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Warm Start
Under OS-65D

by Richard L. Trethewey

S-65D users have had to live
with the fact that you can't
warm start OS-65D. So if your pro-
gram suddenly locks up or (with a
pre-1981 vintage OSI system) if you
accidentally touch the <BREAK >
key while typing in your program,
you have to start over. Most of the
time this problem only means re-
typing a few lines of code. But if
you're like me and prone to program-
ming '‘on the fly’’ without periodi-
cally saving to disk, it could mean
hours of work lost. In this article I
will show you a way to recover that
lost time with a minimum of etfort.
Usually when you touch the

<BREAK > key while in BASIC, you can

recover your program by entering the monitor

ROM by pressing ‘'M’’ and then ''G"’ (for GO). This can

warm start BASIC, but not completely. At this point you can

neither run your program nor save it to disk. If all has gone well so

far, you can LIST your program to the indirect file and re-boot the system
and recover it. This method doesn’t always work and does no good if
you're using the Assembler/Editor and not BASIC. Also, when you re-
boot the system, the BEXEC+* program writes directly over your old pro-
gram. Therein lies the key to our success. If the BEXEC* program isn’t

called into memory, your old program will remain pretty much intact

unless you turn off your system.

OS-65D uses a slick method to run the BEXEC* automatically when
you boot up. On cold start, the input flag is set for memory input and the
memory pointers are set to the command 'RUN''BEXEC+"’" ', which is

called into memory with the rest of OS-65D. Also on cold starting, BASIC
checks the I/0 flags to see if a console device has been selected. If so, it
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says ‘'Hello,"’ tells you how much memory you have, and awaits instruc-
tions. Should this not be the case, BASIC runs the BEXEC* or executes
whatever other instruction was stored on disk. Our task, then, is to
change the 1/0 flags on cold start.

My suggestion for having a reliable method of recovering your pro-
grams involves the use of the TRACK 0 Read/Write utility. If you have
never used this program, I strongly advise you to consult your manual
before proceeding. The prompts in that program are very terse; without
further explanation, you won't know what'’s happening.

To begin, make a duplicate of any OS-65D diskette. If you used the
copier program from track 1 (track 13 on mini-floppies) the TRACK 0
utility is still in memory. If you didn’t, call it into memory now. Enter
"GO 0200’" at the '"A*'' prompt and select #2 from the menu displayed.
Now enter ''R4200''. This will call the contents of track 0 to memory
location $4200. Type "'E'’ for exit and at the "A»"’ prompt type ‘'RE M"’
to enter the monitor ROM. Now enter ‘'.4321/"". The slash at the end of
that sequence puts the monitor in the data entry mode so you can change
memory. Now type ''02<RETURN>02."". The period puts you back in
the addressing mode. Now type '‘2547G’’. You should see the '"Ax"’
prompt again. Note that the 02’'s above should be 01's on serial systems

because you are setting the I/0 flags to your console device number on
cold start.

Run the TRACK 0 utility again by typing ‘GO 0200'’ and again select
option 2 from the menu. This time, however, you are going to write track
0 and the instructions are a little more complicated than before. Enter the
command ‘‘“W4200/2200,8''. This makes the changes current on the
disk. When you boot the disk it won't run the BEXEC* anymore but will
start up BASIC as if you had entered '"BA'’ at the ''A*'’ prompt.

To recover a program press <BREAK >, if you haven’t already. Press
““M"'" to enter the monitor ROM and enter ‘'.3A79" for all sizes of OS-
65D V3.3. If you are running 3.2 enter ''.3179"" on 8-inch systems and
'1.3279'"" on 5%-inch systems instead of the above. This is where the file
header starts. The file header holds the addresses of where your program
starts and ends. This information may not be current if you have altered
your program since it was stored on disk, but that won't matter. You
need to record the next eight bytes for later so write down the number
displayed after the address. Press the ''/"" key and a <RETURN >. Now
write down the number for the next location. Copy down the information
through address $2280. Put the diskette just made in the 'A’’ drive and
boot it up. BASIC should say ‘'Hello"’, etc., and ""OK"'. Type “"EXIT'’ and

““RE M'' as before. Press ‘'.3A79"' (or your system’s header address as
described above) and then the ''/’' key. Replace the eight bytes of infor-
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mation that you copied down by entering the numbers, followed by a
<RETURN >. Now type ''.2547G'’ and you're back at the ''A*'’' prompt.
Type ''RE BA'' to re-enter BASIC.

If the file you are working on is an assembly program, instead of
typing '‘RE M’’ at the ""OK'' prompt from BASIC, type ''AS" first to
invoke the assembler and then "'RE M''. Replace the eight bytes as de-
scribed above and type ''RE A'' instead of ‘‘'RE BA'’. List the program to
the indirect file. Under BASIC this is done with “'LIST <SHIFT > 'K’ "',
With the assembler it's "P<SHIFT >‘K' '’. Now clear the workspace
with a "NEW"’ or ''I'’ and then enter a <CTRL > 'X’. This will reload the
entire program into the workspace and update the resident language.
Your program is now intact and you can run it and/or save it to disk.

The special recovery disk just made does not need to be devoted to
this single purpose. It is still a standard OS-65D disk and you can put
whatever you like on it. As you can see, this technique doesn’t really cost
anything and could save quite a bit of time and effort.
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Delete

by Earl Morris and Yasuo Morishita

ormally only a single line of

BASIC can be deleted by typing
in the line number followed by a car-
riage return. This is tedious if a large
block of lines must be removed; for
example, when programs are merged
or a utility program is run with
another program also in memory.
The ""DELETE'' program creates a
USR routine that is called by

Z = USR (first line)(last line)

All the lines of BASIC with line
numbers inside the specified range
are then deleted.
When OSI ROM BASIC is called to
delete a single line, two major routines are used.
The code at $A2A2 finds the line to be deleted and then
shrinks the program by the number of bytes found in the of-
tending line. Another routine at $A31C is responsible for refixing the
pointers that rechain each line to the next. Unfortunately these routines
are not written as subroutines and therefore cannot be used by ‘‘outside’’
programs. However, the DELETE program copies these routines from
ROM into RAM and creates the needed subroutine. The main line
DELETE program accepts the first line to be deleted and calls the copied
ROM routine to do the work. Then the line pointers are used to find the
line number of the next BASIC line. This is checked for end-of-program
and to see if it exceeds the upper limit for deleting. Then the copied
routines are called again and the process is repeated until completed.
Lines are still deleted one at a time, but the computer, rather than your
busy fingers, is doing the work.

The BASIC program listed here will create the DELETE program on
page two below the start of BASIC program space. This memory is nor-
mally unused in OSI machines. If you are using this space, then the
delete program can be relocated by changing the value of 'M'’ in line 14.
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Listing 1: Source Code for Main Delete Program

BY MORRIS & MORISHITA

=8 i =

ASSEMHELY IANGUAGE LISTING

-8 =

ORG $235
0235 20 08 B4 JSR $B408 +1ST ARGUMENT TO BINARY INTO $
11,12 (START)
0238 20 AD BAA JSR SAAAD +GET 2ND ARGUMENT (LAST LINE #)
0238 20 31 B8 JSR $B831 «OONVERT TO BINARY
023E AS AF LDA SAF
0240 85 30 STA $30 :STORE FINAL LINE # IN $30,31
0242 A5 AE LDA SAE
0244 85 31 STA $31
0246 20 32 A4 LBLA JSR $A432 :FIND ADDRESS OF BASIC LINE
0249 BO 1B BCS LALB +BRANCH IF FOUND, OTHERWISE UP
DATE POINTER AT $11,12
024B AO 01 LDY #S01
024D Bl AA LDA ($aa),Y +LOCK AT POINTER TO NEXT LINE
024F FO 1A BEQ 1BIC » IF NULL MUST BE END OF PROGRAM
SO QUIT
0251 A0 03 LDY #$03
0253 Bl AA LDA (SaA),Y :GET NEXT LINE # HI BYTE
0255 85 12 STA $12
0257 88 DEY
0258 Bl AA LDA (SAA),Y :GET NEXT LINE # 1O
025A B85 11 STA 511
025C A6 30 X $30 +LOAD X,A WITH FINAL LINE
025E A5 31 LDA S31
0260 4 11 CPX $11 :COMPARE TO CURRENT LINE
0262 ES 12 SBC $12
0264 90 05 BOC 1IBIC ;QUIT IF BEYOND FINAL LINE
0266 20 75 02 LBRIR JSR $0275
0269 FO DB BED LBIA *ALWAYS BRANCH
0268 A9 92 LBIC LDA #3592
026D AO Al LDY #SAl 1$A192 IS ADDRESS OF "CX"
026F 20 C3 A8 JSR $ABC3 : PRINT "OK"
0272 4C 19 A3 JMP $A319 @ BACK TO BASIC
0275 7
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Line 16 sets up the USR vector and line 18 builds the main program from
the DATA statements. Line 20 moves the ''memory close’’ routine from
ROM. Line 22 calculates an absolute JSR address and POKEs it into the
main program. Line 24 copies the rechaining routine from ROM and line
26 adds an ''RTS’' to convert it to a subroutine.

After running the BASIC program, it can delete itself with
Z = USR (10)(44)

Note that the USR function now requires two arguments and will give an
""SN'' error if both are not present. Everything is deleted by Z=USR(1)
(= 1), which is the same as a NEW command. The form Z=USR (A)(B) is
also helpful to figure out which lines to omit.

The source code for the main program is listed with comments for
those readers interested in how the program works. The code is
relocatable with the exception of the JSR at $026E. This is a jump to the

copied ROM routines. The BASIC set-up program automatically fixes
this absolute address.

Listing 2: BASIC Program to Set Up USR Delete Function

la REM BRSIC LINE DELETE

12 REM FORMAT : Z=USRASTART LINE #)<ENMD LINE #)
14 M=S65:REM START ADDRESS=$8235 RELOCATABLE

16 A=INT(MA/256) :POKE12 .A:POKE11 ,M-RA¥256

18 N=64 :1FORX=MTOM+N-1 :READJ :POKEX . J :NEXT

28 A=41634 :M=M+N:N=68 :G0SUB28 :REM DELETE=%$RA2ARZ2
22 A=INT(M/256) :B=M-2S6#A :POKEM-13 ,AI1FOKEM-14.B
24 A=41756 :M=M+N:N=47 :GOSUB28:REM REBUILD =$R31C
26 POKEM+15.96:END: REM "“RTS"

28 FORK=OTOH-1 : J=PEEK(A+x> :POKEM+X ., J1NEXT :RETURN
38 DATR32.8

32 DATAR188,32,173,.178.32,49,184,165,175,133

34 DATA48.165.174.133,49.32.52,164

36 DRTA1I?76.27.160.1,177,170,.248.26.,1608,3

38 DATAL?7.178,133,18,136,177.,170,133,17

48 DATR166.48,165.49,228,17 ,229.,.18

42 DATAR144 .5.32,125,.2,240,213,165,.146.,160

44 DATAR1E1 ,32,195.,.168,76,.25,163
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Two Fixes for

ROM BASIC

by Earl Morris

g

e

ere are two patches for OSI

BASIC-in-ROM. The shorter
patch fixes the error message
printer; the longer one cures the
dreaded garbage collector bug. These
are not add-on programs, but are
direct replacements for the code in
the BASIC ROMs. To install these
patches you must burn an EPROM
replacement for the BASIC ROM.

Error Message Patch

BASIC uses two-character error
messages with the high bit of the
second character set. Before the
graphic chip came along, error
messages were printed correctly

because the old character ROM decoded
lower seven bits of a letter. The graphic

chip translates the letter as a graphic character, since it
decodes all eight bits, and an odd-looking shape appears in the
error message. This patch fixes the small but irritating problem.

Garbage Collector Patch

When a string is manipulated, the resultant string is stored at the top
of free memory. If enough of these strings are created, they fill the free
memory space. At this point, the garbage collector routine is called to
find the strings that are still valid and pack them at the top of free
memory. Unfortunately, OSI's garbage collector has a bug in it that
causes the screen to flash and the computer to ‘‘hang’’ if complicated
string manipulation is done. Many partial solutions have been published,
but this patch seems to be one of the best answers to the problem.
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Listing 1: Error Message Patch

g L Z 3 %5 & TG USET e pNe NE
Al60 49 449 A4 00 4E 46 53 4E 52 47 4F 44 46 43 4F 56
A170 4F 4D S5 53 42 53 44 44 2F 30 49 44 54 4D 4C 53
A180 B3 B4 43 4E 55 46

Listing 2: Garbage Collector Patch

B ok C ot G RS Bae? LB A TRl B R
E140 A9 B0 B 40 68 D0 DO A6 BS AS 86 84 81 85 82 AD
B150 00 84 9D AS 7F A6 B0 85 AA B4 AE A9 48 B5 71 84
B160 72 C5 65 FO 05 20 D? EB1 FO F7 A9 046 85 A0 AS 7E
B170 Aé 7C BS 71 B6 72 E4 7ZE DO 04 CS 7D FO 05 20 D3
E180 EL1 FO F3 BS A4 B& AS A% 04 85 A0 AS A4 A6 AS E4
E190 80 DO 07 CS 7F DO 03 4C 18 EZ 85 71 86 72 A0 01
ElAD E1 71 08 C8B E1 71 65 A4 8S A4 C8 El1 71 45 AS 85
B1EOD AS 28 10 D7 C8 B1 71 A0 00 0A 69 05 65 71 85 71
BLCO 90 02 E6 72 A6 72 E4 AS DO 04 CS A4 FO C1 20 D9
E1D0 E1 FO F3 C8 B1 71 10 30 C8 EB1 71 FO 2B C8 E1 71
B1E0 AA CB B1 71 CS 82 90 06 DO 1E E4 81 B0 1A C5 AE
BLFO 90 16 DD 04 E4 AA 90 10 86 AA 85 AR AS 71 Adé 77
EZ00 85 90 B4 9D 8B 88 84 AZ AS A0 18 &5 71 85 71 90
BZl0 02 E6 72 Aé 72 AD 00 &40 C6 AD A6 9D FO FS A4 A?
BL220 18 EBE1 9C 65 AA 85 A6 AS AE 69 00 8% A7 AS 81 Aé
EZ230 B2 85 A4 B6 AS 20 D6 ALl A4 AZ CB AS A4 91 9C AA
BZ40 Eé6 AT AS AS CB 91 9C 4C 4E Bl EA EA EA

Editor’s Note: The original version of the garbage collector patch was written
by Dick Stibbons and published in the OSI/UK User Group Newsletter, Vol. &
No. 4. The original code has been modified to correctly collect strings with a zero
subscript like A$(0).
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Getting BASIC to
Behave with OS-65D

by Richard L. Trethewey

he Microsoft BASIC provided
on MA/OSI systems was writ-
ten in 1977 and lacks many of the
niceties of newer systems. While the
actual source code for BASIC isn't
available from either Microsoft or
MA/OSI, Aardvark Technical Serv-
ices in Walled Lake, Michigan, sells
a disassembled listing of OS-65D's
BASIC. Using this listing as a guide,
[ was able to make BASIC do some
things that otherwise would have
been impossible. In under one page
of RAM, I was able to make BASIC
understand hex (in most places),
allow named GOSUBs and GOTOs,
and provide a limited IF... THEN...
ELSE. This code easily fits behind the
""HOOQOKS into OSI BASIC'' I wrote (see MICRO
46:43) and does not interfere with the normal operation
of the system. All your old programs will still run with it

in place.

Aardvark sells the BASIC source code listing for $24.99 — one of the
best bargains around. The 110 +-page booklet is well commented and
easy to understand. Aardvark also sells listings of OS-65D and ROM
BASIC at reasonable prices.

There is a small price to pay for these additions. Since BASIC is an in-
terpreted language it is slow, and adding patches makes it slower. For
most applications, the additions I discuss won’t affect the timing
noticeably. The patch added in the "HOOKS'’' article costs time only

when a variable is assigned a value, but no more so than if you had a
dozen extra variables in your program.

The first addition I discuss adds hex capabilities to BASIC. It is ac-
cessed whenever BASIC has to deal with a number that appears in your
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Listing 1

10 0000

20

30

40

30

60

70

80

70
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
220
330
340
390
360
370
380
390
400
410
420
430
440
450
460
470
480
490
200
w10
020
230
240
090
o960
a70
o8O

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
BlO4F
Eli4F
BOS2
BOSS
BLISH
BDSA
BDSC
BOSE
Bli&1
BO63
Bli66
BLi&B

20C000
20C000
20CDoC
24K3
1007
AP2D
204323
46B3
2016EBF
AP24
204323

KKK RO K KKK JOKOKOK KKK KCKOKOKKOKOK ROK KO KOO R R K K
iX ANLNITIONS TO BASIC UNDER 0S-45D V3.3 x

X
R

BY RICHARLD L.

TRETHEWEY

X
X

RIS 2202200002800 0 000388080883 03882389%1

’
s KXXXXXXLABRELS FROM BASICXXXXKXXX

y

ADDON =$08FC
ASCII =%1EEE
CHRCHR=%0E15
CRIO =%0A73
CHRGET=%$C0
CHRGOT=%Cé
FLOAT =%$1B44
FORFNT=%$96
FACEXF=%AE
FACHI =$AF
FACMHI=%$RO
FACMLO=%$E1
FACLD =%B2
FACSGEN=$%$E3
FRMEVL=$0CCI
COTOTK=%88
GOTO =%08BA6

INT =$1RC7
LINGET=%096C
OUTIID =$0AEE
FOKER =$19

FTRGET=$0F 2E
QUINT =$1R%96
REM =$093C
REMTK =$8E

SNERR =$0E1E

THENTE=$A0
TXTFTR=$C7

y
FEXXXXXXXOS-650 LABELSXXXKKXX

X=$ERI4F

HO

’
CASECK=$3A5F
CHROUT=$2343
FREBYTE=$2092
i

fROUTINE TO FRINT IN HEX

yREFLACES ‘Hx’ COMMAND IN HOOKS

v

JSK
JSR
JSR
BIT
BFL
LDA
JSK
LSKR
JSR
LDA
JSR

CHRGE T
CHRGET
FRMEVL
FACSGN
HO

$~
CHROUT
FACSGN
LIN
$'s
CHROUT

THROW AWAY ASTERISK
GET NEXT CHARACTER

EVALUATE EXFRESSION
FOS OR NEG?

BRANCH IF FOS,
FRINT NEG SIGN

MAKE IT FOSITIVE

MAKE IT AN INTEGER
FRINT A 7§/

(continued)
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program as text (rather than a variable name). In programs that use a lot
of numbers without assigned variable names, this speed overhead can be
annoying. Using numbers instead of variables in such applications should
be avoided, and adding this patch to BASIC may force you to edit some
programs. The named GOTOs and new IF code make little difference
in speed.

To get BASIC to understand hex, I intercept the code that evaluates
numeric expressions. These expressions include equalities and functions.
BASIC first looks to see if the term is a variable name or a number in
discrete form. If you precede a hex value with a dollar sign, BASIC thinks
the character being looked at is a number and not a name. Before BASIC
decides how to handle this value, you should interrupt it and check to see
if the dollar sign is there. If it is not, execute the instructions written over
by the patch and return to the normal code. If it is, you must translate it
from ASCII into a form that BASIC understands and then put the number
where BASIC expects it. With these additions in place, only the
GOSUB/GOTO function in BASIC won't understand hex. With this
patch you can do instant hex/decimal calculations and use hex values in
programs where they are easier to understand than their decimal
equivalents. You can mix hex and decimal in your calculations, too. This
addition lets you use the hex form for equalities, FOR/NEXT loops,
PEEKs and POKEs, or anywhere you use a number.

Adding named GOSUBs and GOTOs is simple. Instead of always
demanding a number, this patch checks to see if the character is a
variable name before letting BASIC continue. If you find a name, look up
its value and give it to BASIC. That's all!

My version of IF copies the original code up to the point where BASIC
decides that the statement is false. Since you can’t add the keyword ELSE
in the regular table without removing a necessary keyword, I have added
an extra function to the REM keyword. With my patch in place, the REM
will serve both its original comment function and a new ELSE function.
As in normal BASIC operation, a true condition will cause the statement
after the THEN to be executed and the REM to be ignored. When the con-
dition is false, though, BASIC will look for a REM in the remainder of the
line and execute a simple line-transfer operation placed there. If there is
no REM, BASIC will proceed to the next line, as usual. The line transfer
1s equivalent to GOTO; no other expressions can be evaluated after the

REM. Your existing BASIC programs must have their REMs removed
from lines with IF...THEN statements.

If you have implemented the hooks into BASIC, I suggest you replace
the instructions that interpret the ''H#*'’ command with lines 400 to 630

of the new subroutine in listing 1. If you haven’t added hooks, you will
have to make the first line of your BEXEC* similar to

10DISK!*‘CA BEOO =TT,S"":POKE133,189:POKE8960,189
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Listing 1 (continued)

o0 BI&6ER AS1A LA FOKER+1 GET HI BYTE

600 BD&D FOO3 BEG H1 IF 0y SKIF IT

610 BDGF 20922D JSR FRBYTE NON-ZEROs SO FPRINT
620 BOZ72 AS19 H1 LA FOKER GET LOW BYTE

630 BI74 209220 JSR PREYTE AND FRINT IT

640 BI/7 68 FLA CANCEL THE ’JSR’
600 ED78 48 FLA THAT GOT US HERE
660 BIZ79 4C730A JHF  CRDO 00 CRy LF

670 BO7C 00 RESLO LEBYT 0

680 ED7D 00 RESHI .BYT 0

690 BIO7E 0000 INBUF  JDEBY 05050

690 BIBO 0000

&70 BOBZ2 0000

/00 RIOB4 sCODE TO ALLOW HEX IN BASIC FORMULAS
/10 BIB4 s $O0C3 4C7CERE JMF $RE7C
/20 BIB4 ;

730 BE7C X=$RE7C

/40 BE7C C924 CMF #' ¢ IS IT HEX?

750 BE7E FOOA BEQ HEXFLT YESy DO IT!

/60 BEBO C92E CHMF %, NO» REPLACE INSTRUCTIONS HERE
/70 BEB2 1003 BNE HEX6

780 BEB4 4CEE1LER JMF ASCII

/770 BEB7 4CC700 HEX&  JMF $0DC7

800 BEBA .

810 BEBA ADO4 HEXFLT LDY #4

820 BEBC A%00 LA #0

830 BEBE 8L7IRD STA RESHI INIZ

840 BEF1 997ERD HEXO  STA INBUF»Y

8%0 BE94 88 NEY

860 BE?S DIOFA ENE HEXO

870 BE?7 20C000 HEX1 JSR CHRGET GET NEXT CHARACTER
380 BE?A FO023 KEQ HEX3 CHECK FOR TERMINATOR
870 BEYC C93A CMF #/ 3

700 BEYE FO1F BEQ HEX3

710 BEAO C%7F CMF #$7F

720 BEA2 RO1E BCS HEX3

930 BEA4 C730 CMF #'0

740 BEAS6 9017 BCC HEX3

750 BEAB 205F34A JSR CASECK MAKE IT UFFER CASE
760 BEAR 38 SEC

770 BEAC E900 SEC #0 STRIF OFF ASCII
780 BEAE C90A CHF #$A <107

290 BERO 9002 BCC HEX2
1000 REBR2 E907 SBC #7
1010 BEE4 997EBL HEX2Z STA INBUFsY SAVE IN BUFFER
1020 BER7 C8B INY BUMF CHAR., COUNT
1030 BEB8 COO05 CFY %5 TOO MANYT

1040 BEBA DODE BNE HEX1 OKy TO HEX1

1050 BEBC 4C1EOE JMF SNERR

1060 BEBF 88 HEX3 DEY FOINT TO LAST CHAR.
1070 BECO E97EED LDA INBUF»Y GET LOWEST CHAR.
1080 BEC3 8D7CEL STA RESLO SAVE IT

1090 BECé COO0O HEXS CFY #0 ONLY ONE DIGIT?
1100 BECB FO0O22 BEEQ HEX4 YESy WE’RE DIONE
1110 BECA 88 DEY NOs BUMF FOINTER
1120 RECB B97ERD LOA INKRUF+Y GET CHARACTER

1130 BECE 0A ASL A SHIFT LEFT 4 BITS
1140 BECF 0OA ASL A

1150 BEDO OA ASL A

1160 BED1 0A ASL A

(continued)
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This will call the code into memory and protect it from being overwritten
by BASIC or 65D. I have removed the hex-to-decimal conversion since it
is replaced by the new code. This version allows the output of any
number or variable in hex form. It is limited to numbers less than $FFFF
(as are all the other routines here), but at least now you can use both
variables and numbers in your conversions.

You will notice that often I do a JSR to a subroutine called CASECK.
This OS-65D V3.3 subroutine converts all lower-case letters to upper
case. By using the routine here and elsewhere in the ""HOOKSs into
BASIC,'' you can blind all your commands to upper/lower case. Usually
the comments in the code let you know what is happening. If you need
more information, I suggest you refer to the books listed at the end of this
article. OS-65D V3.2 users should delete the references to CASECK.

The patches to BASIC that implement these changes are simple. To
allow hex inputs, change $0DC3 to $4C, $0DC4 to $7C, and $0DCS5 to
$BE using the monitor ROM. To get named GOSUBs and GOTOs,
change $08A7 to $0B and $08A8 to $BF in the same manner. Getting the
change for IF...THEN is a little trickier since the jump to the monitor
alters this code. Instead of using the monitor ROM, just do POKEs if you
have made the above changes and the code is in place. Enter the following
line in the immediate mode:

POKE$214,$21:POKE$215,$BF

(In this case a foible of the 6502 necessitates pointing to one byte before
the actual location.) When you have made these changes, save them to
disk with the following instructions (consult your manual if you are
using a mini-floppy disk):

DISK!"'SA 02,1 =0200/B":DISK!*'SA 03,1 =0D00/B"
When changing the ASCII to a floating-point routine, call the code first,

as the code at the high end gets overlayed when BASIC is invoked. First,
call in the code to high memory with

DISK!*‘CA 4800 =04,1"

Then do these POKEs:
POKE$4BEE,$4C:POKE$4BEF,$51:POKE$4BF0,$BF
Finally, save the code with

DISK!‘‘SA 04,1 =4800/B"

That will make the changes to BASIC permanent.
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Listing 1 (continued)

1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1540
1350
1360
1370
1480
1390
1400
1410
1420
1430
L1440
14350
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
17490
1750
1760

BREDZ2 18

BED3 &4T17CED
BED6 8D7CEDN
BEL? COO00
BEIIE FOOF
BEDD 88
BEDNE ES7EERID
BEE1 OA
BEE2 0

BEE3 0A
BEE4 0A

BEES 18

BEES 601/ IR
BEEY B8L/DRI
BEEC ADZLEL
BEEF B85AF
BEF1 AE7CEI
BEF4 BA4RO
BEF& AZT0
BEFB8 38

BEF? 20441R
BEFC AE/CED
BEFF 60
EFO0

BF OO

BFOO

BFOO

BEFOB

BFOB BEOO3
BFOD 4C46C09
BF10

BF10 202EO0F
RF13 20901A
EF16 20%61E
BF19 AGSHRZ
BF1E 8519
EF1D ASEL
EF1F BG1A
BF21 60
RF22

BF22

BF22

BF22

BF22 20CDOC
BF25 20C400
BF28 C988

BF2A FOOS
BF2C AGAO
BFZ2E 20150E
BF31 ASAE
BF33 FOO3
RF35 4C4109
BF3B A41E
BF3A B1C7
BF3C FO10
BF3E C9BE
EF40 FOO3
EF42 C8
BF43 DOFS
BF45 20FCOS8

CLC
ALIC RESLO Allll TO PREVIOUS RESULT
STA RESLOD ANDI SAVE IT
CFY 20 ARE WE TIONET
EEQ HEX4 YESs TO HEX4
OEY NOs BUMF FOINTER
LOA INEBUFsY REFEAT FROCESS
ASL A
ASL A
ASL A
ASL A
CLC
AIC RESHI
STA RESHI
HEX 4 LIlA RESHI TRANSFER RESULT TO
STA FACHI FLOATING FOINT ACC.
LIX RESLO
S5TX FACMHI
LOX #$90
SEC
JSE FLOAT CHANGE FROM INT TD F.F.
I.IX RESLO SOME FUNCTIONS NEED THIS
RTS
¥y
sFATCH TO GOTN TD ALLOW VARIAEKLES
s IN GOTO’S AND GOSUR’ S
b 4
¥=%RFOBR
BCS LINE IT COULD RE & VARIAELE
JMF LINGET NOy IT'S A NUMERER
¥
LINE JSR PTRGET LOOK UF VARIAELE
JSE $1A90 FUT IT IN FACC
LIN JSKE QUINT MAKE IT AN INTECGER
LIvda FACLOD
S5TaA FUKEK
L.Ila FACMLO
STA FOKER+1
RTS
¥
sUISFATCH TABLE SENDS Y IF’ HERE
1$90214=%21 $0215=%KF
y
NEWIF JSR FRMEVL EVALUATE EXFPRESSION
JSKE CHRGOT
CMF #GOTOTK
BEQ NEWIF1
LIOA THENTK
JSR CHKCHR
NEWIF1 LIOA FACEXP
RER FALSE IF FALSEs CHEEEK FOR ‘ELSE7
JMF $0941 TRUE DO ITI
FALSE LIOYy 30
Fi LOA (TXTPTR)»Y
EEQ NOREM LODK FOERE ‘REM7
CMF #REMTK
REQ F2
INY
ENE F1 BRANCH ALWAYS
F2 JSE ANDON UFDATE TXTFTR

(continued)
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OH 44202.
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3 OSI-Microsoft BASIC Assembly Source Listing, Aardvark Technical
Services, Walled Lake, MI.

Listing 1 (continued)

1770 BF48 200000 JSK CHRGET FLUS ONE

{780 EBF4R 4CA608 JMF GOTO

1790 RF4t .

1800 BF4E 4C3CO09 NOREM JMF REM NO ELSEs SO REM

1810 BFSI y

1820 EFS1 sFATCH TO ASCII TO F.P. CONVERSION
1850 BFS1 s 70 ALLOW EITHER HEX OR DECIMAL
16840 BFS1 s $1RBEE 2051EF JSKE $BF51

1850 BFS1 v

1860 BF31 C924 CMF #'¢%

1870 BFS3 FOOA REQ VAL1

1880 BFSS 20C600 JSR CHRGOT

1890 BFS8 AOO0 LOY #0

1900 BFSA AZ0A LIX #$%A

1910 BFSC 4CFZ21R JMF $1BF2 RE-ENTER NORMAL CODE IF IDEC.

L1920 BFSF 4CBARE  VAL1 JHMF HEXFLT NOy IT’S HEX. IO IT!
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by Matt Asay

he Microsoft BASIC on an Ohio

Scientific C1P has most of the
features found on other versions.
One feature that is lacking is the
ability to print at a selected location
on the screen. There are some ways
to get around this by using POKE,
but you are limited to POKEing one
character at a time, which is slow
and cumbersome.

I have developed a program to
remove these limitations by adding
an AT option to the PRINT state-
ment. Once this program is installed
you can print anything anywhere on

- the screen with ease. The program
hides itself at the top of your
available memory on any size system and

uses only 166 bytes of permanent storage. After it
has been entered you can write, save, load, and run pro-
grams using the new PRINT AT statement. Programs that do
not use AT in their PRINTSs should function as always.
The syntax of the statement 1s:

PRINT AT location; print-list;

where there are three forms of location:

1. A numeric expression. Printing starts at sc + INT(expression), where sc
is the address of the screen.

2. Two numeric expressions separated by a comma. Printing starts at
sc + INT(exprl)*32 +INT (expr2). This allows specification of location
by row and column.

3. An asterisk (‘'*’'). Printing continues with the position immediately
after the last character printed by the last PRINT AT.

print-list is any allowable list of items to be printed, separated by
semicolons. The trailing semicolon is necessary since the carriage
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Listing 1: BASIC Program to Load, Initialize, and Demonstrate

PRINT AT
1 e S RINT AT
2 REM —=--BY MATT ASAY---
3 REM
6 GOSUB 10: GOTO 1000
7 REM
8 REM RELATIVE HEX LOADER SUBROUTINE
9 REM (SEE TEXT FOR A DESCRIFTION)

10 DEF FNA(D)=ASC(MID$(H$»Dy»1))

20 DEF FNX(D)=FNA(D)-48+( FNA(D)>64 )%x7

30 DEF FNB(D)=FNX{D)X16+FNX{D+1)

40 DEF FNH(D)=((FNX(D)X16+FNXCD+1 ) )X16+FNXC D42 ) )X164FNX(D+3)
45 READ H$: RO=FEEK( 134 )%256+FEEK( 133 )-FNH(1)

50 FORH=ROTO32767 iREADH$IFPRINTHS$ :ONLEN(H$ )GOTO 51+52+53+54,55:6G0T0O54
91 RETURN

o2 FOKE HsFNBC1)INEXTISTOP

03 RA=RO+FNE( 2):GOTO 56

54 PORKEHsFNB(1)IFORI=3TOLEN( H$ )STEF2:H=H+1:POKEHsFNB( I )INEXTI»HISTOP
09 KA=RKO+FNH( 2)

06 IF LEFT$CH%$,1)="H" THEN FOKE Hs>RA/256 INEXT:ISTOF

57 FOKE HsRA AND 2551IF LEFT$(H$s1)="R" THEN H=H+1:FPOKE H:RA/236
o8 NEXTISTOP

100 DATA OOFIN: REM SIZE OF CODE IN HEX

105 REM CODE FOR USRX

110 DATA AY»L57yA0HS7 »B58184828583848485858486A207
120 DATA BlyR4F y 95CSCA10FBADNLIAO2ACIBO28IsRES6BCIRE7
130 DATA A9+LE1+AOsHE1,811A028C1BO2AD1CO2AC1IDO2

140 DATA By RFByBCyRFCyAP»LF65A0sHF68D1C028C1002A788A0AE
150 DATA BSOEB40C60CY20FOF34CyR57 500

155 REM CODE FOR FARSER SPLICE (PSPLIC)

160 DATA 24CC1014C241D00E489848A001RB1C3C954F013

170 DATA 4BABLBOSLCCLCY?7N00285CCCP3ABR0034CCIO040

175 REM CODE FOR FPRINT AT (FR.AT)

180 DATA 446CC6BABLBZ20BCO020RCOOCPASIIOOS620RCO038

190 DATA BO4120C1AAZ00BE420C200C92CD023A5110A0A

200 IIaTA 0ADAZAH120ABE11AG122A48A0114820C9AA2008B4

210 DATA 68184651185116865128512A51180yRE?yAS122903

220 DATA 09N0BLs REA» 20C200C?3BN0034CEBCO0AF1CBSCC4C4EA2
225 REM CODE FOR OUTFUT SFLICE (OSFLIC)

230 IiaTA 24CC70034C0000BT00LIOEE yRE? s DOO3EE y REAy C40ESD
235 KEM CODE FOR CTRL C SFLICE (CSFLIC)

240 TIATA AT00B3CC4CO000

245 REM END-OF-LIATA MARKER

230 TIATAX

260 REM

990 REM INITIALIZE PRINT AT WHILE PRESERVING

995 REM ANY PREVIOUS USR FUNCTION

1000 UL=FEER(11)% UH=PEEK(12)

1020 PORE 11yRO-INT(RO/256)%256% FOKE 12yR0/256

1040 X=USKR( X )

1060 FONE 11 sULT POKE 12sUH

1100 REM A SHORT DEMO OF THE USE OF FRINT AT

1200 PRINTIFRINT: FRINT" TEST PROGRAM"

1220 FOR I=1 TO 207 FRINTINEXT

1230 FRINT AT 10%32453"PRINT" 5

1240 FRINT AT ¥3" AT"3

1250 FRINT AT 12+535"HAS EBEEN"§

1260 FRINT "WORKS !11"5

1270 PRINT AT %3" LOADED..."5

1280 A$="AND' IT"

1290 PRINT AT 14+20-LENC(AS)FASH

1300 FOR IT=1 TO HO0% NEXT
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return and linefeed that BASIC tags on will print as their corres-
ponding graphics characters. This was done intentionally to allow the
printing of all graphics characters using CHR$( .

Examples
PRINT AT 200;CHR$(248);"' < - A tank'’;

PRINT AT X,Y; “PRINT AT ROW X, COLUMN Y''";
PRINT AT 15,7; “"PRINT AND ";
AS = “"ADD"

PRINT AT *; AS+ ' MORE"',

PRINT “PRINT ON BOTTOM AND SCROLL"

How to Install

Once I developed this program I needed an easy way to install it on a
system. I considered and rejected making a tape that the monitor could
read. It would be difficult to modify, error-prone on input, and would
work only if loading to a fixed absolute address. I did not want to use a
BASIC program that POKEd in several DATA statements of decimal
values since I think in hex when programming in assembly. For this
reason I created a BASIC program that reads hex strings, converts them to
binary, and loads them into memory. To be adaptable it calculates a
starting load address from the size of the program and the address of the
top of memory.

Enter the program shown in listing 1, save it to tape, and then run it.
After it is through loading (about 15 seconds) it will print ''PRINT AT
HAS BEEN LOADED... AND IT WORKS !!!"" across several lines of the
screen. Then you may type NEW and enter or LOAD any program you
like using PRINT AT.

If an error occurs in the middle of a PRINT AT statement the ‘AT
flag'’ can be turned off by typing any valid BASIC statement (i.e., LIST or
"2 for PRINT, etc.) at the keyboard.

Relative Hexadecimal Loader

The loader reads strings from data statements and loads a program
into high memory. The program consists of four parts:

Program size:
A four-digit hex number. This value is subtracted from the end-of-
memory address at $0085 to get the starting address for the program.
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Listing 2: Assembly Listing of PRINT AT Routine

10
20
30
40
a0
40
70
80
70

100
110

120
130
140
150
160
170
180
190
200
210
220
230
240
230
260
270

280
270

300

0000
0000

0000

0000
0000

0000
0000
0000
0000

0000
0000

0000
0000
0000
2100
2100
2102
2104
2106
2108
210A
210C
210E
2110
2112
2159
217
2118
211A
2110

310 2120

320
330
340
330
360
370
380
390
400
410
420
430
440
4350
460
470
480
490
2300
210
320
a30
040

090
a60

2123
2126
2128
2124
212D
2130
2133
2136
Z1a%
213C
213E
2140
2143
2146
2148
214A
214C
214E
214F
214F
214F
2151
2153
2156
2157

870 2157

o580

2137

APS7
AD21
8581
8482
8583
8484
8585
8486
A207

RO4F21
79CS

CA
10F8
AD1AO2
AC1RO2
8DES21
8CE721
AYE1

A021
8111A02

BC1ERO2
AN1CO2
AC1D02
BOFER21
BCFC21
A9F 6
AD21
811C02
8C1N02
A988
ADAE
850F
840C
60

C?20
FOF3
ACS721
00

f:t*#*#**ttt#t#t#*##*
¥y

» X
7 X
s X BY MATT ASAY
R A
3 0K KKK BOKOKOK OKOK 0K KK 0K K

¥
FRINT AT A
i
W

’
ATFLG=$CC

ASTOK=%A5
CHRGET=$00BC

CHRGOT=%00C2

STATUS BYTE FOR “PRINT AT’

"X’ TOKEN FOR MULTIFLICATION
GET NEXT CHAR IN BASIC LINE
GET SAME CHAR AGAIN

FPRTOK=%97 TOKEN FOR PRINT COMMAND
y
¥=%$2100
USRX LA BPSPLICX256/2546 USR INITIALIZATION

LDY #PSPLIC/256

STA $81 RESERVE MEMORY FOR SPLICES
STY $82

STA $83

STY $84

STA $85

STY $86
LLX #7

LIA FATCHsX
STA $CS5sX

DEX

BFL USRX1
LA $021A

LTY $021K
STA 0S.0+1
STY 0S5.0+2

LDA FOSFLICX2546/256 SFLICE INTO OUTPUT

LY #0SPLIC/256
5TA $021A

STY $021R

LTIA $021C

LOY $021D

8TA CS.0+1
STY CS.0+2
LOA #CSFPLICX2546/256
LDY #CSFLIC/256

STA $021C
STY 40210
LDA $$88

LOY #$AE
5TA $0B

STY s$OC
KTS

PUT SPLICE INTO PARSER
USKX1

GET OLI! OUTPUT VECTOR

STORE INTO OUTFUT SPLICE

GET OLD CTRL-C VECTOR
STORE INTO CTRL-C SFLICE
SFLICE INTO CTRL-C

RESTORE DEFAULT USR VECTOR

i

3 J0KOKOKOK O RO A K0 K K R0 30K 0k KKK K KKK KKK SO KKK R X
FATCH CHMF #3$20 PATCH PUT AT $CS5-s$CC

BEQ Xx-11

JMF FPSFLIC

+BYTE O ATFLG AT sCC
$RIT O SET~ PRINT TOKEN FOUND ON LAST FETCH

sBIT 1 SET— “PRINT AT’ CURRENTLY ACTIVE
3 350K 3K oK KK K K B K ok 3K 8ok o 5Kk K K K K 8 ok 2 KOk K 0K K R KK 0K KXk

{continued)
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Non-relocatable hex data:
A string of any number of bytes in hex form.

Relocatable addresses:
A prefix character R, H, or L followed by two or four hex characters.
The hex number is added to the starting address of the program. The re-
sulting address is stored as follows:
R: Store both bytes (low, high form)
H: Store high byte
L: Store low byte

End of program marker:
Any single character (''+’' is used here).

You can use the loader program for your own machine-language
routines. Use lines 1-58 as shown. Replace 100-999 with DATA
statements for your code in the format shown. When the program has
finished loading it will jump to 1000 with RO set to the starting load ad-
dress. Your statements here should protect your program and perform
any other initialization needed.

How the Program Works

The program has four parts: a USR call for initialization, ‘‘splices’’
into the BASIC parse, output, and control-C routines. The USR routine
changes the top of memory address to protect the permanent part of the
program (not including this initialization). It patches the other three
pieces into their respective vectors. The code at line 1000 saves and
restores the previous USR address, so this routine can be loaded after
another USR routine without messing it up.

The second piece is spliced into the parse routine at $BC-$D3. This
routine fetches the program for the BASIC interpreter a character/token
at a time. When not in a PRINT statement this routine works normally;
otherwise it checks for an AT following the PRINT token. If it is found,
the routine collects and interprets the location specification. It then
returns the character following the first semicolon to the print routine as
if the AT location;’’ had not been there.

The third piece is spliced into the output vector. Any time the '""AT
flag'" (bit 1 of $CC) is on, instead of going to the normal print routine it
outputs to the current screen location and then increments the location.
It then decrements the character count (which the routine that calls it in-
crements) to prevent overflow and returns to the caller.
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Listing 2 (continued)

590 2157 ¥

600 2157  XXXXXXPARSER SPLICEXXXXXX

610 2157 24CC FSPLIC BIT ATFLG PRINT TOKEN FOUND?

620 2159 1014 BFL SFL1 BRANCH IF NOT

630 215E C941 CMF #’A CHECK FOR ‘AT’

640 215D DOOE BNE SPLO ERANCH IF NOT FOUND

650 215F 48 FHA SAVE A & Y REGISTERS
660 2160 98 TYA

670 2161 48 FHA

680 2162 A001 LDY #1

690 2164 BIC3 LOA ($C3 )Y

700 2166 C954 CMF #'T NO BLANKS ALLOWED BETWEEN A&T
710 21468 FO13 BEQ FR.AT BRANCH IF ‘AT’ FOUND
720 216A 68 FLA RESTORE A & Y

730 216B A8 TAY

740 216C 48 FLLA

750 21460 06CC SPLO ASL ATFLG CLEAR PRINT FOUND’ BIT
760 216F C997 SFL1 CMF #PRTOK IS CHAR A PRINT TOKEN?
770 2171 NoO2 BNE SPL2 NOsy BRANCH

780 2173 85CC STA ATFLG SET PRINT FOUNDsy CLR AT FOUND
790 2175 C93A4 SPL2 CMF 3’ ¢ SET STATUS & RETURN CHAR
800 2177 BOO3 ECS SPL3

810 2179 4CCDOO JHF $00CD

820 217C &0 SFL3 RTS

830 2171 3

840 2170 P AORRKKERPRINT AT FOUNDXORR XXX

850 21701 44CC FR+AT LSR ATFLG CLEAR PRINT FLAGs SET AT FLAG
B&60 217F 68 FPLA RESTORE A & Y

870 2180 A8 TAY

880 2181 48 PLA

890 2182 20BCO00 JSK CHRGET SKIP OVER ‘T’

200 2185 20BCO0 JSR CHRGET GET NEXT CHAR

210 2188 C2AS CMF #ASTOK ‘X’ TOKEN?

920 218A DO0s ENE FR.AO NOsy BRANCH

930 218C 20BCO0 JSR CHRGET GET NEXT CHAR

240 218F 38 SEC

950 2190 EO41 BCS FPR.A3 BRANCH ALWAYS

260 2192 ;

970 2192 20C1AA PE.A0 JSR $AAC1 COLLECT EXFRESSION 1
980 2195 200BE4 JSR $B408 CONVERT TO INTEGER

990 2198 20C200 JSR CHRGOT FOLLOWED BY COMMAT

1000 2198 C92C CMF #' 4

1010 2190 DO23 BNE PR.A2 NOs BRANCH

1020 219F AS11 LDA $11 PUSH INT(EXFR1)%32 ON STACK
1030 21A1 OA ASL A

1040 2142 OA ASL A

1050 21A3 0A ASL A

1060 21A4 0A ASL A

1070 21A5 2612 ROL %12

1080 21A7 04 ASL A

1090 21A8 8511 5TA $11

1100 21AA AS12 LDA $12

1110 21AC 24 ROL A

1120 21ADI 48 FHA

1130 21AE AS11 LDA $11

1140 21EB0 48 FHA

1150 21EB1 20C9AA JSR $AACY COLLECT 2ND EXPRESSION
1160 21E4 2008E4 JSR $B408 CONVERT TO INTEGER

1170 21R7 68 FLA ADD INTC EXFR1 %32

1180 21B8 18 CLC

(continued)
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The last piece is spliced into the control-C vector. This vector is called
at the end of each statement (to check if control-C is depressed|. The

spliced routine unconditionally resets the ‘AT flag’’ before going to the
normal control-C routine. This prevents an error, control-C, or END of
the program from leaving the "PRINT AT'' on when control returns to
the user.

This program takes 253 bytes to load; but after initialization it re-

quires only 166 bytes. If you wish to preserve the initialization code also,
just change the ""L57" in line 110 to ""LOO".

Listing 2 (continued)

1170
1200
1210
1220
1230
1240
230
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1340
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480

15300 21Fé6

21BY
21BB
21RI
21RE
21C0
21C2

6511
8511
68

6512
8512
AS11

21C4 BLDE21
21C7 AS12

21C%
21CH
21CI
2100
2103
2105
2107
2104

2104
21DC
211E
21E1

21E1
21E1
21E3
21ES
21E8
21ER

2903
09200
S8LEAZ21
20C200
C?3E
[oo3
4CRCOO

A?1C
85CC
4C4EA2

24CC
7003
4C0000
800000
EEET21

21EE L1003
21F0 EEEA21
21F3 C40E

21FS 60
1490 21F 64

1510 21F4 A900
1520 21F8 8SCC

1530 21FA 4C0000

$11
$11

ADC
STA
FLA
AlIC
5TA $12
LDA $11
STA 0S.1+1
LA $12
ANDI #03
OkRA #$D0
STA 0S.142
JSR CHRGOT
CHF #'5
ENE BOOROO
JMFP CHRGET

$12

FR.A2 ADDI $D000s» STORE AS ‘AT’ LOC.

GET CHARACTER
MUST BE SEMICOLON

ERROR IF NOT
GET CHAR & GOTO PRINT ROUTINE

FR.AJ

i

y
BOOBOO LDA

5TA
JMF

$28
ATFLG
$AZ4E

LOAD OFFSET OF ‘ST’

RESET “FRINT’ & “AT’
PRINT ERROR MESSAGE

ERR MSG.
FLAGS

Y
-

» XAXO0KOUTPUT VECTOR SPLICEXORXXXX

OSFLIC BIT ATFLG ‘AT’ FLAG SET?
BVS 0S.1 YES» BRANCH
05.0 JHF $0000 D0 NORMAL OUTPUT & RETURN
05.1 STA $D00O STORE CHAR ON SCREEN
INC 05.1+1 INCREMENT SCREEN ADDRESS
BNE 0S5.2
INC 0S,1+2
05.2 DEC $0E DON’T LET CHAR COUNT OVERFLOW
RTS

a
’

P XXXKXXCTRL-C VECTOR SFLICEXXXKXXX

CSFLIC LDA #0 END  OF STATEMENT s
STA ATFLG SO0 RESET FRINT» AT FLAGS
€S.0 JMF $0000 D0 NORMAL CTRL-C STUFF




i




Line Editor for OSI 540 Board 31

Line Editor for
OSIl 540 Board

by Earl Morris

SI users are painfully aware

that if a mistake is discovered
in the 63rd character of a BASIC
line, the entire line must be retyped.
[ have watched in awe as PET
owners zip the cursor across the
screen and correct the offending
character in a few keystrokes. OSI
machines lack this useful feature as
standard equipment. But don't
despair. This article describes a soft-
ware patch using the 540 video
board and BASIC-in-ROM to allow
line editing on OSI machines. The
program provides the basic editing

functions, but you can add addi-
: tional features as you wish. The
technique also can be applied to the C1P,

subject to limitations I will discuss later.

A line editor must perform three functions: it must find

the line to be edited, make the changes, and then put the line

back into the BASIC program. Finding the line is easy — just LIST it.

The data is then on the screen. The line editor can read a character from

the screen and copy it exactly whenever a designated key is hit. If any

other character is typed, that character is inserted into the new line in-

stead of the screen character. Now comes the hard part: How do you get
the line back into BASIC?

The new line must be inserted at the proper location, moving the rest
of the program and refixing all the pointers. This is exactly what the
BASIC input routines do. The line editor can be much simpler if BASIC
can be fooled into believing that you re-typed the entire line.

First examine the BASIC input routines. After cold starting BASIC,
type in the following line:

10ABCDE
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Listing 1
10 0000 3 KRKRRKOKKKKKOKEOREEORK KRR
20 0000 X %
30 0000 5 LINE EDITOR FOR OSI 540 BOARD X
40 0000 5% X
50 0000 5 X BY E.D. MORRIS X
60 0000 P X X
70 0000 5 IR KKK KRR R
80 0000 :
90 0240 X=$240
100 0240 A920 LDA #$20  CLEAR BOTTOM OF SCREEN
110 0242 A280 LDX #$80
120 0244 9DCODS CLR STA $D4COsX
130 0247 CA DEX
140 0248 10FA BPL CLR
150 024A EB8 CUR INX
140 024B A920 C1 LDA #$20  REMOVE CURSOR FROM SCREEN
170 0240 9DBONG STA $D6BO X
180 0250 908204 STA $D&8B2sX
190 0253 A9SE LDA #$5E PRINT CURSOR ON SCREEN
200 0255 9UB1D6 STA $D681sX
210 0258 20EBFF JSR $FFEB  GET KEYSTROKE
220 0258 C920 CHMF #$20  SPACE BAR FOR SHORT LINE
230 025D FO19 BEQ COPY
240 025F C921 CHP # | EXCLAMATION FOR SHORT LINE
250 0261 FO10 BEQ LONG
260 0243 C90D CMP #$00  RETURN 7
270 0265 F020 BEQ DONE
280 0247 C9SF CMF #$5F  BACKSPACE 7
290 0249 FO17 BEQ BACK
300 024B C923 CHP #'% ‘3’ FOR SPACE
310 024D DOOC BNE MSCR  MUST BE CORRECTION
320 026F A920 LDA #$20  SPACE
330 0271 D008 ENE WSCR  BRANCH ALWAYS
340 0273 i
350 0273 BDOiD& LONG LDA $D401:X READ SCREEN ( LONG)
360 0276 DOO3 BNE WSCR  BRANCH ALWAYS
370 0278 ;
380 0278 BD41D6 COFY LDA $Dé41yX READ SCREEN ( SHORT)
390 027B 9DC1D6 WSCR  STA $D4C1sX PRINT CHAR ON SCREEN
400 027E 9513 STA $13sX STORE CHAR IN BUFFER
410 0280 LOCB BNE CUR BRANCH ALWAYS
420 0282 i
430 0282 CA BACK  DEX BACKSPACE
440 0283 30CS BMI CUR LIMIT BACKSPACE
450 0285 10C4 BFL C1 BRANCH ALWAYS
460 0287 i
470 0287 A900 DONE LDA #0 PUT NULL INTO BUFFER
480 0289 9513 STA $13,X
490 028B A992 LDA #$92 DISPLAY ‘0K’ MESSAGE
SO0 0280 AOA1 LDY #$A1
S10 028F 20C3A8 JSR $ABC3
520 0292 A212 LDX #$12
530 0294 A000 LDY %0
540 0296 4CB0A2 JMF $A280 BACK TD BASIC
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If you press RETURN, this line will be entered into the BASIC text.
However, instead of RETURN, press the BREAK key and jump to the
machine-monitor mode. Examine the data stored at locations $0013 to
$0019. You should find

Location Data ASCII
$0013 31 1
$0014 30 0
$0015 41 A
$0016 42 B
$0017 43 &
$0018 44 D
$0019 45 E

The data at these locations is the hex representation of the ASCII
characters you just typed. Locations $0013 through $005A are the input
buffer. Thus, to simulate keyboard input the line editor must store the
corrected line in this buffer. The next trick is to get BASIC to accept this
data. First the "'X'’ and ''Y'’ registers must be set to point at the input
buffer and then a jump made to the proper location in BASIC.

Try the following experiment. Cold start BASIC and jump to the
machine monitor. Using the monitor, fill locations $0013 to $0019 with
the hex data from the above example, adding a $00 at location $001A.
Again using the machine monitor, write the following program at $0250.

$0250 A2 12 LDX #$12
$0252 A0 00 LDY #8$00
$0254 4C 80 A2JMP $A280

Then execute the program starting at $0250. The pointers are set to the
input buffer and a jump is made into ROM. There will be no indication
that anything happened, but you are now back in BASIC. Type LIST and

10ABCDE

will appear. This technique has convinced BASIC to accept a line of data
stored in the input buffer as if it had been typed in. Try using this method

to input other lines of data, remembering to make the final character a
null or $00.

Here is the final link to writing a line editor. Listing 1 is an editor
assembled at address $0240. The program assumes that the line to be
edited has been listed previously and now appears on the screen starting
at $D641. The line editor is called through the USR function. After clearing
several screen locations, the program displays an up arrow ($5E) as a cur-
sor immediately below the line to be edited. The subroutine at $FFEB
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gets a character from the keyboard. If this character is a space bar ($20),
one character is copied from the old line into the input buffer and
displayed on the screen below the cursor. The cursor will move
backwards on a backspace or $5F input. A RETURN or $0D indicates that
you are finished editing that line. Since the space bar is used for direct
copying, something else must be used for a space. I have chosen the # sign
or $23. Any other character typed is assumed to be corrected input and is
stored in the buffer and on the screen.

The RETURN key causes the program to display ''OK'’' and places a
null at the end of the input line. The pointers are set as described above,
and a jump made back into BASIC. If the program is moved to reside in a
different memory location, the jump absolute instructions at lines $0282
and $0288 must be changed.

For those of you who do not use machine code, I have included a
BASIC program to set up this patch and then erase itself. Once the line
editor is entered, either by BASIC or via machine code, load the program
you want to edit. Then add the following line to your BASIC program:

1 POKE 11,64: POKE 12,2:Z=USR(1)

LIST the line you want to edit, then type RUN. This calls the line editor
and displays the cursor directly under the listed line. The valid com-
mands were listed above. To run your program, either delete line one or
enter RUN 10 (assuming your first line is 10). Before you save the cor-
rected program, delete line one.

Listing 2

10 PRINT "LINE EDITOR FOR OSI™

20 PRINT * C1F OR SUPERBOARD"
30 FOR I=576 TO 449 :READ JIPOKE IsJINEXT

40 PRINT:PRINT "EDITOR LOADED"™ :NEW

50 DATA 169532+1415375211,141+38:211+16250
60 DATA 1699329157 959211:157 9792115169594

70 DATA 157 96+2119329235¢255:2019329240,22

B0 DATA 2019132405 345201v959240926+¢201:35
90 DATA 20B+2+169232:157938+211+149:19:76

100 DATA 124,2,189+230+210s157 3821114919

110 DATA 232+76+74921202:76+74+20149:79
120 DATA 141+6992115169975+141+70:211+1469+32

130 DATA 141,71v2115169+0+149519+162:18+140
140 DATA 07641289162
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Now for the limitations of this simple editor. The line to be corrected
must appear at a fixed position on the video screen. This is determined by
the screen read instruction LDA $D641,X. The editor will not work if the
line is not exactly at this position. For example, if a line is longer than 64
characters, the screen will scroll, moving the text up one line. A similar
problem occurs when you attempt to edit the last line of a program — the
listed line appears too low on the video screen. In this case, simply hit a
RETURN to scroll up one line and then type RUN to enter the editor.

Lines longer than 64 characters can be edited by changing the screen
read instruction from LDA $D641,X to LDA $D601,X. This is ac-
complished by using different keys for the '‘copy’’ function, depending
on the length of the line being edited. Lines shorter than 64 characters are
copied by pressing the space bar. Longer lines are copied with the
exclamation (!) key.

This editor can be modified to run on a C1P or Superboard by changing
the appropriate screen locations. A BASIC listing of a C1P version is
shown in listing 2. The editor is limited to a single video line, which, in
the case of the C1P, is only 25 characters. To edit multiple lines, the
editor must be able to skip over the unused bytes on the edges of the C1P
video screen.

Listing 3 is the source code for 65D3.2. Assemble the program
somewhere (for example at $XXXX) and go back into BASIC. The editor
is set up by DISK!"'GO XXXX'’'. This set-up POKEs the word 'EDIT"’ in
place of “WAIT"' in the instruction table and changes the dispatch table
to point to the edit routine. The first NOP must be left due to the way the
dispatch table works. LIST a line, then call the editor by entering EDIT.
Otherwise this routine works the same as the 540 ROM version.
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Listing 3

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
4460
470
480
490
500
510
920
530
540
590
260
970
580

270
600

610
620

630

0000
0000
0000
0000
0000
0000
0000
EBOO
EBOO
EBO2
EBOS
EBO7
EBOA
EBOC
EBOF
EB11
EB14
EB1S
EB1S
EB1S
EB15
EB16
EB18
EB1A
EB1D
EB1E
EB20
EB22
EB24
EB27
EB2A
ES2C
EB2F
EB32
EB834
EB36
EB38
EB3A
EB3C
EB3E
EB40
EB42
EG44
EB46
EB48
EB4A
EB4 0
EB4F
EBS2
EBSS
E8S7
EBS8
EBSE
EBSC
EBSE
EB&O
EB&2
EB&4

EB&66

EB48
EB&ER
EB&IN
EBGF

AT45
8NC902
AT44
8NCAO2
AT15
BL2402
ATES
gn2502
60

EA
A920
AZ2B0O
QLCONS
CA
10FA
A200
AT20
L4006
PLI42016
A9SE
L4106
20EDFE
C220
FO19
921
FO10
Ce0D

F022
C9SF
FO19

C?23
nooc
A?20
noos
BOC1DS
0003
BOO1DI6
F0B106
951B
ES
4C22E8
CA
30F9
10C2
A%00
951K
R?92

ADOJ

200300
AZ1A
AO000
4C8004

# KKK ROKOK KKK BOKOK KK KK KKK K K00k Kok koK
X LINE EDITOR 65DIN 3.2 VERSION X
X
i X

X=$EBOO

SET

GO

CLR

CUR

LONG

COFY
WSCR

L1
BACK

[DONE

X

BY EARL MORRIS X
2222200080008 3338383¢338383¢¢3%1

yJUMP HERE TO SET UP EDLITOR BY “EDIT™

LDA
STA
LDA
STA
LDA
STA
LDA
STA
RTS

$E
$02C9
# I
$02CA

$C0X256/256

$0224

$G0/256

$0225

iSTART OF EDIT ROUTINE
BUFF=$1R

NOF
LDA
LIX
STA
DEX
BFL
LOX
LDA
STA
5TA
LOA
STA
JSR
CHF
REQ
CHF

BEQ
CHF

BEQ
CHF
BEQ

CHF
ENE
LOA
ENE
LOA
BNE
LI/
STaA
STA
INX
JHF
DEX
BMI
BPL
LIIA
8TA
LIA
LOY

JSK
LOX
Loy
JHF

$$20
$$80

$N6COs X

CLR
$#0
$$20

$0640sX
$06424X

$#$5E

$0641,X

$FEED
$$20

COFPY
3|
LONG
sl

DIONE
$$5F
BACK
i

WSCR
$$20

WSCR

$05C1 5 X

WSCR

$04601+ X
$0681 4 X

BUFF s X
CUR

L1

CUR

$0
BUFF » X
$$92
$3
$0003

#$1A
$0

$0480

CLEAR SCREEN BOTTOM

REMOVE CURSOR

CURSOR
FLACE CURSOR

GET KEYSTROKE
SPACE BAR FOR SHORT LINE

EXCLAMATION FOR LONG LINE
RETURNT

BACKSFACE?

# FOR SPACE

MUST BE CORRECTION
SFACE

ERANCH ALWAYS

REALl SCREEN ( LONG)
ALWAYS

REAL! SCREEN ( SHORT)
WRITE SCREEN

INFUT RUFFER

BACKSFACE
LIMIT BACKSFACE

NULL INTO BUFFER

DISFLAY “0K’ MESSAGE

BACK TD BRASIC
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Auto Line Numbers for
OSI| Disk BASIC

by Lester Cain

oftware support for the OSI is
improving but is still minimal,
and users have to develop many of
their own programs. Actual pro-
gramming with flow charts and
algorithms is part of the pleasure of
developing your own program. But
when it's time to input to the
machine some of the fun flies out
the window. With all the necessary
keying, line numbers are an added
detriment and detract from the
pleasure of writing programs.

Some of you are familiar with
large mainframe computers, which
have an AUTO function and put out

line numbers for you. This function
is definitely a plus and should be available
Y to everyone. I explain here a simple, easy-to-use

program that gives you an AUTO function to relieve

some of the tedious burden of typing. There are two listings —

one in assembly language and the other in BASIC, which should

work on the C1P disk BASIC also. The logic is easy to follow and could be

put to use on ROM machines with different hooks. But I will leave that as
an exercise for persons with ROM.

Listing 1 is the assembly-language routine necessary to develop the
program. In OSI disk BASIC, the routine to get a character from the
keybmard and incorporate it into the BASIC Source begins at $558, which
1S LDX #3%0. At the next address, or $55A, there is a hook to make BASIC
jump to the AUTO program. This is accomplished in line 310 of listing 2
and forces information to go through the code before BASIC can do
anything with the keyboard information.

Now you are at routine START in the assembly routine. Since there is
a hook here to make BASIC jump, you will have to perform the routine
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Listing 1

10
20
30
40

20
60

70

80

70
100
110
120
130
140
150
160

170
180

190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
4460
470
480
490
00
210
920
030
340
ool
060
a3/ 0
o980

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000

0000
0000
8000
8000
8003
8004
8004
8006
8008
800A
800C
800E
800E
8010
8012
8014
8016

208705

48

C?06
no00é
AP00
8508
8509

C?71B
D004
E&DB
E6DY
ASDB

8018 NOO04

8014
801C
801E
801F
8022
8022
8023
8025
8025
8027
8029
8029
802K
8020
802E
8030

8032
8034

8036

8038
803A

8034

ASDY
FOO4
68

4CSNOS

48
A9 40

854C
ATLI7

8560
ASDA
18

690A
85DA
Y002
E&IE
AGTIA
ASDE

X AUTO LINE NUMBERS x

sX FOR OSI
i X

R BY LES CAIN

P X
’
SCL=%4C
SCH=%460D
BUF=%1A
:
BASIC=%055D
INFUT=%$0587
LINE=$%1CDC
'
TH=%$D8
FH=TH+1
LO=TH+2
HI=TH+3

i

’
x=$8000
START JSR
PHA
;
AUTON CHF
BNE
LDA
SThA
STA
y
AUTOFF CHF
BNE
INC
INC
LDA
ENE
L.OA
EEQ
BK FLA
BK1 JMF

BACK

’
AUTO FLA

LDA

sTa
LDA

STA
LDA
ElLG
ALIC
S5TA
ECC
INC
LDOX
LTA

ASOUT

CiP-C8P
7% WITH DISK BASIC

INFUT

$6

AUTOFF

$0

TH
FH

#$1KE

BACK
TH

FH

TH
EK

FH
AUTO

BASIC

$%40

SCL
$s07

SCH
LO

$10
LO
ASOUT
HI

La

HI

%
X
4
X
X

CURSOR’S HOME POINTER (LO)
CURSOR’S HOME POINTER (HI)

START OF BASIC BUFFER

INFPUT EXIT POINT
BASIC INFUT ROUTINE
HEX-DECIMAL CONVERT ROUTINE

AUTONUMBER FLAG

CARRIAGE RETURN FLAG
CURRENT LINE# (LO BYTE)

CURRENT LINE# (HI BYTE)

BASIC INPUT ROUTINE SENT HERE
SAVE CHARACTER

CTRL F 7
YES»
AUTO
FLAG

TURN ON AUTO
FLAG
TO BYFASS AUTO

ESC

TEST
TURN

FLAGS
OFF AUTOD FLAGS

GET AUTO FLAG

NOT A O - BACK TD BASIC

CR FLAG MADE 0 WITH A CR

IF O THEN CONTINUE WITH LINE #
RESTORE SAVED CHARACTER

BACK TO BASIC WITH CHAR

FULL SAVED
LO BYTE OF
s XXXX #3345
INITIALIZE
HI BYTE OF
s XXXk $$D3
INITIALIZE
LO BYTE OF

CHAR FROM STACK
SCREEN ADDRESS
FOR C1P Xxxx
FOINTER LO BYTE
SCREEN ADDRESS
FOR C1F X¥xXxX
FOINTER HI BYTE
LINE #

ADD LINE INCREMENT

SAVE LO BYTE

SKIF INCR HI IF NO CARRY
INCREMENT HI IF NECESSARY
GET LO BYTE OF LINE #

GET HI EBYTE OF LINE #

s CONVERTS BINARY NUMERER TO ASCII STRING & OUTPUTS

(continued)
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that was originally there, getting a key from the keyboard. At AUTON
you test for a control 'F'. If this key is encountered, the two Auto flags are
set to zero and the program will fall through to the AUTO routine. If
there is no control 'F’, then test for an ESC at AUTOFF. If there is an
ESC, turn off Auto flags TH and FH and go back to BASIC with the
character in the accumulator. If no ESC is found, test Auto flag TH. If TH
is not zero then test the secondary flag FH. This flag is turned off in the
SCR routine so constant line numbers are not output. If FH is zero then
you are ready for a new line number and fall through to the AUTO

routine.

AUTO is a simple addition and increments the line number by 10 at
every pass. AUTO also initializes the indirect screen pointers. This needs
to be done only once, but why take chances? BASIC might decide to stick
something at these addresses.

One of the keys to the whole program is the ASOUT routine. The line
number is loaded into the accumulator and the X index. A JSR to the
BASIC routine LINE ($1CDC) outputs an ASCII string from the binary
values in LO and HI to the screen at cursor level. BASIC uses this routine
to output line numbers when listing.

This brings you to the most important segment of the program — get-
ting BASIC to accept the line number you have created. It must be in an
acceptable format and in the input buffer. Use the Y index for LINE, and
decrement it by one to get you to the cursor. Here storage is started into
the buffer. After the line number is in, the X index is decremented and
you write on top of the cursor with a space. BASIC uses X to point into
the buffer. From here it’'s back to the keyboard with a space after the last

digit of the line number. Here you also turn off the CR flag FH, simply by
incrementing it.

Now for the last segment of the assembly program — the CR routine.
You have put a hook into BASIC with the statement in line 270 of listing 2.
BASIC jumps here when it finds a carriage return. Turn to the back of flag
FH; if the main Auto flag TH is on, the AUTO process continues until an
ESC turns off both flags. To end the program, jump to $A6D. This puts
the buffer pointer into the CHARGET routine and checks the syntax to
determine if what you just did was an immediate command or a line

number. Since it is a line number, all pointers will be reset and the line is
€ntered into the BASIC Source.

The BASIC program as shown is all that is necessary to have the
AUTO function on your system. Line 170 determines the highest page of
RAM on your system and sets the high end of BASIC work space to pro-
tect the object code. Statement 220 POKEs the code into the appropriate
area of memory by reading the data and POKEing it to 1. Statement 270
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Listing 1 (continued)

270
600
610
620
&30
640
6350
660
670
680
690
700

710
720

730

740
7350

760
770
780
790

800
810

820
830

803A
803A
B803A
8030
803E
BO3F
8040
8041
8041
8043
8046
8047
8049
B04A
BO4H

BO4C
BO4E

8050
8052
BOS2
8052
8052
8052
8054
B0S6

20IC1C

98
AA
48
88

K14C

991A00

88

NOF8
68
AB
CA
E&LY
A920

[OCh

A%00

8509

4C410A

sUSEDl TO OUTFUT LINE #°S WHEN LISTING

¥y

’
SCR

;
sFATCH
sAFTER

y
CR

JSKR

TYA
TAX

FHA

DEY
LOA

DEY
ENE
FLA
TAY
DEX
INC
LA
ENE

LINE

(SCL )sY
STA BUFsY

8CR

FH
#$20

BR1

EASIC ROUTINE FOR THE LINE $#

GET Y-REG FROM OUTPUT ROUTINE
SAVE IT IN X-REG

BYFASS SFACE AFTER CURSOR

GET CHARACTER FROM SCREEN
FUT IT IN EBASIC BUFFER-1

NOT AT END OF LINE#
GET Y-REG EBACK
RESTORE Y FOR DISFLAY PURFOSES
BYFPASS CURSORs X IS BUFFER IND
TURN OFF CR FLAG

LOAD A SPACE

TO BASIC WITH SPACE IN ACC.

ON SCREEN

FROM BASIC FOKES TO RESTORE AUTO FLAG
A CR IS RECEIVED BY INFPUT ROUTINE

LOA
STA

JMF $0A&0

$0
FH

TURN AUTO FLAG BACK ON
SET CR FLAG
BACK TO BASIC ADDRESS PATCHED
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puts in the intercept jump to reset the secondary Auto flag. Statement
310 puts the hook for getting characters into the original BASIC routine,
for the test routine. Since the machine code is completely relocatable,
the only variable is P, which BASIC puts in 8960 on boot in, indicating
the highest page in RAM.

The REM statement in the data indicates the location of the beginning
line number. This can be changed if you don’t want to start a line number

as 100.

The listings included here allow you to choose how you want to
implement the AUTO routine. The assembly method can be used in the
free area before BASIC workspace on the mini-disks. A note of caution:
some of the new software has a revised keyboard routine in this area.
This way the program is available all the time and not used as free RAM.
Or, the BASIC program could be run from BEXEC*. The BASIC listing
was made using the AUTO function.

A few words here on using the finished program: the two flags are
turned off at first and must be turned on with a Control-F. After the pro-
gram is on, it will continue to output line numbers until it encounters an
ESC. The ESC can be either in the line or before another line is output.
Simply press the space bar to continue after each carriage return. This is
certainly more convenient than typing in line numbers!
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Listing 2

10 REM AUTO LINE NUMBERS

20 REM FOR 0OSI 1P-8F DISK SYSTEMS
30 REM WORKS FOR ANY SIZE MEMORY

40 REM

50 REM FOKE NEW HIGH MEMORY TO SAVE CODE

60 S=FPEEK(B?60)IFOKE 132,143IFOKE 133,5! RUN 70
70 F=FEEK(8960)

80 REM

70 REM X IS BEGIN ADDRESS TO FOKE CODE

100 X=F%256+1441F0ORI=X TO X+88IREAD AIFOKE IsAINEXT
110 REM

120 REM POKE A JUMF TO MACHINE CODE AT $0584
130 REM F IS THE HIGH BYTE

140 POKE 1412,746IFOKE 1414,PIFOKE 1413,226

150 REM

160 REM POKE JUMF TO MACHINE CODE AT $055aA

170 FOKE 1370+s761FOKE 13715144 1POKE 1372+F

180 REM

170 PRINTIFRINT"READY" IFRINT

200 REM

210 REM SET BEGINNING LINE = TO 90

220 POKE 218»90:FOKE 21940

230 REM

240 REM DATA FOR MACHINE LANGUAGE CODE

250 DATA 32y135+5+72920196+920896916990913392165133+217+5201527

260 DATA 20894,230521692305217516552169208945165+217 9240542104576
270 DATA 930511044169

280 DATA 464t REM CHANGE TO 101 FOR C1F

290 DATA 133,108y 1469

300 DATA 215:REM CHANGE TO 211 FOR CiF

310 DATA 133+1099165+218+24,105

320 DATA 10:REM THIS 1S THE AUTONUMEER INCREMENT

330 DATA 133y218v144+2+y230+21991669218916592199329220528y1525170972
340 DATA 13691779108915332630:136v208+24821045168B9202+23052175146%9:32
350 TIATA 208920591699 091339217976+109510
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Autonumber Plus for
Cursor Control

by Kerry Lourash

his short machine-language
utility frees C1P owners from
the drudgery of typing line numbers
and doubles as a fast line deleter.
When the Autonumber (AN) pro-
gram (listing 1) is patched into Cur-
sor Control, a number can be called
up by hitting the LINE FEED key.
The number will appear on the
screen, indented one space and
followed by a space, just as line
numbers appear when they are
LISTed. Only the number is stored
in the buffer; this lets you use the
limited buffer length to the fullest.
Hitting the LINE FEED and
RETURN keys alternately deletes
lines quickly.
The counter for the Autonumber is located in
$F1, $F2 (decimal 241 and 242). It can be set directly
with POKEs or zeroed by doing a warm start. The counter can
also be zeroed by POKEing $206 (decimal 518) to zero.
Autonumber is patched into the Cursor Control by setting CC's
PATCH jump to the starting address of Autonumber:

Change $1E10 ($12) to $22
$1E11 ($1E) to $02

The line increment can be altered by changing location $024C (deci-
mal 588).

The AN uses a BASIC-in-ROM subroutine whose normal function is
printing line numbers for the LIST routine and ERROR IN XXXX
messages. This subroutine converts the contents of the A and X registers
to an ASCII string stored in $0100-$010C. Next, it prints the string on the
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Listing 1
10 0000 R 8888889808098 8 8808883838880 88¢¢4:3
20 0000 s¥ AUTONUMBER FOR CURSOR CONTROL x
30 0000 3 X X
40 0000 y X BY KERRY LOURASH X
o0 0000 2033880000628 0888880088800 68988848¢8:
60 0000 §
70 0000 COUNTL=%F1 AUTO COUNTER LO BYTE
80 0000 COUNTH=%$F2 AUTO COUNTER HI BYTE
20 0000 FLAG=%206 AUTO RESET FLAG
100 0222 =$222
110 0222 y
120 0222 s XXXXKXKXALD THIS ROUTINE T0 MAKEXXXXXX
130 0222 s XXXXXXAUTONUMBER FREE-STANDINGXXXXXX
140 0222 s XXXXXAXPATCH INTO INPUT WITHXXXXXX
150 0222 FXXKXXXXFORES36734 FOKE S37 v 2XXXXXX
160 0222 H
170 0222 y 0222 2C0302 INFPUT BIT %203
180 0222 0225 1003 BFL 1IN
190 0222 y0227 ACEBFFF JMF $FFBF
200 0222 y022A BA IN TXA
210 0222 0228 48 FHA
220 0222 y022C 98 TYA
230 0222 s02201 48 PHA
240 0222 y 022E 2000FD JSR $FDOO
290 0222 i
260 0222 s XXXXXXCHANGE “QUIT’ CODE FROMXXXXXX
270 0222 FRXXKXXIMP $1E12 TO JMFP SFDB7XXXXXX
280 0222 :
290 0222 (C90A AUTONM CMF #%A LINE FEED KEY?
300 0224 LIO3D BNE QUIT NOs BACK TO CC
310 0226 AE0602 LOX FLAG FLAG=0 7
320 0229 11008 ENE ZERO NOy DON’T RESET COUNTER
330 022B A9464 LDA $100 INITIALIZE COUNTER
340 022D 8BSF1 STA COUNTL T0 100
350 022F A%200 LDA #$0
360 0231 85F2 STA COUNTH
370 0233 A%00 ZERO LDA #0
380 0235 8L0&02 STA FLAG
390 0238 A&F1 LDX COUNTL
400 023A ASF2 LA COUNTH
410 023C 203ERY JSR S$B95SE PRINT A LINE #
420 023F 20EOQOAS8 JSK S$ABEO0 PRINT A SPACE
430 0242 AZFF LIX #$FF
440 0244 ES8 LOOP INX FUT LINE # IN BUFFER
450 0245 RDO101 LDA $101+X GET DICIT
460 0248 9513 STA $%$13sX PUT DIGIT IN BUFFER
470 0244 DOFS8 BENE LOOF
480 024C 18 INCRMT CLC INCREMENT AUTO COUNTER
490 024051 A90A LA #10 BY 10
o900 024F 65F1 ALNC COUNTL
510 0251 85SF1 STA COUNTL
920 0253 9002 BCC TDONE
930 0255 EAF2 INC COUNTH
540 0257 8E0602 DONE STX FLAG  SET FLAG (continued)
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screen. The space after the line number is printed by another BASIC-in-
ROM routine.

The AN program can be relocated, but $1E10 and $1E11 must point to
the new starting address. If you've relocated the Cursor Control program,
adjust AN's JMP $1E12 accordingly.

Because of memory space limitations, I was not able to make the Cur-
sor Control as modular as I would have liked. Several useful routines are
impossible to access directly from BASIC. Also, I noticed that I seldom
used the window feature because the windows are hard to set. The
following routines (listing 2) should correct these weaknesses.

First, I designed the USR GO routine to make machine-language
subroutines easier to access. This routine eliminates the need to POKE
different USR vectors when multiple machine-language routines are called
in a BASIC program. The vector ($11-$12) needs to be set only once — to
the start of the USR GO routine. When you call a machine-language
subroutine, type X-USR (DDDDD). The D’s represent the decimal ad-
dress of the subroutine. You can use a number, variable, or even an ex-
pression inside the parentheses. For example, (2256 + 6*16 + 4) would be
accepted. To set USR GO, POKE 11,100:POKE12,2.

USR GO allows five special subroutines to be called with a single digit
(1-5) and checks the high byte of the calling address in the USR paren-
theses before going to that address. If the high byte is zero (address less
than 255), USR GO selects one of the five routines. If the number is not
1-5, a ""function error’’' message is printed. With a little examination of
the USR GO logic you can add over 200 of your own often-used sub-
routines. Here’s a hint: $B408 returns with the low byte of the address in
the Y register.

Now that multiple machine-language routines are easy to access, it’'s
possible to tap three useful Cursor Control subroutines:

ESC - Switch windows (1)
RUB - Erase current window (2)
HOM - Home cursor (3)

There is also a PRIN AT function that moves the cursor location to any
address in screen memory:

PRINAT - Print at (4]

The command format is X = USR(4) offset. The offset should be 1-1000

and can be expressed as a number, variable, or formula. The offset is added
to $D000 (upper left corner of the screen) and the cursor is moved to that
location. A handy way to set cursor location is X = USR(4)A*32 + B.

To make window setting easier, I developed:

WINSET - Set window boundaries (5)
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Listing 1 (continued)

030 025A 68
360 025k A8

o970 025C 68
280 0250 BA

990 025E 48
600 025F
610 0260 48

620 0261 A%01
630 0263

Listing 2

10
20
30
40
20
60
70
80
70
100
110
120

130
140

150

160
170
180
190
200
210
220

230
240
230
260
270
280
290
300
310
320
330
340
350
360

370
380
390

0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0264
0264
0264
0267
0269
0268
026E
026E
0271
0272
0273
0274
0276
0278
0274
0278
027H
027C
027E
027F
0280
0283
0283
0284
0286

98

4C121E

2008Ek4

C?00
FO10

6C1100

201AA7

C8
98
18
65C3
7002

E6C4
60

88
DO0S
48
48

4C601E

88
005

48

QUIT

FLA
TAY
FLA
TXA

FHA
TYA
FHA
LDA
JMF

FULL BUFFER INDEX (X)
FROM STACK AND REPLACE

WITH NEW CHAR COUNT

#1 NON-PRINTING CHAR
$1E12 BACK TO CURSOR CONTROL

R222200230023883883 8¢
sX BASIC ACCESS TO x

y¥ CURSOR CONTROL X
7 KKRORKCKOR OO OOR KRR ROk X

y
CURSOR=%EO

ALTWIN=%ES
FATCH=$1EOF
ESCAPE=3$1ESC

HOME=$1E72
RUBOUT=%1E80

FCURSR=%1F 14
FRINT=%1F1F

&~
b

X=$026464
4
USRGD JSR $B408 CONVERT TO 2-BYTE No.
CMFP 20 IS HI BYTE=07
BEQ@ ESC YESy TO CC SURS
JMF  ($11) JUMP T0 ADDRESS
y
CLR JSR $A71A FIND END OF LINE
INY PLUS 1
TYA
CLC UFDATE FARSER POINTER
ADC $C3
BCC CL1
INC $C4
cL1 RTS
¥
ESC DEY SWITCH WINDOWS
ENE RUR
FHA
FHA
JMF ESCAPE+4
y
RUE DEY CLEAR WINDOW
ENE  HOM
PHA (continued)
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The command format is X = USR(5) top boundary, bottom boundary.
The boundaries are expressed as line numbers: 1 = top to 32 = bottom.
See figure 2 in the Cursor Control article for a map of the window lines. A
typical command is: X = USR(5)24,30. This command sets the alternate
window to the bottom quarter of the screen. To use the window, call the
ESC routine: X = USR(1).

CLR Subroutine

Notice that PRINAT uses one variable to the right of the USR paren-
theses and WINSET uses two. CLR allows the use of the command form
X = USR(A),B,C for both routines. CLR finds the end of the statement,
either colon or null, and sets the parser pointer ($C3,$C4) past the end of
the line. Otherwise BASIC would print an error message.

After trying out the Autonumber Plus, you may wish to relocate it to
leave the block of RAM at $0222 free. Cursor Control could be moved
down one or two pages and the AN relocated to the top of memory. Cur-
sor Control will protect them from being overwritten. Warmstart vectors
$0001 and $0002 would have to be adjusted, of course.

Listing 2 (continued)

400 0287 48 FHA

410 0288 4C841E JMF  RUBOUT+4

420 028E ;

430 028E 88 HOM DEY HOME CURSOR

440 028C IOOS BENE PRINAT

450 02BE 48 FHA

460 028F 48 FHA

470 0290 A4C6F1E JHF  HOME-3

480 0293 P

490 0293 88 FRINAT DEY PRINT AT

200 0294 DO16 ENE WINSET

910 0296 201F1F JSK  PRINT ERASE CURSOR

920 0299 20C1AA JOR  $AAC1 GET OFFSET

930 029C 2008E4 JSR  $B408 CONVERT T0 2-BYTE %
540 029F B4E0 STY CURSOR ADD OFFSET TO $D00O
900 02A1 18 CLC

960 0242 4900 ADC #$D0

970 02A4 BSE1 STA CURSOR+1

380 02A4 20141F JSR  PCURSR PRINT CURSOR

(continued)
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Listing 2 (continued)

290 02A9 4C6EQ02 JMF  CLR GOTO END OF LINE

600 02AC y

610 02AC 88 WINSET DEY SET ALT. WINDOW

620 02AD DO32 ENE ERK

630 02AF 20C302 JSR  WINGET+3 GET START OF WINDOW
640 0282 200502 JSR STOR STORE 1IT

650 0285 20C002 JSKR  WINGET GET END OF WINDOW
660 02B8 A202 LDX #2

670 02BA 200502 JSR  STOR STORE IT

680 02BN 4C6EO2 JMFP  CLRE TO END OF LINE

620 02C0 ?

700 02C0O 2001AC WINGET JSK $ACO1 FIND COMMA ELSE ERROR
710 02C3 20C1AA JSR  $AAC1 GET VALUE

720 02C6 2005AE JSR  $AEOS CONVERT TO 2-BYTE #
730 02C9 Cé4AF DEC S$AF MINUS 1

740 02CB A205 LDX #35 $6 FOR 2K CONVERSIONS
730 02CD O6AF Wi ASL  $AF MULTIPLY BY 32

760 02CF 26AE ROL $AE

/70 0201 CA DEX

/80 0202 DOF9 ENE W1

790 02D4 &0 RTS

800 0205 y

810 025 ASAF STOR LOA $AF STORE WINDOW VALUES
B20 0207 95E6 STA ALTWINsX

830 0209 18 CLC

840 0204 A%DO LTA #$D0O

850 02DC 65AE ADC  $AE

860 02DE 95E7 STA ALTWIN+1:X

870 02E0 &0 KTS

880 02E1 4CBBAE ERR JMF $AESS FUNCTION CALL ERR
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ON ERROR GOTO
for OSI ROM BASIC

by Earl Morris and Kerry Lourash

hen OSI ROM BASIC en-
counters an €rror, program ex-
ecution is halted and the screen
displays the dreaded

¢ §* ERROR IN LINE xx

where the * is a graphics character
rather than the correct letter. The
following programs add an "ON ERR
GOTO'" function to your machine
so that errors are detected and a
jump is made to program line 50000.
The line number where the error oc-
curred is stored in the variable XX

and the type of error is stored in X.
At line 50000 the programmer can
print out the expanded error message, fix

the error, or jump back to the program. As an
added bonus, the graphics character in the error
message is converted to the correct alphabetic letter.
As an example, consider the program

10 INPUT “NUMBER’"; A
20 PRINT:PRINT 1/A
30 GOTO 10

If 4 Zero 1s input, the program halts with a divide-by-zero error in line 20.
With the error-trap program in place, the following can be added:

20000 PRINT: IF XX < > 20 THEN END

50010 PRINT:PRINT “CAN'T DIVIDE BY ZERO — TRY AGAIN"
50020 GOTO 10
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Listing 1: 1P Version

10 0000 31823332223 30323838238¢83880¢383¢%

20 0000 3% ON ERROR ROUTINEs 1P VERSION %

30 0000 333388083 230222220002832¢83¢¢¢¢828¢9:

40 0000 ;

50 0000 $COES TO LINE S0000 ON ERROR WITH

40 0000 sLINE NUMBER IN XX» ERROR TYPE IN X.

70 0000 ;

80 0000 3SET UP $021A=$22, $021B=%$02

20 0000 ;

100 0222 X=$0222

110 0222 ;

120 0222 C90D CMP #$0D 1S OUTPUT A CR?

130 0224 DO1S BNE BYE NOy EXIT TO NORMAL
140 0224 BA TXA SAVE X REGISTER

150 0227 48 PHA

160 0228 BA TSX GET STACK POINTER
170 0229 BNDO&401 LDA $104sX IS CALLING ADDRESS
180 022C C952 CMP $$52 $A252 7

190 022E D007 BNE Al

200 0230 BRDO701 LDA $107:X
210 0233 CPA2 CMP 2%A2
220 0235 FOO07 BEQ ERRTRF YESy TO ERR TRAP

230 0237 48 Al PLA RESTORE X-REG.

240 0238 AA TAX

250 0239 A90D LDA #$0D RESTORE A-REG.

260 0238 4C49FF BYE JMP  $FF &9 GOTO REGULAR OUTPUT
270 023E ;
280 023E AS88 ERRTRP LDA $88 IF IN IMM. MODE
290 0240 C9FF CMP $3$FF PRINT ERROR MESSAGE
300 0242 FOA4C BEQ ERKOR
310 0244 ;
320 0244 S XKXXXXSTORE CURRENT LINE # IN XX XEXkXX
330 0244 A487 LDY 87 STORE
340 0244 854D STA $AD IN ?.PEgRRENT g
350 0248 B4AF STY $AE

360 0244 A290 LDX #$90

370 024C 38 SEC

380 02401 20E8E7 JSK $B7ES CONVERT LINE# TO F.P.
390 0250 A900 LDA #0

400 0252 855E STA $5E SET DEFAULT DIM FLAG
410 0254 855F STA $5F SET VAR. TYPE FLAG
420 0256 A958 LDA #'X SPECIFY XX VARIABLE
430 0258 8593 STA $93 NAME

440 025A 8594 STA $94

450 025C 204%AD JSK  $ALI49 FIND OR CREATE XX
460 025F 8597 STA $97

470 0261 8498 STY $98

480 0263 2074E7 JSR $B774 STORE F.P.A IN XX
490 0266 ;
500 0266 s XXXXXXSTORE ERROR #/2 IN X XXXXXX

510 0264 48 PLA PULL ERROR %

520 0267 48 PHA SAVE IT AGAIN

530 0268 44 LSk A HALVE IT

540 0269 A8 TAY

550 026A A%00 LDA 30

560 0246C 20C14F JSR  $AFC1 STORE ERR # IN F.P.A
570 026F AS00 LOA #0 ,
580 0271 8594 STA $94 (continued)
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If an error occurs in line 20, the error trap program prints a message and
continues program execution. Other errors will still end the program.
The error trap resets the stack, effectively clearing all loops and
subroutines. The jump back to the main program cannot enter within a
FOR-NEXT loop or go directly to a subroutine.

Two versions of the ON ERR routine are listed: 1P and 540. Use the
version appropriate for your machine. The method used to detect errors is
different for each type of computer. The 1P version uses the output vector
on page two. On every carriage return, the ON ERR program searches the
stack to determine which routine is writing to the screen. If a $A252 is
found on the stack, then the error routine is outputting and the ON
ERRor program is triggered.

Machines other than the 1P do not have the output vector in RAM,
and must use a different hook into BASIC. The ON ERR program hooks
into the OK message printer at $0003. The routine looks for the ‘7",
which appears above the OK whenever an error occurs. A disadvantage of
this hook is that the normal error message has already been printed and
the type of error is no longer in memory. Thus, the 540 version stores a
value in XX (line number| but not in X (error type).

In both programs, after an error is detected, location $88 is inspected.
If it contains a $FF, the computer is in the immediate mode and the ON
ERRor routine is bypassed. Then the normal error message (corrected) is
printed. If you wish to use ON ERRor in the immediate mode, change the
following location:

1P — Change $0243 from $4C to $00
540 — Change $0259 from $EE to $00

The variable XX contains 65xxx as a line number if the error occurs in the
immediate mode.

If the computer is not in immediate mode, or if the above patch is
made, the current line number is converted to floating point and stored in
the variable XX. The error index contained in the X register is halved,
converted to tloating point, and stored in the variable X.

Next a search is made for line 50000. If it is found, the parser pointer
1s set to the start of line 50000 and the program jumps to the start of the
BASIC execution loop. If no line 50000 is found, the normal error
message is output and execution is halted.

Notes on 1P Version

Whenever the BREAK key is pressed, the 1P’s vectors are reset to the
original. The output vector again must be pointed to ON ERRor after
every break. This can also be done with

POKE 538,34 : POKE 539,2

—m
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Listing 1 (continued)

290 0273 2049AD JSR  $ATI49 FIND OR CREATE X
600 0276 8397 STA $%7

610 0278 B498 STY $98

620 027A 2074R7 JSR $B774 STORE F.F.,A IN X
625 027D ’

630 02710 FXRRXXKFIND LINE S0000%XXk%kX

640 02710 A9S0 LA $3$50 HEX 50000 IN $11,12
650 027F 8511 STA %11

660 0281 A9C3 LDA #3C3

670 0283 8512 STA $12

680 0285 2032A4 JSR  $A432 LOOK FOR LINE

690 0288 9006 BCC ERROR BRANCH IF NO LINE
700 028A 2001946 JSR  $A6DY9 SET PARSER AT 50000
710 0280 4CC2A5 JMF $ASC2 GOTO BASIC EXEC. LOOP
720 0290 y

730 0290 FXXXOKKKPRINT ERROR MESSAGEXXXXXX

740 0290 68 ERROR PLA PULL ERROR INDEX
750 0291 AA TAX

760 0292 20E3A8B JSR $ABE3 PRINT * 7%

/70 0295 BD&64Al1 LDA $Alé64yX GET FIRST CHARACTER
780 0298 20EGASB JSR $ABES PRINT IT

790 029k RI&GSA1L LA $A1659X GET SECOND CHARACTER
800 02%E 297F AND 3$7F ZERO HI BIT OF CHAR

810 02A0 4C5FA2 JHP  $A25F TO REG. ERR ROUTINE
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Listing 2: 540 Video Version

10
20
30

40
20

60
/70
80
90
100
110
120

130
140

150
160
170
180
120
200
210
220
230
240
230
260
270
280
290
300
310
320
330
340
350
360
370
380
370
400
410
420
430
440
430
460
470
480
490
200
910
220
530
940

0000

0000

0000

0000

0000

0000

0000

0000

0000

0240

0240

0240 48
0241 AD4OD7
0244 C93F
02446 FOO4
0248 648
0249 4CC3A8
024C

024C AD4207
024F 297F

0251 8D4207
0254 AS88
0256 C9FF
0258 FOEE
025A 68
025R A487
0250 B4AE
025F ATE8S8
0261 8SAD
0263 A290
0265 38
02646 20EBB7
0269 AZ00

026B 855E
026D BSSF

026F A58
0271 8593
0273 8594
0275 2049AD
0278 8397
027A 8498
027C 2074B7
027F A%50
0281 8511
0283 A9C3
0285 8512
0287 203244
028A 9004
028C 20D9A6
028F 4CC2A5
0292

0292 A992
0294 AOAl
0296 4CC3A8B

7 KR OKCAOR K ROK K HOKROKIOKOKOK0OK K OKOKOR 0K 30K K KOk Xk K
X ON ERROR ROUTINE FOR 540 VIDEO x

7 KKK K KK 30K 0K OKOK0K 308K X0 K KKK XK 30K 0K X kkok X

sGOES TO LINE 50000 ON ERROR

sWITH LINE NUMBER IN XX.

y

sSET UF

J1

J3

¥=%$0240

FHA
LIOA
CMF
REQ
FLA
JMF

LDA
AND
STA
LDA
CMF
BEQ
PLA
LDY
STY

LDA
STA

LOX

SEC
JSKR

STA
STA

LDA
STA
STA
JSR
STA
STY
JSR
LDA
STA
LDA
8TA
JSR
BCC
JSR
JNP

LDA
LDY
JMP

$117 40
7
]

$ABC3

$0742
$$7F

$0742

$88
$$FF
J2

$87
$AE

$88
$AD

$#$90
$B7ES

LA %0

$SE
$SF

$ X
$93
$94
$AD4Y
$97
$98
$B774
$350
$11
$3C3
$12
$A432
J3
$A6DY
$ASC2

$892
%A1
$ABC3

READ CHAR FROM SCREEN

$0004=9%40 $0005=%02

IS IT A QUESTION MARK?
THEN ERROR OCCURED

IF YES»
NORMAL MESSAGE OUTPUT

MESSAGE PRINTER

GET GRAPHICS CHARACTER
CLEAR HI BIT

RETURN CHAR TO SCREEN

IN IMMEDIATE MODE?

YES »

GO TO BASIC

FUT CURRENT LINE #

IN $AD»

SAE

CONVERT HEX TO FLOATING

SET

DIM DEFAULT FLAG

SET VARIABLE TYPE

SPECIFY

XX VARIABLE

FIND OR CREATE XX VAR.

PUT VALUE INTO XX
S0000 INTO $11,$12

PUT HEX

LOOK FOR LINE 50000

BRANCH IF LINE NOT FOUND

POINT TO LINE 50000
GOTO BASIC EXEC LOOP

NO LINE 50000— PRINT

MESSAGE PRINTER

JMI
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Cross-Reference
Generator for OSI
BASIC-in-ROM

by John Krout

hen you develop a large pro-
gram in BASIC, almost in-
evitably you need to find all the
references to some aspect of the pro-
gram. If you decide to delete a par-
ticular line, it is important to locate
all the GOTOs, THENSs, and
GOSUBs mentioning that line. If
you want to conserve memory by
merging two string variables into
one, you must find all the ap-
pearances of the string variable
names. A cross-reference generator
program is extremely useful at these
times, for it can find references
within your program much faster

and more accurately than the tradi-
tional visual search.
A cross-reference generator is needed most

often, however, when free memory is a scarce

commodity. In this article I develop a cross-reference

generator that requires less than 1K of RAM and finds refer-

ences to variable names, constants, literals, line numbers, and any
word in the vocabulary of BASIC.

When you type a line of BASIC program text, OSI BASIC-in-ROM
§tﬂres that text in a condensed or ‘‘tokenized’’ format in RAM. Listing 1
1S a program that takes a look at itself in RAM, and table 1 shows that pro-
gram's output.

In listing 1, variable T points to the beginning address of numeric
variable storage in RAM, which is also the end of your BASIC program
text. The beginning of BASIC text is address 768. (See MICRO 31:61 for
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more information on text and variable storage area pointers.) To look at
the RAM storing BASIC text, the FOR-NEXT loop examines all addresses
from 768 to T. Line 60160 prints the address, the graphic corresponding
to the data at the address, and the data at the address — in decimal.

Listing 1

60010 T=FEEK( 123 )+256%XFEEK( 124 )
60100 FOR I=768 TO T

60110 X=FEEK(I)

50160 FRINT ISCHR$(X)3X

60170 NEXT I! END

Although the printer used to create table 1 does not use OSI's entire
graphics code, a comparison of listing 1 to its tokenized version in table 1
is very informative. First of all, you can see that the variable names, con-
stants, and some BASIC symbols are stored in their ASCII code form, just
as if they were strings of characters. Most BASIC keywords and symbols,
however, are stored as single characters called ‘‘tokens,’’ and all the
tokens have values greater than 127.

Table 1
768 © 787 ( 40 BO&
769 25 788 1 49 807
770 3 789 2 S0 808
771 3 1046 790 4 52 809 234 828 ; 59
772 234 793 ). %1 810 X 88 829 X 88
773 T B4 9L O 811 9§ 171 830 O
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The line number of each line is also stored. While each reference to a
line number (GOTOs, GOSUBs, THENS] is stored as a string following
the appropriate token, the line number of each tokenized line is stored at
the beginning of the line in low-high format. For instance, line number
60010 begins at address 771:

PEEK(771) + 256+ PEEK(772) = 60010

Moreover, each line of tokenized text is terminated with a zero.
There are two other bytes of data between each terminating zero and
the bytes representing the number of the following line. These are a

pointer, also in low-high format, to the next line. For instance, before the
beginning of line 60010 in RAM:

PEEK(769) + 256*PEEK(770) = 793

At address 792 a zero terminates line 60010, and at address 795 and 796
the number of the second program line is stored. Therefore, the next-line
pointer for each line points to the next-line pointer for the following line.

Listing 2 is a modification (to be added to listing 1) that decodes and
prints the number of each tokenized line. The program spots each ter-
minating zero in line 60120 and branches to the line decoder. An
interesting feature of FOR-NEXT loops is utilized in line 60530: you can
change the value of the loop variable while the loop is running. This
enhances execution speed slightly by skipping the next-line pointers.

Listing 2

60120 IF X=0 GOT040500
60500 REM NEW LINE

60510 LINE=PEEK( I+3)+254XPEEK( I+4)

60520 PRINT LINE
60530 I=I+5

60540 GOTOD 60110

If BASIC can translate new text lines to tokens and, during a LIST,
vice versa, then there should be a dictionary of BASIC vocabulary and
Corresponding tokens somewhere in ROM. In fact, the dictionary resides
in addresses 41092 through 41314 (see MICRO 24:25, 23:65). Listing 3
takes a look at the dictionary, and the results of listing 3 appear in table 2.
The items are placed in the dictionary in numerical order of their corre-
sponding tokens. The last character of each item has its most significant
digit set to 1 to tell BASIC that the end of the item has been reached. In
listing 3, X represents a byte of data in the dictionary and is used in line
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61040 to build a string, B$, of consecutive bytes. Line 61050 branches to
avoid incrementing the token number, variable TK, and printing and
clearing B$, if the item is not yet complete; i.e., if the most significant bit
of X is cleared. While assembling B§, use Boolean logic in line 61040 to
clear the most significant bit of every character, not just the last one.
This may be overkill, but it is also compact code and serves the need to
conserve RAM. Now combine listings 1 through 3. This enables you to
search for any string, or token corresponding to a dictionary item, that
you need to find.

Listing 3

61000 REM LOOKUF TOKEN
61010 TK=127:B$=""

61020 FORI=41092T041314
61030 X=FEEK(I)

61040 B$=B$+CHRS$( XAND127)
61050 IFX<128G0OT041100
610460 TK=TK+1

61070 PRINT TKiB$

61080 Bs=""

61100 NEXT

= e —

1

Table 2

128 END 145 NULL 162 STEF 179 SER
129 FOR 146 WAIT 163 + 180 RND
130 NEXT 147 LOAD 164 - 181 LOG
131 DATA 148 SAVE 165 % 182 EXP
132 INPUT 149 DEF 166 / 183 COS
133 DIM 150 POKE 147 » 184 SIN
14 READ 151 PRINT 168 AND 185 TAN
139 LET 152 CONT 169 OR 186 ATN
136 GOTO 153 LIST 170 > 187 FEEK
137 RUN 154 CLEAR 171 = 188 LEN
138 IF 155 NEW 172 < 189 STR®
139 RESTORE 156 TAB( 172 SGN 190 VAL
140 GOSUB 157 T8 174 INT 191 ASC
141 RETURN 158 FN 175 ABS 192 CHR®
142 REM 159 SPEY 176 USR 193 LEFTS
143 STOP 160 THEN 177 FRE 194 RIGHT®
144 ON 161 NOT 178 POS 195 MID%
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Listing 4 modifies listings 1 and 2 to find a string, represented by the
variable A$, in any tokenized text line. A$ can therefore be a variable
name, constant, line reference, or literal in a print statement, data state-
ment, string computation, or remark. The variable B$ here represents the
tokenized text and is built byte by byte in line 60130. If the contents of
A$ resides anywhere within B$, then sooner or later A$ will equal the
rightmost L characters of B$, where L represents the length of A§. When
this match occurs, line 60160 prints the line number of the current line
represented by B$. The previous unconditional print of each byte and line

number has been replaced, and B$ is cleared in line 60520 whenever a
new line number is decoded.

Listing 4

60050 INFPUT"WHICH STRING" A% IPRINT
60070 L=LEN(AS):E$=""

60130 B$=E$+CHR$( X)

60160 IFA$=RIGHT$( B$»L JTHENFRINTLINES
60170 NEXTIIFRINTIGOTD 60050
60520 E$=""

If you have entered listings 1 through 4 in sequence, then listing 5
adds the capability of converting a keyword to its token by searching the
dictionary and finding all references to the token. Line 61070 converts
the numeric token TK to a 1-byte string A$, and then uses the string
search routine of listing 4 to locate matches for AS.

Listing 5

60030 INFPUT"KEYWORD OR STRING" jA$IFRINT
60040 IF ASC(A$)=75 GOTO 61000

60170 NEXT I:PRINT:GOT040030

61005 INFUT"WHICH KEYWORD"$AS$:IFRINT
61015 L=LEN(AS)

61070 IFA$=LEFT$( B$sL )THENAS=CHR$( TK):GOT040070
61200 PRINTA$3"NOT FOUND"IPRINT:IGOTO&0030

As is, the cross-reference generator will now find all that you seek,
but it finds a few extra items as well. For example, direct the program to
€xamine its own text for references to the numeral 7. It prints the line
numbers in which the constants 75, 768, and 127, as well as line
reference 60070, appear. Ask it to find references to the numeric variable
A (there are none), and it prints references to A$. If references to T are

sought, it finds two of the input prompts and one of the remark literals,
as well as all references to T and TK. Some fine tuning is definitely in
order to eliminate, or at least reduce, the unwanted reference reports.
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The problem of distinguishing a constant from a line reference is very
complex, partly because line references can be surrounded by commas in
an ON/GOTO or ON/GOSUB context, while constants can also be sur-
rounded by commas in a multiple-argument function or command. In my
programs, I’ve found line references to be far more common than con-
stants, and far more likely to end with the numeral 0. I have seen other
cross-reference generators that can do the job, but they are larger than
this one and not as versatile. Since my purpose is compactness, versatility
is useful, and since the chances of confusion appear to be minimal, I can
live with the constant/line reference problem.

The problem of distinguishing subscripted, string, and numeric
variables is easier to solve. If references to a numeric variable are sought,
the program should reject any it finds that are followed by eithera ( ora §.
If references to a string variable are sought, the program should ignore
any followed by a ( character. These suffix rejection rules for numeric and
string variables suggest that you can eliminate erroneous references
embedded in larger strings (illustrated above by the searches for 7 and T)
by implementing a set of suffix and prefix rejection rules. The prefix rule
for all strings is rejection of references preceded by a numeric or upper-
case alphabetic character. The suffix rule for constants, line references,
and numeric variables is as stated above for numeric variables, with the
additional rejection of numeric and upper-case alphabetic suffixes.

Listing 6 incorporates these rules into the cross-reference generator,
utilizing three defined Boolean functions in a single IF/GOTO state-
ment. The functions are defined in lines 60005 through 60007. The argu-
ment in each is the ASCII value of a character. FNA returns a true value if
the character is numeric or upper-case alpha. FNB returns true if the
character is neither ( nor §. FNC, utilizing FNA and FNB in its definition,
returns true if the character is either numeric, upper-case alpha, (, or $.
Line 60070 is modified to set new variable A equal to the ASCII value of
the first byte of A$. Lines 60080 and 60135 skip over the rules implemen-
tation if A indicates that A$ represents a token. Line 60090 sets new
variable B equal to the ASCII value of the last byte of B$, to decide later if
the string to be found is a subscripted or string variable.

Listing 6

60005 DEF FNA(X)=( X>47ANDX<58) OR ( X>&64ANDX<?1)

60006 DEF FNER(X)=X<>36 AND X<>40

40007 DEF FNC(X)=NOT FNB(X) OR FNA(X)

60070 L=LEN(AS$)IEB$=""1A=ASC(AS%)

60080 IF A>127 GOTO 60100

60090 B=ASC(RIGHT$(A$y1))

60135 IF A*x127 GOTO 60160

60140 IF A$<>RICHT$(E$,L) GOTO 60170

60145 Y=PEEK(I+1):IFLEN(ES$)>L THENW=ASC(RIGHT$(B$,L+1))
60150 IFFNACW)IOR( B=34ANDY=40 )OR( FNB( B)ANDFNC( Y ))G0T060170
60535 W=0
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Since the program doesn’t need the rules unless a potential reference
is located, line 60140 jumps past the rules until that condition is met. In
line 60145, Y is the ASCII value for the reference suffix and, if the
reference is not the first item in the text line, then W is the ASCII value of
the reference prefix. Line 60535 sets W to zero whenever a new line
number is decoded. Line 60150 skips the line number printing statement
if any of the prefix or suffix rejection rules are met when a potential
reference is found. This is one easy way to read the line:

if the prefix W in the text is numeric or upper-case alpha,
or the item sought ends with a $§ and the text suffix is a |,

or the item ends with neither ( nor $ and the text suffix is either
numeric, upper-case alpha, $ or |,

GOTO 60170.

The first clause implements the prefix rule, the second the string variable
suffix rule, and the third the suffix rule for numeric variables, constants,
and line references.

Listing 7 is the result of all these developments. It does indeed run in
less than 1K of RAM, with about 200 bytes to spare for a few instructions
inserted between lines 60010 and 60030. That might be a good place to re-
mind yourself that the symbols +, —, *, /, A , >, =, and < are treated
as keywords, not strings (see table 2).

A few extra lines in listing 7 are useful options. Line 0 is simply a
jump to the start of the program; you can load it from tape on top of your
main program already in RAM and simply type RUN to begin cross
referencing. Since modification of a program erases the tables of variables
in upper RAM, you need the CLEAR statement in line 60002 only if you
test your own program and then enter the cross-reference generator by
typing GOTO 60000. The FRE function in line 60035 allows the garbage-
collection routine to conserve memory in the string storage space
whenever a new A$ is input in line 60030. Rest assured that garbage col-
lect will not crash the system unless your own program uses subscripted
String variables and their values are preserved by avoiding both program
modification and the CLEAR statement. Line 60515 ends the search
when the program’s own line numbers are reached.

You can conserve even more memory by deleting the remark state-
ments and altering the references to those lines accordingly, as well as by
combining unreferenced lines into multiple statements. This latter step
saves the four-byte header for each of the lines eliminated and can add up
to a critical saving.
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Listing 7

1 GOTO 60000

60000
60002
60005
60006
60007
60010
60030
60035
60040
600350
60070
60080
60090
60100
60110
60120
60130
60135
60140
60145
60150
60160
60170
60500
60510
603515
60520
60530
60535
60540
61000
61005
61010
61015
61020
61030
651040
61050
61060
61070
61080
61100
61200

REM XREFGEN

CLEAK

DEF FNACX)=(X>47ANDX<58) OR (X>44ANDX<91)
DEF FNB(X)=X<>36 AND X<>40

DEF FNC(X)=NOT FNB(X) OR FNA(X)
T=FPEER( 123 )+256%PEEK( 124 )

INFUT"KEYWORD OR STRING" A$:PRINT
Y=FRE(1)

IF ASC(A%$)=75 GOTO 61000

INFUT"WHICH STRING" sA$:FRINT
L=LEN(A$)IEB$=""1A=ASC(AS)

IF AX127 GOTO 60100

B=ASC(RIGHT$( A$+1))

FOR I=768 T0 T

X=FEEK(I)

IF X=0 GOTO&0500

B$=B$+CHR$( X)

IF A>127 GOTO 60160

IF A$<>RIGHT$(B$sL) GOTO 40170

Y=FEEKC(I+1 )JIFLEN(E$ )>LTHENW=ASC(RIGHT$( B$sL+1))
IFFNAC W)OR( B=36ANDY =40 )OR( FNE( B YANDIFNC( Y ) )GOTD40170

IFA$=RIGHT$( B$» L )THENFRINTLINE$
NEXTIIFPRINT :GOT060030

REM NEW LINE

LINE=FEEK( I+3 )+256%FPEEK( I1+4 )
IFLINE>S59999THENPRINT :GOT0460030

B$= L] ]

I=1+45

W=0

GOTO 40110

REM LOOKUF TOKEN

INFUT"WHICH KEYWORD" 5 A${FPRINT

TR=127 {Rg=""

L=LEN( A%$)

FORI=41092T041314

X=FEEK(I)

BES=B$+CHRS$( XAND127 )

IFX<128G0T041100

TR=TK+1
;:ﬁffLEFTG(Bi:L}THENﬂ$=EHRi(TK):GUTE&GU?G
NEXT

FRINT A$3" NOT A KEYWORD" iPRINT:GOTD&60030




Cross-Reference Generator for OSI BASIC-in-ROM 63

Have you been wondering about the need tor the next-line pointers?
They are essential to BASIC's execution of branching statements. An
understanding of this process will help you improve execution speed of
your own programs as well as the cross-reference generator. When a
branch token such as a GOTO is executed, BASIC first translates the
string of digits following the token into the low-high line-number format.
The speed of this operation clearly depends on the length of the string, so
it always helps to use small line numbers, even though this may be
impractical in large programs. If line references were stored in low-high
format when tokenized, it would save memory and speed things up. I
suspect Microsoft shares my conclusion that it is difficult to distinguish
constants and line references.

Once the line number is ready, BASIC looks at each tokenized line
header in turn, starting with the first program line in RAM, until a line
number match is found. If the current header doesn’t match, BASIC uses
the next-line pointer to skip to the next header. You can maximize the
speed of this skip-compare process by minimizing the number of lines
and lengthening each line with multiple statements. You should also put
your most frequently called routines in the lowest line numbers, where
BASIC will find them first, and put the initialization code in the highest
line numbers so BASIC won't have to skip through it on the way to the
more important material. The cross-reference generator has a very
significant execution speed problem in this regard, because not only its
own initialization in lines 60000-60090 but also the entire tokenized text
data base sits below the main processing loop routine in RAM!

There are two ways you can modify the cross-reference generator to
use next-line pointers to improve execution speed. Once a reference is
found in a line there is no need to search the remaining portion of the
line, so use the pointer to increment the loop variable I to the beginning
of the next line. More helpful is an input specifying the range of line
numbers in your program through which the cross-reference generator
should search. It can use the next-line pointers to skip to the first line
number you specify and then quit when it finds the last line number you
specify. If you're looking for references to a block of code in your own
Program about to be moved or eliminated, you can reduce the number of
searches required by adding a search for references to a specified range of
line numbers. I suggest that you create a defined Boolean function of your
Own to help implement the rules for these extra features.
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Extended OSI BASIC

by Collin Macauley and Jeff Macauley

ttempts to emulate an Extended
BASIC have been undertaken
but they have never been user trans-
parent. Ed Carlson, in a MICRO arti-
cle (25:15), altered the parser rou-
tine (CHRGET). Michael Mahoney
continued this theme in a follow-up
article (MICRO 46:51). Unfor-
tunately the parser routine is the
most used subroutine in BASIC and
the loss in speed may be unaccept-
able to many programmers. Addi-
tionally, the use of ''#C’' in a pro-
gram does not look like a CLS com-
mand. A different approach was
taken by Yasuo Morishita in
PEEK(65) Vol. 2, No. 11, where an
extended USR(X) statement was used;
e.g., K=USR(0OJKY designated a GET command.
Again this solution did not use accepted syntax.
Our program is a development of the Morishita program and
uses an adaptation of that program when the Extended BASIC com-
mands are called. Originally the program was developed for use with
Synertek 8K BASIC where an enhanced USR(X) statement is available.
The program will recognize any user-designated statements; the only
limitation is the ability of the programmer to define code to support these
Statements. A jump and keyword table are readily expanded when further
additions are developed.
The program is divided into three sections, described as follows:
INPUT. The input vector ($218, $219) is pointed to this routine and
Cconverts the user's keywords into their correct USR calls When a car-
riage return is detected the routine checks the input buffer for each

keywurd; e.g., CLS. If a keyword is located it is converted into a user call
of one of the following types:

a. O0=USR(0)$1CXY - standalone statement; e.g., CLS
b. USR(0)$1CXY - equate statement; e.g., X = HEX($AAAA)
where $1CXY is the appropriate address in the keyword jump table
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Listing 1: Input Routine

10
20
Z0
40
50
50
70
30
90

100

110

120

130

140

150

140

170

180

190

700

210

220

230

240

250

260

270

280

290

300

210

320

330

240

350

140

Z70

380

390

400

410

470

430

440

450

460

470

480

490

500

510

520

530

540

S50

540

570

580

Q000
Q000
0000
g GaQ0
Q00
0000
Q000
Q000
2000
0000
0000
0000
0000
Q000
QOO0
0000
0000
Q000
000
2000
Q000
1EDO
1EQ0
1EDD
1EOQ2
1EOQ4
1EGS
1E0%
1EOR
1EQD
iEOE
1EQE
1E1Q
12
1E14
1ELS
1E17
1ELY
1E1R
1E1D
1E1F
1E22
1E2

1E25
1E28
1E2A
LE2C
120
1E30
1E32
1E33
1E36
1E36
1E37
1E38
1E39
1E3A
1ESE

ASF7
0940
85F7
20BAFF
C7OMN
Fo0l
&0

A700
360E
7513
GA
86RO
AD0D
ES13
E40E
FOODY
09001E
FO20
ES
4C171E
AZ00
BSED
AA
E7001B
3004
ce
4C2D1E

C8
C8
Ce
o
COFF
IOLE

R0 33082300 5000228088888 ¢:

3 ¥
P ¥

EXTENDEL 051 RBASIC X

X

sk COLIN & JEFF MACAULEY X
KRR OO ROR KKK Rk K X

=

wE

y

a
7

|

.

TO

T4
T8

Sl B

T2

IN

EA
EX
LE
LF
FE
TE
TF

FUT

=$E2
=$E 4
=413
=$203
= $E 3
=$E0
=$200

TOK=%1E00

TW
UF
us
XE

x=%

LDA
ORA
STA
JSK
CHF

BEQ
RTS

LTiA
S5TX
STA
TAX
STX
Loy
LIA
CFX
BEQ
CMF
BER
INX
JMF
LI'A
5TA

TAX
LDA
EMI
INY
JHF

INY
INY
INY
INY

CHF
ENE

=$E6
=%F7
=%$1E14
=$0E

1E0O

UF
$$40
UF
$FFBA
¥50

T

£0
XE
LE»X

TE

£0
LEsX
XH

T8
TOKs Y
Til

T0
0

TE

TOKs Y
T2

+5FF
TO

INFUT FLAG

LINE CHAR. COUNTER

SET INFUT FLAG

GET CHAR
END OF

FROM KRYRD
INFUT?

RETURN TO BASIC

SAVE BUFFER LENGTH

CHECK BUFFER
ENDI OF BUFFER?

NO» CHECK FOR KEYWORI
NOs LOOF BACK

RESET COUNTER

FINO END OF KEYWORD

SKIF TO NEXT KEYWORD

END OF KEYWORDST
NOy LOOF BACK

(continued)
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The input buffer will be expanded to accommodate the conversion.
Thus the program line ''10 CLS : X =1"' would be expanded to ''10 O0 =
USR(0)$1C03 : X=1"" in the input buffer. With this expansion, care must
be taken not to overflow the input buffer as an error will be flagged if
multistatement lines are too long. Also note that the variable O0 cannot
be used and has been chosen specifically because it is unlikely that a pro-
grammer would use it in view of the letter O/zero confusion.

Each keyword has four parts in the keyword table. For example, con-
sider CLS:

1. 'CL’ letters of keyword less one

2. $D3 ASCII ''S'" with highest bit set

3. '03' low byte of jump table address ($1C03)
4. $00 $00 = standalone statement, else $03

The program has room for additional keywords, which can be inserted
into the keyword and jump tables.

OUTPUT. The output vector ($21A, $21B) points to this routine and
will print the appropriate Extended BASIC statements rather than the
converted USR call. In this manner the USR call conversion is invisible to
the user. When listing to the screen or tape, the routine searches for the
USR statements and prints them only when no match is found; i.e., an
actual program USR call was made, as opposed to a keyword USR call. If a
match is found, the keyword, rather than the USR call is printed.

USR. The USR vector ($0B, $0C) points to this routine and allows ex-
ecution of the redefined USR call. This new type of USR call allows ex-
pressions, variables, and hexadecimal values to be evaluated and used by
the USR call. The evaluated expressions, etc., are stored as integers in the
low/high format starting at $E0. Any Extended BASIC routine can then
access these locations when required. Because of the revised form of USR
call, any non-keyword USR calls must be of the following type:

USR(0)XX A, ...F
where XX is the call address
A-F are up to 7 data values

XX and A-F may be expressions, numbers, or hexadecimal numbers (if
preceded by a ‘‘$’’ sign).

This change makes the USR call easier to deciper, as you are freed
from continually changing locations $0B, $0C before calling a USR
routine with the USR address always being identifiable. The changes to
'_Yasun Morishita's program were to allow parentheses to be used in defin-
1Ng a statement; e.g., AUTO (start, inc) for an auto line-number com-
Mmand. The parentheses cause the BASIC expression handler ($AAAD) to
flag an error and must be skipped. The routine checks for the open paren-
thesis and, if found, replaces the close parenthesis with a colon. After all
€Xpressions are evaluated, the open parenthesis is easily skipped and the
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Listing 1 (continued)

270
500
610
620
&30
540
690
&60
670
680
670
700
710
720
730
740
750
760
770
780
790
300
810
820
830
340
850
860
870
880
890
700
710
220
730
740
730
760
770
280
770
1000
1010
1020
1030
1040
10350
10460
1070
1080
1090
1100
11190
1120
1130
1140
1150
1140
1170
1180

1E3E
1E3F
1E41
1E43
1E44
1E44
1E46
1E47
1E48
1E4E
1E4T
1E4F
1ES1
1E54
1ES4
1ES®
1ES9
1ESA
1ESE
1ES
1ESF
1E62
1E&62
1E63
1E&64
lE6&
1E68
1E&E
1E&TI
1E6F
1E72
1E7 4
1E75
1E77
1E79
1E7E
1E7C
1E7E
1E80
1E82
1EB4
1EB7
1EBY
1EBA
1E8C
1EBI
1EBE
1E70
1E92
1E94
1E9S
1E97
1E99
1E9E

1E9T
1E9F
1EAL
1EA3
1EA4
1EAS

18
AGOE
AY0D
50

ESEQD
C8

ES
BE9001E
297F
513
[noos
B?001E
300C

4C441E

83
CA

C6EO
[IOFA

4C241E

C8
ES8
B4E2
S6E3

HE9021RB

F 005
A70R
4C741E
AZ0E
38
ESED
BOE4
C6E4
18
6a0E
CP47
70035
AZ20A
4C4AEA2
ASOE
38
ESE3
R
ES
AZ00
85E7
ASOE
18
6713
85E6
A000
R1EéS
A4E4
P1E6
C4ES
CA
[OF3
ASOE

’

T1

e

T3

’

Té

N1

T17

K2

EF

CLC
LIX
L DA
RTS

XB
#$0

INC TE
INY
INX
LDA
AND
CHMF
ENE T3

LDA TOKsY
BMI Té

JHF T1

TOKs Y
$$7F
LEsX

DEY
DEX
DEC
ENE
JHF

TE
T3
T4

INY
INX
STY EA
5TX FER
LDA
BEQ K1
LIA #$E
JHF T17
LDA $$E
SEC
SEC
S5TA
DEC
CLC
ALIC XE

CHF $%47
BCC K2

LDX #%A
JMF $A24E
LIia XE

S5EC

SBC FPE

TAX

INX

LIIA %0

STA TW+il
LA XE

CLC

ALOC $LE

STa Tu

LY #0

LDA (TW)»Y
LOY EX

STA (TW)sY
DEC TuW

DEX
BNE EF
LDA XE

TE
EX
EX

YES

MATCH FOR NEXT CHAR OF KYWID.
NOy CHECK BUFFER AGAIN

EXIT TO BASIC

REYWORD FOUND
REEF CHECKING

RESET COUNTER

YES»

TORK+25Y STANDALONE KEYWORD?
USE 00=USR( 0 )$1CXY

NO» USE USR( O )$1CXY

BUFFER OVERFLOW?

YES»

SET UF TOD EXFAND BUFFER

FLAG ERROR

EXFAND BUFFER

{Gﬂniﬂuuadﬂ
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colon subsequently replaced by a close parenthesis before execution to
the appropriate machine-language subroutine.

For an 8K RAM system, the Cold Start MEMORY SIZE? Prompt
should be answered with ‘6900’ to protect the program from being over-
written by BASIC. The program uses zero-page locations $DF-$EF and
¢F2-$F8 and care must be taken if your monitor or machine-code pro-
grams use these locations. To initialize the program the following POKEs
are required:

POKE 247,0 : POKE 11,64 : POKE 12,28 - UF flag; USR vector
POKE 538,0 : POKE 539,29 : POKE 536,0 : POKE 537,30 - Output/Input vectors

To demonstrate the program, three keywords have been included in
the listings:

1. CLS - clear screen
2. GET - wait for a keyboard response and save ASCII value of key hit
3. HEX($XXXX) - converts hexadecimal value XXXX into decimal

In use, the following short program

10 CLS
20 PRINT HEX($2000)
30 PRINT GET

will in actual fact be stored as

10 O0 = USR(0)$1C03)
20 PRINT USR(0)$1C00($2000)
30 PRINT USR(0)$1C06

in memory, but this will not be visible to the programmer.

The program may be relocated and transferred to EPROM to save your
valuable RAM. With this program you will need to thumb through your
back issues of MICRO to locate those routines for PRINTAT, AUTO,
PLAY, etc., which may be readily incorporated.
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Listing 1 (continued)

11%0
1200
1210
1220
1230
1240
1250

260
1270
1280
1290
1300
1510
1320
1330
1340
1350
1360
1370
1380
13990
1400
1410
1420
1430
14490
1450
1460
1470
1480

1EAB
1EA?
1EAR
1EAT
LEAF
1ER2
1ERB4
1ERS
1EBB
1ERA
LEBC
1ERI
1ERF
1ECO
1ECH
1EC4
1EC6
1EC7
1ECS
1ECA
1ECC
1ECE
1ED1
1ED3
1EDS
1EL7
1EDS
1EDR
1ELO
1EQE

18
&9E4
250k
A4EZ
E7021K
FO04
CLVIVE
1002
AVQO
ADES
36
ESED
AR
CA
B7141E
7513
Ea
Ce
CO0C
[lOFS
A4E2
B7001E
7913
BEP011E
£8
7513
A900
85E0
AB
#C241E

T18
T19

EF3

CLC
AlC
STa
LIy
LDA
EEQ
LIUY
ENE
LDY
LA
SEC
SRC
TAX
DEX
LDA
5TA
INX
INY
CFY
BNE
LOY
LOA
5ThA
LOA
INX
5ThA
LLA
S5TA
TAY
JiiF

EX
AE
EA

TOK+2yY STANDALONE KETWORD?

T18
$3
T19
¥0

FE

¥3C
EPS
EA

TOKs» Y

LEsX

TOK+1sY

LEsX
£0
TE

T4

SHIFT USK INTO BUFFER

FUT USR ADDRESS INTO

BUFFER

CHECK FOR MORE REYWORLS
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Listing 2: Output Routine

10 0000 5ROk ROk ROk KRk K
<0 0000 s EXTENDED 0SI BASIC X
30 0000 y X 4
40 0000 s ¥ COLIN & JEFF MACAULEY X
50 0000 FRKKKRRERRKEKRERKKKERKKKKK
40 0000 ;
70 0000 ; QUTFUT
30 0000 ;
90 0000 FA1L =%F3
100 0000 FAZ =%F4
110 0000 FRINT=%FF&9
120 0000 FX  =%F8
130 0000 TOCS =%FS
140 0000 SFX  =%$F2
150 0000 TOK =$1B00
160 0000 UF  =%F7 INFUT FLAG
170 0000 US  =%$1E14
130 0000 Ui  =4$Fé
190 0000 ;
200 1000 X=$1000
210 1000 ;
220 1000 24F7 KASF  BIT UF CHECK INFUT FLAG
230 1002 7013 EVS BA3 YESy FRINT CHARACTER
240 1004 1003 BFL EBE&1 USR ALREADY DETECTED?
250 1006 4C391D JMF FS
250 1009 C94F EAl CMF 3’0 NO» CHECK FOR USR
270 1LOE DOO3 BNE EAZ
280 100D 4C221D JMP 0OST |
290 1010 C955 BEAZ CMF #’U NOT FOUNDIs PRINT CHAR
300 1012 1003 BNE BA3
310 1014 4C3310 JMP UST
320 1047 i
230 1017 48 BAZ FHA
340 1018 ASF7 LDA UF
350 101A 29FF AND $3$EF CLEAR INFUT FLAG
360 101C 85F7 5TA UF
370 1I1E 48 FLA
380 1D1F 4C&9FF JMF FRINT  PRINT CHAR
39¢ 1022 ;
400 1022 48 0sT FHA MAYBE 00=USR( 0 )$1CXY
$10 1023 A%01 LDA #1
420 1025 8SFS 0ST1 STA FX
430 1027 B5F2 STA SFX
$40 1029 A980 LDA #$BO SET UWR FLAG
450 102B 85F7 STa UF
450 1020 48 PLA
470 1D2E A944 L4 $#100
480 1030 8S0F STA $0F
490 1132 &0 RTS RETURN TO BASIC
500 1133 ;
510 1133 48 UST FHA MAYHBE USR(0)$1CXY
w20 1134 A%04 LDA #4
930 1036 4C2511 JHF 0ST1
j:ﬂ 1039 :
o930 1039 85F4 FS STA Vi SAVE REGISTERS
960 1I3E 48 PHA
370 1D3C 84 TXA
980 113N 48 FHA

(continued)
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Listing 2 (continued)

a90
600
610
620
530
640
650
660
470
4680
690
700
710
720
730
/40
/ 30
7 60
/70
/780
750
300
810
320
a30
B840
8450
360
870
380
390
700
210
920
230
740
750
760
270
780
790
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1140
1170
1180

103E
103F
1140
1042
10144
10146
1048
1044
104C
114E
1050
1050
1152
10583
1056
1059
1ISA
105C
LOSE
1060
1042
1063
1N&4
1065
1046
10467
1D6A
10I6A
106C
1D6E
1070
1072
1075
1077

1078

1074
107K
107C
1070
107E
107F
101180
1080
1082
1185
1085
187
10184
1018A
108C
108E
1L8F
1092
1094
1095
iN98
1194
10%C
1090
10A0

98

48

ASF7
29RF
85F7
ASF &
ALF B
EOQE
FO3C
[oia

AGF 2
CA
BO141KR
2069FF
EB
E4F8
[OF5S
A700
85F7
48

AB

68

AR

68
4C49FF

EOOC
FO12
EQOD
FO13
NO141K
one
E8
B6F 8
68
A8
68
AR
68
60

85F 3
4C7710D

85F 4
4C771D

A200
B&6FS
EB
EIOO1E
10FA
EB
BIHOO1R
CSF3
no27
E8
ROOO1E
CSF 4

-
y

F4

P44

&
:

F2

F7
RETR

&
r
FS

&
’

Fé

&

y
F50
F36
F33

TYA
FHA
LDA
ANTI
STA
LDA
LIOX
CFX
BEQ
BNE

LIX
LEX
LDA
JSK
INX
CFX
ENE
LTIA
STA
FLA
TAY
FLA
TAX
FLA
JHF

CFX
REQG
CFX
BREQ
CHF
BNE
INX
S5TX
FLA
TAY
FLA
TAX
FLA
RTS

STA
JMF

STA
JHF

LDX
STX
INX
LDA
EFL
INX
LDA
CMF
ENE
INX
LOA
CMF

UF
$$EF
UF
V1
FX
$14
Fo0
B

oF X

US, X
FRINT

FX
F44
$0
UF

FRINT

$12
FS
$13

Fé
USs X

P4
FX

Fal
F7

FA2
F7

30
TOCS

TOKs X
F33

TOK s X
FAl
F31

TOK» X
FAZ

CLEAR INFUT FLAG

00=USR(0O) OR USR(O) FOUND
CHECK FOR REST OF ADDRESS

NO MATCH
FRINT CHARS HELD HACK

CLEAR USR FLAG

FRINT & RETURN TO BASIC
SAVE X OF s$1CXY
SAVE Y OF s$1CXY

CHECK CHARS
NO MATCH» FRINT CHARS

YESy HOLD FRINT
RETURN TO BRASIC

CHECK FOR KEYWORD

FOUND

CHECK AUDRESS-1ST FPART
NEXT KEYWORD

CHECK ADDRESS-2ND PART

(continued)



Listing 2 (continued)

10A2
1IA4
10A&
10A9
10AR
1IAE
1IIAF
1DR2
1IIR4
1LR7
1ORY
1URE
10OEC
10RO
1DEE
1IIBF
10ICO
10C3
10C3
10C4
1ICS
1OCS
1LC9
1ICH
10CE

no20
ALF S
EDOO1R
3007
2069FF
E8
4CAG1T
297F
2069FF
AT00
BaF 7
68

AB

68

AA

68
4C69FF

EB

E8

£8
BIOO1R
3003
4CBC1I
4COCAC

F35

P34

F31
P32

F3g8

ENE
LI
LA
EMI
JSK
InNX
JMF
ANDI
JSR
LDA
S5TA
FLA
TAY
FLA
TAX
FLA
JHF

INX
INX
INX
LIDA
BMI
JNF
JMF

F32
TOCS
TOKs X
Fi4
FRINT

F35
$$/7F
FRINT
$0

UF

FRINT

TOKs X
F38
F36
$ACOC
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CONTINUE FRINTING

RETURN TO ERASIC

CHECK NEXT KEYWORD
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Listing 3: USR Routine

10 0000 3 30 KKK KK KO K XOK 30OK 0K 0K X0k X % X

20 0000 X EXTENDED OSI BASIC X
30 0000 R X

40 0000 sX COLIN & JEFF MACAULEY x
o0 0000 R3320 8832023880888 0 8848
&0 0000
70 0000
80 0000
20 0000
100 0000
110 0000
120 0000
130 0000
140 1R00O X=$1B0O
150 1R0OO .
140 1RO0O sKEYWORDT TOKERNS
170 1R0O0O 48 TOK +BYT “HE’ y$1iBy’ 00’ »3
170 1HO1 45
170 1B02 IB
170 1RB0OZ 30
170 1RBO4 30
170 1BOS 03
180 1H0&6 43 +BYT “CL” 801357037 0
1380 1RO7 4C
180 1RBOB i3
180 1R0% 30
180 1ROA 33
| 180 1BOE 00
| 1920 1EOC 47 +BYT ‘GE’ »y$l4+° 067 43
190 1RBODI 45
120 1ROE D4
! 190 1ROF 30
190 1R10 36
| 190 1K11 03
1 200 1R12 s KEYWORD END MARKER
I 210 1R12 FF JHBYT $FF »$FF
L 210 1B13 FF
| 220 1Bl4 sUSK CalLL
| 230 1B14 4F us +BYTE “00=USR(0Q)$1C”
230 1B15 30
230 1R1é6 3D
<30 1B17 S5
230 1R18 53
230 1R19Y 52
230 1R1A 2B
230 1H1E 30
230 1RIC 29
230 1R1D 24

alll

USK

ADAFTED FROM

"EXTENDED USR(X) REVISITEDR"
BY YASUOD MORISHITA

IN FEEKCAD ) VOL. 2y #11

MR wie SR W

-

W W

230 1R1E 31
230 1BIF 43
240 1000 X=$1C00
250 1C00 ;
260 1€00 JKEYWORD JUMF TABLE
270 1C00 4CDE1C JHP HEX
280 1C03 4CE21C JMF CLS
| 290 1C06 4CF61C JMF GET
300 1C40 BAS  X=X+55
310 1C40 i

(continued)




Listing 3 (continued)

320
330
340
250
360
370
380
390
400
410
420
430
440
450
4460
470
480
490
a0
310
520
530
540
590
960
570
o380
270
400
510
620
630
540
&30
&40
670
680
&90
700
710
720
730
740
750
7460
770
780
790
800
810
820
830
840
850
840
870
880
890
200
210

1C40
1C40
1C40
1C40
1C40
1C42
1C44
1C44
1C48
1C4A
1C4C
1C4E
1CS0
1C52
1CS4
ICSé6
1CS8
1CSA
i B
1CSD
1CSF
1Cé1
1C43
1C64
1C46
1C48
1C4A
1C4C
1C&E
1C70
1C73
1C7 6
1C78
1C7 A
1C7C
1C7F
1CB81
1C83
1C85
1C88
1C8ER
1C8E
1C91
1C93
1C95S
1C98
1C%8
1C24A
1C9C
1C%E
1CAOD
1CAZ2
1CAS
1CAB
1CASB
1CAA
1CAC
1CAE
1CERO
1CR2

200
8654
840F
AD00
BiC3
Cy28
| ([e10]
A%01
8olF
[noog
C%00
FOO7
C73A
FOO3
C8
[IOEY
ASDF
FOOD
88
FOZF
B1C3
C729
LOF 7
A?3A
21C3
20C200
20A81C
ASED
O5SE1
FO19
20C200
FO17
C?28
004
Z0BCOO
4CBE1C
2001AC
20A8B1C
EO11
JOE7
4COCAC

ASDF
FOO9
A0DO
AT29
91C3
20BC00
6CEO000

C924
DO1E
AZ299
A0S
8359
20BCOO

CF

=%E0

CHRGET=$EC
CHRGOT=%$C2

EXTUSKR

CH4

CH1

CH3

CHé6

CHS

JE 4

CH
X

SER

il

;
JEOUT

JE1

Ch
Ch1

JID3

LOX
STX
STX
LOY
LOA
CMF
BNE
LIA
STA
BNE
CMF
REQ
CMF
BEQ
INY
BNE
LIA
BEQ
DEY
REQ
LDA
CMF
BNE
LDA
STA
JSK
JSR
LTA
ORA
REQ
JSR
BEQ
CMF
BNE
JSR
JHF
JSK
JSK
CFX
EMI
JMF

LOA
REQ
LY
LIA
STA
JSR
JHF

CMF
ENE
LIOX

LDA
STA

JSR

30
$5A
$OF
$0

($C3 )Y

$(
CH1
#1
$IF
CH2
$0
CH3
$
CH3

CH4
$IIF

CHS
SER

($C3 )Y

$ )
CHé
1

($C3 )9 Y

CHRGOT
CI

CF
CF+1
SER
CHRGOT
JEOUT
$'(

LR
CHRGET
XX
$ACO1
CD

$17
JE4
$ACOC

$IF
JE1
$#0

$ )

($C3 )Y

CHRGET
(CP)

3
JID1
$$99
5

$39
CHRGET
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RESET DATA COUNTER
CLEAR BRACKET FLAG

BRACKETS USED?

YES» SET FLAG

END OF LINE?

YESy CHECK USR ADDRESS
END OF STATEMENT?

LOOF ERACK
CHECK EBRACKET FLAG
CLEARy GET ADDRESS

SETy» FIND CLOSE BRACKET
REPLACE )" WITH 7%

GET CURRENT CHAR
GET USR ADDRESS

END OF LINE?Y
NOy CHECK FOR BRACKET
SKIF BRACKET

COMMAT

GET DATA

MORE THAN 7 DATA ITEMS?
NOr GET MORE DATA

CHECK BRACKET FLAG

YES» REFLACE BRACKET

SKIF BRACKET
GOTO ML CODE ROUTINE

HEX EXFRESSIONT?

YESs EVALUATE HEX

75

(continued)
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Listing 3 (continued)

220

930

740

850

240

270

%80

990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
12200
1210
1220
1230
1240
1230
1260
1270
1280
1290

1CES
1CR7
ICES
1CEC
1CRE
1CC1
1CC3
1CCS
1CC7
1CCB
LCCA
1CCD
1CO0O
1CDh2
1CD4
1CD05S
1CTi7
iCh8
1CDA
1COE
1COE
1CDOD
1COF
1CE2
1CE2
1CE4
1CEé
1CE9
1CEC
1CEF
1CF2
1CF3
1CFS
1CFé6
1CFé
1CF9
1CFA
1CFC

C659
FOOA
2093FE
3007
200AFE
FOEF
A495
AST6
18
7006
20AT0IAA
2008E4
AGSA
74E0
ES
YSEO
ES
865A
50

ASES
A4E2
4CC1AF

A000
AT20
290000
290001
290002
7900D3
C8
[IOF 1
60

2000F T
AB
A?00
4CC1AF

-

JI2

JIN1
SX

HEX

CLS
CL

GET

OEC
EEQ
JSR
EM1
JSK
BEG
LItY
LDIA
CLC
RCC
JSR
JSK
LTIX
STY
INX
sSTA
INX
STX
RTS

LDA

LDY
JHF

LDy
LDA
5TA
STA
5TA
STA
INY
ENE
RTS

JSKR

-TAY

LIA
JMF

$59
JD2
$FE?3
SER
$FEDA
JU3
$90
$96

5X
$AAAL
$B8408
$9A STORE EVALUATION
CFPs X

EVALUATE EXFRESSION

CFsX
$oA
CP+3

CF+2
$AFC1

HEX-DEC CONVERSION

$0 CLEAR SCREEN
$$20

$D000+Y
$0100sY
$0200+Y
$0300sY

CL

$FDO0 GET A KEYSTROKE

30
$AFC1
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BASIC STEP and TRACE

by Richard L. Trethewey

ebugging BASIC programs 1is

always a chore, especially if you
didn’t write the program in the first
place. If you don’t have a printer, or
if you do have one and don’t want to
pencil-check the program, the only
alternative has been the standard
“"TRACE'' program provided by
M/A-OSI with all versions of OS-
65D. That program prints out the
line number of every new line as it is
executed. For many purposes that is
fine, but unfortunately the way this
trace is implemented, the line
numbers are not followed by a car-

riage return; you can easily get lost
between these numbers and any out-
put from the program being traced. This

problem only gets worse if there are FOR-NEXT
loops involved; you may find your output being scrolled
off the screen because TRACE doesn’t halt program execution
— it just interrupts it. I think I have a simple solution.

I have written my own trace program that displays the line of program
text before BASIC executes it and optionally displays all non-subscripted
variables and their values. My program also waits for a keystroke before
executing the line, or halts execution if the user presses the <RETURN >
key. The tracing function allows you to halt execution even if the pro-
gram being traced has disabled <CTRL> ‘C’ checking.

The BASIC program I have listed here POKEs the machine-code
routine that does the tracing into memory and protects it from getting
overwritten by BASIC. This code assumes you have 48K of memory on
board. If you don't, you will have to re-assemble the machine code at a
lower location using the source code I have included here. You will also
have to change the routine starting at line 100, which does the POKEing

into memory. It probably would be easier to change this routine to a call
from disk to memory rather than compute the bytes that require changing
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Listing 1

10 FOKE133,175:REM- SET HIGH MEMORY TO $AFFF

20 GOSUR100:REM- POKE TRACE CODE INTO MEMORY AT $BOOO
30 INPUT"ENABLE OR DISABLE TRACE (E/D)";As$

40
20
&0

70
80

S0

95

100
110
120
130
140
150

160 DATA177,172,133,147,41,127,32,67,35,209,172,240,19,174, 168

170

180 DATA113,176,32,138,15,32,157,26,32,115,45,61,32,0, 165 |

190
200
210
220
230
240
290
260
270
280
290

L=2011: IFLEFT$(A%$, 1) ="E" THENGOSUB2&0: GOTO70
IFLEFT$ (A%, 1) ="D"THENSO

PRINT:PRINT"ENTER "E’ OR ’D’ ONLY, PLEASE.":PRINT:GOTO30
POKEL , 32: POKEL+1, 0: POKEL+2, 1763 POKEL+3, 234: POKEL+4, 234

PRINT"TRACE ENABLED. ":END

POKEL , 2431 POKEL+1, 1441 FOKEL+2, 21 POKEL+3, 2301 POKEL+4, 200

M=PEEK (B9&0) : POKE133,M: PRINT"TRACE DISABLED. " :END
FORX=450%56T0452731 READY : POKEX, Yi NEXTX: RETURN

DATA165, 134, 133, 25, 165, 135, 133,26,32,51,6,32,218,6,32
DATA115,10,32,33,176,32,64,35,201,13,208,5, 169,3,76
DATA33,8,96,160,0,165,122, 133,172,165, 123,133,173,1646,173
DATA228, 125,208,7,165,172,197,124,208,1,96,160,0,177,172
DATA133,146,41,127,32,67,35,209,172,240,3,238, 168, 176,200

DATA176,208,3,76,169,176,169,37,140,168,176,32,67,35,76

DATA146,16,17,172,168,176,200,200,177,172,170,136,177,172,3%
DATAZ20,28, 76, 146, 176,32,236, 28, 32,204, 10,32, 106,45, 165 |
DATA172,24,105,7,133,172,144,2,230,173,169,0,141,1468,176 &
DATA76,43,176,0,140,168,176,32,115,45,36,61,32,0,172
DATA168,176,200,177,172,141,168,176,240,212,206, 168,176,200
DATA172,133,148,200,177,172,133,149,160,0,177,148,32,67.35
DATA204, 168, 176,240, 187,200, 208, 243

INFUT"DID YOU WANT VARIABLES PRINTED";Y$

IFLEFT$ (Y%, 1) ="Y"THENRETURN

POKE4S073, 44: RETURN: REM~ DISAELE VARIABLE PRINT

REM- POKE 45073 WITH 32 TO RE-ENABLE
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in the DATA statements. I used POKEs to save a track on my disk and to
make the program easier to transport to other disks.

To enable STEP/TRACE, run the program and respond with '‘E'’ to
the prompt “ENABLE OR DISABLE TRACE (E/D) ?'’. You can then
select whether or not to have the variables printed during the tracing.
Now load and run the program to be debugged. You will see the first line
to be executed displayed just as if you had entered LIST LN#. You will
also see the variables that have been encountered on subsequent lines at
this point, if you chose to do so from the TRACE program. Now the
system waits for you to press a key before executing the line you see
before you. If you want to continue, I suggest you simply press the
<SPACE BAR >. If you want to stop before this line is executed, press
the <RETURN > key and the system will display a <BREAK > message.
If you need to check on a subscripted variable or do a PEEK you could do
so now from the immediate mode. Also you can enter "CONT'' now and
continue program execution.

This program gives me a lot more control while debugging than the
original TRACE program ever could. It's also nice to actually see the line
that's being executed instead of having a program listing in front of me
and looking up line numbers all the time. I'm sure that those of you
without printers will find this handy too. The code for STEP/TRACE
occupies less than one page of RAM, so it shouldn’t prevent you from
tracing most programs. When you disable STEP/TRACE vyour full
workspace is returned to you.
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Listing 2

1 0000

10

20

30

40

50

60

70

80

7?0
100
110
120
130
140
150
1460
170
180
120
200
210
220
230
240
250
260
270
280
270
300
310
320
330
340
330
360
370
380
320
400
410
420
430
440
450
4460
470
480
4790
200
010
220
930
240
aa0
260
a/70

0000
0000
0000
0000
0000
0000
0000
0000
Q000
0000
0000
0000
Q000
0000
0000
0000
0000
0000
Q000
0000
0000
0000
0000
0000
0000
Q000
Q000
0000
0000
0000
0000
0000
ROOO
BOOO
ROO2
BOO4
RO0&
RO08
ROOK
BROOE
EO11
BO14
RO17
BO19
BO1R
BO1D
EOQ20
RO21
BO21
RO23
BO2S
R027
R029
RO2E
BO2TI
BOZF
BO31

ASBE
8519
ASB7
8314

3RO OO0 0K X

7 3KOKKOROKOKOKOROKOROK K KOk XOK0K K
¥ BASIC SINGLE LINE
v X

vk BY RICHARD L, TR
¥ KKK RORROK R XOKK KOk K0k K0k X

¥

s BASIC EXTER

¥
FOKER=%19
VARTAB=%74A
ARRTAR=$7C
ENOTAR=%7E
EXLINE=%$B4&
VARNAM=%$92
VARFNT=%$94
VARFTR=%$AC
FNOLIN=$0633
DISLIN=%$0408
ZCFL =%0821
CRID =%$0A473
RASFRT=$0ACC
GETVAR=%$1A%I
ASCII =%1CEC
FNUMER=$1CLC
L
y US—-46501 EXTE
¥
CRLF =$2D4A
INCH =%$2340
CHROUT=%2343
STROUT=%$2073
y
¥=$R000
LTIA EXLINE
STA FOKER
LTIA EXLINE+1
STA POKER+1

KRR KKK Kk
STEFFER X
+

ETHEWEY X
AR OK KKk kK X

NALS

START OF VAR. TAELE
START OF ARRAYS

ENDII OF ARRAYS
CURRENT LINE NUMBER
ASCII NAME OF VAR.
ADNDRESS OF VARIABLE

FINIO A BASIC LINE
IISFLAY A BASIC LINE
CTRL C CHECK

N0 LFy CR

FRINT NUMEER

FUT VAR. IN F.F.A
CONVERT F.F.A TO ASCII

FRINT INTEGER VARIAELE
KNALS
FRINT LFCK

GET KEYSTROKE
FRINT CHARACTER

GET CURRENT LINE #
MOVE IT

203304
20[1A06
207 30A
2021ER0
204023
Ceon
DO0S
AT03

4C2108
460

A000
AS7A
B85AC
AS7E
8SAlD
AGAL
E47D
noo7
ASAC

CONT
'
VIEWIT

Vo

JSR
JSK
JSR
JSR
JSK
CHMF
BNE
LOA
JMF
RTS

LOY
LTVA
oTA
LA
STA
LI
CFX
ENE
LItA

FNDLIN
DISLINtZ2
CRDO
VIEWIT
INCH

231

CONT

3

ZCFL

$0
VARTAE
VARFTR
VARTAE+1
VARFTR+1
VARFTR+1
ARRTAE+1
V1
VARFTR

FIND LINE IN WORKSFACE
DISFLAY IT ON SCREEN
CLEAN UF WITH CRs LF

FRINT NON-SESCRFTD. VAR‘S
GET A CHARACTER FROM KYEI.
IS IT A CKR?

NOy CONTINUE

YESy LOAD A CTRL C

ANDI EXECUTE 1IT

BACK TO BASIC

LOADl START OF VAR,
FUT IT IN FOINTER

TABLE

CHECK MSE OF FOINTER

SAME AS MSE OF ENDT
NO» FRINT VARIAELE
YESy CHECK LSE» TOO

(continued)




Listing 2 (continued)

580
590
600
510
520
630
640
550
640
670
680
590
700
710
720
730
740
750
760
770
780
790
300
810
320
330
840
850
860
870
880
280
380
850
900
910
920
930
940
950
940
970
980
990

1000

1010

1020

1030

1040

1050

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

RO3 3
EO3S
RO37
BRO3B
E028
BO3A
BO3C
BO3E
EO40
RO4 3
BO4 5
EO47
EO4A
RO4R
RO4 T
BO4F
ROS1
ROS4
BOS A
BOG8
ROS T
EOGI
BO&0
BO&O
RO&2
RO&ES
E0&8
BO&R
BOGE
BO7 1
RO7 4
RO7 S
RO7 &
RO77
BO7 9
BO/E
BO7E
BO7F
ROBO
BOB2
BOB3
EGB4
ROBA&
ROB9
ROBC
BOBC
BOBF
BO92
EO95
BOZ7
B0?8
BO9A
BO9C
ROZE
BOAD
BOAZ
BOAS
BOASB
BOAR
BOAS

CS7C
[oo1
&0

ACOD
H1AC
8592
297F
204323
N1AC
FOO3
EEABERD
ca
B1AC
8593
297F
204323
Nn1AC
FO13
AEABRO
noo3
ACATRO

AP25
8CABEKO
204323
4C71R0O
20BA0F
209014
207321
3

20

00
AS92
1011
ACABRO
C8

CB
ElaC
AR

88
R1AC
200C1C
4C92B0O

20EC1C
20CCOA
206421
ASAC
18
6907
85AC
2002
E&AD
A00
8LIABRO
4C2RB0O

00
B8CABRO

el 2

U1

V3

Vé

V4

NEXT

NX1

STRFLG

CHF
HNE
RTS

LLY
LTIA
STA
ANTI
JSR
CHF
EEQ
INC
INY
LOA
S5TA
ANTI
JSR
CHF
REQ
L.ITX
ENE
JMF

LA
gLy
JSR
JHF
JER
JSR
JSK

+BYTE 7= 740

LOA
BFL
LDY
INY
INY
LIIA
TAX
DEY
LOA
JSK
JMF

JSR
JSR
JSR
LDA
CLC
ALlIC
5TA
BCC
INC
LA
STA
JMF

ARRTAE
V1

$0

(VARFTR )Y

VARNAM
$$7F
CHROUT

(VARFTR)s Y

V2
STRFLG

(VARFTR)s Y
VARNAM+1

$#$7F
CHROUT

(VARFTRE ) Y

V3
STRFLG
VS

STRING

¥ %
STRFLG
CHROUT
V6
$0FBA
GETVAR
STROUT

VARNAM
V4
STRFLG

(VARFTR J» Y

(VARFTR)s Y

FNUMBR
NEXT

ASCII
BASFRT
CRLF
VARFTR

7

VARFTR
NX1

VARPTR+1

#0

STRFLG
Vo

+BYTE O
STRING STY STRFLG

BASIC STEP and TRACE

NOT
YES

SAME
LN TSy

FRINT
QUIT

VAR,

INIZ INDEX

GET VaR. NAME 18T RYTE
SAVE IT

ZERO HI BIT

ANDI FRINT IT

IS THIS AN INTEGERT
NOs SKIF A& RIT

YES» SHOW IT

BUMP INDEX

GET 2ZND BYTE OF NAME
SAVE IT

MASK AS BEFORE

FRINT IT

IS THIS A SFPECIAL VART
NOs I7S AN F.F. TYFE
CHECK TIF AN INTEGER
FLAG SET! INTEGER=3:VUS
FLAG CLEAR STRING=:

LOADL 7 %7
SAVE INDEX
FRINT THE
SKIF A BIT
SET FOINTERS TO VAR,
FUT VAR. IN F.F.A

i"ﬁ-"

FRINT'=

CHECK VAR TYFE
F+F 7= VU4
RECOVER INDEX
BUMF IT 2

GET VAR. FROM MEMORY

PRINT THE INTEGER
MOVE TO NEXT VARIABLE

CONVERT
FRINT IT
DO A CRy LF

BUMF FOINTER TO NEXT
SFOT ON TABLE

T0 ASCII

CLEAR FLAG
LOOF UNTIL DONE

SAVE INIEX

81

(continued)
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Listing 2(continued)

1160
1170
1170
1170
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360

BOAC
BOAF
BORO
BOE1
RORZ
EOE3
BOR&
BOR7
ROEY
BORC
BORE
BOC1
ROC2
ROC 4
BOCA
ROC7
ROC9
BOCR
ROCIH
BOCF
ROLIZ
BODIS
ROD
ROLIS

207320
24

Al

20

00
ACABRO
CB
B1AC
BLABRO
FOD4
CEABRO
C8
R1iAC
8594
CB
B1AC
B595
A000
BE194
204323
CCABEO
FOEE
C8
DOF3

S5TR1

J5R

+BYTE 7%= "»0

LDy
INY
LTIA
5TA
REQ
DEC
INY
LDA
STA
INY
LDA
S5TA
LDY
LDA
JSR
CFY
REQ
INY
BNE

STROUT

STRFLG

(VARFTR)s Y

STRFLG
NEXT
STRFLG

( VARFTR )9 Y

VARFNT

( VARFTR)» Y
VARFNT+1

$0

(VARFNT e Y

CHROUT
STRFLG
NEXT

STR1

SHOW STRING VARIABLE

RECOVER INDEX
BUMF IT ONE

GET STRING LENGTH
SAVE IT

IF ZERO LENGTH» QUIT

DECREMENT LENGTH COUNTER
RUMF INDEX

GET ADDRESS OF STRING
SAVE 1T

INIZ INDEX

GET CHAR FROM MEMORY
FRINT IT

CHECK IF TDONE

YESs =2 NEXT

NOy BUMF INDEX

LOOF UNTIL DONE
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Extended Trace

by Kerry Lourash

-

xtended trace is a vast improve-

ment over trace programs that
simply print line numbers. This
assembly-language program is for
OSI BASIC-in-ROM computers with
a CTRL-C vector in RAM. X-Trace
allows a BASIC subroutine to be
called after execution of each and
every statement in a subject pro-
gram. You can design your own
trace routine (in BASIC) to check
variables, program flow, free
memory space, etc. In addition,
X-Trace provides options difficult to
implement in BASIC.

My goal in designing X-Trace
was to make it as self-contained and
user friendly as possible. No zero-page

locations are used by X-Trace. Vectors for the

USR and CTRL-C routines are saved and then restored

when X-Trace is done. Even a string variable used by X-Trace
1s stored within the program.

What X-Trace Does

X-Trace calls a BASIC subroutine, as opposed to the usual BASIC call
to a machine-language subroutine. This technique allows you enormous
tlexibility and ease in designing a trouble-shooting routine. To further
simplify the task, the starting line of the BASIC trace subroutine may be
changed in mid-program, allowing multiple trace subroutines. Also,
X-Trace stores the line number of the next statement to be executed in a
String variable with a name you select. I call this string SUB$. In addition

to the line number, SUB$ may contain subroutine nesting information.
For example:;

SUB$ =50 *30+10




84

Listing 1

10
20
30
40
1Y
60
70
80
70
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

250
260

270
280
290
300
310
320
330
340
3350
360
370
380

370
400
410
420
430
440
450
460
470
480
490
200
210
920
230
540
o930
560
az0
280

MICRO on the OSI

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
Q000
1000
1000
1000
1000
1000
1000
1002
1004
1007
1009
100k
1000
1000
100D
1000
1010
1013
1016
1016

ASEOD
3012
2008Ek4
AS11
0512
No72

ADODI1 2
AEOE12
4C5610

% JOKKOR KKK RROKOKOKOKOK KOk X K

X

i X X-TRACE

X BY KERRY LOURASH x

#OKAOKOKOKRROKOIOR KK KK K0k K X X

ik

e L [

Sl W

e e EE

e

X

y
ASCII=$BY4E
CFLAG=%212

CONT=%A434
CTRLC=%21C
CURLIN=%87
DIMFLG=$5E
ENDI=$80
EXEC=%A5C2
FIND=$A432
FIX=$B408

FINSUE=$A1A4

FINVAR=$ADS3
FLOAT=$R7ESB

GETCHR=%00EC

GOTCHR=%00C2
GOSUB=%8C

GOTO=$A41I0
KEYTBL=%A084

RYFORT=%DLF OO0

LEGAL=$%AD81

RUOFLG=%60 QUOTE FLAG FOR LIST COMMAND

RETURN=$A4EB ENTRY FOINT "RETURN" COMMAND
SIGN=%EK0 SIGN OF ACCUMULATOR #1

STONUM=$BE774 STORE A VALUE IN BASIC VARIABLE

TXTFENT=%$C3 BASIC’S FOINTER IN PROGRAM
USR=$0R USER VECTOR ($0EsOC)

VARADI=$%97 ADDRESS OF VARIABLE ($97,98)

VARIEBL=%93 NAME OF VARIAELE

VARLOC=%95 LAST VARIABRLE VALUE ADDRESS

VARTYF=%5F STRING OR NUMERIC FLAG

YINDEX=%97 STORAGE FOR Y REG.

X=$1000

K AOKOKKOKOKKOR KKK K KK X

SELECT A TRACE SUE
BERANCH LDA SIGN

BMI VECTOR BRANCH IF NEGATIVE
JSR FIX CONVERT TO HEX

LIA $11 IS NUMBER=07?

OkA $12

BENE LISLIN NOy LIST BASIC LINE

OKOKOKOKOROK KO ¥OK 0Kk %0k K Ok ok X
RESTORE CTRL C VECTOR

NORMAL LIDA CSAVE
LDX CSAVE+1
JMF U1
K J0KK KK 30K K K K 0K K0k KK KOk
SAVE BASIC TRACE SUR’S

|
X

X

CONVERT 2-RYTE HEX TO ASCII
CTRL C FLAG

STORE VALUES FOR “CONT™
CTRL C VECTOR ($21C»21D)
HOLDS # OF CURRENT BASIC LINE
DEFAULT DIMENSION FLAG

"ENDI" TOKEN

BASIC EXECUTION LOOP

FIND LOC. OF A BASIC LINE
CONVERT FLOATING POINT TO HEX
FIND GOSUR INFO IN STACK

FINDI LOC. OF A BASIC VARIABLE
HEX TO FLOATING-POINT CONVERSION
GET NEXT CHAR FROM BASIC LINE
GET SAME CHAR FROM BASIC LINE
"GOSUB" TOKEN

ENTRY TO BASIC "GOTO"

BASIC KEYWORD TABLE

KEYBOARD INFUT STORED HERE

TEST FOR ALFHA CHAKR.

COMMAND

GET SIGN OF F.P.A #1

(continue -..'
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SUBSY indicates that the next statement to be executed is in line 50. When
tracing multistatement lines, the line number will be the same for every
statement except the last, when the number of the next line will be in
SUBS$. Note that there are three spaces between 50 and the first asterisk.
Spaces are used to pad the length of SUB$ to five characters. If
LEN(SUBS$) is greater than five, there is subroutine nesting information
in SUB$. The numbers 30 and 10 indicate that the subject program is two
levels deep in subroutines at this point. In other words, a RETURN com-
mand in the next statement would return to line 30, which was called by
line 10.

Any program line can be stored in SUB$ with an X = USR (line #) com-
mand. SUB$ can then be printed or POKEd to a location in video memory
for display. For example, the next line to be executed in the subject pro-
gram could be stored in SUB$ with an X =USR(VAL(SUBS$) ) command.
Any information formerly in SUBS is erased, but it could be transferred to
another string if necessary.

The CTRL-C Vector

The CTRL-C vector at $021C,$021D points to a ROM routine that
checks for a CTRL-C command. A flag at $0212 can turn off the CTRL-C
check so you can poll the keyboard. At the end of every BASIC statement
this routine is called to see if you wish to stop the program. A CTRL-C
halt saves your place in the BASIC program. If the program code is not
altered, a CONT command causes the program to continue where it left
off. The X-Trace program switches the CTRL-C vector to point to a
machine-language program that calls a BASIC subroutine.

The GOSUB Command
When a line such as 100 GOSUB 300 is executed, the following happens:

1. The stack is checked to see if room is available for GOSUB information.

2. The parser pointer, the current line number (100}, and a GOSUB token
|$8C) are pushed onto the stack. An address ($A5FB)| is already on the
stack. The parser pointer is BASIC's ‘'bookmark’’ that tells it where to
resume execution when a RETURN is encountered.

3. The GOTO subroutine at $A6B9 reads the GOSUB’s target line
number (300), finds the line in the workspace, and prepares BASIC to
resume execution at that line.

4. BASIC goes to the execution loop ($A5C2) and executes the
subroutine.

5. When a RETURN is encountered, the parser pointer and current line
number are pulled from the stack and restored. BASIC resumes execution
at the statement after the GOSUB statement (after 100 GOSUB 300).

GOSUBs may be nested; that is, a GOSUB to a second subroutine can
be done from the first subroutine. The second subroutine may contain a
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Listing 1 (continued)

a70
400
4610
420
&30
4540
&0
660
&70
680
&0
700
710
720
730
740
7350
740
770
780
790
800
810
820
830
840
850
8460
870
880
890
200
710
20
730
240
Y50
Y460
970
280

790
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
4
1120
1130
1140
1150
1160
1170
1180

10146

1016
1016
1016
1016
1018
101A
1010
1020
1023
10264
1029
102K
102K
1030
1033
1034
1034
1039
103K
1031
103F
1042
1045
1047
1049
104C
104F
1052
1054
1056
1059
105C
1050
1060
1060
1060

1060
1060
1062
1064
1066
1068
1069
106K
10611
106F
1064F
106F
106F
106F
106F
104F
1072
107 4
1077
1079
1070
107F
107F

297F
85ER0
2008E4
8C1012
aniii2
20C200
2081A0D
9032
BIEC11
AOOD
Z0RCO0
AR
FOO&
20BCOO0
FOO3
2498
248A
BIOFO11
AD1DO2
C9FO
9013
BLOE12
ALlLICO2
8noniz2
A%05
AZ2ll
g8nicoz
se1Di02
&0
4CEBCAA

ADOO
R1C3
noo2
ADD4
C8

B1C3
C980
[OED

AlI1212
BSOR
AlI1312
850C
205210
4CEBASG

.
¥
5
.
4
;

WMF e WAr S Ar AF

STARTING LINE NUMBER.

SAVE CTRLC VECTOR ANI
REFLACE WITH TRACE VECTOR

VECTOR AND #$7F CHANGE SIGN OF NUMEER
STA SIGN
JSK FIX CONVERT TO HEX
5TY TRASAV SAVE START OF TRACE SUR
STA TRASAV+1
VARELE JSR GOTCHK GET FIRST CHAR AFTER " )"
JSR LEGAL IS IT A LETTER?
BECC ERR NOy PRINT TM ERROR
STA CHR1+1 STORE 1ST LETTER OF VAR,
LIlY #0
JSR GETCHR GET 2NII CHAR AFTER ")"
TAX SAVE IT IN X REG.
BEQ V2+1 BRANCH IF END OF STHMT.
JSR GETCHR SET FARSE POINTER AT END
BEQ V3+1 BRANCH ALWAYS
Y2 BIT $98 CHAR=0 (TYA)
Vi BIT $BA RESTORE CHAR (TXA)
STA CHR2+1 STORE 2NDI VAR. LETTER
LDA CTRLC+1 CTRL C ADDRESS <$F0007
CHF #$F0
BCC EXIT
STA CSAVE+1
LA CTRLC
STA CSAVE
Vo LA #XTRACEX256/256 REFLACE CTRL C
LI'X #XTRACE/256 VECTOR WITH XTRACE
U1 STA CTRLC
8TX CTRLC+1
EXIT RTS
ERR JHF $AARC FRINT TM ERR & EXIT
1900880088006 83228298 )
CHECK NEXT STATEMENT |
FOR "ENIO" TOKEN -
RTN LT'Y %0 GET 1ST CHAR OF NEXT
LOA (TXTPNT )sY STHT
BNE COLON BRANCH IF NOT A NULL i
LO)Y $4
COLON  INY |
LOA (TXTENT )Y
CMF $END IS 2ND CHAR AN "ENDI" TOKEN?
BNE EXIT NOsRACK TO TRACE SUE

KKK KKK X OKOK KR IORKOKOIOKKOK K X
RESTORE USR VECTOR AND
TRACE VECTOR.,

SIHULATE EBASIC "RETURN"
TO SUBJECT FROGRAM

(23322360822 82828 828
STORE A LINE

LDA
5TA
LA
5TA
JSH
JMF

USKSAV
USR
USRSAV+1
USR+1

Vo RESTORE TRACE VECTOR
RETURN

RESTORE USER VECTOR

IN SUBS$
(continued)
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call to a third subroutine, and so forth. X-Trace finds the subroutine calls
on the stack and stores their return line numbers in SUBS.

How X-Trace Works

The user sets the USR vector to the BRANCH routine and calls
X-Trace with:

X = USR(negative trace subroutine starting line number)variable

For example, X=USR(-260)SU specifies that the starting line of the
BASIC trace subroutine is at line 260 and the trace variable is SU$ (or
SUBS$, as I call it). The BRANCH routine goes to VECTOR, which saves
the line number of the trace subroutine (the stock CTRL-C vector) and
points the CTRL-C vector at XTRACE. VECTOR returns to BASIC,
which executes the first statement in the subject program.

At the end of the statement, the CTRL-C vector sends BASIC to the
XTRACE routine. XTRACE does the following:

1. Checks the CTRL-C

2. Saves the current USR vector

3. Saves the subject program’s line number in SUB$

4. Finds subroutine calls in the stack and stores them in SUB$
5. Simulates a GOSUB to the BASIC trace subroutine

While in the trace subroutine, you have the option of storing a BASIC line
in SUB$. The format is: X = USR(line number). You can PRINT the string
or POKE it somewhere in video memory.

The RTN routine looks for an END command in the next statement to
be executed. When RTN detects an END, a simulated RETURN to the
subject program is performed (don’t worry; you can use END in the sub-
ject program without side effects). The NORMAL routine is called with
an X=USR(0). It restores the normal CTRL-C vector and turns off

X-Trace. The USR vector must be set to the BRANCH routine when the
USR command is executed.

Here are three short programs to 9 REM PROGRAN #1
: 10 POKE11,0:FPOKE12+16
demonstrate X-Trace. Program 1 is a 20 X=USR( -100 )SU
demonstration of the subroutine fg gnﬁggfg)'mn
nesting display of X-Trace. Lines 10 50 GOSUB&O :RETURN
and 20 set the USR vector to the start of 60 GOSUB70:RETURN
the X-Trace program and specify the 70 GOSUBBO:RETURN
Y iy 80 GOSUB90 $RETURN

subroutine’s starting line number (100) 90 RETURN
and the string used by XTRACE (SU$). 1?3 EE%INTSUFHENU
Next, a series of GOSUBs fills SUB$

with subroutine information. Line 40 turns off X-Trace and ends the
program.
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Listing 1 (continued)

1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690

107F
107F
1081
1084
1087
1089
108k
108
1090
1092
1093
1096
1099
109H
1091
10A0
10A3
10AS
1047
10A9
10AR
10ATL
10AF
10B2
10R4
10Ré
10B8B
10BA
10EC
10EI
10RF
10C1
10C3
10CS
10C7
10C8
10CA
10CH
10CD
10CF
1000
1002
1003
1006
1008
10DA
10D'E
10NE
10EQ

A900
8OOF12
203244
05C
Abl1
AS12
200711
AZFF
ES
BIIO101
L1412
NoF7
A920
01412
BEOF12
A0O1
8460
ADD3
[o11
A497
297F
20FA10
C922
0o0s6
ASH60
49FF
8560
ce
BE1AA
FO24
10EA
2460
30E6
38
E97F
AA
8497

AOFF
CA

FO08
C8
B784A0
10FA
30FS
c8
E784A0

30CE
20FA10

10E3 DOFS

10ES

1700 10ES 20E411
1710 10E8 BA
1720 10E9 ES8
1730 10EA EDO101
1740 10ED C9FB

1750

10EF DOF8

1760 10F1 EDNO201
1770 10F4 C9AS

1780

10Fé6 [IOF1

:

LISLIN LDA

L6

LS
LO

L1

Eat
L3

L4

XIT

X0

STA
JSR
BCC
LDX
LDIA
JSR
LDX
INX
LDiA
STA
RNE
LDIA
STA
5TX
LTIy
STY
LDy
BNE
LIy
ANTI
JSR
CHF
BNE
LDA
EOR
STA
INY
LTA
BEQ
BFL
RIT
EMI
SEC
SRC
TAX

STY
LOY
DEX
BEQ
INY
LDA
BFL
BMI
INY
LDA
BMI
JSKR

ENE

JSKR
T5X
INX
LDA
CHF
BNE
LDA
CMF
BNE

$0
LENCNT
FIND
XIT
$11
$12
CONVRT

$$FF

$1014 X
SUB$» X
L6
#%20
SUB$ s X
LENCNT
#1
QUOFLG
$3

L1
YINDEX
¥$7F
STORE
$$22
L1
QUOFLG
#SFF
QUOFLG

($AA)sY

XIT

LO
QUOFL.G
LLO

¥$7F

YINDEX
$$FF

L4

REYTELyY

L3
L2

REYTEBLsY

LS
STORE

L4
STRING

$101 X
$$F R

X0
$102+X
#$AS
X0

SET LEN SUE$=0

FIND LINE IN BASIC WORKSPACE
EXIT IF NOT FOUND

CHANGE LINE# TO ASCII

STORE ASCII IN SUE$

CLEAR QUDTE FLAG

RESTORE BASIC LINE PNTK.
ZERD HI BIT

IS CHAR A "7
TOGGLE QUOTE FLAG

GET NEXT CHAR

BRANCH IF IT’S A NULL
BRANCH IF NOT A TOKEN
CHECK QUOTE FLAG

SUBTRACT 7F FROM TOKEN
RESULT IN X REG

FIND KEYWORD
BRANCH IF FOUND

GET CHAR
BRANCH IF LAST CHAR

STORE CHAR IN SUR$
BRANCH ALWAYS

GET STACK FOINTER
FIND $ASFE CALL ON STACK

(continued)
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TR =
5 REM FROGRAM %2

10 FOKE11,0:FOKE12+16
20 X=USR(-460)LI

Program 2 shows how to monitor
the value of variables and store the

70 FORA=1T010 previous statement number (PRE).
40 B=E4CiC=C-1 When a variable changes in the subject
ig ﬁiﬁgtt E};E) program, you may want to know the
70 IFA=B OR ABS(C)=A exact line number in which the change

THENFRINT PRESASEIC occurred. X-Trace stores only the next

80 FRE=VIEND statement number to be executed.

Note: I recommend the use of a single
subscripted variable in the trace subroutine (such as XY,, XY,, XY, etc.)
to avoid conflict with variables in the subject program.

|

Program 3 shows how to switch

. : _| 5 REM FROGRAM 23
BASIC trace subroutines. In this exam 20 X=USR( —40 )N

ple, the trace subroutines are switched | 30 rForI=1T010

within the trace subroutines them- gg EEETI

selves. You can switch subroutines in | 60 PRINTUAL(NS)

the subject program, but that's a less :;g é;}]:nnmhusm ~%0 N
tidy method, since you might forget to | ¢4 prynruske vALCNS ) )IPRINTNS
delete those lines from the subject pro- | 100 IFI=STHENX=USR( 40 )N

gram after they have served their | 110 END

puUrpose. beuie. i ]

Converting X-Trace

Please note the two changes necessary to convert X-Trace to C2/4P
operation. They are located right after the ‘"START of XTRACE"
heading. Always remember to isolate the BASIC trace subroutine from
normal program flow so it doesn’t try to trace itself. I have tried to make
the stack-handling routines as general as possible, but X-Trace may not
be compatible with some modified USR or CALL routines.

Formatting

The major difficulty when tracing a program is displaying the infor-
mation generated without clobbering the subject program'’s output. I list
only a few methods.

1. Call $FDOO and build a string from keyboard input without writing to
the screen.

i. Turn the screen output flag ($64) off and on to control output.

- Slow the video output rate with a POKE to location $206 or a SAVE
command.

4. POKE SUBS$ to the screen at a point not used by BASIC.
See other reference sources for more solutions.
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Listing 1 (continued)
1790 10F8 94

1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940

10F9
10FA
10FA
10FD
10FE
1101
1104
1105
1105
1105
1105
1105
1105
1105
1105

1950 1105

1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080

- 2090

2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
22460
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

1108
1104
110C
110F

1112
1114

1116
1119
111C
111E
1120

1123
1123
1125
1127
1129
112C
112C
112C
112C
112C
112C

112E
1131
1133
1136

60

AEOF12
EB

91412
BEOF12

60

Alll 202
o019
APFE
80O0NOF
2CO0LF
7 Q0F
APFH
B8LIOOLIF
Z2CO0NF
7005
AF03
4C36A6

ASB8
CPFF
1003
4C0D10O

ASOB
811212
AS0C
8l11312
AZ700

1138 850K

1134
113C
113E
1140
1143
1145
1148
1148
1148
1148
1148
1144

A710
850C
A760
8n1C02
A?10
801N02

ADDO
E1C3

114C NOOH

114E

AO03

2370 1150 B1C3
2380 1152 AA

STORE

&

y

3 KK K 0K 3K KKK 5 KKK KOKOKOK K K K OK K K X0k X
iX START OF XTRACE ROUTINE X
3K KKK KK O K K KOKOKOK KKK K KK KOK KO K
0 CTRL C CHECK ANI
RESTORE CTRL C VECTOR
IMMEDIATE MOLDE

Wl wge Eme WP

IF 1IN

XS

RTS

LIX
INX
STA
STX
RTS

XTRACE LIA

y
IMMED

P OEOKRKOR K ROKOKOROKK OKOK K KKK
i SAVE FROGRAM’S USR

i VECTOR & FOINT

i VECTOR AT RTN ROUTINE
¥

BNE
LDA
sTA
BRIT
BVUS
LD
5TA
BIT
BVUS
LOA
JMF

LA
CHF
ENE
JHF

SAVUSK LI

KKK K HOK KK OKOIOK XK OORK X
s SAVE CURRENT LINE NUMEER

5TA
LDA
STa
LA
STA
LUA
STA
LIA
STA
LA
S5TA

;
¥
y IN "SUEs$"
]

STORLIT LIY

LTA
ENE
LIy
LA
TAX

SET STACK: RYFASS USK
LENCNT STORE A CHAR IN SUE$
SUES$» X
LENCNT

CFLAG GET CTRL C FLAG

TMME [t SKIP CHECK IF FLAG SET

$SFE $1 IF C2/4PKRKXRRKKRKKRKEK

KYFORT

KYFORT

IHMET

$$FE $4 IF C2/4FRRKKRKNKKRKKKKK

KYFORT

KYPORT

IMMET

33

CONT EXIT IF CTRL C HIT

CURLIN41 IN IMMEDIATE MODE?

$$FF

SAVUSR  NOs ERANCH

NORMAL  RESTORE C VECTOR & RTS
CTRL C

USK SAVE USER VECTOR

USRSAV

USR+1

USRSAV+1

$RRANCHX256/256 ERANCH VECTOR 1IN

USK USER VECTOR

$HRANCH/ 256

USR+1

SRTNX256/256  RTN VECTOR IN

CTRLC CTRL C VECTOR

FRTN/256

CTRLCH

VARTIAERLE

$0 IF WE ARE NOT AT END OF
(TXTPNT )sY LINE» LINE# IS IN CURLIN
CURENT

3 GET NEXT LINE# FROM

( TXTPNT )Y BASIC WORKSFACE

(continued)
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Extended Trace

91

2390 1153 C8 INY

2400 1154 RK1C3 LDA (TXTPNT)sY

2410 1156 C8 INY

2420 1157 D004 BNE NEXTLI

2430 1159 ASEB CURENT LDA CURLIN+1 GET LINE# FROM CURLIN
2440 115R ALB7 LDX CURLIN

2450 115D 200711 NEXTLI JSR CONVRT CHANGE LINE# TO ASCII
24560 1160 AOFF LDY #$FF

2470 1142 C8 NO INY

2480 1143 E90101 LOA $101,Y

2490 1146 991412 STA SUES$,Y STORE ASCII IN SUES$
2500 1149 DOF7 ENE NO

2510 1146B A920 LDA #%$20 FAD TO 5 DIGITS
2520 1160 9291412 N1 STA SUES$»Y WITH SFACES

2530 1170 CS8 INY

2540 1171 CO05S CFY #5

2550 1173 DOF8 ENE N1

25640 1175 88 DEY

2570 1176 BCOF12 STY LENCNT LENCNT =5

2580 1179 OO R ROK KO K KK KK X kK

2590 1179 i FIND SUEBROUTINE CALLS

2600 1179 i IN THE STACK & STORE

2610 1179 i THEM IN SUE$ VARIAELE

2620 1179 H

2630 1179 BA TS8X

2640 1174 20A4A1 NEXSUE JSR FINSUE LOOK FOR SUES ON STACK
2650 117D C98C CMF #GOSUER

2660 117F DO 34 BNE SUR BRANCH IF NO MORE SUBS
2670 1181 ALOF12 LDA LENCNT GET LENGTH OF SUER$
2680 1184 C943 CHMF $67

2690 11B4 RO2D RCS SUE BRANCH IF =347

2700 1188 EB INX

2710 1189 EN0101 LDA $101 X GET LINE #'S FRDOM STACK
2720 118C 8SAE STA $AE

2730 11BE EB INX

2740 118F ENO101 LOA $1014X

2750 1192 BSAD STA 3$AD

2760 1194 8A TXA CONVERT LINE #’'S TO
2770 1195 48 FHA ASCII AT $100-10C
2780 1196 20niR11 JSR CON

2790 1199 A924 LDA #'X FIRSTy STORE A “x"
2800 1198 20FA10 JSR STORE

2810 119E A000 LOY #0

2820 11A0 CB8 NEXCHR INY

2830 11a1 ESB INX

2840 11A2 R90001 LDA $100yY GET ASCII DIGIT
2850 1145 9011412 STA SUE$ X FUT IT IN SUES$

2860 11A8 DIOF & ENE NEXCHR LOOF IF NOT A NULL
2870 11AA BEOF1? STX LENCNT SAVE LENGTH OF SUE$
2880 11AD 48 FLA RESTORE STACK INDEX
2890 11AF AA TAX INCR FAST SUBR INFOD
2900 11AF EB INX

2910 11RO ESB INX

3?20 11B1 EB INX

<930 11B2 4C7811 JMF NEXSUR LODOK FOR ANOTHER SUR
2940 11BS 3

2950 11BS FORKORNOK KKK KKK KKK KK

2960 11RS i FUSH GOSUER INFOR-

2970 11ES i MATION ONTO STACK

2980 11BS ‘

2990 11KS 20E411 SUE JSR STRING

3000 11R8 ASC4 LIA TXTFNT+1 FUSH FARSER FOINTER

(continued)
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Listing 1 (continued)

3010 11EA
3020 11BR
3030 11RI
3040 11EBE
3050 11CO
3060 11C1
3070 11C3
3080 11C4
3090 11Cé
3100 11C7
3110 11C7
3120 11C7
3130 11C7
3140 11C7
3150 11CA

3160 11CC
3170 11CF

3180 11m
3190 1104
3200 1107
3210 1107
3220 1117
3230 1107
3240 1109
3250 11DE
3260 11DD
3270 11DE

3280 11E1 4CAER?

3290 11E4
3300 11E4
3310 11E4
3320 11E4
3330 11Eé6
3340 11E8
3350 11E9
33560 11ER
3370 11ED
3380 11EF
3390 11F1
3400 11F3
3410 11F5
3420 11F8
3430 11FA
3440 11FD
3450 1200
3460 1202
3470 1203

48
ASC3
48
ADB8
48
ASB7
48
AYBC
48

AN1012
8511
Alil112
8512
200L0A6
ACC2AS

85AD
B6AE
A250
38
20EBR7

AOFF
84 5SF
C8

84 5E
ATS3
8573
ATSS
0980
85974
205 3A0
AOOO
EEOF12
ADOF12
7195
cC8
AY14

3480 1205 9195

3490 1207
3500 1208
3510 1204
3520 120C
3530 120D
3540 1200
3550 120D
3560 12001

3570 120F
3580 1210

3590 1212
3600 1214
3610 125B
3620 125E

C8
A912
7195
60

0000

00
0000

0000

sy e =mp e

W WP

,E e

FHA
LIA
FHA
LA
FHA
LDA
FHA
LDA
FHA
I $28023323832288 88080
00 A SIMULATED GOSUEB

TQ THE BASIC TRACE SUE

TXTENT

CURLIN+1 PFUSH CURRENT LINE®#

CURLIN

$GOSUR FUSH "GOSUE" TOKEN

LDA

STA

LIA

STA

JSR GOTOD

JHF EXEC
KRR KK ROIOKKOKIORK K K
HEX TO ASCII AT %100

TRASAV

$11

TRASAV+1

$12

SET UF GOTO INFO

JUMF TO BASIC EXEC LOOF

CONVRT STA $AD

STX $AE

LOX #$90

SEC

JSR FLOAT HEX TO FLOATING FOINT#
JHF ASCII F.F.TO ASCII AT $100-10C
AKROKRIOKOK KKK KO IOK K KOKKOK K KKK K X

FINI OR CREATE SUE$ VAR.

CON

STRING LDY

STY
INY
sSTY
LDOA
STA
LIIA
ORA
STA
JSR
LIY
INC
LDA
STA
INY
LA
STA
INY
LDA
STA
RTS
KRXEOKXKE XXX
STORAGE AREA

$$FF
VARTYF

SFECIFY STRING VaAR.

SET DIMFLG=O
NIMFLG
#S
VARIEL
$ U
$$80
VARTERL+1
FINVAR
30
LENCNT
LENCNT
(VARLOC)» Y

CHR1 VARIABELE NAME =S5U$

CHR2

SET HI RIT OF "“u*

FIND OR CREATE SUS$

SET LENGTH OF Sus

$SUB$X256/256 STORE LOCATION
(VARLOC)»Y OF Su$

$SUR$/256
(VARLOC)»Y

CSAVE WORKD O CTRL C VECTOR STORAGE
LENCNT .BYTE O LINE LENGTH COUNT
TRASAV LWORD O TRACE SUB LINE STORAGE
USKRSAV .WORD O USER VECTOR STORAGE
SUES$

X=X+71 72-BYTE SUR TAERLE

50R LINE STRING
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Symbol Table Lister

by Rolf Johannesen

rogramming in assembly rather
than a high-level language
(BASIC, Pascal) may be preferred for
one of three reasons: speed,
economy of memory usage, and the
ability to do things not available in
the higher-level languages. Small
sections of code can be assembled by
hand and entered using a simple
monitor. However, this is a tedious
process and prone to error. For any

e serious assembly-language coding an

ﬂ M assembler program must be used. An

: assembler will read source code,

M/ check for errors, generate all

/ necessary cross-references, and pro-

duce the desired assembled code. A

ﬂ’ listing may be produced optionally by the
as

sembler.

B

The OSI C1P Assembler/Editor

The OSI C1P assembler does all of the above and has

editing capability as well, so the user can enter source code conven-
iently from keyboard or tape and edit it before assembly. One useful op-
tion lacking in the OSI assembler is the ability to list or print out a sym-
bol table following the listing. A symbol table lists all symbols and labels,
together with their assigned values, and is a valuable adjunct in reading a
Program listing. When modifying a program, the symbol table helps you
avoid inadvertent duplication of symbols or labels. A complete cross-
reference program would be even more useful and would not be difficult
to write. For my own use, the extra effort and extra memory required did
DOt seem to be worthwhile. This article presents a symbol table lister for
the OSI C1P. The listing included here is for the OS65D disk system,;

COmments indicate changes needed to run the program with the cassette
Version of the assembler.
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Listing 1

10 ; SYMBOL TABLE LISTING PROGRAM

20 ; FOR 0S&5D V3.3

20 ; COMMENTS GIVE CHANGES FOR CASSETTE
40 ; BASED 0SI ASSEMBLER

50 ; RY ROLF EB. JOHANNESEN

40 i 13917 CONGRESS DRIVE

70 ; ROCKVILLE, MD 20853

80 ; LAST REVISION 28 NOV 82

20 ; PAGE ZERD LOCATIONS

100 0010= CC. = $10 CHARACTER COUNTER

110 0011= CSV = CC+1 SAVED CHARACTER

120 0012= MCTR= CSV41 MULT, CHAR., COUNTER
130 0013= XP = MCTR#1 X FOINTER

140 0014= XSV = XP+i X REG., SAVE

150 0015- YSV = XSV+1 Y REG. SAVE

160 0014= LN = YSU+1 LINE NUMBER

170 0018= LW = LN+2 LAST WORD

180 001A= PTR = LWi2 FOINTER

190 001C= PTR2= PTR42 GECONDI FOINTER

200 001E= BFR = PTR242 BUFFER

210 0024= DEST= BFR48 DESTINATION EUFFER

220 002E= M = DEST48 MINIMUM SYMEBOL VALUE
230 0032= MP = Mi4 MINIMUM IN CURRENT LOOF
240 003é4= BCE = MP+4

250 ; ADDRESS EQUATES

260 12C9= STMEM=$12C9 START OF MEM FOR SOURCE
270 12CE= 8TS = $12CB TOF OF STORAGE

280 12FE= NL = $12FE NEXT LOCN FOR SOURCE
290 1A56= CRL = $1AS& CARRIAGE RETURN-LINE FEED
300 i CRL = $AB4C FOR CASSETTE

210 19E9= PHEX= $1%E9 PRINT HEX CHAR.

220 ; PHEX INTERNAL FOR CASSETTE

330 1DDé= VD = $10D4 16~EIT DIVIDE ROUTINE
240 i IVD  INTERNAL FOR CASSETTE

350 2243= PRINT=$2343 FRINT ROUTINE

340 § FRINT=$FFEE FOR CASSETTE |
270 2F83= LL = $2F83 LAST LINE USED IN SYMBOL TABLE
280 3 LL = $000A FOR CASSETTE

399 ; FROGCRAM STARTS HERE

400 1F3E ¥=$1F3E

410 i  %=$1391 FOR CASSETE

420 {F3E A900 STRT LIA £0

430 1F40 852 STA M INITIALIZE MINIMUM

440 1F42 B52F 3TA M+1 TO ZERO

450 1F44 8530 STA M42

460 1F44 8BS STA M43

470 1F48 38 SEC

480 1F49 ALIB32F LA LL SET FOINTER LW TO LAST
490 1F4C E904 SEC #4

500 1F4E 8518 STA LW

510 1FS0 ALIB42F LDA LL+1 LOCN IN SYMBOL TABLE
520 1FS52 E900 SEC 30

530 1FS5S5 B519 STA LuW+i

540 1F57 205614 JSR CRL

9590 1F5A APFF LOCF1 LDA #$FF MAKE MF » ANY FOSSIELE

560 1FSC 8533 ofA MF+1 SYMEOL
970 1FSE ACCR12Z2 LOOFZ LDY STS SET PTR+Y TO TOF
o980 1F61 ADCC12 LDA STS+1 OF SYMBOL TABLE

(continued)
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Operation of the Assembler/Editor

In the OSI assembler, source code is stored in memory as it is read in,
heginning at the location following the end of the assembler. Numbered
ines are inserted at their correct position. Each line begins with two
hytes containing the line number in hex in the order low, high. The line
ends with a return ($0D). Line feeds are not stored in the source text but
are added after each return during printing. There is no special signal to
indicate end-of-text as in BASIC; rather the editor keeps the next location
available for text in a table (see below.) When an assembly is requested, a
symbol table is built, which begins at the last location in RAM and moves
to successively lower addresses as more symbols are added. Each symbol
requires six locations for storage: four bytes for the symbol itself (encoded)
and two bytes for the value of the symbol. A symbol may be from one to
six characters in length. It must begin with an alphabetic and the remain-
ing characters must be in the set A-Z, 0-9, :, ., or $§. The symbol table is
not sorted, nor is a hash table used; the symbols are simply entered in the
order in which they are encountered. A forward reference causes an entry
to be made in the symbol table with a value that appears to be random. A
value is adjusted when the symbol is defined.

Operation of the Symbol Table Lister

The assembler maintains pointers to the start and end of source code
and the start and end of the symbol table. These are shown as STMEM,
NL, STS, and LL in the accompanying listing. Let me define
'equivalence’’ as the numerical representation in which the symbol is
stored, ‘‘value’’ as the value assigned to the symbol; e.g., ''LABEL"
always has the equivalence $4B2A2120; its value may be anything from
$0000 to $FFFF.

The lister program begins by zeroing a 4-byte memory location, M. It
then scans the symbol table to find the smallest equivalence greater than
or equal to M (the smallest symbol numerically is also the earliest alpha-
betically). The value of the found minimum equivalence is incremented
by one and stored in M before the table is searched again. Thus, the table
is searched once for each symbol to be printed. This method is not as effi-
cient as a true sort, but it requires less memory. For a table of 100 sym-
bols, the output is only slightly slower than the rate at which characters
are written to the screen. After the minimum equivalence has been found
In a particular pass (lines 550-1310), the symbol is decoded into its ASCII
value (lines 1320-1900). The ASCII representation of the symbol is
searched for multiple characters and converted to the form used by the

assembler for source code (e.g., L666 = $4C363636 — $4C36FE) (lines
1910-2360).

Next, the source file is searched for the line defining the symbol (lines
2370-2780). If the symbol is not defined (and this will have caused an
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Listing 1 (continued)

270
500
510
620
630
&40
650
6690
570
680
6§90
7930
710
720
730
740
759
760
770
780
790
BOO
810
820
830
840
850
B&60
870
880
geo
200
210
920
730
740
250
240
970
780
770
1000
1010
1020
1030
1040
1050
1060
1070
1080
1070
1100
1110
1120
1130
1140
1150
1160
1170
1180

1Fé64
1Fé6
1F 48
1F6A
1F6C

1F6E
1F6F
1F71
1F72
1F74
1F76
iF78

1F7A
1570

1F71
1F7E
1FB80
1F81
1F82
1F84
1F35
1F87
1FB?
1FBA
1F8C
1FBE
1F90
1F92
1F74

1F96
1F98

1F99
1F94

1F9H
1F9D
1F9E
1FAQ
1FA2
1FA3

1FAS
1FA7
1FAB
1FA9
1FAA
1FAC
1FAE
1FAF
1FE1
1FB3
1FB4
1FB6
1FB8
1FBY
1FBB
1FBC
1FBE
1FCO

1FC1

851H
AZ00
8514
CO10
BOOE

78

0980
AB

AS1A
4980
891A
1002

C&1B
78

38
E?Q3
A
18
LS1A
08
C518
1011
=B
AS1R
6700
Co19
[1007
AS 33
CoFF
D041

60

08
28
A200
38
B114
FS530
CE
E11A
F531
88
88
88
BE11A
FS2E
C8
B1l1A
F92F
08
E00O
[oog
28
9019
C8
A204
DOD
28

BO11

STA
LIA
STA

FTR+1
$0
FTR

LOOF2 CFY #s10

TRN

-
¥

i CHANGE RTS

CM1

CONT FLF

BECS

TYA
ORA
TAY
LDA
EOR
STA
BFL
DEC
TYA
SEC
SEC
TAY
CLC
ADC
FHF
CMF
ENE
FLF
LIA
ALIC
CHF

BNE
LOA
CMF
ENE
RTS
FHF

LIX

TEN
$380

FTR
$380
FTR
TRN
FTR+1

3

FTR

LW
CONT

PTR+1
30
LW+1
CM1
MF+1
FSFF
FRNT

$0

CLOOF SEC

THMF

LIA
SEC
INY
LA

SEC
DEY
DEY
DEY
LA
SEC
INY
LDA
SEC
FHF
CPX
ENE
FLF
BCC
INY
LDX

BNE
FLF

BCS

(FTR)»Y
M+2s X

(FTR)sY
M3 X

(FTR)sY
Ms X

(FTR)»Y
MtlysX

$0
THF

NXWORD

#4
CLOOF

NXWORD

DECREMENT Y A5 TABLE

IS REAL

WHEN Y GETS BELOW 310
ALD $BO ANIY DECREMENT
FTR BY 80 TO AVOILN
ADDRESSING ERKRORS IF
Y DECREMENTS FROM

00 TO FF

COMFARE FTR+Y TO LW
TO BEE IF SEARCH ENLDED

IF MF+1=%FF THEN
SYMEOL TABLE EXHAUSTEL
50 QUIT BUT IF

MF+1<$FF THEN A SYMBOL
HAS BEEN FOUND PRINT IT

TO JMF $1300 FOR CASSETTE

OOUBLE LOOF

SUBTRACT

WHEN X=0, COMFARE
CURRENT VALUE IN SYMEOL
TABLE WITH M IF VALUE
IS <M THEN OMIT Zd LOOF
IF VALUE=>M THEN

COMFARE CURRENT VALUE
WITH MINIMUM (THIS LOOF)
IN MF IF VALUE=>WF THEN
CONTINUE SEARCH BUT
IF VALUE<MF THEN

REFLACE MF BY

NEW MINIMUM

FOR 32-BIT

(continued)
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assembler error) the lister program prints a ? instead of a line number.
Additionally, if the symbol is more than two characters long, the fourth
character will be an embedded ?. Finally, the symbol, its value, and the
line number where defined are all printed out (lines 2790-3130). This pro-
cess is repeated until all symbols have been found and printed.

Inasmuch as the extended monitor (EM) is always loaded together
with the assembler in OS65D, the program uses EM routines where
possible (DIVIDE and PHEX). These routines are listed as comments to
be assembled and used with the cassette-based assembler. Print and
carriage-return line-feed routines are available in both OS65D and
BASIC-in-ROM; addresses are given for both.

The program as given for OS65D uses memory from $1F3E to $218F.
[t starts one location above the end of the EM and can be stored on disk
with the EM to be called in each time the assembler is loaded. For 5-inch
disks this is Track 10; for 8-inch disks it is Track 7. The symbol table
lister should be called immediately only after an assembly (A0-A3) has
been run. Then type !GO 1F3E in response to the prompt character.

The program listed here begins at $1391 and runs to $1619. The value
in STMEM has been changed accordingly to $161A. Note that this change
must be made as soon as the assembler is loaded, before any source code
is entered. This reduces the space available for an assembler source file by
$289 (649 decimal) locations. If this reduction in space turns out to be
crucial, the lister could be relocated to overlay part of the assembler. If
this is done, the part of the assembler to be overlaid should be stored on
tape. The assembler can then be reused by loading only the short overlay
file rather than the entire program. The lister uses some page-zero loca-
tions for storage but does not change any values required by the
assembler, so the assembler can be re-run after running the lister. Output
goes to the print vector at $FFEE, which is a JMP (indirect] to $021A,
021B. These locations are initialized by the monitor to send output to the
screen or tape, depending on the value in $0205. They can, of course, be
changed to point to a print routine if a printer is available.
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Listing 1 (continued)

1190
1200
1210

1220
1230
1240
1250

1260
1270
1280

1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
15846
1590

1600

1610

1620

1630
1640
1630

1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780

1FC3
1FCS
1FC6
1FC8
1FCA
1FCB
1FCC
1FCE
1F DO
1F D1
1FD3
1F D4
1F DS
1F D6
1FD9
{F B
01
1FDF
1FEQ
1FE2
1FE4
1FE6
{FE7
1FE9
{FER
1FED
1FEF
1FF1
1FF3
1FFS
1FF7
1FFA
IFFC
1FFL
2000
2002
2003
2006
2008
2004
200C
200E
2010
2011
2014
2016
2018
2014
201C
201E
2020
2022
2024
2026
2028
2024
202C
202E
2030

2032

A200
88
Bl1lA
7532
C8

EB
EQO&
DOF 6
78
E705
AB

88

88
4CO6ALF
A208
A920
7510
CA
[IOF K
B532
7352E
E8
E0O4
DOF7
E630
11002
E631
A000
8413
A200
E?3200
8aCC
ce
B?3200
guCh
C8
20622
FO46
C?1E
70047
C925
7008
Ak
Bl6721

004
692K
6915
AbGL S
951E
E613
EQOS
FO2A
EQO2
noo 4
A415
poCe
ASCSs
D004
ASCY
FO1A

LDX #0
DEY
MUMFP LDA (PTR)»Y
STA MFs X
INY
INX
CFX #6
BNE MUMF
TYA
SBC #5S
TAY
NXWORD LDEY
DEY
JMF LOOF3
FRNT LDX #8
LA #%20
STB STA BFR-1sX
DEX
ENE STE
CFM LDA MFsX
STA MsX
INX
CFX #4
BNE CFM
INC M+2
BNE LOOF3.
INC M+3
LOOF3. LLY #0
STY XP
LCOF4 LDX #0
LOOF4F LOA MPsY
STA $CC
INY
LA MFsY
5TA $Ch
INY
LOOFS JSR LVK
BER GADRK
NACHR CHF #$1E
BCC ALFH
CMF #%$25
BCC NUM
TAX
LI CHR-$25¢ X
BNE FF
ALFH ALC #$2B
NUM ALIC #%15
FF  LIX XF
STA BFRsX
INC XF
CFX #5
BEQ GALK
CFX %2
BNE TSR
LOY YSV
BNE LOOF4
TSKE LIA $C8
BNE TSTX
LA $C9

BEQ GAIR

COFY SYMROL (CODED) AND
ITS VALUE FROM FTR+Y
INTO MFP

FILL PRINT BUFFER
WITH SFACES

COFPY CURRENT MINIMUM TO
GLOEAL MINIMUM

INCREMENT GLOEAL MIN.
FOR NEXT FASS

NOTE LOOF3. NOT= LOOF3

DECODE MAX OF & BYTES

DIVIDE KY 1600y THEN 40
REMAINIERS ARE RYTES

OF SYMBOL

1F QUOTIENT=01 TO $1A THEN
ALFHABETIC ALD $40

IF QUOTIENT=%1E TO $24 THEN
NUMERIC AL $15 .
IF QUOTIENT-$24 THEN ¢ . OR &
TABLE LUOKR-UF

FUT ASCII CHAR INTO BFK

(continued)



Listing 1 (continued)

1790
1800
1810
1820
1830

1840
1850
1860
1870
1880
1870
1900
1710
1920
1930
1740
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380

2034
2036
2038
203A
203C
203E
2040
2042
2044
2046
2048
204A
2040
204 E
2050
2052
2055
2056
2058
205A
205C
205E
2061
2062
2064
2067
2069
206E
2060
206F
2072
2073
2075
2077
2079

207R
207C
207E
2080
2082
2083
2085
2087
2088
208A
20BR
2080
208F
2091
2093
2095
2097
2099
2094
209C
209E
2040
20A1
2043

2045

Ab14
E004
008
ASCS
4000
84C8
FOCé
ASCS
85CC
ASCY
85CI
A415
DOKS
AZ00
BS1E
204323
E8
E008
[0F &
A205
BS32
20E919
CA
B532
20E919
A000
A200
85612
8611

B?1E00
C8
C920
FOL1C
Coll
FO14
48
Aol2
FOO7
9326
ES
AF00
8512
68
9526
EB8
8511
LOEOD
C612
[nonc
AS12
F 003
9526
E8
8410 .
AT20
9526
£E8
EOOB
LIOF 7
ACC?12

TSTX LOX X5V

CFX
ENE.
LOA
Loy
STY
BEQ

#
LFREF
$C8
$#0
$C8
NXCHR

LFREF LDA $CB

STA
LOA

$CC
$C9

5TA $CL

LIy
BENE

YoV
LOOFS

GADR LOX #0

GE$ LDA
JSR
INX
CFX
ENE
LDX
LDA
JSR
DEX
LOA
JER
LOY
LOX
STX
STX

LOOFS LI BFRsY

INY
CHF
BEQ
CHF
BEQ
FHA
LOA
BREQ
STA
INX
LDA

S5TA

STOR FLA

STA
INX
STA
ENE

BEFR s X
FRINT

$8
GB%
5

MFy X
FHEX

MF» X
FHE X
30
$0
MCTR
CSV

$#$20

CXIT
CsV
IUFL

MCTR
STOR
ODESTX

$#0
MCTR

DESTsX

CsV
LOOF&

DUFL DEC MCTR

ENE

LOOF6

CXIT LDA MCTR

BREQ
STA
INX

CRTN
DEST»X

CRTN STX CC

LIA
oTA
INX
CFX
BNE.
LIy

$%.20
DEST X

$8
CRTN+2

STMEM

Symbol Table Lister 99

FRINT 8 CHARS FROM BFR

FRINT SAVEDl VALUE OF

SYMBOL ( CURRENT LOOF )
IN HEX

SET UF SEARCH OF ASCII

SYMBOL FOR DUFLICATE
CHARACTERS

DECREMENT MCTR FOR EACH
MULTIFLE CHARACTER

IF NO DUFLICATE THEN
EXIT

STORE NEGATIVE VALUE 1IN
DEST IF DUFLICATE CHAR
NOW DEST IS IN ASHM
SOURCE FORMAT

SET UF SEARCH OF SOURCE

(continued)




100 MICRO on the OSI

Listing 1 (continued)

2390
2400
2410
2420
2430
2440
2450
2440
2470
2480
2490
2500
2510

2520

2530
2540
2350
2560
2570
2580
2290
2600
2610
2620
2630
2640
2650
2660
2670
2680
2670
2700
2710
2729
2730
2740
27350
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2700
2710
2920
2930
2940
2930
2960
2970
2980

20A8
20AE
20AL
204F
2081
2083
20R6
20B8
20BA
20BI
208F
20C2
20CS
20C/
20CA
20CC
20CF
2001
2003
2005
2007
2004
200C
20DE
200F
20E1
20E3
20ES
20EB
20EA
Z20ER
20EF
20F1
20F 4
20F6
20F8
20FA
20FC
20FE
2100
2102
2104
2106
2108
210A
210K
2100
210F
2111
2113
2115
2117
2119
211 R
211N
21F
21
2124
2124
2128

AlCALZ
851n
AT00
851C
AZOO
CCFELZ
HO0A
Aol
COFF12
[I003
4C4C21
205821
8516
200821
8517
205821
JO0FH
CP20
FOF7
o0 3
2005821
526
noOA
EB
E410
FOOE
LOF 2
205821
C7OL
F OGS
200821
LOoF 7
205821
C920
FOOC
Ceon
FOOB
C72A
FOO4
CT3L
[OE 4
AT 20
A20 D
9535
CA
IO K
A204
ASlé
8oCC
as517
85Ch
APOA
85CE
AT00
B85CF
206E21
nol.8
0730
534
CA

LDA STMEM+1

5TA
LIA
5TA

FTRZ2+1
$0
FIRZ

GORDN LOX #0O

CEY
ENE

NL
GORII.

LA FTR2+1

CHF
ENE
JMF
GORTL .
STA
JoR
5Th
LS JSK
BHI
CHF
BEQ
BNE
NC JSR
TNC CHF
ENE
INX
CFX
BEQ
ENE

NL+1
GORI,
QUEST

JSR INCY

LN
INCY
LNT1
INCY
LS
520
LS
TNC
INCY
DESTX
NXLN$

CC
FOUNI
NC

NXLN JSR INCY
NXLN$ CHF #30D

REQ
JSR
ENE

GORI
INCY
NXLN%

FOUNDl JSR INCY

CHF
REQ
CHF
BEQ
CHMF
HEQ
CMF
HENE
TRF INI
LIIX

STRL 5TA BCB-1+X

DEX
BNE
LIX
LOA
5TA
LIA
S5TA

DVLGOF LA #$0A

S5TA
LOA
5TA
JOR
LIA
ORA
5TA
DEX

#3520
TRF INI
#5300
TRF INII
# X
TRFE IND
$ =
NXLN®

LOA #$20

0

STHL
¥4
LN
$CC
LN+1
$Ch

$CE
$0
$CF
vio
$CH
$$30
ECE» X

CODE FOR SYMEOL

I1F S0URCE EXHAUSTED
ANDL NO MATCH FOUND
THEN FRINT 7

SKIF LEALIING BLANKS
BOTH SINGLE ANI' MULT.

COMFARE SOURCE CODE
TO SAVED SYMEOL

MATCH UF CORRECT #
OF CHARALTERS

IF FOLLOWED BY TERMINATOR
THEN TRUE FINI
ELSE BURIED IN LONGER

SYMEOL CONTINUE SEARCH

FILL BCE WITH BLANKS

CONVERT TO ASCI1 BY

SUCCESSIVE DIVISIONS

RY 10 REMAINIERS

ARE OR‘D WITH %30

TO GIVE ASCII CHARACTERS
BETWEEN O AND' 9

END WHEN QUODTIENT = O

(continued)



Listing 1 (continued)

2990 2129 ASCC

3000

3010
3020
3030
3040
3050
3060
3070
3080
3070
3100
3110
3120
3130
3140
3150
3160
3170
3180
3170
3200
3210
322

3230
3240
3250
3260
3270
3280
3290
3300
3310
332

3330
3340
3350
3340
3370
3380
3390
3400
3410
3420
3430
3440
3450
34460
3470
3480
3490

212K
212
212F
2131
2133
2134
2137
2139
213K
213E
2141
2142
2144
2146
2149
214C
214E
2150
2152
2154
2156
2158
215A
215R
2150
215F
2160
2161
2162
2165
2167
2168
216R
21611
216E
2170
2172
2174
2176
2178
2179
217K
2171
2180
2181
2182
2184

2186
2187

3500 2188

3300
3510
3520
3520
3520
3520
3530
3540

218A

218C
218D

21BE

QSCI
LOES
AOO3
AT 20
204323
88
[OF A
A000
B93600
204323
C8
COO%
DOF 5
205614
4COALF
AT 3F
B5346
AT00
8537
A00 &
npone
B11C
CcB
noo2
E61D
48

68

60
BOIE821
85CE
EB
ROEIB21
85CF
ES
B614
8415
A20 4
AT00
esC7
CA
[OFE
AZ10
2001610
BA

08
Ab14
A415

28
60

4004
2800

3A
2E
24

218F 3F

LDA
ORA

BNE

sCC
$Ch
DVL OOF

HRTN LOY #3

ob.
SH

LDA
JSK
DEY
BNE
LOY
LDA
JSR
INY
CFY
BNE

ol

$%20
FRINT

SHE
$0
BCRs Y
FRINT

$5
SN

FAIT JSK CRL

JHF

LOOF1

QUEST LLA #'7

5TA

BCH

LA #¥0

5TA

LIy
BNE

INCY LOA (FTRZ2 )Y

INY
BNE
INC
FHA
FLA
RTS

IXT

VR
oTA
INX
LA
STA
INX

BCE+1
#6
SE:

IXT
FTRZ2+1

LOA IIVSyX

$CE

VS X
$CF

V10 STX X8V

STY
LIOX
LDA

YsV
4
$0

STRZER STA $C7sX

DEX
BNE
LDX
JSR
TXA
PHF
LDX
LDY
FLF
RTS

STRZER
#%$10
oI

XSV
YSV

FRINT LINE NUMEER

CONT LNUE

SYMROL NOT FOUNLD

SOURCE

» DIVISORS FOR CODED LABELS

VS

+ NON-ALFANUMERICS ALLOWED IN LABELS

CHR JBYT

WE s

+WORD 1600540

f &

s 877

Symbol Table Lister 101

FRINT ¥

THE SUBROUTINES BELOW ARE ALREADY

IN

(continued)




102 MICRO on the OSI

Listing 1 (continued)

3550 i AVAILAELE IN THE 08450 EXVENUED MONITOR
3540 ¥ WHICH IS ALWAYS IN CORE WITH THE
3570 ; ASSEMBLER
3580 i THEY ARE LISTED FOR THE CONVENIENCE
3590 i OF USERS OF THE CASSETTE ASSEMELER
3400 i PHEX FHA
3410 : LSR A
3420 ; LSR A
3630 : LSR A
3640 ; LSR A
3450 ; JSR FPH1
3640 ; FLA
3470 i FH1 ANDU $$0F
3480 ; ORA #$30
3490 ; CHF #$34A
3700 ; RCC FH2
| 3710 ; ADC $6
| 3720 i PH2 JHMF PRINT
| 3730 ;
i 3740 ; DIVIDE ROUTINE
| 3750 ; DIVIDE ROL $CC
3760 ; ROL $CD
3770 : LEX
3780 ; BMI DWI
3790 ; ROL $C8
3800 ; ROL $C9
3810 i VD SEC ENTRY FOINT FOR DIVIGE
3820 : LDA $CB
3830 ; SEC $CE
3840 ; TAY
3850 ; LDA $C9
3840 ; SHC $CF
3870 ; BCC DIVIDE
3880 ; STA $C9
3890 ; TYA
3900 ; STA $CB
3910 ; ECS DIVIDE
3920 5 IVI LOY $CD
3930 ; LOX $CC
3940 ; RTS




Sample Symbol Table Listing

ALPH
BCB
BFR
cC
CHR
CLOOP
CM1
CONT
CPM
CRL
CRTN
csV
CXIT
DEST
DUPL
DVD
DVLOOF
DUR
DVS
DV10
FOUND
GADR
GB#
GORD
GORD.
HRTN
INCY
IXT
LL
LN
LOOP1
LOOPZ2
LOOP3
LOOP3.
LOOP4
LOOP4P

LOOPS
LOOPé
LPREP

2016
0036
001E
0010
218C
1F?D
1F?9
1F?A
1FE2
1ASS
209A
0011
2093
0026
208F
1DDé
2117
2162
2188
21 6E
20F1
204E
2050
2081
20C2
212F
2158
215F
2F83
001é
1FSA
1FSE
1FéA
1FF1
1FFS
1FF?7

2003
206F
2042

1840
240
200
100

3520
¥350
920
¥30

1380
290

2320
110

2280
210

2260
330

2900

3280

3300

3340

2710

1920

1930

2430

2500

3020

3210

3250
370
160
290
570
4620

1460

1480

14%0

1350
2080
1840

Symbol Table Lister 103

LS

LW

M
MCTR
MP
MUMP
NC

NL
NUM
NXCHR
NXLN
NXLN$
NXWORD
PHEX
PP
PRINT
PRNT
PTR
PTR2
PXIT
QUEST
SB
SB:
SN
STB
STBL
STMEM
STOR
STRT
STRZER
STS
TMP
TNC
TRFIND
TRN
TSR
TSTX
xXP
X8y
YSV

20CC
goie
002E
0012
0032
1FCé
20D7
1 2FE
2018
2008
20ES
20ES8
1FD4
19E?
201A
2343
1FD?
001A
001C
2146
214C
2133
2131
213B
1FDD
2108
12C%
2087
1F3E
2176
12CB
1FCO
20DA
2104
1F7C
202C
2034
0013
0014
0015

2340
170
220
120
230

1210

2390
280

14650

1570

2660

2670

1300
310

1860
330

1330
180
190

3130

3150

2040

3030

3080

1330

2820
260

2210
420

3380
270

1170

2400

2800
720

1750

1790
130
140

150
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Smart Lister

by Kerry Lourash

ince OSI ROM BASIC allows
only 72 characters in a line, it is
often necessary to write code with

no spaces between characters. This
practice produces programs that are
extremely difficult to read when
listed. Smart Lister is a short
machine-language utility that acts
as an improved LIST command, in-
serting spaces at strategic places in
the BASIC lines it lists to make the
lines more legible.

I was envious when I first saw
the Apple’'s method of program
storage. Apple removes non-

/ significant spaces from BASIC lines
when they are tokenized, then adds

spaces when the lines are listed. On closer

inspection, however, the Apple system is not

completely satisfactory. An Apple listing is too spread
out for my taste; I think arithmetic operators (—, +, /, *)
should not be segregated by spaces. Also, when two keywords are ad-
jacent, a double space separates them. Apple doesn’t check to see if the
previous character was a space before printing a space. Since OSI doesn’t
screen out spaces on input, [ wanted to include a redundant space check
in my list program.
Here are the rules for Smart Lister:
1. Don't add redundant spaces.
2. Insert a space after every statement (colon).
3. Insert a space after every keyword with a token value equal to or less
than the STEP token.
4. Insert a space betore the TO, THEN, OR, AND, and STEP keywords.
To use the routine, simply call Lister as a USR routine and reply to the
lower-case '‘list’’ prompt as you would type a LIST command. With
X =USR(X) installed as line zero of a program, Lister can be called with a

RUN command. Lister can be loaded in any part of memory without
modification, and it occupies less than 300 bytes.

S




106 MICRO on the OSI

Listing 1: ROM Version of Smart Lister

20 PRINT"SMART LISTER"§ FRINT"ROM VERSION"

40 PRINT"START 15 NOW AT $6000" % X=240/6

50 FOR I=X TO X+Z288: READ A: FOKE IsAd NEXT

100 DATALGT 21089329229y 168y 1699105324229 168216%9115932
110 DATAZZ9 2168216935116 3292299 1682320387 9165216%91%991339195
120 DATALST90 1339319693291 94909 144969240949 201545y 2085108
130 DATAZZ2 9127167932950 1649379194530 2409129201 9454208+93
140 DATA3IZ2y1B8s04329127 9167 3208383916591 795+18920B96914Y
150 DATARAZ5S+1333179v 13391891605 19132956517 791702 240965932
160 DATA41 516693251085 16892009177 9170917092009 17731709197
170 DATALIB 20834228917 3240929176945+ 1329101 932994918551 64
180 HATALS1 1699329323227 916891359179 2019349208962160196
120 DATA7 3325531335969 2008177 1709208927 9168B917731709170
200 DATAROO+177+170y134917091335171920By183v162+2549154476
210 nﬁTﬂ116¥162124012301240121312983211r2ﬂ39524!16!69336
220 [ATAR6:48:20351335204201+15722409169201916Uy 2409125201
230 DATALSB8y24058920151699240945201y 1659208y 11916Yv3829157
240 DATAL1G:240:35913331993292299168351659209569 23391275170

250 DATAL122s15151609295920292405852002185913251609169:200
2460 DATA48s 24552009 18591329160948+289 3252279168208y 2409 201
270 DATAEG 20841349365 96548y130332922991689 200817791703 201
280 DATASZ» 2403101 91365167332920089 1089419127 93292299168y 164
220 DATA1S1+200:177 517091369201 9325240 13571639209 2019163
200 DATAL1445231:201518852405227520191659240322392085129

210 FRINT" %xLCADEIRX"

Listing 2: Disk Version of Smart Lister

10 FRINT"SMART LISTER" . FRINTTDISR VERSION"
30 FRINT"START IS NOW AT $4000"F X=24576
ol FOR I=X TO X+291: RERI Ay FORE Isasd Nexld
g0 DATAZ23247 144
100 DATA169108:3292389109 16791059322 2389101699115 93829238
110 DATAL1031699118653292389 10932388909 1652279133919Y216%20
120 DATA1335200:3251983051 442859240949 2019459y 2081089325108
130 DATAG 132951369 3291985052409125201 945920899593 2919220
140 DATA32:;10835%2:20BsB855 1659255593269 20816310792585 133525
150 DATAL3Zs 2651609131329 2F 917791729 2409855 329 20989325115
160 DATAI0s 2003177 317251709 200917 7917291979269 20894y 228920
170 TATAZ40y 2917634291329 15093292209 28y1649150516Y9309 52
180 DATAZ38s 101335279201 349208289 18592997 3925591339 299200
190 DATAL1773172: 208327 318689177 317221709200 177 917291345172
200 DATA1339173+20Bv1839142+254915497 6911694924035 2309 240
210 TATAZ135208v 21152089224y 16969936929 348y20391339285201
220 DATALS7 724051485201 916092409129 20191685 240989201516%9240
230 DATA4y2015162920891131699325197 9279240559 133527 9329238
240 TATALODs 1659283546+ 2339 127917091329 150916092509 2025 240
250 DATABY 200118541321 29169 25094By245, 200 185913292948 LE
260 DATAZ252385;105208Bs245+ 20195892085 1343369295485 1 309 32
270 DATA23Bs10,200517791729»20193252405161513651659325 208
280 DATALSBv41s1273 3232382109 18491509 2009177 91725136y 201
200 THATAZ2y 2400139916528 201918391445 231 92019168y 240,227
B00 DATAZ0141893 24032232083 127

l 310 FRINT"k(LOSLEIRK"

|
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Sample of Normal Listing

LIST

10 FORX=1TO10:A(X)=1INEXTX
20 IFA:2THENGOSUEY?
30 FOKEA,EIFOKEA+1,C

Sample of ROM Version

7=USR(8)
liast10-30

10 FOR X=1 TO 10% A(X)=1: NEXT X
20 IF Ax2 THEN GOSUE 99
30 FOKE A,E! FOKE A+1,C

Sample of Disk Version

DISK'!'"GO &000"
listli-

10 FOR X=1 TO 103 A(X)=1% NEXT X
20 IF Ax2 THEN GOSUE 99
30 FOKE A,B! FOKE A+1,C
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SURCHANGE

by Kerry Lourash

URCHANGE searches for, dis-
plays, and changes code in
BASIC programs. As many as
seventy-one characters may be
searched for and changed.
Don't-care characters are allowed in

both search and change strings. The

user may specify change strings
shorter, equal to, or longer than the
search string. To avoid confusion,

here are the definitions of some
terms used in this article: search
string refers to the characters for
which SURCHANGE is told to look;
workspace string is a set of
characters in the BASIC program

that matches the search string; and
change string is the set of characters that |
SURCHANGE POKEs into the BASIC program |
when it finds a match to the search string.

There are eight options, used singly or in pairs:
Default Print line numbers of lines that contain workspace strings.
1. Print Print line numbers plus workspace strings.
2. Stmt Print line numbers plus the statements in which workspace |
strings are found. |
3. Line Print lines in which workspace strings are found.
4. Quote Search only within quotes and REM statements (text).
Default If option 4 is not chosen, search only outside of quotes and |
REMs (program). “
5. Var Search for occurrences of a BASIC variable (specified by the |
search string). ,:
6. Change Replace all workspace strings with the change string.
Don't-care characters are allowed in both search and change strings.
To illustrate what a don’t-care character is, consider the following example: ‘

SEARCH? YXXX
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Listing 1
1 0000 i SURCHANGE
2 0000 3BY KERRY LOURASH
3 0000 ;
4 0000 3 ZERO FAGE
5 0000 ;
& 0000 BUF=$97 TEMP STORAGE FOR SEARCH CHAR.
7 0000 BUFF=$13 START OF INFUT BUFFER
8 0000 CFLAG=$98 CHANGE OPTION FLAG
9 0000 CHRCNT=$4B $# OF CHARS. IN CURRENT LINE
10 0000 CLEN=$64C LENGTH OF CHANGE STRING
11 0000 DIF=$5 CLEN MINUS SLEN
12 0000 ORIGIN=$9A START OF WORKSPACE INDEX
13 0000 LFLAG=$9E LINE OPTION FLAG
14 0000 LINCNT=$5E $ OF SCREEN LINES USED
15 0000 FFLAG=$64D PRINT OPTION FLAG
16 0000 POINT=$6E FOINTER TO BASIC WORKSPACE
17 0000 QFLAG=$9C QUOTE OPTION FLAG
18 0000 SCNCNT=$E # OF CHARS SINCE LAST CR/LF
19 0000 SFLAG=$9E STATEMENT OFPTION FLAG
20 0000 SLEN=$99 LENGTH OF SEARCH STRING
21 0000 STAK=$9T START OF SEARCH BUFFER IN STACK
22 0000 START=$79 START OF BASIC WORKSPACE
23 0000 TEXT=$40 TEXT FLAG
24 0000 UFLAG=$70 VARIAEBLE OPTION FLAG
25 0000 WFDINT=$AA AIDRESS OF WORKSPACE STRING
26 0000 YINDEX=$9F TEMP STORAGE FOR POINT INDEX
27 0000 YSAVE=$97 TEMF STORAGE FOR PRINT INDEX
28 0000 .
29 0000 7 BROM ROUTINES
30 0000 i
31 0000 DELETE=$014F DELETE CHARS FROM PROGRAM
32 0000 BROM=$A2E4  BROM ROUTINES COPIED FROM STACK
gf 3300 CHAIN=DELETE+$5A RECHAIN BASIC LINES
00 FILEUF=$A4946
35 0000 INCHAR=$FFER FILhTEHEFEEHERU}RHH KYED.
34 0000 LETTER=$A0B1 CHECK FOR LETTERS A-Z
37 0000 LIFEED=$A86C PRINT CR/LF
38 0000 NUMBER=$00CS CHECK FOR NUMBER 0-9
39 0000 NUMPRT=$B9SE  PRINT NUMEBER IN AsX
40 0000 OUTPUT=$ABES PRINT ONE CHARACTER
41 0000 PUSHUF=DELETE+$35 MAKE ROOM FOR LINE
42 0000 QUESTN=$ABE3 PRINT A QUESTION MARK
43 0000 RESET=$A477 RESET BASIC POINTERS
44 0000 SFACE=$ABE0  PRINT A SPACE
45 0000 TOGOUT=$A39D0  TOGGLE VIDED OUTPUT FLAG
46 0000 TOKBUF=$A3A8  TOKENIZE LINE BUFFER
47 0000 TOKTBL=$A084 START OF TOKEN TABLE
48 0000 WARMST=$A274  ENTRY TO BASIC WARMSTART
49 0000 ‘
S0 7000 X=$70100
S1 7D00 :
52 7000 A200 OPTION LDX 20 SET PROMPFT INDEX
53 7002 20947F JSR PROMPT  PRINT OPTION PROMPT
54 7005 8598 STA CFLAG ZERD FLAGS
55 7007 B8S9E STA LFLAG
54 7009 854D STA PFLAG
57 700B 859C STA QOFLAG
S8 700D 859E STA SFLAG

(continued)
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I'm using ''X'' for the don’t-care symbol; in the actual program it is
CTRL-G, the ASCII BEL character. This search string finds all strings of
four characters starting with a '"'Y'". For an example of don’t-care
characters in a change string:

CHANGE? YXXX

This change string changes only the first letter of the workspace string.
The last three letters remain the same.

Using SURCHANGE

SURCHANGE can be called by POKEing its starting address into the
USR vector and typing X =USR(X]). To avoid typing the USR command
every time, you could insert the USR command as line zero in the pro-
gram on which you are working. Typing RUN then calls SURCHANGE.
First, SURCHANGE prints a list of options and a prompt to select options
(OPTIONS?|. Options are selected by typing a combination of digits (no
commas). If you make a mistake, use the usual OSI backspace (shift O).
You may terminate the line and start over with a shift P, although the
prompt will not be repeated. RETURN signals the end of option selection.
If this procedure seems familiar, it should; you're using the Fill-the-
Buffer (FTB) routine of OSI BASIC.

Next, the search prompt (SEARCH?) is printed. The FTB routine is
used here, too. Don't-care characters are input by typing CTRL-G. If you
hit RETURN without an input when typing the search or change string,
SURCHANGE prints the exit prompt. If you type a ''Y"', SURCHANGE
exits to the immediate mode. Hitting any other key causes a jump to the
start of SURCHANGE.

The change prompt (CHANGE?) appears if you've chosen the change
option. Only the line numbers of changes will be printed when the
change option is selected. If a line is made too long (longer than 71
characters), the graphics symbol $E9 is printed after the line number.

[ have attempted to provide a paged display of SURCHANGE's output.
[t would be nice to be able to count the number of CR/LFs generated by
the video routine to determine when the screen is full. So far, I haven't
figured out how to accomplish this, short of writing a separate video
routine. After a certain number of lines have been printed, SURCHANGE
- pauses. If the space bar is hit, the display continues. Any other key causes
an exit to the immediate mode without an ''OK'’ to scroll the screen. If
you use the line-print option (3), you can display lines and edit them
|lassuming you have an editor program).

Options

Default options are automatically selected if options 1-3 or option 4 is
not selected. When the change option is chosen, SURCHANGE
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Listing 1 (continued)

o9 7I0F B570 STA VFLAG

60 70111 8SSE STA LINCNT

61 7013 20446A%9 JSR FILBUF GET CHOICE OF OPTIONS
62 7016 EB oF INX AFTER FILBUF, X=%12
63 71117 BS00 LA $0,X EXAMINE BUFFER CONTENTS
44 7D19 FO23 BEQ LOGIC BRANCH IF DONE

65 7D1R 38 SEC CONVERT ASCII TO NUMBER
66 7I1C E?31 SEC #$31

67 7D1E ASB TAY NUMBER TO Y REG.

68 7D1F DOO2 BNE OP1 SET CORRECT FLAG

69 7021 Cé6D DEC PFLAG

70 7123 88 0FP1 DEY

71 70124 D002 BNE OP2

72 7126 C69E DEC SFLAG

73 70128 88 OF2 DEY

74 7029 D002 BENE OP3

75 702R Cé49B DEC LFLAG

76 702D 88 OF3 DEY

77 702E D002 BNE OP4

78 7D30 Cé9C DEC QFLAG

79 7032 88 OF 4 DEY

80 733 D002 BNE 0OPS

81 7D35 Cé70 DEC VFLAG

82 7037 88 OFS DEY

83 7038 DODC BNE OF

84 7D3A Cé98 DEC CFLAG

85 7D3C DOD8 BNE OP BRANCH ALWAYS

86 703E i

87 7D3E A698 LOGIC LDX CFLAG IS CHANGE FLAG SET?
88 7040 FO0064 BEQ L1

89 7042 B859B STA LFLAG FORCE DEFAULT OPTION
70 7044 856D STA PFLAG

71 7D446 BS9E STA SFLAG

92 7048 AS70 L1 LDA VFLAG BOTH V & @ FLAGS SET?
73 7h4A 259C ANLI QFLAG

74 7D4C FOO3 BEQ GETSUR

95 7D4E 20E3AB JSR QUESTN PRINT A QUESTION MARK
96 7051 ’

97 7051 A24C GETSUR LDX #$4C

98 7053 20947F JSR PROMPT PRINT SEARCH PROMPT
99 7056 202E7F JSR INPUT GET SEARCH STRING
100 7059 A24E STACK LDX #$4E SET STACK PTR TO $014E
101 7DSB 9A TXS
102 7D5C AA TAX SLEN TO X REG.

103 705D B499 STX SLEN
104 7D5F ES8 INX
105 7060 BS13 ST LDA BUFF X FUSH SEARCH STRING
106 7D62 48 PHA ONTO STACK
107 7163 CA DEX
108 7Dé4 10FA BPL ST
109 7Déé6 BA 18X START OF SEARCH STRING
110 7D47 B49D STX STAK T0 STAK
111 7D6%9 A2FE LDX #SFE RESET STACK
112 7D46R PA TXS
113 7DéC }

114 7D46C AS98 LDA CFLAG

115 7D6E FO29 BEQ@ SEARCH
116 7070 A253 GETCNG LDX #$53

117 7072 20947F JSR PROMPT PRINT CHANGE FPROMFPT
118 7075 202E7F JSR INFUT PRINT & STORE CHANGE STRING

(continued)
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automatically selects the default display option. If options 4 and 5 are
both selected, SURCHANGE prints a question mark in front of the search
prompt, since it is unlikely the user would look for a variable in the text
area of a program. The default display option displays the line numbers of
lines that contain workspace strings. The numbers are displayed with a
single space separating them. If a number is printed more than once,
more than one workspace string is present in the line. This option allows
a very dense display and calls attention to multiple occurrences of a
workspace string in a line.

Option 1 displays line numbers plus the workspace string. Due to the
presence of don’t-care characters in a search string, the workspace string
may not be identical to the search string. This option is handy when
don’t-care characters are used. Also, option 1 emphasizes multiple occur-
rences of workspace strings in a line, aithough its display format is not as
compact as the default option's.

The statement option (2) prints the line number and the statement in
which the workspace string is found (a line may contain multiple
statements). Colons found at the beginning and end of the statement are
also printed. The presence or absence of colons indicates the statement's
position in the line.

X = 3:—statement at start of line

: X = 3:—statement in middle of line
:X =3 —statement at end of line

X =3 —statement is the entire line

Option 2 allows the user to follow the use of a variable throughout a pro-
gram or to examine all occurrences of any token (and its arguments) in a
program. A statement is printed only once, even if it contains more than
one workspace string. For example, in the statement A=A-3 the
variable A occurs twice. If 'A’’ were the search string, the statement
would be printed only once.

The line option (3) lets the user see the entire line that contains the
workspace string. This option displays a maximum amount of informa-
tion but also fills the screen rapidly. Like the statement option, the line
option prints a line only once, even if it contains more than one work-
space string. The line option can be used as an aid to edit individual lines.
With SURCHANGE, find the lines to be edited, exit the SURCHANGE
program, and either use an editor to change the lines or retype them.

The quote option (4) searches the text portion of a BASIC program.
Text includes PRINT statements, INPUT prompts, string variables,
string DATA elements, and REM statements. Due to the structure of
SURCHANGE, the initial quotation mark of a string is not considered to
be part of the text. If the quote option is not chosen, SURCHANGE
searches the program area outside of quotes and REMs. The reason for
defining two areas of search is that BASIC tokenizes its keywords (USR,
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Listing 1 (continued)

5TA CLEN

117 7078 B56C

120 7074 y

121 7074 A296 LIOX #$96 MOVE EROM ROUTINES
122 707C AO0BY LDYY #$89 T0O STACK

123 7D7E BIDE4AZ2 COPY LODA BROMsX

124 7081 994E01 STA DELETE-1»Y

125 71184 CA DEX

126 70835 E0&7 CFX $#%67

127 7087 1002 BNE CP

128 70189 AZ25A LDX #$5A

129 708RB 88 CF DEY

130 708C DOFO BNE COFY

131 7IBE A%60 LDA $$460 INSERT RTS INSTRUCTIONS
132 7090 808001 STA DELETE+$31

133 7093 8DABO1
134 70196 BDEBO1
135 7199 ’
136 7199 AS79 SEARCH LDA START
137 7D9B 85S4E STA POINT

138 70900 AS7A LOA START+1
139 70I9F B856F STA FOINT+1

STA DELETE+$59
STA DELETE+%$69

BASIC WORKSFACE POINTER
STOREDIN POINTy POINT+1

140 /7DA1 A003 NEXLIN LDY #$3 SKIF LINE POINTERS
141 7DA3 B494 STY ORIGIN

142 7DAS A%00 LIIA #0 INITIALIZE TEXT FLAG
143 7DA7 BS60O 5TA TEXT

144 7DAY E&9A SETBUF INC ORIGIN

145 70AB A49A LY ORIGIN

146 7DATL AGYT LIIX STAK SET STACK POINTER TO
147 70AF 94 TXS START OF SEARCH BUFFER
148 7IIBO 48 NEXEUF FLA GET SEARCH CHAR.

149 7Bl FO4LD EEQ MATCH FOUND A MATCH?

150 7IIE3 C907 CMF #7 DON‘T CARE CHAR?

151 7DRS DOO2 BNE STORUF

152 7IR7 B164E LA (FOINT)»Y

153 7IIB9 8597 STOBUF STA BUF SAVE CHAR. IN RBUF

154 7IIRR B14E NEXBYT LIDA (FOINT)sY

158 70RO AA TAX

156 7DBE FOIE REQ FIXLIN ENDI OF BASIC LINE?
157 70CO EOBE REM CFX #$8E REM TOKEN?

158 7DC2 FO11 REQ TOGGLE YESs TOGGLE TEXT FLAG
159 7LC4 EO22 QUOTE CPX %"

160 7ICé6 FOOI BEQ TOGGLE

161 70C8 AS9C CKTEXT LIA QFLAG CHECK TEXT FLAG

162 71CA C560 CMF TEXT

163 70CC DODB BNE SETBUF

164 7NCE EA497 COMPAR CPX BUF D0 CHARS MATCH?

165 70O DOL7 ENE SETERUF

166 7IN2 C8 INY INCREMENT WORKSPACE INDEX
167 7103 DODR BNE NEXBUF BRANCH ALWAYS

168 7005 AS40 TOGGLE LA TEXT TOGGLE TEXT FLAG

169 7007 4A9FF EOR #$FF

170 7009 8560 STA TEXT

171 7DIOE 4ACCE7D JMF COMPAR

172 7DDE y

173 7DIOE A8 FIXLIN TAY SET POINT TO NEXT LINE
174 70D0F B16E LDA (FOINT)sY

175 7DE1 AA TAX

176 7DE2 CB8 INY

177 70E3 B1AE LDA (POINT)»Y

178 7HES 844E STX POINT

(continued)
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POKE, NULL, etc.), unless the words are in REMs or quotes. A token is a
one-byte code for a keyword. BASIC saves memory space and increases
execution speed because it stores and reads only one byte instead of a
whole keyword. Thus, if you're searching for "ON'’, SURCHANGE
needs to know whether you mean the word '"ON’’ or the one-byte token
for the keyword ON.

The variable option (5) helps search for a BASIC variable. In a normal
search, looking for the variable '"A’" might find other variables such as
A$, AB, A(X]), etc. When the variable option is chosen, every variable
found is tested to be sure it’'s not a subset of another variable.

The change option (6) enables modification of a BASIC program.
Change strings may be shorter, equal in length, or longer than the search
string. This is a powerful option and should always be used with caution.
Unless changing text, SURCHANGE will tokenize the change string
before it is inserted in the program. Therefore, the change string may
look deceptively longer or shorter than the search string when it is
printed on the screen. For example, 'RETURN'"’ is one byte long when
tokenized, while ''A=6"" is three bytes long. If 'A=6"' is substituted for
RETURN, all lines changed will be two bytes longer. If a line is longer
than 71 bytes, it can still be LISTed, SAVEd, and even RUN. When you
try to LOAD a long line, however, you'll find that the line is too long to
fit into the input buffer. SURCHANGE prints a graphic character $E9
after a line number when the line becomes too long. Be sure to remember
which lines are too long; they are identified only when the line is being
changed, not during search operations.

Finding Your Way Around

SURCHANGE takes getting used to. I suggest you type in a ten- to
twenty-line program and practice finding and changing things before you
do any serious work. Here are a few tricks I use. To delete all non-text
spaces in a program, select option 6. Type a space and a don't-care
character for the search string. Now, type a single don’t-care character for
the change string. This gets rid of almost all single spaces and partially
erases multiple spaces. Repeat as needed to erase all spaces. This strategy
may work with other items you wish to delete.

When typing in a program, use a ''%’’ or other seldom-used character
to stand in for a phrase, which is inserted by SURCHANGE after the pro-
gram is completed. Of course, you must be careful not to make a line too
long by the insertion. Lines of up to 255 characters can be created with
the change option. They use less memory space and run faster than nor-
mal lines. The big disadvantage of long lines is that they have to be saved
and loaded in a machine-language format.
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Listing 1 (continued)

179 70E7
180 /7LEY

181 7DEE
182 7DER

183 7DED 20947F
184 70F0 20EEBFF

B856F
[IOBS

AZ25A

185 7DF3 C959

186 7DF5
187 7DF7

FOOJ3

4CO07D

i
y

END

188 7IFA 4C74A2 TDONE
189 70FD' 4C1C7F RET

190 7EQO
191 7E00

88

192 7E01 BA%F

193 7E03
194 7E05
195 7806
196 7EQ6
197 7E08
198 7EOA
199 7EOC

A2FE

74

AS70

FO1C

A49A
C004

200 7EO0E FOO6

201 7E10

88

202 7E11 B1é4E

203 7E13 20237F

204 7E16

A49F

205 7E18 CB

206 7E19
207 7E1BRB
208 7E1D
209 7E1F
210 7E21

211 723
212 7E26

213 7E26
214 7E28B

B16E
Co24
FODE
co28
FODA

20237F

A002

Bl16E

215 7E2A AA
216 7E2B C8

217 7E2C

218 7E2E 205ER9

219 7E31
220 7E32

B164E
ES

BOOOO1

221 7E35 DOFA

222 7E37
223 7E39
224 7E39
225 7E3B
226 7E3D
227 7E3F
228 7E41
229 7E43

B66R

AS6D
1044

ASYE
FO2E

A49F
E16E

230 7/E4S FO13
231 7E47 CB
232 7EA8 C922

233 7EAA
234 7E4AC
235 7EAE

00064
AS40
49FF

236 7ES0 8540

237 7ES2

2460

238 7E54 30ED

i

¢
MATCH

’
VARIBL LDA VFLAG

STA PODINT+1
BENE NEXLIN END OF PROGRAM?
LOX #$$5A
JSR PROMPT
JSR INCHAR
CHMF #°Y
BEQ DONE
JHF OPTION
JHF WARMST
JHMF RETURN

DEY

STY YINDEX
LDX #SFE
TXS

PRINT EXIT PROMPTY
GET CHAR. FROM KYED.

LOOP TO START OF SURCHANGE
GOTO IMMEDIATE MODE

SAVE WORKSPACE INDEX

RESET STACK

TEST VARIABLE FOUND
BEQ LINE

LDY ORIGIN
CPY #4
BEQ VO

INDEX TO START OF STRING
FIRST CHAR. IN LINE?

DEY
LDA
JSR
VO LDY
Vi1 INY
LDA
CMP
BEQ
CMP
BEQ
JSK

-

’
LINE LDY
LDA
TAX
INY
LDA
JSR
INX
LDA
BNE

STX

LIN

’

PCHECK LDA
BNE

SCHECK LDA
BEQ
LDY

S0 LDA
BEQ
INY

GET
(POINT)sY
LEGAL
YINDEX

PREVIOUS CHARACTER

IS IT A ALPHANUMERIC CHAR?Y
GET CHAR. IN FRONT OF STRINE

(POINT )Y
$'S

RET

$(

RET

LEGAL

$2 GET 2~BYTE LINE #
(FOINT)sY

(POINT)»Y

NUMPRT CONVERT TO ASCII» PRINT

PUT # OF DIGITS IN CHRCNT

$0100+X

LIN
CHRCNT

PFLAG

FINI

SFLAG

LCHECK

YINDEX FIND END OF LINE

(POINT)»Y OR TERMINATING COLON
52

ol

CHP &' °
BNE S1
LDA TEXT
EOR #$FF
STA TEXT
BIT TEXT
BMI SO

TOGGLE TEXT FLAG
IF QUOTE IS FOUND

LOOFP IF IN TEXY

(continued)
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Changing SURCHANGE

C2/4P owners should change the COUNTR routine, as noted in the
listing. They may also want to eliminate the CR/LF between the two
lines of options in the option prompt. The easiest method is to substitute
two spaces ($20) for the $D, $A after ''3-LINE’' in TABL at the end of the
program. If you wish to examine the BASIC-in-ROM routines copied to
the stack, or if you must move them to another location, simply change
the DELETE label to the start of the new location. SURCHANGE is
relocatable from object code with the exception of references to the
prompt table (TABL). All references to TABL should be adjusted to con-

form to its new location. )
Two more changes may be made: the graphic character (#$E9) in line

337 (TOOLING) may be changed to an asterisk (#$2A) for compatibility
with printers; and the output pager may be disabled by deleting lines
279-280 or replacing the code with NOPs (#$EA).

How SURCHANGE Works

SURCHANGE occupies three pages of RAM and uses part of the stack
for BASIC-in-ROM routines and the search buffer. It wipes out the NMI
and IRQ vectors. To conserve zero-page space for other accessory pro-
grams, SURCHANGE uses only zero-page addresses normally used by
BASIC. The change buffer is located in the line buffer ($13-5A).

To start, OPTION prints a list of options and the option prompt. The
option flags are zeroed and FILBUF is called to find out what options are
wanted. When the options have been specified, their respective flags are
set. LOGIC selects the default-print option if the change flag is set, and
prints a question mark in front of the search prompt if both the variable
and quote flags are set. GETSUR prints the search prompt and calls
INPUT. INPUT zeros the video character counter ($E) so a full
71-character line can be typed without a premature CR/LF. FILBUF is
called again to store and print the search string. After the search string is
typed in, the number of characters in the string is counted. If no string
has been input, the routine goes to END to see if the user wishes to start
over. If the search is to be conducted within quotes, the tokenize-the-
buffer routine (TOKBUEF) is skipped. The number of characters in the
string is returned in the A register. INPUT returns to STACK, where the
stack pointer is set to $014E and the length of the search string is stored
in SLEN. The search string is pushed onto the stack and the stack pointer
position saved in STAK. The stack pointer is then reset to the top of the
stack.

If the change option has been selected, GETCNG prints the change
prompt and INPUT is called to get the change string. When INPUT
returns, the length of the change string is stored in CLEN. COPY
transfers BASIC-in-ROM routines for inserting, deleting, and rechaining

BASIC lines to the stack, and inserts RTS instructions to make them
subroutines.
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Listing 1 (continued)

239 7ES56 C%3A
240 7ES8 DOE?
241 7ESA 88
242 7JEGRE BAGF
243 7ESD A49A
244 JEGF B16E
245 7E61 88

246 JES2 C93A
247 7E&64 FOO4
248 7E66 CO03
249 7E68 DOFS
250 7E4A CB

251 7E6B B49%9A
252 7E6D 1012
253 7E4F AS9B
254 7E71 FO3E
295 7E73 A4S9F
256 7E75 C8

237 7E76 R16E
238 7E78 DNOFE
259 7E7A 88

260 7E7B B49F
261 7E7I' A0O4
262 7E7F B494
263 7E81 20E0AS8
264 JEB4 204E7F
265 7EB7

266 7EB7 EGSE
267 7EB9 ASAER
268 7E8R C917
269 7EBD 9008
270 7EBF C92F
271 7E91 9002
272 7E93 EASE
273 7E95 EA&SE
274 7E97 ASSE
273 7E99 C90F
276 7E9E 900E
277 7ESD A%00
278 7E9F BG5St
279 7EA1 20ERFF
280 7EA4 C920
281 7EA6 FOO3
282 7EAB8 4C7DA2
283 7EAB 204CAS8
284 7EAE 4ACIC7F
285 7ER1

286 7EB1 AS98
287 7ER3 FO047
288 7EBS 18
289 7EB& AS9A
270 7EBB 456K
291 7EEA BSAA
292 7ERC A46F
293 7ERE 9001
294 7ECO C8
295 7EC1 B4AR
296 7EC3 38
297 7EC4 AS6C
298 7ECé ES99

52

CMP #' 3

BENE SO

DEY

STY YINDEX SAVE NEMW END OF STRING
LDY ORIGIN LOOK BACK THRU LINE

BACKWD! LDA (POINT)»Y

BA

DEY

CMP #°3

BEQ BA

CPY #3 AT START OF LINE?

BNE BACKWD

INY

STY ORIGIN SAVE NEW START OF LINE
BENE FINI

LCHECK LDA LFLAG

LC

FINI

-

BEQ CHANGE

LDY YINDEX FIND END OF LINE
INY

LDA (POINT)sY

BNE LC

DEY

STY YINDEX SAVE END OF LINE
LDY #4

STY ORIGIN START OF LINE IS ALWAYS 4
JSR SPACE PRINT SPACE

JSR PLINE PRINT LINE

y
COUNTR INC LINCNT CHECK # OF CHARS. IN LINE

ADD1
CHEC

CONT

B

LODA CHRCNT AND INCREMENT COUNT AS NEEDED

CMF #317 XX C2FP: CHANGE TO #%3F xx
BCC CHEC

CMP #$2F XKk C2P: CHANGE T0 #$7F
BCC ADD1 2

INC LINCNT

INC LINCNT
LDA LINCNT
CMF #$F COUNT <= 15 LINES?

BCC CONT

LDA #0

STA LINCNT

JSR INCHAR GET KYBD. INPUT

CMFP $#320 IS INPUT A SPACE CHAR?

BEQ@ CONT

JMF $A27D GOTO IMM. MODE3; NO OK MESS.
JSR LIFEED PRINT CR/LF

JMP RETURN RESUME SEARCH

4
CHANGE LDA CFLAG

CH

BEQ@ RETURN

CLC CALCULATE ABSOLUTE ADDRESS

LDA ORIGIN OF START OF WORKSPACE STRING
ADC POINT

STA WPOINT

LDY POINT+1
BCC CH

INY

STY WPOINT+1

SEC

LDA CLEN FIND CLEN MINUS SLEN
SEC SLEN

(continued)
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The start-of-BASIC workspace pointer is transferred to SUR-
CHANGE's workspace pointer (POINT). NEXLIN sets the Y register to
index the start of the BASIC line, and TEXT, the quote status flag, is
cleared. ORIGIN is initialized to the start of the line, the stack pointer is
set to the start of the search buffer, and a character is pulled from the
stack. Naturally, the contents of the stack are not altered by this opera-
tion, and SURCHANGE can re-examine the search buffer any number of
times. If the character is a null, SURCHANGE has found a match to the
search string and goes to the MATCH routine. If it is a don’t-care
character, the next character in the BASIC workspace is stored in BUE.
Later, when the workspace character is compared to BUF, the two will
match. If the search character is not a null or don't-care byte, it's stored
in BUF.

NEXBYT tests the next character in the workspace. If the workspace
character is a null, the end of the BASIC line has been reached. The rou-
tine branches to FIXLIN to reset POINT to the next line or to exit, if at
the end of the program. If the workspace character is a REM token or a
quotation mark, the TEXT flag is toggled. This means if TEXT is zero, it
is changed to #$FF, and vice versa. If TEXT is not equal to the quote
option flag, SURCHANGE loops back to SETBUF. Finally, at COMPAR,
the search character is compared to the workspace character. If the two
are identical, the next search character is pulled from the stack and the
NEXBUF loop is done again. If the characters don’t match, the stack
pointer is reset to the start of the search buffer, the workspace counter
(ORIGIN) is incremented, and SURCHANGE starts looking for a work-
space string again.

FIXLIN, as mentioned before, transfers the BASIC next-line pointer to
POINT. If the high byte of the pointer is zero, the end of the BASIC pro-
gram has been reached. The stack pointer is set to the top of the stack,
"EXIT?" is printed, and SURCHANGE waits for an input. At this point,
the user can hit Y and exit to the BASIC immediate mode or hit any other
key to rerun SURCHANGE.

If a match to the search string is found, the workspace index (Y) to
POINT is stored in YINDEX. The stack pointer is set to the top of the
stack. If VFLAG is set, VARIBL tests the characters adjacent to the
workspace string to see if the string is a subset of another variable. If the
correct variable has not been found, LEGAL jumps back into the search
loop. LINE finds the current line number in the workspace and prints it.
It also counts the number of digits in the line number for later use in the
COUNTR or LONG routines. PCHECK prints a space and the workspace
string if the print flag is set.

SCHECK finds the terminating colon of the statement or the end of
the line. BACKWD finds the start of the statement or the start of the line.
(I was strapped for space here so I didn’t include a check in BACKWD to

be sure a colon is really a statement separator and not part of a string.)
LCHECK finds the start and end of the line. The start is easy — always
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Listing 1 (continued)

299 7EC8 FO2E BEQ CEQUAL
300 7ECA 900C RCC MOVIWN
301 7ECC 835N MOVEUFP STA DIF
302 7ECE Cé45h eC DIF
303 7EDO 208401 JSR PUSHUFP
304 7EL3 20857F JSR REFLAC
305 7EIN6 3014 BEMI MV3

3046 7EII8 A47R

307 7EIA B471 STY %71
308 7EUC A4AR LOY WPOINT+1
309 7EIIE 8474 STY $74
310 7EEQ 48 FHA

a1t ekl 38 SEC

312 7EE2 AS99 LIlA SLEN
313 7EE4 ES4C SEC CLEN
314 7EES6 18 CLC

315 7EE7 &5AA ANC WPOINT
316 7EE9 9001 RCC MV2
317 7EER (8 INY

318 7EEC 8472 MV2 STY $72
319 7EEE 648 FLA

320 7EEF 204F01 JSR DELETE
321 7EF2 207744 NMVU3 JSR RESET
322 7EFS 204901 JSR CHAIN

323 7EF8 20857F CEQUAL JSR REFLAC
324 JEFR 2090A3 LONG JESR TOGOUT

325 7EFE AOFF LY #$FF
326 7F00 B4YF STY YINDEX
327 7F02 A004 LY $4

328 7F04 20507F ISR PLINE+2
329 7F07 209DA3 JSR TOGOUT
330 7F0A 18 CLC

331 7FOK AS4C LDA CLEN
332 7FON 4659A ALC ORIGIN
333 7FOF 859F STA YINDEX
334 7F11 ASAR LDA CHRCNT
335 7F13 C947 CMP $$47
334 7F15 9005 BCC RETURN
337 7F17 ASE9 TOOLNG LDA #S$E9
338 7F19 20ESAB8 JSR OUTFUT
339 7F1C A49F RETURN LIY YINDEX
340 7F1E 8494 STY ORIGIN
341 7F20 4CA97L JMFP SETRUF

342 7F23 :
343 7F23 20C500 LEGAL JSR NUMEER

344 TF26 YOF4 BCC RETURN
345 7F28 20B1AD JSKR LETTER
346 7F2R ROEF BRCS RETURN
347 T7F20 &0 RTS

348 7F2E i

349 7F2E BS0OE INPUT STA SCNCNT
350 7F30 204646A9 JSR FILBUF
331 7F33 88 DEY

352 7F34 C8 LILOOK INY

333 7F35 B?1300 LA BUFFsY
354 7F38 DOFA ENE LILOOK
3535 7F3A 88 TOKIZE DEY

356 7F3B 1003 BPL TKO
357 7F301 4CEB7D JMF END
358 7F40 98 TKO TYA

IF CLEN = SLEN

MAKE ROOM FOR LONGER STRING

INSERT CHANGE STRING

MOVDWN LDY $7B SET UP VARIABLES FOR DELETESUR

ERASE XTRA CHARS FROM PROGRAM
RESET BASIC POINTERS
RECHAIN LINE POINTERS

CHECK FOR LONG LINE

FIND NEW END OF STRING

IS LINE TOO LONG?

PRINT GRAFHIC CHAR.

RESUME SEARCH
IS CHAR =0-97
IS CHAR =A-Z7

ZERO VIDEO CHAR COUNTER
PRINT AND STORE INPUT
=#$FF

COUNT # OF CHARS. IN INPUT

IF NULL INPUT
SHOULD STRING BE TOKENIZED?

(continued)
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the fourth byte from the beginning of the line. FINI prints a space to
separate line number and line, and then PLINE prints all or part of the
line and counts the characters in the line. COUNTR looks at the number
of characters in the line just printed and decides whether LINENT, the
line counter, shall be incremented by one, two, or three. CHEC decides if
enough lines have been printed. If so, it calls INCHAR, which waits for a
keystroke. Any other key causes an exit to the immediate mode, without
the '"OK’’ message.

CHANGE tests CFLAG and, if it is set, subtracts the length of the
search string (SLEN) from the length of the change string (CLEN). If the
two are equal, CHANGE goes directly to CEQUAL, where the change
string replaces the workspace string. If CLEN is longer than SLEN,
MOVEUP calls PUSHUP, a routine copied from ROM. PUSHUP makes
room in the BASIC workspace for the longer change string. REPLAC is
called to insert the change string into the BASIC program. LONG tests
the new line length to see if it’s longer than 71 characters. A graphics
character $E9 is printed after the line number if the line is too long. If
CLEN is less than SLEN, CHANGE branches to MOVDWN. Part of the
BASIC-in-ROM line delete routine is paraphrased in MOVDWN, then
DELETE is called to move the BASIC lines down and delete the extra
bytes in the program. REPLAC is called to insert the change string.
CHAIN rechains the BASIC line pointers. RETURN resets the BASIC
workspace index (ORIGIN) and jumps back into the search loop.

Developing SURCHANGE was a real challenge. Many thanks to Earl
Morris for advice and for finding the bugs in the program.
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Listing 1 (continued)

359 7F41 A4 9C LDY OFLAG
360 7F43 1008 BNE RTN
361 7F45 EB INX
342 7F44 20ABA3 JSR TOKBUF  TOKENIZE STRING
363 7F49 98 TYA FIND LENGTH OF STRING
364 7F4A 38 SEC
365 7F4B E906 SBC #6
366 7F4D 40 RTN  RTS
367 7F4E ;
348 7FAE A49A  PLINE LDY ORIGIN PRINT WORKSPACE STRING
349 7F50 8497 PO STY YSAVE
370 7F52 B16&E LDA (POINT)»Y
371 7F54 FOF7 BEQ RTN END OF LINE?
372 7F56 101E BPL PRINT  BRANCH IF NOT A TOKEN
373 7F58 38 TOKEN SEC FIND KEYWORD IN TABLE
374 7F59 EQ7F SEC #$7F
375 7FSB AA TAX
376 7FSC AOFF LDY #$FF
377 7FSE CA TO DE X
378 7FSF FOO8 BEQ T2
379 7Fé41 C8 T1 INY P
380 7F62 B984A0 LDA TOKTELsY e e
381 7F45 10FA BPL T1
382 7F47 30FS BMI TO
383 7F49 C8 T2 INY
384 7F4A E9B4A0 LDA TOKTBL,Y
385 7F&D 3007 BMI PRINT  PRINT LAST CHAR. IN KYWORD
386 7F6F E64R INC CHRCNT
387 7F71 20ESA8 JSR OUTFUT
388 7F74 DOF3 BNE T2
389 7F74 297F PRINT AND #$7F ZERO HI BIT
390 7F78 20E5A8 JSR OUTPUT  PRINT CHARACTER
3112 ??Fg;n E: 6;{? ey Yo
4 LIY YSAVE DON
393 7F7F C49F CPY YINDEX i it i
394 7F81 C8 INY
395 7F82 90CC BCC PO
396 7F84 40 RTS
397 7F8S ;
398 7FBS A464C REFLAC LDY CLEN INSERT CHANGE STRING
399 7F87 B91300 REO  LDA BUFF»Y
400 7F8A C%07 CHF #7 DON’T CARE CHAR?
401 7FBC F002 BEQ RE1
402 7FBE 91AA STA (WPOINT)sY
403 7F90 88 RE1 DEY
404 7F91 10F4 BFL REO BRANCH ALWAYS
405 7F93 60 RTS
406 7F94 ;
407 7F94 BDAO7F FPROMPT LDA TABL»X  PRINT A MESSAGE
408 7F97 EB INX
409 7F98 C&0E DEC SCNCNT  AVOID AUTO CR/LF
410 7F9A 20ESAS JSR OUTFUT  PRINT ONE CHARACTER
411 7F9D DOFS BNE PROMPT  LOOP IF CHAR NOT A NULL
412 7F9F 40 RTS
$13 7FA0 ‘
44 7FAO TAEL
415 7FA0 OD JBYTE $D»$As’SEARCH *
415 7FA1 OA
415 7FA2 53
415 7FA3 45

(continued)




Listing 1 (continued)

415

/FA4

415 7FAS

4135
413
415
416
416
414
416
416
416
414
416
416
416
417
417
417
417
417
417
417
417
417
417
417
417
417
417
417
418
418
418
418
418
418
418
418
418
419
419
419
419
419
419
419
419
419
419
419
419
419
419
419
419
419
420
420

420 7FDE
420 7FDF 4E

7FAb
/FA7
/FAB
/FAY9
7FAA
/FAE
/FAC
7FAL
7FAE
7 FAF
7FRO
7FB1
7FR2
7FE3
7FR4
TFBS
/FR6
/FRB7
/FE8
7FB9
7FBA
7FBRB
7FBC
7FBD
/FBE
7 FBF
7FCO
7FC1
JFC2
/FC3
JTFC4
7FCS
7FCé
7FC7
7FC8
7FC9
/7FCA
/FCR

41
52
43
48
20
4F
50
54
49
4F
4E
53
34
on
0A
20
31
21
50
52
49
4E
o4
20
32
20
53
S4
4D
54
20
33
20
4C
49
4E
45
oD
0A

20

7FCC 34

/FCD
7FCE
7FCF
7FDO
7FD1
7FD2
7FD3
7FD4
7FDS
7FDé
/FD7
7FD8
7FD9
7FDA
/FDEB
7FIC
7FDD

20
o1
a5
4F
o4
45
20
33
20
26
41
22
20
36
2D
43
48
41

+BYTE 'OFTIONS:  »$D0s%A

+BYTE ’ 1-FRINT 2-STNT’

+BYTE * 3-LINE’ »$Dy $A

+BYTE ’ 4-QUODTE 5-VAR 6-~'

+BYTE “CHANGE’ s $D» $A

Surchange 123

(continued)
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Listing 1 (continued)

420 7FEQ 47 *
420 7FE1 45

420 7FE2 0D

420 7FE3Z 04

421 7FE4 4F BYTE *OPTIONS’ 50

21 7FES 50

21 7FE6 54

421 7FE7 49 '
421 7FEB 4F

421 7FE9 4E

421 7FEA 53

421 7FEB 00

422 7FEC 53 BYTE ’SEARCH’ »0

22 7FED 45

472 7FEE 41 |
422 7FEF 52
422 7FF0 43
422 7FF1 48
422 7FF2 00 *
423 7FF3 43 BYTE ’CHANGE’ y0

423 7FF 4 48

423 7FFS 41

423 7FF6 4E

423 7FF7 47

423 7FFB 45

423 7FF9 00

424 7FFA 45 JBYTE “EXIT?’ +0

24 7FFE 58

424 7FFC 49

424 7FFD 54

424 7FFE 3F

424 7FFF 00

- —
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An Improved
Breakpoint Utility

by John S. Seybold

while back I wrote a very basic
breakpoint utility for the C1P,
which was published in MICRO
(49:84). Since then I have written an
enhanced version of that utility. The
new routine has several improve-
ments over the original, including a
hexadecimal display. I urge anyone
who is interested in learning more
about machine-language program-
ming to read on, as you do not have

/ to be an expert to use this utility.
For those who may have missed the
/ first article, I will start with a review

of the use and operation of a break-

point routine.

/ A breakpoint utility is used as an
aid in machine- or assembly-language pro-
gramming. The idea is to allow the programmer

to stop the execution of a machine-language program,

check various processor parameters, and then resume program

execution. This is done by setting breakpoints at certain locations in

the program. This particular utility displays the contents of the A, X, and
Y registers, and the status flag register.

To set a breakpoint in the program, I use the 6502's BRK (break) in-
struction. When the 6502 encounters a BRK instruction, it treats the in-
struction as a software interrupt. In other words, it stops whatever it is
doing and jumps to an interrupt routine — in this case, the breakpoint
utility. When the processor is finished with the interrupt routine, it
returns to the original program and resumes execution where it left off.

When the 6502 receives an interrupt or executes a BRK instruction it
stores the contents of the status register on the stack and the address of

the next instruction that it was going to execute. This is the only ap-
parent difference between an interrupt request and BRK instruction. If a




126 MICRO on the OSI

Listing 1

10

20

30

40

a0

60

70

30

?0
100
110
120
130
140
150
1460
170
180
190
200
210
220
230
240
250
260
270
280
290
A00
310
320
330
340
350
360
A70
380
390
400
410
420
430
440
450
440
470
480
490
o500
a10
o920
230
a40
550
560
570
S80

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1FS0
1FS0
1F51
1F54
1FS5
1FS6
1FS9
1FSC
1FSF
1F&1
1F&63
1F&64
1Fé66
1F69
1F&6C
1F&I
1F70
1F71
1F7 3
1F73
1F7 3
1F/3
1F75
1F78
1F/7A
1F7I
1F7F
1F82
1FEi4
1F87
1FBaA
1FBER
1FBI
1F8BD
IFBI
1F8ID
1FZ0
1F23
1F?4
1F99
1F9C
1F9F
1FAZ
1FAS
1FABR
1FAR
1FAE

g
SLE71F
468

48
BLEBLF
BEE?1F
BCEALF
AZ207
2901
18
6930
LSon3
ALNEBIF
44
BIIEB1F
CA
10EE

AT41
gngan?
ATSB
BLCADLZ
APSY
BLIOADSZ
A207
BIIDF1F
ni1on3
Ca
10F7

ALIE71F
20CS51F
BEBCLH?Z
8C8LD2
ALE?1LF
20CS1F
BECCD2
gCChn2
ALIEALF
20C1F
BEOCH3
gConn3

3 KK R OK K0 30K 0K K 0K K0k Kk ok
‘X BREAKFOINT UTILITY x

X BY JOHN S,

-

®
SEYROLD X

7 KR ROKOKROKOK KKK Kk R K X

e WF e

SCR=%0310

STATUS REG DISFLAY

SCR.A=8CR-$84 A-REG. DISPLAY
SCR.X=8CR-%$44 X-REG. DISFLAY
.SER.YESCR"$6 Y-REG., DISFPLAY
k=%1F50
CLD
STA A.SAVE SAVE A-REGISTER
FLA FULL STATUS REGG.
FHA FUSH IT ON STACK AGAIN
STA STATUS SAVE STATUS
STX X.SAVE SAVE X
STY Y.SAVE SAVE Y
LOX #7
L.OOP SED ¥1 MASK LO BRIT OF STATUS
E -
ALC #$30 CONVERT TO ASCII
oTA SCR+%40,X FRINT STATUS EBIT
LOA STATUS
LSR A GET NEXT BIT
STA STATUS
DEX
EFL LOOF LOOF IF NOT DONE
KEXKEXKFRINT LAREL SkXkkkkx
LTIA #°A FRINT ‘A’ LABEL
STA SCK.A
LOA #°X FRINT “X’ LABEL
STA SCR.X
LA #°Y FRINT 7Y’ LABEL
5TA SCR.Y
LOX #/
B | LA TABLEsX FRINT STATUS LABELS
STA SCRsX
DEX
EFL L1

&

y
f#ttttt#PRINT REGISTERSX)XXXXXXX

y

LA
JSK
alX
STY
LA
JSR
STX
sTY
LTIA
JSR
STX
8TY

A+SAVE
CONVRT
SCR.A+2
SCR.AT3
X+ SAVE
CONVRT
SCR.+X4+2
SCR.X+3
Y +S5AVE
CONVRT
SCR.Y+2
SCR.Y+3

GET A-REG. CONTENTS
CONVERT TO HEX #
FRINT HEX ON SCREEN

GET X

CONVERT TO HEX
AND PRINT

GET Y
CONVERT AND PRINT

(continued)
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BRK instruction is executed, the processor skips one byte when it returns
from the routine. Hence, the first byte following a BRK instruction is
never executed by the processor. When a BRK instruction is executed, the
processor sets the B bit in the status register so that it can differentiate
between a BRK instruction and a hardware interrupt.

Once the processor has executed the BRK instruction, you may use it
to display information on the screen. The processor then jumps to the
C1P’s keyboard routine and waits for a key to be depressed. (This is how
you make it wait for a command before returning to the original
program.) You must be careful not to change anything that might affect
the main program. Therefore, save all the registers before you change
them. After you release the processor from the keyboard, the utility
restores all the registers to their previous values and returns to the main
program via the RTI (return from interrupt) instruction.

In addition to displaying all three of the user registers, the breakpoint
utility prints the contents of the status register on the screen. Since the
last thing the processor does before entering the breakpoint routine is
save the processor status register, that register is the top element on the
stack. To retrieve it, simply put the contents of the A register in a safe
place and execute a PLA (pull accumulator) instruction. Now you have
the processor status register in the accumulator and can display it on the
screen. The loop in lines 200 to 280 of the breakpoint utility listing
displays the ASCII equivalent of each bit of the register on the screen;
1.6, SReprelitd]

Lines 320 to 420 of the breakpoint routine print the labels for the
registers A, X, and Y, and for each of the status bits. Lines 460 to 570
print the contents of the user registers in hexadecimal on the screen. A
sample printout is shown in figure 1. Once everything has been printed,
the routine restores the X and Y registers and then jumps to the keyboard
routine, which uses only the A register. If an 'S’ is entered from the
keyboard, the processor will jump to the C1P monitor rather than back to
the main program. If any key other than an ‘‘S" is depressed, the pro-
cessor restores the A register and returns to the main program and con-
tinues execution.
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Listing 1 (continued)

270 1FE1 ’

600 1FR1 PRRRRRRKEX T TRRKKKRX K

610 1FR1 y

620 1FR1 AEESLF LOX X.S5AVE RESTORE X AND Y

630 1FR4 ACEALF LIY Y.SAVE

640 1FR7 2000FI JSK $FDOO FOLL KEYROARD

650 1FRA C953 CMF #’S IS IT aN'“g*%

660 1FBRC D003 ENE DONE

670 1FBE 4COOFE JHF $FEOO TO MONITOR

680 1FC1 ADE71F TDONE LIlA A+SAVE RESTORE A-REG.

690 1FC4 40 RTI ANDL REENTER PROGRAM
700 1FCS ’

710 1FCS P EKRKRXOKKSUBROUT INES¥0okkkokk

720 1FES ;

/730 1FCH 48 CONVRT PHA TEMF. SAVE A-REG.
740 1FCé6 290F ANDI $200001111

730 1FCB 20D61F JSR CHECK LO NYBELE TO ASCII
760 1FCE ASB TAY SAVE IT IN Y

/70 1FCC 68 PLA RESTORE A-REG.
780 1FCD 4A LSK A MOVE HI NYRELE TO LO
790 LFCE 44 LSK A

800 1FCF 4A LSK A

810 1FTIO 4A LSR A

620 1FI11 20D61F JSR CHECK CONVERT TO ASCII
830 1FD4 AA TaX SAVE IT IN X

B840 1FIOS &0 RTS

B30 1FD6 5

860 1FDl& 0930 CHECK ORA #$30 ADD #$30 TO GET ASCII
870 1FII8 C93A CMF #%3A GREATER THAN 107
880 1FDA 9002 BCC FIXED

890 1FDC 6906 ADC #6 ALl ¥/ FORK A-F

200 1FDE 60 FIXED RTS

710 1FDF ’

720 1FDF 4E TABLE .BYTE “NV BIIZC’

220 1FEO 56

220 1FE1 20

720 1FE2 42

720 1FE3 44

920 1FE4 4%

720 1FES 5A

920 1FE6 43

230 1FE7 00 A+SAVE .BYTE 0

Y40 1FEB 00 STATUS ,BYTE 0

750 1FE? 00 X+DAVE BYTE O

Y60 1FEA 00 Y«SAVE .BYTE O
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Using the Utility

An experience common to most machine-code programmers is having
a program consistently return with odd results or, worse yet, not return
at all. When you use the Breakpoint Utility, you can go through the pro-
gram in small steps and isolate the problem. In most cases, breakpoints
can be added to the program without reassembly.

Give the utility a try. You will have to enter the machine code into
your computer through the monitor or, if you have an assembler, enter
the source code and assemble it. Once the program is in memory, I
recommend you make a copy of it on tape before proceeding.

The first thing you must do to set up the utility is to point the IRQ
vector to the utility. When the 6502 receives an IRQ (interrupt request) or
a BRK instruction, it will jump to whatever address is held in the last two
bytes of memory. This is where OSI systems have their ROMs and the ad-
dress in those two locations is $01CO. The first step, then, is to use the
monitor to enter $4C,50, 1F starting at $01C0, which tells the processor
to jump to $1F50 (the address of the utility) when it executes a BRK in-
struction. Once this is done, you can try using the utility.

Enter a short test program at $0500 (see figure 3). The NOP (no opera-
tion) instruction is only a place-keeper to remind you that the 6502 will
skip a byte when it returns from the utility. The NOP is never actually
executed. To remind yourself that one byte is skipped upon return, you
should use 2 NOP instruction in this spot each time you use the routine.
If the BRK instruction is put in over a three-byte instruction, be sure to
fill in the rest of the instruction (two bytes) with NOPs so the processor
does not resume execution in the middle of an instruction.
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Now go to $500 and run the test program. Immediately you should see

a display like that in figure 4. If you do not, check the test program and

F
truct

conta
this article.

11Ss

screen, the processor waits for you in the keyboard routine. Examine the

display before resuming.
has executed a BRK instruction, as expected. The blank spot is an unused

bit in the status register. The status bits are defined in fig
ther information on the status bits, consult the reference at the end of

are zero, as they should be. The B bit is set indicating that the processor

then the Breakpoint Utility for errors. Once you have the display on
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Now, if you press any key except ''S'’, the program will go through its
loop once and return to the utility. Observe that the contents of A is $40
and that the Z bit has been cleared, indicating that the result of the last
operation was not zero. If you depress a key again, the Breakpoint Utility
comes back with $80 in A and with the N and V bits set. N was set
because the most significant bit of the result of the last operation was set,
meaning that it is a negative number in two’'s complement arithmetic.
The V bit is set because there was a carry from bit 6 to bit 7 in the result,
which implies a sign change in two’s complement arithmetic.

If you send the program through the loop again, the V bit is cleared
and the contents of A change again. The next time through the loop the
contents of A is $00, the Z bit is set, the N bit is cleared, and the C bit set.
If you go through the loop once more, you see that since the C bit was not
cleared, it was added in with the result so $41 is in A.

The Breakpoint Utility can give you a lot of information with very lit-
tle effort about what is happening in your program. I thought it would be
nice to have the contents of the program counter also printed out so you
could keep your place when using multiple breakpoints, but I felt it
would make the program too long. If you have more than 8K of memory,
you may wish to relocate the utility. This should not be too difficult, but
be sure you change all the subroutine calls and table references and do not
forget to put the new starting address into locations $01C1 and $01C2.
You might be able to modify the utility for use on bigger OSI machines,
but I am not sure what changes would be necessary.

Review of Operating Instructions

1. Load Breakpoint Utility into memory.

2. Enter $4C,50,1F into memory starting at $01CO0.

3. Add breakpoints to program under test by keying in BRK instructions
($00) at the desired locations. Remember that the byte following the
BRK instruction is ignored.

4. Press the ''S’' key to stop the utility and jump to the monitor. Press
any other key to return to the program under test.

Reference

1. De Jong, M., Programming and Interfacing the 6502 with Experiments,
Sams, 1980.
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Polled Keyboard for
CIP/Superboard

by Michael ]. Alport

had been thinking of writing a pro-
gram that would enable the OSI
keyboard to operate as an ordinary
typewriter in conjunction with a
word processor when an article ap-

peared in MICRO (22:17) describing
the thought of having a debugged
program that had to be keyed in only.
when 1 realized that Edward
Carlson’s program was written for

-/ 7)) LM . .
. ¥ - with the 600 board found in the
/ C1P/Superboard microcomputer.
boards is quite simple. Instead of
polling the rows/columns with a byte con-
600 board uses a combination of seven 1's and a 0. I
suspected that a simple fix would be to replace all Mr.
$FCBE's and JSR $FCCF’s, respectively. These are monitor routines that
use an EOR #8FF to invert the bit pattern, replacing 1's with 0’s and vice
than to attempt to modify someone else’s. So while I was rewriting the
program, I took the opportunity to add a number of features that were not
The program itself should be self-explanatory, especially when read in
conjunction with Mr. Carlson’s article. I will, however, make a few com-
The shift-lock key is continually poiled to determine whether it is in
the up or down position. If it is in the down position, control is trans-

just such a program. I was pleased at

My joy was short-lived, however,

L the 542 board and would not work

The difference between the two

sisting of a combination of seven 0’s and a 1, the

Carlson’'s STA $DF00 and LDA $DF00 instructions with JSR

versa. However, it is sometimes easier to rewrite a complete program

included in the original program.

ments about the additional features included in my program.

ferred to the normal monitor keyboard routine beginning at $FEED. If the
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Listing 1

10

20

30

40
a0
60
70
80
20
100
119
120
130
140
150
160
170
180
170
200
210
220
2 Al
240
250
260
270
280
2940
A00
310
320
330
340
AS0
360
270
S00
A70
4037
410
4290
430
440
450
450
470
480
490
a0
o100
25
930
a40
aad
Tty
W PALS
aB0

0000
Q000
Q000
0000
Q000
0000
0000
0000
0000
Q000
iF00
iF00
1FQO0
1F03
1F06
iFO9
1FOC
1FOE
i i i
1F 14
1Flé
1F1B
1F 1A
1F1E
iF1F
iF21
1F21
1E23
1F 26
1F25
1E20
iF2E
1F 30
1F 33
1F 33
1F 35
1F37
i1F3A
1F3R
1F 3l
1F3F
1F 41
1F42
1F44
1F 45
1F47
1F49
1F 44
1F4C0
1F4F
1F52
1
1F58
1FSA
1F5I
1F5F
1F &0
1F &1

20211F
8lBE1F
2020RF
20F31F
AT00
SLHOODF
ALOOLF
CYFF
FOO4
CYFE
[IGF O
20F51F
FOLF

AZFE
SEOOIF
AEOODF
SEBALF
EOFE
[O03
4CO0F0

EOFF
0004
ALBERIF
H0
EQLF
[oo3
AY1R
60
~007
a8
A004
AZ07
CA
30F8
B?EEL1F
aluOOLF
ANOOIF
DOEELF
UOEF
BEBZIF
A700
iB

88
2004

7 AR KRR KKK KOROKOIOKKOKOKOK K % K0k K K

yX CIF FOLLED

¥ X

yX BY MICHAEL J.

REYRBOARLD X

X

ALFORT X

7 KKK ORI K OKIOK KR Ok 0K KOk KOk Ok

¥

CRTEMU=%EF 2L
REFOLL=$FLIOO
RYFORT=$DFO00

;
¥=%1F00

y

=

e

¥

ENTER

RYTIONE

NEXT

N1
LOOF

REYERRD

CONT
NREF

CHAR
ROW

CaLl

AGALIN

JSK
5TA
JSR
JSK
LIA
5TA
LIIA
CMF
BEQ
CHF
ENE
JSR
EREQ

LIX
51X
LItX
olx
CHX
ENE
JHME

CFX
ENE
LTIA
RTS
CFX
BENE
LTIA
RTS
LY
[EY
BMI
LI
[E X
BMI
LTIA
STA
LIIA
CHMF
BNE
51X
LIIA
CLEC
HEY
EMI

FRINT CHAR TO SCREEN
REYROARD FOLLING ROUTINE
NREYBOARDT FORT

KEYBREDl MAIN ROUTINE
LGC SAVE CHAR FOR REFEAT
CRTEMU FRINT CHAR DN SCREEN
LBELAY HEBOUNCE KEY
$0
KYFORT
RYFORT
$¢FF
N1
¥$FE
KYLONE
HELAY LHEBROUNCE KEY
ENTER BEANCH ALWAYS
$711111110 CHECK CTEL ROW
RYFORT
KYFORT
CTRL SAVE UNTIL LATER
$211111110 SHIFT LOCK 7
CONT UFs CONTINUE
REFOLL [OWNy TO REG. ROUTINE
¥7401111111 REFEATT
NREF NO
LOC RETURN WITH LAST CHAR.
¥211011111 ESC?
CHAR NO
$%1E RETURN WITH %1E
. ¥4 SET UF ROW COUNT
BEGIN ROW SEARCH
NEYBRII NO CHARACTERs TRY AGAIN
$7 SET UF COLUMN COUNT
BEGIN COLUMN SEARCH
ROW
MASKsY LDAD MASK RYTE
RYFORT
NYFORT
MASK»X COMFARE WITH MASK EYTE
CoL NOT A MATCH
XREG SAVE COL . COUNT
#0 CALC, CHAR., FOSITION
ATIIX

(continued)
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shift-lock is up, the new keyboard routine is executed. Therefore you can
use the new keyboard routine in conjunction with BASIC by placing the
address of this keyboard routine in BASIC’s input vector location.

I found it necessary to add a delay routine (in addition to the original
KYDONE routine) to eliminate excessive contact bounce found on my
keyboard. This delay routine may not be needed on other keyboards.

Listing 1 (continued)

o770
600
410
620
630
540
&S0
4460
&7 0
&80
490
700
/710
720
;30
740
/10
760
770
780
/90
SO0
41 0
820
830
H40
850
860
360
860
860
H&60
83460
8460
260
860
840
8460
860
870
870
g7 0
870
870
870
870
870
870

1F&63
1F65
1F&7
1F&A
iF&R
1F6E
iF70
iF72
1F7%
1F78
1F76&
1F/8
1F79
iF7C
1F7F
iFgi
1F83
1F84
iFBé
1F87
1587
1F88
1FE9
1F 8%
1FB4A
1FBER
iF8C
iF8C
1F B
1FBE
1FBF
1FZ0
1F21
1FS2

5 e

iF?4
1+ 93
LF96
1FS7
1F<8
1F99
LF9a
IF9E
1F5C
1F2H
1F9E
1FIF
1FAD

6507

70F9
50891F
AB
ALBALF
2906
CT04
FOOS
i8

98
£931
AR
REBC1F
ALBALF
2940
noo4
3a
0980
&0

3A
&0

00
00
00

31
32
A3
34

o
b

36
A
28
39
30
3R
20
P i o
20
2E
6C
&F
O
Ol
20
20

.
L

&

y

A

NGHIFT

NCTRL

XREG
CTRL
LOC

CHRTEL

abC
RCC
ALIC
TAY
LTA
AN
CHMF
REQ
CLEC
TYA
ALlIC
TAY
LTiX
LTIA
ANTI
ENE
TXA
URA
RTS

TAA
RTS

WBYTE O
+BYTE 0
+BYTE 0O

4
AGAIN
AREG

CTRL
$700000110
$200000110
NSHIFT

CHECK FOR SHIFT KEY

NOT SHIFT
SHIFT- ALDIl 4% TO CHAR FOINTER

#49

CHRTEL»Y GET CHAR FROM TAELE
CTRL CHECK FOR CTRL KEY

$701000000

NCTRL NOT CTRL

#210000000 SET HI BIT

X-REG. STORAGE
CTRL KREY STORAGE

REY STORAGE

+BYTE 123456785047

+BYTE $7F %20y’ , 10" s$As$0:%$20+%20

(continued)
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Listing 1 (continued)

8RO 1Fal 77 vBYTE ‘wertuuisdfghikyevbnms ’
gal 1FAZ &5
880 1Fa3 72
860 1FA4 74
R0 1FAaE 79
880 1Fas 75
B8RO 1FA7 6%
BHO 1FAB 73
B0 1EAY &4
BEO 1FAA 46
gRBO 1FAR &7
A80 1FAC 48
BBO 1FAD &A
880 1FAE 4R
880 1FAF 78
880 1FEO 63
880 1FEK1 76
880 1FR2 62
880 1FEB3 6E
BBO 1FRB4 &I
880 1FRS 2C
890 1FEs 71 +BYTE ‘maz’ %20+ /3¢’
890 1FR7 61
890 1FEB 7A
B90 1FE9 20
890 1FBRA 2F
890 1FEBR 3K
890 1FRC 70
200 1FERD 21 +BYTE 1" $$7Z& 982797 ( )OX="
00 1FRE 22
200 1FBF 23
200 1FCO 24
900 1FC1 25
200 1FC2 26
200 1FC3 27
200 1FC4 28
Y00 1FCS 29
200 1FCé 30
200 1FC7 2a
00 1FC8 3
210 1FCY 7F +BYTE $7F %2097 L0 »y $Ay$D
10 1FCA 20
910 1FCB 3E
9210 1FCE 4€
9210 1FCD 4F
210 1FCE 0a
10 1FCF OD
20 1FDO 20 +BYTE $209%20 ' WERTYUISIOFGHIXXCURNM/
220 1FD1 20
920 1iFD2 57
Q20 1FD3 45
20 1FD4 52
920 1FDS 54
220 1FD& 59
920 1ED7 5%

(continued)




Listing 1 (continued)

920
72
920
720
920
920
920
720
220
F0
720
720
Y20
220
730
730
930
730
730
230
730
730
740
730
760
270
780
290
1000
1010
1020
1030
1040
1050

1060
1070

1080
1090

1FD8
1F D9
1FDA
iFDE
1FOC
1FDD
1FLE
1FDF
1FEO
1FE1L
1FE2
1FE3
1FE4
1FES
1FEé6
1FE7
1FES8
1FE?
1FEA
1FEB
1FEC
1FED
1FEE
1FEE
1FEF
1FFO
1FF1
1FF2
1FF3
1FF 4
IFFS
IFFS
1FF7
1FF9
1FFA
iFFC
1FFD
1FFF

49
53
44
44
47
48
44
4R
58
43
96
42
4E
411
3C
%
41

A
20
3F
2B

a0

7F
BF
DOF
EF
7/
FE
FI

AZ2FF
AD20
88

[IOF D
CA

[IOF8
60

L4

’
MASK

DELAY LDX

o
LF2
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+BYTE "<QAZ’ y$20y’ ?+F’

+BYTE
+BYTE
+BYTE
+BYTE
+BYTE
+BYTE
+BYTE

$6FF
LOY #%$20
DEY

ENE LF2
LDEX

ENE LF1
RTS

201111111
#10111111
211011111
~11101111
211110111
211111011
211111101

DEROUNCE RDUTINE
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Something for Nothing

by Leo Jankowski

frustration encountered when
using the C1P is the presence of
dead keys, particularly ESC. I
became fed up with having to type
'PRINTCHR$(27)" whenever I
wanted to hit the ESC key. A
disassembly of the ROM BASIC code
reveals that all the necessary
routines are there in ROM, so it's
just a matter of using them. If you're
in a hurry, use the following:

.0222/20 BA FF C91B FO 07 C9 7F FO
03 4C 99 A3 4C 69 FF

Then warm start and POKE

| 538,34:POKE 539,2. Hit RUBOUT
for a rapid screen clear!
Since I use an Epson MX-80 printer that

possesses a plethora of codes, the next step was

to program a few keys to access all those codes, thereby

controlling the printer. Unfortunately, placing printer com-
mands in a program still demands a command like this:

10 PRINTCHR$(27)::PRINT"'E""

The CIP will print the ESC symbol in a line of BASIC but will not
remember it. On the other hand, PRINT ' [J E"’ will work.
Another annoyance is the C1P’s habit of mixing graphics with the

error codes and then proceeding to tell you that everything is OK. Actually
you lose a line on the screen and the cursor!

The following program gets rid of the lot. The new cursor is
CHRS$(187). If you enter the program in machine code, then the entry
point is $0222. Everything after that is automatic; <BREAK > W (or cold

start!) does not affect the program. The table lists the keys that access all
the Epson codes.
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Listing 1
10 0000 FIOKKRKIRKKORKOORK KKK KKK KKK KKK
20 0000 7% SOMETHING FOR NOTHING X
30 0000 i X X
40 0000 i  BY L.J. JANKOWSKI X
50 0000 F IR0 ROK KKK KKK X
60 0222 *=$0222
70 0222 AZFF LOX #$FF RESET STACK
80 0224 94 TXS
90 0225 A949 LDA #8649 MESSAGE PRINTER VECTOR
100 0227 8504 STA $04
110 0229 A902 LDA #2
120 022B 8505 STA $05
130 0221 A942 LDA #$62 INPUT VECTOR
140 022F B8U1802 STA $0218
150 0232 A%02 LDA #2
160 0234 801902 STA $0219
170 0237 A922 LDA #$22  WARMSTART VECTOR
180 0239 8501 STA $01
190 0238 A%02 LDA #2
200 0230 8502 STA $02
210 023F 4C74A2 JHF $A274  JUMP TOD WARMSTART
220 0242 i
230 0242 Ol JBYTE $D»$As0 NEW MESSAGE
230 0243 0A
230 0244 00
240 0245 OI JBYTE $Dy$A+0
240 0246 0A
240 0247 00
250 0248 40 RTS
260 0249 ;
270 0249 48 PHA ERROR MESSAGE CORRECTOR
280 024A ADSSD3 LDA $D365 ERR. MESS. ON SCREEN?
290 0240 C93F CHF #7
300 024F D008 BNE $0259 NOsy ERANCH
310 0251 ALG7D3 LDA $0367 GET 2NII CHARACTER
320 0254 297F ANDI $$7F FIX IT
330 0256 BN47D3 STA $0347 AND FUT IT BACK
340 0259 48 PLA
350 0254 A002 LDY #$02  PRINT LF,CR
3460 025C A942 LDA $$42
370 025E 4CC3AS8 JMF $ABC3
380 0261 ;
390 0261 00 XSAVE .BYTE 0
400 0262 :
410 0262 BE&102 STX XSAVE  PRINT NEW CURSOR
420 0265 AE0002 LDX $0200
430 0268 A9YEE LDA #S$EB
440 026A 90003 STA $D300sX
450 02601 AE6102 LOX XSAVE
460 0270 20BAFF JSR $FFBA
470 0273 207C02 JSR $027C LOOK FOR CONTROL CODES
480 0276 4C99A3 JHP $A399
490 0279 ;
S00 0279 4C69FF OUT JHFP $FF69  REGULAR OUTFUT ROUTINE
510 027C ;
520 027C C91E CHECK CMF #$1B ESC?
530 027E FOF9 BEQ OUT
540 0280 C90A CMF #%4A LINE FEED?

(continued)
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Table 1: Con S fur pon Printer

e

oo
R

s

o : 2

e ' o, 't:l-:: e * y R

. o e T i e

o __11—' o : : . ; .-. -“ : hH -"r o . : : B .:.-.

RE e

A -

The program has been designed for easy editing. If you want to add
more keys to the list just tack the code onto the end of the program.
Always end with an RTS.
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Listing 1 (continued)

MICRO on the OSI

S50 0282 FOFS BEQ OUT

560 0284 C90C CMF #$C FORM FEED?
570 0284 FOF1 BEQ OUT

S80 0288 C909 CMP #9 CTRL I7?
S90 0284 FOED BE@ OUT

600 028C C9OB CHP #$E VERTICAL TAR?
610 028E FOE9 BEQ OUT

620 0290 C9OE CHF #$E SHIFT OUT?
630 0292 FOES BEQ OUT

640 0294 C914 CHF #$14 NC47?

650 0296 FOE1 BEQR OUT

660 0298 CYOF CMF #$F CTRL 0%
670 0297 FODD BEQ OUT

680 029C C912 CMF #$12  [C27

690 029E FOD9 BEQ OUT

700 0240 C00 CHF 20 NULL?

710 02A2 FODS REQ OUT

720 0244 C911 CMF #$11 nei?

730 02A4 FOD1 BEQ OUT

740 02A8 C913 CMP #$13 nC3?

750 02AA FOCI BEQ OUT

760 02AC C918 CMF #$18  CANCEL?
770 02AE FOCY BEQ OUT

780 02BO C97F CMF #$7F RUROUT?
790 02B2 FOCS BEQ OUT

800 02B4 &0 RTS

Listing 2

10 FOR I=546 TO 692: READ A: POKE XsA: NEXT

100 DATA162925591545189973913394216952+133+95:169,98:141524
110 DATAZy16992+1419259291699345133515169925133925769116
120 DATA16231351050513510+,0996972+17351015211,2015635208
130 DATAS» 17351035211 9415127»1415103521151045160+2516%9+66
140 DATA76319551689091429979291745092916991879157+0,2115174
150 DATAD7 2132518692559 3291249257651535163976510552555201
140 DATA27 v2409249920191052405245y20191292405241,20159+240
170 DATA2379201+s11v24092339201+14524092295201,20y240,225
180 DATA201s15y2405221+201518+2405217+201+50+240,213520117
190 DATA240,2095201+1992405205,201924,2405,201,201+127+240
200 DATAL197:96

300 POKE 1+34: FOKE 2y2: FPRINT "FINISHED"

500 NEW
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Saving Time
with Your CIP

by John §S. Seybold

here have been several articles

on how to modify the baud rate
on the cassette storage circuit of the
C1P. However, I decided to submit
this approach since I think it is bet-
ter than any I have seen to date.
There are three speeds — 300, 600,
and 900 baud — and they all work.
The only baud modifications I have
seen that work above 600 baud have
a very high error rate. At 900 baud, I
can load a 6K program in BASIC
without any errors. Another advan-
tage of my approach is its simplicity;
it uses only two 7400 series ICs, two
resistors, and a switch.

I chose these three speeds
because each offers an advantage: 300 baud
allows compatibility with other OSI systems;

600 baud is necessary for interfacing a Radio Shack

Quick Printer II and other printers; and 900 baud is the fastest

reliable speed that still allows maintaining the Kansas City Standard
frequency.

A note of caution is in order: if you are using a low-cost recorder, the
speed may not be steady enough to work at 900 baud. When running at
900 baud you get a tone burst that is only about 5.3 cycles long since the
audio frequency is 4800 Hz. This means that even a relatively small
variation in tape speed may cause the KC receiver circuit to miss a bit
that it should recognize. Originally I was using a small hand-held
recorder that would not work reliably at 900, but replacing it with a

slightly better unit solved the problem. I think any recorder in the $50 to
$100 range would be acceptable.

~ Basically what is done is the frequency supplied to the transmit clock
of the ACIA is made selectable. Three frequencies — 9.5, 18.9, and 28.4
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KHz — are tapped from the 74LS163 divide-by-13 counter (U57). These
three signals are fed into the 74LS151 multiplexer, which is installed at
location U44. The binary combination at pins 11 and 10 is chosen by the
switch position and determines which of the three signals are present at
the output of the multiplexer (pin 5). The output is then divided by two
with the 74LS74 D flip-flop to correct the asymmetry of the signals from
the divide-by-13 counter. The output of the flip-flop is then selectable at
4.7,9.5, and 14.2 KHz. This is the frequency for the TX clock of the ACIA
(U14). By increasing the frequency of the TX clock, you are decreasing
the length of the tone burst used for each data bit, which of course speeds
up the saving and loading processes.

Figure 1
7415163 241 874
#3 & 4
- ’[ + : X o » OF THE
pe 6850 I
1
13 h
I Us3
UE? Vﬂ‘: HEC
Fy
Vee
—S-Ill_?‘ 'u"l:f::.‘lﬁ 2l o Vee 14
10K 2lis sol 4]
o 2 1] S0 G ..g' 3 GP GDL—L
- 'Hi 6=
| ‘ —— 51 : 9
ol
E‘GND
1 - 74LS151 E ‘
1- 7405163 | u28 =
9. 10K % W RESISTORS u44
1 - 14-PIN DIP SOCKET
1 - 16-PIN DIP SOCKET —=
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Construction

[ recommend that you use the sockets for the ICs to prevent damage
while soldering. I also suggest that you install them and bend the pins to
hold them in place and not solder them until all connections to each pin
have been made. This way you avoid the possibility of soldering one of
the holes shut, as well as the necessity of heating each pad twice. For
hook-up wire I used 28-guage wire-wrap wire. This works well —
especially for making the connections to U57 (as there is no place to do
this conveniently).

The 74LS151 should be mounted at the U44 slot on the board (next to
the crystal), so install the 16-pin socket there and bend the leads to hold
it in place. The 74LS74 goes in slot U28, so mount the 14-pin socket
there. Locate the two resistors in U29. The resistors should be mounted
between pins 2 and 13 and between pins 3 and 12. Leaving one lead of
each resistor straight, bend the other lead so that it makes a 45° angle
with the body of the resistor. Now strip % inch of insulation from the end
of a 3-inch piece of wire. Starting at the bottom of the board, run the bare
end of the wire up through the hole at pin 2 and then down through the
hole at pin 3. Next, insert the straight end of the resistors through the
holes at pins 2 and 3 of U29 and the bent ends through pins 13 and 12.
Pins 2 and 3 can be soldered now and the leads underneath clipped. The
other end of the 3-inch piece of wire should be shortened, stripped, and
connected to the positive power bus along the edge where it is the widest.
I could not find a hole for this connection, so I just cleaned a spot on the
bus, laid the wire on it, and soldered it into place.

Strip 3/8 inch from the end of a 2-inch piece of wire and, starting from
the top of the board, connect pins 6 and 7 of U29 and connect the other
end to pin 7 of U28 (the 74LS74). Pin 7 of U28 may be soldered, but wait
to solder the two connections on U29. Now, using a 12-inch to 18-inch
piece of 22-guage stranded wire, insert one end into the hole at pin 7 of

U29 and solder. The other end should be soldered to the center lead of the
baud-select switch.

Using two more 12-inch to 18-inch pieces of 22-guage stranded wire,
connect the bent lead of each resistor to one of the outer two leads on the
baud-select switch. The easiest way to do this is to strip ¥ inch of insula-

tion from one end of each wire and wrap the end around the bent resistor
lead, soldering as shown in figure 2.
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| Next, connect the foil pads from

Figure 2 pins 10 and 11 of U44 to pins 12 and
13 of U29 (the bent ends of the two
BAUD SELECT SWITCH resistors), respectively, and solder
all four connections. Note that it

does not matter which resistor lead
is connected to which pin of U44 as
the switch can be turned around and
have the same effect. In all cases,
the center position is the 300 baud
setting. All the connections to the
two resistors are shown in figure 2.

BOTTOM SIDE
OF BOARD |

Pins 7, 8, and 9 of U44 all should be connected to ground. The hole
next to pin 9 is ideal for this. Use wire-wrap wire and work from the top
of the board. You should be able to get all three wires into the ground hole
and then solder them into place. Pin 16 of U44 should be connected to the
positive bus using a short piece of wire run to the hole right in front of it.

Pins 1, 2, and 3 of U44 now can be connected to pins 11, 12, and 13,
respectively, of U57. Starting from the top of the board, hook one end of a
piece of wire to pin 1 of U44 and solder. Then run the other end back and
down through any one of the holes between U58 and U43. Flip the board
over and cut the wire to length. Strip % inch of insulation from the end,
carefully heat the foil pad of pin 11 of U57, insert the end of the wire into
the hole along with the IC pin, and add just a bit of solder. Repeat this
procedure for the other two wires, using the other hole between U58 and
U43 for routing the wires. The last wire to be connected to U44 is run
from pin 5 to pin 3 of U28.

There are two adjacent foil cuts that must be made near the ACIA.
The two cuts are made at W5, just behind pin 13 of the 6850. This cut
should disconnect pin 9 of U63 from pins 3 and 4 of the 6850. You may
wish to verify this with an ohmmeter. Now run a wire from pin 5 of U28
to the leads from pins 3 and 4 of the 6850. This connection is easiest to
make right at W5, as the leads from both 3 and 4 are there and have holes
(see figure 3).
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To finish connecting the 74LS74,
hook pins 1, 4, and 14 to the positive
bus. The best way to do this is to
connect all three pins together and
run a wire to pin 5 of location U29.
Now connect pins 2 and 6 of U28 and
solder them, as well as any other un-
soldered foil pads with connections.
This completes the construction.
Make a careful visual check of the
board and if an ohmmeter is avail- 13— e8s0 [~12
able, use it to verify all connections. |

TO #9
OF UB3

WIRE FROM
PIN 5 OF UZ8

W5
=~ MAKE CUTS HERE

TO #3 TO #4 |

Figure 3

Checkout

Install the two ICs in their respective sockets with pin 1 towards the
keyboard and connect the 5-volt supply to the board. With the baud select
switch in the center position, load a short BASIC program. If you are
unable to load a program, refer to the following section on trouble-

shooting. Once a program has been loaded, put the machine in the save
mode and list the program.

When you change the position of the baud select switch, you should
notice the speed of the listing increasing. It is relatively easy to determine
which position corresponds to which baud rate. Now try saving and
reloading the program at a higher speed. To avoid confusion, you will find

1t a good idea to label all your tapes with the baud rate at which they were
recorded.

Troubleshooting

If you have trouble, the first thing to do is turn off the power and
verify all connections with an ohmmeter against the schematic shown in
figure 1. Next, with the power on, check voltages on all the pins that
should be grounded, or at 5 volts to see that they are. Also, with the baud

select switch in the center position, check that pins 10 and 11 of the
74LS151 are at 5 volts.
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If you still cannot locate the problem, you will need to use an
oscilloscope to verify that the signals from pins 11, 12, and 13 of U57 are
getting to pins 1, 3, and 2 of the 74LS151. Then check to see if changing
the switch position changes the signal at pin 5 of the 74LS151. If it does
not, check the two-bit binary number at pins 10 and 11 of the 74LS151; it
should be at either 1, 2, or 3 with pin 10 as the most significant bit.

If you have trouble with errors, you will have to adjust R57, the input
filter center-frequency adjustment. This pot affects only the input cir-
cuit; to adjust it, tape a program at 900 baud and then start loading it. For
best results, adjust the volume and tone controls of the cassette deck first
so the number of erroneous characters appearing in the listing is
minimized. (On my cassette recorder, I set the volume at one-third and
the tone control in the center of its range.) Next adjust R57 until you no
longer see any errors. Continue turning the potentiometer until you start
to get errors again. Now set it between the two settings where the errors
start to occur and where they stop. Once the adjustment has been made
at 900 baud, it will be correct for the two slower settings. Changing the
setting of R57 does not affect the Kansas City receiver circuit significantly
at 300 baud. Any old tapes that were made at 300 baud should still work,
as will any tapes that you purchase.

Conclusion

Once R57 has been adjusted, the circuit is ready to use. On my sys-
tem, I found the reliability at the two higher speeds virtually the same as
that at 300 baud. Besides saving time and tape, I have made use of the
higher rates for doing quick line searches while programming. If you
want, you can change speeds while listing so you can find a certain part of
your program quickly. This must, of course, be done while in the save mode.
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Extended I/O Processor

by Michael |]. Keryan

€6 Cursm Control for the C1P,"”

by Kerry Lourash (MICRO
36:75), added nine utility functions
to the input and output routines. I
have pieced together the desirable
features of most of these smaller
programs and added a number of
new ones, such as automatic line-
number generation. In all, over thirty
routines are now available for use
during keyboard input, screen out-
put, etc. User-supplied software/

hardware additions for a printer,
' bell, and bug-free garbage collection
/ are also supported. An improved

monitor program is included, which

can be called at any time. All the
constants — screen parameters, subroutine
vectors, and flags — were put into tables rather

than imbedded into machine code, making changes

relatively easy. The program originally was written for a

C2-8P, but the version described here is for a C1P with 8K of
memory. The 2K program is ROMable, assuming all the references to the
high byte of subroutines ($18 through $1F) are translated to higher memory.

The Video Screen

Several screen parameters are stored in page zero memory, as shown
in figure 1 and table 1. There are no restrictions on screen size or video
memory location; 32, 64, or non-standard line widths can be supported,
as well as video memory at locations other than $Dxxx. Figure 1 shows
the window starting near the top of the screen and the flags and monitor
fields (described later) near the bottom, but all locations can be modified.
During initialization, the parameters are copied from tables within the
program (default locations) to lower memory. The parameters can be
changed by POKEing into pages zero and two, but the default values will
be re-established on each warm start. Therefore, if the default values do
not suit you, change them in the upper memory tables.
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Figure 1: CRT Screen Parameters

BEGINNING - COLUMN MAX -
OF
VIDEQ RAM — ™| |
START —> T COL RIGHT ——» S
WINDOW
SIZE
l et CRTHOR S
ENEY——
OFFSET
<—— ADDRESS —>
QUESTION SE | ADDRESS,...
—»| |€«— OFFSET P REGISTER.. .. | END OF
STATUS I‘ VIDEQ RAM |
COLMAX —1 = COLUMN MAX — 1
CRTHOR+1 = CHTHOR + 1
COLL—-R = (COLUMN MAX) — (CRTHOR) — (COL RIGHT) + 2
OFESET — P REGISTER = COLUMN MAX — 14
Table 1: Parameter Location and Values (for C1P)
DEFAULT DEFAULT
PARAMETER LOCATION LOCATION VALUE
CURSOR-LO S00ED $1C00 AD
CURSOR-HI SO00E1 $1C01 DO
START1-LO SO0E2 S1C02 AD
START1-HI SODE3 $1C03 DO
ENC1-LO SO0EY S1coh CO
END1=HI SO0ES s1C05 D2
QUESTION-LO SO0EG $1C06 C5
QUESTION=HI S00E7 $1C07 D3
OK SYMBOL SO00EB8 $1Cc08 ES
CURSOR SYMBOL SO00ESQ $1C09 Ak
COLUMN MAX SO0EA SI1COA 20
COLMAX~-1 SO0EB $1COB 1F
CoL L-R SO00EC S1COC 07
COL RIGHT SO0ED S1COD 01 .
CRTHOR+1 SO0EE S1COE 1A
STATUS FLAGS SOQEF S1COF 82
CONTROL C FLAG 50212 s1c36 00
AUTOLINE-LO S02D0 S1C10 90
AUTOLINE=-HI S02D1 siCcl1 00
AUTOLINE INCREMENT S02D2 S1G12 10
LINES/PAGE-CRT S02D3 S1C13 12
LINES/PAGE-PRINTER $02D4 $1CLlY4 30
START 2-L0O $02D6 s1C16 01
START2-HI S02D7 &1} D3
END2-L0O S02D8 $1C18 80
END2-HI $02D9 $1C19 D3
MOVE CURSOR-LO S0 2DA S1C1A A5
MOVE CURSOR-HI S02DB $1Cc1B Do
OFFSET-STATUS $02DC S1CLE 00
OFFSET—-ADDRESS $02DD S1C1D 08
OFFSET-P REGISTER $02DE S1C1E 12
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Cursor Movement

The cursor position is stored in locations $00EO (low byte) and $00E1
(high byte). The cursor-movement functions print the character under
the cursor, move the cursor, and print the cursor symbol (stored in loca-
tion $O0E9) at the new position. No other output to the CRT or printer is
affected. The following control characters will cause non-destructive cur-
sor movement to any screen location:

Up oné HRe ek vohsatar JIENTN I, A (SRR 1 SH0 T W) Control-U ($15)
Down oRelIRef sl v as Wt S il T e T s Control-D ($04)
Left One St R, (T e ot e s o tidaty s 5 Control-L ($0C)
Right OB S aes L e s ¥e s ohyint o) Control-R ($12)
Right cighRt pares i e T b s s e o b T o ik Control-I ($09)

Using these cursor movements can put the cursor outside an active
window. The following movement controls keep the cursor within an ac-
tive window:

Return to;the leftof a - Mne i riaiviie s o valals s Control-Q ($11)
Home cursor (to bottom of window). ................ Control-B ($02)
Backspace (like Control-L, but stays in margins). ... ... Control-H ($08)
Move cursor (toa preset location) . . . ................ Control-N ($0E)

Control-N moves the cursor to the location stored in $02DA (low byte)
and $02DB (high byte). It is now set for the top left corner of the screen.
Note that if the preset location is outside the window, Control-N causes
the cursor to leave the window.

Window Controls

Active window boundaries are stored in START: $00E2, $0O0E3, and
END: $00E4, $O00E5. All CRT output, scrolling, etc., is maintained
within these boundaries. An alternate window is stored in START2:
$02D6, $02D7, and END2: $02D8, $02D9. The two windows could be
equivalent, partially overlapping, or completely separate. The two win-
dows can be switched by pressing Control-W ($17). In addition to tog-
gling the windows, the cursor is homed in the new active window.

The window boundaries can be changed by POKEing into the appro-
priate locations, but are easily changed by using the Control-X ($18) key.
To use Control-X, first place the cursor anywhere on the desired line by
using Control-U or Control-D, then press Control-X. You will be
prompted for another key with a question mark (at location $00E6,
$O0E7) and a beep (if this function is implemented), until either a T (for
top of window) or a B (for bottom) is pressed. Control-X will change only
boundaries of the active window; to change the other window's boun-
daries, first use Control-W.
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If the cursor is placed above the window, it will naturally move down
into (and be trapped in) the window. If the cursor is placed below the bot-
tom boundary, however, it will not move by itself from that line. This
can be used for a one-line non-scrolling window, but a two-line window
is the minimum required to give readable text.

Scroll Controls

If the cursor is placed near the top of the window, it will move down
the screen as lines of text are output. No scrolling occurs until the cursor
attempts to move down when at the bottom of the window; the whole
window then scrolls upward and the home line is blanked. An upward
scroll can be forced at any time by pressing Control-Y ($19); similarly, a
downward scroll is forced by Control-Z ($1A). These functions control
only the location of the text, which is moved up or down on the screen;
they do not move the cursor, which remains stationary. The scrolling
functions are useful in editing and in game programs.

Clear Controls

To erase the entire screen, press either Control-T ($14) or ESCAPE
($1B). To erase only the active window, press RUBOUT ($7F); this also
homes the cursor in the window.

Edit Text

Text can be entered by typing it in as usual, or by placing the cursor
anywhere on the screen and pressing Control-E ($05). This causes
whatever is under the cursor to be entered into BASIC; it has the same
effect as typing the character. The cursor is then mdexed one space to
the right.

When entering a line of text, characters can be deleted with shift O
($5F); this moves the cursor one space backwards, deletes the character
from BASIC, and erases it from the CRT. The function of shift P ($64) is
not changed; it scratches from BASIC the line being worked on, but does
not erase the line from the CRT.

To summarize, text is entered by typing characters (or spaces) or by
using Control-E over text. Text can be deleted by typing spaces over text
when using Control-E or with shift O. Text is not changed by using cur-
sor controls; these are used only to position the cursor to allow use of a
combination of Control-E, character input, or space input.

Autoline

To facilitate easy entry of text, an automatic line-entering system can
be invoked by inputting Control-A ($01). Control-A toggles the autoline
mode off or on at any time. Also it can be changed by POKEing the status
flag. When the autoline mode is on, an A appears near the bottom of the
screen. Then you enter a carriage return to activate autoline.
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When the system is initialized, the starting line number is 100 and
the increment is 10, resulting in lines numbered 100, 110, 120, ..., 9990.
The line number and increment can be changed at any time by POKEing
locations $02D0 and $02D1 (line number) and $02D2 (increment). These
are packed BCD numbers, four bits per digit. The default values are re-
established on warm start.

When the autoline mode is on, the input routine looks at both the
character being entered and the last character. If the last character was a
carriage return, you are now at the beginning of a new line, possibly in
need of a new line number. Entering any character other than a space, a
control character, a number from 0-9, a shift-O, or a rubout, automatically
generates a new line number before the key is entered. These exceptions
allow certain things to be done without getting a line number put on it:
immediate mode commands are invoked by first typing a space, then the
command; new line numbers can be inserted between or over existing
lines; and all cursor and editing commands can be used. The autoline
mode can be toggled off by using Control-A.

Flag Changes

To change a status flag, use Control-F ($06). You then get a prompt.
You must enter the flag number (from 1 to 8), followed by either a 0 (for
off) or 1 (for on). The flag code numbers are:

Flag
Number Code Description

Hard copy (printer) mode

CRT output mode

[ntermittent output (paging) mode
Trace mode

Step mode

Autoline mode

Monitor save mode

Extended I/0 mode (all functions)

CoO ~N O U B 0 =
mZ2e»nd=0r

After the flag number and status is entered, the status of all flags are
displayed near the bottom of the screen (these can be erased by escape or
Control-T). The status can also be changed at any time (e.g., during ex-
€cution of a BASIC program) by POKEing bits into location $00EF; the
flag number corresponds to the bit number. Note that if the E flag is
cleared, you can get back into the extended I/0O mode by POKEing a
number greater or equal to 128 ($80) into $00EF, or a warm start.
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CRT and Hardcopy Flags

When these flags are set to 1, a corresponding output to the screen or
printer is created. These flags are independent. To get printed output, a
user-supplied printer subroutine must be included: change the NOPs at
$1EF7 to JSR $YYXX (20 XX YY), where $YYXX is the address of your
subroutine. Prior to this subroutine call, 16 page zero locations ($00EX]
are freed for additional use by the print routine and are restored before
returning to the CRT output.

Print Window

At any time, a Control-P ($10) from the keyboard causes the entire ac-
tive window to be output to the printer, character by character. The H
flag need not be set. The CRT display is not atfected.

Intermittent Output

If the I flag is set, the number of lines output to the CRT/printer are
counted and stored in locations $02F6/$02D5. These are compared to
constants stored in locations $02D3/$02D4. If the line count is equal to
the preset page size, the computer prompts you and waits for a keyboard
entry before continuing. This allows you to copy (or read) CRT text
before it scrolls off, or change to a new sheet of paper on the printer.
These counts are independent; both are reset to zero on warm start.

Stop/Restart Output

In addition to the above intermittent output mode, a program or
listing can be stopped at any time by pressing Control-S ($13) and then
restarted by Control-R ($12). These commands are functional only during
output. In many cases, the Control-S/R sequence is preferred over
Control-C/CONT since no extraneous output is printed.

Step and Trace Modes

If the Step mode is invoked by setting the S flag, only one line of
BASIC code is executed during RUN. You are then prompted for a
keyboard entry, after which the next line is executed, and so on.

If the Trace mode is invoked by setting the T flag, the BASIC line
number is printed when that line is executed. The output is then a mix-
ture of line numbers with the normal program output. The program can-
not be LISTed while in T mode.

The Step and Trace modes are independent, but for most purposes, are
used together for debugging programs. The Control-C flag (at location

$0212) must be cleared (enabled) to activate either Step or Trace: this is
done on warm start.
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View Tape

Pressing Control-V ($16) causes entry into the cassette-view mode,
where BASIC tapes can be read and displayed on the CRT, but are not
entered. To exit this mode, enter a space. This routine uses the old I/0
vectors to eliminate accidental control-character routine activation dur-
ing viewing.

Bell

An audible prompt is used in several of the above routines. This bell
function is also used when a Control-G ($07) is either input or output.
$07 is output if you attempt to enter more than 71 characters on a line, As
an additional feature, the bell is also sounded once after the 64th
character, like a typewriter, to warn you that the end of the line is near.
To use the Bell feature, you must supply a subroutine at location $1CEC
and the appropriate hardware modifications. (See MICRO 38:65, ‘A
Typewriter Bell for Your Microcomputer.”’)

Carriage Return on BASIC Input

With OSI computers, if you respond to an input statement with only a
carriage return, you will be kicked out of your program into the im-
mediate mode. Usually you can jump back in with a CONT statement,
but this is frustrating. On most large computers such a response is legal.
This feature has been added to the input routine. A carriage return is ac-
cepted as a zero for numeric inputs, such as INPUT A, or as a space ($20)
for string inputs, such as INPUT A$.

Other Jumps

An input of $1D causes a jump to the menu ($FF00). This duplicates
the function of the Break (Reset) key and makes it easy to jump there
from inside a BASIC program. Inputs of $1C, $1E, or $1F are not used.
You can add your own functions by adding your vectors to the tables
located at $1800-$183F.

Escape Sequence on Output

Most of the functions are accessed by entering a control character
|$301-$1F) from the keyboard, either in immediate mode or in response to
an INPUT statement. These functions also can be accessed on output,
either in immediate mode or by a BASIC program. An escape sequence is
used. The escape code ($1B, decimal 27) is output, followed by the con-
trol code. For example, to toggle windows, execute:

PRINT CHR$(27);CHR$(23);
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The last semicolon is used to keep the display from scrolling. To output
the graphic character for $1B, output two consecutive escapes:

PRINT CHR$(27),CHR$(27);

Not all functions are suitable for use during a BASIC run but many are,
including cursor movements, scrolling, window toggles, screen clear,
bell, print, etc. A summary of control functions is shown in table 2.

S e M T o L v —

Table 2: Summary of Control Key Functions

CONTROL KEY HEX DECIMAL FUNCTION LOCATION
- 00 0 NONE-NULL $185C
A 01 1 AUTOLINE TOGGLE $1DF5
0 02 2 BOTTOM CURSOR (HOME) $19F7
C 03 3 NONE-CONT C $185C
D 0L (M DOWN CURSOR $1G3D
E 05 5 EDIT S187E
P 06 6 FLAG CHANGE $1DDD
G 07 7 BELL S1CEC
H 08 g BACKSPACE CURSOR $1905

| I 09 g INCREMENT CURSOR'8 SPACES $1924
J 0A 10 NONE-LINE FEED $185cC
K 0B 11 MONITOR S1ALS
L 0C 12 LEFT CURSOR S18F2
M 0D 13 NONE-CARR, RETURN $185C
N 0E 14 MOVE CURSOR $1946
0 OF 15 NONE-CONT O $185¢C
= 10 16 PRINT WINDOW S1EA3
Q 11 17 RETURN CURSOR $1919
R 12 18 RIGHT CURSOR / RESTART $190E
S 13 19 STOP OUTPUT $185¢C
T 14 20 CLEAR SCREEN $1CAD
U 15 21 UP CURSOR $192D
v 16 22 VIEW TAPE $1885
W 17 23 WINDOW TOGGLE S18A8 |
X 18 24 SET WINDOW $§18BC
Y 19 25 SCROLL UP $189L
Z 1A 26 SCROLL DOWN $189E
ESC 1B 27 CLEAR SCREEN S1CAD
- 1C 2§ - $185C
- 1D 29 JMP TO S$FF00 (MENU)D S1C7A
- lE 3 e b $ 1 8 5 E
- 1F 31 -~ $185¢C
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New Monitor

An improved machine-language monitor routine is accessed by input-
ting Control-K ($0B). This monitor is significantly better than OSI's
minimal monitor but not as versatile as commercial monitors. The
advantage of this monitor is that it can be called at any time — in
immediate mode, in the middle of a BASIC program, or by a JSR machine-
language call.

Once the monitor is entered, data appears at the bottom of the screen,
as shown in figure 1. The screen locations of this data are set by constants
stored at $00E6 (low byte) and $O0E7 (high byte), and offsets $02DD and
$02DE. There are eight fields shown:

[ — Location (four character address)
H — Hexadecimal data stored in L

C — ASCII character stored in L

S — Stack pointer

P — Processor status register (flags)
A — Accumulator

X — X register
Y — Y register

The '‘cursor’’ in the monitor mode is controlled by the keys '‘,’" and ''."".
These keys were chosen because the symbols for the left arrow and right
arrow appear on these keys. The ',"' moves the cursor left, the ‘'."’ moves
it right. The cursor actually changes the lower-case letters |, h, ¢, etc., to
the upper-case letter to be changed. Any field is changed by typing new
data into it. The C field allows any character (except ,’’ and '*."') to be
entered; the other seven fields allow only hexadecimal (0-9, A-F)
characters.

Machine-language programs thus can be entered, or memory reviewed
or changed, one byte at a time. The space bar is used to step forward
through memory; the carriage return key is used to step backwards. Type
R to return to where you were before you entered the monitor.

To jump to a subroutine (whose location is shown in L) type J; if the
subroutine executes correctly and is terminated by an RTS ($60), control
returns to the monitor. All flags and registers (S, P, A, X, and Y) are
changed to what was shown on the screen just before the jump occurred.
When returning to the monitor, the contents of S, P, A, X, and Y shown
on the screen reflects their status at the time of return. No provisions are
made for single step, trace, trap, etc.

When the monitor mode is entered, several things happen; all flags
and registers are saved, and the P field is initialized to $04 (ignore inter-
rupts and clear decimal mode). The S field is adjusted to prevent change

to the stack. If the P register is changed, it will be restored automatically
on return. However, if the stack is disturbed, you may run into problems
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when returning, unless the original page one ($01XX) was saved. If the M
flag of $O0EF is set, the first three pages of memory — page zero (BASI t:-ﬁ
constants and mutmes} page one (the stack), and page two (BASIC and
Extended I/O constants| — are saved in the top three quarters of scre .M
memory ($D000-$D2FF). This allows you to use these lower mem
locations for your machine-language programs. They will be resto
from the screen memory when exiting the monitor mode (R). If the M flag
is clear, these three pages are not saved. Leave the M flag cleared if y¢ Laﬂ
merely want to examine or change a few memory locations or if you don't

want the screen display disturbed.
%

Garbage Collector

A bug in OSI's BASIC-in-ROM may cause your program to bomb if you
make extensive use of dimensioned strings. Provisions have been maﬂ .
to allow you to add a foolproof machine-language garbage-collection
routine. This routine is called through the revised Control-C routine if
tewer than 512 bytes of free memory are available; this keeps OSI's defec-
tive routine from being called. To use this function, insert $20 XX YY at
$1D72, where $YYXX is the location of your new garbage-mllecti
routine. In addition, the approximate number of free pages can be
monitored at any time by PEEKing at $02F8. This can be used in lieu o
FRE(X); never call FRE(X) when using dimensioned strings, as this fﬁr_q,r,
a fatal garbage collection by the defective routine.

Initialization

First cold start, then Break-M, load the tape containing the Exten 3
I/O routines, Break*M then type .1D1FG. The initialization routine
will then be run. The input, output, and Control-C vectors are pomted to
new routines. The warm start and OK routines are replaced by new ones.
Tables are copied from within the program to page zero and page two,
where they are used by the new routines. The memory size is adjusted
to keep BASIC from overwriting the new routines. The stack is adjusted

to prevent an OM error after a warm start, then a message is written to
the screen.

Odds and Ends

A subroutine that decodes a byte into two ASCII characters is locatec
at $1CF7. Place the byte to be decoded into $0055. A JSR $1CF7 leaves
the high-nibble character in $0053, the low one in $0054. An examplﬂ.
this routine is shown in listing 1. The simple program generated the
adecimal dumps of table 3. Lines 100 and 200 turned the printer on and
off. Line 160 set the USR vector to $1CE7.
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A dump of the entire 2K program is shown in table 3; the underlined
bytes are those that require changing if the program is relocated. Here are
the locations that require changing if your OSI computer is not a C1P:

Location Function C1P Location
(low, high)
$1CIE Old Output Routine 69FF
$1C81 Old Output + 3 6C FF
$1C84 Old Input BA FF

$1D5D Old Control-C Routine 9B FF

However, you must have a support ROM (or EPROM) containing indirect
vectors for these routines, which vector through page two of memory.

The control keys can be redefined any way you see fit by changing the
pointers shown in table 2; these are stored at the beginning of the pro-
gram ($1800-$183F). You may want to eliminate some functions (such as
printer routines) and add others. You may want to let some keys generate
predefined strings that can be entered into BASIC, such as DATA, or FOR
[=1TQO, etc. For hints on how to do this, study the autoline code. You
may want to make some changes. I have yet to use a program that didn’t
need a few alterations.

51800

SC F5 57 5C 3D 7€ DO EC 05 24 5C 48 F2 sc u6 sc Table 3:

A3 19 OE 5C A0 2D 85 A8 BC 94% SE A0 5C 7A 5C 5C

18 1D 19 18 19 18 1D 1C 19 19 18 1A 18 18 19 18 Hex Dump of

1E 19 19 18 1c 19 18 18 18 18 18 1c 18 1c 18 18 Complete Program
A9 AD 8D 07 02 A9 8D 8D OA 02 A9 60 8D OD 02 A5

E3 8D 09 02 8D 0OC 02 A5 E2 8D 0B 02 60 A9 20 48

20 40 18 A4 E4 A6 E5 68 20 0A 02 EE 0B 02 DO 03

EE 6C 02 CC 0B 02 DO FO EC OC 02 DO EB 60 AD 01

02 8D 02 02 60 20 F4 FF 20 83 1C 20 7D 1C AD 03

02 DO F5 60 20 9% 19 20 A0 19 20 89 19 60 20 9%

19 20 52 1E 20 89 19 60 A2 03 BS5 E2 48 BD D6 02
95 E2 68 9D D6 02 CA 10 F1 4C 57 19 20 6C 19 48
AS E1 48 20 D9 1C C9 54 DO 09 68 85 E3 68 85 E2
18 90 0A C9 42 DO EC 68 85 E5 68 85 E4 60 20 5D
18 20 CF 19 A5 E5 85 E1 A5 E4 20 6E 19 85 EO 18
90 61 20 94 19 A5 EC 48 A9 00 85 EC 20 7B 19 68
85 EC 18 90 4E 20 9% 19 20 74 19 18 90 45 20 94
19 E6 E0O DO 3E E6 E1 DO 3A 20 94% 19 20 6C 19 85
EO 18 90 2F A2 08 20 OE 19 CA DO FA 60 20 94 19
A5 EO 38 ES EA 85 EO BO 1A Ch E1 DO 16 20 94 19
20 50 19 18 90 0D 20 94 19 AD DA 02 85 EO AD DB
02 85 E1 20 89 19 60 20 94 19 4C E4 18 A5 EO0 18
65 EA 85 E0 90 02 E6 E1 EA EA EA H0 A5 EO 05 EB
38 E5 EE 60 20 6C 19 CS5 EO0 DO 0B A5 E0 38 E5 EC
85 EO BO 02 C6 E1 Cb EO 60 A0 00 Bl EO 8D 01 02
A5 E9 DO 03 AD 01 02 A0 00 91 EO 60 A5 E8 DO F7

20 40 18 18 65 EA 90 03 EE 09 02 8D 08 02 A6 Eb
A4 E5 20 07 02 EE 08 02 DO 03 EE 09 02 EE 0B 02
| DO 03 EE 0C 02 EC 0B 02 DO E8 CC OC 02 DO E3 Al
EB A9 20 91 E4 88 10 FB 60 AD 02 02 C9 20 BO F8
AA BD 00 18 80 F1 02 BD 20 18 8D F2 02 6C F1 02
EE D5 02 EA EA EA 18 90 1B A9 20 20 97 19 20 2D (continued)

— —_
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Enhanced Video
for CIP

by David Cantrell and Terry Terrance

|
|
|

Yﬂu can add five chips and cut
only two traces to add several
features to your C1P video section.
There is a trade-off for these
features, however. To keep the hard-
ware and software as simple as
possible, you lose lower-case
alphanumerics when these features

| are implemented. But no software
: support is necessary, no cumber-
% some POKEing, and no software

| e | drivers to scroll a background screen
W (because there isn’t any). You simply
release your SHIFT-LOCK key

/ whenﬂvel' YOI.I want to enter
modified video. Your machine’s
/ video will interpret lower-case

characters as modified video whenever

this modification is enabled. Since the rest of

your machine simply ‘'sees’’ lower-case alpha- I

numerics, they can be put into strings and then simply PRINTed

to the screen. The video modification can be disabled with either a
hardware or software switch.

The circuit keys on Video Data Bit 5 (VD5) and Video Data Bit 6
(VD6). Whenever these bits are high and the modification is enabled,
VD5 and VD6 will be masked, turning lower case into upper case, and an
upper-case character in the selected mode (i.e., inverse, dim, etc.) will be
displayed instead of the lower-case character. Since characters above 128
also have VD5 and/or VD6 set, gating is used to restore VD5 and VD6 and
disable the modification whenever VD7 is set, retaining your graphics !.I
characters.

First we will discuss OSI's video as implemented on the C1P. Even

though you may have spent the past couple of years squinting at your
C1P's screen almost daily, some of its subtleties may have escaped you.
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When the screen is filled with CHR$(161) (OSI's solid white block
character) and is viewed from about two feet away, all but the poorest TV
or video monitor will show faint dark vertical lines on character-cell
boundaries. You may have attributed these lines to a one-dot-wide inter-
cell space. Closer inspection reveals that the whole screen is filled with
evenly spaced dots — no blank spaces appear between cells. As the rows
of dots of each character are clocked out of the shift register U42, the first
dot in each row is held only one-third as long as the others in that row.
Since this happens for the first dot of each row and for each character, the
end result is faint dark bars when viewed from a distance. This is the
subtle video defect alluded to earlier. It's so subtle that most OSlIers do
not notice it, or pass it off as intercell spacing. If C4 users are wondering
why this effect can’t be seen, the effect is reversed on the C4. The first
dot is accentuated giving rise to bright vertical lines. This minor problem
wouldn’t be worth mentioning except the timing defect that causes it
must be fixed if you are to add modified video.

Before you begin construction, here are a few warnings. Keep all wires
as short and direct as possible. You'll be dealing with your video signal at
RF frequencies. You'll want to avoid re-radiating your game of invaders
all over your house and quite possibly to the neighbors’ too. Do not
substitute 74LSXX series components for 74XX series components or
vice versa. This circuit is carefully balanced regarding timing and current

drive capabilities; tampering will probably overheat all the components
in the circuit. |

The parts list is short. You will need the following:

Ul 74LS08 Quad 2-Input And Gates
U2, U3 74LS00 Quad 2-Input Nand Gates
U4, U5 7474 Dual D Flip-Flop

R1 150 Ohm resistor

R2 5K Ohm potentiometer
SW1-SW4 SPST switch

Since there are five chips in the circuit, it cannot be assembled in the
proto area of your C1P. You can assemble the circuit on perfboard or
solderless breadboard using wire-wrap (or any technique you prefer).
circuit assembles in a straightforward manner. In figure 1 the chips
numbered U1-U5 refer to the components of the modification; all other
""U"" numbers refer to chips on your C1P.

The schematic does not show how to wire in SW1-SW4, which are the
mode selection switches; each one should connect its associated line to
ground. We have not found it necessary, but good circuit design would
dictate that the lines SW1-SW4 should be pulled up to +5 by 3.3K pall-up
resistors. Figure 1 does not show supplying + 5V and ground to all of the

-
1
a
' 1
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chips in the circuit. All the chips used have the standard DIP power and

ground pins. For 14-pin packages, all pins 7 should be wired to ground and
all pins 14 should be supplied with +5V.

— !

Figure 1: Schematic for Enhanced Video
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Once the circuit is assembled, you must splice it onto your C1P. Cut
the trace running from U41 pin 23 to U40 pin 13 and the trace running
from U42 pin 9 to U70 pin 2. Connect U25 pin 3 to Ul pin 1. Connect

U41 pin 22 to Ul pin 9 and U41 pin 19 to U2 pin 2. Connect Ul pin 6 to
U41 pin 23.
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We'll stop for a moment and explain what this part of the circuit does.
U25 pin 3 is VD5 and U41 pin 22 is VD6, the data bits that the circuit
keys on to know whether or not to output modified video. U41 pin 19 is
VD7. Three gates of Ul and two gates of U2 perform logic to accomplish
the following functions: if VD5 and VD6 are high and SW2 is high and
VD7 is low, Ul pin 6 is low, causing lower-case characters to be read as
upper case and activating the rest of the circuit via U2 pins 9 and 10; if
either VD6 or VD5 is low or SW2 is low, Ul pin 6 will be high and the
screen will behave normally.

Continuing with connections, U42 pin 9 is brought into U3 pin 12.
U42 pin 1 is brought into U4 pin 11; U42 pin 7 is brought into U3 pin 5.
Connect U42 pin 2 to U5 pin 3 and connect U42 pin 2 to U5 pin 8. Signals
coming out of the circuit on U5 pin 5 must be connected to U70 pin 2.
The output of the potentiometer R2 should be brought to U70 pin 6.

This is where the circuit starts modifying video. If the first part of the
circuit has recognized a modified video situation (i.e., VD5 VD6 VD7
SW2), then U2 pin 8 goes high. The signal is now ted to parts of U2 and
U3 where, combined with the states of switches SW3 and SW4, the
inverse and dim options are selected. If dim is selected, either alone or in
combination with inverse, the signal on U2 pin 11 is used to enable the
flip-flop U4, which is clocked at the shift-load rate (i.e., CLK/8) and
through the R1-R2 network modulates the video for a dimming effect. R2
controls the level of brightness from almost fully bright to almost dark.
SW3 controls the inverse option. If it is low, the normal video signal is
passed from U42 pin 9 out to U5 pin 5 without inversion (but with latch-
ing as you will see in a moment). When SW3 is high, the shift-load clock
(from U42 pin 1) and the inverse shift register output are combined by
sections of U4 and U3 to produce inverse video. The section of U5 that
immediately follows fixes the video defect we mentioned earlier. Instead
of the dots being cut off by the video chain clock, it is now latched for the
whole period of the system clock and, therefore, maintains full bright-
ness. This part of the circuit operates regardless of whether or not any
modified video options are selected.

SW1 and the other half of U5 combine, along with your system’s
clock, to produce the blank screen option mentioned earlier. When SW1
is high, your screen will not show any display. Video memory will still be
updated, however, so that whenever SW1 is brought low the whole
screen will be restored. This could be handy to do screen set-ups, hide
your game moves in a two-player game, etc.
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Table 1 offers a recap on the operation of switches SW1-SW4.

Table 1: Operation of Switches SW1-SW
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To test the modification, be sure all of the mode selection switches
(SW1-SW4) are in the low state; this ensures that you will have a normal
screen to look at while you’re setting up. Here is a little program to fill
the screen with mixed upper- and lower-case characters like the one below:

10 FORX=1TO12
20 PRINT"AaBbCcDdEeFfGgHhIiJj"
30 NEXT

This should fill your screen with alternating upper- and lower-case letters.

Using the mode selection switches, select inverse upper case; according
to table 1 this should be L H H L. With the switches thus set, all lower-
case letters should now be displayed as inverse upper case. Step through
all the other modes to ascertain that they are working properly. If not,

carefully check your wiring of both the circuit board and its interconnec-
tions to your C1P.
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Programmable
Reverse Video

by Charles L. Stanford

he reverse video option requires

modification to your C1P, some
additional circuitry, and some soft-
ware. You need above-average skills
in electronic construction, as well as
substantial programming ability to
do this modification. While I've
tried to make the actual changes on
the main board as easy and risk-free
as possible, it's still close to the
equivalent of minor brain surgery on
your best friend. !

OSI’s Video System ’

Unlike many other machines,

the C1P video refresh is completely ‘

/ hardware-based. In other words, the |

M microprocessor devotes no time or effort |
to keeping a proper display on the screen, but

modifies the video RAM only when required to do so by
the program. As a result, the video display has no undesirable ‘

streaks caused by software timesharing. You are, however, unable to
make relatively simple program changes to achieve full control of the image. |

L]
-

Programmable Reverse Circuit Description |

The circuit is relatively simple. It requires only three chips, can fit on |
a very small add-on board, and allows you to convert your computer back
to its original hardware configuration almost instantly. It does cost a |
little in lost versatility: the upper 128 graphics characters are '‘lost’’ to
use while the video reverse switch is closed. I have found that to be no in- |

|
convenience since the reverse video is generally used to enhance pro- |
grams that employ alphanumerics only. |
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The add-on circuit consists of primarily three elements: the detecter,
the latch, and the inverter. The detecter is connected, in series, with the
most significant bit of the video data. As shown in figure 1, NAND gates
1b and 1d each detect the status of the bit. Treatment of the bit is also
conditioned by the status of switch S1. IC1d either inverts it or ignores it;
IC1b either detects it or ignores it. If S1a is open, the bit is passed along
through IC1c and appears unchanged to character generator U41; also,
IC1b ignores it and its output remains high. IC2a, half of a dual-D flip-
flop, acts as a latch. It is clocked by the same latching signal used by U42,
the parallel-serial shift register, and retains the status throughout the
time needed to send one character to the screen.

Figure 1: Reverse Video Modification
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The inverter uses two gates of a very versatile IC — the 7486 '‘ex-
clusive OR"’ chip. In this circuit, it acts as both an inverter and a non-
inverting gate. IC3a passes the serial video signal unchanged as long as
pin 1 is held high, but pulling that pin low causes the signal to invert! In a
similar manner, IC3b is used to condition the signal from the detecter
and the latch circuits. Holding switch S2 high allows the signal from the
latch to pass. Closing the switch inverts the output, effectively causing
the image to be inverted constantly.
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The net result of this circuit is to allow four conditions: when both
switches are open, the computer acts normally; closing S1 inverts those
characters that have a ‘'1"’ in the left-most bit position (bit 7); closing S2
inverts the entire screen; and closing both causes the characters that have
bit 7 high to be normal and the remainder to be inverted.

As I mentioned earlier, the price of this reverse video capability is the
loss of the top 128 graphics characters. As long as switch S1 is open, the
entire 256-character font of the character generator ROM is available. But
closing that switch causes any character with a code greater than 127
($7F) to detect the most significant bit and change it to low. Then the
lower 128 graphics characters show up on the screen normally, and the
upper half show up as their inverted complements. For example, POKE-
ing the graphics character 51 ($33) to a screen location will cause the
character "'3'' to appear. POKEing the character 179 ($B3) with switch S1
closed will cause an inverted ''3'' to show. Essentially, the top bit is
checked, stripped off, and changed to ''0"'. If the same sequence is per-
formed with S1 open, the graphics character normally corresponding to

179 will appear.

Modifying the 600 Board

Since I am leery of damaging the PC board while making additions
and modifications, I used an add-on board for this project. In addition, I
devised a plug-in method that restores the main board almost instantly to
its original configuration. Figure 1 shows the only two traces on the main
board that need to be cut. These are marked by an ''X'’. Then wires are
run from either side of the cuts to prototype socket U28. By connecting
the leads as shown in figure 2a, a properly jumpered DIP header can be
used as a shunt in place of the plug from the add-on board, restoring nor-
mal operation.

[ Figure 2a: Socket U28 Figure 2b: Jumper Header
— Top View for U28 — Top View
|
9 8 9 8
V- @ ® U19 Pin 8 (See Text) o ®
% ® ® ®
U70 Pin2 ® ® U42 Pin9 i
@ o & B
] B @ B
U41 Pin19 @ ® U40 Pin 11 P
B @ @ & |
® e V+ & ®
| 16 1 16 1
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Start by installing a 16-pin soldertail IC socket at U28. Be sure to use a
low-wattage pencil-type iron, and practice on an old board if you're rusty.
Next cut the traces. You should use a jeweler’s loupe or other magnifying
lens and carefully scratch away about 1/8 inch of the trace with a sharp
knife blade. Cut the line on the top of the board (component side) be-
tween U40 pin 11 and U41 pin 19. It starts at U40 but soon runs under
U41’s socket. Cut it about % inch from pin 11 of U40.

Now find the trace that leaves U70 pin 2 and heads for the keyboard. It
runs only one inch before passing through the board. (Remember the
location of this plated-through hole. It is used later.) The trace now runs
on the bottom toward the right and, again, passes through to the top. It
runs from there toward the front again, ending at U42 pin 9. Cut the trace
on the bottom of the board near the hole by U70.

Next connect the socket at U28. Using fine-gauge insulated wire, con-
nect each pin as shown in figure 2. It’s easier to connect U40 and U41 by
slipping the wire down into the sockets at the proper pin than to try to
solder to the small bit of PC board trace showing. If necessary, carefully
remove the ICs. For the other jumpers, use the two holes where the trace
passes to the bottom of the board for your wire connections. Note that a
connection to U42 pin 1 is marked ‘‘see text.”’ I suggest that you use
figures 1 and 2 as they appear until the new display reveals timing prob-
lems serious enough to require the fourth IC shown in figure 3. So for
now, hook U42 pin 1 (which also connects to U19 pin 8) to U28 pin 8.
Connect the positive and negative buses to pins 1 and 9, respectively.

IS ' E IR Sl T "yl
Figure 3a: Piggybacking ICs Figure 3b: Connections
for Optional IC

C1
Uisa TO IC3 PIN 12

IR

D (U43 PIN 3)

SR i i e

Finally, solder jumper wires across a 16-pin DIP header as shown in

figure 2b. Install the header and try your computer. It should work nor-
mally. If not, troubleshooting should be easy since you’ve made only

minimal changes.
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Building the PC Board

You can use one of several techniques to build your board. In this
case, wirewrap is probably the best option. Equipment and supplies are
readily available and easy to use. You must use a check list or schematic,
and carefully check all connections when finished. Check the board
under power, first without ICs and then with ICs, and measure current
drain with a good volt/ohmmeter. Insert the ICs correctly. These TTL
ICs will take a lot, but they cannot stand even a short period of inverse
voltage, so make sure they are inserted properly.

The switch(es) can be mounted on your keyboard near either the left
or right rear (just below the nameplate). When drilling, be careful not to
mar the finish or get metallic cuttings in the works. Use stranded in-
sulated wire to connect the small board with the switch and on the sec-
ond IC header. You might want to use some sort of socket/plug in the
leads to the switch if you expect to disassemble your machine often; this
cuts down the stretching and bending of the wires.

Testing the Add-On

Warm up the TV or monitor before the computer is powered. Then, if
the screen doesn’t show a reasonable display, turn the power off im-
mediately and check all wiring carefully. Using an ohmmeter, make sure
every point is properly connected to, and only to, the other proper points.
Since your machine will have been without power for some time, the
RAM probably will be scrambled, and at least a few graphics characters
will appear. Don't hit Break at this time; try the switches and get a feel
for the way they work.

You should also look for timing problems now. Compare the reversed
characters with the OSI Graphics Reference Manual. If the timing from
U19 pin 8 is delayed too much by passing through ICs 2 and 3, the screen
will reverse a bit late and change back a bit late. Reversal of characters in
a row will be noticeable only at the beginning of the first row and the end
of the last row. This phenomenon occurs when the signal from U42 is
reversed just slightly out of sync with the latch trigger from NAND gate
U19. Two solutions are possible: use faster gates (since the cause of delay
is the extra transmission time in IC2a, IC3b, and IC3a); or use 745-ICs
(which have fast throughput) to reduce differential delay to the point that
it is virtually unnoticeable on the screen. A few disadvantages to this
modification are the extra cost, difficulty finding Schottky chips, and ad-
ditional power drain. Since I couldn’t wait for a mail-order delivery
taking several weeks, another solution seemed practical — equalize the
delay. I did this by installing another 74LS20 on top of U19 with all but
pins 7, 9, 10, 12, and 14 bent out so they don’t make contact. This is called

‘‘piggybacking’' and is a neat and effective way to add additional circuits
to an existing board.
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Listing 1

10 FRINT "VIDED REVERSE DEMO": PRINT: PRINT
30 INPUT "ENTER A STRING"§ X$

40 A%$=X$! GOSUR 190 iX$=A%$:! PRINT X$

40 INFUT "ENTER A NUMBER"$X

70 A=X: GOSUB 170 (X$=A%$: PRINT X$

90 ENI

160 REM ~--REVERSE NUMBERS--

170 A%$=S5TR$( A)

180 REM ~-REVERSE STRINGS—-

190 E$=""

200 FOR X= 1 TO LEN (AS$)

210 Cé=CHR$( ASC(MID$(A$»Xy1)) OR 128)
220 EB$=H$ + C$

230 NEXT

240 A$=B%$: RETURN

Listing 2

10 0000 3 KRR KRR RKRK KKK KKK KKk K

20 0000 3 X X

30 0000 #%X REVERSE VIDEO ROUTINE %

40 0000 P X X

50 0000 3%  BY CHARLES STANFORD X

60 0000 y X %

70 0000 ¥ KK O A 8 KKOKOK R 0OK 0K OKOK K0k X 0K

80 0000 ;

90 0000 LF=%0A LINE FEED
100 0000 CR=$0D CARRIAGE RETURN

110 0000 ESC=%1B ESCAPE CHARACTER

120 0000 CTRLI=$09 CONTROL 1 CHARACTER
130 0000 ERANCH=LBLC+1 SELF-MODIFIED BRANCH
140 0000 OUTPUT=$FF 69 MONITOR OUTPUT ROUTINE
150 0000 GETCHR=$FFEBA GET CHARACTER ROUTINE
160 0000 y

170 0008 *=$0008

180 00D8 ;
190 0008 20BAFF JSR GETCHR GET A CHARACTER
200 00DB C909 CMP #CTRLI IS IT A CONTROL I 7
210 000D [OOS BNE LBLA
220 00DF A200 LDX #0 IF YESs MODIFY BRANCH
230 00E1 B&F7 STX BRANCH TO0 REVERSE CHARACTERS
240 00E3 40 RTS
250 00E4 ;
260 00E4 C91B LELA  CMF #ESC 1S IT ESCAPE 7

270 00E6 D004 BNE LELE
280 00E8 A202 LDX #2 IF YESs RESET BRANCH TO
290 O0OEA B&F7 STX BRANCH DISPLAY NORMAL CHARACTERS

(continued)
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U19 uses the gating of CO, C1, C2, and T3 to trigger the latch in the
parallel-serial shift register U42 (see the 600 board schematic). T3 is
merely the clock signal delayed through three gates to match delays
already present in the video circuits. It would seem that a lesser delay in
the trigger to latch IC3 might even things out. Accordingly, U19A piggy-
backed to U19 can use three of the signals, and pin 13 can be connected to
U43 pin 1, the T1 signal (clock with only one gate of delay). Use pin 8 of
U19A instead of pin 8 of U19 to trigger latch IC2a. U43 has some solder
pads that make the jumper connection very convenient. To prevent
damage to the ICs, be sure to put a dab of solder on each of the pins com-
mon to U19 and U19A. Again, a good magnifying glass is invaluable. Pins
1 through 6 are left unconnected.

When you test the computer again, carefully check the reversed
characters to be sure that they are completely in sync with the reversing
circuit. You may need to use the clock itself, or T2, but T1 seems to be
just about right.

Programming Techniques

There are at least a half dozen ways to use BASIC or machine-language
software to capitalize on your new character-reversing capability. Using
the CHRS$, ASC, LEN, and MID$ functions, entire strings can be readily
inverted by a relatively short and straightforward subroutine. The
demonstration program in listing 1 also can be used in a game or financial
planning program to highlight certain inputs or headings. Either inputs or
internal strings will reverse, and numeric variables also can be reversed
by using the STR$ function.

The machine-language program in listing 2 is more sophisticated. It
can reside in the unused (by BASIC) RAM at the top of page zero, but
remember that the monitor does use the space when you break. The pro-
gram intercepts both the ‘‘character-get’’ and the '‘screen-write"
routines of BASIC by changing the indirect addresses at $0218 and $021A.
Then the data can be processed as needed for reverse video.

When the routine is in place, the first five lines get the character from
the keyboard as usual and act only if either the control-I or escape key is
detected. The control-I causes the routine starting at $00E4 to forcea ''1"
into the left bit of the character. Once the control-I is pressed, every
character coming from either the keyboard or the ACIA will be inverted
before passing to the screen output or program storage. Hitting the escape
key will return action to normal. Notice that the routine ignores carriage
returns and line feeds. All other characters get the ‘‘reverse’’ treatment.
Therefore, be careful to use the routine only for those items that go to the

screen or are within quotes. Trying to invert characters involved in pro-
gram entry will confuse the BASIC interpreter and lead to a program crash.
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Listing 2 (continued)

300 O0EC 60 LELB RTS

310 OOED ;

320 OOELI C90D CMP #CR CARRIAGE RETURN 7

330 O00EF FO009 BEQ LBLD YESs DO NOT CHANGE

340 00F1 C90A CMF #LF LINE FEED 7

350 00F3 FO005 BEQ LEBLD YESs DON‘T CHANGE IT

360 00FS5 18 CLC

g;g ggl;& 9002 LBLC BCC LBLD BRANCH ALWAYS (MODIFIED ABOVE)
8 §

390 00F8 0980 ORA #Z10000000 SET HIGH BIT

400 O00FA 4C69FF LBLD JMP OUTPUT TO MONITOR OUTPUT ROUTINE

Listing 3

3000 PRINT "MACHINE LANGUAGE"

3010 PRINT "REVERSE VIDEO ROUTINE"
3020 REM —~-SET INPUT VECTOR--

3030 FOKE 536+216 ¢ POKE 5370

3040 REM --SET OUTPUT VECTOR~-

3050 POKE 5385237 : POKE 539:0

3040 FOR M=216 TO 252! READ D! POKE M:D?! NEXT

3070 DATA 3251869255201 99+208955162:0:134:247:94
3080 DATA 201527+208s49162:291345247 9945201913240
3090 DATA 99201510924095+245144:2:9:1285761105:255
3100 FRINT "VECTORS SET & LOADED*
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If you are familiar with the method Microsoft uses to store BASIC
Source Code starting at $0300, you will be able to devise methods for
actually changing the characters by modifying the program itself. It isn’t
too hard to write a BASIC program that will scan the source code for a
particular line number and then invert any characters between quotation
marks within that line. I'm sure you will find many creative ways to use
this new capability.

Parts List

R1, R2 — 1IKOhm %4 watt
IC1 — 74LS00
IC2 — 74LS74 (option 74S74, see text)
IC3 — 74LS86 (option 74S86, see text)
IC4 — (optional — 74LS20)
S1, S2 — SPST miniature toggle switches (Radio Shack 275-324)
S1A — optional in place of §1 and S2
SPDT center off min toggle switch (Radio Shack 275-325)
Misc. — PC board, IC sockets, IC header, Molex connector, wire, etc.
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OSI CI/C2 ROM
BASIC Memory Map

by Michael M. Mahoney

his map is a compilation of data
collected from a wvariety of
sources, including but not limited to:

M/A COM-OSI
Ron Fial

Aardvark Technical Services
Stan Murphy

CREATIVE COMPUTING
Gordon Cannady

MICRO
Ed Carlson
/ COMPUTE!
T.R. Berger

Earl Morris

/ and my own investigation

The map is not represented as complete or error-
free, so please feel at liberty to send any corrections or
additions to:
Michael M. Mahoney
4136 NE 14th Avenue
Portland, Oregon 97211
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DESCRIFTION

Memory Map
HEXLOC NAME
Q000~-00FF
Q000-0002 WARM
0003-0005 JPRNT
QO0&6&—-0007 USRINP
0008-000%9 USROUT
Q00A-0Q00OC USRVEC
Q00D NULFLG
000E TRMCNT
Q0O0F LINLEN
0010 TRWDTH
0011-0012 BINARG
0013-005A BUFFER
005SB DELIMI1
005C DELIMZ2
005D CHRCNT
00SE DIMLET
O0SF VARTYP
Ha&e MFLAG
@b 1
00462 IRFLAG
0063 COMPFL
00464 CTRLO
0065-0067
0068-0070
Q071-0072 THMPTRI1
BOHTI-PB74  TMPTR2
QO075-0078 RESACC
aO79-007A TXTTAB
Q07B-007C VARTAB
007D-007E ARRTAB
BA7F -8 ENDTAE
Q0B1-0082 STRSPC

HARDWARE PAGE O

Initially Jump to Cold Start
becomes Jump to Warm Start

($BD11) then

Jump to Message printer at $ABC3

USR input argument

USR output argument vector

USR Vector

vector

($A274)

NULL FLAG—number of NULL’s output to ACIA
in addition to BASIC’s normal 10.

Terminal character count—-# of chars printed

since last CR - also used as Line Buffer Ptr

Output line length
:0:

Terminal width for
Misc Args of stmts
BASIC’s Line Input
Used by decimal to

(default 1s %48 - 72)
Length of output line before auto CR/LF

gives automatic double spacing.

comma spaced columns

1ike PEEK,

Buf fer
binary

Scan between quotes flag,

# of characters in

BUFFER

Default DIM flag,LET flag
Variable Type ($FF=String

Misc flag (DATA,

POKE,

etc.

converter etc.
etc.
& Subscript Flag

$00=Numeric)
LIST, QUOTE FLAG,
Subscript Flag=@#, FN Flag=%8#

Etc.)

READ/INFUT flag ($00=INFUT $98=READ)

Comparison evaluation flag

Control O flag ($80=Discard output)
Temp String Descriptor Stack Pointer

Temp String Descriptor Stack

Temporary FPointer for Garbage Collector,
Dec to Bin converter, etc.

Temporary Fointer for NEW LINE,

VAL, Etc.

Reserve FP Accumul ator

Staging area for MULTIFLY

Start of BASIC Text Pointer

($0301)

Start of Variable Table pointer
(End of Program + 1)

Start of Array Table pointer

End of Array Table Fointer

Start of String Space pointer
goes from here to end of memory.

DELETE LINE,

(continued)
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Memory Map (continued)

HEXLOC

NAME

DESCRIPTION

o e S G G S . e S, e e S S S S S S ———— e — e e S e ] S S —— i — . ———— — i ———

00B83-0084
0085-0086
0087-0088
0089-008A
008B-008C
Q0BD~-008E
QOBF—-00%0
Q091-0092
0093-0094
HHYE—HA9 b
Q097-0098

0099-00A0
00A1-00A3

Q0A4-00A%
00AA-00AB
Q0ALC—-00BO

00AD-00AE
OOAE-OQOAF
O0BO
O0EB1
00B2
00B3-00B7
00B8
Q0OBY?
00BA-00BB

OOBC-00D3

00C2
00C3-00C4
00D1-00D7
00D4-00D7
QODB8-00FA
O0OFB
OOFC
OOFD
OOFE-OOFF

0100-01FF

0100-010C
0130-0131
01C0-01C1
0133-01FC

STRPTR
MEMSIZ
XQTLIN
OLDLIN
OLDPTR
DATLIN
DATPTR
INPPTR
VARNAM
VARFPNT
FORPTR

JUMPER

VARFTR
ACCUM1

FaC

ACCUMZ

CHRGET

CHRGOT
CHRPTR

RNDX

NMI
IRQ@
STACK

Work pointer into String Space

End of memory + 1

Current Line # — ($8B=#%FF if Direct Mode)
Line # at BREAK? or ’'STOP’
Pointer to BASIC Code for *CONT’
Line # for Current DATA statement
Address of next DATA statement
Address of next value in Current
ASCII name of present variable

Address of present variable
Address of Variable to be assigned value
by LET - also FOR/NEXT pointer

DATA stmt

Various work pointers etc.
General purpose JMP instruction - Put target
Address in $A2-%$A3

Various work and storage area

Pointer to next line after LIST

Floating Point Accumulator # 1 - Format is
1 byte Exponent—-3 bytes Mantissa-1 byte Sign

Contents are printed in Decimal by $B%62
Where INVAR Rtne at $AEOS puts it’s Argument
Sign of Floating Accumul ator #1

Series evaluation Constant pointer

ACCUM1 high order (overflow) word

Floating accumulator #2 (Format = EMMMS)
ACCUM1 /ACCUMZ2 sign comparison result flag
ACCUM1 low order (rounding) word

Series pointer

PARSER subroutine—gets next byte from ($C3)
Returns with character in A’ CARRY clear
if value is ASCII 0-9 else CARRY set.

A’ will equal zero if end of line. Ignores
spaces. Copied from $BCEE at Cold Start.

Entry to get current character

Code Address pointer for CHRGET routine
Used by both BASIC & Extended Monitor
Random number Seed for RND

Not used by BASIC or MONITOR

ACIA / KEYBOARD flag for MONITOR
Temporary storage for MONITOR

Temporary Data storage for MONITOR
Temporary Address storage for MONITOR

HARDWARE PAGE 1

Number conversion to ASCII storage area
NMI interrupt vectored here

IRG interrupt vectored here

BASIC’s stack area

(continued)
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Memory Map (continued)

HEXLOC

S Emm e e TR TREN RN BN SRS SR TTEE EEET S I B S E—— e e e B IS B S S S S S S mmm— T S S - - e T T E———— — — . S i [ -m— — — —

0200-02FF

0200
0201
0202
0203
0204
0205
0206
0207-020E

020F-0211
0212
0213
0214
0215
0216
0217
0218-0219
021A-021B
021C-021D
O21E-021F
0220-0221
0222-02FF

0300—-09FF

AQOO—-BFFF

AQOO—-AOD37

AO38-A0&65

ADLL—-A0B3

AOB4-A163

CURSOR
SAVER

CRTWRK
LOADFL

SAVEFL
BAUD
VER

CFLAG

KBWORK
OLDKEY
NEWKEY
DBOUNC

C1INP
cCiouT
Ci1CTLC
CiL0OAD
C1SAVE

INIDIS

FUNDIS

ARITHD

KEYTBL

DESCRIPTION

HARDWARE PAGE 2

Current Cursor offset
Character to be printed
CRT emulator work byte

LOAD flag (O=0FF 1=0N)
CRT temporary
SAVE flag (O=0FF 1=0N)

CRT Emulator BAUD rate (O=FAST 255=SL0OW)
Volatile Execution Block For screen scroll
NOT re—entrant

Not used by BASIC

CTRL C flag <>0 is disable
Keyboard Poll work byte
Keyboard Poll last key
Keyboard Poll this key
Keyboard Poll debounce
apparently un—used

Cl1 INPUT vector (=$FFBA)
Ci OUTPUT vector (=$FF&9)
Ci CTRL C vector (=$FF9B)
Cl LOAD vector (=$FF8B)
Ci SAVE vector (=$FF&9)
Not used by BASIC

BASIC workspace (User RAM)

¥ ROM BASIC xx

Initial Keywords Dispatch table
(= Address of routine minus 1)

Functions Dispatch table
(= actual address of routine)

Arithmetic Operation Table ‘
3 bytes (1l=precedence 2 and 3=Address)
Keyword Tables - in Token order
in ASCII with last byte of each Keyword
bit 7 on. End of table marked by Null.

(continued)
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Memory Map (continued)

HEXLOC

DESCRIPTION

e i i T I S ———————————————————————S S e e

AOB4-ACFO
ROF1-A114
Al115-A163

Al64-A185

Al1B&6—-A1BC
A18D-A191
Al192-A198
A199-A1A0
Al1A1-A1CE

AICF-A211
AZ212-A21E
AZ21F-AZ24B
A24C
AZ24E

A274
AZ27D
AZ2B4-A34A

AZ95
AZ2A2
A31C-AZ4D
A3S7
A3B6
A399
A3AL-A431
A432-A460

A461-A479
A463
A46B
AR477

A47A
A4B2
A4BE
A491
A495
AAAO
A4A7

INITLK
SECNDK
FUNCTK

ERRTEL

ERRMSG
INMSG
OKMSG
BRKMSG

CKSTAK
CKMEM
OMERR
ERRPRT

WARMST
INMAIN
INSERT

DELLIN
CHAIN

LININP
CHRINFPF
TOGGLO

FINDLN

NEWCMD

CLEAR

Initial Keywords
Secondary Keywords
Functions Keywords

Error message table—-High Eit of 2nd character set

ASCII
ASCII

Msg—-> ERROR 7 ,$00

Msg—’ 1IN 7 ,%$00

ASCII Msg-CR,LF,’0K’ ,CR,LF, $00

ASCII Msg-CR,LF,’BREAK’ , $00

Look back thru BASIC Stack for most recent
GOSUB or FOR

Open space in memory

Check for 0OM’ and Stack overflow

Check free memory available

Out of Memory error

Error message printer—enter
of message from table at

with X=offset
$A164

Warm start location

BASIC input routine

Inserts tokenized line into
Adjusts all forward ptrs

Text area and
exits by JMP

Tokenize Buffer and store 1n text area
Deletes line from Text area
Rebuild chaining of BASIC lines in Memory
Input and fill buffer—-put null at end
Input a character - calls $FFEB
Toggle CTRLO - QOutput flag
Tokenize in Bufter
Find BASIC line whose # <= contents

of BINARG and place address in $AA-AB

Carry Flag Set if line found, Clear 1+ not
ending with a NULL ($8¢) or a colon

NEW routine

Put $0 in Start Text ($0301-0302) - then

Reset VARTAB to TXTTAB+2Z - then

Reset CHRPTR - then

Reset STRSTC to equal MEMSIZ - then
Reset ARRTAB & ENDTAB to = VARTAB - then
Do RESTORE — then
Put #%$468 into Address $460 - then
Reset BASIC Stack to #$FC - then
Disable *CONT’ & zero Subscript Flag
Initialize Code Pointer (CHRPTR) to

the beginning of program ($0301)

(continued)

INMAIN
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Memory Map (continued)

HEXLOC

A4B5

NAME

LSTCMD

DESCRIPTION
LIST routine
FOR routine

ASS6~ASFE
ASC2-A619
ASFC
AL1A-ALZB
AL2ZY
AL36
A&38
AL3A
ALL1-A&7A
A&L7B
A&6BC
ALF1-ALFB
ALFPC-ALBSB
ALBY-ALES
ASEL-A70B
ALF4
ALF7
A70C-A719
A71A-A73B
A71D-A73B
A73C-A74E
A74F-A75E
A7S5F-A77E
A77F—-A7B8

A785

A7B9-AB28
AB29-ABC2
AB&SL
AB&LC
AB78
ABBB
ABAZ
ABC3—-ABDF

ABEO

ABE3
ABES

AT04
AR23-A%45
A925
AT46—-AF4E

FORCMD

XaT
RSTCMD
CTLC
CTLCMD
STPMCD
ENDCMD
CNTCMD
NULCMD
CLRCMD
RUNCMD
GSBCMD
GTOCMD
RETCMD
RGERR
USERR
DATCMD
NXSTMT
NXLINE
IFCMD
REMCMD
ONCMD
EVAL

LETCMD
FPRTCMD

DOCRLF
DONULL
COMCOL
SFCTAB
MSGPRT

SPCOUT

QMoOUT
ADUT

BADINP
INPCMD

GINPLN

Main BASIC execution loop
Entry to BASIC execute loop
RESTORE routine

CTRL C routine
CTRL C entry point
STOP routine
END routine
CONT routine
NULL routine
CLEAR routine
RUN routine
GOSUB routine
GOTO routine
RETURN routine

Return W/0 Gosub error
Undefined Statement error
DATA routine

Scan for next BASIC Statement
Scan for next BASIC Line

IF routine
REM routine
ON routine

Evaluate expression whose beginning
address is in CHRPTR. Convert ASCII to
fixed with result appearing in BINARG.

Same as EVAL without zeroing the result

field first (BINARG)
LET routine
PRINT routine - Entry at $AB2ZF

Futs null at end of buffer - then

Output CR/LF - then

Output Nulls from NULFLG and RTS

Handle comma separators in PRINT routine

Do SPC and TAB in PRINT routine

Print ASCII message. Enter with ADDR HI
in Y,ADDR LO in A. Message is ASCII
ending with a NULL ($00)

Outputs one space (’ ')

Outputs question mark (777)
Outputs character in A updates TRMCNT
and checks for Line Length overflow

Handle bad input data

INPUT routine — Clears CTRL O

INPUT without clear CTRL O

Prompt with 7?7 * then receive INPUT
via Jump to LININFP ($A357)

(continued)
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Memory Map (continued)

HEXLOC

DESCRIPTION

———— — S . — —
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AS4F
AA1C-AAZC
AAZD-AAZF
AA40
AAAD

AABC
AAC1
ABAO
ABAC
ABDSB
ABFS—-ABFA
ABFB
ABFE
ACO1
ACO3
ACOC
AC1B

ACZ27-AC&5
ACL6—ACT3
ACLF-AC3
ACT46-ACFD
ADO1-ADOA
ADOB-ADBO

ADS3

ADE1-ADBA
ADBB-ADES

ADE&—ADF &
ADF 7—ADFA
ADFB-AE16&
AEOS

REACMD
XTRMSG
RDOMSG
NXTCMD
FRMEVL

TMERR

FRMEVZ2
NUMEVL
STREVL
NOTCMD

CKRPAR
CKLPAR
CKCOMA
CKCHR
SNERR
GETVAR

ORCMD
ANDCMD

DIMCMD
FNDVAR

FNDSIM

CELETK
CRESIM

INTEVL
INVAR

READ routine
ASCII Msg-*7EXTRA IGNORED? ,CR,LF,$00
ASCII Msg—-"7?REDO FROM START?®? ,CR,LF, %00
NEXT routine
Formula Expression Evaluator
Gets Value from BASIC line (Evaulates
Literals, Variables or Expressions).
Puts value in ACCUM1, does TH check.

Type Mis—-match error

Same as FRMEVL without TM check
Numeric Expression Handler
String Expression Handler

NOT routine
Evaluate expression within parentheses
SN Error if next character not 7))’

SN Error if next character not ?(?

SN Error if next character not *,°

SN Error 14 next char not = contents of A

Syntax Error

Find Variable, put addr in $AD-AE, check
Variable type, and 1+ Numeric transter
Value to ACCUM1.

Setup and JMP to Functions

OR routine
AND routine
Perform Comparisons
DIM routine

Get variable name from BASIC line,
put name in VARNAM, find and put address
of variable in VARPTR and in A % Y

Find or Create Simple Variable
Expects variable name in VARNAM, finds
and puts address in VARPTR and A % Y
Check i+ char in A is A-Z. BSet carry 1+ yes
Create Simple variable in table
Array pointer subroutine
FP Constant (—-32768)
Evaluate Integer Expressions

Convert ACCUM1 to integer (+/-32768) in $AE, $AF

(continued)




186 MICRO on the OSI

Memory Map (continued)

HEXLOC

NAME

DESCRIPTION
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AE17-AFAC
AEBD
AEBB
AEA1
AF7C
AFAD-AFCO
AFC1-AFCD
AFCE-AFD3
AFD4-AFDD
AFD9
AFDE-BOOA
BOOB—-BO1D
BO1E-BOBB
BOBLC-B114
BOAE-B114
BOF3
B115-B14é46

B147-B24C
R1D4~-BZ217
B218
BZ24D-B28%9
B2&8
B28A—-B2B2
B2B3-BZ2EA
BZ2EB-B2FB
B2FC-B30F
B310-B33B
B3I3C-B344
BEX47-B38RB
B3IBC-R391
B392-B39A
B39B-B3A7
B3IAB-EB3BC
B3BD-B3FB
B3FC—-B407

B40B-ER41D

B41E-B428
B429-B431
B432-B44D

B44E-BCED

B44E—-B454
B455
B4&7
B4BE
B4DO
B4AF 1
E4F B

FNDARR
BSERR
FCERR
CREARR

FRECMD
OUTVAR
POSCMD
IDCHK
IDERR
DEFCMD
FNCHK
FNEVAL
STRCMD

STERR

GARCOL

LSERR

CHRCMD
LFTCMD
RGTCMD
MIDCMD
LENCMD

ASCCMD
GETBYT
VALCMD

FIX

PEKCMD
POKCMD
WAITCD

MINUS
PLUS

Find or Create Array

Bad Subscript Error

Function Call Error

Create Array in Table

Compute array subscript size

FRE(X) routine - Calls Garbage Collector

Assigns value to Variable 77?7

POS routine

Check for ID Error

Illegal Direct command error

DEF routine

Check FN syntax

Evaluate FNx and Store in Stack

STRS routine

Scan and set—up String & Find Length

String Too complex error

Allocate room in String storage area
and build Descriptor for String

Garbage Collector routine

Check for string most eligible for cellection

Cellect a string

Perform Concatenation

String too Long error

Store String in String Area

Discard unwanted String

Clean String Descriptor Stack

CHRS® routine

LEFTS routine

RIGHT$ routine

MID% routine

LEN routine

Find String & Length

ASC routine

Evaluate Integer (<2546) from line into X
VAL routine

Gets 16 bit value from line-puts in
BINARG, checks for comma, then gets B
bit argument in X and then RTS

Convert contents of ACCUM1 to two byte
Fixed binary number and put in BINARG

FPEEK
POKE
WAIT

routine
routine
routine
6 DIGIT FLOATING POINT MATH PACKAGE

TO ACCUM1

Perform Subtraction

Perform Addition

Subtract ACCUMZ from ACCUM1

Arithmetic to normalize floating point

Set ACCUM1 to zero
Add ACCUM1 to ACCUM2

Add 0.5

(continued)
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Memory Map (continued)

HEXLOC NAME DESCRIFTION
BS37 Complement ACCUM1
BS564-B568 OVERR Overtlow Error
BS469—-B59B Multiply a byte
B59C—-B5BC LOG Coefficients Constants
BSBD LOGCMD LOG routine
BSFB MULT Pertorm Multiplication (7%7)
B&2D Add RESACC to ACCUMI1
B&4D-B&72 Unpack Memory into ACCUMZ
B&73-B&BF Test and Adjust ACCUM1 and ACCUMZ2
B&90O—-B&SD Handle underflow and overflow
B&4FE—-B&B4 Multiply ACCUM1 by 2
B6B5—-B&BB Floating Foint constant (2)
B&B9-B&LC7 Divide by 2
B&CA DIV FPertorm Divide by
B&CF Ferform Divide into
B711 Subtract ACCUM1 from ACCUMZ result in ACCUM1
B737 D/CERR Divide by zero error
B74B-B76A Unpack memory into ACCUMI1
B7468-B79A FPack ACCUM1 into memoary
B79B-B7AA Move ACCUMZ to ACCUM1
B7AB-B7B% Move ACCUM1 to ACCUMZ
- B7BA-B7C7 See 1+ need to Normalize ACCUMI
B7CA-B7D7 Get sign of ACCUMI1
B7D8-B7F4 SGNCMD SGN routine
H7EQ FLOAT Convert contents of $AD(Hi)-%AE{(Lo) from Fixed

Binary to fleoating point and put 1in
ACCUM1. Enter with X=#3$%99 and Carry Set

B7F5-B7F7 ABSCMD ABS routine

B7FB8-BB30 Compare ACCUM1 to Mem at ( A,Y )
Bp831-BBé61 Convert Fleoating to Fixed

BB&Z2-B88&6 INTCMD  INT routine

B887-B94&6 Convert ASCII String to Floating Point
B?47—-B9Y52 constants used with ASCII conversion
B?S3—-B9&6D Prints ? IN ? and the Line Number

B?5A Prints current line number

B9SE-B94D NUMPRT Print decimal integer whose value is in
A (lo) and X (hi)

BY62 Frint contents of $AD(Hi)-—$AE(Lo) as Dec. integer
B96E-BA?S ASCII Convert floating number in ACCUM1 to
ASCII string at $0100-0107.
$0100 is sign (space or —) — S5tring
terminated by NULL

BA946&—-BAAB Constants
BAAC—-BCED
FUNCTIONS PACKAGE

BAAC SEGRCHMD SGR routine
BABG& POWER Perform ~ (exponentiation)
BAEF—BAFY Perform negation

(continued)
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Memory Map (continued)

HEXLOC

NAME

DESCRIPTION
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BAFA-BB1A
BB1B-BB&D
BB&E—-BBB7
BBBB8-BBBF
BEBCO-BBFB
BBFC

BCO3

BCAC

BC78-BCY8
BC99-BCCS8
BCC9-BCED
BCEE-BDO9
BDOA—-BD10O
BD11

BE3I9-BE4D

BE4E-BE71
BE72-BE7D
BE7E-BEBC
BESB8D-BEE1
BEE4

BEF3
BEFE
BFO7
BF15
BF22

BF2D-BFF2

BFC2

BFF3-BFFA
CO00—-CO1F
CEOO-CEFF

CFOO-CFFF

DOOO-DFFF
DOOO—-D3IFF
DOOO-D7FF
DEQO
DFQO

EOQO-EFFF
EQCQO-E7FF

RNDCMD
COSCMD
SINCMD
TANCMD
ATNCMD
PARSER

cCoLD

CRTEMU

MULTIP

PORTSB

KBPORT

Constants EXP Coefficients
EXP routine

Series Summations

RND Constants

RND routine
cCoSs routine
SIN routine
TAN routine
SIN & COS Constants & Coefficients
ATN routine

ATN Coefficients

CHRGET - Transferred to

Prints Author’s Name

Cold Start routines

ASCII msg—-"WANT SIN-COS-TAN-ATN?’ , €00
Left over from when Tape BASIC

$BC

ASCII msg— Author’s Name
ASCII msg”MEMORY SIZE’,$00
ASCII msg—"TERMINAL WIDTH’, $00
ASCII msg-Version & Copyright Notice
UART input routine (430 Board)
Contains error (BFOS should be FBOS)

UART output routine (430 Board)
UART initialization routine (430 Board)
C2 ACIA at $FCO0O input routine
CZ2 ACIA at $FCO0 output routine
CZ2 ACIA at $FCO0O initialization

set to B8 bits data, 2 stop bits

no parity, divide by 16
CRT emulator - prints char in A’ to
screen, scrolls etc.

Prints char in A’ to screen -
but doesn’t update Cursor pointer

Code transferred to VEB for Scroll
Disk Controler PIA and ACIA
C3 Multi User Ports

CA-10-X Board ACIA’s

C3 Hard disk buffer

Cl1 Video memory

C2 Video memory

C2 Screen size/Color/Sound Latch
Polled Keyboard Port

C3 Level 3 & CP/M Memory
Color Memory (Low 4 bits)

(continued)
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Memory Map (continued)

HEXLOC

NAME

DESCRIPTION
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EBOO-EFFF
FOO0O-FOO1
FBOO-FBFF
FCOO-FCO1
FCOO-FCFF
FCOO
FCO&
FCB8B
FC?1
FC9C
FCAb
FCB1
FCBE

FCC6
FCFF

FDOO-FDFF

FEOO-FEFF

FEQO

FEOC
FE43

FEBO

FE?3

FEAC

FEBO

FECA

FEDA

FEES

KBPOLL

MONITR
MONWRM
MONADR
OTHER

LEGAL

MONOUT

MOUT1

DIGIT

ROLL

MONINP

Not presently used in C1/C2
Cl ACIA Port #1

Cl1 65V ROM extra pages for other machines

C2 ACIA Port #1

Cl Floppy Bootstrap Routines

Cl Auto bootstrap entry

Cl Load track zero into $2200 up

Cl Unload Floppy head

Cl Time delay routine — delay equals
1.25 MS times value of X at 1 MHZ

Load next byte from disk to A

Cl ACIA at $FO00 initialization

Cl1 ACIA at $FO00 output routine

Write complement of A to keyboard

Load complement of keyboard into X

Load complement of keyboard into A

Keyboard Polling Routine - Polls

keyboard and returns with the ASCII
value of key depressed in A

65V PROM MONITOR

Entry-clears screen, reset ACIA and Stack
Entry—without Stack initialization
Entry to address mode
Input ASCII character,; returns result
in A, bit 7 cleared

Convert ASCII hex to binary, result
in A (A=%80 if not ASCII Hex 0-F)

Output Address & Data in Monitor format
(ADDR from SFE-FF DATA from $FC)

Output X bytes from $FC+X to screen
at $DOCé4+Y. Set X and Y before entering
X decreases and Y increases.

Output LSD (HEX) from A to screen
at $DOC&+Y. Set Y before calling.

Move LSD (HEX) in A to 2 byte number
at ($FC) +X. Set X before calling.

Return Character in A from Keyboard
or ACIA Port 1, depending on LDFLAG

(continued)
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Memory Map (continued)

HEXLOC NAME DESCRIPTION
FFOO-FFFF BASIC I1/0 SUPFORT
FFOO RESET Reset Entry Point
FF&7 BASOUT BASIC’s output vector. Outputs 1 byte to

screen, and if SAVEFL on, outputs to Port #1
(also ouput 10 NULLS & <LF> if char is <CR>)

FFB9 LOADRT LOAD flag routine
FF24 SAVERT SAVE flag routine
FF99 CTLCRT Control C check routine
FFBS BASINFP BASIC’s Input character routine
FFEO HOME Home position of cursor (Cl=%$44 C2=%40)
FFE] LEN Line Length default value
FFEZ2 SI1ZE Screen Size type (Cl1=0 C(C2=1)
FFE3-FFEA Misc work pointer default values
FFEB-FFED INPUT BASIC INPUT vector

Ci=JMFP ($0218) C2=JdMF $FFB8
FFEE-FFFO OUTPUT BASIC OUTPUT vector

Ci=JMP ($021A) C2=JMP S$FF&7
FFEF1-FFFS CTRLC Control C check vector

Cl=dMP (&021C) C2=IJMP $FF99
FFF4-FFF& LOAD BASIC LOAD vector

Ci=JdMP ($021E) C2=JMF $FFB%

FFF7-FFF? SAVE BASIC SAVE vector
Ci=JdMP ($0220) C2=JMP SFF94

FFFA-FFFB NMIVEC NMI Vector (= $0130 )
FFFC-FFFD RESETY RESET Vector (= $FFOQ )
FFFE-FFFF IRGVEC IR@ Vector (= $01CO )
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