


800A PIECE BOARD SET
'Includes Main Soard, Power Supply
Assembly, CPU Module and 10K
Revision S Operating System Module.
All boa-ds are new, tested CJ1d complete
with all components. $2850

4003 PIECE BOARD SET
Includes Main Soard, Power Supply
Assembly and CPU Module. All
boards are new, tested and complete
with all components. $ 50

4OOMetrl:JraneKeyboard$12.5019

800 10K "B" O.S. Module
Older 800 units need the revision "S"
Operating system to run newer
software. Type the following peek in
SASIC to see which revision you
have. PRINT PEEK(58383). $ 950
If the result is 56 order now!

800/400 MODULES
NEW PARTS Gav1PLETE WITH IC'S

$ 9
50" 800 Main Soard

" 800/400 CPU with GTIA
" 800 10K "S" O.S. Module

EACH "400 Main Soard
" 400 Power Supply Bocrd

CX853 16K Ram rvbdJle $14.50
800 PONer Supply Boad $14.50

INTEGRATED CIRCUITS
" CPU C014806
"POKEy C012294
" PIA C014795
" GTIA . . . . .. C014805$450 "ANTIC C012296
" CPU C010745
" PIA C010750
" CPU. . . . . .. C014377
"DELAy ..... C060472
" 2600 TIA .. C010444
" PIA. . . . . .. C012298
"CPU 6507
"PIA 6532
"RAM 6810
"CPU 6502S

1050 O.S. ROM. . . . . . . . .. $13.50
2793 1050 FDC . . . . . . . . .. $19.50
10505713 STEP DRIVER.. $5.25
CX)2'697 - UseC012296-Exoept mXE
810 O.S. ROM C011299C .. $10.00

1050 MECHANISM
Factory fresh TANDON mechs.
make difficult repairs a SniW. Units
are complete with Head, Stepper,
Spindle motor etc. Just plug In, no
dilfic.ult alignments or adjuslments
reqUired. $4750

810 DISK DRIVE PARTS
Sideboard with Dala Sap $44.95

~~"Il:e~~oa;ciU' f..!<,:W i;IYie)·. ~~1~g
Rear/AnabQ Set ( pgrade) $47.50
Complete S'et (New Style) $67.50
Board set includes instructions for using
a Tandon TM·100·' or MPI B-51

(M~=~~~fi%J~~~E~~~s)

PILOT PROGRAMMING
LANGUAGE PACKAGE
Includes PILOT cart. with "Turtle
Graphics", Pilot Primer and Student
Pilot manuals. PILOT is an excellent
learning or teaching tool. $1750Works Ydh alAlan's
llXceplST.

REPAIR MANUALS
SAMS Service Manuals for the
following units contain schematics,
parts listings, labelled photographs
showing the location of
checkpoints and more! A special
section gives oscilloscope and
logic probe readings allOWing you
to narrow the malfunction down to
a specific chip or transistor!
800, 800XL, 130XE, 400, 1025
and 1050 $19.50 each
520ST Service Manual. $37.50

MISC. HARDWARE
1050 Track 0 Sensor. .. $6.50
1030 Power Pack $9.50
Fastchi):! for 800/400 .. $15.50
800 256K UQqade w/o R<rn $89.95
Supra 2400Baud MJdem $159.95
Atar! Jo)'stick . . . . . . .. $7.00
850 or PR Modem cablel14.50
850 or PR Printer Cable 12.50
P:R: Connection. . . . .. 65.00
Printer Interface. . . . .. 39.95
I/O 13 Pin PC mount. .. $4.50
I/O 13 Pin Plug Kit. . . .. $4.50
ST 6' Drive Cable. . .. $14.00
820 Printer Mechanics.. 19.50
Joystick Extension Cable 5.00
30 Pin Cartridge Socket. 4.50
810 Door Latch Assy $15.00
Serial I/O Cable $5.95
1027 Transformer. . . .. CALL
U.S. Doub!er . . . . . . .. $29.95
ST Modem Cable. . . . $14.50
ST Dive oomectCY PC mount $6.50
ST Drive connector plug $6.50
25 Pin null mocan oomecter $10.95

SUPRA
2400 BAUD MODEM

Fully Hayes Compatible. High
quality. Works with all Atari's. 8
bit requires interface.

$15795

ATARIWRITER
CARTRIDGE

Popular cartridge version turns
any 8 bit Atari IntO a powerful
word (Jrocessor. Written by
Atari. Disk drive supported but
not required. $ 2 995
For iii Atari's except ST

PADDlECONTRClLERS
(Pair). Required for numerous 8 bit
programs and applications. Use
these to add two changeable
variables to your SASIC or
machine language programs.

$650

COMPUTER BOOKS
Hackerbook . . . . . . . . . . . $5.00
Inside Atari Sasic . . . . . . . $5.00
Atari Sasic Ref. manual. $5.00
Sasic-Faster & Sener . .. $22.95
Assembly Language Guide $19.95
XE Users Hanabook . . .. $17.95
XL Users Handbook. . .. $17.95
Advanced Programming $19.50
AstrplQ9Y with tyPEl in prog. $5.00
Atarl GamesityPElln prog. $5.00
Forth on the Atari . . . . . . . $5.00
Mapping the Atari . . . . . .. $18.50

ATARI850 INTERFACE
Sare PC Soard with parts list and
crystal allows you to build your
own serial/parallel interface for
attaching modems and printers to
all 8 bit Atari computers $7.50
Board & all plug in IC's $39.50

ATARI XM301 MODEM
Direct connect 300 Saud modem
works with all 8 bit Atari's. No
sepet'ate interface required. $44.95

BASIC CARTRI DGE
Sasic Rev. "A" Cart. works with
all Alari Computers except ST.
Exact replacement for
8oo/400/1200XL $15.00

EPROM CARTRIDGES
16K Eprom Soard with case.
SpecifY dual 2764 or single 27128
style. Gold contacts. . . . .. $6.95

POWER PACKS
Exact replacement transformer
for 800/400, 1050, 810, 1200XL,
850 and 1020 units. Replaces

. older "weaker" units. Atari part
#C017945.

600XL 64K UPGRADE
Easy to install internal
modification allows you to hook
up a disk drive and run all
800XL software. Kit includes all
(Jarts and detailed instructions.
Soldering required to install 3
jumpers. $ 2995

High quality 13 pin cable
used to connect 8 bit Atari's
to disk drives, interfaces. etc.

$ 595
New low price

SOFTWARE
O"bert cartridge... .. 110.00
Choplifter Cail. . . . . . 10.00
Silicon Warrior Cart. . 12.50
Springer Car1. . . . . . . $5.00
Fun With Art Cart. . .. $10.00
Donkey Kong Cart. . . . $5.00
Easterm Front Car1. $5.00
Star Raiders Cart. . . .. $10.00
DropZone Disk. . . . .. $9.95
Edt/Asm Cart w/o man. $10.00
Hard Hat Mack Dsk .. $5.00
D- Sug childware Disk. $5.00
Wordl'lyer chi!dware. $10.00
Home fifing manager.. $7.50
Musical Pilot Ed. Disk $5.00
Sig Math Anack Dsk .. $5.00
Cnambers/Zorp Dsk .. $5.00
Pathfinder Disk. . . . . .. $5.00
Match Racer Disk. . .. $5.00
Encounter/OJester Disk $5.00
Saja Suggies Disk ..... ~.OO
Com"putation Dsk . . . . 5.00
Cyborg Adventure Disk 5.00
Fractions Tutorial Dsk $5.00
Decimals Tutorial Disk $5.00

SERVICE RATES
Flat Service Rates beloo include
Pa-ts & Labor, 60 Day Warranty.
800 Computer $39.50
850 Interface $39.50
810 Disk Drive $69.50
1050 Disk Drive $75.00
800 Keyboard only. $25.00
Include $7.00 return shipping and

!·nsurance. Include $4.pO shipping
or 800 keyboard repair only.

AMERICAN TECHNA-VISION
Mail Order: 15338 Inverness St., San Leandro, Ca. 94579
Repair Center: 2098 Pike Ave., San Leandro, Ca. 94577
Terms: NO MINIMUM ORDER. We accept money orders, personal checks or
C.O.D.s. VISA, Master/Card okay. Credit cards restricted to orders over $20.00.
No personal checks on C.O.D. - Shipping: $4.00 shipping and handling on orders
under $150.00. Add $2.25 for C.O.D. orders. In Canada total $6.00 for shipping and
handling. Foreign shipping extra. Calif. residents include 7% sales tax. All items
guaranteed 30 days from date of delivery. No refunds or exchanges.

Prices 9Jbjecllocha1ge oMtlout nolce. 8m SASE fa lteeprice Iisl At..i is a reg. troderna-k d At..-i COD
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It has always been ANALOG Comput­
ing's policy to bring its readers the highest
quality, type-in software found in any
magazine_ Frequently, however, commer·
cial-quality programs are so huge that the
printing of the listings in the magazine
is prohibitive. Rather than resort to a "disk
only" format for those programs, we sad·
Iy pass them by.

Once in a while, though, a program
comes in that simply can't be ignored­
even if it is on the large size-and we are
faced with a decision: Do we offer the pro·
gram over the course of two or three
months, breaking it up into smaller
pieces? Or do we dedicate a larger-than­
normal portion of the magazine to the
program, hoping that the majority of our
readers will want to get the whole thing
in one large article?

The last time this came up was when
the program Troll War II came across my
desk. In that instance, we chose to break
the program up into two smaller parts,
published in two succeeding months.
Well, the letters came in, and the bulk of
them requested that, the next time we had
a program of this size to publish, we print
it all in one month rather than make peo·
pie wait for the conclusion. "We're not
afraid of all that typing!" they insisted.

Also in those letters was another fre·
quently asked question: "Why doesn't
ANALOG Computing still run full·length
assembly·language listings?" And to be
honest, we really didn't have a good an­
swer to that question. It seems that over
the years we slowly got into the habit of
not publishing those listings in order to
find space for other material-and before
we realized it, the full·length assembly list­
ing had ])ecome a thing of the past.

In recent months we've tried to reme·
dy that. We've made a greater effort to get
our authors to supply nicely formatted as­
sembly code for use in the magazine­
and when they supply it, we print it. Look·
ing back over the years, it strikes me as
odd that we stopped publishing those list­
ings regularly, especially considering that
we've never had anyone complain about
their inclusion in the magazine. Au con·
traire! It was this extra attention given to
the advanced programmer that set ANA-

by Clayton Walnum

LOG Computing apart from its compe·
tition.

Of course, you've undoubtedly realized
by now that there's a reason for this little
chat we're having. To put it in a nutshell,
it's happened again. A program has fallen
into our hands that we absolutely cannot
ignore.

By now, all ANALOG readers are
familiar with the names Barry Kolbe and
Bryan Schappel. In the past these two
gentlemen have supplied some of the
finest machine-language programs ever to
appear in the pages of this magazine.
Those programs include BBK Artist, The

Robox Incident, T:EDIT, The ANALOG Data·
base and The Clash of Kings, to mention
only a few. This issue we're proud to
present, complete with its assembly'
language listings, BCALC, a full· featured
spreadsheet for your 8·bit Atari
computer-written, of course, by those
prolific machine·language wizards, Kolbe
and SchappeI. There's no need now for
you to run out and spend $50 for that
spreadsheet program you've been need·
ing. BCALC will fit the bill quite nicely,
thank you.

And once you've finsished using
BCALC to set up your home's or business'
finances, don't forget to check out Colin
Faller's zany Train Crazy, a truly arcade­
quality game. And there's more! Joe
McManus will get your nerves jangling
with his fast·moving simulation, Crisis
Center, where you get a chance to see how
it feels to have hundreds of lives depend.
ing on your quick thinking and careful
decision making. Carey Furlong brings us
Solar System Scaler, an Atari BASIC pro­
gram that'll bring the universe right into
your living room, scaled down to a size
that even the feeble (galactically speaking)
human mind can understand.

Also in this issue, we start two new
columns for those of you who want to
learn more about your computers and
how to program them. First on the agen·
da is Robin Sherer's Master Memory Map,
a complete tour of your Atari's innards
brought to you over the course of the next
few months, including complete
documentation of even the most esoteric
memory locations in your machines. And
for those of you who've always wanted to
write your own arcade games, but didn't
know where to start, we've got Game De­
sign Workshop, a column by Craig Patch·
ett that'll take you, month by month,
through the entire process of designing
and writing a video game.

We think this is an exciting issue, and
we're sure you will too. As usual, we'd like
to hear from you. Let us know how we're
doing, and what we can do to better serve
you. This is your magazine, and it's your
input that'll keep it moving in the direc·
tion it should go.

And as always, thank you.

A,N,A,L.O.G, COMPUTING I AUGUST 1988
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Train Crazy

Join Oscar the Ostrich on the wild railroad
romp on top of a speeding tmin. Look out for the tunnels!

by Colin Faller

E

\fj
Solar System Scaler

If you could reduce the earth to the size of a baseball and hold it in your hand, how far away would tlte sun
be? How about the moon? This educational program answers these and many other questions.

by Carey M. Furlong

F

W
Animation

The art of computer animation made simple,
including two methods for bringing your programs to life.

by Ron Goodman

\If
Crisis Center

Car cmshes, hotel fires, snipers, airplane hijackings, bank robberies and all manners of emergency conspire
to put your abilities to the test in this nerve-mcking simulation.

by Joe McManus

"1
Wordlock

Having trouble keeping the riffmffout ofyour privatefiles? Lock 'em up tight with this machine-language utility.
by Andy A. Lee

'fI
PrintScreen

A Gmphics 0 screen dump utility that'll print

the contents of your screen from within most any program.
by Justin E. Wilder

W
BCALC

ANALOG Computing is

proud to present a full featured
spreadsheet program

for 8-bit Atari computers.
by Barry Kolbe and Bryan Schappel
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~
Panak Strikes

Steve gives the old thumbs-uplthumbs-down test to

Shiloh: Grant's Trial in the West (SSI)

and Bridge 5.0
(Artworx).

by Steve Panak

Vi
Barnyard Blaster (Atari Corp.)

by Matthew J.w. Ratclfff

~
Game Design Workshop

by Craig Patchett

Dean Brierly

(213) 467-2266
(415) 864·3252
(312) 445-2489
(303) 595-4331
(212) 724-7767

Los Angeles
San Francisco
Chicago
Denver
New York City

Address. all advertising materials to:
Paula Thornton - Advertising Production
ANALOG Computing
9171 Wilshire Blvd., Suite 300
Beverly Hills, CA 90210.

Permissions

Advertising Sales

JE Publishers Representative
6855 Santa Monica Blvd., Suite 200
Los Angeles, CA 90038

Where to Write
All submissions should be sent to: ANALOG

Computing, P.O. Box 1413-M.O.. Manchester; cr
06040·1413. All other editorial material (letters,
press release. etc.) should be sent to: Editor,
ANALOG Computing. 9171 Wilshire Blvd., Suite
300, Beverly Hills, CA 90210_

Correspondence regarding subscriptions, in·
c1uding problems and changes of address, shquld
be sent to: ANALOG Computing, P.O. Box 16927,
North Hollywood, CA 91615, or call (818)
760·8983.

Correspondence concerning a regular column
should be sent to our editorial address, with the
name of the c~lumn included in the address.

We cannot reply to all letters in these pages,
so if you would like an answer, please enclose a
self-addressed, stamped envelope.

An incorrectly addressed letter can be delayed
as long as two weeks before reaching the proper
destination.

No portion of this magazine may !>e reproduced
in any form without written permission from the
publisher. Many programs are copyrighted and
not public domain.

Due, however, to many requests from Atari club
libraries and bulletin·board systems, our new poli­
cy allows club libraries or individually run BBSs
to make certain programs from ANALOG
Computing available during the month printed on
that issue's cover. For example, software from the
July issue can be made available July 1.

This does not apply to programs which specifi.
cally state that they are not public domain and, thus,
are not for public distribution.

In addition, any programs used must state that
they are taken from ANALOG Computing Maga·
zine. For more infon:nation. contaci ANALOG
Computing at (213) 858-7100, ext. 163.

Subscriptions
ANALOG Computing, P.O. Box 16927, North

HOllywood, CA 91615; (818) 760·8983. Payable
in U.S. funds only. U.S.: $28-one year, $54·two
years, $76-three years. Foreign: Add $7 per year.
For disk subscriptions, see the cards at the back
of this issue.

When submitting '<lrticles and programs, both
program listings and text should be provided in
printed and magnetic form, if possible. Typed or
printed text copy is mandatory, and sh<?uld be in
upper- and lowercase with double spacing. Ifa sub­
mission is to be returned; please send a self.
addressed, stamped envelope.

For further information, write to ANALOG
Computing, P.O. Box 1413-MO, Manchester, cr
06040-1413.
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SOUTHERN SOFTWARE

205-956-0986
. 24 HOUR PHONE

CALL OR WRITE FOR FREE CATALOG
ALL 8 BIT AND ST SOFTWARE iN STOCK
CALL FOR PRICES AND LATEST TITLES

SOFTWARE IN STOCK FOR OTHER COMPUTERS
PRICES LISTED FOR MAIL ORDER ON.Y - ADD 10... ON PHONE ORDERS

ST COII'lITEtS CAll CHIPMUlIt 29.95 80 COl CUD 79.95
1D50 OISK DRIYE 239.95 ATARI WRITU PlUS 39.95 ClJI>ULSm COPIER 29.95
1D50 W/HAPfY U$l 399.95 BASIC CARTRIDG£ 19.95 COPY II ,ST 29.95

~~5:EOISK DRIVE :~n~ ::m :~ ;::rs ~~~~ ::~= :n~
520 DISK DRIVES CAll SUPER ARCHIVER 59.95 SIIl804 PRINTER 189.95
8SO III1ERfACE 109.95 lIT WRITER 69.95 1027 PRINTER 124.95
/lI( 0MII11Ol 59.95 DOS 2.5 W/IlARUAL 9.95 lDlnu LQ PRINTER 199.95
ACCESSORIES CAll llilE POWER SUPPLY 27.95 ATARI LAI ST liT 49.95
APE fACE 49.95 1027 III( ROlLER 4.97 JOy $lICIt 8.95
AVATU 1200 79.95 HAPPY ARCHIVER 34.95 LOGIlCHIlDII CLOCX 39.95
AVATU 2400 179.95 I/O C~!!!l. 13.95 IlAIll WllllAIIS C 124.95
CHIP/ARCHIVER 810 69.95 I/O CORD 10 fT 19.95 MEtAllU C 139.95
PRD IURNER 179.95 IlAC/65 64.95 MOOUla-2 69.97
EZ RAM 520 169.95 MlC/65 TOOl liT 27.95 P.R. CORIIECTlOlI 59.95
Happy 1D50 ERHaRt 119.95 aCTION 64.95 WARP SPEED DOS Al 24.95
HAPPY 810 ERHANCE 104.95 aCTlOR TOOl liT 27.95 PC 10ARD DESIGNER 169.95
Happy CO!ITROLER 39.95 laSIC Al TOOl KIT 27.95 PROLOG 69.95
HaRD DISK DRIVES caLL BASIC lE TOOl KIT 27.95 PUllISH PARTHER 119.95
ICD MIO I MEG 299.95 PERSONal pascal 74.95 SOOIRl DIGITIZU 119.95
ICD MID 256t 199.95 spaRTlDOS TOOl liT 24.95 • lIE HaVE COLOR RfUCHS •
lE aDAPTER fOR MIO 19.95 ST HOST aDaPTER 99.95 fOR all PRINTERS call
POWER SUPPLIES call SPUTS OOS CUT 69.95 ----------------------
PRINTERS call OMIIIVIEW AlIRE 36.9S • ATaRI REPaIR PRICES •
PRINTER CORNECT. 39.95 NEWEll 256K 34.95 ITEMS ROT LISTED call
R-TIME CaRTRIDGE 49.9S OlVUHO!I 400/800 44.95 1050 DISK DRIVE 89.95
RAHIO II UPGRADE 29.95 ST COPY 29.95 130 lE 69.95
256K CHIP SET 49.95 NUMERIC lupaD 39.95 65 lE 49.95
RAMROD II 39.95 TOP DOS 1.5 PLUS 29.95 520 DISK DRIIE 89.95
LIGHT PER 69.95 PRINT/MOOEM CAlLE 13.95 520 ST 139.95
U.S. OOUBlER 29.95 RlMCHaRGER 139.95 8SO INTERfaCE 49.95
UPRINT INTERfaCE 59.95 RlMCaRD fOIl 80D 129.95 ATaRI PRINTER 69.95
llilE lOS 49.95 SMART 1I11( MOOEM 189.95 ll/lE/l50 POW SUP 12.95

PRICES sua..eCT TO CHANGE WITHOUT NOTICE
ADO 55 FOR SHFPm AND INSUlANCE. MOST ORDERS SHIPPED SAME

DAY. FOREIGN ORDERS waCQt,£ WITH SUFFICENT POSTAGE
INCLUOED. ALABAMA RESIDENTS ADO 7" SALES TAX. ADD 6" FOR

VISA. ADO 55 FOR AIRMAIL ADO 515 FOR OVERNIGHT SHf'MENT
ALLOW THREE WEEKS FOR PERSONAL CHECKS.

SOUTHERN SOFTWARE
1879 RUFFNER ROAD BIRMINGHAM. AL 35210

MegaByte
Computers and Electronics

Call TOLL FREE 1-800-255-5786 ORDERS
For any inquirica 1(713)338-2231 ONLY

109 W. Bay Area Pl..., Call for Low Prlc.. on Many
"'ob.ter, TUM - OUI.r IUIIl.lI77:598 .............-.c ....

GAMES Applicationa GRAdtPhJS
DARK CASTLJ! Cad-3D 1.02 ,,., ~OlllfI'U:rt ".ulll.'

27,97 :59.17 ~ ......~ .y ...... )
DUNOBON MASTlUl. Cybor COlltJ'Ol

(IN STOCKI) 27.97 ,-"" _........ ----.
0.97

i.~!.~..~~.:F·l:5 STRIKE EAOLJ!
Cyber Paial

47.97
24.87 DataM....erFUOHT SIM II Swift Calc 1uIlbo S133.87 Word WriLcrOAUNTLET 52.97 ~"\u.•c:~",,~,,,
28.97 pc. Diuo 3.01 . SUPBRCHAJlGBOONE PISHIN 27.97

74.9:5 ---''''-oi&Tsf 16==
MOEBIUS 38.97

OIDS 23.97 Publiahi., p.,uer 16 MHZ!!!
Police Quell 29.97 62.97 $249..95

P",.si<lelll EJecl S..perCharae4
CUSTOMIZED28.97 EuyDraw 94.97

RO&dWar Europa H.rd Did:~

2:5:87 Kuma S499 ..4u~_.
Ullima IV 38.97 Transputers ....... --- ..

Warlla.me CaRlL Set Ea,uul Flopp...
33.87 "... 0.1, 'IU_"'"

II".'S t

"JIU)VUMQ lW'P"a1Or&AnOlf: DE.4IER rW9U/Il/U WElcoMEI
• ............., ..t L••..,••t.,-~\ ••a•. &.U ..... a..h .. ALL ,.-.110I'"" ••••••",
,........ l ..... '1............., .ale. " •. au.•,... .-.1, 't p ..""" h "'•• \.1"•.
•• 1......rlM' , .ua .1.....\. ...1............ ~ .1...........re. .... ah. hIMt
...a.,.•., La ,,"'1-'101.~ _...n.
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$69.95

$29.95

• Rom resident disk loader
program (MACH 10 menu)

'DOUILE DENSITY RAMDISK
capable_

• Entire MEMORY test that pin­
points defective RAM chip

• Boot any drive (1-9) upon
power-up or cold-start

• Supports memory upgrades
up 10 TWO MEGABYTES

• THREE Operating Systems in
one (XlIXE, 4001800. ULTRA
SPEED PLUS)

• Built In RAMDISK configura­
tion editor (1-9)

• RAMDISK exactly duplicates
floppy drive so sector copy­
ing and sector editing are
now possible

• Built in MINI Sector Copier
• Toggle SCREEN OFF lor up to

40% increase 01 processing
speed

• Toggle internal BASIC

"XF551 ENHANCER!"

"ULTRA SPEED PLUS"

THE SUPER ARCHIVER
"BIT-WRITER"!

DEALER/DISTRIBUTOR/USER GROUP Discounts available call for info·)ll
PHONE Orders - MASTER CARD. VISA MAIL - Money Orders, Checks. \.

ATARI
$79,95$79.95

The XF551 Atari drive is a fine product with one major.fiaw ... it writes 10 side TWO
of your floppy disks BACKWARDS. This causes read/write incompaHbiiity problems
with all other single sided drives made for Alari such as Indus. Trak, Rana. Percom,
Astra. Alari 1050. Alari 810. etc. Add the XF551 ENHANCER to the new XF551 drive
and your problems ae over! This device will restore 100% compatibility while
retaining original design qualities of Ataris' super.new drive. The XF551 ENHANCER
is a MUST for 011 XF551 Owners. Installation is simple. Only $29.95 pius $4 S/H/I.

$69,95

The Super Archiver 'BIT·WRITER·! is capable of duplicating even the ·uncopyd:lle·
EA end SYN series which employ 34 FULL sectors/tracks. 'BIT·WRITER'! is capable of
reproducing these and FUTURE protecflon schemes of non physically damaged
disks. PLUG-IN circu~ boards and4simple solder connections. The SUPER ARCHIVER
with ·BIT·WRITER'! is the ultimate PROGRAMMING/COPYING device for Atari 1050's
EXACT DUPLICATES of originals are made! Copies run on ANY drive. Must be used
with Super ArchiveL Oniy S79.9S plus $4 S/H/1.

• ULTRA Speed 510 for
most modified drives

• ULTRA Speed is toggteable
• Bool directly from RAMDISK
• Special timer circuits not reo

quired for 1or 2 Meg upgrades
• Background colors adjustable
• Reverse use 01 OPTION key
• Cold-start without memory

loss
• Built in floppy disk conligura­

tion editor (1-9)

Imagine a universal XUXE Operating System so easy to use that anyone can operate
it instantly, yet so versatile and powerful that every Hacker, Programer and Ramdisk
owner will wonder how they ever got along wilhout it! Uitra Speed Plus puts
unbelievable speed and convenience at your fingertips. Use ANY DOS to place
an ULTRA SPEED format on your disks, boot any drive (1-9) upon power-up, format
your RAMDISK in Double Density. activate a buill-in 400/600 OS for software com­
patibility, plus d02ens of other features to numerous to mention! Below are just a
FEW features you'lI find in the ama2ing OS:

$29.95

$69.95

NOW
"aalTauy"

IIATEDI

THE
"SUPER ARCHIVER"!®

(for ATARI 1050 drives)
The new SUPER ARCHIVER, obsoletes all copying devices currently available
for the ATARI 10501 It eliminates the need for FOtches. poe tiles. Computer
Hardware. ete. Copies are exact duplicates of originals and will run on any
drive; without exaggeration. the SUPER ARCHIVER is the most powerful
PROGRAMMING/COPYING device available for the 1050! Installation consisls
of a plug-in chip and 6 simple solder connections. Sollwares ifjCluded.
Fealures are:

• ARCHIVER/HAPPY ARCHIVER
• TRUE DOUBLE DENSITY COMPATIBLE
• ULTRA-SPEED readlwrile • BUILT.IN EDITOR-reads. writes.
• FULLY AUTOMATIC COPYING displays uplo 35 sectors/Irack
• SUPPORTS EXTRA MEMORY (short)
• SCREEN DUMP to printer • BUILT.IN CUSTOM FORMATTER· uplo
• TOGGLE HEX/DEC DISPLAY 40 sectors/track
• SECTOR or TRACK TRACING • BUILT.IN DISASSEMBLER
• AUTOMATIC DIAGNOSTICS • BUILT.IN MAPPER - upto 42 seclors/
• DISPLAYS HIDDEN PROTECTION track
• ADJUSTABLE/CUSTOM SKEWING • DISPLAYS/COPIES Double Density
• AUTOMATIC SPEED HEADERS

• ~~~~~T~~~~~GRAMMABLE • AUTOMATIC FORMAT LENGfH

PHANTOM SECTOR MAKER • ~~~~:?~~~~LLATION
The SUPER ARCHIVER is so POWERFUL that the only programs we know that
ccn'tbecopledarethenewerELECTRONICARTSandSYNFILE/SYNCALC (34
FULL sectors/track). II you want it ALL ... buy the 'BIT-WRITER'! also ... then
you'l be able to copy even these programs! Only S69.95 plus S4 S/H/1.

$69.95

Jll COMPUTER SOFTWARE SERVICES
\. P.O BOX 17660. ROCHESTER. NY. 14617

ATARI' PHONE (716) 467-9326

JUST RELEASED!
$99,95 "SUPER ARCHIVER II"!

(for ATARI 1050 drives)
NOW! COPYS all ENHANCED DENSITY programs plus retains all ofthe features
of O\X World Famous SUPER ARCHIVER! (see below). Allows you to COPY or
CREATE single or ENHANCED density protecflon schemes (including PHAN·
TOM SECTORS!). Completelyautomatic; compatible with the BIT·WRITER!; the
ULTIMATE BACKUP/PROGRAMING device! Only $99.95 plus $4 S/H/1.
NOTICE! Ifyou oIreadyown a SUPERARCHIVERLyou can upgrade to a SUPER
ARCHIVER II for only $29.95 plus $4 S/H/I (disk only' no additional hardware
required!).
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The Missing Touch
I just received the May issue of
ANALOG Computing, and I love the
new cover design. The new logo is real·
Iy sharp and the photo is hilarious. I
couldn't wait to flip open the magazine
to see what other changes had been
made. Imagine my confusion when I was
greeted by the same old ANALOG. Now
don't get me wrong. I don't mean to say
there was anything very wrong with
ANALOG's old style. It's just that after
reading the editorial in the April issue
I was expecting some exciting new
changes. So where are they? Did some­
body quit right after coming up with the
cover? Is this a case of beauty being only
cover deep? Are you getting sick of all
these silly questions?

-Todd Rapherty
Dormont, PA

Silly questions? What silly questions? We
can urukrstandyour confusion, and so are glad
to take this space to tell you-and everyone else
who is interested-something about the maga­
zine's production.

It takes a lot of time to design a magazine
from the ground up. When ANALOG Com­
puting went back into full production, there
was enough work to keep us busy just getting
the magazines out the door on time, without
having to worry about a new design as well.
To expedite the process ofgetting the maga­
zines back into your mailbox, we used the
material that had already been completed at
the old offices. That's why the style looks so
familiar. The only thing that was missingfor
thosefirst issues (April and May) was the cover
for May. Because we had to come up with a
new cover anyway, we took the time to have
it redesigned, taking us one step closer to that
new look we promised you.

Kangaroos and Computing
I have never seen my kids so captivated
as they are by the game Money Pouch in
the May issue of ANALOG Computing.
They play it for hours at a time. It has
gotten to the point where I have to fight
to get some time on the computer my­
seW It's so rare to find an educational
program that can teach while still allow­
ing the children to have fun. I've always
been an advocate of painless learning

, I. I J) I .1
DJB IJ8W pUrl J:;IJ9f:J ~HHJ

(maybe I'm just basically lazy), and as a
teacher, I've always tried to keep the in­
terest level of my classes as high as pos­
sible. Money Pouch really hits the mark
as far as I'm concerned, sneaking the
learning in underneath the fun. Thanks
for a great magazine! -Louis Patten

Ridgewood, NJ

Our pleasure. Maybe it's time for you to con­
sider a second computer, so the kids can have
one oftheir own. Most families who own com­
puters find that one just isn't enough-and
the older your children get, the more that'll be
true.

Keyed for Help
Ijust bought an Atari 130XE computer,
and there's something Ijust can't figure

out. One of the keys across the top of the
computer is labeled HELP. Yet,
whenever I push it, it does absolutely
nothing. It doesn't matter what program
I'm running or what I'm doing, the help
key does nothing. All it adds to the com­
puter is an extra key. Is there something
wrong with my 130XE?

-Deron Smith
Russel, KS

No, there's probably nothing wrong with your
computer. The HELP key on the 130XE must
be accessed from with-in a program to 1JUlke it
useful-just like the START, SELECT and OP­
TION keys. If the programs you're using don't
taRe advantage ofit, the HELP key won't do any­
thing. Unfortunately, very few companies have
decided to incorporate the use of the HELP key
into their programs; probably.because the older
Atari computers don't include the key. That real­
ly isn't so much of an issue now, since very few
people still use the old Atari 400s and 800s.
But when most of the programs that are availa·
ble today for the Atari were being devel-oped, us­
ing the HELP key wau1d have made the program
somewhat incompatible with the older 1JUlchines.
There are ways around that incompatibility, of
course, but it seems that most developers took the
easy way out and just ignored it.

Seeing is Believing
I can't believe it! The other day I actual­
ly saw a copy of ANALOG Computing
in a supermarket drugstore! When you
folks said distribution under the new
owners would improve, you weren't kid­
ding. I've always had a hard time find­
ing the magazine, and had to keep
checking the local B. Dalton's to get a
copy before they were sold out. It's go­
ing to be great to be able to buy my
favorite Atari magazine so close to home.
By the way, they also had ST-Log.

Richard Hall
Watertown, NY

Yep, we're very serious about improving our
distribution, as well as improving subscription
and customer support. As time marches on
ANALOG Computing will be available in
more and more locations across the country.

One quick question: Why didn't you just sub­
scribe to the magazine instead of trying to hunt
it down every month?
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I love the

scenes-the barnyard fence, cornfield,
and barn-alternating with Grandpa's boo
nus round. If you're a good sniper, you
may make it though all 36 screens and fin­
ish the game. As you progress through the
levels, you have fewer bullets per round
and must maintain a progressively higher
shooting accuracy. At the end of the game
you're given a final rating from "Total
Dud" through "Terminator" to the ulti­
mate Blaster.

I have found Barnyard Blaster to be far
more sophisticated and entertaining than
the Bug Hunt game which comes with the
Atari XEGS. The screens are bright and
colorful, with well·executed graphics. I
love the sound effects too, especially for
splatting the melons. The author, Jim
Zalewski, has paid great attention to de·
tail. On any of the game screens, take aim
at objects that you're not intended to
shoot, blast and listen. Your bullets will
ping off the weather vane or the tin
washtub inside the barn. They will splash
in the water bucket or thud into the
scarecrow out in the cornfield. If you're
looking for a good light-gun game for
your system, Barnyard Blaster is the one.
It's the only one actually, but it is quite
good. I think we can expect more great
light-gun applications from Jim Zalewski
and K-Byte, the people who brought us
such classics as K-Razy Shootout. '"'

sound effects-especially

for splatting the

melons.

shoot bottles over Gramps' head and then
move on to the barn scene.

There are a whole mess of mice and
sparrows loose in the barn. Those little
critters are tough to zap, being small and
fast. You'll have to contend with more rab·
bits and hoot owls too. Apparently Grand­
pa isn't much interested in his farmyard
animals, since he doesn't mind if you blast
the chickens and geese that run through
the barn as well.

Barnyard Blaster presents these three

~u ,nd G",mp, h,., ju" pu"h,,,d
a small farm that is being overrun by var·
mints. With your trusty XG-} Atari light
gun (similar to a .357 Magnum, but with
a little less kick), you must blast all the
critters in sight.

Grandpa first sets up some bottles and
cans on the back fence to get you warmed
up. As they are shot, the bottles explode
in a shower of glass, while the cans
ricochet high into the air-both excellent
effects. Keep a sharp eye out for the
gopher. He can pop up in the back­
ground at the end of any shooting round.
He's been tearing up Grandpa's property;
a tough critter to zap for bonus points.

At the end of each round, if your shoot­
ing percentage is high enough, you pro­
ceed to the bonus round. Here Grandpa
is brave (stupid?) enough to toss spinning
bottles into the air, for additional shoot·
ing practice. You score the most for each
bottle (100 points) by exploding them
over Grandpa's head. Don't accidentally
hit him or you'll lose all your bonus
points.

Out in the cornfield-the next
round-are some watermelons and
pumpkins that you must blast. Grandpa
doesn't even mind that you shoot them!
Once they're splatted all over the field,
you must fend off blackbirds and fluffy
white rabbits. A good shootist will get to

by Matthew J.W. Ratcliff

BARNYARD BLASTER
Atari Corp.
P.O. Box 61657
Sunnyvale, CA 94088
Game Cartridge-for all Atari 8-bit ..
computers equipped with the XG·I light gun ·:;Zi".
S29.95~0" .

~'0j/'h
I••
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Marketing & Consultants
Lyco Computer

Tac 3 $9.95
Tac 2 $10.95
Tac 5 $12.95
Tac 1 + IBWAP $26.95
Economy $5.95
Slik Stick $6.95
Black Max $10.95
Boss $11.99
3-Way $19.99

Mlcroleegua:
Microleague Baseball .. $33.95
General Manager $16.95
Wrestling $25.95

Mlcroproll8:
Silent Service $22.95
F-15 Strike Eagle $24.95
Gunship $28.95

Strategic Simulatlons:
Phantasie $22.95
Phantasie II $22.95
Road War 2000 $22.95
Colonial Conquest $22.95

Subloglc:
Flight Simulator II $31.49
Scenery Disk $14.95

Tlm_orks:
Wordwriler ST $44.95
Partner ST $39.95
Data Manager ST $44.95

UnlllOn World:
Art Gallery 1 or 2 $14.95
Print Master $19.95
Fonts & Borders $17.95

Music Studio $27.95
Bureaucracy $22.95

Electronic Arts:
Arctic Fox $25.95
Empire $32.95
Starfleet I $32.95
Chess Master 2000 $25.95
Gridiron . $32.95

Epyx:
Sub Battle Simulator $22.95
World Games $22.95
Wrestling $22.95
Winter Games $1 (95

Flreblrd:
Pawn $25.95
Starglider $25.95
Golden Path $25.95
Guild of Thieves $25.95
Tracker $25.95

$22.95

.. $19.95
....... $10.95

Acceas:
Leader Board $22.95
Tournament;lll $11.95
10th Frame $22.95

Actlvillon:
Champion. Baseball ... $22.95
Champion. Basketball. $22.95
Championship Gail $New
GFL Football $22.95

Mlcroleague:
Microleag. Baseball $22.95
General Manager $16.95
Stat Disk ......... $13.95
'87 Team Disk $13.95

Mlcroproll8:
Conflict in Vietnam ...... $22.95
F-15 Strike Eagle. .. $19.95
Kennedy Approach $13.95
Silent Service $19.95
Top Gunner $13.95

Strategic Simulations:
Battle of Antetiem $28.95
Phantasie $22.95
Wargame Construc $16.95
Wizards Crown $22.95
Phantasie II $22.95
Shiloh ... $22.95
Eternal Oagger $22.95

Subloglc:
Flight Simulator II ........ $31.49

Batteries Included:
Paperclip 80 Col ..... $31.95

Broderbund:
Print Shop $25.49
Print Shop Compan $22.95
Graphic Lib. I. II. III $13.49
Bank St. Writer $27.95

Electronic Arts:
Pinball Con Set $8.95
Lords of Conquest $8.95
Starfleet I $32.95
Chess Master 2000 $25.95
Music Can Set $8.95
Super Boulderdash $8.95
One on One $8.95

Flreblrd:
The Pawn

Access:
Triple Pack $11.95
Leader Board Pack ..... $14.95

Actlvlslon:
Music Studio
Solid Gold Vo1.;IIl

(

/

... $599.95

NEC:
Mullisync II

Thomlon:
230 Amber TIUI2" $79.95
4120 CGA $219.95
4160 CGA $254.95
4460 EGA $349.95

GB 200 Supor Cerd $184.95
4570 $CALL

ATI Technologies:
Graphics solution $129.95
EGA Wonder $199.95
ViP $299.95

Blue Chip:
BCM 12" Green TIL $64.95
BCM 12" Amber TIL $69.95

Magnavox:
BM7652 $79.95
BM7622 $79.95
7BM·613 $74.95
7BM·623 $79.95
CM8502 $199.~5

CM8505 $209.95
CM8562 $239.95
CM8762 $239.95
8CM·515 $249.95

Avlltax:
120Ge .. . $69.9~

1200i PC Card $69.95
1200hc Modem $89.95
2400 $179.95
2400i PC Card $169.95

Hey..:
Smarlmodem 300 $149.95
,marlmodem 1200 $285.95
;marlmodem 2400 $425.95

Haye. CompalibW

Since 1981

Mark "Mac" Bowser, Sales Manager

I would personally like io thank all of our past customers for helping to
make Lyco Computer one of the largest mall order companies and a
leader In the Industry. Also, I would like to extend my personal invitalion to
all compuler enthusiasts who have nol experienced the services thai we pro·
vide. Please call our trained sales staff at our toll·(ree number to inquire
about our diverse product line and weekly specials.

First and foremost our philosophy Is to keep abreast of the changln\!
market so that we can provide you with not only faclory·fresh merchandise
but also the newest models offered by the manufacture,s at lhe absolule best
possible prices. We offer the widest selection of computer hardware, software
and accessories.

Feel free to call Lyco If you want to know more about a particular Item. I
can't stress enough thai our loll·free number is not jusl for orders. Many
companies have a toll·free number for ordering, bUI if you just want to ask a
question about a product, you have 10 make a toll call. NOI at Lyco. Our
trained sales staff is knowledgeable aboul all the products we slack and is
happy to answer any questions you may have. We will do our besl to make
sure that the product you selecl will fit your application. We also have Satur·
day hours - one more reason to call us for aU your computer needs.

Once you've placed your order with Lyco, we don't forget about you.
OUf friendly, professional customer service representatives will find answers
to your questions about the status of an order, warranties, product availabili·
ty, or prices.

lyco Comr.ut.r ItOCka • muillmlllon dollar Inventory 01 factory-fresh
marchlnd I •• Chane.s are we have exaclly what you want rlghtln our we,e'
house. And thet means you'll got ft last. In fact, ordare ere normally shipped
wfthln 24 hours. Free st,lpplng on prepeld orders over $50, and lhere Is no
deposil raqulred on C.O.D. orders. Air frelghl or UPS Bluemed Lebel shipping
It Ivallabl., too. And all pmductl cerry \he full manulectu,ers' werrenlle•.

I can't see why anyone would shop anywhere else. Selection from our huge
in·stock inventory, best price, service lhal can't be beat-we've got it all here
al Lvco Compuler.

TO ORDER, CALL TOLL-FREE: 1-800-233-8760
New PA Wats: 1-800-233-8760

Outside Continental.US Call: 1-717-494-1030

Hours: 9AM to 8PM, Mon. - Thurs.
9AM to 6PM, Friday - 10AM to 6PM, Saturday

For Customer Service, call 1-717-494-1670,
~ 9AM to 5PM, Mon. - Fri. I~.r~~
IIiiiiiiIIII Or write: Lyco Computer, Inc. EL'I

P.O. Box 5088, Jersey Shore, PA 17740
RI.Ic-FrH Polley: • full manufacturers' warranties. no sales lax outside PA
• prices show 4% cash discount; add 4% for credit cards. APO, FPO,
international: add 55 plus 3% for prioritY. 4-week clearance on personal checks
• we check for credit card theft. compatability not guaranteed. return
authorizalion required. price/availabilily subject 10 change • Prepaid
'orders under $50 In can., U.S. add' $3.00.

1-800-133-8760
.. CIRCLE #105 ON READ'ER SERVICE CARD.



Panasonic
10801 Model II $179.95
1091i Model II $199.95
10921 $319.95
1592 $409.95
1595 $459.95
3131 $299.95
3151 $479.95
KXP 4450 Laser $CALL
1524 24 Pin $559.95
Fax Partner $589.95

~CITIZEN
120 D 5169.95
180 D 5189.95
MSP·l0 _ $2~9.95

MSP-40 5309.95
MSP·15 5349.95
MSP·50 5399.95
MSP-45 5459.95
MSP-55 5539.95
Premiere 35 5499.95
Tribule 224 _ 5649_95

Tribute 124 $469.95

Panasonic
1091 Model II

• 192 cps Draft
• 32 cps NLQ

Oklmale 20 .......... .. $119
Okimate 20 w/cart $179.95
120 $189.95
180 $219.95
182 $209.95
182 + $225.95
183 $249.95
192 5339.95
193+ $449.95
292 wllntertace $449.95
293 w/lnlerlace $585.95
294 w/interlace $819.95
393 $955.95

LX800 $199.95
FX86E $279.95
FX286E $424.95
EX800 $399.95
LQ500 $339.95
LQ1000 wlTraclor $549.95
LQ2500 $819.95
GQ3500 $LOW
LQ850 $525.95
LQ1050 $715.95

SEIKOSHA
Sp 180Ai

• 100 cps draft
• 20 cps NLQ

$12995'::~$19995 ~'L?"':'~~
\,

Toshiba

SP 180AI $129.95
SP 180VC $129.95
SP l000VC $139.95
SP 1000AP $169.95
SP 1200VC $155.95
SP 1200Ai $165.95
SP 1200AS RS232 $165.95
SL 80AI ~ $299.95
MP1300Ai $269.95
MP5300AI . .. .. $399.95
MP5420FA $995.95
SP Series Ribbon $7.95
SK3000 AI $339.95
SK3005 AI $419.95
SPB 10 $CALL
SL 130Ai $599.95

321 SL $489.95
341 SL 5659.95
P351 Model II 5899.95
351 SX 400 cps $1019.95

~c. Cl.<t''-'··I ', . ;)'

--

..._--- ----_..
SEIKOSHA EPSON'

$179 95 t-

IL ~

~~@Ir,"v -
mlC,Oft,CI·,ftC NX-1000
• 144 cps Draft
• 36 cps NLQ
• EZ Operation Front

Panel Control

BROTHER
Ml109 $195.95
M1409 $299.95
M1509 .. $335.95
M1709 .. $475.95
Twinwriler 6 Dot & Daisy. $899.95
M1724L 5599.95
HR20 $339.95
HR40 $569.95
HR60 $709.95

NX·l000 $179.95
NX-l000C . $179.95
NX-l0oo Color $225.95
NX-l000C Color $229.95
NX-15 $309.95
NR-lO $33995
NR-15 . $439.95
NB-15 24 Pin $699.95
NB24·1O 24 Pin $425.95
NB24-15 24 Pin $579.95
Laser 8 $CALL

.AlATARr

Q1 n.~~
~--.;;

520 ST-FM
Monochrome
System

$675 95

Attention Educational
Institutions:

If you are not currently
using our educational

service program, please
call our representatives

for details.

JllATARI HARDWARE
520 ST FM Mono $675.95
520 ST FM Color $729.95

1040 ST Mono $799.95
1040 ST Color $955.95
130XE Computer $135.95
SX551 Drive $174.95
SF. 314 Disk Drive $219.95
Indus GT Alari Drive $169.95
SHD 204 20 MEG Drive $579.95
XM301 Modem $42.95
SX212 Modem $89.95
GTS 100 (3.5" DSDD ST) $195.95
GTS 1000 511. DSDD ST $CALL

I j:.

lTHOMSON11

"-'--"'-~~---

II
.~. -:.::.:;.' _.~.~ ~. "." .. '" ---.

• Built·in
Drive

• Thomson
4120
Monitor

$72995

$955 95

JllATARr
1040 ST
Color System

JllATARr
520 ST Computer







Bits and bytes
A "byte" is really not complicated at all.

It is simply a group of eight "bits:' When
eight bits are structured into a byte, each
of those bits has special significance. You
look puzzled! What, you say, is a bit?

A bit is the smallest piece of informa·
tion that a computer can deal with. To
help understand how bits are used by the
computer, it may help to imagine the
microprocessor as a bus station. This bus
station is on a single·lane road. That
means a bus can only travel in one direc·
tion at a time as there is not enough room
for two buses to pass each other. There·
fore, a bus may either be arriving at the
station or departing. The microprocessor,
or bus station, can schedule its bus with
a signal light that says "I am accepting ar·
rivals" or "I am sending departures:'

In fact, in real computer hardware ar·
chitecture, the wires that carry informa·
tion to and from a microprocessor are
called the "data bus:' We don't need eight
separate input and eight separate output
wires because, like the single·lane road
connected to the bus station, the wires are
bi·directional. In other words, informa·
tion can either be arriving (input) or

continued on page 20

terms of something called a "K:' For rea·
sons beyond my control, one K of
memory is actually 1024 locations. Why?
I'll explain all in a few pages. For now di·
vide 65536 by 1024 to get a possible
memory size for the Atari of 64K.

The Atari is capable of using 64K of
memory. (The XE computers use some·
thing called "Bank Switching" to get
around this limit.) The factory gives you
16K ROM and 64K RAM when you buy
the computer (we'll explain ROM and
RAM later), but there is a catch (of
course). A lot of memory that comes with
the Atari is already filled up with num·
bers that tell the computer how to run.
The blank area available for you to use
is a lot less than you're led to expect. If
you want more memory, you have to go
down to your friendly dealer and buy it.
My grandmother once told me, "Do your·
self a favor, buy the large economy size.
You'll need it:' She was talking about soap,
but her wisdom applies to computers as
well.

Now that you understand how much
memory you have, let's talk about it a lit·
tIe. Each memory address can hold num·
bers from 0 to 255. Computers start
counting at 0 because "nothing" is a very
valid piece of information. I certainly
worry when my wallet has "0" in it! Let's
learn how computers count.
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HACK PACK ~ PARROT II
Special OFFER ~An All New Parral sound digillzer lor your Alari. Parralll is a

The Alpha Syslems HACK PACK contains all our saphlslicoled new hardware device Ihot plugs inla your joyslick
hnesl products lor making Bock-up copies, po~. Porrolll has two inputs. One for a microphone and one lor a
AnalYZing, Underslandlng and Prolechng your powered source such as a lope player. radio or Camooct Disk.
Alau programs. It comes camplele with Alari The Powertul Porrallt soflwcre leIs you record sounds inla your computer and ploy !hem back on any
PratectlOll Techniques (Book and Disk I), Advanced Prolechan Techniques (Book and Disk II), The Alarl. Porrolll turns your campulers keyboard Inla a musicollnstrumenllVJth nine different sounds
Chipmunk, The Sconalyzer. The Impersonolar and Disk Pock 1000. Worth over S150. Gel !hem all covering Ihree oclaves each. The sounds can be anything, a dogs bark, a piana, a complele drum
for !he special puce of Just $99.95 sel, a symphony or your own voice.

Atarl Software Protection Techniques Vol I & " Parrollilels you modity !he sounds on a graphic display 10 creole brand new sounds and special
. .. enecls. Besl 01 all. !he sounds and voices can be pul mto your own programs thol can be used on

These Book and Disk pockages delOiI the masf advanced copy pralecllan methods m use.loday. Ther any standard Alarl. Explore !he wartd of digital sound and music. ONLY $5995
gUide you through the IneIt10ds used to creole Ihe protecllon as well as !he copymg lechnlques 10 ge •
around them. They include infarmahon on Phreoking - Hocking - On-line security - Block baxes. sell- .....Recorded Sound Disk More pre-recorded sounds for Parrot $4.95
deshucling programs· Pllale bullelin board syslems • Logic bombs. New piracy lows' HardwOle PARROT II Demo Disk (Does not requlle Parrot 10 run) $5.00
data keys' Weok secloung (Phantom, Fuzzy and unstable sectors) • Overfilled Iracks • CRC errors'~ 0 ""oc a fasl paced, multi-player Irivia game Ihal mixes queslions
Bonk select cortlldges .and MUCH, MUCH MORE. The disks Include aulamallc program proteclars, P P-N-K KER. wilh reol sOngs (digitized
Proleclton Scanners, dllectory hiding and more. with Parrol). Be Ihe firsl 10 idenfity !he songs and answer Ihe mu~ic Irivlo questions. Pop-N-Rocker
BOOK I and DISK I $24.95 comes with Ihree dolo disks and lets you odd new quesfians so it will never gel old. \t>u con use a
BOOK II (Advanced protection) and DISK II $24.95 Parral Sound digitizer to odd new songs loo! Use any kind of music hom Rock 10 Classical 10
Special OIfer. Order both sels for Only $39.95 Nursery Rhymes. A new 'conce In entertainmen and a partecl odd-on lor Porrof. $24.95

CHIPMUNK COMPUTEREYES & MAGNIPRINT II + ..P
Au1omotlc Disk Bock-Up Syslem. Make perteclly running unprolecled bock-Up copies of hundreds 01 Turn your compuler into a digilal po~rait sludia. This camplele package leis
lhe most popular Alari programs. Chipmunk's sophisticoled programming Aulomatlcolly hnds and you capture, save II print digital images fram your VIdeo Camero. VCR
REMOVES copy protection from masl A1ari programs. Bock-up even heovily pralecled programs with or TV. COMPUTEREYES hardware piugs directly inla your joystick pa~s for
eose. Finally. a back-Up syslem that needs no special harrtwore or skills. eosy use. Prinl your piclure on a 6 foot pasler. $119.95
(ti you need a fullllsl of whol Chipmunk copies. call or write for our free calolog) $34.95 ComputerEyes camera system
5eonolyzer Aulomo1icolly scan & analyze commercial programs. Unlock programming secre~ Comes complele with everything above, plus a block and white video
leorn from the maslers $29.95 camero and connecting coble. $329.95 'Ifh.'
Impersonator Cartridge 10 Disk bock up system. Creole running back-Up copies of any cartridge Graphics 9 SotlWare - Add a new dimension 10 your COMPUTEREYES GIANT wALL SIZED POSTERS.

(up, 10 16K) $29.95 piclures - caplures images in 16 shades of grey. $12.00
Magnlprlnt 11+

CHEAT Easily Ihe mosl pawertul prinl program available loday. Prinl graphics Iram almosl any formal in
Gel mare from your games with CHEAT Tired 01 spending days Irying 10 beal a game? Tired 01 gelling hundreds 01 shapes. sizes, and shades. Suppa~s color printing and leIs you creole giant posters.
sluck jusl when you need anolher life? Cheal is on innovalive new producl thaI gives you Ihe chance Magniprinlll + leIs you slrelch and squeeze, inve~, odd lexl, adjusl shading and much more.
you need 10 beal your lavorile games. Cheal works wilh hundreds of A1ari games 10 give you Works wilh EPSON, NEC, Citoh, Panasonic, Gemini, Slar, XMM801, and campalible prinlers. (850
unlimited lives or power. End Ihe frusfratian and gel hours more enjoymenl Irom your games. (Call or intertace or equivalenl required). $24.95
wnle Alpha Systems lor our llee COlolog wilh a lulliisl ollhe programs Ihal work with Cheal) ONlY $24.95 Graphics Transtormer
BASIC TURBOCHARGER Now you can combine Ibe masl pawertul fealures 01 all your graphics programs. Creole print shop
NOW f lhe Ii II' BASIC t Ih fl 'bTty d' ed'bl d I icons Iram a Koala pad piclure, Irom a pholo digitized wilh CompulerEyes, ar any piclure lite.

or liS Ime a programmer can ge e power, eXI I I on mer I e spes a GraphiCS Translormer leis you Shrink, Enlarge and Merge piclures for unequaled fleXibility. $22.95
machine language. BASIC TURBOCHARGER is a book and disk package Ihal contains over 150
reody 10 use machine language roullnes. Camplele inslructions show how 10 odd lhem 10 your own YOUR ATARI COMES ALIVE
BASIC programs 10 gellhese leolures and mare: • Smoolh Scrolling' Player/Missile conlrol· Load & SAVE MONEY Finally on alternative 10 buying expensive compuler add-ons. Your Atart Comes Alive
Sove Piclure files' So~ing and Seorching • Special Enecls Graphics· Incredible Speed' Much, Much shows you how 10 built them yourself. This 'Haw-To' book and disk package gives you complete
More' Over 150 programs. \t>u've heord of lIIe power of Assembler, now harness iI far your own slep by step inshuclians and programs needed fa buill and canlrallhese exciling devices and MORE:
needs $24.95 • Lighl Pen' Lighl & Molor Cantrallers -Alarm Syslems' \\lice Recagnilion· Enviranmenlal sensors! ; ~ !~ 24HOUR 216 374 7469 ·DolaDecoders·Morefhan150pages.'lburAlarIComesAlive $24.95
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B&CC t V" .
3257 Kifer Road )1'. STORE HOURS

Santa Clara, CA 95051
TUE - FRI lOam - 6pm

ompu er ISIOnS SAT - lOam - Spm
(408) 749-1003 CLOSED SUN - MON

SUPER SPECIALS
RECONDITIONED ATARI MERCHANDISE

All merchandise has been tested and reconditioned and is in like-new condition except where noted by the letter "B" after the price. The "B" price indicates
product may have scratches or other superficial surface marks. 30 day warranty.

ATARI ATARI STANDARD I 1020 COLOR $19.95 each

TRAK BALL SPACE AGE ATARI PLOTTER/ PRINTER (on cartridge)

$9.95 A JOYSTICK JOYSTICK $29.95 A
Ball Blazer Battle Zone
Blue Max Fight Night

$4.50 A 40 Columns wide Hardball Jungle Hunt

SPICE UP THE $5.00 A STOCK UP ON A FEW Includes paper and Pole Position Galaxian

ACTION IN YOUR SPARES color pen set
Millipede Dig Dug

GUN TRIGGER ACTION! Ms. Pac Man Final Legacy
ARCADE GAMES!

400 (l6K) 600XL (l6K) 800 (48K) NUMERIC 850
COMPUTER COMPUTER COMPUTER KEY PAD INTERFACE

$29.95 A $49.95 A $79.95 A $7.95 A $89.95 A

48K UPGRADE KIT 64K UPGRADES INCL. BASIC CART & INCL. HANDLER DISK USE LIMITED

$25.00 $19.95 - solder in MANUAL
WITH THE BOOKKEEPER SUPPLY

AND BASIC

$34.95 - plug in ~i\

1030 c!t
$5.00 each 810 ATARI DISKETTES

MODEM (on cartridge) DISK DRIVE BOOKKEEPER liAS LOW AS
Basic Rev. A $llO.OO A

20 CENTS
WITH

Donkey Kong $14.95 - NO BOX 10 FOR $4.00EXPRESS Missile Command (519.95 WITH RECON KEYPAD) 100 FOR $29.00

$29.95 A Pac Man INCLUDES POWER 1000 FOR $200

GET ON-LINE TODAY! Star Raiders SUPPLY, I/O CABLE $24.95 - IN BOX MOST ARE UNNOTCHED

Music Composer & DOS 2 ($29.95 WITH RECON KEYPAD) WITH OLD SOFfWARE

SHIPPING INFORMATION - Prices do not include shipping and handling. Add $5.00 for small items ($8.00 Min. lor Canada). Add $8.00
for disk drive. Calif. res. include 7% sales tax. Mastercard and Visa accet,ted if your telephone is listed in your local Fchone directory. Orders
m'g' be pre-paid with money order, cashier check, or personal check. ersonal checks are held for three weeks be ore order is processed_
C . .D orders are shipped via UPS and must be paid with cash, cashier check or money order. International and APO orders must be pre-paid
with cashier check or mon~ order. $20.00 minimum on all orders. All sales are final - no refunds - prices are subject to change. Phone
orders accepted TUESDAY HROUGH FRIDAY from 10:00 am to 6:00 pm PST.
We carry a complete line of ATARI products and have a large public domain library. Write or call

for free catalogue. (406) 749-1003 TUE - FRI 10AM - 6 PM
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Master Memory Map
continued from page 18

departing (output), but not both. The
microprocessor also has a signal of its
own that determines whether it will
receive (input) or send (output) infor·
mation.

Let's take a closer look at that bus. It
is known as the Byte Express, has eight
seats and always carries eight passengers.
Those passengers are little messengers
known as bits, and, as a group, they are
known as a byte. These messengers, or
bits, are rather moody. They are either
turned "on" or they are turned "off.' That
is called "binary" as they are bi·state sig·
nals; on being a "I" state and off being
a "0" state. Their vocabulary is just as
limited-the only thing they are Willing
to tell you is their mood. Now how do we
get any meaningful information out of a
group of eight little messengers standing
in front of us, each screaming "on" or
"off' at one time?

Well, when the bus arrives, we could
have the whole byte stand in front of us
and count everyone who is turned "on:'
That would give us the capability of
counting to eight. Seems pretty limited,
doesn't it? Hmmm, the group really needs
a leader. That leader will be the first bit
on the left. We'll call that the Most Sig­
nificant Bit, or MSB. The last bit on the
right will be the Least Significant Bit, or
LSB. Terrific! Now that we have a group
leader and a group follower, all the bits
should be given a rank.

Handing out ranks is serious business
and much thought should be given to it.
We can start with the LSB and assign that
bit the rank of "I;' since it is the Least Sig­
nificant Bit. We can be easy on everyone
if we just double that rank for the next
bit in line. So, why not just keep doubling
the rank for the next bit in line and so
on until we get to the MSB or Most Sig­
nificant Bit. Now our byte looks some·
thing like this:

IHHHi
What have we gained? More than meets

the eye! When the byte gets off the Byte
Express and each bit starts telling us what
its current mood is, we can make a differ-

ent and more meaningful interpretation
out of the little guys. If everyone is turned
"off' except the fourth bit from the right,
for example, we can check the rank of that
bit and find it is eight (8). Unknown to
the bits, they have brought us a message
and the message is "8:'

Aha, what if we want the bits to get on
the bus and carry a message that says "9"?
This is a problem because there is no bit
with a rank (value) of 9. What to do? I
guess the next best thing is to be very nice
to the bits that have values of one and
eight and turn them both on. When we
look at tht; byte now we see 1 + 8 which
gives us our 9. Ea,sy. Even my student
Nerdwell can count that high. In fact,
Nerdwell can count to 255 because if you
add up all the values of the bits, you get
255:

1 + 2 + 4 + 8 + 16 + 32 + 64 + 128
= 255

How to peek
In using the memory map, we are go·

ing to change the values that are stored
in many of the bytes that make up

In case you're

wondering, the

difference between

machine language and

assembly language is

not much.

memory. To make the discussion easier,
we will usually talk about the bytes as lo­
cations or addresses. These addresses are
just like those on mailboxes on a long
street. They start at 0 at one end of the
street and increase until they reach 65535
at the other end (64K ... remember). Yes,
acomputer's memory represents a long
street. Let's look now at one such address.
To see what is inside the location, we will
use a BASIC command called PEEK.

To PEEK at memory location 764, type
in this line:

18 PRINT PEEK(764):GOTO 18

Type RUN, press the return key and
watch the number 255 print over and over
on your screen. Now press the space bar
and you should see 32 printing. What is
happening? 764 is the location that tells
you what key is being pressed. 255 means
no key and 32 means the space bar. Now
you can see how a program could know
if you have pressed a certain key. Try a
program something like this:

18 A=PEEK(764)
28 IF A=32 THEN PRINT "YOU P
RES SED THE SPACE BAR"
38 GOTO 18

Now you can see why it is important to
have a memory map. It would be very
difficult to know which location to PEEK
at without a map of your computer's
memory.

How to poke
Now that we can look at memory loca­

tions, we also want to be able to change
what is inside them. Your wish is our com­
mand. Later in the map you will learn
that a value of I in location 752 will
cause the cursor to disappear (the cursor
is the little white box on the screen). This
can come in handy when you have a
whole bunch of text on the screen, and
you don't want the cursor up there with
it. Since location 752 doesn't normally
contain a value of 1, we must change
it. The POKE command in BASIC will do
this for us:

POKE 752,1

That was easy. Now you know that
POKEing and PEEKing are what a
memory map is all about. For the most
part, the map. will just tell you different
numbers to POKE and PEEK.

ROM and RAM
We encounter another small problem

when we mess with memory. Some
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memory addresses will allow us to read
what is there, but will not allow us to write
to them. Memory that we can both read
from and write to is called RAM, which
stands for Random Access Memory. This
means that we can put numbers into
these kinds of memory locations as well
as look at what they already contain. The
other kind of memory is called ROM,
Read Only Memory. It is just what its
name implies-we can only read what
number is inside a ROM location, not
change it.

ow the next logical question is how
do you know which is which? We will sim­
ply tell you as we go through the 10'
cations.

Computer mathematics
This section will open new vistas in

your horizons. We are going to learn how
the computer deals with numbers larger
than 255, and also how to use the hex·
adecimal numbering system.

You must always use decimal numbers
with a POKE statement. This means that
sometimes you will have to convert be­
tween binary, hexadecimal and decimal.
The "Bits and Bytes" section covered bi­
nary numbers where we turn on and off
individual bits. In that section you saw
that each memory location can only hold
numbers up to 255. To store a value largo
er than that, we just use two locations in
a row.

As an example, look at memory loca­
tions 88 and 89 which are called SAVMSC.
These locations hold a number that tells
where the top of the screen is. Because
the screen is usually somewhere near the
end of memory (it starts at location 40000
in a 48K Atari), at an address that is way
beyond the 255 limit for one memory 10'
cation, the computer needs two locations
to store the address. Remember the rank­
ing of the bits where the MSB, or bit seven
as we called it, was valued at 128? If we
double that rank again, we get 256. Here
is the trick to computer math. Since there
is no bit eight to give such a rank to, we
give the rank to the entire next byte of 8
bits. Now we just see what the total of this
second byte is and multiply it by 256.
Figure 1 is a sample:

128 64 32 16 8 4 2 1

00000•••. 7

0 ••••00 •. ,21

16543210

VALUE

BIT #

TOP OF MEMORY

BOTTOM OF MEMORY
Ttl, compUter "sees" 121 + 256·7· 1913

FIGURE 1. BII map

.-ONorl

D-oFFor0

(High byte)
or MSB

(Low byte)
or LSB

Humans use dictionaries

to speak the same

words. Inthe case of

computers, ASCII

allows one computer to

understand the letters

and numbers created

on another computer.

When using two byte numbers, we call
the first byte in memory the "low byte" be­
cause it stores the lower value. It can only
count from 0 to 255. The second number
counts in multiples of 256 and is called
the "high byte:'

Let's try to PEEK and POKE a two·byte
number. Suppose you wanted to fool the
computer into thinking that the screen
was in a different place in memory. Such
a trick can come in handy when you want
to have more than one screen at the same
time. First let's look at memory and see
where the computer thinks the screen is
now. Here's a program to do this:

19 SCREEN=PEEK(88)+PEEK(8')*
256
29 PRINT SCREEN

Addresses 88 and 89 form a two·byte lo­
cation called SAVMSC which points to
where the computer thinks the first byte
of screen memory is.

When you nm the preceding program,
the address that gets printed out will vary,
depending on how much memory your
computer has. What we're going to do is
add 480 to this address so that the com­
puter will think that screen memory starts

halfway down the current screen. All this
means is that no text will print in the top
half of the screen, and you'll be able to
type below the bottom of the screen
(although you won't be able to see any·
thing there).

Let's go ahead and replace the old
value of SAVMSC with a new number that
is exactly 480 more than the old one. Add
the following lines to the preceding ones:

39 SCREEN=SCREEN+489
49 SCRHI=INT(SCREEN~256)

Line 40 finds out what number goes
into the high byte of SAVMSC. Remem·
ber that the high byte counts the number
of pages, or multiples of 256, and that's
why we divide by 256.

59 SCRLO=SCREEN-SCRHI*256

Now we multiply the new high byte by
256 and subtract it from the total to get
the low byte.

Finally we place the new values in
memory:

69 POKE 88,SCRLO:POKE 8',SCR
HI

The high byte can count from 0 to 255
just like the low byte. This means the lar­
gest number we can have using a two-byte
address is:

255 + (255*256) = 65535

If we count 0 as a number (since the
computer does), that gives a total of
65536, which brings us back again to 64K.
We have now come full circle in our dis­
cussion, so it is time to go on to some·
thing else to challenge you.

Hexadecimal numbers
Come back. You don't have to run away

at the sound of those words. Hex, as its
friends call it, is not nearly as hard as
everyone thinks it is. As a matter of fact,
it's really quite simple. But, just in case
you don't believe us, I provide both
decimal and hexadecimal numbers
throughout the map. Now, though, we're
going to learn about hex together.

The main use for hex is in assembly
language programming. We're not going
to worry about that now though, because
it's not really important. Instead, we're go·
ing to go back to grade school, where we
first learned all about the number system.
As you'll recall, we use the decimal num­
ber system, which means everything is
based on powers of 10. For example, the
number 452 is equal to 4*100 +
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5*10 + 2*1, right? In other words,
4*10 1\ 2 + 5*10 1\ 1 + 2*10 1\ O.

ow you're not going to believe this,
but the particular difference between
decimal and hex is that hex is based on
powers of 16 instead of 10. For example,
452 hex would equal 4*16 1\ 2 +
5*161\ 1 +2*161\ 0 or 4* 256 + 5 *
16 + 2, in other words, 1106.

Pretty simple, huh? Actuaily, there's
one more thing that I should probably
mention. The number 9 in hex is the
same as 9 decimal, but 10 hex is 16
decimal (1 * 16 1\ 1). So how do you write
10, 11; 12, 13, 14 and 15 decimal in hex?
Try A, B, C, D, E and F! That's why hex
numbers look so confusing. So, for exam­
ple, F in hex equals 15 decimal, IF equals
31 (16 + 15), and so on. Oh, and by the
way, binary is actually the same as hex and
decimal, except it counts in powers of 2!

Don't worry, I'm not going to leave you
yet. A few more examples should make
you a little more comfortable about hex
and how to use it, but first a chart (Table
1) to help us out.

llbl'1. HI. Conv,,.lon Chlrt

•
Column' 4th ~ 2nd 111 HEX

409& ~ ,. , 1

81'12 .'2 32 2 2

12288 788 48 3 3

103&4 1024 84 4 4

20480 '280 eo 5 5

24576 '535 INl • •
28572 ,7V2 112 7 7

32788 2048 128 8 •
38854 2304 144 8 •
4OINlO 2!50 150 '0 A

45055 281. 17. 11 B

4SU52 3072 '82 12 C

53248 3328 208 13 0
57344 3M4 224 14 E.,440 3840 240 15 F

Decimal to hex
Let's take the number 9304. Look in

the chart to find the largest number that
is smaller than 9304. That would be 8192,
which is the second number in the fourth
column. This means the hex number will
have four digits because you found the
decimal value 8192 in the fourth column.
Write down the "hex #" from the chart
in the fourth place:

2---

Now subtract 8192 from the original
number of 9304 to leave a remainder of
1112. Looking at the chart again we find
the nearest smaller number of 1024 in the
third column. Put down the correspond­
ing hex # and subtract 1024 from 1112:

24- -

Do the same for the new remainder of

22

88 to find the hex # digit for the second
and first place of the hex number. Don't
forget to mark hex numbers with a "$" as
is standard with computer types like us.
Here is the complete example (Example
1):

8304

-8192 (largest' I••• than a304 on chart, 41h column)__ 2

1112
-10243rd column _

88
80 2nd column _

81at column e • 12458

Example 1. Declm.l·t~h.x example

If you find that you have numbers for
only the first and third places, this means
to add a 0 as a placeholder. $040F would
be an example.

Hex to decimal
Conversion in this direction is even

easier. Just look up each hex number in
the chart, find the corresponding decimal
value, place them in a column and add
them up to get a decimal total. Here is the
mandatory example (Example 2) you are
no doubt expecting:

Hell·tl>Declm.1

"th 3rd 2nd "t

11 Il-F_I---,~
TOTAL. 19007 (dec)

Example 2. Hex·lo-declmal example

Glossary
Next month we will begin publishing

the actual memory map. Until then, you
should familiarize yourself with the fol·
lowing terms and definitions. As we ex­
plain the inner workin'gs of the Atari, we
will have to refer to some of the follow­
ing words. If you find some term we for·
got to mention here, it's probably because
it is fully explained at the memory loca·
tion it pertains to. You should also read
your BASIC manual in order to under·
stand the terms that have to do with the
BASIC language.

6502: This is the heart of the computer,
the chip that bosses everybody around.
Actually, a lot of people even refer to 6502
as being the computer, since it does have
almost all of the brains.

Accumulator: This is a location that is
used to temporarily store the results of
logic and arithmetic operations. The
main accumulator is inside the 6502 chip,
but sometimes memory locations are also
used as an extra accumulator.

Address: The number assigned to an in­
dividual memory location. Each byte in
the Atari has its own unique address,
much like a house has a street address.
The main use of the memory map is to
provide you a roadmap to each address
so you don't get lost.

Algorithm: A general procedure, plan or
method that represents how your pro­
gram will be written.

ANTIC: This is a chip in the Atari com·
puters that figures out what the screen is
supposed to look like.

ASCII: American Standard Code for In­
formation Interchange (pronounced
ASK-KEY). Everyone needs a standard or
reference to refer to, This allows us to all
speak to each other in the same terms.
Humans use dictionaries to speak the
same words. In the case of computers, AS­
CII allows one computer to understand
the letters and numbers created on
another computer. Atari computers do
not follow a true ASCII, but have their
own code instead which we explain later.

Assembly language: This is a program­
ming language, just like BASIC, except it
talks the computer's language instead of
having to go through a translator. See
"machine language" as well.

ATASCII: AThri Standard Code for Infor­
mation Interchange. This is the code the
Atari uses to convert letters to numbers
and vice versa. See your BASIC manual
to find out how it differs from ASCII.

Baud: The rate of transmission of infor·
mation conveyed between two computers.
You usually say "Baud Rate" meaning how
fast the two computers are talking to each
other. This rate is determined by the bits
per second that are being transferred.
You encounter this term if you are using
a modem, printer, disk drive, terminal or
other device that needs to talk to a com­
puter to work. Typical speeds of informa­
tion transfer are 300, 1200,2400,9600 and
19200 bits per second.

Bit: The smallest piece of information the
computer can handle. There are eight bits
in a byte. Each bit can either be "on" or
"off:' See the section "Bits and Bytes" for
a complete description. Sometimes you'll
see "-" for the value of a bit. This just
means that it doesn't matter if that par·
ticular bit is on or off.

Bit mapping: This refers to the process
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Floating point: A type of arithmetic

10 IF A = BAND C = D THEN FLAG
= 1

Display list: The program for ANTIC that
describes what the screen is to look like.

File: A whole bunch of data stored on
disk or cassette.

Immediate mode: Using the computer
without running a program. For example,
if you type in:

PRINT 3 + 2
and then press RETURN, you will get a
result of 5 on the screen immediately.

where the decimal point can appear any·
where in the numbers (i.e., it can float
around). An example of such numbers
would be 1.0, 23.97 and 1.45678E + 04.
Floating point numbers take up much
more memory than fixed point (integer)
numbers.

Index: This is a variable used to keep
track of where we are in a loop. For ex­
ample, in the following statement X
would be an index:

Handler: A series of routines that tell the
OS how to handle a particular device.

IRQ: Interrupt ReQuest. This is a kind of
interrupt that you can tell the computer
to ignore (the 6502 can enable or disable
it).

FMS: File Manager System. This is a
group of routines, or handler, to help the
computer talk to the disk drive.

10CB: Input/Output Control Block. This
is a place that you use to talk to CIa.

FOR X = 1 to 100

I/O: Input/Output (I/O) is nothing more
than a fancy way of referring to the com­
puter talking to a device, or vice versa.

HBLANK: Horizontal BLANK. The tele­
vision set draws the screen one line at a
time, from top to bottom and left to right.
HBLANK is the time during which it is
moving from the end of one line to the
beginning of the next.

GTIA: A fancy version of CTIA.

Hi-res: Pronounced "high rez:' This is an
abbreviation for "high resolution;' which
refers to a graphics display with very small
dots.

Internal: If something is internal, then
that usually means it is built into the
computer.

Interrupt: An interrupt is something that
interrupts whatever the computer is do·
ing and tells it to do something else be­
fore it continues. You should also see DU,
IRQ NMI and VBLANK.

1 THEN 10050 IF FLAG

Enable: To turn on. The opposite of
disable.

DUP: Disk Utilities Package. This is a
bunch of routines to do various things on
the disk drive. The DOS menu is actually
a list of these routines.

Flag: A signal that a certain condition has
been met. In many BASIC programs, vari­
ables are used as flags, as demonstrated
in the following example:

Device: Anything that the computer has
to talk to is called a device. This includes
the disk drive, printer and even the key­
board and television set.

DOS: Disk Operating System. A program
that controls the use of the disk drive. See
"OS" as well.

DLI: Display List Interrupt. See "in­
terrupt."

DMA: Direct Memory Access. The
process of getting data from memory to
put on the screen.

Data: Any kind of information that is
needed by a program or by the computer.

Disable: To turn off. By disabling the
BREAK key, for example, you can prevent
someone from accidentally stopping your
program.

Cursor: The position on the screen where
the next character or pixel will appear. In
graphics mode zero, you can see the cur­
sor; it's the white box.

Default: When you first turn on the com­
puter, each memory location will contain
a value. These initial values are called
defaults, meaning that this is what these
locations will equal if you don't change
them.

Checksum: A checksum is a special byte
that the computer uses after talking to
something to make sure it understood
what was said correctly.

CIO: Central Input/Output. This is Atari's
main I/O routine.

Byte: Pronounced "bite." A collection of
eight bits. Each memory address consists
of one byte. Since we know at this point
bytes and bits can be confusing, we pro­
vide a special section elsewhere called
"Bits and Bytes" to explain it to you.

Bus: A bus is a system of electrical lines
shared by all devices that are connected
to it. This is a convenient way for these
devices to share data. It works just like a
party·line telephone. Different parts of
the computer talk to each other by get·
ting on the bus and sending messages.

Coldstart: A routine the computer goes
through after you turn it on and before
it lets you tell it what to do.

Color clock: A unit of measurement on
the screen. A color clock is the width of
a pixel in graphics mode seven. That me­
ans that the screen is 160 color clocks
wide from border to border.

Controller jack: What you plug your
joystick into.

CTIA: This chip takes care of translating
the data coming from ANTIC into some­
thing the television set can understand.

Boundary: As in "4K boundary:' This is
the end of the block of memory. For ex­
ample, a 1K boundary would be the end
of 1024 byte block.

of turning individual bits on and off
without changing the rest of the byte.

Buffer: A storage place, usually tem­
porary, where information can come and
go without disturbing things.

Boot: No, this isn't even close to what it
sounds like. "Booting" a program means
loading it in when the computer is turned
on. For example, if you hold down the
START button while turning on the com·
puter, the computer will beep. This means
that it expects a boot cassette to be in the
cassette player. When you turn on the
computer with the disk drive on, you will
boot DOS. In other words, any program
that loads in without you having to tell it
to load is a boot program.
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Jiffy: A jiffy is '100 of a second, the time
that it takes the television set to complete·
ly draw the screen once. In European
(PAL) systems, a jiffy is 'Iso of a second.

Jump: The same thing as Gom. The ex­
pression 'Jump through location" means
that the computer will GOlD the address
stored in that location.

K: As in lK, 8K, 16K, etc. lK is equal to
1024 bytes.

Logical line: A logical line is the space
that a program line takes up. It can be
one, two or three screen lines (try typing
in a BASIC line that is more than three
screen lines).

Machine language: Machine language is
a way of talking directly to the 6502 chip.
Other languages like BASIC have to be
translated into machine language before
the 6502 can understand them. That takes
time, which is why machine language pro­
grams run so much faster than BASIC
ones. In case you're wondering, the differ­
ence between machine language and as·
sembly language is, not much. Machine
language is just a bunch of numbers. As·
sembly language gives these numbers
names so that they make more sense.

Masking: When you're bit mapping, you
have to have a way of ignoring the bits
you're not interested in_ This process is
called masking, since you essentially place
a mask over the bits you don't want to
look at.

Nibble: This is going to sound funny, but
I swear it's the truth. A nibble is half a
byte or four bits.

NMI: Non-Maskable Interrupt. Unlike
IRQs, you can't tell the 6502 to ignore this
kind of interrupt. DLIs and VBLANK in­
terrupts are both NMls.

NTSC: A name for the television system
that is used in North America. European
television is slightly different and uses a
system called PAL.

Offset: If you have a whole bunch of bytes
making up a table of values or a buffer
or something similar, then the offset is the
number ofthe byte in this bunch that you
are currently interested in.

os: Operating System. Its job is to make
the computer run. You can think of the
OSas the coach directing the players in
a game. We can change some of the num-

24

bers in the operating system to make the
computer do what we want, instead of
what it normally does.

Page: Computer memory in the Atari is
divided into 256 sections, called pages.
Each page consists of 256 bytes. The pages
are numbered 0 through 255, and you can
tell what page a particular location is in
by looking at the high byte of its address.
For example, location $09AB would be
page nine. See the section called "Com­
puter Mathematics" for an explanation of
what a "high byte" and "low byte" are, and
also for an explanation of "hexadecimal;'
which is what that funny number with a
"$" in front of it is.

PAL: The television system used in Eu­
rope. See NTSC as well.

Parallel: There are two ways that the com·
puter can talk to something else. One of
these is called parallel I/O, which simply
means that the data is sent out one byte
at a time. See"serial"for the other.

PIA: This chip takes care of the con troller
jacks.

Pixel: A fancy word for a dot on the
screen.

Playfield: Anything that appears on the
screen other than a player or missile.

Pointer: A pointer does exactly what it
sounds like: points somewhere. Usually
this "somewhere" is the location of some
information that is needed. The pointer
holds the address of this location.

ROM: Read Only Memory. Computer
memory that you can't change with the
POKE command or anything else (it's OK
to PEEK them though). ROM locations
even remember their values after you turn
the computer off] BASIC and the Atari
operating system are stored in ROM.

Scan line: If you look very closely at the
screen, you'll see that it's made up of a
whole bunch of tiny horizontal lines.
These are called scan lines and are the
height of a graphics mode eight pixel.

Screen memory: A bunch of bytes some­
where in memory (usually at the end) that
ANTIC converts into a picture and sends
to GTIA or CTIA which puts it on the
screen. In other words, this is where the
data that is to appear on the screen is
stored. In case you don't understand the
difference between this and the display

list, the display list tells ANTIC how to in·
terpret the screen memory (i.e., where is
it, does the data represent characters or
pixels, how big are they, etc.).

Sector: A group of 128 bytes on the disk.
It may be difficult to do, but try to im­
agine a disk being made up of 40 concen­
tric rings. Now imagine cutting the whole
disk into 18 equal·size wedges. Each of the
wedges will have 40 pieces for a total of
720 pieces altogether. Well, each of these
pieces is a sector.

Serial: This is a method of I/O that sends
data out one bit at a time rather than one
byte at a time. See "parallel" also.

Shadow register: A shadow register is a
RAM location that acts like a messenger
for a chip location. Any changes to the
shadow register are sent to the chip and
vice versa. This is necessary because a
chip location can't be changed perma­
nently, and so it relies on its shadow
register to get information from you.

SIO: Serial Input/Output. This refers to
a routine in the OS that takes care of serio
al 110. See "serial:'

Timeout: Sometimes a device needs a lit­
tle time to think and breathe, so it takes
a timeout. If it takes too long a timeout,
however, the computer gets upset and re­
fuses to talk to it anymore.

User: You, anybody or anything that uses
the computer. BASIC is considered a user
by the OS, and the OS is considered a
user by the 6502. Similarly, BASIC con­
siders your program a user, and your pro·
gram considers anyone that runs it a user.

VBLANK: Vertical BLANK. We already
saw that the television set draws the screen
over and over from top to bottom and left
to right (see HBLANK). VBLANK is the
time during which the television set is go­
ing from the bottom of the finished
screen back to the top to start drawing
again.

Vector: This is another kind of pointer.
It refers to the starting address of a rou­
tine. The computer needs to know where
to look for things, and the vectors help
it along the way. Usually a vector refer­
ences the starting address of a machine
language subroutine.

Warmstart: A routine the computer goes
through after you press SYSTEM RESET
before it lets you tell it what to do. ~
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by Ron Goodman

Animation
here's a lot of computer anima­
tion today, and many Atari own­

ers probably wish they could do
some of the animation that they

I
!!!!!i~i~ see in the movies and the video arcade. But~.

_ there are several problems. Most computer
.c---.--'~----·-, animation done in movies is not produced

"real-time." That is to say that it's created
a frame at a time and then photographed.
From there it may be modified with both dig­

ital and analog filters, so each frame may end

up taking several minutes to produce. Some
of the best quality graphics produced with
techniques such as "ray-tracing" may even

take several hours per frame to create on a

mainframe computer.
The second problem is of course that

an Atari is not a mainframe computer.
The Atari instead has a relatively slow
6502 microprocessor. With the overhead
added by using a high-level language like
Atari BASIC, most programmers throw up
their hands in disgust.

Some people abandon BASIC and try
assembly language. This is a good
recourse, but even Atari assembly is not
that fast, and many people don't want to
give up the ease of using a high-level

language.
In this article I will demonstrate my so­

lution to this problem using two machine
language routines. They will allow you to
do your entire animation program in
BASIC without ever touching an edi·
tor/assembler and without buying a new
computer! Because, in spite of the weak·
nesses of a 6502 computer, the Atari com·
puter is still the best computer for
graphics and animation under $1,000, ex·
cept perhaps for the Atari STs.
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What is animation?
The process of animation involves dis·

playing pictures, one after the other,
usually in an attempt to simulate motion.
Cartoonists have used the method for
years, and in reality moviemakers do bas­
ically the same thing too (although they
don't call it animation, since the 'pictures
are generated from a camera rather than
an artist or computer). Different methods
of animation generally differ in the way
that the images are created, arid the speed
that the images are displayed (frames per
second.)

There are two general categories of
computer·graphics animation, although
they often can be found combined into
a hybrid form. The first is frame generat·
ing, where the entire frame is created, dis­
played and then erased when the next
frame is generated. The second method
is frame modification. In this method an
original image is displayed and then
changed only in the parts where some·
thing is supposed to move.

Frame generation is very flexible and
usually relatively easy to program. The
first problem is that it can be slow, since
even the slightest change requires that the
entire picture be erased and regenerated.
The second is that it usually requires
twice as much video memory: one chunk
for the picture being displayed and
another chunk for the image being
generated.

Frame modification is often much
faster, but it's not as flexible and often
does not look as good as frame genera·
tion. It's unfortunately limited to simple
animation-unless you want your pro·
gram to get very slow and complex. This
method is also usually less memory con·
suming than frame generation, although
this advantage can be sacrificed in order
to use a workscreen to make smooth pic·
ture transitions like frame generation.
Frame modification is what most BASIC
programmers like to use because of the
speed advantage.

Listings 1 and 2 are two programs
which visibly do the same animation, but
Listing 1 uses frame generation and List·
ing 2 uses frame modification. The pro·
grams move a horizontal line from the far
left of the screen to the far right. In frame
generation, we display a line at the far left
(0,100). Then that line is erased and a new
line is displayed at (1,100)-then (2,100),
(3,100) and so on until it reaches the far
right. This method is slow because the en­
tire line must be redrawn to move it. Also,
increasing the length bf the line would
slow down the program. This method is
flexible. The line could easily be made to

move two pixels at a time by just chang:
ing the X = X + 1 to an X = X + 2 or made
to move vertically by changing the value
of Y.

The frame modification routine has a
different approach. It draws the line at the
far left (0,100). Then it e;-ases the leftmost
pixel of the line and adds a pixel to the
right end over and over until the line ap·
pears to have moved to the far right ofthe
screen. This method is fast because only
two pixels have to be drawn per frame.
The line could have been 100 pixels in
length with no loss in speed, since the
line is not being redrawn each frame.
However, the movement is not as flexible.
Since we are using a trick to move the
line, moving two pixels at a time would
not be a simple change. And moving the
line vertically would be completely
different.

For moving a line across the screen,
most people choose frame modification
because speed is the most important fac·
tor. But type in the two programs in List­
ings 3 and 4. They each have
approximately the same output-four
simple stick figures bounce around in a
box with a square inside it. In frame
modification (Listing 4) the action is slop'
py. When part of the picture crosses the
inner square it erases it momentarily. In
frame generation (Listing 3) the move­
ment is smooth and no damage occurs
when two objects cross paths. In addition,
frame generation is slightly faster. Why?
Because most ofthe picture changes each
frame.

Using frame generation
Some nice frame generation can be

done on the Atari since it has page­
flipping abilities. This is the ability to tell
the computer where an image is stored
in memory, which allows you to change
the Atari's screen from displaying one im­
age to the next virtually instantly. The pro­
gram in Listing 5 is an optimized
assembly language listing of a program
that will allow BASIC programmers to
easily use this feature. The program in
Listing 6 is a BASIC program that can be
appended to the end of your BASIC ani­
mation program. A GOSUB to Line
30000 will load the machine-language
routine from Listing 5 into Page 6
memory. Remember that Page 6 is unused
by BASIC, so this routine is safe and takes
up no program memory.

This program fools the Atari into dis·
playing one image and working on
another. The graphics commands DRAW·
ID and PLOT will draw the invisible
background image to create the next

frame while the current image is being
displayed. Calling the machine-language
routine with an X = USR(1536) will cause
the invisible image to be displayed and
the image being displayed to be disposed.
Then you draw the next frame and do
another X = USR(1536). The machine­
language handles all the details in just a
15th of a second, so all you need to do
is call X = USR(1536), draw an image, call
X = USR(1536), draw next image, call
X = USR(1536), draw next image, etc.
Although it is not always necessary, it is
a good general practice to call
X = USR(1536) just after the GRAPHICS
statement and before you begin drawing.
This program will work in graphics mode
24, 9, 10 and 11 (24 is mode 8 without a
text window).

What is the routine doing? First it
modifies the display list to point to one
chunk of memoty. Next it adjusts the
video memory pointer at locations 88 and
89 of BASIC to point at another chunk.
DRAWID and PLOT commands are
drawn in the chunk pointed to by the
video memory pointer and so are not
seen. Then, the next time. the machine·
language routine is called, the pointers
swap. The 7680 byte area of memory that
was being displayed is filled with zeros
(cleared) and is ready to be used for the
next frame. And the 7680 byte chunk that
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was being worked on by DRAWIDs and
PLOTs is now displayed.

The BASIC program in Listing 7 is an
example of a complete frame-generation
program. It's a clock program that up­
dates its display about every ten seconds.
The hands move smoothly because' the
picture appears to be drawn instantly. The
clock chimes at the half hour and gongs
at the hour. It has ten setable alarms. To
set the alarms, press the space-bar while
the program is running. To quit press ES­
CAPE. The alarms and the current time
are maintained even if the program is
stopped (or even deleted!), but the alarms
will only sound while the program is run­
ning. The screen will progressively dim
after a few minutes of inactivity instead
of going into attract mode to protect the
screen more effectively and attractively.
This way the computer can be left on
over-night or even for days. .

The BASIC program in Listing 8 is
another example. In this program you
draw a line picture with the joystick. Do
this by moving the graphics cursor to var­
ious points and pressing the joystick fire
button. The program will connect the
points. After you draw your picture, press
START. Now the joystick will cause your
picture to expand or contract by pushing
up or down, and move left or .right by
pressing the stick left or right. Pressing

the fire button will cause the picture to
be rotated by ten degrees. The pictures
are generated quickly and appear to be
redrawn instantly. Unrestricted movement
like this is easy with frame generation and
the obvious choice over frame modifica­
tion for such an application.

Using frame modification
Using frame modification doesn't have to
be choppy and chunky. You can use the
page-flipping technique that we used in
frame generation. Listing 9 is an assem­
bly language program for this purpose. It
works in a different manner, of course. It
must be called before you begin drawing.
Now all of your drawing is done in the
background screen. When the frame is
ready to be displayed you do another USR
call and the frame is copied into the fore­
ground for display, leaving the back­
ground copy intact. Future modifications
are still done on the background. And
whenever it is time for an update you do
another USR call. So all you need to do
is X = USR(1664), draw the picture,
X = USR(l664), modify the picture,
X = US R( 1 6 64). modify the picture,
X = USR(1664), etc.

Listing 10 can be appended to your
BASIC program to load this routine. Like
the frame generation program the
machine language is stored in unused
Page 6 so it doesn't use program memory.
Note also that both Listing 6 and Listing
10 have unique line numbers and can be
appended for combined frame modifica­
tion and frame generation applications.
The machine-language routines are also
stored in different areas of Page 6 so that
there is no conflict of memory there.

Other methods of animation
The Atari has some special features for

animation that can be used. Player-missile
graphics are useful for horizontal anima­
tion, or if some machine language is used,
for vertical animation too. There is colli­
sion detection in hardware to simplify
computations for games, but player/mis­
sile graphics can also be used to simplify
animation computations. For more com­
plete explanations of these features, you
should read De Re Atari.

Ron Goodman is a computer music major at
the California Institute of Technology. His
greatest fascination is with computer graph­
ics and computer music (MIDIIST appli­
cations).
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5,'6,~33,205,~65,204,~05,8,~33
Q5 30028 D~TA 286,~73,4,,2,56,233.3~,14~.

239,2,~65,8,,20,,283,208,7,~73,230,2,~
33,8,,288,~3,178,~77,293,~33

WW 30038 DATA 8,,~38,~45,203,24,105,~5.~4

5,295,~65,8,,~4~,88,6,~65,88,~4~,7,,6,

~6,,8,~62,38,~53,88,~27,200
~ 30948 DATA 298,25~,238,80,6,292,208,24

4,~84,'6

L1 TING 4: BASIC
LISTING ]: BASIC

IQ 5 GOSUB 30000
RR ~O GRAPHICS 24:COLOR ~

PC 20 K=O:Y=~OO
Oy 38 PLOT KiY:DRAWTO K+50,Y:A=USR(~536)

DJ 48 K=K+~:IF K<268 THEN 30
RM 50 GOTO ~8
TV 30000 RESTORE 300~0:FOR K=~536 TO ~627

:READ Y:POKE K,Y:NEKT K:RETURN
PN 300~8 DATA ~60,0,24,~73,48,2,~05,5,~33

,203,~73,4,,2,~05,0,~33,204,~65,203,~0

5,'6,~33,205,~65,204,~05,0,~33

QS 30020 DATA 286,~73,4,,2,56,233,3~,~4~,

238,2,~65,8,,20,,283,288,7,~73,238,2,~

33,8,,288,~3,~78,177,283,133

NW 38838 DATA 8',138,145,283,24,185,15,14
5,285,165,8,,14~,80,6,~65,88,~4~,7,,6,

~6';8,162,30,153,88,~27,288
WP 30840 DATA 208,258,238,80,6,282,208,24

4,104,'6

LIS ING 2: BASIC

10 GRAPHICS 24:COLOR ~

28 K=8:Y=~08
38 PLOT K,Y:DRAWTO K+58,Y
48 COLOR 8:PLOT K,Y:COLOR ~:PLOT K+51,
Y:K=K+l:IF K<268 THEN 48
58 GOTO 18

LISTING 3: BASIC

FH ~o GRAPHICS 24:SETCOLOR 2,8,8
GY 20 COLOR ~:PLOT 67,28:DRAWTO 252,28:DR

AWTO 252,~7~:DRAWTO 67,~7~:DRAWTO 67,2
8

IX 30 CX=~60:CY=86:X=9:Y=8:DX=6:DY=5:T=~
EC 40 IF T=~ THEN COLOR ~:PLOT ~98,40:DRA

WTO 2~,,48:DRAWTO 2~,,~5~:DRAWTO ~90.~

5~:DRAWTO ~98.40

85 50 COLOR (T=~)

JZ 69 KK=CX+X:YY=CY+Y:GOSUB ~880

LI 70 XK=CK+X:YY=CY-Y:GOSUB ~909

KT 88 XK=CX-X:YY=CY+Y:GOSUB ~900

MC '0 XX=CX-X:YY=CY-Y:GOSUB ~800

BZ ~09 IF T=-~ THEN GOSUB 200
f ~~O IF T=~ AND tX=8 OR Y=O) THEN FOR A

=50 TO 8 STEP -~:SOUND 8,A,~2,A/3.23:F

OR B=~ TO ~8:NEXT B:NEXT A
DV ~29 IF T=~ THEN GOSUB 258
II ~38 T=-T:GOTO 40
PT 208 X=X+DX:Y=V+DY:RETURN
"" 258 IF ABStY')53 THEN DY=-DY:GOSUB 399
LV 268 IF ABStX»83 THEN DK=-DX:GOSUB 300
ZM 270 RETURN
Af 300 FOR A=~5 TO 0 STEP -8.2:S0UND 8,4~

,~2,A:NEXT A:RETURN
SM ~008 PLOT XX-5,YY-~0:DRAWTO KK+5,YY-~9

:DRAWTO XX+5,YY:DRAWTO XX-5,YY:DRAWTO
XX-5,YY-~8:REH DRAW HEAD

VZ ~0~8 PLOT XX,YY:DRAWTO XX,YY+20:DRAWTO
XX-7,YY+2':PLOT XK,YY+28:DRAWTO XK+7,

YY+2':REH DRAW BODY AND LEGS
T8 ~928 PLOT XX-6,YY+':DRAWTO XX,YY+7:DRA

WTO XX+6,YY+':REH DRAW ARHS
~830 RETURN

LISTING 5: ASSEMBLY

SDLSTL Find the
115 tWO
OLPNT~ displa!ll
SOLSTL+~ list
119 references
DLPNT~+~ to video
DLPNT~ MeMOr!ll
11'6 and store
DLPNT2 theM'in
DLPNT~+~ unused
119 part of
DLPNT2+~ page 8.
SDLSTL+~ Find area

to store
1131 screen 2
HEHTOP+~ Safel!ll.
SAUMSC+~ Insure that

HeM top pointer.
Uideo MeM pointer
Start Of DL.
Two unused words
in zero page.

*= $8689
HEHTOP = $82E5
SAUHSC = $58
SDLSTL = $9238
DLPNT~ = $CB
DLPNT2 = $CD

LDY 118
CLC
LDA
AOC
STA
LDA
ADC
STA
LOA
ADC
STA
LDA
ADC
STA
LOA
SEC
SBC
STA
LOA

~O ;Page flipping routine. After using
20 ;GR.24, GR.,-~~, call this routine
38 ;with X=USRt~536) to toggle
40 ;background and foreground page.
58 ;Background page is the one that
69 ;PLOT and DRAWTO effect, and
79 ;foreground is the one that is
75 ;displa!lled.
80 ;
'0
0~09

0118
0~28

0130
0148
0~58

0~68
0~78

0~80

8~'0
0200
02~0
0220
0238
0248
0258
8268
0278
0288
8nO
8388
0310
8320
8330

IQ 5 GOSUB 30088
fH 18 GRAPHICS 24:SETCOLOR 2,0,0
IN 20 CK=~60:CY=86:K=8:Y=8:DK=6:DY=5:T=~
GZ 30 COLOR l:PLOT 67,28:DRAWTO 252,20:DR

AWTO 252,171:DRAWTO 67,~7~:DRAWTO 67,2
8'

QC 48 PLOT 199,49:DRAWTO 21',48:DRAWTO 21
',151:DRAWTO 199,15~:DRAWTO 100,40

JZ 68 KK=CK+K:YY=CY+Y:GOSUB 1080
LI 79 KK=CK+K:YY=CY-Y:GOSUB 1998
KT 88 KK=CK-K:YY=CY+Y:GOSUB ~088
He '9 KK=CK-K:YY=CY-Y:GOSUB 1888
VO '5 T=USR(~536) ,
UI ~08 IF K=O OR Y=O THEN FOR A=58 TO 8 S

TEP -1:S0UND 9,A,12,A/3.23:FOR B=~ TO
19:NEKT 'B:NEKT A

HI 1~9 GOSUB 258:GOSUB 209
QC 130 GOTO 30
PT 288 K=K+DK:Y=Y+DY:RETURN
"" 250 IF ABS(Y»53 THEN DY=-DV:GOSUB 300
LV 268 IF ABStK'}83 THEN DK=-DK:GOSUB 300
ZM 278 RETURN
AF 388 FOR A=~5 TO 8 STEP -8.2:S0UND 8,4~

,~2,A:NEKT A:RETURN
SM 1888 PLOT KK-5,YY-~8:DRAWTO KK+5,YY-~0

:DRAWTO KK+5,YY:DRAWTO KK-5,VY:DRAWTO
KK-5,YV-~8:REM DRAW HEAD

VZ ~8~8 PLOT KK,YV:DRAWTO KK,YY+20:DRAWTO
KK-7,YY+2':PLOT KK,YY+28:DRAWTO KK+7,

YY+2':REM DRAW BODY AND LEGS
'8 ~828 PLOT KK-6,YY+':DRAWTO KK,YY+7:DRA

UTO KK+6,YY+':REM DRAW ARMS
AI ~838 RETURNrv 38088 RESTORE 388~8:FOR K=~536 TO ~627

:READ Y:POKE K,Y:NEKT X:RETURN
N 388~0 DATA ~68,8,24,~73,48,2,~85,5,~33

,203.~73.4,,2.~05.0.~33.204.~65.203.~0
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LISTING 7: BASIC

LISTING 6: BASIC

TU 38898 RESTORE 39818:FOR X=1536 TO 1627
:READ Y:POKE X,Y:NEXT X:RETURN

PM 38818 DATA 168,8,24,173,48,2,195,5,133
,283,173,4',2,195,9,133,294,165,293,19
5,'6,133,295,165,294,195,9,133

QS 39929 DATA 286,173,4',2,56,233,31,141,
239,2,165,8',28',293,298,7,173,239,2,1
33,8',298,13,178,177,293,133

WW 39939 DATA 8',138,145,293,24,195,15,14
5,295,165,8',141,89,6,165,88,141,7',6,
16',9,162,39,153,89,127,298

WF 39849 DATA 298,259,238,89,6,292,298,24
4,184,'6

TM 19 REM Press space bar to set alarMS.
SR 29 GRAPHICS 9:SETCOLOR 2,9,9:POSITION

13,8:? "I',dft'lfbd'!j! +11;
FU 39 XFR=199:XMK='9:XHR=79:XMI='9:XSE='9
NU 49 YFR=89:YMK=72:YHR=56:YMI=72:YSE=72:

YDI=34:ALRMB=1645:HALF=9
IG 59 IF PEEKCALRMB-l)()89 THEN FOR X=ALR

MB TO ALRMB+l':POKE X,9:NEXT K:POKE AL
RHB-l,89

TI 68 DIM S$(2),T$C2),M$C2),W$C8):SHFT=69
*12*3699:CX=169:CY='5:PIOUER2=1.5788:G
OSUB 679:GRAPHICS 8:SETCOLOR 2,9,9

SQ 78 CLOSE U4:0PEN U4,12,8,"K:"
MX 88 ? "Is the c I oc k a I read~ set? CYIN)"

:? "COr press H for HELP.)";
F5 '8 GET U4,A:IF A=8' THEN GOSUB 1488:GO

TO 269
OW 189 IF A=72 THEN GOSUB 1368:GOTO 89
XO 119 IF A()78 THEN '9
CQ 129 ? "N"
GZ 139 TRAP 149:? :PRINT "Is it CA)M or C

P)M?";
GX 149 GET U4,A:IF A=65 THEN S$="AM":GOTO

179
FE 159 IF A=89 THEN S$="PM":GOTO 179
NK 169 GOTO 149
DY 179 ? CHR$CA)
YM 189 TRAP 189:PRINT" What is the hour

"; : INPUT H

TF 1'9 TRAP l'9:PRINT" How Man~ Minutes
";:INPUT M

WI 299 TRAP 299:PRINT" How Man~ seconds
";:INPUT S

IT 219 TRAP 9:GOSUB 1489
CY 229 JIF=69*CS+69*M+3699*H):IF H()12 AN

D S$="PM" THEN JIF=JIF+SHFT
KN 239 IF H=12 AND S$="AM" THEN JIF=JIF+S

HFT
GI 249 B18=INTCJIF/65536):JIF=JIF-65536*B

18:Bl'=INTCJIF/256):B29=JIF-256*Bl'
MR 259 POKE 29,9:POKE 18,B18:POKE l',Bl':

POKE 29,B29:REM POKE 29,9 INSURES NO T
URNOUERS WHILE SETTING.

RU 269 JIF=CPEEK(18)*65536+PEEKC1')*256+P
EEK(29)):IF JIF)53"'" THEN JIF=JIF-5
184999:GOTO 249

W5 279 JIF=INTCJIF/69)
PF 289 H=JIF/3699:JIF=JIF-3699*INTCH):M=J

IF/69:S=JIF-69*INTCM):IH=INTCH):IM=INT
CM)

ZA 2'9 H=H/l.'188-PIOUER2:M=M/'.54'3-PIOU
ER2:S=S/'.54'3-PIOUER2

JX 399 IF PEEK(77)122 THEN POKE 77,122
ZW 319 SETCOLOR 1,9,15.4-PEEK(77)/19
CI 329 GOSUB 569:REM DRAW CLOCK FRAME
LD 339 PLOT CX,CY:DRAWTO CK+9.7*KHR*COSCH

-9.12),CY+9.7*YHR*SINCH-9.12):DRAWTO C
K+KHR*COSCH),CY+YHR*SINCH)

UH 349 DRAWTO CK+9.7*KHR*COSCH+9.12),CY+9
.7*YHR*SINCH+9.12):DRAWTO CK,CY

ME 359 PLOT CK+l,CY:DRAWTO 1+CX+9.7*KHR*C
OSCH-9.12),CY+9.7*YHR*SINCH-9.12):DRAW
TO l+CK+KHR*COSCH),CY+YHR*SINCH)

FD 369 DRAWTO 1+CK+9.7*KHR*COSCH+9.12),CY
+9.7*YHR*SINCH+9.12):DRAWTO l+CK,CY

QG 379 PLOT CK,CY:DRAWTO CK+9.7*KMI*COSCH
-9.97),CY+9.7*YMI*SINCM-9.97):DRAWTO C
K+KMI*COSCM),CY+YMI*SINCH)

MM 389 DRAWTO CK+9.7*KMI*COSCM+9.97),CY+9
.7*YMI*SINCM+9.97):DRAWTO CK,CY

TH 3'9 PLOT CK+l,CY:DRAWTO 1+CK+9.7*KMI*C
OSCM-9.97),CY+9.7*YMI*SINCM-9.97):DRAW
TO l+CK+KMI*COSCM),CY+YMI*SINCM)

XJ 499 DRAWTO 1+CK+9.7*KMI*COSCM+9.97),CY
+9.7*YMI*SINCM+9.97):DRAWTO l+CK,CY

ZL 419 REM PLOT CX,CY:DRAWTO CK+KSE*COSCS
), CY+YSE*SIN (5) : REM TOO SLOW!!!

HT 429 REM PLOT CK+l,CY:DRAWTO l+CK+KSE*C
OSCS),CY+YSE*SINCS)

TP 439 GOSUB 1249
UL 449 IF PEEK(764)=33 THEN GOSUB '49
JA 459 IF PEEK(764)=28 THEN GRAPHICS 9:GO

SUB 1299:CLR :ENDww 469 POKE 764,255
DI 479 K=USR(1536)
AF 489 IF IM=9 AND HALF=9 THEN GOSUB 769
JR 4'9 IF IM=l THEN HALF=9
SD 599 IF IM=39 AND HALF=9 THEN GOSUB 819
JT 519 IF IM=31 THEN HALF=9
fG 529 C=9
NU 539 IF IH=PEEKCALRMB+2*C) AND IM=PEEKC

ALRMB+2*C+l) THEN GOSUB 8'9:GOTO 269
GJ 549 C=C+l:IF C(18 THEN 539
OS 558 GO TO 268
SD 568 FOR C=8 TO 11:PLOT KCC),YCC):DRAWT

o EKCC),EYCC):NEKT C
UT 579 FOR C=9 TO 11:PLOT KCC)+l,YCC):DRA

WTO EKCC)+l,EYCC):NEKT C
XU 589 FOR C=9 TO 11:PLOT KCC)+2,YCC):DRA

WTO EXCC)+2,EYCC):NEKT C
AP 5'9 PLOT PKCll),PYCll):FOR C=9 TO 11:D

RAWTO PXCC),PYCC):NEXT C
Of 699 PLOT PKCll)+2,PYC11):FOR C=9 TO 11

:DRAWTO PKCC)+2,PYCC):NEKT C
NO 618 PLOT PKCll)+l,PYCll):FOR C=9 TO 11

:DRAWTO PKCC)+l,PYCC):NEKT C
RG 629 PLOT PKICll)+2,PYlCll):FOR C=9 TO

11:DRAWTO PKICC)+2,PYICC):NEXT C
OM 638 PLOT PKICll)+l,PYlCll):FOR C=9 TO

11:DRAWTO PKICC)+l,PYICC):NEKT C
XU 649 PLOT PKICll),PYlCll):FOR C=8 TO 11

:DRAWTO PXICC),PYICC):NEKT C
ZK 658 FOR X=8 TO 4:FOR Y=K TO 5:PLOT' PX2

CK),PY2CK):DRAWTO PK2CY),PY2CY):NEKT Y
:NEXT X

CMP CDLPNT1),Y foreground
BNE NORM and
LDA MEMTOP+l background
STA SAUMSC+l are
BNE CLEAR different.

NORM TAX Swap both
LDA CDLPNT1),Y of the
STA SAUMSC+l foreground
TXA pointers
STA CDLPNT1),Y and
CLC the one
ADC U$9F background
STA CDLPNT2),Y pointer.

CLEAR LDA SAUMSC+l Set up the
STA SCRPNT+l indexed
LDA SAUMSC addressing
STA SCRPNT COMMand.
LDA U9 QUickl~

LDX U38 clear
LOOP STA 8,Y out

INY 7688 b~te
BNE LOOP buffer
INC SCRPNT+l for the
DEX new
BNE LOOP screen.
PLA Unused paraMeter
RTS Return.

SCRPNT = LOOP+l
;The SCRPNT pointer is used to
;Modif~ code on the fl~. ThiS
;allows us to use Indexed
;addressing which is faster
;than post-indexed indirect
;addressing in the inside loop.

.END

9348
9358
8n8
8378
9388
8n8
8488
8418
8428
8438
8....8
8458
8468
8478
8488
84'8
8588
8518
8528
8538
8548
8558
8568
8578
8588
85'8
8688
8618
8628
8638
9649
9659
8669
9679
8688
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HOW TO USE THE ANADIG CLO

Usin the alarMS::? II ..

"You can set up to 18 alarMS.
ala~press th~ace-bar."

:? "~_ijj:W:Iil!J1ii1d31I'
"To quit the clock just press E

XJ 1188 IF C<12 AND T$="PM" THEil C=C+12
WE 1118 XF C=12 AND T$="AM" THEN C=C+12
RJ 1128 POKE ALRMB+2*A,C:GOTO '48
KD 1138 REM TO CONVERT CCHR) AIID DCMIN) T

o PRXIITABLE FORMS C;M$;T$
VF 1148 T$="PM":IF C<12 OR C=24 THEil ~$="

AM"
HR 1158 IF C>12 THEil C=C-12
XY 1168 IF D<18 THEN M$="8": M$ (2) =STR$ (D)

:GOTO 1188
Ele 1178 M$=STR$(D)
AZ 1188 RETURN
Zf 11'8 REM ROUTINE TO SHOW CURRENT TXME

VAUES. USEFUL FOR TIMING SOMETHXNG.
IY 1288 JIF=PEEK(18)*65536+PEEK(1')*256+P

EEK(28):? "JIFFIES = ";JIF:JIF=INTtJIF
/68):? "SECONDS = ";JIF

LY 1218 C=INT(JIF/3688):JIF=JXF-3688*C:D=
INTtJXF/68):S=JIF-68*D:GOSUB 1148:? "T
IME XS> ";C;":";M$;":";S;" ";T$

AJ 1228 RETURN
OA 1238 REM PRINT TIME III DXGITAL FORM TO

o
Til 1248 WID=36
EB 1258 COLOR 8:FOR X=CY+YDI+l TO CY+YDI+

18:PLOT CX-WID,X:DRAWTO CX+WID,X:NEXT
X

B5 1268 COLOR l:FOR H=CY+YDX TO CY+YDX+ll
STEP 11:PLOT CX-WXD,X:DRAWTO CX+WID,H

:NEHT X
EJ 1278 FOR H=8 TO l:PLOT CX-WID+X,CY+YDI

:DRAWTO CX-WID+H,CY+YDI+l1:NEHT H
Y5 1288 FOR H=8 TO l:PLOT CH+WID+H,CY+YDI

:DRAWTO CX+WID+H,CY+YDI+l1:NEXT H
AX 12'8 C=XH:D=XM:GOSUB 1148:W$=STR$(C):X

F C<18 THEN 101$=" ":W$(2)=STR$(C)
PI 1388 W$(3)=":II:W$C4)=M$:W$C6)=1I "
GU 1318 W$(7)=T$:Y=CY+YDI+2:X=CX-WID:GOSU

B 1338:RETURII
LL 1328 REM WRITE STRING 101$ AT H,Y XII GR.

8
TN 1338 A=48*Y+PEEK(88)+PEEKC8')*256+XNT(

(X)/8):BS=256*PEEK(756)
JY 1348 FOR C=l TO LENCW$):D=ASC(W$(C,C»

:IF D<'5 THEN D=D-32
BS 1358 BT=BS+D*8:FOR CC=BT TO BT+7:POKE

A+C+48*(CC-BT),PEEKCCC):NEXT CC:NEXT C
:RETURM

IS 1368 GRAPHXCS 8:SETCOLOR 2,8,8:SETCOLO
R 1,8,18

OD 1378 ? "
III: II

FH 1388 ? :? 115.n;ld,i!_liiAn:tOO"
5'1i 13'8 ? "Since thiS Clock works off an

internalclock, !I\Iou will onl!l\l have to s
et thell

51> 1488 ? IItiMe ever!l\l tiMe !I\IOU power up t
hell:? IIcoMputer. To set the clock jus
til

Q~ 1418 ? "answer the questions. To set
the":? IIclock accuratel!l\l, enter the se
condsll

KO 1428 1 IIquestion just as that tiMe pas
ses."

III> 1438 ?
TD 1448 ?

To set
1458 ?

UK 1468 ?
SC."

DII 1478 ? :? :RETURM
YN 1488 GRAPHXCS 24:SETCOLOR 2,8,4:SETCOL

OR 4,8,6:COLOR l:RETURN
TV 38888 RESTORE 38818:FOR X=1536 TO 1627

:READ Y:POKE H,Y:MEHT X:RETURN
PN 38818 DATA 168,8,24,173,48,2,185,5,133

,283,173,4',2,185!8,133,284,165,283,18
5,'6,133,285,165,Z84,185,8,133

QS 38828 DATA 286,173,4',2,56,233,31,141,
238,2,165,8',28',283,288,7,173,238,2,1
33,8',288,13,178,177,283,133

101101 38838 DATA 8',138,145,283,24,185,15,14
5,285,165,8',141,88,6,165,88,141,7',6,
16',8,162,38,153,88,127,288

N~ 38848 DATA 288,258,238,88,6,282,288,24
4,184,'6

ZO 668 RETURN
XK 678 DXM X(ll),Y(ll),EX(ll),EY(ll),PX(l

1),PY(11),PX1(11),PY1(11),PX2(11),PY2(
11) :C=8

P 688 FOR X=8 TO 6.27 STEP 8.5236:X(C)=C
OS(X)*(XMK-2)+CX:EX(C)=COS(X)*(XMK+2)+
CX

~Q 6'8 Y(C)=SXN(X)*(YMK-2)+CY:EY(C)=SXN(X
)*tvMK+2) +CY

NN 788 PX1(C)=COS(X)*XFR*1.1+CX:PY1(C)=SX
N(X)*YFR*l.l+CY

EE 718 PX(C)=COS(X)*XFR+CX:PY(C)=SXN(X)*Y
FR+CY:C=C+l:NEXT X

HZ 728 FOR C=8 TO 5:PX2(C)=COStC*1.8472)*
XFR/5+CX:PY2(C)=SXN(C*1.8472)*YFR/5+CY
:NEXT C

CE 738 XF PEEK(1648)<>'6 THEN GOTO 38888
ZL 748 RETURN
SK 758 REM ROUTXNE TO DO HOURLY CHXME
BC 768 HALF=l:GOSUB 858:FOR C=l TO N:FOR

X=3 TO 15 STEP 4:S0UND 8,188,18,X:SOUN
D 1,58,12,X:SOUND 2,182,18,X:NEXT X

KV 778 FOR X=14 TO 8 STEP -8.3:S0UND 8,18
8,18,X:SOUND 1,58,12,X:SOUND 2,182,18,
X:NEXT X

,J 788 FOR X=l TO 288:NEXT X:NEXT C
ZV 7'1 RETURN
PL 888 REM ROUTXNE TO DO HALF HOUR CHXME
RL 818 HALF=l:GOSUB 858:FOR X=18 TO 3 STE

P -l:FOR C=8 TO 1:S0UND C,188+C,18,X:N
EXT C:NEXT X

ZB 828 FOR X=18 TO 8 STEP -l:FOR C=8 TO 3
:SOUND C,188+C,18,X:NEXT C:FOR C=l TO
25:NEHT C:NEHT H

Zle 838 RETURII
QC 848 REM ROUTXNE USED BY HOURLY/HALF HO

UR CHXME FOR BOOKEEPXNG AND TO SILENCE
CHIMES AT LATE NIGHT.

JY 858 XF XH<8 OR IH>22 THEN POP :RETURN
:REM QUIET MODE FROM llPM TO 7:5'AM

OH 868 N=XH:XF IH>12 THEN N=IH-12
ZS 878 RETURN
YB 888 REM ALARM SOUND ROUTINE
QP 8'8 POKE 764,255:U=38:SETCOLOR 1,8,15:

POKE 77,8
RV '88 FOR H=l TO 23:FOR Y=8 TO 255 STEP

3:S0UND 8,Y,18,15:S0UND 1,U,18,15:U=U+
l:XF U>255 THEN U=8

01 '18 IF PEEK(764)=255 THEN NEHT Y:NEHT
H

CN '28 POKE 764,255:S0UND 8,8,8,8:S0UND 1
,8,8,8:RETURN

IeK '38 REM ROUTINE TO SET ALARMS. NOTE A
LARMS ARE SET IN MEMORY SO ARE NOT LOS
T BETWEEN RUNS

SM '48 GRAPHICS 8:SETCOLOR 2,8,8:FOR X=8
TO ,:? CHR$(65+X);"] ";:C=PEEK(ALRMB+2
*X)

TG '58 XF C=8 THEN? "No alarM set.":NEXT
X:GOTO '78

LC '68 D=PEEK(ALRMB+l+2*X):GOSUB 1148:? C
;":";M$;" ";T$:NEKT X

YN '78 ? :? "Press: X to exit or":? "
A-J to set an alarW'

SJ '88 GET U4,A:IF A=88 THEN GOSUB 1488:R
ETURN

NJ "8 IF A<65 OR A>74 THEN '88
BQ 1888 A=A-65:IF PEEK(ALRMB+2*A)=8 THEN

1838
NT 1818 ? :? '~";CHR$(A+l'3);"~

Dillilt_> II;
XK 1828 C=PEEK(ALRMB+2*A):D=PEEK(ALRMB+l+

2*A):GOSUB 1148:? C;":";M$;" ";T$
Ff 1838 ? :1 :1 " Set [";CHR$

(A+65) ; II] for what hour"J? "
(8 to unset alarM)";:XIIPUT C

~V 1848 XF C=8 THEN POKE ALRMB+2*A,C:GOTO
'48

WP 1858 ? "HOW Man!l\l Minutes after the hou
r";:XIIPUT D:POKE ALRMB+2*A+l,D

UJ 1868 PRINT" tA)M or
CP) M?";

TV 1878 GE~ U4,X:IF H=65 THEN T$="AM":GOT
o 11.88

QO 1888 XF X=88 THEN T$="PM":GOTO 1188
RC 18'8 GOTO 1878
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LISTING 8: BASIC

5,285,165,8',141,88,6,165,88,141,7',6,
16',8,162,38,153,88,127,288

WF 39040 DATA 288,250,238,89,6,292,208,24
4,184,'6

LISTING 9: ASSEMBLY

LISTING 10: BASIC

TN 31989 RESTORE 31819:FOR H=1664 TO 1751
:READ Y:POKE H,Y:NEHT H:RETURN

8' 31919 DATA 174,4',2,232,142,164,6,138,
56,233,32,141,239,2,133,8',141,161,6,1
65,88,141,169,6,141,163,6

Zy 31929 DATA 169,8,162,39,185,89,127,153
,89,15',289,298,247,238,161,6,238,164,
6,292,298,238,194,'6,173,4'

EA 31938 DATA 2,56,233,31,141,239,2,141,2
94,6,165,88,141,283,6,16',9,162,38,168
,9,153,89,127,299,288,258

U~ 31949 DATA 238,294,6,292,298,244,184,'
6 ~

*= $8688
HEHTOP = $82E5 HeM Top pointer.
SAUHSC = $58 video MeM pointer
SDLSTL = $8238 Pointer to DL

LDH SDLSTL+l Find an
INH area
STX FORPNT+l to store
THA background
SEC screen
SBC U32 and set
STA HEHTOP+l up the
STA SAUHSC+l indexed
STA BAKPNT+l addressing
LDA SAUHSC COMMands
STA BAKPNT for
STA FORPNT cop!ling.
LDY U8 copy
LDX U39 the

LOOP LDA 9,Y 7688
STA 8,Y byte
INY background
BNE LOOP buffer
INC BAKPNT+l to
INC FORPNT+l the
DEX foreground
BNE LOOP screen.
PLA Unused paraMeter
RTS Return.
LDA SDLSTL+l Hake sure
SEC there'S a
SBC U31 background
STA HEHTOP+l screen.
STA CLSPNT+l Set
LDA SAUHSC indexed
STA CLSPNT addressing.
LDA U8 Fill
LDX U38 the
LDY U8 7688

LOOP2 STA 8,Y byte
INY background
BNE LOOP2 buffer
INC CLSPNT+l With
DEH zeroes
BNE LOOP2 Cc lear) •
PLA Pull unused argUMent.
RTS Return.

CLSPNT = LOOP2+1
BAKPNT = LOOP+l
FORPNT = LOOP+4

.END

18 iPage flipping routine. After using
28 iGR.24, GR.'-ll, call this routine
39 ;with H=USR(1664) to copy backgrnd
40 ito foregrnd page. Backgrnd page
58 iiS the one PLOT and DRAWTO
69 ieffect, and foregrnd is the one
78 idisplayed.
88 iTo clear the whole background
'8 iscreen, just do an H=USR(1715)
8188
8118
8128
8139
9149
8158
8168
9179
8188
81'8
8288
8218
8228
8238
8248
8258
8268
8278
8288
82'8
8388
8318
8328
8338
8348
8358
8n8
8378
8388
83'8 CLS
8488
8418
8428
8438
8448
8458
8468
8478
8488
84'8
8588
8518
8528
8538
8548
8558
8568
8578
8588
85'0
8688

ZK 18 GRAPHICS 8:GOSUB 38888:SETCOLOR 2,8

ZI 2:: ~E~col~~~!ut~'~r\II];.illI;.iiI:ti1;I.rt!!l:J#4:t:)1
iIlJ:]":? :? "To use prograM, use joystiC
k to Move"

BY 38 ? "graphics cursor around. Press t
he":? "fire button to Mark points for
the"

SJ 48 ? "prograM to connect. When you ar
e":? "done, press START. Now, pressin
g the"

EE 58 ? "jo!lstick UP and DOWN will shrink
and":? "expand the picture. Hoving t

he"
YZ 68 ? "joystick left and right will MOV

e the"
VD 78 ? "picture left and right. Pressin

g the":? "fire button will rotate the
picture":? "18 degrees."

IC 88 ? :? "If you tr!l to Move the pictur
e too":? "far left or right or a rotat
ion Moves"

IU '8 ? "part of the picture off the scre
en,":? "the picture autoMaticall!l shri
nks to":? "fit!"

Uf 188 OPEN U3,4,8,"K:":? :? "Press lnD!Iilmto begin.":GET U3,A:CLOSE U3
Af 118 CH=168:CY='6:C18=COSC8.17(53):S18=

SINCO.17(53)
ZT 128 GRAPHICS 24:COLOR l:SETCOLOR 2,8,0
AD 138 FOR H=16 TO 31' STEP 16:PLOT H,CY:

DRAWTO H+l,CY:NEHT H:FOR Y=12 TO 1'1 S
TEP 12:PLOT CH,Y:DRAWTO CH+l,Y:NEHT Y

HV 148 DIH A(180),BC188):P=1:H=0:Y=8
JR 158 FOR T=O TO l:LOCATE CH+H,CY+Y,Z:CO

LOR CZ=8):PLOT CH+H,CY+Y:NEHT T
PY 168 A=15-STICK(8):IF A>7 THEN A=A-8:IF

CH+H(318 THEN H=H+l
RN 178 IF A>3 THEN A=A-4:IF CH+H>l THEN H

=H-l
RR 188 IF A>l THEN A=A-2:IF CY+Y(l'O THEN

Y=Y+l
TG 1'8 IF A>8 THEN A=A-l:IF CY+Y>l THEN Y

=Y-l
SU 288 IF STRIG(8)=8 AND P=l THEN A(1)=H:

B(1)=Y:COLOR l:PLOT H+CH-l,Y+CY:P=P+l
CC 218 IF STRIGCO)=8 AND P>l THEN ACP)=H:

BCP)=Y:COLOR l:PLOT H+CH,Y+CY:DRAWTO A
CP-l)+CH,BCP-l)+CY:P=P+l

UH 228 IF STRIG(8)=0 THEN 220
GJ 238 IF PEEKC5327')=7 THEN 158
ZG 248 If P(3 THEN ? "You Must draw at Ie

ast 1 line!":END
AE 258 P=P-l:COLOR 1:W=1:S=8
KJ 268 TRAP 358:PLOT S+A(1)*W+CH,BC1)*W+C

Y
HH 278 FOR H=2 TO P:DRAWTO S+ACH)*W+CH,BC

Hl*W+CY:NEHT H
DI 288 H=USR(1536)
HU 2'0 If STICK(8)=13 THEN W=W+8.1:GOTO 2

68
AJ 388 If STICK(8)=11 AND S>6-CH THEN S=S

-5:GOTO 268
RU 318 IF STICK(8)=7 AND S(CH-6 THEN S=S+

5:GOTO 268
ID 328 IF STICKC81=14 AND W>8 THEN W=W-8.

l:GOTO 268
Of 338 IF STRIG(8)=9 THEN FOR H=l TO P:A=

ACH):B=BCH) :ACH)=A*C18-B*S18:BCH)=A*Sl
8+B*C18:NEHT H:GOTO 268

PV 348 GOTO 2'9
fL 358 W=W-8.1:GOTO 268
TV 38998 RESTORE 38818:FOR H=1536 TO 1627

:READ Y:POKE H,Y:NEHT H:RETURN
PW 38819 DATA 168,8,24,173,48,2,185,5,133

,293,173,4',2,185,9,133,294,165,283,19
5,'6,133,285,165,294,185,8,133

OS 39829 DATA 296,173,4',2,56,233,31,141,
239,2,165,8',28',283,288,7,173,238,2,1
33,8',288,13,178,177,283,133
39939 DATA 8',138,145.293.24.195,15,14
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BASIC Editor II
by Clayton Walnum

12

BASIC Editor II is a utility to help you
enter BASIC program listings published
in ANALOG Computing. To simplify the
identification of errors, each program
line is evaluated immediately after it's
typed, eliminating the need for cumber·
some checksum listings. When you've
finished entering a program using BAS­
IC Editor II, you can be certain it contains
no typos.

An option is provided for those who
wish to use standard BASIC abbreviations:
Also, the program retains all Atari edit·
ing features. Finally, for those who prefer
to type programs the conventional way,
using the built-in editor, a post-processing
mode is available. It allows you to check
typing after the entire listing has been
entered.

Typing in the Editor
To create your copy of BASIC Editor II,

follow the instructions below- exactly.

Disk version
(1) Type in Listing 1, then verify your

work with Unicheck (see Issue 39).
(2) Save the program to disk with the

command SAVE "D:EDI1VRLl.BAS':
(3) Clear the computer's memory with

the command NEW
(4) Type in Listing 2, then verify your

work with Unicheck.
(5) Run the program (after saving a
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backup copy) and follow all the on-screen
prompts. A data file will be written to
your disk.

(6) Load Listing I with the command
LOAD "EDJ'JDRLl.BAS':

(7) Merge the file created by List·
ing 2 with the command ENTER
"D:ML.DAT':

(8) Save the resultant program with the
command LIST ''DEDI'JDRII.LST':

Cassette version
(1) Type in Listing I and verify your

work with Unicheck.
(2) Save the program to cassette with

the command CSAVE. (Do not rewind the
cassette.)

(3) Clear the computer's memory with
the command NEW

(4) Type in Listing 2 and verify your
work with Unicheck.

(5) Run the program and follow the on­
screen prompts. A data file will be writ·
ten to your cassette.

(6) Rewind the cassette.

If the program you're

entering is particularly

long, you may need to

take abreak.
(7) Load Listing I with the command

CLOAD.
(8) Merge the file created by Listing 2

with the command ENTER "C:':
(9) On a new cassette, save the resultant

program with the command LIST "C:':

Using the Editor
Take a look at one of the BASIC pro·

gram listings in this issue. Notice that
each program line is preceded by a two·
letter code. This code is the checksum for
that line; it's not a part of the program.

To enter a program listing from the
magazine, load BASIC Editor II with the
ENTER command, and run it. You'll be
asked if you wish to allow abbreviations
(see your BASIC manual). If you do, type
Yand press REFURN. Otherwise, type N

Note: If you set BASIC Editor II to al·
low abbreviations, the program will run
slightly slower.
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Your screen will now be divided into
two "windows." The upper window will
display each line after it's processed, as
well as the checksum generated for that
line. The lower window 'is where program
lines are typed and edited.

When the program's waiting for input,
the cursor will appear at the left margin
of the typing window. Type a program
line and press RETURN The line will be
evaluated and reprinted in the message
window, along with the checksum
generated.

If the checksum matches the one in the
magazine, then go on to the next program
line. Otherwise, enter the command E
(edit) and press RETURN. The line you
just typed will appear in the typing win­
dow, where you may edit it. When you
think the line has been corrected, press
REFURN, and it'll be reevaluated.

Note: You may call up any line previous­
ly typed, with the command E followed
by the number of the line you wish to
edit. For example, E230 will print Line
230 in the typing window. Do not attempt
to edit any program lines numbered 32600 and
higher. These lines fall within the BASIC
Editor II program.

If you're using BASIC abbreviations,
the two versions of the command Ework
slightly differently. The command E,
without a line number, will call up the
line exactly as you typed it. When you ap·
pend the line number, the line will be
printed in its expanded (unabbreviated)
form.

Leaving the Editor
You may leave BASIC Editor II at any

time, by entering either B (BASIC) or Q
(quit). If you type B, the Editor 'wiII return
you to BASIC. Enter LIST to review your
work, if you wish. Note that lines 32600
and above are the Editor program. Your
work will appear before these lines. To
return to the Editor, type cam 32600.

Type Q and you'll be asked if you real­
ly want to quit. If you type Y, the Editor
program will be erased from memory,
and you may then save your work in any
manner you like. If you type N, the Qcom­
mand will be aborted.

Large listings
If the program you're entering is par·

ticularly long, you may need to take a
break. When you want to stop, type Qand
press RETURN, then save your work to
disk or cassette. When you're ready to
start again, load the program you were
working on; then load BASIC Editor II
with the ENTER command. Type cam
32600, and you're back in business.

The post-processor
Many people may not want to use BAS­

IC Editor II when entering a program list·
ing, prefen-ing, instead, the Atari's built-in
editor. For that reason, BASIC Editor II
will allow you to check and edit your pro'
grams after they've been typed.

To take adva'ntage of this option, type
any magazine program in the convention·
al manner, then save a copy to disk or cas­
sette (just in case). With your typed·in
program still in memory, load BASIC Edi·
tor II with the ENTER command, then
type cam 32600.

Respond with Nto the "abbreviations"
prompt. When the Editor appears on
your screen, enter the command P (post·
process), and the first program line will
appear in the typing window. Press
RETURN to enter it into the Editor.

The line will be processed, and the
checksum, along with the program line,
will be printed in the upper window. If
the checksum matches the one in the
magaiine, press RETURN twice, and the
next line will be processed.

If you find you must edit a line, enter
the command E, and the line will be
moved back to the typing window for
editing.

When the entire listing has been
checked, you'll be asked if you wish to
quit. Type Yand press REFURN. The Edi·
tor program will be removed from
memory, and you may then save the edit·
ed program in any manner you wish.

Murphy's Law
Anyone who's been associated with

computing knows this is the industry
Murphy had in mind. You may find that,
after typing a program with BASIC Edi­
tor II, it still won't run properly. There are
two likely causes for this.

First, it may be that you're not follow·
ing the program's instructions properly.
Always read the article accompanying a
program before attempting to run it.
Failure to do so may present you with up­
setting results.

Finally, though you can trust BASIC
Editor II to catch your typos, i~ can't tell
you if you've skipped some lines entirely.
If your program won't run, make sure
you've typed all of it. Missing program
lines are guaranteed trouble.

One last word: Some people find it an
unnecessary and nasty chore to type REM
lines. I don't condone the omission of
these lines, since they may be referenced
within the program (a bad practice, but
not unheard of). If you want to take
chances, BASIC Editor II is willing to
comply.

13
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by Joe McManus

Y
Ou've passed all 'the security

. procedures and are now standing

in Crisis Command Headquart­
ers. The 3D-yard long electro-map seems un­

commonly serene. As you relieve the Watch
Commander, you can't help noticing his hag­
gard face and bloodshot eyes. You log on, and
the display generates your equipment status
and an overview· of the city.
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Looks good! You have your full comple·
ment of emergency vehicles. Suddenly, an
alarm rings and a message flashes on the
screen ...

"Sniper on roof at Theater Center:'

C1'isis Center is a 54-minute real-time simu­
lation that takes pla.ce in one of three ci­
ties. The object of the game is to resolve
emergencies that arise by sending the ap­
propriate equipment needed to handle
the situation.

For example, there may be a hotel burn­
ing somewhere. You have ambulances, fire
trucks, police cars and SWAT teams at
your disposal. Crowd control could be­
come a real problem; so you had better
send some police cars along with the fire
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trucks. And, of course, you'll need some
ambulances.

If you have sent the right combination
and number of vehicles to handle the sit­
uation, the people will be saved. On the
other hand, if you don't get the l"ight com·
bination there in time ...well, you lose
points for losing lives! If you lose enough
points, you'll be fired and the game will
end. The more serious emergencies are
worth more points_ Therefore, you should
try to resolve the most critical situations
before handling the lesser emergencies.

Playing the game
After pressing STARl~ you'll be asked

to choose a city. Each city has its own lev·
el of difficulty based on crime rate and
population. Dallas is the easiest game, fol-

If you have the right

combination and

number of vehicles to

handle the situation,

the people will be

saved. On the other

hand, if you don't get

the right combination

there in time....
HINT: Up to four

emergencies may be

ongoing at the same

time.
lowed by L.A. and then New York. When
you have made your selection, a map of
your city will appear at the top of the
screen and the game will begin.

The top section of the screen also con­
tains a status display that is continually
updated throughout the game. The status
screen displays readouts of how many of
each vehicle are currently available at
headquarters, an emergency counter
which shows how many crisis situations
are currently ongoing, your current score
and a real·time clock. The game begins
at 12:30 p.m. and will end at 1:39 unless
your score falls below zero; in which case
the simulation is terminated.

You have two communication links at
headquarters. The primary communica­
tion system at Crisis Command is a half·

II



CRISIS CENTER

RECALL: You'll be prompted for which

Commands
Select one of the four commands by

moving the joystick in the designated
direction.

duplex system. To gain control of this
communication system you must wait un·
til any message you are receiving is
finished and then press the trigger but­
ton to obtain sending priority. Once you
have communication control, you'll see a
command screen. The other communica­
tion link is the emergency phone which
is explained in the following command
section.

And, of course, you'll

need some ambulances.

There is no pause feature in Crisis
Center since you should never leave a
watch station unattended. Howevel~ if you
must pause the game, you should select
the status command and choose a vehi·
c1e. The status screen will stay up until you
press the fire button. Though the clock
will not appear to change during the
break, it's still running. So if the phone
was ringing when you took a break, and
you're gone long, when you come back
you'll lose some points.

working on your current emergency and
answer the phone if you wish to avoid los·
ing points.

You begin the game with 200 points. If
your score falls below zero, the game is
over and you're fired from your position
as Watch Commander. The simulation is
designed to be a test of endurance, recall
and common sense. The emel'gencies
have been worded to enhance the sense
of realism.

HINT: Up to four emergencies may be on­
going at the same time. One limitation
the program has is that it can only solve
one emergency at a time, so it only checks
for the correct solution after a send
command.

If you have two emergencies occurring
at the same location and feel you have
sent enough equipment to resolve both
emergencies, then after you receive points
for one of them, send another unit to get
the points for the other emergency.
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Crowd control could become aproblem;

so you had better send some police

cars along with the fire trucks.

STATUS: This command is included in
case you forget where your emergency
teams are located. For instance, if all your
fire trucks are off-station, you must recall
them before they can be sent again.

Select which type of vehicle you need
a status report on, and all ten locations
will be displayed with how many of that
unit type are there.

type of unit you wish to recall and from
what location. If you attempt to recall
more units from a location than there ac·
tually are, no units at all will be returned
and you'll have to try again.

PHONE: Throughout the game the emer­
gency phone may ring. It rings more often
in the higher difficulty games. You must
select the "answer phone" command to
find out what emergency is being phoned
in.

If you do not answer the phone in two
to three minutes from when the phone
first starts ringing, that emergency will
have deteriorated to the point of disaster,
and an unanswered phone message will
appear that describes the result. The
value of that particular emergency will be
deducted from your score.

The phone emergency could be one of
small point value, like a simple traffic ac·
cident. On the other hand, it could be
worth lots of poi nts; so you should stop

\
\

'/,

SE D: This allows you to dispatch vehi·
c1es to crisis locations. After selecting the
send command, another stick diagram
appears. Choose which type of vehicle to
send. Then the locations are given in a
stick diagram with the choice "MORE" at
the bottom. If the location you wish to
send a vehicle does not appear on the
menu, select the MORE option until you
find it.

You'll then be asked how many units
you want to send. Type the number and
press RETURN. You'll hear the units leave
Command Headquarters.



LISTING 1: BASIC

AA 109 REM KKKKKKKKKKKKKKKKKKKK
NF 119 REM * CRISIS CENTER *
UH 129 REM * BY Joe McManus *
GO 139 REM * for *
EQ 149 REM * ANALOG COMPUTING *
AK 159 REM KKKKKKKKKKKKKKKKKKKK
RA 169 CLR
QH 179 DIM RES$(229l,RES1$(229l,RES2$(229

l,DIS$(229l,ANS(44l,EQ$(48l,PLC(4l,EME
R(4l,EQU(4l,PLACE(49l,H1$(29l,W2$(20l

IB 189 DIM TIME$(5l,A$('2l,B$(249l,H$(69l
,BLANK$(49l l C$(5'l,I$(5'l,T$(5'l,Y$(5'
l,S$(5'l,W3~(29l,W4$(29l,W5$(29l

GD 185 DIM CH$(1l:EMS=9
UZ 1'9 TS=9:C9=9:Cl=1:C2=C1+C1:C3=C2+C1:C

4=C3+C1:C5=C4+C1:C6=C5+C1:C7=C6+C1:C8=
C7+C1:C'=C8+C1:C19=C'+C1:C11=C19+C1

FA 209 BLANK$="
":R=2499:TIME$="99:99":B

$(291 249l=BLANK$:DOPLACE=9:GOTO 470
LR 219 H~(C1,29)=BLANK$:H$(21,40)=BLANK$:

RETURN
AI 229 II=9
ZC 239 II=II+1: IF H$ (II, II+U =" "THEN S

POT=II+1:RETURN
NG 249 GOTO 239
YE 269 POSITION A,B:? BLANK$;BLANK$;:GOSU

B 399:RETURN
OL 279 B=B+C2:IF B>22 THEN FOR I1=C1 TO 6

90:NEHT I1:B=13:FOR I2=C19+C2 TO C19+C
8:POSITION C9,I2:? BLANK$;:NEHT I2

IR 289 GOSUB 399:RETURN
EI 2'9 SOUND C3,ASC(A$(I,Ill,12,C19:FOR D

=C1 TO 34:NEHT D:SOUNO C3,C9,C9,C9:RET
URN

YZ 309 IF TS(>C1 THEN 469
CN 319 POSITION 33,C3:? "rJm]:";EQU(C2):PO

SITION 33,C5:? "aIi.I!:";EQU(C3):POSITION
33,C7:? "D:";EQU(CU

PK 329 POSITION 23,1:? ". I"
:FOR II=2 TO ':POSITION 23,II:? "I";:P
OSITION 38,II:? "I";:NEHT II

UN 339 POSITION 23,19:? "I~------------~
"

QG 335 EMS=9:FOR 00=1 TO 4:IF EMER(DD)(>9
THEN EMS=EMS+1

UH 336 NEHT OD:POSITION 26,C7:? "~";:
POSITION 28,C8:? EMS

YW 349 POSITION 33,C':? "~:";EQU(C4):IF
SCORE(C9 THEN POSITION C4,CO:? "~YO

U ARE FIRED! ";:POKE 70',C9:GOTO 259
80 359 IF PEEK(18)=C3 THEN POSITION C4,C9
:?"~ GAME OUER ";:GOTO 259

HN 369 TIME=(PEEK(29l+PEEK(1'l*256+PEEK(1
8)*256*256)/69:POSITION 27,C5:? "
"; :POSITION 26,C4:? "~"; .

DO 379 MIN=INT((TIME/3699-INT(TIME/3699))
*69)+INT(ASC(TIME$(4,4l)-48)*19+INT(AS
C(TIM~$(C5,C5))-48)*1

NL 375 POSITION 27,C5:?SCORE
MM 389 HRS=INT((TIME/216999-INT(TIME/2169

00))*69)+INT(ASC(TIME$(C1,C1)l-48l*C19
+INT(ASC(TIME$(C2,C2l)-48)*C1

JZ 385 IF PHONE=1 THEN GOSUB 2255
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3'9 IF MIN>5' THEN HRS=HRS+C1:MIN=MIN­
60

HE 409 IF HP'S>12 THEN HRS=HRS-12
HZ 419 IF HRS(C19 THEN POSITION 35,C11:?

"O";HRS;:GOTO 439
ET 429 POSITION 35,C11:? HRS;
AC 439 POSITION 37,C11:? ":"
NH 449 IF MIN(C19 THEN POSITION 38,C11:?

"9";MIN;:GOTO 469
YA 459 POSITION 38,C11:? MIN;
ZM 469 RETURN
WN 479 GRAPHICS C9:POKE 752,C1:POKE 719,4

8:POKE 712,48:POKE 79',54:A=C2:DL=PEEK
(569l+PEEK(561l*256+C4:POKE DL-C1,79

QP 489 POKE DL+12,139
TO 4'0 POKE DL+C2,C6:POKE DL+13,139:POKE

DL+16,139:FOR I=C9 TO 23:REAO A:POKE 1
686+I,A:POKE 1719+I,A:POKE 1734+I,A

HB 4'5 NEHT I
QK 509 POKE 1688,2
ZL 519 POKE 1747,159:POKE 16",174:POKE 5

12,159:POKE 513,C6:POKE 54286,l'2:EOU(
C1)=C8:EQU(C2l=C':EOU(C3l=C8

UQ 529 EQU(C4l=C2:PHONE=0:GOSUB 589:POSIT

AL ~~: ~F1~~~E~I~Ci\'li'lfbI6"(~'~i(tJf~IG (0)
<> 0) THEN 539

AI 549 POSITION ',14:? "
"

KR 545 GOTO 2999
YY 548 B=23:GOSUB 279
FO 559 TIME$="12:45":GOSUB 269:POKE29,CO

:POKE 1',C9:POKE 18,C9:FOR I=C1 TO 240
STEP 49:B$(I,I+3')=BLANK$:NEHT I

SH 569 B=21:GOSUB 279:RESTORE WHERE:FOR I
=C1 TO 229 STEP 29:REAO H$:B$(I,I+1')=
H$:NEHT I:REAO R,OIF

KR 579 TS=C9:GOSUB 589:GOTO 759:DATA 72,1
6',169,141,19,212,141,24,298,141,26,20
8,16',1'8,141,9,2,16',6 l 141,1 l 2,194,64

UJ 589 RESTORE R:REAO C$ I~ T$ Y~ S$
HP 5'9 A$="CRISI5 CENTERI~;n!lbptillh"'.:mn:l••

~"jU:tr..:tH HOW MANYINCOMING MESSAIi
EYOU CAN'T DO THAT!UNITS"

PH 699 POSITION C4,C9:FOR I=C1 TO 13:? AS
(I,I);:GOSUB 2'9:NEHT I:B=C1:A=C2

TS 619 POSITION A,B:? C$:GOSUB 279:POSITI
ON A,B:? I$:GOSUB 279:POSITION A,B:? T
$:GOSUB 279:POSITION A,B:? Y$

HL 615 GOSUB 279:POSITION A,B:? S$:GOSUB
279

HO 629 POSITION 9,B:? BLANK$;:POSITION C8
,B:? B$(291,21');:P05:ITION 2',B:? "TIM
E: ";:TS=C1:A=C2:GOSUB 279:RETURN

KI 759 RESTORE 789:B=21:GOSUB 279:C$="Ma!l
or sa!ls dO sOMethingHURRY COMMANDER!"

GL 769 FOR I=C1 TO 229 STEP 29:DIS$(I,I+l
')=BLANK$(C1,29):NEHT I:RES$=DIS$:RE51
$=DIS$:RES2$=DIS$

MO 779 FOR I=C1 TO 229 STEP 29:READ H$:DI
S$(I,I+1')=H$:NEHT I

HU 789 DATA There is a FIRE at, Traffic ac
cident at,4-ALARM FIRE is at,BANK ROB8
ERY at,A HEART ATTACK at, HIT & RUN at

FD 7'9 DATA SNIPER on roof at, HOTEL burni
ng at.19 CAR pileup at, AIRPLANE on fir
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e at,HIJACK repor~ frOM
MO 800 EQ$="FIRETRUCKS AMBULANCES POLIC

ECARS SWATTEAMS "
TE 810 FOR 1=1 TO 229 STEP 29:READ K$:RES

$(I,I+l')=K$:NEKT I
UM 820 DATA The fire is out at,Accident c

leared at,The fire is out at, Cops stop
holdup at,UictiM was saved at

WE 830 DATA UictiM was saved at,Sniper ca
ught at,Hotel safe at,Pileup cleared a
t,Airplane saved at,Hijacker caught at

GC 840 FOR 1=1 TO 229 STEP 20:READ K$:RES
l$(I,I+l')=K$:NEKT I

NZ 858 DAT~ Fire killed 4 at,2 victiMs di
ed at,8 burned to death at,$8008,OO st
olen at,Elderl~ Man died at

DJ 860 DATA The victiM died at,7~ Snip
er escaped, Hotel destro~ed at,70~
FOUL-UP at,Airplane is ashes at

PQ 879 DAT~ Plane in CUBA not
HK 880 FOR 1=1 TO 220 STEP 20:READ K$:RES

2$(I,I+l')=K$:NEKT I
FS 8'0 DAT~ Fire is burning at,Traffic sn

arled at,Fire is raging at,Cops dodgin
g lead at,UictiM going fast at

ZS '00 D~TA weak-pulse report at,Sniper g
ot one at, People screaMing at, More car
s wrecked at,Fuel Ma~ explode at

LQ '10 FOR I=Cl TO 40:PLACE(I)=0:NEKT I:F
OR I=Cl TO C4:PLC(I)=8:EMER(I)=0:NEKT
I:SCORE=200:DATA Hostages scared at

WO '20 FOR I=Cl TO C4:READ AA:EQU(I)=AA:N
EKT I:FOR I=C5 TO 48:READ AA:ANS(I-C4)
=AA:NEKT I

CN '30 DAT~ 8,',8,2,3,2,1,0,0,1,2,0,4,2,2
,0,0,0,3,0,0,1,8,8,8,1,1,0,0,2,3,1,4,3
,3,0'2,4~40 3,2,2,8,0,2,3,2

HT '40 DAT~ '; SEND,RECALL,STATUS,ANSWE
R PHONE, , ,AMBULANCE(S),POLICEC
AR(S),SWAT TEAH(S),FIRETRUCK(S),~

UN '50 DAT~ universlBi"tPark, Highland Park
,sunn~vale,~,' . ,Mesqui~e,Hines B
IVd, ,Second Ave" I •

AT '60 K$ (21, 2ll =" ": DATA ~,Hensle~ F
ield,Six Flags Park, Theatre Center, Cot
ton Bowl StadiuM

WD '70 IF STRIG(0)=8 THEN 1060
DU '75 IF PHONE=C2 THEN GOSUB 2265:GOTO 1

000
MK '80 R=INT(RND(0)*800):IF R<DIF THEN 10

00
SH "0 GOTO '70
QJ 1000 FOR I=Cl TO C4:IF EHER(I)=O THEN

1020
NJ 1010 NEXT I:GOTO 1610
CR 1020 R=INT(RND(CO)*Cll)+Cl:IF R>C' THE

N Rl=C7:GOTO 1040
FC 1030 Rl=INT(RND(CO)*C10)+Cl:IF Rl=C7 T

HEN 1039
HH 1040 IF PHONE>Cl THEN 2275
fU 1045 GOSUB 210:K$(Cl,28)=DIS$(R*20-1',

R*20):II=0:GOSUB 220
UH 1050 H$(SPOT,SPOT+20)=B$(Rl*28-1',Rl*2

O):E=I:EHER(E)=R:PLC(E)=Rl:GOSUB 1380:
GOSUB 1330:GOTO '70

NH 1060 R=INT(RND(0)*200):IF R<DIF OR PHO
NE=l THEN GOSUB 2200

WQ 1065 B=21:GOSUB 278:RESTORE '40:C=CO:G
OSUB 1240:IF C=CO THEN B=21:GOSUB 270:
GOTO '79

EU 1078 IF C<13 AND C}C8 THEN U=C2:GOTO 1
118

PO 1888 IF C=13 THEN 1480
MJ 18'0 IF C=14 THEN U=Cl:GOTO 1110
VE 1108 IF C<C8 THEN U=C3
PW 1110 GOSUB 1258:CT=Cl:C=C8:GOSUB 1240:

IF C=C8 THEN B=21:GOSUB 278:GOTO '70
JK 1120 IF C<13 AND C}C8 THEN EQ=C3
EE 1138 IF C<C8 THEN EO=C4
SC 1148 IF C=13 THEN EO=Cl
TO ~~58 IF C=14 THEN EO=C2
UF 1168 IF U<>C3 THEN CT=C8:DOPLACE=1:GOT

o 1435
LJ 1178 A=12
ZH 1188 I=':B=21:GOSUB 278:POSITION A,B:F

OR J=8 TO 11:? EO$(EQ*12-11+J,EQ*12-11

J8

+J);:GOSUB 2'8:NEHT J:? " Status"
IN 1185 B=B+2
IR 11'0 A=l:FOR I=CO TO C8 STEP 2:POSITIO

N A,B:? B$((I+l)*28-1',(I+l)*20-4);PLA
CE(((I+l)*4)-4+EO):POSITION 21,B

WF 1200 ? B$ UI+2) *20-1', (1+2) *20-4) ;" ";
PLACE(((I+2)*4)-4+EO)':B=B+l:NEKT I

DE 1219 ? :? II 1:411:s.j.W.lU!lH£1;a~)ij:J'-ii=tj
!!J'.l"

OS 1220 IF STRIG(O) <>0 THEN 1220
JV 1230 B=21:GOSUB 270:FOR 1=18 TO 22:POS

ITION O,I:? BLANK$;:NEKT I:GOTO '70
ZW 1240 IF NOT DOPLACE THEN READ Wl$,W2$

,W3$,W4$,W5$:CT=CT+Cl:GOTO 1270
KV 1245 Wl$="Ul!'m":READ W2$,W3$,W4$:IF C

T=C2 THEN READ W5$:GOTO 1247
YU 1246 W5$="lII!I1l3"
JF 1247 CT=CT+Cl:GOTO 1270
HW 1258 Wl$(Cl,LEN(Wl$))=BL~NK$:W2$(Cl,LE

N(W2$))=BLANK$:W3$(Cl,LEN(W3$))=BLANK$
:W4$(Cl LEN(W4$))=BLANK$

IF 1268 W5!(Cl,LEN(W5$))=BL~NK$
ZS 1270 POSITION A,B:? Wl$:POSITION A+18­

(LEN(W2$)/C2),B:? W2$;:POSITION A+18,B
+Cl:? "I":POSITION A+16-LEN(W3$),B+C2

DU 1275 ? W3$
NR 1280 POSITION A+17,B+2:? "-f-":POSITIO

N A+20,B+2:? W4$;:POSITION A+18,B+3:?
"I":POSITION A+18-(LEN(W5$)/2),B+4

EO 1285 ? W5$
DU 12'8 IF Wl$ (Cl, Cll =" " THEN RETURN
WJ 1300 FOR 1=250 TO 30 STEP -20:FOR J=15

TO co STEP -Cl:S0UND C2,I,CI0,J:NEKT
J

WV 1319 FOR DE=Cl TO I:IF STICK(0)<>15 TH
EN C=STICK(CO):RETURN

D~ 1329 NEKT DE:NEHT I:RETURN
FH 1338 GOSUB 260:POSITION A,B:FOR I=Cl T

o LEN(K$):? H$(I,I);:GOSUB 2'0:NEKT I:
RETURN

IT 1340 GOSUB 260:POSITION A,B:FOR 1=78 T
o 87:? A$(I,I);:GOSUB 2'8:NEHT I:B=21:
GOSUB 270:RETURN

NH 1350 B=21:GOSUB 270:POSITION A,B:FOR I
=46 TO 53:? A$(I,I);:GOSUB 2'0:NEKT I:
RETURN

LB 1360 FOR J=co TO C3:SCORE=SCORE+(ANS(E
HER(E)*C4-C3+J)*15):NEHT J:RETURN

UG 1378 FOR J=co TO C3:SCORE=SCORE-(ANS(E
MER(E)*4-3+J)*15):NEKT J:RETURN

UG 1389 B=21:GOSUB 278:FOR I=Cl TO C3:POK
E 1712,242:POSITION A+ll,B:? A$(54,6')
;"~";:POSITION A,B:? BLANK$;

RZ 13'0 POKE 1712,160:FOR J=Cl TO 20:NEHT
J:NEHT I:RETURN

DJ 1400 IF PHONE>8 THEN POSITION 0,22:? B
LANK$;:B=21:GOSUB 270:? "ANSWERING PHO
NE",":PHONE=3:GOTO 1008

RF 1419 B=21:GOSUB 270:POSITION ',1':? "N
o PHONE WAS RINGING":GOSUB l'50:POSITI
ON 9,1':? BLANK$;:GOTO '70

UJ 1435 RESTORE WHERE
LA 1440 GOSUB 1258:C=C8:GOSUB 1240:IF C=C

o THEN B=21:GOSUB 270:GOTO '70
KG 1458 IF C=13 AND CT<C3 THEN 1440
ZR 1460 IF C=14 THEN PLC1=CT*C3-C2
WR 1470 IF C<13 AND C>C8 THEN PLC1=CT*C3-

Cl
DW 1480 IF C<C8 THEN PLC1=CT*C3
ZZ 14~0 IF C=13 AND CT=C3 THEN PLC1=10
IC 1500 DOPLACE=O:TRAP 1500:GOSUB 1350:IN

PUT C:TRAP 40000:IF 1,1=1 THEN 1540
IF 1510 IF C>PLACE(PLC1*4-4+EO) THEN GOSU

B 1340:GOTO '70
ZB 1520 PLACE(PLC1*4-4+EO)=PLACE(PLC1*4-4

+EQ)-C:EQU(EQ)=EQU(EQ)+C:R=Cl:IF C=Cl
THEN R=CO

NM 1530 GOSUB 260:POSITION A+CI0,B:FOR 1=
88 TO 'l+R:? A$(I,I);:GOSUB 2'0:NEKT I
:? " lilii.IJ:I:gN";: B=21: GOSUB 270

UU 1535 GOTO '70
ID 1540 IF EOU(EQ)-C<CO THEN GOSUB 1349:G

OTO '70
UF 1550 EOU(EO)=EOU(EQ)-C:PLACE(PLC1*4-4+

EO)=PLACE(PLC1*4-4+EO)+C:FOR I=Cl TO C
4:IF PLC(I)=PLCl THEN E=I:GOTO 1570
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HT K:NEHT DD
JC 2249 SOUND l,O,O,O:50UND 2,8,8,8:FOR J

J=l TO 18:NEHT JJ:NEHT JJJ:RETURN
RN 2255 IF PHMIN+2{MIN THEN PHONE=C2
BR 2256 RETURN
NP 2268 REM DIDN'T AN5WER
IF 2265 B=21:G05UB 278:FOR DD=Cl TO C3:PO

KE 1712,242:P05ITION A+ll,B:? "UNANSWE
RED PHONE!!~";:P05ITION A,B

EQ 2266 ? BLANKfT
5M 2278 POKE 1712,168:FOR J=Cl TO 28:NEHT

J:NEHT DD:P05ITION 8,22:? BLANK$;:RET
URN

AN 2275 ON PHONE GOTO 22'9,2288,22'5
FF 2288 GOSUB 218:H$(Cl,29)=RES1$(R*29-1'

,R*28):II=9:GOSUB 229
BV 2285 H$CSPOT,5POT+29)=B$(Rl*29-1',Rl*2

9):E=I:EMER(E)=R:PLC(E)=Rl:GOSUB 1339:
GOSUB 1378:PHONE=9:EMER(E)=9:PLC(E)=9

UN 2287 GOTO '78
BZ 22'9 ? "ERROR IN ANSWER OR NOT ANSWER"

:5TOP
GO 22'5 GOSUB 210:H$(Cl,20)=DI5$(R*29-1',

R*29):II=0:G05UB 229
SS 2309 H$(SPOT,SPOT+29)=B$(Rl*29-1',Rl*2

9):E=I:EMER(E)=R:PLC(E)=Rl:GOSUB 1339:
PHONE=0:P05ITION 9,12:? BLANK$;

UJ 2395 GOTO '70
UR 2499 DATA

SP 2410 DATA

YK 2420 DATA

SR 2439 DATA

HU 2449 DATA •

WT 2470 REM *** DALLAS ***
SI 2489 DATA Universi~~ Park, Highland Par

k,Sunn~vale,Mesqui~e,HinesBlvd,Second
Ave,Hensle~ Field

FI 24'9 DATA SiX Flags Park,Thea~re Cen~e
r,~he Co~~on BOWl DALLAS 2590 40

IK 2500 DATA

UV 2510 DATA

SF 2520 DATA

ZC 2530 DATA

ZN 2540 DATA

KO 2570 REM *** NEW YORK ***
WC 2580 DATA Brookl~n,Bronx,Queens,Manha~

~an,S~a~en Island,For~~ Second S~.,J.F

.K. Airpor~,Lincoln Tunnel
ET 25'0 DATA S~a~ue of Liber~~,Uni~ed Nat

ions, NEW YORK 2600 120
YJ 2600 DATA

1M 2610 DATA

DQ 2620 DATA

JB 2639 DATA

TZ 2640 DATA

FK 2678
NV

RU

SP

NA 2710 DATA

PO 2729 DATA

LU 2730 DATA

JT 2749 DATA

PB 1560 NEHT I:GOTO 1710
RU 1570 FOR J=CO TO C3:IF PLACECPLC1*4-3+

J){AN5(EMER(E)*4-3+J) THEN 1710
UN 1580 NEHT J:G05UB 1780:G05UB 210:H$(Cl

,20)=RE5$(EMER(E)*20-1',EMER(E)*20):II
=0:G05UB 220

YK 15'0 H$(5POT,5POT+20)=B$(PLC1*20-1',PL
Cl*20):G05UB 1360

PO 1600 EMERCE)=CO:PLC(I)=CO:B=21:G05UB 2
70:G05UB 1330:GOTO '70

UO 1610 B=21:G05UB 210:G05UB 270:G05UB 13
80:E=INT(RNO(0)*4)+1:IF RNO(CO){0.5 TH
EN 1670

MC 1620 H$(Cl,20)=RE52$(EMERCE)*20-1',EME
R(E)*20):II=0:G05UB 228

IE 1630 H$(5POT,5POT+20)=B$(PLC(E)*20-1',
PLC(E)*20)

5H 1640 IF RNO(CO){0.5 THEN 5=24:G=3':GOT
o 1660

KU 1650 5=Cl:G=23
TL 1660 G05UB 260:P05ITION A,B:FOR 1=5 TO

G:? C$(I,I);:G05UB 2'0:NEHT I:GOTO 17
00

MY 1670 H$(Cl,20)=RE51$(EMER(E)*20-1',EME
R(E)*20):II=0:G05UB 220

YO 1680 H$(5POT,5POT+20)=B$(PLC(E)*20-1',
PLC(E)*20):G05UB 1370

OY 16'0 EMER(E)=CO:PLC(E)=CO
IY 1700 G05UB 1330:G05UB 270:GOTO '70
HE 1710 UOL=12:0N EQ GOTO 1720,1740,1760,

1770
LC 1720 FOR I=Cl TO C4:FOR J=70 TO 15 5TE

P -C4:50UND Cl,J+20,14,VOL:50UND C2,J,
Cl0,UOL:NEHT J

NI 1730 FOR J=15 TO 70:50UND Cl,J+20,14,V
OL:50UN~ C2,J,170,VOL:NEHT J:UOL=UOL-C
4:NEHT I:GOTO '70

FC 1740 FOR I=Cl TO C4:FOR J=40 TO 20 5TE
P -C4:50UND Cl,J+C8,14,VOL:50UND C2,J,
Cl0,UOL:NEHT J

MT 1750 FOR J=20 TO 40:50UND Cl,J+C8,14,V
OL:50UND C2,J,Cl0,VOL:NEHT J:VOL=UOL-C
4:NEHT I:GOTO '70

MA 1760 FOR I=Cl TO C4:50UND Cl,l10,14,UO
L:FOR D=Cl TO 45:NEHT D:50UND Cl,65,Cl
O,VOL:FOR D=Cl TO 45:NEHT D:VOL=UOL-C4

HZ 1765 NEHT I:GOTO '70
QR 1770 FOR I=Cl TO C5:FOR J=88 TO 50 5TE

P -C2:50UND Cl,228,12,VOL:SOUND C2,J,C
10,UOL:NEHT J:VOL=UOL-C3:NEHT I

UL 1775 GOTO '70
HN 1780 FOR DD=l TO 3:S0UND l,'6,10,10:FO

R J=l TO 6:NEHT J:FOR J=l TO 6:50UND 1
,O,O,O:NEHT J:NEHT DD

RT 17'0 SOUND l,81,10,10:50UND 2,53,10,8:
50UND O,64,10,8:FOR J=l TO 35:NEHT J:F
OR J=O TO 2:50UND J,O,O,O:NEHT J

AP 1800 RETURN
YL 1'00 OPEN U2 4,O,"K:":GET U2,CH
UJ 1'10 CH$=CHR!(CH):CL05E U2:FOR DD=20 T

o 30:50UND l,DD,12,10:NEHT DD:50UND 1,
O,O,O:RETURN

FM 1'50 FOR DD=l TO 58:50UND 0,100,12,10:
NEHT DD:50UND O,O,O,O:RETURN

LO 2900 REM CHOOSE CITY
TP 2010 P05ITION 14,13:? "tli1:[Il1Ja1_.+Ii'J"
HW 2015 P05ITION 2,15:? "1. DALLAS 2. NE

W YORK 3. L05 ANGELES"
BQ 2020 G05UB l'OO:IF (CH${"l") OR (CH$)"

3") THEN G05UB l'50:GOTO 2020
RC 2030 CHOICE=ASC(CH$)-48:0N CHOICE GOTO

2040,2050,2060
YN 2940 WHERE=2480:GOTO 548
ZM 2950 WHERE=2580:GOTO 548
AC 2060 NHERE=2680:GOTO 548
HE 2200 REM EMERGENCY PHONE
GJ 2210 IF PHONE)O THEN 2215
JZ 2212 TIME=(PEEK(20)+PEEK(1')*256+PEEK(

18)*256*256)1'60
YR 2214 PHMIN=INT(CTIMEI'3600-INT(TIMEI'360

0»*60)+INT(ASC(TIME$(4,4»-48)*10+INT
(ASC(TIME$(C5,C5»-48)*1

TL 2215 PHONE=l:POSITION 7,22:? A$(14,42)
OW 2220 FOR JJJ=l TO 3
BU 2230 FOR DD=O TO 15:FOR K=l TO 3:S0UND

2,22+K,10,DD:SOUND l,50-K.19,15-DD:NE
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When Leonard Tramiel, Atari vice
president of Research and Development,
was asked at the San Jose Atarifest in 1986
if he had any plans to rework the de­
velopers documentation for the Atari ST,
his response was a cold, "Yes." And noth­
ing else. Since then, nothing has been
done to clean up the poor and sloppy
documentation that is sold at $350 as the
official Atari ST developers kit.

The developers kit includes six dis­
kettes with Digital Research's develop­
ment software for the 68000 (Atari ST's

Abacus
P.O. Box 7211
Grand Rapids, MI 49510
(616) 241·5510

Michtron
576 S. Telegraph
Pontiac, MI 48053
(313) 334·5700

Atarifest, DC
The Washington, nc., area Atari user

group is going to be holding its fourth
Atarifest on October 1st and 2nd, 1988.
The Atarifest will again showcase both ST
and 8·bit software and hardware products.
This show is unique in that it brings
together several Atari groups from neigh­
boring states. For more information, con­
tact DG. Elmore, 506 . York Road,
Sterling, VA 22170.

Game Boxes
You've just bought a new game for your

ST You rush home, tear off the plastic
wrap, shove the disk into your ST's drive
and begin playing. That's probably the
last time you will see the box and manual.

Have you ever taken the time to read
the box?

Take for example this newly released
piece of software from a popular games
manufacturer:

"All is well in Hyturian until the pirate
planet, Nono, stealthily slips through the
outer fringes of your screen and begins
raiding solar shipping, lasering outposts
and generally misbehaving:'

Sometimes the thought of the game
designers sitting around throwing darts
at a board covered with words, such as
Nono, comes to mind. Let's hope they ha­
ven't forgotten words like Shoporia (the
planet of the malls), Diskiedroops (those
horrible creatures that store information)
and Niknik (well, I won't go into that one).

Companies mentioned:
Glentop Publishers Ltd.
Standfast House
Bath Place
High Street
Barnet, Herts EN5 5XE
01·441·4130

into one large manual that includes a
complete table of contents and index.
The Guide is being marketed through
Michtron in the U.S. and Canada. It has
a suggested list price of only $19.95. We
highly recommend the Guide as a substi­
tute for the Atari developers kit (which by
the way still hasn't been revised in the
three years since the ST was released.)

/

. I

,,",

brain). Most of the software comes from
DRI's original version of GEM for the
IBM PC, so you will commonly find refer·
ences to hardware items not found in the
ST world. The documentation is pretty
much just a photocopy of the original
documentation for the IBM Pc. There are
addendurns describing special operating­
system programs on the ST that are avail­
able to developers; however, everything is
scattered over the 500 + pages of
documentation.

Other computer manufacturers (Apple
and Commodore) have written very com­
plete documentation of their operating

~~~~~~~~~systems and licensed the manuals to large
~, ' publishing companies such as Os-

borne/McGraw·Hill, Addison·Wesley and
Bantam. These large book-publishing
companies have terrific distribution to
bookstores that carry technical books. At
the local mall, you can find the complete
listing of the Amiga operating system for
just $19.95.

Atari has never been known for its
manual writing abilities, so many outside
authors have written developer guide
books and reference manuals for the ST
One of the best appears to be The Concise
Atari ST 68000 Programmers Reference Guide
by Katherine Peel. The guide is unique
to the ST market because of its complete
and thorough description of the Atari ST,
inside and out. The table of contents in·
cludes chapters on Monitor Output,
Printer Interfacing, Floppy Disk I/O, DMA
port access, Intelligent Keyboard I/O,
Yamaha programmable sound-generator
programming, TOS overview,
BIOS/BDOS, GEM AESNDI, System In­
itialiu"1tion, etc. All of the topics covered
are necessary for development of appli­
cations and utilities for the ST

Much of the Guidis information can
also be found in other documentation
from Atari and From the ST book series
written by Databecker of West Germany,
published by Abacus here in the U.S.
However, the Guide pulls it all together

Developers Bible
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by Andy A. Lee

f you have $10 million at home,

where do you think is a safer

place for it? The heavy-duty

safe in your study or the center of your drive­

way, where everyone can see it?
The safe, of course, is the better

placeThe programs on your disks are like
money on your driveway. You know most
people who come by and see the money
would take it if you're not around. This
applies to your programs too! If you leave
your disks lying around, sooner or later
your programs will be copied without
your authorization.

WOTdlock is a binary program that will
stop all that. Using a password of up to

The programs on your

disks are like money on

your driveway. You

know most people who

come by and see the

money would take it if

you're not around.
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Wordlock
14 characters, it assures you that no one
else will have access to your programs.

How does it do that?
First of all, let's take a look at the pro·

grams on your disks. Atari programs are
made up of sequences of bytes, or num·
bers between 0 and 255. When you're sav·
ing a program, the computer puts the
program directly from memory to the
disk. So when you're loading it, the com·

The user will be asked

to enter apassword

whenever the computer

is going to save or load

aprogram. You can

enter up to 14

characters as your

password.
puter just copies the sequences of bytes
back to memory.

Let's playa game: Assume we have a
number, 2534, and we want to remember
this number by writing it down on paper.
But we don't want to let others know what
this number is. So we add one to every
digit of 2534. After we do that, we will
have a new number, 3645. We can now
write that down on a piece of paper and
nobody will guess the number is actually
2534. When we come back tomorrow to
read the number, all we have to do is sub­
tract one from every digit of 3645 to get
the original number, 2534.

So much for fun-let's get back to our
computer. We know the programs are

made up of sequences of bytes, or num­
bers between 0 and 255, in the memory
of our computer. The computer saves the
programs to disk exactly as they are in
memory. And the computer loads it back
to memory exactly as they are on disk. If
we add one to every byte as it goes to the
disk, we will have a sort of code.

If we want to restore the program, we
should subtract one from every byte, and
then put the result of the subtraction in
memory. If we don't subtract one (copy
the bytes exactly as they are on disk), the
program will not be restored, because eve­
ry byte will be off by one. See how it
works?

Similar techniques are used in WordWek,
though they are much more complicated
than just subtraction or addition. Every
character of your password or passphrase
is used in the coding process. So if you
misspell the word by one letter or leave
a letter out, you will not be able to load
the program.

Type in Listing 1 using the MIL Editor,
and name the resultant file AUID·
RUN.SYS.
. To use Wordloek, you need to load the
binary program as soon as possible after
the boot process. This means if you are
using a DOS that recognizes AUID­
RUN.SYS, you should name Wordloek AU­
TORUN.SYS so it will be loaded right
after DOS. Such DOSs include DOS 2,
DOS 2.5, DOS 3, SpartaDOS 23C.b, etc. If
you are using a DOS that gives you con­
trol after the system is booted, please refer
to your user's manual. It should tell you
how to load a binary file. For example,
OSIA + and SPARTADOS 1.1 give you a
"Dl:" prompt after the boot process.
You'll only need to type in "WORD­
LOCK" and press RETURN if you name
the Wordloelt file WORDLOCK.COM.

Once WOTClloek is loaded, it will be
present until you turn the computer off.
The reset key does nothing to it.

Password entering
The user will be asked to enter a pass­

word whenever the computer is going to
save or load a program. You can enter up
to 14 characters as your password. Care­
fully check your password before you
press RETURN. If the program you're
loading 01- saving doesn't need a pass­
word, all you have to do when it asks for
the password is press RETURN. This tells

Wordloell to save or load the program as
it is in memory or on disk. You need to
do this to load old programs. Here's how
to assign a password to your old
programs:

1. Load the program.
2. When Wordloek asks for the pass­

word, press RETURN.
3. Save the program.
4. Wordloek will ask for a password.

Enter your password for this
program.

5. Remember the passwouJ!

Last word
Since it's impossible to restore your

programs if you don't have the password,

Since it's impossible to

restore your programs

if you don't have the

password, use only one

or two passwords on all

your programs-or

write your passwords

down someplace.
use only one or two passwords on all your
programs-or write your passwords down
some place. It's also a good idea to use at
least four characters in your password.

Listing 2 is the assembly source code
for Wordloek, written using MAC/65. W01-d­
lock locates itself at MEMLO, the first avail­
able memory in RAM for users, so it
should work with all DOSs and all 8-bit
Atari languages.

Andy Lee is 18 years old and attends Concord
High School in Elkhart, Indiana. He moved
to the U.S. from Taiwan in the summer of '82.
He has been programming A tan computersfor
over two years, and also runs a BBS called
Green Alley Bulletin Board System.
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LISTING 1: MIL EDITOR DATA

1900 DATA 255,255,8,64,78,66,32,255,25
5,162,8,168,8,142,231,2,63~1

1818 DATA 148,232,2,162,8,168,8,134,12
,132,13,16~,87,141.253,3,4847

1828 DATA ~6,142,255,3,32,255,255,8,1~

2,1,248,2,48,~6,136,174,6886
1838 DATA 255,3,152,157,14,4,18',74,3,
201,4,248,4,281,8,288,565~

1048 DATA 85,16~;11,141,254,3,172,254,
3,185,254,64,32,235,64,286,~~85

1850 DATA 254,3,208,242,32,246,64,168,
14,217,~,65,248,246,136,288,1373
1068 DATA 248,281,126,288,13;172,254,3
,248,234,32,235,64,286,254,3,1865
1879 DATA>16,226,281,155,248,24,168,17
3,254,3,281,14i240,214,13,255,1751
1880 DATA 3,178,152i157,8,4,32,235,64,
238,254,3,16,1~8,32,235,7641
19'0 DATA 64,172;254,3,288,8,152,174,2
55,3,157,8,4,288,174,255,'418
1108 DATA 3,152,157,15,4,168,1,174,255
,3,48,'6,142,255,3,32,4287
1118 DATA 255,255,8,148,254,3,174,255,
3,32,1'3,64,172,254,3,48,6728
1128 DATA ~6,32,1~3,64,76,255,255,72,1
42,255,3,18~,14,4,13,255,7828

1138 DATA 3,168,254,14,4,18~,14,4,221,

15,4,288,5,16~,8,157,31~3
1148 DATA 14;4,184,248,8,217,8,4,248,3
,8',8,4,174,255,3,3338
1158 DATA '6,168,173,7,228,72,173,6,22
8,72,152,'6,173,37,228,72,78'5
1160 DATA 173,36,228,72,~6,32,58,32,18

0,114,111,11',115,115,'7,88,4249
1178 DATA 27,28,2',38,31,125,127,156,1
57,158,15',253,254,255,166,212,5834
1188 DATA 164,213,142,48,66,148,58,66,
174,42,3,172,43,3,134,212,4522
11'8 DATA 132,213,173,253,3,281,87,288
,3,76,47,66,166,12,164,13,3863
1298 DATA 142,1,64,148,2,64,174,231,2,
172,232,2,134,12,132,13,3'68
1218 DATA 142;14,64,148,16,64,24,173,2
31,2,195,24,141,4,64,173,3387 >
1228 DATA 232,2.195.1,141,6,64,168,8,2
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4,177,212,185,1,141,31,2'65
1238 DATA 64,288,177,212,185,8,141,32,
64,168,4,24,177,212,185.1.428'
1249 DATA 141,178,64,288,177,212,185,8
,141,171,64,288,24,177,212,185,~338
1258 DATA 1,141,1~1,64,288,177,212,185

,9,141,1~2,64,168,8,24,16,,6182

1268 DATA 26,18~,231,2,145,212,288,16~

,8,10~,232,2,145,212,168,4,7~37
1270 DATA 24,16~,165,18~,231,2,145,212>

,288,16~,8,18,,232,2,145,212,'858

1288 DATA 288,24,16',186,18',231,2,145
,212,288,16',8,18',232,2,145,8666
12'8 DATA 212,162,17,18',61,66,133,213
,282,18',61,66,133,212,168,1,8253
1308 DATA 56,177,212,233,8;145,212,288
,177,212,233,64;145,212,136,24,1553
1318 DATA 177,212,18~,231,2,145,212,28

8,177,212,18',232,2,145,212,282,32'8
1328 DATA 16,28',174,231,2,172,232,2,1
34,212,132,213,168,8,185,8,8871
1338 DATA 64,145,212,288,288,248,238,2
13,168,23,185,8,65,145,212,136,8'8
1348 DATA 1'2,255,288,246,24,173,231,2
,185,24,141,231,2,173,232,2,7'8~
1358 DATA 185,1,141,232,2,162,8,168,8,
134,212,132,213,16~,87,141,'822
1368 DATA 253,3,~6,78,64,189,64,128,64

,136,64,78,64,67,64,83,2213
1378 DATA 64,17~,64,187,64,226,2,227,2

,24,65,8,8,8,8,8,7211

LISTING 2: ASSEMBLY

1& .OPT NO LIST
28 ••••••••••••••••••••••••••
38 * *
48 * WORD-LOCK *
58 * *
51 * April, 1~86 *
52 * *
68 * b~ And~ A. L.. *
78 * *88 ••••••••••••••••••••••••••
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;
; Res1: :In i 1: •••

BAD:IN-l,V ; COMpare wi1:h
:INLOOP unusable

inpu1: 1:able.

A =character
location of
PR:INT routine
in OS

restore A
goto routine

Load the byte.
ZERO? bypass!=CODE BYTE?
Bypass
Coding •••
All done
B!lIe-bye!

set to zero

Ge1: a by1:e
Save s1:a1:us
Save Y reg.

Decode b!ll1:e
Res1:ore Y reg.
Reload s1:a1:us
Done!

No error flag

Dele1:e le1:1:er= :INDEX - 1
Nex1: key
RETURN key?
:If so, S1:op
Y reg. = A
Too Many?

All done.

Code 1:he by1:e
OU1:pu1: 1:0 disk

; Save channel U
; calcula1:e 1:he
; b!llte to EOR
; with •••
; Reset counter
; Set back 1:0
; zero?

; Ves!!!
; S1:ore

; Prin1: i1: 1:00.; =:INDEX + 1
; Nex1: ke!ll

Prin1: 1:he <CR}
PASSWORD?
Yes, go on •••

V reg. = 0
Clean password

Leng1:h = 1
Save leng1:h

;
; Pu1: vec1:or· ----------,
;
PUT
C2 JSR CODE
DPUT JMP $ffff
CODE PHA

STX CHN16
LDA CNTR,X
ORA CHN16
YAY
:INC CNTR,X
LDA CNTR,X
CMP LENS,X
BNE NOTNOW
LDA U$88
STA CNTR,X

NOTNOW PLA
BEQ EX:IT
CMP PASS,Y
BEQ EX:IT
EOR PASS,Y

EX:IT LDX CHN16
RTS

52 JSR SCREEN
DEC INDEX
BPL INLOOP

CH2 CMP URETURN
BEQ STOP:IN
TAY
LDA INDEX
CMP UMAX:IN
BEQ :INLOOP
ORA CHN16
TAX
TYA
STA PASS,X

53 JSR SCREEN
INC :INDEX
BPL INLOOP

STOPIN
54 JSR SCREEN

LDY INDEX
BNE SULEN

NOPASSWORD
TVA
LDX CHN16
STA PASS,X
INY

SULEN LDX CHN16
TVA
STA LENS,X
LDY UOK
LDX CHN16
PLP
RTS

;
; Screen - print a character
; on screen.·,SCREEN

TAY
LDA $E407
PHA
LDA SE486
PHA
TYA
RTS

;
; Ge1: vec1:or
; ----------;
GET STX CHN16
DGET JSR $ffff

PHP
STV INDEX
LDX CHN16

Cl JSR CODE
LDY INDEX
PLP
RTS

·; Input - input a keystroke
;
:INPUT

0'50
n68
n70
0'80
0"8
1908
1919
1928
1~39

1940
1958
1868
1070
1980
In8
1100
1118
1128
1130
1148
1150
1160
1178
1188
11'8
1280
1219
1228
1239
1240
1258
1260
1270
1288
lUO
1300
1319
1328
1339
1348
1358
1360
1370
1380
Ino
1400
1419
1420
1438
1440
1450
1460
1478
1480
14'0
1500
1510
1528
1530
1540
1558
1560
1570
1580
15n
1608
1619
1628
1638
1640
1650
1660
1670
1680
Ino
1708
1719
1728
1730
1740
1750
1760
1770
1780
17'0
1800

A keys1:rOke

11 charac1:ers

Load index
A chara1:er
Prin1: i1:
Nex1: charac1:er
Done?

Dele1:e backs?
:If n01: •••
Check index
No inpu1: ye1:!

; Open 1:he fi Ie
; Save s1:a1:us
; Process okay?
; OK! Our 1:urn!
; Error code
; Re1:urn

INDEX
MSG-l,Y
SCREEN
INDEX
PRLOOP

·,; Open vec1:or· -----------,·,OPEN STX CHN16
DOPN JSR $ffff

PHP
CPY UOK
BEQ OURJOB
PLP
RTS

· ------------,
;
TODOS JSR Sffff
MLLSB LDX U$80
MLMSB LDY US80

5TH MEMLO
STY MEMLO+l

TDLSB LDX U$OO
TDMSB LDY U$08

5TH DOS:IN:I
STY DOS:IN:I+l
LDA U'W
SYA $83fD
RTS

;
; Our works
; ---------·,OUR JOB DEY

LDX CHN16
TYA . rese1: coun1:er
STA CNTR,X 1:0 zero
LDA :ICAX1,X :Is 1:his •••
CMP UREAD read a file?
BEQ CONT Con1:inue if so
CMP UWR:ITE , wri1:e a file?
BNE NOPASSWORD ; nopassword

if i1: isn'1: read or wri1:e •••;·; PRINT "Password : ..· ------------------------,·,CONT LDA Ull
STA INDEX

PRLOOP
LDY

Ml LDA
51 JSR

DEC
BNE

INDEX = $OJFE
CHN16 = $83ff
BADS = $OE
MAX:IN = SOE
DELETE = $7E
RETURN = $'B
DOS:IN:I = SOC
:ICAXl =S034A
MEMLO =$02E7
READ = $04
WR:ITE =$08
OK = $01
PASS = $0400
CNTR = PASS+14
LENS = PASS+15*= $4000

·,; :Inpu1: 1:he password.
; -------------------
;
:INLOOP
:Il JSR :INPUT

LDY UBADS
CHLOOP
Bl CMP

BEQ
DEY
BNE CHLOOP
CMP UDELETE
BNE CH2
LDY :INDEX
BEQ :INLOOP

'8 ;
0108
0118
0128
0138
0140
8150
8160
0178
0180
01'0
0200
0210
0220
0238
0248
0258
0268
0278
0280
02'0
0390
OUO
8320
ono
OUO
8350
8360
8378
8388
o;no
8400
8410
8428
0439
0440
8458
8468
8478
8488
8U8
8588
8518
8528
8538
8548
8558
8568
0578
8588
85'8
8688
8618
8620
0630
0640
8650
8660
8678
8688
86'8
8788
8718
8728
8730
8740
0758
8768
8770
8788
87'0
8800
8810
8828
8830
8848
8858
8860
8870
9889
98'0
0'00
8UO
one
0'30
8'40
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;
; Following characters are not
; usable for password.
;
BADIN

.BYTE 27,28,2',38,31,125,127

.BYTE 156,157,158,15',253

.BYTE 25(,255

;
; We will see if WORDLOCK is
; alread~ installed.,
CHECK

LDA $83FD
CHP I*'W
BNE COPY
JHP EXITINIT

.BYTE " : drowssaP"

;
; Install WORDLOCK
; ----------------.
fUT LDX $D4

LOY $D5
5TX X+l
5TY Y+l
LDX $832A
LDY $832B
5TX $D4
5TY $D5

LDA 1* (OPEN-$4881 vector
AOC HEHLO
5TA ($04),Y
IHY
LOA 1* )OPEN-$4881
AOC HEHLO+l
5TA ($D4),Y
LOY 1*4 ; Insert M~ GET
CLC ; vector
LDA 1* (GET-$4881
ADC HEHLO
5TA ($D4),Y
INY
LDA 1* )GET-$(881
ADC HEHLO+l
5TA ($D4),Y
IHY ; Insert M~ PUT
CLC ; vector
LOA 1* (PUT-$4881
ADC HEHLO
5TA ($D4), Y
!NY
LOA 1* )PUT-$4881
ADC HEHLO+l
5TA ($04), Y
LDX 1117

CAL LDA HOUETHE5E,X
5TA $D5
DEX
LOA HOUETHE5E,X
5TA $D4
LDY 111
5EC
LOA ($D4),Y
5BC II ($4888
5TA ($D4),Y
INY
LOA ($D4),Y
5BC 1* )$4888
5TA ($D4),Y
DEY
CLC
LOA ($D4),Y
ADC HEHLO
5TA ($D4),Y
INY
LDA ($D4),Y
ADC HEHLO+l
5TA ($D4),Y
DEX
BPL CAL
LOX HEHLO
LOY HEHLO+l
5TX $D4
5TY $05
LDY 118

HOUE LDA T0005,Y
5TA ($D4),Y
INY
BHE HOUE
INC $D5
LDY 1* (INIT-$4881

HOUE2 LDA T0005+$8188,Y
5TA ($D4),Y
DEY
CPY I*$FF
BHE HOUE2
CLC ; calculate new

~g~ ~~~~IT_i4:~:LO
5TA HEHLO
LDA HEHLO+l
ADC 1* )INIT-$4888
5TA HEHLO+l

EXITINIT
X LOX 11$88
Y LOY 11$88

5TX $D4
5TY $D5
LDA I*'W
5TA $83FD
RT5

HOUETHE5E .WORD 51,52,53,5(
.WORD Il,Hl,Bl,Cl,C2*= $82E2
.WORD INIT

2678
2688
26'0
2780
2718
2728
2738
2748
2758
2768
2778
2788
27'8
2888
2818
2828
2838
2840
2858
2868
2878
2888
2n8
U88
2U8
U28
U38
U48
U58
U68
2'78
U88
2"8
3888
3818
3828
3838
38(8
3858
3868
3878
3888
31'8
3188
3118
3128
3138
3U8
3158
3168
3178
3188
31'8
3288
3218
3228
3238
3248
3258
3278
3271
3272
3273
327(
3275
3276
3277
3288
3U8
3388
3318
3328
3338
3348
3358
3368
3378
3388
3n8
3488
3418
3428
3438
34(8
3458
3468

new

Now the GET
vetor too •••

Last, PUT
vector •••

Insert MY OPEN

First, cop~

OPEN vector
so we can use
i"t I ••

location of
INPUT routine
in 05

goto routine

Get address
of "D" vectors
table

($04), Y
1*$88
OPUT+2
1*8

($04), Y
1*$88
DOPH+2
1*4

LDA $E(25
PHA
LOA $E4U
PHA
RT5

H5G

;
; We now install WOROLOCK
;
COPY

LDX D05INI
LDY D05INI+l
5TX TOD05+1
5TY TOD05+2
LDX HEHLO
LDY HEHLO+l
5TX D05IHI
5TY D05INI+l
5TX TOL5B+l
5TY TDH5B+1
CLC ; calculate

~g~ :E~~~IT_i4:~:LO
5TA HLL5B+l
LDA HEHLO+1
AOC 1* )INIT-$4888
5TA HLH5B+1
LDY 1*8
CLC
LOA ($D(),Y
AOC 1*$81
5TA DOPH+l
INY
LDA
AOC
5TA
LDY
CLC
LOA ($D4),Y
ADC 1*$81
5TA DGET+l
IHY
LDA ($D(),Y
ADC 1*$88
5TA DGET+2
INY
CLC
LDA ($D4),Y
ADC 1*$81
5TA DPUT+1
INY
LDA
ADC
5TA
LDY
CLC

1819
1828
1838
18(8
1858
1868
1878
1888
ll:Sn
1'08
1'18
1'28
1'38
1'(8
1'58
1'68
1'78
1'88
1"8
2888
2819
2828
2838
28(8
2058
2860
2078
2888
28'8
2198
2118
2128
2138
2U8
2158
2168
2178
2188
21'8
2288
2218
2228
2238
2U8
2258
2268
2270
2288
un
2388
2318
2328
2338
2U8
2358
2368
2378
2388
23'8
2(88
2U8
2(28
2U8
2U8
2(58
2(68
2(78
2(88
U'8
2580
2518
2528
2538
25(0
2558
2568
2578
2588
25'8
2680
2618
2628
2638
2648
2658
2668
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by Justin E. Wilder

O
ften, while a program is running

in our computer, it would be han­

dy if we could print the wording

or data on the screen. Many programs pro­

vide a way to print certain information, but

we might want to print some other text which

appears on the screen. There are utilities that

allow printing from the screen to a printer,

but to access them we must stop execution

of any program which may be running to give

a command such as an immediate USR state­

ment. What we need is the ability to print any

text which is displayed, and still continue oper­

ation of the program. The PrintScreen utility

allows this to be done with a single keystroke.
the PRI TSCNOBj code to the end of it
using the COPY with append option of
DOS. Be sure to have another copy of
your program on disk before trying this
in case it does not work properly.

The BASIC program shown in Listing
1 can also be used to install directly into
memory. It's installed as a machine·
language function in Page 6 of RAM and
initialized before the BASIC program is
automatically deleted. In this way, you can
use this utility whether you have a disk
drive or not.

Once PrintScreen in installed in
memory, you can load and run another
program. At any time you want a print·
out of the screen, you can make it by hold·
ing the control key and pushing the "?"
key. It will work properly only with a
Graphics 0 display and if the program

The BASIC program in the accompany·
ing listing can be entered and used in
either of two ways to set up PrintScreen.
(Be sure you save the program to disk or
tape before running it, because one ofthe
options clears the program from memory
when it is finished.) If you use a disk drive,
you may choose to have a binary
(machine language) file set up on a disk.
This file should have the name
PRINTSCNOBj and will be loaded into
memory with the binary load option of
DOS before you run another program.
You could also change the name of
the PRINTSCN.OBj file to AUTO·
RUN.SYS (if you do not already have an
AUIDRUN.SYS file on that disk), and it
will be installed in memory when you
boot the computer. !fyou already have an
AUIDRUN.SYS file, you can probably add
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Be sure you save the

program to disk or tape

before running it,

because one of the

options clears the

program from

memory when it

is finished.

does not use Page 6 of memory. Also, if
the reset key is pushed, the initialization
is lost. From BASIC, you can reinitialize
this utility by entering the immediate
mode command, which is X=USR(1591).

PrintScreen can be used with any Atari
400,800, XL or XE computer. It requires
any Atari-compatible printer to be
properly connected for the printout. In­
verse video characters are printed as regu­
lar characters and control or graphics
characters are represented by a period to
avoid conflicts with printer features. Once
installed in memory or in a disk file, it
does not require BASIC and can be used
with machine-language programs as well
as BASIC programs.

What makes it work?
PrintScreen uses the keyboard inter­

rupt vector to get temporary control of
the computer when CTRL-? is pushed. It
uses memory locations 205, 206 and 207
in addition to the last 201 bytes of Page
6 in RAM. Referring to the assembly lan­
guage listing, the first part is the initiali­
zation section which puts the address of
the main routine into the keyboard inter­
rupt vector. The previous contents of this
vector are placed in ajump OMP) instruc­
tion to send operation to the keyboard
handler if a key other than CTRL-? is
pushed. If any I/O operation to a device
other than the screen or keyboard is in
progress, the CTRL-? key is ignored.

Before the microprocessor registers X
and Yare used, their contents are saved
on the hardware stack, so that they can
be restored to their previous values before
operation is returned to the program
which was running when CTRL-? was
pushed. The contents of the processor sta­
tus register and acumulator are already
on the stack. The interrupt mask has also
been set, and since the input/output (I/O)
operation to the printer involves inter­
rupts, the mask must be cleared with a
CLI instruction. '

Now, here's the tricky part. The Atari
system provides eight I/O Control Blocks,
so that up to eight I/O operations can be
done at once, right? Wrong! Up to eight
files or devices can be open for I/O, but
during an actual I/O operation the con­
tents of the associated I/O Control Block
are transferred to one block in Page 0
RAM from where control of the opera­
tion is maintained. The Atari is thus
designed to carry out only one I/O oper­
ation at a time. The usual time when a
printout of the screen would be request­
ed is when a program is waiting for in­
put from the keyboard. This means that
it is in the middle of an I/O to the screen

editor. If the screen printing changes the
values in the zero page I/O Control Block,
they will not be right when the program
resumes and the computer will run out
of control (lock up). Therefore the con­
tents of the zero page block are saved on
the stack before printing the screen, and
are restored to their previous values af
terward.

The printing operation is carried out
in the normal way through the Central
I/O routines in ROM. A control block is
first opened for output to the printer. The
characters in screen memory' are then
converted to ASCII values and sent to the
printer, one line at a time and finally the
block is closed. I/O Control Block seven
was chosen, because its other uses are in
similar open, do and close operations

If the screen printing

changes the values in

the zero page 1/0

Control Block, they will

not be right when the

program resumes, and

the computer will run

out of control.
and are not likely to cause any conflict.
When the values which had been saved
on the stack are returned to their proper
places, control is passed back to the origi­
nal program by a Return from Interrupt
(RTI) instruction to contin ue as though
nothing had happened.

Justin E. Wilder, a 1953 graduate of the
University ofMichigan, is a senior project en­
gineer forJohnson Controls, Inc. He purchased
his A tari 800 in 1980, and his Ultimate
Renumber Utility was in the Atari Program
Exchange. He is a member of the Indiana­
Michigan Atari Group Exchange (IMAGE)
useTS' group. ~
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LISTING 2: ASSEMBLY

LISTING 1: BASIC

KL 10 REM PRINTSCREEN --J.E. Wilder
WQ 11 REM COPYRIGHT 1'88
KU 12 REM BY ANALOG COMPUTING
DI 29 REM To print GR.9 screen push CTRL­

?
HD 39 DIM AN$ U) : PRINT "Set up PRINTSCREE

N in:"
ZIC 49 PRINT "U]ISK FILE or [EMORV";:INPUT

AN$:IF AN$="M" THEN 89
WA 59 IF AN$()"D" THEN 49
NA 69 ? "CREATING BINARY FILE": OPEN au,8,

O,"D:PRINTSCN.OBJ"
DL 79 FOR K=l TO 213:READ A:PRINT Ul;CHR$

(A);:NEKT H:END
CO 89 PRINT "INSTALLING PRINTSCREEN IN PA

GE 5IH OF MEMORY. TO USE PUSH CTRL-?"
ZA '9 RE5TORE 119:FOR H=15'1 TO 17'1:READ

A:POKE H,A:NEHT H:H=USR(15'1):NEW
LD 199 DATA 255,255,55,6,255,6
VY 119 DATA 194,173,8,2,141,'7,6,173,',2
KA 129 DATA 141,'8,6,16',7',141,8,2,16',6
LA 139 DATA 141,',2,'6,173,',219,291,166,

298
QC 149 DATA 19,165,32,201,6,144,4,201,15,

144
NG 159 DATA 3,76,9,9,152,72,138,72,162,15
WI 169 DATA 181,32,72,292,16,259,13~,32,1

65,88
UL 179 DATA 133,296,165,8',133,297,16',24

,133,295
GT 189 DATA 88,162,112,16',3,157,66,3,16'

,253
LQ 1'9 DATA 157,68,3,16',3,157,6',3,16',8

9
HM 299 DATA 141,253,3,16',155,141,254,3,1

57,72
MD 219 DATA 3,16',8,157,74,3,32,86,228,16,
GT 229 DATA ',157,66,3,169,9,165,295,249,

37
UG 238 DATA 177,286,41,127,281,123,176,4,

281,'7
UF 249 DATA 176,8,195,32,291,'6,144,2,16'

,46
JY 259 DATA 153,253,3,152,299,1'2,49,144,

227,191
PK 269 DATA 296,133,296,144,2,239,207,16'

,155,153
ZC 279 DATA 253,3,32,86,228,48,4,1'8,295,

16
FU 289 DATA 1",16',12,157,66,3,32,86,228

,162
MH 2'9 DATA 9,1'8,295,134,295,16,149,194,

14',32
5C 399 DATA 232,224,16,144,248,194,179,19

4,168,194
ER 319 DATA 64,226,2,227,2,56,6

P: or C:

Clr printer

Close
COMd
CIOU

Line

Screen pnter +49

Line

CIOV Print line

>=a
To ASCII

LINE

Page 8 IOCB

Buf Len
Output
AUHl
CIOU Open
PUT REC
COMd

E:, S: or K:

P: Device
CASBUF
EOL

Line count

INITAD

No repeat CTRL-?
Screen MeM
Pointer

Page 9 IOCB

CMP U15
BCC PRINT

EHIT JMP $99
PRINT TYA

PHA
THA
PHA
LDH U15

SAVE LDA 32,K
PHA
DEH
BPL SAVE
STH 32
LDA 88
STA 296
LDA n
STA 297
LDA U24
STA 295
CLI

OPEN LDH U$79 IOCB 7
LDA U3 Open
STA 834,K COMd
LDA U1921&255 CASBUF
STA 836,K Buf Adr
LDA U19211256
STA 837,K
LDA U88
STA 1921
LDA U155
5TA 1822
5TA 848,K
LDA U8
5TA 842,K
J5R $E456
LDA U9
5TA 834,K

NEKT LDY U9
LDA 295
BEQ EOL

LOOP LDA (296),'1' 5creen Char
AND U127 No inverse
CMP U123
BC5 5HIFT>Z
CMP U'7
BCS KEEP

SHIFT ADC un
CMP U'6
BCC KEEP<=_
LDA U46 Dot-Unprintable

KEEP STA 1021,'1' CASBUF
TVA
INY
CPY U49
BCC LOOP
ADC 296
STA 296
BCC *+4
INC 207

EOL LDA U155
5TA 1921,'1'
J5R $E456
BMI ERROR
DEC 295
BPL NEHT

ERROR LDA U12
5TA 834,H
JSR $E456
LDK U9
DEC 205
snc 295
BPL OPEN

REFIL PLA
STA 32,K
INK
CPK U16
BCC REFIL
PLA
TAK
PLA
TAY
PLA
RTI
*= $92E2
.WORD INIT
.END

0200
0219
0220
9239
0240
9250
0260
0279
0289
92'0
9309
9319
9320
9339
9349
9359
9369
9379
9389
9n9
9400
9419
9429
9439
9449
9459
9469
9479
9489
9"'8
9599
9519
0529
9530
0540
9559
9560
9570
8580
85'9
0600
0610
8628
8639
0648
0658
0668
0679
0680
06'0
9790
8719
9720
8730
8748
8759
0768
9779
9780
07'8
0880
8810
8820
0839
8848
8858
8860
8870
0888
98'8
n08
8'18
n20
9'39
nola
0~58

0'69
9'78
9'88
0"9
1000
1010
1028
1039
1049
1059

CTRL-?

VKEYBD

Device in use

$9298
EHIT+l
$02n
EHIT+2
UINTRPT&255
$0208 VKEYBD
UINTRPT/256
$029'

;PRINT5CREEN --J.E. Wilder
;COPYRIGHT 1'88
;BY ANALOG COMPUTING
;Prints Gr. 9 screen With

*= $9637
PLA

INIT LDA
5TA
LDA
5TA
LDA
5TA
LDA
5TA
RTS

INTRPT LDA 5376' KBCODE
CMP U$A6 CTRL-?
BNE EHIT
LDA 32
CMP U6
BCC EHIT

19
1'.>
16
29
38
40
59
60
70
88
'09109
9119
9129
9139
9149
81.58
9160
0179
0180
9UO
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spreadsheet so easy to use that

you don't need this article! Well,

almost. But seriou~ly, BCAlC has

many features that make it easy to use, the

I<ind of ease of use you enjoyed with

Atariwriter.
Typing it in

Listing] contains the BASIC data state·
ments used to create the BCALe file on
your disk. Please refer to the MIL Editor
found elsewhere in this issue for instruc·
tions in keying in BCALe.

Once the BCALC file has been created,
simply binary load it from DOS. Refer to
your DOS manual on how to do this if
you are not sure. Please remove the car·
tridge from your 800 computer or turn
BASIC off on your XLIXE computer by
holding the option key down when boot·
ing up. When the program loads there
will be a credit line at the top of the
screen. Press any key to begin.

General information
BCALC (hereafter referred to as BC) is

a spreadsheet using about 8K of memory.
This leaves around 24K for data. BC has
many of the features you would find in
a commercial spreadsheet. The BC sheet
is 64 columns wide (lettered AA-CL) and
has 64 rows (numbered 01·64). The inter·
section of each column and row is called
a cells. So if my arithmetic is still correct
that means there are 64 x 64 or 4096 cell.
Each cell has an overhead of at least four
bytes plus whatever data is entered.

There are three kinds of information
you can store in a cell. The type of data
entered is displayed on the right side of

the top screen line.

1. Text Data: This is anything that does
not begin with a number 0·9 or the" ="
or" -" sign. It's possible to put numbers
in as text (see below).

2. Numeric data: a number that begins
with 0·9, "-" or" ." umbers can be en·
tered in scientific notation. For example,
3.45E-45. BC only accepts that part of in·
put which is a valid number. For exam·
pIe, if you type: "- .234fgh" BC takes the
"- .234" and ignores the rest. You may
not type in commas. To display commas

(continued on second page following)
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BOOT UP
TO BIG SAVINGS!

. . . . . .

1 YEAR FOR ONLY $28
SAVE $14 OFF THE COVER PRICE

1 YEAR WITH DISK ONLY $1 05

NAME

MONEY BACK ON ALL UNUSED PORTIONS OF SUBSCRIPTIONS IF NOT SATISFIED.

...............................................................................

DCHYY

MCHYY

ZIPSTATE

SIGNATURE

WATCH FOR IT!

EXPIRATION DATE

ADDRESS

o 1 YEAR @ $28 - SAVE $14 1

FOREIGN - ADD $7 PER YEAR

o 1 YEAR WITH DISK @ $105

FOREIGN - ADD $15 PER YEAR

o PAYMENT ENCLOSED 0 BILL ME

CHARGE MY: 0 VISA 0 MC # _

CITY

MAKE CHECK PAYABLE TO L.F.P., INC., P.O. Box 16927, N. Hollywood, CA 91615. OHer expires 10/26/88.•

Your first issue will arrive in 6 to 8 weeks. :

····. .
................................................................................

SAVE TIME AND MONEY
SUBSCRIBE TO ANALOG

SAVE $14 OFF THE

COVER PRICE WITH

THE CONVENIENCE

OF HAVING ANALOG

DELIVERED DIRECT­

LY TO YOUR DOOR

BEFORE IT EVEN HITS

THE NEWSSTANDS.

GET THE MOST OUT

OF YOUR COMPUTER.

SUBSCRIBE TO
ANALOG
TODAY
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use the formatting commands which are
discussed later.

3. Functions: An arithmetic or algebraic
expression starting with the" =" sign (in­
versed also works). You mean I have to
know algebra? Was my math teacher right
in that there is a use for algebra? Perish
the thought!

Entering functions is quite easy if one
follows the rules. The five operations of
1\ (exponentiation), * (multiplication),
/ (division), + (addition) and - (subtrac­
tion) are used. These are used as opera­
tors between numbers, cells or built-in
fu nctions. Be aware of the order of oper­
ations. My Dear Aunt Sally. Huh? This is
a mnemonic to remember the order of
operations: multiplications and divisions
are done first in order from left to right.
Next, additions and subtractions in ord­
er from left to right. Exponents and
parentheses are done first however. You
want an example? Sure thing.

= 3 + (2 + 7) 1\ 2 - 4*6)/6
The innermost parentheses are done first:
(2 + 7) becomes 9. The 9 is then squared
( 1\ 2) yielding 81. Next 4':'6 = 24 is done.
Then the difference 81 - 24 = 57 is cal·
culated. Dividing by 6 yields 9.5. Add to
3 equals 12.5. Remember that each num·
bel' above could be replaced by a celioI'

We have tried to crash

this program in every

way we can think of.

a built·in function. For example:
= @RND((1 +AB24112) 1\ 36) - BQ12

Always make sure that the cells used do
not have text data or an error wilJ result.

Since you might enter text data in low­
er case, BC also allows you to enter func­
tions in lower case; so you won't have to
toggle that CAPS key. Just type a'way!

Console keys
OPTION displays a status screen in the

text window. The current filename, num·
bel' of free bytes, recalculation status
(on/off) and recalculation mode
(row/column) are shown. Hit a key to exit.

SELECT puts you in the driver's seat.
Well, actually in command mode. The text
window will change color in this mode.
You may use upper· or lowercase letters
and even inverse video in commands.
Some commands require an argument
such as a cell reference (e.g., BG24) or a
number. Zeros are necessary in cell refer·
ences (e.g., CD02).

The commands are:
[DIR]ECIORY n displays up to 16 files

on the screen. If you do not type a drive
number "n;' Drive 1 is the default. Make
sure there is a space between "DIR" and
"n." That is also true for the other com·
mands. Press a key to read more file·
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names. If there are exactly 16 files read
in you will need to hit a key twice.

[WID]th ccrr sets the width of column
cc to width rr. The width rr must be great·
er than one but less than 32.

[SAV]E Dn:filespec is used to save the
sheet. You must type a complete filespec
including the "Dn:". Multiple drives are
supported as well as a RAMDisk. If you
attempt to save a sheet using the name of
a file that already exists, you are asked if
you wish to replace it. Merely hit the "Y"
or "N" key to make your choice.

[LOA]D Dn:filespec is used to load a
sheet that was saved. Seems reasonable.

[GGf]O ccrr is the fast way to go from
here to there or at least to cell ccrr. cc
must be in the range AA-CB and rr in the
range 01-47.

[SET] ccrr sets the column and row
references that are displayed at the bot­
tom of the text window. An example is
definitely called for. Ifwe type SET AA02
and the cursor is on DE12 we see that data
from cell AA12 and from DE02 displayed.

If I were doing my grades (after all, I
am a teacher), I might have student names
in column AA. But when I'm entering
data in cell AG12, column AA is nowhere
to be seen. However, if I use SET AA12
the student name from column AA row

A.N,A.L.O,G, COMPUTING I AUGUST 1988

12 appears on the last text window line.
Also shown is heading for column AG
row 02.

[LIS]T Dn:filespec lists the spreadsheet
to the disk so the information can be used
with a word processor like Atariwriter.
Use the cursor keys to define the block
of information you would like listed on
disk. If you define a bad block an error
results. The information listed will be in
exactly the same format as you see it on
the screen.

LISTed files cannot be reloaded into
the sheet. Doing so will probably cause
the computer to lockup, and you will Iike­
ly see a very unusual screen staring at you!
Use the SAVE command to store the sheet
on disk. Just in case you try to do some­
thing clever, like LIST to the same file­
name that was used to SAVE the sheet,
you're told if the file already exists. You
then may overwrite it if you wish. I'd
recommend using a .LST extension on
LISTED files.

START is used to abort input in either
input mode, edit mode or command
mode.

Special keys
These keys are used with the CON­

TROL key pressed simultaneously:

[-] (An-ow up) moves the cursor up one
row.

[=] (Arrow down) moves cursor down
one line.

[ + ] (Arrow left) moves one cell to the
left.

[*] (Arrow right) moves one cell to the
right.

The name of the current cell (e.g.,
AA01) occupied by the cursor is displayed
in the center of the top screen line. To the
right of it is a message showing the type
of data in the cell. This is good to know
since a number on the screen could be
a stored number or it could be the result
of a function.

These keys can be used in input mode
to terminate input and send the cursor
to the next cell. For example, if you are
on cell AA01 and you type
NAMES(CTRL - *), "NAMES" is entered
in cell AA01 and the cursor will move to
cell ABOl. RETURN keeps the cursor on
the current cell. In edit mode these keys
move you around the text window to give
you full-screen editing.

[H] takes the cursor to AAOl.
[D] deletes a block of cells. Follow the

prompts. Specifying an improper block
results in an error.

[C] copies a block of cells. See below.
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[M] moves a block of cells. See below.
[T] forces text mode. This allows you to

enter numbers, etc., as text. For example,
342-48-2333 as a number would result in
just 342 being entered. In forced text
mode it is entered as text.

[G] changes the global format of the
column the cursor is on.

[L,C,R] keys control Left, Center and
Right justification.

[D] toggles the "$" symbol.
[,] toggles commas on and off.
[0·9] chooses the number of places dis­

played to the right of the decimal point.
[ESCAPE] makes the choice final and

exits.
All new data entered in this column

will take on the new format. Formatting
information is stored with cell data when
it is entered. So data already there has its
own individual format. To change it use
CTRL·F

[F] formats an individual cell. Enter the
data normally. Press CTRL-F. The global
format information is displayed in the
text window. Make the changes you desire
as above in G. ESCAPE reformats the cell
and makes the changes on the scre~n.

[E] displays the current cell data in the
text window and allows you to edit the cell
much as you are used to doing in Atari

14

BASIC.
[P] prints the sheet. Follow the prompts

in defining a block to be printed. The in·
formation will be printed exactly as you
see it on the screen. So check your
column widths, etc. The printing is done
by rows. If you have an 80·column printer
and select columns whose widths add to
more than 80 there will be some wrap·
around. Therefore you might want to
print left and right halves of your sheet.

It's possible to send printer codes out
by typing them into a cell. Since some of
these codes might conflict with the way
BC handles input you might need to type
a space first and then the codes.

[0] toggles the recalculation on/off flag.
Turn it off to type in data. Otherwise the
whole sheet is recalculated every time you
enter data, which takes some time to do.

[R] changes recalculation order from by
rows to by columns or vice-versa.

[K] erases a cell from the sheet.
[CAPS] toggles between upper and

lowercase letters. This key can be used in
any input mode.

[A] recalculates the whole sheet im·
mediately. Use CTRL - E and RETURN to
recalculate a particular cell.

[ESC] aborts the delete, copy, move and
print options.

Let's discuss copy and move. Copy
makes an exact duplicate of the block of
cells you chose. Move does the same thing
but cell references are changed. For
example:

cell contents

t1tliOl 12.35
tlItlO?' "
t1AOJ =tU:.Ol+;J

Cell AA03 has 15.35 as a result. Copying
cells AA02 and AA03 to AM23 results in:

cell contents

tlH22 32 (this cell existed before.
QH23 "
t:lHZ4 =AtlIOl +3

The result in AM24 is 15.35 ( the same as
before). If you move the same cells to
AM23 the result is:

cell contents

AH22 32
AH23 "
AH2<l =tlIH22+3

Here AM24 will contain 35. otice how
the cell reference was changed in cell
AM24.

After a copy or move some cells will be
overwritten. None of the source cells are
deleted in either except those that are
overwritten. Clean up any cells not want­
ed using the delete option (CTRL - D).
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function operation

CNT count the nUMber of cells in a block.
SUH add the entries in a block.
AVE find the average 0 fall the entr i es in

a block

These functions require two arguments
and they must be cells.

SOU squar i n9
SOR: square root
OBS absolute value
RHO round va 1ue
EHP exponentiation base 10
lOG 1agar i thM base 10
1N1 greatest integer

2-out of memory. You have used all
available memory. Save the sheet as it is.

138 or 139-Device does not respond
or malfunctions. This probably will refer
to the printer not being on.

C T counts all the cells that have en·
tries in a block whether they be text, num·
bel'S or functions. SUM however, adds up
only the values in cells containing a nu·
meric result. Text cells are treated as a
zero. Empty cells result in the word "Er·
ror" displayed on the screen. AVE opel"
ates like SUM. However, AVE uses the
CNT and SUM routines to get its value.
So if you try to average cells containing
RENT,400,500,600, the result will be
(O(RENT) + 400 + 500 + 600)/4 = 375, an in·
correct result.

Functions can be mixed in with any
arithmetic expression as in:

= AAOI + (4*@AVE(CD24,CE32)/\ @
RND(AGI2))-(2 +@SQR(AA02»

However, functions are not nestable, i.e.,
you can not type = @ABS(@EXP
(AAOl».

Error messages
We used standard error numbers

wherever we could to keep the program
as small as possible. The most common
errors are:thought!

You mean Ihave to

algebral Perish the

math teacher right in

that there is ause for

know algebral Was my

operationfunction

We'd suggest that before doing a copy
or move you save the sheet. It's just pru·
dent practice. We have tried to crash this
program in every way we can think of, but
there is always the unknown. Maybe £leiI"
cuit gets a little overheated and causes a
crash. I even got SynCalc to crash once.
Fortunately, I was just fooling around with
it. The old adage "Better SAVE than SOl"
ry" applies here.

Built-in functions
The built·in functions are typed in

this format: @C T (AA03, BX24) or
@SQR(23.45) or @SQR(BD23). Paren·
theses must be used and cells must be
separated by a comma.

The following functions require one £II"
gument which could be a cell or a
number:
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(mean of X) /\ 2)
Assume that the column AB02, AB23 has
some data in it:

First find the mean of AB02, AB23 by us­
ing = @AVE(AB02,AB23) and enter this
in cell AB24. In cell AB25 enter
= @SQU(AB24). In column AC02,AC23
enter the formula = @SQU(ABrr) where
rr goes from 02 to 23. Or use the move
procedure described above. In cell AC24
enter = @AVE(AC02,AC23). In cell AC25
type = AC24 - AB25. Finally in cell
AB26 enter = @SQR(AC25). Cell AB26
will contain the standard deviation.

Let's see what that new car will cost
when financed at different rates and
different principals.

Let r = rate as a decimal, p = principal,
t = years of loan and A = cost of loan.
The formula for the cost of a loan (prin­
cipal plus interest) is:

square 0 f A823
Mean of H Mean of H..... 2
square of 0824 AC24-A825
square root of OC25

141-cursor out of range. Used in copy,
move, delete, print and list if the defined
block is incorrect.

144-disk error, probably write pro·
tected.

160-drive number not known.
162-disk full.
165-bad filename. You must specify

the "Dn:" in the filespec.
167-file locked.
170-file not found.

Wrap-up
There's an easy way to duplicate a for·

mula in a column or row: Use the move
command. For example, cell AC02 might
have the formula = SQU(AB02). If I
would like that formula in cells AC03 to
AC23, I would first move cell AC02 to
AC03. Then move the block AC02, AC03
to AC04. Next move AC02, AC04 to AC05,
etc., until done. Then column AC has the
squares of the numbers in column AB.

In this manner special formulas­
statistical, financial or others-can be
built up. For example, one formula for
standard deviation is:

Square root of (mean of X/\ 2 -

01
02
03

23
2.
25
26
27

AB
data

AC

square of A802
square 0 f 0803

A = (p*r*t*12)/(l- (l + r/12) /\ -12*t)
This formula can be entered into one

cell; p, rand t can be numbers or cell
references. If you would like to calculate
a monthly payment just use p*r as the
numerator. If cells AA01, AB01, ACOl con­
tained p,r and t respectively, then the
above formula would look like this:

= (AAO1*ABO1*12*AC01)/(l- (1 +
AB01ll2) /\ - 12*AC01)

We tried to put in features that would
make it very easy for you to use this
spreadsheet. The built-in functions pro·
vide you with the building blocks for
almost any formula. This program took
over five months to develop and test. We
hope you will find it useful.

Barry Kolbe and his wift Linda live in the coun­
(1)' with tlzeir two c1uldren Phzlzp andAudra. Be­
war~ Phzlfust got his driver's tz"cense andAudra
can bejOundat the localsho-jJjJing malL 771£ /zouse­
hold uses timesharing since the 800 and Mnten·
do are hooked up to tlze same TV.

BrJlan Schappel discoveredcomputers, bought on~
went to college, drank beer, got engaged, If!fl school
and is taking a leave ofabsence.from realil)!

LISTING 1: MIL EDITOR DATA

1900 DATA 255~255,64,37,113,54,112,112

,89,66,0,32,144,2,2,2,8409
1019 DATA 2,2~2,2,2,2,2,2,2,2,2,2,2,2,
2,2,1282
1020 DATA 144~66,32,35,2,2,2,65,64,37,

72,138,72,174~122,37,1276

1030 DATA 18'~123,37,141,19,212,141,24

,208,238,122,37,194,179,194,64,6"5
1049 DATA 0,139,0,16',9,141,122,37,162
,4,18',1'6,2,157,22,298,5783
1950 DATA 292,16,247,76,'5,228,32,234,
40,32,219,44,32,255,41,32,48"
1960 DATA 142~49,32,146,42,16,,37,141,

4',2,16',64,141,48,2,16',2'99
1970 DATA 9,133,128,16',32,133,12',16'
,78~162",168~8,32~155,40,32'1
1080 DATA 32,163,42,16',6',162,224,168
,0,32,155,49,32,194,42,32,1'24
10'0 DATA 146~42,32,123,47,32,145,46,1
73,31,208,291,5,208.3,76,4523

1100 DATA 176,63,201,3,298,6,32,233,46
,76,201,37,173,252,2,291,8933
1110 DATA 255,249,226,32,172,42,162,16
,133,167,41,127,221,125,70,249,'389
1120 DATA 13,202,16,248,165,167,32,142
,62,176,1'6,76,34,38,18',142,7231
1139 DATA 79,141~26,38,18,,15,,70,141,
27,38,16',255,141,252,2,32,6674
1149 DATA 255,255,32,85,48,76,201,37,1
73,1'2,36,201,155,298,6,32,6554
1159 DATA 231,59,76,297,37,165,1'3,240
,156,173,187,72,298,123,173,1'2,3131
1169 DATA 36,291,61,249,7,201,18',240,
3,76,144,38,165,1'3,133,206,1'9
1170 DATA 32,156,46,32,231,54,144,4,16
',139,208,2,16',2,133,1'4,6756
1189 DATA 165,296,133,1'3,24,105,1'2,1
33,252,16',36,195,0,133,253,162,"4'
11'0 DATA 9,32,171,221,165,1'3,24,195,
6,133,1'3,179,16',155,157,1'2,'83
1209 DATA 36,32,',44,32,145,46,174,65,
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36,32,238,69,32,141,221,527'
1219 DATA 32,'2,46,76,18',38,291,45,14
4,31,298,15,173,1'3,36,291,758'
1229 DATA 58,176,22,291,47,249,18,291,
46,144,14,201,47,249,10,201,7666
1230 DATA 58,176,6,32,5,46,76,18',38,1
6',9,133,1'4,141,187,72,6212
1240 DATA 32,',44,165,147,133,145,165,
158,32,3',45,32,104,42,165,3893
1259 DATA 1'4,32,134,48,173,68,71,249,
3,32,46,68,173,17',72,240,7136
1260 DATA 3,32,225,38,76,291,37,291,31
,240,3,76,'6,3',164,155,5'65
1279 DATA 1'2,63,176,42,173,188,72,24,
121,293,75,201,41,176,32,72,5'58
1289 DATA 173,188,72,133,146,194,141,1
88,72,230,155,165,157,133,145,165,1773
12'0 DATA 158,32,3',45,32,194,42,164,1
55,185,19,76,133,144,'6,239,7331
1300 DATA 155,16',2,164,155,24,121,202
,75,291,48,176,4,136,76,31,4666
1318 DATA 3',289,132,143,32,255,41,32,
1,45,16',2,164,143,1'6,155,6846
1329 DATA 249,',24,121,292,75,299,1'6,
155,298,247,133,146,24,121,292,1631
1339 DATA 75,141,188,72,165,155,201,63
,298,',165,146,24,18',',76,4'23
1349 DATA 141,188,72,76,14,3',291,30,2
08,68,165,146,291,2,298,5,6288
1350 DATA 165,143,208,39,'6,1'8,155,16
5,157,133,145,165,158,32,3',45,6743
1368 DATA 165,146,72,56,164,155,24',29
2,75,133,146,194,141,188,72,76,8'86
1379 DATA 14,3',1'8,155,165,155,133,14
3,32,255,41,32,1,45,16',2,338'
1380 DATA 133,146,164,143,24,121,292,7
5,141,188,72,76,14,3',291,28,4773
13'9 DATA 208,'0,165,157,208,5,165,156
,298,13,'6,32,194,42,1'8,157,7238
1400 DATA 1'8,147,1'8,158,76,194,42,32
,104,42,1'8,156,1'8,158,16',208,727
1410 DATA 133,134,16',34,133,135,16',2
48,133,128,16',34,133,12',162,16,8061
1420 DATA 32,111,40,56,233,40,133,134,
165,135,233,0,133,135,202,16,772'
1439 DATA 23',162,3',16',0,157,89,32,2
02,16,259,133,145,16',2,133,7277
1440 DATA 1'2,165,156,32,3',45,32,171,
49,76,194,42,291,2',249,1,4918
1459 DATA '6,165,156,24,101,157,201,63
,144,1,'6,165,157,201,17,176,8966
1469 DATA 12,32,194,42,239,157,239,147
,230,158,76,194,42,32,194,42,5854
1470 DATA 239,156,239,158,16',129,133,
134,16',32,133,135,16',89,133,128,'186
1480 DATA 16',32,133,12',162,16,32,111
,49,24,195,49,133,134,165,135,5121
14'0 DATA 195,0,133,135,292,16,23',16'
,0,162,3',157,248,34,292,16,7584
1509 DATA 250,16',2,133,1'2,16',17,133
,145,24,191,156,32,3',45,32,2469
1519 DATA 171,49,76,104,42,169,3',177,
134,145,128,136,16,24',165,135,'28'
1529 DATA 133,12',165,134,133,128,'6,1
34,175,16',12,157,66,3,32,86,4156
1530 DATA 228,166,175,'6,32,171,49,76,
151,49,32,255,41,32,210,44,597'
1540 DATA '6,133,133,134,132,177,132,2
01,155,240,5,145,128,209,208,245,4185
1559 DATA '6,160,0,132,145,165,156,133
,1'9,230,1'9,165,1'9,162,9,291,23"
1560 DATA 10,144,6,56,233,10,232,298,2
46,72,138,72,164,145,185,180,1746
1570 DATA 6',133,128,185,1'8,6',133,12
',104,',144,160,8,145,128,104,6540
1580 DATA 209,',144,145,128,230,1'0,23
0,145,165,145,201,18,208,204,'6,2704
15'9 DATA 216,16',80,141,180,6',133,12
8,16',32,141,1'8,6',133,12',169,'23'
1600 DATA 1,165,128,24,105,49,133,128,
153,180,6',165,12',105,9,133,6322
1610 DATA 12',153,1'8,6',200,1'2,18,20
8,232,16',100,141,8,2,16',37,6582
1620 DATA 141,1,2,16',2,141,280,2,16',
0,141,1'8,2,16',10,141,4'63
1630 DATA 1'7,2,16',6,162,37,160,125,3
2,'2,228,16',1'2,141,14,212,'330
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1640 DATA 168,63,16',8,153,282,75,16',
32,153,18,76,136,16,243,133,6'24
1650 DATA 144,16',8,141,201,75,162,20'
,14',0,202,48,251,133,147,141,682
1660 DATA .6',71,141,68,71,16',2,133,14
6,24,18',202,75,141,188,72,7111
1670 DATA 165,121,5,122,248,10,165,121
,141,18',42,165,122,141,1'8,42,8646
1680 DATA 16',127,168,170,138,153,201,
74,73,128,153,73,75,202,136,48,8001
16'8 DATA 16,1'2,'5,208,4,162,63,208,2
35,1'2,31,208,231,162,'5,208,3298
1708 DATA 227,16',202,133,128,16',76,1
33,12',160,8,165,128,153,74,76,7526
1710 DATA 165,12',200,153,74,76,165,12
8,24,105,1,133,128,165,12',105,6812
1720 DATA 0,133,12',200,1'2,128,208,22
7,160,63,16',255,153,202,76,136,32'5
1730 DATA 16,250,16',10,141,18',72,16'
,77,141,1'8,72,16',87,133,128,'003
1740 DATA 141,1'3,72,16',73,133,12',14
1,251,72,168,1,165,128,24,195,7081
1758 DATA 6,133,128,153,1'3,72,165,12'
,105,8,133,12',153,251,72,208,341
1760 DATA 1'2,57,208,232,'6,16',40,133
,128,16',32,133,12',160,3',16',8452
1770 DATA 128,145,128,136,16,24',16',2
,133,138,165,143,133,13',164,13',356
1780 DATA 1'2,64,240,22,185,202,75,72,
74,24,191,138,133,141,1'8,141,8748
17'0 DATA 104,24,101,138,133,140,201,4
1,144,1,'6,16',33,133,142,165,7488
1800 DATA 13',281,26,144,14,230,142,56
,233,26,201,26,144,5,230,142,8431
1810 DATA 56,233,26,72,164,141,165,142
,73,128,145,128,104,24,105,33,5514
1820 DATA 73,128,200,145,128,230,13',1
65,140,133,138,76,24,42,32,133,6170
1830 DATA 42,172,188,72,136,177,128,73
,128,145,128,136,1'6,146,16,245,684
1840 DATA 164,155,185,10,76,133,144,32
,7,64,'6,164,147,185,180,6',7383
1850 DATA 133,128,185,1'8,6',133,12','
6,168,0,152,153,32,35,200,1'2,8326
1868 DATA 168,208,248,16',128,141,34,3
5,'6,32,172,42,162,255,142,252,1278
1878 DATA 2,'6,173,252,2,201,255,248,2
4',133,184,168,1'2,1'2,144,2,34"
1888 DATA 160,154,185,254,254,133,185,
201,130,288,15,173,1'8,2,73,64,8"8
18'0 DATA 141,1'8,2,16',255,141,252,2,
208,216,281,12',208,11,173,182,3150
1'00 DATA 2,73,128,141,182,2,76,205,42
,201,131,240,222,201,132,240,431'
1'19 DATA 1'3,201,133,240,18',165,184,
281,64,176,28,165,185,201,'7,144,229'
1'20 DATA 14,201,123,176,10,173,1'0,2,
240,5,5,184,76,181,42,165,7108
1'30 DATA 185,162,15,221,176,78,248,6,
202,16,248,77,182,2,'6,160,8428
1'48 DATA 1,288,6,168,2,288,2,168,3,18
5,216,6',133,128,185,220,464
1'50 DATA 6',133,12',168,1,'6,160,2,32
,149,52,76,184,46,173,18',6856
1'69 DATA 72,141,151,43,24,181,154,141
,154,43,173,1'0,72,141,152,43,7748
1'70 DATA 105,8,141,155,43,1'7,106,176
,221,173,18',72,56,22',130,133,133'
1'89 DATA 152,173,1'8,72,22',131,133,1
53,173,18,,72,24,101,154,141,18',557
1"0 DATA 72,173,1'0,72,185,8,141,1'0,
72,32,158,43,144,1,'6,206,6054
2990 DATA 151,43,173,151,43,201,255,20
8,3,206,152,43,206,154,43,173,752
2010 DATA 154,43,201,255,208,3,206,155
,43,76,115,43,173,255,255,141,2441
2020 DATA 255,255,1'8,152,165,152,201,
255,29a,18,1'8,153,165,153,281,255,653,
2038 DATA 288,2,56,'6,24,'6,165,130,14
1,154,43,24,101,154,141,151,7255
2040 DATA 43,165,131,141,155,43,105,0,
141,152,43,173,18',72,56,237,8573
2058 DATA 151,43,133,152,173,1'0,72,23
7,152,43,133,153,173,18,,72,56,'667
2060 DATA 22',154,141,18',72,173,1'0,7
2,233,0,141,1'8,72,32,150,43,7330
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2979 DATA 144,1,'6,238,151,43,298,3,23
8,152,43,238,154,43,298,3,8712
2989 DATA 238,155,43,76,231,43,134,175
,179,18',291,74,166,175,'6,165,291'
29'9 DATA 155,133,159,165,156,24,191,1
57,133,151,19,168,185,74,76,133,8959
2199 DATA 139,299,185,74,76,133,131,16
9,9,177,139,16,'3,165,1'3,24,7946
2119 DATA 195,4,133,154,32,56,43,169,9
,165,159,145,139,165,144,169,'975
2129 DATA 1,145,139,299,165,1'3,145,13
9,299,16',9,5,1'4,145,139,32,8293
2139 DATA 24',5',169,9,185,1'2,36,145,
139,299,1'6,1'3,298,246,165,1'3,581'
2149 DATA 24,195,4,133,154,165,151,32,
101,44,'6,19,168,299,209,76,7716
2159 DATA 127,44,185,74,76,24,191,154,
153,74,76,209,185,74,76,195,72'3
2169 DATA 9,153,74,76,299,1'2,128,298,
233,'6,1'7,159,298,6,165,151,2497
2179 DATA 32,165,44,56,176,~51,169,2,1

77,139,24,191,139,133,139,165,8321
2189 DATA 131,195,9,133,131,32,24',5',
76,33,44,72,169,2,177,139,5329
21'9 DATA 24,195,4,133,154,32,176,43,1
04,19,168,299,299,76,295,44,8233
2299 DATA 185,74,76,56,22',154,153,74,
76,299,185,74,76,233,8,153,'922
2219 DATA 74,76,299,1'2,128,298,233,'6
,162,17,32,21',44,292,16,259,33'
2229 DATA '6,18',189,6',133,128,18',1'
8,6',133,12',16',9,169,2,145,7838
2239 DATA 128,299,1'2,49,298,24','6,16
4,143,24,121,292,75,291,49,176,4"
2249 DATA 3,299,298,245,132,149,'6,16'
,9,133,145,165,156,133,13',165,12'1
2259 DATA 13',32,3',45,239,13',239,145
,165,145,291,18,298,241,'6,19,544
2269 DATA 168,185,74,76,133,139,299,18
5,74,76,133,131,'6,72,165,143,'12'
2279 DATA 133,138,16',2,133,1'2,32,241
,44,166,145,32,21',44,194,32,6733
2269 DATA 25,45,169,9,177,139,291,255,
249,24,1'7,138,249,27,144,1',172
22'9 DATA 164,136,165,292,75,24,191,1'
2,133,1'2,239,138,165,138,1'7,149,3439
2399 DATA 144,224,'6,32,242,5',76,69,4
5,165,139,24,105,4,133,132,5185
2319 DATA 165,131,195,9,133,133,164,14
5,185,189,6',133,134,185,1'8,6',194'
2329 DATA 133,135,165,1'2,133,141,169,
1,177,139,133,144,169,3,177,139,'566
2339 DATA 16,3,76,33,46,41,3,249,23,29
1,1,249,'1,169,2,177,6522
2349 DATA 139,56,233,6,24,191,132,179,
165,133,195,0,168,76,246,45,7'43
2359 DATA 32,145,46,169,2,177,139,168,
16',155,153,1'2,36,136,177,132,'73
2369 DATA 153,1'2,36,136,16,248,16',1'
2,133,132,16',36,133,133,32,25,7115
2379 DATA 54,164,138,185,292,75,133,14
',169,9,132,142,164,142,185,128,1928
2389 DATA 5,32,9,44,164,141,145,134,23
9,142,239,141,165,142,1'7,14',3562
23'0 DATA 298,234,32,145,46,76,74,45,1
66,132,164,133,32,137,221,32,7681
2499 DATA 7',46,32,239,216,32,291,52,7
6,203,45,16',1,133,1'4,32,7216
2419 DATA 66,46,32,68,218,32,9,216,162
,1'2,169,36,32,167,221,16',28'
2429 DATA 6,133,1'3,32,',44,'6,162,9,1
6',5,133,14',164,138,185,6289
2439 DATA 292,75,291,4,298,2,1'8,14',1
64,141,18',215,79,145,134,299,2726
2440 DATA 232,228,14',298,245,76,74,45
,16',36,133,244,16',1'2,133,243,4996
2459 DATA 16',9,133,242,'6,16',5,133,2
44,16',128,133,243,16',9,133,1122
2469 DATA 242,'6,32,7',46,32,239,216,1
69,9,177,243,48,6,153,1'2,'444
2479 DATA 36,299,298,246,41,127,153,1'
2,36,299,132,1'3,1'2,1,249,22,642
2488 D~T~ 173,1'2,36,291,48,298,15,169
,9,185,1'3,36,153,1'2,36,299,'644
24'9 DATA 1'6,1'3,298,245,1'8,1;3,'6,1
62,127,16',32,157,1'2,36,292,16,147
2509 DATA 259,'6,169,9,185,1'2,36,291,
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155,249,18,41,127,291,123,176,'79
2519 DATA 6,291,'7,144,2,73,32,153,1'2
,36,299,298,231,'6,32,219,652
2529 DATA 44,32,295,46,32,255,41,32,17
1,49,32,1,45,32,85,48,193'
2539 DATA 76,194,42,16',9,133,143,133,
156,133,158,133,155,133,157,133,'97
2549 DATA 147,16',2,133,146,164,143,24
,121,292,75,141,188,72,'6,32,7599
2559 DATA 146,42,169,26,185,246,79,153
,34,35,136,16,247,169,32,185,8714
2569 DATA 17,71,153,74,35,136,16,247,1
6',9,56,237,18',72,133,212,386
2579 DATA 165,196,237,1'9,72,133,213,3
2,179,217,32,239,216,169,9,177,2915
2589 DATA 243,72,41,127,32,9,44,153,61
,35,299,104,16,241,169,9,561'
25'9 DATA 185,1",79,291,155,249,11,32
,9,44,153,3',35,299,1'2,16,5717
2699 DATA 298,238,32,12',62,76,146,42,
32,59,59,32,115,58,176,48,3345
2619 DATA 32,54,61,176,43,32,115,59,16
2,8,185,1'2,35,157,1'2,35,713'
2629 DATA 291,155,249,4,299,232,298,24
2,162,3,18',1'2,35,32,9,44,712'
2639 DATA 157,1'7,74,292,16,244,165,15
0,141,178,72,165,151,141,177,72,1675
2649 DATA '6,32,121,48,162,1,18',1",7
4,157,173,35,18',1'7,74,157,482
2659 DATA 153,35,292,16,241,165,156,24
,181,157,32,25,45,169,8,177,5818
2669 DATA 139,291,255,249,7,205,178,72
,249,11,144,3,76,242,47,32,7487
2679 DATA 242,5',76,151,47,169,3,177,1
39,41,3,249,31,281,1,298,7547
2689 DATA 235,32,111,48,32,239,216,169
,9,177,243,72,41,127,32,9,5'34
26'9 DATA 44,153,156,35,194,48,33,299,
1'2,14,298,237,168,2,177,139,139
2709 DATA 133,176,32,24',5',169,9,177,
130,32,9,44,153,156,35,299,6864
2719 DATA 1'6,176,249,4,1'2,14,298,23'
,173,177,72,32,25,45,165,155,881'
2728 DATA 133,138,169,8,177,139,291,25
5,249,6,1'7,138,249,',144,1,186
2739 DATA '6,32,242,5',76,252,47,169,3
,177,139,41,3,249,31,291,8152
2749 DATA 1,298,237,32,111,48,32,239,2
16,169,9,177,243,72,41,127,'385
2759 DATA 32,9,44,153,176,35,194,46,33
,299,1'2,14,296,237,169,2,675'
2769 DATA 177,138,133,176,32,24',5',16
9,9,177,139,32,8,44,153,176,6'56
2778 DATA 35,288,1'6,176,249,4,1'2,14,
206,23','6,166,155,165,156,32,16'4
2769 DATA 151,6',144,6,16',3,133,1'4,2
96,34,169,3,177,139,41,3,5663
27'9 DATA 133,1'4,76,134,46,32,24',5',
166,139,164,131,76,137,221,169,1673
2699 DATA 11',16',9,153,32,35,299,1'2,
169,296,248,'6,165,1'4,19,19,'746
2819 DATA 19,179,169,31,18',74,71,153,
9,32,232,299,1'2,3',298,244,2212
2829 DATA '6,32,219,44,16',4',141,1'3,
79,32,58,59,32,115,59,176,5148
2639 DATA 3,141,1'3,79,162,32,32,12',4
9,16',1,133,145,16',3,162,6777
2849 DATA 32,157,66,3,16',1'2,157,66,3
,16',79,157,6',3,16',6,4'77
2659 DATA 157,74,3,16',9,157,75,3,32,6
6,226,16,6,32,148,52,2637
2668 DATA 76,1'6,46,162,32,16',5,157,6
6,3,16',126,157,66,3,16',6348
2679 DATA 5,157,6',3,16',9,157,73,3,16
',29,157,72,3,32,66,25'1
2689 DATA 226,16,11,32,12',62,162,32,3
2,12',49,76,1'6,46,32,52,3142
26'9 DATA 4',162,9,169,11,16',126,5,29
1,155,249,19,32,8,44,145,5543
2'09 DATA 126,299,232,76,15,4',238,145
,165,145,291,17,296,161,32,12',6"
2'18 DATA 62,32,219,44,16',9,133,145,2
49,16',164,145,185,189,6',133,2269
2'29 DATA 128,165,1'6,6',133,12','6,32
,59,58,32,115,59,32,156,59,3575
2'39 DATA 32,11',54,144,5,169,165,76,2
15,48,32,169,54,144,3,76,5352
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2'49 DATA 184,46,16',8,169,11,298,18,3
2,59,59,32,115,59,32,156,3114
2'59 DATA 59,32,11',54,176,223,16',4,1
69,7,133,173,132,174,162,32,'213
2'69 DATA 32,12',49,162,32,165,173,157
,74,3,16',3,157,66,3,16',5'49
2'79 DATA 1",157,68,3,16',79,157,6',3
,16',9,157,75,3,32,86,398'
2'89 DATA 228,16,3,76,215,48,162,32,16
5,174,168,157,66,3,16',292,"39
2"9 DATA 157,68,3,16',75,157,6',3,1'2
,7,298,19,16',255,157,72,'272
3999 DATA 3,157,73,3,298,17,173,18',72
,56,233,292,157,72,3,173,'479
3919 DATA 1'9,72,233,75,157,73,3,32,86
,228,16,7,1'2,136,249,3,7295
3929 DATA 76,215,48,162,32,32,12',49,1
65,173,291,8,249,1',162,32,7743
3939 DATA 16',292,24,125,72,3,141,18',
72,16',75,125,73,3,141,1'9,7861
3949 DATA 72,76,184,46,32,59,59,32,115
,59,176,43,32,54,61,176,3'56
3959 DATA 38,165,151,291,47,176,32,165
,159,291,55,176,26,32,194,42,6695
3969 DATA 32,219,44,165,159,133,143,13
3,155,165,151,133,156,133,158,16',3183
3979 DATA 8,32,215,46,76,1'8,46,'6,169
,114,185,1'2,36,153,1'2,35,'542
3889 DATA 136,16,247,'6,32,46,68,76,18
4,46,16',1,141,187,72,'6,6'47
39'9 DATA 165,155,178,165,156,24,191,1
57,133,138,32,151,6',144,1,'6,6827
3199 DATA 165,138,32,165,44,32,194,42,
16',2,133,1'2,165,157,133,145,'73'
3119 DATA 165,158,32,3',45,32,194,42,'
6,169,9,185,1'2,35,291,155,848'
3129 DATA 249,',291,32,249,7,299,1'2,3
2,298,249,56,'6,299,185,1'2,3862
3139 DATA 35,291,155,249,246,291,32,29
8,7,299,1'2,32,298,249,249,235,72"
3149 DATA 24,'6,162,9,185,1'2,35,157,1
",79,291,155,248,4,298,232,3878
3159 DATA 288,242,'6,32,58,58,32,115,5
9,176,4',32,54,61,176,44,3'85
3169 DATA 239,151,165,151,291,2,144,36
,291,33,176,32,164,159,153,292,1322
3179 DATA 75,32,219,44,32,255,41,32,1,
45,164,143,132,155,16',2,6789
3189 DATA 133,146,24,121,292,75,141,18
8,72,32,194,42,'6,166,155,165,'265
31'9 DATA 158,32,151,6',144,1,'6,169,1
,177,139,133,8,288,177,138,'15'
3288 DATA 133,154,289,177,138,41,3,288
,22,32,24',5',164,154,136,177,655
3218 DATA 138,153,1'2,36,136,16,248,16
',255,133,148,32,48,62,'6,281,15
3228 DATA 2,248,2',32,24',5',166,139,1
64,131,32,137,221,32,238,216,2727
3239 DATA 168,8,177,243,72,41,127,153,
1'2,36,194,48,218,298,288,242,4946
3248 DATA 165,154,56,233,6,133,154,76,
3,51,16',1,133,1'1,32,231,8314
3258 DATA 58,32,145,62,8,16',8,133,1'1
,48,144,1,'6,184,184,165,6784
3269 DATA 8,133,144,76,34,38,32,146,42
,164,155,185,18,76,133,144,7488
3279 DATA 162,18,292,48,31,18',64,72,1
57,34,35,224,5,144,243,18',155
3289 DATA 77,72,157,74,35,18','9,72,15
7,114,35,18',193,72,157,154,'155
32'9 DATA 35,76,198,51,76,243,51,173,2
52,2,291,255,249,24',162,255,826'
3399 DATA 142,252,2,291,28,288,1,'6,16
2,2,221,136,72,240,5,202,63
3310 DATA 16,248,48,14,165,144,41,252,
133,176,138,5,176,133,144,76,75
3320 DATA 243,51,291,58,208,',165,144,
73,8,133,144,76,243,51,281,209
3339 DATA 32,208,',165,144,73,4,133,14
4,76,243,51,162,',221,165,243
3349 DATA 72,240,5,292,16,248,48,175,1
38,72,165,144,41,15,133,144,8566
3359 DATA 194,10,10,10,10,5,144,133,14
4,165,144,41,3,170,18',123,7'40
3369 DATA 72,141,51,35,165,144,41,8,74
,74,74,170,18',121,72,141,77'4
3370 DATA '1,35,165,144,41,4,74,74,170
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,18',121,72,141,131,35,165,8388
3380 DATA 144,41,249,74,74,74,74,179,1
8',126,72,141,171,35,76,145,8'32
33'9 DATA 51,32,'6,51,164,155,165,144,
153,10,76,'6,165,158,166,155,846
3409 DATA 32,151,6',144,1,'6,32,'6,51,
169,1,165,144,145,139,166,8648
3419 DATA 157,134,145,165,158,32,3',45
,164,155,185,19,76,133,144,76,7'52
3420 DATA 104,42,173,68,71,73,3,141,68
,71,179,160,0,18',50,71,5'85
3430 DATA 153,24,71,232,200,1'2,3,208,
244,'6,173,6',71,73,6,141,8787
3449 DATA 6',71,179,169,9,18',56,71,15
3,44,71,232,288,1'2,6,288,'83
3458 DATA 244,'6,132,177,162,32,32,12'
,40,164,177,132,212,16',8,133,2'
3468 DATA 213,32,179,217,32,238,216,16
0,255,208,177,243,72,41,127,32,2532
3479 DATA 8,44,153,231,70,194,16,241,3
2,121,48,169,29,185,225,79,'246
3489 DATA 153,156,35,136,16,247,16',25
5,141,252,2,32,196,62,'6,169,'8~9

34'9 DATA 255,209,177,243,153,9,5,16,2
48,169,127,16,,48,153,1'2~36,55

3599 DATA 136,16,259,16',36,141,1'2,36
,16',1'3,133,132,16',36,133,133,1974
3519 DATA 165,144,72,41,249,74,74,74,7
4,141,176,72,194,41,4,298,7287
3529 DATA 12,169,255,299,177,243,145,1
32,16,24',76,",53,169,255,299,4443
3539 DATA 185,0,5,48,5,291,46,298,246,
136,132,17',162,2',16',2,'3'2
3549 DATA 141,175,72,185,9,5,41,127,15
7,128,5,202,136,48,13,296,7423
3559 DATA 175,72,16,23',16',44,157,128
,5,292,16,226,232,169,1,18',1353
3569 DATA 128,5,153,1'2,36,299,232,224
,39,298,244,166,17',18',8,5,1899
3579 DATA 16,11,136,185,1'2,36,',128,1
53,1'2,36,298,12,232,18',8,'447
3589 DATA 5,153,1'2,36,48,3,299,298,24
4,165,144,41,8,249,8,16',143
35'9 DATA 1'2,133,132,16',36,133,133,1
6',9,141,113,54,169,255,299,185,32'2
3699 DATA 1'2,36,48,46,291,6',298,246,
238,113,54,136,185,1'2,36,',319
3619 DATA 128,153,1'2,36,162,255,232,2
99,185,1'2,36,72,41,127,157,114,1663
3629 DATA 54,16',48,153,1'2,36,194,16,
237,232,142,113,54,16',155,157,2976
3639 DATA 114,54,169,255,299,185,1'2,3
6,16,16,41,127,153,1'2,36,299,'7'8
3649 DATA 16',46,153,1'2,36,132,17',76
,213,53,281,46,298,239,132,17',3'3'
3659 DATA 289,185,1'2,36,16,259,41,127
,153,1'2,36,165,17',24,19',176,619
3669 DATA 72,168,173,176,72,298,1,136,
16',155,153,1'3,36,173,113,54,513
3678 DATA 249,16,162,9,18',114,54,153,
1'3,36,291,155,249,4,232,299,3683
3689 DATA 298,242,173,1'3,36,291,45,29
8,22,173,1'4,36,281,44,298,15,111
36'9 DATA 169,9,185,1'5,36,153,1'4,36,
291,155,249,3,299,298,243,169,5681
3799 DATA 255,299,177,132,291,155,298,
24',132,17',162,127,16',32,157,128,412,
3719 DATA 5,292,16,259,165,144,41,3,17
9,249,36,292,298,14,164,138,1485
3729 DATA 185,292,75,56,22',17',16,22,
162,9,249,21,164,138,185,292,1686
3739 DATA 75,56,22',17',16,7,73,255,74
,168,76,66,54,74,179,169,8815
3749 DATA 255,299,177,132,201,155,249,
6,157,128,5,232,288,243,16',128,5338
3759 DATA 133,132,16',5,133,133,'6,9,1
18,54,24',61,155,173,1",79,424
3769 DATA 291,68,298,23,173,299,79,291
,58,249,14,291,56,249,14,291,1'78
3779 DATA 4',144,8,201,52,176,4,144,4,
24,'6,56,'6,173,291,79,7249
3789 DATA 291,58,249,245,208,245,16',9
,141,34,35,162,32,32,12',49,6867
37'9 DATA 16',36,157,66,3,16',78,157,6
',3,16',1",157,68,3,32,5'8'
3899 DATA 86,228,18',67,3,72,162,32,32
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,129,49,194,291,1,249,2,6539
3819 DATA 24,96,169,72,162,139,169,1,3
2,48,69,173,252,2,162,255,1919
3829 DATA 291,43,249,236,291,35,298,24
3,142,252,2,56,96,169,9,133,629
3839 DATA 189,32,68,218,162,9,134,193,
189,192,36,157,192,35,291,155,2824
3849 DATA 249,3,232,298,243,134,193,16
2,1,189,192,35,291,64,249,8,1948
3859 DATA 232,228,193~298,244,76,191,5

8,134,138,169,56,133,131,169,86,1387
3869 DATA 133,139,232,134,13',169,9,17
7,139,249,234,48,18,221,192,35,2944
3879 DATA 298,4,232,299,298,241,169,4,
32,251,59,166,139,298,239,41,3547
3889 DATA 127,221,192,35,298,249,169,3
,177,139,133,176,232,134,139,19,2394
3899 DATA 179,189,127,56,141,246,55,18
',128,56,141,247,55,169,9,133,557
3999 DATA 178,164,139,185,192,35,291,4
9,249,2,56,'6,299,185,192,35,1938
3'19 DATA 291,68,176,246,291,65,176,35
,132,242,132,13',32,241,61,32,611
3'29 DATA 9,216,176,239,32,254,55,176,
225,164,242,185,192,35,291,41,4481
3'39 DATA 298,3,76,296,55,291,44,249,2
11,298,297,132,139,32,54,61,786
3949 DATA 176,299,164,178,165,159,153,
159,9,165,151,153,163,9,165,176,2345
3959 DATA 291,7,249,9,166,159,165,151,
32,22,56,176,227,164,178,169,2871
3969 DATA 128,153,198,9,32,254,55,176,
215,165,13',24,195,4,133,13',9597
3979 DATA 168,76,133,55,299,132,149,16
4,138,166,149,32,296,61,162,9,9781
3989 DATA 189,192,35,291,155,248,3,232
,298,246,134,193,32,221,61,164;4725
3999 DATA 138,169,35,153,192,35,165,19
5,153,193,35,32,255,255,144,1,2295
4999 DATA '6,76,1,55,165,189,164,178,1
53,195,9,239,178,299,1'2,3,3977
4919 DATA 176,8,179,32,199,61,238,189,
24,'6,56,96,134,159,32,25,6917
4929 DATA 45,169,9,177,139,291,255,249
,6,197,159,249,11,144,2,56,293
4939 DATA '6,32,242,5',76,27,56,96,169
,3,177,139,41,3,249,26,6422
4949 DATA 291,1,249,18,169,2,177,139,5
6,233,6,32,251,59,169,4,8966
4959 DATA 32,251,59,166,139,164,131,32
,137,221,24,96,83,81,213,9,8499
4969 DATA 65,66,211,1,83,81,219,2,82,7
8,196,3,69,88,298,4,6394
4979 DATA 76,79,199,5,73,78,212,6,67,7
8,212,7,83,85,295,8,6557
4989 DATA 65,86,197,',9,245,56,147,56,
297,56,14,57,166,57,175,8969
4899 DATA 57,163,56,45,57,61,57,132,57
,32,248,57,165,212,41,127,8932
4198 DATA 133,212,166,195,32,19',61,24
,'6,169,8,141,259,61,32,248,796
4118 DATA 57,32,79,46,32,238,216,32,45
,58,165,212,72,32,8,216,8144
4129 DATA 194,16,15,173,259,61,248,19,
162,179,169,74,32,152,221,32,636
4139 DATA '6,218,76,156,56,32,248,57,1
62,36,169,62,32,167,221,32,'881
4149 DATA 299,222,162,185,168,74,32,15
2,221,32,49,21',144,1,'6,32,7918
4159 DATA 294,221,176,6,32,251,61,76,2
84,56,'6,32,248,57,32,299,'731
4168 DATA 222,162,185,169,74,32,152,22
1,32,219,218,144,1,96,32,294,1989
4178 DATA 221,144,228,'6,32,248,57,162
,191,168,74,32,152,221,32,192,78'
4188 DATA 218,144,1,'6,32,239,216,32,4
5,58,32,7',46,32,9,216,5168
41'9 DATA 76,156,56,32,4,58,32,11,58,3
2,22,58,32,184,57,76,2397
4299 DATA 156,56,'6,32,4,58,32,11,58,3
2,22,58,32,7',57,176,2537
4219 DATA 3,76,156,56,96,32,35,58,32,6
8,218,165,167,133,169,32,8864
4220 DATA 182,221,166,169,165,171,32,2
2,56,176,7,249,7,32,182,218,9947
4239 DATA 144,2,56,96,239,169,165,16',
1'7,168,249,227,144,225,238,171,9626
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4249 DATA 165,171,197,172,248,213,144,
211,24,'6,32,4,58,32,11,58,5971
4259 DATA 32,22,58,32,184,57,176,19,32
,73,58,32,79,57,176,11,3'55
4269 DATA 32,87,58,32,49,219,176,3,76,
156,56,96,32,248,57,32,6895
4279 DATA 284,221,144,244,96,32,248,57
,32,29',222,144,245,96,32,35,1395
4289 DATA 58,169,9,133,173,133,174,165
,167,133,169,166,169,165,171,32,3677
4299 DATA 22,56,176,6,239,173,298,2,23
9,174,239,169,165,169,197,168,7158
4399 DATA 249,233,144,231,239,171,165,
171,197,172,249,219,144,217,32,68,6399
4319 DATA 218,165,173,133,212,165,174,
133,213,32,179,217,24,'6,165,178,3931
4329 DATA 249,4,281,1,249,3,194,194,56
,96,165,178,281,2,288,246,3965
4339 DATA 96,168,1,185,198,8,16,238,13
6,16,248,96,165,164,197,163,3763
4348 DATA 144,228,165,168,197,159,144,
222,96,162,7,181,159,149,167,292,5421
4359 DATA 16,249,'6,168,8,177,243,48,1
5,281,46,248,3,298,298,245,434'
4369 DATA 141,259,61,16',155,145,243,'
6,41,127,145,243,288,288,244,166,7952
4379 DATA 188,18',251,72,168,189,193,7
2,179,32,167,221,'6,166,189,18',5595
4388 DATA 251,72,168,18',1'3,72,178,32
,152,221,'6,169,1,185,1'2,35,1475
43'9 DATA 291,68,176,4,281,65,176,8,29
9,196,1'3,288,249,76,254,58,5263
4498 DATA 132,138,152,24,195,4,133,149
,32,54,61,176,1',165,151,32,6995
4418 DATA 25,45,168,8,177,138,281,255,
249,6,1'7,158,249,9,144,1,1726
4428 DATA '6,32,242,59,76,148,58,169,3
,177,139,41,3,249,241,291,2397
4438 DATA 1,249,18,168,2,177,139,56,23
3,6,32,251,5',169,4,32,7237
4449 DATA 251,5',166,139,164,131,32,13
7,221,169,4,133,13',32,297,58,368
4458 DATA 164,138,76,114,58,164,138,16
6,148,32,296,61,165,193,56,229,3871
4468 DATA 13',133,193,32,221,61,164,13
8,169,35,153,192,35,165,189,288,3818
4479 DATA 153,192,35,132,138,178,189,2
51,72,168,189,1'3,72,178,32,167,3872
4488 DATA 221,238,188,'6,168,1,185,1'2
,35,281,155,248,53,281,48,248,4575
4499 DATA 13,281,41,248,9,281,35,298,'
,289,298,76,69,5',289,76,163
4589 DATA 9,5',132,242,132,138,32,241,
61,32,9,216,176,41,166,242,2387
4519 DATA 138,133,149,56,22',138,133,1
3',32,287,58,164,138,299,196,193,5169
4528 DATA 248,27,185,1'2,35,291,155,24
8,28,162,4,221,82,73,249,9,851
4538 DATA 282,16,248,291,41,248,239,56
,96,299,76,8,5',169,8,185,'682
4548 DATA 1'2,35,281,155,249,7,291,48,
249,44,208,288,242,168,8,185,4636
4558 DATA 1'2,35,281,155,248,9,291,41,
240,42,288,298,242,248,37,162,5953
4568 DATA 8,189,1'3,35,157,64,36,281,1
55,248,5,232,288,76,123,59,1773
4578 DATA 32,7,68,176,15,96,289,185,19
2,35,281,41,248,8,281,155,2539
4589 DATA 249,2,288,242,56,'6,132,288,
136,185,192,35,281,49,298,248,5727
45'8 DATA 132,297,162,255,164,297,232,
200,196,208,249,',185,1'2,35,157,6659
4689 DATA 64,36,76,176,5',16',155,157,
64,36,32,7,69,176,213,165,'76'
4619 DATA 288,56,22',297,291,1,248,294
,166,297,173,64,36,157,192,35,319'
4628 DATA 173,65,36,232,157,1'2,35,164
,288,232,298,185,1'2,35,157,1'2,6478
4638 DATA 35,291,155,288,244,76,87,59,
169,2,177,139,32,251,59,16',1687
4649 DATA 4,24,191,139,133,139,165,131
,195,9,133,131,'6,169,9,132,8743
4659 DATA 142,32,164,69,291,155,249,35
,144,1,'6,32,221,69,165,183,1345
4669 DATA 291,'4,298,14,32,1',61,176,2
41,32,249,69,32,1'7,61,76,'9'1
4679 DATA 7,69,165,lA2,24,195,3,168,76
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,',60,160,0,132,142,32,581'
4680 DATA 164,69,291,155,249,48,144,1,
'6,32,221,69,165,183,291,42,1429
46'9 DATA 298,7,32,21',218,176,241,144
,',201,47,298,16,32,49,21',733
4799 DATA 176,239,32,24',69,32,1'7,61,
164,142,76,55,69,165,142,24,8783
4719 DATA 195,3,168,76,55,69,169,9,132
,142,32,164,69,291,155,249,2971
4729 DATA 3',144,1,'6,32,221,69,165,18
3,291,43,298,7,32,192,218,843
4739 DATA 176,241,144,',291,45,298,235
,32,'6,218,176,239,32,24',69,4358
4749 DATA 32,1'7,61,164,142,76,114,69,
24,'6,185,64,36,291,35,249,75
4759 DATA 6,291,155,249,44,56,'6,299,1
85,64,36,291,155,249,246,133,5717
4769 DATA 181,299,185,64,36,133,183,29
1,155,249,22,299,185,64,36,291,3513
4779 DATA 155,249,14,291,35,298,222,29
9,185,64,36,291,155,249,214,133,6654
4780 DATA 182,24,'6,166,181,32,238,69,
32,141,221,166,182,32,238,69,2679
47'0 DATA 32,156,221,'6,18',1'3,72,133
,252,18',251,72,133,253,'6,165,6'86
4809 DATA 142,24,105,2,168,24,195,3,17
9,18',64,36,153,64,36,291,8253
4819 DATA 155,249,5,299,232,76,3,61,'6
,166,181,32,238,69,32,141,"54
4829 DATA 221,32,29',222,144,2,56,'6,1
66,182,32,238,69,32,156,221,2138
4839 DATA 32,21',218,176,241,32,294,22
1,176,236,24,'6,32,123,61,176,2489
4849 DATA 5,32,7',61,144,1,'6,164,295,
299,32,123,61,176,247,32,1247
4859 DATA 148,61,164,295,'6,165,293,16
2,2,221,56,73,249,5,292,16,815
4869 DATA 248,48,15,18',5',73,133,141,
165,294,291,'1,176,4,291,65,2924
4879 DATA 176,2,56,'6,56,233,65,24,191
,141,133,159,291,64,176,242,3539
4889 DATA '6,185,1'2,35,291,155,249,16
,133,293,299,185,1'2,35,291,155,5'33
48'9 DATA 249,6,133,294,132,295,24,'6,
56,'6,165,293,32,189,61,176,1565
4'99 DATA 23,133,151,165,294,32,189,61
,176,14,138,24,191,151,179,292,2991
4'19 DATA 224,64,176,4,134,151,24,'6,5
6,'6,162,',221,62,73,249,348
4'29 DATA 5,292,16,248,56,'6,18',72,73
,24,'6,166,181,32,238,69,499
4'39 DATA 32,171,221,'6,18',1'2,35,153
,1'2,35,291,155,249,4,299,232,5'54 .
4'49 DATA 298,242,'6,166,1'3,18',1'2,3
5,157,1'4,35,292,228,138,249,245,8885
4'59 DATA 176,243,239,1'3,239,1'3,'6,1
6',35,133,244,16',1'2,133,243,'6,7392
4'69 DATA 251,61,35,62,32,182,221,162,
42,169,62,32,167,221,162,36,19'6
4'79 DATA 169,62,32,137,221,32,49,21',
162,42,169,62,32,152,221,32,"89
4'89 DATA 192,218,162,1'1,169,74,32,15
2,221,32,21',218,'6,48,62,17',2599
4"9 DATA 6',16',9,133,13',168,179,134
,149,166,13',18',216,6',24,195,2425
5999 DATA 2,133,128,18',229,6',195,9,1
33,12',166,149,18',1'2,36,32,847
5919 DATA 9,44,228,148,298,2,73,128,14
5,128,232,209,1'2,38,298,236,6422
5929 DATA 169,9,239,13',165,13',291,3,
298,295,'6,173,31,298,291,6,2"6
5939 DATA 298,16,194,194,16,,1~5,141,1
'2,36,16',9,133,1'1,141,291,75,2578
5949 DATA 56,'6,173,252,2,291,255,249,
226,32,163,42,166,148,'6,32,256'
5959 DATA 145,46,16',9,133,148,32,48,6
2,32,106,62,166,148,164,1'1,48'
5969 DATA 298,39,172,291,75,298,25,169
,4,217,189,72,249,5,136,16,262
5979 DATA 248,48,29,141,17',72,291,155
,298,79,149,17',72,76,255,62,398'
5989 DATA 291,155,298,3,76,255,62,291,
27,208,19,32,196,62,291,155,737
59'9 DATA 249,46,76,222,62,169,12,217,
76,70,249,18,136,16,248,157,29'2
5199 DATA 1'2,36,232,134,148,224,114,1
44,173,292,134,148,298,168,185,59,6988
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5119 DATA 79,141,259,62,185,63,79,141,
251,62,32,255,255,76,14',62,3278
5129 DATA 169,114,136,185,1'2,36,291,3
2,249,248,16',155,299,153,1'2,36,6952
5139 DATA 132,1'3,16',9,133,1'1,24,'6,
32,145,46,16',9,133,148,'6,87'2
5149 DATA 166,148,249,8,292,16',32,157
,1'2,36,134,148,'6,166,148,249,4828
5159 DATA 251,292,134,148,'6,166,148,2
24,113,176,241,232,134,148,'6,166,7225
5169 DATA 148,18',1'3,36,157,1'2,36,23
2,224,122,298,245,'6,162,122,18',7288
5179 DATA 1'2,36,157,1'3,36,292,228,14
8,16,245,232,16',32,157,1'2,36,49'3
5189 DATA 141,59,37,'6,165,148,56,233,
38,16,3,24,195,114,133,148,8932
51'9 DATA '6,165,148,24,195,38,291,114
,144,244,56,233,114,76,19',63,1565
5299 DATA 162,9,165,148,291,38,144,8,1
62,38,291,76,144,2,162,76,'261
5219 DATA 134,148,'6,32,127,63,16',37,
133,141,32,76,63,1'8,141,16,8381
5229 DATA 24','6,32,127,63,16',37,133,
141,32,62,63,1'8,141,16,24',716
5239 DATA '6,16',4,141,124,37,16',1,14
1,291,75,32,142,62,176,47,8867
5249 DATA 32,156,46,162,9,16',8',133,1
28,16',79,133,12',169,9,177,1928
5259 DATA 128,249,222,217,1'2,36,298,3
4,299,1'2,3,298,242,18',111,79,5122
5269 DATA 141,236,63,18',118,79,141,23
7,63,32,146,42,32,255,255,16',4223
5279 DATA 9,141,124,37,141,291,75,76,2
91,37,232,165,128,24,195,3,'459
5289 DATA 133,128,144,291,239,12',298,
1'7,165,155,162,9,56,233,26,48,1826
52'9 DATA 3,232,298,248,72,138,24,195,
161,141,1',32,194,24,195,187,'276
5309 DATA 141,29,32,166,158,232,138,16
2,9,56,233,19,48,3,232,298,1492
5319 DATA 248,72,138,24,195,144,141,21
,32,194,24,195,154,141,22,32,6426
5329 DATA '6,32,146,42,16',89,141,1",
79,16',58,141,299,79,16',155,3235
5339 DATA 141,291,79,16',72,162,3,169,
9,149,72,71,32,48,6',32,5971
5349 DATA 11',6',32,194,6',32,142,6',3
2,194,6',165,15',133,138,165,8'8
5359 DATA 169,56,22',15',48,7,165,164,
56,22',163,16,8,169,141,32,'444
5369 DATA 149,52,76,1'6,46,162,32,32,1
2',49,162,32,16',3,157,66,7675
5379 DATA 3,16',79,157,6',3,16',1",15
7,68,3,16',9,157,75,3,7212
5389 DATA 16',8,157,74,3,32,86,228,48,
213,166,138,18',292,75,133,3547
53'9 DATA 14',165,163,32,151,6',176,'3
,169,1,177,139,133,144,169,3,781
5499 DATA 177,139,16,3,76,'8,65,41,3,2
49,3,76,115,65,169,2,5857
5419 DATA 177,139,168,32,24',5',16',15
5,153,1'2,36,136,48,8,177,139,12'7
5429 DATA 153,1'2,36,76,218,64,16',1'2
,133,132,16',36,133,133,32,25,'841
5439 DATA 54,32,4',65,239,138,165,138,
1'7,169,249,174,144,172,165,15',75'2
5449 DATA 133,138,32,26,65,239,163,165
,163,1'7,164,249,157,144,155,162,7319
5459 DATA 32,32,12',49,'6,32,87,65,76,
249,64,16',11,162,32,157,'113
5469 DATA 66,3,16',9,157,72,3,157,73,3
,16',155,32,86,228,48,8747
5479 DATA 34,'6,16',11,162,32,157,66,3
,165,14',157,72,3,16',9,758'
5489 DATA 157,73,3,16',5,157,6',3,16',
128,157,68,3,32,86,228,8711
54'9 DATA 48,1,'6,194,194,76,215,48,16
2,127,16',32,157,128,5,292,1229
5599 DATA 16,259,'6,32,87,65,169,4,185
,229,79,153,128,5,136,16,8'19
5519 DATA 247,76,249,64,291,1,298,1',3
2,24',5',166,139,164,131,32,1386
5529 DATA 137,221,32,239,216,32,291,52
,76,249,64,169,2,177,139,168,3969
5539 DATA 32,24',5',152,56,233,6,24,19
1,139,179,165,131,195,9,168,677
5549 DATA 76,126,65,32,59,59,32,115,59
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.32,156,59,32,11',54,144,6161
5558 DATA 3,16,7',4',32,169,54,144,3,1
6,184,46,32,146,42,16',1'45
5568 DATA 12.162,34,16,86,64,32,146,42
.16',11,162,138,169,9,149,'635
5518 DATA 78.11,149,72,11,32,48.6',32,
11'.6',32.194.6',32,142,5616
5589 DATA 6',32,184,6',32,131,67.32,19
4,6',165,169,1'1,15',116,3,844
55'8 DATA 16,124,64,165,164,1'1,163,14
4,241,165,161,1'1.15'.298,6.165,6118
5699 DATA 165,1'1,163,249,235.165,161,
1'1,169,298.6,165,165,1'1,164,249,'245
5619 DATA 223,165,169,56,22',15',133,1
71,133,16',165,164,56,22'.163,133,6442
5629 DATA 112,56,165,161,22'.15',133,2
92,56,165,165,22',163,133,291,32,5'14
5638 DATA 58,61.19.118,18',131,61,141,
21"5,66.18',132,61.141,216,66,3251
5649 DATA 32,194,42,165,15',133,113,16
5,161.133,114,165,165.32,25,45,1151
5659 DATA 169,9,111,139,291,255.249,1'
,1'7,114,249.8,116,13.32,242,42"
5669 DATA 5',16,1'.66.166,114.165,165,
32,165.44.165,138,133.132.165,32'5
5619 DATA 131,133,133,165,163.32,25,45
,169,9,111,138,291,255,248,81.41'9
5688 DATA 1'1,113,249,8,116,81.32,242,
5',16,11',66,16',35,133,135,735
56'9 DATA 16'.1'2,133,134,169,2,171,13
8,24,195,4,168,136,133,154,132,1641
5199 DATA 14'.111,139,145.134,136.1'2,
255,298,241,165,114,141,1'2,35,165,1'1
4
5119 DATA 132,133,139,165,133,133,131,
113,18,11,249.3.32.16',61.164,134'
5128 DATA 14',299,132.154,32,56,43.165
,165,32,181,44,164,14',111,134,185'
5130 DATA 145,132,136,1'2,255.208,241,
32,255,255.116,3,16,14,66,32,2166
5749 DATA 46,68,32,1,45,32,194,42,24,'
6,238.174,239.113,1'8,111.4415
5159 DATA 165,171,291,255,298,26,239,1
65.239.163.1'8,112,165,112,291,255,15'
6
5169 DATA 288,2,56,'6,165,15',133,113,
165,161,133,114,165,16',133,111,6596
5119 DATA 24,'6,239,174,238,113,1'8,11
1,165,171,281,255,298,242,1'8,165,2482
5189 DATA 1'8,163,16.24',66,1'8,114,1'
8,113.1'8,171,165.111,291,255,298,1436
51'8 DATA 223,249,1'5,165,165,1'1,163,
298,45,165,161,1'1,15',298,5,194,5458
5899 DATA 184,16,124,64,144,28,165,169
,56,22',15',24,191,161,133,161,2'16
5819 DATA 281,64,176,235,165,169,12,16
5,15',133,169.194.133,15',16',1,34'1
5829 DATA 24,'6,16'.9,24,'6,144,259,16
5,164.56,22',163,24,181,165,3346
5838 DATA 133,165,291,64,116,291,165,1
64,12,165,163,133,164,184,133,163,5583
5849 DATA 16',2.24,'6,233,66,36,61,11,
61,16',2,133,116,16',71,'388
5858 DATA 162,23',169,3,16,125.6',32,1
46,42,16',1.133,116,141,19,'884
5868 DATA 11.16,,71,162,168,168~8,16,2
9',65,168.4.185.1'2,35,291,2111
5878 DATA 61.248,1,'6,299,1'6.14',116.
259,185,1'2.35,291,68,116,244.8166
5888 DATA 281,65,144.249,148,13,71,32.
54,61,144,5.112,73,71,298,'885
58'8 DATA 221,165,159,24,191,282,133,1
59,291,64,116,215,165,151,24,191.4941
5'99 DATA 281,133,151,291,64,116,22',1
72,73,11,162,2,165,158,221,5',3656
5'19 DATA 13,116,3,282,16,248,12,18',5
6,73,153,1'2,35,184,56,253,2156
5'28 DATA 5',13,24,195,65,288,153,1'2,
35,238,151,165,151,162,'.221,4'87
5'39 DATA 12,13,116,3,292,16,248,72,18
',62.13,299.153,1'2,35,194,24'6
5'49 DATA 56,253,12,13,118,18'.62,13,2
09.153.1'2.35,76,17',61,16',3911
5'59 DATA 8.133,151,133,158,173,6',11.
208,2',32,111,68,239.159,165,2880
5'68 DATA 158,281,64.144,245,16',9,133
,159.238,151,165.151,291,64,144,5'15

62

5'19 DATA 233,32,1.45,16,194,42,32,111
,68,238.151,165,151,291,64,2323
5'88 DATA 144,245,16',9,133,151,238,15
8,165,159.291,64,144,233,176,225,8848
5"8 DATA 165,151,166,158,133,186,134,
181,32,151,6',144,3,16,203,68,12'1
6999 DATA 165,138.133,188,165,131,133,
18',168,3,171,139,48,23',281,2,3624
6818 DATA 288.235,136,171,138,56,233,6
,168,16',155,153,1'2,36,32,24',4616
6828 DATA 5',136,48,8,111.138,153.1'2,
36.16,160,68,32,231,54,165.155'
6038 DATA 188,133,138,165.18',133,131,
160,2,171,138,56,233,2,24,181,3'1
6848 DATA 138.133,252,165,131,185,8,13
3,253,32.111,221,165,186,133,151,64'1
6058 DATA 165,181,133,159,'6,32,146,42
,16,,11,162,106,168,8,148,12,2~5

6960 DATA 11,32,48,6',32,11',69.32,184
,6',32,142,6',32,184,6',5'1'
6918 DATA 165.168,1'1,15',144,6,165,16
4,1'1,163.116,3,16,124,64,165,2104
6988 DATA 15',133,161,166,161,165,163.
32,151,6'.116,5,165,163,32,165,2436
60'0 DATA 44,238,161,165,161.1'1,168,2
48,234,144,232,238,163,165.163,1'1.164
8
6188 DATA 164,240,229,144,218.32,146,4
2,32,218,44,32,1,45,16,184,1323
6119 DATA 42,133,133,134,132.132,111,1
85,216.6',24,185,2,133,128.185,2458
6128 DATA 228,6',185.8.133,12',168,9,1
11,132,281,155,248,5,145,128,314'
6138 DATA 288,208,245,'6,32.163,42,291
,155,288,2,24,'6,291.21,208,2485
6148 DATA 2,56,'6,32,225,38,16,83,6',1
14,12,11.165,155,14',15',2318
6150 DATA 165,158,14'.163,238,12,11,'6
,16',11,162,1'8,169,1,132,111,3'12
6169 DATA 32,48,6',32,83,6',116,1,'6,1
94,184,32,146,42,'6,16',8154
6118 DATA 11.162,218.168,2,16,125,6',1
34,158,32.25,45,168,8,111,8161
6189 DATA 138,281,255,248,6.1'1,158,24
8,19,144,2.56,'6,32,242,5',1113
61'9 DATA 76,156.6',24,'6,216,6',19,71
,32,72,112,152,35,35,35,6346
6288 DATA 35,128,162,141,163.225,236,2
21,128,136,221.131,128,145,153,152,824
8
6219 DATA 151,128,128,128,161,161,144,
145,128,128,128,188,185,176,165,154,12
68
6228 DATA 128,128,128,128,128,128,128,
128,128,155,128,162,141,163,225,236,81
48
6238 DATA 221,128,226,24',128.162,225,
242,242,24',128,171,23',236,226,22',51
83
6248 DATA 128,134,128,162,242,24',225.
238,128,11',221,232,225,248,248,22',56
23
6258 DATA 236,128,155,23,31,62,16,",1
12,44,52,146,161,43,43,43,6'58
6268 DATA 63,63,63,63,63,63,63,63,63,6
3.63,63,63,125,126.254,'6'1
6219 DATA 255,28,2',38,31,157,156.121,
158,15',68,13,82,11,1',84,'218
6289 DATA 83,65,86.16,1',65,83,6',84,8
1,13,68,16.73,83,8,5413
62'9 DATA 155,254.65.'8,66,113,162.48.
4',4',4',41.59,65.28.2',4'84
6398 DATA 39,31,8,29,11,4,3.13,5,6,7.1
5,18,16,1,112,281
6318 DATA 11,188,232,184,68.74,212,1'1
,159,68,54,43,'2,116,64,62,'78'
6329 DATA 3,,~9,3,,38,46,59,58.68,65,6

1,51,52,52,52,52,64,3188
6338 DATA 58,255,254,253,15'.158,151,1
56,155,121,126,125,31,38,2',28,11
6349 DATA 21,68,4',58,42,46,42,155,68.
4',58,32,32,32.32,32,2882
6359 DATA 32,32,32,32,32,32,32.155,31,
114,114.111,114,6',114.114,8521
6369 DATA 111,114,31,114.114,111,114.2
6,8,9,9.8,48,114,101,115,5983
6319 DATA 115,8,'1.8.181,191,121,38,19
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5,108,101,26,0,0,0,0,2516
6380 DATA 0,0,0,0,0,0,8,8,8,8,8,8,8,38
,114,181,238
63'8 DATA 181,26,58,181,",'7,188,",2
6,47,38,38,8,8,8,8,1388
6499 DATA 8,9,8,9,8,8,8,9,8,8,'8,121,2
6,59,47,55,1553
6419 DATA 9,8,9,47,38,38,47,46,8,58,47
,55,8,8,8,35,"58
6429 DATA 47,44,53,45,46,8,8,8,74,71,1
84,72,188,22',248,244,4558
6438 DATA 128,128,128,128,174,245,237,
226,22',242,128,128,166,245,238,227,37
32
6448 DATA 244,233,23',238,128,128,128,
128,128,128,128,128,36,37,44,37,'761
6458 DATA 52,37,26,8,48,111,115,105,11
6,195,111,118,8,35,117,114,7'8'
6468 DATA 115,111,114,12,8,58,37,52,53
,58,46,155,35,47,48,57,4258
6478 DATA 26,8,48,111,115,185,116,185,
111,118,8,35,117,114,115,111,'878
6480 DATA 114,12,8,58,37,52,53,58,46,1
55,45,47,54,37,26,8,271'
64'8 DATA 48,111,115,185,116,185,111,1
19,8,35,117,114,115,111,114,12,8348
6508 DATA 8,58,37,52,53,58,46,155,53,1
12,112,181,114,8,188,181,7885
6518 DATA 182,116,8,111,182,8,34,188,1
11,",187,155,44,111,11',181,'453
6520 DATA 114,8,114,185,183,104,116,8,
111,102,0,34,108,111,",197,7'2'
6530 DATA 155,53,112,112,101,114,0,108
,191,192,116,8,111,102,8.36,6288

LISTING 2: ASSEMBLY

6548 DATA 181,115,116,14,155,48,59,41,
46,52,26,8,48,111,115,195,581'
6558 DATA 116,195,111,118,8,35,117,114
,115,111,114,12,8,58,37,52,5228
6568 DATA 53,58,46,155,44,41,51,52,26,
9,48,111,115,185,116,195,718'
6578 DATA 111,118,0,35,117,114,115,111
,114,12,9,58,37,52,53,59,4553
6588 DATA 46,155,38,47,50,45,33,52,8,0
,0,42,117,115,116,105,5468
65'9 DATA 102,121,8,44,36,111,108,108,
'7,114,8,4,8,36,',8,2388
6688 DATA 46,35,111,10',10','7,115,8,9
,8,12,',0,46,36,181,2537
6619 DATA ",14,8,112,198,'7,",181,11
5,8,16,46,57,44,58,35,4238
6628 DATA 16,17,18,1',28,21,22,23,24,2
5,8,48,18,38,185,188,237'
6638 DATA 181,8,101,129,185,115,116,11
5,12,8,58,181,112,188,'7"',8338
6648 DATA 181,31,8,57,15,46,155,58,31,
38,26,24,2',27,51,53,2388
6658 DATA 48,8,8,8,8,8,155,28,2',38,31
,187,72,187,72,8,5787
6668 DATA 53,73,86,73,11,2,28,65,66,67
,9,26,52,48,4',58,25'5
6678 DATA 51,52,53,54,55,56,57,8,18,28
,38,48,58,68,78,88,3130
6688 DATA '8,'4,42,47,43,45,17',74,288
,74,64,1,8,8,8,8,2858
66'8 DATA 64,2,8,8,8,8,63,88,8,8,8,8,3
3,33,16,17,'242
6788 DATA 226,2,227,2,144,37,8,8,8,8,8
,8,8,8,8,8,8561

'1" ISAUEaO,ICAlC.PTl
'11' .OPT NO lIST
'12' *=.
.138 PASS .= PASS+l
11.8 .If PASS=l
8158 .INClUOE UD,ICAlC.PT2
.168 .ENOlf
1178 l~
'188 IS~UO K & ros K in KSAU
'1'8 .KACAO CLOSE
.288 lOK a (rol*16
.218 JSA CLOSE
1228 .ENOH
'238
.2.8 .OPT NO lIST
8258 *= 52888
.268 SC~H .05 .8*28
1278 TKTWXN .05 168
8288 Ifl .05 $88
82'8 If2 .05 $88
'388 STAING .05 588
8318 MDlST .IYTE 578.571.558.5.2
8328 .WOAO SC~H
8338 .BYTE $'8,2,2,2,%,2,2
8348 .BYTE 2,2,2,2,2,2,2,2
1358 .BVTE 2,2,2,%,2,$'8,$42
1368 NflP .WOAO TKTWIN
1378 .BVTE 2,2,2,$41
1388 .WOAO MDlST
83" ;I!III
"88 OlI PHA
IU8 TKA
IU8 PHA
8.38 lOK OlIK
1••8 lOA OlIC.K
1.58 STA WSYNC.
'.68 5TA COlPF2
1.78 INC OlIK
.U8 PlA
,.,8 TAK
1588 PlA
.518 ATI

:~§: 6lIK .BYTE 8
.5.8 OlIC .BYTE 582.588
1558 I
I 568 ; l"IlIEiI:!
8571 UBI lOA a8
8518 STA OlIK
IS" lOK a.
8688 Ull lOA COlOA8.K
8618 STA COlPf8.K
8628 OEK
1638 BPl UBl
86.8 JHP SYSUIU
8658 llllID
1668 IEGIN JSA INIT
8678 JSA ClASCN
8688 JSA OAAWH
'6'8 JSA SCAU
'788 JSA ClATKT
1718 lOA a )MDlST
.728 STA SOlSTl+l
1731 lOA a (KDlST
17.8 STA SOlSTl
1758 lOA a (SC~H
.768 STA l
1778 lOA a )SC~H
1788 5TA l+l
17'8 lOA a )CAEOTf
1888 lOK a (CAEOTf
8818 lOY a8
8828 JSA OPAINT
8838 JSA GNKEY
18.8 lOA a )CAEOIT
1858 lOK a (CAEOIT
8868 lOY a8
1878 JSA OPAINT

1888 JSA lUCAS
88'8 BFlP JSA ClATKT
B'88 JSA SHWREf
8'18 HINP JSA ClRSTR
"28 lOA CONSOl
8'38 CHP as Is01
8'.8 INE TOPT
"58 J~ COMMOOE
8'68 TOPT C~ a3
"78 BNE TKEY
8'88 JSA SHOWST
1"8 JHP BflP
1888 TKEY lOA CH
1818 CHP asH
1121 BEO HINP
1838 JSA 'KEY
11.8 lOK a16
1858 STA OM8
1168 ANO a57f
1871 TSKY CHP SPCKEY.K
1888 BEO SPCAl
1"8 OEK
1188 BPl TSKY
1111 lOA OMI
1128 JSA INPUT
1138 BCS BflP
11.8 JHP 'TIN
1151 SPCAl lOA SPECl.K
1168 STA SPJ~+l
1178 lOA SPECH.K
1188 STA SPJMP+2
11'8 lOA a5ff
1288 STA CH
1218 SPJHP JSA $ffff
1228 JSA SHWT2
1238 JHP BflP
12.8 'TIN lOA STAIN'
1258 CHP MOL
1268 INE 'TNl
1278 JSA SHOCEl
1288 JHP HINP
12'8 'TNl lOA STA
1388 BEO HINP
1318 lOA fACTKT
1328 BNE TAYTK
1338 lOA STAING
13.8 CMP a':
1358 8EO AfNN
1368 CHP a'a
1378 BEO AfNN
1388 JHP TAYNU
13'8 AfNN lOA STA
1.88 STA STA2
1.18 JSA l02UP
1.28 JSA TAYfNC
1.38 BCC HOOK
1••8 lOA a582 lorror
1.58 BNE fHOK
1.68 HOOK lOA a2
1.78 fHOK STA OTYP
1.88 lOA STR2
1.'8 STA STR
1588 ClC
1518 AOC a (STAING
1528 STA flPTA
1538 lOA U )STAING
15.8 AOC a8
1558 STA flPTA+l
1568 lOK a8
1578 JSA f5T8P
1588 lOA STA
15" ClC
1688 AOC U6
1618 STA 5TA
1628 TAK
1638 lOA MOL
16.8 STA STAING.K
1658 JSA INSERT

1668 J5A ClRSTR
1678 LOK Bf2+1
1688 JSA STfLPTR
16'8 JSA fl08P
1718 JSR NH2STA
1711 JHP GTA
1728 TRYNU CHP a'- 1-••••-,
1738 BCC TAYTK
17.8 BNE Hl
1758 LOA STRING+l Inx chr a?
1768 CHP a' I
1778 ICS TAYTK
1788 CHP a',
17'1 lEa TRYTK
1888 CHP a'.
1818 BCC TRYTK
1821 Hl CHP a',
1838 BEO TAYTK
lU8 CHP a',
1858 BCS TAYTK
1868 JSA SBNUM
1878 JHP 'TR
1888 TRYTN LOA a8
18'8 STA OTYP
1'88 STA fACTKT
1'18 JSA INSEAT
1'28 'TR LOA CASY
1'38 STA VCNT
1'.8 LOA SROW
1'58 JSA REfROW
1'68 JSR IVCRS
1'78 LOA OTYP
1'88 JSR SHWTYP
1"1 LOA ONf
2818 lEa NOAC
211. JSR RECAlC
2821 NOAC LOA COlA
2838 8EO NOCAS
21.8 JSA HUCAS
2851 NOCAS JHP BfLP

I:~: ~tic'itrti·:r~v
ze88 BEO CA
28'8 JHP CLA
2188 CR LOY SCOL
2118 CPY a63
2128 ICS NOAT
2138 LOA CASEN
2U8 CLC
2158 AOC COLW+l.Y
2168 CHP au
2178 BCS SCART
2188 PHA
21'8 LOA CRSEN
2288 STA CR5K
2218 PLA
2228 STA CRSEN
2238 INC SCOl
22.1 lOA CUAAW
2258 STA VCNT
2268 lOA SAOW
2278 JSA AEfAOW
2288 EKCl JSA IVCAS
22'8 lOY SCOL

~~~: ~~: ~~~tY
2328 NOAT AT5
2338 SCAAT INC SCOl
23.8 lOA a2 Ifind ls~ col
2358 lOY SCOl
2368 HLP ClC
2378 AOC COLN.Y
2388 CHP a.8
23'8 ICS fNf
U81 OEY
2.18 JHP FflP
U28 fNf INY
2.38 STY FCOl
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2448 .ISR DRAWH 3828 CLC 5288 SU FORIlAT
2458 .ISR REFSCR 3838 ADC au 11218 LDA a8
2468 ;find s't'.nd of cursor 38U SU .IL 11228 SU SPFLli
2478 LDA a2 3858 LDA .IL+l 11238 LOX lI$Dl
2488 LDY FCOL 3868 ADC as 5248 ZPLP 51A U8. X
24" CPY SCOL 3878 SU .IL+l 5258 DEX
2588 ilEa FSF 3888 DEX 11268 IlHI ZPLP
2518 FSE CLC 38" IIPL IIDAli 5278 SU CRSY
2528 ADC COLM.Y 1'88 LDA a8 5288 51A RCFLli
2538 IllY 3'18 LOK an 5U8 SU OIlF
2548 CPY SCOL 1'28 DDZ 51A SCIlEM+768. X 5388 LDA a2
2558 IIIlE FSE n38 DEX 11318 51A CRSK
2568 FSF SU CRSK n48 IIPL DDZ 11328 CLC
2578 CLC 1'58 LDA a2 5338 ADC COLM
2588 ADC COLM.Y n68 SU SPX lIU8 STA CRSEIl
25'8 51A CRSEIl 1'78 LDA a17 11358 l~
2688 LDA SCOL nee SU UCIIT 5368 LDA $n
2618 ClIP a63 n" CLC 5378 ORA $7A
2628 IIIlE FF.I 4888 ADC FROM 5388 lEa IIUZZ
2638 LDA CRSX 48.18 .ISR REFROM 5n8 LDA $7'
2648 CLC 4828 .ISR DRCOL 5488 SU GTU+l
2658 ADC COLM+n 4838 .1111' IUCRS 5418 LDA $7A
2668 SU CRSEIl 4848 It:m!EDil 5428 STA liTU+2
2678 FF.I .IMP EXCI 4858 MOUSCII LDY a3' 5438 buzz LDA lI$7F2688 lIDll 4868 M52 LDA (.Il). Y 11448
26" CLA CMP lI$lE 4878 SU (LI,Y 11458 TAY
2788 IIIlE CUA 4888 DEY 5468 UK
2718 CL LDA CRSX 4"8 IPL MS2 5478 ICLP TXA
2728 ClIP a2 4188 LDA .IL+1 11488 SU AIT,Y
2738 IIIlE PA 4118 STA L+l 54" EOR a$88
2748 LDA FCOL 4128 LDA .IL 5588 SU AIT+$88,Y
2758 IIIlE SCRLL 4138 SU L 11518 DEK
2768 RTS 4148 RT5 5528 DEY
2778 PA DEC SCOL 4158 ltum 5538 IlHI ICD
2788 LDA CURRM 4168 CLOSE STX KSAU 11548 CPY lI$SF
27" STA UCIIT 4178 LDA a12 5558 IIIlE ICCA
21188 LDA SROM 4188 SU ICCOM.X 5568 LDX aUF
2818 .ISR REfROM 41" .ISR CIOU 5570 IIIlE ICLP
2820 LDA CRSX 4200 LDX XSAU 11580 ICCA CPY aS1f
2838 PHA 4218 RTS 55'8 IIIlE ICLP
21140 SEC 4220 !~i:ti fi:ii:lBOL 11680 LDX aSSF
2850 LDY SCOL 4230 SUO 81lE ICLP
2860 S8C COLM.Y 4248 .IHP CLEAR 5628 llZ9lElll2870 51A CRSX 4250 SCRH .ISR DRAMII 51130 ICD LOA a (ROI
21188 PLA 4260 CLEAR .ISR CLRSCII 11640 SU L
211'0 SU CRSEII 4270 RTS 5658 LDA a )ROI
UOO .IMP EXCI 42110 JiDJlifBH&H'SiDii 5668 STA L+1
2'18 SCRLL DEC SCOL 42'8 DPRIIlT SU IL+J. 5670 LDY a8
2'20 LDA SCOL 4388 STX IL 5680 CET LDA L
2no SU FCOL 43J.0 DOP LDA (ILI,Y 116" SU RAD.Y
2'48 .ISR DRAMH 4328 CMP DEOL 5700 LDA L+1
2'58 .ISR REfSCR 4338 ilEa EIIDP 5718 IllY
U68 LDA a2 4340 SU (LI.Y 5720 SU RAD,Y
U78 SU CRSX 4350 IllY 5730 LDA L
2'88 LDY FCOL 4360 IIlE DOP 11748 CLC
2"0 CLC 4370 EIlDP RTS 11750 ADC al
3880 ADC COLM.Y 4380 Ira." 4 •.".; 11768 SU L
3818 SU CRSEII 43'0 DRCOL LOY ao 5778 LDA L+l
3820 .IMP EKCl U80 STY UCIIT 5788 ADC ao
3838 ~lf!R

UI0 LDA FROM 57'0 SU L+1
:1840 CMP lI$lC U20 SU IICOI 5880 IllY
:1850 II liE CO.l U38 IIlC IICOI 11818 CPY lI$80
:1860 CU LDA CURRM 4UO Fli LDA IICDI 5828 IIIlE CET
:1870 III1E R:I U50 LDK ao 5838 LDY an
:1888 LDA FROM U68 FE CMP a18 11840 LDA aSfF
:18'8 IIIlE R4 U70 IICC FF 5858 CES STA R01.Y
3J.08 RT5 UIIO SEC 11868 DEY
3110 R3 .ISR IUCRS 44'0 SIIC au 11878 IIPL CES
3128 DEC CURRM 4580 IIlX 11888 LOA a (EIlPROli
3138 DEC CRSY 4518 IIIlE FE 118'0 SU EIlOAT
3148 DEC SROM 4520 FF PHA 11'00 LDA a >EIlPROli
:lJ.50 .I11P IUCRS 4538 TXA 5'18 STA EIlOAT+J.
:1160 R4 .ISR IUCRS 4548 PHA 11'28 JUWf',C-t tn .4:ii41
3170 DEC FROM 4550 LDY UCNT 5'38 LOA a (FPSTACK
3180 DEC SROM 4560 LDA Y48L,Y 11'48 51A L
:11'0 4570 51A L 11'58 51A 51LO
:1280 LDA a ([SCIlEM+720l 4588 LDA Y48H,Y 5no LDA a )FPSTACIC
3218 SU .IL 45'0 SU L+l 5no SU L+l
3220 LDA a )[SCIlEM+720l 4680 PLA lIn8 SU STHI
3238 STA .IL+1 4618 ORA as" 5"8 LDY al
3240 LDA a ([SCIlEM+768l 4620 LDY ao 6808 FPZ LDA L
3250 51AL 4638 STA (LI.Y 6810 CLC
3260 LDA a ) [SCIlEM+768l 4648 PLA 6828 ADC a6
1278 SU L+1 4650 IllY 6038 51AL
3288 LDX a16 4668 ORA lI$" 6848 SU 51LO,Y
32'8 HUAli .ISR HOUSCII 4670 51A (l) ,Y 6858 LDA L+l
3388 SEC U80 IIlC IICOI 6868 ADC ao
3318 SIIC ..8 46'0 IIlC UCIIT 6878 SU L+1
:1320 STA .IL 4780 LDA UCIIT 6088 SU 51HI,Y
3338 LDA .IL+1 4718 CMP a18 6"8 IllY
3348 SIlC a8 4720 II liE Fli 6188 CPY aS7
3358 SU .IL+1 4738 RTS 1118 IIIlE FPZ
3360 DEX 4748 '1riIImJ 6128 RTS
U78 IIPL HUAli 4758 fUT CLO 61:18 l~:1:188 4710 LDA a «(SCIlEM+80l 1148 DRAWit LOA a ( [SCIlEM+48l
33'8 LDX an 4770 51AY48L 1158 SU L
U08 LDA a8 4788 SU L 1168 LDA a ) (SCIlEM+48l
U18 UU SU SCIlEM+80,X 47'0 LDA a ) [SCIlEM+88l 1178 SU L+l
U28 DEX 4800 51A Y48H 1188 LDY a3'
U30 IIPL UU 4818 51AL+1 11'8 DH LOA lI$88
U48 STA UCIIT 4828 LDY al 6208 51A (LI.Y
:1450 LDA a2 4830 II LDA L 1218 DEY
U68 STA SPK 4848 CLC 1228 IPL DH
:1470 LDA FROM 4858 ADC ..8 1238
U80 .ISR REf ROM 4868 STA L 1248 LDA a2
:14'0 .ISR DRCOL 4878 SU UOL.Y 1258 51A TM
:1580 .IMP IUCRS 4888 LOA L+l 1268 LDA FCOL
:1510 CD.I CMP aSl0 ;~ 48'0 ADC ao 1278 SU THl:1528 ilEa CD noo SU L+l 1288 COA LDY THl
:lno RTS 4'10 SU Y40H,Y IIU8 CPY alI4
3548 CD LOA FROM 4'28 IllY 11388 ilEa COO
3558 CLC 4'38 CPY a18 1318 LDA COLM,Y
:1568 AOC CURRM 4'48 IIIlE II 1328 PHA
:1578 CHP an 4'58 11338 LSR A
:1588 IICC Rl 4'68 LDA a (OLI 6U8 CLC
:15'8 RTS n78 SU UDSLST 11358 ADC TM
:1688 Rl LDA CURRM n88 LDA a )OLI 1368 SU THI
:1610 CHP a17 n" SU UDSLST+1 1378 DEC THI
3620 IICS R2 seoo LOA a2 1388 PLA
:11130 .ISR IUCRS SUO SU COLOR4 IIn8 CLC
3648 IIlC CURRM 5020 LOA a8 1488 ADC TM
3650 IIlC CRSY 5038 STA COLOR2 1418 SU TM2
:1668 IIlC SROM 5840 LDA a18 1428 ClIP au
:1678 .IMP IUCRS 5850 SU COLORI 1438 IICC COIC
3688 R2 .ISR IUCRS 5060 LDA a6 1448 CDO RTS
:16'0 IIlC FROM 11078 LDX a )UIII 1458 COIC LOA a33
3788 IIlC SROM 5880 LDY a (U81 1468 51A TII4
:1718 58'0 .ISR SETU8U 6478 LDA TMI
:1728 LDA a «(5CIlEM+128l 5188 LDA aSC8 1480 CMP a26
:1738 51A .IL 5118 SU IlHIEIl 64'0 8CC 12
:1748 LDA a ) [SCIlEM+128l 11128 6500 IIlC TII4
:1758 5TA .IL+1 5138 LDY alI:I 1510 SEC
:1768 LDA a ([SCIlEM+88l 5148 1.1 LDA as 1528 511C a26
:1778 SU L 5158 SU COLII,Y 6538 CHP a26H80 LDA a ) [5CIlEM+88l 5168 LDA lI$28 6548 IICC 123n8 SU L+1 5170 SU FMCOL.Y 6558 IIlC TII4:1888 LDK a16 5180 DEY 6568 SEC:1818 IIDAli .ISR MOUSCII 111'0 IIPL 1.1 6578 SIIC a26
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6588 T2 PHA n68 LDA t:IIDAT 'UI LDA RAD.V
65" LDV TIt! 7'78 CLC US8 ADC 118
6688 LDA TMe n88 ADC Lt:II' '368 5TA RAD.V
6618 EOR 11$88 n" sTA EIIDAT U78 IIIV
6628 5TA eL) .V 8888 LDA EIIDAT+1 U88 IG CPV 11$88
6638 PLA 1818 ADC 118 U" IIIE IR
6648 CLC 1828 STA EIIDAT+l ,e88 RTS
6658 ADC 11$21 1838 MAli .ISR IIFR U18 FCEL CMP COLIIU
6668 EOR 11$88 IU8 ICC MIU U28 IIIE 1I0D
6678 UV 8858 RTS ,e38 LDA RO"U :. d.l6688 5TA eL), V 1868 MIU DEC IFR+l ,ee8 .ISR Dt:LTCL
6n8 IIIC TM! 8871 LOA IFR+l US8 SEC I f~1I thru
6788 LDA TM2 8888 C... II$FF '468 1I0D ICS IS
6718 5TA TM 88" 811t: MS ,e71 LDV 112
6728 .IMP COA 8188 DEC IFR+2 ,e88 LDA eLL) .V
6738 i9b'22&Jlti~ittci:s 8118 MS DEC MTO+l 'U8 CLC
6748 8128 LDA MTO+l '588 ADC LL
6758 LDV CRSt:1I 8138 CMP IISFF '518 STA LL
6768 DEV 8U8 1I11t: MT '528 LDA LL+l
6771 IllS LDA eLJ ,Y 8158 DEC MTO+2 '538 ADC 118
6788 EOR 11$11 8168 MT .I'" MA' '548 5TA LL+l
67" sTA (lJ ,V 8178 IlFR LDA SFFFF '558 .ISR ADDDT
6888 DEV IU8 MTO STA SFFFF '568 .I'" IU
6811 CPV CRSII 8U8 KG DEC UVT '571 ;r;Qlj'••jlMaDif:l
6821 IIPL IllS 8288 LDA III1VT '588 Dt:LTCL PHA
6838 LDV SCOL 8218 CMP II$FF '5" LDV 112
6U8 LDA ~:::i~hV 8228 III1E CIIR ne8 LDA eLL).V
6858 sTA 1231 DEC III1VT+l '618 CLC
6861 .ISR SHIlCRI IU8 LDA III1VT+l '628 ADC llDTLEII
6878 RTS 8258 C... II$FF '638 sTA LEII'
6UI J'W••""'''; 8268 III1E CNR 'U8 .ISR MOIIDN
6"8 LOCCRS LDV CRSV 8278 SEC '658 PLA
n88 LDA ve8L.V 8288 RTS '661 ASL A
6U8 sTA L 8U8 CIIR CLC '671 TAV
6n8 LDA vnH,V 8388 RTS '688 IIIV
6n8 STA L+l 8311 I~ 'I" IIIV
6'48 RTS Inl MOIIDII LDA LL '788 .IMP DG
n58 IrIDEIl In8 STA MTO+l '718 DR LDA RAD.V
n68 CLRTXT LDV III IU8 CLC '728 SEC
n78 TVA 8358 ADC LEllli '738 slIC LEII'
n88 CT sTA TIITNIII,V 8368 STA IlFR+1 '7e8 sTA RGiD,Y
6"8 UV 8378 LDA LL+1 '758 UV
7888 CPV 11161 8388 sTA MTO+2 '768 LDA RAD,V
7818 III1E CT In8 ADC 118 '778 sec 118
7828 LDA 11$88 le88 STA IFR+2 '788 STA RAD.V
7838 sTA TXTNIII+2 8U8 LDA EIIDAT ,n8 IIIV
7848 RTS 8U8 SEC '888 DG CPV 11$18
7858

~~Wf'fsPMv
8e38 SIC IFR+l '818 III1E DR

7868 ue8 5TA 118VT "28 RTS
7878 LDII II$FF US8 LDA t:IIDAT+l '838 ;Cli¥i.,iilix:)n
7888 STII CH U68 S8C IlFR+2 "n CLRSCII LDII 1117
7.,8 RTS U78 STA 118VT+l '858 CTD .ISR CLRLIII
7188 IGaaw:tl'l U88 LDA EIIDAT '868 DEX
7118 liKt:V LDA CH 8U8 SEC '878 IIPL CTD
7128 ClIP IISFF 8588 S8C LEII' '888 RTS
7138 8EG liKEV 8518 sTA EllOAT '''8 IN,I'!)- 4:8 4,1
7U8 sTA OLDC 8528 LDA EIIDAT+l "88 CLRLIII LDA V48L,II
7158 HI TAV 8538 S8C III "18 STA L
7168 CPV IISCI 8U8 5TA t:IIDAT+l "28 LDA U8H,II
7178 8CC liTII 8558 DDl .ISR IFR "38 sTA L+l
7188 LDV IIUA 8568 ICC DD4 "n LDA 118
7U8 liTII LDA SFt:FE,V 8578 RTS "58 LDV 112
7288 sTA OLDAC 1588 DD4 UC IFR+l "68 CsLP sTA el) I Y
7211 Klill ClIP IIS82 IC~PS as" III1E DD2 "78 IIIV
7228 III1E ICII 11688 IIIC ""R+2 '''8 CPV lin
7238 HIM LDA CAPS 1618 DD2 IIIC MTO+l " " III1E CSLP
7U8 EOR IIsn 11628 III1E Dn 818888 RTS
7258 5TA CAPS 11638 UC MTO+2 118818 L\Worw,·'c'JL7268 HI.I LDA IISFF 86n Dn .IMP DDl 818828
7278 5TA CH 8658 I~ 818838 011 CLC
7288 1111£ 'KEV 8668 AS2IC STII IIsAII 818848 ADC COLW,V
72'1 ICII C... 11$81 linurs 8678 TAli 818858 CMP lIC8
7388 III1E U 8688 LDA AIT,II 818868 IICS OA
7318 LDA IlIlIFLli 86" LDII IISAII 1118878 IIIV
7328 EOR 11$88 8788 RTS 118888 1I11t: 011
7338 sTA UIIFLli 87181~ 818"8 OA STV TM2 ;lst col
7U8 .I'" HI.I 1728 J •• I I •• ' 1_ 818188 RTS
7351 U C... IIS83 Ishift 8738 I.' .... .. 118118 iirrltrrr:·::4r".r1:7368 IIt:G KIM :~~: iIlS[~T ~DA'SCOL' •

118128 lin.5
7378 C... II$U Jcontrol 818138 sTA IICIIT
7388 IIt:G liKEV 8768 sTA COLIIU 818U8 LDA FROW
7n8 C... IIS85 1771 LOA FROW 818158 sTA TM! ,rows
7488 IIEG 'Kt:V 1788 CLC 818168

OH LDA TMl7U8 LDA OLDC In8 ADC CURRW 118178
7U8 C... lI$e8 8888 sTA ROIlllU 118118 .ISR REfROW
7438 IICS 1C6 1818 ASL A 818U8 IIIC TM!
7U8 LDA OLDAC 8821 TAV 818288 IIIC IICIIT
7e58 C... 11'7 1838 LDA RAD,V 818218 LDA IICIIT
7e68 IICC 1C6 18U sTA LL 818228 CMP 1111
7478 CM!' 11123 8858 IIIV 818238 1I11t: OH
7el8 IICS K6 8868 LDA RAD,V 818U8 RTS Idan"
7e" LDA CAPS 8878 sTA LL+1 818258

!WA"'J2L7588 IIEO 1C6 1888 IU LDV 118 818268 A
7511 ORA OLDC 88" LDA eLL), V 818278 TAV
7528 .I'" HI "88 IIPL FCEL 818288 LDA RGiD,Y
7538 1C6 LDA OLDAC IU8 IS LDA STR 8182" STA LL
7U8 LDII 1115 "28 CLC 818388 IIIV
7558 KCMP CMP SLKt:V.X "38 ADC llDTLEII 118318 LDA RAD.V
7568 8EG KOUT "e8 sTA LEII' 818328 5TA LL+l
7578 Dt:1I "58 .ISR MOIIUP 818n8 RTS
7588 IIPL ICCMP 8'18 LDV 118 818U8 ItD.-a.l -4,04- u·eli·s~.

75" EOR IIIIIFL' 8'78 LDA COLIIU 818358 Rt:FROW PHA J5i1Ue row
7688 KOUT RTS "88 sTA CLL) ,V 818368 LDA fCOL
7618 LWH* "" LDA FORMAT Ifar.at 818378 sTA TM Jco1
7628 "88 LDV III 818388 LDA 112
7638 lilt: TPS "18 sTA eLL) ,V 1183" sTA SPII
7U8 LIII2 LDV 112 "28 IIIV I1U88 .ISR LSTCOL
7658 liNE TPS "38 LDA sTR 818418 LDII IICIIT
7668 un LDV a::r "e8 5TA eLL) .V 818428 .ISR CLRLU
7678 TPs LDA TNIIIL,V '858 IIIV 818438 PLA
7688 sTA L "68 LDA III I fl~g2 118U8 .ISR STUD
7n8 LDA TNIIIH,V "78 ORA DTVP 818458 liE LDV 118
7788 sTA L+l "18 sTA eLL) .V 818468 LDA eLL). V
7718 LDV III "" .ISR AD DDT 118478 CMP IISff
7721 RTS U88 LDV 118 818488 IIEG IIA Idon" wlraw
7738 ;(.,,,.,'-:14 iii) U18 IT LDA sTRU'.V 8184" CMP TM
77n MERR LDV 112 U28 sTA eLL). V 818588 IIEG 1111 not col
775. .I5R D5Kt:RR U38 IIIV 118518 IICC lie
7768 .IMP HOIlt: U48 CPV sTR 818528 liD LDV TM ;next col
7778 li~iJt'~DA t:IIDAT

U58 III1E IT 818538 LDA COLW,V Jscrn pos
7788 U68 LDA STR 818548 CLC
77" STA IlFR+l U78 CLC 818558 ADC SPX
7188 CLC UI8 ADC llDTLt:1I 818568 STA SPX
7118 ADC LEII' U" sTA LEII' 818578 IIIC TM
7828 sTA MTO+1 n88 LDA ROWIIU 818588 LDA TM
7838 LOA t:IIDAT+l n18 .ISR UPRAD 8185'8 CMP TM2 ,lilS't col?
7IC8 sTA IlFR+2 n28 RTS 118688 ICC lit:
7858 ADC 118 '238 ;r:t!W'J.j,M,'ijWTf!2 118618 IIA RTS
7868 sTA MTO+2 '2e8 UPRAD ASL A 118628 IIC .ISR UP1COL line 11
7878 CMP 186 n58 TAV 818638 .IMP lit:
1888 ICS MERR n68 UV 1186n III LDA LL
7"8 LDA EIIDAT n71 IIIV 818658 CLC
7'88 SEC n88 .I'" IG 818668 ADC llDTLt:1I
7UI SIC LL n" IR LDA RAD.V 118678 sTA IL
7n8 5TA 118VT ':l88 CLC 818688 LDA LL+l
n38 LDA EIIDAT+l ':l18 ADC Lt:II' 8186'8 ADC 118
7'48 S8C LL+1 U28 5TA RAD,Y 818788 STA IL+1. Ik""p LL
7'58 STA 118VT+l ':l38 IIIV 818718 LDV IICIIT
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S,lP
a3
Bfl,K
ASZIC

SJA
a32
5EG,Y
THTWIN+42, Y

ISAUEaD:ICAlC.PT3
;Gi!IJMilDi
HOllE JSR ClRSCN

JSR RSTCRS
HHZ J5R DRAWH

JSR DRCOl
HM3 JSR REFSCR

JSR SHWTZ
.JMP IUCRS

'lfflts·t~':iJ:
STA fCOl
STA FROW
5TA SROW
5TA SCOl

CRSZ STA CURRW
STA CRSY
lOA az
5TA CRSH
lOY FCOl
ClC
ADC COlW,Y
STA CRSEN
RT5

,LiN·I AiflJi

COll .05 J.
ROWl' .DS J.
ROWS .DS J.
ROWT .DS J.
ROWZ .DS J.
OliO .05 J.
om .05 J.
DHZ .05 J.
DMJ .DS J.
DHe .DS J.
OIlS .DS J.
DH6 .DS J.
DK7 .DS J.
H5AU .DS J.
A5AU .DS J.
YSAU .DS J.
NAR' .DS J.
SUY .DS J.
FPPTR .DS J.
FlOK .DS J.
STOK .DS J.
OPERAT .DS J.
OlDC .DS J.
OlDAC .DS J.
TAJ. • os J.
TAZ .DS J.
TA3 .DS J.
TU .DS J.
ICDJ. .05 J.
EDIT .DS J.
SPH .DS J.
5TR .DS J.
DTYP .DS J.
FPN1 • OS 3
ARGT .DS 3
ROF5T .DS J.
COF5T .DS J.
HlDF .DS J.
HlDS .05 J.
HlDY .05 J.
STRZ .05 J.
lEFlP .05 J.
RIGHTP .DS J.

.OPT lIST
ENl *

.OPT NO lIST

U08
lUI
IJ.Z8
8130
1148
U58
1161
1170
1180
IHO
IZOO
1210
IZZO
Ino
IUO
IZ50
IZ60
OZ78
IZ80
8UO
8310
IUO
8320
8330
1340
8350
8361
1370
8380
Ino
8410
IUO
UZO
IUO
OUO
8450
1460
8470
1480
IUO
1510
15J.0
15Z0
1530
1548
1558
1568
1578
1580
15'0
1680
IUO
16Z8
1630
IUO
0650
8660
1670
1680
16'0
8710
8no
1728
0730
1740
8758
1760
1770
1788
17'0
8810
IUO
18Z0
1830
1840
1850
1861
1870
8881
81'0
.,10
OUI
.,ZO
.,30
.,40

LISTING 4: ASSEMBLY

1848
1858
1868
1878
1881
18"
U88
UJ.8
UZ8
U38
J.U8
U58
U68
U78
U88
J.H8
1288
J.218
12Z8
1238
J.U8
1258
1268
1278
1288
J.U8
1388
UJ.8
UZ8
1338
1348
1358
1361
1371
1388
J.n8
1480
J.UO
UZO
1430
1440
1458
1460
1470
1480
J.U8

l~2iU'~Ji)tD''3;·il.'I:iasm
lO~~lg~o~TRINIi,y

lEa lODON
AMD a$7F
CttP lI'z+j,
ICS NlO
c.. a'.
ICC lila
EaR aU8

Nl~N~TA STRIII',Y

INE lOlP
lODON RTS

.INClUDE ~'ICAlC.PT3

.INClUDE ~'ICAlC.PT4

.INClUDE UD,ICAlC.PT5

.INClUDE UD,ICAlC.PT6
ENPROG = **= RUNAD

.WORD IE'IN

.END

IllY
CPY STR
INE IIl3
DEC STR

IIRT RTS

IFi'll'lIIl'lp."
ClRSTR lDH a 71"

lOA a$ZI
CS~~HSTA STRINIi,H

IPl CSTl
RTS

!SAUE~ 'ICEau

CIOU = fE456
ICCOH $1342
ICIAl = S83U
ICIAH = S8345
IC8ll = $1348
IC8lH = $l3U
AUHJ. = $134 A
AUHZ = $1348
RUNAD = $lZEI
IMITAD = SIZEZ

~Dl5Tl = fe231
SDHCTl = feZZF
UDslST = SIZI8
IIHIEN = fD41E
WSYNC = SD48A
SETU8U = SE45C
SYSU8U SE45F
COLOR I feZC4
COlORJ. $lZC5
COlORZ = $lZC6
CDlOR4 = $lZC8
COlPFI SD816
COlPFZ = $0818
KEYDEF = $H
INUFlG = $8Z86

~If1'*'l!bffl
IN8UF = SF3·
FRI = SD4
FRJ. = SEI
FlPTR $FC
l8UF = $1588
AfP = fD888
fAsC = fD8E6
IFP = f"AA
lFRI = SDAU
lFJ. = SDU6
'SUI = $DA61
fADD = SDA66
FHUl = SDAD8
FDIU = $D8Z1
FsT8R $DDA7
FST8P SDDA8
flDIR soon
FlDJ.R SD"8
FlD8P SDD8D
flDJ.P SO"C
FHOUE SDD86
EHPJ.8 = SDDCC
lOG18 = SOEDJ.

lONsol = SDIJ.F
CH SIZFC
EOl = "8
DOSUEC = $IA
RAHTOP = $6A
SEOl = $81
CAPS = UZIE
DTlEN =•
NUMB = fl5l8

liibi~*= D8
l .DS Z
II .DS Z
Il .DS Z
Jl .DS Z
FPlO .05 Z
TH .DS J.Tm .05 J.
THZ .DS J.
TMJ .DS J.
THe .DS J.
fCOl .DS J.
FORHAT .DS J.
UCNT .DS J.
CRSH .05 J.
CRSY .DS J.
HPOS .DS J.
'HH .05 J.
COlNU .DS J.
ROWNU .DS J.
N8VY .DS Z
lENG .DS J.
SCOl .05 J.
FROW .DS J.
CURRW .DS J.
SROW .DS J.
COLI" .D5 J.
COlS .85 J.
COLT .DS J.

lUI
8UI
I1Z1
8131
lUI
1158
8J.61
U71
U81
IHI
1281
1211
8ZZ1
8nl
lUI
1258
8Z61
8Z71
IZ81
lUI
8388
83J.I
Inl
8338
8341
8358
lUI
8371
8388
83"
8488
UJ.8
1428
IU8
IU8
8451
8461
8471
1488
14"
1511
15J.I
15Z8
1538
1548
1551
1568
1571
8581
15"
1688
lUI
16Z8
1631
1641
1651
8661
1671
1688
lUI
1711
1718
1728
1731
1741
1751
1761
1771
1788
IHI
1888
lUI
18Z1
lUI
lUI
1851
1861
1878
1888
1.,1
.,88
lUI
Inl
.,31
.,48
"51
.,61
IHI
"88.,,,
1811
UJ.I
18Z1
J.831

LISTING 3: ASSEMBLY

I1Z188
I1ZU8
I1ZUI
UZUI
UZU8
8UJ.51
UZJ.61
IJ.Z171
I1Z188
8UHI
UZZ88
UZ21I
UZZZ8
812238
IUUI
IUZ51
UZZ61
UZZ71
812281
I1ZUI
112381
UZUI
112321
112331
112348
112351
112361
I1Z371
812381
UZ3"
I1Z488
I1Z418
IJ.2421
IUUI
IUUI
I1Z451

; lOw

I" a
; .. I"

NH2sTR JSR SETINI
JSR fASC
lOY a8

NlP lOA (INIUfl,Y
IHI NlZ
~~~ 5TRIM', Y
8ME NlP

NlZ AMD a$7F
~~~ 5TRIM', Y
STY sTR
CPY aJ.
lEa NRT
lDA 5TRIN'
CMP a'.
INE NRT
lOyal

Nl3 lOA STRING+J.,Y
5TA STRIMIi, Y

lDA Y48l,Y
STA Jl
lDA Y48H,Y
STA Jl+J.
lDA SPH
STA TKJ
lDY aJ.
lDA (lll,Y
STA FORMAT
lDY a3
lDA (lll, Y
IPl NMER
JItP NUER

liNER AND a3
lEO IINH
CItP aJ.
lEO ISN
lDY az
lDA (lll,"
SEC
SIC 116
ClC
ADC Il
TAH
lOA Il+J.
ADC at
TAY
JHP ISNZ

,W,··i,Ai-il Ii
IINH JSR ClRSTR

lOY az
lOA (lll, Y
TAY
lOA DEOl
STA STRIM',Y
DEY

YTA lOA (Ill, Y
STA STRING,Y
DEY
IPl YTA
lOA a <5TRIMG
STA Il
lDA a ) STRIMG
STA XL+J.
JsR FRHTHT ;r.sult in Il

;ril,,··i,Wi·.44.1
MMm lOY TH

lOA COlW,Y
STA 'HH
loyal
STY TH4

YlP lOY TH4
lOA llUF,Y
JsR ASZIC
lOY TH3
5TA (JLl, Y
IMC THe
INC TMJ
lOA THe
CHP 'HH
INE YlP
JSR ClRSTR
JHP UD

IJ.8728
118738
U8748
U8758
U8768
U8778
U8781
U8HI
U8888
U8UI
U88Z1
UI831
IJ.8848
IJ.8851
U8861
IJ.1871
UI888
U88n
U8'88
U8UI
U8,ZI
lunl
U8'48
U8'58
U.,61
IJ.I'71
U.,81
IJ.I"I
IUI88
lUlU
UUZI
IU831
IUUI
IUI51
UU61
IUI71
UJ.181
U18"
8U181
8UUI
UUZI
IUU8
IUU8
IUJ.51
8J.U61
IU171
IJ.U81
IUJ."
IJ.1288
IU21I
IUZZI
8U231
UJ.UI
IUZ51
IJ.J.Z61
IUZ78
IJ.J.Z81
UJ.Z"
8U381
IJ.J.UI
IJ.J.32I
IU331
IJ.U41
IJ.U51
IJ.U61
UU71
IJ.U81
IU3"
IJ.U88
IJ.U18
I1UZI
IUUI
IU448
IJ.U51
IJ.U61
111471
IU481
IU4"
11J.588
IU518
IU521
IU538
11J.541
IU551
IU561
IU571
11J.581
IU5"
UJ.688
UJ.618
IJ.J.6Z1
IU631
UJ.648
11J.651
UJ.668
11J.671
IJ.J.681
UJ.6"
IU788
IU718
IU7Z1
11J.731
IU741
8U751
IU761
1J.J.778
IU781
I1J.HI
IU888
IU8J.I
IJ.J.8Z1
IU838
111848
111851
IU861
11J.871
IU881
11J.8"
IU"I
IUUI
IU'ZI
Iunl
I1H41
11J.'51
Iunl
I1H71
I1H81
IJ.H"
112881
IU8J.I
I1ZIZ1
112831
112148
112858
112161
112871
I1Z181
IJ.Z.,I
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"58 5T1 If~TAI,K 1331
~~~V~~D~~:TYP

t711 5TA ICILL,K
"68 DfK 214. t728 LOA fIlOAT+l
'H' IPL 5~1 US, A5L A tH8 51C a >COLN
"88 LOA COLIIU 1368 ULA t748 5TA ICILH,K

"" HA 5fTCOL 1378 A5L A t758 5UP .151 CIOU
1188 LOA 10NllU 1318 TAK nil IPL IOOK
1111 5T1 5fTION 2U8 Lovau t778 CPvaU6 IfO~?

l1Z8 502 AT5 2488 5T' LOA TfKTVP,K t788 8fO IOOK
1838 aiS" -.4Ii 2411 5T1 5C",,", 'I 17'8 JIIP 'fllfl I CIDl!iI
1848 5HNRff JSR CLLIllt 2428 IIIK 3188 IOOK CL05E 2
1158 LOK al 2U8 UV 3118 LOA 0116
1168 5NO LOA IEHAI+2,K 2448 CPV at, Je28 ClIP al
187. 5TA TKTNXII+141,K 2458 Illf 5T' In8 If0 NR~

1188 LOA IEfTAI, K 2468 RTS 1848 LOK a$28
1"8 5TA TKTNXII+121,K 2478 ,'i':'1f:1 CLR5CII

1858 LOA a (COLN
1118 OfK 2488 Je68 CLC
1118 IPL 5NO 24" LOA a'l Je78 AOC ICILL,K
112' LOA fRON %588 5T1 OIRTKT+l t888 5TA fllOAT
1131 CLC 2518 J5R 5TUf1 t.,8 LOA a >COLN
1148 AOC CURRN 2528 J5R ~UAI' t"8 AOC XCILH,K
1158 J5R 5TRAO 2n8 IC5 1I0ARG U18 HA fllOAHl
1168 KRA LOV a8 2548 5TA OXRTKTH t'28 NR~ JIIP HO""
1178 LOA (LL) , 'I 2558 1I0AI' CLOSf 2 UJe 1r:t;D;l
1188 ClIP a$f~ 2568 LOA al t'48 'OTO J5R 5T21f1
11'8 lEO IIRf 2578 5T1 UCIIT t'58 J5R ~UAI'

1288 ClIP 5HCOL 2588 LOA at t'68 BC5 OAI
1218 lEO 'If 25" LOK a$28 U78 J5R 'TCLRN
1228 ICC URf 2688 5T1 ICCO",K U88 IC5 OAI
Ut8 IIR~ JIIP 507 I tr~ COl 2618 LOA a (OIRTKT U" LOA RONllU
1248 URf J5R UP1COL 2628 5TA ICIAL,K 4888 ClIP a47
1258 .I lIP KRA 26n LOA a >OIATKT 4818 IC5 OAI
1268 'If LOV at 2648 5T1 ICIAH, K 4828 LOA COLIIU
1278 LOA (LL) ,'I 2658 LOA a6 48n ClIP a55
1288 AIIO at 2668 5TA AUK1,K 4848 IC5 OAI
lU8 If0 TKT ;1:.xt 2678 LOA a8 4858 J5R IUCRS
U88 ClIP al 2688 5TA AUK2,K 4868 J5R CLR5CII
lU8 Illf IIRf 2U8 J5R CIOU 4878 LOA COLIIU
U28 J5R LL2~R' 2788 IPL OXROK 4888 5TA ~COL

ln8 J5R ~ASC 2718 'fllfR J5R OSKfRR ;!lIiIEa 4.,8 5TA SCOL
1148 LOV a8 2728 JIIP H~ 4188 LOA RONIIU
U58 506 LOA UIIIUf) ,'I 27n OIROK LOK a$28 4118 STA fRON
lU8 PHA 2748 LOA as 4128 5TA SRON
U?8 AIIO a$7f 2758 STA ICCO",K un LOA a8 ,4 cr52
U88 JSR AS2XC 2768 LOA a (LIUf 4148 JSR CRU
lU8 STA TKTNXII+U4,V 2778 STA ICIAL,K 4158 .I"" H~
1488 PLA 2718 LOA a >LIUf 4168 OAI ATS
1418 I~ 507 27" 5TA ICIAH,K 417. IIDiflDl
1428 IIIV 2888 LOA a8 4188 ST2Bfl LOV a114
lU8 CPV au 2818 5TA ICILH,K 41" 501 LOA STRIIIG,V
1448 BIlf 506 2828 LOA a$U 4288 5T1 1f1,V
1458 TKT LOV D2 28t8 5TA ICILL,K 4218 Of 'I
1468 LOA (LL) ,'I 2848 JSR CIOU 4228 IPL 501
1478 5TA A5AU 2858 IPL PROIR 4138 RTS
1488 JSR AOODT 2868 JSR GCH 4248 Ji.4iiiiM,m
14'8 LOV a8 2878 CLOSf 2 4258 ARECL JSR RfCALC
1588 508 LOA (LL) ,'I ze88 JIIP H~ 4268 .I"" HO""
1518 JSR A52XC 2"8 PROIR JSR SCIIPOS 4278 ;lIn"·'iJ I4
1528 STA TKTNXII+124,V U88 LOK a8 4288 ~ORCf LOA al
1538 IIIV U18 LOV all 4U8 5TA ~RCTKT

1548 CPV ASAU U28 OIRLP LOA LIu~,K U88 ATS
1558 lEO 507 2n8 ClIP afOL U18 i'lIL'C'P'L'D'J seOl1568 CPV au 2'48 If0 IIKOR 4U8
1578 Illf 508 U58 JSR A52XC un TAK
1588 ~~i7' fJC'WIR'Jw U68 5T1 (L), 'I U48 LOA ~ION

lU' 2H8 IIIV U58 CLC
1688 JSR STRAO 2'88 IIIK U68 AOC CURRN
1618 LOA 5COL 2"8 JIIP OXRLP 4n8 5T1 T"
1628 STI T" 1888 IIKOR UC UCIlT 4Je8 JSR LOCCfL
1638 KCL LOV a8 3118 LOA UCIlT 4U8 ICC LCELL
1648 LOA (LL), 'I t828 C"" a17 4488 Rn llimiC
1658 ClIP a$ff t838 Illf OXROK 4418 LCfLL LOA T"
1668 IfO IICOL 3148 JSR 'CH 4428 JSR onTCL
1678 C"" T" Je58 JSR CLR5CII 4431 J5R IUCRS
1688 BED 'COL n68 LOA a8 4448 LOA a2
lU8 ICC UCOL Je78 5TA IICIlT 4458 5T1 SPK
1788 IICOL RTS nl8 If0 OIROK 44118 LOA CURRN
1718 UCOL JSR UP1COL 31" ~Wpf?'t~''W1lT

4478 5T1 UCIIT
1728 .I"" KCL U88 4418 LDA 5RON
lH8 'COL LOV a3 3118 LOA V48L,V 44'8 JSR RffRON
1748 LOA (LL), 'I 3128 5T1 L 4588 JSR IUCRS
1758 AIIO a3 3138 LOA 'l48H,V 4518 RTS
1768 lEO TTK Itnt U48 5T1 L+l 4528

iWA~'ftJv De1778 ClIP al 3158 RTS 4538
1788 IIIE IICOL 3168 !~JSR 5T21f1

4548 flLP LOA Ifl,V
17'8 JSR LL2fR8 U78 4558 ClIP afOL
1888 JSR fASC U88 JSR fUAI' 45118 lEO 1I0AI'
1818 LOV a8 31'8 .ISR 'TfILf 4578 ClIP a$28
1828 5112 LOA UIIIUf) ,'I U88 J5R CHKOEU 4518 BED fSPCE
ln8 PHA U18 ICC fILE? 4U8 UV
1848 RIIO a$7f U28 OfUERR LOV a165 4688 CPV a$28
1858 JSR AS2XC un .I"" GEllfR 4618 Illf flLP
18&8 STA TKTNXII+U4,V U48 fILf? JSR fILEKST 41128 1I0ARG SEC
1878 PLA 3258 ICC oEU'OK 46n RTS
1888 I~ 5n UII8 JIIP HO"" 41148 ~5PCf IIIV
1.,8 IIIV U78 OfUOK LOA a8 ;writ. 4658 fAR' LOA Ifl,V
1'88 CPV au U88 LOV all JI.t: r.c 411118 ClIP aEOL
1'18 Illf SK2 3U8 Illf oon 4678 If0 1I0RRG
1'21 TTK LOV a2 n88 LOAO JSR 5T2lfl 41188 ClIP a$21 ;5PU
un LOA (LL), 'I n18 JSR fURR' 411'8 Illf HRRG
1'48 5TR ASAU 1328 JSR 'TfUf 4788 UV
1'51 JSR AOOOT tn. JSR CHKOEU 4711 CPV a$28
1'118 LOV De n48 IICS OfUERR 4728 III1E fARG
1'78 5114 LOA m~l:V 1358 LOA D4 ;read 4738 liED 1I0AR'
1'88 JSR nll8 LOV a7 ;input 4748 ,Til' CLC

1"8 STA TKTNXII+l44,V 1378 oon STA 01t6 ;k...p ..... 4758 RTS
2888 IIIV 1318 5T'1 0117 47118 l.~t'I"EnLi"We14
2818 CPV ASAU 13" CLOSf 2 4778
2828 IfO 5Kt 1488 LOK as28 4788 ~'lP LOA 1f1, 'I

2838 CPV au 1418 LOA 0"6 47'8 5T1 fllAI4E,K
2848 Illf 5114 1428 5T1 AUKl,K 4888 ClIP aEOL
ze58 5n RTS un LOA as 481' If0 ~GO

2868 .03" .·fi,-I.ij:L1 1448 5TA ICCO",K 4828 UV
2878 SHNl2 LOK SCOL 1458 LOA a (filA"" 4838 IIIK
2888 LOR SRON 14118 5TA ICIRL,K 4848 IIIE f,LP

28" JSA LOCCfL 478 LOA a )filA"" 485. ~'O ATS
2188 ICC SKI 1481 5TA ICIIAH,K 4868 ;te&-.,•• itO"
2118 LOA a3 14" LOA De 4878 NXOTH JSR ST21fl
2128 5TAOT'lP t588 5TA AUM2,)C 4888 JSR ~UAI'

2U8 IIIE SHNTVP t518 JSR CIOU 48" ICS liON
2148 SKI LOV a3 1528 IPL RNOK 4'88 J5R HCLRN
2158 LOA (LL), 'I 35n JIIP 'EilER ;CIDl!iI 4'11 ICS liON
2168 AIIO at 3548 RNOK LOK a$28 4'28 IIIC RONIIU
2178 STA OT'lP 1558 LOA 0117 4n8 LOA RONllU
2188 .I"" SHNTVP t568 TAV 4'48 ClIP a2
21'8 irz'~"l:U,aDDDT

3578 5T1 ICCO",K 4'58 ICC liON
2288 t588 LOA a (COLN 4'58 ClIP an
2218 LOK LL t5" 5TA ICIAL,K 4'78 ICS liON
2228 LOV LL+l 31188 LOA a >COLN 4'88 LOV COLIIU
2238 .I"" fL08R ;Auto ret 1618 5T1 ICBAH,X 4'" STI COLN,V
2248 ;tl i if'Mn'l$1 tll28 CPV a7 Jinp? 5888 JSR CLRSCII
2258 CLLIII3 LOV U1U t638 Illf Anf 5818 JSA ORANH
2268 LOA a8 t6.8 LOA a$ff 5828 JSR REfSCR
2278 LPI STI TKTNXII,V U58 STA ICILL,X 5838 LOV fCOL
2288 UV 3668 STA ICBLH,X 5848 STV SCOL
2U8 CPV U168 t678 IIIE 5IIIP 5858 LOA U2
1388 Illf LP3 t688 Rnf LOA EIIOAT 5868 STI CRSK

131' RTS Ill" 5EC 5878 CLC
2328 JltI54 _?j,i.liJ:tl1 n88 51C a (COLN 5888 AOC COLN.V
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7851 LsR A
58n sTA CRSEII 1471 sTA fORMAT 7861 LSR A
51.88 .ISR IUCRS 1488

!"OfRM LDA fORMAT
7871 LsR A

51.1.8
~&'&.r2••)I••i",il4'U 14'8 7881 LSR A

51.28 1518 AIID 113 7878 sTA TORITE
51:J8 sHOCEL LI>K SCOL 151.8 TAK n81 PLA
51.48 LDA sROW 65Z8 LDA LCR,N 7UI

JCo~s?51.58 .ISR LOCCEL 1538 STA TNTWIII+U nZI AIID au
51.68 IICC UAA 1548 LDA fORMAT n31 III1E fllCOM IIlU
51.71 RTS ,non. 1558 AIIO 118 n41 LDY ll$FF
51.88 UAA LDY IU ;forMiit 6568 LSR A n51 ICPL IllY
5U8 LOA eLLl,Y 1571 LSRA n61 LOA eUIIUFJ, Y
5Z88 sTA Sli 1581 LsR A 7'71 sTA ULI,Y
5ZU IllY 11.ng~h 1578 TAN n81 IIPL ICPL
5228 LDA eLLl, Y 6111 LDA V.,X 7"1 Ifm .IMP :OSGII
5UI sTA LEIIG 1111 sTA TNTWIII+n 8888 ~~Ff5UI IllY 1621 LDA fORMAT 8811
5251 LOA eLLl,Y Inl AliI> au 81Z1 fM:1. IllY
5261 AIIO a3 6648 LsR A 11831 LDA IIUMII,Y
5Z78 II liE UAII 6658 LsR A 11148 IlMI fMIO
5281 UAG .IsR AOOOT 66li8 TAN 8851 C"' .'.52n LOY LEIIG l~n~ 6178 LOA

;:t:Xllm
8861 III1E fMlJ.

5388 OEY 6li88 STA 8871 DEY
531.8 UAH LOA eLLl,Y 66'8 LOA fORMAT 88811 FMIO STY SUY
53Z8 sTA STRIIIG,Y 6788 AIID aSFI 8"1 LON au
53:J8 DEY 1711 LSR A 81.88 ILP1 LDA 112
5341 IIPL UA" 67Z1 LSR A 81.1.1 STA fCIIT
5358 UAE LOA aSFF 6738 LSR A 81.21 ILP2 LDA IIUMII,Y
5361 sTA NPOS 1748 LsR A 81.31 AIlD ll$7f
5371 .IsR ORWIII 6751 TAN 111.41 STA lIIUF, M
5381 RTs I~ 6768 LOA sOEC,X 81.51 DEN
5U8 UAII CMP 112 6778 sTA TMTWIII+J.U 81.61 DEY
5488 liED UAF li788 .IMP FPC 8171 IlMI ILU
541.1 .IsR AOOOT 17'1 ,t!",';y:··,"a:til1 81.81 OEC fCIIT
5421 LOM LL 1888 GLOIIAL .ISR FORM 8UI IIPL ILP2
5431 LaY LL+1 681.1 LOY sCOL 8211 LOA a',
5441 .ISR fLD8R 1828 LDA fORMAT 8211 sTA LIIUf,M
5451 .ISR fASC 1838 STA fMCOL,Y 8221 OEN
54li8 LOY al 6848 RTs 8UI IIPL ILP1
5471 UAD LDA eUIIUFJ ,Y 6851 ~t*Ri.tttl1·;:'o'J

8241 ILU UN
U88 P"A 68lil 8251 LOY a1.
5478 AIIO ll$7F 6878 LON sCOL 82Ii I ILP3s~:As~:~~C~Y5588 sTA sTRIIIG,Y 6881 .IsR LOCCEL 8271
li5U PLA 1.,8 IICC ECL 8281 IllY
5528 IIMI UAE 6'88 RTS 8UI IIIN
5538 IllY 6'11 ECL .IsR fORM 8381 CPM 1131li548 III1E UAO 6'28 LOY a1. 831.1 III1E ILP3
li551 UAf LOA LEIIG .,38 LOA fORMAT 8321 LOM SUY5568 SEC 6'48 STA eLLl,Y 11331 LaA IIUMII,M
5571 slIC a6 nS8 LDM CURRW 11341 IIPL IIIIIU5588 sTA LEIIG n68 STN UCIIT 8351 OEY5sn .IMP UAG 11'71 LDA SROW 1361 LOA sTRIIIG,Y5li81 ~t,..-eD'lrn,u 11'88 .ISR REFROW 8378 ORA ll$88
SUI n" LDY SCOL ,restore 8381 sTA STRIIIG,Y
5628 sTA EOIT 7888 LOA FMCOL,Y 19iob. for ..~ IIU8 III1E 10510115138 .ISR S"OCEL 711.8 STA fORMAT 1488 I5648 .ISR IIIPUT2 7821 .IMP IUCRS 841.1 IIIIIU 111M5658 P"P 7131 :iiij¥"·'ffJ 8428 LOA IIUMII,M5661 LOA 118 7148 ROIIOF LI>A OIlF 8n8 sTA STRIIIG,Y5671 sTA EOIT 7851 EOR a3 8448 IlMI 10SlOII5688 PLP 7168 STA OIlF 8451 IllY5678 IICC EOOK 7171 TAN 8461 III1E IIIIIU5788 RTS 71118 LOY 118 8471 I571.8 EOOK PLA 7"1 RPP LOA OIlOFM,M 8488 1051011 LOA fORMAT5721 PLA 71.81 STA sEG+7.Y 8UI AIIO a85731 LOA Sl8 7111 111M 11518 liED IAfTER5741 sTA FORMAT 7128 IllY 8511 LOA a (STRIIIG5751 .IMP lOTIII 7131 CPY a3 8521 STA IL5761 :liuii:ri,w.','MtiM··'t 7141 III1E RPP 8531 LOA a )sTRIIIG
5771 fORM .IsR CLRTXT 71.51 RTs 8541 sTA IL+J.
5781 LOY SCOL 7161 ,'MJ'tD'lfclrr!CH 8558 lltlHliUlfw"nWi4ii t!I!57'1 LOA fMCOL.Y 71.71 8561
sail STA fORMAT 71.81 EOR a6 8571 IAFTER LOA al
5811 LON au 71.'8 STA RCfLG 1581 STA SCI IflAg5821 FPII OEN 7ZI1 TAM 811'8 LOY ll$fF
5838 IlMI FPM 7211 LOY 118 8688 "MA IllY
5841 FPA LOA F'MES,M 72Z1 R"K LOA RCMEs,X IIUI LOA sTRUG,Y
5851 STA TNTWIII+2,M 7UI STA SEG+27,Y 8621 IlMI IAfZ ,none5861 CPN as 7241 IIIN 8631 CMP a'E5871 IICC FPII 7251 IllY 11641 III1E "NA IknllU5881 LOA """"-5,)( 7261 CPY ali 8651 llIn up58'8 STA TKTWXII+"2,X 7278 III1E R"K 11668 IIIC SCI IU~ flgnil LOA FMII-5,N 72118 RTS 1671 OEY linlls pr.1I bll~5UI STA TMTWIIl+82, N 7UI 6~W'Ti)rrV';YSAU 8li88 LOA STRUG,YnZI LOA FMC-S,X 7381 8678 ORA ll$8111'31 sTA TMTWIIl+U2, M 731.8 CLOSE 2 8781 STA STRIIIG,Y11'48 .IMP fPII 7321 LOY YsAU 1171.11 LON ll$FF lbck ~o E5'58 fPN .IMP s"OFRM 7338 STY fR8 8721 HNII IIIN5'68

hc 7348 LOA al 8731 IllY5nl LOA CH 7351 STA fR8+1. 8741 LOA STRIIIG,Y11'81 C"" aSFF 7361 .ISR IFP 8751 PHA5"1 liED fPC 7378 .ISR FAsC 8761 AIIO aS7f6881 LON aSFF 7388 LOY ll$Fr 8771 STA sUEN,M6811 STM CH 7UI ERLPA IllY 8781 LOA a'i6821 C"" aUc 7488 LOA eIlIlIUFJ, Y 87'8 sTA STRUG,Y6831 III1E FPO 741.1 PHA 8818 PLA6141 RTS l~ 7421 AIIO aS7f 881.8 IIPL "M86851 FPO LOM 112 7nl .ISR ASZIC 81121 ;ShOW end5861 FPE CMP .ISKEY,M 7448 STA OERM+6,Y 8831 111M6878 IIEO FPF 7451 PLA 88U STM SCI6888 OEN 7461 IIPL ERLPA 8858 LOA aEOL18n IIPL fPE 7478 .ISR CLLIII3 8868 IAF2Sl:ys~~~,M61.88 IlMI FPG 7481 LOY a28 887861.1.8 FPf LOA fORMAT 7UI ERLPII LOA OERM,Y 8888 'Af IllY11.28 AIIO a252 7581 sTA TKTWIII+1Z4,Y 81'8 LOA STRIIIG,Y61.38 STA ASAU 751.1 OEY 1'88 IIPL ITP11.48 TNA 7521 IIPL ERLPII 8U8 AIIO ll$7FU58 ORA AsAU 7538 LOA aSFf 8'18 STA STRIIIG,YU68 STA fORMAT 7541 STA C" .,31 IllYU78 .IMP sHOFRM 7551 .ISR GAKEY 1'48 LOA a'.U88 FPG C"" aUA 10 7561 RTS .,51 STA STRIIIG,YU78 III1E fPH 7571 ,.UMber 'or-.t 5ubroutine .,68 STY SUY1118 LOA fORMAT 7588 ,for II-CALC 8nl .IMP I.lM6211 EOR a8 711'1 ~lt~JJ;~I_'~'iJ:'!~.s .,1:er D.c iMal 8'8e ITP C" .'.6221 STA FORMAT 7688 8"8 III1E IAf6238 .IMP S"OFRM 711.1 Ibi~ 31 Oollar Sign FlAg "" STY SUYlue FPH CMP aUI I, 7621 IbU 21 Co-a Flag "1.8 .AI IllY6251 II liE fP.I 7li31 lbi~ 1-1.1 L'C'R .Iustifll "21 LOA STRIIIG,Y12lil LOA fORMAT 7648
fRMIlUM LOY ll$Ff "31 IIPL IAI6271 EOR au 7651 "41 AIIO ll$7f1281 STA fORMAT 761i. If", IllY "51 STA STRIIIG,YII" .IMP S"OFRM 7671 LOA eIIIIIUfl,Y "61 I.lM LOA SUYnel fP.I LOM a' 768e STA IIUMB, Y "78 CLC1318 fPK CMP IIKEY,X ld.c plac.s 7ne IIPL If"' "88 AOC TORITE1321 liED fOO 7788 LOY ll$7F "" TAY1331 DEN 771.1 LOA a'8 U88 LOA TORITE1341 IIPL fPK 77Z1 fll.l sTA STRIIIG,Y U1.8 III1E IEL1358 IlMI FPC 7738 DEY uze OEY1318 fOO TNA 7741 IIPL fll.1 U38 .EL LOA ll£OL1371 PHA 7751 LOA a's U48 STA STRIIIG+I, Y1388 LOA fORMAT 7761 sTIl STRIIIG U58 'Chk for E1378 AIIO ll$lf 7771 LOA a ([STRIII'+1.] U68 LOA SCIU99 5 Til FORMAT 7781 STA IL U71 ilEa CKMIII141.8 PLA 77'1 LOA a )[STRIIIG+1] U88 LON al6428 ASL A 7881 STAIL+J. U" HNC LOA SUEM,MInl ASLA 781.8 '188 STIl sTRIII'+1.,Y1448 ASL A 7828 LOA fORMAT 19.~ fM bllU '11.8 CMP aEOLuse ASL A 7838 PHA nZI liED CKIUII6461 ORA fORMAT 7848 AIIO ll$fI '138 IIIN

! 8 AUGUST 1988 I A.N.A,L.O,G, COMPUTING



LISTING 5: ASSEMBLY

15J1 SPfR2ST LDA fPPTR
1548 LDY MARS
1558 SU fPM1,Y
1568 IMC MARS
1578 IMY
1588 CPY 113
lU8 ICS HS
1688 UN
1618 JSR fR8X
1628 IMC fPPTR
1638 CLC
1648 RTS
1658 ffS SEC
1668 RTS
1678 HiItlVl,M!l.e..1688
16,. CL2fR8 STX COLMU
1788 JSR STRAD
1718 EE LOY 118
1728 LOA ILL) ,Y
1738 CHI' IISH
1741 lEa ED
1758 CMP COLMU
1768 lEa Ell
1778 ICC EC
1788 EO SEC ,err
17'8 RTS
1888 EC JSR UP1COL
1818 JMP EE
1828 RTS Ie is nt
1138 EI LOY llJ I date tllP
1148 LOA ILL), Y
1858 AMO 113
1868 lEa EM Itxt!
1878 CMP III
1888 lEa Ef
11'8 LOY 112 I fn
1'88 LOA elL), Y
U18 SEC
1'28 S8C 116
U38 JSR IMCLL
l'U Ef LOA 114
1'58 JSR IMCLL
lU8 LDX LL
1'78 LOV LL+1
1'18 JSR fL08R 12 fr8
U,. EM CLC
2888 RTS
2118 hoe2828 .8YTE " o ",.
2838 .BYTE: "AB 11,1·
2848 .IYTIE "sa · ',2
2858 .IIYTE "R · ',3
2868 .IYTIE liE: · ',.
2878 .IVTE "l ',5
2888 .IVTE "IN ',6
20'8 .IVTE: "CN ',7
2188 .IYTE: "S 11,8
2118 .IVTE: IIA ','2128 .8YTE •
2138 I~
2148 JU8 • WORD sou
2168 .WORD A8S
2168 .WORD saR
2178 .WORO RND
2188 .WORD EMP
21'8 ,WORD LOG
2288 .WORD IMT
2218 .WORD CMT
2228 .WORD SUH
2238 .WORD AUE
2248 ,ti':Jf·j"I·W'iil
2258 A8S JSR CHKOME
2268 AXB LDA fR8
2278 AMD 1I$7f
2288 STA fR8
22n EXM LDM fPMl
2388 JSR fR8·X
2318 CLC
2328 RTS
2338 llIiIl
2348 INT LDA 118 IdUaUlt
2358 STA TRCf .
2368 JSR CHKONE
2378 Mf JSR SETIMB
U88 JSR fASC
U,. JSR TRUNC
U88 LOA fR8
2418 PHA
2428 JSR AfP
2438 PLA
24U BPL EX2
2458 LDA TRCf ;trunc flag
2468 BEa EX2
2478 LDM II (OME
2488 LDY It )OME
24n JSR fL01R
2588 JSR fSUB
2518 EX2 JMP EMX
2628 llEil
2638 SaR JSR CHKOME
2548 LDM II (SfPM
2558 LDY II )SfPM
2568 J5R f5T8R
2578 J5R LOS18
2588 LOX II (TWO
26'8 LDY II >Two
2688 SOU J5R fL01R
2618 J5R fOIU
2628 ICC saa Ixit
2638 RTS
2648 500 J5R EXP18
2658 EM3 BC5 BDEM
2668 J5R RNDsaR
2678 EM8 JMP EX2
2688 IDEM RT5
26'8 I~
2788 5au JSR CHKOME
2718 JSR LOG18
2728 LOX II (TWO
2738 LOY II )TWO
2748 J5R fLD1R
2758 J5R fMUL
2768 BCC 507
2778 RTS
2788 sa7 J5R ENP18
2n8 ICC EX8
2888 RTS
2818 IlIM!
2828 RND JSR CHKOME
2838 LOM II (HALf
2848 LDY II )HALf
2858 J5R fL01R
2868 JSR fADD
2878 ICC RP
2888 RTS
28n RP J5R fA5C
2'88 J5R TRUMC
U18 JSR SETIMB

J , or J

,error

Inut

;J?

;no .... t
Ilst ehr

lentlng onlll

;none

JTAI,X
JPOff+l
JTAB+l,M
JPOff+2

118
NARS
TM1
Ift,V
II' I
ffO

now get arguMents
1f 1 ar . in frO

SU fPPTR
JSR ZfR8

PARS LOX 118
STX STR

PLP LOA STRIMG,X
SU Ifl,X
CHI' 1lE0L
lEa PDOM
IMM
IME PLP

PDOM STM STR

lMNj~inty
J eABSC---,---,---)
; TM .Ytu+ TM2
Ifpnl-3 fp tok~ns

fMDfUM LDX III
HK LOA 8ft, X

CHI' lI'e
lEa ffM
IMX
CPX STR
IME ffK

ffT JHI' PASS2
ffM STM TN

LOA II >.fUll
SU LL+1
LOA II (fTAII
SU LL
IMX
STXTM1

ffS LOY 118
ffR LDA ILL), Y

lEa ffT
IMI ffP
CHI' 1ft, N
UE ffa
IMX
IMY
IME ffR

ffa LOA 114
JSR IMCLL
LON TM1
IME ffS

ffP AMD 1l$7f
CHI' Ifl,N
IME ffa
LDY 113
LDA ILL), Y I fll
STA ASAU
:nx
STXTM1
ASL A
UX
LOA
STA
LDA
STA

LDA
STA
LOY
LDA
CMP
lEa
SEC
RT5
IMY
LOA 8ft,Y
CMP II'D
IC5 ffM
CMP II'A
IC5 ffW
STY CIM
STYTM1
J5R fP2Bfl
J5R AfP
IC5 ffM
J5R 5PfR25T
IC5 ffM
LDY CIM

ffH LDA Ifl,Y
CMP II')
INE ffC
JHI' ffI
C.... ,
ilEa ffD
liME HM
STY THl
J5R STCLRW
IC5 ffM
LDY NARG
LDA COLNU
SU COLf,Y
LOA ROWIIU
STA ROWf,Y
LDA A5AU
CMP 117
lEO fUA
LDM COLNU
LDA ROWMU
JSR CL2fR8
IC5 ffY
LDY NARG
LDA 11$88
SU ARGT,Y
J5R 5PfR25T
IC5 ffY
LOA TM1
CLC
ADC lt4
5TA TM1
TAY
JHP ffH

lliiiifj 'li&W'mWJ"l
fH IMY

STY TH2
LDY TH
LDX TH2
JSR COLAP5
LDM 118
LDA Bft,M
CHP IIEOL
lEa HL
IMM
liNE HO
STM 5TR
J5R AD025P
LDY TH
LOA 11'11
SU Bft,Y
LOA fPMl
SU Bfl+1,Y

JPOff J5R Sffff
Jl:fuw,.wtIWWJ

BCC JJJ
RT5

JJJ JMP fMOfUM

8148
8158
.168
8178
.188
81n
8288
8218
8228
.238
8248
8258
8268
8278
8288
.U8
8388
'318
8328
'338
8348
8358
8368
8378
8388
8n8
8488
8411
8428
8438
8448
8458
8468
8478
8488
84n
8588
8518
.528
8538
.548
.568
8568
8578
8588
85n
.688
.618
.628
'638
.6U
.658
.668
'67'
.688
'6'8
.788
8718
.728
'738'74.
.758
8768
8778
.788
87,.
.888 ffM
8818
8828 HO
8838
8848
8B58
8868
8878
8888
'8'8
0'88
8U8
.n8
.n8
"U
"58
"68
"78
"88'''81888 ffC
1818
1828
1838 ffN
18U
1858 ffY
1868
1878
1888
10'8
1188
1118
1128
1138
1148
1158
1168
1178
1188 fUA
lln
1288
1218
1228
1238 fUB
1248
1258
1268
1278m:
1388
1318
1328
1338
1348
1358
1368 ffO
1378
1388
un
1488
1418 ffL
1428
1438
1448
1458
1468
147.
1488
ln8
1588
1518
1528

IIIU

Ino

lunloe

ilL) ,Y
IIEOL
ILe
LBUf,X

fILEMST LDA 118
STA TMTWIM+2

CLOSE 2
LOA 1136
STA ICCOH,X
LOA II )fMAHE
STA ICBAH,X
LDA II (fMAHE
STA ICBAL,M
JSR CIOU
LDA ICCOH+l,M Istat?
PHA

CLOSE 2
PLA
CHI' III
BEa fYES

OUWR CLC
RTS

fYES LDA II )REPHES
LDX II (REPMES
LDY III
JSR PRUTW

UK LDA CH
LDX ll$ff
CHI' IIUB
BEa OUWR
CHP 11$23
IME YMK
STM CH
SEC
RTS

IMY
eME HMC;(4tt-'I__

CKKIM LDA STRIMS+l
CHP 11'-
eME fRKTMT
LDA STRIMS+2
CHP Ul,
eME fRKTXT
LDY 118

MILP LDA STRIMG+3,Y
STA STAIMG+2,Y
CHI' 1lE0L
eEa fRKTMT
IMY
eME MILP

ji~Vlil',lIwm

LDA 11$28
IL2 STA LBUf,X

DEM
BPL IL2

LDA fORIlAT
AMD 113
TAM
BEa ,HAU

:Ll IMY
LDA IlL) ,Y
CHP IIEOL
eME ILl
STY SUY

{tttl?:ii1:JftbLiWi!Wil'J

IID'Ill*1!lDil'J
DEX
BME ICEM
LDY TN
LDA COLW,Y
5EC
SBC SUY
BPL .HU

VUA LDM 118
BEa ILC

l'NA'Wy TN
LDA COLW,Y
SEC
SBC SUY
BPL ICl
EOR ll$H
LSR A
TAY
JHI' VUA

ICl LSR A
IHU TAM
{\ftI!t'Jqff;·.PQ4
ILC IMY

LDA
CHI'
BEa
SU
IMM
8ME ILC

:LB LDA II (LIUf
SU IL
LOA II >LIUf
SU IL+l
ITS

SCI .IYTE •
SUEM .OS 4

.BYTE EOL

~wr::rL'ilr~'ta~
CHP 11'0
BME WRDEU
LOA fMAHE+l

DUMUH CHI' 11'1
lEa AYOK
CHI' 11'8
lEa MYOK
CMP a'l
BCC WRDEU
CHI' 11'4
BCS WRDEU
BCC MYOK

AYDK CLC
ITS

WRDEU SEC
RTS

MYOK LOA fMAHE+2
C~ a'l
BEa AYOK
eME WRDEU

st434".,_n'MiJ'iii

'U8
U58
'268
'278
U88
'U8
n88
'318
'328
'338
'U8
n58
'368
n78
n88
nn
'U8
'418
'428
U38
'448
'458
'468
'478
'488
'4'8
'588
'518
'528
'538
'548
'S58
'668
'678
'S88
'5'8
'588
'518
'528
'538
'648
'558
'668
'578
'688
'U8
n88
'718
'728
'738
n48
n58
'768
n78
n88
nn
,.88
'818
'828
,.38
,.48
,.58
'868
'878
'888
'0'8
"88
"18
"28
"38
"48
"58
"68
"78
"88",.
818888
818818
818828
818838
818848
818858
818868
818878
818888
8180'8
818188
818118
818128
818138
818148
818158
818168
818178
818188
8181'8
818288
818218
818228
818238
818248
818258
818268
818278
818288
8182'8
818388
818318
818328
818338
818348
818358
818368
818378
818388
818n8
818488
818418
818428
818438
818448
818458
818468
.18478
818488
8184'8
818588
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J741 IIlC DII7 5128 lDY Til 11588 lDA 8f2
J7S. CIlA IIlC DM2 Inxt col Sl31 JIIP IlXY U18 5TA IIH,X
J711. lDA DM2 SU' M?i\Tl'\.'J'\t:l" U28 LeA IIf2+!
J77. ClIP DM! Slli1 lin. IIlX
:178' ilEa CIlII Sll1' lDX TM2 IIS.8 5TA IIH,X
J7" IICC CIlII S178 J5R COlAP5 lllili8 lDY RIGHTP
J811 IIlC DIM Inx't row 5188 lDA 5TR lilill8 P5U IIlX
J81. lDA DIM 51'8 5EC IIS7' IllY
J82. C... DMS U88 5IIC TM! IIS8. lDA IIH,Y
JU' 11[0 CIlC U18 5TA 5TR U" 5TA IIH,X
JU. IICC CIlC U28 J5R ADD25P 11611 C... ll[Ol
J8S. J5R lfR. S238 lDY Til 111118 IIIlE P5U
JU' lIA DHli lilt cnt S2U lIA 11'11 111128 J'" PA55.
187. 5TA n. SZS8 5TA IIH,Y llli38

1.~I'bt»i.fRI2nil lDA DII7 S2118 lDA fPPTR IIU8
In. 5TA fR8+1 U7. UY 111158 lDA Ill) ,Y
J'" J5R IfP S:188 5TA IIH.Y 11&68 J5R IIlCll
J,.8 ClC su. 5TY Til 11678 ADDDT lDA lIDTlEIl
Jn8 RT5 n88 Ji:JlJ:if{*liCle" lili88 UCll ClC
JU' ~Wt"l.'II.G

SU8 116" ADC II
J,.' n28 lDA 5THI.1l 11788 5TA II
J'liI ilEa Cl SU8 TAY 11711 lDA ll+1
In. C... 111 S3.8 lDII 5TlO.1l 672' ADC III
JH' ilEa CY S3S8 TAX 673. 5TA ll+l
J,8. Cl PlA lPUII rn SU8 J5R f5T1R 67.' RT5
3'" PlA U78 IIlC fPPTR 675. HIJ#1!UlJlh,.811 5EC n88 RT5 6768
.11'C~

S3,. 1[ffl1I1MM;w,i 677. CALC T
4IZ.

~ I( . ;. .iIlRG
U88 6788 CAlCEIl lDY III

..31 SU8 A553 lDY 111 I lftd II lOoP 67,. CCII 5TV TIM Isau. for clps..... C... lIZ SU8 flllP lDA IIH.Y 6811 J5R c;rZTOI(

.858 IIIlE Cl Jerr S..3I C'" ll[Ol 681. C... ll[Ol

..68 RT5 SU8 liED P55 682. 11[0 CAL.. Itry •• 1

..7.
~WJlft1ti"'l"" S"58 CHI' 11'1 6n. IICC CCA

..88 S468 11[0 P51l 6U, CCII RT5 15EC=.rror.". ClIP LIlA ARGT. Y U78 CHI' II') 68&1 CCA J5R IlUZfPIl
UII IIPl CZ I.rr uee 11[0 P51l 686. lDA OPERAT
UlI Dn SU8 C... 11'11 687. C" U'A
UZI IPl ClIP liS88 IIIlE P5I 688. IIIlE CCE
U3I RT5 SSlI IllY 61" J5R fIGEIlP.u. ~\f1sW\¥ff01l5 liS 28 IllY 6'8' IIC5 CCII IIrror.15. SU8 JHI' P55 6,.. J5R ClP5IIfZ lcollpan•u. C... ROil' SS.. P51l IllY U2, J5R fR8nT
U7. IICC CZ ,.rr S558 J'" flllP JloOk again 6'31 J'" CAlCEIl.188 lDA COl5 S568 PSI 5TY CIIl

m~ :yt. 6'''' CCE lDA TIM
.1" C... COU' SS78 5TY Til II 6'5' ClC
..288 IICC Cl ,err SS88 J5R fP211fl 6'6' ADC Q.21. RT5 Sn8 J5R AfP IUt fplI 6'7' TAY.22. ,Wm't\"37D S688 IIC5 P5l 6'8' JHP CCN Ilook • MOre
U3. S618 lDIl CIX 6'" JtliJAfI,WeC*-i-UU DDT lDA COlf,1l S628 TIlA 788' CAllID lDY II'US. 5TA DHI.Il- Sli38 5TA TM2 7811 CDC 5TY TIM
UII8 DEll SU. 5EC 782. J5R c;r2TOI(..Z7. IIPl DDT 116S8 511C Til 783. C... ll[Ol
U88 RT5 S6&8 5TA TM! III Ius 7841 ilEa CAlA5.u.

f~d~W'W III
111178 J5R PUTTOI( 7858 IICC CDAUII 111188 lDY Til lIIn pos. back 786. CDII RT5 ,error

U18 TI lDA (lIlIIUn. Y SII,. IlIlEIl IllY 787' CDA J5R 1lU2fPIlUZ8 IHI TEll S788 CPY nR 788. lDA OPERATU38 C" .'. 11718 11[0 PA55. 78'8 C... II'.U •• 11[0 TJAIl 11728 P55 lDA IIH.Y 718. IIIlE CDD.358 IllY S738 C... IIEOl 711' J5R flllll..U8 IIlE TI IIH8 ilEa PA55• 712. IIC5 CDII ,.rrorU78 TJAIl 5TA TRCf I fUll 117S8 P51( lDIl II. 713. IICC CDEU88 TJ lIA IIEOl 1176. P5J C... OPTAII.1l 7U. CDD CHI' 11'1U,. 5TA IIlllIun. Y 11778 ilEa IlIlA 71S. IIIlE CDfU88 RT5 Il:Ill: 11.,88 DEX 7161 J5R fDIUU18 TEll AIlD lIS7f II.". IIPl P5J 7178 IIC5 CDII ,.rror••28 5TA IUlIun. Y See8 C... II' ) 718. CDE J5R ClP511fZ....38 UY S81. 11[0 IlIlEIl 7U. J5R fRIZ5T..... IIIlE TJ SIIZ8 P5l 5EC 728. lDY TIM...5' !~fPPTR sa38 RT5 7211 J'" CDC.... 118 118.8 IlIlA IllY 72Z1 CDf lDA TIM....7. lDA 5THI.1l 118S8 JIIP flllP 7238 ClC••88 TAY S868 'iiMllBiI!I!Iltir" 7241 ADC Q
."'8 lDA 5TlO,1l 1187. 72S. TAY.588 TAil sa88 ~A55TlDY liB 7261 JHI' CDC.51. J5R f5T.a sa,. PU lDA IIH.Y 727. b'll'A'flvl'''-.52. RT5 nil C... ll[Ol 728..538 ,rwef,lrlj,'I:' 1I'!8 ilEa 1l0lf 7U. CEG 5TV TIM
"S" lin. C... 11'1 7388 J5R GTZTOI(.sse lDA 5THI,1l IIn8 ilEa fLP 7311 C... IIEOl..S68 TAY S'.8 IllY 732. ilEa COOIlE
.57. lDA 5TlO,1l 11'58 IIIlE PU 733. IICC CEA..S88 TAil 11'68 1l0lf lDY III 7341 CEil RT5 15EC =.rror
"5'8 J5R flDIR 11'7' P.. loA IIH.Y 735' CEA J5R 1lU2fPIl.1188 RT5 11'88 C... IIEOl 736' lOA OPERAT.611 IM'tf#WN~ni S"8 ilEa 1l0PRIl 737' C... 11'+
.1128 11888 ClIP II') 7388 IIIlE CEC..1138 PA552 Y 111 11118 ilEa P.ER 73,. J5R flloD
"11.8 lCEl lOA IIH,Y II1Z8 UY 7.8. IIC5 CEil.1158 ClIP 11'0 11838 IIIlE P.. 7U. BCC CED.11118 IIC5 IlIlY 118"8 ilEa P.. ER ,error 7U8 CEC ClIP 11'-.1178 C... II'A 11858 1l0PRIl lDX liB 7n. BilE CEil ; ...ror..1188 IIC5 AHA 11'6' P51l lDA 8H+l,1l 7U8 J5R f5UII411,. IlXY IllY 11871 5TA 8f2.1l 7.58 IIC5 CEil ;.rror
478B CPY 5TR li88B C... IIEOl 7.6. CED J5R ClP511fZ
4711 IIIlE lCEl 111'8 11[0 P5U 747. J5R fRUn
47Z1 J'" PA553 Ido II'S nut U8B Ull 7.88 loY TIM
..738 AHII 5TV TH I for collps 6111 IllY 7." J'" CEG..741 TVA Istrt U28 J'" P5N 7588 COOIl[ ClC 10k.75. ClC U38 P5U J5R CAlCIT 7511 RT5
.76. AoC 1I4 IIU. IIC5 P.ER 752' ~V1T'tK·.!Dj:4~}1;"IDiWiWJ..778 5TA TM2 I.nd US8 RT5 753.
.788 J5R c;rClRN UII. flP IllY 75" CHI' 11'11.7,. IIC5 ACo U7. loA IIH,Y 755. ilEa GilA
.811 lIA ROWllU UII8 ClIP II') 7561 CHP IIEOl Idon.?
"81' J5R 5TRAD U,. 11[0 fRP 7578 ilEa GIIII
..828 ACC loY II' 11288 C... IIEOl 7588 GIIC 5EC ; ...ror
.838 lDIl Ill), Y liZ18 ilEa P.. ER 7S,. RT5.... C... IISff I.nd? liZZ. IIIlE fLP 7688 GilA IllY
.85' ilEa ACD ,error liZ:J' P..ER 5EC 7618 LOA BP'2,Y
cn. C... COlllU liZ•• Rn 7628 ClIP lI[Ol
n7. ilEa ACA IYuP liZSI fRP 5TV RIGHTP 763. ilEa GIIC Jl'rror
na8 8CC ACII liZII8 P..C oEY 76.. 5TA nOI(..". ACD RT5 liZ7. lDA Sf.1,Y 7658 IllY
."8 AC' J5R UPICOl liZ88 C... II' I 766. lDA 8fZ.Y
"'I' J'" ACC IIU. IIIlE P.C 7117. 5TA OPU.,
"2' ACA lDY 113 lilt c.ll 113•• 5TY unp 768. C... ll[Ol
.,38 lDA Ill), Y 11311 lOll IISff 711" ilEa GIIII Idon..,.. AIlD 113 Idt typ. nz. lDY UHP 7711 IllY
.,58 11[0 IlCO Itntl 1133. P5R IIlX 771. ~f: :~LY.,68 ClIP 111 Ill? IIU. IllY 772.
.,78 11[0 ACE 11358 CPY RIGHTP 773. ilEa G88 Idon.
.,88 lDY liZ nu 8[0 P5T 774' C... 11'11.,,. lOA (ll), Y 1137. lDA af.1,Y 77S' IIIlE G8C ,.rror
11.8. UC 1138. 5T1l IIfZ,1l 7711. IllY
1181. 511C 1I6 lin. J'" P5R 777. ~f: :~LY582' .I5R IIlCll U8. pn lDA ll[Ol 778•
118n Id.fauU IIU. 5TA

mC~T 77" ilEa GIIC ,.rror
11848 liCE lIA 1I4 IIU. J5R 7811 nA nOI
1185' J5R IIlCll U38 IIC5 PUR 781. G1111 ClC IA=.OI if don.
118118 lDN II ·IIU8 lDA RIGHTP 782. RU
1187. lDY ll+l &458 UC 783' lJSwhM·"W·'"1188. J5R flD.R U6. 58C lEHP 7U,
sa,. lDA 1I4 U7. C... 111 7as. J5R 5TflPTR
5188 5TATM! UII8 ilEa P.ER 7811. J5R fLD8P
SI1. J5R PUTTOI( II.,. loll lEHP 787. loll 5TOI(
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7aa. JSR STfLPTR 'Z7. IIIX lU. lEX
7a" JSR flU' UBI 1I11[ COLAPS lU. STX XPOS
7'" RTS U" CPI' RTS 114. IIIE IIIIlAIII
nll ~~~TlO,K

nil Af61lrM'mmm lIS.
illPRC LIA IIITABL,Y7UI nll 11••

7n8 STA fLPTR nZl A5LP LIA Bfl,X 1.7. STA IIIJSR+l
n.1 LlA STHI,X n31 STA Bl'l+Z,X 1'" mm::~%Yn5. STA fLPTR+1 n .. I[X 1..,.
7'68 RTS n51 CPX TM 111. IIIJSR JSR .......1'
n7.

~&MNfM~
n68 B[Q A5LP lU. J" IIIIlAIII

7,a. n7. BCS A5LP lU.
illDOII LDY lUUn" CLC nB. IIIC 5TR lU.

B'" ADC lIZ n" IIIC STR lU. IIIOUT Dn
B.l. TAY ,... RTS 1111. LDA STRIIIG,Y
B'Z' CLC ,.11

il1i'l~~*L.':1J )..,J.
116. C.. IIU.

BlU ADC Ia 'U' U7. B[O IIIOUT
'141 TAX ,n. 5TA IIIBU..+1 UB' LDA lIf:OL
Bl5. CH LlA BfZ,X ,... LDA II (BH 11" IllY
B'" STA BfZ,Y "51 STA IIIBUf UII STA STRIIIG,Y
Bl7. C.. lIf:OL ,... RT5 lU. STY STR
a". 11[0 CI'Z ,nl TRC" .DS 1 UZI LUIII
B". IllY '.BI ''';lfi£·~·sWtJ:N In. STA UIT
.11. IIIX ,." Irt to frl lU8 CLC
'U' J" Cl'l '511 LDX II (SROOT , ••VIP roo't U58 RTS
BU' CI'Z RTS '511 LDY II >5ROOT U"

!W'N*HftLR5TRau. j~~~P'TOIC
'5Z1 JSR I'STIR 1%7'

au. '531 LDX II (SfPII U.8 LDA II'
115. JSR STfLPTR '11" LDY II >5..PII JU8 STA XPOS.16. JSR I'LDaP n5. JSR "LD'R III to fr' UII RTS
117. JSR LOGlI '5" ii; 'D~~IOOT,II,rt 131.

i~xpos.118 BCC ..Ill ,.71 lU.
'1" "IB S[C ,.11 LIY • )5100T In. 8[0 IIIDO
.Z.8 RTS

,.,. JSI I'LDU Irl•• root lUI D[X.U. ..Ill LDX STOIC ,.11 JSI fAD I ladd rts use LIA al..zz. JSR ST"LPTR "1' LlX • (HAL.. lU. STA STRIIIG,X
.nl JSR fLD1P "I' LlY • )HALf U71 STK XPOS
ez.. JSI I'MUL "31 J5I I'LIlR UBI 11110 RTS
.15. ICS fIB H" J5I ..IlIIL III .5 In.

i~xpos'%6' J5R EXP1. "" ITS 1...
.17. ICS fIB "'1 SI"II .IS • lU. 11[0 I1110.ze. CLC "7' HOOT .IS • lU. I[X
'U' RTS In. STX XPOS
nil

lIN
1... RTS

.31. LISTING 6: ASSEMBLY us. i~xpos.u. ! =;;mwr'.,i(i!Z UII

.n. BCS GAX U7• CPX II1U
• U. JSR P'IIICIIU UBI BCS IIIDO.35. ICC GAil • 11. ,.avIlID:BCALC.PTII 1.,• IIIX
n51 GAX ITS ,.rror 'U' 'W:±l"·L'R'.htl~,

1511 5TX XPOS
a37. GRII LDY HLDY IU. 1511 RTS
n .. IllY IU. STA TMl lU.

i\fA\'f.:.'M'xpos'1" JSR G[TZCH .U. TAY 11131.... BCS GRX .158 TAX lUI IIICTD LDA STRIIIG+l,X
au. JSR fIIIRIIU .1•• DIT STX TMZ 155. STA 5TRIIIG,X
'U' LlY "LtY 1171 LDX TMl 11111 IIIX
.na RTS 11aB LDA TIIIIIL,X 1117. CPX a7A
14•• j¥lmftIlM*l\tw"·" '1'8 CLC 11IB1 III[ IIICTD
145. .111 ADC lIZ 15" RTS
14•• LDX lIZ .U. 5TA L 1611

iWlllftfJ'Bm147. "CA C.. AUII,X .ZZ. LDA TIIIIIH,X 1111•.... 8[Q fCC .nl ADC II' lliZ• IIIIIID LIA STRIIIG,X..,. D[X 8U8 STA L+l 1631 STA STRIIIG+1, X.... IPL ..CA U58 LDX TMZ 16.- DEX.111. IIII "C[R UII. DRLP LDA STRIIIG,X 165. CPX XPOS
'5%' fCC LlA 1116,X .17. JSR ASUC 166• BPL IIIIIII•n. STATIl3 UBI CPX XPOS 1117. IIIX
'U' LlA HLDS U,. 1I11[ DRSC UBI LDAaze
1S5. C.. 11'[ U" EOR lI$BI 16,. STA STRIIIG,X
.551 ICS "C[R .31. IRSC STA (U, Y 171' STA STRIIIG+U.
.57. C" II'A .U8 IIIX 1711 RTS
.5al ICS fCB .n8 IllY 17%' i~xpos.u. I'cn UC Ilrror .UI CPY lin 173.
.11.8 RTS U58 BII[ IRLP lUI UC.61. I'CB SEC UII LDY III 175. SBC Ia.
BU' SBC II'A U71 IIIC TMl 1711 BPL IIIST
.131 CLC UBI LDA TMl 1771 CLC
'UI ADC TIl3 '1'1 C.. 1a 17B1 ADCIIU.
a65. STA COLIIU Ico1 II ...1 III[ DIT In. IIIST STA XPOS
'66' C..... 1'-13 .UI RTS 1... RTS
167a ICS I'C[R 'U' ~~XMfH·'O'~'&t·'H:1 1111 i~A XPOS.68. RTS .n8 1.1%'
I.,.

A~1z'"*tlt\'l::/:·MII
.... c.. 116 In. CLC

.711 1458 BilE GCH 114. ADC Ia.

.71. C.. lIf:OL 1468 PLA 115. C.. II1U
17%' 1[0 G[RR 1471 PLA 11111 BCC IIIST
.73. STA HLI.. 1418 LU lIf:OL 1171 UC
'U' IllY ..,. STA STRIIIG 1... sec II1U
.758 LU BH,Y .se. LIA III 1'" JMP IIIST
a768 C.. lIf:OL .51a STA EDIT 1'18 !V~ontf1t:·,j·n,j4
In. 1[0 GERR .528 STA SPfLG 1'1'
1711 STA HLDS .531 S[C 1'18 LIA XPOS
a7,. STY HLDY .5.1 RT5 1'31 C.. lin
.a.. CLC .SS8 GCH LDA CH 1,.1 ICC IIIHD
.11. RTS .568 C.. aff USB LDX 113a
aezl G[RR S[C .57. 11[0 GAIC[Y 1'68 C.. 11711
aUI RTS 1S88 JSR GIIICEY U7. ICC IIIHD
a148 j~'tl'R'J'tt't'Rrt'f

.UI LDX XPOS 1,.1 LDX 11711
.a51 .6.. RTS 1''' IIIHD STX XPOS
aa68 JSR G[fDEC .618

iIftM¥W'WWTR
III' RTS

8878 ICS "RER '6Z1 ZI1.
iltflt'lmllllODr"a8 STA ROWIIU .631 IIIPUTZ LDA III IU.

a.,1 LDA HLDS .U8 STA XPOS In. LDAIIU.,.. JSR GETDEC .651 IIIIlAIII JSR DRIIIII lUI STA TIl3
aUl acs fRER 1668 JSR GAIC[Y Z'" IIILIIL JSR IIIIn
.,Z. TXA .678 LDX XPOS 1111 D[C TIG
.nl CLC .6a8 LDY UIT Iidit ..dl? 1.7. BPL IIILIIL
.,.8 ADC ROIIIIU 16,. III[ EIlTS IIIIS zeal RTS
.,51 TAX '711 LIY SPfLG ICOM Md.? I'" iiil""~4IIIIlOD.,68 I[X .711 BII[ EXTS Ill" UII
.,71 CPX ... ,7Z1 LDY" ICk • 101 & IU• LUla7
.,al ICS fRER .731 IELP C.. [IIICEY,Y Icursor killS lUI STATIl3.,,. STX ROWIIU 17'- B[O 111[11 Iua IIILIID JSR IIICTDL,... CLC .751 DEY IU' I[C TIG
,.11 RTS .768 IIPL IUP U51 IIPL IIILIID
"Z' "Rn S[C Inl BIII S[SC lUI RTS
,.31 RTS 17B1 IIIEII STA CDIR U71 ~=tif'l'itW.,... !~\'Dft*['lI'a\i •.•f"MI Inl C.. lIf:OL ual,.5. lal8 BilE IIIDOII In. 5TA DLIC+l
,.6. D[Ca C.. DECII,X B818 STY CDII tZl8 LDA III
tl7. SEQ DECA laZ8 J" IIIDOII Ul1 STA SP"LG,... D[X .UI [1IT5 C.. IlEOL lUI JSR IIIPUT
,.,a IPL DECB .... BII[ USC 123. IICS CIlOUT
'111 S[C la58 J" IIIDOII lUI JSR LOZUP
'111 RTS la61 S[SC C.. IIZ7 I[SC? 125. CIlAOIC LDX III Ico...nd II
un D[CA LDA DECM,X B878 BilE IIIEXT U61 LDA II (CNTAI
'13' CLC laal JSR GAUY 1171 5TAL
,ua RTS 1.,1 C.. IIEOl 1281 LDA II )CNTAI
'158 l'iiNllT\'O'wJfUW 1,.1 SEQ IIIDOII lUI STA L+l
'161 I'll J" IIIOUR 238. CMSG LDY III
'171 fRIX JSR STfLPTR 1'18 ~:~~~ ~~ ~~~pc,~t.st

.plCi~1 IU. CMSTBWIC~l4:.6:Eua8 JSR ..SliP .,38 23Z8
'1'8 RTS .,.. BED IIIPRC 2338 C.. STRIIIG,Y
UII I~'"=blll lI=d.. .,5a D[Y IU' BII[ CU3
Ul. JUS.S 1: .,61 IIPL III1LP 2358 IllY
UZI COLAPS LDA B"l,X .,71 IIIOUR STA STRIIIG,X 2361 CPY 113
'131 g.: ~~LY

.,.. IIIX 137' BilE CMST
U.I 1"8 STX XPOS 23al
us. 1[0 CP" 1181 CPX II1U II'I LDA COtL,X
U61 IllY lUI ICC ll1llAIII UBI STA CMJP+l
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Jcol?

IChk sourc.

14 lOGY.

IdU~
nn add
Isn if HT

IA =~IIP inc

Ikup gOing

RQNT
RaWI'
ROfST
CHKfSO
A

tfOIl OEC DH7
DEC 0"6
OEC DH4
lOA DH4
ClIP 11$1'1'
BKE R8X

5BC ROWl'
5TA DH5

ImnD:I
---sEC

lOA COLT
58C COlf
51A COf51
5EC
lDA
58C
5TA
J5R
AU
TAX
lDA IilcTA8,X
5TA IIlCRES+1
lDA IIlCTA8+1,X
51A IIlCRES+2
JSR IUCR5

CPU lDA Calf
51A DH6
lDA COLT
STA DH7

CPY5 lDA RaNT
JSR 51RAD

CPY2 lOY 118
lDA ell) ,Y
ClIP IISff I HT
BEQ 1l0EIl
CHP 0H7
BEQ fUl
BCS 1l0EIl
JSR UP1COl
JIlP CPY2

fUl lDX DH7
lDA RaNT
JSR DElTCl

1l0EII lDA II
STA Il
lDA ll+1
STA Il+1
lDA ROWf
J5R STRAD

CPU lDY 118
lDA Ill) ,Y
CHP lI$ff
BEQ IIlCRES Ino c.11
CIlP DH6 IC01?
BEQ G11
BC5 IIlCRES Ino c.11
JSR UP1COl
JHP CPU

~fli't':1P'a'f':SI'

IIlC 0H6 In.x~ col
OEC 0H4
lDA 0H4
ClIP IISff
BilE R8X

RBZ IIIC RaNT
IIlC RaWI'

RRR OEC DH5
LOA DH5
ClIP IISff
BilE RBY
5EC
R15

RBY lOA Calf
5TA 0H6
lDA COLT
STA 0H7
lDA 0M2
STA 0H4

RBK ClC
RTS

hup INC DH7
IIlC 0H6
DEC 0H4
lOA DH4
CHP lI$ff
BilE RBX
DEC RaNT
DEC ROWf
JIIP RRR

51A Jl+1
LOA II <8f!
51A Jl
LOY 11;2
lDA ell) ,Y
ClC
ADC lIIlTlEIl
TAY
OEY
STA lEIlG
51Y GHIC

CPU lDA elll, Y
51A IJl) ,Y
OEY
CPY IISff
BilE CPU
lOA 0H7
51A Bf!
lOA Il
51A II
lOA Il+l
STA ll+l
lDA CltflG
BEQ 1l0CH'
JSR ""PARS

1l0CHG lOY GHIC
IllY
STY LEIl'
JSR HOUUP
LOA RaNT
JSR UPRAD
lDY GHK

CPY6 LOA IJl),Y
5TA Illl, Y
DEY
CPY 11$1'1'
BilE CPY6

IIICRES JSR Sffff
BCS CfIll
JIIP CPY5

CfIll JSR RECAlC
J5R REfSCR
JSR IUCRS'
ClC
RTS

,'~t:ait'b':I··""li

51.'8
5288
521..
5228
5238
5148
5258
5268
S17S
828S
SUS
8388
SUS
5328
sn8
5:148
8358
836S
837S
838S
8U8
&488
8418
5428
8438
8U8
&458
5468
&47S
&488
SU8
8588
5518
SSl8
5538
11548
S5SS
5568
S57S
5588
IIn8
5688
5618
5628
5638
5648
11658
5668
5678
11688
116n
5788
5718
572S
11738
11748
5758
5768
5778
5788
117n
5888
5818
5828
5838
5848
11858
&868
11878
&888
sn8
U88
un
U28
IIn8
5,..8
5'58
U68
U78
n88
5"8
6888
6818
6828
6838
6848
6858
6868
6878
6888
68'8
6188
61.1.8
61.28
6ns
6148
6158
6168
617S
618S
6US
6288
6us
6228
6238
6148
6258
6268
6278
628S
61'S
6388
6318
6328
6338
6:148
6358
6368
6378
6388
6n8
6488
6418
6428
6438
6U8
6458
6468
6478
6488
64n
6588
6518
6528
6538
554S
5558
6568
6578

lDK II$2B
STA ICCOM,X
lOA GHIC
5TA ICBll,X
LDA 118
5TA ICBlH,X
lDA II llBUf
5TA ICBAH,X
LDA II <lBUf
5TA ICBAl,X
JSR CIOU
BKI lSERR
RTS

BilE ITSAf
JSR ADDDT
lOX II
lOY ll+1 IIIIl

ITSG JSR fl08R
JSR fASC
JSR fRHIlUM
JHP PilE

CIlP Calf
BCS ClOK

C5ER JHP PERRR
ClOK lOA ROWS

CHP ROWl"
BCC CSER

JtlH:t\'l'bi\WW'"""4'"

lDA 1IS28
5l' STA lBUf,X

OEK
BPl Sl'
RTS

iW'W':.'I':ijs'JLI.,
lOY 114

ISA lOA CERR,Y
51A lBUf,Y
OEY
BPl ISA
JHP PilE

ifsw,;:oI:r'

CHP COlf
BilE lOMll
lOA RaNT
CHP ROWf
BEO CUR

lOMll lDA COLT
CIlP COl5
BilE CKDK
lDA RONT
ClIP ROMS
BEQ CSER

b?b\*l'~ll'20L S
SEC
58C Calf'
51ADH4
51A DM2
lOA ROMS
SEC

IIlC RaWI' In.x~ row
lOA RaWI'
ClIP RQMS
8[Q PIID
BCC PIID

ClQSE Z
R15 Ilmmll

JMit-·"I-fltli1Si
CHTE JSR SPlBf

JIlP PilE

~L'~iet'rA' all
lOll 11$28
5TA ICCDM,X
LDA 118
5TA ICBll,X
5TA ICBlH,X
LDAIIUB
JSR CIOU
BKI lSERR
RTS

~="'l!D":lI1

t~
PlA
JHP GEilER

l'l\i;'i,'~i'm'

!'N''-L'.iT'II
lOA ell) ,Y
TAY
JSR ADDDT
TYA
SEC
58C 116
ClC
ADC II
TAX
lDA ll+1
ADC 118
TAY
JIlP ITSG

J'n...·r·w:tI..,~
lIST JSR ST2Bf1

JSR fIIlAR'
JSR GTfIlE
JSR CHKDEU
BCC lDOK
JIIP DEUERR

lDOK JSR fIlEXST
BCC fIlOK
JIIP HOllE

fIlOK JSR ClRTXT
LDA II 1l5"ES
lDX II <lS"E5
I~'JIlP P~IlTIT
J • I' I

~O~y JSR'CLR;;:::S:'rc
LDA II lCPYIlES
LOX II <CPYIlES
LOY 118
51Y CWflG

JHCPY STY CPQ5
JSR PRIlTTW
JSR PRKS1
JSR STCRS
JSR PRKS2
JSR STCRS
JSR PRKS3
JSR STCRS

JtlnfD":{SUM,4;L1

38SS
:IUS
:l82S
38n
384S
:185.
386.
3878
388S
:Ins
n8S
n1S
n28
n3.
n48
ns.
n68
n7S
n8S
:I"S
48SS
481S
482S
483S
484S
4858
4868
487S
4888
4ns
418S
41.1..
41.28
4ns
4US
41SS
416.
417S
418S
41.'8
428.
421.8
422S
423S
424S
425S
4268
427S
428.
41'S
43SS
431.
432S
4338
4:14S
435S
436S
4378
4388
4U.
U88
441S
442S
4438
4448
U5S
446S
U7S
4481
4UI
458S
451S
452S
4538
4548
45SS
4568
457S
4588
4U8
4&8S
4618
4628
4638
464S
465S
466S
467S
46BS
4ns
478S
4718
472S
473.
474S
475.
476S
477.
478S
47'8
4B8S
411.
482S
483S
414.
4858
4868
487S
4888
4n8
US.
U18
U28
U38
U4S
U5S
U68
U7S
4ns
4"S
&88S
881.
5828
5838
884S
S8SS
5868
&878
5888
8US
5188
51.1..
51.2.
51.38
514.
515.
5168
517S
S18S

Jdo nxt col

;!DEiI
I~U~
;II/F

IUP 4

11s~ col

IChk c.ll rang.

~Wt1I'K:'tJnCT
lOA II'P
5TA fllAIIE
lOA 11'1
5TA f1lAIIE+1
lDA IlEal
5TA f1lAIIE+2
lDA II lPRIT"5
lDII II <PRITM5

PRIITIT lOY 118
5TY cpos
JSR PRIlTTW
JSR PRM51
JSR 51CRS
JSR PRKS2
JSR 51CRS
lOA Calf
5TA T"
lDA COl5
5EC
5BC Calf
BKI PERRR
lDA ROWS
5EC
5BC RaWI'
BPl PROK

PERRR lDY 11141 Irang••rr
PERRA J5R DSKERR

JIIP HM3

~Wo)l'·ct'tt 2
lOll IISU
lOA 113
5TA ICCO",II
lOA II )fIlAIIE
51A ICBAH,II
LDA II <fIlAIIE
5TA ICBAl,1I
lOA 118
5TA AUK2,II
lOA 118
STA AUK1,II
J5R CIOU
BKI PERRA

PliO lOll T" Icurr col
lDA COlW,1I Ig.~ vid~h

STA GHIC
lOA RaWI'
JSR lOCCEl
BCS CHTE
LDY 111
lDA Ill) ,Y
5TA I'aRHAT
lDY 113
lOA Ill) ,Y
BPl PilI'
JIIP ISERR

PKf AIID 113
BEQ PIIA
JIIP I15AII

PKA lOY 112
lOA Ill),Y
TAY
JSR ADDDT
lDA IlEal
51A 5TRIIlG,Y

PIIC OEY
BKI PKB
lDA ell) ,Y
5TA STRIIIG,Y
JIIP PIIC

PIIB lDA II <STRIIlG
51A Il
lOA II ISTRIIIG
51A IL+1
JSR fRHTIIT

PilE JSR 511DOUT
IIlC TM
LDA T"
ClIP COlS
BEQ PIID
BCC PKD
lOA Calf
5TA T"
J5R 51lDEOl ;snd .01

lOA CO"",II
5TA CKJP+2
J5R ClRTIIT

CMJP J5R Sffff
CHOUT lOA 118

5TA OlIC+1
5TA 5PflG
JIIP BflP

11111
lOA l
ClC
ADC 113
5TA l
BCC CMIl'
IIlC l+1.
BilE C"8',a"4 .',it4i1lj~

5HWCRI lDA 5COl
lDII 118
5EC
5BC 1116
BMI IIGY
11111
BilE IIGZ
PHA
TIIA
ClC
ADC IISA1.
5TA 5CIlEH+I.'
PlA
ClC
AOC IISBB
5TA 5CIlEH+U
lOll 5ROW
11111
TKA
lDII 118

KGU 5EC
5BC 1118
BKI IIGU
IIIK
BilE IIGU

IIGU PHA
TIIA
ClC
ADC IIU8
5TA 5CIlEH+u
PlA
ClC
ADC IIS'A
5TA 5CIlEH+22
R15

IUS
U2S
U3S
IUS
USS
1468
1478
IUS

m: ~U3
1518
I5U
1538
1548
1558
1568
IS7S
I5B8
IUS
1688
1618 IIGZ
1628
2638
2648
1658
166S IIGY
1678
168S
16n
2788
1718
172.
1738
174.
1758
1768
I77S
2788
I7'S
%888
1818
%828
%838
2848
1858
%86S
%878
%888
In8
U8S
U1.S
1'28
In8
1'48
USS
U6S
1'78
U.S
I"S
nS8
1818
nu
383.
384S
3858
3868
3878
3888
3n8
31.88
31.1.8
31.2S
31.38
31.48
31.58
31.6S
31.7S
31.88
31.'.
US.
321..
3128
3138
314.
USS
3168
317.
3288
31'8
338.
331.8
3328
3338
3348
3358
3368
3378
3388
33n
3488
341.8
3428
3438
3448
3458
3468
347S
3488
3U8
3588
3518
3528
3538
354.
355.
356.
3S7S
3588
3U8
3688
361..
3621
3638
3648
3658
3668
367S
3688
3ns
3788
371S
372S
3738
374.
375.
376.
377S
378S
37'.
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l:l~~~iI!!.l~~~l]1J~W1A~h~'fi~[.DY.r.F1
.8YTE: IIGOY" SCiOTO c.11
.BYTE: "SAU" ,SAUE: Sheet
.8YTE "LOA" JLOAD Shee1:
.BYTE 115fT II ,CROSS r.ference
.IYTE IIWID" ,s.t col WIDTH
.IYTIE IILIS" ,LIST to disk
.BYTE I

~OHL .BYTE (DIR, ('OTO
.8YTE (SAVE. (LOAD
.8YTE (SETRE~, (MIDTH

nil L1>Y 118
'371 PRl LDA Ul',Y
'381 C"' afOL
'3'. lEa PR2
'(88 STA Cl',Y,u. INY
'U8 INE PRl
'(JI PR2 RTS
'U8 ,~7t'Jj.rt:'2.KEV'(58
'(18 C"' aUI
'(71 INE III
U81 CLC
'UI RTS
'5.8 ZII CHP 11$11m: INE ZIT

SEC
'138 RTS
'U8 ZIT JSR IIVCRS I ....VI?
'558 J", RElESC
'III J••uM'iLwm
'578 STCRS LDM CPOS
'588 LDA SCOL
'558 STA COL~,M

'688 LDA sRaw
'118 STA ROMf,M
'1Z8 ZRC cpas
'138 RTS,u.

~Ml'ttl.;"a )CH[51555.
551. LDK a (CHESl
'678 LDY al
5588 PRHA STY YSAV )lInla
'5'. JSR PRNTTW
'78. JSR RETESC
'718 ICS EOUT
5128 RTS
'7J1 EOUT PLI lexit
'7(8 PLA
5158 JSR CLRTMT
'718 RTS
'77. ~~A a )CIES2'788
5158 LDK a (CIES2
'888 LDY az
'818
I~ut'828'13. I •. .,... L CEL STK' OLNU •'858

,.1. JSR STRAD
,.78 ~U Llyn
,.88 Le. CLl' ,Y,.,. C"' II$~~
'''8 lEa ~aE

"18 CHP COLNU
"28 lEa ~aF

"JI ICC ~a," .. ~aE SEC
"58 RTS
"18 FO' JSR UP1COL
"7. JHP ~U

"8. ~a~ CLC

"" RrS

LISTING 7: ASSEMBLY

.188 ISAVEaD,bcalc.ptl

.U. I
8128 Y(8L .DS 11
.1J. Y(8H .DS lB
11(8 TMINL .IYTE (TMTMIN
.15. .IYTE (CTKTMIN+528l
.158 .IYTE (CTKTMIN+$58l
.178 .IYTE (CTMTMIN+$78l
.18. TMINH .IYTE )TMTMIN
.1'8 .IYTE )CTKTMIN+$28l
8288 .BYTE )CTKTMIN+$58l
8218 .BYTE )CTKTMIN+$7Il
1228 CREDIT .S8YTE +$88," I-Calc Cc)"
1238 .SIYlE +$8.... 15B7 AA81 ..
IU8 .S8YTE +S88." TYPE'
1258 .5BYTE +$88," ..
1218 .8YTE EOL
:i~: CRED~~By~:YII8:~~:~~r:-~:~~. bl ::
12" .SBYTE: +$8e,"8rllan SChappel"
l:see .'BYTE: +$88," II

1318 .8YTE EOL

:~~: iVPJ~t".~lT~i (ZAPST
83(8 .BYTE (INDEL
.358 .8YTE (XNCTDL
8368 .BYTE (ZNINS
1378 .BYTE (INUP
IJ88 .8YTE (INDWN
IJ,8 .BYTE (ZNLE~T
8(88 .BYTE (ZNRT
1(18 .BYTE (ZNINLN
.(28 .BYTE (INDLLN
.(J8 .BYTE (XNDO
1((8 .8YTE (INDO
1(58 .8YTE (INDO
1(58 .INTA8H .8YTE )ZAPST
1(7. .BYTE )INDEL
.(a8 .BYTE )INCTDL
.('8 .BYTE )INXMS
1588 .8YTE )INUP
.518 .8YTE )INDWN
1528 .8YTE )INLEFT
.5J8 .8YTE )INRT
15(8 .BYTE )INXMLM
1558 .BYTE )IMDlLN
1518 .BYTE )INDO
.578 .8YTE )INDa
.588 .8YTE )INDa

:::: iNSPc' .BYTE S7D,$7E,$FE,5FF
8118 .BYTE $lC,SlD,51E,$lF
::~: ::~~~ :;~,$'C,$7F.$'E
IH8
1158
.168
1178
1188II,.
.788
1711
.728
1738
17(8
1758
1768
1778

IERR 1(1

RRB
CLl',Y
STRING,Y
RRJ
TRY~NC
Tn
LL
TA(
LL+l
az
CLl',Y

7'78 STA l~l,Y
7'88 JMP JAA

m: 'It!twfDA n
8818 STA ROMMU
1828 STA COLRU
88J8 LDA RC~l'
88(8 BNE IYC
88581~
8818 I~~RARITH
8878 IRC COLNU
88B8 LDA COlNU
88'8 C"' al(
8188 ICC I'
8U8 LDA a8
8128 STA COLRU
8138 IRC ROWMU
81(8 LDA ROMMU
8158 CHP al(
8111 BCC l'
8178 IYR JSR RE~SCR

8188 JHP IVCRS

:~:: ,~1i15\liRARITH
8218 INC ROWNU
8228 LDA ROMMU
8238 C"' al(
B2(8 ICC IYC
B258 LDA ae
B218 STA ROMMU
8278 ZNC COlRU
8288 LDA COLRU
8258 CHP ae(
8388 BCC BYC
8318 ICS IYR Idonl

:m ,ftN1*L't't'eSla
83(8 LDM COLNU
8358 STA TAl
8358 STK TA2
8378 JSR LOCCEL
B3B8 ICC RID
83'8 AI~~ J", RIGH
"88 AID LDA LL
1(18 STA TA3
B(28 LDA LL+l
8(38 STA TA(
8U8 LDY U3
8(58 LDA CLL),Y
8(18 IKI RB~~

8(78 CMPaz
8(88 INE RB~~

8U8 DEY
8588 LDA ClL),Y
8518 SEC
8528 S8C ae
8SJI TAY
85(8 LDA afOL
8558 STA STRIRG.Y
8518 JSR ADDDT IUP (
8578 RRJ DEY
8588 IKI
8558 LDA
8688 STA
8118 J",
81Z8 RRI JSR
8138 lDA
81" STA
8658 LDA
8558 STA
8178 LDY
8188 LDA
8"8 SEC
8711 SIC az
8718 CLC
8728 ADC lL
8738 STA ~LPTR
87(8 LDA LL+l
8758 ADC ae
8768 STA ~LPTR+l

1778 JSR ~ST8P
1788 AI'H LDI TAl
87'8 STA ROMMU
8888 LDA TA2
8818 STA CDLRU
8828 RTS
8838 Jd'iJlijl.fll·U'
88(8 DELETE JSR CLRTKT
8858 LDA a )DElH5
8818 LDK a (DELH5
8B78 LDY ae
8888 STY CP05
88'8 JSR PRNTTW
8'88 JSR PRH51
8'18 JSR STCR5
8'28 JSR PRH52
8'38 JSR sTCRS
8'(8 LDA COl5
8'58 CMP COL~
8'18 ICC MER
8'78 LDA ROWS
8'88 CHP RO~

8"8 BCS DlC
'188 MER JHP PERRR
'818 Inow delltl
'828 DLC LDA COL~
,8J8 STA COLT
'8(8 DLI LDK COLT
'858 LDA ROHf
'818 JSR LOCCEL
'878 ICS DLA
'888 LDA ROWf
'8'8 JSR DElTCL
'118 DLA INC COLT
'118 LDA COLT
'128 CHP COLS
'138 lEO DLB
'1(8 ICC Dli
'158 IRC ROWf
'118 LDA ROWf
'171 C"' ROWS
'188 lEa DLC
'1'8 ICC DLC
'288 JSR CLRTKT
'211 JSR CLRSCR
'228 JSR RE~SCR
'2J8 JHP IUCRS Idonl

m: lMYe!!I·M:yr;wan"..
'211 PRRTTW STA ZL+l
5278 STK IL
'281 STY YSAU
'2'8 LDA TMIRL,Y
n88 CLC
'U8 ADC az
n28 STA L
'JJ8 LDA TMIRH,Y
'U8 ADC ae
'358 sTA L+l

1588 8Ea R8Z
:::: :lii1aQlMlM:iUeur4iMi

ij"
6518 CHM~5D LDA RONT
5528 C"' ROMf
65J8 8RE TB~H
65(8 LDA COLT )A,E
6558 C"' COL~
1118 BRE VAE
1178 VER PLA Ilrror
6688 PLA
11'8 J", PERRR
6788 VAE BCC VEE IE
6718 LDA COLS IA
6728 SEC
6738 SiC caL~
17(8 CLC
1758 IDC caLT
6718 STI COLT
6778 C"' ae( 18-IJ
'781 ICS VER
67'1 Lei COLS Iswitch
6811 'HA
5818 LDI COL~
6828 STA COLS
6131 'LI
'1(1 STI COL~
6851 Ltl 111 Ilfdn
6811 CLC
6871 ITS
6881 VEE Lei.. Irtdn
61'8 CLC
"" RTS6'18 TB~H ICC VEE
6'28 LDA lOWS
In8 SEC
6'(8 SBC ROMf
"58 CLC
5'18 IDC RaNT
6'78 STA ROWT
1'88 C"' a5(
5"8 ICS VER
7888 LDA ROWS Iswitch
7818 PHA
7828 LDI ROHf
78J8 STA ROWS
7U8 PLA
7858 STA ROWf
7818 LDA a2 Irtup
7878 CLC
7888 RTS

~::: iRCTAB .NORD RTDR
7118 .NORD L~DN
7128 .NORD RTUP
7 UI II'iIlIiW:Hl
71(8 P~A az
7158 STA ASAV
7168 LDA a )CHESJ
7178 LDK a (CHESJ
7188 lDY aJ
7158 JMP PRItA

~~~: ~u~'1'1!R112LRTKT
7228 LDA al
7238 STA ASAV
72(8 STA CHFLG
7258 LDA a )MQVHES
7218 LDK a (MOVKES
7278 LDY a8
7288 .-."'JHCPY~ .. in2 cp~7U8 I '. . .---:.-.;,....
71.. J . I • ". I_;;X.II
7U8 I' " "
7U8 IIUPARS l Y U(
7J38 LDA B~l,Y

7U8 C"' a':
7J51 lEO JAA
7361 JAB RTS Iquit
7378 JAA INY
7388 CPY 'MK lMaX lin
73'8 ICS JAB lind!
7(88 LDA B~l.Y

7(11 C"' a'D
7(28 BCS JAA Inxt
7(J8 C"' a'A
7((8 ICC JAA
7(58 STY Y' Iglt cill
7(18 JSR 'TCLRW
7(78 ICC JAC
7U8 JAD LDY Y'
7('8 INE JAA
7581 JAC LDA COLNU
7518 CLC
7528 IDC CO~ST IcOI offSit
75J8 STA COLNU
75(8 C"' al(
7558 BCS JAB Ilrr
7518 LDA ROMMU
7578 CLC
7581 IDC RO~ST Irow offset
75'8 STA AOMMU
7588 C"' au
7118 BCS JAD Ilrr
7128 lDY Y'
~:~: Jill" t::W-iliiL
7158 lDA COlNU
7618 JAE C"' N21.K
7171 BCS JA~
7188 DEK
71'8 IPL JAE
7711 JA~ PHA

~~~: ~~: :~~~yK
77J1 PLA
77.. SEC
7751 SIC RZI,K
7711 ClC
7771 IDC ae8
7788 IRY
77'8 STA B~l,Y
7888 IRC ROMMU
7818 LDA ROMMU
7828 LDK a,
78J8 JAH C"' DECH,K
78(1 ICS JA'
7858 DEK
7818 IPL JAM
7878 JA' PHA
7881 LDA DECR.K
7858 INY
7'88 STA B~l,Y
7518 PLA
7528 SEC
7,J8 SBC DECH.K
75(8 TAK
7'58 LDA DECN,M
7558 INY
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Jro" ~dd t~bl
Jroll dn~

There are four ways to

lose a life: I) by getting

knocked off the train in

the tunnel, 2) by hitting

one of the obstacles, 3)

by running out of

energy and 4) by

jumping too soon for

the diamonds and

knocking yourself out.

1 REM •••••••••••••••••••••••••••••
2 REM ** TRAIN CRAZY Cpt 1) **
3 REM ** BY **
~ REM ** COLIN FALLER **
5 REM **-------------------------**
6 REM ** COPYRIGHT 1'88 **
7 REM ** BY ANALOG COMPUTING **
8 REM •••••••••••••••••••••••••••••
, GRAPHICS 8:GOSUB 18:GOTO 188
18 GRAPHICS 2+16:POKE 55',8:5ETCOLOR 3
,1,1~:5ETCOLOR ~,13,8:5ETCOLOR 1,8,8:5
ETCOLOR 8'6'2:5ETCOLOR~2 ',4
11 ? 1:16;" t[ilA[jn~r.z"
12 ? 1:16;" -ri- - "
13 ? 1:16;" ; "
1~ ? 1:16;" "
15 ? 1:16;" COLIN 'FALLER"
16 ? 1:16;" -'-'-'-ij"17 ? 1:16;" characters s8"
18 ? 1:16;" [mIIiI s8"
l' ? 1:16;" m::I!m s8"
28 ? 1:16:? 1:16;""
21 ? 1:16;" reading~ !!Ii!12":POKE 55',
34:RETURN
188 RAMTOP=PEEK(186):RE5TORE 2888:STAR
T=RAMTOP-8:CH=256*START
18' REM lliit:1:I!I'!l:I.,
118 FOR I=CHTO CH+727 STEP 7:READ Al,
Bl,Cl,Dl,El,Fl,Gl:POKE I,Al:POKE Z+l,B
l:POKE Z+2,Cl:POKE I+3,Dl:POKE Z+~,El

115 POKE Z+5,Fl:POKE I+6,Gl:P05ITZON 1
3,6:? 1:16;3"11-Z;" ":NEKT Z
128 FOR I=CH+776 TO CH+"~ STEP 7:READ

A2,B2,C2,D2,E2,F2,G2:POKE Z,A2:POKE Z
+1,B2:POKE Z+2,C2:POKE Z+3,D2
122 POKE I+4,E2:POKE Z+5,F2:POKE Z+6,G
2:POSZTZON 13,6:? 1:16;3"85-Z;" ":NEKT
Z
138 TEMP=RAMTOP-28:DM=256*TEMP:FOR Z=l
536 TO 1538:POKE Z,112:NEKT Z:BOTTOM=D
H+2816
148 FOR U=2 TO 118 STEP 37:RESTORE 488
:FOR K=U TO U+36:P05ZTZON 13,7:? 1:16;11
2-K;" ":READ A,B,C,D,E,F,G,H
145 POKE DM+256*4+K,A:POKE DM+256*5+K,

QK
GT
NG
06
ZD
EZ
HZ
qR
FH
TN

LISTING 1: BASIC

continued from page 11

GT
YV
VT
GY
NQ
NK
NS
LC
EF
YN
LT

VN

GN
PU

SA

UY

JA

FU

JK

",EOL

Pre-55 a ke-

IlIn"

1781 .8YTE (L3ST

:~~: ~O"" .8YTE )D3R, )&OTO
18~1 .8YTE )SAUE, )LOAD
1821 .BYTE )SETREF, )WIDTH
1831 .BYTE )L3ST

::~: ~PCKEY .BYTE 5~C,$~D,$~E,$~F
1868 .BYTE $18,$~4,$8B
1878 .BYTE $14.$83,$8D
1888 .BYTE $85.$86,587
18'8 .BYTE $IF.$~2.$~8
1'18 .BYTE 58~

:;~: ~PECL .BYTE (CU, (CD, (CL, (CR
1'38 .BYTE (HO~, (FORCE

:;~: ::~~~ ~~~~~~L~~~~~ETE
1'68 .BYTE (ED3TH, (FORHC
1'71 .BYTE (&LOBAL, (ROIOF
1'88 .BYTE (RCFLP, (PRIT
1"8 .BYTE (ARECL

f:~: ~PECH .BYTE >CU, >CD, )CL, )CR

f:~: ::~~~ ~~~~CL~F~:~~ETE
~141 .BYTE )COPY, 'HOUEB
~858 .BYTE )ED3TH, )FORHC
1868 .BYTE )&LOBAL, )ROIOF
1171 .BYTE )RCFLP, )PRIT
~181 .BYTE )ARECL .
f~~: SLKE~By~~T~,:~~;:~~;~~:;:'F
11~1 .BYTE 57F,$7E,$7D,$~F
1121 .BYTE '~E,5~D,$~C,$~B
~~31 I .
~141 15peci~1 Text
1151 I
1161 DIRTHT .BYTE ..Dll* ...·.EOL
1171 FIA~ .BYTE "01'
l1S8 ERftfS .SIIVYE IIError"
11'8 CERR .IVT! "Error"
1288 OERH .5BYTE "Error'

r;18 I
1221 STT
~U8
1248 5E&
1258
~261 ;
1271 OIOFH .5BYTE "OFFOI "
1281 RCHES .5IYTE "ROM COLUMN"
~2'1 OIF .BYTE I
~318 RCFL& .BYTE I
~3~1 CHFL& .BYTE I
lUI KPY .05 1
1331 CPOS .OS ~

13.1 Y' .05 ~

n:: fEHTYP .5BYTUIII·"1371 IUHTYP •SIYTE' . . "
1381 FUITYP .5IYTE • • "
13" .5IYT£ • ..
1411 I .
14~1 DELII5 .5IYTE "DELETE' Position Cu

~:~~' C=~~~I':~:~~~ "COPY, Position Cur

~~~, ~~~r:~g~~E "HOUEI Position Cur

~~~, ~~~~I':~:~~~ "upper 18ft Of Block
",5E:OL
14151 CHE5Z .51YlE "Lowr rillht of Bloc

~~,:Eg~SJ .SeYYE "Upper left of Dest.
",SEOl
1471 PRITII5 .5IYTE "PRIIT, Position Cu

~::~'L~~~R~~8~~~L"LI5TI Position Curs
~~;IR~TURI.. ,5EOL
15.1 FHE5 .5BYlE "FORHAT Justifll L"
115~1 FHA •5BYTE "Ooll~r $(D> I"
1528 fMB .SIYlE ..Co...-us e,)""
1538 FMC .5BYTE "Dec. places I"
1S4. Vlt .SIIYlE "MY"
1558 LeA .seYlE IILRC"
1561 5DEC .5IYTE "'~U4567""
1578 Jr.w l,C,R '
1581 J5KEY .BYTE 5'1,'28,$12
15'1 REPHE5 .5BYU "File exiSts, Repl~
ce? YI'.",SEOL
nil Jr~lI 1-'
f:~: IKEY.B~~~E5t~~it~~it~~i~~A
1631 .BYTE 535,$31
1641 FCIT .IYTE I
1651 TOR3TE .IYTE 8
~568 5ETROM .IYTE 8
~571 5ETCOL .BYTE 8

f:;: ~:~~y'~:~~EIEoL,tt~~;~~,:l~~~~~
~711 EOH .D5 2 lend of ..Mrll
~7~1 FRCTHT .IYTE 8
1721 CR5EI .D5 1
~731 EIDAT .D5 2
~741 FH5 .D5 ~

~751 FHA .D5 ~

1751 5TLO .D5 58
~771 5THI .D5 58
~781 CTLCHD .BYTE 511,$82,$14
17'1 AS26 .IYTE IIABC"
1811 126 .IYTE 8,26,52
lUI DECI .IYTE "1~2U567""
1828 DECM .IYTE ',11,21,31,.',&'
1831 .BYTE 61,71,81,'1
18•• OPTAI .IYTE IIAltI'+_tI
1851 FP5TACK .D5 5*58
~851 OlE .FLOAT 1
~871 TWO .FLOAT 2
~8'1 HALF .FLOAT .5
18'. R£,.TAI .SIYTf IIAA"
1'" .,eYT~ ".1."
~'11 AIT .D5 255
1'21 5PFL& .D5 1
~'31 COLM .D5 54
1'.1 FHeOL .D5 54
~'51 RAD .05 588
1'58 RO~ .D5 541

BCALC
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*** SCROLL DATA ***

DATA 8,62,127,127,127,127,127,127
DATA 8,8,8,128,1'2,224,248,248
DATA 252,254,255,255,255,127,63,3

8,63,127,127,127,127,127,127
8,255,255,255,255,255,255,8
8,240,252,254,254,255,255,25

127,i27,127,63,63,31,7,8
127,127,127,62,8,8,8,8
',8,8,8,62,127,127,127
255,255,255,254,254,252,248,

DATA
DATA
DATA
DATA

254,254,255,255~255,127,127,127,127,25
5,255,255,255,255,255,255,127,127,127

Sf 2886 DATA 127,127,56,16,56,16,8,8,8,8,
8,255,255,255,255,255,255,255,8,127,12
7,127,127,127,127,12l,85,85,85,85,85

AD 2887 DATA 85,85,127,255,255,255,255,25
5,8,8,8,8,224,184,174,178,178,178,178,
178,178,178,178,178,178,178,178,178

HP 2888 DATA 178,178,178,178,178,178,254,
255,1'5,153,145,137,153,1'5,255,255,23
1,1",231,231,231,12',255,255,1'5,153

ZG 288' DATA 243,231,287,12',255,255,12',
243,231,243,153,1'5,255,255,243,227,1'
5,147,12',243,255,255,12',15',131,24'

ZO 2818 DATA 153,1'5,255,255,1'5,15',131,
153,153,1'5,255,8,8,8,8,8,8,8,255,254,
16,56,48,56,16,56,48,56,16,56,48

ZI 2811 DATA 56,16,56,48,8,8,8,8,255,8,25
5,255,16,48,68,138,68,48,16,8,8,224,63
,24',15,8,8,8,8,7,252,287,112,8,8,8

HR 2812 DATA 255,255,255,255,255,8,8,1,25
5,255,255,255,255,8,126,255,255,255,25
5,255,255,8,8,128,255,25~,255,255,255

SU 2813 DATA 15,31,255,255,255,255,255,25
5,248,248,255,8,8,255,255,143,15,0,8,1
27,3,1,0,255,0,255,255,255,255,255

DU 2014 DATA 126,255,0,255,255,254,1'2,12
8,8,255,8,255,255,8,8,255,255,241,248,
8,8,254,16,124,16,56,16,56,16,8,255

10 2815 DATA 255;255,255,255,255,128,8,8,
8,8,8,8,8,132,8,8,8,8,8,8,8,33,8,8,8,8
,8,8,124,254,16,56~124i254,124

JU 285' DATA 56,16,8,127~127,127,127,127,
127,62,8

ZC 2868 DATA
FA 2861 DATA
8L 2862 DATA

5
PC 2863 DATA 8,8,8,8,255,255,255,255
EG 2864 DATA 127,127,127,127,254,254,252,

248
UT 2865 DATA 255,255,255,8,8,8,8,8
CP 2866 DATA 254,255,255,255,127,127,127,

127
EU 2867 DATA 8,7,31,63,63,127,127,127
BR 2868 DATA 255,255,255,127,127,127,127,

127
AD 286' DATA 127,255,255,255,255,255,255,

8
YR 2878
OD 2871
HI 2872

1
EN 2873 DATA 15,7,3,1,8,8,8,8
KZ 2874 DATA 127,127,255,255,255,255,255,

255
fC 2875 DATA 255,255,255,255,255,127,127,

127
NJ 2876
GL 2877
NU 2878
IE 287'

8
JJ 2888 DATA 8,255,255,255,255,255,255,3
CQ 2881 DATA 8,254,255,255,255,255,254,25

2
DI 2882 DATA 3,7,15,15,31,63,63~127

ZR 2883 DATA 248,248,248,224,224,1'2,128,
128

5f 2884 DATA 8,1,1;3,7,7,15,31
If 2885 DATA 255,254,252,252,248,248,248,

224
ED 2886 DATA 31,63;127,127,127,127,63,8
8H 2887 DATA 1'2,255,255,255,255,255,255,

8
LN 2888 DATA 127,63,63,31,15,7,3,1
IN 288' DATA 8,128,1'3,227,247,255,255,25

5
WI 28'8 DATA 127,254,254,252,248,248,224,

U2
Ef 28'1 DATA 1'8,124,124,1'8,1'8,1'2,1'2,

U8
UN 28'2 DATA 1'8,124,124,1'8,1'8,1'8,1'8,

U8
LU 20'3 DATA 1'2,254,1'2,1'2,1'2,1'2,1'2,

U2
IH 20'4 DATA 24,126,126,24,24,24,24,24
CK 28'5 DATA 1'8,1'8,1'8,238,246,254,222,

286

B:POKEDH+256*6+K,C:POKE DH+256*7+K,D:
POKE DH+256*8+K,E+188

EI 147 POKE DH+256*'+K,F:POKE DH+256*18+K
,G:POKE DH+256*11+K,H

If 158 POKE DH+256*4+K+111,A:POKE DH+256*
5+K+lll,B:POKE DH+256*6+K+111,C:POKE D
H+256*7+K+111,D

NS 154 POKE DH+256*8+K+111,E+188:POKE DH+
256*'+K+l11,F:POKE DH+256*18+K+111,G:P
OKE DH+256*11+K+111,H:NEKT K:NEKT U

IN 288 RESTORE 285:FOR U=1 TO 6:READ O:PO
KE DH+256*8+0,53:NEKT U

SE 285 DATA 28,58,'7,133,168,286
IN 258 FOR C=224 TO 255:POKE DH+256*11+C,

3':NEKT C
RI 255 FOR 0=3' TO 288 STEP 37:POKE DH+25

6*3+0,248~NEKT O:FOR 0=38 TO 288 STEP
37:POKE DH+256*3+0,247:NEKT 0

PN 388 RESTORE 588:FOR 1=1578 TO 1637:REA
D A:POKE I,A:POSITION 13,8:? U6i1578+5
'-Ii" ":NEKT I

01 328 RESTORE 338:FOR T=1 TO 14:READ 01:
POKE DH+256*8+0I,165:POKE DH+256*1+0I,
166:POKE DH+256*2+0I,14':NEKT T

UG 338 DATA 25,35,46,6',7','2,183,127,137
,161,175,182,1'7,222

DM 348 POKE DH+256*3+222,248
NT 358 RESTORE 365:FOR N=41 TO 223 STEP 3

7:READ OP:POKE DH+256*8+N,OP:POKE DH+2
56*8+N+17,OP:POKE DH+256*8+N+2',OP

EP 368 NEKT N:POKE 55',8
IR 365 DATA 15',168,161,162,163
LC 378 POKE 1575,65:POKE 157~,8:POKE 1577

,6:POKE 568,8:POKE 561,6:POKE 764,255
C5 375 POKE 53256,l:POKE 53277 2:GOSUB 18
Xf 388 POSITION 2,B:? U6i"II,fl4n,lij~ T

WO":RUN "D:TRAIN2.BAS"
LC 3" REH W;;:;:-.;ri)4:••tn.:;:;:W
UU 488 DATA 2,3,3,3,-76,178,48,3',1,68,6'

,6,,33~.3,1,4,,1,78,71,65,58,44,1,58,1
,72,73,74,42,45,1,51,1,75,8,76,2',45

MB 481 DATA 1,3',1,75,8,76,2',46,1,3',1,7
5,8,76,2',47,1,3',1,77,78,7',2',43,1,3
',1,88,81,82,2',43,1,4',1,75,8,76,2'

ZJ 482 DATA 44,1,58,1,75,8,76,2',45,1,51,
1,75,8,76,2',25,8,3',1,77,78,7',2',1,2
5,3',1,88,81,82,2',1,25,3',1,75,8,76

IG 483 DATA 2',1,25,3',1,75,8,76,2',1,25,
3',1,75,8,76,2',1,25,3',1,77,78,7',2',
1,25,3',1,68,6',6',33,1,25,3',1,78

C 484 DATA 71,65,58,1,25,3',1,72,73,74,4
2,1,25,3',1,75,8,76,2',1,25,3',1,75,8,
76,2',1,25,3',1,75,8,76,2',1,25,3',1

CC 485 DATA 77,78,7',2',1,25,3',1,88,81,8
2,2',25,8,3',1,75,8,76,2',43,1,4',1,75
,8,76,2',44,1,58,1,75,8,76,2',45,1,51

TU 486 DATA 1,77,78,7',2',45,1,3',1,68,6'
,6',33,46,1,3';1,78,71,65,58,47,1,3',1
,72,73,74,42,43,1,3',1,75,8,76,2',43

DR 487 DATA 1,4',1,75,8,76,2',44,1,58,1,7
7,78,7',2',45,1,51,26,27,27,27,-72,16'
,52,3'

YI 4" REH
JT 588 DATA 184,16',8,133,283,141,4,212,1

68,5',162,6,16',7,76,'2
UU 581 DATA 228,1'8,283,165,283,141,4,212

,16,31,16',7,133,283
IP 582 DATA 141,4,212,238,4,6,173,4,6,281

,234,288,2,16',8,162
IS 583 DATA 8,157,4,6,232,232,232,224,3',

288,246,76 '8 228
AL 5" REH .•

D ,,, REH
GI 2888 DATA 8,8,8,8,8,8,8,8,255,255,255,

255,255,255,255,255,8,7,2',117,85,85,8
5,85,85,85,85,85,85,85,85,85,252,253

SU 2881 DATA 253,253,253,253,253,253,253,
253,253,253,253,253,253,253,8,255,255,
131,131,131,131,131,255,131,131,131

SG 2882 DATA 131,131,131,131,127,127,126,
126,126,126,126,127,126,126,126,126,12
6,126,126,126,126,126,126,126,126

IN 2883 DATA 127,127,127,255,24,24,24,24,
24,24,255,8,8,8,8,8,8,255,255,255,255,
127,127,127,127,127,255,127,127,127
2884 DATA 127,127,127,127,127,127,127,
127,127,127,255,255,255,255,255,254,25
4,254,254,254,255,254,254,254,254
2885 DATA 254,254,254,254,254,254,254,
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0 28'6 DATA 1'2,1'2,254,1'2,1'2,248,1'2,
U2

SI 28'7 DATA 1'8,1'8~124,1'8,1'8,1'8,254,
U8

OM 28'8 DATA 1'2,254,254,1'2,1'2,248,1'2,
U2

XII 28" DATA 284,1'8,252,1'8,1'8,1'8,252,
216

LII 2188 DATA 8,63,127,127,127,127,63,8
fK 2181 DATA 8,255,255,255,255,255,255,12

7
UY 2182 DATA 8,252,254,254,254,254,252,8
NY 2183 DATA 127,127,127,127,127,127,127,

127
LM 2184 DATA 252,1'8,1'8,284,1'8,1'8,252,•DD 2185 DATA 1'5,1'5,182,68,24,24,24,8
PM 2118 DATA 1'8,126,124,1'8,1'2,1'2,222,

U8
IH 2111 DATA 24,24,1'8,1'8,1'8,118,68,24
UII 2112 DATA 8,8,126,126,126,126,126,126
LI 2113 DATA 56,16,1'8,1'8,1'8,1'8,1'8,18

8
JR 2114 DATA 1'8,124,124,1'8,1'2~124,6,6
MG 2288 DATA 284,248,248,284,1'8,1'8,1'8,

U8
YK 2281 DATA 1'8,1'8,1'8,238,254,254,214,

U8
fT 2282 DATA 24,126,2.,56,128,24,24,24
Zf 2283 DATA 1'2,254,124,1'8,6,12,56,'6
OC 2284 DAU 1'8,124,124,1'8,6,28,6,6
ZL 2285 DATA 12,12,12,28,68,188,284,254
JO 2286 DATA 1'8,124,254,1'2,1'2,252,6,6
CC 2222 DATA 8,85,8,8,8,8,8,8
AM 2223 DATA 8,8,8,8,8,8,8,8

LISTING 2: BASIC

1 REM •••••••••••••••••••••••••••••
HM 2 REM ** TRAIII CRAZY [pt 2] **
lie; 3 REM ** BY **
OA 4 REM ** COLIII fALLER **
ZD 5 REM **-------------------------**
EZ 6 REM ** COPYRIGHT 1'88 **
HZ 7 REM ** BY ANALOG COMPUTING **
OR 8 REM •••••••••••••••••••••••••••••
ff , POKE 2,52:POKE 3,185:POKE ',2:TRAP 3

8888
HR 18 POKE 55',8
Of 11 POKE 53248,8:POKE 53258,8:POKE 5325

1,8:POKE 5324',8:LEU=8:SC=8:LI=6:LP=8:
O=8:GH=8:BA=5:CX=32:GOTO 58

WU 12 RESTORE 13:fOR U=l TO 6:READ O:POKE
DM+256*1+0,184:NEHT V

HL 13 DATA 28,58,'7,133,168,286
LQ 14 FOR T=38 TO 288 STEP 37:POKE DM+256

*3+T,247:POKE DM+256*3+T+l,248:NEHT T
IP 15 GRAPHICS 8:POKE 55',8:POKE 82,8:RES

TORE 38:DL=PEEK[568]+PEEK[561]*256+3:P
OKE 752,1:P=USR[1578]

HH 28 POKE DL,78:POKE 568,35:FOR A=3 TO 1
':READ B:POKE DL+A,B:NEHT A

NU 38 DATA 2,2,2,2,2,2,3,2,6,14,18,6,1,15
,6,3,7

80 48 POSITION 32,8:? II jk1,] ..... VA jkl/V ..
]A'] ..... VAJo§orl /";:? II M 11\....11\...3 M

M.A. M 1I\....1I\...3.:....i.4 LII;
NK 45? ,.. M M~JM~4 M MI· M ~M~IM ..

4_. M";:?," [ [ [[ [j, 1 [ [ 'l
]. [ [[ [I Tl [ .. : POKE 623 2

WU 46 POSITION 24,S:? 11111111111111111111
III I I I I I I II I I I": POSITION 7,7:? "no"

UE 47 POSITION 18
1
8:? "abc de fgcchi":P05

ITION 18,':? .. IIIIIIIIIIII":GOTO 65
AY 58 RAMTOP=PEEK[186]
BR 51 5TART=RAMTOP-8:CH=256*5TART:POKE 75

6,START
51 52 TEMP=RAMTOP-28:DM=256*TEMP:FOR 1=15

36 TO 1538:POKE I,112:NEXT I
VP 53 FOR 1=153' TO 1572 STEP 3:POKE 1,87

:POKE I+l,8:POKE I+2,TEMP:TEMP=TEMP+l:
NEHT I:GOTO 12 .

RM 65 POSITION 1,8:? "D "+D "+D "+D "+D ..
+D ." : POSITION 8,18:? lil.D "'+D "'+D "'+D ..
+D"+D·"

IV '8 RAMTOP=PEEK[186]:5ETCOLOR 8,8,8:5ET
COLOR 4,13,8:5ETCOLOR 1,1,14:SETCOLOR

76

3,6,6:5ETCOLOR 2,',4
CD '5 5TART=RAMTOP-8:CH=256*5TART:POKE 75

6,5TART
MY '8 GOTO 118
XE 188 POSITION 1,8:? "D "+D "+D "+D "+8·

t+D ... : POSITION ',18:? "I.D III+D III+D ...+ •
+D "+D ."; : GOSUB 185

SU 181 POSITION 1,8:? "+D "+D "+D "+D "+D
"+D" : POSITION ',18:? "D "+D III+D III+D III
+D "+D ."; : G05UB 185

.. 182 POSITION 1,8:? ....+D "+8 "+D "+D ..+
D..+.. : POSITION ',18:? .....+ "+D "'+D ..+
D "'+D .... ; : G05UB 185

IIX 183 POSITION 1,8:? .. "+D "+D "+D "+D ...
+D .... : POSITION ',18:? ....+D "+D III+D III+D
III+D "+"; : G05UB 185: GOTO 188

GN 185 IF PEEK[5327']=6 THEil GOTO 2'8
JO 187 If 5TRIG[8]=8 THEN GOTO 2'8
1Z 188 A5=A5+128:BGT=4:IF A5=256 THEN AS=

8:BGT=BGT=8
OP 18' SOUND 1,A5,8,BGT:RETURII
XT 118 DIM PM$[2848]
Jf 128 PM$[l]=CHR$[8]:PM$[2848]=CHR$[8]:P

M$ (2] =PM$
UR 138 DIM C$(128]:C$[l]=CHR$(8]:C$(126]=

CHR$(8]:C$[2]=C$
YB 148 DIM P$(178]:POKE 55',35
XU 158 RESTORE 178:FOR L=l TO 168 STEP 7:

READ A,B,C,D,E,F,G:CA=CA+128
Ra 168 P$[L,L]=CHR$[A]:P$[L+l,L+l]=CHR$[B

]:P$(L+2,L+2]=CHR$[C]:P$[L+3,L+3]=CHR$
[D]:P$(L+4,L+4]=CHR$[E]

MA 164 P$[L+5,L+5]=CHR$[F]:P$[L+6,L+6]=CH
R$[G]:50UND 1,CA,8,4:NEXT L

PF 165 SOUND 1,58,18,3:FOR T=l TO 75
HC 166 NEHT T:50UND 1,8,8,8:FOR T=l TO 75

:NEHT T:50UND 1,58,18,3
AK 178 DATA 8,8,8,8,24,52,63,68,152,216,2

28,124,68,24,52,'6,138,131,8,8
UC 171 DATA 8,8,8,48,184,126,128,152,228,

228,124,56,24,56,288,136,12,8,8,8
8U 172 DATA 8,8,8,24,52,63,68,152,216,228

,124,68,24,24,112,88,24,8,8
OE 173 DATA 8,8,8,24,52,63,68,152,216,228

,124,68,8,8,8,8,28,8,8
XV 174 DOTA 8,8,8,24,52,63,68,152,216,228

,124,68,24,28,52,34,51,8,8
aJ 175 DATA 8,8,8,8,8,24,52,63,68,152,228

,124,61,8,8,8,28,8,8,8,8,8
ax 176 DATA 255,255,255,255,255,255,255,2

55,255,255,255,255,255,255,255,255,255
,255,255,255

YS 177 DATA 255,255,255,255,255,255,254,2
54,252,252,248,248,248,248,224,224,1'2
,1'2,8,8

AZ 1'8 A=ADR[PM$]
ON 288 PMBASE=INT[A/1824]*1824
VN 218 IF PMBA5E(A THEN PMBA5E=PMBA5E+182

4
DV 228 5=PMBA5E-A
UR 238 POKE 5427',PMBA5E/256
ZV 248 P8=5+512:Pl=5+648:P2=5+768:P3=5+8'

6
JV 258 POKE 53257,2:POKE 785,61:POKE 55',

43:POKE 53277,2
BP 268 POKE 5324',8:Y=34:I=58
UL 278 PM$[Pl+Y,Pl+Y+l']=P$[I,I+l']
HI 268 POKE 764,255:POKE 784,18:POKE 786,

16:POKE 787,18:POKE 53248,8:POKE 53251
,8:POKE 53258,8

PR 282 1=13'
YX 283 POKE 53256,1:POKE 53258,1:POKE 532

5',1
RE 264 FOR U=8 TO '8 STEP 28:PM$[P2+U,P2+

U+l']=P$[128,I]:NEHT U
TI 285 FOR U=8 TO 88 STEP 28:PM$[P3+U,P3+

U+l']=P$[128,I]:NEHT U
HT 286 FOR U=8 TO 188 STEP 28:PM$[P8+U,P8

+U+l']=P$[128,I]:NEHT U
Y5 267 PM$[P3+82,P3+82+1']=P$[148,148+1']

:PM$(P8+113,P8+113+18]=P$[I,I+18]
LZ 26' fOR T=l TO 43 STEP 3:POKE 53248,T:

POKE 53258,13+T:POKE 53251,27+T:NEHT T
:GOTO 188

JY 2'8 SOUND 1,58,18,3:FOR T=l TO 75:NEHT
T:50UND 1,8,8,8:FOR T=l TO 75:NEHT T:

SOUND 1,58,18,3
NO 388 RAMTOP=PEEK[186]
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udg"'b

II.,

heh i pq iillillllhilll1hllilllJlillillliI;;
U

II.

rrrrrrrrrrrrr
BX 2318 ? "

SH 2338 POSITION 37,7:? "

IIH 2348 ? U

2858 POKE 785,61:POKE 559,42
OU 2868 I=22:FOR Y=X TO 222:POKE 5324',Y:

SOUND 1,8,8,8
RR 2878 I=I+l':IF I)78 THEN SOUND 1,258,1

8,5:I=1
BZ 2888 PH$CP1+'8,Pl+'8+1')=P$CI,I+19):PO

SITION 12,4:? 116;INTCSC+Y):NEXT Y
UY 2898 I=115:FOR Y=18 TO 128 STEP 5
DY 2895 PH$CP1+Y,Pl+Y+l')=P$CI,I+19):NEXT

Y:SOUND 1,8,8,8:POSITION 12,2:? 116;LE
U+l

GN 2898 POSITION 7,8:? 116;"Gol!m Luti]":POS
ITION 12,2:? 116;LEU+l:CY=8

US 2899 FOR Y=8 TO 188:CY=CY+86:S0UND 1,C
Y,18,6:NEXT Y:LL=LL+l:S0UND 1,8,8,8

CB 2138 IF LL=6 THEN LL=l
TA 2288 RESTORE 2258+LL:FOR N=l TO 4:READ

OP:POKE DH+256*3+0P,185:NEXT N:POKE 5
59,8

BN 2218 GRAPHICS 8:POKE 559,8:RAHTOP=PEEK
(96)

ES 2228 START=RAHTOP-8:CH=256*START:POKE
756,START

DR 2225 TEHP=RAHTOP-28:DH=256*TEHP:FOR I=
1536 TO 1538:POKE I,112:NEKT I

PO 2238 FOR I=1539 TO 1572 STEP 3:POKE I,
87:POKE I+l,8:POKE I+2,TEHP:TEHP=TEHP+
l:NEXT I:GOSUB 2388:GOTO 348

YL 2251 DATA 53,87,156,148
IN 2252 DATA 188,118,178,191
QY 2253 DATA 28,134,178,211
LT 2254 DATA 28,61,123,281
QX 2255 DATA .3,145,164,286
UR 2388 POKE DH+256*3+222,248:POSITION 28

,8:? U

U:POKE 785,61:LP=8:8A=5:CX=
32

CJ 2358 RESTORE 2355:FOR U=l TO 6:READ 0:
POKE DH+256*1+0,184:NEXT U:Q=8:GH=8

AJ 2355 DATA 28,58,'7,133,168,286
HT 2368 FOR T=38 TO 288 STEP 37:POKE DH+2

56*3+T,2.7:POKE DH+256*3+T+l,248:NEXT
T:RETURN

10 3889 FOR T=8 TO 255 STEP 15:POKE 785,T
:SOUND 1,T,18,8:NEXT T

CA 3881 FOR T=255 TO 8 STEP -15:POKE 785,
T:SOUND 1,T,18,8:NEXT T:SOUND 1,8,8,8:
POKE 532.',8:LI=LI-l

UE 3882 GRAPHICS 2+16:POKE 55',8:SETCOLOR
8,1,1.:SETCOLOR .,13,8:SETCOLOR 1,8,8

:SETCOLOR 3,6,6:SETCOLOR ~".
III 3885 ? 116;u bm LU~":? 116;""
DD 3818 ? 116;u mueD ";LEU+l:? 116;""
DU 3828 ? 116;u SIJ!lRe ";INTCSC)+215:?

116; ....
YR 3825 ? 116;u Lil"11!S u;LI
ZJ 3826 POKE 559,.2:FOR U=l TO 299:NEXT U

:IF LI=l THEN POSITION 12,6:? 116;"8":F
OR UO=l TO 288:NEXT UO:GOTO .888

UZ 3898 I=115:FOR Y=18 TO 128 STEP 5
HC 38'5 PH$CP1+Y,Pl+Y+l')=P$CI,I+19):NEXT

Y:POSITION 12,6:? 116;LI-l
OD 3898 POSITION 7,8:? 116;uGol!m Luti]"
ZE 38'9 FOR Y=2488 TO 8 STEP -25:S0UND 1,

Y+Y,18,6:NEXT Y:POKE 559,8:8N=8N-l:GOT
o 2218

ZD 4888 GRAPHICS 2+16:POKE 55',8:SETCOLOR
8,8,8:SETCOLOR .,13,8:SETCOLOR 1,1,14

:SETCOLOR 3,6,6:SETCOLOR 2,9,.:U=8
YK .881 POKE 55',.3
KH .885 FOR T=2 TO 12:U=U+128:FOR 0=8 TO

8:NEXT O:SOUND 1,U,8,6:POSITION T,l:?
116;u (6A~":NEXT T:POSITION 13,1

NO .886 ? 116;u u:POSITION ',8:? 116;"(6
A~"

udg"'be

Lil"11!S "; LI-l

U.

hehipq ~ij~ijij;ijaaaija;
U

"

rrrrrrrrrrrr
fE 326 POSITION 1.,.:? U

ut H H H H H H cdsht t U
CT 327 POSITION 37,7:? U

PC 318 START=RAHTOP-8:CH=256*START:POKE 7
56,START

.10 328 TEHP=RAHTOP-28:DH=256*TEHP:FOR I=l
536 TO 1538:POKE I,112:NEXT I:POKE 559
,8

.1.1 321 POKE 623,2:POKE 53277,2:U=USRC1578
):? u~u

LU 323 POSITION 28,8:? U

HE

LH 338 FOR I=1539 TO 1572 STEP 3:POKE I,8
7:POKE I+l,8:POKE I+2,TEHP:TEHP=TEHP+l
:NEXT I

NH 333 RESTORE 335:FOR N=l TO 28:READ OP:
POKE DH+256*3+0P,8:NEXT N:SOUND 1,8,8,
8

RM 335 DATA 53,87,156,1.8,188,118,178,191
,28,13.,178,211,28,61,123,281,.3,145,1
6.,286

EM 3.8 SETCOLOR 1,1,1.:SETCOLOR .,13,8:SE
TCOLOR 8,8,9:SETCOLOR 3,13,8:SETCOLOR
2,9,.

fJ 365 RESTORE 366:POKE DL,76:POKE 568,35
:FOR A=3 TO 1.:READ B:POKE DL+A,B:NEXT
A:POKE 559,.3

DI 366 DATA 1.,3,15,1.,3,15,1.,18,14,1,3,
6

DY .98 POKE 76.,255:POKE 53249,98:TT=8:ZX
=8:POKE 752,1

.If .28 TT=9:Y=3.:X=98:I=1:SC=SC+X
NH .21 POKE 53278,8:S0UND 1,8,8,8
ON 422 O=O+l:IF 0=7 THEN TT=TT+l:POSITION

3.-TT+ZX,2:? U U:0=8:IF TT-ZX=28 THEN
3888

PG .23 S=STICK(8):IF 5=1. THEN GOTO 688
HH .31 IF 5=13 THEN I=96:X=X-l:GOTO .78
ZE .33 IF STRIG(9)=8 THEN X=X+l:GOTO .55
LR 4.. GOTO 5998
BR .55 IF X)169 THEN X=168
VB .5' I=I+l':IF I)78 THEN SOUND 1,259,18

,8:I=1:SC=SC+12:S0UND 1,8,8,8
IIJ .69 GOTO 588
PO .78 IF X<53 THEN GOTO 3888
RP 588 POKE 532.9,X
UC 518 PM$CP1+Y,Pl+Y+l')=P$CI,I+19)
LR 515 IF PEEK(53252)18 THEN 29888
AL 516 IF PEEK(53253)8 THEN 18888
OM 528 GOTO U2
5B 688 I=3:U=238:FOR Y=36 TO 22 STEP -2:U

=U-18:S0UND 1,U,18,5:IF PEEK(53253)8
THEN 18988

IH 619 PH$CP1+Y,Pl+Y+l')=P$CI,I+19):NEXT
Y

DD 628 I=3:U=128:FOR Y=22 TO 37 STEP 2:U=
U+18:S0UND 1,U,18,5:IF PEEK(53253)8 T
HEN 3898

IL 639 PH$CP1+Y,Pl+Y+19)=P$CI,I+l'):NEXT
Y

VB 635 I=58:PH$CP1+3.,Pl+53)=P$CI,I+l')
1M 788 Y=3.:I=58:S0UND 1,8,8,8:GOTO 422
UZ 999 POKE DH+256*3+222,8:I=3:FOR Y=37 T

o 39 STEP -1:S0UND 1,Y+Y+Y+Y+Y+Y+Y,18,
5

II 919 PH$CP1+Y,Pl+Y+19)=P$CI,I+l'):NEXT
Y

KZ '28 I=22:FOR Y=38 TO '8 STEP 2:S0UND 1
,Y+Y,18,5

JG 922 I=I+l':IF I)78 THEN I=l
10 '38 PH$CP1+Y,Pl+Y+19)=P$CI,I+l'):NEXT

Y
UU 2888 GRAPHICS 2+16:POKE 559,8:SETCOLOR

8,1,1.:SETCOLOR .,13,8:5ETCOLOR 1,8,8
:SETCOLOR 3,6,6:SETCOLOR 2,',.

TH 2885 LEU=LEU+l:? 116;u well! DOm"
:? 116; 1111

Af 2818 ? 116;" mueD u; LEU:? 116;''''
DT 2828 ? 116;" stl!JRe u;INTCSC)+215:?

116; ....
XH 2822 ? 116;u
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'Solar
Systell1
Scaler

SOL BASED RATIOS

WHAT IS SCALE SUN DIAMETER?
(En1;er a nUhlber)

?

Enter the number 109.755 (from the
previous sequence). Press RETURN. The
following prompt appears:

WHAT. IS THE UNIT OF MEASURE (UOM)?
(For UoM enter MILES. FEET.
INCHES. MILLIMETERS or any UoM)

continued from page 13

Within the program you will find the
following suboptions.

DIAMETERS OF SOLAR SYSTEM BODIES
WITH EARTH AT 12 INCHES DIAMETER.

DIAMETERS IN INCHES

Type in FEET. Press REfURN. The follow­
. ing screen displays:

DIAMETERS ARE IN FEET AND ARE
BASED ON 111l9.755 FEET DIA. FOR SOL

DIAMETERS OF SOLAR SYSTEM BODIES
WITH EARTH AT 1 FEET DIAMETER.

Now we know the diameter of the sun in
feet when the Earth is 12 inches in di­
ameter. (We will need solar diameter in
feet for the next part of the sequence.)
Type "M" and RETURN to return to the
Main Menu. Enter Option "S" (Sun di­
ameter based tables). The following "Sun
Based Ratios" menu appears.

Now we know the diameters of the other
major bodies in the solar system, in
inches, when compared to a 12-inch
Earth. At this point, you may want to print
the screen. Press "P" (PRINT). After the
data has finished printing, press "R"
(RERUN).

The "Earth Based Ratio" menu reap'
pears. For input this time type in a "I"
for Earth diameter and "FEET" (or
FOOT) for the UOM. The following
results print to the screen:

FEET DISTANT FROM SOL

~.3824

Ill. 9486
1
0.532
11. 195
9.4546
4.1Il611l9
3'.8806
Ill. 2352

4478.92
8453. 16
11733.5
17852.58
61 III III 1. 6
111972.9
222557
35211104
460886

DIAMETERS IN FEET

MERCURY..••..........
VENUS......•.........
EARTH .
MARS•..........•.....
JUPITER.•....•.......
SATURN..•....•.......
URANUS.•.....•..•....
NEPTUNE.....•••.••.•.
PLUTO...•..•....•..••

MERCURY....•.........
VENUS•............•..
EARTH .
MARS......•.....•....
JUPITER .
SATURN..••.....•.....
URANUS......•.....•..
NEPTUNE .
PLUTO••..........•...

Enter "4" to convert feet to miles. The fol·
lowing results print to the screen:

YOU CAN CONVERT OUTPUT FROM...
FEET TO INCHES (1)
INCHES TO MILLIMETERS (2)
MILES TO FEET (3)
FEET TO MILES (4)
INCHES TO FEET (5)
INCHES TO MILES (6)
MILES TO INCHES (7)

P PRINT C CONVERT UoM
R RERUN
M MAIN MENU

DIAMETERS ARE IN FEET AND ARE
BASED ON 109.755 FEET DIA. FOR SOL

P PRINT C CONVERT UoM
R RERUN 0 GENERATE DISTANCES
M MAIN MENU

If you don't have a feel for the distances
expressed in thousands of feet, press C
(CONVERT UOM) to convert to a differ·
ent unit of measure. The following sub·
menu appears:

This screen shows us that Earth is one
foot in diameter when the sun's diameter
is 109.755 feet. That checks with what we
obtained earlier from option E. Now pick
option D to generate the distances of the
modeled solar system. The following in­
formation prints to the screen:

109.755
0.38
Ill. 95
1
Ill. 27
Ill. 53
11.2
9.45
4. III6
3.88
Ill. 24

1317.1Il64
4.59
11. 38
12
3.27
6.38
134.34
113.46
48.73
46.57
2.82

P PRINT
R RERUN
M MAIN MENU

DIAMETERS IN FEET

SoL. ••.••.•.•..•.•...
MERCURy....•.•.......
VENUS•.•.•.•.••..•..•
EARTH....•...•..••.•.
LUNA.....•.•....•....
MARS••..•...•.•••••••
JUPITER...•...••...••
SATURN..••.....••....
URANUS.•••.....•..•..
NEPTUNE.......•......
PLUTO•..........•....

P PRINT
R RERUN
M MAIN MENU

SOL••••...•.••..•....
MERCURy..•..••.......
VENUS•.......•...•.•.
EARTH.......••...•...
LUNA•...•....•....•..
MARS.•.....•....•...•
JUPITER..•.•.•.......
SATURN.••....•.....•.
URANUS..•.••••.••....
NEPTUNE...••••.•••.•.
PLUTO .

lIpll PRINT

lIeli CONVERT UoM

"D II GENERATE DISTANCES

"R il RERUN

II Mil MAIN MENU

"5D II SCALE DISTANCES

"AC" ACTUAL DISTANCES

WHAT IS THE UNIT OF MEASURE (UoM)?
(For UoM en~er MILES. FEET.
INCHES. MILLIMETERS or any UoM)

EARTH BASED RATIOS

Result: The following "Earth Based Ra­
tios" menu appears.

?

WHAT IS EARTH SCALE DIAMETER?
(En~er a nUMber)

Type in "INCHES:' Press RETURN. The
following results print to the screen:

As mentioned earlier, the menus are
prompt-driven and you should have no
difficulty traversing them. For some ap­
plications you may need to take output
figures from one option and use them as
input to another. Options S, E and SS pro­
vide single key transfer of the screen dis­
pl<;ty to a printer, so you won't have to
write down a lot of numbers between op­
tions. In addition, Sand SS have menu
option C (CONVERT UOM), enabling
conversion of table data to other units of
measure, such as inches to feet and feet
to miles.

Let's take a typical scenario-say you
want to determine the dimensions of the
solar system with Earth at 12 inches in di·
ameter. Start by selecting Option E
(EARTH DIAMETER BASED TABLES)
from the Main Menu.

Type in the number 12. Press RETURN.
, The following prompt appears:
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CONVERTED TO MILES
DIAMETERS ARE IN FEET AND ARE
BASED ON 109.755 FEET DIA. FOR SOL

MILES DISTANT FROM SOL

MERCURY. • • • • • • • • • • • • • 121.85
VENUS. • • • • • • • • • • • • • • • 1. 6
EARTH................ 2.22
MARS................. 3.38
JUPITER. .. • .. .. .. .. .. 11. 5
SATURN. • • • • • • • • • • . • • • 21. 2
URANUS............... 42
NEPTUNE.............. 55
PLUTO................ 87

P PRINT
R RERUN
M MAIN MENU

Now we have not only the sizes of bodies
in the solar system (in inches and feet)
when the Earth is 12 inches in diameter,
but also the system's dimensions (in feet
and miles).

You could take the distance figure for
Pluto (87 miles) and double it to 174 miles
to get the average diameter of Pluto's or­
bit (very average, since Pluto's orbit is far
from circular, being the most highly el­
liptical of all the major components of
the solar system). We can still use this
number as input to the SS option (Solar
System Based Tables) and find the dis·
tance to Alpha Centauri when the Earth
is 12 inches in diameter. (It's 600,699
miles, or about 2.4 times the distance of
the full·size moon from our 12-inch
Earth.) On another scale, that of the sun
being ten inches in diameter, Pluto would
be 3,499 feet out (at 0.54 millimeters in
diameter) with Alpha Centauri 4,575
miles away.

This screen sequence shows the gener·
al operational mode of the program and
how information can be gathered while
constructing a basic scenario. Option SS
(Solar System Based Tables) enables you
to generally size the solar system as a
preliminary step to the other options. It
also gives the distance to the nearest star.
Option 12 (12-Inch Earth Globe Distance
Conversions) is an added utility that
comes in handy when calculating scale
and real distance in a system based on a
12-inch Earth (most globes of the Earth
found in the home are 12 inches in di­
ameter).

I have used this program to build
models of the solar system based on di·

Ihave used this

program to build

models of the solar

system based on

diameters of hundreds

of miles to those of

only afew millimeters.
ameters of hundreds of miles to those of
only a few millimeters. Here are some
results:

When I look at the 12·inch globe on my
bookshelf five feet from my living·room
easy chair, I can visualize a scale model
of the Earth from a height of 39,630 miles.
The Space Shuttle cruises only .23 inches
above the globe's surface (150 miles). Ge­
ostationary satellites, orbiting the Earth
at 22,000 miles, are out about 33.3 inches
(2.78 feet) and lay sprinkled about half­
way between me and the globe. The moon
is a gray and dinky pockmarked baseball
of 3.27 inches diameter, and is some 30
feet behind me, through the back door
and out into the yard. The sun is an enor·
mous, brilliant white ball of incandescent
gas, 109.75 feet in diameter and 11,733
feet (2.22 miles) away. The gas giant

/'

Jupiter is over 11 feet in diameter and
61,001 feet (11.6 miles) from the sun. Plu­
to is roughly 2.8 miles in diameter (an
inch smaller than Earth's Moon!) and
about 460,000 feet (87 miles away).

All of this was quickly generated using
the E, Sand 12 options with throughput
based on a 12-inch Earth. We could,
however, have generated similar results
based on any size for the Earth, sun or
the solar system.

In relation to the Voyager II flyby of
Uranus last January, and staying with the
12·inch diameter Earth, the distance from
Uranus to the sun turns out to be about
42 miles. Its diameter is 48.73 inches. That
gives us some feel for the earlier question
of how far two billion miles is: for a
12·inch Earth, about 44 miles.

Using the SS option, we can determine
that if the solar system were a three-inch
disk floating in front of us, the Alpha
Centauri System would be another disk
863 feet away, or about the distance to the
roadway on the other side of the straw·
berry field behind my house. Earth would
be only .038 inches from the sun and
would require a microscope for resolu·
tion. If the solar system were the size of
a quarter (about one inch), the two sys­
tems would be separated by 287 feet. It's
a lot easier imagining two quarters float­
ing 287 feet apart than two multibillion­
miles-wide planetary systems, composed
of mainly empty space and separated by
25 trillion miles.

An infinite variety of layouts can easi­
ly be built using the Solar System Scaler
based on manipulations of the three di­
ameter parameters for the Earth, sun or
solar system. And, with the 12 option, you
can quickly calculate scale and real dis­
tances for a 12-inch Earth globe system.

Now do you have a better handle on
how far two billion miles is?

Carey M. Furlong has been an amateur as­
tronomerfor the last 25 years and has operat·
ed an Atari for the last four (presently a
130XE). He holds a B.A. in English and is
currently employed as a senior technical writer
by MacDonnell Douglas Corporation's Infor­
mation Systems Group, CAD/CAM Services in
Cerritos, California.

LISTING 1: BASIC
148 POSITION 4,':? 116;"~1I
158 POSITION 7,12:? 116; i'~''---­
168 POSITION 8,1:? 116;"===============
=====11

HZ
HU
UO
LU

fB

188 REM SOLAR SYSTEM SIZE AND
118 REM DISTANCE RATIO GENERATOR
128 REM BY CAREY H. FURLONG
125 REM COPYRIGHT 1'88 BY ANALOG COMPU
TING
138 GRAPHICS 17:SETCOLOR 2,',7:SETCOLO
R 3,2,12:SETCOLOR 8,7,2

.n
PH
TU

NT 178 POSITION 8,3:? 116; "rjJ,1'jm:um.,.;111I
l'.iIIIiI:::J"

WL 188 POSITION 8,5:? 116;"===============
=====11

HM 1'8 POSITION 8,16:? 116;"==============
======11

DG 288 POSITION 3,18:? 116; "ll(j1;14'_;_.lIi"I]:1
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PS 599 ? "---"

[6"
HY 219 POSHION 1, U:? U6; "t:1:IIWi1:tilln!W:rjl!l

mm"BO 229 POSITION 8,29:? U6;"[IIiIi]"
KB 239 POSITION 9,22:? U6;"==============

======11

W!a"
H:I 789 ? :? :? :? :? ,,-------------------"

"

MP 7'9 ? :? "WHAT IS SCALE SUN DIAMETER?"
WE 899 ? :1" (Enter a nUMber)"
HE 819 ? :INPUT S
JC 829 VAR=1:W=9
SG 839 ? :? "WHAT IS UNIT OF MEASURE (UOM

) ?"
:IB 849 ? :?" (For UOM, enter MILES, FE

ET,"
LE 859 ?" INCHES, MILLIMETERS or an!.l U

OM)"
GC 869 ? :INPUT Z$
FZ 879 ? "iii":? "DIAMETERS ARE IN ";Z$;" A

ND ARE"
HR 889 SETCOLOR 4,8,2:? "BASED ON ";S;" "

;Z$;" DIA. FOR SOL"YN 8'9 ? " _

~~~."
PW '99 ? ,,----------------

101101 '19 IF 101<)9 THEN '39
HL '29 ? :? " D:IAMETERS IN ";Z$:GOT

o '49
WH '39 ? :? " DIAMETERS IN ";E$
TW '49 H=S*B/L:Hl=INT(H*19999+9.5)/19999:

? .:?" MERCURy............."; Hl*VAR
AV '69 H=S*C/L:Hl=INT(H*19999+9.5)/19999:

?" VENUS .•••••••..•...• ";Hl*VAR
CP '89 H=S*D/L:Hl=INT(H*19999+9.5)/19999:

?" EARTH ••.••••.....••• ";Hl*VAR
NJ 1999 H=S*E/L:Hl=INT(H*19899+9.5)/19999

:? .. MARS •••• I ••••••••••• "jHl*UAR
AO 1929 H=S*F/L:Hl=INT(H*19999+9.5)/19999

:? II JUPITER ••••••• I ••••• lljXl*UAR
FR 1949 H=S*G/L:Hl=INT(H*19888+9.5)/19998

:? .. SATURN •••••••••••••• lliXl*UAR
HV 1969 H=S*H/L:Hl=INT(H*19988+9.5)/19999

:? II URANUS •• II •••••••••• lIiHl*UAR
VA 1989 H=S*I/L:Hl=INT(H*19999+9.5)/19999

:? .. NEPTUNE ••••••••••••• IIjXl*UAR
F 1199 H=S*J/L:Hl=INT(H*19899+9.5)/19999

:? II PLUTO •• I ••••• 11 •••• 1 lIiHl*UAR
LH 1129 POKE 838,175:POKE 83',242
SA 1139 IF A$="P" THEN GRAPHICS 9:SETCOLO

R 2 L 9,12:SETCOLOR 1,9,4:SETCOLOR 4,',1
2:A~="M":? :? :GOTO 889

BH 1149 GOSUB 3629
ZS 1159 POKE 8...9.:.PO.K.E.8.3.'i4i9••••••
GU 1169 ? :? ". I

FF 1179 IF 101<>9 ~HEN 11'9
YE 1189 ?" iii PRUT III CONVERT UO

M":GOTO 1299
HI 11'9 ?" iii PRINT"
ZU 1299 ?" 0 RERUN m GENERATE D

ISTANCES"
RH 1219 ?" m MAIN MENU"
WT 1229 ? " SEL

ECT ";
:IJ 1239 POKE 82L 2:POKE 83,3'
DA 1248 INPUT A~

OG 1258 IF A$="P" THEN GOSUB 2789
OH 1269 IF A$="P" THEN 889
WZ 1279 IF A$="D" THEN 1349
WE 1289 IF A$="R" THEN A$="S":GOTO 6'9
JY 12'8 IF A$="M" THEN 549
UF 1399 IF 101<>9 THEN A$="S":GOTO 6'9
BV 1319 :IF A$="C" THEN GOSUB 3459
EN 1329 GOSUB 3678
TY 1338 GOTO 888
IL 1349 GRAPHICS 8:SETCOLOR 2,9,12:SETCOL

OR 1,9,4:SETCOLOR 4,8,2
YR 1359 ? "iii":? ,,--------------------"PE 1368 VAR=1:W=9
AL 1379 ? "D:ISTANCES ARE IN ";Z$;" AND AR

E"
NO 1389 SETCOLOR 4,8,2:? "BASED ON ";S;"

";Z$;" DIA. FOR SOL"
OM 13'9 IF 101=9 AND A$="M" THEN ?
EJ 1489 ? ,,---------------­____II

LN 1419 R=9.86"21
DD 1428 IF 101<)9 THEN 1449
IT 1439 ? 11 " ";Z$;" DISTANT FROM S

(

generat
Measure

IMAU MENU SHECUON I::
" H SUN DIAMETER BASED T

"With this prograM !.Iou can co
MatheMaticall!.l scaled Models
Solar S!.IsteM."

"Relative sizes for the plane
the Sun and their respective
distances frOM";

one another are
given a base

BD
EW
OE

249 FOR DELAY=l TO 2599:NEHT DELAY
259 DIM A$(19),E$(39),Z$(39)
269 REM SYSTEM DIAMETER (MILES) & DIST
ANCE (MILLIONS OF MILES) DATA
279 L=86"21:REM DIAMETER OF SOL
289 B=3931:Bl=35.5:REM MERCURY
2'9 C=7518.6:Cl=67:REM VENUS
399 D=7'26:Dl='3:REM EARTH
319 K=2169:REM LUNA
329 E=4217:El=141.5:REM MARS
339 F=88732:Fl=483.5:REM JUPITER
349 G=74'37.5:Gl=887.5:REM SATURN
359 H=32187:Hl=1764:REM URANUS
369 I=39757.':Il=27'9:REM NEPTUNE
379 J=1864:Jl=3653:REM PLUTO
389 Kl=252224'2:REM ALPHA CENTAURI
382 REM OPEN IOCB TO SEND PROG INPUTS
TO E:

PH 385 OPEN U3,4,4,"E:"
RS 3'9 ? "iii"
Sol 499 GRAPHICS 9
HI 419 SETCOLOR 2,9,4:SETCOLOR 1,9,12:SET

COLOR 4,8,19
JZ 415 POKE 752,1
TT 439 ? :? "SOLAR SYSTEM SCALER

Rev. K)"
HY 449 ? "----------,''
ME 459 ? :?

nstruct
of the

SN 469 ? :?
ts and

OE
I:Z
EB
HU
DB
GF
AT
RF
DW
AE
HO
JP
OR

HY 479 ? "
ed when
Ment.";

AC 488 ?" Base MeasureMents can be as
Signed to either the Earth, Sun, or th
e Solar S!.IsteM."IB 4'9 ? :? " _

"

HL 519 ? : 1 "PRESS 'iHI.llj':' TO CONUNUE"
BF 529 ? :INPUT U3,A~

KI 549 GRAPHICS 9:SETCOLOR 2,',14:SETCOLO
R 1,9,4:SETCOLOR 4,8,19

KG 545 POKE 752,1
RM 559 ? "iii"
MO 569 ? "
NP 579 ? "
PF 589 ? "
LO 5'9 ? :1 :?

ABLES"
ZW 699 ? : 1 "D11 EARTH DIAMETER BASED TA

BLES"
DK 619 ? :? "1liI SOLAR SYSTEM DIAMETER B

ASED TABLES"
MA 629 ? :? "III 12 INCH EARTH-GLOBE DIS

TANCE CONVERSIONS"
FO 639 ? :? "lID END PROGRAM"
HZ 649 POSITION 1',21:? II-II

00 659 TRAP 759
OZ 669 POS:ITION 1,1':? :? " ENTER SELECTI

ON ";
UA 679 INPUT U3,A$
.1M 689 POKE 752,9
GA 6'9 GRAPHICS 9:SETCOLOR 2,9,12:SETCOLO

R 1,9,4:SETCOLOR 4,',12
UO 799 IF A$="S" THEN 779
FC 719 IF A$="E" THEN 1769
OK 729 IF A$="12" THEN 2829
WH 739 IF A$="SS" THEN 2289
PP 749 IF A$="",,, THEN GRAPHICS 9:SETCOL

OR 2 , 4:SETCOLOR 4 9,9:? "iii":? "DmJII
"'I]Ii1!I.-sf"WJ.1.t:14-! . 'NU;litW": END

IC 759 SETCOLOR 2,2,9:SETCOLOR 4,3,9:SETC
OLOR 1,9,12:? :? ":INSUFFICIENT RESPONS
E":GOTO 519

DZ 769 REM SOL TABLE GENERATOR
LU 779 ? "iii":? :? " ii.i:i;'J""......--=';r""':~r:li'fr.:i4......--='jr...:'
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XH

LD

'pN

'pD

SEL

PRINT"
RERUN"
MAJ:N MENU"

2850 X=S*H~D:Xl=J:NT(X*188+8.5)/188:?"
URANUS •.••••.•••.•. ";Xl*UAR

2870 X=S*I/D:Xl=INT(X*188+8.5)/188:? "
NEPTUNE •••.••.••••. ";Hl*UAR

BA 28~8 X=S*J/D:X1=INT(X*180+8.5)/188:? "
PLUTO ••.••••.••••.• ";Xl*UAR

LF 2118 POKE 838,175:POKE 83~,242

YG 2128 If AS="P" THEN GRAPHJ:CS O:SETCOLO
R 2,8,12:SETCOLOR 1,8,4:SETCOLOR 4,8,2
:A$="M":? :? :GOTO 1858

BU 2130 GOSUB 3620
ZO 2148 POKE 82 ~8i:iPiOiiKiEIlli8i3i.4i 8•••••••GS 2150 ? :? "

"HA 2168 ? ..
HP 2178 ? ..
SB 2188 ? "
XN 21~8 ? ..

ECT ";
IB 2288 POKE 82 L 2:POKE 83,3~

CS 2218 INPUT AliJ
NY 2228 If AS="P" THEN GOSUB 2788
IE 2238 If AS="R" THEN AS="E":GOTO 6~0
JK 2248 If AS="M" THEN 548
EU 2258 GOSUB 3678
TO 2268 GOTO 1858
KU 2279 REM SOLAR SYSTEM TABLE GENERATOR
XO 2288 ? "JIIi":? :?" ",Il!i1;a11'114;.;JjJ1

14 1- :t:u(.M"
T8 22~8 ? :? :? :? :? ",--------------------"UJ 2388 ? :? "WHAT IS SCALE SOLAR SYSTEM

DIAMETER?"
WO 2318 ? :?.. (Enter a nUMber)"
PO 2328 ? :INPUT S
OW 2338 UAR=1:W=8
HM 2348 ? :? "WHAT IS UNIT OF MEASURE (UO

M)?"
RO 2358 ? :?" (for UOM enter MILES, fE

ET,"
OB 2368 ?.. INCHES, MILLIMETERS or an~

UOM) "
OK 2378 ? :INPUT Z$
LU 2388 ? "JIIi"
YO 23'8 SETCOLOR 4,8,2:? "SOLAR SYSTEM DI

A. =";S;" ";ZS
CZ 23~5 If W<>8 THEN 2418
OF 2488 ? "(Based on Pluto'S Mean Orbit)"
EN 2418 ? "'---------------­1----"
DX 2428 If W<>O THEN 2448
PO 2438 ?" DJ:STANCE IN ";ZS;" fROM SO

L":GOTO 2458
JB 2448 ?" DISTANCE IN ";E$;" fROM 50

L"
EU 2458 R=J1/8.5
JG 2460 H=S*Bl~R:H1=J:NT(H*1808+8.5)/1088:

? :?" MERCURy ••.•..•..•.. ";Xl*UAR
UN 2478 X=S*Cl~R:X1=INT(H*1898+8.5)~1808:

?" UENUS ••...••.•.•..• ";Xl*UAR
XH 2488 X=S*Dl~R:Xl=INT(H*1880+8.5)/1888:

?" EARTH ••.••••....... ";Xl*UAR
NN 24'8 X=S*E1~R:Xl=XNT(X*1888+8.5)/1888:

? .. MAR'S ••••••••••••••• lIiHl*UAR
UP 2588 X=S*fl'R:H1=INT(X*1808+8.5)/1888:

?" JUPITER ••.•.....•.. ";Xl*UAR
8N 2518 X=S*Gl~R:Xl=INT(X*1888+8.5)/1808:

?" SATURN .••••.•..•..• ";Xl*UAR
ON 2528 X=S*H1/R:H1=J:NT(X*1888+8.5)/1808:

?" URANUS ••••.•.•...•. ";Hl*UAR
PW 2538 X=S*II/R:Xl=INT(X*1888+8.5)/1888:

? .. NEPTUNE •••••••••••• ll iHl*UAR
PP 2548 X=S*J1'R:X1=INT(X*1888+8.5)/1888:

?" PLUTO. (Mean Dis·U .. ";H1*UAR
SH 2550 X=S*KI/R:Xl=J:NT(H*109+0.5)/188:?

:? .. ALPHA CENTAURI ••• · .. iHl*UAR
Me 2568 POKE 838,175:POKE 83',242
KD 2578 If AS="P" THEN GRAPHJ:CS O:SETCOLO

R 2,8,12:SETCOLOR 1,8,4:SETCOLOR 4,8,2
:AS="M":? :GOTO 23~0

CS 2588 GOSUB 3628
AN 25~0 POKE 8M_8

i
: iPiOiKE.8.3.,.4.8••••••

(iN 2680 ? :? ..~ •

ER 2618 J:f W<>9 ~HEN 2630
00 2628 ?" (]I PRINT n CONUERT UO
a.- M": GOTO 2640

-ZI

KI

.-- Ot": GOlO 1.58
UJ 1448 ? :? :? .. ";ES;" DJ:STANT FRO

H SOL"
UC 1459 X=J:NT((S*B1~R*UAR)*199+9.5)~199:?

:? II MERCURY •• I I • • • • • • • •• II; H
TI 1468 X=J:NT((S*C1~R*UAR)*199+8.5)~199:?

II VENUS ••• I • • • • • • • • • •• II J H
NP 1478 X=J:NT((S*D1~R*UAR)*199+9.5)~199:?

.. EARTH I' I I •• I I • I ••• I' .. ; X
WX 1488 X=J:NT((S*E1~R*UAR)*199+9.5)~198:?

II MARS •• I •••••••• I • • •• II; K
BT 14" X=J:NT ((s*f1~R*UAR)*18+9. 5) ~18:? ..

JUPITER .••.••..•..•• "; X
DC 1590 X=J:NT((s*Gl~R*UAR)*19+9.5)~19:?..

SATURN .• I ••• I •• I •• I • I .. ; H
FE 1519 X=J:NT((S*Hl~R*UAR)*19+9.5)~18:?..

URANUS •••••• I •••• I •• ..; H
OZ 1528 X=J:NT((S*J:l~R*UAR)*18+8.5)~18:?..

NEPTUNE I I •• I • I •••• I I II j H
IX 1538 X=J:NT((S*Jl~R*UAR)*18+8.5)~18:?..

PLUTO ~ •••••••• I I • I • I .. ; H
LU 1548 POKE 838,175:POKE 83~,242

RN 1558 J:f AS="P" THEN GRAPHJ:CS 8:SETCOLO
R 2,8,12:SETCOLOR 1,8,4:SETCOLOR 4,8,2
:A$="H":? :? :GOTO 1388

CL 1568 GOSUB 3628
AG 1578 POKE 8..8:POKiE.8.3.,.4.8 ..
HI 1588 ? :? ". •
DD 15'8 J:f W<>8 ~HEN 1618
IU 1608 ?.. (]I PRJ:NT I!I CONUERT. UO

H":GOTO 1628
GU 1618 ?.. II PRJ:NT"
HJ 1628 ? .. . RERUN"
RU 1638 ? .. MAJ:N MENU"
XH 1648 ? .. SEL

ECT ";
IX 1658 POKE 82 L 2:POKE 83,3~

DO 1668 INPUT AliJ
OU 1678 If AS="P" THEN GOSUB 2788
GY 1688 J:f AS="P" THEN 1388
WP 16'8 J:f AS="R" THEN A$="S":GOTO 6~8
JH 1788 If AS="M" THEN 548
UO 1718 J:f W08 THEN AS="S":GOTO 6~8
CG 1728 If AS="C" THEN GOSUB 3458
EY 1738 GOSUB 3678
SY 1748 GOTO 1388
XR 1758 REM EARTH TABLE GENERATOR
TJ 1768 ? "JIIi":? :? " • i(i1;U;M;JjJ1i4l]

.:liulal.....
TE 1778 ? :? :? :? :? ..----------2----------..
UJ 1788 ? :? "WHAT J:S SCALE EARTH DIAMETE

R?"
XU 17'8 ? :?" (Enter a nUMber)"
PT 1809 ? :J:NPUT S
YP 1805 UAR=1
MH 1818 ? :? "WHAT J:S UNJ:T Of MEASURE (UO

M)?"
HO 1828 ? :?.. (for UOM, enter MJ:LES, f

EET,"
08 1838 ?" J:NCHES, MILLJ:METERS or an~

UOM)"
OK 1848 ? :J:NPUT ZS
MY 1858 ? "JIIi":SETCOLOR 4,8,2:? "DJ:AMETERS

Of SOLAR SYSTEM BODJ:ES"
DR 1868 ? "WJ:TH EARTH AT ";S;" ";ZS;" DJ:A

METER"
FH 1878 ? "'---------------­1----"
PH 18~8 ? " DJ:AMETERS J:N ";Z$
YE 1'88 X=S*L~D:X1=J:NT(X*1888+8.5)~1888:?

:? II· SOL •••••••• I" 1.1" "iHl*UAR
XU 1~18 X=S*B~D:X1=J:NT(H*188+8.5)~108:? "

MERCURY. • • • . . . . • .. .• "; Xl*UAR
TJ 1~38 X=S*C-ID:Xl=J:NT(X*188+8.5)/188:? "

UENUS. . • • • . • . • • . . •• "; Xl*UAR
1'58 H=S*D~D:Xl=J:NT(H*188+8.5)/188:?"

EARTH ••.•...•..•..• ";Xl*UAR
1'70 X=S*K/D:Xl=J:NT(X*188+0.5)/188:? "

LUNA ••••••••••••••• lIiHl*UAR
1"0 X=S*E/D:H1=J:NT(H*108+8.5)/188:? "

MAR'S •••••• I • • • • • • •• II; Hl*UAR
2818 X=S*f/D:Xl=J:NT(X*188+8.5)/188:? "

JUPJ:TER .• ; .•...•..• ";Xl*UARxt 2830 X=S*G/D:Xl=J:NT(H*188+8.5)/188:? "
SATURN .•••.••.•••.• ";Hl*UAR
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Solar System Scaler

MW 3129 X=INTCD*C3/B2):X3=INTCD*C3/B2/D3)
GZ 3139 ? :? "ACTUAL":? "DISTANCE IS: ";X

;" MILES"
QF 3149 ? " ";X3;" KILOMETERS

"
.IS 3159 ? :? "===========================

========11
GP 3169 ? :? :? :? "Press liIiI'lj;I:':"
OK 3178 ? :?" >1 TiMe To Continue To liE

I Routine"
DB 3188 ?" >2 tiMes To Return To If) SUb

Menu"
EE 3299 POKE 752,9:? :INPUT A$

3738
3738
3738
3739
3738

UOM is ";Z$;")"
FEET TO INCHES"
INCHES TO MILLIMETERS

THEN
THEN
THEN
THEN
THEN

12 INCH EARTH-GLOBE SVSTE

ICONUERSIOII SUBMENU I::
"SELECT THE DESIRED CONUE

101.1 3229 ? "
~"

XZ 3238 ? :? :? "Enter the ac tua 1 Mil es"
JA 3248 POKE 752,9:INPUT C3
UO 3259 ? :? ",------------------"

AH 3339 ? .? .? :? "To Rerun riE, Enter:m····
PK 3340 ? "To Return To If) SubMenu:

lmtJ "
AH 3350 ? "To Return To Main Menu:."8X 3369 ? :INPUT A$
flY 3370 IF A$="AOII THEN GOTO 3219
WI 3389 IF A$="",,, THEN GOTO 549
UA 33'0 GOTO 2848
JL 3499 ? :? "Enter nUMber of feet to con

vert ll
IU 3418 POKE 752,9:INPUT C3
ZL 1429 C3=C3*12
RQ 3439 GOTO 3978
GU 3449 REM MAIN CONUERSION SUBROUTINE
ZB 3450 GRAPHICS 9:SETCOLOR 2,9,12:SETCOL

OR 1,9,4:SETCOLOR 4,',8
UJ 3468 ? :? " 1""---------..,

"

ARTH IN A

US 3268 K=INTCCB2*C3/0)*199+8.5)/199
CK 3279 X5=INTCCB2*C3/D/12)*190+8.5)/190
lolL 3289 K6=INTCCB2*C3/0/12/5289)*1900+9.5

)/1080
LB 32'0 ? :? "SCALE ":? "OISTANCE IS: ";

X;" INCHES"
OL 3390 ? " ";K5;" FEET"
XU 3310 ? " ";K6;" MILES"
UW 3329 ? :? II----"

HJ 3462 ? "
CG 3464 ? "
JQ 3479 ? :? :?

RSION:II
KP 3475 ? IICCurrent
SU 3489 ? :?" II
OK 34'9 ? :? "

"
LR 3509 ? :?" I MILES TO FEET"
SW 3519 ? :?" . FEET TO MILES"
OH 3529 ? :? " INCHES TO FEET"
RH 3525 ? :?" . INCHES TO MILES"
RB 3527 ? :? " MILES TO INCHES"
liG 3539 ? :? ",;:INPUT 101
NM 3549 ON 101 GOTO 3559,3569,3579,3589,35'

9,35'5,35'7
XN 3559 UAR=12:? "iii":? " 11I1l:L!F4jll if...

1I•• ':lillIilil ": E$="INCHES": GOTO 3609
DL 3569 UAR=25. 4:? "iii":? " "'1;"1I;",ITo:L'"'J""ii""';I""''"''3'''''.]

.,.-;o-";I;IIi4:IO., ": E$="MILLIMETERS": GOT
o 3699

NR 3579 UAR=5289:? "iii":? " 11I'I:LJJi4:1
":E$="FEET":GOTO 3699

JU 3589 UAR=1/5289:? "iii":? " III!m
1i4:113••',-;o-", ": E$="MILES": GOTO 3699

1101 35'9 UAR=1/12:? " iii " :? " 11I1l:LJJi4:1u3.•'.-a3i1' ": E$="FEET": GOTO 3699
EI 35'5 UAR=1/12/5289:? "iii":? " ~

UI:Wi4:113,.,,_;o-4' ": E$="MILES": GOTO 36
89

XK 35'7 UAR=12*5289:? "iii":? " D!tl
LJJi4:113••, •••:liW4''': E$="INCHES": GOTO 36
89

AN 3699 RETURN
BM 3619 REM DISPLAY INTERUPT SUB
NU 3629 RESTORE :START=PEEK(568)+PEEKC561

)*256:POKE START+22,138
RI 3639 PAGE=1536:FOR PGM=PAGE TO PAGE+19

:READ BYTE:POKE PGM,BYTE:NEKT PG"
JU 3649 DATA 72,16',142,141,19,212,141,24

,298,194,64
MF 3658 POKE 512,9:POKE 513,6:POKE 54286,

U2
BF 3669 RETURN
HM 3679 IF A$:"P"
BP 3689 IF A$="O"
IS 36'9 IF A$="R"
FG 3799 IF A$:"M"
AJ 3719 IF A$="C"
RC 3728 GOTO 549
AY 3739 RETURN

SEL
II PRINT"

. RERUN"
MAIN MENU"

? ..

? :? "If distance is in inches, p
1;1it '11;1: I"
POKE 752,8:INPUT A$
IF A$="FT" THEN GOTO 3489
IF A$O"FT" THEN GOTO 3859
? :? "Enter the distance in inche

ZK 2868
~j"

ZU 2878
~II

VII

TK

TA
CK
XP
VA

3888 ? "If distance is in feet, enter
FT"
3818
ress
3020
3030
3048
3058
SOl

MB 3068 ? :INPUT C3
AA 3878 ? "1Ii":? "m"
TR 3888 ? 11==============================

=====II:?
30'8 ? "SCALE":? "DISTANCE IS: ";C3;"
INCHES"
3188 ? II ";C3/12;" FEET"
3119 ? :? "===========================
========11

LC

III
JG

H8 2638 ? "
HO 2648 ? "
SC 2658 ? "
XO 2668 ? "

ECT ";
2678 POKE 82 l 2:POKE 83,3'
2688 INPUT A~

26'8 IF A$="P" THEN GOSUB 2788
2788 IF A$="P" THEN 23'8
2718 IF A$="R" THEN A$="SS":GOTO 6'0
2729 IF A$="M" THEN 540
2738 IF 10108 THEN A$="SS": GOTO 6'8
2748 IF A$="C" THEN GOSUB 3458
2758 GOSUB 3678
2768 GOTO 23'8
2778 REM SCREEN PRINT SUBROUTINE
2788 DSPI=PEEK(838) :DSP2=PEEKC83')
27'8 POKE 838,PEEKCS8422):POKE 83',PEE
K(58423)

leD 2888 ? :?
AT 2818 RETURN
VI 2828 REM EARTH GLOBE GENERATOR
NT 2838 B2=12:D3=8.62137:REM EARTH IS 12

INCHES; KILO=MILEAGE
RP 2848 TRAP 2838
QG 2845 POKE 752,1
FI 2858 ? "iii":? "-----,," .

?" j·t-t:til:M"il;II:0I1IJl;1_·)1.10:tll

LH 2888 ? :? :? :? :?" tiFI SCALE DIST
ANCE TO ACTUAL DISTANCE C
ALCULATIONS"

BV 28'8 ? :?" I'imI ACTUAL DISTANCE TO
SCALE DISTANCE CALCULATIO
NS"

011 2'88 ? :?" ~ RETURN TO MAIN MENU
"JY 2'18 POSItION 1',2.1:? "-,,

OC 2'28 POSITION 1,1':? :? " ENTER SELECT
ION ";

CM 2'38 INPUT U3,A$
UJ 2'48 IF A$="SD" THEN 2'78
BP 2'58 IF A$="AD" THEN J218
CJ 2'68 IF A$="",,, THEN 548
UJ 2'65 GOTO 2838
IH U78 ? "iii":? tIm mt'IflJ[i)1.1tiu!1•••&'I1'

II til-.)1.1(il:l1ii"
AF 2'88 ?" TM:w:wtW.:liI:M#:ljll;Ol1!J1;I.-t4

I01':ru-"
KU 2"8 ? :? :? "'--------------------"

.IE
DV
PB
HV
XS
.10
QL
CII
FF
UO
UX
QJ
RF
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by Craig Patchett

An Introduction
Hi, and welcome to the column! This

is just a brief introduction to let you know
what we're going to be doing together in
the pages to come.

Chances are that one ofthe biggest rea­
sons you bought your computer (whether
you admit it or not) was to play games.

A.N,A.L.O.G. COMPUTING I AUGUST 1988

Then somewhere along the way you dis­
covered programming, and then came the
realization that, "Hey, even I could write
a game if I only knew how." Well, maybe
it didn't happen quite like that, but I'm
sure you know what I mean. In any case,
it's true that writing a game isn't really
that difficult, at least not a simple game.
But unfortunately there aren't too many
people willing to explain the techniques

involved. You know what I mean, right?
After all, chances are you've read all abollt
graphics already, but there's quite a differ­
ence between making a space!thip fly
around the screen and putting it into a
game. That's why this column is here: to
explain how to tie everything-including
graphics, animation, and sound­
together into a complete graphics game.
I'll be assuming that you already know the
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basic techniques involved in player/missile
graphics, redefining the character set, dis­
play lists and so forth. Although the up­
coming columns do include review
sections on the topics they cover, it will
help you tremendously if you have some
previous knowledge.

So much for the graphics. What about
the language? We are going to be using
BASIC. I'm sure you've read plenty of ar·
ticles claiming that a good arcade-style
game can't be written in BASIC, and it's
true. So to help you overcome this obsta­
cle, I've included a variety of machine­
language routines that can be used from
BASIC quite easily. Rest assured that you
don't have to know any machine language
in order to use these routines, and they've
been designed so that they'll work in a
number of different situations, not just
the game we'll be designing in this
column.

Even with the machine·language help,
it's still true that BASIC will not allow you
to do games as complicated as Donkey
Kong or Difender, at least not with the
speed of the arcade versions. So the ques­
tion comes up as to what would be a good
game to use as an example. We need
something that utilizes as many of the
graphics tricks as possible, while at the
same time isn't too complicated so as to
slow things down to a ridiculous rate. Also,
it should ideally be something familiar, so
that it is immediately clear how things
should be working. What, if anything, fits
these conditions? We decided on Invaders
as our model.

Graphics fundamentals
A big part of computer graphics, and

one that not many people think about, is
the television set. Mter all, we're not draw­
ing on a piece of paper, and the way that
a TV set works has a lot to do with what
the computer puts on the screen. More
importantly, it has a lot to do with how the
computer puts things on the screen. So,
as one final step before we actually start
going wild, let's take a good look at that
screen.

The Screen
Let's begin with the basics, since I can't

think ofa better place. Do you know what
the screen is made of? Well, I know that
glass is probably the most obvious answer,
but it goes much further than that. Look
at the screen of a TV set that's not on. See
how the back of the glass is coated with
something? That something is called
"phosphor." The neat thing about phos·
phor is that it glows when you hit it with
electrons. The more electrons that hit it,
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the brighter it glows (don't worry if you
don't know what electrons are, just think
of them as real tiny pellets ... real tiny).

Behind the screen (near the back of the
TV set), there is an electron gun that
shoots a beam of electrons at the screen
to make it glow. Pretty simple so far, right?
This beam is pretty small and can only
hit a small dot of phosphor at anyone
time. In order for it to make all of the
phosphor on the screen glow, then, it
scans the screen, much in the same way
as we scan a book while reading. The
beam starts at the upper left-hand corn·
er of the screen and goes all the way over
to the right-hand side, drawing a line as
it goes. This line is called, appropriately,
a "scan line" (if you look closely at your
screen, you can see these lines; don't look
for too long, though). When it gets to the
right-hand side of the screen, the beam
turns off and moves over to the beginning
of the next line, where it preceeds to draw
the next line. This happens over and over
again until the beam has drawn the en­
tire screen. (See Figure 1.)

There are over 200 lines that have to
be drawn, but the beam gets it all done
in less than 1/60 ofa second! Unfortunate­
ly, the phosphor won't glow forever, and

by the time the beam reaches the bottom
of the screen, the top is starting to fade.
So the beam turns off, goes back to the
top again and starts over. This means that
the screen actually gets drawn 60 times
a second. Now this may sound like a pain
in the you-know·what, but it actually turns
out to be somewhat of a blessing. You've
probably seen, in one form or another,
those little cartoon books that you flip
through to make the pictures look like
they're moving, right? Movies work the
same way. They show you a picture, then
blank the screen and show you another
one that's just a little bit different. This
is what creates the illusion of motion.
Thus, if a different picture is drawn on
the screen each time the beam goes over
it, we can create motion. If the beam
didn't redraw the screen so rapidly, we'd
just have 'an expensive slide show.

Alright, now you know the basics of tel·
evision, but what does this have to do with
computers? Quite a bit, actually, as you'll
soon see. If you're programming from
BASIC, then all you need to worry about
is knowing the various terms. We'll go over
those in a second. Machine.language
programmers, on the other hand, are
programming in a language that works
almost as fast as the electron beam, so
they can have greater control over the
screen. That's why so many incredible
things can be done from machine Ian·
guage that can't be done from BASIC.
Machine·language programmers need to
know exactly how the beam draws the
screen, because they can take advantage
of it. So if you're a BASIC programmer,
this short instruction to the world of the
TV set has been a learning experience
(surprise). Ifyou program in machine Ian·
guage, there's a lot more you can learn if
you really want to be able to make the
computer say "Uncle:' Not many people
do.

Terms, terms, terms. Actually, in this
column there are only a few that we'll be
using, but the above explanation of the
TV set was necessary for you to be able
to completely understand what they
mean. So, without any further ado, here
they are:

Scan Line: This one you already know.
A scan line is simply a horizontal line on
the screen, as drawn by the electron beam.
The screen is made up of several hundred
scan lines, one on top of the other.

Vertical Blank: Also known as
VBLANK and Vertical Refresh. I prefer
VBLANK. In any case, VBLANK is the
time during which the electron beam is
off and on its way from the bottom of the
screen back to the top. It happens 60
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times a second, since that's how often the
beam draws the screen.

Horizontal Blank: Also known, strange·
Iy enough as HBLANK and Horizontal
Refresh. Guess which I prefer! HBLANK
is the time during which the electron
beam is off and on its way from the end

of one scan line to the beginning of the
next. HBLANK happens a lot more often
than VBLANK (over 200 times more
often).

Well, that's it! That's right, all of this for
only three simple terms. In the columns
ahead, however, you'll be seeing these

terms a lot, especially "scan line" and
"VBLANK;' so please make sure they be·
come a part of your vocabulary.

A little bit more
This section is for those of you with a

/ ~
off
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OH
On

off
On

off
on

off

Figure 1. Figure 2.

TEXT MODES SUMMARY

Display Type Graphics Screen Memory Colors Foreground Background Border
Mode Size Used Available Color Color Color

Number (column x (bytes) Register Register Register
rows)

Normal text ° 40 X 24 992 1 color 1 2 4
2 luminances

Double-width
1

20 X 20, split 674, split 5 0,1,2,3 4 4
text 20 X 24 full 672, full

Double·width, 10 X 20, split 424, split
double·height 2 12 X 20, full 420, full 5 0,1,2,3 4 4
text

MuIticolor 12 40 X 20, split 992 5 0,1,2,3 4 4
text 40 X 24, fuli

Large multi· 13 40 X 10, split 512 5 0,1,2,3 4 4
color text 40 X 12, full

Table 1

Table 2

Column 1 Column 2 Column 3 Column 4

/I CUR /I CUR /I CUR /I CUR /I CUR /I CUR /I CUR /I CUR

0 Space 16 0 32 @ 48 P 64 C 80 g 96 D 112 P

1 ! 17 1 33 A 49 Q 65 G 81 'C 97 a 113 q

2 " 18 2 34 B 50 R 66 Il 82 = 98 b 114 r

3 /I 19 3 35 C 51 S· 67 g 83 ~ 99 c 115 s
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4 $ 20 4 36 0 52 T 68 a 84 C 100 d 116 t

5 % 21 5 37 E 53 U 69 ~ 85 ~ 101 e 117 tI

6 & 22 6 38 F 54 V 70 @'J 86 II 102 f 118 v

7 , 23 7 39 G 55 W 71 ~ 87 ~ 103 g 119 \V

8 ( 24 8 40 H 56 X 72 ~ 88 ~ 104 h 120 x

9 ) 25 9 41 I 57 y 73 ~ 89 (J 105 i 121 v

10 • 26 42 J 58 Z 74 ~ 90 1:1 106 .j 122 z

11 + 27 ., 43 K 59 [ 75 ~ 91 <D~ 107 k 123 D,

12 , 28 < 44 L 60 \ 76 iii 92 D 108 1 124 I

J iI 0 <D

'"13 - 29 = 45 M GI 77 93 109 m 125

~ = <D
~14 - 30 > 46 N 62 A 78 94 110 n 126

~l ~ = <D
~15 / 31 47 a 63 - 79 95 III 0 127

C-
oo

~
E
0>
.~

c­
oo
@
c
o
~en
:§

1. In mode 0 these ch"r"ctel's mllst he prec('ded with "n esc"p('. CIIRSI271. ((I he printed.'

Table 3

.0

11

12

,\

27

3D

31

32

33

35

3G

37

38

.. e
III ~

IC 0
10 D
11: 0

" C
20 Spact'

2.

22

23

25 9b

'6

50

51

52

53

5'

2.

29

2,\

2.

2C

20

2"

2f

3D

31

32

33

35

3G

56

57

5.

60

61

62

63

..
65

66

67

69

70

30

39

3.

311

3C

30

3"

3r

'0

45

"0

@

C

o

72

73

75

76

n

78

79

80

81

82

83

...
B5

86

".

,.
'C

'0

'"
<If

50

51

52

53

55

56

N

o

Q

T

DB

89

90

91

95

96

97

98

99

100

10.

102

!i8

59

5A

511

5C

50

5"

5f

60 D
61

62

63

65

66

10'

105

'06

107

108

'09

110

III

112

113

115

116

117

118

GIl

69

6A

6.

6C

60

6"

6r

70

71

73

'"
75

76

120

121

'22

123

'2<

135

126

127

7.
79

7,\

7.

7C

70

7<

7r

Illustration © Copyright Atari Corp.
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little bit of curiosity. You don't need to
read it, but you may find it interesting
nonetheless. Way back near the beginning
of this column, I mentioned that the
greater the number of electrons that hit
the phosphor on the screen, the brighter
the phosphor glows. What I didn't say was
that this is very important to the creation
of the picture. After all, a black and white
picture isn't all black and white, is it?
There are all kinds of grays as well.

As the electron beam scans the screen,
its intensity varies, thus varying the num­
ber of electrons that hit the screen. This,
in turn, causes the brightness of the
screen to vary between black (no e1ec·
trons) and white (lots of electrons), allow·
iI;lg for all the shades of gray. This is how
a black and white picture is created.

But what about color? Well, color pic·
tures are nothing more than black and
white ones with color added. Now I know
that sounds kind of obvious, but it's an
important thing to keep in mind. A color
picture is drawn in exactly the same way
as a black and white one, except in color.
The question remains, of course, as to
how that color is created.

If you take a close look at the screen
of most color TVs, you should be able to
see little red, green and blue stripes.
These stripes are so small that their colors
blend together when you look at the
screen from a normal distance. Some of
you may know the significance of these
three colors already. We call them the
electronic primary colors because all
other known colors can be created by
mixing one or more of the three together.
For example, mixing yellow with blue
gives green, and yellow with red gives
orange. Can you see now what's going on?
A color TV actually draws three pictures
on the screen; a red and white one, a
green and white one and a blue and white
one. The three blend together to give you
a genuine fulJ.color picture. (See Figure
2.)

And you thought it was something com­
plicated! Anyway, that's about all I want·
ed to tell you about your television set. If
you have a monitor, don't worry-the bas­
ic principals are the same.

Screen memory
So far we know that a TV picture is

drawn with an electron beam that scans
across the screen. But how does the beam
know what needs to be drawn? In the case
of regular TV, it receives a signal from
your antenna or cable system. In the case
of the computer, the computer itself sends
out the information. Inside your Atari is
a chip called GTIA which is responsible
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for controlling the electron beam. Actu­
ally, it just controls the intensity of the
beam. As you might recall, the more in­
tense the beam, the brighter the phos­
phor; so a picture is drawn by rapidly
varying the intensity of the beam. Anyway,
that's GTIA's responsi bility. GTIA,
however, still needs to know what it's sup'
posed to be telling the electron beam,
right? Somewhere inside the computer
then, there must be a description of what
the screen is to look like. There is, and it's
in a special section of memory called,
strangely enough, screen memory. In this
section, we're going to take a look at how
screen memory works.

Before we get into the heavy details,
let's look at the basic idea. Screen
memory is made up, like all other
memory, of a whole bunch of bytes. In
one way or another (we'll get into it later),
GTIA looks at these bytes, interprets
them, and then sends the information to
the electron gun. The first byte in screen
memory will determine what the upper
left-hand corner of the screen will look
like, the last will determine what the low­
er right-hand corner looks like. That
should make sense, of course, since that's
the order that the electron gun would ex­
pect. Depending on the graphics mode
being used, the screen can be anywhere
from ten to 40 bytes across, and from 12
to 192 down. We'll see why in a little bit.
For now, let's take a look at just how GTIA
interprets the bytes in screen memory.

Character-graphics modes 0, I & 2
We'll begin by taking a look at the

character-graphics modes (GRAPHICS
0/1/2). In these modes, there is one byte
in screen memory for each possible
character on the screen. This is summar·
ized in Table 1.

Do you know what ATASCII values are?
Each Atari character has a number as­
signed to it, between 0 and 255, and these
numbers are called ATASCII (ATAri Stan­
dard Code for Information Interchange)
values. You've also probably heard of
something called the "Internal Values:'
The internal values are what we are in­
terested in, since these values are the ones
used by screen memory and GTIA. (See
Tables 2 and 3.) As a matter of fact, all
screen memory in the character modes is
a list of these internal values. GTIA looks
at this list, sees what is currently on, then
looks into another list called the "charac·
ter set" (we'll go over the character set in
a future column) to see what this partie·
ular character looks like. GTIA then sends
this information to the electron gun
which in turn causes the beam to draw the

character (it's not really quite that simple,
but this is all you need to understand).
Why don't we see an example of this in
action. First we'll find out where screen
memory is. The following line will do the
trick for us:

109 SCRHEH=PEEKCBB]+PEEKCB']*
256

Memory locations 88 and 89 hold the
address of the beginning of screen
memory.

Now let's try POKEing the internal
value for "HI" into screen memory. The
letter "H" has an internal value of 40, and
"I" has an internal value of 41. So we do
the following:

110 POKE SCRHEH,49:POKE SCRH
EH+1,41

Viola! We've now changed screen
memory. If you don't have the word "HI"
in the upper left·hand corner of your
screen right now, it's probably because
your screen is full and it got scrolled off.
Add the following line to the program
and try again:

" GRAPHICS 9

What if we wanted to have "HI" writ­
ten vertically instead of horizontally? Try
making the following change:

119 POKE SCRHEH,49:POKE SCRH
EH+49,41

Do you understand why we added 40
to SCRMEM to get the "I" to print below
the "H"? Remember that graphics mode
o\las 40 characters on each line, and that
each character takes up 'one byte in screen
memory. That means that the first charac·
ter on the second line is the 41st byte in
screen memory. SCRMEM is the address
of the first byte, so SCRMEM + 40 is the
address of the 41st. Now try changing
Line 99:

" GRAPHICS 1

What happened? Now the "I" is two
lines below the "H:' You should be able
to figure out why by yourself this time, but
I'll give you a hint just in case: There are
only 20 characters on a graphics mode 1
line.

Before we leave the wonderful world of
character graphics, we rieed to bring up
a few more things. First of <ill, if you've
looked at the ATASCII table yet, you've
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probably noticed that there are only 128
characters in the character set. But each
byte in screen memory can hold anum·
ber between 0 ami 255, or a total of 256
numbers. What about the other 128
characters? Well, if GfIA sees a character
value greater than 127 (in other words, if
bit seven is set) then it takes the value, sub·
tracts 128 from it to get a new value, and
then puts the character with this new
value up on the scre'en in inverse video.
Inverse video is what you get when you
type a character after pressing the inverse
key (the key with either the Atad logo or
a half-full square on it, dependi~g on
which Atari computer you have). So, for
example, an inverse video "H" would have
a value of 168 (40 + 128). .

As if that's not enough, we still have
something else to clear up; only this time
it concerns graphics modes 1 and 2. In
these modes, you can only use half the
character set at a time (either uppercase
and numbers or lowercase and graphics),
and there is no inverse video. Why? Be·
cause in these modes, bits six and seven
of the character values are used to speci.
fy the character color, which means that
characters in these modes can be one of
four colors. Here's how it works: GTIA
gets the character value and looks at bits
six and seven. Then, depending on how
the bits are set, it goes to one ofthe Atari
color registers to see what color is elesired
and puts the character up on' the screen
in that color. A color register is just a
memory location that affects the colors
of o~jects on the screen. When you use

the SElCOLOR command, you are actu·
ally just setting the value in one of the
registers. Anyway, here's a list of the differ·
ent bit combinations and the color
registers they refer to:

BITS REGISTER LOCATION

00 0 708
01 1 7Q9
10 2 710
11 3 711

Here's a simple' program that will put
the letter "H" on the screen in all four
colors:

1.88 GRAPHICS 2
1.18 SCRHEH=PEEK(88)+PEEK(8')
*256 '
1.28 POKE SCRHEH+1.,48
138 POKE SCRHEH+2i4e+64
148 POKE SCRHEH+3,48+1.28
158 POKE SCRHEH+4, 48+~'2

After running this program, you might
like to play with the SETCOLOR com·
mand to se~ th~ effect of changing the
various color registers. By' the way,' to
switch to lowercase, try POKE 756,226.
Use POKE 756,224 to get back to' up'
percase.

Now that we (hopefully) have a grasp
of how GTIA and screen memory work
with characters, let's take a look at graph­
ics. We'll start with graphics mode 8, since
it's a little easier to understand than the
others. In graphics mode 8, the screen is
made up of some 61,440 dots that cal) be
turned on or off (320 across by 192 down).
Does that phrase "on or off' ring a bell?

GRAPHICS MODES 4 & 6 SUMMARY

We ran across it before when we were talk­
ing about bits which, I'm sure you'll recall,
can be turned on or offjust like the dots
on the screen. The way graphics mode 8
works then, is that each bit in screen
memory represents a dot on the screen.
Turn a bit on and the corresponding dot
will also turn on. Turn it off and, well, you
guessed it. Because there are 8 bits in a
byte, and there are 320 dots across a
graphics mode 8 screen, it takes 40 bytes
(320/8) of screen memory for each graph­
ics mode 8 line. That's a total of 7,680
(40*192 or 61,440/8) bytes of screen
memory altogether, which is obviously a
lot better than 61,440! Now this system
does have its disadvantages, since one byte
holds eight dots instead ofjust one. Turn·
ing individual bits on and off can be very
frustrating, especially from BASIC. In
other words,' 'there are very few times
when you:ll want to go in and change this
kind of screen memory directly. It's a lot
easier to PLOT and DRAW1D. In one of
the 'upcoming columns, however, we will
see a time when the ability to change it
directly will cOII}e in handy. In the mean·
time, let's take a look at the other graph­
ics modes.

The other graphics modes
Graphics modes 4 and 6.are similar to

graphics mode 8 in that each dot can
either be on or off. Thus screen memory
works in exactly the same way as we just
discussed. The difference is that the dots
are larger, which means there are less of
them on the screen, which in turn means

Display Type
Screen Size Memory Used Default SETCOLOR POKE COLOR

I(columns x ro~s) . (bvtes) Colors (n) address (n)

Graphics 4
80 X 40, split 694, split

Orange a 708 180 X 48 full 696 full

Graphics 6
160 X 80, split 2174, split

Black 4 712 0
160 X 96, full 2184, full

TABLE 4 Applies to both modes.

GRAPHICS MODES 3, 5, & 7 SUMMARY

Display Type Screen Size Memory Used Default SETCOLOR POKE COLOR
I(columns x rows) (bvtes) Colors . (n) address (n) l1li

Graphics 3
40 X 20, spHt 434, split

Orange 0 708 140 X 24, full 432, fuH

Graphics 5
80 X .40, split 1174, split Light-green 1 709 2
80 X 48, full 1176, full

1?0 X 80,'split 4190, split Blue 2 710 3
Graphics 7 160 X 96 full 4200 full Black 4 712 0

TABLE 5 Applies to all three modes.
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We've now covered all the modes except
three, and those three aren't too tough to
cover since they work in much the same
way as the four color modes we just dis·
cussed. Before we take a look at them,
however, 1 should point out that not all
Atari computers have them. You see, the
first Ataris to roll off the assembly lines
didn't have the GTIA chip. Instead, they
had a stripped·down version called CTIA.
The only real difference between the two
chips is that CTIA doesn't have the three
modes we are going to talk about, name·
ly graphics modes 9, 10 and 11.

We'll look at modes 9 and 11 first, since
they are perhaps a little more straightfor·
ward than mode 10. In these two modes,
you can have 16 (count 'em) colors on the
screen at once, but with a sacrifice. The
dots are as high as the ones in graphics
mode 8, but they're four times as wide.
This makes the screen 80 dots wide by 192
high. Why are the dots so wide? Well, it
takes four bits, or half a byte, to store a
number between °and 15, which is what
is needed to get 16 colors. That translates

that screen memory is smaller. Thble 4
summarizes these differences.

Graphics modes 3, 5 and 7 introduce
a new twist. In these three modes, not
only can the dots be on but when they are
on, they can have one of three colors. This
means that there are four possibilities for
each dot instead of just two. How do we
deal with this? Actually, the solution is
quite simple; we use two bits for each dot
instead of just one. Two bits can be ar·
ranged in four combinations (00,01,10,11),
which is exactly what we need. So, in the
four color modes, each byte of screen
memory holds four dots instead of eight.
Thble 5 has all the information.

Before we continue, there's something
I forgot to explain. GTIA knows from the
two bits which of the four colors to give
a particular dot, but how does it know
what the four colors are? After all, the
Atari has a total of 256 to choose from.
It turns out we already know the answer
from our discussion on graphics modes
1 and 2 above, so there's no point in go·
ing over it again here. There is a small
difference, however, in that the bit com·
binations don't refer to the same color
registers as they did for the characters.
The following table shows how it works
for graphics:

BITS

00
01
10
11

REGISTER

BACKGROUND

°1
2

LOCATION

712
708
709
710

to 32K of screen memory if the dots were
to be the same size as those in graphics
mode 8. Even if they were only twice as
wide as a graphics mode 8 dot, they would
still need 16K of screen memory. Atari evi·
dently figured that this was just too much
memory (there were other more compli·
cated factors as well). Anyway, that's the
way things go.

The screen memory for modes 9 and
II works, as you may have suspected, in
exactly the same way as for the other color
modes except that now there are four bits
per dot instead of two. Well, not quite.
Remember how I said before that there
are five color registers? If that's true then,
how do we pick the 16 colors we want to
use for these two modes? As you proba·
bly know, the Atari computers give you a
total of 256 colors to choose from al·
together, made up of 16 hues (types of
color) and 16 luminances (brightnesses).
Sixteen times 16 gives us 256. Sixteen is
also an awfully familiar number. By no
small coincidence, graphics mode 9 lets
us use all 16 luminances (but only one
hue), and graphics mode II lets us use all
16 hues (but only one luminance). That
way, in graphics mode 9 we only have to
store the value of the hue we want in one
of the color registers (color register four,
of the background register) and then use
screen memory to specify the luminance

of each dot. Similarly, in graphics mode
II we store the luminance value in color
register four and use screen memory to
specify the hue of each dot.

Now we have a way to get 16 colors on
the screen at the same time, but we're res·
tricted to them all having either the same
hue or the same luminance. Is there any
way to get more than five colors on the
screen without these restrictions? The an·
swer is yes, and the solution is graphics
mode 10. Before we look at this mode,
however, let's take another look at the
color registers. We saw earlier that there
are five playfield color registers, with
"playfield" being a fancy name for any·
thing that's put on the screen using screen
memory. So far we haven't seen how to
put things on the screen in any other way,
but there is something called "PlayerlMis·
sile Graphics:' or "PMG" for short, that
provides an alternative. I won't go into de·
tail on PMG here since there is a whole
column devoted to the subject later, but
for now you should be aware that there
are four player color registers in addition
to the playfield color registers, for a grand
total of nine color registers in all. Graph·
ics mode 10 lets you use all of these
registers to get any nine colors on t?e
screen at once.

You'd think that graphics mode 10
would take less screen memory than
modes 9 and 11, right? After all, it only
has nine colors per dot instead of 16, so
it should take less bits per dot. Sounds
good, but unfortunately things don't quite
work that way. Four bits will hold a value
between °and 15; we already know that.
But three bits will only hold a value be·
tween °and 7. In order to get nine colors,
we need to store a value between °and
8. Alas, that means we have to use four bits
and just not use some of the possible
values (9 through 15). And this in turn
means that the dots in graphics mode 10
are going to be exactly the same size as
those in modes 9 and II. This time,
however, screen memory will work in the
same way as it did with the four color
modes, except now all nine color registers
can be accessed.

The color registers that don't have a
SETCOLOR value beside them are the
player color registers. You'll see how to set
the color values for these registers in a fu·
ture column on bit·mapped graphics.

We've now covered all the modes (Yi·
pee!), and you should hopefully have a
good grasp of what screen memory is and
how it works for each of the 12 graphics
modes. This knowledge will come in han·
dy, since the concept of screen memory
is one that will come up again and again.
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$189
Atari XM-M801
XLIXE Dot Matrix
XM-M804 ST Dot Matrix 199.00
XDM 121 Letter Olty. XUXE 209.00
Brother
M-1109 100 cps Dot Matrix 189.00
M-1409 180 cps Dot Matrix 299.00
HR-20 22 cps Daisywheel 339.00
Citizen
1200 120 cps Dot Matrix 149.00
1800 180 cps Dot Matrix 179.00
Premier-35 35 cps Daisywheel .. 479.00
Epson
LX-800 150 cps, 80 col 179.00
Hi-80 4 pen plotter 269.00
FX-86E 240 cps, 80 col Call
FX-286E 240 cps, 132 col Call
LO-500 180 cps, 24-wire Call
LO-850 330 cps, 80 col Call
EX-800 300 cps, 80 col Call
NEC
P2200 pinwriter 24-wire 369.00
P660 pinwriter 24-wire 459.00
P760 pinwriter 132 col 659.00
Okidata
Okimate 20 color printer 129.00
ML-182 + 120 cps, 80 column .. 229.00
ML-192 + 200 cps, 80 column .. 349.00
ML-193 + 200 cps, 132 col. .... 459.00
Panasonic
KX-P1080i 144 cps, 80 col 179.00
KX-P1 091 i 194 cps, 80 col 199.00
Star Micronics
NX-1000 140 cps, 80 column 179.00
NX-15 120 cps, 132 column 319.00
Toshiba
P321-SL 216 cps, 24-wire 499.00

Atari SHD204
20 Meg for ST $579
LB.
5% ST Drive 209.00
Indus
GTS 100 31/2" DS/DD (ST) ..... 189.00
GT Drive (XUXE) . 179.00
GTS1000 5%" DS/DD ST 199.00
Supra
20 Meg Hard Drive (XUXE) 679.00
20 Meg Hard Drive (ST) 559.00
30 Meg Hard Drive (ST) 689.00

ATARI SM1224 RGB
COLOR MONITOR
Includes: 520 ST FM with 31/2" drive
built-in, mouse, power supply and
1224 color monitor.
1040 RGB/Color System 999.00
1040 Monochrome System 819.00
1040 Computer (no monitor) 679.00
520ST FM RGB/Color System 789.00
520ST FM Monochrome System ... Call
(Monochrome monitor)
SM124 Monochrome Monitor 169.00
SM 1224 Color Monitor 329.00

Atari 130XE

Magnavox
CM8505 14" Composite 199.00

Atari
65 XE 99.99

XL/XE ENHANCEMENTS
Axlon 32K Mem. Board (400/800) .19.99
Atari 80 Column Card 79.99
MODEMS
Atari
SX212 300/1200 (ST) 89.99
835 19.99
XMM301 42.99
Anchor
VM520 300/1200 ST Dir. Con .... 119.00
Avatex
1200 HC 89.99
2400 179.00
Supra
2400 Baud XL, XE 169.00
2400 Baud ST 169.00
2400 Baud (no software) 149.00

MONITORS

COMPUTERS

INTERFACES
ICD
P:R Connection 59.99
Printer Connection 41.99
Supra
1150 38.99
1151 (1200 XL) 41.99
Xetec
Graphix Interface 38.99
Atari
850 Interface 109.00

When you want to talk Atari

v
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..........you want to talk to us.
XLIXE SOFTWARE ACCESSORIES ST SOFTWARE

Access
Executive Disk 19.99
Accolade
Hardball 19.99
Atari
Atariwriter Plus 35.99
Filemanager 11.99
Music Painter 11.99

Atari Program Exchange
Misc. Programs (cassettes) ..... at 1.99
Broderbund
Graphics Library I, II, III 13.99
Printshop 25.99
Datasoft
Alternate Reality (dungeon) 25.99
221 Baker St. 20.99
Electronic Arts
Touchdown Football 12.99
Firebird
Guild of Thieves 16.99
Silicon Dreams 16.99
Jewels of Darkness 16.99
Microprose
Top Gunner 14.99
F-15 Eagle Strike 21.99
Silent Service 21.99
Origin Systems
Ultima 4 36.99
Roklyn SPECIAL
Anti-Sub/Journey to Planet ... (ea.) 3.99
Strategic Simulations
Battallion Commander 23.99
Gemstone Warrior 10.99
Sublogic
Flight Simulator II 31.99
Scenery CALIF 14.99
X-Lent
Typesetter 22.99
Printshop Interface 21.99

Comnet
ST Term 19.99
Dac
Easy Accounting 59.99
Electronic Arts
Gridiron Football/Auto Duel. (ea.) 26.99
Isgur Portfolio 119.00
Firebird
Silicon Dreams 19.99
The Sentry 19.99
Infocom
Beyond Zork 34.99
Michtron
Major motion 25.99
Microprose
Gunship 28.99
F-15 Strike Eagle 24.99
Miles Software
ST Wars 24.99
Mark Williams
C 119.00
Paradox
Wanderer (3D) 24.99
Progressive Computer
Graphic Artist 1.5 129.00
Psygnosis
Barbarian/Deep Space ..... (ea.) 25.99
Soft Logik Corp.
Publishing Partner 54.99
Strategic Simulations
Rings of Zilfin/Phantasie III (ea.) .. 23.99
Sublogic
Flight Simulator II 32.99
Timeworks
SwiftcalclWordwriter (ea.) 46.99
Partner ST 37.99

UNISON WORLD
Printmaster Plus 82599
Word Perfect Corp
Word Perfect 4.1 189.00

MD1-M SS/DD 5%" 8.49
MD2-DM DS/DD 5%" 8.99
MF-1DDM SS/DD 31/2" 11.99
MF2-DDM DS/DD 31/2" 18.49
Sony
MD1 D SS/DD 5%" 6.99
MD2D DS/DD 5%" 7.99
MFD-1DD SS/DD 31/2" 11.99
MFD-2DD DS/DD 31/2" 17.99
Allsop Disk Holders
Disk File 60-5%" 9.99
Disk File 30-31/2" 9.99
Curtis
Emerald 39.99
Safe Strip 19.99
Universal Printer Stand 14.99
Tool Kit 22.99
ICD
BBS Express (ST) 54.99
Sparta DOS Construction Set 28.99
US Doubler/Sparta DOS 47.99
Real Time Clock 48.99
Rambo XL 29.99
US Doubler 28.99

Abacus
PC Board Designer 149.00
Access
Leaderboard Golf 22.99
Activision
Hacker II Doomsday 27.99
Antic
CAD 3-D 31.99
Avant Garde
PC Ditto 64.99
Batteries Included
Degas Elite 38~99

81399
ACCESS
Leaderboard Golf

In the U.S.A. and in Canada

Call toll-free: 1-800-233-8950
Outside the U.S.A. call 717-327-9575, Fax 717-327-1217

Educational, Governmental and Corporate Organizations call toll-free 1-800-221-4283
CMO, 101 Reighard Ave., Dept. 87, Williamsport, PA 17701

'fJii..., •••imJi·iif.i#'j.lllilO.,Ie)Miif..·'.,W'·'i.,j'lIi':u'••'.';I.h....'illliiiij....j'§.Ji.,.J;,n.iI·'i"" ••I",t";iili.I "hiIWd#l:lI-
POLICY: Add 3% (minimum $7.00) shipping and handling. Larger shipments may require additional charges. Personal and company checks require 3 weeks to clear.
For faster delivery, use your credit card or send cashier's check or bank money order. Credit cards are not charged until we ship. Pennsylvania residents add 6% sales
tax. All prices are U.S.A. prices and are subject to change, and all items are subject to availability. Defective software will be replaced with the same item only. Hardware
will be replaced or repaired at our discretion within the terms and limits of the manufacturer's warranty. We cannot guarantee compatibility. All sales are final and returned
shipments are subject to a restocking fee. We are not responsible for typographic or photographic errors.

CIRCLE #108 ON READER SERVICE CARD.
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Infocom, like some other manufac­
turers, has dropped Atari 8·bit support,
citing memory constraints. While this is
understandable in Infocom's case (as their
text intensive works of interactive fiction
eat up gobs of both RAM and disk space),
the drop of support from other compa­
nies is less easily explained. The XEJXL
lines have 64K, the same as the similar
Commodore lines. Why then is support
increasingly gravitating toward Commo·
dore? Flippies (diskettes containing both
Commodore and Atari versions, one on
each side) have decreased, with games be·
ing produced for only one machine
(usually the Commodore). This has to be
a market phenomenon-there's just not
enough demand out there to warrant the
creation (or conversion) of an Atari ver­
sion of many games. Otherwise, the
manufacturers, being in this game for the
money, would support our machines.
While I don't know the underlying cause
of this owner apathy, the solution is sim­
ple and straightforward.

Buy Atari hardware.
Buy Atari software.
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And when someone you know is look·
ing at cemputers, list the benefits of Atari.
The Commodore and Atari lines are vir·
tually identical, except, of course, for the
ugly specter of limited, software support.
It's the oJd vicious circle, « computerized
Catch·22. No one will buy the machines
b~cause there's no software available. And
manufacturers avoid supporting the
machines, fearful that th,ey'll be stuck with
excess inventory. But as I'm reporting this
month, there really are a lot of games for
the Atari. A lot of great games. And to
make sure we continue to get more great
games, we have to support the designers,
programmers arid software publishing
companies that support us.

When Y?U see a. game you like, buy it,
rather than simply borrow it from a fel·
low user. While sharing might provide
you short·term gain, in the long run we'll
all lose and possibly be stuck with unsup·
ported machines. And when you see a
game you think you'd like, but it's only
available in a non·Atari format, write to
the software publisher asking "why?" By
casting these consumer votes; we are
heard, and perhaps we'll get in on all the
new games coming out. But if we're si·
lent ...well ... I'd rather not even think
about it. Enough of this pleading; let's get
on to this month's games.

War simulations. These very specialized
games are the easiest to buy and the easi·
est to review. This is because they are so
similar. While each may feature a differ·
ent battle in a different era, their, basic
programming structure is typically the
same. Based on the old Avalon Hill board
games which were just begging to be com·
puterized, these games replace multi·
sided dice and complex tables with the in·
credible speed of the computer. The
resulting .games are much easier to learn,
much easier to play and much more en·
joyable and accessible to the general
public.

But whether the battle rages on a mo·
nitor, or on a table·top board, play
progresses through a number of phases
and stages in which you typically issue
commands to your trooops and then ob·
serve the results. Most games take into ac·
count troop strength and speed of
movement, while others add additional
depth, accounting for such variables as
leader charisma and troop morale. Since
most games operate jl,1st about the same,
you'll want to choose your simulation
based on the era you wish to examine.
Will it be our country's Civil War, or a
conflict on some futuristic planet? The
choice is up to you.

If the number of titles a company is·
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sues in a given genre were the sale. indio
cator of its superiority, SSI would be the
simulation king hands·down. Of course,
by choosing Strategic Simulations as their
name, they've really stuck their necks out.
For if SSl's simwations aren't any good,
then chances are pretty good that few
players would be eager to try any of tlie
many other titles in their massive catalog.
And that would be a shame, since SSI
simulations are typically the best availa·
ble. Throughout the years SSI has refined
their formula, cramming more and more
action and realism into the scant 48K of
code that their games occupy.

The mayhem started many titles ago,
and the SSI catalog now stands over two
dozen titles strong. And while the com·
pany has rendered a lot of their earlier
titles obsolete, one of their earliest still
stands out as one of their best. NAM is
and was my favorite, perbaps because it
came out so long ago, before it was accept·
able to talk about the Vietnam War. And
it was also a welcome change to the Civil
War scenarios that make up the bulk of
the simulation market. Best of all, NAM
uses a joystick, a must for people like me
whose backs rebel at the prospect of lean·
ing over a keyboard for the one to four
hours it takes to finish the game. Menus
made the game easy to learn and sharp
arcade-quality graphics kept play exciting.
Simply put, NAM blew the competition
away.

Since, then, SSI has pumped out a
string of Civil War simulations, starting
with Battle ofAntietam, followed by Gettys·
burg: The Turning Point. These revolution·

ary games crammed an incredible
ainount of realism into the sparse 48K of
the 800, and ~lIowed the game's complex.
ity to grow along with the ability of the
play~r. As you progress through the inter·
mediate and advanced games, you'll find
the play becoming more complex, more
real and more demanding. Each succes·
sive game utilizing this system has reached
new levels of realism and historical ac·
curacy. Their latest, Shiloh, which we will
examine in depth later, continues the evo·
lution of SSI simulation.

But SSI is no longer alone in the simu·
lation market, since ,Game Designer's
Workshop arrived on the scene and be·
came a force to be reckoned with. The Bat·
tle of Chickamauga is,every bit as good as
SSI's comparable Rebel Charge at Chick·
amauga, and better in that it allows the use
of the joystick (my delicate back breathes
a silent sigh of rdief). Game Designer's
Workshop makes games every bit as good
as SSI, and their entry irito the market·
place can only mean more and better
simulations from both ~ompanies, as each
tries to capture the limited simulation
market. Thus, any of the recent simula·
tions from either of these companies are
worthy additions to the war gamet's
library.
,For those whose preferences lean

toward conflicts of the future, I regret that
there are few programs to appease your
blood lust. About the only one that
springs immediately to mind is Ogre, from
Origin Systems. This futuristic isame be·
gins with the premise that a nearly invin·
cible robot/tank creature exists, and that
it is desirable to'destroy it. Unfortunate·
Iy, this is one tough Ogre, and you'll find
it a worthy opponent on even the easiest
difficulty settings. This challenging game
features Sf.like drop-down menus activiat·
ed with the joystick and graphics which
push the XE to its limit. I've heard a lot
of complaints that it was too hard, but no
one has dismissed the Ogre as a wimp.

Another space simulation is Star Fleet.
I am at odds with a number of my com·
puter brethren over this one because,
although Star Fleet has its followers, I do
not count myself among them. But, since
it seems unlikely that so many people
would be drawn to a really bad game, it
can't be as bad as I think it is. In Star Fleet
you search the galaxy for enemy encoun·
ters, using a number Qf offensive and
defensive systems. Your goal is to progress
through the Star Fleet ranks to Admiral
Emeritus. Unfortunately, I never got past
Ensign. It wasn't that I didn't know how
to play, as great game design and superb
documentation made play nearly effort·
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less. Ijust never felt drawn into its world.
Since Star Fleet's fervent followers feel
otherwise, I am compelled by consensus
to advise you to at least take a look at it.

Unfortunately, that's about all the
futuristic simulations there are. Hopefully
in the coming year, we'll see a few more.
Personally, I'd like to see SSI port over the
Roadwar series. These great games drop
you in the middle of a world similar to
that depicted in the Mad Max movie ser·
ies. This premise, which lets you travel the
globe in vehicular gangs, is not entirely
original, but is nonetheless very engaging.
And I notice that there is an Apple ver·
sion running in 48K. How 'bout it, guys,
give us an Atari 8-bit version? But until
they respond to our pleas, I guess we'll just
have to settle for this newest one.

SHILOH: Grant's Trial in the West
by David Landrey
and Chuck Kroegel
SSI
1046 N. Rengstorlf Avenue
Mountain View, CA 94043
48K Disk $39.95

In the newest simulation from SSI, the
masters again use their patented formu·
la to turn out a game that is not only
historically accurate and complex, but
also relatively easy to play. Shiloh: Grant's
Trial in the West time warps us back to the
1800s, plunging us into the middle of our
country's Civil War to experience the
bloodiest battle our country had seen to
date. Before the battle of Shiloh, Gener­
al (later Presi'dent) Grant had had little
experience in the fit;ld. But that was to
change on April 6, -1862, when his troops
were surprised by th'e Confederate Army
from Mississippi, under the command of
General Johnston. A relatively inex·
perienced Grant, along with large num·
bers of untried troops; made for two of
the most violent days in the war's history.

The program utilizes a refined version
of the Gettysburg game system, which al·
lows for three levels of play, the first let­
ting the novice learn to play quickly using
options, such as hiding enemy troops and
elaborate handicapping of each side, keep
play interesting for days to come. And it
will take days, as each game is rated at
10·15 hours in length. Refinements of the
gaming system include the ability to
switch between strategic and tactical dis­
plays at any time, and special considera­
tion for troops new to battle.

Play is simple and progresses in two
phases, operation and combat. In the
operation phase you give troops orders
and check their condition, while the com-

bat phase lets you pause as the computer
resolves the conflicts. Commands are eas­
ily given. You move an on-screen cursor
about, reviewing the troops, giving ord­
ers to those that require them, pressing
the space-bar to access the command
menu. Thus you are always advised of a
unit's status as well as the available
commands.

A complete manual chock full of infor­
mative tables and charts helps you to
quickly become familiar with the game
and your troops, and a map provides a
nice overview. Of particular interest is the

section which details the differences be­
tween Shiloh and other SSI games, allow­
ing veteran gamers to quickly familiarize
themselves with this complex program.
All things considered, SSI has achieved
another victory with Shiloh. While the pro­
gram breaks no staggering new ground,
it also offers no disappointing surprises.

BRIDGE 5.0
by Arthur M. Walsh
Artworx Software Company, Inc.
1844 Penfield Road
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Penfield, NY 14526
48K Disk $29.95

As I mentioned before, simulations
don't always plunk you down in the mid·
dIe of a raging battlefield. Indeed, some
of the best simulations beat us at
mankind's greatest strategy games. There
are a number of chess games out there
(Chessmaster 2000 being the best), and a
backgammon derivative (Pegammon). But
while chess is one of mankind's most
complex games, bridge claims enough
devotees to make it a modern·day classic,
and it contains enough complexity to
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keep them interested. Since I am by no
means an expert (or even a novice bridge
player), I turned the program over to my
mother, who has been addicted to bridge
for years.

The program boots up nicely enough,
although the graphic limitations of the
8·bit make the cards a little hard to
decipher. Bidding, the first phase of play
in bridge, is accomplished by typing your
bid on the keyboard. The three other
hands are bid by the computer. However,
my expert found the computer's bids to
be faulty at times. For instance, Bridge 5.0
would not arrive at game bid when it was
possible, and often would not open with
a two bid when the card count merited
it. It also did not always respond to a two
opening bid or to ajump switch. Finally,
it would occasionally rebid a four·card
suit, which leads to an incorrect final bid.
In addition, my young son displayed to
me that pressing keys unexpected by the
program caused it to terminate execution
and confront us with a rude error code.
While the S'D\.RT key got us going again,
it did not reset our hand. Most annoying.

On the plus side, it does supply bridge
junkies with 8·bits, an opponent who
(presumably) doesn't cheat and never tires
of play. Even my mother, who found some
of its play faulty, nonetheless continues

to play. Expecially appealing was the fea·
ture that allows the current hand to be
replayed an unlimited number of times,
letting you try different strategies, mak·
ing the program a great learning tool. Un·
fortunately, the sparse manual tells little
about the program and even less about
bridge. You'll have to hit the library to
learn how to play. Surprisingly, the pro­
gram does not bid according to Goren or
Culbertson, two popular systems, but in­
stead utilizes the standard American bid·
ding method. In addition it follows the
Blackwood and Staymen conventions.

Other features allow you to save up to
66 hands, but unlike the ST version of the
game, it does not let you set up your own
hands. All in all, though, Bridge 5.0 is an
acceptable and affordable bridge pro·
gram. While it might not provide the ex·
pert with expert play, it does take the
place of human opponents when none
are available, and it makes a good teach·
ing tool.

That wraps it up for this month, so I'll
just power down. But before I disconnect,
I'll remind you that next time we'll move
on to fantasy games, my favorite genre I'll
name the best D&D derivative, and warn
you which ones aren't worth the media
they're stored on. Until then, good
gaming. it
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Request Free Upload
Set Preferences
Topic Descriptions
Who's Here
Workspace
Help
Exit

You'll be moved to the Conference Menu, which
lists the major conference commands:

Announcements
Conference
Databases
Entry Log
Forum (Messages)
MAIL (Electronic)
Member Directory
Poll

ANALOG> What do you want to do? CO

Delphi has two new

offerings on its Library

menu: Terra Nova and

If you type WHO at the CONFER­
ENCE> prompt, you'll see a list of who's
currently online in the Atari SIG. Mem·
bers who are. in the conference area will
have pareritheses around their names.
Any conference groups will also be
listed-by number and name-and the
group listings will show who is in each
group.

You have to enter a conference group
before you can chat with others. To do so,
type JOIN, followed by the number or
name of the group. Once you're in, type
your comments; they'll be displayed to
everyone else in the group, and you'll be
able to read what everyorie else types. (A
number of special commands are availa·
ble to you, while you're in a conference
group. Type /HELP for a list.) -

If you wish to talk with another memo
ber who's online anywhere on Delphi,
type PAGE, followed by the name of the

ANALOG's AlAR! SIG Menu:

Welcome to the ANALOG's ATARI SIG Confer·
ence System
Conference Menu:
WHO (list groups) PAGE a user
JOIN a group NAME nickname
EXIT
CONFERENCE>

city/country information

files.

Conference, type CONFERENCE (or just
CO at the Atari SIG main menu, as shown:

tion files, and many more are added ev·
ery week.

Weekly Conferences
The Atari ST SIG is now hosting a real·

time conference each Tuesday to 10 p,m.
EST. You'll find the conferences an excel·
lent venue for sharing information about
Atari computers, getting answers to ques·
tions and meeting new friends. Even
though the conference is being held in
the ST SIG, 8-bit computer owners are en·
couraged to attend.

If you haven't yet used Conference on
Delphi, here's a quick guide. To get to

...

/J~j
,~

by Michael A. Banks~:~_

Things have been busier than usual in ANALOG's
Atari sIG. The Forum has turned over almost
q8,OOO messages, making it the busiest Forum on
Delphi. Message thread topics include everything
from rumors to nevTS and gossip. Stop in and put
in your tVio cents' vTOrth! Or, if you have a techni­
cal question, post it in the Forum; you're almost
guaranteed to get an ansvfer-the ANALOG Atari
SIG membership represents one of the largest Atari
resources anywhere.

New $T SIQ
To unify the ST offerings and better or·

ganize- ~he database, the ANALOG Atari
SIGhas been expanded to include anew
ST SIG. The SIG is accessed by typing ST
at the ANALOG> prompt (although, by
the time you read this, the SIG may have
gained. its own .eritry on the main
GROUPS menu). If you have an ST com·
puter or if you are just interested in what's
going on with the STs, be sure to drop by.
Just as in the ANALOG SIG, the databases
of the ST SIG are packed with useful and
unique programs, reviews and informa·
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member. If the member comes to the con·
ference area and accepts your page, a con­
ference group will be created for you.

To adopt a "handle" for use while
you're in conference, type NAME fol·
lowed by the handle you wish to use.

(All of these commands can be used
while you are in a conference group, as
well, but they must be preceded by a slash
(I). For more information, type HELP at
the CONFERENCE> prompt, or fHELP
while you are in a conference group.)

The Atari SIC Conference area is a
great place to meet and chat with other
Atari users any time, by the way. (And, as
you know if you've been in the Atari SIC,
you'll find someone in the SIC most any
time of day or night.)

International Additions
Delphi has two new offerings on its

Library menu: Terra Nova and city/coun­
try information files.

Terra Nova is an international/foreign
language area accommodating Spanish,
Japanese, Cerman, French, Esperanto and
English (which is a foreign language to
many Delphi members). Terra Nova data·
bases and Forums contain information
and HELP files in appropriate languages
for each area. The area should be a weI·
come addition for foreign users­
especially the large number of users who
log in from Argentina's Delphi (called
SISCOTEL), and the extremely active
community of callers from Japan (who
were formerly accommodated by the NIP·
PON group-a sub·SIC in the Micro AI"
tists' Network). Anyone who is studying
or otherwise has an interest in another
language will also find this area useful.

The city/country information files are
accessed through selections labeled
"Metroline" and "Worldline:' Each area
prompts you for the name of a city or
country, then provides a menu offering
hotel, travel, cultural and other informa­
tion on the section.

Collectibles Topic Added to
Hobby Shop

"The Hobby Shop"-Delphi's SIC for
model builders and other hobbyists-has
added a "Collectibles" topic to their data­
bases. This topic accommodates collecti·
bles of all kinds-from stamps and coins
to antiques.

In addition to numerous other books, Michael
A. Banks is the autlwr ofDELPHI: The Offi·
cial Cuide and The Modem Book, both
from Brady Books. lVu can write to him via E­
mail on Delphi to membername KZIN. Ii::t
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Make the
Delphi Connection!

As a reader of ANALOG Computing,
you are entitled to take advantage of a
special Delphi membership offer. For only
$19.95 ($30 off the standard membership
price!), you will receive a lifetime sub­
scription tq Delphi, a copy of the
500-page DELPHI: The Official Guide by
Michael A. Banks and a credit equal to
one free evening hour at standard con­
nect rates. Almost anyone worldwide can
access Delphi (using Tymnet, Telenet or
other networking services) via a local
phone call. Make the Delphi connection
by signing up today!

To join Delphi:

1. Dia/617-576-0862 with any terminal or
PC and modem (at 2400 bps, dial
576-2981).
2. At the Username prompt, type JOIN­
DELPHI.
3. At the Password prompt enter
ANALOG.

For more information, call Delphi Mem­
ber Services at 1-800-544-4005, or at
617-491-3393 from within Massachusetts
or from outside the U.S.

Delphi is a service of General Video­
tex Corporation of Cambridge, Mas­
sachusetts.



Whether you own a reliable 01' 400 or 800, a shiny XL, new XE or

even an XE Game Machine ... we offer usable utilities, entertaining

educational software, dynamite disk programs and great graphics

and games. In fact, our readers still use ANALOG programs that were

published over five years ago!

YOUR ATARI RESOURCE CENTER

ANALOG Computing continues to offer exciting products for you and your Atari

Computer. And we're the only magazine for the Atari 8-bit computer line that hasn't

allowed its content to be virtually taken over by coverage of the Atari ST. We in-

clude only a minimal amount of ST material so that you can stay informed of what's

happening with the 8-bit computer's brother.

Unlock the secrets of your Atari Computer! This handy 16-page pocket reference

covers information you need when programming your 8-bit. Error codes, internal

codes, PEEK & POKE locations, machine-language aids, graphic mode specs and BASIC commands

with abbreviations are only some of the helpful items at your fingertitJs.

The ANALOG Computing Pocket Reference Card, only $7.95 each!

(PluS'$1.50 shipping and handling.)

So when software companies turn their

heads to other computers, you can turn

yours to the one that supports your 8-bit AtarL And

that's ANALOG Computing.

ANALOG's Best! Over 88 of ANALOG Computing's best and

most requested programs are now available on this series

of ten diskettes. The programs are ail ready to run and come with complete

documentation on the flip side of each floppy diskette. Select from Graphics,

Educational, Utilities I, Utilities 2, Disk Utilities and Games Disks 1, 2, 3,4

and 5. Only $9.95 each (plus $1.50 shipping per order). Specify disk title

when ordering.
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5__­
5__­
5__­
5__­
5__­
5__­
5__­
5__­
5__­
5__-
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o Master CardCharge My 0 VISA

City State Zip, _

Make checks payable to: LFP, Inc. P.O. Box 67068, Los Angeles, CA 90067.
Your order will arrive in 4 to 6 weeks - WATCH FOR ITI ZIHYY

Name _

ANALOG COMPUTING OFFICIAL ORDER FORM

Card # Exp. _

Address _

COMPUTING

Signature _

Use this coupon to order the most complete up-to-date products
specifically designed for your ATARI pC!

ANALOG'S BEST-Graphics Dlsk 5 9.95
ANALOG'S BEST-Educational Disk 5 9.95
ANALOG'S BEST-Utilities #1 ............•........... 5 9.95
ANALOG'S BEST-Utilities #2 59.95
ANALOG'S BEST-Disk Utllities 5 9.95
ANALOG'S BEST-Games #1. 59.95
ANALOG'S BEST-Games #2 59.95
ANALOG'S BEST-Games #3 ..........•...•....•..... 5 9.95
ANALOG'S BEST-Games #4 5 9.95
ANALOG'S BEST-Games #5 59.95
ANALOG COMPUTING-POCKET REFERENCE CARD .. 5 7.95
ANALOG COMPUTING-8·bit EXTRA 5 8.95
ANALOG COMPUTING-8-bit EXTRA (on disk) S24.95
ANALOG MAGAZINE ON DISK (please specify issue) 512.95
SHIPPING AND HANDLING-add 51.50 for each product ordered
TOTAL ORDER
o Payment Enclosed

An Atari 8-bit Extra. While other "Atari" 8-bit magazines just make claims on how they

cover your machine, we come through! Over 130 pages of new, never before published

material. Programs like Easy Type, Dragon Chase, Pastels, Display List Mod, Tactics, Trivia

and Create-a-base are all documented and ready to type in and run ... all for just 88.95!

(Add 81.50 for shipping.)

$12.95 (plus 81.50

shipping).

Get the Extra on disk! This special offer for Extra owners gets you all of the programs

in an Atari 8-bit Extra on disk. Avoid typing errors, hours of tedious typing and frustration.

Just plug in the disk and you are ready to roll! Two, ready-to-run double-sided floppies, $24.95.

(Disks only. Atari 8-bit Extra sold separately. Please add $1.50 for shipping.) From the

magazine that always gives you something Extra.

Why let your fingers do the walking when your

Atari can do the running? Get this issue on

disk! Every month we offer all of the pro­

grams in ANALOG Computing on disk ...

ready to run. Even if you don't know

anything about machine language or

don't own the Action! cartridge, we

offer programs in converted formats

so they'll run on your Atari com­

puter. Get this issue for just

• om u ere
)evotes 50% of Its Pages to he Atari ST?

California residents add 6.5% sales tax on all orders except back issues.




