Challenger I-P Memory Map (BASIC-in-ROH Configuration)

0000 -
0100 -
%0130
%01CO
0200 -
#0203
#0205
#0218
%#021A
. %021C
*021E
%0220
0222 -
0300 en

A000 -

D300 -
DFCO

F000 -

regg -
FC0O0 -
FDOO -
FEOO -
FFO0O0 -
*FFFA
*FFFC
*FFFE

00FF
Ol1FF

0221

02FA
d of

BFFTF

D3FF

FoOl

rRrr

Loada .

FCFF
FDFF
FEFT
PEFF

Page Zero
Stack
NMI Vector
IRQ Vector
BASIC Flags & Vectors
LOAD Flag
SAVE TFlag
Input Vector
Output Vector
Control C Check Vector
Load Vector
Save Vector
Unused
BASIC Workspace

BASIC-in-ROM

Video RAM
Pclled Keyboard

ACIA Serial Cassette Port

ROM

ROM - Floppy Bootstrap

ROM - Polled Keyboard Input Routine
ROM - 65V Momitor

ROM - BASIC Support
NMI Vector

Reset Vector

IRQ Vector



MEMORY

LOCATIONS CONTAINING THINGS OF INTEREST

000B,C Address of USR routine .

Number of extra nulls to be inserted after carriage return
Number of characters since last carriage return

Terminal width (for auto CRLF) :

Terminal width for comma spaced columns

0013=5A Input buffer "

String variable being processed flag (?)

000D
OCuE
O0QOF
0010

00 5P

0061

0064

0065

0079,7A
0078,7C
007D, 7E
007F, 80
0081, 82
00835, 86
0087, 88
0089, 84
008F, 90
0095,96
0097,98
00AA, AB
00AD, AE
00AE, AF
00D1=-D7
00EQ-E6
00E8-FF
0OFB

00FC

0130
01CO
0200
0201
0202
0?03
0205
0206

0212

?
CTRL O flag (hl bi* on = suppress printing)
gometimes contains $68 (?7?)

Pointer
Pointer
Pointer
Pointer
Pointer
Pointer
Current

to initial null of BASIC program workspace

to beginning of BASIC variable storage space
to beginning of BASIC array storage space

to end of array space/beginning of free memory
to end of string space/top of free memory

to top of memory allowed to be useé by BASIC
line number '

Sometimes next line number (?)
DATA pointer
This is where ADOB leaves address of the variable it found

Address

of variable to be assigned value by OUTVAR (AFC1)

Points to pointer of next BASIC line after LIST

The contents of this pair is printed in decimal by B962
Thig is where INVAR (AE05) leaves its argument
Clobbered by OSI Extended Monitor disassembler;kills BASIC
Apparently unused page zero space

Apparently unused (by BASIC) page zero space

RO” monitor load flag

ROM monitor contents of current memory.location

OOFE,FF Address of current ROM monitor memory location

NMI routine .

159G routine (can be overwritten by stack being used by BASIC)

Current

screen cursor is at D700 + (0200);initlalized to (FFEO)

Save character to be printed

Temp storage used by C3T driver

LOAL flag ($80=LOAD from tape)

SAVE flag (0= not SAVE mode)

Time delay for slowing down CRT driver

0207-0E.Variable execution block=-code for screen scroll-not reuseable
CTRL C flag (not O=ignore CTRL C)(reset by RUN)

0213-16 Polled keyboard temporary storage and counter

A000-37 BASIC initial word jump table (in token order; add 1 to each &t

A038~65 BASIC non-initial word jumps

(real entry addresses)

AOB4=-163 BASIC keywords in ASCIT:hi bit set as delimiter;in token orde:
A164-86 Error messages with nul.. delimiter x :

. BEALE

"Written by" message i



00BC

00C2
ALT77
A925

AAC1

VERY USEFUL BASIC ROUTINES °*

Works its way through a line of BASIC (or whatever C3 C4 points to)
and gets the next char each time it is’'called, It will ve pointing -
to the end of your USR statement if you call it from the USR; you
can then use it to get stuff after X=USR(Y)--and BASIC will never

be the wiser! BC leaves carry set if character is numeric,

Entry to the BC routine without incrementing C3,C4 before getting
the character. Thus it gets the current character.

Call this routine and then jump to A5C2 and you'll be RUNning
the current BASIC program--starting from machine Ianguage!

Call this from a USR statement and you will be doing an INPUT
statement==but BASIC will not echo the characters you typo in-=
including the CRLF at the end. This gives you a real BASIC INPUT
statement that doesn't screw up your nice graphics by scrolling
the acreen one line! You must set loc 64 to $80 (set the CTRL O
flag) before this all works. Do an LSR $64 to clear the flag to
normal if you want BASIC print statements to work again.

Like AAAD but no type mismatch check,

One you've been waiting for. This gets a 16 bit argument from
the current BASIC line position (yes, like right after the *)"

of your USR statement!), evaluating whatever expressions it finds,
and leaves it where a.call.to AEO5 will find it and put it in
AE,AF! (Use ACO1 to find a comma and then call AAAD again to get
another value!) :

ABF5-ACOC This series of routines (actually of entry points té one routi

ADOB

B3AE

B962

uses the BC routine to check for various delimiters, If you disassem
the RON here, it demonstrates a classic use of the 2C opcode as a
combination NOP and immediate load, depending on where you jump in.,
ABFB checks for ")"; ABFE for "(*; ACO1 for ¥,"; ACO3 for whatever
character you leave in A when you call it, ABF5 checks for “(*,
calls AAC1 to get a value, then checks for *)". (Thoughts of a

BASIC stat?ment X=USR(Y)(Z) should be jumping into your head

about now,

This routine uses the BC routine to find the name of the variable
that's next in the BASIC line, and puts the address of the variable
in locs 95,96. It also leavec the address in A, Y. If you store

A in 97 and Y in 98, you can call OUTVAR (AFCL) to store whatever
16 bit value you put in A and Y into that BASIC variable. '

This 1s like AAC1, but gives an error if the value is greater
than 255;. (Used by the POKE routine vo keep you from putting a
too-big number in memory.). .

Prints the decimal value of whatever 16 bit number is in AD,AE
at the current cursor location on the screen, with nnrmal BASIC
checks for line length (does auto CRLF if line is too long) eto.



MISCELLANEOUS BASIC ROM .ROUTINES

These notes do not claim to be complete or even error-free,
They are only my hastily scribbled comments on those routines I
happened to come across in my looking at BASIC, .

0000 Varmstart (4C 74 A2) ABE3 Output®?"
0003 Message printer (A8C3) ABES ?:;g“gogggg in A; update OE; check
; put’ '
oM E::;efuﬁgdﬁ“fniﬁgfia_p“ A925 Input routine less clear CTRL 0O
O0UBC Get next char in BASIC line - A946 Output *"? *;jump to A357
- AAAD Get 16 bit arg from BASIC line:
AlAl Look back thru stack 777 AEOS will put value in AE,AF: H
A212 Chec¥lfor OM and stack does TM err check .
overflow
ABAD Put 0in 5F;get char;goto B887
A24C *OM* error , if numeric’ 777 -
A24E Error; caller sets X-re ABD8 16 bit complement using AEO5/AFC1 7
to error code ABF5 Checks for *(*, calls .
A274 Warmstart entry AAC1 ,checks for *)
A357 Input and fill buflfer; ABFB SN err if next char not *)*
put null at end ABFE SN err Af next char not *(*
A386 Input from FFEB ACOL SN err if next char not *;*
Az9g T°“51°A§§§L12 rlag ¥i ACO3 SN err ifnext not what's in A
A Find B ne whose 8
? in 11,12; put addr of ptr ACOC SN err printer
of that line in AA,AB ‘ ADOB Get var name from BASIC line; put
AB77 Point C3,Ch to 0301;reset ~ addr of var in 95,96 and A,Y
str and array ptrs;reset AD53 Expeots var name in 93,94; finds
stack to (1)FC;put 0301 in addr of var and put in 95,96 and
25'20:351???C=0 in 61; AY; 0 4n 61 '
3 n
AEQ5 INVAR puts 15 bit signed value
A491 Clear stack;O0in 8C and 61 in AE,AF
A5C2 Top of main BASIC exec loop AE8S BS error
ASFC Entry to BASIC execute loop AE88 FC error
ASFF Do line of BASIC AFC1 QUTVAR 0 in 5F;(A)in AE; (Y) in AF;
then to 7

A629 Jmp FFF1 for CTRL C

A636 CTRL C entry point BOAE Msg printer (ABC3)

B3AE Put 8 bit arg from line in AE,AF

AG67B Set null count at DO (?7) ’ .
A77F Cet dec # from buffer; B3F3 (BA,BB) to C3,C
put value in 11,12 | . BHDO Arith to normalize FP arg??
A866 Put null at end of buffer; B887 Cheok for +,~,8,#,.,E... long!
CRLF;nulls
BO5SA Prints current line #

ABEC CRLF w/ nulls from OD . | B962 Prints contents of AD,AE (as dec)
A8C3 Msg printer; A,Y point to BD11 Coldstart ;

msg, which ends w/ null HEES ‘AR Amonh -
T input routine
ABEO Output " * (51883 chip at FBOX)
BEPF3 UART output routine
BEFE UART initialization

BFO7 ACIA input (6850 chip o
at FCOX-like CII-4P) ;

BF1§ ACIA output routine
BF22 ACIA initialization



ROM BASIC NOTES
Here 1s what we lmow so far of the structure Ar 0SI ROM BASIC
Version 1.0 rev 3.2,

A good place to start exploring is the warmstart entry at A274,
(A1l addresses are hex unless otherwise noted.) BASIC can also be
warmstarted by a jump to loc 0000--where the system puts 4C/74/A2
at coldstart, At this point, BASIC is looking at the keyboard,
walting for immediate mode commands or BASIC instructions with line
numbers to be entered.

See the warmstart flowchart. BASIC first clears the CTRL ©
flag (LSR 864 clears the flag--the hi bit of loc 64) to allow
-printing, invokes the message printer (loc 0003 i2 a jump to the .
printer at ABC3) by the standard convention of pointing A,Y (lo,hi)
at the message (ASCII in RAM or ROM==-with last character of a null--
that delimiter tells the rpinter routine to return) and prints
"OK erlf®, (The OK is stored at A192,3) Now the "fill the input
buffer® routine is called. This routine (at A357) inputs (through
FFEB, from elther keyboard or ACIA, depending of the load flag loc
0203, bit 7) characters, keeps a count of them, stores them in
the imnput buffer at loc 13-5A, handles "backspace®, @, CTRL 0, and
when it sees a CR, calls A866 to put a null instead of a CR in the
buffer, and print a CRLF with extra nulls from OD, (Nulls are put
in the output stream after CALF if needed for a slow device by puttin
the number of nulls desiged in loc 0D.) There is .also a flowchart
for A357, a main system routine,

There exists a vital routine callable at 00BC {the code for which
is copied at coldstart from BCEE-BDO5 in BOM) that puts the pext
character in the current line being worked on in the accumulator,
(The gurrenft character may be had in A by calling 00C2 instead of BC.
The BC routine also sete the carry flag if the character being passed
1s numeric, for the information of the calling program. The address
of the current character is in loc C3,84~--the address portion of '
an LDA instruction. Everybody uses BC to find out what's up next,
C3,C4 is constantly be changed by the usere of the BG.}nutinﬂ. in
addition to being incremented by BC each time it is called.



MISCELLANEOUS NOTES ON BASIC

Try answering "A* to C/W/M?--A for author.

All final quotation marks are optional unless ambigulty would result,
For example, PRINT "JIM works fine, but INPUT "NAME ; A$ does not,

If you want to embed commas in a line you are typing in response to
an INPUT statement, begin the line with quotation marks. This will
also let you enter & line with leading blanks. The same thing also
lets you put commas:or.leadling blanks in DATA statements. The closing
quotes are, of course, optional (unless ambiguity would result).

A colon after any response you type to an INPUT statement ends what
the INPUT sees, but lets you make remarks on the screen. For example,
if inresponse to INPUT a#ﬁgnu type JIM:WILLIAMS <RETR the screen will
show what you typed, but will contain only "JIM",

Although it is not documented, the statement ON X GOSUB nn,mm,pp, ...
works just fine--just the same as an ON X GOTO, but calling subroutines,

Recovery from coldstart is possible if you answer "MEMORY SIZE?" with

a number instead of {REI>. {Jﬂnce you hit RETURN, BASIC fills the memory
with test bytes until it doesn't get them back to see how much memory
there 13, That means your program is completely and irrevocably
overwritten.) The easiest way is to go into the ROM monitor hefore

you coldstart and find and copy the contents of locations 007B,7C and
0301,02, Then coldstart, entering your memory size (i.e. #4096 for a 4K
machine, etc.) and after BASIC comes up, go back to the monitor and
replace 7B,7C (the end of program/beginning of variables pointer) and
0301,02 (the pointer from the first BASIC statement to the second, which
will be set to zeros by coldstarting--though the rest of the program

is still there). If you have a.ready coldstarted, look for the first .
zero byte after loc 0305, and put an address one higher'than that zero.
in 0301,02 (low order byte first: the contents of 0302 will be 03
always, unless you have hand-manufactured a very unusual. BASIC program,)
The program will now list, but will wipe itself out if you try to run
it, ?variablea will overwrite the begimning of the program.) List the
program, immediately use the moritor to find the contents of 00AA,AB,
and put those contents into 007E,7C. Everything should then be back to
normal, (In fact, immediately after listing any line, locations AA,AB
will contain the address of the pointer of the next BASIC statement--
or of the ?eginning of variable space if the last line of the program

is listed. .

Long BASIC lines produce auto carriage return/line feeds when listed.
When saving on tape, this causes the last part of the line to be lost.
By setting the "TERMINAL WIDTH" to longer than any BASIC line with a
POKE 15,255, the damaging carriage return will be avoided.

If you have some program in the machine, but want to look at a program
on a tape without wrlting over the program already there, the following
"VIEW" program will be useful. It is absolutely relocatable, so may

be put anywhere in memory: it reads tapes and writes only on the screen,
20,07,BF,20,EZ,FF,DO,F8,FP0,F6. Starting address is first byte.

This won't work on 1P's; the ACIA is in the wrong place.

T




HOW TO _READ A LINE OF MICROSOFT

We are going to be talking about a lot of numbers in the
next few paragraphs. It would probably be easier to visualize
if you had the numbers in front of you on your system. If you
have an 0S5] system, I would suggest that you turn it on and
enter this program:

10 B=0iAL="E"
20 FORX=76910830:?PEEK(X) 5 sNEXT

How run the program before we go any further.

If you have run the program, you are now looking at the
entire text and variable table for a small program. QSI
i 1CH0SOFY reserves the first three pages of memory for house-
keeping duties so the text actually begins at location 769 - the
“irst location that you displayed. The first line of the program
c*ould be coded:

16 1 10 0 66 171 48 5B 65 36 171 34 0

“he first twe bytes, 16 3, are the location of the next line of
program. The next two bytes are the number of the current line
{10 0) and the end of the line is marked by a 0. (0's are
often used as markers in MICROSOFT as they occur infrequently
in text storage.)

~ 'All of the cnmmanﬂs, what MICROSOFT calls "reserved words",
are encoded in MICROSOFT codes. The arithemitic operators ( ,=,
#,/vand )} are also considered commands and encoded. The 171's
appearing in the line are " " statements. (I have included a
lizst of the MICROSQFT codes with this data sheet.)

MICROSOFT uses ASCII to store print statements, remarks,
variable names, and, strangely enough, all numbers that appear
in the téxt- All line numbers in GOTO statements, all arithmetic
values, all variable values, and all values in IF statemente are
vtored in ASCII,  Hiscellaneous characters such as brackets and
* marks are nurmally stored in ASCII.

The only thing that does not seem to have a hard and fast
rule are REM and DATA statements. Those two commands may be
found either in ASCII or code and seem to work as well either way.
There does not appear to be any discernable pattern to the
‘choice of method of storage.

ﬂhe ASCII representation of numbers is significant. It
explains why statements using variable names normally execute
faster than statements using the numerical values for the oparltion.
“AZIC has to convert the ASCII numbers to BCD for storage and
to HEX for arithemetic operations before they can be used. Variable
values are already processed and ready in a table and can be
looked up faster than thev can be converted.



Here, the BC routine ie being used to work through the ASCII
in the input buffer as it 1s being tokenlized. Cc3,C4 is set to
point at the input buffer. If the first character in the buffer
18 numeric, the buffer must contain a numbered line of BASIC source,
s0 we go to A295 to do the "tokenize and store in BASIC workspace,
upd: Ling necessery pointers” job on the input buffer. If the first
character is not numeric, we call A3A6 to tokénize the line in the
buffer and put it back in the buffer. Then we jump to A5F6, the
main entry to the execute BASIC statements loop.

When a program is RUN (from the beginning), ASF6, in executing
the immedlate mode command RUN, Jjumps to the RUN routine at A477,
. which does the following: 1)points C3,Ck to the contents of 79,7A
(the beginning of BASIC workspace) (0301]1; 2)resets the string pointer
at 81,82 to the top of memory as recorded in 85,86; 3) resets the
array pointer to the end of the BASIC program (also mown as the
beginning of BASIC single variable spage) as kept in 7B,7C. (ZThis
pointer at 7B,7C is constantly updated during BASIC editing and
program entry,); %) the 6502 stack pointer is regset to (01)FC;
5) a 00 is stored in locs 8C and 61 (why?); 6) a $68 is stored in
~loe 65 (why?). Returning from AL77, we jump to A5C2, the top of
the "do the next line of BASIC" loop. See the "Main B3SIC execution
loop" flowchart, _

In the main BASIC 1oop, at A5C2, we first do a CTBL C check,
and stop, printing "BREAK IN LINE"contents of 87,88) before returning
to warmstart if we find CTRL C. If not, we check to see 1f the next
character in whatever llne we're working on is a null (the beginning
of another BASIC line). If 1%t isn't, it had at least better be a
m.® to indicate multiple statements per 1line, or we o to the
syntax error printer, and back to warmstart, If we have a null,
the hi byte of the pointer after it will contain a 00 if we are at
the end of the program, so if we {ind that, we stop. Otherwise,
1£'s on to the next line of BASIC, first storéng the number of this
new line in 87,88, and then incrementing €3,C4 past the pointer and
1ine number. The next sequential instruction in ROM is ASFC, and
we continue executing BASIC statemeﬁts.

A5FC ig the main entry point to the "run the BASIC prugram'lnnp.
See its flowchart., It calls BC and checks for a null=--and exits
to warmstart if it finds that trivial gase, Otherwise it calls ASFF
to do the dirty work of executing & BASIC statement before looping

=35







