









































































































































































































































































































































































































































































































































Program #2:

1 DEF FNS(X) = XAX
2¢ FOR I=1 TO 5

3¢ PRINT I, FNS(I)
4¢ NEXT I

5% END

cause the same output:

RUN

1 1

2 4

3 27

4 256
5 3125
READY

The argument in the DEF statement can be seen to have no significance;

it is strictly a dummy variable. (A DEF statement with no arguments is
illegal.) The function itself can be defined in the DEF statement in
terms of numbers, variables, other functions, or mathematical expressions.
For example:

1g DEF FNA(X) = XA2+3*X+4
20 DEF FNB(X) = FNA(X)/2 + FNA(X)
3¢ DEF FNC(X) = SOR(X+4)+1

1]

The statement in which the user-defined function appears can have that
function combined with numbers, variables, other functions, or mathe-
matical expressions. For example:
4@ LET R = FNA(X+Y+Z) *N/ (YA2+4D)
A user-defined function cannot have several arguments, as shown below:
25 DEF FNL(X,Y,Z) = SQR(XA2 + YA2 + ZA2)

will cause an error

SN ERROR IN 25.
READY

When calling a user-defined function, the parenthesized arguments can be
any legal expressions. The value of each expression is substituted for
the corresponding function variable. For example:

17 DEF FNZ(X)=XA2

2@ LET A=2

3@ PRINT FNZ(2+A)

line 30 causes 16 to be printed.

52



If the same function name is defined more than once, then the last
definition will be used. The program below

1% DEF FNX (X)=XA2
20 DEF FNX(X)=X+X
3¢ LET A=5

4% PRINT FNX(A)

will cause 10 to be printed.

The function variable need not appear in the function expression as
shown below:

10 DEF FNA (X) = 4 +2
20 LET R = FNA(10)+1
30 PRINT R

40 END

RUN

7
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BASIC 8001 FUNCTIONS

STRING FUNCTIONS

Like the intrinsic mathematical functions (e.g., SIN, LOG), BASIC 8001
contains various functions for use with character strings. These
functions allow the program to concatenate two strings, access part of
a string, determine the number of characters in a string, generate a
character string corresponding to a given number or vice versa, search
for a substring within a larger string, and perform other useful
operations. The various functions available are summarized in the
following table.

String Functions

Function code Meaning

ASC (x$) Returns the seven-bit internal code for the
one-character string (x$) as a decimal num-
ber. If the argument contains more than
one character, then the first character in
the string is returned.

CHRS (x) Generates a one-character string having the
ASCII value of x where x is a number greater
than or equal to O and less than or equal to
255. For example: CHR$(65) is equivalent
to "A". Only one character can be generated.

FRE (x$) Returns number of free string BYTES.

LEFTS (x$,I) Returns left most I characters of string
(x$) .

LEN (x$) ' Returns the number of characters in the
string x$ (including trailing blanks). For
example:

PRINT LEN(AS)
26
MIDS (x$,1I,J) Returns the string of characters in position

T through J in x$. sm:c? AT and m o T S

RIGHTS (x$,1I) Returns right most I characters of string
(x$) .
STRS (x) Returns the string which represents the

numeric value of x as it would be printed by
a PRINT statement but without a leading or
trailing blank.
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VAL (x§) Returns the number represented by the string
x$. If x$ does not represent a number, then
@ value is returned.

In the above examples, x$ and y$ represent any legal string expressions,
and I and J represent any legal arithmetic expressions.

User-Defined String Functions

Character string functions cannot be written in the same way as numeric
functions.
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BASIC 8001 EDITING COMMANDS

BASIC 8001 provides several key commands which can be used to halt
program execution, erase characters or delete lines. The below table
provides an explanation of each of the key commands.

Key Commands

Key

Explanation

CTRL/J
or LINEFEED

’or‘L

CTRL/M or RETURN

CTRL/K
+Or
ERASE LINE

CTRL/Z
or CURSOR LEFT
or ¢&—

.

CTRL/L
or ERASE PAGE

Interrupts execution of a command or program.
BASIC 8001 prints the message

BREAK IN XXX
READY

A control command is typed by holding down
the CTRL key while typing the letter key.

Must be typed to end every line typed in
or to indicate the end of an INPUT.

Deletes the entire current line (provided
the RETURN key has not been typed).
BASIC 8001 displays:

Erased line and CR.

Deletes the last character typed and echoes
as a cursor left on the terminal. Spaces
as well as characters or control codes may
be erased.

A colon is used to separate multiple
statements per line.

Erases CRT screen but does not change
any BASIC 8001 statements.

If the RETURN key has already been typed, a program line can be corrected
by typing the appropriate line number and retyping the line correctly.

The line can be deleted by typing the RETURN key immediately after the
line number; removing both the line number and line from the program.

If the line number of a line not needing correction is accidentally typed,

the cursor left key (CTRL Z) may be used to delete the number(s); then the
correct number can be typed. Assume the line: ‘
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1@ IF A»5 GO TO 23¢

is correct. A line 15 is to be inserted, but:
1 LET

is typed by mistake. The correction is made as follows:
17 LET&&& €5 LET X=X-3

Line 10 remains unchanged, and line 15 is entered.

Following an attempt to run a program, error messages may be output
on the terminal indicating illegal characters or formats, or other
user errors in the program. Most errors can be corrected by typing
the line number (s) and the correction(s) and then rerunning the pro-
gram. As many changes or corrections as desired may be made before
runs.

The following editing commands are entered in immediate mode and
terminated by the RETURN key. These commands are used to erase a
program in RAM, and list, punch or run a program.

I. NEW COMMAND

The NEW command clears current contents of the storage area set up
by BASIC 8001. This deletes any commands, programs, arrays, strings
or symbols currently stored by BASIC 8001.

NEW should be used before entering a new program from the terminal
keyboard to be sure no old program lines will be mixed into the new
program and to clear out the symbol table area.

Example:

NEW
READY
1§ READ A

clears the storage area and inserts the program being input at the
keyboard.

II. LIST COMMAND

The LIST command prints the user program currently in core on the
terminal.

A part of a program may be listed by typing LIST followed by a line

number. This causes that line and all following lines in the program
to be listed.
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Type CTRL/J or linefeed key to halt the listing. BASIC 8001 returns
to the READY message when the current line is finished.

The lines listed may differ slightly from those entered because:

1. Certain characters while acceptable to BASIC 8001 are stored
in a standard manner.

Character Character
Typed Stored
=& £=
=> >=
>< < ?

2. Literals are stored to 24 bits of accuracy. Those with more
than 24 bits are truncated to 24 bits.

3. Although literal storage is 24 bits, output is truncated to
6 decimal digits.

4. Literals are output in standard BASIC 8001 format, regardless of
how they were input; for example,

1¢ LET X=3.0g+1.000g2g1
2@ PRINT X-E7

LIST

1¢ LET X=3+1

2@ PRINT X-1.@@@@PE+@7

5. Spaces in the input program are ignored, except within
strings and REM statements. The LIST command prints the
program with a space inserted to separate the key word and
the line number. The listed program is therefore easier
to read.

Example:
LIST 1@¢
Lists line 100 and all remaining lines in the program.

ITI. .SAVE COMMAND

The SAVE command outputs the program in RAM to the specified device.
The form of the command is:

SAVE A
The format of the program output by the SAVE command is exactly the

same as that stored in RAM memory. It may be recalled by the same
file name using the LOAD command.
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Iv. RUN COMMAND

After the user program is entered into RAM, it can be executed by
typing the command

RUN
and the RETURN key.
The program is scanned; arrays are created in core and then the program
is executed. Any appropriate error messages are printed and when the
END or STOP statement is encountered, execution halts and a message is

printed.

After execution, the variables used in a program remain accessible for
use in immediate mode until a NEW, CLEAR or another RUN command is
executed.

V. CLEAR COMMAND
The CLEAR command clears the contents of the user array and string
buffers. This command is generally used when a program has been exe-
cuted and then edited. Before it is rerun, the array and string buffers
are set to zeros and nulls by the CLEAR command to provide more core.
These buffers will be filled again when the RUN command is executed.
Example:

17 aA=1¢

2@ PRINT A

CLEAR

READY

RUN
1g

READY

VI. CLEAR X COMMAND
The CLEAR X performs the same function as CLEAR without the argument,
but the Argument X reserves X locations for string variables which are
required in string calculations. Normally this is 50 locations unless
changed by CLEAR X command.

VII. CONTINUE COMMAND
Continues program execution after a Control J or line feed is typed or

a STOP statement is executed. You cannot continue after any error, after
modifying your program or before your program has been run.
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One of the main purposes of CONT is debugging. Suppose at some point
after running your program, nothing is printed. This may be because
your program is performing some time-consuming calculation, but it may
be because you have fallen into an "infinite loop". An infinite loop

is a series of BASIC 8001 statements from which there is no escape.

The BASIC 8001 will keep executing a series of statements over and

over until you intervene or until power to the unit is cut off. If

you suspect your program is in an infinite loop, type in a Control J

or line feed. The line number of the statement BASIC 8001 was executing
will be typed out.

After BASIC 8001 has typed out READY, you can use PRINT to type out
some of the values of your variables. After examining these values,
you may become satisfied that your program is functioning correctly.
You should then type in CONT to continue executing your program where
it left off, or type a direct GOTO statement to resume execution of
the program at a different line.

You could also use assignment (LET) statements to set some of your
variables to different values. Remember, if you line feed or Control
J your program and expect to continue it later, you must not get any
errors or type in any program lines. If you do, you won't be able to
continue, and get a "CN" (continue not) error. - It is impossible to
continue a direct command. CONT always resumes execution at the next
statement to be executed in your program when Control J or line feed
was typed.

VIII. LOAD I COMMAND

LOADS the program named I from the 8001 CPU operating system Reader
Input port specified by the I/O BYTE at location 9F90 HEX, see the
CPU 0O.S. Manual. A new command is automatically done before the
LOAD I command is executed. When finished loading the READY command
will appear as usual. If the unit can't find the file on the floppy
tape, then an error message should appear.

IX. LOAD?I COMMAND

Does same as LOAD I except that a NEW command is not performed and
BASIC 8001 does a word-by-word comparison of file I with the program
already existing in RAM memory. If they are the same, then READY

appears, else

VERIFY FAILURE
READY

will appear.
This should always be used after saving a program with the SAVE I

command to ensure that it was saved correctly and can be reloaded
without error.
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USING ASSEMBLY LANGUAGE

ROUTINES WITH BASIC

BASIC 8001 has a facility which allows experienced 8080 assembly
language programmers to interface their own assembly language
routines to BASIC 8001. This facility permits the user to add
functions to BASIC 8001 which can operate directly on special
purpose peripheral devices. This section describes in some detail
the internal characteristics of BASIC 8001 during the execution of
a BASIC 8001 program, and is intended to serve as a programming
guide for the creation of such user-coded assembly language functions.
This material assumes the user is familiar with 8080 assembly
language. For additional information on this subject, refer to an
assembly language programming manual on the 8080 CPU.

The CALL statement is used to reference these assembly language
routines from the BASIC 8001 program.
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TERMS:

TERM

Address

Bit

Byte

Console

Instruction

Object Program

Program

Source Program

System Program

—--TERMS AND ABBREVIATIONS--

DESCRIPTION

A 16 bit number assigned to a memory location
corresponding to its sequential position.

The smallest unit of information which can
be represented. (A bit may be in one of
two states, 0 or 1).

A group of 8 contiguous bits occupying a
single memory location.

Refers to the 8001 CRT Display as the
output device, and the 8001 keyboard
as the input device. Allows operator
interface with the CPU operating system.

The smallest single operation that the
computer can be directed to execute.

A program which can be loaded directly into
the computer's memory and which requires no
alteration before execution. An object
program is usually on paper tape, and is
produced by assembling (or compiling) a
source program. Instructions are re-
presented by binary machine code in an
object program.

A sequence of instructions which, taken as
a group, allow the computer to accomplish a
desired task.

A progam which is readable by a programmer
but which must be transformed into object
program format before it can be loaded into
the computer and executed. Instructions in
an assembly language source program are
represented by their assembly language
mnemonic.

A program written to help in the process of
creating user programs.



TERMS -- (Continued):

TERM

User Program

DESCRIPTION

A program written by the user to make the
computer perform any desired task.

A group of 16 contiguous bits occupying
(2 bytes).

in

in

in

in

in

binary format.

decimal format.

octal format.

octal format.

hexadecimal

format.

Shaded portions of CPU/operator dialog repre-

Word

two successive memory locations.
ABBREVIATIONS:
ABBREVIATION DESCRIPTION
Cr Carriage return
CPU Central Processing Unit
Lf Line feed
PROM Programmable Read Only Memory
Sp Space Bar
nnn B nnn represents a number
nnn D nnn represents a number
nnn O nnn represents a number
nnn Q nnn represents a number
nnn H nnn represents a number

sent Console output.

CPU 0.S. COMMANDS AND MESSAGES

2.0 CPU OPERATING SYSTEM (0.S.)

STARTING ADDRESS -

100 When in 8708 ERASABLE PROM



All arguments are in hexadecimal form.

B GO BACK TO CRT O.S.

D DISPLAY IN HEXADECIMAL FORMAT

D low address, high address

Memory from low address to high address is displayed in hexadecimal
form.

E END

E address

Endfile mark is created; 60 null characters are written on

punch device

F FILL MEMORY

F low address, high address, data

Memory from low address to high address is filled with data.

G GO TO

G Address, bkptl, bkpt2

Program control is transferred to address. Breakpoints are set at
bkptl and bkpt2. When break points are executed, all of the CPU
registers are automatically displayed.

H HEXADECIMAL ARITHMETIC

H number, number sp

The sum and difference of the two numbers is printed in hexadecimal.

L LOAD HEXADECIMAL TAPE
I. Bias address

A hexadecimal format tape is read into memory at tape address plus
bias address.



M MOVE

M low address, high address, destination address

A block of memory from low address to high address is moved
to location destination address.

N PUNCH NULL

N

Sixty null characters are punched.

R BAUD RATE FOR SECOND RS-232 CHANNEL

R rate number

The rate number must be between 1 and 7. See the "How to Use the 8001"
Manual.

S SUBSTITUTE

S address Sp

Memory at address is displayed, and can be modified by typing
in new data. Termination with space opens next sequential
address, termination with carriage return ends command.

X EXAMINE REGISTERS OR MEMORY

X reg ident

Register is displayed, and can be modified as in the S command.

W WRITE HEXADECIMAL
W low address, high address

Memory from low address to high address is punched in hexadecimal
format.

MESSAGES
. CPU 0.S. ready to accept commands
? Error. Reenter command



3.0 INTECOLOE® 8001 CONFIGURATION

3.1 I/0 SYSTEM

The Intecolor® 3001 can support a number of input/output devices,

from the CRT display and the RS232C I/O to devices supplied by

the user. 1In general, it may be convenient to have two devices

which can perform the same function, but to use them for different
purposes at various times. For example, if ‘a program is being assembled,
you might want the program listing to be written on one device, while
any system messages not relevant to the assembly would be written on a
separate device.

The I.0 system described below permits this type of change. Devices
may be assigned functions via the System Monitor S command (see Section
4.2.11) or via the user's program. That is, it is possible to write
programs which read from several different input devices and write to
several different output devices of the program's choosing, without re-
quiring any human intervention.

3.1.1 LOGICAL AND PHYSICAL DEVICES

Regardless of how many I/O devices a particular Intecolor® 8001

has, there are only four operations which can be performed to

any of them. For example, a WRITE operation can be performed

either to the RS232C channel 1 to a host computer or a high speed

tape system. All system programs and user-written programs, therefore,
access four LOGICAL DEVICES (i.e., a WRITE device) which are then trans-
lated to a PHYSICAL DEVICE (i.e., a high speed tape) by the I/O

system.

The four logical devices available to programs are:

CONSOLE An interactive, character-oriented device used
for both input and output.

READER A character-oriented, input-only device which
transfers data on command and signals the
program when where is no more data (an end-of-
file condition).

WRITE A character-oriented, output-only device which
accepts a character from the program and re-
cords it on some external medium.

LIST A character-oriented, output-only device which
accepts a character from the program and records
it on some external medium in human readable form.



Each of these four logical devices may be associated with one of

four physical devices at any instant, giving a total of 16 phys-

The mapping from logical to physical devices is

specified by an I/O status byte which resides in memory and is
accessible to system and user programs via substitute command. __quf
The address of the I/O status byte is 9F8# hex. A pointer to Qlf
the I/O status byte is also contained in memory locations @g@36

and @@37 (low byte of pointer, high byte of pointer). The possible
mappings appear as follows:

ical devices.

I/0 Status Byte:
Initially

b
b
[

LOGICAL DEVICES

LIST FIELD

PUNCH FIELD

I/0 DEV

\§&/5/ A A
2l 1 o

10

A Ap=

Azh,=

FIELD

00 //63\\ 10

b o)

CONSOLE FIELD

READER FIELD

PHYSICAL DEVICES

' CONSOLE

Cco

01

10

11

RS232 Channel 1
RS232 Channel 2

CR Tube = Console Output
Keyboard= Console Input

(user console device)

READER

10 e TS

V

RSZBZ/E;;;nel 1
RS

" Rg232 Channel 2

Keyboard

S

(aéérxreader device 1)

N
N

3




LOGICAL DEVICES I1/0 DEV FIELD PHYSICAL DEVICES

00 RS232 Channel 1

0l RS232 Channel 2
WRITE

10 CR Tube

11 (user punch device 1)

00 RS232 Channel 1

0l RS232 Channel 2
LIST

10 CR Tube

11 (user list device 1)

At cold start or system reset, the I/O status byte is set equal

to 82H, causing the CR Tube and keyboard to be selected for console
I/0 and LIST, while the RS232 Channel 1 is selected for both READ
and WRITE.

3.1.2 I/0 SUBROUTINES

The way in which a program performs an I/O operation to any of
the four logical devices is by calling the appropriate sub-

routine supplied by the I/O system. The available subroutines
and their iocations in memory are given in the following table:

ROUTT.NE FUNCTION MEMORY LOCATION
CI Console input 103H
Ce Console Output 109H
F. Reader input 106H
IXe) Punch output 10CcH
1O List output 10FH
SO Console String Output 12AH

The rest of this section gives a description and examples of
how to call these subroutines.




o T
CI - CONSOLE INPUT

This routine returns a character received from the selected
console device to the caller in the A register. The A regis-
ter and the condition bits are affected by this operation.
Example:

Assembly Language

oo

CALL CI
STA DATA

CO - CONSOLE OUTPUT

CO transmits a character, passed from the calling program in
the A register, to the device selected for console output. The
A register and the condition bits are affected.

Example:
Assembly Language
MVI A,

CALL CO ;PRINT '.' ON CONSOLE

.o

RI - READER INPUT

RI returns a character read from the reader device in ‘the a
register. If no character was read from the device (i.e.,

end of file), the CARRY condition bit is set equal to 1, and
the A register is zeroed. If data is ready, the CARRY bit is
zeroed. If no character is received from the physical device
then striking any key causes an end of file to be simulated and
control is returned to the calling program.

Example:
Assembly Language

oo

CALL RI
Jc EOF ; END OF FILE SENSED
STA DATA



PO - WRITE OUTPUT

PO transmits a character from the calling program to the device
selected as the punch device. PO is identical in format to CO.

LO - LIST OUTPUT

LO performs the same function to the selected list device as
CO and PO do to their selected devices.

SO - CONSOLE STRING OUTPUT

SO transmits a character string to the device selected for console
output. A pointer to the beginning of the string is passed from
the calling program in the HL register pair. The string should be
terminated by a byte having the value 239 (decimal). SO also pro-
vides repeat loops of the form: ..., 237, N, D1, D2, ..., DM, 238,
... where N is the repeat count for the string of bytes D1
through DM.

Example:
Assembly Language

. e

LXI H, STR
CALL SO

STR: DB 'AB', 237, 3, 'CD', 238, 'EFG', 239

This example will print 'ABCDCDCDEFG' on the console device.

FLOPPY TAPE I/0O SUBROUTINES

Three I/O subroutines are provided for the Intecolor Floppy Tape.
These routines are:

ROUTINE FUNCTION MEMORY LOCATION
TWR Write to Floppy Tape g13gn
TRD Read from Floppy Tape #133H
TVF Compare memory with Floppy Tape @136H

The Floppy Tape is a block-transfer device. One record is written
per track. The inputs from the calling program to each of the
three I/0 routines are:



HL register pair - pointer to memory buffer

DE register pair - byte count

A register - Tape drive/track code:
BIT3 - DRIVE: @ or 1
BITS2-8 - Track: @ through 7

After calling any one of the routines, the A register will contain a
status code and will have been tested (ORA A):

=0 : No Errors

A=2 : Keyboard Abort (Pressing any key on the
keyboard during the data transfer will
abort the operation)

A=4 : Buffer too large for write.

A=6 : Buffer too small for read.

A=8 s Read Failure: A complete, correctly
formatted record could not be read
from the tape.

A=10 : Checksum error.

A=12 : Verify failure. A mismatch was detected between

data in memory and data read from the tape
during a memory compare operation (TVF).

Also, after calling any of the routines, the HL register pair
will point one byte past the last byte manipulated in the memory
buffer.

3.1.3 USER-SUPPLIED DEVICES

This section describes the necessary steps in hooking up a
user-supplied I/0 device to the I/0O system.

The I/0 subroutines described in Section 3.3.2 assume that
programs (called drivers) exist which perform the actual
transfer of data between I/O devices and the CPU. For in-
stance, when the console input routine is called, it checks
to see which physical device is assigned to the console,
and then branches to the driver appropriate to the device
Therefore, when the user supplies his own device, he must:

1) Write a program to perform the data transfer,
making sure that the program saves and restores
any CPU registers it uses that are not specifi-
cally changed by the I/O subroutine.
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2) Store a JMP to this driver's address in the
appropriate location as defined in the
following table:

MEMORY LOCATION USE
9F91H USER DEFINED CONSOLE INPUT
9F94H USER DEFINED CONSOLE OUTPUT
9F97H USER DEFINED READER (1)
9F 9AH USER DEFINED WRITE (1)
9F9DH USER DEFINED LIST (1)

Thus, if the user supplied a custom built listing device, he would
write a driver to transfer data to it in an appropriate manner,
then store the JMP to the driver's address at location 9F9DH. By
assigning LIST=3, his device would receive any listing output
generated.

4.0 . CPU OPERATING SYSTEM

The Intecolor 8001 CPU O.S. enables the operator to easily
manipulate the contents of memory, read and produce MAG
tapes, and execute programs. ’

The CPU 0.S., and all Intecolor” 8001 system software in

general, use the last 80 memory locations after the refresh
area for storage of temporary data. Therefore, if the opera-
tor runs a program beginning in these locations, and then uses
the CPU 0.S. Text Editor, or Assembler, he must re-load these
80 bytes of his program before running it again. Alternatively,
programs could be written beginning at any higher location.

Then system programs and user programs could be executed in

any order, without requiring the re-load operation.

For a 25'line system these locations are 8FBOH to 8FFFH.
The 48 line system uses locations 9FBOH to 9FFFH.

The CPU 0.S. is the operator's interface to the 8080 CPU, and
controls loading and execution of user programs, and to some
extent the debugging of user programs. Figure 4-1 illustrates
memory utilization during various stages of system software
use. While the CPU 0.S. is running, it uses an area at the
top of memory for data storage and scratch work.
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4.1 CPU OPERATING SYSTEM IMPLEMENTATION AND EXECUTION

4.1.1 CPU 0.S. IMPLEMENTATION

The Intecolor®8001 CPU 0.S. program is implemented on two

E PROM modules, which are pre-installed into each Intecolor 8001
with Option 34. This allows the CPU to be used with great

ease, as it is not necessary to wait for lengthy paper-tape
loading operations. All that is required to go on-line with
CPU 0.S. is to turn the Intecolor 8001 on, hit the ESCAPE

key, and then the CPU 0.S. key, and begin execution.

4.1.2. STARTING SYSTEM MONITOR

To begin operating the CPU 0.S., press two keys in sequence,
'ESCAPE', (CPU 0.S.) and the Intecolor 8001 will automatically
jump to the starting address of the CPU 0.S.

4.2 CPU O0.S. OPERATION AND COMMANDS

The commands consist of a single letter typed into the
Intecolor® 8001 keyboard followed by a number of arguments,
possibly none. The arguments are separated, if there are
more than one, by spaces or commas. A command is terminated
and executed by typing a carriage return or space, depending
upon the command.

4.2.1 B COMMAND (BACK TO CRT O.S.)

4.2.2 D COMMAND (DISPLAY DATA)

The format of the D command is:
D low address, high address

Low address is a valid 16 bit memory address.
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High address is a valid 16 bit memory address equal to or
greater than low address.

Description: Upon execution of this command, memory data
from (low address) to (high address) is displayed upon the
list device (normally the CR tube). Data are displayed in
hexadecimal form. Up to sixteen bytes per line are printed,
preceded by the hexadecimal address of the first byte of

that line. A carriage return is forced after a byte having a
low order digit of F in its memory address is printed.

Example: Enter at the keyboard the command:
.D10OF, 123(Cr)
and the CR Tube will display:
Ol0F AA
0110 BB CC DD EE FF 11 22 33 44 55 66 77 88 99 AB CD
0120 EF 12 34 56

where memory locations O0lOF through 0123 are assumed to contain

AA BB CC DD EE FF 11 22 33 44 55 66 77 88 99 AB CD EF
12 34 56

the D command should be used only to examine memory contents. To

punch the memory contents onto a tape, the W command should be

used. These commands produce a tape in the proper formats, while
the D command causes a simple sequence of characters to be
output.

Error conditions:

1. If low address or high address is greater than 16 bits,
only the last 4 hex digits of the argument will be used
as the address.

Example: The command

.D30010,AB0013(Cr)
is equivalent to the command
.D0010,0013(Cr)

2. If low address is greater than high address, only the
one byte at low address will be displayed.
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Example: The command:
.D10,6
is equivalent to the command
.D10,10
3. Non-existent memory is equivalent to a string of bytes
all containing FF H.

Example: If memory address 2000 H- 2010 H are invalid, then
the command:

.D2000,2010
will cause the teletype to print:
2000 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

2010 FF

4. If low address or high address contains an invalid
character, or if high address is omitted, the CR Tube
will immediately display '? (Cr) (1f) . and await the
next command.

Example: If the user attempts to enter the number OG as an
address, the following will be displayed:

.DOG?

4.2.3 F COMMAND (FILL MEMORY WITH CONSTANT)

The format of the F command is:
F low address, high address, data
Low address is a valid 16 bit memory address.

High address is a valid 16 bit memory address equal to or
greater than low address.

Data is an 8 bit data value.
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Description: Execution of this command causes memory locations
(low address) through (high address) to be filled with the
constant (data).

Example: The command:
.F7,14,AA(Cr)
will set bytes 0007 through 0014 equal to AA H.

0007 AA AA AA AA AA AA AA AA AA
0010 AA AA AA AA AA

Error Conditions:

1. If low address of high address is greater than 16 bits
(or data is greater than 8 bits), only the last 4 (or 2)
hex digits will be used.

Example: The command:

.F7AB0007,0014,FFACAA (Cr)
is equivalent to the command:
.F0007,0014,AA (Cx)
2. If low address is greater than high address, data will

replace only the byte at low address.

Example: If locations 7, 8, and 9 contain AA H, BB H, and CC H,
execution of the command:

.F7,1,33(Cr)
will cause memory to appear as follows:
0007 33 BB ccC

3. If a non-existent memory address is specified, this
command has no effect.

4. If low address, high address, or data contain an invalid
character, the CR Tube will immediately display '? (Cr) (1f).'
and await the next command.

Example: If the user tries to enter BQ as data, the following
will be displayed:

.F0012,14,BQ?
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4.2.4 G COMMAND (GO TO)

The format of the G command is:
G address, bkptl, bkpt2

Address, bkptl, and bkpt2 are valid 16 bit hexadecimal memory
addresses.

Description: The G command causes program control to be trans-
ferred to location address. If either bkptl or bkpt2 is specified,
a breakpoint will be set in the program at the corresponding
address(es). The specified address must correspond to the first
byte of a program instruction. If either breakpoint is en-
countered during program execution, the CPU 0.S. will save and
display all program status (CPU registers and condition bits),
clear all existing breakpoints, and take control. The user may
then examine and/or modify registers or memory, or use any other
monitor commands. This feature allows the user to debug por-
tions of a program.

If address is not specified, the program status is restored
and the saved value of the program counter is used as the new
starting address.

Example: The command:

G24A

will cause program execution to begin at location 24AH, with
no breakpoints being set.

The command:

G,12C
will cause a breakpoint to be set at 12CH, and program execution
to resume at the address indicated by the saved value of the
program counter.
The command:

G
will cause program execution to resume at the address indicated

by the saved value of the program counter, with all status
restored and no breakpoints set.
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Error Conditions:

1. If address is greater than 16 bits, only the last 4
hex digits of the argument will be used as the address.

Example: The command:

.G3C0010(Cr)
is equivalent to the command
.G0010(Cx)
2. If address is a non-existent memory address, the system

will attempt to transfer control and then return to the
CRT O.S. with no response. The CPU 0.S. must then be
manually restarted.

4.2.5. H COMMAND (HEXADECIMAL ARITHMETIC)

The format of the H command is:
.H number, number Sp
Number is a 16 bit hexadecimal number.

Description: The H command is designed to aid the user in
performing hexadecimal arithmetic while using the CPU O.S.

It causes the sum and difference it arguments to be displayed
in two-s complement hexadecimal form. This command is termi-
nated by a space, rather than by a carriage return.

Example:
.H1E,5C 007A FFC2
Error Conditions:
1. If either number is greater than 16 bits, only the last

4 hex digits are used.
Example: The command:
.HOOABC, 23Sp
is equivalent to the command:

.HOABC, 23Sp
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2. If number contains an invalid character, the CR Tube
will immediately display '?(Cr) (1f).' and await the
next command.

Example: If the user attempts to enter 01P, the following will
be displayed:

.HO1P?

4.2.6 I COMMAND (RESET CRT TO STATE So)

The format of the I command is:

I causes the same action as the CPU reset key
being typed.

4.2.7 L COMMAND (LOAD HEXADECIMAL FILE)

The format for the L command is:

I. bias address

Bias Address is a 16 bit two's complement hexadecimal number.

Description: This command loads tape written in hexadecimal
format (using the W command) into memory. The address at which
the tape is loaded is determined by adding the address on the
tape to the bias address using two's complement arithmetic.

The bias may be negative, but in this case must be in two's
complement form. If the tape was produced using an E command
with a non-zero entry point address (see section 4.2.11),
control will be transferred to that location in memory. Other-
wise, the CPU 0.S. will remain in control and request another
command.

Example: If a tape was used which began at location 0100 H,
the following command:

.LFFBO(Cr)

will cause the tape to be read and loaded into location 50 H.
(LO00+FFBO=50) .
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NOTE: If an error occurs while reading the tape (such as a
checksum error), the CPU O0.S. will immediately stop reading

the tape, display '?(Cr) (Lf).' and await the next command.

The operation may be retried by backing up the tape to any
point before the last colon and issuing another L command,
since each data word specifies the address at which it is to be
loaded. The CPU O.S. will read up to the first colon it en-
counters, and then begin loading data.

Note that this means that, if you wish to change data in
locations in memory, it is not necessary to regenerate an
entirely new tape with the change; instead you may read in
the original tape, then read in a patch tape which reloads
only the erroneous locations.

Error Conditions:

1. If the bias address is greater than 16 bits, only the
last 4 hex digits are used as the bias address.

Example: The command:
.LOOFFBO (Cr)
is equivalent to the command:
.LFFBO (Cr)
2. If an invalid character is present in the bias address,
the CR Tube will immediately display '*(Cr) (If).' and
await the next command.

Example: If the user attempts to enter GOO as a bias address,
the following will be displayed:

-RG?

4.2.8 M COMMAND (MOVE MEMORY)

The format of the M command is:

.M low address, high address,
destination address

Low address is a valid 16 bit memory address.

High address is a valid 16 bit memory address equal to or
greater than low address.
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Destination address is a valid 16 bit memory address.
Description: The M command causes the block of memory from
low address through high address to be moved to the locations
in memory beginning at destination address.

Example: If memory appears as follows:

LOCATIONS DATA

0300-0304 contain 01020304
0200-0204 contain AlA2A3A4

Then the command:
M200,204,300
will cause the following:

LOCATIONS DATA

0300-0304 contain A1A2A3A4
0200-0204 contain AlA2A3A4

Note: The movement is performed byte by byte: the byte at

low address is moved to destination address, then low address

+1 is moved to destination address+l, etc. Therefore, the

MOVE command may be used to fill memory with a byte or sequence

of bytes.

Example: If location 0300 H contains FF H, the command
.M300,310,301(Cr)

will cause locations 300 through 310 to contain FF H. The FF

at 300 is moved to 301, then the byte at 301 (which is now FF),

is moved to 302, and so on.

Error Conditions:

1. If any address is greater than 16 bits, only the
last 4 hex digits are used as the address.

Example: The command:
.M00302,303,00405(Cr)
is equivalent to the command:

302,303,405 (Cr)
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2. If low address is greater than high address, only
one byte will be moved from low address to destina-
tion address.
Example: The command:
.M300, 2F0, 100 (Cr)
is equivalent to the command:
.M300,300,100(Cr)
3. If low address through high address specifies a non-
existent range of memory, bytes of FF H will be moved

to the memory locations specified by destination address.

Example: If locations 2000 H through 2005 are non-existent,
the commend:

.M2000,2005,100(Cr)

will cause locations 0100 H through 0105 H to contain FF H.

4. If an invalid character is entered in an address, the
CR Tube will display '?(Cr) (1lf).' and await the next
command.

Example: TIf the user attempts to enter OBAG as the destination
address, the following will be displayed:

M100,10F,OBAG*

4.2.9. R COMMAND (BAUD RATE SELECT)
The format of the R command is
R rate value

The rate value must be between 1 and 7. See chart below.

NUMBER 1 2 3 4 5 6 7

NORMAL BAUD 110 | 150 | 300 | 1200| 2400 | 4800 | 9600
RATE

HIGH SPEED 880 |1200 |2400 9600 | 19,200|38,400 {76,800

BAUD RATE
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4.2.10 S COMMAND (SUBSTITUTE MEMORY)

The S command is used to display and/or modify the contents
of individual memory locations. It is used as follows:

1. Type an S, followed by the hexadecimal address of the
first memory location you wish to display. Type space.

2. The data from the selected address is displayed,
followed by a dash (-).

3. To modify memory, type in the new data followed by a
space or a carriage return. If you do not wish to
modify the contents of that location, do not type any
data in, but only type a space or carriage return.

4. If a space was typed in step 3, the next memory
location will be displayed as in step 2. If a
carriage return was typed, operation will be returned
to the CPU O.S.

Example: The contents of the first four bytes of memory is
00 AL CE FF. You wish to change it to 00 A3 CE 11.
.S0000Sp00Sp Al - A3Sp CE - Sp FF - 1llCr

User entries are unshaded. Display back is shaded.

Error Conditions:
1. If address is greater than 16 bits, or the data to be

substituted is greater than 8 bits, only the last 4
or 2 hex digits respectively are used.

Example: The following sequence is equilvalent to the previous
example:

.SOABOOOOSp 00 - Sp Al - BA3Sp CE - Sp FF - 0OllCr

2. If an invalid character is encountered, the CR Tube will
immediately display '?(Cr) (1f).' and await the next
command.

22



4.2.11 X COMMAND (EXAMINE AND MODIFY REGISTERS)

The format of the X command is:

X reg ident

Reg ident is a single character specifying a CPU register as

follows:

register
register
register
register
register

HMHOoOOQw»
I
HOOQwW»®

= Flag byte, displayed in the form as it is stored

by the instruction PUSH PSW

= H register
L register

nmoR e
I

Note: The format of the flag byte F is:

A

SZ0OcCcoP1lCcC

Sign bit
Zero bit
Always O
Auxiliary carry bit

H and L registers combined (16 bits)
Program counter (16 bits)
= Stack pointer (16 bits)

State of carry bit
Always 1

State of parity bit
Always O

Description: The X command is used to display and/or modify
CPU registers. It operates similar to the S command, as follows:

1. Type an X, followed by the register identifier.

2. The data from the selected register is displayed,
followed by a dash (-). Four hexadecimal digits
are displayed for M, P, and S; two hex digits for

the other register identifiers.

3. To modify the register, type in the new data followed

by a space or a carriage return.

If you do not wish

to modify the register, type only the space or carriage

return.
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4. If a space was typed in step 3, the next register in al-
phabetical order is displayed. If carriage return was
typed, the X command is terminated. If a space is typed
after register S has been displayed, the command is terminated,
this being the last register identifier in the list.

Example: The A, B, C, and D registers contain AAH, BBH, CCH,
and DDH, respectively. You wish to change the B and C registers
to OOH and FFh, respectively.

XASp AA- Sp BB- 00Sp CC- FFSp DD-Cr

Note: Values set by the X-command will become the actual
contents of the registers after execution of the next GO
command.

The values displayed by the X-command are the contents of
the registers prior to the execution of the last breakpoint
set by the GO command. These displayed values, however,
will reflect any changes of register "contents" made by the
execution of X-commands since this last breakpoint.

Error Conditions:

1. If the data to be substituted is greater than 16
bits for registers M, P, S, or 8 bits for the other
register identifiers, only the last 4 or 2 hex
digits respectively are used.

2. If an invalid register identifier or character is
encountered, the CR Tube will immediately display
'?(Cr) (Lf).' and await the next command.

4.2.12 E COMMAND (END FILE)

The format of the E command is:
E address
Address is a valid 16 bit memory address.

Description: The E command causes an end-of-file mark and
sixty null characters to be written at the end of a hexa-
decimal output file. The end of file mark is hexadecimal
record of length 00. (See Appendix D). If address is O

or absent, the L command which loads the file will return
control to the CPU 0.S. If address is non-zero, the L command
will transfer control to that memory address immediately after
loading the file.
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4.2.13 W COMMAND (WRITE MEMORY)

The format of the W command is:
W low address; high address
Low address is a valid 16 bit memory address.

High address is a valid 16 bit memory address equal to or
greater than low address.

Description: The W command is used to output memory locations
low address through high address to the system punch device

in hexadecimal format. A series of W commands may be issued

in order to punch various non-contiguous memory locations onto
a continuous strip of tape.

Any series of W commands should be terminated with an E command
in order to punch a termination character, so that when the tape
is read it will be handled properly.

Example: If memory locations 1 through 3 contain 53F8EC, the
command: .W0001,0003(Cr)

produces:
:0300010053F8ECCS5

(See Appendix D for an explanation of tape format.)

Error Conditions:

1. If low address or high address is greater than 16
bits, only the last 4 hex digits of the argument
will be used as the address.

Example: The command:

WAB0010,100(Cr)

is equivalent to the command:

W0010,100(Cr)

2. If low address is greater than high address, only
the one byte at low address will be written:
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Example: The command:

.W10,0(Cr)
is equivalent to the command:
.W10,10(Cr)
3. Non-existent memory is equivalent to a string of

bytes all containing FF H.

4. An invalid character in either address will cause
the CR Tube to display '?(Cr) (1lf).' and await the
next command.

Example: If the user attempts to enter 3Z as low address,
the following will be displayed:

W3z?

4.2.14 N COMMAND (NULL PUNCH)

The N command consists only of the letter N followed by a
carriage return and causes 60 null characters to be written
on the punch device.
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APPENDIX A

~- INSTRUCTION SUMMARY --

This appendix provides a summary of 8080 assembly language

instructions.

A

Ap

ADDR
Aux. carry
Carry
CODE
DATA
DATAl6
DST
EXP
INTE
LABEL
M
Parity
PC

PCH
PCL

REGM

Abbreviations used are as follows:
The accumulator (register A)

Bit n of the accumulator contents, where n may have any value
from O to 7 and 0 is the least significant (rightmost) bit.

Any memory address
The auxiliary carry bit
The carry bit
An operation code
8 bits (one byte) of data
16 bits (2 bytes) of data
Destination register or memory byte
A constant or mathematical expression
The 8080 interrupt enable flip-flop
Any instruction label
A memory byte
The parity bit
Program Counter
The most significant 8 bits of the program counter
The least significant 8 bits of the program counter
Any register or memory byte
A register pair. Legal register pair symbols are:
B for registers B and C
D for registers D and E
H for registers H and L

SP for the 16 bit stack pointer
PSW for condition bits and register A
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RP1 The first register of register pair RP
RP2 The second register of register pair RP
sign The sign bit
Sp The l6-bit stack pointer register
SRC Source register or memory byte
Zero The zero bit
Xy The value obtained by concatenating the values X and Y
[ ] An optional field enclosed by brackets
() Contents of register or memory byte enclosed by parentheses
- Replacg value on lefthand side of arrow with value on right-
hand side of arrow
CARRY BIT INSTRUCTIONS

Format:
- [LABEL: ] CODE

CODE DESCRIPTION

STC (carry) ¢<——— 1 Set carry

CMC (carry) ¢ Complement carry

(carry)

Condition bits affected: Carry
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SINGLE REGISTER INSTRUCTIONS

Format:
[LABEL: ] INR REGM
[LABEL: ] DCR REGM
[LABEL:] CMA
[LABEL: ] DAA
Code Description
INR (REGM) (REGM) + 1 Increment register REGM
N _ .
DCR (REGM) (REGM) 1 Decrement register REGM
CMA (A (&) Complement accumulator
DAA If (AO—A3)> 9 or (aux. carry = 1, Convert accumulator
(n) (n)+6 contents to form
Then if (A4—A7)> 9 or (carry)= two decimal
1 (a) = (a) + 6 *24 digits
Condition bits affected: INR,DCR : Zero, sign, parity
CMA : None
DAA : Zero, sign, parity, carry, aux. carry
NOP INSTRUCTION
Format:
[LABEL: ] NOP
‘ Code | Description
I NOP ‘ —————————————— No operation

Condition bits affected: None
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DATA TRANSFER INSTRUCTIONS

Format:
[LABEL: ] MOV DST,SRC
[LABEL: ] CODE RP
NOTE: SRC and DST not both = M
NOTE: B or D
Code Description
MOV (DST) «——— (SRC) Load register DST from register SRC
STAX ((RP) )¢ (A) Store accumulator at memory
location referenced by the specified
register pair
LDAX () «—— ((RP)) Load accumulator from memory

location refereced by the specified
register pair

Condition bits affected: None

REGISTER OR MEMORY TO ACCUMULATOR INSTRUCTIONS

Format:
[LABEL: ] CODE REGM

Code Description

ADD (a) (A)+ (REGM) Add REGM to accumulator

ADC (a) (A)+(REGM) + (carry) Add REGM to accumulator
with carry

SUB (A) (A) - (REGM) Subtract REGM from accumulator

SBB (A7) (A) - (REGM) - (carry) Subtract REGM from accumulator
with borrow

ANA (A7) (A) AND (REGM) AND accumulator with REGM

XRA (a) (A) XOR (REGM) EXCLUSIVE-OR accumulator

with REGM
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Code Description

ORA (A) ¢«— (A) OR (REGM) OR accumulator with REGM
CMP Condition bits set by (A)-(REGM) Compare REGM with
accumulator

Condition bits affected:

ADD, ADC, SUB, SBB: Carry, sign, zero, parity, aux. carry

ANA, XRA, ORA: Sign, zero, parity. Carry is zeroed.

CMP: Carry, sign, zero, parity, aux. carry. Zero set if (A)=(REGM)
carry reset if (A)< (REGM)
Carry set if (A)> (REGM)

ROTATE ACCUMULATOR INSTRUCTIONS

Format:
(LABEL: ] CODE
Code Description
RLC (carry) ¢« A7, A, 1,¢— B /Ay ¢ B7 _Set carry =A;, rotate
accumulator left
RRC (carry) «—— By, Ay ¢ Aptpq/By « B0 set carry =Agy, rotate
accumulator right
RAL Apnt+] ¢— Bpr (carry) ¢ Ag,Rg  (carry) Rotate accumulator
left through the carry
A (carry) <« —AgrA (carry) Rotate accumulator
RAR A <— ’ 7 .
n ntl < right through carry

Condition bits affected: Carry

REGISTER PAIR INSTRUCTIONS

Format:
[LABEL: ] CODE1 RP
[LABEL:] CODE 2

Note: For PUSH and POP, RP=B,D,H or PSW
For DAD, INX, and DCX, RP=B,D,H, or SP
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Codel Description

PUSH ((SP)-1) «—(RP1), ((SP)-2) _ (RP2), Save RP on the
(SP) o (SP)-2 stack
RP=A saves accumulator
and condition bits.
POP (RP1) ¢ ((SP)+1), (RP2)e— ((SP)), Restore RP from
(SP)¢_ (SP)+2 the stack
RP=A restores accumulator
and condition bits.

DAD (HL)¢_(HL) + (RP) Add RP to the l6-bit
number in H and L.

INX (RP) < (RP)+1 Increment RP by 1

DCX (RP) «_ (RP)-1 Decrement RP by 1

Code2 Description

XCHG (H)e>(D), (L) «— (E) Exchange the 16 bit

number in H and L with
that in D and E.
XTHL (L) ((SP)), (H)e>((SP)+1) Exchange the last
. values saved in the
stack with H and L.
SPHL (SP)e—(H) : (L) Load stack pointer from
H and L.

Condition bits affected:

PUSH, INX, DCX, XCHG, XTHL, SPHL: None

POP : If RP=PSW, all condition bits are restored from the stack, otherwise
none are affected.
DAD : Carry

IMMEDIATE INSTRUCTIONS

Format:
[LABEL: ] LX1 RP, DATAI1lG
—or-
[LABEL: ] MV1 REGM, DATA
-or-
[LABEL: ] CODE REGM

Note: RP=B,D,H, or SP
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CODE DESCRIPTION

LXI (RP)¢—— DATA 16 Move 16 bit immediate Data
into RP

MVI (REGM) ¢«————DATA Move immediate DATA into REGM

ADI (A)e——(A) + DATA Add immediate data to accumulator

ACI (A) ¢ (A) + DATA + (carry) Add immediate data to accumulator
with carry

SUI (A)e—(A) - DATA Subtract immediate data from
accumulator

SBI (A)¢ (a) - pATA - (carry) Subtract immediate data from
accumulator with borrow

ANI (AY«——(A) AND DATA AND accumulator with immediate
data

XRI (A)E (A) XOR DATA EXCLUSIVE-OR accumulator with
immediate data

ORI (A)e——(A) OR DATA OR accumulator with immediate
data

CPI Condition bits set by (A)-DATA Compare immediate data with
accumulator

Condition bits affected:

LXI, MVI: None

ADI, ACI, SUI, SBI: Carry, sign, zero, parity, aux. carry

ANI, XRI, ORI: Zero, sign, parity. Carry is zeroed.

CPI: Carry, sign, zero, parity, aux. carry. Zero is set if (A)= DATA
Carry reset if (A) < DATA
Carry set if (A) > DATA

DIRECT ADDRESSING INSTRUCTIONS

Format:
[LABEL: ] CODE ADDR

CODE DESCRIPTION

STA (ADDR)¢_____(B) Store accumulator at location
ADDR

LDA (A) «——(ADDR) Load accumulator from location
ADDR

SHLD (ADDR) «—(L), (ADDR+1) (H) Store L and H at ADDR and
ADDR+1

LHLD (L)¢—(ADDR) , (H) _(ADDR+1) Ioad L and H from ADDR and ADDR+1

Condition bits affected: None
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JUMP INSTRUCTIONS

Format:
[LABEL:] PCHL
[LABEL: ] CODE ADDR
CODE DESCRIPTION
PCHL (PC) «—(HL) Jump to location specified by
register H and L

JMP (PC)  _ADDR Jump to location ADDR
Jc If (carry) = 1, (PC)¢«— ADDR

If (carry) = 0, (PC).;___.(PC)+3 Jump to ADDR if carry set
JNC If (carry) = 0, (PC)€ ADDR

If (carry) = 1, (PC)¢ (PC)+3 Jump to ADDR if carry reset
JZ If (zero) =1, (PC) «__ ADDR

If (zero) = 0, (PC) < (PC)+3 Jump to ADDR of zero set
JNZ If (zero) = 0, (PC) ADDR

If (zero) =1, (PC) . (PC)+3 Jump to ADDR if zero reset
JP If (sign) = 0, (PC) «— ADDR _

If (sign) = 1, (PC) < (PC)+3 Jump to ADDR if plus
JM If (sign) = 1, (PC) . ADDR

If (sign) = 0, (PC) < (PC)+3 Jump to ADDR if minus
JPE If (parity)= 1, (PC) .__ADDR

If (parity)= 0, (PC) «__(PC)+3 Jump to ADDR if parity even
JPO If (parity)= 0, (PC) «—ADDR

If (parity)= 1, (PC) __(PC)+3 Jump to ADDR is parity'odd

Condition bits affected:

None
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Format:

[LABEL: ]

CALL INSTRUCTIONS

CODE ADDR

CODE

DESCRIPTION

CALL

cC

CNC

CZ

CNZ

CPp

CM

CPE

CPO

If

If

If

If

If

If

If

If

If

If

If

If

If

If

If

If

Il

(carry)

(carry)

(carry)

(carry)

(zero)

(zero)
(zexo) =

(zero) =

(sign)
(sign) =
(sign) =

(sign) =

(parity)
(parity)=
(parity) =

(parity)=

((SP)-1) «—(PCH), ((SP)-2) _ (PCL), (SP)e_(SP)+2, (PC) _ ADDR

call subroutine and push return
address onto stack

((SP)-1) «— (PCH), ((SP)-2) «— (PCL), (SP) - (SP)+2,
(PC)¢_ ADDR
(PCle— (PC)+3 Call subroutine if carry set

((SP)-1 «— (PCH), ((SP)-2)«— (PCL), (SP) «— (SP)+2,
(PC) <« ADDR
(PC) «— (PC)+3 Call subroutine if carry reset

((SP)-1)- (PCH), ((SP)-2) «— (PCL), (SP) «— (SP)+2,
(PC) «— ADDR
(PC) «— (PC)+3 Call subroutine if zero set

((SP)-1) «— (PCH), ((SP)-2) «— (PCL), (SP) «— (SP)+2,
(PC) <« ADDR
(PC) «— (PC)+3 Call subroutine if zero reset

((sP)-1) <—(PCH), ((SP)-2) ¢«— (PCL), (SP) - (SP)+2,
(PC) <«— ADDR ‘
(PC) «— (PC)+3 Call subroutine if sign plus

((SP)-1)e— (PCH), ((SP)-2) <«— (PCL), (SP) ¢«—(SP)+2,
(PC) < ADDR
(PC) «— (PC)+3 Call subroutine if sign minus

((SP)-1) «_ (PCH), ((SP)-2) < (PCL), (SP) «—(SP)+2,
(PC) «— ADDR

(PC) «— (PC)+3 Call subroutine if parity even
((sP)-1) «— (PCH), ((SP)-2) «— (PCL), (SP) «— (SP)+2,
(PC) <«— ADDR

(PC) «— (PC)+3 Call subroutine if parity odd

Condition bits affected: None
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RETURN INSTRUCTIONS

Format:
[LABEL: ] CODE
CODE DESCRIPTION
RET (PCL) «— ((SP)), (PCH) «— ((SP)+1); (SP) «—(SP)+2
Return from subroutine
RC I1f (carry) = 1, (PCH) «— ((SP)), (PCH) <— ((SP)+1), (SP) «— (SP)+2
If (carry) = 0, (PC) <« (PC)+3 Return if carry set
RNC If (carry) = 0, (PCL) «— ((SP)), (PCH) <— ((SP)+1), (SP) & (SP)+2
If (carry) =1, (PC) <« (PC)+3 Return if carry reset
RZ If (zero) = 1,(PCL) «— ((SP)), (PCH) «— ((SP)+1), (SP) ¢ (SP)+2
If (zero) = 0,(PC) «— (PC)+3 Return if zero set
RNZ If (zero) =0, (PCL) «— ((SP)), (PCH) «— ((SP)+1), (SP) < (SP)+2
If (zero) =1, (PC) «— (PC)+3 Return if zero set
RM If (sign) = 1, (PCL) «— ((SP)), (PCH) <«— ((SP)+1), (SP) <— (SP)+2
If (sign) = 0, (PC) e«— (PC) +3 Return if minus
RP If (sign) = 0, (PCL)«— ((SP)), (PCH) «-((SP)+1), (SP) «— (SP)+2
If (sign) = 1, (PC) «- (PC) +3 Return if plus
RPE If (parity)=l, (PCL) «—((SP)), (PCH) «— ((SP)+1), (SP) <« (SP)+2
If (parity)=0, (PC) <«- (PC) _ (PC)+3 Return if parity even
RPO If (parity)=0, (PCL) «— ((SP)), (PCH) «—((SP)+1), (SP) «— (SP)+2
If (parity)=1l, (PC) <«— (PC)+3 Return if parity odd

Condition bits affected: None

RST INSTRUCTION

Format:
[LABEL:] RST EXP

Note: O EXP 7

CODE DESCRIPTION
RST ((SP)-1) <= (PCH), ((SP)-2) «—(PCL), (SP) «&- (SP)+2
(PC) «- 0000000000OEXP0O00OB Call subroutine at address
specified by EXP

Condition bits affected: None
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INTERRUPT FLIP FLOP INSTRUCTIONS

Format:
[LABEL: ] CODE
CODE DESCRIPTION
EI (INTE) «——— 1 Enable the interrupt system
DI (INTE) «—— O Disable the interrupt system

Condition bits affected: None

.INPUT/OUTPUT INSTRUCTIONS

Format:
[LABEL:] CODE EXP
CODE DESCRIPTION
IN (a) «—— input device Read a byte from device EXP into
the accumulator
ouT output device <— (n) Send the accumulator contents to
device EXP
Condition bits affected: None
HLT INSTRUCTION
Format:
[LABEL: ] HLT
CODE DESCRIPTION
HLT | — ———— e Instruction execution halts until
an interrupt occurs.

Condition bits affected: None

37



PSEUDO - INSTRUCTIONS

ORG PSEUDO - INSTRUCTION

Format:
ORG EXP
Code Description
ORG LOCATION COUNTER & EXP Set Assembler location
counter to EXP
EQU PSEUDO - INSTRUCTION
Format:
NAME EQU EXP
Code Description
EQU NAME <« EXP Assign the value EXP
to the symbol NAME
END PSEUDO - INSTRUCTION
Format:
END
Code Description
END End the assembly.
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APPENDIX B

——INSTRUCTION EXECUTION TIMES AND BIT PATTERNS--

This appendix summarizes the bit patterns and number of time states
associated with every 8080 CPU instruction.

When using this summary, note the following symbology:

1) DDD represents a destination register. SSS represents a
source register. Both DDD and SSS are interpreted as
follows:

DDD or SSS Interpretation

000 Register B

001 Register C

010 Register D

011 Register E

100 Register H

101 Register L

110 A memory register
111 The accumulator

2) Instruction execution time equals number of time periods

multiplied by the duration of a time period.

A time period may vary from 480 nanosecs to 2 microsec.

When two numbers of time periods are shown (eg. 5/11), it
means that the smaller number of time periods will be required

if a condition is not met, and the larger number of time periods
will be required if the condition is met.
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Number of Time Periods

17
11/17

11/17
11/17

11/17
11/17
11/17

11/17
11/17

10
5/11

5/11

5/11

5/11

5/11

5/11

5/11

5/11
11

10
10
10
10
10
10

11
11
11
11
10

10

10
10
13

13

18

10

10

10
10

Do

MNEMONIC

CALL
cC
CNC
CZ

CNZ

CP

CM

CPE
CPO

RET

IN

ouT

ILXI B

ILXI D

ILXI H

LXI SP

PUSH B

PUSH D

PUSH H

PUSH A
POP B

POP D

POP H

POP A
STA
LDA

|XCHG
XTHL

SPHL
PCHL

DAD B

DAD D

DAD H

DAD SP

STAX B
STAX D

LDAX B

LDAS D

INX B

INX D
INX H

INX SP

40



Number of Time Periods
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Number of Time Periods

17

17

Dy

MNEMONIC

DCX B
DXC D

DCX H

{DCX SP
CMA
STC
CMC

SHLD
LHLD
EI

DI

NOP
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APPENDIX C

HEXADECIMAL PROGRAM TAPE FORMAT

The hexadecimal tape format used by the Intecolor® 8001 system is a
modified memory image, blocked into discrete records. Each record
contains record length, record type, memory address, and checksum
information in addition to data. A frame by frame description

is as follows:

Frame O Record Mark, Signals the start of
a record. The ASCII character
colon (":" HEX 3A) is used as the

record mark.

Frames 1,2 Record Length. Two ASCII characters
(0-9,A-F) representing a hexadecimal number
in the range 0 to 'FF'H (O to 255).
This is the count of actual data
bytes in the record type or check-
sum. A record length of 0 indicates
end of file.

Frames 3 to 6 Load Address. Four ASCII characters
that represent the initial memory
location where the data following
will be loaded. The first data byte
is stored in the location pointed
to by the load address, succeeding
data bytes are loaded into
ascending addresses.

Frames 7,8 Record Type. Two ASCII characters.
Currently all records are type O,
this field is reserved for future

expansion.
Frames 9 to 9+2* (Record Data. Each 8 bit memory word is
Length) - 1 represented by two frames containing

the ASCII characters (0 to 9, A to F)
to represent a hexadecimal value O
to '"FF'H (0 to 255).
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Frames 9+2* (Record Length) to
I+2* (Record Length) +1

Checksum. The checksum is the
negative of the sum of all 8 bit
bytes in the record since the
record mark (":") evaluated
modulus 256. That is, if you
add together all the 8 bit bytes,
ignoring all carries out of an
8-bit sum, then add the checksunm,
the result is zero.

Example: If memory locations 1 through 3 contain 53F8EC, the format
of the hex file produced when these locations are punched is:

:0300010053F8ECC5

Note: This format is also known as the Intel format.
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D Bartictt Associates, Inc. Memorandum

D 150 Speen Street
Framingham, Mass. 01701

********* (617) 879-7530

W e ¥
To: Dave Deans In Reply Refer To:
Subject: Greg Whitten's Disassanbler From: Joe Sanroma
Date:  June 16, 1977
Copies: All Hands Ref:

The disassanbler by Greg is ingenious. No docuncntation exists except that which

Greg wrote and forwarded to Charles Mucnch. T belicve you or John DeWolf were

concerned, last week, that it was unable to decode "push" statanents. With the

corrections listed below, it quite properly handles thom. The missing code at

or about line 440: CLR G
I

430 O3=ID$(D3)4R2$(RP) : Return

440 O0$="INR*s szaa "+R$(X1):Returd

450 0$="DCRasa44 "+R$(X1) :Return GV e
460 O%='"MVI a4 A Al "+R$(XL)+",":Go to 800

*A Denotes Space
Greg has verbally explained how to use the disassanbler.

He explains that the first set of statanents requiring responsce are Compucolor -
Digplay or list. Only the first letter of each, or any question; need be typed.
A Compucolor (we chould change this variable name Lo something else) response or
C sets the output format to 48 lines. Display is 24 lines and list is 66 for a
high speed printer.

The second interactive response [or nunbering systan is scll-explanatory.  Greg
recoimends using hex — address must use four digits. Fill in with lcading vero's,
if not four digits. A decimal systan is correct if, and only if, we use a decimal
for the address. An "'O'" assumes octal.

Byte; Character or Display dump yields:

B - dump in hex
C — dump in character format
D - Display and symbol generation.

The add, character, make and no, symbol interactionGreg considers is the only
confusing issue. The symbol table is the same idea as any symbol table from
a compiler, i.e. listing of each variable's address in manory.



Dave Deans
June 16, 1977
Page 2

The response:

No table (the casiest)

Make a table

Add more symbols manually on sccond pass.
Clecar previous symbols before making table.

Q=2
(I

|

Responses may be "ORed' for finessce e.g. A M means add and make a table,
C M - clear and make, ete. This routine should be worth $100 to a customer?
It outputs in standard Intel S80S0 code.

Regards,

]
i 1
P /! 7 Ao Area

_ Joseph M. Sanrana

IMS : kmg



BARTLETT ASSOCIATES INC.
Dumb Terminal Emulation - No Parity-No Graphics

FULL DUPLEX SOFTWARE

3800 2L 30 B3 start: LX1 H, TABLE
3 ¢, 2a 01 CALL MESSX INITIALTZE OR TERMINAL
6 ¢ 4057 04)(|E o1)  loop: CALL KETST
9 ca’ 15 B8 JZ OVER "Z'" =) NO KBD CHAR
C DB _ 02 IND INTAD CLEAR
E ¢ _FF 11 CALL RDKEY GETKBD CHAR
3811 4F MOV C,A Send to RS-232 via PUNCH
2 ¢ oc o0l CALL PO |
s b8 03 over IND STBFA GET I1/0 STATUS
7 EFY 08 ANI TTYDA TF NO RCV CHAR
9 cA_ 06 B8 JZ 10OOP THEN LOOP
c DB 00 IND RXBFA ELSE GET IT
E F6 80 ORI 80H REMOVE PARITY
3820 26._ B8 | MVI H, CHAS
2 IBF MOV L,A
3 7E MOV A,M
A CD . 09 01 , " CALL CO
7 C3_ 06 B8 JMD  L.OOP
B830 1B table DB 1B ESC
1 4B DB 4B K SCROLL
2 OE DB OE CTRL N
3 1B DB 1B ESC
4 52 DB 52 B
5 33 DB 33 3 BAUD RATE
6  OF DB OF CTRL-O
7 ocC DB 0C CTRL-L
8 1B DB 1B ESC
9 46 DB 46 F FDX
A EF '. | DB EF TERM



QO W 00 U W

os)
0]
W
o

P W 00N O Ww N

21
CD
CD
CA
DB
CD
4LF
CD
F1
C3
DB
E6
CA

Fé6
26
6F
7E

CD

C3

1B
4B
OE
1B
52
34
OF
ocC
1B
48
EF

BARTLETT ASSOCIATES INC.

Dumb Terminal Emulation - No parity-no Graphics

30
2A

AQ
RV
4 /

1A
02
FF
F5
0oC

23
03
08
06
DB
80
B8

09
06

B8
01

B8

11

01

B8

B8
00

01
B8

HALF DUPLEX SOFTWARE

' start:

loop:

over:

skip:

table:

LXI
Call
Call
JZ
IN
CALL
MOV
CALL
POP
JMP
INP
ANJ
JZ
IN
ORJ

MOV
MOV
CALL
JMP

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

H,

Table

MESSX

KETST

OVER

INTAD

RDKEY

C,A, PUSH PSW
PO

PSW

SKIP

STRBFP

TTY DA

L.OOP

RXBFP

80H

H, TRANS SHR 8
L,A

A,M

1.0

1.00P

ESC
K  SCROLL
CTRL-N A7 ON
ESC

R

4 1200 BAUD
CTRL-0 A7 OFF
CTRL-L CLR SCRN
ESC

H HDX
TERMINATOR



rcv'd Char CRT Char

B880-00 NULL NULL
1-00 Protect Protect
2-00 Plot Mode NULL
3-03 CURSOR X,Y CURSOR X,Y
4-00 FREE FREE
5-00 FREE FREE
6-06 CCI CCI
7-07 BELL BELL
3-08 HOME HOME
9-09 TAB TAB
A-0OA LINE FEED LINE FEED
B-03 ERASE LINE ERASE LINE
C-0cC ERASE PAGE ERASE PAGE
D-0D CR CR
E-OE A7 ON A7 ON
F-OF BLINK/A7 OFF BLINK / A7 OFF
B890-00 BLACK BLACK
1-11 RED RED
2-12 GREEN GREEN
3-13 YELLOW YELLOW
L-14 BLUE BLUE
5-15 MAGENTA MAGENTA
6-16 CYAN CYAN
7-17 WHITE WHITE
8-18 TRANSMIT TRANSMIT
9-19 CURSOR RIGHT CURSOR RIGHT
A-1A CURSOR LEFT CURSOR LEFT
B-1B ESC ESC
C-1C CURSOR UP CURSOR UP
D-1D F6 ON/FLAG OFF F6 ON/FLAG OFF
E-1E BG ON/FLAG ON BG ON/FLAG ON
F-1F BLINK ON BLINK ON

1 SHIFT 1 to /

B3AO-20 SPACE SPACE
1-21 ! !
2-22 " N
3-23 # i+
4-24 $ $
5-25 % %
6-26 & &
7-27 ' '
8-28 ( (
9-29 ) )
A-2A * *
B-2B + +

' c-2C , ,
D-2D - -
E-2E

F-0F / /



rcv'd Char CRT Char

B8B0-30

0 0
1-31 1 1
2-32 2 2
3-33 3 2
4-34 4 4
5-35 5 5
6-36 6 6
7-37 7 7
8-38 8 8
9-39 9 9
A-3A : :
B-3B , )
C-3C
D-30 = =
E-3E

F-3F ? ' ?



B3CO-4J
1-41
242
3-43
L-L4
5-45
6-46
7-47
8§-4>
9_49
A- /JfA
B-4B
C-46
D-4D
E-4E
F-4F

B8DO-50
1-51
2-52
3-53
4L-54
5-55
6-56
7-57
8-58
9-59
A-5A
B-5B
C-5C
D-SD
E-5E
F-SF

B8EO-60
1-61
2-62
3-63
L-64
5-65
6-66
7-67
8-68
9-69
A-6A
B-6B
C-6C

. D-6D
E-6E
F-6F

Al
0

OZRr AU >OTMMUOWEiw

PN L MINKXE<aHn®wOo Y

OB B HRXOHIM@QFMOALO TP

W

RSN R

)}
IR

[V

CzZRrRL—bQTMITgO O o by

S L/ MNK XS <aHn®O T

O3 8 XL T0 Fhd L0 T

Dy

i

LA
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Char Char
B8F0-70 P 1%
1-71 9 9
2-72 r r
3-73 s S
L-T74 4 4
S-75 u 1
6_76_ ‘., T
T-77 W v
8-783 bl ~
9-79 v y
A-T7A z z
B-7B L L
Cc-7C 1 1
D-7D | J
C-7E S S
F-7F E E



DOS TO IFCS DISKETTIE CONVIERSION

Type CPU Reset, ESCAPE D and then IFCS will be
printed on the screen. '

Now place the disketlte included in the conversion kit
in the disk drive and close the door.

Type RUN CONVRT (Return) and then the unit will
ask you what drive no, the DOS diskette is in. Replace
the diskette now in the drive with a DOS diskette to be
converted to ¥CS.

Now type @ for left hand or single drive and 1 for the
right hand drive.

The Conversion will take about 5 seconds {for most DOS
diskettes and is permanent. The converted diskettes
will now work on the 1I'CS system and not the DOS
system.

PAGE 10

[T 0

b



FILE CONTROL SYSTEM
OPERATIONS MANUAL

When you receive your Intecolor System, be sure your unit is working cor-
rectly before connecting any other I/O device, except the keyboard.

DISK DRIVE INSTALLATION

1. Turn the Intecolor power off,

2. Plug the ribbon cable from the disk unit into the RS-232 type connector
labcled "FLOPPY DISK''. NEVER CONNECT THIS RIBBON CABLE
INTO ANY OTHER RS-232 TYPE CONNECTOR OR DAMAGE TO THE
DISK UNIT MAY RESUILT,

3. Plug the DISK power cord in an AC outlet.
4, Now turn on the Intecolor CRT power and the system is now ready.

BEGINNING DISK OPERATING INSTRUCTIONS

1. Insert the labeled diskette into the disk drive with the label up and in
the lower right-hand corner, and close the gate.

(o

DISKETTE - O
{ [ l .

2. Enuer@ﬁ_RFSE) @S(ﬂ D and the message prompt FCS > will appear.
Then type either DIR L@ or DIRI: ﬁ:éfa@ for the second drive and
a listing of programs available on that diskette will be displayed followed
by the prompt message FCS»>. Once in the File Control System, DIR
. should be used for listing the directory. To change drives, type DEVO:
@eturn) for the left-hand, DEVl@:E_:t;ullB for the right-hand. To change
device type enter DEV FD@: (8" FLOPPY DISK) or DEV MD§@: (MINI DISK)

or DEV FT¢: (FLOPPY TAPE).

3. To load a particular BASIC program, tyne@ then W and (Return).
@‘-@ then D and {ollowing the FCS > prompt message type DIR @eturn .
Type(ESC)then E and LOAD? "PROGRAM NAME'" then (Return).

(See example 1)

1SC146-1077



‘. rCS, CONT, PAGE 2

4 If somethmg other than READY comes back, then type LOAD?"PROGRAM
- NAME' and(Return again. If the program still does not work, select
another program and try again. If it still doesn't function properly, check
with the FCS Commands and DISK BASIC MANUAL,

EXAMPLE 1: TO LOAD A BASIC 8001 PROGRAM

You type@—’SﬂC E the system prints READY

You type LOAD?''"PROGRAM NAME" (Return) the
system prints READY

You type RUN, @et@ and the loaded program will

execute



gan2y Nsilirda
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HOW TO SAVE A DISPLAY

Enter BASIC 8001 and type the following program:

$PLOT27:PLOT4: PRINT''SAVE@:SCREEN.DIS 84¢¢-9DFF':END (Return)
NOTE: Screen can be any file name and . DIS is optional as is @
for drive number.
Now type PLOT2:PLOT 255 (Return). This will put the display in the
correct location so that the display memory location is at the top left

corner of screen.

Put the display on the screen to be saved. You can use the cursor
control keys to correct all errors in the display.

Now position the cursor so as to have about 4 lines by 5 characters each
on the left arca of the screen clear. Select Foreground and Background
colors the same as the display color in this area. Type(ESC) E and

then type RUN: and then Background, Black, Foreground, Red and then

(Retu@.

NOTE: You will not be able to see the characters you type in.

After the display has been SAVED then READY will appear.

Now that the display is saved on diskette you may erase the page. To
recall the display to the screen, type @C D and after the prompt message
FCS> appears, you type: LOAD@:SCREEN,DIS and the whole display

will be loaded onto the screen.

NOTE: If the screen is to be generated from BASIC 800! program, then
the process could be simplified by just including the BASIC 8001 state-
ments at the end of that program, as in Step 1 above.
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HOW TO FORMAT AND INITIALIZE A DISKETTE

FORMAT

1. Put in the Diskette with the MDFRMT program on it and close the gate.

2. Hit@ D and Type DIR @urn), a listing of all files will be displayed.

3. Type RUN MDFRMT (Return). The message FLOPPY DISK FORMATTER
should be returned by the unit. Rt
NOTE: For 8'" Disk System type RUV(FDL‘ MT (r\eturn

St e

. 4. Now take out the diskette that MDF RMT (or PB-PR—MT) was loaded from.

te

Put in the diskette that is to be checked or formatted and close the
gate. (etc.)

1) A READ CHECK will allow you to check a diskette that already has
programs on it to see if the diskette has any unreadable blocks.

2) FORMATTING a diskette will prepare it to accept programs.

QQU'IEOZ\_J_ Formatting a diskette will completely wipe out any infor-"
mation previously stored on the diskette.

To do a READ CHECK type R and then the drive number (#, 1). The printout

on the screen is decoded (see below) into data and ggc_iréss errors. Unless

the last three letters are RED then the error is a soft error, but if there

are a lot of these Blue, Yellow, or Green errors you should try to get

another copy of your source program on a more error-free diskette. To
FORMAT a diskette, insert a blank diskette and type F and the drive number
(@, 1), and a colorful pattern will be displayed on the screen. After the disk
has been formatted it will automatically do a READ CHECK as described above.
The computer will return to the DISK FORMATTER Program which allows

you to FORMAT many diskettes in a row.

FORMAT EXRROR DECODING

T .
0 Track No. 0to 22 for MD or 0 to 4C for FD (Values are in Hex)
7 /

S .

0 Sector No. 0to 11 for MD or 0 to 2D for ¥D (Values are in Hex)

(D - Data Error A -Address Error _ .

(0 - Read Error 1 -Write Error 1 - Read & Write Error

8

o

(8
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NOTE: The color of these three charaéters tells how many Read/Write
errors in a row the computer found. 1=WHITE, 2=CYAN...8=RED
‘'RED is not acceptable below track #20 HEX for MD or #40 HEX

for FD

INITIALIZE

Type@@D the system will print FCS >.
Then you type: INI MDO: (10 letter name) (optional no. directory blocks).

The diskette is now formatted, initialized and ready for storage of programs or
data.

_IE‘QTE:' The MD will default to 9 blocks for the Directory and the ¥FD will
default to 24H blocks for the Directory.
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SUMMARY OF THE
FILE CONTROL SYSTEM COMMANDS

The following definitions will be used to describe the FCS commands:

() Means manditory part

[ 1] Mecans optional part and if not specified, will result in the default
type. ’

(Dévic_e name:) = [Device type J [Number] ()

Device types are MD FT, and FD for Mini-Disk, Floppy Tape and
8'' Floppy Disk and number is either 0 or I.

(Memory spec) = (Load address) (Byte count) or (-End address)
all memory addresses are in HEX format.

(File spec) = (File name) ?_.Type] [; Version]

' File name is bany 6 characters. Type can be any three charcters and
PRG is default type. Version is 0 to FF HEX number.

NOTE: After a default device type has been selected only the number of the
device is required.

COPY or COP ) [ Device Name: ] (File Spec) TO (Device Name:)
. (File Spec) will copy one f11e from one disk drive
drive to another.

DUPLICATE or DUP (Device name:) TO (Device name:) - will dup-
licate all the files on the original diskette onto

another diskette. Puplicetes dick aree alSe

DUPLICATE ALL Same as DUP, but duplicate complete disk not

or DUA just the files areas.
DEVICE or DEL [Dcvice name:] (File Spec) - all options re-
! quired. Allows the user to delete any file in
' one step.
DIRECTORY or DIR: _ [Device name:] lists directory of the default -

or specified device,

EXIT "FCS" ESCAPE and ESCAPE again
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INITIALIZE or INI (Device name:) (Volume name) No. of DIR
' BLOCKS No. of directory blocks will default to
- a normally adequate no,; NOTE: Device name

, _ . o - requires all options. .
Brﬁr\)‘fol\’g : Tl’“g U-J(H W(.PQ % ol progrevag from TRe blSkf’H‘{«

SAVE or SAV [Device name: ] (File Spec) (Memory Spec)
' Start address  Acutal address Start
Address defaults to LOAD address and actual
address defaults to load address.

ILOAD or ‘LOA : [Device name:] (File spec) [Ioad address]
RUN . [Device name:] (File spec)
RENAME or REN (Device n me:] (File spec) TO (File spec)-

allows the user to rename any file to any
other name.

READ or REA [Device name:1 (Start block no.) (Memory
spec) - will read anywhere on the diskette
starting at any block and ending where speci-
fied, without regard to program boundaries.

WRITE or WRI [Device names: J (Start block no.)
(Memory spec)
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HOW TO USE THE
FILE CONTROL SYSTEM COMMANDS

COPY or COP - allows the user to copy one file from one diskette to another
if you have a dual drive system, or a system with two different
types of devices.

EXAMPLE: Type(EJSC) D and when the system responds with
FCS pthen type in COPP:TEST. PRG TO 1:ABC @urn

This will copy the latest version of TEST.PRG on device §

to file name ABC.PRG on device 1

DUPLICATE or DUP - allows all the files on one diskette to be transferred
to another diskette. '

EXAMPLE: Type@ D and when the system responds with

FCS > then type in DUP@: TO 1: (Retgrn) or
DUP MDI1l: TO MD@:

DEVICE or DEV - allows the user to change the default device or drive.

"EXAMPLE: Type in @@ D and when the system responds with

FCS 2> then type in DEV 1: will change the default device to

T Drive 1 (right hand)

DEV MD@: will change the default device to
mini-disk drive @ (left hand)

DELETE or DEL - allows you to delete any file on the diskette,

.

EXAMPLE: Type in{ESC)D and when the system responds with
FCS 2 then type in

DEL TEST.PRG;l ®eturn) NOTE: all file informa-
or DELI1:TEST.DAT;2 (Return) tion is needed to delete a
or DEL MDLI:NAME, ARY;1 (Return) file. -This is the file pro-

tection that is provided to
protect the diskette.

DIRECTORY or DIR - lists all the programs on the diskette on any drive no. (@, 1)
EXAMPLE: Type in@SC )D and when the system responds with
FCS 2> then type in DIR for default drive
DIR@: (Return) for left hand default drive or
DIR MDI1: @Turn for right hand mini-disk drive



CAUL Y

INITIALIZE or INI- allows the user to name a diskette a 10 letter name and also

name an optional number of directory blocks allotted.

EXAMPLE: Type in(ESE) D and when the system responds with

¥CS > then type in INI MD@:SAMPLENAME Return

INI MD1:TESTDISKOl 10 (Return) the 10 is
optional

Mini Disk defaults to 9 blocks
Floppy tape defaults to storage in K/8 blocks (8K=1 block)
8" single sided disk to 24H blocks

8'"" double sided disk to _48H blocks

SAVE or SAV - allows the user to save any type of data, array, or program file

or
or

on diskette.

EXAMPLE: Type in@ D and when the system responds with
FCS > then type in SAVE @§:TEST.ASM;$l LLOAD address-End
address eturn)
SAVE TEST LOAD address DByte count Hex Retuln

SAVE MDI1:TEST.DAT;¢#1 A@¢P - BFFF Start Adaress,Actual

Address @g@

ASM - Assembly source program
PRG - Object code program
DAT - Data File

N.QTE If the same File Name is reused then the version number
will be 1 higher than already on disk by that same name

Both the (ASM, DAT) and (VR#01) are optional but help define the
file better.

" To SAVE and LOAD programs from BASIC it will be necessary

to go into BASIC first then follow the instructions in the DISK
BASIC 8001 Manual,

LOAD or LOA - allows the user to load any type file into any RAM memory

or
or

location he may wish to, This indicates that you may bring a
display to the screen which is correct. LOAD command uses
the same guide lines as the SAVE command.

EXAMPLE: Type@D and when the system responds with
¥CS > then type in

IOAI:TEST.PM’;L (Test must be a PRG type)

LOA:DISPLA.DAT;1 (DAT -Indicates data file)

LOA MD@:DISPLA.DIS;1 8¢0@¢ (80¢@- Indicates where it will
© load)

NOTE: If version number is not specified then the highest
version will be used,
To load BASIC programs see section headed "SAVE/LOAD'" in
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RUN - allows the user to load an object code program and then start ex-
ecution of the program all in the same command if there is a start

address other than @ in the directory

EXAMPLE: Type @D and when the system responds with FCS>

then type in RUN CHESS (CHESS must be a PRG f11e)
or RUN1:CHE. ASM;2 (If it is an ASM file it must be
specified)

RENAME or REN - allows the user, in one step, to change the File Name,
File Type,and the Version No. separately or collectlvcly without
changing the information stored in the program.

EXAMPLE: Typé@—é—cv) D and when the system responds with @CS>
then type in REN TEST.PRG;l TO TEST1.ASM;2
or RENO:TEST.,ASM;2 TO TEST;1

READ or REA - allows retrieval of information on any part of the diskette
without regard to the directory or program boundaries.

EXAMPLE: Typ\.g? D and when the system responds with FCS>
then type in REA 8000 - 9E00  (will bring info. to screen)
or REA 0:100 .8000° 1EO00 (will do the same as above)

WRITE or WRI - allows information to be written anywhere on the diskette
without regard to the directory or previous program boundaries.

EXAMPLE: Type@ D and when the system responds with FCS2.
then type in WRI 0:220 8000 - 9E00 - (will savewhats on screen)
or WRI 0:220 8000 1EO00 (will de the same as above)




FILE CONTROL SYSTEMS

ERROR STATEMENTS

FIVC - INVALID COMMAND

ECF8 -

EMVN - MISSING VOLUME NAME
ESYN - SYNTAX ERROR

EDIR - DIRECTORY ERROR

EIVP - INVALID PARAMETER(S)

ENVE - NO VOLUME ENTRY IN DIRECTORY
EMFN - MISSING FILE NAME

EMDV - MISSING DEVICE NAME

EMVR - MISSING VERSION

EIVD - INVALID DEVICE

ENSA - NO START ADDRESS

EDFN - DUPLICATE FILE NAME
EVOV - VERSION NUMBER OVERFLOW
EFNF - FILE NOT FOUND |
EDRF - DIRECTORY FULL

EFRD - FILE READ ERROR

EFWR - FILE WRITE ERROR

EWSZ - FILE TOO LARGE FOR WRITE
ERSZ - FILE TOO LARGE FOR READ
EDEL - DELETE ERROR

EDUP - ERROR DURING DUPLICATE

ESIZ - DEVICE SIZES NOT SAME

EGOP - ERROR DURING GOPY

EIVT ~ INVALLD

Loaal

il



THINGS TO BE NOTED

Always be sure to have a diskette in the disk drive and the gate closed before
hitting@s—@ D, DIR (Return) or any other FCS command.

If the disk drive fails to stop running after typing the directory, or after

execution of any other FCS command, type SC D or (CPU RESET).

When a disk drive does not function and an error statement appears across

the sc_reen' such as:
FCS Error - EIVC - INVALID COMMAND

Please check your list of error statements of Page il of this manual.

EFach mini-diskette has 276 Hex Blocks.
Each 8'" Diskettes has 906 Hex Blocks.
Each block has 80 Hex bytes. (128 decimal)

All File Control System commands involving the alphabet letters should be
separated by spaces or commas.

‘Any control code other than(contrc@(ERASE line) will terminate the command

typed in.

Any ESC command terminates the FCS system. (Normally use ESC, ESC to
go to visible cursor mode.) : .

NOTE: The host computer can generate all of the FCS commands over the
RS 232 channel. But the command will not appear on the screen, nor will
the FCS > prompt, In fact this is how DISK BASIC 8001 uses the system.
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ATR

sottribute
byte

03

Not Free
but in use

$3

oL

d epotes
fr2e space

)

DIR (RETURN)

DIRECTORY

MD@ s

SAMPLENAME

6

(DEVICE TYPE
AND DRIVE NO,)

NAME

Program
Name

PRINT1

Name of
Program
any 6
alpha
nameric
char.

MDEFRMT

Same as
above

ABC 123

Same as
above

(10 LETTERS

FOR NAME)
TYPE RO
File Version
type
.BAS ;L
Type of Version
file BASIC No. of Prg.
- Program FCS auto-
. matically
increments
the VR
NO.
«PRG 192
Assembly 2nd
language Version.
program
file type
.DAT ;21
Data file

(Free space)

Version

(NO, DIRECTORY

" BLOCKS)

SBLK

Start
Block

P813

Starting
Block
where
program
starls on
diskette

2377

Same as
above

2P0

Same as
above

012E Hex

Total No.
of Bytes
used

SIZE

Size of
Program

2964

No. of
80H Byte
Blocks
this

. Program

uses

g9g6

6 (80H
Byte
Block)
long

4381

Size of
Data

0148 Hex

Total No,
of Bytes
left on

diskette

ILBC
Last Byte
Count

7D

Byte

Count
in the
last

Block
can be
1~80H

80

Highest
Byte
possible

30

30 Hex
Bytes
in last
block

LADR

Ioad
Address

AOB2

Icad
Address

AgEZ

ILOAD
PROGRAM
@ this
address

Ly

Not used
in Data
file

SADR

Start
Address

P99

Starting
or Running
Address
used for
PRG types

Agag

jumps to -
this address
after it's
loaded

3op,

Not used
in Data
file



DISK BASIC 8001

This is the same as the original BASIC 8001 Ver. 12.8'76 with the
following extensions to allow complete use of the Intecelcor File Control
Systems or (FCS). These extensions involve only the SKYE, LOAD and
PRINT commands. For a detailed description of the FCS see the Intecolar
FILE CONTROL SYSTEM Manual.

SAVE

The SAVE command is now in the [orm SAVE STRING vwhere stiing can
be a string variable such as A$ or as a quoted Llitcral string such as
"NAME'". There arce three FILE types that can be saved. They are BASIC
source (BAS), numeric ARRAYS (ARY) and memory DAUVA (DAT) . 1L no file

rC

type is specified then the default type is DAS.  The BAS file t hae can
be in the following form. Ilach (:,\m“p]o will save the some BASIC source.

SAVE "TEST'":REM SAVES BASTC SOURCE WITH NZWE TEST QX DTSR

SAVE "TEST.BAS"

SAVE "TEST.BAS;1"

SAVE "TEST.BAS:"+STRS (V) :RIN WIIRE V IS A VARTABLE LiITWEER T 2ND 99
SAVE AS: REM VIGIRE AS 18 A bithh VARTABLE

SAVE AS$FSTRS (V) :REM WHERE A$ AND V ARE VARTADLES

The string sequence after the SAVE command ebeys all of the PRINT
command forms of normal BASIC 3001, such as cenecatenation.

The ARY file type can be in the same form as BAS except thal ARY
must be in the string after the file name. Alse the file name must be
a dimensioned or previously used array by that same first twe letters of
the file name. 1If only onec letter variable rame is used then the file
name must be that letter only,

EXAMPLE: 10 DTM AT (100,10).7(3),17{11,12,13)
20 SAVE "ATEST.ARY"
30 SAVE "T,Any;1"
40 END

The above will save the numeric arvays AT ond T.

The DAT file type can be in the same form as ARY. It will leck at
location 9EG6H and SE67RH (-24986 low byte and -2498% high byte) as a
pointer to memory. It adds 1 to this pointer and takes the next two
bytes in memsvy as the number of bytes to be saved eon disk. The lccatiens
9E66H and $EGTH specify the end ef BASIC B001 memory space. so all memory
above that location can be used to save data via BASIC 8001 using the
memory POKE command.

This makes an ideal way to save text or skring informaticn. The
examples belew are subrovtines which will CREATE, OPEN or CLOSE a data

1ISC 16O — 1077
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rile of NR Records (Number of Record:) by RL (Record Longthj character.

DATA TTILE SYSTIEM FOR DISK BASIC 8001 vER., 12.8.76

65000 REM FILE CREATE, FILE STZE = # OF RECORDS * RECORD LENGTH, NR*RL
65002 GOSUDBGS008 : PONEFA+T , NIFFRL-INT (HRRL/250)%256

65003 POKEFA+2, INT (NR*RL/256)

65004 POKEFA+3 NR:POREFAFS RL:FORFT=5TONRYRY, : POKEFAFFT, O :NEXT

65005 RETURN:END CREATE

65008 T Aa2506%PEEK(~24985)+PEFK(-24986)~65530 :RETURN

65009 END OF GOSUB 65008

65010 REM FILE OPEN,FILENAME.DAT;VYPCI(“

65012  TOADPRINTAS :REML AS MUST=zFILE ITAME DAT;VE

65014 GOSUBGSOOS:NR:PERK(FA+3):RLI[]] Alﬁ).i JURN:END OIF OPEN

65020 REM FILE CLOSE,I'TLERNAME,DAT ;VERSTON
65022 SAVE AS:REM AS MUST =FILENANE,DAT;VER
65024  RETURN:END OF CLGGE

65028 REM AS=GETS (RIT,RP,RC); RN=REC.#,RP=POSTITON IN REC,
65029 REM RC=# O' CHARACTIERS

65030 AS=""":TORFI=1ITORC:ASzZASHCHRS (PEEK( ‘A LARITRLARPHFT) )
65031 NEXT:RETURN:END GETS

. 65038 REM PUT A$.RN EP:AS=STRING OF DATA KN =RECORD ##
65039 REM RP=POSITION OF RECORD
65040 FORFI=1TOLEN (A$) : PORNFAF4HRUSRIARIHFIL, ASC (MIDS (AS,F1))
65041 NEXT:RETURN:END PUT

1.OAD

The LOAD command is now of the form TOADPRTNT STRING wherve string is
either a string variable or a quoted literal string. Like SAVE there
are three types of LOAD conmands. They are BASTC svurce (BAS), numeric
ARRAYS (ARY),and mcwmory DATA (DAT).

If no file type is specificd then the default type is assumed to be
BAS. The BAS type can be of the fcellowing forin,  Bach example will cause
a BASIC Source program to be loaded.

LOADPRINT"TEST :REM TOADS A SASTC SOURCE IPROCRAM BY NAMING OF TEST
LOAD? "PEST":RIM TN DASTC £001 PRINT TS SAME AS?

LOAD? "TEST,DAS"

LOAD? "IEST.LAS;L"

LOAD? ”lLST.}AS,' +STRE (V) tREM VHERE V 18 AVATLADLE BFIWEEN 1 AND 99
LOAD? AS:IREM WHERE AS TS A STRTING VARTABLE

L.OAD? A$’i‘STR$(\’) LB \'H ERE AS AND VAR VARTABLES

1
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The string sequence after the LOADPRINT (or 1.0AD?) command obeys
all of the PRINT coumand forms of nomnal BASIC $001 such as concatenation.
The LOAD command can also be cexecuted {ffrom the BASIC 8001 source.

such as:
10 LOADPRINT "I'EST":RUN

This would load a BASIC 8001 source by name of TEST and then execute
that source program. NOTE: Any size program can load and RUN any other
size program but variables cannot be passed because the RUN command re-
utilizes the variables. T{ vou want to transfer variables {rom one
program to another you can usec:

10 LOADPRAINT "IEST":C0T0 5

This would Toad a BASTC 8001 source by viame of TEST and then goes to
statement 5 to start execution, without reinitializing the variables from
the first program.

NOTE: The sccond program must be the same size or smaller than the
first program if a GOTO statcment is used aftey the 1LOAD command., All
string variables defined in the I{irst scurce as a litcral will not neces-
sarily be corrcct now, but calculated string variables will be correct.
This process can be chain forever, so long as the {irst proéram in the
chain is the largest. ‘ '

" The ARY file type can be in the same form as the BAS file.tyje, except
that ARY must be in the string after the £ile name. Also, the file naine
must be a dimensioned or previously usced array by thc same name that is cither
the same size or larger than the new array. NOIFE: The dimensicned array
does not have to have the samc number of dimensions as the disk array so
long as total size is compatible,

Example: 10 DIMENSTON ~T (11005
20 LOADPRIKYT "ATEST,ARY':RIM ATEST-DIM (100,10)
30 END

will cause a (100,10) array to be loaded even though AT was originally
set as an 1100, since 1100% 100 x 10,

The DAT FILE type can be ain the same Tovm 2 ALY, BASTIC will causc
the file to be loadod into wmenovy beyioning at the location +1 specificd
at 9E66IH and YEG7H (-24906 Tow byire and =2498% high byte). After loadine,
the first two byt>: of hn data Dilo will tell bhow ilong the file is.  NOTE:
The word at 9EGOIT and 9t H speciiies che ond of BALTC 8001 work space, «o
that all memory above tledt ic Jree {or data storape to and from disk.
Also note that only one AT Lile way be rvead in at <oy one time without
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changing the pointer at 9E66H and 9F67/H.

PRINT

By using the PRINT STRING commnand preccded by PLOT 27 and PLOT 4 or
PLOT 68 (ESC,D for FCS DISK) BASIC 8001 is able to cxercisc all of the
I'CS disk commands. Therefore every command available to the File Control
System is also available to BASIC 8001, by letting the string become the
¥CS command. '

Example: To list the disk directory

10 rLoT 27

20 PLOT 4
30 PRINT "DIR"
40 END ’
S or:
= 10 PLOT 27:PRINT"DDIR"
or:

10 PLOT 27:PIOT 68:PRINT AS:RFI WHERE AS 18 A
20 REM STRING VARTIABLE EQUAL TO DIR.

NOTE: All of the above commands cause the same results,

For example, suppose the Directory of the disk is as follows:

TEST .DAT ;01
TEST .DAT;02

Then the BASIC 8001 program belew will delete version 1 of TEST.DAT
file, rename version 2 to version 1 update the data file and save it out
again as version 2 so it can be used again,

10 LOADPRINT ""I'EST . DAT ;2"

20 PLOT27 :PLOT 4 :REM SELECT TCS HODRE

30 PRINT "DELETE TEST  DAT ;1"

50 PRINT "RENAME TEST . DAT ;2 TO TEST.DAT;1"

60 PLOT 27:PLOT 27:RIM1 SELECT VISIBLE CURSOR MODE

70 REM UPDATE DATA F1LE

80 «REM UPDATE DATA I'TLE

90 SAVE "TEST.DAL"
NOTE: All string functions that are available to LASIC 8001 can be used
when generating the PRINT statcment for ICS.

To escape from the File Control System and retum to one of the other
CRT modes then an Iscape sequence must be piven such as FSC,ESC for visible
CRT cursor mode,
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\OTE: The FCS responds only to ASCIT characters and the following control

~odes:

11
13
26
27

ERASE LTNE
CARRTIAGE RETURN
CURSOR LEFT
ESCAPE

A11 other control codes will cause an I'CS crror, if they apnear in a

string.
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REM-GOTO6 : e
PLOT14:PLOT27:PLOT82:PLOT52:PLOT15 Pl
PLOT27:PLOT72:POKE-24688, 256

FORK=1TO01500: NEXTK #£ISE

> R
74

WOoONOOITHA WN -

QO =
oo

81

1
2
3
4 PRINT"XFER/A $TTI J":PLOT13
5
6 REM-A=*:B=* (START&STOP DECIMAL ADDR. OF RAM DUMP)

=A-65536:K=B-65536

FORN=JTOK

X=PEEK(N)

IFX>127THENX=0 4/ (o)

IFX<32THENX=0 44 7 .)

C$=CHRS$(X):PRINTCS;

NEXTN

REM

REM-THIS PROGRAM WILL PRINT THE CONTENTS OF ANY

REM-SECTION OF 8080 RAM SELECTED BY A & B.
REM-ENTER S#1 TO RUN ON CRT, ELSE IT GOES TO
REM-THE NOVA AS FILE "g"“.
REM
END
¢t SN Lo ST RS
- [v'" P

IS S STt . reotiiielg
REM-GOTO®6
PLOT14:PLOT27:PLOT82:PLOT52:PLOT15
PLOT27:PLOT72:P0KE-24688,Z5
PRINT"XFER/A $TTI J":PLOT13
FORK=1TO01500: NEXTKELIST
REM-A & B HERE
J=A-65536:K=B-65536:L=1
FORN=JTOK:X=PEEK(N):PRINTX;
L=L+1:IFL=17THENPRINT:L=1

NEXTN:PRINT

REM

REM--THIS PROGRAM WILL PRINT THE DECIMAL
REM--EQUIVALENT OF ANY SECTION OF 8080 RAM
REM--SELECTED BY A & B.

REM--CLEAR S#1 TO RUN TO FILE "J" ON THE NOVA.
REM

END




LABEL

v12.8.76 BASIC

IMPORTANT MEMORY COMPARISON TABLE

V2.1.

X20D
X221
X225
X233
V23S

X237

- -
\u.-.JJ

Y23B
X23D
ALl

X244

ISC 205-678

SE66-9ES7
SE7A-SE73B
9ETE-9E7F
9EBC-9E8BD
9ESE-9E8I

9EJ90-9E9L «

9E92-9LE93
9E94~9LE95
9E96-9E97
9E98-9LE9B
9E9D-9EB1

AOCO-AQ0Z

9EOO0-YEGGC
9t L3-0TC5
SI'DF-9FE3
103H
10FH
1204
SEB7H
9LAAH

78 LEDB

ACG9-106A
AO7D-ARO7E
A081-A082
ACBF-A090
AQ91-A092
A093-A0%4
A095-ACO6
2C97-A098
AOS9-A09A
AO9B-A09%E
AOAO-AQOAC
Aun-L0AT
EO0C-9EGO
FE3-9FLES
9FDE-9FL2
103H
10FH

-
lc—t‘IJ

9EAHH

DESCRIPTICN IFIELD

End of" R - l;:t location BASIC uses

Top of String File Space (moves as string is allocated)
Current line numbers, is -1 if immediate modes

Top of Memory- SO Bytes where stack 1is set originally
Pointer to start of text

Pointer to sbart of simple variables

Pointer o start cf arrays

End of zravs

Pointer to next data item

" Floating point accumulator ¢ : '

Floating p01nt print cut, (13 Bytesf
Call Poutine LLOﬁ :A::p See ISC 1465

Input Flaq

Keyboard Flag

Console Input Routine
Console Out Routine

Cutput String Roukine

User Console Output Device
I/0 Status Control Byte
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5.

HOW TO SAVE A DISPLAY

—

Enter BASIC 8001 and type the following program:

PPLOT27 :PLOT4 : PRINT"SAVEZ : SCREEN.DIS 8g@¢Z-9DFF" : END (Return)
NOTE: Screen can be any file name and .DIS is optional
as is @ for drive number.
Now type PLOT2:PLOT 255 (Return). This will put the display in
the correct location so that the display memory location is at
the top left corner of screen.

Put the display on the screen to be saved. You can use the cursor
control keys to correct all errors in the display.

Now position the cursor so as to have about 4 lines by 5 characters
each on the left area of the screen clear. Select Foreground and
Background colors the same as the display color in this area. Type
ESC E and then type RUN: and then Background, Black, Foreground,
Red and then (Return).

NOTE: You will not be able to see the characters you type in.
After the display has been SAVED then READY will appear.

Now that the display is saved on diskette you may erase the page. To
recall the display to the screen, type ESC D and after the prompt
message FCS > appears, you type: LOAD@:SCREEN.DIS and the whole
display will be loaded onto the screen.

NOTE: If the screen is to be generated from BASIC 8001 program,
then the process could be simplified by just including the BASIC
8001 statements at the end of that program, as in Step 1 above.
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