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16K RAM EXPANSION BOARD
FOR THE APPLE II* $195.00

The Andromeda 16K RAM Expansion Board
allows your Apple to use RAM memory in place
of the BASIC Language ROMs giving you up
to 64K of programmable memory. Separate
Applesoft* or Integer BASIC ROM cards are no
longer needed. The 16K RAM Expansion Board
works with the Microsoft Z-80 card, Visicalc,
DOS 3-3, Pascal, Fortran, Pilot, and other
software. A switch on the card selects either
the RAM language or the mainboard ROMs
when you reset your Apple.

The Andromeda 16K RAM Expansion
Board has a proven record for reliability with
thousands of satisfied customers.
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Now with One Year Warranty.
*Apple Il and Applesoft are trademarks.

ANROMEDA

INCORPORATED

P.O. Box 19144
Greensboro, NC. 27410

919 852-1482
Distributed By:

I'.Eé COMBUTER | P.O. Box 696
SERVICES AmhefSt_, NH. 03031
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the BEST
lower ‘case adapter '

the BEST
keyboard buffer

laz or;

<JAND D

-Separately, they have more features
and out perform all the rest, But
together as a team they perform even
better. Look for the Graphics +Plus
soon. It's a RAM based character
generator to complement the Lower .Case
+Plus. It will allow you to define the
character set to your needs. You could
load German, French, Scientific,
Engineering or any other special
characters into the Graphics +Plus and
use it as if the Apple II was designed
specially for that application. And
that's not all, If you define the
characters as graphics, you can do
extremely fast HI-RES type graphics on
the text screen without all those
cumbersome and slow HI-RES routines
and 8K screen. For all the details on
this triad of products,-send for our
free booklet "Lower case adapters and
keyboard buffers from the inside out”,
This booklet gives all the details
about lower case adapters and keyboard
buffers in general. It also has a

section on the Graphics +Plus (RAM . SR L o
based character generator). QRAPH!GS :C;.RO ‘;"HES fp’:,?_EE ﬁ'gg,:gg.rEERRGE”ER

& SHIFT KEY UPPER/LOWER CA CONTROL » $ 6 9 9 5
=

$119.95

+More buffer .than others.

+ Clear buffer control.

+ SHIFT key entry of upper/lower case.

+ Easy CTL key a\ccess to special chars
tNQO-.

L

+ Normal & Inverse Lower Case.

+ 2 complete character sets on board.

+ Graphics character font built in.

+ Expansion socket allows access to ,

external character sets.

+ 2716 EPROM compatible char generator.

+ More supporting software. (on diskette)

INC. + Keyboard +Plus & Graphics +Plus designed

around the Lower Case +Plus.

+Allows BASIC programs with standard
INPUT to support Lower Case without
software modification.

1791-G Capital
Corona, CA 91720
(714)735-1041

the Keyboard +Plus the Lower Case +Plus

The Lower Case +Plus is a plug in (not I/0 slot) device

!

The Keyboard +Plus is a multi-purpose input device for
your Apple II. The first thing the Keyboard +Plus will
do for you is save you lots of time, When the old
adage "time is money"” being more true than ever, you
naturally want to know how this device can save you
and your employees time. We'll start with the input
buffer. With the normal Apple II, you can only input
data when the computer is ready for it. Not when the
disk drive is running or when a printer without buffer
is operating, not when Applesoft is performing the
FRE(0) function and not when the Apple is off
performing time consuming multiple calculations.
Sometimes these time (takers) take only a brief time
and sometimes they take a long time. Even .if they only
take a brief time, the operator can loose his train of
.thought and have to re-orient himself to get back to
speed. With the Keyboard +Plus' buffer, the operator
can keep right on typing. The buffer will store up all
those keystrokes until the computer comes back and
requests another input. In most conditions, you will
never be more than 2 or 3 keystrokes ahead of the
computer., At most, you will ‘probably never have much
more that 35 or 40 characters ahead. The Keyboard
+Plus has room for 64 characters to be stored, which
is far more that you will probably need. The second
timesaver the Keyboard +Plus has to offer is the SHIFT
Key control of upper/lower case entry. You no longer
have to re-orient yourself from the typewriter style
keyboard and the Apple II keyboard every time you
switch from one to the other. The frustration of the
difference without the Keyboard +Plus is worth the
cost alone. There are other benefits such as CTRL key
entry of all the special character you could not
access before and a lot of the Apple keyboard bounce
(getting two characters for one stroke) will disapear.
Besides these features, there is ‘a keystroke command
to clear the buffer as well .as RESET key protection
for the older Apples. With all these features, it's no
wonder that Lazer MicroSystems is becoming known as
the company that puts thought into all their products.
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that will allow your Apple II to display lower case and
graphic characters on the video text screen. The Lower

‘Case +Plus is compatible with ALL word processors that

support lower case. With an optional (extra cost)
character generator, it will also allow some word
processors, such as Applewriter and the 40 column
Easywriter, to display normal upper and lower case on
the screen with no software modifications, The Lower
Case +Plus is compatible with all software that operates

‘with any other lower case adapter. However, since the
Lower Case +Plus has features and capabilities that no

other lower case adapter has, there is software
available that will operate properly only with the Lower
Case +Plus. Maybe that is the reason the Lower Case
+Plus has become the leading lower case adapter for the
Apple II.

Lazer MicroSystems' products are in computer
stores all across the country. However, if you
cannot locate one, you can order direct from us.

* California residents must add 6% sales tax.

* Master Card & Visa (W/all vital info) welcome.

* Allow 2 weeks additional for checks to clear.

* Orders outside U.S.A. add $15.00 for shipping
& handling.

Lower Case +Plus, Keyboard +Plus; and Graphics
+Plus are trademarks of .Lazer MicroSystems,
Inc., Corona, CA.

Apple II and Applewriter are trademarks of Apple
Computer, Inc., Cupertino, Calif.

Easywriter is a trademark of Cap'n Software, and
produced by Information Unlimited Software,
Inc,, Berkeley, Calif.
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and Mlcrobes

Dear Editor: -

As a long-time supporter of the 6800
and 6502 families, {I was one of the
first dealers to sell Apple I, OSI
Challengers and SWTP M6800
microcomputers), I am glad that
MICRO will now cover the 6809. This
greatly improved micro offers so many
advantages, that new users rave about
this chip once they understand it. I am
sure your excellent series will en-
courage many to try it. The SS-50 Bus

I know that integer variables work
because I never bothered to read the
manual; I just programmed and assumed.
Please tell your readers!

Mark L. Crosby of Washington,
D.C., sent this microbe:

In the June issue of MICRO some
errors of omission occurred in Alan
Hill's article ‘‘Amper Search for the

Apple' (37:71). These might be dif-
ficult for novice assembly language pro-
grammers to figure out.

Although the original program was
created with a different assembler, the
corrections in figure 1 were done on the
Apple Tool Kit Assembler/Editor (by
Apple Computer Inc.).

The corrections begin at the section
headed 'DATA STORAGE."

users are about a year ahead in the 956D €1 CD DO ASC 'AMPER-SEARCH'
understanding and use of the 6809, but 9570 C5 D2 AD
I am sure that the Apple, PI-:’Ii{CBM}1 ;5 ?’ 2 gg gg g;
SYM, KIM, and AIM users will catc 9
up fast. We have to welcome a new ;g;g gé gg g_l’ ASC 'ALAN G. HILL®
group into the fold — the TRS-80 Color 957F AE AD C8 .
Computer users. They not only use the 9582 €9 CC CC
Bus for expansion, before Radio Shack 9588 CD C5 D2 5
offers it to them. 9588 €3 C9 C1i
958E CC AD D2
The point that I really would like to ;g;: g: g; ﬁg
make is that 6809 is an interim pro-
cessor. For all it's excellence, it is a ;g;; gz gs gi ASC 'RESERVED'
forerunner to the M68000, which is the 959D Cg cz
63000 Lo e "bfothe future. The 959F CB 93 Loc DFB $CB,$93 ; DEALLO-1
000 is so far above anything we use 95A1 23 92 DFB $23,$92 ; SEARCH-1
today that we will need all the P5A3 44 CHRTBL DFB $44 i D
technical help we can get, to under- 95A4 53 DFB $53 . 8
stand it and use its great power. I would 95A5 8D MSG1 DFE $8D ; {CR)
like MICRO to not only raise our sights 95Aé D4 Ct D2 - ASC 'VARIABLE'
to the 6809, but beyond it to the 68000. ;g:z gz gé :g
Thank you for your excellent magazine.
youfory $5AF A0 A0 AD NAME  ASC ' ; 16 SPACES
: 95B2 AD AQ AO
Stanley Veit 95B5 AD AD AD
9588 AD AD AD
We’d like to take this opportunity ;ggg :g A0 A0
to thank everyone who has written. 9SBF 8D DFB $8D . (CR)
Unfortunately we cannot publish all 95C0 CE CF D4 ASC 'NOT FOUND'
the letters that we receive. However, 95C3 AD Cé CF
your letter has a better chance of being 95C4 DS CE c4
published if you are brief, to the point, 5CY CoO DFB '@ ; CTRL-L
and cover only one topic per letter. :ggs :3 :8 :g SViD ASC ' ; 6 SPACES
' $5D0 A0 AD A0 ZPSV  ASC ' ; 32 SPACES
9503 A0 AD AO
. 93Dé A0 AD AD
Jan Skov of Denmark sent this note: ;:gé :8 :g :3
In MICRO (36:37) you made a ;gg;’ :g :g :g
disastrous comment. SYM-BASIC does 95SES AD AD AD
indeed ‘support integer variables. Your 95E8 A0 AD AD
mistake is understandable as the 9SER AQ AD AD
mapual nowhere mentions %-type 9SEE AD AOD Figure 1
variables.
4 MICRO - The 6502/6809 Journal No. 39 - August 1981

b i i Rh i e




About the Cover

The Printer Revolution

Just as processor technology has ex-
ploded in the past several years, so has
printer technology. Printers available
today offer several times the features of
yesterday’s printers, at a fraction of the
price. The old mechanical monstrosi-
ties, so commmon in computer rooms
before the microprocessor boom, could
hardly produce a legible, life-long hard
copy, let alone a letter-quality output.
Now, a new breed of printer, controlled
by microprocessor instead of relays,
can produce graphical output as well as
a variety of printing fonts. Parallel in-
terfaces have enabled these printers to
output at rouch greater speeds than
their ancestors. And along with the in-
crease in versatility, quality, and
speed, in the past several years we have
seen a noticeable decline in price! This
decline is due in part to new
technologies in thermal and dot-matrix
printing, and in part to the commercial
popularity of such printers. In this
issue, with its special printer section,
MICRO salutes the '’printer revolu-
tion."’

MNICRO is published monthly by:
MICRO INK, Inc., Chelmsford, MA 01824
Second Class postage paid at:

Chelmsford, MA 01824 and Avon, MA
02322

USPS Publication Number: 483470
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Send subscriptions, change of address, USPS
Form 3579, requests for back issues and all
other fulfillment questions to
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P.O. Box 6502

Chelmsford, MA 01824

or call

617/256-5515

Subscription rates Per Year

u.S. $18.00

Foreign surface mail $21.00

Air mail:
Europe $36.00
Mexico, Central America $39.00
Middle East, North Africa $42.00
South America, Central Africa $51.00
South Africa, Far East,
Australasia $60.00

Copyright© 1981 by MICRO INK, Inc.
All Rights Reserved
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Editorial

This issue marks an unusual and impor-
tant occasion for MICRO. After thirty-
eight consecutive editorials, the first of
which appeared back in 1977, Editor/
Publisher Bob Tripp has finally decided
to take a break. Thus, the task of writing
this month’s editorial has been passed
to the editorial staff, and has landed on
me! My name is Ford Cavallari, the Ap-
ple specialist at MICRO and the editor
of the series MICRO on the Apple. Star-
ting this month, I assume additional
responsibilities for the magazine as an
associate editor. Let me take this oppor-
tunity to share with you some thoughts
that I, along with the rest of the staff,
have been having about the magazine’s
course.

This month, the first non-system
oriented bonus section makes its ap-
pearance in our magazine. In june, as
you may recall, we enlarged MICRO, in
part to extend our coverage of the Apple,
and in part to expand our coverage of
other systems and other areas. The two
bonus sections which now appear in
each issue afford us quite a bit of
editorial flexibility, and this flexibility
is reflected in this month's special
printer bonus. With this new format, we
have tackled an in-depth special on
printers without sacrificing other areas
of the magazine's coverage. In fact, we
did it with ease, and still provided ad-
ditional Apple coverage!

In the coming months, we will be
presenting more widely varied bonuses,
ranging from more system-oriented
coverage of the PET, the OSI, the Apple,

and the single boards, to some more .

concept-oriented features on topics like
games, computer languages, and the
6809.

1 am particulary excited about the
coming games bonus section which will
be appearing in November. While
MICRO has historically leaned more
toward the serious computer user than
toward the gamester (see September
1980 Editorial, 28:5), we do realize, and
concede, that there are few microcom-
puter demonstrations quite as graphic or
fun as a good game. Also, there are very
few ways to get children interested in

MICRO - The 6502/6808 Journal

computers, aside from games. Our
games bonus section will feature games
articles, games programs, and games
advertising, just in time for the gift-
giving season. If you have original
material which you feel would be ap-
propriate for this section, please send it
in, and we will consider it. We plan each
issue months in advance, so send us
your original games and articles quickly.

Another coming feature is our Pascal
bonus section, scheduled for January.
Pascal is now available on many
microprocessors, and will soon become
available on more. It is evident, in both
the micro and mainframe communities,
that Pascal is going to be very important
in the future. The Pascal bonus section
should be of interest to the novice and
expert alike, for it will include both in-
troductory tutorial material and pro-
grams demonstrating advanced tech-
niques. Other languages to be featured
in future bonuses are FORTH, BASIC,
and assembly language.

OSI reasders will notice the ommis-
sion this month of the Small Systems
Journal. The Journal has not moved to
another publication. Rather, it has been
suspended indefinitely by Ohio Scien-
tific. We regret this, because we believe
the Journal provided OSI users with a
valuable service in a format unique to
the microcomputer industry. If you feel
strongly about the Journal, why not let
OSI hear directly from you in writing! In
the mean time, keep the OSI articles
coming in and keep reading MICRO as
we schedule more OSI bonuses.

One last word on the Reader Survey
Form appearing in last month’s MICRO.
When Bob Tripp started MICRO back in
1977, it was partially due to the fact that
he felt the 6502 community to be a more
cohesive, enthusiastic group than, say,
the 8080 community. The tremendous
response that we've gotten so far from
the Reader Survey indicates that your
group enthusiasm has not waned. If you
haven't sent in your form, and if you
wish to have a direct influence on the
magazine, here is your chance. In order
for us to schedule features and bonuses,
we have to have some idea of who is go-
ing to read them. Thanks for the
response so far. Let’s make it 100 per
cent.

e




OSli

AARDVARK

OSi

NOWMEANS BUSINESS!

WORD PROCESSING THE EASY WAY —
WITH MAXIPROS

This is a line-oriented word processor de-
signed for the office that doesn’t want to send
every new girl out for training in how to type a
letter.

It has automatic right and left margin justi-
fication and lets you vary the width and margins
during printing. It has automatic pagination and
automatic page numbering. It will print any text
single, double or triple spaced and has text cen-
tering commands. [t will make any number of
multiple copies or chain files together to print an
entire disk of data at one time.

MAXI-PROS has both global and line edit
capability and the polled keyboard versions
contain a corrected keyboard routine that make
the 0S| keyboard decode as a standard type-
writer keyboard.

MAXI-PROS sglso has sophisticated file
capabibilities. it can access a file for names and
addresses, stop for inputs, and print form letters.
It has file merging capabilities so that it can store
and combine paragraphs and pages in any order.

Best of all, it is in BASIC {0S65D 51/4" or
8" disk) so that it can be easily adapted to any
printer or printing job and so that it can be sold
for a measly price.

MAXI-PROS — $39.95

- THE EDSON PACK
ALL MACHINE CODE GAMES
FOR THE 8K C1P
INTERCEPTOR —You man 8 fast interceptor
protecting your cities from Hordes of Yukky
Invaders. A pair of automatic cannon help out,
but the action speeds up with each incoming
wave, It's action, action everywhere. Lots of
excitement! $14.95

MONSTER MAZE — An Arcade style action

game where you run a maze devouring monsters

as you go. If one sees you first, you become

lunch meat. Easy enough for the kids to learn,

;r;g ghallenging enough to keep daddy happy.
.95 '

COLLIDE ~ Fast-paced laneswitching excite-

ment as you pick up points avoiding the jam

car. If you succeed, we'll add more cars. The

assembler code provides fast graphics and smooth

action. $9.95

SPECIAL DEAL~THE ENTIRE EDSON PACK -
ALL THREE GAMES FOR $29.95

THE AARDVARK JOURNAL

FOR OSI USERS — This is a bi-monthly
tutorial journal running only articles about QS|
systems. Every issue contains programs custom-
ized for OSI, tutorials on how to use and modify
the system, and reviews of OS| related products.
In the last two years we have run articles like
these! '

1) A tutorial on Machine Code for BASIC
programmers.

2) Complete listings of two word processors
for BASIC IN ROM machines.

3) Moving the Directory off track 12.

4) Listings for 20 game programs for the OSI.

5) How to write high speed BASIC — and
lots more —
Vol. 1 (1980) 6 back issues - $9.00
Vol. 2 (1981} 2 back issues and subscription for
4 additional issues - $9.00.

ACCOUNTS RECEIVABLE ~ This program
will handle up to 420 open accounts. it will age
accounts, print invoices (including payment
reminders) and give account totals. It can add
automatic interest charges and warnings on late
accounts, and can automatically provide and cal-
culate volume discounts.

24K and 0S65D required, dual disks recom-
mended. Specify system,
Accounts Receivable. $39.95

* % * SPECIAL DEAL — NQ LESS! * * *

A complete business package for OSl small
systems — {C1, C2, C4 or C8). Includes MAXI-
PROS, GENERAL LEDGER, INVENTORY,
PAYROLL AND ACCOUNTS RECEIVABLE -
ALL THE PROGRAMS THE SMALL BUSI-
NESS MAN NEEDS. $299.95

P.S. We're so confident of the quality of these
programs that the documentation contains the
programmer’s home phone number!

SUPERDISK I

This disk contains a new BEXEC* that boots
up with a numbered directory and which allows
creation, deletion and renaming of files without
calling other programs. It also contains a slight
modification to BASIC to allow 14 character
file names.

The disk contains a disk manager that con-
tains a disk packer, a hex/dec calculator and
several other utilities.

It also has a full screen editor (in machine
code on C2P/C4)) that makes corrections a snap.
We’ll also toss in renumbering and program
search programs — and sell the whole thing for —
SUPERDISK Il $29.95 (5 1/4”) $3495 (8").

"ANDFUN,
TOO!

BOOKKEEPING THE EASY WAY
— WITH BUSINESS |

Our business package 1 is a set of programs
designed for the small businessman who does not
have and does not need a full time accountant
on his payroll,

This package is built around a GENERAL
LEDGER program which records all transactions
and which provides monthly, quarterly, annual,
and year-to-date PROFIT AND LOSS statements.
GENERAL LEDGER also provides for cash
account balancing, provides a BALANCE SHEET
and has modules for DEPRECIATION and
LOAN ACCOUNT computation.

GENERAL LEDGER (and MODULES) $129.95.

PAYROLL is designed to interface with the
GENERAL LEDGER. it will handle annual
records on 30 employees with as many as 6
deductions per empioyee.

PAYROLL - $49.95.

INVENTORY is aiso designed to interface with
the general ledger. This one will provide instant
infarmation on suppliers, initial cost and current
value of your inventory. It also keeps track of the
order points and date of last shipment.
INVENTORY - $59.95.

GAMES FOR ALL SYSTEMS

GALAXIAN - 4K - One of the fastest and finest
arcade games ever written for the OSI, this one
features rows of hard-hitting evasive dogfighting
aliens thirsty for your blood. For those who
loved (and tired of) Alien Invaders. Specify
systen — A bargain at $9.95

MINOS - 8K - — Features amazing 3D graphics.
You see 3 maze from the top, the screen blanks,
and when it clears, you are in the maze at ground
level finding your way through on foot. Realistic
enough to cause claustrophobia. — $12.95

NEW — NEW — NEW

LABYRINTH - 8K - This has a display back-
ground similar to MINQS as the action takes
place in a realistic maze seen from ground level,
This is, however, a real time monster hunt as you
track down and shoot mobile monsters on foot.
Checking out and testing this one was the most
fun I've had in years! — $13.95.

TIME TREK - 8K - Real Time and Real graphics
Trek. See your torpedoes hit and watch your
instruments work in real time. No more un-
realistic scrolling displays! — $9.95

SUPPORT ROMS FOR BASIC IN ROM MA-
CHINES —~ C1S/C2S. This ROM adds line edit
functions, software selectable scroil windows,
bell support, choice of OS! or standard keyboard
toutines, two callable screen clears, and software
support for 3264 characters per line video.
Has one character command to switch model
2 C1P from 24 to 48 cheracter line. When in-
stalled in C2 or C4 (C2S) requires installation
of additional chip. C1P requires only a jumper
change. — $39.95

C1E/C2E similar to above but with extended
machine code monitor. — $59.95

Please specify system on all orders

This is only a partial listing of what we have to offer. We now offer over 100 programs, data sheets, ROMS, and boards

OSl

for 0S| systems. Our $1.00 catalog lists it all and contains free program listings and programming hints to boot,

AARDVARK TECHNICAL SERVICES, LTD.
2352 S. Commerce, Walled Lake, Ml 48088

(313) 669-3110
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MICROCRUNCH:
An Ultra-fast Arithmetic
Computing System

Part 1

Extremely fast floating point
processing can be attained by
coupling an INTEL 8231
arlthmetic processing unit to the
0OSl Superboard Il and using a
partial compiler to generate
machine code representations of
mathematical equations and
loops. written in BASIC.

John E. Hart

Dept. ot Astrogeophysics
University of Colorado
Boulder, Colorado 80309

An editorial in BYTE magazine (BYTE,
vol. 5, number 10, Oct. 1980} quoted a
survey that indicated that 40% of -the
readers of that microcomputer magazine
were scientists or engineers. Obviously
a very large number of small system
users got into microcomputing because
they hoped to use their machines for
mathematical problems occurring in
these fields. Although many applica-
tions of 6502 processors have been in
tasks that do not require sophisticated
mathematical manipulation (like gra-
phics, games, word processing, etc.
there is certainly a host of interesting
and/or practical problems that can be
approached via numerical analysis on a
microcomputer. These problems span
the entire spectrum of mathematical
modeling, from ecosystems to weather
systems, from circuit analysis to sup-
port calculations in data analysis.

Such applications are only limited
by the product of the floating point
throughput {or speed) of the micro-
processor and associated software, and
the patience of the operator to wait
around for the answer. It is often most
profitable and convenient to approach
mathematical . problems in an inter-
active mode, where, for example, a
problem depending on a certain para-
meter is iterated to an end point. The
result is then inspected by the operator,
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the parameter varied, and the solution
repeated, until the desired:answer is ob-
tained. Such a scheme would-be fruitful
if the iteration time is fairly short. If you
have to wait half an hour between
answers it can-be very frustrating. The
iteration time is, of course, proportional
to the length of the mathematical prob-
lem, in terms of the total number of
floating point operations per iteration,
divided by the effective computing
speed of the machine being used. Unfor-
tunately when it comes to floating point
number crunching, microcomputers can
be annoyingly slow. The purpose of this
series of two articles is to describe a
6502-based . system' called MICRO-
CRUNCH that is extremely fast at
floating point mathematical number

crunching.

The system consists of an OSI Super-
board I with the 610 board memory ex-
pansion, interfaced to an INTEL 8231
math chip, which will be discussed
later; in detail. This article describes the
hardware necessary to accomplish this
interface.

True number crunching speed is only
possible if such a math chip is treated as
a co-processor in the sense that floating
point operations executed by the 8231
are done asynchronously as the 6502 is
preparing for the next operation. Thus a
special BASIC compiler that converts
higher order statements into optimal
6502 machine code is a must if the
potential for fast execution inherent in
the 8231 is to be realized. Part 2 of this
series will describe the software
necessary to do this. We start by in-
dicating what kind of speeds can be
attained with the MICROCRUNCH
system.

Computing speed for mathematical
applications is usually measured in
terms of megaflops {Mflops); or millions
of floating point operations {+, —, *, /|
that a computer, plus associated support
software can execute per second. Obvi-

“ously no one expects a micro to compete

with a 32-bit mainframe designed
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specifically to do scientific computing,
but it is interesting to compare a few
typical systems in this regard and to
note how well a little 8-bit micro can
perform. Computing speed can be crude-
ly estimated by running the following
simple benchmark program on several
machines.

A=1.00013

X=1

FOR 1= 1T040000
X=X*A"
NEXT |

PRINT X

STOP -

From this, one gets a pretty good idea of
the Mflop capability of a machine, since
usually, the overhead for the FOR loop
part of this little program is small com-
pared to the time it takes to look up the
variables X and A, and to perform the
multiplication. I have tried this little
loop on a variety of computers, some of
which used a FORTRAN version. The
results are shown in table 1.

There are several conclusions that
can be made from this table, such as:

1. Traditional 6502 or Z-80 machines
with BASIC interpreters are quite
slow, doing about 100 to 200 flops
per second. A calculation with
10,000 flops would take a couple of
minutes, which is tao slow for com-
fortable interactive computing.

2. The use of a compiler (Pascal or
FORTRAN] on the straight 6502
machines only helps by a factor of 2
or so in speed. Although for a com-
piler the .variable fetch and line
decode times go way down, the time
for actual addition, division, etc., in
floating point stays the same.

3. Increasing the computer clock helps

in direct proportion to the clock in-
crease. At most, this might gain a
factor of 4 if the typical 6502 micro
can be made to run at 4 MHz.




4. Floating point chips without com-
pilers are almost useless.

5. The optimal 8-bit system described
here outperforms many standard
minicomputers, at a fraction of their
cost.

6. If you want personal number crunch-
ing in excess of around .01 Mflops
{104 floating point operations per sec-
ond], be prepared to spend a large
amount of money.

Assuming the reader is interested in
attaining floating point throughput in
excess of 50 times the typical micro per-
formance, we proceed to outline the
MICROCRUNCH hardware, including
circuits, a layout, and a parts list.

The Hardware

The physical system- is shown in
figure 1. The basic computer is the OSI
Superboard II. It has been connected to a
fully populated OSI 610 memory board.
Thus the starting element is essentially
a 6502 computer with 32K of RAM. The
610 board has an expansion plug that
contains buffered data, address, phase
two, read/write, and interrupt lines.
This is connected to the arithmetic pro-
cessor board (APB] whose circuit is
given below. This APB board could be
connected to any 6502 system that has
available the same buffered lines as on
the OSI 610. These are given in more
detail in table 2.

Thus, in principal, the APB circuit
can be used on a variety of machines
(AIM, Apple, etc.) provided the address
assigned to the arithmetic processor
does not conflict with the memory map
of the host computer. Because the com-
piler described in part 2 of this article
uses up 20K of memory, and the upper
12K of this system is needed for source
and object code storage, there is not
much room left for a disk operating
system. So, I use magnetic tape as a bulk
storage medium. This would not be
necessary if a machine with 48K of RAM
were employed. However, the tape
storage system I use is almost as fast as
disk, so there is little performance loss
here {see '‘An Ultra-Fast Tape Storage
System,’’ ].E. Hart, MICRO, November
1980, 30:11).

In addition I have jumped the fund-
amental clock on my Superboard up to 2
MHz as described by J.R. Swindell
{“The Great Superboard Speedup,”
MICRO, February 1980, 21:30). The
timing for the MICROCRUNCH system
in table 1 was with a 2 MHz clock. For 1
MHz, the Mflop rate is .007. The tape

Computer

TRS80 model I {Z-80)

TRS80 model 1I (Z-80)

INTERCOLOR (Z-80)

APPLE II (6502, 1 MHz|

APPLE I

APPLE II w/AMD®9511 floating
point board (Calif. Digital)

point board (DEC]
*MICROCRUNCH (QSI 2 MHz

Table 1: Approximate Megafiop Rates for Several Computing Systems
Language

BASIC interpreter

1] "
1" 7]

" 12

Pascal compiler

APPLEFAST interp. .00026

OSI Superboard U {1 MHz) BASIC interpreter .00022
OSI Superboard I {2 MHz) " " .00044
PDP1103 w/Hdw. floating FORTRAN .004

BASIC compiler .011

+ INTEL 8231}
PDP 1134 ‘ FORTRAN .04 approx.
VAX 11/750 {DEC]} 4 v
CDC 7600 " 4-6
CRAY I " 60 '

Mflop
(million flops/sec|

.00012
.00026
.00014
.00019
.00034

Figure 1: MICROCRUNCH Hardware

CASSETTE 0SI

TAPE SUPERBOARD

e 3 (clock, reset)

T

Address Decoder
Data Bus Buffer
INTEL 8231

0SI

610 MEMORY BD. bus)

be—————>4 (data,address

ARITHMETIC
PROCESSING
BOARD

baud rate and clock modifications are
not necessary for successful operation of
the APB, but they are useful changes that
increase performance and convenience.

The APB part of the system consists
of an address decoder, a data bus buffer,
a read/write/command/data decoder
and the INTEL 8231 arithmetic process-
ing unit. In order to understand the cir-
cuits that follow it is necessary to give a
brief description of the 8231.

Anyone getting into this project
should obtain the 8231 manual from a
local INTEL representative, since only a
brief sketch of the processor can be
given here. When ordering this part, be
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sure to get the C8231, since this will run
at 4 MHz and the regular 8231 will not.
The 8231 has the following features of
interest:

1. An operand stack that stores 4
floating point numbers with 6%
decimal digit precision and a range of
about 10+20, Each floating point number
is represented by 4 bytes: 1 for the expo-
nent and 3 for the mantissa. The floating
point format will be discussed in part 2.
It is, unfortunately, not the same as that
used by Microsoft BASIC.

2. A l-byte status register that can

be read into the 6502. This status
register contains a busy bit that in-
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Table 2: Connector J2a on Arlthmétlc Board

Function
buffered address bus bit
H 1 " H
13 1 " 2]
i 1 2] "
buffered data bus  bit
Y] 1 i 2l
" 1" ’" 1
2 " 1 "

buffered read/write (read to 6502 if high)
data direction {enable read to 6502 if low]|

buffered phase 2 clock
buffered data bus bit

buffered address bus bit

W= O W= O

4
5
6
7
8

O

A?gRESS BUS
2, 8
» 2
45 A0
* at
y M2
w5 A2
sy MY

ALS

4o

Figure 2: Address Decoder Circult

7430

LT
)

g2

R/W

7430 - 8

ADDRESS 2

1

g

J2-19

J2-15

All

+5 pin 14 except 74154

0

2 10

POMER

pin 7 +5 pin 24

0 pin 12

. 1 9
4 1
3 rz— 7410
11 11

19

20

8r28-1,15
7410
8
-

—
P

Data Direction
J2-18

1/0 STROBES

18

74154 g

21

Jz2-3

J2~2

22

Jz2-1

23

i
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dicates whether a previously initiated
floating point command is still in pro-
gress, and an error field that indicates if
the previously completed command
resulted in an error [overflow,
underflow, divide by zero, improper
function argument like square root of a
negative number, etc.).

3. A 1-byte command register that is
written into by the 6502. This initiates a
floating point operation on the
operand(s) that are stored on the stack in
the 8231. These operations include +,
—, *, / and a host of transcendental
functions like SIN, COS, ARCTAN, etc.
(See the manual for a complete descrip-
tion of these.] Suffice it to say that just
about any problem you could have done
with Microsoft BASIC you can do
within the 8231, only much faster. The
result of a calculation or operation ap-
pears on the top of the stack and can
hence be read as a four-byte block
transfer back into memory, under con-
trol of the 6502. These manipulations
and some quirks of the floating stack are
discussed in part 2, since they have
more to do with software than hardware.

The scenario that emerges is as
follows: A mathematical program writ-
ten in BASIC is compiled by the 6502.
There the object code, so generated,
causes appropriate 4-byte transfers in
and out of the APB, of floating point
variables appearing in the mathematical
expressions that were compiled. The
6502 also sends operation commands at
the appropriate times and checks for
errors after an operation is completed.
Thus the main task of the hardware is to
allow the 6502 to transfer data in and
out of the 8231 stack, command, and
status registers. Thus, we are really con-
cerned with a fast I/O problem.

Readers of the 8231 manual will note
that it also does fixed point arithmetic
{16- or 32-bit). None of these functions
are used in the MICROCRUNCH
system, but software could be written to
use these if needed.

. Circuit Description

Described below is the circuit for the
APB and its interconnections to the 610
board. The components for this board,
all bought retail, cost about $340, with
$270 going for the INTEL C8231. In ad-
dition, the 8231 uses 12V DC so a
regulated supply of some sort {low cur-
rent, 100 mA is fine) is needed. It should
be mentioned here that the 8231 is iden-
tical in architecture and pin-outs to the
older AMD 9511. The latter chips are a
little cheaper ($195), but are designed to




run at 2 MHz instead of 4 MHz. [ went
with the INTEL because the speed in-
crease seemed worth the extra money.

The main interface with the 610
board is via its connector J2. This 40-pin
connector is linked to a similar 40-pin IC
socket-type connector on the APB with
a ribbon cable. Table 2 shows the lines
available on J2 that are used on the APB.

In addition to-this interface, an addi-
tional connector J3 must be used to sup-
ply the following signals from the Super-
board itself. In my unit this is a 14-pin
IC socket connected by a ribbon cable to
a similar socket set in.one of the proto-
type holes in the Superboard.

J3-1 4 MHz clock

(SBDII, U30-2)
]13-2 Ground
J3-3 BRK line {low = reset}

{SBD U8 - 40]

The APB circuit will work with any
6502 computer that supplies the I/O
connections as described above.

Figure 2 shows the address decoder
circuit. Address lines 8 through 15 are
fed into an 8 input nand gate, and line 10
is inverted. The output of this gate will
go low whenever the address high byte
goes to $FB. This is the basic block ad-
dress for the APB. The output of this
gate is fed to one enable input of a 74154
4-t0-16-line demultiplexer, and to a set
of inverters and gates whose purpose is
to generate a data direction pulse in
phase with the 02 clock pulse. The out-
puts of the 74154 are a set of strobes that
go low in phase with 02 whenever ad-
dress FB is selected. Only one strobe is
fired, depending, as well, on the R/W,
A0, Al, and A2 lines. These strobes can
be used to select various 1/0 devices, 16
in all. For the APB we shall use only 5 of
these lines, so the others can be used for
future expansion (A-D, D-A, etc.). The
data direction pulse does two things. It
informs the data buffers on the 610
board when data is going to be fed back
to the 6502 (J2-18, low = read} and after
inversion, chip 7410-8 does the same for
the data buffers just ahead of the 8231.

Figure 3 shows the interconnections
for the two on-board 8T28 tri-state buf-
fers needed to drive the cable connecting
the APB to the 610 board.

Figure 3: Bus Bufter
8231 {
Data Bus
J2a : 8
10 3 4 ]
D1 6 2 ?
D2 10 i1 10
12 g
D3 13 1 11
13 12 |
1 i
7410-8 5
1 1
D4 32
3 — i2
28 LR
29 D5 6 - r 13
13 [ 1
3n T 5
12
Power:
+5 pin 16
0 pin 8

Finally, figure 4 shows the intercon-
nections between the strobe lines from
the address decoder and the 8231. Dur-
ing a write operation pin 1 of the 7402
NOR gate will go low. This signal is in-
verted and fed through another part of
the 7402 quad NOR gate to give a low
CHIP-SELECT pulse. The 8231 timing
requirements indicate that the active
low WRITE pulse must be shorter than
the CHIP-SELECT input so the WRITE
strobe is shortened by feeding into a

74123 one-shot. If an operand is being'

written onto the 8231 floating stack, pin
21 must go low. This is accomplished
by sending the inverted WRITE
OPERAND strobe to 7402-8. The
resulting inverted OR pulse then
becomes the appropriate C/D line.

A read of either the operand stack or
the status register is preceded by a READ
INITIATION strobe. For example, a
READ STATUS START strobe {e.g. LDA
ABS FBOO)} sets flip-flop 74LS76A. The
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output of this flip-flop goes high and
causes the CHIP-SELECT line (APU-18)
and the READ line {APU-20} both to go
low. The 8231 then proceeds to send the
status register contents to its internal
data bus buffer. This takes several clock
cycles [like an EPROM], so data is not
entered into the 6502 accumulator until
a READ ENTER strobe is fired. That is,
flip-flop A stays set until an LDA-ABS
FBO6 instruction is executed. Then
strobe line 74154-16 goes low ter-
minating the read by resetting the flip-
flop on its rising edge.

Typically, then, two consecutive
LDA'’s are used to read from the 8231.
Data is read by LDA-ABS FBO1, LDA-
ABS FBO06. The only difference between
this and a status read is that flip-flop B
sets the C/D line low (via 7402-10 i
addition to pulling the CHIP-SELECT!
and READ lines low. The double LDA
read cycle required by this circuit is
slightly (20%) less efficient in time than
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using the 6502 ready line in a pause cir-
cuit. Unfortunately, in the Superboard
this line is tied to ground. However,
/ tions one is almost always writing data
and commands into the APU, reading
only at the end of a string of operations.

(‘% during long mathematical manipula-

The 4 MHz clock and the reset
pulses are connected as indicated.

Table 3 gives the APB addresses and
typical commands used to communi-
cate with it. For machines other than
O8I, these addresses may fall in already

Therefore, this lost time becomes assigned areas of the memory map. If so,
insignificant. the base address FB can easily be
Table 3: Arithmetic Board Addresses and Machine Code Access Statements

Address Function Machine Code
64256 FBOO APU READ STATUS start LDA-ABS FBOO
64257 FBO1 APU OPERAND READ start LDA-ABS FBO1
64262 FBO6 APU WRITE OPERAND STA-ABS FBO06
64262 FBO6 APU READ DATA (status or LDA-ABS FBO06
operand, as determined by 1t
. previous start pulse]
64263 FBO7 APU WRITE command to STA-ABS FBO7
initiate operation
Figure 4: Arithmetic Processing Unit Control
to 741%
8 7 9 14 10
write write read Tead read
conmand operand status operand enter Power
start y | start Obb-3
2404, 7402
g“ reset +5 pin 14
2 G pin 7
2 1 7 6 L LS76
9 11 Pr Tk Pr Ck +51 5,12,16
A B
3 \: 1 PbLs76 : 3+ 7Ls76 01 445013
8 0 Q Q
‘ 5 | u 1123
‘ +5 pin 16
0pin 8
3 ]z 5 6 9 8
7402 7402 w
1 10
to SBD
via J3
SBD
4 Mnz
6 —_—
3
. BOPI 4 74123 ¥ 13 . “;‘1
22K 9 2
2 4
19 18 20 21 23 22
write(lo) chip sel. (o) read (lo) c/D clk reaet
INTEL € 8231 B B
ARITHMETIC PROCESSING UNIT (APU) 16 | +12
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changed by altering the inputs to the
7430 address gate. For example, if the
inverter on line 10 is not used, the high
part of the APB address will be $FF. If
this is done, however, some straightfor-
ward address changes will need to be
made in the software presented here and
in part 2.

Figure 5 gives a typical layout for the
APB. One first installs the wire-wrap
sockets [assuming the board will be
wire-wrapped, not soldered), and routes
the power lines. Install .01 mfd bypass
capacitors on each chip between the +5
volt line and ground. After wrapping the
preceding circuits, the board should be
tested using some simple programs
presented below. The basic questions
are, can you get operands in and out of
the unit, and can you command it to
execute operations?

Testing

The first program listed in the appen-
dix asks for an operation code. Among
some useful ones for testing are:
26=push constant pi onto top of
operand stack, 16=floating add,
17 =floating subtract, 18 =floating
multiply, 19 =floating division, 2 =SIN,
3=C0S, 25=exchange top operand
with next lower operand. At the first re-
quest for an operation code, enter 26.
The program then reads the stack, and
assuming all is well, the top four bytes
should represent the constant pi in the
APU format. The arithmetic processor
representations of several useful
numbers are [(most significant byte
first):

pi= 2,201,15,218
10=  1,12800

-10=  129,1280,0
20=  2,12800
0= 0,0,0,0

Thus the sequence of operations
26,26,3,25,3,17 should result in a zero
on the top of the stack. Or
26,26,3,25,3,18 should result in a 1
there. The status register is also read and
displayed.

The second program, when run, asks
for a number between zero and 255. It
writes this onto the top byte of the 8231
stack and then reads it. If what went in
equals what comes back, the program
asks for another number, otherwise an
error message is printed out. With these
two programs enough simple testing can
be done to insure that the circuit is
working correctly. With this hurdle
completed we will be ready to look at
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the software aspects of the system as
described in part two of this article,
which will be presented next month.

Figure 5: Layout — Wirewrap Side of Board

. J2a
Appendix 40 PIN CONNECTOR

Error codes, Parts list, BASIC test
programs, and APU op codes.

INTEL 8231 Error Codes (decimal
values of status register) [atadd 8T28b 8r28a 7430

128 or
greater busy, operation not completed

AR

64 top-of-stack negative, no error ———
32 top-of-stack zero, no error a3 7410
16 divide by zero to INTEL 24154
8 negative argument of function S 8231
not allowed [e.g. square root)
24 argument of function too big
(e.g. Arc Sine, Arc Cosine, P4Oka
exponential}
4 underflow, number < 2.7 x
10-20
8
2 overflow, number > 9.2 x 10 | iz 02 S
0 non-negative, non-zero result,
no errors
P Li Listing 1
It
arts Hst 1 REM APU TEST 1
1 Vector board (at least 6"’ x 6’} 2 REM ENTER OPERATION COMMAND NUMBER
1 40-pin wire-wrap socket 3 REM STACK IS PRINTED FROM TOP DOWN.
22 plnsockets @ dine 1 STACK HOLDS 4,4-BYTE FLT NMBRS.
-pin sockets [including 1 for con- 9 INPUT "COMMAND";Y: POKE 64263,Y
nection to Superboard)
3 16-pin sockets 10 A = 64257:B = 64262: PRINT : PRINT
11 .01 disk capacitors (bypass) 11 PRINT "FOR COMMAND CODE=";Y
1 B0t capacitor 17 X = PEEK (A - 1): PRINT "STATUS=";
. resistor PEEK ( B )
2 7404 hex inverters _ v — .
1 7402 quad NOR gate 20 FOR J = 1 TO 16:X = PEEK (A): PRIN
1 7410 tri, three input NAND gate T PEEK (B)
1 7430 8 input NAND gate 25 NEXT J
1 741876 edge trigger flip-flop . 27 GOTO 9
1 7415123 re-triggerable one shot
174154 4- to 16-line demultiplexer
2 8T28 tri-state buffers Listing 2
1 INTELC8231 arithmetic processing 1 REM APU TEST 2
unit 2 REM ENTER INPUT BYTE BETWEEN ZERO A
Ribbon cable and connectors {40 and 14 ND 255
wire} 3 REM POKE TO APU, THEN READ. IF EQUA
AKCRO L, OK.

10 INPUT "X=";X

12 POKE 64262,X: REM WRITE OPERAND ON
TOP OF APU STACK

15 Y = PEEK (64257): REM OPERAND READ
START

16 Y = PEEK (64262): REM READ DATA

20 IF Y < > X THEN PRINT "APU R/W ER
ROR": PRINT "X=";X;"y=";Y

22 IF Y = X THEN PRINT "R/W OK"

25 GOTO 10
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GRAPHICS
FOR OSI COMPUTERS

¥¢ You Can Produce The Images
Shown Or Yours And Program
Motion With Our 256 By 256 High
Resolution Graphics Kit. 9
Thats 65,536 Individually Controlled
Points On Your TV Screen.

¢ Increase Column/Line Display.
You Can Set Up Your Own Graphic

Pixels Including Keyboard Characters _

And Unlimited Figures.

¢ This Kit Includes All Parts, Software
And Assembly Instructions Required
To Get Up And Running.
The Included 8k Of 2114 Memory
Is Automatically Available When
Not Using The Graphics.
Boot Up And See 8k More Memory. =

Y% Adding The Kit Does Not Affect
Your Existing OSI Graphics.
Use Both At The Same Time
Or Separately.

¢ Buy The Entire Kit,
Including Memory, For $185.00
Or A Partial Kit For Less If You
Have Parts. Board And
Instructions $40.00. Instructions
Include Software.
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i10m
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For This Kit Or A Catalog
Of Other Kits, Software
And Manuals Call Or Write:

MITTENDORF ENGINEERING
905 Villa Neuva Dr.
Litchfield Park, Az. 85340
(602)-935-9734
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PET Vet

By Loren Wright

HESLISTER

The most efficient way to enter a
BASIC listing is shown in listing 1.
Multiple statements on a line make ex-
ecution faster, and the lack of spaces
makes the program occupy considerably
less memory. These listings are difficult
to read, let alone understand. Do you
remember which reverse field characters
represent which cursor controls?

Listing 2 is the same set of lines as
output by HESLISTER. Spaces have
been inserted and multiple statements
appear on separate lines. The cursor con-
trol characters appear as two-letter
abbreviations within brackets. Also,
IF...THEN and FOR...NEXT structures
are indented appropriately. Since PET
programs on cassette cannot be read as
data, HESLISTER works only on disk. It
is available for $9.95 from:

Human Engineered Software
3748 Inglewood Blvd., Rm. 11
Los Angeles, California 90066

VIGIL from Abacus Software

Many of us have contemplated
writing interactive games for the PET,
but have never gotten beyond the con-
templation stage. Moving large objects
across the screen with BASIC can be
very slow, and it takes time to write and
debug the required machine language
routines. If you want the use of paddles
or sound, further complication is added.

VIGIL, an acronym for Video Inter-
active Game Interpretative Language, is
a new 'language’’ offered by Abacus
Software. A few simplifications have
been made. Instead of BASIC variables,
there are 26 registers which can have a
value from O to 255. Normal input is
only from 16 keys on the numeric key-
pad. Also, only one statement is allowed
per program line and no spaces may be
embedded in commands. Anything ap-
pearing after a space is treated as a com-
ment and ignored.

The commands, in general, are very
powerful. There are four ‘‘Test and
Skip’' commands and three ‘‘Step and
Test”” commands, which transfer pro-
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gram control depending on the value of a
particular register. Control of PET’s
double resolution {or quarter-box)
graphics is particularly easy. You can
display a pattern at a specified x-,
y-coordinate and erase it simply by
repeating the display command.
Whenever displaying a pattern over-
writes another {as in a rocket hitting a
plane!], the Z-register is affected.
Messages and PET graphic characters are
also displayed by specifying x-,
y-coordinates.

Other features include sound (for a
speaker hooked to CB2 of the parallel
user port|, timer control, key-testing,
and variety of data movement and pro-
gram control commands.

The VIGIL interpreter begins at
$033A (826) and runs to $1300 (4864).
Not much room is left for programs in
an 8K machine, but there is still a lot
that can be done. The tape [or disk)
comes with nine sample programs:
BREAKOUT, ANTI, SPACE WAR,
SPACE BATTLE, U.F.O., CONCEN-
TRATION, MAZE, KALEIDOSCOPE,
and FORTUNE-TELLER. All these work
with 8K, and they serve as good ex-
amples of different VIGIL programming
techniques.

I also have a few complaints. Restrict-
ing input to the numeric keypad makes
it awkward to play two-person games.

Sometimes the speed is a little dis-
appointing — not up to pure machine
language speed, but certainly faster than
pure BASIC. Finally, some of the com-
mands are difficult to remember. For ex-
ample, THEN prints a character string at
a specified location and Z and B are ''in-
crement and test’’ commands. It does
take a little experience to get really com-
fortable with VIGIL, or any new
language. The documentation is very
good, and a separate reference list of
commands is provided.

VIGIL, complete with user’'s manual
and sample program, is available on disk
or cassette {for BASIC 3.0 only) for $35
from:

Abacus Software
P.O. Box 7211
Grand Rapids, Michigan 49510

October PET Bonus

The October MICRO will have a'
special PET bonus section — five or six
articles. Features include ‘‘Growing
Knowledge Trees’' and '‘Character Set
Substitution."’

MICRO has Assemblers

MICRO has copies of HESBAL,
MAE, and ASM/TED assemblers. We
can accept articles with source files on
disk or cassette in any of these formats.

Listing 1

2145 HEXT :RETURN .
3008 PRINT " Shiippn" :

165 IFT=Z2THEMIFC$=":"THENIFM#=""THEHZ=82 :GOTO212
2148 FORK=ZTOMW: IFGS=LEFT$L$ K> 0O THEHL=K : T$=MIDFLE KD D+ Ul ski=k

165 IF T=2
THEH IF Cs$=" "
THEH IF M#=""
THEMN S=83:
GOTO 216
2148 FOR K=Z TOQ HW:
THEH L=K:

K=ht
HEXT @
RETURM

214%

2909 PRIWT

Listing 2

IF G#$=LEFT#$<{L$CK) . D>

TE=MIDELECK) D+, U

"LCHICCDILCDILCOIECDILCRIECRICCRIICRIY »
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{we carry it dll....

Atari® Software everything for Commodore
- and Atari
VisiCalc .................... L 149
CX4101 Invitation to Programming 1.. 17 . . .
CX4104 Mailing List ... serammi 9 7 47 Afar® Peripherals:
CX4102 Kingdom...................... 13 .
CX4103 Statistics. . ...........oooooo .. 17 400 16K...... e e, $349
CX4105 Blackjack ..................... 13 410Recorder...................... 59
CX41086 Invitation to Programming 2.. 20 810 Disk..........oooiiiinn 469
CX4107 BiothythM. .......ovveeennn. .. 13 818Disk........... 1199
CX4108 Hangman ..................... 13 822 Pr!nter """"""""""""" 359
CX4109 Graph T 17 825 Printer................ ...l 629
CX4111 Space Invader................ 47 830Modem...................... .. 159
CX4110 Touch Typing ................. 20 850 Interface Module.............. 139
CX4115 Mortgage & Loan Analysis.... 13
CX4116 Personatl Fitness Program.... 13 :
CX4117 Invitation to Programming 3.. 20 13
CX4118 Conversational French........ 45 s
CX4119 Conversational German. ...... 45 Atari® Accessories
CX4120 Conversational Spanish ...... 45
CX4121 EnergyCzar .................. 13 CX85316KRAM .................... 89
CX4125 Conversational Italian ........ 45 CX70LightPen...................... 64
CX8108 Stock Charting................ 20 CX30Paddle ........................ 18 VIC-20. ..o $ 279
CXL4001 Educationai SystemMaster .. 21 CX40 Joystick ....................... 18 032N ... 1020
CXL4002 Basic ComputinglLanguage.. 46 CX86 PrinterCable............. .... 42 8032..... . e 1175
CXL4003 Assembler Editor............ 46 CO16345 822 Thermal CBM 4022 Printer................. 630
CXL4004 Basketball................... 30 PrinterPaper.................... 5 CBM 4040 Drive .................. 1020
CXL4005 Video Easel ................. 30 ‘CAO16087 825 80-col. CBM 8050 Drive.................. 1420
CXL4006 Super Breakout ............. 30 Printer Ribbon CBMC2N D Drive................... 87
CXL4007 Music Composer............ 45 PET-IEEECable................... 37
CXL400S Chess .......oovveenin i 30 IEEE-IEEECable.................. 46
CXL4010 3-D Tic-Tac-Toe ............. 30
J CXL4011 Star Raiders................. 33
C CXL4015 Telebink..................... 20
¢ Talk & Teach Courseware: DISKS
CX6001 toCX6017...........ovvvvntn 23
Maxell Disks.................. 10 for $36
Syncom Disks.................. 10 for 29
- AtariDisks ..................... 5 for 22
Software

ATARI 800"
: ' ’ EBS Accounts Receivabie
. Inventory System.................... $595
W|1th 32K RAM On y 0ZZ information System ............ 329
J BPlI General Ledger................. 329
Tax Package.,............. e 399
. Dow Jones Portfolio Management .. 129
Printers Paper Tiger 445G .............. e 769 0 PASCAl.. e 239
NEC 5530....ccovvieiiiiiiiinaanns $2495 PaperTiger460G.................. 1219 §  WordPro3.(40col)...............e.e 186
Diablo B30 ....... oo 2195 Epson MX-80 -WordPro4 (80 col).................. 279
Trendcom 100 ...........cooviiinnn. 299 MX-80FT p Call fornew prices! WordPro 4 Plus (80 col.)............. 339
Starwriter ... 1495 MX-70 Wordcraft 80 ....................l 319
Trendcom 200 .........ccoovienannns 489 Tally8024............ ... 1699
. Please Call Between 11AM & 6PM
No Risk - (Eastern Standard Time)

No Deposit On .

o (800) 233-8950
CODor | |

Credit Card- Shipped Same Day You Call*
Prepaid Orders Receive Free Shipping

* on all in stock units ‘
Computer Mail Order 501 E. Third St., Williamsport, PA 17701 (717) 323-7921

master charge
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It’s Time to Stop Dreaming

Part 3

Robert M. Tripp
Editor/Publisher
MICRO

Part 1 of this series (MICRO 37:9) intro-
duced the Motorola 6809 as a candidate
for the 6502 ‘‘Dream Machine’’ and
discussed its basic architecture and
fundamental characteristics. Part 2
{MICRO 38:27) presented the details on
several major features of the 6809, par-
ticularly the support for writing
position-independent code (PIC] and the
extensive stack operations. Part 3
describes the instruction set in detail
using terms familiar to MICRO readers,
by comparing it instruction-by-
instruction to our beloved 6502.

Table 1 presents the entire 6809 in-
struction set, with the exception of the
Branches, which are presented in table
2. The table lists the instructions by
both the 6502 and 6809. A brief study of
the table will show how similar the in-
struction sets are. Most of the instruc-
tions available on the 6502 are also
available on the 6809. The standard
mnemonics are even identical for the
most part. If a particular instruction is
not available on one or the other pro-
cessor, this has been indicated in the
table by '‘--."

Notes and comments about the in-
struction set from the 6502 point of
view:

1. The Carry Flag is not treated iden-'

tically on the two processors. On
the 6502, the Carry Flag is Cleared
to indicate a ‘‘borrow’’ and Set to
indicate ‘‘no borrow.’”” (Remember
the SEC before an SBC?] On the
6809, the Carry Flag is Set to in-
dicate a ‘‘borrow’’ and Cleared to
indicate ''no borrow.’’ While this
“‘reversal'’ may cause a little dif-
ficulty at first, it does make sense if

you think about it. You can start all
arithmetic operations with a Clear
Carry (CLC) instruction.

Since the sense of the Carry Flag
is reversed on the ‘'borrow/no bor-
row,”” a Compare instruction,
followed by a BCC or BCS, will
function differently on the 6502 and
6809. This should not cause any
trouble since the 6809 offers addi-
tional Branches including Branch
on Less (BLS), Branch on Low
{BLOJ, which is actually identical
to the Branch on Carry Set {BCS),
and so forth. Since the BCC and
BCS are normally used as “’Branch
on Less'' types of operations after a
Compare on the 6502, the inclusion
of additional branches for these pur-
poses on the 6809 is helpful.

The programmed setting and clear-
ing of the Condition Codes or Flags
is handled quite differently on the
6809, but can be treated as almost
identical forms. The 6502 has
separate instructions for each Clear
and Set. The 6809 uses a single in-
struction for Clearing any number
of Flags and anather single instruc-
tion for Setting any number of
Flags. Flags may be Cleared by the
ANDCC instruction which is two
bytes: the opcode, and the mask
which determines which Flags will
not be cleared. Flags may be Set by
the ORCC instruction which is-also
two bytes: the opcode, and the
mask which determines which
Flags will be set.

An SFI on the 6502 would be
equivalent to ORCC #$10 on the
6809; a CLI would be ANDCC
#$EF. Since the 6800 has a set of in-
dividual instructions for each Flag
just like the 6502, many 6809
assemblers will accept the
6800/6502 form and assemble it for
the 6809. For example, many 6809
assemblers will accept SEI as a
mnemonic and generate the object
code for an ORCC #$10.

16 MICRO - The 6502/6809 Journal

3. The ASL and LSL instructions are
actually one and the same on the
6809. The 6809 has simply provid-
ed two sets of mnemonics. The ASR
and LSR, however, are not
equivalent. The ASR shifts the most
significant bit back into the most
significant position, thereby
extending the sign for the original
byte. The LSR shifts a zero into the
most significant bit.

4. The EXG and TFR instructions may

be used between any two registers
of the same size, (that is, between
any two 8-bit registers or any 16-bit
registers), but may not be used be-
tween an 8-bit and a 16-bit.
Therefore, the following instruc-
tions which would be valid on the |
6502 would not be valid on the
6809:

TAX, TXA, TAY and TYA

5. The Push/Pull Stack operations on

the 6502 require only one byte each.
The Push/Pull Stack operations on
the 6809 require two bytes, but can
accomplish a lot more. On a single
PSH, up to eight registers may be
pushed. Which registers are to be
pushed is specified in the second
byte of the instruction. There is a
fixed order in which registers are
pushed onto the stack, and all of the
registers may be pushed onto the
stack, not just the A reg and Condi-
tion Codes as on the 6502. Similar-
ly, a single PUL can pull one to
eight registers. The order is: CC
(Condition Codes] A B-DP (Direct
Page) XY U or S PC.

6. There are two independent Stacks

on the 6809. The *‘S" Stack is
similar to the 6502 stack, except
that it has a 16-bit pointer and can
be anywhere in memory. The 'U"’
{User] Stack has all of the same .
operations as the *‘S'’ Stack, but is |
not used for hardware interrupt and
subroutine processing.
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AND

ASL ASLA
BRK

BIT

CLC, CLI, CLV
CMP

CPX

CPY

LSR LSRA

NOP
ORA
PHA,PHP
PLA,PLP
ROL ROLA
ROR RORA
RTI

RTS

SBC
SEC,SED,SEI

STA
STX
STY

TAX, TAY, TYA, TXA -

TSX, TXS

Table 1: 6502/6809 Instruction Comparison Table

6809
ABX

ADDA
ANDA
ASLA
ASRA

BITA
CLRA
ANDCC
CMPA
CMPX
CMPY
CMPS
COMA

DECA

EORA
EXG
INCA

JMP
JSR
LDA
LDX
LDY
LDS
LEAX
LSLA
LSRA
MUL
NEGA
NOP
ORA
PSHS
PULS
ROLA
RORA
RTI
RTS
SBCA
ORCC
SEX

STA
STX
STY
STS
SUBA

TSTA
TEFR

ADCB
ADDB
ANDB
ASLB
ASRB
SWI2
BITB
CLRB

CMPB
CMPU
COMB
DECB
EORB

R1,R2
INCB

LDB

LDU

LEAY
LSLB
LSRB

NEGB
ORB

PSHU
PULU

ROLB
RORB

SBCB

STB

STU
SUBB

TSTB
R1,R2

ADDD

ASL
ASR
SWI3

CIR

CMPD

COM
DEC

INC

LDD

LEAS
LSL
LSR

ROL

ROR

STD

SUBD

TST

Notes and Details

Add B Reg to X Reg

Add with Carry Bit

Add without Carry Bit

Logical AND

Arithmetic Shift Left

Arithmetic Shift Right

6809 has three Software Interrupts
Binary Bit Test

Clear: Set to Zero

Clear Condition Codes by ANDing
Compare Reg to Memory

Compare Index Reg to Memory
Compare Index Reg to Memory
Compare Stack Reg to Memory
One’s Complement

Decimal Adjust replaces Decimal Mode
Decrement

(Part of Auto Decrement Index Mode)
(Part of Auto Decrement Index Mode)
Logical Exclusive OR

Exchange Specified Reg Contents
Increment

(Part of Auto Increment Index Mode]
[Part of Auto Increment Index Mode)
Jump to Address

Jump to Subroutine

Load Reg

Load Index Reg

Load Index Reg

Load Stack Reg

Load Effective Address into Index Reg
Logical Shift Left

Logical Shift Right

Unsigned multiply: A*B=D

Two's Complement

No Operation

Logical OR

Push Specified Regs on Specified Stack
Pull Specified Regs from Specified Stack
Rotate Left

Rotate Right

Return from Interrupt

Return from Subroutine

Subtract with Borrow

Set Condition Codes

Sign Extend B Reg into

A Reg

Store Reg into Memory

Store Index Reg into Memory

Store Index Reg into Memory

Store Stack Reg into Memory
Subtract without Borrow

Replaced by Transfer Instruction TFR
Use LDS/LDU, STS/STU, EXG or TFR
Set Sign and Zero Condition Codes
Transfer Reg R1 to Reg R2
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Table 2: Branch Instruction Comparison Table

6502 6809 Branch Operation

Simple Branches
BCC BCC LBCC Branch on Carry Clear
BCS BCS -LBCS Branch on Carry Set
BEQ BEQ LBEQ Branch on Equal Zero
BNE "BNE LBNE Branch on Not Equal Zero
BMI ‘BMI LBMI Branch on Minus
BPL BPL LBPL Branch on Plus
BVC BVC LBVC Branch on Overflow Clear
BVS BVS LBVS ‘Branch on Overflow Set

Signed Branches
- BGT LBGT Branch if Greater
- BGE LBGE Branch if Greater or Equal
BLE LBLE Branch if Less or Equal
- BLT LBLT Branch if Less

Unsigned Branches
- BHI -LBHI Branch if Higher .
- BHS LBHS Branch if Higher or Same
- BLS LBLS Branch if Lower or Same
- BLO LBLO Branch if Lower

Other Branches
- BSR LBSR Branch to Subroutine
‘BRA LBRA Branch Always
--- BRN LBRN Branch Never !
Notes: The 6809 has two forms of each Branch. The ‘‘short form'’ is identical
to that on the 6502, using a one-byte offset which permits it to branch only to
locations within plus or minus 128 decimal bytes from the branch instruction.
The ‘'long form,”’ preceded by an L in the table, uses a two-byte offset which
permits it to branch directly to any location in a 64K memory.

CBM/PET? SEE SKYLES ... CBM/PET?

‘“‘Should we call it Command-O
or Command-O-Pro?”’

That’s a problem because this popular ROM is
called the Command-O-Pro in Europe. (Maybe
Command-O smacks too much of the military.)

But whatever you call it, this 4K byte ROM will provide your CBM BASIC 4.0 (4016,
4032) and 8032 computers with 20 additional commands including 10 Toolkit program
editing and debugging commands and 10 additional commands for screening, formatting
and disc file manipulating. (And our manual writer dug up 39 additional commands in the
course of doing a 78-page manual!)

The Command-O extends Commodore’s 8032 advanced screen editing features to the ulti-
‘mate. You can now SCROLL up and down, insert or delete entire lines, delete the char-
acters to the left or right of the cursor, select TEXT or GRAPHICS modes or ring the
8032 bell. You can even redefine the window to adjust it by size and position on your
screen. And you can define any key to equal a sequence of up to 90 key strokes.

The Command-O chip resides in hexadecimal address $9000, the rightmost empty socket
in 4016 and 4032 or the rearmost in 8032. If there is a space conflict, we do have Socket- .
2-ME available at a very special price.

Skyles guarantees your satisfaction: if you are not absolglely happy with your new
Command-O, return it to us within ten days for an immediate, full refund.

Command-O from Skyles Electric Works
Complete with Socket-2-Me

Shipping and Handling (USA/Canada) $2.50 (Europe/Asia) $10.00‘
California residents must add 6%/6%: % sales tax, as required.

Skyles Electric Works Visa/Mastercard orders: call 1ollfree
231E South Whisman Road (800) 227-9998 (except California).
Mountain View, California 94041 California orders: please call (415)
(415) 965-1735 965-1735.

[INGD """ SFTAMS 33S ¢13d/INGO ™

PET? SEE SKYLES ... CBM/PET? SEE

SITAMS 33S ¢13d/INGD """ STTAMS 33S

18 MICRO - The 6502/6809 Journal

7.

10.

11.

12.

The Clear instruction is simply a
quicker way to load a zero into the
A or B registers or into a memory
location.

There are two complement instruc-
tions. COM performs a one’s com-
plement on the A or B register or
memory. This simply complements

~each bit of the specified location.

NEG performs a two’s complement
which is equivalent to a COM plus
one. This makes the negative value
of the original number.

. On the 6809 you can simply -incre-

ment or decrement the A and B
-registers with the INC and DEC
commands. The 6502 requires a
CLC, ADCIM #8301 for an INC on A
or an SEC, SBCIM #8$01 for a DEC
on A. There is no specific INC or
DEC for the X or Y registers, but
this is normally handled in the
auto-increment or auto-decrement
indexed instruction modes.

The LEA (Load Effective Address) is
a powerful addition to the 6809
which has no counterpart in the
6502. It is one of the features that
really makes the 6809 a '‘dream .
machine,” but it will take some
getting used to.

The inclusion of three separate soft-
ware interrupts, in place of the
single BRK on the 6502 should not
upset anyone. It should make error
trapping,- debugging, and other
interrupt-driven operations, con-
siderably simpler to write and use.
The 6502 requires that a two-byte
address be provided in the form low
byte/high byte. The 6809 uses the
more natural form of high byte/low
byte. At the Assembler level this
does not make any difference, but at
the Object level it does. All two-
byte addresses on the 6809, includ-
ing indirect. addressing via tables,
interrupt vectors, and so forth are
high/low. Compare:

8D 34 12 STA $1234 on the 6502
B7 1234-STA $1234 on the 6809

The two-byte address on the 6502

in object form is 34 12; on the 6809
it is 12 34.

This list. may make -it seem that

there are a great number of differences
between the 6502 and the 6809. The
significant differences are actually quitc
minor, and in many cases the dif-
ferences are in the direction of improved
operations on the 6809. AICRO'
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O

Yes, that’s right - for as little as
$298.00 you can add 32K of dynamic
RAM, and a disk interface, to your
TRS-80 Color Computer! If you just
want the extra memory it’s only
$199.00, and you can add the disk
interface later for $99.00.

Just plug the Color Computer In-
terface (CCI), from Exatron, into
your expansion socket and ‘“Hey
Presto!” - an extra 32K of memory. No
modifications are needed to your
computer, so you don’t void your Ra-
dio Shack warranty, and Exatron give
both a 30 day money-back guarantee
and full 1 year repair warranty on
their interface.

The CCI also contains a 2K
machine-language monitor, with
which you can examine (and change)
memory, set break-points, set memo-
ry to a constant and block-move
memory.

So what about the CCI Disk Card?
Well as we said it’s only an extra
$99.00, but you’ll probably want
Exatron’s CCDOS which is only
$29.95 — unless you want to write your
own operating system. The CCI Disk

*32K RAM plus Disk Interface

'29

Card uses normal TRS-80 Model 1
type disk drives, and CCDOS will
even load Model I TRSDOS disks into
your color computer - so you can
adapt existing TRS-80 BASIC pro-
grams.

As a further plus, with the optional
ROM Backup adaptor, you can dump
game cartridges to cassette or disk.
Once the ROM cartridge is on cas-
sette, or disk, you can reload, examine
and modify the software. The ROM
Backup adaptor is only $19.95.

For more information, or to place an
order, phone Exatron on their Hot
Line 800-538 8559 (inside California
408-737 7111), or clip the coupon.

excellence in electronics

exatron

~ Color computer owners,

32K PLUS
DISKS

DEALER ENQUIRIES INVITED

O Please send a 32K Color Computer
Interface for $199.00

O Please send a CCI Disk Card for $99.00

O Please include CCDOS and manual
for $29.95 -

O Also include a ROM Backup adaptor
for $19.95

Please add $5.00 for shipping to all orders,
and 6 percent sales tax in California.

Exatron,

181 Commercial Street,
Sunnyvale, CA 94086

Charge my:
[J MasterCard Interbank Code.............

O Visa Expiration Date .................

O Ship COD ($2.00 extra)

SIgnature ............ceeveveieerecniireennininnns

TRS-80 is a trademark of Tandy




Improved nth Precision

This article discusses code
optimization for small systems,
using Golla’s add/subtract
routines (MICRO 27:27) as an
example.

Glenn-R. Sogge

Fantasy Research & Development
P.O. Box 203

Evanston, lllinois 60204

This article began as a couple of short
notes on ways to optimize the coding of
machine language programs for the
6502. The article and program in the
August, 1980 issue of MICRO (27:27) by
Lawrence R. Golla presented two
routines for multiple precision adding
and subtracting. These routines were
transparent as far as register contents
were concerned and returned the correct
information in the flags.

As I began the actual recoding of the
routines to satisfy a couple of my pet op-
timizing prejudices, 1 discovered that
the zero checking routine seemed overly
complicated and slow. The resulting

- ""optimized code'’ is a complete rework-
ing of the status information code, with
a few other goodies thrown in, that in-
crease the execution speed and lower the
memory requirements.

Relocation

The first step was to make the
routines position-independent. When-
ever I find a short, versatile routine, I try
to adapt it for easy use in most situa-
tions without the time-consuming pro-
cess of individual relocations. I believe
that any short routine that can easily be
coded with branch instructions (even if
a two- or three-stage branch is required|
is preferable to one that contains ab-
solute jumps. The only exception to this
is in code that is critically time-
dependent; even then, alternate codings
can often be used. I think it is preferable
to recode a routine once and just load it

where and when it is needed rather than
having to remember which routines
need which bytes changed. As the use of
computers spreads through the public, I
think it is the responsibility of program-
mers to make the use of their codes as
easy as possible for the neophytes. Hand
relocation of short routines is quite easy
for someone with a little bit of program-
ming experience but it is still not a con-
ceptually trivial task.

A collection of routines coded this
way can make up a very useful library
that can be customized without the ‘‘big
system'' overhead of relocatable
assemblers and linking loaders. Only as
many of the system utilites as are need-
ed get loaded into the machine.

Sometimes, the best way to improve
a routine is not through the peephole op-
timization of small bits of code but by
using a different algorithm. This kind of
large-scale optimization is what really
pays off in the long run. In these
routines, I checked for a zero result in a
very straight-forward and fast manner.
The code begins {after the math is done])
at MOUT by saving the C and V flags
and assuming the result is probably not
zero and that it is not negative. The code
then starts checking the result bytes
from lowest to highest. As soon as a
non-zero byte appears, it exits this
check code and leaves the Z flag at 0
(i.e., it found something to prove its
assumption]. Only as many bytes are
checked as are necessary to prove this
assumption; this might range from 1 to
128 but it only checks all 128 [unlike
Golla’s routine) if it has to. If the result
does turn out to be zero, only then does
it go through the Z flag machinations.

A similar logic is used for the N flag.
It is assumed to be positive and changed
only if this assumption is not true. A
peephole technique was used to save the
C and V flags and clear the N and Z flags
with one instruction — the AND #$7D
just after MOUT followed by the saving
of this status on the stack [(actually IN
the stack]).

MICRO - The 6502/6809 Journal

Playing with the Stack

A big advantage of a hardware stack
is the ‘‘free'’ temporary storage it pro-
vides. In the 6502, this chunk of
memory is hardware address dedicated
and rarely gets used for anything else.
With a proper understanding of how tc
access this area, another page of tem-
porary scratchpad RAM is available to
the user. This can be important in small
systems with small memories or in big
systems whose software grabs all the
page zero locations it can find.

Another advantage of accessing the
stack memory is that the addresses neec
not be hard-coded in the software. It i
possible to write everything relative tc
the current stack pointer and the hard:
ware will do the translation into the pro-
per bits on the address bus. This creates
a very small virtually-mapped memory.
Location $4 relative to the stack pointer
might be a different physical address
every time the instruction is executed
but the logical space is always the same.

In my recoding of the math routines
T used this technique for only one of the
locations — the flags to be passed back
to the calling routine. This ensures that
that data will not be accidentally clob:
bered by the stack as might happen witk
Golla's use of locations $100 and $101,
it also avoids the problems of selecting
another address (page zero or elsewhere,
that would conflict with locations usec
by other systems’ hardware and software

There is, unfortunately, no way tc
locate the pointers in equally flexible
locations; if these locations conflict
with others in the user's system, the
code will have to be changed. Unlike the
more advanced chip designs that make
all kinds of relocation easy (data and
programs), such as the 6809, we have tc
sacrifice some flexibility for the speed
and size savings possible with the
6502's instruction set.

No. 38 - August 1981



normal memory.

When data is pushed on the 6502’s
stack, the stack pointer determines
where the storage address is on the page
. {OSt systems have the stack at
1 ( "3% $100-$1FF, although it is possible to put

the stack at $0-FF with some 6502
designs). After storing the byte, the
stack pointer is decremented (the stack
grows downward| and points to the next
available location. By transferring the
stack pointer to the X-register (which
we've already saved or don’t care about),
we can absolute index into this page as

Examples:
next free $100,X
top of stack $101,X
second on stack $102,X
third on stack $103,X
fourth on stack $104,X

One problem with this technique is
the lack of wrap around. Unlike the page
zero, X mode, the resulting addresses do
not wraparound to the beginning of the
page. If the base address you are using
plus the stack pointer offset sums to
more than $1FF, you'll end up indexing
into the $200-$2FF page. This is not
likely to happen if the stack pointer gets
initialized to the top of the page — like

_ $FF — and you know the stack won't

" grow all the way down and wrap around.
If it does, however, you may end up
with a situation where your base address
is $110 (from passing lots of parameters
before a subroutine call] and the stack
pointer is $F8. The resulting address is
$208, not $108. As I said, this is not
likely to happen unless the stack pointer
is never initialized to a known value.
Some systems may not initialize the
pointer because it is restricted by hard-
ware to the $100-$1FF range; the
“‘unknown stack” or ‘‘no RAM stack”
conditions of other processors cannot
happen and the initialization step might
be skipped. User programs should either
initialize the stack or be sure of its
ranges before using the technique
outlined here.

The actual use of this technique in
math routines is straightforward. Space
is allocated for the returning flags by
saving the caller’s flags upon entry. The
byte at this ‘‘semi-absolute address’’ is
then modified according to the results of
the math routines and passed back to
the caller by popping them off the stack
at the end of the code.

Notice that no flags other than the
~pnes used by the routine are altered
.pefore they are passed back. The inter-
rupt mask, the break flag, and the
decimal flag in effect at entry time will
be restored upon exit. Thus, this binary
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40003
40011%
40021
4003:
40041
40051
4007
4008!
4007¢
400A1
400C!
400E1%
4010¢
40112
40132

40158
40162
40172
40182
40198
40141
401C2
40108
401E:
401F 3
40218
40232
4025:

40242

40232
402472
402C1
402E¢
402F¢
4031%
40321
40342
40358
4038:
40379¢
40382
403C:

403F ¢
40408
40428
40452
40468
4048!¢
40441
404R?
404C1
404E!
40512
40541
403552
40542
40373
4058¢
403591
405CH
40GF 13
40602
40632
$064:

48
78
48

19

12

14
F7

2

10
12
14
F7
16
14
07

1]

01
3t
7F
00
14
00

80
00
00

01
00

01

40

01

01
01

01
01

01

Listing 1

XK KEAREXKERKAARRRRK KRR NK

X

* LAWRENCE R.
¥ NTH FRECISION ROUTINES AS
* FUBLISHED IN MICRO 8/80

X FAGES 27-29

X

GOLLA’S ORIGINAL

j 3333322808233 1 0838823280ttty
*

FTR1
PTR2
FTR3
PREC
AEND
AGANT

LS
AL

SYM
EQU
EQu
EQU
EQU
EQU
EQu
ORG
OBJ

FHA
Y4
FHA
TXA
FHA

$10
$12
$14
$14
FTR1
FTR2
$4000
$4000

LDY FPREC

cLc

CLD

CLV .
LOOF1 LDA  (AEND)»Y

ADC  (AGAND),Y

STA (PTR3 )Y

DEY

BFL LOOP1

BMI OUT

SUER FHA
TYA
FHA
TXA
PHA
LDY PREC
CLD
SEC
[
LOOF3 LDA (AEND )Y
SBC  (AGAND),Y
STA (PTR3)sY
DEY
BFL LOOP3

ouT LDY FREC
LA #300
LOOF2 EOR (PTR3)sY
PHP
BMI NZER

LOOF4 DEY

BMI QUT1

PLF -

JHP  LOOF2
NZER PLP

ORA  #$01

PHF

JUF  LOOP4

SET Z=0

ouT1 FLA
AND  #$7F
STA $100
INY
LDA (PTR3)sY
EQR  #%00
FPHP
PLA
AND #3800
ORA  $100
STA $100
PLA
TAX
PLA
TAY
PLA

RESET STA $101
LDA $100
PHA
LDA $101
PLF
RTS

ADJUST N-FLAG

ADD TO FLAGS

GET STATUS

MICRO - The 6502/6809 Journal
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Listing 2
EREEERRKKERRERKKRRRRKKKKRRRRNAKEK
b
¥ NTH PRECISION ROUTINES AS
% MOBIFIED BY GLENN R. SOGGE
¥ FANTASY RESEARCH & DEVELOPMENT
x P.0. BOX 203
% EVANSTON, IL 60204
b
X AUGUST 7, 1980
X
KEERKKKKK R AR KKK RKKK KKK KR RKRKKN
x
STACK EQU $100
STKLOC EQU STACK+4
X
ORG $4100
ORJ  $4100
X
4100: 18 MADD cLC
4101: BO 28 BCS %4434 HIDES ‘SEC’ ($38)
. MSUB EQU  %x-1
X
4103 08 FHF  SAVE ALL THE REGISTERS
4104 48 PHA INCLUDING ROOM FOR THE STATUS
4105: 8A TXA
41067 48 - PHA
4107 78 TYA
4108: 48 PHA
4109: D8 CLD
410At B8 cLv
410B: A4 14 . LDY PREC
410D! BO OF BCS MSUBL € STILL SET FROM ENTRY
4
410F: B1 10 MADD1 LDA (PTR1)eY
41118 71 12 ABRC (PTR2)sY
41138 91 14 STA (PTR3)rY
4115 88 DEY
41141 10 F7 BPL MADD1
41187 30 09 T BNI HOUT
X
411A% BL 10 MSUB1 LDA (PTRL)sY
411C F1 12 SBC (PTR2 )Y
411ED 91 14 STA (PTRZ )Y
4120: 88 DEY
4121¢ 10 F7 EFL MSUB1
4
4123 08 MouT FHF
41243 &8 PLA RESET N & Z (=0) BUT
4125t 29 7D AND 447D SAVE C & V
4127: EA TSX GET POINTER TO STASH
4128: 90 04 01 STA STKLOC,X STORE IN ORIGINAL P SAVED
41281 A4 16 LDY PREC
1
412p: B1 14 ZCHK LDA (PTR3)rY
412F: DO OF ENE  NCHK LEAVE AS SOON AS FIND <>0
4131: 88 DEY
4132¢ 10 F9 BFL ZCHK KEEP LOOKING
4134 BD 04 01 ZFLG LDA STKLOC:X X STILL SET
4137¢ 09 02 ORA $$02 MAKE Z=1
4139: 9D 04 01 STA STKLOC#X
8
413C: A0 00 NCHK LOY #300
413E: Bl 14 LA (PTR3 )sY
41400 10 08 BPL EXIT LEAVE N=0
‘4142 BD 04 01 NFLG LDA STKLOCsX
41458 09 80 ORA $3$80
4147% 90 04 01 STA STKLOC:X MAKE N=1
4
41440 68 EXIT FLA
41483 A8 TAY
414C: &8 FLA
414D AA TAX
414E% 48 PLA
414F; 28 FLP PULL FLAGS AS MOBIFIED
4150¢ 60 RTS AND EXEUNT
*
ORG  $4200
OBJ  $4200
*

math routine could be called by a
decimal math program and not interfere
with the main program. [Interpreting
the results is another matter.)

[A modification of these routines
would be to NOP the CLD instruction
to allow the code to work in whichever

base was in effect for the calling program
or to change the CLD to a SED for
decimal operands and results. The N
and V flags will not be correct if decimal
is the base in effect when the code runs,
but the answers and the C and Z flags
will still be right.|
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Code Sharing and Duplication

The original routines duplicate
quite a bit of set-up code at their begir
nings (saving registers, clearing flags
getting the precision, etc.]. In fact, th
only differences are in the setting of th
carry flag. By setting the carry flag apprc
priately as the first action upon entry, th
duplicate code can be shared and the:
branched out of on the basis of the carr
— if it’s clear, add; it it’s set, subtract

The very first bytes are a trick
technique I picked up from some of th
Apple peripheral card firmware. Entry a
the first byte clears the carry and ther
encounters a branch instruction it wil
never take [BCS — branch if set} anc
falls through into the main code. The
second byte of the branch instructior
contains the value of the SEC opcode
{$38 — the value in the source listing it
necessary to get my assembler to cal
culate the correct value). Entering a:
this third byte will set the carry anc
then fall into the common code. The en
try points are Origin + $00 for adding
and Origin + $02 for subtracting. (I finc
close entry points easier to remembe:
than ones spaced farther apart.)

This bit of trickery saves one byte of
code that could be crucial in a small
ROM driver by compressing a sequence
like

ENTRY1 CLC

BCC MAIN
ENTRY2 SEC
MAIN

of 4 bytes into 3 bytes. In addition,
assuming the flag doesn’t get modified
by the main code, selective initializa-
tion or function selection is possible fur-
ther down the road.

What We Have Gained

All of this is only of theoretical in-
terest if there isn’t some practical result.
The clearest gain is a reduction of
memory size from 101 bytes to 81 bytes
without any loss of function and an in-
crease in portability. There is also an
improvement in speed but this isn't
quite as clear-cut.

The test routines included in the
listings were some of the code and con-
ditions I used for quantifying the results.
In the examples given, one of the worst
case situations is executed. Two
128-byte zeros are added together,
checked for a zero result, and the flags’
appropriately set. This is done 256 times
before hitting the BRK's. With Golla's
code, each of the 256 adds takes about

No. 39 - August 1981



Listing 3
KERKKOKRERKEXKKKKKERLRRAKRKKKRK
3
* TESTING ROUTINES
X
KERKEERRRRKRERERKKEKKREEREEKRRERR
X
4200: A2 43 SETFTRS  LDX #$43
4202% 85 11 STX PTR1+1
4204 E8 INX
4205: 86 13 STX FPTR2+1
4207 E8 INX .
4208! 36 15 STX PTR3+1 . E
42048 A0 Q0 LDY $$00
_420C: 84 10 STY PTR1
420E: 84 12 STY PTRZ
4210: 84 14 STY PTR3
4212: A9 7F LDA #$7F NAXINUM PRECISION
4214: 85 16 STA PREC
42161 A% 00 LDA #$00
4218% A0 00 LDY %300
£214! 1 10 CLRLOGF  8TA (PTR1 MY
421Ct 91 12 ) STA (PTR2 )»Y
421E: 91 14 STA (PTR3 )Y
4220 €8 INY
42213 10 F7 BPL CLRLOOP L
42232 40 RTS
b 4
42243 20 00 42 ADDTST JSR SETPTRS - NULL EVERYTHING
4227% A2 00 LBX $$00 :
4229 20 00 40 ADLF1 JSR. ADD
422C: CA DEX !
4220 DO FA BNE ADLP1 ADD O TO ITSELF 256 TIMES
422F! 00 BRK
X
4230 20 00 42 ADDT2 JSR SETPTRS
4233 A2 00 LDX #4800
4235% 20 00 41 ADLP2 JSR  MADD
4238: CA DEX
423%: DO FA BNE ADLP2 SAME- AS ABOVE
423B: 00 BRK
X
40 BYTES GENERATED THIS ASSEMBLY

’%'( J Unique Data Systems has.
| 7 We’ve taken Rockwell’'s AIM
65 Microcomputer, packaged
it in a professional enclosure
and turned it into a versatile,
higher capacity microcomputer
system. Complete with a
memory-1/O board, modem
board or wire wrap proto-
typing board, pawer supply,
cables and connectors. It
makes the AIM 65 a joy to
work with, and there's even
space inside for your own
special circuitry. We’ll sell
you the whole package or just
the bits and pieces you need
for your application. We're
AIM 65 speciatists. We're
Unique Data Systems.

u Unique Data Systems
15041 Moran Street

Westminster, CA 92603
{714) 895-3455
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.0059 seconds (5.9 milliseconds); with
my code, each takes about .0049
seconds (4.9 milliseconds). {The multi-
ple execution was to allow stopwatch
timing to at least be in the ball park.) For
these cases, all of the bytes of the result
had to be examined before the zero flag
could be properly set.

As a further test of the differences
between the routines, I set them up to
add zero and 1 {both 128-byte precision).
Here the differences were much more
substantial ~ Golla's code still took
around 6 milliseconds per result while

[ mine ran in about 3.3 milliseconds.

This shows the effect of changing the
algorithm because the code is almost
identical except for checking the result
for zero.

The rewritten code runs at times
that are proportional to both the amount
of precision and the result but the
original code runs at speeds only propor-
tional to the precision.

When and What to Optimize

As I said at the beginning, this article
started out as a few thoughts about opti-
mizing; obviously it's expanded con--
siderably. Golla's routines seemed like a
good place to illustrate some of the
techniques and results of optimization.

Not all code can be optimized-in these
ways and some shouldn’t be. Saving
three bytes and 15 microseconds is not
important if you have 4K of extra RAM
and the routine is dependent on user
reaction time — the sweat just isn’t
worth it.

These math routines were good can-
didates though because the optimization
worked on the loops where most of the
execution time is spent. With the size of
the code, tools should only be big
enough to do their job (if they're too big,
you may have to exclude another useful
tool from your program). Tools like
these routines should be optimized
because they are likely to be used more
often than their size. would indicate.
Number-crunching is slow enough as it
is; the design of the code shouldn’t im-

- pede it even more.

Some analysts estimate that 80% of
the execution time is spent in 20% of
the code. That 20% is where the optimi-
zation should be done.

Glenn R. Sogge is a 30 year old former
composer with a degree in Art and 74
years of retail business experience. He has
become fascinated and infatuated with
those electronic crossword puzzles that are
called computers.
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hat's Where in the

apple?

By William F. Luebbert
Adjunct Professor of Engineering, Dartmouth College

The MOST DETAILED description to date of Apple |l Firmware and Hardware.
@ This Atlas and Gazetteer of PEEKs, POKEs, and CALLs /ists in tabular form over 2000 memory

locations. .

@ /nformation is presented numerically in the Atlas and alphabetically in the Gazetteer.

® The names and locations of various Monitor, DOS, Integer BASIC, and Applesoft routines
are listed, and information is provided on their use.

@ The easy to use format includes:

The address in hexadecimal (useful for assembly programming): ...........cccoovvennn.. SFC58
The address in signed decimal (useful for BASIC programming): «..-«ceoevesineaneennn. (~936)
The common name of the address or routine: ..... 2 ereeeteunrereraeeteeaareaeerere e CHOME ]
Information on the use and type Of FOULINE: .......c.veueeeeiiiiiiiiaiiiiiiiiieiiiriiiinaaans \SE\
A description of the routine: ................ ..... CLEAR SCROLL WINDOW TO BLANKS.

SET CURSOR TO TOP LEFT CORNER
Related register information: ..........ccieviiiiieieiiiireiennnnnn, {A- Y-REGS ALTEREDY

This reference tool offers information every serious Apple user needs. BASIC and
assembly language users allke will find the book helpful In understanding the Apple.

Approximately 128 pages, 8-z x Il inches, cardstock cover, Wire-O binding. Publication: August 198I
' $14.95"

AICRO

34 Cheimsford Street P.O. Box 6502 Chelmsford, MA 01824

'After Sept. 30, 1981, add $2.00 for surface shipping. Massachusetts residents add 5% sales tax.

AN ATLAS FOR

"THE APPLE COMPUTER



Disassembling to Memory
on AIM 65

This program lets you direct ' ‘ L
disassembled code to the AIM Figure 1: Assembly listing: disassembling to memory. ]
Editor’s Text buffer for clean-up
so that it can serve as input to
the AIM Assembler.

+* DISASSEMELING TO MEMORY
*

* BY L.P. GONZALEZ
*

PR

TOLO EPZ $00

Larry P. Gonzalez TOHI  EPZ $01
Dept. of Physiology and Biophysics BOTIN EPZ SEL ;LAST ACTIVE LINE
University of lllinois Medical Center TEXT EPZ $E3 ;BEGIN TEXT BUFFER

P.O. Box 6998 BD P2 SES $TEXT BUFFER FND
Chicago, lllinois 60680 CONT BQU $A419

ADDR BQU $A41C
PRTBUF EQU $A460

M BQU $E000 sMONTTOR MSGS
M5 EQU $E01C ; 'MORE?'
The disassemble command {*“K"} pro- EMSGA  FQU $EO6C 3 "EDITOR!
i ( ) vided by the AIM 65 monitor is a useful EMSGB  BQU FE072 3B
— aid to program debugging. This com- + SUBROUTTNE, ADDRESSES
mand disassembles object code from :
memory into mnemonic instruction v :g%gg FMONTTOR ENTRY
codes, which are output to the FROM  BQU SE7A3
display/printer (d/p) along with the TO BEQU $E7A7
instruction address, hex opcode, and ’ KEP  BQU SE7AF
. PSL1  BQU $EB37
any operand. The usefulness of instruc- EIANK EQU SES3E
tion disassembly can be significantly in- KEPR BQU $E970
creased by a modification of the monitor CRLOW BQU $EA13
routines which allows the disassembled gn:zx ggg EEEQZ;D
code to be stored in memory as well as ADDIN BQU SERAE
output to the d/p. Since the output of DISASM EQU $F46C
the disassembler is in ASCI format, :
disassembly to mem rovides the ob- OE00 ORG SE00
Yy to memory p: - OECO
ject code in a form accessible to both the OE00 ;
AIM Text Editor and the Assembler. gggg ,+READ AND STORE PARAMETERS
Once the disassembled code can be 8% ig‘fg} fﬂ: gpa READ STRRT
accessed by the Editor, it can be OE06 8500 STA xﬂ‘ﬂ
modified with much greater ease. This gggg ig& . ﬁ A1
is particularly advantageous when it is OEOD 8501 STA TOHI
necessary to insert a new instruction in- OFOF 85E4 STA TEXT+1
to the main body of a set of object code. gEﬁ ! EAD B XD AND DEC O
Normally this involves re-entering all of ogu ’ ALLOW Umt REERM END CHARACTER
the code below the new instruction. If, OFL1 ;
however, the object program is dis- OE11 2013EA JSR CRLOW
assembled to memory, the Editor can OE14 A06C LDY #EMSGA-M1
perform the insertion with relative ease; ol T K
address modifications can also then be OELC ADT72 LDY $#EMSGB-M1
—, done with the Editor. OEIE 20AFE7 JSR KEP
Q;; OE21 20AEEA JSR ADDIN _
OE24 AD1CA4 LDA ADDR
The idea for the program that I pre- OE27 B5ES STA BND
sent here is from a program which ap- OE29 AD1DA4 LDA ADDR+L
peared in the first issue of The Target. ___(Continued)

No. 39 - August 1981 MICRO -~ The 6502/6809 Journal 25



The program sent disassembled instruc-
tions to a VIA port. Since I wanted to be
able to edit and re-assemble the dis-
assembled code, my program dis-
assembles one-instruction-at-a-time,
reads the print buffer, and writes the
ASCII instruction code and operand to
specified memory locations. Then, the
Text Editor can be entered to allow
listing or modification of the source
code. The resulting file centains a
source program which can serve as input
to the Assembler.

The first line of the generated source
file is an assembly language command
which sets the program counter to the
original location of the object code. The
remainder of the file contains lines of
the symbolic instruction codes and
operands in Assembler-compatible for-
mat. The instruction address -and hex
opcode, contained in the original output
of the disassembler, are deleted, while
the mnemonic instruction code and any
operands are retained. Each line is ter-
minated with a carriage return character
($0D) and the entire file is terminated
with the Assembler ‘*.END"’ directive
and the Editor's text-end character ($00).

Since the disassembler outputs
operands in hexadecimal format with-
out the hex symbol ($), this symbol is
added where apprapriate. Also, the ac-
cumulator addressing mode is indicated
by **.A" on the initial disassembled out-
put. The *."" is removed from the final
output file to allow subsequent input to
the Assembler.

The assembly listing and symbol
table for this program are presented in
listings 1 and 2. The program can be
relocated by simply changing the pro-
gram origin.

Executing the Program

When the program is executed,
“TO="" is displayed. The beginning
location for storage of disassembled
code should be entered; this will be the
beginning of the Editor.text buffer. The
user is then requested by the program to
enter the ''EDITOR END'' which is the
ending address for the Editor text buffer.
Next, the beginning location of the code
to be disassembled is entered in
response to the displayed message
“FROM ="'. Finally, enter the number
of instructions. to be disassembled (two
digit decimal number; return, space, or
“rrr =" 01 instruction]. After
disassembly of up to 99 (decimal] in-
structions, the message "MORE?"’ will
be displayed. The user can enter "Y'’ to
continue disassembling, or enter any
other character to quit.

OE2C 85E6
OE2E 38
OE2F AS5E5
OE31 E901
OE33 85E5
OE35 B002
OE37 C6E6
OE39 2013FA
OE3C 20A3E7
OE3F

OE3F

OE3F

OE3F A92A
OE41 20100F
OE44 293D
OE46 20100F
OFA49 R924
OE4B ' 20100F
OEAE AD1DA4
OE51 20FCOE
OE54 AD1CA4
OE57 20FCOE
OESA ASOD
OESC 20100F
OESF

OESF 20D7ES
OE62

OE62

OE62

OE62 2037E8
OE65 205DEA
OE68 BOFS
OE6A 48
OE6B 2024EA
OB6E

OE6E

OEGE

OE6E. A901
OE70 8D19A4
OE73 206CF4
OE76

OE76

OE76

OE76 A209
OE78 BD60A4
OE7B EOOC
OE7D

OE7D FO18
OE7F BOO5
OES1 297F
OEB3 4C970E
OE86 920
OES8 F026
OESA EOOD
OESC D009
OESE €923
OESO DOOB
OE92 20100F
OE9S A924
OE97 20100F
OE9A 4CBOCE
OE9D

OESD

OESD

OE9D €928
OESF FOF1
OEAl C92E
OEA3 FOOB
OEAS5

OEAS

OEAS

OEA5

OEA5

OEA5 A924
OEA7 20100F
OEAA BD60A4
OEAD - 4C970E
OEBO ES
OEB1 E014 -
OEB3 DOC3
OEB5 A90D
OEB7 20100F
OEBA 202EE7

STA END+1
SEC
LDA END
SBC #$01
STA END
BCS CNTINU
DEC END+1
CNTINU JSR CRLOW
JSR FROM :DISASSEMBELE WHERE?

7SET UP PROGRAM ORIGIN

; D e
JSR ADINC
DA '=
JSR ADINC
DA '$
JSR ADINC
LDA ADDR+1
JSR TOASCI
LDA ADDR
JSR TOASCI
LDA #$S0D
JSR ADINC

JSR $E5D7 ;SAVE ADDRESS FOR DISASSEMBLER

READ # OF INSTRUCTIONS (DECIMAL 1-99)

. e w

HOWMNY JSR PSL1
JSR RD2
BCS HOWMNY
PHA
JSR CRCK

;DISASSEMBLE ONE INSTRUCTION

DISL  LDA #S01
STA COUNT
JSR DISASM

;SKIP PC AND OP QODE
LIX #$09
ROBUF LDA PRTBUF,X
CPX #50C
;PUT BLANK BETWEEN MNEMONIC AND ADDRESS—SKIP OTHER BLANKS
. BEQ STORE
BCS- SPACE
AND #$7F :STRIP MSB FROM MNEMONIC

SPACE CMP -#$20
CPX #$0D ;CHECK FOR ADDRESS FIELD
P #§23 :IF '#', STORE IT AND STORE HEX SYMBOL
DA ' .
STORE JSR ADINC
JMP NEXTX

IF '(' STORE IT AND STORE HEX SYMBOL

PAREN oW '(
BED HXSYM
P $#S$2E :SKIP IF '.'
BEQ NEXTX

NOT'#',°.", OR ‘('—
MUST BE ADDRESS, SO
STORE HEX SYMBOL FIRST.

A '$
JSR ADINC
LDA PRTBUF,X
JMP STORE
NEXTX INX
CPX #$14
ENE RDBUF
LDA #$0D ;OUTPUT CR AS LAST CHARACTER
JSR ADINC
JSR SE72E

{Continuec
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When disassembly is complete, or
when the text buffer is filled, the buffer
limits and last active line parameters are
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OERD . .

: set up for the Editor, and the program
ggsg ARE WE DONE? control jumps to the AIM monitor. The
OEBD 68 PLA user can then enter the Editor with the
OEBE 8D19A4 STA COUNT monitor ''T"’ command to examine and
ggcci 28090127 JSR DONE edit the generated source file, and then
OBCS DOAT g;g IS use this file as input to the Assembler. If
OBC7 ; the text buffer becomes filled during
ch_7] ;DISASSEMBLE MORE? disassembly, disassembly stops, the

EC H o "o 3
OBCT AOIC B MORE? m(:.issage ED_ITO_R END" is displayed,
OECO 2070ED JSR KEPR and the monitor is entered.
OECC €959 P 'Y
OECE D003 ENE ADDEND I have found this program to be par-
gggg 4C620E ) JMP HORY ticularly useful for accessing and editing
OED3 :ADD '.END' sections of code from the AIM monitor
OED3 : ROM for inclusion in my programs.
gED3 2013ER ADDEND JSR CRLOW Listing 1 presents a sample run of my
og ggggox-‘ ENDING ng;( ﬁmcoo,x disasse;mble—to—memory program wfith
OEDB 20100F JSR ADINC the disassembly of a short monitor
OEDE E003 CPX #$03 routine. The listing includes the output
OEEO FO04 BEQ FINISH of the AIM disassembler during program
OEE2 P8 s execution, followed by an editor listing
OEE3 4CDSOE JMP ENDING ! "
OEE6 ; of the generated source file.
OFE6 ;CLOSE FILE, RECORD BOTTOM LINE ,
gg #AND TTOR This program can be used any time it
OEE6 A90D FINISH LDA #$0D is necessary to alter a program which is
OFE8 20100F JSR ADINC available only in object code. As such,
oues 900 Lba 2$$ Disassembling-To-Memory is a useful
OEEF Q‘l’gg g.; (;ow) Y utility for AIM microcomputer systems.
OEF1 A500 LDA TOLO
OEF3 85E1 STA BOTIN
OEFS A501 LDA TOHI
OEF7 85E2 STA BOTLN+1 Figure 2: Sample run of the disassembling
8?53 4c82F1 JMP START to memory program. Prior to execution the

d HARACTERS AIM printer was toggled to “ON”, so that
ggcc ) :couvm 2 X TO ASCIL the listing Includes the program dialogue
OEFC 48 TOASCI PHA and the output of the AIM disassembler.
OEFD 4A LSR This Is followed by an entry to the AIM
OEFE 4A LSR Editor with the “T” command and a listing
OEFF 4A LSR of the program generated source file.
OFDO0 4A LSR
OFOL 20070F JSR CNVRT
OF04 68 PLA
OF05 290F AND #350F
OF07 18 QNVRT CILC * =0E00
OF08 6930 aDC '0 o /

OFOA C93A P #$3a $'9' +1 TO =0000
OFOC 9002 BCC ADINC EDITOR END =0D00
org ,  hewes FROM =EA46
OF10 ;STORE CHAR AND INC ADDRESS /10
OF10 A000 ADINC 1DY #500 EA4¢ 48 PHA
OF12 9100 STA (TOED),Y EA47 4ALSR A .

OF14 E600 INC TOLO EA48 4A LSR A

8&'13 D002 BNE mmu EA49 4ALSR A"’

F18 E601 e EA4A 4ALSR A"

TOLO
ORe ome TGP 2D EA4B 20 JSR EAS1
OFLE DO1C ENE RETURN EA4E 68 PLA
OF22 Core P EXDH EA4E 29 AND #0F
EA51 18 CLC

OF24 D016 ENE RETURN

OF26 2013FA JSR CRLOW EA52 69 ADC #30

OF29 203EES JSR BLANK MORE?YY 04

83; ;\OGC g gﬂcﬁ'”l EA54 C9 CMP #3A
OF31 203EE8 JSR BLANK EA56 90 BCC EASA
OF34 A072 LDY #EMSGB-M1 EA58 69 ADC #06

o3 a2 . RASh 4G TP R9RC
OF3C 60 RETURN RTS MORE!N

OF3D H T

OF3D 2E454E MESG ASC '.RAND' *=$EA46

OF40 44 = L )

(Continued)
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PRINTER BONUS

Listing 1 3
460 IF C% = 4 THEN PRINT "5,6,8 3
.4,";. INVERSE : PRINT "10"; 3
10 REM XX XXX XRXXAANKAKRNRXRRRRRRARN KR : NORMAL : PRINT ",12.16.8";
12 REM * : GOTO 450 '
14 REM = TIGER SETUP x 470 IF C% = S THEN PRINT "5,6,8
16 REM «x * .4,10,";: INVERSE : PRINT "1
18 REM » BY ® 2";: NORMAL : PRINT “,16.8%;
20 REM x * : GOTO 490
22 REM «x TERRY L ANDERSON * 480 IF C% = 6 THEN PRINT “S5,6,8
24 REM «» » .4,16,12,";: INVERSE : PRINT
26 REM * WALLA WALLA COLLEGE * “16.8";: NORMAL : GOTO 480
28 REM = » 290 PRINT “ CPI"“
30 REM * BEGUN 1981 FEB 03 * 500 INVERSE : PRINT "I";: NORMAL
32 REM * LAST MOD 1881 FEB 18 * - : PRINT “NTERCHAR SPACING *;
34 REM = * INVERSE : PRINT IS%;: NORMAL
36 REM * MENU DRIVEN FROG TO * : PRINT " /24TH CHAR WIDTH"
X} REM * CONFICURE PAPER ® 510 INVERSE : PRINT "M";: NORMAL
40 REM * TIGER 460 FEATURES * : PRINT "ARGIN ";: INVERSE
42 REM = * : PRINT “L";: RMAL : PRINT
44 REM * CHANGE LINE 110 TO ® "EFT ";: INVERSE PRINT ML
48 REM * PRINTER SLOT# * %; : NORMAL PRINT " /120TH
48 REM = * INCH"
SC REM R XK sz s xR RNAXXRRRRRRARKR KR 520 HTAB 8: INVERSE : PRINT “R";
99 REM .: NORMAL : PRINT "IGHT ";: INVERSE
100 REM : PRINT MR%: NORMAL
INITIALIZE 530 INVERSE : PRINT “"F";: NORMA
110 SL = 1: REM PRINTER SLOT# : PRINT "ORMS LENCTH *“;: xnvsnss
120 T¢ = “TIGER SETUP"™ : PRINT FL%;: NORMAL : PRINT
130 V$§ = "“VER 81-FEB-19" “ 148TH INCH (="“;FL% / 48;"
140 DS = CHRS$ (4): REM CTRL-D INCH) *
150 ES = CHRS$ (27): REM <(ESC>» 540 INVERSE : PRINT “S";: NORMAL
160 N$ = “," 4+ CHRS$ (0>: REM END : PRINT “IZE PAGE SKIP ";: INVERSE
ING FOR ESC FUNC'S : PRINT PS%;: NORMAL : PRINT * /4
170 FL% = 528 8TH INCH (=" ;,PS% / 48;" INC
180 PS% = 48 HY ™
190 AL% = B8:AG% = 4:A0% = - 4 550 INVERSE : PRINT "T%;: NORMAL
200 VT$ = “0,0,0,0,0,0,0,0":HTS = : PRINT "ABS ";: INVERSE : PRINT
VTs “H";: NORMAL : PRINT "ORIZ "
210 REM ;: INVERSE : PRINT HTS;: NORMAL
MENU : PRINT " /120TH INCH"
560 HTAB 7: INVERSE : PRINT "V";
220 HOME : VTAB 1: HTAB 20 - LEN : NORMAL : PRINT "ERT ";: INVERSE

! (T$> / 2: PRINT Ts$ : PRINT VT$;: NORMAL : PRINT * /4
230 VTAE 3: HTAB 20 - LEN (V$) / 8TH INCH"

i 2: PRINT Vs 570 PRINT : INVERSE : PRINT “Q";
240 VTAB S : NORMAL : PRINT “"UIT AND CO
250 INVERSE : PRINT -“G";: NORMAL NFIGURE PRINTER"

: PRINT "RAPHIC MODE " 580 PRINT : PRINT "SET: *
260 IF G% THEN PRINT "OFF/";: INVERSE $90 POKE 49168,0: REM CLR KB STR
PRINT "ON": NORMAL : GOTO 284 OBE
- 270 INVERSE : PRINT “"OFF";: NORMAL 600 GET As
: PRINT "“/ON" 610 REM
280 INVERSE : PRINT “"J";: NORMAL NOTE REQUESTED CHANGE
: PRINT "USTIFY MODE *; 620 IF A$ = "G" THEN G% = NOT G
280 IF J% THEN PRINT “OFF/";: INVERSE %: GOTO 860
: PRINT "ON": NORMAL : GOTO 310 630 IF A¢ « "J" THEN J% = NOT J
300 INVERSE : PRINT “OFF";: NORMAL %: COTO 860
: PRINT " /ON* = “P" T % = NOT P
310 INVERSE : PRINT "P";: NORMAL gaa ;f QBTO 920 HEN P
: PRINT “ROPORTIONAL SPACING 650 IF AS < 5 »L“ THEN 680
- = AL% = 6: GOTO
320 IF P% THEN PRINT “OFF/";: INVERSE 660 ;EOAL* 8 THEN AL
: PRINT "ON": NORMAL : GOTO 340 670 AL% = 8: GOTO 860
330 INVERSE : PRINT "OFF";: NORMAL 680 IF AS < > “A" THEN 740
: PRINT " /ON" §90 VTAB 09: HTAB 8: GET AS
340 INVERSE : PRINT "L";: NORMAL 700 ITF A$ = “L" THEN HTAB 12: INPUT
. PRINT " INE SPACING *“; AL%: GCOTO 860
330 IF AL% = 6 THEN PRINT "6/7"; 710 IF A$ = “C*" THEN VTAB 10: HTAB
: INVERSE : PRINT "8",;: NORMAL 20: INPUT AG%: GOTO 960
: PRINT " LPI": GOTO 380 720 IF A$ = “O" THEN VTAB 11: HTAB
360 IF AL% = 8 THEN INVERSE : PRINT 15: INPUT AO%: GCOTO 960
“6";: NORMAL : PRINT "/8 LPI 730 GOTO 9560
": GOTO 380 740 IF A% < > "C" THEN 760
370 PRINT "6/8 LPI ";: INVERSE : 750 C% = C% + 1: IF C% > 6 THEN C
PRINT “SPECIAL SEE ADV LF": % = 1. GOTO 860
NORMAL 760 IF AS$ < > “I" THEN 780
380 INVERSE : PRINT “A“;: NORMAL 770 VTAB 13: HTAB 18: INPUT IS%:
: PRINT “DVANCE *“;: INVERSE GOTO 966
PRINT "L";,: NORMAL : PRINT 780 IF As < > "M THEN 830
wp ow . - 790 VTAB 14: HTAB 7: GET As
;onﬁALlﬂvggfﬁT'"PRINT AL*'} 800 IF A$ = "L" THEN VTAB 14: HTAB
48TH INCH" 14° INPUT ML%: GOTO 9560
390 HTAB 10: INVERSE : PRINT "G" 810 IF A FuT MRA L EN o TADR 13 HTAB
;. NORMAL : PRINT "RAPHIC LF éo%o S0 ;
“;: INVERSE : PRINT AG%: NORMAL B0 oI %%, wrTe THEN 830
400 HTAB 10: INVERSE : PRINT "O" ga0 ¥§A§‘1f ?Tﬁ§"5+ngﬁTa§3
;; NORMAL : PRINT “THER “;: INVERS 860 VTAB 18: HTAB 12:HT$ = "*
E e BN A% NoRM e, . 870 GET AS$: IF A$s < > CHRs (13
410 INVERSE : PRINT “C";: NORMAL TEAND As ¢ Y Scums C1a1: THEN
PRINT “HAR SPACING *; HT$ = HT$ + As: PRINT A$;: GOTO
420 IF C% = 0 THEN C% = 4 870
430 IF C% = 1 THEN INVERSE : PRINT 880 COTO 960
“3%;: NORMAL : FRINT ".6.8.4 890 IF A$ < > “V* THEN 920
(10,12,16.8%;: GOTO 490 800 VTAB 18: HTAB 1Z:VT$ = ==
440  IF C% = 2 THEN PRINT ©5.-; 910 GET A$: IF A$ < > CHRS$ (13
INVERSE : PRINT “8%;. N??”AL > AND A$ ¢ > CHRS (141) THEN
495RINT ,8.4,10,12,16.8";: GOTO yrAND A8 <, X CHRs L121) THEN
@ 430 IF C% = 3 THEN PRINT “3,8," 920 ?:tl:)g‘o 960
i 1 5'P§¥X§Rﬁfldlf§f¥z.gg;? ébTSOR"AL 930 IF A$ = “F“ THEN VTAB 16: HTAR
490 13: INPUT FL%: GOTO 960

(Continued)
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Listing 1 (Continued)
1070 CS$ = CS% + E$ + ",C," + STRS A

940 IF A% = “S" THEN VTAB 17: HTAB (AG%)> + N$ o

15: INPUT PS%: COTO 860 1080 CS$ = CSs$ + E$ + ",D," + STRS
950 IF A$ = "Q" THEN 870 (AO%) + NS
960 GOTO 210 1090 CS% = CS$ + ES$ + “,E," + VTs
970 REM + Nt
CONFIGURE TIGER 1100 CS$ = CS$ + E$ + " ,F.," 4+ HTS

+ NS

9860 CSS$ = "¢ 1110 CS$ = CSs$ + ES$ + " ,J," + STRS
990 IF P% THEN CS$ = CSs$ + CHRS (ML%) + "," + STRS$ (MR%) +

<16) N$
1000 IF NOT P% THEN CS¢ = CS$ + 1120 €S = CS$ + ES$ + " ,L," «+ STRS

CHRS (&) (FL%)Y + " ," «+ STRS (FL% - P
1010 IF J% THEN CS$ = CS$ + CHRS S%) + NS

<4) 1130 CS¢ = CS$ + ES + " ,P,"” + STRS
1020 1F NOT J% THEN CS$ = CS$ «+ (IS%) + NS

CHRS (3) 1140 IF C% THEN CS$ = CS$ + CHRS
1030 IF C% ¢ 4 THEN CS$ = CSS$ + {3)

CHRS (1) 1130 PRINT
1340 IF C% = > 4 THEN C% = C% - 1160 PRINT Ds$,;"PR#";SL

3:C8S¢% = CSs + CHRS (2) 1170 PRINT CSS$
1050 CSs = CSs$ «+ CHRS$ (28 + CW%) 1180 PRINT Ds$; “PR#0"
1060 CS$ = CSs$ + ES$ + " ,B," + STRS 1190 HOME : PRINT “"TIGER CONFICGU

CAL%) + NS RED*®": END

bttt

e
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Listing 2 (Continued)

6014~ A5 11 2130 LDA #%11
6016~ 99 84 CO %t;g STA CNTRL,Y SET DEFAULTS
6019- AZ 00 2160 SAVEZP LDX #00 SAVE CONT OF
60IB- BS5 SO 2170 SAVEl LDA 2ZSTOR, X TABLE SPACE
601D~ 48 2180 PHA TO RESTORE
601E- ES8 2180 INX
601F- EO 10 2200 CPX #SAVSIZ+1 DONE?
6021- DO F8 2210 BNE SAVE1l NO,NEXT
2220 .
6023- 20 E1 60 2230 JSR PUTSTR SEND CONTROLS
6026- 0E 2240 .DA #GRAFLF DUMP BUFF
6027- 03 2230 .DA #GRMODE GRAPHIC MODE
6028~ 00 2260 .HS 00 END STRING
2270
2280 **» PRINT LINE OF 7 ROWS
22980
6029- AS OE 2300 PRLINE LDA #SOE INIT ROW INDX
602B- 8D 1B 61 2310 STA ROWDEX 1 OF 7 =2
2320
602E- A2 00 2330 PRLIN1 LDX #$00 INIT COLUMN L
6030~ A0 00 2340 LDY #500 COLUMN H
68032~ AD 1A 61 2350 LDA RONUMH GET ROWNUM/2
60335~ 4A 2360 LSR
6036~ AD 19 61 2370 LDA RONUML
6039~ 2C 25 61 2380 BIT DOUBLE CHK EXPAND?
603C- 10 01 2390 ° BPL PRLIN2 NQ, 0K
603E- 6A 2400 ROR YES, /2
603F- C8 CO 2410 PRLINZ CMP #NUMLIN DONE NUMLINS?
6041- DO 06 2420 BNE PRLIN3 NO, OK
6043~ AS 80 2430 LDA #$80 YES,SET BIT7
6045- 8D 1A 61 2440 STA RONUMH INDIC DONE
€6048- 38 2450 SEC SET DONE
6049~ CE 1B 61 2460 PRLIN3 DEC ROWDEX DEC 1OF7
604C- CE 1B 61 2470 DEC ROWDEX TWICE
604F- 30 1C 2480 BMI PRLINS ROWDEX< 0 ; DONE
§0351- BO 1A 2490 BCS PRLINS =NUML IN ; DONE -
6053~ 20 11 F4 2500 JSR HPOSN SET HBAS
60356~ AC 1B 61 2510 LDY ROWDEX SAVE HBAS
6059- A5 26 2520 LDA HBASL FOR EACH
6G5B- 989 52 00 2330 STA BASLO,Y ROW
60SE- A5 27 2540 LDA HBASH
6060- 88 53 00 2530 STA BASHO,Y
6063- EE 19 61 2560 INC RONUML INC ROWNUM
6066~ DO 03 2570 BNE PRLIN4
6068- EE 1A 61 2580 INC RONUMH
606B~ DO C1 2%90 PRLIN4 BNE PRLINI1 ALWAYS TAXEN
606D- AC 27 2600 PRLINS LDY #$27 INIT COLUMN
60E6F- 8C 1C 61 2610 STY COLBYT BYTE CNT
2620
2630 *xx PRINT 7 COLUMNS OF 7
2640
6672~ AO 06 2650 PR7COL LDY #%6 INIT ROW INDX
6074~ AZ OC 2660 LDX #s0C INIT ROW *2
6076- Al 52 2670 PR7C1 LDA (BASLO,X) GET GRAF BYT
€078~ 99 1D 61 2680 STA ROWBYT,Y STO FOR PRINT
§07B- F6 512 2680 INC BASLO,X SET FOR NXT
607D- 88 2700 DEY DEC ROW
607E- CA 2710 DEX & X TWICE
607F- CA 2720 DEX
6080- EC 1B 61 2730 CPX ROWDEX =ROWDEX ?
6083- DO F1 2740 BNE PR7C1 NO,NXT BYTE
60835~ A0 07 2730 LDY #$07 8 BITS,0 1ST
2760
6087~ AD 1B 61 2770 PRLICOL LDA ROWDEX ROWS ROWDEX .7
608A- 4A 2780 LSR 12
6§08B- AA 2790 TAX USE AS TMDEX
608C- EB8 2800 INX «1
608D~ A9 0O 2810 LDA #s00 CLR ACC
608F- 7E 1D 61 2820 PR1C1 ROR ROWBYT,X EACH BYTE
6§082- 2A 2830 ROL INTO ACCUM
6093- E8 2840 INX
6084- EO 07 2850 CPX #%$07 GOT 72
6086- DO F7 Z860 BNE PR1C1 NO,NEXT
€088~ CO 00 2870 CPY #s00 Y,BITO'S?
€08A--FC 11 2880 BEQ PR1C3 Y ,DON'T PRINT
609C- 49 00 2890 EOR #INVMSK NO,APPLY MASK
608E- 29 7F 2800 AND #S$7F XEEP BIT7=0
60A0- 2C 25 61 2810 BIT DOUBLE CHK EXPANDED?
60A3-~ 10 OS5 2920 BPL PR1C2 NO,OUT ONCE
60AS- 48 2930 PHA YES,SAVE ACC
60A6- 20 D4 60 2840 JSR OUTBYT EXTRA OUT
60A9- 68 29350 PLA RESTOR ACC
60AA- 20 D4 60 2860 PR1C2Z JSR OUTBYT MAIN OUT
60AD-~ 88 2970 PR1C3 DEY NXT COL OF 7
60AE- 10 D7 2880 BPL PR1COL DONE?NO, NEXT
2840
60B0- CE 1C 51 3000 DEC COLBYT NXT 7 COL'S
€60B3- 10 BD 3010 BPL PR7COL DONE?N,NXT 7
60B5- 20 E1l 60 3020 JSR PUTSTR ¥Y,SEND <(CR>
60B8- 03 3030 .DA #GRPFIX & <GR LF)
60B8~- OE 3040 .DA #GRAFLF
60BA-~ 00 3050 .HS 00 END STR
6O0BB- 2C 1A 61 30640 BIT RONUMH LAST 7 ROWS?
60BE- 30 03 3070 BMI DONE LAST?Y,DONE
60C0- 4C 29 60 3080 JMP PRLINE N,NEXT LINE
3090
6§60C3- 20 El 60 3100 DONE JSR PUTSTR EXIT GRAF
60C6~ 03 3110 .DA #GRPFIX MODE
§0C7- 02 3120 .DA #NORMOD
60C8- OE 3130 .DA #GRAFLF §2<GR LF)>'S
60C9- 0E 3140 .DA #GRAFLF
60CA- 00 3150 .HS 00 END STR
3160
60CB~ A2 OF 3170 RESTZP LDX #SAVSIZ RESTORE
60CD- 68 3180 REST1 PLA ZPAGE USED
(Continued)
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TIGER DUMP

We also need a way to print graphic
material which has been developed on
Apple's Hi-Res screen. The preliminary
manual gives no information about the
graphic mode except how to get into it
(not even how to get out|. Fortunately, I
had had some experience with the Paper
Tiger 440 and suspected they would be
similar. The only significant differences
are that the 460 prints seven dot rows
[not all nine) in each head pass across
the page instead of six and that <SO>
or control-N is used as a 'graphic’ line
feed [move paper exactly seven dot
rows] rather than a < VT > or control-K
as on the 440.

TIGER DUMP takes data stored in
Apple’s RAM in Hi-Res screen buffer for-
mat and reorganizes the information to
construct bytes consisting of seven dots
in a column, one for each of the seven
rows. A one indicates a dot that is ‘on’
and a zero indicates a dot that is ‘off.” It
then sends 280 such seven-dot columns
to form one print head pass, printing
seven horizontal rows. It repeats with
another seven rows until all the data is
printed. Unfortunately, seven does not
go evenly into 192, the number of rows
in Apple’s Hi-Res screen. The last seven
rows only have four rows of data, so
zeros are assumed for the other rows and
they are printed. This means that
another Hi-Res screenful cannot be
printed immediately, adjoining the
previous one. Three blank lines will
separate them. It's difficult to print
larger pictures when you use multiple
screenfuls. I wish the 460 would use
eight print wires and use all eight bits of
the data bytes. It would then run 14%
faster and not have extra lines left over.

-

TIGER DUMP includes several
features I have not seen in other graphic
dump programs. These features are
chosen by POKEing new values for any
of five parameters. You can specify the
number of lines to print, allowing only a
part of the Hi-Res buffer to be printed
(the part must be at the top as viewed,
i.e. at beginning of buffer). You can
specify the location of the buffer allow-
ing use of Hi-Res screen two or any
other 8K bytes of memory as long as it is
in Hi-Res buffer format. Hi-Res buffers
are organized so that lines that appear
adjacent on the screen are not stored
next to each other. Any data to be
printed with this program must be
stored exactly like a Hi-Res buffer, but it
need not be in Hi-Res page one or two.Q
This would allow several screenfuls to
be BLOADed into memory wherever
there is free room, and then printed.
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An inverse or reverse video mask is
used so you can invert a picture while
printing, but the stored picture is not

. affected as in the programs I have seen
{ S for the 440. Several of them EOR
/ (exclusive-or) all the bytes of the Hi-Res
page before printing. TIGER DUMP
simply applies the mask to each con-
structed byte before sending it, but does
not affect the stored bytes. Each of the
first seven bits of the mask byte affect
one of the seven rows; a zero leaves it
unaffected, a one inverts it. The mask
byte $7F or $FF would invert the entire
picture and $00 would print it normally.
A stripped effect can be obtained by ex-
perimenting with other mask bytes. For
example, $55 = 01010101 and $2A =
00101010 would invert alternate rows.

The inversion feature is particularly
helpful when printing nearly ‘photo-
graphic’ pictures such as those in the
Apple Software Bank Contributed Pro-
gram Slide Shows. On the Apple
screens, one-bits result in a light dot on
a dark background, but on the printer, a
one normally yields a black dot on white
paper. The result is a print which looks
like a negative. This is desirable for a
line drawing. Inverting a picture gives it
a more satisfying result.

The higher resolution of the 460
compared to the 440 results in much
smaller prints if you use the minimum
dot spacing (84/inch) for each Hi-Res
dot. The total print for 280 dots by 192
dots is only 3.33 by 2.29 inches. This is
nice for some applications but often a
larger print size is desirable. You could
use alternate dot locations on the
printer, resulting in 42 dots/inch and a
print doubled in size, but that would
result in white spaces between dots
causing black regions to appear gray.

A better method is to map each Hi-
Res dot into a 2 by 2 pattern of dots;
each Hi-Res dot becomes a big dot. Then
the dots still overlap, allowing solidly
printed regions, but the image is twice
as large. No additional detail is allowed
though the print is larger, because no
smaller detail information can be stored
in Apple’s Hi-Res buffer. TIGER DUMP
allows the user to choose between the
small size print or the expanded print
with the default being the small size.

To use TIGER DUMP simply
prepare the Hi-Res buffer or BLOAD a
stored picture and BRUN TIGER
DUMP.
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§QCE- 93 50
60D0O~- CA
60D1- 10 FA
60D3- 60
60D4- C9 03
60DE- DO 03
60D8- 20 00 6
60DB- A8 03
6e¢DD- 20 00 &
60EO0-~- 60
0050-

0051 -

60El1- 68
S§0E2- 83 350
60E4- 68
60ES- 85 51
60E7- AO 00
60E9- E& 30
€0EB- DO 02
60ED- E6 31
60EF- Bl S0
60F1- FO 06
60F3~- 20 00 6
60F6- 38
60F7- BO EE
60F9~- A3 351
60FB- 48
6QFC- A5 50
E0FE- 48
60FF- 60
6§100- 8D 18 &
6103~ 98
€6104- -48
6105- AC 24 6
6108- B9 84 C
610B- 29 02
610D~ FO F9
610F~ AD 18 6
6112~ 89 835 C
61135- 68
6116~ AB
6117~ 60
6118~

6118

§11A-

611B-

611C-

611D~

6124- 10
6125- 00
SYMBOL TABLE
6118~ ACCSAV
0033- BASHO
0832~ BASLO
Ca84- CNTRL

1

o

Qe

Listing 2 (Continued)

318¢ STA ZSTOR, X

3200 DEX

3z10 BPFL REST1

3220

3230 RETURN RTS RTN FORM DUMP
3240

3250 RRARXRARRNRRRRRRNARRRRARRRNRKRR
3260 * SUBR OUTBYTE *
3270 = OUTPUTS BYTE CHECKING FOR *
3280 =* GRAPHIC PREFIX & DBL'ING =
3200 RARAXRANRKRRRRNRRRANARIRAKRRRRRK AR
3300

3310 OUTBYT CMP #GRPFIX CHK

3320 BNE OUTB1 NO,OUT ONCE
3330 JSR COUT Y,OUT TWICE
3340 DA #GRPFIX FOR SECOND
3350 OUTEB1 JSR COUT PRINT IT

3360 RTS RETURN

3370

3380 XA AXRARRARRARRR AR KRR KRRRRRRA KRR R K RRN
3380 * *
3400 * SUBR PRINT STRING ®
3410 ~ »
3420 =* 1981 JAN 11 *
3430 =* *®
3440 * SUBR WILL PRINT THE STRING *
3450 * THAT IMMEDIATELY FOLLOWS THE *
3460 * JSR AND ENDS WITH A NULL OR *
3470 * ASCII 00. *
3480 * NOTE: USES $FE,FF FOR TEMP *
3480 =» STORAGE OF RETURN ADDR. *
33500 * *
3510 RARKRRRARRKRRRARXRNRRRRE KRR R KK R X R
3320

3330 *»x ZERQO PAGE LOC'S

335440 .

335350 TEMPL .EQ ZSTOR TEMP STORAGE
3560 TEMPH .EQ TEMPL+1 FOR RTN ADDR
3570

3580

3590 PUTSTR PLA SAVE RTN ADDR
3600 STA TEMPL

3610 PLA

3620 STA TEMPH

3630 PUTST1 LDY #s00 OFFSET

3640 INC TEMPL INC POINTER
3630 BNE PUTSTZ2

3660 INC TEMPH

3670 PUTSTZ LDA (TEMPL),Y LOAD_ CHR
3680 BEQ PUTST32 0?Y,DONE

3690 JSR CouT N,PRINT

3700 SEC

3710 BCS PUTST1 ALWAYS TAKEN
3720 PUTST3 LDA TEMPH RESTORE

3730 PHA UPDATED

3740 LDA TEMPL RETURN

3730 PHA ADDR

3760 RTS

3770 x=rx% END SUBR PUT STRING KRR
37840

3780 KXRXRAXXRRKARR AKX

3800 * SUBR COUT *

3810 RAARAAXRKRKRRRRK

3820

3830 *x PUTS CHAR OUT THRU ACIA

3840 = DIRECTLY

38350

3860 CQUT STA ACCSAV SAVE ACC

38740 TYA & Y REG

3880 PHA

3890 LDY SLQT INDEX BY SLOT
3900 COUT1 LDA STATUS,Y GET ACIA STAT
3910 AND #$02 CHK READY
3920 BEQ COUT1 NOT? LOOP
3930 LDA ACCSAV RESTOR ACC
3940 STA QUTPRT, Y & PUT OUT
3830 PLA RESTORE

3960 TAY Y

3970 RTS RETURN

3880

3890 =xtx END SUBR COUT *x=»x

4000 x%xx% LOCAL DATA R

4010

4020 ACCSAV .Bs ¢1 SAVE ACCUM
4030 RONUML .BS $1 ROWNUM

4040 RONUMH .BS $1 HI BYTE 0. .1
40350 = $80-INDIC
40680 = REACH NUMLIN
4070 ROWDEX .BS 81 0..13 OR $D
4080 COLBYT .BS $1 COLUMNBYT CNT
4090 ROWRBRYT .RBS $7

4100 SLOT .DA #SLOT1 SLOT OFFSET
4110 = $NO

4120 DOUBLE .DA #00 EXPANDED PLOT
4130 =*» =880 ;NORM =00
4140

4130 sxx END OF TIGER DUMP xR %

4160

4170 ZEND .EN
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