

34...R-Q7

What a nice place for one's Rook.

35P-N5

4.6 had been expecting this much earlier.

35...PxP 36 PxP N-R2 37 P-N6 PxP

We are a whole pawn up!

38 QxP Q-R5!

Now things start to liven up. Browne
looks unnerved and spends a long time on
his next move. He gets into trouble at the
next board, too. Here he finds:

39 Q-B5 B-Q2

4.6's backers find happiness and will ad-
mit that they just may have moved the piece
more slowly and punched the clock more
vigorously than was necessary, so much so
that Browne remarked, with just a hint of a
smile, “It is not allowed for the computer

27 R-QB2
4.6 expected P-KN4,
27...P-QN4 1. d4 Nfb 33. Qg3 (Qd8
Can Browne be distracted? § §‘23 C5d gg Rgl :dz
3 . c: . g g
28P'(,N4 i . 4, N:dd e5 36. fig Nh7
Doesn’t look like he is. 5. NbS BcS 37. g6 fiq
28 ...P-N5 29 N-Q1 R-Q3 g Nglc3 ggo gg gfgs Qh;&
. . e . Bd
Now everyone sees the defense. 4.6 ex 8 Bez a6 0. Qfa Q:fa
pects 30 P-N5 N-R2 31 N-B2 KR-Q1 32 9. Na3 Ncé 41. e:f el
B-N4 Q-N3 33 B-BS. Browne plays, 10. Nc2 BfS 42. HNed e2
: N 11. 0-0 Qd7 43. B:e2 R:e2
30 N-B2 R” Q1 . 12, b3 Kh8 44. N:c5 Bc8
If 4.6 survives, the Grandmaster is not 13. Bb2 Rg8 45. Rdl Re8
14. Nad Ba7? 46, a3 b:a
15. Bal hé 47. Ral g5
16. Rcl R/a d8 48. f:qg ReS
17. Nb4 N:bd 49, b4 as
Table 1: The score (record of moves) of the %g Séﬁm gg g? 223 §§5+
simultaneous exhibition game between 20. Bf3 Bd3 52. N:bd Ras
Grandmaster Walter Browne and the com- 21. B:c5 dic 53. Ke3 Beb
s ) ; 22. Be2 BfS 54. Kdd4 Ng5
puter program Chess 4.6, duplicated here in 23, 3 e4 55. Nc2 a2
convenjent table form. The notation here is 24, 4 Bd7 56. Nbd4 Rad
algebraic, as opposed to the descriptive nota- 25. Ne3  Qas 57. Kc5  Ned+
t.g/ b i ppd e et t'p ! /"Oha. 26. Qh4 Bcb 58, Kbs Bd7+
o1 WINCh s L{SE in e articie ?X[. n this 27. Rc2 b5 59. N¢é Ne3+
type of notation, the colon (:) indicates a 28. g4 b4 60. Ke5 B:ck
capture and the plus sign (+) indicates check. 29. Nd1  Rdé 6l. Kic6 R:ca+
M . . . 30. NfZz R/g d8 62. Kd6 Rd4+
oves given as squure designations alone are 31. Rl R:dl+ 63. Ke5 Rdl
pawn nmoves. 32. B:dl Rdé b4. resigns
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to play psychologically.”! 4.6 correctly
projects Browne’s next seven moves.

40 Q-B4 QxQ 41 PxQ P-Kb6

World Champion 4.6 admonishes US
Champion Browne to be careful. Grand-
master Browne admonishes 4.6 nol to be
overconfident.

42 N-K4 P-K7!

Forcing the exchange of a Bishop for two
pawns.

43 BxP RxB 44 NxP B-B1 45 R-Q1 R-K1

Browne now finds a move to make the
endgame playable. 4.6 did not anticipate this

continuation,

o~

10.

Source:
David McKay Company Inc, New York, 1978, pages 112 and 113. Beprinted by
permissian,

United States Chess Federation
Suggested Rules of Play Involving Computational Machinery

The following rules are suggested for use in USCF rated tournaments when

one or both players is a computer. In matters not covered by these rules, play is
governed by the FIDE {Federation Internationale des Echecs) Laws, by FIDE
Interpretations of the Laws, and by the USCF Tournament Rules and Pairing
Rules, interpreted by the arbiter. In such games the player shall be considered to
be the chess algorithm being executed on a specific computer.

The following regulations shall govern play:

For the algorithmic player {computer), a piece shall be deemed “touched”
when a move involving that piece is communicated.
A move shall be deemed executed when the move has been executed on
the playing chessboard. Only after this shall the opponent’s clock be
started.
The computer and/or the operator shall keep the scare of the game,
If, during a game, different positions should arise on the playing chessboard
and on the chessboard or representation thereof maintained by the algo-
rithmic player, such differences shall be corrected with the assistance of
the arbiter by consulting both players’ game scores. In resolving such dif-
ferences, the player whose score has the correct move, but who has exe-
cuted a wrong one, has to accept certain disadvantages,

I1f, when such discrepancies occur, the game scores are also found to differ,

the moves shall be retraced up to the point where the scores agree, and the

arbiter shall readjust the clocks accordingly.

The algorithmic player's operator(s) shall have the following duties:

{a) To make the moves of the algorithmic player on the playing chessboard.

{b) To communicate the moves of the opponent to the algorithmic player.

{c} To operate the chess clock for the algorithmic playar.

{d) To inform the algorithmic player, at its request, of the time consumed
by either or both players.

{e} To claim the game in cases where the time limit has been exceeded,

{f} To carry out the necessary formalities in cases where the game is
adjourned.

{g) To communicate proposals of a draw between the algorithmic player
and the opponent.

(h) To carry out the functions associated with machine communication
failure. During restart, program parameters must be reset to the most
recent values, Board position and status, along with clock time, may
also be entered.

The opponent may appoint a deputy to record the game scora.

Communication to and from the algorithmic player regarding the moves of

the game shall be made in a standard (clear and unambiguous) notation.

During the course of a game, an algorithmic player may not request addi-

tional data or information which requires human intervention, Such a re-

guest shall be considered a violation of Article 19.1a of the Laws. [Article
19.1a says that during a game a chess player may not use any knowledge
which is not hister/fits own . . . RS]

With the approval of the arbiter in advance of the first round, the operator

may resign ar accept a draw on behalf of the algorithmic player.

Official Rules of Chess, secand edition, edited by Martin E Morrison,
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46 P-QR3 PxP

Greedy, but what else?

47 R-R1 P-N4 48 PxP R-K4

Expecting N-R4.

49 P-N4 P-R4

It’s a whole piece up.

50 N-Q3 RxPch 51 K-B2 PxP 52 NxP R-
QR4 53 K-K3 B-K3 54 K-Q4 N-N4

Expecting 55 N-B6 R-KB4 56 N-Q8
R-B5.

55 N-B2

Browne offers a draw. The computer’s
corner is divided: do we play on for science
or bag a draw with a Grandmaster for the
record book? Browne returns in less than
lwo minutes. Science prevails: 4.6's Bishop
and Knight tactics should be interesting.

55...P-R7 56 N-N4 R-R5

The machine records a 5 point lead for
Black.

Browne first plays K-B3, hits the clock
and moves away: then he skids Lo a stop,
returns, and announces, ‘“That’s nol my
move," stands, leans, sways, taps, pounds
on a loose pawn, and finally plays:

57K-B5

Browne has missed his last chance at the
Rook pawn,

57 . .. N-K5ch 58 K-N5 B-Q2ch 59 N-B6
N-B6ch (the final nail) 60 K-B5 BxN 61 KxB
RxPch 62 K-Q6 R-Q5¢ch 63 K-K5 R-Q8

And Browne resigns.

In the course of this simultaneous exhibi-
tion, Chess 4.6 correctly projected 35 of
Browne’s 58 moves, not including those
from the opening library. The largest num-
ber of positions examined for any one move
was 2,158,456 in jusl over nine minutes. In
total, Chess 4.6 used just over four hours of
computation time, whereas Grandmaster
Browne spent 26 minutes at the board,

Browne was nol pleased with his perfor-
mance in general; six wins and six draws
were scored against him, dropping his per-
centage for the day to 73%. But the game
Chess 4.6 played will certainly provide some
pleasant moments to those who play over
the moves, and they’re almost certain to
find the computer’s style refreshing.

Editor's Comments

After seeing Douglas’ article, our readers
are advised against being misled about
the strength of play of which the program
Chess 4.6 is capable. In this particular garme,
the computer looks very good. It should be
remembered, however, that Grandmaster
Browne was playing with a number of
disadvantages.

This was a simultaneous exhibition, and
therefore Browne was playing 44 games at
once, including the computer’s game.
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BNF is used like algebra:
It simplifies certain state-

ments made about lan-

guages in the same way
that algebra simplifies cer-

tain statements made

about mathematical and
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BNF is a standardized method of abbrevi-
ating certain statements which are made
about a programming language when it is
being strictly defined, as in a programming
manual. As such, BNF bears an analogy to
the use of algebra in order to simplify certain
statements which are made about physical
and mathematical quantities. Thus the state-
ment that the volume of a sphere is equal to
four-thirds the cube of the radius times the
ratio of the circumference of a circle to its
diameter may be abbreviated

_ 4mrd

3

In order to make abbreviations such as the
one above, we set up various conventions.
For example:

1. The quantities in the statement are
represented by single letters; thus V stands
for the volume.

2. Squares, cubes, and other powers are
represented by superscript notation; thus
r3 is the cube of 1.

3. Certain fixed quantities which appear
very often have standard namcs; thus the
ratio of the circumference of a circle to its
diameter is always denoted by @,

4. Two single letters written together
signify “times"”; thus nr means 7 times r.
(This rule must be amplified in order to
specify clearly that 713 means 7 times the
cube of r, and not the cube of 7r; and to
make clear that it also applies to numbers,
so that 47 means 4 times 7.)

We shall now set up a number of similar
conventions in order Lo abbreviate staltements
made about programming languages. For
example, consider the following sentence:

A GO TO Statement in FORTRAN consists
of the words GO TO followed by a statement
number.,

We may abbreviate this in BN as follows

< GO TO statement > &=

‘GO TO' < statement number >

Author’s Note

Throughout this exposition we shalf
wse the mnemonic, BNF, without specify-
ing what it stands for. Originally BNF was
called Backus Normal Form, after fohn W
Backus, who was the head of the project
at |1BM that developed the first FORTRAN
and who proposed the present scheme in
connection with the conference that
developed ALGOL. Later it was pointed
out that BNF is not really a normal form,
in the sense in which this phrase is used i
mathematical logic. Some people today
prefer Backus Naur Form as a name for
BNF; this honors Peter Naur, who edited.
the ALGOL Report [1] in which BNF
was first used to define the syntax of
ALGOL,

In doing this we have implicitly set up the
following conventions:

I. The signs < and >, which also stand
for “less than' and ‘“greater than" but in
this context are called angle bruckets, en-
close the name of some "quantity” which
we wish to define in the programming
language. We call such a “quantity” a
syntactical variable.

2. The special sign 1= means “is defined
as." This comes from ALGOL, in which the
sign := is the replacement symbol, used in
statements such as A:=B (i.e., set A equal lo
B).

3. The words ‘“‘foliowed by'" may be
omitted, just as “times” may be omitted in
algebra.

There is a further analogy between BNF
and algebra. When we write ‘GO TO' <state-
ment number>, we mean the words GO TO
followed by any statement number. This is
very much like writing 3x to mean 3 times
the value of x, whatever it happens to be.
Here x is a variable, but 3 is a constant.
Similarly, the phrase < statement number >
is a syntactical variable, and may stand for
any of various statement numbers; but 'GO
TO' always stands for the same thing, and
may thus be called a syntactical constunt.
Syntactical constants are subject to another
rule:

4. A syntactical constant is enclosed in
quotes.
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This last rule, incidentally, is not always
followed. The single quote character ‘ is
actually meaningful in some programming
languages, and its wuse in programming
language definition would thus cause confu-
sion here. Of course, we can always use the
double quote ' instead of the single quote,
unless the programming language uses both
of these symbols (like SNOBOL, for
instance). But sometimes even when there is
no confusion the quotes arc omitted for the
sake of brevity.

It is clear, of course, that statements
about programming languages may be abbre-
viated even further. We might write G = ‘GO
TO’ S, thus incorporating the use of single
letters for variables, as is done in algebra. In
fact, this type of abbreviation is used exten-
sively in the theory of context-free languages.
{See references 2 and 3 for two interesting
applications of this theory and this type of
abbreviation to programming languages.)
The trouble with abbreviating this far is that
now the abbreviation is not sclf-contained.
We must still make some statement such as
“where S stands for a statement number.”
In contrast, the BNF rules which we define
here permit the entire syntax, or ‘‘grammar
rules” of a language, to be specified in a
precise manner, using no other information
than that contained in the BNF rules them-
selves. The semantics, or “meaning” of the
language, must still be specified separately;
and at this time there is no easy and fairly
universal way to specify semantics, although
attempts have been made (see references 2
and 4).

Rules in BNF may be extremely simple.
We may write

< statement number > =

< unsigned integer >

to specify that the syntactical variable
“statement number’' takes the same form as
the syntactical variable “‘unsigned integer."
This is often convenient when several
syntactical variables have the same form. In
most languages, for example, simple variable
names, array names, and function (or sub-
routine or procedure) names all follow the
same rules about starting with a letter, etc.,
and we define each of them to be the same
as the syntactical variable < identifier >.

Sometimes, in a definition of this type,
there will be more than one alternative. For
example, let us make a definition of
“integer’' not restricted to unsigned integers.
If we already know what an unsigned integer
is, we may use the following:

An integer is an unsigned integer

optionally preceded by a plus sign or a
minus sign.

The conventions which we have used thus
far do not allow for the words “optionally"
or "preceded by," although *‘followed by" is
permitted. Therefore, let us make an equiva-
lent definition, which is slightiy longer:

An integer is either: (1) an unsigned
integer,; or (2} a plus sign followed by
an unsigned integer; or (3) a minus
sign followed by an unsigned integer.

Now all we need is a symbol for “‘or." The
symbol we use is the vertical line | . Thus our
abbreviated definition is

integer > = <ui. > '+ <ui > - <wi>

where we have used "u.i.” for “unsigned
integer’’ in order to keep the definition from
running off the end of the line. Actually,
this precaution is not nccessary. Rules in
BNF, just like statements in ALGOL, may
run to several lines, and position on a given
line is immaterial, although, in practice, a
definition will be started at the beginning of
a new linc. Thus

< jnteger > = < unsigned integer >
1"+’ < unsigned integer >

| ‘=" < unsigned integer >

is a self-contained BNF rule equivalent to
the one given above.

The vertical line is often used for “'lowest-
level" definitions, in which a syntactical
variable is being defined as any one of a
certain collection of characters. Thus

<digit > =0 11 12 1y
14" 15" 16"
1718 19’

is a very common definition. Note that this
defines only a single digit, not an arbitrary
integer; 63, for example, is not a digit by
this definition. We may, if we wish, define
“letter” in the same way, as any one of the
26 letters of the alphabet. We may even
define “‘alphanumeric character' as any one
of 36 different symbols, although what is
usually done is to define “letter” and "‘digit””
first, and then to define

< alphanumeric character > 1= < letter >

I < digit >

The definition of an integer, or of an
identifier, is slightly more complex. An un-






Figure 1:

An identifier wiich has six characters or less.

< an > .= < alphanumeric character >
< identifier > !I= < letter >

| < letter > -2 an >

< letter > Can > < an >

< letter > < an > < an > < an >

| < letter > < an > <an > <an > <an >

I~ letter > < an > <an > < an><an><an >

[n order to construct
language elements of
unlimited length, the
trick is to use recuirsive
definitions: the quantity
being defined is part of
the definition itself,

signed two-digit integer may be defined very

simply

< unsigned two-digit integer > =

< digit > < digit >

Similarly, an identifier containing exactly
Lwo characters may be defined

< 2-character identifier > =

<letter > <Calphanumeric character >

Extensions to three characters, four charac-
ters, etc., are easy enough to visualize; and
now, using the vertical line and a few
auxiliary abbreviations, we may put together
a definition of an identifier which has six
characters or less (see figure 1). In a similar
way, we may construct a definition of
an unsigned integer containing at most 11
digits, or however many digits arc permitted

aon a giVCﬂ computer.

languages such as

in historical order.

The response of the ALGOL group to
this problem was to use the resources of
mathematics, which rescue us {as they do so
often) with what looks like magic. The trick
is 1o use recursive definitions, which use the
quantity being defined in the definition
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This kind of construction, however, fails
when we do not wish to put any limit what-
soever on the number of digits in an unsigned
integer or on the number of characters in an
identifier. In addition, it is overly cumber-
some cven in the form given above. There-
fore, we must call on some new resource.
This has actually been done, historically, in
two different ways: One way is designed for
ALGOL, LISP,
SNOBOL, in which most constructions do
not have length limitations. The other way
is intended for FORTRAN and for simpli-
fied versions of ALGOL, as well as for
various other languages, in which length
limitations do exist. We shall consider these

itself. Consider, for example, the following
definition

< unsigned integer > :i=
< digit > < unsigned integer >

| < digit >

Those without a background in mathematical
logic may need a considerable amount of
time to convince themselves that this defini-
tion of “‘unsigned integer’’ defines that syn-
tactical variable, in a perfectly valid manner,
to be a sequence of digits of any length
whatsoever. The argument goes as follows:

1. A digit is an unsigned integer by the
above definition.

2. A two-digit number is a digit followed
by another digit, and the second digit, by
the sentence above, is an unsigned integer.
Therefore a two-digit number is an unsigned
integer.

3. A three-digit number is a digit fol-
lowed by a two-digit number; a two-digit
number is an unsigned integer by the pre-
vious sentence; therefore, a three-digit
number is an unsigned integer.

4. A four-digit number is a digit followed
by a three-digit number, and so on; the
argument may thus be extended indefinitely,
with each sentence being used in the proof
of the next.

Another common recursive definition is

< identifier > 1= < letter >
| < identifier > < letter >
I < identifier > < digit >

This one is actually easier to understand if
the last two alternatives are combined into a
single alternative, < identifier > < an >,
where < an > means “‘alphanumeric charac-
ter' and is defined as either a letter or a
digit. Using this syntactical variable, we may
rewrite the definition of an identifier as

< identifier > 1= < letter >

| < identifier > < an >

That this constitutes a valid definition may
be seen as follows:

1. A letter is an identifier by the above
definition.

2. An identifier with two characters con-
sists of a letter, which is an identifier,
followed by an alphanumeric character.
Therefore, by the second part of the above
definition, it is an identifier.
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3. An identifier with three characters
consists of an identifier with two characters
followed by an alphanumecric character.
Therefore, by the definition above, it is an
identifier. This argument may then be
extended to identifiers with four, five, or
any number of characters.

Note that this definition of an identifier
involves various other identifiers whose
names are contained within it. Thus the
word TAU is an identifier partly because T is
an identifier and so is TA. This fact may
lead to confusion because we are constantly
reminded, when studying programming
languages, that the individual characters in
an identifier have no separate meaning. Thus
TAU is not (by definition) T times A times
U, or TA times U, or T times AU, Neverthe-
less, TAU is a properly formed identifier
because T and TA are - just as 2Pl is 0t a
properly formed identifier because 2 and 2P
are not.,

5till another common recursive definition
is

< argument |ist > =

< expression > ‘' < argument list >

| < expression >

This defines an argument list 1o be a series
of expressions separated by commas. It may
be used in various ways; for example, Lhe
BNF rule

< function reference > ii=

< function name > ‘{' < argument list > '}’

is one way of defining a function reference
{iie, a use of a function, such as
SIN{T*U-B) or ATAN2(X2--X1,Y2--Y1).

The justification for the definition of an
argument list is:

1. A single expression is an argument list.

2. Two expressions separated by one
comma may be thought of as the first ex-
pression followed by a comma followed by
an argument list namely lhe second ex-
pression. Therefore, this is an argument list.

3. Three expressions separated by com-
mas may be thought of as the first expres-
sion followed by a comma followed by what
remains -- namely, the second and third ex-
pressions separated by a comma. This much
is an argument list, by the senfence above.
Therefore, three expressions separated by
commas constitute an argument list. The
same argument may be used for four, five,
etc., expressions separated by commas.

The recursive examples given above are
written in what may be called “pure' BNF.
The alternative is to add some new conven-
tions to BNF which take care of the recur-
sive cases. This brings us to the second
possible response to the problem of repre-
senting sequences in BNF. For example,
an unsigned integer which is a sequence of
from 1 1o 13 digits might be written

13
< unsigned integer > = < digit > 1

and an unsigned integer which is a sequence
of an arbitrary number of digits {at least one)
might be written

< unsigned integer > = < digit > 1

Similarly, an identifier of arbitrary length is
given by

< identifier > .=

< letter > < alphanumeric character > 0

Thus a subscript after any syntactical variable
stands for a minimum number of repetitions,
while a superscript after such a variable
stands for @ maximum number of repetitions.

The use of subscripts and superscripts in
this way solves two problems at once. It
makes syntactical variables whose lengths are
strictly bounded much easier to represent in
BNF. Also, by replacing many of the recur-
sive uses of BNF with nonrecursive uses, it
frees the user from having to “think out”
these recursive definitions. Nevertheless, the
subscript notation does not allow us to
eliminate aff recursion. This will become
clear in the examples which we now con-
sider, in which expressions, such as alge-
braic expressians, are defined in BNF.

There are many types of expressions in
programming languages. In ALGOL we have
conditional expressions, relational expres-
sions, and Boolean expressions, in addition
to the standard simple arithmetic expression.
Some of these are easy to define in terms of
others. For example, a relational expression
{such as P > Q in an if statement) is defined

by

< relational expression > iI=
< arithmetic expression >
< relational operator >

< arithmetic exprassion >

where a relational operator may be any one
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One key to defining the
BNF notation of expres-
sions is an understanding

of operator precedence

rules. These rules can

often be made a part of
the BNF grammar of a
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of the six relations (greater than, less than,
etc.) expressed in a manner which depends
on the language used. In any sort of expres-
sion containing operators and possibly
nested parentheses, however, the definition
will be much more complex. We shall indi-
cate here how to define simple arithmetic
expressions in BNF; the basic technique
used here may be used in other kinds of
expressions.

What is a simple arithmetic expression?
Clearly it is not simply any combination of
identifiers, constants, operators, and paren-
theses. We may specify certain rules (the
parentheses have to balance, an operator
cannot be the last character in the expres-
sion, etc.) but it is difficult to know when
we have specified all of them. One key to
defining expressions is obtained by means
of the precedence rules. You have probably
seen these, although possibly not by this
name; these are the rules that specify that
multiplication is performed before addition,
and the like. Thus in order to evaluate an
expression (without parentheses) there are
three basic steps:

1. Perform all the exponentiations.
2. Perform all the multiplications and

‘divisions.

3. Perform all the additions and subtrac-
tions.

We shall incorporate these steps into our
definition of an expression by defining four
separate syntactical variables: primary,
factor, term, and expression. Factors are
made up of primaries; terms are made up of
factors; and expressions are made up of
terms. Thus, performing all the exponentia-
tions in an expression corresponds to
grouping the primaries into factors, and
similarly for the other two steps mentioned
above.

In order to define a factor as a collection
of primaries separated by exponentiation
signs, we note that this is similar to defining
an argument list as a set of expressions
separated by commas. We need only substi-
tute ‘‘exponentiation sign’' for ‘“comma,”
and “primary’ for “expression.” Thus the
definition is

< factor > Ii= < primary > ‘1’ < factor >

I < primary >

We could also rewrite this definition in the
other mode

oo

< factor > = < primary > [ ‘t* < primary > ] o

In other words, a factor is a primary followed
by any number of occurrences, including
none, of an up-arrow (1) followed by another
primary. This illustrates another feature of
extended BNF: the use of square brackets,
the signs | and |. Square brackets in BNF
serve roughly the same function as paren-
theses do in algebra, and the use of square
brackets in BNF is sometimes called
factoring.

We continue our definition of an expres-
sion by defining a term as a collection of
factors separated by muitiplication and
division signs. One way to do this is to
define a “multiplication operator,” or
“mulop,”’ as either * or {. The definition
can then take the same form as before
(we illustrate here only the recursive
formulation)

< term > = < factor > < mulop > < term >

1< factor >

An expression would then be defined in a
similar way, using “addop' for either + or

< expression > =
< term > < addop > < expression >

< term >

where we have used “expression’ as short
for "simple arithmetic expression.” Alterna-
tively, both of these could be written out

< term > = < factor > ‘*' < term >
| < factor > /" < term >

1< factor >

< expression > 1= < term > ‘+' < expression >
1< term > ‘="' < expression >

1< term >

The only question remaining is what we
mean by “primary.” This differs from one
language to another; roughly speaking, a
primary is one of the "‘elementary’’ construc-
tions which are connected by the operators,
such as a constant, a variable, a subscripted
variable, or a function reference. There is
always, however, one special type of “pri-
mary" which takes care of parentheses.

Up to now we have considered only
expressions without parentheses. In one
sense, when we introduce parentheses into
an expression, we sometimes violate the
precedence rules upon which we have built






The chess program that we have presented
in parts 2 and 3 of this series (November
1978 and December 1978 BYTE, pages 162
and 140, respectively) represents a modern
implementation of the basic type A strategy
described by Shannon in 1950 (sec refer-
ences). If run on a powerful computer, this
type of program can play a reasonably good
game of chess. [ts major weakness lies in its
inability to engage in long-range planning.
In many middle and end game positions, it
will make seemingly aimless moves. Once it
attains a position which optimizes the

if we have a clear idea of what we are look-
ing for. To know what we are looking for,
however, we must have more knowledge
about chess.

So where do we go from here? The highly
skilled players who are familiar with the
chess programming literature (notably, Ber-
liner, Botvinnik and Levy) are upanimous in
their enthusiasm for a selective search strat-
egy. Berliner (see references), for example,
advocates a procedure in which very small
(for a computer) look-ahead trees are gen-
erated, eg: 200 to 500 nodes. His idea is that
the program should make an intensive analy-
sis at each node “'in order to ascertain the
truth about each issue dealt with,” Chess
knowledge should play z primary role in
directing the tree search. The scarch itself
would discover additional relevant informa-
tion and this would provide an even more
knowledgeable focus for the search. This
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general heuristic goals of its cvaluation
function, it is faced with the prospect of
finding a move which alters the position
as little as possible. If the opponent is
skillful in developing a long-range attack
while not providing any immediate targets,
the machine may simply shuffle its pieces
back and forth until its position becomes
hopeless. The absence of reasonable goal
dirccted behavior is a common limitation
of problem solving techniques which are
based solely on forward search. The solution
of this problem would have important
implications for a wide variety of artificial
intelligence tasks.

To play a strong game of chess, it is nec-
essary to have a plan. To have a plan, how-
ever, the program must recognize specific
patterns and relate them to appropriate
goals. This, in turn, requires that the pro-
gram have access to the detailed kind of
chess knowledge which is characteristic of
the skilled human player. Thus, we seem to
have come round in a circle. In order to
avoid selective searching, we have adopted a
strategy which does not require very much
chess knowledge. In examining the weak-
nesses of this approach, we discover that the
forward search can only be truly successful

procedure is analogous to the progressive
deepening technique which de Groot dis-
covered in the human grandmaster and is
the exact antithesis of the brute force (type
A} strategy (see October 1978 BYTE,
“Creating a Chess Player, An Essay on
Human and Computer Chess Skill,” page
182).

The efforts of the last decade have
demonstrated that the selective search strat-
egy is harder to implement than the full-
width approach. In addition, full-width
searching has consistently produced superior
chess. Despite this, there is hardly anyone
familiar with chess programming who does
not believe that further progress depends on
increasing the amount of chess knowledge
in the program. The key question is not
whether this should be done but how to do
it. Since the selective search approach has
not led to notable progress, perhaps it is
time to consider a different approach.

We believe that a viable alternative exists
which combines the proven virtues of the
full-width procedure with the potential ad-
vantage of a goal-directed search. The central
idea is the development of a unique evalua-
tion function for each position. In addition
to the general heuristics which are presently



employed, evaluations should consider fea-
tures which are germane to appropriate
goals,

According to this plan, move selectian
would invelve two separatc stages. In the
first phase, a static analysis of the position
would be made in an attempt to discover
key patterns. This process would involve a
hierarchical analysis in which the features
of the position would be compared with a
general set of library patterns. Highly spe-
cific features would be identified and rele-
vant chess-specific knowledge would be
accessed. This information, including appro-
priate short term and long term goals, would
be used to construct a conditional evaluation
function which would assess the usual gen-
eral features {eg: material, mobility, King
safety, etc) and alsc other features which
are meaningful only in specific situations.
Once the conditional evaluation function has
been constructed, the second phase of analy-
sis would begin, a conventional full-width
tree search employing the special evaluation
function.

The first phase of this process would rely
heavily on domain specific knowledge (ie:
information about chess). 1t would require
a pattern recognition facility and an organi-
zational plan for storing a vast amount of
chess knowledge in a manner conducive to
rapid retrieval. When this first phase was suc-
cessful in identifying appropriate goals and
producing relevant modifications in the eval-
uation function, the full-width search which
followed would select a move which was
thematic with the appropriate goal. If the
first phase were unable to identify a key fea-
ture, the evaluation function would employ
the same general heuristics which it pres-
ently uses. For this reason, the pattern
recognition and information  retrieval
modules can be gradually implemented
without a lengthy period in which serious
blunders are frequent occurrences. This is a
major advantage that the conditional evaiua-
tion function has in comparison to a selec-
tive search strategy.

Chess Structure

To implement a conditional evaluation
function, it is necessary Lo develop a hier-
archical descriptive structurce for chess. At
the top level, one can make the conventional
distinctions between the opening, the middle
game, and the cnd game. Within each of
these three major divisions, there would be
many specific subdivisions. Within ecach
subdivision, there would be many specific
variations.

The opening has threce major themes: to
develop a pawn structure which is favorable
for you but unfavarable far your opponent;
to increase the mobility of your minor
picces and limit the mobility of your oppo-
nent's minor picces; and to castle as soon as
possible and delay your opponent’s oppor-
tunity to castle. These general goals provide
a framework for evaluating specific varia-
tions. They do not provide a specific pre-
scription for selecting a move because a
sequence of moves which is thematic with
these goals may have a tactical refutation,
An apparently good move may not work
because it loses material. For this reason,
gencral principles are best applied at the
terminal points of a look-ahead search rather
than being used as a checklist for selecting
the most thematic move as advocated by
Church and Church in Chess Skifl in Man
and Machine (see references).

Part 4

Strategy in Computer Chess

The tournamenl player who knows open-
ing theory as well as many specific move
variations will have a clear advantage over an
opponent who knows the general principles
but is not familiar -with the specific varia-
tions. For this reason, tournament players
and good chess programs rely on a library
of memorized opening variations, The
contestant who has carefully planned his
opening variations can often gain an im-
portant advantage carly in the game, To
maximize the benefit of a well-prepared
opening library, it is also necessary 1o
continue the gencral theme of the opening
once the predigested move sequences have
been exhausted. At this stage it is neces-
sary to have a conditional evaluation func-
tion. When the machine icaves the library
and starts to use a look-ahead procedure to
calculate its move, it should use an evalu-
ation function that augments general open-
ing principles with special goals which are
thematic with that type of opening.

A portion of the work required to
implement this proposal has already been
started. Chess specialists have prepared
highly detailed analyses of specific opening
variations and have developed well-defined
rules for categorizing different move
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sequences into specific subdivisions, For
example, a game which starts (1) P-K4,
P-K3 is labeled as the French defense. If
the game continues (2) P-Q4, P-Q4;
(3) N-QB3, B-N5, it is called the Nimzovich
(or Winawer) variation of the French defense.
If it continues (2) P-Q4, P-Q4; (3) N-QB3,
N-KB3, the game is labeled as the classical
variation. A continuation of (2) P-Q4,
P-Q4; (3) N-QB3, PxP is called either the
Rubinstein variation or the Burn variation
depending upon subscquent moves. A
different approach develops rom (2) P-Q4,
P-Q4; (3) N-Q2, which is labeled as the
Tarrasch variation. And there are many
morce, The important point, however, is
that each of these variations can be object-
ively identificd, and that for each there
are well-devcloped strategical idcas and
specific immediate goals. These ideas can be
stored in thc opening library and can be
retriecved when the machine leaves the
library, In addition 1o genecral opcning
heuristics, the evaluation function would
reflect the specific theoretical ideas which
are appropriate Lo the particular opening
at hand. In principle, this idea can be
implemented without difficulty. In practice,
however, a tremendous amount of chess
knowledge is needed and hours and hours of
effort are required. To our knowledge no
serious attempt has yet been made to imple-
ment this strategy. The information on
opening theory is nceded only once during a
game and thus could be stored on disk,
since rapid access is not critical.

Pattern Recognition and the Middle Game

From a conceptual point of view, the
application of chess knowledge to the cval-
uation function in the middic game is much
more challenging. In this case, pattern
recognition becomes an important ingredient,
In implementing a goal oriented move
selection strategy, Church and Church
limited their middle game strategy to cither
a Kingside attack, a Queenside attack, or
concentration on a weak point (ie: a target).
The Kingside or Queenside attack is trig-
gered when the machine determines that it
has superior forces on one side or the other.
This determination can be based on who
controls key squarcs. In calculating the
power relationship of different pieces over
given squares, it is important to note that
less valuable pieces exert more control than
valuable pieces. A pawn has greater control
over territory than a Queen because it is
harder 1o dislodge. If an attack on one side
or the other is deemed appropriate, the
evaluation function can be modified to give
an extra bonus for moves which augment

the attack on that side and for moves which
increase the pressure on critical squares.

Pattern analysis is also important in
detecting an appropriate target, There are
several  well-known chess relations which
provide abvious targets for attack. One is
the backward pawn which is prevented
from advancing by a pawn or a minor
piece. Another natural target is the minor
piece which is pinned to the King or Queen.
The third is the overworked piece, a key
element in the defense against two or more
different attacks. If the latter is removed
in an exchange, the pieces it is defending
will be open for attack. A fourth natural
target is a square which would permit a
Knight to fork two major picces (ie: Rook,
Quecn, King) or a Bishop to skewer two
major picces. If the machine threatens to
control that squarc and to locate an appro-
priate piece therc, the opponent will be
forced to devise a defense. Once one of these
targets has been detected, the evaluation
function can be modificd to give a bonus
for moves directed at the target. In addition,
a plan might be devised to encourage the use
of a decoy (a pawn or minor piece which is
sacrificed to bring an important piece to a
particular square) or to capturc a picce
which is serving an important defensive
function.

A Chess “Snapshot"’

In the past, programmers have attempied
to implement such plans by using a selective
search {eg: Berliner, Zobrist and Carlson) or
by using no search at all (eg: Church and
Church). Zobrist and Carlson (see refercnces)
have developed an innovative technique in
which ‘‘computer snapshots’ are devised
which summarize important piece rclation-
ships such as attacks, pins, skewers, forks,
etc, which presently exist in the given posi-
tion, or which could occur after one or two
moves, Each snapshot is given a weight based
on the relative values of the pieces involved
and the location of the pieces in respect to
the opposing King and the center of the
board. The weighted snapshots are then used
to sclect moves for inclusion in a Shannon
type B tree search. This procedure provides
considerable goal direction to the move
selection process.

Although the Zobrist-Carlson snapshot
procedure has much to offer (including a
highly efficient bit map implementation
strategy), it incorporates a common problem
shared by all selective search technigues.
Occasionally an important continuation is
overlooked and this results in the selection
of an inappropriate move which may be a
gross blunder. By implementing the plans
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derived from the camputer snapshots in the
form of a conditional evaluation function,
instead, the program can benefit from goal
directedness without risking the oversights
which are characteristic of sclective search-
ing. In this way, the machine can retain
the benefits of the full-width search and at
the same time engage in strategic planning.

There 1s a special class of positions for
which this approach is especially appropriate.
In his thesis at Carnegic-Mellon University
Berliner described a special problem, the
horizon effect, which plagues the con-
ventional look-ahcad approach (see Chess
Skifl in Man and Machine, pages 73 thru
77). One version of this problem involves
a piece which is trapped and cannot be
saved. Forward searching programs often
engage in a bit of foalishness by making
forcing but poor moves {such as attack-
ing pieces with pawns or sacrificing
pawns for no advantage) which delay the
capture of the trapped piece and push its
eventual loss beyond the horizon of the
tree search. By doing this, the program
erroneously concludes that the piece is safe,
when in reality the planned move sequence
weakens a reasonable position and is still
insufficient to save the piece. In this type
of situation, the trapped piece should be
given up for lost and the program should
do its best to takc advantage of the tempo
required by the opponent to capture the
piece, A picce whose time has come is some-
times referred to as a desperado. The only
oplion available is to make the opponent
pay as dearly as possible for the capture.
If the desperado can be traded for a pawn
or a picce of lesser value, this is preferable
to being given up For nothing.

This strategy can be implemented with a
conditional evaluation Tunction by simply
assuming that the trapped picce has a
material value of zero. This change would
cause the scarch process Lo trade the piece
for the highest valued candidate that can be
found. This is obviously better than having
the program engage in useless sacrifices of
position and material in a hopeless attempt
Lo resurrecl a lost picce, The key clement to
this implementation is the ability to deter-
mine when a piece is truly lost and can be
labeled as a desperado. This is a very diffi-
cult problem even for a very sophisticated
pattern analysis facility.

End Game Considerations

The most interesting application of the
conditional evaluation lunction is in the end
game. Because cnd game strategy is highly
dependent on the specific characteristics of
the position, a general purpose evaluation

function is nat very effective. It is necessary
to understand what is required in a given
position and then select moves which are
clearly directed at an appropriate goal.
Church and Church list threc common goals
in the end game: to mate the opponent’s
King, capture a weak pawn, or promote a
pawn. In this case, pattern analysis is im-
portant. First the machine must be able to
identify the pasition as one belonging to the
end game. Then it has to determine whether
a2 mate attempt is reasonable or whether a
pawn can be captured or promoted. Church
and Church {see Chess Skilf in Muan and
Machine, pages 151 thru 154) describe
a general strategy for identifying and cap-
turing a weak pawn. Although their
approach does not involve a forward tree
search, the specific techniques which they
describe can be adapted to the full-width
search strategy. Let us consider several
specific end game positions involving either
a mate, a pawn capture, or a pawn
promotion.

For a number of mating situations, a
specific algorithm {step-by-step instructions)
or a complete fookup table can be developed
to produce mate in a minimum number of
moves. Typical applications would be King
and Queen versus King; King and Rook ver-
sus King; and King, Bishop, and Knight ver-
sus King. The mating algorithm for each case
would include rules for assigning the poten-
tial piece relationships into a few general
categories, and a prescription for an appro-
priate type of move for each category. This
approach reguires no search. A second
approach involving a Tookup table is even
more explicit. An appropriate move is stored
in a table for every possible piece configura-
tion. To play the mate perfectly, the ma-
chine uses the position to determine an
address in the table and then simply reads
the correct move.

Both of these procedures are perfectly
feasible and avoid many problems which can
be encountered in the end game. The limita-
tion of this approach is that there are a very
large number of mating situations and a tre-
mendous amount of work would be required
to make a detailed analysis of each one. In
addition, this strategy requires the storage of
a great deal of information which would be
used only infrequently.

A third approach, and one which is
thematic with the idea of conditional evalua-
tions, 1s ta make a small medification in the
evaluation function for each specific mating
situation, The notion is that a shallow search
combined with a few key ideas should suf-
fice to produce a mate in a reasonable num-
ber of moves. With King and Queen or King
and Rook versus King, it is sufficient for the



program to ‘'know’ that the defending King
must be forced to the edge. To do this, the
program simply needs to add bonus points
to the evaluation function when the defend-
ing King is near the edge. The size of the
bonus should be alinear function of closeness
to the edge. This modification of the evalua-
tion function causes the minimax search to
sclect a pathway in the look-ahead tree
which forces the defending King to the edge.

With King, Bishop, and Knight against
King, the job is slightly more complicated.
In this case it is important to know that the
defending King must be forced to one of the
two corners having the same color as the
Bishop's squares. The trick is to add a large
bonus when the defending King is on the
appropriate corner squarcs and a smaller
credit when it is ncar these corners. This
modification will cause the minimax proce-
dure to find a sequence of moves which
forces the defending King into one of the
appropriate corners. The general theme is
that the full-width search is a powerful
device by itsell and that the addition of a
small amount of chess knowledge is suffi-
cient to produce the decsired outcome,

Kings and Pawns in the End Game

Some of the most challenging positions
in the end game involve only Kings and
pawns. Many of these require an approach
which is more sophisticated than those
described previously. Consider, for example,
the position diagrammed in figure 1. This is
a modification of a position presented in
Berliner’s thesis which demonstrates one of
the major weaknesses of a full-width forward
search, White has a pawn on {6 which could
advance and be promoted il the Black King
were out of the way. [Algebraic notation is
used throughout this article to designate
chessboard squares. The horizontal rows
(ranks) are numbered from 1 to 8, starting
at the bottom (White). The files are labeled
a through h from left to right . ... CM/ To
win, White must do an end run with his King
and bring it to the aid of the pawn. Since
Black cannot attack White's pawns on ¢3 or
g5 without leaving the passed pawn, he is
helpless to stop White's maneuver. Although
this analysis is obvious at a glance to an
experienced player, a program that discovers
truth by doing a full-width search is faced
with a difficult problem. In order to deter-
mine that the King can force promotion of
the pawn, White must complete a look-ahead
search of approximately 35 plies. This is
beyond the scope of even the most powerful
computer. If the machine employs a gencral
purpose algorithm which encourages the
King to centralize its position during the end

game, it will search for a pathway which
eventually places it on its present square (f4)
or one of the neighboring squares {c3 or f3).
Because of this, the correct sequence of
moves would never be discovered.

In order for a full-width search to make
progress in this type of position, the evalu-
ation function must produce goal direction.
One way to do this is to provide a bonus for
moves which reduce the distance between
the White King and the passed pawn. A sec-
ondary goal is to reduce the distance be-
tween the White King and any Black pawns
which are not defended by another pawn.
A tertiary goal is to centralize the White
King. The first step in developing a specific
implementation of this plan is to identify
the territory which is denied to the White
King. For this purpose, we wish to deter-
mine which squares arc controlled by the
pawns. The White King cannot move to a
squdre occupicd by one of its own pawns,
nor can it move to a square attacked by an
opposing pawn. Figure 2 presents a map of
the position with cach of the forbidden
squares darkened. The location of these

Figure 1: Chess position which demonstrates
a weakness of the full-width forward scarch.
In this example, White has a pawn on square
f6 which could advance and be promoted if
the Black King were out of the way. To win,
the White King must come to the aid of the
pawn. Since Black cannot attack White's
pawns on ¢3 or g5 without leaving the
passed pawn, he is helpless to stop White's
maneuver. Although this analysis is obvious
to an experienced player, a program using a
full-width search would have to search its
decision tree to a depth of 35 plies fie: 35
half moves, a ply is defined as a move by one
side}) in order to come to the same con-
clusion.
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a goal directed search without requiring an
enormous Iook-ahead tree. This increase in
clficiency is highly desirable.

Because the process is directed by the
location of the pawns, changes in the map
will accur infrequently and therefore only a
relatively small number of bonus maps will
he required for any one search. Once a map
has been calculated for a particular pawn
configuration, it can be stored and used later
whenever it is needed. Although this strategy
seems 10 work well in the examples we have
presented, it is reasonable to ask whether
this procedure will work in all end game
situations. Unflortunately, the answer is no.

Consider  the position  presented in
figurc 7. This is a famous end game probiem
which appears as diagram 70 in Reubcen
Fine's classic chess book, Basic Chess
Endings (sce rcferences). It was analyzed
in 1975 by Monroe Newborn to deter-
ming if his special end game program,
Peasant, could solve it. After several unsuc-
cessful efforts, Newborn concluded that
the problem would require about 25,000
hours of processor time before a solution
could be found (see Chess Skill in Man and
Muachine, page 129). The problem is diffi-
cult, but not as impossible as Newborn
suggests. Because Peasant does not have a
transposition table, the program did not take
advantage of the tremendous number of
identical terminal positions which are
encountered when an exhaustive scarch is
made of this position. Because the pawns
are locked, the only moves which are pos-
sible are King moves, and this greatly in-
creases the potential number  of
transpositions,

The position was submitted to North-
western’s chess program Chess 4.5 running
on the CYBER 176 system at Control Data
hcadquarters in  Minneapolis. David Cah-
lander discovered that Chess 4.5 could solve
the problem after a 26 ply scarch! This re-
quircd ten minutes of processor time on the
powerful CYBER 176. Although it is inter-
esting to know that the problem can be
solved by a brute force search, this type of
solution is not particularly elegant and it
requires a level of hardware sophistication
that is not likely to be available in the small
system for a few years yet,

The Coordinate Squares Approach

What can be done to make this problem
more manageable? Interestingly enough,
there is a rather neat approach to problems
of this type which has been examined in
some detail by Ken Church in his under-

— .
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graduate thesis at MIT. Working with Richard
Greenblatt as his advisor, Church applied
the chess concept of coordinate sgquares to
this position. The basic notion is that the
Black King must coordinate precisely with
the moves of the White King in order to
successfully defend its pawns. For any
particular square which the White King
occupies, there are only a limited number of
squares which the Black King can occupy
and still hold his act together.

In his thesis, Ken Church presents a fairly
extensive analysis of King and pawn end
games. For our present purpose, we will
limit our analysis to King and pawn end
games in which the pawns are locked and we
will modify Church's approach to suit our
conditional evaluation strategy. The major
difference is that Church attempts to dis-
cover a complete solution to the problem
using the coordinate squares idea. We pro-
pose, instead, to use the coordinale squares
approach to provide the evaluation function
with additional chess knowledge. With this
modification, a full-width search of rcason-
able depth can find the correct move.

Using figure 7 as an example, the first
step in this process is to determine which
squares are denied to each of the Kings by
the existing pawn configuration. By noting
that each King cannot move to a square that
is occupied by its own pawn or that is at-
tacked by an opponent’s pawn, one can
easily determine that squares a4, b4, ¢5, d4,
d5, e4, e5, f4 and g4 arc denied to the White
King. Likewise, squares a5, b5, c5, ch, d6,
e5, cb, f6 and g6 are denied to the Black
King. Neither side has a passed pawn, but
there are multiple targets, since none of the
pawns are defended by friendly pawns.

By applying the strategy described carlier,
it is possible to calculale a composite attack
map for the White King on the basis of the
target pawns at a5, d6, and f5 and taking
into account the centralization subgoal. The
resulting map for Fine's position is presented
in figure 8 The squares without a number
are the squares which are denied to the
White King because of the pawn structure.
Given the position of the White King (a1}, a
shallow search using this attack map as part
of the evaluation function would encourage
the While King to approach the target pawn
at a5 (eg: b2, c3, ¢4, b5, a5). If the Black
King were mare than five moves from a5,
this sequence of moves would lead to suc-
cess. Given that the Black King is at a7,
however, this plan is doomed to failure, In
lact, the first move in the sequence, b2, is
latal and transforms a winning position into
a draw. There are two important conclusions
that follow from this discovery. The first is
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Figure 8: Bonus map for the position of
figure 7, a composite attack map for White
based on the target pawns at a5, d6 and 5,
and taking into account the centralization
subgoal.

that our simple goal-gradient approach docs
not always work. The second is that chess
end games are much more difficult than a
novice player might suppose.

Let us extend Ken Church’s ideas and
apply the concept of coordinate squares to
this position. First, we wish to assign each of
the squarcs to one of three categories: under
the influence of the Black King, under the
influence of the White King, or contested.
To do this we compute the distance from
each King to each squarc, given the con-
straints imposed by the existing pawn struc-
ture. This creates two distance maps, onc for
the White King and one for the Black King.
For squares which are not accessible to one
or both of the Kings, we assign a distance
score based on the number of King moves re-
quired 1o reach that square by traveling
across accessible squares. Next, cach square
which is closer in moves to the Black King
than to the White King and is not denicd to
the Black King is assigned 1o Black. Each
square which is closer to the White King
than to the Black King and is not denied to
the White King is assigned to White. The re-
maining squares are assigned to the con-
tested category. The results of this proce-
dure are summarized in figure 9. The squares
assigned to Black are indicated by the letter
B and the squarcs assigned to Whilte are in-
dicated by a W. The blank squares belong in
the conlested calegory.

If the territory under the influence of
either King is adjacent to an opponent’s
pawn, the contest is essentially settled since
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a bonus of 20 points to White for any termi-
nal position in the look-ahead tree where it
is Black’s turn to move and the Black King
is more than one move from a necessary
coordinate square. If it is White’s turn to
move, a 20 point bonus will be awarded to
any terminal position in the look-ahead tree
where Black is not located on a necessary
coordinate square.

Let us consider how this in combination
with the White King attack map ({figure 8)
will affect the outcome of the look-ahead
search. The machine will try to find a path-
way to squares ¢3 or d3 because their attack
value of 7 is higher than any of the sur-
rounding squares. Even better would be a
pathway to c4, since its attack value of 10 is
larger than 7. In each of these cases, the
machine will also try to satisfy the condition
that Black cannot be on a proper coordinate
square when the White King reaches ¢3, d3,
or ¢4 so that the additional 20 point bonus
is also earned. In attempting to do this, it
will find that if the White King moves from
al to either a2 or b2 on his first move, the
20 point bonus will be lost forever. The rea-
son is that either of these moves allows the
Black King to coordinate and, because of
the minimax strategy, the tree search will
always assume replies for Black which main-
tain this coordination. If the White King's
first mave is to square b1, the Black King
cannot coordinate and the 20 point bonus
will still be available at some of the terminal
positions in the tree. It is not surprising,
therefore, to find Reuben Fine advising that
K-N1 is the only move for White which pre-
serves the win.

In order for the machine to find this
move, assuming that both the attack map
and the coordinate squares information are
incorporated in the evaluation function, a
search of nine plies is required. This is a Lre-
mendous improvement over the 26 ply
scarch required by the unmodified program,
In order to actually win a Black pawn, the
White King must move to ¢3 or c4 with
Black not in coordination and make a 13 ply
look-ahcad search. If the White King moves
to d3 with Black not in coordination, an
11 ply search will suffice. In order to pre-
vent a draw, White will avoid repeating
identical positions and thus will cventually
travel to e¢3. From this vantage point, the
win of a pawn can be visualized with a 9 ply
search, Thercfore, thc problem could be
solved by the machine if it searched to a
depth of ninc plies for each move calcula-
lion. With a program such as Chess 4.5, a
G ply secarch for this position can be con-
ducted in less than two minutles on even a
medium power computer.

The procedures which we have described
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goal for improving the present forward
search chess programs would be the develop-
ment of an cfficient procedure for detecting
potential sources of turbulence. The central
objective would be to use this information
as onc of the decision criteria for terminat-
ing search at a node. If the position is not
guiescence in respect 1o a potential perturba-
tion which has been detected, the look-
ahead process should be continued.

For example, during the opening when
the machine leaves its library with informa-
tion that the control of a particular square is
an important objective, the decisions about
scarch termination can consider whether the
position is quiescent in respect to perturba-
tions which might influence control of the
key squarc. Another example of this idea
involves the end game. [f the preliminary
analysis indicates that a particular pawn
should be an attack target, the decision for
search termination should consider whether
each position is quiescent with respect to
this goal. Posilions at the predetermined
depth level will be evaluated only if all po-
tential attackers are more than two moves
away from the target. When one or more
attackers are close to the goal, the scarch
process will be continued to determine if
capture js feasible. This modification of the
search process introduces a goal directed
selective search at the terminal positions of
the full-width tree. The addition of several
extra plies of search at relevant nodes in the
tree can mean the difference between find-
ing and just missing an important continua-
tion. This type of facility is difficult to
implement and difficult to control properly,
but the potential gains are such that the
effort is worthwhilc.

Establishing Appropriate Goals

In order to implement this goal direction
feature in the evaluation function and qui-
escence search, it is necessary to recognize
that a goal which may be of paramount
importance at the basc node of the look-
ahead tree may no longer be relevant at
some of the terminal nodes. Intervening
moves may accomplish the necessary goal
or may alter the situation such that it is no
longer possible. In these cases, the condi-
tional evaluation function would be directed
at an inappropriale goal. One way to decal
with this problem would be to select goals
which were both general and long range. In
this case, they should continue to be rele-
vant at the terminal nodes of the look-ahead
tree. Unfortunately, this is a fairly severe
limitation on the goal directed search and is

Circle 53 on inquiry card.

Give your .
computer .
its

ﬁive your cormputer its “Freedom of Speech” with the COMPUTALKER
CT-1 Speech Synthesizer. Under software control, sounds are defined
in real time. These parameters, transmitted from your computer ot
high speed, enables the Model CT-1 to produce highly intelligibie
and quite natural sounding speech. In fact, you can even give your
computer its own character and dialect.
Only COMPUTALKER gives you a choice of two different software-
controlied sounds .. CTEDIT Parameter Editor for natural sounding
speech (standard) or the optional easy to program CSR1 Synthesis-
by-rule program for the “compuler” sound.
Mocel CT-1 Synthesizer. R o . 5395
CSR1 Software. ... . . ... . .. . 835
Software Package |l ... ... AT, o . § 30
Calif. residents add 6% sales tax
Software is available on CPM 8”, North Star 5 1/4”, Micropolis, CUTS,
CUTS for SOL. Tarbell, MITS ACR, Paper Tape
DEALERS: GIVE YOUR CUSTOMERS THEIR “FREEDOM OF SPEECH"
WRITE OR CALL FOR COMPLETE DEALER INFORMATION

¢’/

COMPUTALKER
CONSULTANTS
1730 245t St Suite A

Santa Monica, CA 90404
(213) 392-5230

A PROFESSIONAL COMPUTER
TERMINAL FOR THE HOBBIEST

SINGER

7100/7102
New & Reconditioned
Terminals with

ASCII Code
FEATURES:
$650. to $1295.
7100
* ASCII CODED without tape punch or reader
«110 BAUD

» Word Processing Quality « RS232 Serial or
Current loop Interface e« Nationwide Service
+ Warranty e Off line use as Typewriter
Option: TRS-80 Radio Shack (RS 232-C)
serial interface available now

7102
e Same features as 7100 plus tape punch & reader

TERMS:

C'O'D' and COMPUTER CORPORATION
Cashier’s Check H&K COMPANY

Shipping and m\ﬂf Ei“l 31i5' St:eet
Handling $35.00 ea. “ 18%3?8?3%24103

Circle 156 on inquiry card. January 1979 2 BYTE Publications bng

143


http:J.1nu.uy



http:l.anu.uy

a set of 64 squares with four 16 bit words
than with eight 8 bit words. With a need for
compuling power in mind, one might sclect
a microprocessor system basced on one of the
new high-speed 16 bit processors such as the
Zilog Z-8000 or the Intel 8086. In addition,
this type of program will require quite a bit
of memory. The program itself will requirc
about 20 K bytes and the transposition
table, if implemented, will need at lcast
another 20 K bytes. If the programmer plans
to add chess knowledge for conditional eval-
uations, a total of 64 K bytes is desirable.
An opening library which is sufficient to
keep a skilled opponent on his toes requires
disk storage.

These considerations may dampen the
enthusiasm of many would-be chess pro-
grammers. On the other hand, a realistic
orientation at the start could save a great
deal of grief along the way. When imple-
mented on fairly sophisticated hardware, our
demonstration chess program will usually
provide a reasonable chess move after two
or three minutes of computation, If more
time is available (eg: selecting a move for a
postal chess game by letting the machine
“think” for several hours), a fairly respect-
able level of play can be anticipated. With
future hardware improvements, this type of
program may soon become reasonably com-
petitive al tournament time limits, even on
a personal computing system,®
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l_aﬂg[gageg IPS, An Unorthodox
Forum High Level Language

About the Author and IPS

Karl Meinzer is a research physicist at the University of Marbuirg,
in West Germany. He is a member of a very small, worldwide group of
amateur satelfite builders, who find an organizational home in the
AMSAT project and its ties to the amateur radio community as welf as
various space agencies. Karl is the principal system designer for the high
orbit “OSCAR” amateur radio satellites soon to be launched. His func-
tions include the mechanical design, RF system design, computer
system design and software design of the vehicle. IPS was developed
in order to provide the AMSAT organization worldwide with machine
independent OSCAR ground station software to be run on the typical
project member's computer. The spaceborne version of IPS will run on
an RCA 1802 processor in orbit, with 4 K (hopefully 16 K if tech-
nology becomes available) of on board memory and a radio communi-
cations bootstrapping method for loading from the ground controf
station. After the satellite is launched, IPS may indeed be one of the
highest flying high level languages around.

Dr Karl Meinzer It seems to me that the general confusion
Hoshenweg 38 and lack of orientatian regarding the best
355 Marburg 1 high level language for microcomputers is
WEST GERMANY caused by the combination of two problems:

1. There is a marked lack of stated ob-
jectives regarding stich a language.

2. It is tacitly assumed that the ease with
which a feature can be added to a lan-
guage is enough justification lor add-
ing the feature.

Let us lock at the first point. In my
experience, the term high level language
has nearly the same meaning as “problem
oriented’’ language. But oriented to what
problems? It may help to classify computer
applications into three large areas:

® Mathematical probfem solving: Here
the amount of data to be processed
is usually small, but the data are sub-
jected to relatively complicated nu-
merical operations requiring high accu-
racy and diversity.

® Commercial data processing: Here
large amounts of data are subjected
to relatively simple procedures, Appro-
priate file handling technigues are
essential.

® [ngineering applications in the wider

146  )anuary 1979 % BYTE Publications Inc

sense: By this | mean process contral,
systems programming, games, Al,
robotics and any processes interacting
with the real world. Programs in this
area are characterized by moderate
amounts of data and accuracy require-
ments. However, these programs usu-
ally have rather complicated flow of
control.

| think that much of personal computing
would fall into the third class. On the other
hand, the programming languages advocated
so far were really created for the first two
groups. To complicate things further, a
good programming language not only has
to be optimum for the intended problem
area, but it also has to appeal to the humans
using it. After all, the purpose of a program-
ming language is to be a tool of communica-
tion between the human way of under-
standing a problem and the unambiguous
way a computer needs the problem to be
explained. Here of course many different
opinions are to be expected, particularly be-
cause there is a positive feedback mechanism.
By using a given language, one adapts to
its idiosyncrasies and then, in all truth, can
claim the '‘superiority”’ of that language.
Nevertheless, | feel there are some language
properties that would hardly be considered
controversial. They can be best expressed
by some buzzwords: top down design,
structured programming, modularity and
good self-documentation. These properties
are particularly important in problem areas
where the intelligence of the program resides
in the flow of control.

The second problem may be explained
by having a look at the competitive environ-
ment in which languages are created. If a
company wants to express the superiority of
their product, what better way than to claim
to have more language features than the
other guy. With this approach to computer
languages lots of problems are created. The
added features not only require additional
implementation effort and an increase in
the amount of hardware required (ie:
memory), but they also make the language
mentally less manageable, both from the
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user's and the implementer’s paints of view,
In my opinion, PL/I, despite all its virtues,
is a good example of where this philosophy
leads.

We Need Extensibility, Not Features

It is noteworthy that the need of features
in languages arises in the first place because
of their restrictive nature. In the traditional
data processing environment with many
independent users, this is justified by having
to prevent inadvertent interactions. But in
the personal area, with typically only one
user per computer, one may take a much
more liberal attitude. If onc user bombs,
nobody else suffers. So instead of packing
a Janguage with features, it makes much
more sense to provide only those capabilities
which will be required in, say, 70% or more
of all programs. In addition the language
should contain means to extend itself,
Thus, it will be possible to add additional
capabilities, if required. Another holy cow
in high level languages is the use of alge-
braic notation. Because it is relatively
easy to implement, its desirability is hardly
ever investigated. Admittedly, expressions
in reverse Polish notation are somewhat less
readable than the equivalent algebraic
forms.

However, look what you gain by the
explicit presence of a stack:

® Parameter passing between program
modules becomes extremely simple.

® The problems regarding the initializa-
tion and range of validity of variables
in blocks disappear. Local variables
are kept on the stack without a name;
only global variables are named.

® With variables there is a clear distinc-
tion belween the "pot” and the
“content of the pot.” The explicit
availability of addresses enables very
fancy pointer calculations.

® Testing of program modules is ex-
tremely simple. By manuaily supply-
ing parameters on the stack and ob-
serving the results, debugging is a
snap.

® The language becomes completely pro-
cedural and the statements are exe-
cuted strictly in the order in which
they are written down. There is no
guessing or experimental programming
to learn what the compiler will do to
your program.

| hope that these points show that the deci-
sion — reverse Polish notation or algebraic —
should not be a closed matter,
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® Only enough read only memory to
provide a simple bootstrap loader.
(The COSMAC based systems have
no ROM at all due to a hardware
load feature on the chip.)

® A cassetle interface and one or two
cassette recorders. Since all ground to
spacecraft and spacecraft to ground
communication takes place synchro-
nously at 400 bits per second, the
same rate is used for recording. Re-
cordings have a fixed length of 512
bytes (half a TV screen) and may
consist of ASCII characters or binary
data. Synchronous in this context
means that there are no start or stop
bits, the data is self-clocking and a
valid block is preceeded by a 31 bit
long sync vector.

| want to give you now a cursory descrip-
tion of the language. In the context of this
discussion, unfortunately, it will be impossi-
ble to give you a detailed introduction.
Rather, [ intend to familiarize you suf-
ficiently for being able to walk with me thru
a typical program. | hope that this way you
will be able to get some feeling of the nature
of IPS. First let me describe how you com-
municate with IPS. The display screen has
16 tines. The eight lower lines are used for
input to the system, either manually or by
tape. The upper eight lines are used by IPS
for answers. The basic IPS quantity is the
16 bit signed integer. By typing 125, for
example, this number is put on the stack
and displaycd in the first display line.
Keying —20 now, you get the display
125 -20. Now keying * will result in — 2500
being left on the stack. An arbitrary number
of numbers may be held on the stack;
operations always refer to the last entries
on the stack regardless of the total number
of numbers on it.

Besides the normal algebraic operators
{ogical operators are also available to allow
bit manipulations. Boolean operations use
these cperators as well. {Only the effect
on the leastsignificant bit is utilized.)
Another class of operations allows one to
manipulate the order of items on the stack,
like DUP duplicating an entry or VERT,
which interchanges the two top entries.
[Note: /n present versions of IPS, German
(the author’s natural language) inspired the
symbols of primitives. Thus, VERT is from
the German word Vertauschen. |

Numbers may be stored permanently
with a name attached to them. They can
either be defined as constants (KON), as
variables {VAR) or ar arrays (FELD). Calling
a constant by mentioning its name pushes
its value on the stack. Calling a vari-

Circte 317 on inquiry card.
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Listing 1: The complete text of an IPS program’s source. The program used as
an example is the software which converts ASCII to Selectric codes, formats
a text file and prints that file on a Selectric typewriter. Please note that the
IPS primitives used in this listing are based on the German version of the
system; equivalent English language names of the primitives are often noted
in the text of the article as various features are explained.

( 1BM SCHREIBMASCHINENSTEUCRUNG VOM 2 . 11, 77 )
0 KON CBA
HIER 2 ¢ ? CBA ! HIER BR + $+ )
CBA VAR ClIARP
0 VAR LE
51000 VAR SBP
#1000 VAR PP
0 VAR BL
CODE REMOVE 14 LD IM #C PHI D LD IM #C PLO 8 LD IM #A PLO
BEGIN #D 1/0 LD MX #20 AND IM ( BELEGT? )
=0 Y? #C DFC #C 5HI ( J4n uUs Loor )
VERT D=0 END TH #FF LD (# #A STR 3 1/0 #A DEC 4 1/0 NFXT

CORE M/TRANSHIT 1 LD IM #D PLO BESIN & LD IM #A PLN PS IMr OS5 LD
A #FF XOR IM 4A STR 100 LD IM ¥C P4 0 LD M #C PLO ¢4 INC
BEGIN #D 1/0 1D MX 930 AND M ( FREI? )
D=0 NOT Y? #C DEC ¢C SHI
VERT D=0 END NEXT
T4 ¢4 DEC #D 51D D=0 Y? 3 |/0
N: 4 1/0
TH NEXT
CONE L/TRANSMIT 0 LD IM #D PLO 0 END
CONE MSTATUS P% -3X PS DEC #D 1/0 #A ->%
PS NDEC 0 tD IM PS STR NEXT

] VAR LV

0 VAR §

0 VAR EINFL

4 FELD SC #1020 #400C SC 2 !FK
128 FELD 3ZEICHEN

128 FELD T1

INCR DUP @ 1 + VERT ! ;

: ADJ DUP @ #3FF UND #1000 NDER VFRT !

t LIES LADEFLAGGE @B NICHT OUP LV @ UND
JA? IBP @ 512 + IBP ! I1BP ADJ S INCR 0 LV !
DANN
EINFL B S @ 2 < UND UND { LADEFLAGGE NICHT )
JA? {BP @ DUP #200 + SLOAD 1 LV !
DANN ;

;

¢ NORMALZEICHEN DUP MSTATUS EXO ¢80 UND =0
JA4? DUP #80 UND >0 ( DREYE KOPF ) JA? 1
NEIN: 2
DANN
H/TRANSHIT 0 & JE NUN RFNNVE 0 6 JE NUN
OANN L/TRANSMIT CHARP INCR REMOVE

.

: SONDERBEH ¥20 - DUP L ¢ UA? DUP 2 = JA? 1 LE !
DANN
SC + @8 H/TRANSMIT CHARP INCR
REMOVE
NEIN: CHARP @ 2 - CHARP !
4 - DUP DUP + + 3ZEICHEN +
CHARP @ 3 >»>
DANN ;
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able or an array pushes its address on the
stack; in order to get its value, the operator
@ is used. It interchanges an address on e
stack with the content of the address. To
store a value into an address, the operator !
is used. It expects a value and an address on
the stack, and by performing the storage,
removes both. There are other similar
operators like @B or !B, which perform
like operations on single bytes.

Program modules are created by a colon
followed by the name of the module. Then
the actions are typed in as if the computer
were to perform the actions immediately. A
module is closed by a semicolon. Later en
this module may be executed by typing its
name or its execution may be put into
another module simply by writing its name.

To control the flow of the program, IPS
has some control words consistent with
structured programming. The words JA? |
NEIN: DANN (In English, respectively:
YES? , NO: , THEN) are pretty sclf-
explanatory. They roughly correspond to
the IF THEN ELSE construct of other lan-
guages, only, lo be consistent with reverse
Polish nolation, the test action preccdes the
JA? . There are three loop constructs avail-
able. The JE ... NUN (in English, EACH . ..
NOW) construct expects two numbers, a
loop start index, and a loop limit. The loop
is executed for cach consecutive value, until
the index exceeds the limit. If initially the
limit is smaller than the start, the loop is
not executed at all. This construct may alse
empley an increment different from one.
The two other two loop constructs are
intended for loops with an initially unknown
number of repetitions. The ANFANG . ..
ENDE? (in English, START . . . END?)
structure is functionally equivalent to the
DO UNTIL of PASCAL with the test at the
end of the loop. The ANFANG ... JA? ...
DANN/NOCHMAL (in English, START . . .
YES? . . . THEN/AGAIN) structure cor-
responds to DO WHILE with the test at the
beginning of the loop. Note that these
constructs completely eliminate the need
of GOTOs and labels.

Now [ want to take you on a little walk
Lthru a program. lts purpose is to read ASCII
text recorded on tape cassettes and print
them on my IBM Selectric typewriter. {As
evidence of the practicality of IPS, this
article’s manuscript was printed by 1his
program.}) As mentioned, a tape block con-
tains 512 characters (eight lines) without
any control characters. The program, besides
reformating the ASCIH characters to the
Selectric code, has to insert Lhis control
information. The program maintains a
cyclic buffer of two blocks; S is a variable
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Listing 1, continued:

154

: TYPLIME ¥#00 ( CR/LF )

ANFANG CHAPP @ @B 97F UND T1 + @B
PUP DUP #1F > VERT #3030 < UND
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4C32
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indicating the number of blocks available
for printing. S equals 0 means an empty
buffer, S equals 2 is a full buffer.

Complete details are found in listing 1.
Turn first to the last routine SCHREIB
(in English, WRITE) which is the main
program executed periodically. (Because
of the previously mentioned referencing
restriction, programs have to be read
backwards.) SCHREIB at first checks if
EINFLAG (ONFLAG) is set; if so, it starts
the printing actions. This action starts by
checking if S is larger than O. Only if thisis
the case is there a block in the buffer and
the routine SBLOCK {WRITE BLOCK) is
called. A blockcounter is maintained {BL).
If it exceeds four, printing is stopped {PAGE
FULL) unless the start switch is on. In this
case the 0 7 JE .. NUN does eight linefeeds
{endless paper assumed). The other parts of
the main program are less important, they
mainly make sure that at the end of printing
the head is in lower case because if left in
upper case the machine cannot be manually
switched into lower case.

Now let us look at the routine SBLOCK
(WRITE BLOCK). It prints 8 lines (0 7
JE . .NUN) by calling the routine SZEILE
(WRITE LINE) and then updating the
write buffer pointer SBP by 64. Also it
checks for an emergency stop. The routine
SZEILE (WRITE LINE) takes 64 characters
at SBP and transpeorts them into an auxiliary
array CBA (>>> is an array transport in
IPS). Then the auxiliary array is scanned in
such a way that the pointer CHARP points
at the last printing character. The loop
index is supplied by [. Then TYPLINE is
called. TYPLINE inserts a CR/LF afier the
last printing character and then uses the
characters in the array CBA without the
most significant bit (#7F AND) as index to
table T1 to find the Selectric code. If it is
between #1F and #30 a special treatment
is necessary by calling SONDERBEH,
otherwise NORMALZEICHEN (NORMAL
CHARACTER) is called.

Let’s look at SONDERBEH (SPECIAL
CHARACTERS). Some actions of the
machine are not performed by the printing
ball, but by special magnets (blank, for
example). In my hardware, these codes have
to be output to a different port. Some
ASCIl characters are not available on the
printing ball. These are simulated by wo
other characters overwritten on each other.
The auxiliary array is accordingly ma-
nipulated. Both activities are done by
SONDERBEH. The NORMALZEICHEN
routine checks if the print ball is in the
proper case position for the character (o be
printed. If not, il first executes a head






Figure 1: The temptation
on the part of an interpre-
ter writer [5 to implement
direct execution as if the
interpreter were simulating
some form of traditional
machine. Thus in this ex-
ample, the operation code
for ¢ CALL to a subrou-
tine is followed in the
interpretive text by the
address of the subroutine
being called. This reguires,
for example, two entries
in the string of interpre-
tive text.
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PSEUDO PSEUDO FSEUDD
PROGRAM PROGRAM PROGRAM
COUNTER COUNTER COUNTER
+1 AFTER
l l CALL
n+l n+e 2 n+d n+4 n+5 M
INSTRUCTION| INSTRUCTION | CALL ADDRESS INSTRUCTION INSTRUCTION
INSTRUCTION M N+5

INVOKE "capL"

EXECUTABLE CODE =
OF INTERPRETER'S "CALL
INSTRUCTION:
PUSH PSEUDO-PROGRAM-COUNTER
PSEUDO-PROGRAM-COUNTER: =
CONTENTS OF MEMORY AT
PSEUDO-PROGRAM-COUNTER +1
RETURN TO INTERPRETER

rotate action before printing. Each machine
action is started by issuing the magnet code
via H/TRANSMIT or L/TRANSMIT. These
routines check the machine for “not busy”
and then output the code to the magnets.
The routine REMOVE does the opposite;
if the machine acknowledges a code by
“busy,” the magnets arc deenergized. Thus
the necessary handshaking is established.

These interface routines are particularly
noteworthy, because they are coded in
assembler. IPS has an integral asscmbler;
thus procedures dealing with special hard-
ware or extremely time critical jobs can run
at the maximum speed of the processor. This
assembler also employs structured program-
ming. The branch codes have been replaced
by the ¥Y? N: TH and BEGIN END
mnemonics. The assembler, like the com-
piler, uses the stack to keep track of the
addresses to be inserted into the branches.
The routine LIES finally serves to read in
the cassette blocks.

| hope this walk was not too tedious for
you and was justified by giving you some
insight into IPS programs and [|PS-like
languages. Let us have now a look at some
selected topics regarding the implementation
of IPS. These items maybe useful to you, if
you want to tackle a similar project.

As mentioned earlier, the stack keeps
16 bit numbers. In addition to the normal
operand stack, the design is simplified if
there is a second stack, which is primarily
used by the system 1o keep return addresses.
This stack is available on a limited scale to
the programmer as well.

A very useful trick in such a system is
the use of “indirect execution.” When
implementing a simulated high level com-
puter one is tempted to compile addresses of
the appropriate code routines performing
the instructions as shown in figure 1. This

is a simple model of an “emulator” of
some instruction set of a traditional
computer.

If pointers are compiled that point to
a descriptor which includes another pointer
to an actual executable code, then all com-
piled instructions have the same format
regardless of their nature {see figure 2}
Indirect execution not only saves memory,
it also simplifies the compiler hecause it
needs no more checking the semantics of the
instruction to be compiled. Thus in figure 2,
a subroutine reference reduces to a pointer
to the descriptor which begins the inter-
pretive code of the subroutine. Thus, it
boils down to having a descriptor at the
head of each routine, defining its nature.
This also makes the language naturally
extensible since new descriptors may be
defined anytime, and it eliminates the
distinction between application routines
and the primitive routines conslituting the
language.

In IPS the names along with the pointers
to the pseudocode are kept in a hash table
with a size for 512 entries. Experience shows
that using this size in a 16 K system, memory
and table saturate at aboutl the same time.
| preferred the hash table over a linked list
because the compilation process is much
faster and enables transcompilations for
machines having no interaction facilities
like the computer running the typewriter
on which | printed this manuscript. {Names
are separated from the program.)

Use of IPS in program development
situations also requires the passibility of
eliminating entries from memory. Generally
a hash table would be unsatisfactory for this
purpose. Nevertheless, since the program
grows linearly in memory, the pointers to
the routines in effect represent a secondary
index by which the order of the entry and
creation is available. Thus, pruning is no
problem.

Reverse Polish notation languages can be
essentially syntax free and by indirect
execution the compiler can compile virtually
blind, that is, without knowledge of what is
being  compiled. This is not exactly true,
though. In fact, there are four different
sorts of entries regarding the action the
compiler is expected to take. This 2 bit
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PCE Electronics

PCE/ITHACA AUDIO
|A-1100 64x16 Video Interface with
white on black or black on white, swiich
select blinking cursor, B there's NO
SNOW or WAVE, S-100 kit Sil5°°
add $35°° for assembled & tested

PCE I6/4+] EPROM/RAM
Sockets for up to |6 2708 with
0 to 4 woit stotes, addressable in
four
that may run within one of the 4K
blocks or at ony IK boundary, S$-100
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PCE Electronics, 4782 Dewey dr., Fair Qaks, Ca. 95628
(916) 966-2208

Masier Charge 5 % for shipping

excess refunded

Calif. residents odd
6% sales tax

Visa
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infarmation is kept in the name table.

Normal entries execute in the inter-
pretative mode and compile in the entry
mode. See table 1 for Lhe other modes.
INT is used for variable definitions or for
the colon to prevent definitions within
definitions. PRIOR, on the other hand, is
used for the JA? NEIN: DANN and the
semicolon. These entries ure exccuted at
compilation time to handle jump addresses
on the stack or to reset the compile flag.
At the beginning of compilation (:), a special
number is placed on the stack. At the end of
compilation (), this number is checked. 1
it is wrong there has been a structuring crror
(such as DANN following a JA?) forgotten
and the entry is rejected.

AL this point | would like Lo point ou
that much of the readability of structured
programs secems to come from a geometrical
representation of the source text as exempli-
fied by the indented writing. Flardly any

language software analyzes this geometry,
though, and it is in effect redundant to the
semantics of statements.

There is another useful technique which
| call “pseudointerrupts.” On a stack com-
puter programs are naturally reentrant; and
recursive programming is possible. Thus, the
inner interpreter can be designed to accept
“interrupts’” between actions specified by
interpretive code. These interrupts interrupt
a stack oriented computer simulated by the
interpreter, so no state saving operations
are necessary (except for the pseudoprogram
counter, of course.) Machine interrupts may
also be implemented independently when
required. The 20 ms clock input assumed
by 1PS forces such a pseudointerrupt to keep
time in a normal clock and to service four
“stopwatches.”’

Engineering problems usually require a
few programs running independently of each
other. | solved this problem by providing

PUSH PSEUDO-PROGRAM-COUNTER
PSEUDO-PROGRAM-COUNTER: = M+!
RETURN TO INTERPRETER

n ne s n+2 n+3 nt3 n+ 4
DESCRIPTOR DESCRIPTOR
IPT PT
DEscanion | gEscueion | Descueron | BoNeRR | oescmrior FikTen 10
SUBROUTINE X ! “Dup"
DESCRIPTOR FOR | POINTER TO
"oue” “oup®
IPS PRIMITIVE PROCEDURE
M+ 2 Mg
POINTER TO DESCRIPTOR
T F
DESCRIPTOR FOR SUBROUTINE EnTRy | DESCRIPTOR DESCRIPTOR POINTER
USER SUBROUTINE X | BRACEDURE POINTER POINTER “RETURN"
EXECUTABLE LOW LEVEL
CODE OF INTERPRETER
"DUP" PRIMITIVE
DESCRIPTOR FOR | POINTER TO
EXECUTABLE LOW LEVEL CODE OF "RETURN" "RETURN"
INTERPRETER SUBROUTINE ENTRY PROCEOURE: IPS PRIMITIVE PROCEDURE

EXECUTABLE LOW LEVEL CODE OF
INTERPRETER "RETURN" PRIMITIVE
POP PSEUDO-PROGRAM-COUNTER
RETURN TO INTERPRETER

Figure 2: If a 2 level indirect form of interpretive execution is defined, then simplicity is achieved by making every token in the
text of a user program a pointer reference to a descriptor of the operation. The descriptor in turn contains information such as
the pointer to a low fevel routine to be executed upon reference to the descriptor during interpretation. Thus, a subroutine cafl
which required two interpretive text entries in figure 1 is replaced by a simple pointer reference to the subroutine’s descriptor.
This descriptor in turn contains a reference to the low level interpreter routine which saves the program counter on the sub-
routine stack, then points to the first entry of the subroutine’s interpretive text before resumption of interpretation. For simple
built-in primitives of the language, the descriptor simply poinlis to the low level executable routine of that primitive's operation,
as shown for example in the case of RETURN and DUP, Note that the interpreter increments the pseudo program counter after
each interpretation cycle.
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a chain, that is, an array of programs exe-
cuted in a cyclic fashion. Initially, this
chain is only occupied by the compiler,
while the other positions contain null entries.
Programs may put other programs into this
chain, or programs may remove themselves
or other programs from this chain. It turns
out that by this method, very general multi-
programming is possible without needing
separate stacks for each chain member.
The act of scheduling or descheduling a
real time process is implemented by this
chaining technique. Apart from the ‘“chain
in” and ‘‘chain out’ operators two other
operators are necessary. A suspend and a
resume operator are provided to be able to
wait for internal or external events be-
fore a program's execution is continued.
Amazingly, the four chain operators eliminate
the necessity of a centralized operating sys-
tem without imposing unduc restrictions.

Presently at AMSAT we have [PS versions
for the RCA COSMAC and the 8080, and
a 6502 version is in preparation. Also, there
exists a special version for the COSMAC
aboard the AMSAT satellite, performing all
interactions by radio link. Except for the
last they occupy a little less than 6 K bytes
of memory, having everything resident

compiler-mode

entry-type interpreting : compiling

1 .
Normal (:) execute | compile
INT execute | error action
PRIOR error action | execute
HPRI execute | execute

Note: error action marks input-word with ques-
tion mark and stops further processing of
input.

including the text editor. The radio version
is slightly smaller.

In mid 1976 the first IPS version was up
and running. Since then | have done some
fine tuning as a result of feedback from
some ten scientific projects using 1PS within
the University of Marburg. If you feel that
IPS could be useful to you or if you have
some comments or suggestions, please
do write me.

(The original paper which discusses such
a machine interpreter is: "FORTH, a New
Way to Program a Minicomputer,” by CH
Moore, Astron Astrophys Suppl 15, 497-
511, 1974, In the vyears since the first
FORTH paper, FORTH has become a
registered trademark of Mr Moore’s con-
sulting firm FORTH Inc.)m

Table 1: The modes of IPS
operation (interpreting or
compiling) and the action
the compiler takes de-
pending on the type of
entry found. Normal refers
to standard modules {:),
variables and constants.

r HERE IS THE LATEST AND BEST IN
8080/Z80 DISK SOFTWARE

CP/M™ FDOS and Utilities
Microsoft FORTRAN-80
Aicrosoft COBOL-80

Microsoft Disk Extended BASIC
Microsofl MACRO-80 MACRO Assembler/Linking Loacder
Microsoft MACRO-B0 {as above) w Subroutine Library

Microsoft EDIT-80 Line Editor

Xitan SUPER BASIC {AJ3)
Xitan DISK BASIC (A3+)
Xitan Z-TEL Text Editor {A3. A3+)
Xitan Text Output Processor (A3, A3+)

Xitan Macro ASSEMBLER A3, A3+)
Xitan Z-BUG - {A3+)
Xitan LINKER (A3+)

Xitan Package A3 {as keyed above)

requires CP/M to operate.

From $145 Xitan Package A3+ $409
$400 Micro Focus CIS COBOL $500
$625 SOURCE Disk Based Disassembler $70
3300 ZASM Zilog™ Mnemonic Assembler %45
$149 XY BASIC Process Comtrol Language $300
$219 SMALB0 Structured Macro Assembler Language 375

$89 CBASIC Compiler/Interpreter BASIC $95
399 MAC Macro Assembler 100
3159 SIN Symbaolic Instruction Debugger 585
$69 TEX Text Formaiter 585
N A General Ledger 3995
369 Accounts Receivable $750
589 NAD Name & Address Processor $79
869 QSORT Disk File Sort/Merge Utility $95
$249

Most software available in a variety of diskette formats including: 1IBM 8" single and double
density; North Star CP/M; Micropolis CP/M; and 5" soft sectored. All Lifeboat software

Waitch for the December 1978 release of the above software on Processor Tech Helios 11,
Altair Disk; and iCOM Microdisk systems.

LIFEBOAT ASSOCIATES

164 W. 83rd Street OO New York, N.Y. 10024 O (212) 580-0082
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Clubs sad

Newsletiens

Attention: Canadian Readers

We have heard from the West Coast
Computer Society (POB 4476, Vancouver
BC, Canada V6B 328) regarding their
club’s meeting schedule. They meet the
first Wednesday of every month at 8 PM,
room 126 at BCIT, which is located in
Burnaby, British Columbia.

TRS-80 Monthiy Newsletter

The purpose of the TRS-80 Montily
Newsletter is to provide and exchange
information related to the Radio Shack
TRS-80 computer system. This 68 page
newslelter contains programs related to
business, personal finance, money man-
agement, practical applications, statis-
tics, mathematics, gambling and games.
Every month onc major program {such
as a complete personal finance package
or a complete income tax program —

short and long form) will be published.
Subscriptions are $24 by first class mail
(340 outside of the US and Canada, air
mail). Contact Mathematical Applica-
tions Service, POB 149, New City NY
10956.

independent Ohio Scientific
Users Group Formed

Owners, prospective users, OEMs and
dealers of Chio Scientific computers can
share information, applications and
software through an independent users
group formed by the Newton Software
Exchange, POB 518, Newton Center MA
02158, The Exchange was created 10 aid
in the translation of microcomputer
applications and systems programming
from the sophisticated user and pro-
grammer Lo the naive user and operator.
They are ariented and willing to work
with programmers and OEMs who have
good ideas and programs, but have
difficulty expressing themselves to rela-
tively unsophisticated end users. The
OSI users group will encompass the full
range of OSI products with special
attention  te  the Challenger series.
Annual dues are $5 and include a month-
ly newsletter.

- ————— - -
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Rhode Island Computer Club

RICH is a computer club in Rhode
Island that will be meeting on the fol-
lowing dates: March 20, April 17 and
May 15 1979, from 7 to 10 PM at
Jabous’s Electronic City, 345 Fountain
St, Pawiuckel RI. For more information,
writc POB 599, Bristol RI 02809 or
call (401)253-5450.

User Notes for 6502 Owners

KIM-1/6502 User Notes is getling a
facelift and will now be called User
Notes: 6502, 1t will continue a4s a bi-
monthly publication but will be ex-
panded to 24 pages. In addition 1o Lhe
KIM, the Nortes will support VIM and
AIM systems as well as others. The new
subscription rates will be $13 for six
double issues mailed first class and to
Canada and $19 for six double issues
air mailed overseas. The new address is
POB 33093, N Royalton OH 44133,

PACS Publishes Data Bus

The Data Bus is the monthly publica-
tion of the Philadelphia Area Computer
Society (PACS). Its 16 pages conlain a
variety of information, including regular
features such as meeting news, PET
shop, editorial, classified and such
articles as ""Computers for Kids” and
“Software/Courseware Exchange for
UCSD Pascal.” This organization was
farmed for the purpose of cducation and
intercommunication of computer users
in the greater Philadelphia area and 1o
inform the general public about com-
puter technology and its implications
for the future. Dues are $10 per year
for regular membership and $5 per
year for students. Both memberships
include a subscription to The Dutu Bus
and  participation in group purchase
programs and club praojects, as well as
borrowing privileges in the sociely’s
software and literature libraries. PACS
mectings are held in the LaSalle College
science building. For more information,
call the club’s hotline at {215) 925-5264.

New York Amateur Computer Club

The New York Amateur Compuler
Club, which just celebrated ijts third
birthday, is an organization formed lo
promote the free exchange of informa-
tion about computers for personal use
and to encourage fellowship among
those interested in computing. General
meetings are held once a2 month, nor-
mally on the second Thursday. Several
user groups consisting of club members
with specialized interests also mectl on
4 monthly basis. Club dues are $10 per
year which includes a well-compiled and
informative newsletter. For more infor-
mation about this group, wrile to the
club at POB 106, Church St Station,
New York NY 10007.



Microcomputer Owner’s Society

Jim Brown of Elyria OH has noti-
fied us ol the formatien of the Micro-
computer Owner's Society. They meet
every fourth Sunday at 1| PM. For more
specific information, contact [im Brown,
POB 474, Elyria GH 44035,

Compucolor-Intecalor Users Group

The Compucolor-lntecolor  Users
Group has anngunced that it will start
making programs available 10 members
without the donation ef & program. Club
members may now order programs from
the club's library of over 300 programs
for as little as $2 each, plus a disk and
handling charge of $2Q0 for the first
disk and $15 for each subseguent disk or-
dered at the same time. Those donating
an acceplable program will receive five
or six programs back at no charge. Mem-
bership to the group is $25 or $10 wilh
the submission of an acceptable article
for publication in the group’s bulletin
or a program to the library. Those wish-
ing to join should write to Compucolos-
Intecolor Users Group, 5250 Van Nuys
Blvd, Van Nuys CA 91401,

Tulsa Computer Society Sponsors
Apple User Group

The Tulsa Computer Society (TCS}
meets the last Tuesday of every month
at 7:30 PM. The meeting place is the
Tulsa Yocational-Technical School sem-
inar reom at 3420 E Memorial Dr.
The Apple User Group meets the second
Tuesday of the month at High Tech-
nology of Tulsa. All users of Apple 11
computers and intercsted individuals
are invited to attend., Membership in
TCS is $6 annually and includes a 1 year
subscription to their newsletter, The {/O
Port. Address all correspondence te The
Tulsa Computer Society, POB 1133,
Tulsa OK 74101,

Attention: Rochester NY Computerists

According 1o the most recent edition
of Memory Puges, the olficial magazine
of the Rochester Area Microcomputer
Society {RAMS), the club is into its
third year and has over 150 members
with diverse backgrounds in the field of
computing. RAMS is the local focus of
personal compuling in the Rochester
area, as evidenced by the ACM and IEEE
joining them for joint meetings on per-
sonal computing, It is the club’s aim to
provide 15 members with cxposure to
ideas and contact with individuals with
similar interests. | you are interested,
attend one of their meetings on the
second Thursday of each month at
7:30 PM in room 1030, Glcason Building
{#7 Engincering), Rochester Institule
of Technology, Rochester NY. The
address Tor RAMS [s POB [, Rochesier
NY 14609. m

ELF Il by
RETRONICS
1s Tnatwemd
o PRMLIR
ELECTRONICS
Shewr. with

jonal 4k Mamoiy Beards, -
GIANT BOARD™ & Kiwge Board.

Stop reading abouT Camputers and gel your hands on one ! With
ELF Il und our new Shorr Course by Tom Piltman, you can
master computers in no time atall! ELF 13 demonstrates ali 91
commands an RCA 1802 can exceute and the Short Course
quickly Leaches you how ta use each of the 1802's capubilities.

ELF 11 video oulput Jets you Jisplay an alphanumeric
readout or graphics on any TV screen or video monilor plus
enjoy the latest video games, including an exciling new
arget/missile gun pame that was specifically developed for
ELF Il

But that's oot all. Once you've mastered computer funda-
mentals, ELF 1l can give you POWER with add-ons that are
among Ihe most advanced found unywhere. No wonder IEEE
chaplers plus hundreds of universities and major corparalions
have chosen the ELLF 11 o introduce their students and per-
sonnel 1o microprocessor compuling!

Learn Tha Skill That May Soon Be Far

Mare Impaoriant Than Your College Degrea!
The ability o use a computer may soon be more imporiant Lo
your earming power than 4 callege depree. Withoot u knowl.
edpe of compusters, you are slways it the mercy of olhers when
it comes to solving highly complex busi g ing, in-
dustrial and scientific problems. People who understund com-
puters can command MONEY and to get in on the uction, yon
must leara computers, Otherwise you'll be lelt behind.

ELF li la The F-A-S-T ‘Way To Learn
Computer Fundamentals!
Regardless of how minimal your computer background is now,
you can learn to program 2 compter in almost no time at all.
That's because Metronics hus developed a special Shorr
Course on Microprocessor Awd Computer Progromming in
non-technical language that Teads you through every one of the
RCA COSMAL 1802's cupubilities so you'll understand
everyihing ELF U cando, omd how tor get ELF H to do it!
All 91 commands thal an (802 can execule are explained to
ou, step-hy-step. The text, writlen for Melronics by Tom
iillmnn. is a tremendous advance over every other program.
ming book in print. ) )

Keyed specifically to the ELF 11, it's loaded with “hands
on” illustrations. When you're finished, ELF 11 and 1he 1802
will no longer hold any mysteries o you.

In fact, not only will you be able 1o use o persunal computer
creatively, you'll lso be able W read magazines such us
BYTE...INTERFACE AGE...POPULAR ELEC.
TRONICS and PERSOMNAL COMPUTING ond wnder
siand the anicles,

If you work with large computers, ELF U and our shors
Comrse will help you Lo undersiand what makes them tick.

A Dynamlite Package For Just $99.95!

With EL.F 11, you learn 10 use machine language —the lunda-
mental language of all computers. Higher level languages such

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!

Write and run machine language programs at home, display video
graphics on your TV set and design microprocessor circults—the
very first night—even if you've never used a computer before!

ELF II teaturing RCA COSMAC
meeeeean. GOMPUTER $99%

as FORTRAN and BASIC must be Iranslaled into machine
I before a can understand them. With ELF
Il you huild a solid foundation in computers so you'll really
know what you're doing, no malter how complicated things

I

Yideo oulput also makes ELF 1] unique among compulers
selling for such a jow price. Altached to your TV set, ELF Ul
becomes a fabulous home entertai cenler. It's capable ol
prowiding endless hours of fun for both adults and children of
all ages! ELF Il can create graphics, alphanumeric displays
and fantaslic video games,

No additional hardware is required to connect ELF 1] 10
yaur TW's video input. If you prefer to connect ELF 11to your
antenna terminals instead, simply use 4 low cost RF medulator
{ta order one, see coupon below),

ELF II's S-card expansion bus {(connectors not included}
altows you o expand ELF [1 a5 your needs for power grows. If
you're an engineer or hobbiest, you can also use ELF 11asa
counter, alarm, lock, thermostal. limer or telephene dialer, or
for countless other applications.

ELF | Explodes Inta A Glant!

Thanks 10 ungoing work by RCA and Melronics, ELF 13
add-ons are among the most advanced anywhere. Plug in the
GIANT BOARD™ and you can record and play back programs,
edil und debug programs, communicate with remole devices
and make things happen in the cutside werld. Add Kluge Board
10 get ELF (I to solve special prublems such as operating a
more complex alarm system or contrelling a printing press.
Add 4 RAM board and |y\uu cun wrile Jonger programs, store
maore informuticn and solve more sophisticated problems.

Expanded, ELF 1] is perfect for engineering, business,
industrial, scientific and personal finance applicalions. No
other small computer anywhere near ELF [1s lew price is
backed by such an extensive research and development pro-

ram.

The ELF-BUG™ Monilor is un extremely recenl breok-
through thut lets you debug programs with lighiening speed
because the key to debugging is to know what’s inside the
registers of the micrep or and, i d of siagle sicpping
Ilhrough your program, the ELF-BUG® Monitor, wiilizing
break points, lets you display the entire contents of the regis-
ters on your TV screen at any point in your program, You find
out immediately what's going on and can make any necessary
changes., Pmaﬂmmin i5 further simplified by displaying 24
bytes of RAM with full address, blinking cursor and auta
scrolling. A must for sericus programmers!

Netrenics will soon be introducing the ELF [ Cabor
Graphlcs & Music System—more breakthroughs that ELF [1
ownets will be the first to enjoy!

Now BASIC Makea Programming ELF Il Even Easier]
Like all computers, ELF ¥l understands only *‘machine
language” —Lhe language computers use Lo talk to each other.
But, to make life easicr for you, we've developed an ELF 1)
Tiny BASEC. It talks to ELF L] in machine language for you so
that you can program ELF [l with simple words that can be
typed oul on a keyboard such as PRINT, RUN and LOAD.

"Agk Now What Your Computer CanDo...
But What Can it Do For YOU!"
Don’t be trapped imo buying a dinosaur sim Iiy because you
can afford it and it's big. ELF 11 is more usefui and more fun
than “*big name’” computers that cosl 2 lot more money.

With ELF LI, youlearn to write and run your own programs,
You're never reduced to being a mere keypurch aperator,
working blindly with someone ¢lse’s predeveloped software.

No matter what your specialty is, owning a computer which
{uu reilly know how to use is sure to make you a leader. ELF

| is the luslesl way there is to get into computers. Order from
the coupon below!
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NOW AVAILADLE FOR ELFH—

O Tom Pittman's Shert Course On Mi-
croprocessor & Computer Programm-
ing teaches you jusl aboul everylhing
there is [o know aboul ELF 11 or uny
RCA 1802 computer. Wrilten in non-
technical language, it's a learning
breskthrough for engineers and laymen
alike. $5.00 postpaid!

O Deluse melal cabined wilh plexiglas
dust cover for ELF |11, $29.95 plus
£2.50 p&h.

O ELF Il connecis to the video inpul
of your TV set. Il you prefer (o use
your antenna terminals. order RF
Modulgtor, $8.95 pastpaid.

O GIANT BOARD™ kit with vasseite
O RS 232.C/TTY 17O, 8-bit P 1YO,
decaders for M separate /G instruc-
tions and o system monitorfeditor,
$39.95 plus $2 p& h.

0 Kluge { Pnytotype} Board aceepts up
1o 36 1C s, $17.00 phus §1 p&h,

0 4k Static RAM kit Addressable o
any 4k page 1o 64k, $89.95 plus §3 p&h,
1 Gold phated 86-pin conmectars {une
regiuired for cach plug-in board). $5.70
postpad.

O Prodessional ASCII KeyBoard kil
with 128 ASCI] upperflower cuse set,
96 primtuble characters, onhoird repu-
lator, parity, logic setection and chaice
ol 4 handshaking signals b mate with
almost any computer. $64.95 plus $2

Circle 280 on inquiry card.

O Deluxe meial cabinet for ASCILL
Keyhoard, $19.95 plus $2.50 p&h.
O ELF 1l Tiny BASKC on cassetle
tape. Commands include SAVE,
LOAD, =, <, =0 ), 26 variables A-Z,
LET, IFFTHEN, INPUT, PRINT,
GO TO, GOSUB, RETURN, END,
REM, CLEAR, LIST, RUN, PLOT,
PEEK, POKE. Comes fully docu-
mented and includes alphanumeric
generalor required 1o display al-
phanumeric characters directly on your
TV screen without additional hard-
ware. Alsa plays tick-tack-toe plus a
drawing gume that uses ELF 1% hex
hcy‘mmrd as 2 joystick. 4k memory re-
quired. $14.95 postpaid.
0O Tom Pitmun's Short Course on Tiny
BASIC lor ECF 1L, $8 postpaid.
O Expansion Power Supply (required
when adding 3k RAM). $34,95 plus $2
pach.
O ELE-BUG™ Deluxe System Moniter
on cassetle tape. Allows displaying rhe
contents of :ILIJ registers on your TV at
any point in your program. Also dis-
plays 24 hytes of memery with Tull sd-
dresses, blinking cursorand auto screll-
ing. A must lor the serious program-
mer! $14.95 postpaid.
Coming Somn: A-I}, D-A Converier,
Light Pen, Coniroller Bourd, Color
Graphics & Music System...ond
et

Call or write for wired prices!

January 1979 £ BYTE Publications fne

Netronics R&D Lid., Dept. 0000

333 Litchlield Road, Phone |

New Milford, CT 06776 (203) 354-9375

Yast | want to run pregrams at hame and
have enclosed: 3 $99.95 pius $3 postage
& handling tor RCA COSMAC ELF N Wil
O §4.95 lorrnwar suppl (requiredsg.
O $5for RCA 1802 User's Maniad, O

for Short Course on Micraprocsssor &
Computer Programming.

O | want mina wired and tested wilh
power gupply, ACA 1302 User's Manusl
and Storf Courme (ncluded for fust $149.95
plus $3 p&R!

0 1 am aiso enclosing payment {Including
posta?e & handling} for the items chacked
al the left.

Total Enclosed (Conn. res. add tu}
§_ _ __ [1Check here i

ou are enclosing Money Order or Cashier's
hack Lo sxpedita shipment.

USE YOUR O ViSA O Master Charge
{Interbank #
2 i #

Signature Exp. Data

PHOME ORDERS ACCEPTED (203) 354-0375
Print
Name

Address
City
State Zip

I
I
I
|
|
I
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SURPLUS ELECTRONICS

IBM SELECTRIC
BASED 1/0 TERMINAL
WITH ASCII CONVERSION
INSTALLED $645.00
o Tape Orives o Cable
o Cassette Drives o Wire
o Power Supplies 12V15A, 12V25A,
6V3SA Others, e Displays
® Cabinets o XFMRS @ Heat
Sinks ® Printers e Compaonents
Many other items
Write for free catalog
WORLDWIDE ELECT. INC.
130 NORTHEASTERN 8LVD.
NASHUA, N.H. 03060

Phone orders accepted using VISA
or MC, Toll Fres 1-800-258-1036
In N.H. 603-889.7661

Circle 395 on inquiry card,

0.S.l.

OHIO SCIENTIFIC
% COMPUTERS >+

SALES & SERVICE

Business/Home/Hobby
Hardware & Software
—— SEEO.S.1. NOW! —-
METRO D.C.AREA & MARYLAND
The Math Box,Inc.

(301) 933-6555
CENTRAL VIRGINLA AREA
H/B Computers,inc.
(804)295-1975

B

Circle 213 on inquiry card.

ACCELEWRITER DOUBLES
DECWRITER SPEED

The ACCELEWRITER doubles the
LA36 Decwriter's speed from 30 to 60
CPS. The ACCELEWRITER is a small
molded module which plugs into the
printer’s logic board.

The ACCELEWRITER enables the
Decwriter to print at its “‘catch-up’
speed of B0 CPS all of the time. You
must be able to program [ill characters
into the data stream after carriage re-
wrns.

Easy installanton and easy recon-
version, if ever desired. Compatible with
standard Decwriter option boards. Full
one-year warranty. Only $95.00,

Plaase write or phone.
inois residents add 5% sales tax.

Avaitable NOW from

LARKS ELECTRONICS & DATA
P. Q. Box 22
Skokie, llinois 60077
(312) 677-6080

COMPUTER MART
of NEW HAMPSHIRE, Inc.

% SPECIALIZING IN BUSINESS %
AND PERSONAL COMPUTERS

7«&0!1‘9.-
DATA GENERAL microNOVA®
XITAN GENERAL
APPLE Il
$-100 Bus Products
SOFTWARE currently available:
AR, GL, AP, tnv., Payraoll,

Word Processing, and Dental
Office Manager.

170 Main Street
Nashua, NH 03060
603/883-2386

muroNOVA® s 5 iequiered
trademark of Data Geneeat Corp

Circle 76 on inquiry card.

CANADIANS
Announcing

HAMILTON LOGIC
SYSTEMS

Specializing in logic
devices, microprocessars,

memorys, TTL, Cmos .,
etc.

Send for your catalogue

Box 7
STONEY CREEK
ONTARIO L8G 3X7

Circle 157 on inquiry card.

NORTH STAR
PAYROLL PACKAGE

: Salary, hourly or commission

¥: Any number of pay periods per
year
Hash coding allows faster file
accessing

~ Multipte companies on one disk

; New 1ax rates are casily entered
as dala statements

s Simple to use — minimum oper-
ators response

= Sclective printouts for employee
information i.e. last pay, MTD,
QTD, YTD, addresses, W-2, elc. . .

Unconditionally guaranteed. Can be
returned for refund if not satisfied.

North Star disk — $75.00

Potter’s Programs

22444 Lakeland
St. Clair Shores, M1 48081
(313) 573-8000

Circle 308 on inquiry card.

PET SCHEMATICS
Anathar First Fram “PET-SHACK™.
For anly $24.95 you get:

2" x 30" schamatic of the CPU board, plus oversized
schematics of the Video Monitor snd Tape Racorder, plug
complats Parts Layout—all Accurately and Painstakingly
drawn to the Minutest datsil.

PET ROM ROUTINES
Another Breskthrough From “PET-SHACK".

Complete Assembly Listings of sll 7 ROMu, plus idemi-
fied subroutine entry pointy; Video Monitor, Keyhosrd
Routine, Tepe Ascard snd Playback foutine, Real Timn

Clock, ate,

To entice you wa are elto including our own Machina

Langusge Monitor program for youz PET using the key-

bosrd and video displey. At! this for anly $19.85,
SATISFACTION GUARANTEED.

Yau con have the Monitor program on cassette Jor anly
$9.95 axtea.

Sand chack, maney order, or Master Charga or VISA
number and expirstion dats 10:
PET-SHACK Software House
Marketing and Research Co.
P. O. Box 966
Mishawaka, IN 46544

Circle 303 on inquiry card.

( SAVE 3 to 15% )

LIST SALE PRICE
IMSAT 8990 Wf?? SLoTS $I57 364G
16K APPLE S$1195 51050
SHUGGAR r MODEL 500 550 585

SIMILAR DISCOUNTS ON:

* IMBAT 4K, 16K, J2K RAM, M0 sic.
POL YMORPHICS VIDEQ
OYNABYTE 16K [ASM} RAM
HAZELTINE 1400, 1500, 1510
NOVATION ACOUSTIC COUFLERS
15 8K (ASM) RAM
PROCESSOR APPLICATIONS OMA FLOPPY
DISC CONTROLLER (ASM!
TARBELL FLOPPY DISC CONTROLLER
TARBELL CASSETTE INTERFACE
SHUGART GSi MODEL 110
PICKLES AND TROUT MOD FOR HITACH! TV
ALL SWTP PRODULTS
APPLE 1
MODEL 43 TELEPRINTER IOLTORER)
ADM 34 TERMINAL
SOROC 10720 TERMINAL
TELETYPE MODEL 40 300 LNP

CENTROMICS PRINTER
“ REPAIRS IN-HOUSE AT LOW COST
" CUSTOM SQFTWARE & FIRMWARE )

THE COHPUTER STOP

16919A Hawthorne Blvd
Lawndals CA 90260
(213} 3714010

11 3010 6 00 Tue-Sa1
Closed Sunday/Monday

Circle 73 on inquiry card.

Call (714)
979-9920

MONTHLY SPECIALS
» Floppy Kit
S5A BO1 lloppy (8") & disk cont.
kil (S-100)
® Add On Fioppy Drives
SA 800/1 (8") floppy
SA 400 mini floppy= ...
® Centronics 779 printer
& Miscellaneous
CP/M Operaling System/Manuals. .. $88
8" Memorex Diskelles
{BMcomp..........oooiiiis £3.50
8" Verbatim Diskettes
{BMcomp)........c.o.oaia .
4" Diskeltes ...
16k RAM chips $9.
Pwr Supply cabinet {mini floppy} . ..
Pwr Supply cabinet (lloppy) 22

Pecipheral Products Division
2080 South Grand, Grand Centre. $anta Ana. CA 92705

@ COMPUIER INMERFACE TECHNOLOGY

Circle 74 on inguiry card.
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Rothenberg

INTEGRATED
FINANCIAL
SYSTEM

under.

CE/M*

* GENERAL LEDGER

* ACCOUNTS RECEIVABLE
* ACCOUNTS PAYABLE

* PAYROLL

* INVENTORY CONTROL

Easy 1o use, self-guided.
You don't have to be a CPA!

Price: $500 each

Complete manuals: $8 each
Immediate Delivery
Requires only 32K system

digits from 1 to 8 seemed too difficult,
| took it as an Interesting problem in
itself. At first | doubted that BASIC
was fast enough, but as it turned out |
received a permutation every second or
so using Micropolis BASIC on a SOL 20.
That encouraged me to complete the
gight Queens problem.

My first solution appeared in less
than a minute and a half. That's a lot
faster than the 20 minutes Terry Smith
waited! The last of the 92 solutions
came out 27 minutes from the start of
the run.

Listing 1:

The line numbers in listing 1 which
are multiples of 10 are the permutation
program. The rest were added to screen
out the diagonal attacks. The AND or
OR operators operate on each bit
independently, as in machine code.

Thanks for an interesting couple of
hours.

Also, | am following the Pascal
arlicles and may implement the current
series, although it's too bad the data
types could net be implemented. | also
wish | had some idea of their speed.

Richard Greenlaw
251 Colony Ct
Gahanna OH 43230

10 REM PROGRAM TO CALCULATE CHESS BOARD POSITIONS FOR B QUEENS

12 REMWITH NO ATTACKS ANYWHERE,
15 REM BY RICHARD GREENLAW 10/7/78

20 REM TESTS PERMUTATION METHOD MENTIONED BUT NOT USED BY

22 REM TERRY SMITH In10/78 BYTE

28 REM D VARIABLES ARE VERTICAL POSITIONS [N EACH COLUMN
30 REM F VARIABLES ARE FLAGS REPRESENTING THE DIGIT USED
32 REM U WARIABLES COMBINE FLAGS FOR ALL DIGITS USED SC FAR

100 FORD1=1TO 8

1Mo w=2it

120 FORD2=1TO8

130 F2=21D2

140 IF {F2 AND U110 THEN 970

145 IF D2=01+1 QR D2=DY-1 THEN 970
150 U2=F2 OR U1

160 FORD3=1TO 8

170 F3=21D3

Requires CBASIC**
Prepaid or COD only
Send CP/M serial # with each order

Also available:
Complete Legal Billing System
Only $1995. Manual $8.

Rothenberg

INFORMATION SYSTEMS, INC.

260 Sheridan Avenue
Pzlo Alte. CA 94306
{415} 324-8850

*CP/M is a trademark of Digital Research
**Add $100 if CBASIC is also needed

Circle 328 on inquiry card.

164 January 1979 & BY TE Pyblicatians Inc

180 IF (F3 AND UZ2)<>0 THEM 3960
185 IF D3=0241 OR D3=D2-1 OR D3=D1+2 OR D3=D1-2 THEN 860
180 U3=F3 OR U2
200 FOR D4=1 TO B
210 Fa-21D4
220 IF (F4 AND U3)< >0 THEN 950
225 IF D4=D3+1 OR D4=03-1 OR D4=02+2 OR D4=D2-2 THEM 950
226 IF D4=01+3 OR D4=01 -3 THEN 950
230 U4=F4 OR L2
240 FOR D5=1 T 8
280 FE&=2105
260 IF {F5 AND U4)<>0 THEN 940
262 IF D5=D4+1 OR DE=D4—-1 OR D8=03+2 OR D5=D3-2 THEN 940
264 IF D5=D2+3 OR D5=D2-3 OR 05=D1+4 OR D5=D1—-4 THEN 940
270 U5=F& OR U4
280 FOR D&=1TO 8
280 FE=2106
300 IF [F& AND US}< >0 THEN 830
302 IF D6=D5+1 OR DE=05—1 OR D6=D4+2 OR DB=D4—2 THEN 930
304 iF D&=D3+3 DR DE=D3-3 OR D6=D2+4 OR D6=D2-4 THEN 230
308 IF D6=D1+5 OR 06=D1-5 THEMN 930
310 UG=F5 OR UG
320 FORD?=1TOS
330 F7=21037
340 IF {F? AND UB1<>0 THEN 920
342 IF D7=06+1 OR D7=D6—3 OR D7=D5+2 OR D7=D5—2 THEN 920
344 IF D7=D4+3 OR D7=04-3 OR D7=03+4 OR D7=03—4 THEN 920
346 IF D?=D2+45 OR D7=D2-5 OR D?=D1+5 OR D7=D1-6 THEM 220
350 U?=F7 OR UG
360 FOR D8=1TO 8
370 F8=2108
3s0 {F [F8 AND U7)<>0 THEN $10
382 IF D8=D7+1 OR D8=D7-1 OR D8=DE+2 OR D8=DE6-2 THEN 910
384 IF D8=D5+3 OR D8=D5-3 OR D8=D4+4 OR D8=D4-4 THEN 910
386 (F DB~D3+5 OR D8=D3-5 OR D8=02+6 OR D8=D2-6 THEN 910
387 |IF DB=D1+7 OR D8=D1-7 THEN 910
500 PRINT D1;02,03;04,05,06;07;08
910 NEXT D8
220 NEXT D?
930 NEXT DG
940 NEXT D5
950 NEXT D4
960 NEXT D3
970 NEXTD2
980 NEXT D1
READY
RUN
1586 37214
16823 7425
17 468253
1 758 24863
246831765
25 7 1386 4
25 74 1886 3
2617 483°6
268314765
27 368514
271 581 463
28613574
31 765 82 48
35281746
352806471
3 571 4 28¢5
3 58417 268
3 82658174
36 2 311485
36275184



Listing 1 continued:
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Call for Papers for SIGPLAN
Symgposium on Compiler Construction

The SIGPLAN Symposium on Com-
piler Construction which is scheduled
for August 8 through 10 in Boulder CO
has issued a call for papers. The sympo-
sium will consider compiler construction
metheds and construction experience.
The emphasis will be less on theoretical
methods and more on techniques applied
to real compilers. Especially welcome
are papers on the application of thco-
retical methods and practices to prac-
tical compilers. Some typical topics
of interest are: code generation tech-
nigues; compiler generation for parti-
cular languages, language constructs, or
system architectures; compiler porta-
bility and bootstrapping; compiler
testing and verification; code optimi-
zation and its practical effect; measuring

and achieving compile time and exe-
cution time efficiency. 6 copies of a
summary (not a complete paper) should
be sent to the program chairman Dr
Stephen C Johnson, room 2C-559, Bell
Telephone Laboratories, 600 Mountain
Av, Murray Hill N} 07974, Summaries
should not indicate author name and
address. This information should appear
only in a cover letter to the chairman.
Summaries should explain what is new
and interesting about the work and
what has actually been accomplished.
February 1 1979 is the deadline for sub-
mission of summarjes.®

National Computer Tournament
for the Prisoner's Dilemma

Looking for a challenging project
for your strategic instincts and your
programming skills? This computer
tournament may be for you. There is no
charge to enter.

The tournament is based on a nifty
little game called the Prisoner's
Ditemma. In the Prisoner’s Dilemma
there are two players. Unlike most
games, such as chess, the two players
are not in total conflict. In fact, both
can do well or both can do poorly.

Here is how the tournament works.
The game will be played for an average
of 200 moves, and in each move, each
player can choose either to cooperate
or to defect. If both cooperate, both
do well. But if one defects while the
other cooperates, the defecting player
gets his highest payoff, and the cooper-
ating player gets taken for a sucker and
gets his lowest payoff. The catch is that
if both defect, both do poorly.

The precise payoffs in the tourna-
ment for a given move are three points
each if both cooperate; five points to a
player who defects while the other
cooperates, with zero points to the
sucker; and one point each if both
defect. The score of a player in a single
game is his or her total over all the
moves.

To win the tournament you have to
get the highest total score summed
over all the games you play. Therefore
your object is to get a good score in each
separate game, but not necessarily to get
a better score than the player with
whom you are currently playing.

To join the computer tournament
you submit a program written in BASIC
or FORTRAN 1V which will be a de-
cision rule for the selection of the
cooperative or the defecting choice at
each move, The decision rule may be
based on the history of the game so far.
For example, a simple and quite effec-
tive decision rule is 7it IFor Tat: cooper-
ate on the first move, and then do
exactly what the other player did on the
previous move. Quite sophisticated de-
cision rules can be written in as little
as 25 lines.

This tournament is part of a research
project to understand the nature of
skillful performance in a 2 sided environ-
ment which is partially cooperative
and partially competitive.

Each person who completes an entry
will receive a report describing the
results of the tournament. The winner
will receive a handsome engraved trophy,

To get further details on the tour-
nament, write to Prof Robert Axelrod,
Institute of Public Policy Studies, The
University of Michigan, 506 E Liberty
St, Ann Arbor M1 48104.8

Using a Calculator to Perform
Hexadecimal Addition and Subtraction

This helpful hint to anyone analyzing
hexadecimal programming and memaory
dumps comes from the NCR Century
Systems Software volume 4, issue 2, by
NCR analyst Robert C Moler.

If you do not have a Texas Instru-
ments hexadecimal calculator and work
with hexadecimal numbers, vou only
need to remember the number 84,

Here is how it is done. Allow two
decimal places for each hexadecimal
character and assign the values as fol-
lows: 0=00, 1=01, 2=02, 3=03, 4=04,
5=05, 6=06, 7=07, 8=08, 9=09, A=10,
B=11, C=12, D=13, E=14, F=15,

During addition, when the sum of
two decimal representations of hexa-
decimal numbers exceeds 15 (F), add
84 to it to perform the carry to the next
place.

Example:
Hexadecimal Keyboard

Number
184D 01 11 04 13

+1C85 + 01 12 08 05

37D2 02 23 12 18
X 84

02 23 13 02
+ 84 00 00

03 07 13 02 =37D2

For subtraction, when a borrow is
made from the next higher place the
result is in the range of 85 to 99, The
result is corrected by subtracting 84
from that place. Using the preceding
example, subtracting 1C85 from 37D2:

03 07 13 02
- 01 712 08 05
01 95 04 97
.
01 95 04 13
- 84 00 00

01 11 04 13 =1B4D

Although the limitation is four digits
on my 8 digit calculator, | still find this
method helpful when digging through a
hexadecimal dump.

Harold Pritchard
1801 Oxford St N
St Petersburg FL 337108
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Now

Any IBM SELECTRIC®
can be interfaced to
Any micro computer

» Unique mechanical design fits on to any style
SELECTRIC® without modification to the
typewriter

* Compatible with 8-100 bus; ES332, Parallel
and IEEE-488 ports

* Use your typewriter as a high quality output
printer with TRS-80, Apple, PET, Sorcerer,
Horizon, ste., ste.

Prices:* 8-100 $496.00
Parallel $525.00
RS232 $5490.00

IEEE-488 $660.00
*Pricos valid in USA only

Escon Products, Inc.

171 Mayhew Way, Suite 204,
Pleasant Hill, CA 94523

{415) 935-4590
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NORTH STAR * DIsKk OWNERS

THE most COST-EFFECTIVE MACHINE
LANGUAGE DEVELOPMENT SYSTEMS AVAILABLE
THE XL-8080 & XL-280 SYSTEMS

EDITOR "* Creale & modily scurce hslings using 15 powerlul
commangs. Provides stang searchireplacement, auto-hine

1 numbering, multi-gisk file slorage, aulomahc memory
managamenl. tbulit-in 1ab, printer Ishings and much mere. Also, a
MNorth Star-compatable hine edilor prowides rapid hine edil
capabilily

ASSEMBLER ** Processes source listings directly from disk
and oplionally slores binary coda in mamary orondisk Fealures

2 mulli-disk/file processing, multi-length labels, symbol table
hsting, conscle or pninter oulpul. etc. Allows any size program
[source or code) 1o be processed!

DISASSEMBLER ** Processes an objec! lLle on disk and
3 proguces source file slings bolh on a secand disk llle and onthe
console or prinlar,

TMAXIMIZES DISK CAPABILITY
“TUSES EXISTING DOS USER I/O ROUTINES
“"REQUIRES LESS THAN 16K MEMORY TO OPERATE

XL-BOA0 SYSTEM w/complele documeantalion ... ...,....... 5$38.95
XL-280 SYSTEM {same 35 above bul processes

Z60 Znog-lormal Mes ... L $58.95
XL-ZP/M SYSTEM (Z80 Assembler lar TP/M) ... ..o oL $53.95

Available al your local compuler store or by sending check or maney arder to.

COMCUTER P.0. Box 805
X | FHR}J&!ETE Mesa, AZ 85202

Dealer inguiries welcome
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Caontinued from page 10

tive], but the statement ):0 returns to
the start of the program rather than to
the last accept.

Also, two simple changes can save
one level of nesting each:

004A 7E E1AC JIN  UMP INEEE
004E 7E E1D1 JOUT JMP OUTEEE.

All of the above are simple modifi-
cations, but | rewrote the whaole program
to optimize i1 by using RAM in the
STACK area for LOC, CHR and FLG,
while deleting LST,

| am sorry to proposc these modifi-
cations only in MOTOROLA MG8OC
format but | am sure that anyone using
the 8080 can work it out on their own,

Keep up the good work for 6800
experimenters.

A De Longchamp
7600 Rousselot, Apt 6
Mantreal, Quebec
CANADA H2E 123

A TIMELY MODIFICATION
TO KIMER

We attempted 1o run a program from
Robert Baker's article "Kimer: A KIM-1
Timer" (July 1978 BYTE, page 12). We
found Mr Baker's statement that the
timer would run as a 12 hour clock by
changing the contents of a particular
address not to be true. After incre-
menting time at 12:59:59, the 12 hour
clock goes to 00:00:00. The proper time
{01:00:00) can be displayed by changing
and adding the following code:

0257 €O 13 cMP =3
0258 20 66 02 JSR  ™MIDD

0266 A9 =01 MIDD LDA =01
0268 85 FB STA PCINTH
026A 60 RTS

We hope thal this correction will aid
others in utilizing the KIM-1 as a 12
hour digital clock for demonstrative
purposes,

Alan A Leff

Donald L Boos

The Standard Oil Company
3092 Broadway Av
Cleveland OH 44115

GRAPHIC PRESENTATION

[ found the articles by |effrey L
Posdamer, "“The Malhematics of Com-
puter Graphics,” and Joel C Hungerford,
“Graphics Manipulations Using Ma-
trices,”’ quite interesting {see September
1978 BYTE, pages 22 and 156, respec-
tively}. | am pleased to sec (hat com-
puter graphics is becoming more popular
and useful at all levels. The article by
Posdamer was particularly interesting
because it closely parallels the material



ADVANTAGE
OF YOUR
COMPUTER?

N

ARE YOU
TAKING FULL

Then we want you. Assembled at the Per-
sonal Computing Festival of the 1979 Na-
tional Computer Conference will be scores
of experts with diverse backgrounds. Your

imagination cannot help but be triggered with new uses and applications
for your own computer. Over 25 technical sessions will cover such topics
as: languages, education, robotics, small business applications, speech
synthesis and recognition, and investment analysis. Live demonstrations
of applications by individual users will enable you to see the latest per-

sonal computing realities in ac-
tion. Commercial exhibits will bring
you up-to-date on industry offer-
ings in microcomputer products,
systems, and services. Take full
advantage of your computer by
attending the NCC Personal Com-
puting Festival at the Americana
Hotel in New York City, June 4-7.
For continuing information about
the complete computing experi-
ence at NCC, simply fill out and
return the coupon below,

——

NCC'79

PERSONAL COMPUTING FESTIVAL

Then we need you.
Y You have developed
E an application to a
point where your re-
sults are up to your own high personal standards. Speak to
us, and the world, at the NCC '79 Personal Computing Fes-
tival. You can help your friends and colleagues take full ad-
vantage of their own computers by presenting a paper, chair-
ing a session, or demonstrating your application. Valuable
prizes will be awarded for outstanding applications demon-
strations and for the best papers published in the NCC '79
Personal Computing Proceedings. Fill out the coupon be-
low, check the box on conference participation, and we’ll
send you complete information. The deadline for submit-
ting ideas and proposals is February 1, 1979. But remem-
ber...whether or not you're presently taking full advantage of
your computer, there's a world of information on the very latest
in personal computing awaiting you at NCC '79 in New York.

BYT

I c¢/o0 AFIPS, 210 Summit Avenue, Montvale, N.J. 07645
O Please keep me up-to-date on NCC ‘79 and its Personal Computing Festival.
O Please rush me information on participating in the Personal Computing Fes-
| tival program sessions.
O I'm interested in demonstrating my own personal computing application; please
send me details.
l O My company is interested in exhibiting at the Personal Computing Festival.
O Please send information on the NCC ‘79 Travel! Service.

, Name Title
Company
| Street

City State Zip
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presented in chapter 2 of our book,
Mathematical Elements for Computer
Graphics.

There are one or two small comments
that may be of interest. Posdamer states
that there are three basic transfor-
mations in two dimensions: translation,
rotation, and scaling. In the sense that
Posdamer is using there is of course a
fourth, namely, reflection.

Hungerford’s statement with respect
to projected views although technically
correct is confusing. In real life we see in
perspective, that is, all lines converge at
infinity. The projected view given by
Hungerford is technically an ortho-
graphic projection. In an orthographic
projection all parallel lines remain
parallel. Orthographic projections are
commaonly used for engineering draw-
ings. It is this type of projection that he
describes.

David F Rogers PhD

Prof of Aerospace Engineering
Director Computer Aided Design
Interactive Graphics

US Naval Academy

Annapolis MD 21402

TINY PASCAL

I would like to take this opportunity
to thank you for publishing the series of
articles about “A ‘Tiny' Pascal Com-
piler”” {September, October and Novem-

very much. | have considered {and am
still considering) obtaining UCSD Pascal,
but | do not own a disk system running
CP/M. This is why | have appreciated
your series of articles, since they did not
require a disk system and could be easily
modified for any 8080 system (I own a
MECA cassette operating system). | hope
you will continue having serious articles
about Pascal: by this | mean articles
perhaps extending Tiny Pascal's features
compared with full standard Pascal and
about structured programming in Pascal
or Pascal-like languages; | think | have
seen enough articles in all the personal
computing magazines lately comparing
the virtues and vices of Pascal vs BASIC
and the like.
Harvey E Hahn
14 N Highview
Addison IL 60101

CHESS 4.6 DEFEATED?

In reference to Norman Whaland's
article “A Computer Chess Tutorial’
(October 1978 BYTE, page 168): Chess
4.6 proved its weakness when it lost
to Duchess at the Jerusalem Conference
on Information Technology Computer
Chess Tournament on August 6 thru 9
1978. Chess 4.6 resigned after 59 moves
(copies of that game arc available upon
request along with a sclf-addressed
stamped cnvelope). Duchess had a clear

ber 1978 BYTE) | have enjoyed them lead well into midgame, but played

Add-In Associative Memory

for the S-100 bus

Discussed and dreamed about by
compulter scienlists for years, Con-
tent-Addressable Memory (CAM)
is now here at an atfordable price.
CAMs huave been so costly to build
that tew have actually been pro-
duced. Now Semionics has devel-
oped a simplified design, lowering
the cost by itwo orders of magnitude.
This new memory is called Recogni-
tion Memory {REM), since {like the
human brain) it can recognize words,
patterns, etc.

Adding a REM board to an ordinary
microcomputer converts it into a very
poweriul machine known as a Con-
tent-Addressable Parallel Processor
{CAPP).

Features:

4K bytes per board

Static— no refresh needed
Can be used as ordinary RAM
oras CAM

RAM access time; 200 ns

CAM qccess time: 4 us

Multiwrite —writing into multiple
locations with one instruction

Masking —for individual bit
access

Multiple REM boards accessed
in parallel

Janeary 19797 BYTE Poblicatigns Inc

Adds 17 associative memory func-
tions to instruction set of Z-80 or 8080.
Applications:

Pattern Recognition e Information
Retrieval ® Compiling & Interpreting
¢ Natural Language Processing e
Code Compression  Artificial Intel-
ligence

Price: §325

4K firmware package of REM
routines: $80

1 SEMIONICS

41 Tunnel Road e Berkeley e CA 94705
{415) 548-2400

Circle 323 on inquiry card.

rather aimlessly, picking off Chess 4.6's
pieces one at a time and leaving a lone
King to resign. The final standings were
as follows:

1. Duchess 3 points
2, Chess 4.6 2 points
3. Chaos 2 points
4, Qstrich 1 point
5. Tell 1 point
6. BS '66 '76 0 points

In addition, | have a program written
in Pascal to solve the 8 Qucens problem.
It was run on the Hebrew University
computer {CDC 64000) with the origina!
Pascal compiler: ETH Zurich {Release
2). The program works recursively and
contains more comments than actual
coding to make understanding easy. It
too is available upon request {with 30
cents in stamps to cover shipping). Also
available are a Magic Squares generator
and a Life generator written in Pascal.

Henry Nussbacher
570 Fort Washington Av
New York NY 10033

HEATH BIT

I recently purchased a DECwriter
{H36) for my H8 system which already
included an HS terminal. Difficulties
ensued when | tried to list lower case
text (such as this letter) on the H9, since
it interprets ASCI! code 140 thru 177
octal as 040 thru 077 octal. A remedy
for this situation was published in Sep-
tember 1978 BYTE, page 147, by
George | Frye, using an inverted bit 7
in place of bit 6 from the ASCil bus to
feed the H9 character generator. Un-
fortunately, the method described would
cause an erroneous signal to be sent to
the plot mode decoder, thus making that
function of the H9 useless.

Happily the fix suggested by Mr Frye
need only be slightly modified in order
to preserve the PLOT function and allow
lower case ASCIl to be displayed as
upper case:

1. Cut the foil trace from pin 1 of
1€206 to pin 22 of IC205.

2. Jumper from pin 10 of {C203 to
pin 11 of IC219,

3. Jumper from pin 10 of 1C219 to
pin 22 of 1C205.

| have made this change to my H9
and it works flawlessly. After | had
completed it, however, | noticed that
the inverted ASCIl bit 7 signal was
already available from {C203, Thus, the
unused segment of the hexadecimal
inverted {1C219 pins 10 and 11} need
not be used, and only one jumper is
needed:

1. Cut the fail trace from pin 1 of
1C206 to pin 22 of 1C205,

2. Jumper from pin 11 of 1C203 to
pin 22 of 1C205.

William W Moss
1507 Riverview Ln
Bradenton FL 33505


















GOTOlocks and the Three Sorts

In a package program on the dump of a
null allocation, there resided a very asyn-
chronous VERB who was commonly known,
in reverse Polish notation, as GOTOlocks.
GOTOlocks was a virtual card hopper, a
veritable TALLY-goer, a member of the
MOD function, for she was continually
GOTOing. Her run time was so elliptic that
there was no algorithm for tracing her or

Gwen Hadley her Turing machine.
520 E May, Apt 2 “l am queried of this dump routine,”
Las Cruces NM 88001 she asserted. “To GOTO is Greater Than to
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RETURN.” And her counter was dimen-
sioned around that password.

One day GOTOlocks multivibrated the
topdown on her Turing machine, imple-
mented her ascending key, converted her
scale factor for sequential access, made a
scientific notation of her default value, set
her level indicator at zero, and linked out
into the recursive overflow area of the in-
stallation. “l will have a real time for my-
self,” she stated.

Soon, her Turing machine arrived at an
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empty operating system which belonged to
the Three Sorts. There was a Major Sort,
an Intermediate Sort and a Minor Sort. The
Three Sorts were just taking a structured
walk-through the forest while their hash was
being debugged.

GOTOlocks inputted into the Three
Sorts’ priority system through their OR
gate and advanced to their hash table. She
sampled the Major Sort’s hash.

“There are too many bugs in it,” she
asserted. "“An adder would take care of
them.” She correlated four bits of cyber-
culture into the floating point. “At least it
can be upgraded by integrating a literal
queuing solution,” she commented.

NEXT, GOTOlocks tested the Inter-
mediate Sort’s hash. “This is too unde-
fined,” she printed. “No wonder it isn't
labeled. It could be a key punch with a little
binary addition.” She loaded some Garbage
Intoit.

Then, GOTOlocks sampled the Minor
Sort's hash. “What a smooth approxi-
mation!” she declared. And she simulated
the entire batch.

NEXT, GOTOlocks multivibrated into
the Three Sorts’ mass storage. Here, she
found three peripheral devices—a big peri-
pheral device, a medium peripheral device
and a tiny peripheral device.

She tried the big peripheral device. “This

is too ambiguous,” she stated, ‘I am Not
Equal to it. All | need is a simple basic
cycle.”

She tested the medium peripheral device.
*This is too digital,” she commented, '‘and
with its variable flip flopping | feel as if | am
loaded. There is no use making myself
Iliac.”

She tried the tiny peripheral device, and
it was just right. Just as she began to operate
it, however, it was truncated.

Finally, GOTOlocks entered the Three
Sorts' deck setup. She tried the huge source
deck, but it was too dimensional. '“What |
need,” she declared, ‘‘is something more
finite."

She tried the medium source deck, but
it had an embedded parenthesis in it. “This
could give one a BACAIC,"” she stated, and
moved on to the tiny source deck.

The tiny source deck was so very heuris-
tic that GOTOlocks was soon smoothing
away.

Suddenly, the Three Sorts returned from
their walk-through.

“Someone has been processing my hash,"
asserted the Major Sort.

“Someone has been processing my hash,”
declared the Intermediate Sort,

“Someone has been processing my hash,”
iterated the Minor Sort, *and it is all simu-
lated.”

They went into their mass storage.

“Somecne has operated my peripheral
device,”" asserted the Major Sort.

“Someone has operated my peripheral
device,” declared the Intermediate Sort.

"Someone has operated my peripheral
device,” iterated the Minor Sort, “and it
has been truncated.”

Finally, they linked into their deck
setup. “Someone has been scaling in my
source deck,” asserted the Major Sort.

"'Someone has been scaling in my source
deck," declared the Intermediate Sort.

"Someone has been scaling in my source
deck,"” iterated the Minor Sort, “‘and here
she is!"”

With that, GOTOlocks became on line
and listed through the source deck, and out
through the mass storage, and through their
priority system with the Sorts vibrating on
her trail.

She looped off in her Turing machine,
taking direct access to her dump routine.
“One would conclude that | am linked to
the 5th column,” she stated, making a
scientific nolation never to go into a recur-
sive overflow area again.m

Art by Lynn lrwin
717 Emery 5t
Longmont CO B0OSD1

Here is a little contest,
suggested by the level of
punmanship  exemplified
by this short story. To
enter, simply identify each
buzzword buried in this
story, write a short char-
acteristic explanation of
its use and normal con-
text, and return it to us at
BYTE magazine, 70 Main
St,  Peterborough NH
03458, attn: GOTOlocks.
But beware, some of the
buzzwords we haven't
even heard of.
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Theron Wierenga
POB 2007
Holland MI 49423

yhbles

“Word processor” is a term personal
computer people are hearing more about
lately. Just what is a word processor?
Essentially, it is a compufer system con-
sisting of hardwarce and sofltwarc that allows
one to enter and store text and have it
printed back upon command. Additional
features let the wuser cdit and manipulate
the text in various ways. The copy printed
back (o the user may be as enlered or it may
be right margin justificd, meaning that the
lines of text are adjusted so they linc up
on the right side {the text of this article is
both right and lefl justified). Various linc
widths are usually possible. Page numbers
and hcadings may be autematically added
to the text, and indices and tables of con-
tents may be generated using key words.

If you type a 20 page report, you will
probably make some¢ crrors. The report
may have to be retyped several times before
the final copy is acceptable. With a word
processing system, only the errors and

Table 1 (opposite): Com-
mands supported by the

Micro Word  Processor
along with the options
available.

A Micro Word Processor

changes would have to be retyped into the
system — a greal timesaver if the text is
lengthy.

The typical microcomputer hardware for
such a system might consist of a mainframe
computer, 32 K bytes of memory, dual
floppy disks, and a printer with proportional
spacing and upper and lowercase type. A
video terminal is also a useful addition for
entering and cditing text. The cost of such
a system can run from $7000 to $12,000.
Many businesses are finding such word
processing sysiems to be valuable assets to
their staffs, and well worth the investment.
This is especially true if much of the hard-
ware is already available and being used on
such tasks as payroll and accounting. But
what about the person who would just like
to produce a few form lctters or multiple
copics of a computer club newsletter? And
what about those of us who don't type
well?  Wouldn’t it be nice to have a word
processor that allows us to correct the

176

EXORciser Users' We’ve got your memory.

The 16K Static RAM for your M8800 EXORciser*
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Av

$495**

S|n?

The RANK 68MX16 features:

® 16384 bytes of fully static MOS memory in 4K
byte arrays. .

@ TMS 4044 memory chips with 450ns maximum

access time.

Plug-in compatible with Motorola 's EXORciser*,

Micromodules* an 2 Ki

Switch seleclable write protect for each 4K array.

Jumper selectable base memory address for

each 4K array.

Fully buffere bus interface.

le 15V su

lable in 8

memol

Nota kit

Full six month parts and labor warranty.

@ Shipment: Stock to 30 days.

RANK PERIPHERALS OF CANADA LTD.
PO Box 7, Yictoria Station, Montreal, P.Q. H3Z-2V8
{514) 481-5431

*Trademarks of Motorola Inc.

verslon same board with 8K of

chips -

$345.
~fully-assembled, bumed-in and tested.

**Single quantity price in US funds.
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Listing 1 continued:

COBRKAND? |- F i N o pcaeniedd Bac s eanteraad, wariteo! ben nrmbi
COPTESIQ1-9%)-01

JUSTIFY? N

THE DECLARATION OF INDEFENDENCENNY
Ue hold these truths to be self-evident: that wll men are created equal,
Lhat they are endowed by therr Creator with certain inalienable rights,
ihat among these are life, liberty, and the persuil of happiness. That Lo
secure Lhese rights, governments are instituted wmonq men, derivaing their
iusl powers from the consent of the governed.

CONNAND? P (10 bl o prntvid bock gestdad, walt o SI o line
COPIES(01-929)-01 width.)

JUSTIFYT ¥

WIDTH{D1-80)-B0

THE DECLARATION OF INDEPENDENCE

Ue hold these truths to be self-evident: Lhal all men are created equal,
ihat they are endowed by their Creator with certain inalienable rights, that
among these are life, liberty, and the persuit of happiness. That 1o secure
these rights, governaents are instituted among men, deriving their just powers
fros the consent of the governed.

LCOBKAND? M (4dn mcnreny St fer dow s Hne wddeesosl S end af e
218D fhoo The g L teore veteens corltsaf too Hie oo
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2050

21EF

2050 FF FF FF FF FF 34 08 20

2058 20 20 20 20 20 20 20 20 : 5 - .
2040 20 20 20 20 20 20 54 48 mistakes as we type? When T(inished, our

2068 45 20 44 A5 43 40 4) 52 comptter could type back the page to us

2070 4) 54 49 AF 4E 20 4F 46 without any errors

2078 20 49 AE 44 45 S0 A5 4E A )

3080 44 45 4E 43 45 ¢ 50 50 The desire for such a system led me to

;ggg gg 22 ;g ig :F 22 i’: §3 develop my own word processor. It is

2098 74 48 45 73 65 20 74 77 qe§|gncd ta run on a m!nlmal system uti-

DOA0 75 74 4B 73 20 74 6F 20 lizing the 80B0A type microprocessor, The

. 2 . . .

e b Sazp s erbe computer will need only a single serial

20BB 20 74 48 6) 74 20 41 &C inputfoutput (I0) port, some sort of hard-

2000 6C 20 &1 65 4E 20 &t 72 copy printer, and about 4 K bytes of

2008 65 20 63 72 45 &1 24 45 lthough | Id b d

2000 &4 20 45 21 75 &1 4C 2C memory, altnough less couid be used.

2008 0D 44 12 74 4B 41 74 20 The Micro Word Processor is a machine

20ED 74 88 43 79 20 61 72 &5 language program that cccupies 1 K bytes of
memory space. It was designed to fit into a
2708 type programmable read only memory.
The text typed in is stored scquentially in
programmable memory. The program is line

206D 20 85 SE 84 4F 77 65 44
20F0 20 62 79 20 74 48 b5 69
oricnted to make editing casier. Various line

20F9 2 20 43 72 45 &1 74 &F
2100 72 20 77 6% 74 468 20 63
2108 45 22 74 41 69 SE 20 49
2110 6E &1 6C 4% 45 4E &) 62
2118 8C 65 20 72 69 67 48 74
2120 73 20 0D 4E 14 74 6B &)
2128 74 20 51 &b 6F &F 47 20
2130 74 4B 65 73 65 20 41 72
2138 85 20 &C 69 84 65 2C 20
2140 6C 6% 62 65 72 24 79 2C
2148 20 81 GE 64 20 74 48 45

widths can be specified when the text is
printed back to the user.

The Micro Word Processor recognizes
seven different commands. They are: C
{clear), ) (jump), | (input), E {edit), L (list},
M (memory), and P (print). A summary of
the commands and available options is given
in table 1.

The clear command clears the file area
making room for new text to be entered.
The jump command transfers program
control 1o the system monitor located
clsewhere in memory. The /rnput command
allows lines with line numbers to be entered
into the file. Regardless of the order in
which lines are entered, the program will
place the lines in ascending line number
order. The edit routine is used to correct
errors or make changes in individual lines.
The line number and a key character are
supplied and edit slews through a line until
the character is found. Additional characters
can then be entered into the line or deletions
made. Ljst dumps out the entire file with
line numbers as it was entered into the
system. The memory function returns the
address of the last character in the file. The
print routine can either type back the file
as entered without the line numbers, or
print it with the user specifying the
maximum allowable line width. The Micro
Word Processor does not right justify, but
it does check to see if the next word will fit
within the allowable margins. If not, it
sends a carriage return and line feed to the
terminal and then continues printing. A
typical session using the Micro Word Pro-
cessor is shown in listing 1.

The 1 K byte Micro Word Processor,
written for the 8080/Z-80 and capable of
being implemented in read only memory,
plus further documentation, is available
for $4 postage paid from BYTE. Please use
the coupon below and order BYTE docu-
ment number 102.8

2150 20 70 65 72 73 75 469 74

2158 20 &F &6 20 48 41 70 70

Please send copies of BYTE Nybble #

at$ postpaid.

2180 49 4E 65 73 73 2F 20 20
2168 20 54 88 41 74 20 74 OF

2170 0D 4C 14 73 &5 63 5 72 — Check Enclosed

Signature

2176 &5 20 74 68 85 7Y 65 2

2180 72 49 67 48 74 71 20 20 Bill my BAC #

Exp Date

BB 67 8F 74 85 72 4E 4D &S

2190 6E 74 73 20 4 T2 45 20 Bitl my MC #

Exp Date

2198 &% 6E 73 74 69 74 75 74
21RO &5 44 20 61 D F 6E 47 N
2148 20 4D 45 4E 2C 20 64 45 ame

ZIBD P2 49 74 89 SE &7 20 74
21D &8 &5 &% 72 0D 30 18 44 Street

2IC0 75 73 74 20 70 &F 77 45

2108 72 73 20 46 72 6F &D 20 City State

Zip Code

2100 74 4B 65 20 43 46F 6E 73
2108 &5 4E 74 20 4F 468 20 74
JIEG &B &5 20 67 SF 76 45 72

BYTE Nvybbies Library, 70 Main St, Peterborough NH 03458

21EB &E &5 &4 28 OD FF 40 00 Nybbles
? You may phaotacopy this page if you wish to keep your BYTE intact.
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Listing 1, continued:

1#:2 e BeC?  SPE IF ND PART OF OF COUNT TASLE
1248~ SNE FANCN DeEF1IP IF SO NEED TO LuGK UF THE COUNT
12e8 MY & ) ITPY 1F MOT, COUNT MUST PE 1
1PEA aFT [ ANL MO MORE TN DO
VKR MANCH Cpt va FECA SEE IF LESS THAK Ok EQUAL 70 2
1782 N 3830 AR 18 IF SO EXTRACT THE BYTE
1R vy d o] POINT B TL SPXT #YTE
125 s DEC4 EURTRACT 4 FRO™ ACCUMULATOR
i IMEOMARSN CYEEYY TEY AGIAN

PECOFRETT ORM 4 +7 SFT FLAG I¥ A SURTRMACTED T ZEFD

1287 RLE a

DGUELE VALUF IN 4

127k KUY 3 4 47 SAVE A IN R

121 Lol A g e GET BYTE OF QPCUUNT INFORMATION
101h a7 P50 TAPZ1Y FXTRACT DATA IF 7 FlLAZ=Y

FD AlChe RLD 7 ROTATE ACCUMULATOR LEFY OWCE

1¢FY LIF c [t GNE LESS FOR OB

el Jn? LLae TIFI)Q RCTATE SUMY MChE F NOT ZEPO YET
1122 FITCs RLE 7 ROTATE VALUF TO hIT 7

1182 FLC o7 AND TO BIT )

1104 AT e} Eear FASK GUT hEST CF BYTE

11pf EFT co IPCCDE FYTE COQUNT 15 NOW IN A
AP ERLINIOONNNe R IR ERIntatiosetsetstesssstecettdtetiresestsnenes
. SHECY TAELE FOR 2YTe RWD JUMP TU CORRESFONDING ADLRESS hd

4055240 00E0PSP0000REIIPP000PEPIREERINEERIOUIBEINPOOPRERONNINOTRNEOROS

1167 TEC¥L Ing P r4 SCAEMENT LOOSP COUMTER

Tles TECL SCH )3 (33 OFCREMENT LOOF COUNTER

1igs ki CE IF B 1S ZERO, BYTE NOT In TABLL
11¢4 cHp e ¥ LFL IF RYTE IN TABLE

LIUE g7 TEL ('AH]\ iF SO, THEN NLEL ADDRESS

1i¢8E PRt ¢ i SXIP DATA 2YTE

1316 ¢ ShX :# 2.‘ ANL SX1F TEE TWwO

e 1w # 22 SUBSESUENT ADDRESs BFYTES

1111 I TROY C32311 BC THF LOOP AGAIN

1114 TECE POV T 723 RESTORE STACK POINTER

111 Ih) E 2 FOINT TO LOw ORDER ADDRESS mYTE
111F Jup HLIMP CI!T‘t'vH GET ADDKESS AND MAKE JUMP

(LY T TYY LYYy BOLSANSRNANPOOSELTEIIEEE IS IO EOIGNEINOPOCUENIINONONENES

. SYSTEM TYPL OFCCDES--RIGH CRLEF OCTAL PART IS 3 .
¢ A JUFP 13 FADE TC THE APFROPFIATE ROUUTINE CONSISTENT .
» VITE THE TOILCWING OCTAL OFGANIAZATION OF THE GPCODE .
L] »
. WETYF. EXCYC , 2RTYP  LEFCYC . CALTY . EXCYE . FXCYC LRSTTY .
- »
* M@ . 3Rl . 3 . B2 . 3x4 . SXE L AXF L 37 .
. L R I I I I R R L I I I A I I R R »
. PNZ . POF % . JNZ . JMF . CNZ . PUSH b . ADI . RSTA .
. FZoLFET . 17 Lomee L L2 L CALL . ACl . RSTI .
. ANC . —=- . NG . DUT . CNC . PUSE F . Sul . FST2 .
. RS . POPR . JC LINLcc .- SE RST3 .
. RFG . PERL . JPO . XTHL . CPO . PMSH § . ANI . RSTa .
. RFE . FOF 4 . JPE . XCBS . CFE . —-—— . Xpl . RSTS .
. ap . POP P . JF . DI .CP PUSK P . CFl . RSPE .
. RPLSPEL . M U EL . gh - CPL . RST? *
L -
. KOTE: .
. Jep, BET, ZALL, AND BCBL SAVE SEEN ELIMINATED .
* L]

»

FROM CONSIDERATION AT THIS POINT

CLEIYT L LE e LT E R P L et L L L e L T T L LI E LL  P R Y Yy ]

1119 SYEQP LI B SYTEL 21151@ GzT START OF SYTHL ADDRESS

1 LEA  EXCF 2ADeIF GET OFCCDE

1117 ANE e? ES@?  GET LOW CRDER OCTAL FART

AR EARZIA RSN ISACUCEHANE RS I NI NI E NN EANEN RPN R AGAC RO EF PR OB NASSHARAIRERRNARESR
a INDIRRCT JWMP COMPUTF ROUTIANE .
ARERERESAFI VARSI ARF I PR SR AENS VNN A RUARD RSB IA PN R R RS DR AP GESNEESSRROBERRN
1121 INJHP ADT A a7 EULTIPLY BY TWO

1122 vov i A EF SET UF FOR COMPUTIAG

1122 vl D 2e 1€€2  THE OFFSET

112" aw D 15 COMPUTE TAE CFFSET

F1a6 BLJMP MOV £ 4 5E LOV ORDER ADDRESS

1187 20 S 22 POINT TO HIGH ORDER ADDRESS

1108 “wy o0 - %€ RISR ORDER ADLRYS

1126 XCHS A “OVE TC H-L

1154 PCHL [ 43 MAKE TRE JUMP

FEAEERISIPITANRNS LSS PENINIEIGA RS INNOEIUN ORI ENNAENOENINSOEOAEERRNIISIPOEY
. INSTRUCTION SYMULATION ROUTINES .
CANSIREINISEEN IS IEORENOIRNPIBRNENPEEP NI PNGRIRARIHASP000CE0EONNRUREARAINES
11k FCE LE-D  LSAVE 2ALELF GET ORIGINAL VALUE OF B-L

10k CELE FEAVE 27L1LF UPDATE PROGHAM COUNTER

1121 Jp FIM] €2721¢ FINISBED

1134 BHTYE LELD  EX0P1 TAUILIF SFT USER'S JUMP-TO ADDRESS

1137 LCHS Eb FASS I D-E

t1a- itk NATH 213F11 SUCCESSTUL JUMP ADDRESS

112F JYP  BECE Cl4E1) COMPLETE BRANCH OPERATION

V1T JPESC LULL  MSTCE ZADGIF CET JUMP ADDRESS FAGM MSTC2

1141 SHLT  FSAVE 2¢E11F STORE THE ADDRESS

1144 JuP FINI C37D1@ JINISPED

1547 CALTY LHLD EXOF) TADVVF GET USEK'S CALL ADDRESS

1144 X CHG EF PASS IN D~E

114B Xl calsS 217511 SLCCESSFUL CALL ADDPESS

1148 BR3D  533Lb EXCPY 22B811F HFPLACE JUMP ADDRESS [N AaAM

1181 XCHG £B PASS USER’S SAVED ADDRESS IN H-L
1152 JMF FLES €2+811 KESTORE FLACS AWD EBXBCUTE

1158 BETYR LAl 8 RETSC 21€431) RETURN SUCCESSFUL ALDRESS

1166 FLIS POP POy F1 3LSTORE FLAGS

1189 PUSH  PSh Fe SESTORE STACK POINTER TO MSTCE
11954 PUSE B E& PUT USBR“S ALDRESS AT MSTCK-2
11°P X1 H FiNG 217D1¢ ZET RETURN POINT

J1ZE SHLT  EXOP4 72DALF FOR UNSUCCESSFUL CALL/RET

11€1 JrE EXOP CIL¢)F EXECUTICN 5TEP

Y164 RTTSC LALD  SSAVE 23DFIF GET ORISINAL STACE POIATER VALUE
1107 SPHL Fa RFSET STACY POINTER TO THIS VALUY
Pire BUP K 3 RETURN ADDAESS ~ ORIGINAL STACE
116 IMp o SpvRE CIEQY1Y UFCATE PSAVE AND SSAVE

V140 RSTTY Lba EXOR 3ALPIF SET OPCODE

ticF avl 28 EG®4  EXTRACT MIDDLE ORDER OCTAL PART
1171 voy L ] tF WRICH IS5 LOW ORDER ADDRESS

1172 Myl P e zcze FILL B WITH @°S

1174 PUSH B SAVE AT MSTCK-2

1178 CALSC LHLD  55AVE "A[Fli’ GET ORIGINAL STACK PCINTER VALUE
1174 SPRL Fo %ESET STACK FOINTEn TO THIS YALUE
1376 LHLD  PSAVE 2AF11F 3FT RETURN ALDRESS AFTER CALL
117¢ FUSH E £S PUT 0% CRIGINAL STACK

1171 LHLD  MSTCZ ZAUF1E JET CRICINAL CALL ADDRES

11EQ SAVPS 3HLL PSAVE 22F11F LFDATE FSAVE TO CORRECT ADDh!SS
1173 (TR | veep 210899 FILL H=L #¢ITE @°3

11=€ Zal 3P 20 GET VALUE CF STACK POINTER

11E7 SHLI SEAVE 2zUFIF SAYE = WEw VALUE OF STACK FOINTER
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tion, Furthermore, all these branch type
instructions have about eight other varia-
tions depending on flag conditions. Sa we
must:

1. Save the original address.

2. Substitute our own address.

3. Restore the flags.

4. Decide whether we branched or not,
and take the appropriate action.

The appropriate action is:

Update PSAVE depending on
whether the branch occurred or
not.

2. Update SSAVE depending on
whether a stack operation occurred
or not.

Note that the instruction PCHL (replace
the program counter with value in H and L)
needs special treatment. A halt instruction
should not be executed!

This necessitates a lot of branching
around depending on what we have to do.
The code may take some study te under-
stand. The entry point is at 1000 hexa-
decimal (all numbers are in hexadecimal).

Upon entry it is assumed that PSAVE is
set to the starting address. Space is provided
for a jump to a user-defined display routine
and to return to the user's monitor. The
reentry point is at SSTEP. The ORG for the
programmable memory execution area
allows about 30 bytes of an auxiliary storage
area after the register save area and before
the end of the 1 K byte block of memory. In
practice, the setting of MSTCK controls the
register storage location.

Author’s Note:

The program in listing 1 has been written
for use on the 8080 microprocessor based
Hewlett-Packard 2649A terminal. This is to
be used in conjunction with a disk storage
system as the controller for 40 point of
sale cash registers of a large department store
chain. That is my professional interest.

This code was adapted from the original
(and well debugged)} source code. It should
woark fine. It is in a somewhat nonstandard
Intel 8080 assembly code format. There are
a few abbreviations and fixed format. Mostly
! wanted to present some of the concepts
that are involved.

! have an IMSAI which [ am configuring
from the ground up. The whole monitor
with display, change, go, single stepping
and breakpoint commands takes abotit 1 K
bytes of memaory.®



BUSS

The independence of s.sc is @ crucial factor in
its significance to users (and prospective users)
of Heath Co. computers. Information on new prod-
ucts is presented to 5us. readers as it leaks cut
of Benton Harbor, not held back to suit the plans
of the manufacturer. This has been true from its
first issue, which directed attention to the 8080
and LSI-11 months before any advertising appeared
on the HB and H11. iuss features candid accounts
of owners' experiences with their computers--this
is far more valuable than an article based on the

The Independent Newsletter
of Heath Go, Computers

Circle 32 on inquiry card,

BUSS

opinions of a single reviewer. It shares news of
compatible hardware & software from other vendors
as well as reviews of books that can help you get
the most out of your computer system.

Every issue of bBuss travels by first class mail
{outside North America it goes by air for only $2
extra). Your 12-issue subscription can be on its
way to you within a week. You have the choice of
starting either with the latest issue or with all
available back issues. Send $7.50 to Buss, 325-B
Pennsylvania Ave. SE, Washington, DC 20003.

Solution to Machine Language Puzzler (scc page 52)

The subroutine calls itself, and an infinite
loop is set up that is exactly one instruction
in length. Each time the CALL is cxecuted,
however, a return address of 0000 is pushed
onto the stack. As a result of the LXI SP,
FFFD instruction, the stack area will begin
immediately adjacent in address to the
CALL (recall that PUSH causes stack data Lo
enter one address below that of the current
stack pointer). Furthermore, the stack will
grow away from the address of the CALL
instruction.

At first, the LXI instruction code will be
replaced by Qs, which is the value for each
byte of the CALL’s return address. As time
progresses, two bytes at a time are cleared
as 0000 return addresses are repeatedly
pushed.

Eventually, all memory lower in address
than the CALL will be clearcd. When the
stack attempts to grow below address 0000,
it will wrap around to the top of memory
and begin to affect the CALL instruction
coade. Since the last byte of each push enters
an odd address, a byte pair constituting the
0000 return address will enter at hexa-

decimal addresses 0000 and FFFF, respec-
tively. This action changes the high byte
of the CALL address.

The next CALL will then be to address
00FD. Since Os have been written in all
other memory, the processor will execute
NOP instructions until address FFFD, when
onc [linal CALL will be executed. This time,
the last two remaining bytes of nonzero
code {the CALL instruction code) are over-
written with zeres. Henceforth, starting at
address FFFD, the processor will cycle
through memory in NOPs, forever. In short,
all memory is cleared and the processor
hangs up.

The same operation occurs as in part {(a),
except  when the NOP instructions are
executed. We assume, as is typical of most
machines, that uninstalled memory returns
hexadecimal FF when addressed. In  this
case, FFFD and FFFE are not cleared,
because FF, when executed, causes a RST 7.
Now 0107 as a return address to RST 7 is
pushed repeatedly, and eventually LXI B,
01071 is exccuted lorever in a loop between
hexadecimal addresses 0000 and 07102.m

DAM

DATA
ACQUISITION
MODULES

MEASURE - RECORD - CONTROL

TEMPERATURE
DIRECTION
PRESSURE
LIGHT LEVELS

GREENHOUSES

SPEED

WEATHER STATIONS
NOISE POLLUTION

pH

EARTHQUAKE TREMORS
VELOCITY
ACCELERATION

GAMES

db

POLLUTION CONTROLS
DARKROOMS
HUMIDITY

LIGHT

JOYSTICKS

Circle 77 on inquiry card.

YOUR COMVMPUTER

AIM161 STARTER SET

NOW YOUR COMPUTER CAN LISTEN TO THE
REAL WURLD yOU GET 15 8 BIT ANALH
INPUTS WITH OUR Almid

POW1

1ICON

ENERGY CONSERVATION EQUIFMENT

CONNECTICUT microCOMPUTER

750 POCOND ROAD - BROOKFIELL. CONNECTICUT OG04

{203 275-9659

AIMi6l

16 ANALOG INPYTS
4BITS 100 MICROSEC

POWER MODULE

INPUT CONNECTOR - 20 PINS

" SOLDEREYELETS

QUTPUT CONNECTOR - 18 PINS

SOLDER EVELETS
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START

Elements of Statistical Computation

5:0 %0
N=5H =5
T=1 I1:=1
INPUT X1 INPUT X
1=T+4 S5:5+¢X

NO I=141
YES
=

1=

NO

S=S+Xx(I}

I=1+i

YES

M=5/N

|

PRINT ™

Figure 1: Calculation of the mean of a set of data. Using this method, the
data values are used twice: once for input and the second time for summation.

M=S/N

PRINT M

Figure 2: Second method
of calculating the mean
of a set of data. The data
is examined only once and
it does not need to be
stored.

The method is wasteful of both time and memory.
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Alan B Forsythe, PhD

University of California

Health Services Computing Facility
Los Angeles CA 90024

The mean (average) is a frequently used
statistic Lo summarize a set of data, It is used
to report a typical value, For example, sup-
pose we surveyed five automobile dealers
and asked the price of the super luxury
model car. The prices quoted for Lhe car are:

Price

$48,499
548,503
$48,500
$48,498
$48,500

Dealer

W W —

We could report the average price as:

{48499+48503+48500+48498+48500)
S

The sample mean price is $48,500.

The mean is defined as the sum of the
values divided by the number ol values.
This can be written using the symbol X (the
Greck capital sigma) to stand for the result
of summation. The average of N values is:

mean = —IE
N
The sigma indicatles a serm over all the data
points.

Let's look at two algorithmic flowcharts
for the calculation of the mean., The Ffirst,
figure |, reads all the data and stores it in
array X. Next, it sums the values and per-
forms the division. The second flowchart,
figure 2, takes advantage of the fact thal we
really do not need to kcep the values in
memory to form the average. Each value is
added to the total sum as it is entered. The
program loops through the data once rather
than twice. The sccond method is more effi-
cient because it uses less memory, is faster,
and uses fewer instructions, This difference
in efficicncy may not be critical when only
five values are being averaged, but when
many observations are involved, the impor-
tance increases.



10 REM FIRST PROGRAM TO CALCULATE THE MEAN 10

20 DIM X(5)

30 LET N=5

40 LET $=0

50 FORI=1TON
60 INPUT X1}
70 NEXT)

80 FOR (=1 TON
20 LET S=8+X{I}

30 LETN=5
40 LETS=0
50 FOR I=1 TON

60 INPUT X
65 LET S =85+X
70 NEXT I

110 LETM=S8/N

REM SECOND PROGRAM TO CALCULATE THE MEAN

120 PRINT "THE MEAN IS "; M

100 NEXT I 130 STOP
110 LET M=S/N
120 PRINT “THE MEAN IS ;M *RUN
130 STOP 748499
748503

s

. 748498
748503 Listing 1: BASIC program 748500
gggggg to perform the algorithm THE MEAN 1S 48500
748500 given in figure 1. Note the

THE MEAN 1S 48500

There is another difference worth men-
tioning. A noticeable pause between the
entry of the last valuc and the printing of
the average may result when the program in
listing 1 is run, since the calculations are
concentrated at this point in the program.
Since the program in listing 2 daes the sum-
ming after each data entry, the effect is a
quick final response. Of these 1two methods,
one is more efficient even though both
would give the same answer.

There is another statistical calculation in
which we can casily obtain the wrong answer
unless we are careful. The average of a set of
values gives only part of the picture. You
may have heard of the man who drowned in
a river that had an average depth of two fect.
He happened to be in a section that was
12 feet deep. The moral is that we often
want to know how much the values vary
from the mean. This is commonly reported
as the standard deviation. The usual symbol
for the mean is X (read this as **X bar"’) and
the standard deviation is abbreviated as the
letter s. It is also convenient to have a name
for s2. It is called the variance, and its defin-
ition is:

7 _ 1 -

s = N_—12' (X-X)2

where N is Lhe total number of samples
taken. [t follows, then, that the standard
deviation is:

5 =“ N——]TE (X—y)2

The sigma {Z) once again tells us that we
are to perform a sum. This time we sum the

5

storage of data in array X.

deviations from the mean after we have
squared them. That is, for each value we first
subtract the mecan. Next, we multiply the
difference by itself to form its square. We
add these squared differences for all the
values and then divide by N—1. The last step
to obtain the standard deviation is to take
the square root of s2. It is calculations like
these that make statisticians  appreciate
compulters.

Before we move on to programs for the
calculation of the standard deviation, let us
work through these calculations for our
example automobile prices. Remember that
the average price was $48,500. The price
from the first dealer was $48,499. The first
dealer deviates from the mean by (49,499—
48,500} or —1 dollar. The square of this
deviation is 1. That is the first part of our
sum. The squared deviation from the average
for the second dealer is 9, and so on. The
sum for all five dealers is 14. When we divide
by 4 and then take the square root, we
obtain a standard deviation of 1.87. The
smaller this value, the closer the set of obser-
vations are to their mean. A large standard
deviation tells us the data varied greatly
from obscrvation to observation. A standard
deviation of zero says that all the observed
values were equal to each other,

If you were to go Lo a statistics book you
would probably find another formula for
this calculation which is sometimes called
the computing formula, This method of cal-
culation uses the fact that £ (X—X)2 is alge-
braically identical to £X2—NX2. This tells
us that we can calculate the sum of the
squares of the individual values without sub-

Listing 2: BASIC program
to perform the algorithm
given in figure 2. It is faster
than the program in listing
1, since it uses the data
only once. It also uses less
memory space since the
data is not stored.
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tracting the mean cach time. We can multiply
the square of the mecad by N and subtract.

Mathematically these two formulas give
the samc answer. Numerically they are
different. Why? They differ because our
computers do not store or calculiate numbers
perfectly. I cach number is stored in our
compuler in four 8 bit byles, or 32 bits, we
have about 7 digit accuracy for any single
step in our calculation. The secend formula
lets the errors accumudate. This Tact is not
considered in  the mathematical  proof.

10 REM POOR PROGRAM FOR CALCULATING THE
15 REM MEAN AND STANDARD DEVIATION
20 LET N=5

30 LET S$=0

40 LET §2=0

50 FOR I=1 TON

60 INPUT X

70 LET S=S+X

80 LET §2=82+X"X

90 NEXT |

100 LET M=S/N

110  PRINT “THE MEAN IS ", M

120 LET D=N‘"M"'M

130 LET V=(S2—-D}/(N-1)

140 LET S=SQRT(V]

150 PRINT “THE STANDARD DEVIATION IS ;S
160 STOP

*RUN

248499

748503

248500

248498

748500

THE MEAN 1S 48500
THE STANDARD DEVIATION SO

Listing 3: Incorrect program for calculating the mean end standard deviation
of a set of data. This program correctly caicufales the mean bit areives al an
incorrect value for the standard deviation.

10 REM REASONABLE PROGRAM TO CALCULATE
15 REM MEAN AND STANDARD DEVIATION
20 LET N=5

30 LET S=0

40 LET §2=0

50 FOR I=1 TON

60 INPUT X

65 LET D=X-§

70 LET S=5+D/I

80 LET §2=82+D* {X-§)

90 NEXT I

110 PRINT "THE MEAN IS” ; §

130 LET V=82/(N-1)

140 LET 8=SQRT(V]

150 PRINT “THE STANDARD DEVIATION IS ™, S
160 STOP

*RUN

248499

248503

248500

743498

748500

THE MEAN 15 48500
THE STANDARD DEVIATION IS 1.87083

Listing 4: Accurate program for calculating the mean and standuard deviation,
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Why is this second form given in books?
First of all, some calculators work with
morc digits than many personal computers.
Secondly, it is much easier and faster than
using the formula for the definition. The
Hewlett-Packard HP-21 calculator shows 10
decimal digits, as does the Texas Instruments
SR-52. They can afford the luxury of round-
off error that seriously hurts those with 32
bits. Before we show how we can almost get
the best of both worlds, lel us look at the
numerical results of using this calculating
formula on computers in which each number
is kept in four bytes. (The IBM 370 single
precision and many microcomputer BASICs
are just two common cxamples.)

The program in listing 3 correctly gives
the mean as 48,500. The standard deviation
is computed to be 0. This is incorrect. All
the prices are not equal to 48,500. Several
books of BASIC programs include the calcu-
lation of the standard deviation. Those |
checked out give the wrong answer for this
sel of data.

We know that we get accurate results if
we first calculate the mean and use the dif-
ferences from it in our calculation of the
standard deviation. But we would like Lo
avoid keeping all the data values in memory.
Another alternative is 1o cnter the data
twice, but this seems unrcasonable. A com-
prontise between the two calculating forms
that is not very sensitive 1o the accumulation
of roundoff errors is available, The principle
is to calculate a provisional mecan as cach
value is entered, and to square the deviations
from this mean.

The program in listing 4 reports the stan-
dard deviation for this set of data correctly
as 1.87. This program is not as obvious as it
may look. Notice that line 70 has a division
by | and not N in the calculation of the
mean. Line 80 also has a little trick. The
product of D and X=S is not D*D, because
S has been changed since D was last calcu-
lated. If you have trouble working through
the algebra, put print statements after lines
65, 70 and 80.

While writing statistical programs for
microcomputers, | have been reminded of
several important facts | hope you will keep
in mind. Good programming takes thought.
We must balance several factors: speed,
accuracy and memory requirements. Algebra
is an essential tool, but we must remember
that our machines have finite precision and
adjust our program accordingly. A small
machine can be quite potent, given adequate
software.m
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Figure 1: A logic probe (£] PR [T $ 15K
test circuit. The probe has

an audio oulput with two
different tones, one for a
high logic level, the other
for a low logic fevel. Two
LEDs monitor both single
pulses and pulse trains.

James L Woodward

186

January 1979 @ BYTE Publicaticns Inc

An Audible Logic Test Probe

Most logic probes require the placement
aof a point on the lead to be checked and the
surveillance of a light emitting diode (LED)
indicator. In a well-lit room, this is some-
times difficult to interpret and often re-
quires three hands. The probe offered here
has an audio output that is off when the
probe is floating, emits a low tone for a
low state, and a tone one octave higher for
a high state. Pulse trains and single pulses
are monitored with a pair of LEDs, and the
probe can be anything from a rough length
of wire to a lead clip; none of the values
are critical.

Construction

For use as a simple state checker, the
construction is completely noncritical.
However, if the circuit is to be used to
measure high frequency circuits, it should
be built using good technique, with plenty
of bypass capacitors on a good quality

board. Note that there are audio frequencies
to be bypassed as well as high frequency
information {2 couple of capacitors in the
microfarad range across the power supply
would be wise}. Practically any NPN transis-
tors will do in the circuit of figure 1.

Theory

The timer, 1C2, is wired to produce a
pleasing tone frequency for the high state.
This is divided by twe by 1Clb for the
octave-lower low output. With no voltage en
the probe, the 330 £2 resistor on the emitter
of the transistor holds pin 8 of 1C3c high,
despite the audio on the other input.
Similarly, pin 2 of IC3a floats in a high state.
The signal is inverted by 1C3a and holds the
output of 1C3b high. With both inputs high,
IC3d is low and, while a small DC current
flows through the speaker, no sound is pro-
duced. A high level on the probe has no
effect on 1C3a and 1C3b, but allows the






Circle 2 on inquiry card.

MAXIMIZE

YOUR MICRO!
8080/Z80 System Software

Purchasing a microcomputer system, even at
today's low prices, is a significant investment.
And to utilize that investment to its full extent
requires a solid base in system software. Don't
just accept what comes with your hardware . ..
there’s a better alternative!

OPUS/ONE: Business-oriented, block-struc-
tured high-level language. Includes such
capabilities as extended arithmetic precision
{up to 55 digits), multi-character variable
names, and easy tc use string operations,
[nciudes a built-in DOS with random access
files.

OPUS/ONE......covviiieienns $99.00

OPUS/TWQ: Extends the capabilities of
OPUS/ONE with such features as error trap-
ping, machine code and OPUS subroutine
calls, overlays, and more disc file commands.
OPUS/TWO ... e $195.00

FORTE: An OPUS run-only system monitor,
perfect for end-user installations. Runs all
OPUS Language programs.

FORTE......ccviieiiaannaannns $60.00

S.0.5.: (Single-user Operating System} A full-
function DOS which includes OPUS/THREE,
a text editor {TEXTED), an assembler
{ASSEMBL), and a package of useful system
utility programs.

S0 e $385.00

TEMPOS: The uitimate microcomputer
system software package. A multi-user/multi-
tasking DOS which will handle up to 7
interrupt-driven terminals simultaneously, in a
true time-sharing erwironment. Includes
OPUS/THREE, TEXTED, ASSEMBL, and
many utility programs.

TEMPOS ... iiiiiiieienns $785.00

All packages are upward-compatible. That is,
pregrams and data developed under
OPUS/ONE may be run at any higher level, up
to and including TEMPOS.

Standard device drivers are available for many
common peripherals; all packages include
System Generation capability, allowing the
user to interactively add drivers for any /O
device, including disc drives.

Like to know more? Circle the inquiry number
below or contact your dealer for your free
copy of our system software brochure! For
complete information, order your user's
manual now, and we'll apply the price toward
purchase of the software. Please add $1.50 per
manual {set) for shipping/handling within the
LS. (Master Charge and ViSA accepted).

OPUS User's Manual. ............. $12.50
5.0.5. Set {inc. OPUS Manual)..... $20.00
TEMPOS Set (incl. OPUS Manual). . $20.00

Dealer & O.E.M. inquiries invited.

ADMINISTRATIVE
OCISYSTEMS
OCIOINC.
u|m

1642 S. Parker Road, Suite 300
Denver, Colorade 80231
(303) 755-9694
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in order to gain optimum
covergge of your organization's
computer conferences, seminars,
workshops, codrses, elc, notice
showld reach our office at least
three months in advance of the
date of the cvent. Entries should
be sent to: Event Queuve, BYTE
Publications Inc, 70 Main St
Peterborough NH (03458, Foch
month we publish the current
contents of the queue for the
month of the cover date and the
hwo folfowing calendar months,
Thus a given event may appear
as dany as three times in this
section ff it /s semt to us far
errough in advance.

January 8 & 9, The First International
Symposium on Mini and Microcomputers
in Control, Islandia Hyatt House, San
Diego CA, The symposium is sponsored
by The International Society for Mini
and Microcomputers [ISMM) and IEEE
Control  Systems  Society. Ower 50
papers are 1o be presented including
tutorials and surveys. Contact Com-
puters in Control Symposivm, POB
2481, Anaheim CA 92804, (714)
F7d6144.

January 8-12, Structured Program-
ming and Software Engineering, George
Washinglon University, Washingion DC,
This course is designed for experienced
program architects, designers and man-
agers. |1 will provide up 1o date technical
knowledge of logical expression, analysis
and invention for perferming and man-
aging sollware architeclure, design and
production.  Presenwtions  will cowver
principles and applications in structured
programming and software engineering.
Dcesign  workshops with  analysis  and
review sessions will provide aclual prac-
tice in problem solving. Conlact George
Washington University,  Continuing
Engincering Education, Washington DC
20052,

Janvary 11-13, Software Engineering for
MinifMicrocomputer Systems Seminar,
Airport Marina Holel, Los Angeles CA,
Polytechnic Instituile of New York and
the Instilute for Advanced Proflessional
Studies are presenting a 3 day seminar
Tor hardware designers and programmers,
This seminar will cover computer system
desipgn concepls within the context of
the operation and application of the
LSI-11. Contact Prof Donald D French,
Institiite  For Advanced Professional
Studies, 1 Gateway Ctr, Newlon MA
02158, (617) 964-1412.

January 12-14, PerBizComp '79, Wash-
ington Hilton Hotel, Washington UC,
Business and personal microcomputer
show, Conlact Felsburg Associates Inc,
12203 Raritan Ln, POB 735, Bowije
MD 20715, (301} 262-0305.

January 15-17, Bit-Slice Microcomputer
and Digital System Design Seminar,
Airport Marina Hotel, Los Angeles CA.
Polytechnic (astitute of New York and
the Institute for Advanced Professional
Studies are presenting this 3 day seminar
for digital systems engineers. This semi-
nar will cover review of computer
architecture and organization, design
principles for bit-slice digital systems,
introduction W microprogramming, de-
tailed study of the 2900 bit-slice family
and comparison with similar hardware,
survey of firmware aids and support
lools for system development, an intro-
duction lo emulation techniques, and
trends in bit-slice digital system design.
Contact Prof Donald D French, Institute
for Advanced Professional Studies, 1
Gateway Ctr, Newton MA 02158, (617)
964-1412.

January 15-17, Minicomputers and Dis-
tributed Processing, San Francisco. This
3 day seminar will examine the uses,
economics, programming and implemen-
tation of minicomputers. Contacl Philip
M Kowlen, director, Center for Continu-
ing Cducation, The University of Chicago,
1307 E 60th St, Chicago |L 60637,

|anuary 16-18, The Seventh International
Symposium on Mini and Microcomputers,
Cisneyland Hotel, Anaheim CA., The
symposium is sponsored by The Inter-
national Society for Mini and Microcom-
puters. The symposium will cover all
aspects of mini and microcomputers
and their applications. Over 60 papers
are lo be presented. Contact MIMI'79
Anaheim, POB 2481, Anaheim CA
92804, {714] 774-6144.

January 17-19, Distributed Minicom-
puter Networks, Ramada Inn, Arlington
VA, This seminar will address the mini-
computer from the viewpoint of the dis-
tributed network user. The structure and
management of a large data basc and
software problems with the tradcoffs of
languages utilized, hardware types, input
and outpul options, gevice controllers,
system  failure and recovery, sample
application case studies and the econom-
ics of minicomputer applications will
be covered in depth. Centact The Insti-
tute for Professional Education, Soite
601, 1901 N Fort Myer Dr, Arlington
VA 22209, (703) 527-8700.

January 24-27, [International Micro-
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PLACE ORDERS TOLL FREE:

800/421-5809
800/262-1710

Continental U.S.
inside California

MICRQPAOCESSORS

This 64-character ASCIl impact
printer with 80-column capability

EXPANDOR'S BLACK BOX PRINTER

TRS-80 @forpic v

MEMORY EXPANSIDN KITS

FE 16 95
260 42WH | 2000 | is portable and uses standard 411¢’
ZB00 e 2500 | 8% paper and regular typewriter 6's
AMZ901 20000 | ribbon. Base, cover and parallel 8 for $85.00
6502 1195 | interface are included. Assembled {16Kxl, 200ns)
G800 1695 | and complete with manual and . 5
6802 2500 | BOC CO includes dip plugs and
80081 12.95 ocumentation, instructions
8035 - noo only $430.00 —_
oson 1990 | (90 day manufacturer’s warranty) * TRS-80 Kit w
THIS9900TL 49,95 ——— e {16KxI, 300ns)
8080A SUPPORT DEVICES TRS—80 Interface Cable for Black Box Printer includes connectors and
8212 290 | with mating connectors:  $48.00 instructions
gg:é g';’g {must be used with expansion module, +8v/1 amp power $980.00
8224 2MH a3 | supply requiredt
B2 AN 992 | Power Supply for TRS—80/Black Box Printer $49.00 ‘ ’
8228 5 a0
E218 6 At Low price moludes BSO0OB0A
b 5| THE  whsn, | seDmacs aak ’
8o i CU M
820 2000 | IR 2% Fom eves se i e 000 | DYNAMIC RAM BOARDS
e 2000 e pune. Assm. & Tested  5149.95 EXPANDABLE TO 64K
B275 75.00 P Manual are Boar .
e 59 $179 Proganmng N 32K VERSION « KITS
6800 PRODUCT Ca Keyboard Disphay A IDE: ESO Uses 4115 (8Kx1, 250ns)
68:10P 4.00 with provisions for ONBOARD Dynamic RAM's, can be
5820P G.6C 2708 and POWER ON JUMP . "
SS;;,’: 1?:22 m $M5 2 MHz ::;p;zr\ged in 8K increments up
683ap 16.95 m-‘ Kit $135.00 8K $199.00
Eg,,st §3;3§ 6502 - based single board Assm. & Tested $185.00 16K $255.00
384801 3500 | computer with keyboard/display, 4 MH2 28K $310.00
GB4EP1 2000 | KIM-1 hardware compatible, Kit $149.95 32K 5359'00
5850 265 | complete documentation, Assm. & Tested $199.95 .
Saeor 5% KIMSI Bare Board $35.00 64K VERSION » KITS
H4 1A %855 | INTERFACE/MOTHERBOARD + STATIC RAM 4 Lses 4116 {16Kx1, 250ns)
a875p 875 Makes S-100 cards plug-in SPECIALS ynamic I 5, can be
GABUF 250 compatible with KIM? 2114 (1024x4) expanded in 16K increments
KIM SUPPOART DEVICES Kit $125.00 s,/ow power X up to 64K.
G107 800 | Assembled & $165.00 1-15 1699 100 + 16K $292,00
s5uz 1195 | Tested - 450ns 800 695 550 [ 32K $432.00
a2 az5 BETSI 2500 _9.00_800__ 6.50 | 2oL $721.00
- 15.95 .
8530 004 1595 | INTERFACE/MOTHERBOARD TMS4044/MM5257, iow power
530 15,95 akes S- cards piug-in 450ns 8.00 7.50 6.50
e 15ee compatible with PET! 250ns _ 9.95 8.75 _ _ 8.00 E,!:ﬂnquﬂsBug??P KITS
USRT xite blod & $119.00 “4200A {4i(x1, 200ns) 3;;]71062) T $59.95
52350 1005 | [ssem $159.00 995 850 800 | 371€)° 7% 9" gea0s
UARTS
UARTS ® MEM-2
Ave lo1aa 825 ZIP DIP® Il Socket 16K Static IM\M Board
TRI5028 525 Thiis new ta g ot 2er sscrton pressare dual by l
TRSE011 5.95 ) 1 package wnket 1200 OIF 11 o perlectly st S-100, fully buffered,
IMBAG2 9.00 lor hoth hend test and burnan requiteients Wlth PHANTOM and bank
1M5403 900 Tive ZIP DIF 11 socket bas been dovigned for R hesr
BAUD RATE GENERATORS the atmost sonphiany, i iy nses omics! sl addresslng Capabl'ltles,
- - Coupled with o thaaghthnl sy atom ol famp aind
MCIdIN 10.00 I b L ang besel e gunte the desioe leads 1ato the contagts can be add I’essed at 4K
VABLL Cryntad 195 iy waolts i 3 socket. inte whidh the device can .
b “Dnnaan] terally b dropped Wtls the Thp ot 3 doukang fever boundaries.
’-:"‘:?RACTE‘? fE;\'EHATORS o v ‘r}’n‘.ﬁ-’?:’.‘; e aiid 250ns Kit $285.00
i v 2t G ' desioe iy be ravted with zero pressare hem H
2‘5:!3 ::JII»::'-'- 111? :él E;g @' “_"‘" _ (] v:cvle-l n:1 |h:‘lludlsc by llht "tx':ﬂ u:m:‘xl:. 450“5 Kit $250-°0
2513 Unpw {5601 9.75 [,, o PRICES:
g™ s 2o o8 I R ﬂJ GpinZipDipH  $5.50 230ns AST $350.00
MOMBS 1A Down Scan 1005 _ A e 24 pin Zip Dip Il $7.50 450ns A&T $325.00
T:.J?:;Y DISC CONTROLLER e 40pin Zip Dip Il $10.25 STATIC RAM BOARDS
1791 69,95 ,‘ a DE JADE 8K
KEYBOARD CHIPS Kits: 450ns $125.95
\ 250ns $149.75
::;;Eég :é ;g CO pu ter PrOduc ts Assembled & Tested:
iy
e "9 1" 4901 W. ROSECRANS AVENUE 450ns $139.75
L 102A 800 Department “B* THE PIGGY 15 COMING! Bare Bgasrgffs ségg-gg
2708 995 - Zare soard; 340,04
R o 235 | HAWTHORNE, CALIF. 90250 T ) 6K~ Uses 2178 Tlow powerT
7161540 INTL &0.00 0 \ ¢
37581601 2340 %‘d Assembled & Tested:
DYNAMIC RAMS _ rzm E RAM 16 {250ns} $375.00
a1EDi41‘_IG 2500 12 50 ! 3 G RAM 16B{450ns) $325.00
21044200 4.00 76K with memory management
)ngfé‘;?rdc% 1300ns1 3.'33 Cash, checks, money orders, and credit cards accepted. Assembled & Tested:
Mm5210 - Add freight charge of $2.50 for orders under 10 Ibs and RAM 65 (250ns) $390.00
STATIC RAMS 128 2590 $1.00 service charge for orders under $10.00. Add 6% —RAMEEB (450ns) $350.00
21102 14501 150 1.20 sales tax on all parts delivered in California. Discounts 32K Static
21593 280 248 189 available at OEM quantities, Asseml:élgg & Teswdé-,vg5 00
LS 395 es WRITE FOR OUR FREE CATALOG 220m £725.00
All prices subject to change without notice. 250ns Kit  $575.00 4

-
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VISIBLE RECOGNITION FOR
INFAA RED COMPUTERS WITH

EXTERNAL CIRCUITS

USED FOR CHARACTER

IN MAGNETIC ENVIRONMENT
BECAUSE THERE IS NO
HIGH VOLTAGE OR
MAGNETIC DEFLECTION

MAY BE USED IN
A VACUUM,
UNDER WATER,
HIGH ALTITUDE

MINATURE SOLID STATE

202 VIDEO

FEATURING A. .

CAMERA KIT

.100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE

THIS UNIQUE UPDATED CAMERA KIT

FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR
FEATURES

Sensitive to infra red

as well as visible light

May be used for IR surveillance
with an IR light source
Excellent for standard
susveillance work, because

of light weight and small size
All components mounted on
paralle] 33" x 612" single

ADVANTAGES

* [N THE FUTURE .
WE WILL SUPPLY A
COMPUTER VIDEO INTERFACE CARD .
+ All clock voltages operate at 6V
reguiring no adjustments .
* Higher video output signal
* We supply the power board, so only
a 5V 1 Amp power source is needed .
s The circuitry has been simplified for
easier assembly
¢ Two level TTL output is supplied for
interfacing

sided
* Total

We supply all semiconductors, boards, data sheets,
diagrams, resistors and capacitors, and 8MM lens.
Sorry we do not supply the case, batteries and 5V supply.

UNIVERSAL 4Kx8 MEMCRY BOARD KIT PRINTED CIRCUIT BCARD

$69.95 SINGLE SIDEDENOXY
32-2102-1 Wy bufiered, 16 address lines, on Wik il tnd
Lorrd decocting (or any 4 o G4 pages, standard

44 pin buss, moy be uved with F-8 & KIM

EXPANDABLE F8 CPU BOARD KIT
$39.00

teatenny Fanbug P50 1Kol sipuc ram, BS 232
intentace, documeniation, &4 BYTE rems.es

C/MOS IDIODE CLAMFED

[T

2M JB20F FET 5
M BAST N FET

2NZB46 WIT

ER 00 THIGGER OIOUES
2N GUPH PHOG UIT
MINIATURE MULTI-TURN TRIM PDTS
100, 1K, 2K, 5K, 10K, 20K, 50K, 100K,

o wim @ % 200k, 500K, 1M, 2Mep, $.75 each 3/$2.00
4006 ~ 95 4020 90 1.10

4007 - 18 4027 0] 125 CHARGED CDUFLE DEVICES

4008 - 37 403 - A

4010 - 31 4024 b CCD 201C 100,100 Image Sansor $90.00
011 18 4025 T CCD 202C 100x 100 brsge Samar $146.00
01y - 8 4027 - D7 VERIPAX PCBOARD., ... ... ... . $4.00 |
'40i3 - 29 40z8° - &0 This board i3 a 1/16"single sidad paper spoxy
004 - 75 4029 85 boord, 43" a6l DRILLED end ETCHED which
4bvs - T8 4010 - 1 wll ol up to 21 shngke 14 pun 178 or 6,16 or LS]
4016 - 2§ 4006 ar OIP {8 with bosips for pawer tupply CONMOGEOr.
4017 - G0 4042 65 [ 40
o S0 ADME 135 FPOIYd P TO TRAN 4l

<
RED, YELLOW, GREE'\J o AMBER
L2

| 5/52.60
FWATTLD 65LASER DIODE IR SBS5
44
$ a5
5 46
] ss 00
I

boards
weight under 1 Ib.

+34900 1

Add $75.°° to assemble and test
Add $2.00 Postage and Handling

TRANSISTOR SPECIALS F'-'” W‘"‘B LTIl DIP SOCKETS

2MG6233-NPN SWITCHING POWER § 1.98 BPIN 17 24 BIN .35
MAF-8004 o CB AF Transistor NPN $ .75 1A RN 20 28 PIN
INITIF MPN S TO 3 $1.00 - A0
IMISAEPNP GE TO.3 . .. ... . .8 .76 16 PIN 22 40 PIN .60
2N PE S, TO 3 S 100 18 PN 25

INBOS6 NP S0 TO 3 Betmaiin 5 1 70

ZNSDBE PNP S T 92 45100 SANKEN AUDIO POW AMPS

ZNZ1AT NPN S AF _, .

INIDNT WP S TO-3 P 1.
ZNI420NPN S TOS ... ... 1.
MITET MPN S TO GG . ;]
ANF2II RPN S TOE 100
INIOHS HPN S TO T &0
N3G04 NN S T 07 1.00
ZNIB06 PNP S TO 9T 1.00
205296 NPN S, T2
2NGI0Y PNP S TO 200
ﬂﬂ é:JB PRI S TOL .

PSA JINPNSL .. ...

TIL IC SERIES 05
T
l

- % .88 511019 G 10 WATTS
511020 G 20 WATTS

501050 G 50 WATTS

TANTULUM C.ﬂPACITOHS
F2UF J5V 5:51.00 6 8UF 5% 4.5100
APUF 5V 6 5100
GAUF 35V 55100
1UF 35V 55100
T2 UF 70V5 5100
33UF 20V 4 5100
A.TUF 15V 5/€1.00

55
100
oo

J0UF GV
AIUF 20V
68 UF 15V
100 UF 10%

w10}
LM 201 TeE

LARGE LEDs 68100
T(L-118 OPTOASQLATOR 575
A MOLEX PINS . - 100:51.00
Mmoo 45 e 100058 00
N TA: NARICES LR 1D ag Uk A ERT ]
o g Hm | WATT ZENERS: 33.47,56.9 1,10,
jitAtrrdaas bl B baw 12, 15, 18. or 22% 6/51.00
momacon s 1w e T MCEBEQ MGOEM CHIF | . $9.95
Wik 3o TH T maruat e MCM 65714 7 x @ chacactoi gen ... $10.75
202 4 T e Rt et
:n'-:?;-',:m-.;w :;:” ARVLANTAT svm
o voew e HE Silicon Power Reclifiers
JREL g 1 Gy 140y [ FEYY
Jut1 e gzan :;1: AT AN 8B (1 IR § e T il 3 [0
20607 20 35 115 25 G50
400 09 25 5o 140 &) 8.50
BRON CRELE
CAYSTALS 5145 ea, GOD 11 .30 70120 59_A2.50
& b5 tans ' L“ CORHE SO 0 S5 18 a5 B0 T gp__inha s
e 28 fonu. + 5smar 1001 § (500 T YiD 275 1250 Rl [ ]
POOD 112 ] 2323 | 33 :32} SAD 10243 TOZ4 1050 analog S ATACASSETIIE 2R 5 55 W e
0 000 Mk Brigade’ phiti reguatsr. 514 22744 P Sah Tail 158" € $1.96 ,.5:?3 -4
TS 2068 et noston chp swrch ... $1.60 IN 4148 (NG 14 \5 5+ 20 44 Fun Saldar Tal onn. ! an - n
ETS-206-4 hawi nasaor it Sswich L8145 . M3 -
- MM 538748 now clock chip which will directh
LIGHT AUTIVATED SCHy A§232 OB 75P male 5215 doive LED's 12/24 s, 1 luppply & nvl";rrn Is"g.:gs‘r s
T 18, 200v 1A 3 .70 CONNECTORS DH 255 female . . $2.95 .
HOODS . . . st.00

SILICON SGLAA CELLS

Terms' FOB Cambridge, Maszs,
Sand Check or Money Ordar.
. Minlmum

Senrl Z5€ tor nnr cotalugy Bt

Inciude Post
Order $5.00, CO0O'S $20.00

1A% Hasmgauhiere

Circle 340 on inquiry card.

SOLID STATE SALES

P.D.BOX 748
SOMERVILLE, MASS 02143 TCL. (6171 547 7053

NO, 30 WIRE WAAP WIRE SINGLE
1.40

2% diamuster AV at 500 ma§4.00 REGULATORS R STRAND 100'5 TRIACS
FND 359 C.C. 4" 5 .50 LED HEAI}OUTS a8k .. .S 1.20 34[,« 12,55 ALLO MMIATURE TOGGLE SWITCHES PRY 1A 104 J5A
FCS @024 < digit ol 23 . $ .50 r 2%, $ 65 - 130
C.C. 8" daploy  $5.05 m. 741 [ LM 376 5 80 JAOT 56,8 12 . 510 SRR
FND EQICC 5" § 8% ;ND ao:gc g :: gg 32071218 1518 ci 24vS 95 l.!TA 22:3:3}2;:;:: g:: s 148 A0 135
F 15 C.& B5 FND
ch;osagcc. > s 85 sroca §1.25 ;g mg Levensm'rc , % 1.86

WE SHIP OVER 95%
OF OUR ORDERS THE
CAY WE RECEIVE THEM
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PC CARD GUIDES
& BRACKETS

ool

MOS LS| INSERTER |
Tool is crome plated ABS for 2t
excellent static dissipation.

Tool has ground lug for
connection to grounding strap.

MOS-40 $7.95

‘ P.C.B. TERMINAL

9 RS sreies
1.89
§2 59

8Pole 15 8
The TS strips provide positive screw activaled clamp-

MODIFIED
REGULAR WRAP
WRAP
HOBBY WRAP %
TOOL

STRIP WRAP UNWRAP

¢ bt

Wire-wrapping, stripping, unwrapping tool for
AWG 30 0n.025 (0,63mm) Square Post.

WSU-30
WSU-30M

F QUANTITY —~ ONE SET {4 pes)

TRS-2 kit incluges 2 TR-1 guides plus 2 mounti
brackets. Support brackets feature unique stabmzmg
post that permits secure mounting with only 1 screw.

[ ovides & Brackets | TRS-2_| S8

WIRE DISPENSER

a With 50 ft. Roli of AWG 30
KYNAR® wire-wrapping wire.
w Cuts the wire to length.
» Strips 17 of insulation.
& Refillable

REFILL ROLL OF WIRE

Wire for wire-wrapping AWG-30

{0.25mm) KYMNAR* wire, 50 f1. roll,
silver plated. solid conductor,
easy stripping.

139

12.Pole 18-12
ing action, sccommodate wire sizes 14-30 AWG (L, 8.0,
25mm) Pins are solder plated copper, 042 inch (Imm}
diameter. on 200 nch (Smm) centers.

TERMINALS
u .025 (0,63mm) Square Post
» 3 Level Wire-Wrapping
u Gold Plated
Slotted Terminal
Single Sided
Terminal
IC Socket Terminal

Double Sided
Terminal

Regular Wrap WO-30-

WD-30-
WD-30W
WD-30R

Blue Wire
Yetow Wie
Vilule Ware
Red Wue

WWT-1
WWT-2
WWT-3
WWT-4

3298
$2.90
$3.98
$1.98
25 PER PACKAGE

1019) MAU INO {ISIA

The 42 4.93 1716 inch board is made of gless costed EPOXY Laminate
and lsstures solder coated | or. copper pads. The bouu has provision
dar 8 12/44 \wo 8ided edge connector, with 54
spacing €dge coniacts are for

The board contans & mairiz of 040 in. diameter holes on 100 Inch
centars. The component side contains 76 two-hal 1hat can scsom-
modats sny DIF size from 640 pens. as wall sa discrete components
Yy&ml donsrty 1 1D of 14.Pin or 16-Pn DIPs. Componenis may ba

iared direcily to the bosrd or inlermediste sochets may be vsed fa;
lcla NG O wirs-wrapping

'wo independent DUt systeme s provided for voltage snd groul
hvlh sides of the board. In addilon, the t sude mlllni Il

TERMINAL INSERTING TOOL

For inserting WWT-1, WWT-2, WWT.3,
and WWT-4 Terminals into .040
(1,01mm}) Dia. Holes.

l INS-1 I‘Zl? l

30 AWG Blue Wire 501t Roll
30 AWG Yellow Wire 5011 Roll
30 AWG White Wire 50tt Roll
30-AWG Red Wire 501t Roil

R 3080050
R 30Y 0050
R 30W 0050

R 30R 0050

(O

N
N’

e or
ground buttes. snd may be cut io langth for anniculn lpul::l.lonl

| H-pce-1 [$4.99

HOBBY WRAP
Model BW-630

Hobby Board

OO

st « Reliable « Economical
* No more cutting & stripping by hand
* Good, clean, ur?uorm strip N
s Cheaper than using bulk mre
PRECUT WIRE BULK WIRE
#30 Kynar suipped 1" on each end. Lengihs are
overall. Colors: Red, Blue, Green, Yeliow.

100

TRI-COLOR WIRE DISPENSER

WD - 30- TRI $5.95
R -30-TRI 3color refill $3.95
With 50 ft. ea. of RED, WHITE, BLUE wire
Cuts the wire to length

Strips 1" of insulation

Refillable

Battery
wire
wrapping

B0 1% § e . tool

500 .

6‘/: in. 405 ]
in. 425 -

7% in. X

8 in. [}

8% in.

100
2Y In,
3 In.
3% in.
4 In
4% In,

gEet §§§§§

DIPAC INSERTION TOOL = PIN STRAIGHMTENER

wEKS COMPLLTE

7 2t . ) . S WITH BIT
i i \ AND SRR

3% 2R3k 333y

8883

For .025"
(0,63mm) sq. post
“MODIFIED' wrap,

INSERT

SLR&ILMTEN PINS]  RELEAS

| 14-16 Pin Dip 1C Inserter [ INS-1416 | $8.49]

QUANTITY — ONE PAIR (2 pcs.}
TR-} consists of 2 guides precision molded with iti i i
unique spring linger action that dampens shock and pOS'l tive undeang. .
vipration, yet permits smooth insertion or extrac. anti-overwrapping device.
tion. Guides accommodate any card thickness

from .040-.100 inches. [ Forawe30 | ew-630 | $34.95°

-~ | For AWG 2628 | BW-2628] $39.95°

i .
L Card Guides l TR-1 l& Bit for AWG 30 | BT-30 $3.95 N1 CAD BATTERIES
Bit for AWG 26-28| BT-2628 | $7.95 INOT INCLUDED)

3 | :: DIP/IC EXTRACTOR

TOOL
The EX-1 Extractor is ideally suited for hobbyist or O
. lab engineer. Featuring one piece spring steel con.
struction. t will extract all LS|, MSI and SS{ devices
of from 8 to 24 pins.

USE"C 8)12€

1000 1015 MSU INO JISIA

PRIORITY ELECTRONICS -
(y 16723B Roscoe Blvd. Sepulveda, CA 91343

VISA. MC. BAC. check, Money Order. C.O.D , US Funds Only UA residents add 6% sales tax  Mimi-
mum order $10.00 Orders less than $75 00 include 10% shipping and
please inctuge your phone no

phone orders weicome (213) 894-8171

ST Oour new retal e

g. excass relunded Just in case
Good thru FEB. ‘79

ExtractorTool | Ex-1 [$148]

QEM snd (nslitulional ;nquines invited L

ation!

Send lor our late 3! brochure
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Circle 230 on inquiry card.

K174

FORMERLY CYBERCOM/20LID STATE MUSIC.

CB-1 8080 Frocessar Board. 2K of PROM 258 BYTE
RAM power on/rest Vector Jump Parallel port wilh
status, Khi................5125.85 PCBD................ $28.95
MB-6A Basic 8KX8 ram uses 2102 type rams, S-100
buss. Kit 450 NSEC .....$123.95. PCBD..... $24.95
MB-7 16KX8, Siatic RAM uses puP410 Prmection,
{utly bulfared KIT $299.95
MB-8A 2706 EROM Board, S-100, BKBX or 16KX8
kit without PROMS §75.00 PCBD $28.85
MB-8 4KX8 RAM/PROM Board uses 2112 RAMS or
825129 PROM kit without RAMS or PROMS $72.00
10-2 5-100 8 bit parallal IIO port. %4 of boards is lor
kludging. Ki $46.0 PCBD. .85
10-4 Two sarial 1/0 pons with full handshaking
20/60 ma current loop: Two parallel I/0 poris.

Wil oo $130.00 PCBD $26.9
VB-18 64 x 16 video board, upper lower case Greek,
composita and paraliel video wilh sofilware, S-100,
Kl $125.00 PCBD........ ... $26.95
Altair Compatible Mother Board, 11x11% x %",
Board only ... $39.95. With 15 connectors.....$94.95
Exlended Board full size. Board onty .
With connector

§P-1 Synthesizer Board S-100

PCBD........ ... $42.95 KIT...... . $135.85
82523 PRIME SUPPORT
825123 8080A ... .. ...$ 995
825126 g212 .. . .25
825129 8214 6.50
825130 . 8224 3.49
828131 .. L2114 (4 ) 725
4MI6330 L2114 (250 NSEC) 7.99
IMS5600 ... 2102AL-2 ... 1.70
1M5603 21L02 (450) ... 1.25
1M5604 2708Q (Nalional).. 8.95
IM5610 4116 {Appla Ram) 14.99
IM5623

IM5624

@cir)a WAMECO INC.

FDC-1 FLOPPY CONTROLLER BOARD will drive
shugart, pertek, remic 5 & 8" drives up to 8 drives,
on board PROM with power boo! up, will operate
with CPM (not Included).

DEC. & JAN. ONLY SPECIAL PCBD ...

FPB-1 Front Panel. (Finnally) IMSAI size hex dis-
plays. Byte or instruction :Ingle step. PCBD speclsl,
DEC. & JAN. " $39.95

MEM.1 8KX8 fully bullered, S-100, uses 2102 (ype
rams PCBD .. .324

QM-12 MOTHER BOARD 13 slol |ermnnated S- 100
board only . e e $34.95

CPU-1 8080A Processor board S-100 with 8 level
vector interrupt PCBD $25.95
RTC-1 Realtime clock board. Two independent n-

terrupts. Sofiware programmable. PC8D . .....$25.95
EPM-1 1702A 4K Eprom card PCBD ... ... .. $25.95
EPM-2 2708/2716 16K/32K

EPROM CARD PCBD . $24.95

am-9 MOTHER BOARD. Short Versmn ol aMm-12.

9 Slots PCBD . . ...$30.95
MEM-2 16K x 8 Ful|y Bu"ered
2114 Board PCBD . $25.95

18K RAM BOARD by HWE lully bu"ered bank se-
lect standard to IEE buss gold lingers, solder mask,
plated thru holes, sitk screened .. PCBD $25.95
KLUDGE BOARD by HWE for S-100 glass epoxy
over 2600 plated through holes, 4 regulators wilh
CAPS all S-100 functions labeled, gold lmgers
PCBD . . .$29.95

1ST OF THE YEAR SALE
ON PREPAID ORDERS
{charge ¢ards not included on thls offer)
8K x B RAM. Fully buflered, assembled with sockets,
tested ‘or burned in. Part may ba house numbered.

450 NSEC. Limited quantity. ...... ..$99.98
deO EPFIOM Funy bulfered with imel 1702A
..$74.86

MIKOS PARTS ASSORTMENT
WITH WAMECO AND CYBERCOM PCBDS
MEM-2 with MIKOS #7 16K ram

with L2114 450 NSEC ... $240.95
MEM-2 with MIKOS #13 16K ram
with L2114 250 NSEC ... irnrenninns $259.95
MEM1 with MIKOS #1 450 NSEC 8K

....... $123.95
CPU 1 wilh MIKOS #2 BOBOA CPU . 89.95
MEM 1 with MIKOS #3250 NSEC BK

reneeen 144,95
OM 12 wnh MIKOS #4 13 slol molher
board .. e 89.95
RTC-1 with MIKOS #5 real lime clock ... 60.95
v8-1B with MIKOS #6 video board less
molex CONNACIOS . .. . e 9.95
EMP-1 wilh MIKOS #10 4K 1702 less
EPROMS ... #4995
€EPM-2 wnh MIKOS #11 16-32K EPROMS
less EPROM: e . 48,85
QM-9 with MIKOS 012 9 slol moihar
board .. .. . 67.95

MIKOS PARTS ASSORTMENTS ARE ALL FACTORY FRIME
PARTS. KITS INCLUDE ALL PARTS LISTED AS REQUIRED
FOR THE COMPLETE KIT LESS PARTS LISTED ALL SOCKETS
INCLUDED.

MIIKOS

419 Portofino Drive
San Carlos, California 94070
Please send for IC. Xistor
and Computer parts hst

VISA or MASTEACHARGE. Senc account numbaer. interbank
number. expitation dale and sign your order. Approx. poslags
will be added. Check or money order will be sent posi peid in
US Il you 8r0 not a regular cuslomar, plesse ues charge,
cashier's chock or postal maney order. Olherwise thers whil
be a (wo.-week delay Jor checks to clear, Calil. residents add
6% tax. Money beck 30 day guarsnies. We cannol sccepl rs-
iurned 1C's that have bean soldered lo. Pricas subject to
change withoul nolice. $10 minimum order. $1.50 sesvice ree
on orders Isse than $10.00.

TERMS: VISA, MASTERCHARGE,
Cashier Check or Money Order.
C.0.D. with 10% down.

Shipping Via Air or Truck collect.

3 S SALES

P.O. BOX 45944
TULSA, OK 74145
918/622-1058

A PRINTER FOR YOUR COMPUTER

$99 5 00

MODEL 3S$-80 for TRS-80
Ready to plug into your
expansion interface.

MODEL 3S-PP
for computers with 8 bit serial
port.

MODEL 3S-SS
for computers with RS-232
port.

$109500

MODEL 3S-AA
Includes RS-232 card for Applell
Specify model number on order.

for

ATTENTION TRS-80 & APPLE USERS

¢ Ready to plug into your
computer

* Very high quality print

o Completely refurbished
IBM 731 1/0
Selectric terminal
in a new table

e Upper & lower case
removable type ball

e Special /0 interface

¢ Heavy duty re-mfg. IBM
power supply

206  BYTE January 1379
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Circle 30 on inquiry card.,

BECKIAN ENTERPRISES Al Prime g‘nfggm;ﬁfm FParts Only

EDGE CARD CONNECTORS: GOLD PLATED. SUBMINIATURE CONNECTORS: (DB 25 SERIES, RS 232.} I
BODY' Non brittle, solvent resistant, high temp, G.E. Valox. The finest you can buy. DB 25P Male Plug $2.50 aa. 5 pcs. $2.20 ea.
CONTACTS- Bifurcated Phos./Bronze; Gotd/Nickel. DB 255 Female Socket 3.60 ea. 5 pes. 3.40 ea.

“ " D8 51212-1 Grey Hood 1.20 ea. S pes. 1.10 ea.
ALTAIR 8-100: Cont./Ctrs, .125 Row Spacing, .140 DB 51226-1A Black Hood 1.30 ea. 5 pes. 1.20 ea.
50/100 Dip Seold. $3.95 ea. 5 pes. $3.75 ea. D 20418-2 Hardware Set 0.75 ea. S pes. 0.70 ea.
50/100 Soid. Eve. 6.95 ea. 5 pes. 6.50 ea. SAVE: BUY A SET: (1 DB25P, 1 DB25S, Any Hood.)

" " 1 Set: $6.35 ea. 5 se15: $6.15 ea.
IMSAI 5100 Cont./Cirs. .3256 Row Spacing, .250 NOTE: For Hardware, (D20418-2) Add $.65/Set.
50/100 Dip Soid. $4.20 ea. 5 pes. $395 ea.
50/100 W/Wrap 3 3.75 ea. 5 pes. 3.50 ea. WHISPER FANS
IMSAI CARD GUIDES: 0.19 ea. 5 pes. 0.16 ea Excellent for cgmputer cabiney} coolmg This is the most quiet fan you will find. Only
" » measures 4 3/4 square by 1% deep. U. L. Listed.
CAOMEMCO §-100: Cont./Ctrs. .125 Row Spacing, .250 $21.00 ea. 5 pes. $19.00 ea.
50/100 Dip Sold. $6.50 ea. S pes. $6.00 ea.
{Or shor1 WiWrap) 1. C. SOCKETS. GOLD. 1. C. SOCKETS.
WIRE WRAP 3 TURN. Dip Solder. Tin.
. OIHER CONNECTORS AVAILABLE pin €036ea. 74 pin $0.T6 ea.

100 _Contact Curs., .40 Row Spacing. 16 pin  0.38ea. 16pin  0.17ca.
22/44 Dip Sold. $2.30 ea. 5 pes. $2.10 ea.
25/50 Sold. Eve. 2.95 ea. 5 pes. 2.75 ea. 2708 EPROMS PRIME 8080 PRIME
40/80 So!d. Eye. 4.80 ea. 5 pes. © 450 ea. - $14°.00 ea. “$9.00 en.
43/86 Dip Sold. 4.90 ea. 5 pes. 4.70 ea.
43/86 Sold. Eye. 4.90 ea. 5 pes. 4.70 ea. S

il

I.155" Contact Cus., .140" Row Spacing.

6/~ Sgle. Row IPET $1.00 ea. 5 pes. $0.90 ea.
STt et Eve (RIM) 1S0 ey Sy %gize'o;gn LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE
22/44 Dip Sold. IKIM]) 1.90 ea. 5 pcs. 1.80 ea. : R
43/86 Dip Sold. 4.90 ea. 5pes. 470 ea QB we ARE CONNECTOR (EDGE CARD) SPECIALISTS. IF YOU DG NOT SEE
" " . WHAT YOU NEED IN THIS ADVERTISEMENT, PLEASE WRITE US. WE WILL
.166 Contact Ctrs., .200 Row Spacing. REPLY.
I 15/30 WiWrap 3 31.05 ea. 5pcs. $0.95 ea. .
22/44 Wilrap 3 2.30 ea. Secs. 2.10 ea, TERMS: Minimum Order $10.00: Add 51.25 for handiin, oY
: . 00: . g and shipping. AN orders
gg" 72 Sold. EY; g‘gs ea. g pes. ggg ea W W over $25.00 in USA and Canada: WE PAY THE SHIPPING.
”g Wirap 5'53 ea. 5 pes. 500 ea. NOTE: CA residents please add 6% sales tax.
43/86 WiWrap 3 S0 ea. pes. 00 ea NO C.0.0. SHIPMENTS OR ORDERS ACCEPTED.
POLARIZING KEYS FOR ALL OF THE ABOVE:

Ispecw N Contact & o f;fciggoﬁ%"égf" 50 pes./Up $0.08 ea. mak onoers 1o Beckian En terp rises
P.O. Box 3089
12/24 Pin 156" Cant./Cirs. .200" Row Spacing. . .
I IDEAL FOR PET INTERFACE & PARALLEL USER PORT. Slml VaIIey, CA 93063

$1.25ea. Spes, $1.10ea.

ATWOOD ENTERPRISES

KITS ' DID YOU

s 79.95 4K RAM Available assembled and tested $89.95. KNow e & 0
BIG SALE

1 each board:

L.-

Digital 1/0
Eprom pregramming

8K Eprom Board {without 2716's}

'1 REGULAR PRICE
$139.85

PROM PROGRAMMING cf,fzgzz‘t;,g | JANUARY ONLY
T $100.00

8 slot with connectors |
and card guides.

Extra zero insertion force sockets $5.00

MOTHER BOARD FREE MAKE CHECK OR MONEY ORDER PAYABLE TO:
WITH PURCHASE OF Kai‘hryn Atwood Enf@rpl’"ﬂ’
4 RAM BOARD KITS P.O. Box 5203. Orcngo. CA 92667

Discounts availabte at OEM quantities. For orders less than $25 total, add $1.25
for shipping. California residents add 6% sales tax. Estimated shipping time 2
days ARO with money order. For checks allow 7 days for check to clear.
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BUTEs
available in
microform

University LMDEIRY RIMILM fan Mt WM2.0% }

Microfiims MR TAUTE A M L IRIY tatd » nt 26
International

Please send me additional information. Umvers',ty Microfilms
International

Name 300 North Zeeb Road
Dept. P.R.

Institution Ann Arbor, M1 48106
U.S.A.

Street

18 Bedford Row
City Dept. P.R.
London, WC1R 4EJ
State England
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ITHACA AUDIO

THE OEM MARKETPLACE

IA Expands
S-100 Line

gjdelo
isplay
Board

Featuring a full 128 upper/lower case ASCII
character set stored in a 1K buffer memory.
Easyto read 16 line x 64 character formatcan
be displayed on an inexpensive video monitor
or a modified TV set. Includes a TTY software
driver. Add our powsrful K 2 FDOS to create a
versatile operator console.

$25.00

Disk
Controller
Board

Controls up to 4 single or double sided drives.
Data rrotect features include automatic
disable of write-gate during powar-down for
data integrity. Supported by a reliable
software package, K 2 FDOS and complete
diagnostic documentation.

$35.00

K2
Operating
System

Power full disk software in the DEC tradition.
Includes Text Editor {TEDI. File Package (PIP),
Debugger giDQ Assembler (ASMBL

HEXBIN, 1 COPY, System Generator gvéssm.
Command syntax follows Digitals 05-8, AT/ 11
format. First in a family of high level software.
Soon to be released, FORTRAN & Pascal
Compilers.

$75.00

| BK Statlc RAM Board High speed static memory

Field-proven
reliable engineering

Qver 10,000 boards worldwicde prove thaca
a\udio %rowdes the quality and reliability you
emand.

Ithaca Audio Boards are fully 5-100
compatible, faaturmg ?gld edge connectars
and J)Iated-through oles. All boards (excapt
the Protoboard) have fully buffered data and
address lines, DIP swilch addrassing, solder
mask and parts legend.

2-80 CPU Board Most powerful 8 bit central
processor available. eaturm% })ower-nn-
jump, provision for on-board 2708, Accepts

most software. $35.00

at the lowest cost per bit. Includes memory
protect/unprotect and sefectable wait states

$25.00

2708/2718 EPAOM Board Indispensable for stor-
ing dedicated programs and often used soft-
547a1r6qé Accepts up to 16K of 2708s or 32K of

$25.00

Protoboard Universal wire-wrap board for de-
veloping custem circuitry. Accepts any size

DIP socket. $25_°°

RAM!
32K for $359.

Ithaca Audic is now stocking the Mostek 4115
add-on RAM for S.0.'s Expandoram. Buy their
basic board, 32K of RAM from us and SAVE.

$.D. SALES Expandoram board $199
Ithaca Audio 32 4115's @ $5.00 ea. 160

32K Only $359

© 1978 ITHACA AUDIO

Mass Storage at
Incomparable

Prices.

Ithaca Audio
Floppy Disk

® |p t0 250K bytes, single sided

s Up to 500K bytes, double sided

* Data protect

s Powerful software operating
system includes 8 ufility
programs, text editor.

Add the capacity of full size disk to your S-100
microcomputer. Controller, Disk Drive, and
Software available separately.

Memorex single sided

550 Flexible Disk Drive  $456.
Memorex doubie sided

552 Flexible Disk Orive  $630.
Bisk Controller Board $35.

K2 FDOS Available on 8"
floppy disk w. manual $75,

Quality Components
ZILOG Z-80 $19.00
ZILOG Z-BOA 23.00
INTEL 2708 11.00
FAIRCHILD 2102 LHPC 1.60
FAIRCHILD 2102 LIPC 1.35

IMSAI 8080 Kit with 22 Slot M.B.

$560.00

plus $10.00 shipping.

HOW TO ORDER

Send check or maney arder. include $2.00 shipping per order
N.Y.S. Residents Include tax.

For technical assistance call or write to:

ITHACA
AUDIO

P.O. Box 91
fthaca, New York 14850
Phone: 607/273-3271

Circle 190 on inguiry card.
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Unclsssilied Ads

FOR SALE: TVC video board from Digital Group,
$76. Heath 10-12 scope, $45. Super CT-1024 with
monitor, $289. SwTPC PR-40 printer, $195.
4 K memary boards for 6800, $69. 8 K Seais
memory for 6800, $§163. Smoke Signal disc for
6800, $639. All prices firm. Will consider trades.
Swart Brown, 11168 Easton Av, Somersat NJ
08873, (201) 249-7972.

FOR SALE: Boris Chess Computer, comptete with
board, pieces and instruction manual. Decision
time for moves from 5 seconds to 99 hours.
Plays Black/White. Standard algebraic chess nota-
tion will display current position of pieces on
reguest; with 2 minutes decision time, beats
micro-1.5 in 17 10 30 moves. Cost $300 new,
will sell for $200. Rick Racine, 445 S 72nd Kansas
City KS 66111,

FOR SALE: Meca dual cassette and controller,
digital systems dusl 8 inch and controller, 2 each.
16 K TDL memory boards. Make offer. {714}
770-7789.

FOR SALE: New 32 K Dynamic Digital Group
memory, factory assembled. Discovered that my
new software requires static. $675 (| pay postage).
Frank Fitch, 2347 A Market Street, San Francisco
CA 94114, (415) 543-6345 work or (415) 861-
4881 hame.

TRAS-80 OWNERS: | am interasted in survaying
TRSB0 users. Write Prof Bill Parks, Chase-203,
State  University College, 1300 Elmwood Av,
Buffalo N 14222,

FOR SALE: Microprocessor computer program
course and trainer computar, All built and in per-
fect condition, $276 shipping included. N Swan,
4839 Beaune Rd, Ludington Mi 49431,

FOR SALE: Altair 8800, with 16 slot mother
beard plus 16 edge connectors, cooling fan modifi-
catien, 2510-serial 10 with both ports, 88-P10
paraitel 10 board, 1 K static memory with §12
bytes of memary, 12 K static memory, 4 K pro-
grammable memory software board with B0BO
assambler, text editor, system maonitor, and all
documentation. All assembled and tested $1000,
you pay shippi Don Ct 1, 8231 Creek-
lina Dr, San Antonio TX 78251, (512) 681-4938.

FOR SALE: DIGI-LOG Telecomputer tl portable
warminal with 5 inch monitor and carrying case.
ASCII code, built-in acoustic coupler. Suitable for
timesharing computer applications. Will ship UPS,
$1200, Gene Witherup, RD #4, Bloomsburg PA
17815, (717} 784-5366.

FOR SALE: (in Canada) IMSAI 8080 with 22
slots, $1000. 32 K of TDL 250 ns memory, $1100.
ADM3 display, only $1000. Teletype model
40 3001 per minute printer, $2800. ICOM dual
disk full size floppy, $2400. Prefer to sell system
complete with interface cards, cables, FDOS3
operating system, Assembler, BASIC (DEB8I),
and editor, $8500., Ron Cox, 2208 Victoria
Av, Windsor Ontaric, CANADA, N8X 1R1
(519) 969-9692.

NEW UNCLASSIFIED POLICY

Reagers who have equipment, saftware or other irems
0 duy, tell or 1wap should send 1n & clearly typed nouce
10 thar elfect. To be considered for publication, an adver-
osement must be clearly noacommercisl. typed double
spaced on plain white paper, contan 75 words or less, and
mcivde complete name and address information.

Thete nonices are free of charge and will be printed ane
tme onty on 2 space avaiable batn Notxes can be ac-
cwpted from indwertvalt or bona fide compuler useri ciubs
caly. We can engage 1n no correspondence on thele and
your cont nan af " o an isiug of
1443

Please note that 1t may take three or four months far an

30 10 appesr 10 the magazine. ®

January 1979 £ BY TE Publications Inc

WANTED: Manual for | input A

best offer received one month after offer appears.
Gary Miner, POB 1177, Santws Cruz CA 95081,
(408) 429-1331.

WANTED: Januery 1976 BYTE Will buy or
trade. Have October, N O ber 1976
for trade or $1 each. Glann Wh:tham 9 Trinity PI,
Wayland MA 01778.

FOR SALE: Heathkit H8 and H9, two cassatte
recorden, fully assembled with 8 K of memory.

Version 1 Ifor 8900 Super Starter System by
Technicel. Will pay at {sast ariging) cost. William
T Wilson, 203 Oxford St, Portland ME 04111,

FOR SALE: Reamex high-spsed punched paper
wape reader and apooler modei RR-101 D/R.
Aequires a parallel Interface. Asking $50 and you
pay shipping. Charles 8 Wall, Rt #3, Clarksville
TN 37040, (615) 662-2198,

FOR SALE OR TRADE: Technico Super Starter
System, assembled snd working, Uses TMS 9900
16 bit processor. Has 32 10 lines, serial port,
2K progr Y. prog bie read
only meamory itor/] Bl raad
only memory progremmer, etc. Includas power
supply, $460. Also REMEX high-speed papertaps
reader, $126. Trade for plosr or color monitor.
Jim MecCord, 330 Vereda Leyenda, Goleta CA
93017, (305) 968-8681.

FOR SALE: Szerlip “programmable memaory
setter,” erassble read only memory programmer
for 5-100 bus computars. Programs 1702A, 2708
erasable read only memories — can also program
211Bs. Assembled version, supplied with all cab-
ling, documentetion and software. Never used.
Current list price 3375, lirs1t offer over $200
accepted. Also, 16 INTEL 1702A erasable read
anly memories, $3 each, lat of 16 only. Edwin J
Kroeker, 46 Woodeliff Rd, Newton MA 02161,
617! 527-6369.

FOR SALE: Far LSI-11, Heath H-11 awners.
4 K memory core — use as small disk, keep oader
or BASIC resident in memary. Also 16 K dual
width Intel memory, $425 each, $700 for both,
Ed Judge (412) 6B4-7169 enytima,

FOR SALE: Cromemco Z2-D Microcomputer,
21 slots, blus table cabi 48 K prog bl
memary, one minifloppy, Dynabyte naked ter-
minal, all 4 MHz compatible, with all cables in
running condition with 12 inch menitor, U/C
ASCII bps, 16 K BASIC, CDOS, editer, atc, snd
games in BASIC. Vingent Pinto, Gate Hill Rd,
Stony Point NY 10980, {914) 947-2740.

FOR SALE: Cromemce A.-D Converter, $180.
Factery buitt, llke new, A Bob, 148 W77, New
York MY 10024,

FOR SALE: Complote Xiten system. [ncludes
Z-processor; SMB 1; 32 K of programmable memo-
ry (two Z-165); TOL video display board; TDL
12 K BASIC in read only memory and on cassette
tape Irelocatablsl; 16 K resd only memory board;
interface 1 bosrd which provides 1/O (standesd
EIA 25 pin connectors) for AS-232 and 20MA. All
documentation and tapes necessary to operate
system, Also Digital Group keyboard. Asking
$2400. Terry Young, 4 Aiken St, Derry NH 03038.

FOR SALE: New Slo-Syn Model MO91-FD-318
200 steps per revolution stapping motors. Operate
on 59 VDC. In original cartons with literature and
switching order. Intended for servo mechanisms
but can be used for other things. $20. D C Suits,
2619 Essex Rd, Ann Arbor Mi 48104,

FOR SALE: TOL Xitan system: Z-80 Z-pr

Included in kage ere Heath BASIC, assembler,
editor, and debug menuals. Selling for $1175,
almost $200 less that original unsssembled kit
price. Contact Jon Nareff, 366 Grsat Swamp Ad,
Glastonbury CT {203} 633-2060.

FOR SALE: Chalienger 2 processor with 8K
polled keyboard and 540 video board, $660.
Bruce Higer, 18 Woodland Dr, Sands Pt NY 11050,
{516) 883-9543.

FOR SALE: For Selectric 10 731 series, 24/4B V
power supply, data and power supply cables and
plugs, plus full documentation and software on
interfoce to S-100 bus. First $50 takes it. Daniel
Eisenberg, 1507 Sharon Rd, Tailahassee FL 32303,
{904) 3854148.

FOR SALE: Complets system. Altair 8800b with
48 K programmabte memory, SOROC video ter-
minel, two North Star disks, Diablo RQ grinter. All
assembied and operating. Will sell all or part. Many
extras. Send SEAE for details and prices. G Briggs,
6195 Deer Path, Manassss VA 22110.

FOR SALE: L/N, Ti59, PC100A printer, 40 naw
program cards, master library read only memory,
static read only memory, static packetts, manuals,
Reason for sale: dats analysis for research project
finished. First money order for $320 gats all, A
Brandwein, 745 Fifth Av, New York NY 10022,
{212) P15-6081.

FOR SALE: Rockwell XPO-1 development system
for PPS-4/1 microprc with opti as-
sembplers, power supply and 1 & programmabls
mamory. Never used. $450. G Hyman, 22 Cross
Hilt Av, Yonkers NY 10703, (914) 476-2129.

FOR SALE: Two National Multiplex IM3-A digital
cassotte recorders and 2510R interface/monitor
board. Storage capacity per 3M data cartridge of
up to 2 M bytes. Search capability up to 50 k.
Will sell for best price over $350. B Wagman, POB
57091, Washington DC 20037.

FOR SALE: Heath H11 computer {LSI-11 based!}
with 16 KB programmable memory, seriat 10
board, parsllel 10 board, H10 paper tope reader!
punch, EIS/FIS extended instruction chip, docu-
mentation, software, 100 percent assembled and
tested. $1800 or best offer. Dave Morrill, 1260
NW 17 Av #4, Rochester MN 55901, (507) 282-
0758 evenings.

FOR SALE: Complete set of BYTE magarines,
votume 1, # 1 through volums 3, # 8 [August
1878). Excellent condition. Make offer. M A
Richards, 1470 Hampton Glen Ct, Decatur GA
30033.

SCHOOL COMPUTER NEEDS HELP: In nnd of
driver software, instr or docur for
interfacing 8 Monros csssette recorder with »
Monroe 8080 for program storege. Also nfor-
mation on maerk sense card hookup. |'m new to
computing and need it for & school computer,
Robert Geier, 4876 Countryside, Lyndhurst OH
44124,

FOR SALE: Heath H-9 video Terminal. Up and
rupning, el d jon, $425 and | pay

board, 216 16 K memory, and SMB interface
board; 8 K Godb y; all dard TOL
software fincluding 12 K Super BASIC) on cas-
satte. Runs perfectly. Original cost over $1800,
tirst certified check for $1300 takes l1. Also
MERLIN $-100 graphics board with 1 K resd only
memory monitor and 326 X 200 resolution, $300.
Bert Katzung, 65 Xnoll Rd, San Rafasl CA 94301,
{415) 456-5812.

FOR SALE: PEATEC ICOM FDOS-II dusl drive/
single density Noppy disk drive with Intel inter-
face card. Almost new—paid $3,300-will take

shipping. Andy Thornburg, RR2, Thompson-
ville IL 62890, (618} 627-2166.

FOR SALE! DEC PDP-8m, mint, with telelypa in-
terface, with 4 K core memory, $1100. With B K
core memory $1800. 8 K MOS board $475, Most
peripherals and software availeble, repairs and cus-
om interfacing, systems consulting, trades.
PORTACOM, brietcase, impact, ASCIl terminals
compiete with modems. Reconditioned with man-
uals $695, New cost is $1500. New boxed ASR33,
$1100. Used, $595. K2DCY, POB 632, W Cald-
weli, NJ 07006. (201) 226-9185 evenings.
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SELLING
KIT!

USES 2708's!

Thousands of personal and business systems around
the world use this board with complete satisfaction.
Puts 16K of software on line at ALL TIMES! Kit features
a top quality soldermasked and silk-screened PC board
and first run parts and sockets. All parts (except 2708's)
are included. Any number of EPROM locations may be
disabled to avoid any memory conflicts. Fully buffered
and has WAIT STATE capabilities.

ASSEMBLED
AND FULLY TESTED
ADD $25

OUR 450NS 2708'S
ARE $8.95 EA. WITH
PURCHASE OF KIT |

-

$129 «ir

Use 21002
450 NS RAMS!

Thousands of computer systems rely on this rugged, work
horse, RAM board. Designed for error-free, NO HASSLE,
systems use.

KIT FEATURES:

1 Doubled sided PC Board with solder
mask and sik screen jayout.Gold
plated contact lingers
All sockets included.

Fully buttfered on all address and data
hines

Phantom is jumper selectable lo pin
67

FOUR 7805 regulators are provided

Blank PC Board w/Documentalion
§29.95
Low Prolile Socket Set... 13,50
Support IC's (TTL & Reguialors)
$0.75

Bypass CAP's (Disc & Tanlalums)

$4.50

\ on card BURNED lN ADD $30

(" 16K STATIC RAM KIT-S 100 BUSS _ ﬂ

5295 wr

FULLY
STATIC, AT
DYNAMIC PRICES ¢

WHY THE 2114 RAM CHIP?

W lech Ihe 2154 will belhe aextindusiry slangarg
RAM chip (hike 1he 2102 was) This means price

aviulatiiy and quality will all be good' Next, the
21145 FULLY STATIC! We leel this s the OMLY
way 1o gu on the 5-100 Buss' We've all heard he
HOARROR stones abowt some Dyromic Ram
Baards having travble wilh OMA and FLOPPY
(ISC DRIVES Who needs Ihese kinds of
proplems? Ang linally even among ather 3K
Sraic RAM 8 1he 2114 stands oul' Nolall 4K stalic
Rams are crealed equal' S5ome of the other 4K s
nave clocksd chip enable nes and vanous hming
windows [usl as crilical as Dynam-c RAM s Some
ol tur competaor's 16K boards use these thcky

devces Bulnol us! The 211415 the ONLY logice?
choice lor a trauble-1ree straightiorward design

BLANK PC BOARD W/DATA—$33
L.OW PROFILE SOCKET SET—812 ASSEMBLED & TESTED—ADD $30

KIT FEATURES

1 Addiessable as fou separate 3K Blocks

2 ON BOARD BANK SELECT cuweutry
{Cromemco Siandard!) Allows up to 512K on
hing!

3 Uses 2114 (a50NS5) 9K Siate Rams

4 ON BOARD SELECTABLE WAIT STATES

§ Double sided PC Board with sgigder mask and
silk screened layou! Gold olated contac! hngors
6 Al address and data hines tully buftered

7 Kancivdes ALL parts and sockels

B PHANTOM is jumpereg to PIN 67

9 LOW POWER undor 2 amps TYPICAL iromihp
+8 Vol Buss

10 Blank PC Board can be poputaled as any
multiple of 4K

k SUPPORT IC'S & CAPS—$19.95 2114 RAM'S—8 FOR $69.95 /

ASSEMBLED AND FULLY

( 16K STATIC RAM KIT

SWTPC (SS-50) 6800 BUSS

WHY PAY MORE
USES 2114 $295 FOR FINNICKY
4K RAMS! COMPLETE KIT

DYNAMIC BOARDS?

At last an affordable static RAM board for this popular
buss. Quality PC Board with solder mask and silk-
screen. Fully buffered with plenty of bypassing for
reliable operation. FOUR ON-BOARD REGULATORS.
16K DYNAMIC RAM CHIP NOT ASSOCIATED

16K X 1 Bty 16 Pin Package Same as Mostek 4116-4 250 NS access 410 WITH
KNS cycle tme Que best price yel far this state ol the art RAM 32K and 64K [DIGITAL RESEARCH
HAM boatds using \his ehp afe readily avaldable These are new filly OF CALIFORNIA,

quaraleed devices by amaor mig  yERY LIMITED STOCK! | THE SUPPLIERS OF
8 FOR $89.95 CPM SOFTWARE.

sonst 2708 EPROMS

Now full speed! Prime new units from a major U.S.
Mfg. 450 N.S. Access time. 1K x 8. Equiv. to 4-1702

A's in one package.
$Q95
$16.76-ea-
_

PRICE CUT

OCK MODULE

CLATURES

» 1QUR JUMEL 5 INCE u:u iseLAYE
o 12 VA AEAL TIME FOAMA

o 274101 ALARM SIGRAL l)ullur

o 4O Bty GRERATION

o LUE M GRINESS COMNIROL

« POWFH § ALURE INDICATOR

o ‘AP 8 SNOUZF DIMERS
o WAFCY LED DAWE \LOW He i,
o COMES Wil PuLL SATA

TAC XFMR 81 901
COMPARE AT UP TO TWICE
QUR PRICE!

VINRER S MLOSEQUT!

ASBEMBLED! HOT A KITY
2L U YERTIOR
e tans et o R TR
Y R R R NI )

IHAINID ~ 19 !5

PERFECT FOR USE
WITH A TIMEBABE

WESTERN DIGITAL UART
TR1602A. PIN FOR PIN SUB FOR

SALE!
1M4148 DIQDES. SILICON
Same as 1N914. New,
tactory prime, Full Leads.
00 FOR $2

AY5-1013 AND TMS6011. 1000 FOR $17.50

FOR SERIAL 1/0
5299 EACH

New! REAL TIME
Computer Clock Chip
N.S. MMS5313. Features
BOTH 7 segment and

BCD outputs. 28 Pin
SURPLUS SPECIAL | BCD ouiewts. 28 Pin

Z-80 PROGRAMMING MANUAL
By MOSTEK. or ZILOG. The most detailed explanation
ever on the working of the Z-80 CPU CHIPS. Al least
one full page on each ol the 158 2-80 instructions. A
MUST reference manual for any user of the Z-80. 300
pages. Just off the press. $12.95

SUPPORT
CHIP NEW

8212 1/0 CHIP

8 BITS 8080 or

SPECIAL: 52?5 EACH

MOTOROLA 7805R VOLTAGE
REGULATOR. Same as standard 7805
except 750 MA output. TO-220. 5VDC
output.

44¢ each

Z-80
CHIP 24 PIN
BYNEC

or 10 for $3.95

Digital Research Corporation

(OF TEXAS)
\ P.O.BOX 401247Y GARLAND. TEXAS 75040 * (214) 271

-2461

TERMS: Add 30¢C postage we pay batanue Qudirs undet §15 add 75€ handtng No
C O D We accept Visa MasteeCharge and Amencan Express cards Tes Res aogd
St Tax Foregn ardets (except Canada add 0% P & H 90 Day Money Back
Guaraniee on all dems

Circte 100 an inquiry card.
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Considering a Microcomputer?

Be Sure to Check Out the Product Offerings of the World’s Largest
Full Line Microcomputer Company.

All Ohio Scientific machines come with microcomputing's fastest full
feature BASIC-in-ROM or on-Disk for instant use.

Challenger | Series Cofiumien  Price
Economical computer systems that talk in BASIC.

Ideal for hobbyists, students, education and the home.

Superboard Il — World's first complete system on a board 4K RAM $ 279
including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM

Challenger IP — Fully packaged Superboard Il with 4K RAM  § 349
power supply
Challenger IP Disk — Complete mini-floppy system 16K RAM $1190
expandable to 32K RAM ﬁ%ﬁﬁﬁ:ﬂ:ﬁm .
Challenger IIP Series s

Ultra high performance BUS oriented microcomputers for
personal, educational, research and small business use.
C2-4P — The professional poriable 4K RAM  $ 598
C2-8P — The world's most expandable personal machine 4K RAM  § 799
for business or research applications

C2-4P Disk — The ultimate portable 16K RAM  $1464
C2-8P Single Disk — Ideal for education, advanced 16K RAM  $1738
personal users, etc. The
C2-8P Dual Disk — Most cost effective small 32K RAM  $2597
business system CZ-BP
Challenger Il Serial Interface Series sy o e
Same great features as Challenger |IP Series for those who
have serial terminals: small business, education, industry.
C2-0—Great starter for users with a terminal 4K RAM  $ 298
C2-1 — Great timeshare user accessory,; cuts costs 4K RAM  § 498
by running simple BASIC programs locally
C2-85 — Highly expandable serial machine, can 4K RAM  § 545
add disks, etc.
Challenger Il The Ultimate in Small Computers iy et st

It
Hully u: |6 8 mpinftame clasgmicre
Sompu wpsian, e €3 8.
-

The unique three processor system for demanding business,
education, research and industrial development applications.

C3-S1 — World's most popular 8" floppy based 32K RAM $3590
microcomputer dual floppys
C3-OEM — Single package high volume user version 32K RAM $3590
of C3-S1 dual floppys
C3-A — Rack mounted multi-user business system 48K RAM  $5090
directly expandabe to C3-B dual floppys
C3-B — 74 million byte Winchester disk based system. 48K RAM  $11,090
World's most powerful microcomputer dual floppys mca_n
OHIO SCIENTIFIC also offers you the broadest line of expansion s
accessories and the largest selection of affordable software! mkroconpoter
Compare the closest Ohio Scientific Model to any other unit you are con- L=

sidering. Compare the performance, real expansion ability, software and
price, and you will see why we have become the world's largest full line
microcomputer company.

!1'm interested in OSI Computers. Send me information on:

I O Personal Computers O Small Business Computers

I O Educational Systems O Industrial Development Systems

I O I'm enclosing $1.00 for your 64-page small computer buyer’s guide.
| Ohio residents add 4% lax.

i
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|
|
|

IName OO0 SCIENTIFIC |
|
!
|
|

SUANDARD FLATURES:

tAddress 1333 S. Chillicothe Road
| City Aurora, Ohio 44202
Istate (216) 562-3101

Circle 290 on inquiry card.
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