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If there are zero characters between the delimiters, the
string is a null string.

2.4 EXPRESSION EVALUATION

2.4.1 Arithmetic And Logical Operators

The following operators are allowed in expressions. The
operators are listed in order of precedence.

NUL

LOW, HIGH

*, /, MOD, SHR, SHL

Unary Minus

+, -

EQ, NE, LT, LE, GT, GE

NOT

AND

OR, XOR
Parentheses are used to change the order of precedence.
During evaluation of an expression, as soon as a new
operator is encountered that has precedence 1less than or
equal to the last operator encountered, all operations up to
the new operator are performed. That 1is, subexpressions

involving operators of higher precedence are computed first.

All operators except +, -, *, / must be separated from their
operands by at least one space.

The byte isolation operators (HIGH, LOW) isolate the high or
low order 8 bits of an Absolute 1l6-bit value. If a
relocatable value is supplied as an operand, HIGH and LOW
will treat it as if it were relative to location zero.

2.4.2 Modes

All symbols used as operands in expressions are 1in one of
the following modes: Absolute, Data Relative, Program
(Code) Relative or COMMON. (See Section 2.6 for the ASEG,
CSEG, DSEG and COMMON pseudo-ops.) Symbols assembled under
the ASEG, CSEG (default), or DSEG pseudo-ops are in
Absolute, Code Relative or Data Relative mode respectively.
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The number of COMMON modes in a program is determined by the
number of COMMON blocks that have been named with the COMMON
pseudo~-op. Two COMMON symbols are not in the same mode
unless they are in the same COMMON block. 1In any operation
other than addition or subtraction, the mode of both
operands must be Absolute.

If the operation is addition, the following rules apply:
1. At least one of the operands must be Absolute.
2. Absolute + <mode> = <mode>

If the operation is subtraction, the following rules apply:
1. <mode> -~ Absolute = <mode>

2. <mode> - <mode> = Absolute
where the two <mode>s are the same.

Each intermediate step in the evaluation of an expression
must conform to the above rules for modes, or an error will
be generated. For example, if FOO, BAZ and ZAZ are three
Program Relative symbols, the expression

FOO + BAZ - ZA%Z

will generate an R error because the first step (FOO + BAZ)
adds two relocatable values. (One of the wvalues must be
Absolute.) This problem can always be fixed by inserting
parentheses. So that

FOO + (BAZ - ZAZ)

is legal because the first step (BAZ - 2ZAZ) denerates an
Absolute value that is then added to the Program Relative
value, FOO.

2.4.3 Externals

Aside from its classification by mode, a symbol 1is either
External or not External. (See EXT/EXTRN, Section 2.6.12.)
An External value must be assembled into a two-byte field.
(Single-byte Externals are not supported.) The following
rules apply to the use of Externals in expressions:

1. Externals are legal only in addition and
subtraction.

2. If an External symbol is used in an expression, the
result of the expression is always External.

3. When the operation is addition, either operand (but
not both) may be External.
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4, When the operation is subtraction, only the first
operand may be External.

2.5 OPCODES AS OPERANDS

8080 opcodes are valid one-byte operands. Note that only
the first byte is a valid operand. For example:

MVI A, (JMP)
ADI (CPI)

MVI B, (RN2Z)
CPI (INX H)
ACI (LXI B)

MVI C,MOV A,B

Errors will be generated if more than one byte 1is included
in the operand -- such as (CPI 5), LXI B,LABELl) or (JMP

LABEL2) .

Opcodes used as one-byte operands need not be enclosed in
parentheses.

NOTE

Opcodes are not valid operands
in Z80 mode.
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2.6 PSEUDO OPERATIONS

2.6.1 ASEG

ASEG
ASEG sets the location counter to an absolute segment of
memory. The location of the absolute counter will be that
of the last ASEG (default is 0), unless an ORG is done after
the ASEG to change the location. The effect of ASEG is also

achieved by using the code segment (CSEG) pseudo operation
and the /P switch in LINK-80. See also Section 2.6.28

2.6.2 COMMON
COMMON /<block name>/

COMMON sets the location counter to the selected common

block in memory. The location is always the beginning of
the area so that compatibility with the FORTRAN COMMON
statement 1is maintained. If <block name> is omitted or

consists of spaces, it is considered to be blank common.
See also Section 2.6.28.

2.6.3 CSEG
CSEG

CSEG sets the location counter to the code relative segment
of memory. The location will be that of the last CSEG
(default is 0), unless an ORG is done after the CSEG to
change the 1location. CSEG is the default condition of the
assembler (the INTEL assembler defaults to ASEG). See also
Section 2.6.28.

2.6.4 DB - Define Bvte

——

DB <exp>[,<exp>...]
DB <string>[<string>...]
The arguments to DB are either expressions or strings. DB

stores the values of the expressions or the characters of
the strings in successive memory locations beginning with
the current location counter.
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Expressions must evaluate to one byte. (I£f the high byte of
the result is 0 or 255, no error is given; otherwise, an A
error results.)

Strings of three or more characters may not be wused 1in
expressions (i.e., they must be immediately followed by a
comma or the end of the line). The characters in a string
are stored in the order of appearance, each as a one-byte
value with the high order bit set to zero.

Example:
0000" 41 42 DB 'AB'
0002! 42 DB 'AB' AND OFFH
0003" 41 42 43 DB 'ABC'

2.6.5 DC - Define Character

DC <string>

DC stores the characters in <string> 1in successive memory
locations beginning with the current location counter. As
with DB, characters are stored in order of appearance, each
as a one-byte value with the high order bit set to zero.
However, DC stores the last character of the string with the
high order bit set to one. An error will result if the
argument to DC is a null string.

2.6.6 DS - Define Space

DS <exp>

DS reserves an area of memory. The value of <exp> gives the
number of bytes to be allocated. All names used in <exp>
must be previously defined (i.e., all names known at that
point on pass 1l). Otherwise, a V error is generated during
pass 1 and a U error may be generated during pass 2. If a U
error 1is not generated during pass 2, a phase error will
probably be generated because the DS generated no code on
pass 1.

2.6.7 DSEG
DSEG
DSEG sets the location counter to the Data Relative segment

of memory. The location of the data relative counter will
be that of the last DSEG (default is 0), unless an ORG 1is
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done after the DSEG to <change the location. See also
Section 2.6.28.

2.6.8 DW - Define Word

DW <exp>[,<exp>...]

DW stores the values of the expressions in successive memory
locations beginning with the «current location counter.
Expressions are evaluated as 2-byte (word) values.

2.6.9 END
END [<exp>]

The END statement specifies the end of the program. If
<exp> 1is present, it is the start address of the program.
If <exp> 1is not present, then no start address is passed to
LINK-80 for that program.

NOTE

If an assembly language
program is the main program, a
start address (label) must be
specified. If not, LINK-80
will issue a "no start
address" error. If the
program is a subroutine to a
FORTRAN program (for example),
the start address is not
required because FORTRAN has
supplied one.

2.6.10 ENTRY/PUBLIC

ENTRY <name>[,<name>...]
or
PUBLIC <name>[,<name>...]

ENTRY or PUBLIC declares each name in the list as internal
and therefore available for use by this program and other
programs to be loaded concurrently. All of the names in the
list must be defined in the current program or a U error
results. An M error is generated if the name is an external
name or common-blockname.
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2.6.11 EQU
<name> EQU <exp>

EQU assigns the value of <exp> to <name>. If <exp> 1is
external, an error 1is generated. If <name> already has a
value other than <exp>, an M error is generated.

2.6.12 EXT/EXTRN

EXT <name>[,<name>...]
or
EXTRN <name>[,<name>...]

EXT or EXTRN declares that the name(s) in the 1list are
external (i.e., defined in a different program). If any
item in the list references a name that is defined in the
current program, an M error results. A reference to a name
where the name is followed immediately by two pound signs
(e.g., NAME##) also declares the name as external.

2.6.13 INCLUDE
INCLUDE <filename>

The INCLUDE pseudo-op applies only to CP/M versions of
MACRO-80. The pseudo-ops INCLUDE, $INCLUDE and MACLIB are
synonymous.

The INCLUDE pseudo-op assembles source statements from an
alternate source file into the current source file. Use of
INCLUDE eliminates the need to repeat an often-used sequence
of statements in the current source file.

<filename> is any valid specification, as determined by the
operating system. Defaults for filename extensions and
device names are the same as those in a MACRO-80 command
line.

The INCLUDE file is opened and assembled into the current
source file immediately following the INCLUDE statement.
When end-of-file 1is reached, assembly resumes with the
statement following INCLUDE.

On a MACRO-80 listing, a plus sign is printed between the
assembled code and the source line on each line assembled
from an INCLUDE file. (See Section 2.12.)

Nested INCLUDEs are not allowed. If encountered, they will
result in an objectionable syntax error 'O'.
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The file specified in the operand field must exist. TIf the
file is not found, the error 'V' (value error) is given, and
the INCLUDE is ignored.

2.6.14 NAME
NAME ('modname’')

NAME defines a name for the module. Only the first six
characters are significant in a module name. A module name
may also be defined with the TITLE pseudo-op. In the
absence of both the NAME and TITLE pseudo-ops, the module
name is created from the source file name.

2.6.15 ORG - Define Origin

ORG <exp>

The location counter is set to the value of <exp> and the
assembler assigns generated code starting with that value.
All names used in <exp> must be known on pass 1, and the
value must either be absolute or in the same area as the
location counter.

2.6.16 PAGE
PAGE [<exp>]

PAGE causes the assembler to start a new output page. The
value of <exp>, 1if included, becomes the new page size
(measured in lines per page) and must be in the range 10 to
255. The default page size 1is 50 lines per page. The
assembler puts a form feed character in the listing file at
the end of a page.

2.6.17 SET
<name> SET <exp>

SET is the same as EQU, except no error 1is generated if
<name> is already defined.
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2.6.18 SUBTTL
SUBTTL <text>

SUBTTL specifies a subtitle to be listed on the 1line after
the title (see TITLE, Section 2.6.19) on each page heading.
<text> is truncated after 60 characters. Any number of
SUBTTLs may be given in a program.

2.6.19 TITLE
TITLE <text>

TITLE specifies a title to be listed on the first 1line of
each page. If more than one TITLE is given, a Q error
results. The first six characters of the title are used as
the module name unless a NAME pseudo operation is used. 1If
neither a NAME or TITLE pseudo-op is used, the module name
is created from the source filename.

2.6.20 . COMMENT
.COMMENT <delim><text><delim>

The first non-blank character encountered after .COMMENT 1is
the delimiter. The following <text> comprises a comment
block which continues until the next occurrence of
<delimiter> is encountered. For example, using an asterisk
as the delimiter, the format of the comment block would be:

.COMMENT *
any amount of text entered
here as the comment block

L]

*
;return to normal mode
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2.6.21 . PRINTX
.PRINTX <delim><text><delim>

The first non-blank character encountered after .PRINTX 1is
the delimiter. The following text is listed on the terminal
during assembly until another occurrence of the delimiter is
encountered. .PRINTX is wuseful for displaying progress
through a long assembly or for displaying the value of
conditional assembly switches. For example:

IF CPM
.PRINTX /CPM version/
ENDIF

NOTE

.PRINTX will output on both
passes. If only one printout
is desired, use the IFl or IF2
pseudo-op. For example:

IF2

IF CPM

.PRINTX /CPM version/
ENDIF

ENDIF

will only print if CPM is true
and M80 is in pass 2.

2.6.22 ORADIX
«.RADIX <exp>

The default base (or radix) for all constants is decimal.
The .RADIX statement allows the default radix to be changed
to any base in the range 2 to 16. For example:

MOVI BX,0FFH
.RADIX 16
MOVI BX,0FF

The two MOVIs in the example are identical. The <exp> in a
.RADIX statement 1is always in decimal radix, regardless of
the current radix.
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2.6.23 .z80

.280 enables the assembler to accept Z80 opcodes. This 1is
the default condition when the assembler is running on a 280
operating system. 280 mode may also be set by appending the
Z switch to the MACRO-80 command string -- see Section
2.2.2.

2.6.24 .8080

.8080 enables the assembler to accept 8080 opcodes. This is
the default condition when the assembler is running on an
8080 operating system. 8080 mode may also be set by
appending the I switch to the MACRO-80 command string -- see
Section 2.2.2.

2.6.25 . REQUEST
«REQUEST <filename>[,<filename>...]

.REQUEST sends a request to the LINK-80 loader to search the
filenames in the list for undefined globals. The filenames
in the list should be in the form of 1legal symbols. They
should not include filename extensions or disk
specifications. LINK-80 supplies a default extension and
assumes the default disk drive.
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2.6.26 Conditional Pseudo Operations

The conditional pseudo operations are:

IF/IFT <exp> True if <exp> is not 0.
IFE/IFF <exp> True if <exp> is 0.

IFl True if pass 1.

IF2 True if pass 2.

IFDEF <symbol> True if <symbol> is defined or

has been declared External.

IFNDEF <symbol> True if <symbol> is undefined
or not declared External.

IFB <arg> True if <arg> is blank. The
angle brackets around <arg>
are required.

IFNB <arg> True if <arg> is not blank.
Used for testing when dummy
parameters are supplied. The
angle brackets around <arg>
are required.

IFIDN <argl>,<arg2> True if the string <argl> is
IDeNtical to the string
<arg2>.

The angle brackets around
<argl> and <arg2> are
required.

IFDIF <argl>,<arg2> True if the string <argl> is
DIFferent from the string
<arg2>.

The angle brackets around
<argl> and <arg2> are
required.

All conditionals use the following format:

IFxx [argument]
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Conditionals may be nested to any level. Any argument to a
conditional must be known on pass 1 to avoid V errors and
incorrect evaluation. for IF, IFT, 1IFF, and 1IFE the
expression must involve values which were previously defined
and the expression must be absolute. If the name is defined
after an IFDEF or IFNDEF, pass 1 considers the name to be
undefined, but it will be defined on pass 2.

2.6.26.1 ELSE - Each conditional pseudo operation may
optionally be wused with the ELSE pseudo operation which
allows alternate code to be generated when the opposite
condition exists. Only one ELSE is permitted for a given
IF, and an ELSE is always bound to the most recent, open IF.
A conditional with more than one ELSE or an ELSE without a
conditional will cause a C error.

2.6.26.2 ENDIF - Each IF must have a matching ENDIF to
terminate the conditional. Otherwise, an 'Unterminated
conditional' message is generated at the end of each pass.
An ENDIF without a matching IF causes a C error.

2.6.27 Listing Control Pseudo Operations

Output to the 1listing file can be controlled by two
pseudo-ops:

+LIST and «XLIST

If a listing is not being made, these pseudo-ops have no
effect. .LIST is the default condition. When a .XLIST is
encountered, source and object code will not be listed until
a .LIST is encountered.

The output of false conditional blocks 1is controlled by
three pseudo-ops: .SFCOND, .LFCOND, and .TFCOND.

These pseudo-ops give the programmer control over four
cases.

1. Normally list false conditionals
For this case, the programmer simply allows the
default mode to control the listing. The default
mode is list false conditionals. If the programmer
decides to suppress false conditionals, the /X
switch can be issued in the command line instead of
editing the source file.
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2.

Normally suppress false conditionals

For this case, the programmer issues the .TFCOND
pseudo-op in the program file. .TFCOND reverses
(toggles) the default, causing false conditionals
to be suppressed. If the programmer decides to
list false conditionals, the /X switch can be
issued 1in the command line instead of editing the
source file.

Always suppress/list false conditionals

For these cases, the programmer issues either the
. SFCOND pseudo-op to always suppress false
conditionals, or the .LFCOND pseudo-op to always
list all false conditionals.

Suppress/list some false conditionals

For this case, the programmer has decided for most
false conditionals whether to list or suppress, but
for some false conditionals the programmer has not
yet decided. For the false conditionals decided
about, use .SFCOND or .LFCOND. For those not yet
decided, use .TFCOND. .TFCOND sets the current and
default settings to the opposite of the default.
Initially, the default is set by giving /X or no /X
in the command line. Two subcases exist:

1. The programmer wants some false conditionals
not to list unless /X is given. The programmer
uses the .SFCOND and .LFCOND pseudo-ops to
control which areas always suppress or list
false conditionals. To selectively suppress
some false conditionals, the programmer issues
.TFCOND at the beginning of the conditional
block and again at the end of the conditional
block. (NOTE: The second .TFCOND should be
issued so that the default setting will be the
same as the initial setting. Leaving the
default equal to the initial setting makes it
easier to keep track of the default mode if
there are many such areas.) If the conditional
block evaluates as false, the 1lines will be
suppressed. In this subcase, issuing the /X
switch in the command line causes the
conditional block affected by .TFCOND to list
even if it evaluates as false.
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The three
below.

PSEUDO-OP

. SFCOND

. LFCOND

. TFCOND

2.

The programmer wants some false conditionals to
list wunless /X 1is given. Two consecutive
.TFCONDs places the conditional listing setting
in initial state which is determined by the
presence or absence of the /X switch in the
command line (the first .TFCOND sets the
default to not initial; the second to
initial). The selected conditional block then
responds to the /X switch: if a /X switch is
issued in the command line, the conditional
block is suppressed if false; if no /X switch
is 1issued in the command line, the conditional
block is listed even if false.

The programmer then must reissue the .SFCOND or
. LFCOND conditional listing pseudo-op to
restore the suppress or 1list mode. Simply
issuing another .TFCOND will not restore the
prior mode, but will toggle the default
setting. Since in this subcase, the next area
of code is supposed to list or suppress false
conditionals always, the programmer must issue
«SFCOND or .LFCOND.

conditional 1listing pseudo-ops are summarized

DEFINITION

Suppresses the listing of conditional blocks
that evaluate as false.

Restores the listing of conditional blocks that
evaluate as false.

Toggles the current setting which controls the
listing false conditionals. .TFCOND sets the
current and default setting to not default. 1If
a /X switch 1is given in the MACRO-80 run
command line for a file which contains .TFCOND,
/X reverses the effect of .TFCOND.
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The following chart illustrates the effects of the three
pseudo-ops when encountered under /X and under no /X.

PSEUDO-OP NO /X /X

(none) ON OFF
.SF%OND O%F O%F
.LFéOND Oé Oé
.TFéOND OéF Oé
.TFéOND Oé OéF
.SF%OND O%F O%F
.TFéOND OéF Oé
. TFCOND ON O?F
.TFéOND OéF Oé

The output of cross reference information is controlled by
.CREF and .XCREF. If the «cross reference facility (see
Chapter 3) has not been invoked, .CREF and .XCREF have no
effect. The default condition is .CREF. When a .XCREF is
encountered, no cross reference information is output until
.CREF is encountered.

The output of MACRO/REPT/IRP/IRPC expansions is controlled
by three pseudo-ops: .LALL, .SALL, and .XALL. .LALLlists
the complete macro text for all expansions. .SALL
suppresses lsiting of all text and object code produced by
macros. .XALL is the default condition; a source line |is
listed only if it generates object code.
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2.6.28 Relocation Pseudo Operations

The ability to create relocatable modules 1is one of the
major features of Microsoft assemblers. Relocatable modules
offer the advantages of easier coding and faster testing,
debugging and modifying. In addition, it is possible to
specify segments of assembled code that will later be loaded
into RAM (the Data Relative segment) and ROM/PROM (the Code
Relative segment). The pseudo operations that select
relocatable areas are CSEG and DSEG. The ASEG pseudo-op is
used to generate non~relocatable (absolute) code. The
COMMON pseudo-op creates a common data area for every COMMON
block that is named in the program.

The default mode for the assembler is Code Relative. That
is, assembly begins with a CSEG automatically executed and
the location counter in the Code Relative mode, pointing to
location 0 1in the Code Relative segment of memory. All
subsequent instructions will be assembled into the Code
Relative segment of memory until an ASEG or DSEG or COMMON
pseudo-op 1is executed. For example, the first DSEG
encountered sets the location counter to location zero in
the Data Relative segment of memory. The following code 1is
assembled in the Data Relative mode, that is, it is assigned
to the Data Relative segment of memory. If a subsequent
CSEG is encountered, the location counter will return to the
next free location in the Code Relative segment and so on.

The ASEG, DSEG, CSEG pseudo-ops never have operands. If you
wish to alter the current value of the location counter, use
the ORG pseudo-op.

2.6.28.1 ORG Pseudo-op - At any time, the value
of the location counter may be changed by use of the the ORG
pseudo-op. The form of the ORG statement is:

ORG <exp>

where the value of <exp> will be the new value of the
location counter in the current mode. All names used in
<exp> must be known on pass 1 and the value of <exp> must be
either Absolute or in the current mode of the location
counter. For example, the statements

DSEG
ORG 50

set the Data Relative location counter to 50, relative to
the start of the Data Relative segment of memory.
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2.6.28.,2 LINK-80 - The LINK-80 1linking loader (see
Chapter 4 of this manual) combines the segments and creates
each relocatable module 1in memory when the program is
loaded. The origins of the relocatable segments are not
fixed until the program is loaded and the origins are
assigned by LINK-80. The command to LINK-80 may contain
user-specified origins through the use of the /P (for Code
Relative) and /D (for Data and COMMON segments) switches.

For example, a program that begins with the statements

ASEG
ORG 800H

and is assembled entirely in Absolute mode will always load
beginning at 800 unless the ORG statement is changed in the
source file. However, the same program, assembled in Code
Relative mode with no ORG statement, may be loaded at any
specified address by appending the /P:<address> switch to
the LINK-80 command string.

2.6.29 Relocation Before Loading

Two pseudo-ops, .PHASE and .DEPHASE, allow code to be
located in one area, but executed only at a different,
specified area.

For example:

0000° .PHASE 100H
0100 E8 0003 FOO: CALL BAZ
0103 E9 FFO1 JMP Z00
0106 c3 BAZ: RET

.DEPHASE
0007 E9 FFFB Z00: JMP 5

All labels within a .PHASE block are defined as the absolute
value from the origin of the phase area. The code, however,
is loaded in the current area (i.e., from O0' in this
example). The code within the block can later be moved to
100H and executed.

2.7 MACROS AND BLOCK PSEUDO OPERATIONS

The macro facilities provided by MACRO-80 include three
repeat pseudo operations: repeat (REPT), indefinite repeat
(IRP), and indefinite repeat character (IRPC). A macro
definition operation (MACRO) 1is also provided. Each of
these four macro operations is terminated by the ENDM pseudo
operation.



MACRO-80 ASSEMBLER PAGE 2-26

2.7.1 Terms

purposes of discussion of macros and block

operations, the following terms will be used:

For the
ll
2.
3.
4.

2.7.2

<dummy> is used to represent a dummy parameter.
All dummy parameters are legal symbols that appear
in the body of a macro expansion.

<dummylist> is a 1list of <dummy>s separated by
commas.

<arglist> is a 1list of arguments separated by
commas. <arglist> must be delimited by angle
brackets. Two angle brackets with no intervening
characters (<>) or two commas with no intervening
characters enter a null argument in the 1list.
Otherwise an argument is a character or series of
characters terminated by a comma or >. With angle
brackets that are nested inside an <arglist>, one
level of brackets 1is removed each time the
bracketed argument is wused in an <arglist>. See
example, Section 2.7.5.) A quoted string is an
acceptable argument and is passed as such. Unless
enclosed in brackets or a quoted string, leading
and trailing spaces are deleted from arguments.

<paramlist> is used to represent a list of actual
parameters separated by commas. No delimiters are
required (the list is terminated by the end of line
or a comment), but the rules for entering null
parameters and nesting brackets are the same as
described for <arglist>. (See example, Section
2.7.5)

REPT-ENDM

REPT <exp>

ENDM

The block of statements between REPT and ENDM 1is repeated

<exp>
number.

times. <exp> 1is evaluated as a 16-bit unsigned

If <exp> contains any external or undefined terms,

an error is generated. Example:

SET O

REPT 10 ;generates DB 1 - DB 10
SET X+l

DB X

ENDM
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2.7.3 IRP-ENDM

IRP <dummy>,<arglist>

ENDM

The <arglist> must be enclosed in angle brackets. The
number of arguments in the <arglist> determines the number
of times the block of statements 1is repeated. Each
repetition substitutes the next item in the <arglist> for
every occurrence of <dummy> in the block. If the <arglist>
is null (i.e., <>), the block is processed once with each
occurrence of <dummy> removed. For example:

IRP X,<1,2,3,4,5,6,7,8,9,10>
DB X
ENDM

generates the same bytes as the REPT example.

2.7.4 IRPC-ENDM

IRPC <dummy>,string (or <string>)

ENDM

IRPC is similar to IRP but the arglist 1is replaced by a
string of text and the angle brackets around the string are
optional. The statements in the block are repeated once for
each character in the string. Each repetition substitutes
the next character in the string for every occurrence of
<dummy> in the block. For example:

IRPC X,0123456789
DB X+1
ENDM

generates the same code as the two previous examples.
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2.7.5 MACRO

Often it is convenient to be able to generate a given
sequence of statements from various places in a program,
even though different parameters may be required each time
the sequence 1is wused. This capability is provided by the
MACRO statement.

The form is

<name> MACRO <dummylist>

ENDM

where <name> conforms to the rules for forming symbols.
<name> is the name that will be used to invoke the macro.
The <dummy>s in <dummylist> are the parameters that will be
changed (replaced) each time the MACRO is invoked. The
statements before the ENDM comprise the body of the macro.
During assembly, the macro is expanded every time it is
invoked but, unlike REPT/IRP/IRPC, the macro is not expanded
when it is encountered.

The form of a macro call is
<name> <paramlist>

where <name> is the name supplied in the MACRO definition,
and the parameters in <paramlist> will replace the <dummy>s
in the MACRO <dummylist> on a one-to-one basis. The number
of items in <dummylist> and <paramlist> is limited only by
the length of a line. The number of parameters used when
the macro 1is <called need not be the same as the number of
<dummy>s in <dummylist>. If there are more parameters than
<dummmy>s, the extras are ignored. If there are fewer, the
extra <dummy>s will be made null. The assembled code will
contain the macro expansion code after each macro call.

NOTE

A dummy parameter in a
MACRO/REPT/IRP/IRPC 1is always
recognized exclusively as a
dummmy parameter. Register
names such as A and B will be
changed in the expansion if
they were used as dummy
parameters.
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Here is an example of a MACRO definition that defines a
macro called FOO:

FOO MACRO X

Y SET 0
REPT X

Y SET Y
DB Y

ENDM

ENDM

This macro generates the same code as the previous three
examples when the call

FOO 10
is executed.
Another example, which generates the same code, illustrates

the removal of one 1level of brackets when an argument is
used as an arglist:

FOO MACRO X
IRP Y,<X>
DB Y
ENDM
ENDM

When the call
FOO <1,2,3,4,5,6,7,8,9,10>
is made, the macro expansion looks like this:

IRP ¥,<,2,3,4,5,6,7,8,9,10>
DB Y
ENDM

2.7.6 ENDM

Every REPT, IRP, IRPC and MACRO pseudo-op must be terminated
with the ENDM pseudo-op. Otherwise, the 'Unterminated
REPT/IRP/IRPC/MACRO' message is generated at the end of each
pass. An unmatched ENDM causes an O error.

2.7.7 EXITM

The EXITM pseudo-op is used to terminate a REPT/IRP/IRPC oOr
MACRO call. When an EXITM is executed, the expansion is
exited immediately and any remaining expansion or repetition
is not generated. If the block containing the EXITM is
nested within another block, the outer level continues to be
expanded.
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2.7.8 LOCAL
LOCAL <dummylist>

The LOCAL pseudo-op is allowed only inside a MACRO
definition. When LOCAL is executed, the assembler creates a
unique symbol for each <dummy > in <dummylist> and
substitutes that symbol for each occurrence of the <dummy>
in the expansion. These unique symbols are usually used to
define a label within a macro, thus eliminating
multiply~-defined labels on successive expansions of the
macro. The symbols created by the assembler range from
..0001 to ..FFFF. Users will therefore want to avoid the
form ..nnnn for their own symbols. If LOCAL statements are
used, they must be the first statements in the macro
definition.

2.7.9 Special Macro Operators And Forms

& The ampersand is used 1in a macro expansion to
concatenate text or symbols. A dummy parameter that
is in a quoted string will not be substituted in the
expansion unless it 1is immediately preceded by &.
To form a symbol from text and a dummy, put &
between them. For example:

ERRGEN MACRO X
ERROR&X : PUSH BX

MOVI BX, '&X'
JMP ERROR
ENDM

In this example, the call ERRGEN A will generate:

ERRORA: PUSH B
MOVI BX,'A'
JMP ERROR

In a block operation, a comment preceded by two
semicolons 1is not saved as part of the expansion
(i.e., it will not appear on the listing even under

~e
~e

.LALL) . A comment preceded by one semicolon,
however, will be preserved and appear 1in the
expansion.

When an exclamation point is used in an argument,
the next character 1is entered literally (i.e., !;
and <;> are equivalent).
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NUL

NUL is an operator that returns true if its argument
(a2 parameter) 1is null. The remainder of a line
after NUL is considered to be the argument to NUL.
The conditional

IF NUL argument

is false 1if, during the expansion, the first
character of the argument is anything other than a
semicolon or carriage return. It 1is recommended
that testing for null parameters be done using the
IFB and IFNB conditionals.

The percent sign is used only in a macro argument.
% converts the expression that follows it (usually a
symbol) to a number in the current radix. During
macro expansion, the number derived from converting
the expression is substituted for the dummy. Using
the % special operator allows a macro call by value.
(Usually, a macro call is a call by reference with
the text of the macro argument substituting exactly
for the dummy.)

The expression following the % must conform to the
same rules as the DS (Define Space) pseudo-op. A
valid expression returning a non-relocatable
constant is required.

EXAMPLE: Normally, LB, the argument to MAKLAB,
would be substituted for Y, the argument to MACRO,
as a string. The % causes LB to be converted to a
non-relocatable constant which is then substituted
for Y. Without the % special operator, the result
of assembly would be 'Error LB' rather than 'Error
1!, etc.

MAKLAB MACRO Y
ERR&Y: DB 'Error &Y',O0
ENDM
MAKERR MACRO X
LB SET 0
REPT X
LB SET IB+1
MAKLAB $LB
ENDM
ENDM

When called by MAKERR 3, the assembler will
generate:

ERR1: DB 'Error 1',0
ERR2: DB 'Error 2',0
ERR3: DB 'Error 3',0
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TYPE

The TYPE operator returns a byte that describes two
characteristics of its argument: 1) the mode, and
2) whether it is External or not. The argument to
TYPE may be any expression (string, numeric,
logical). If the expression 1is invalid, TYPE
returns zero.

The byte that is returned is configured as follows:

The lower two bits are the mode. If the lower two
bits are:

the mode is Absolute

the mode is Program Relative
the mode is Data Relative
the mode is Common Relative

WNHO

The high bit (80H) is the External bit. If the high
bit is on, the expression contains an External. If
the high bit is off, the expression is 1local (not
External).

The Defined bit is 20H. This bit 1is on 1if the
expression is locally defined, and it is off if the
expression is undefined or external. If neither bit
is on, the expression is invalid.

TYPE 1is wusually used inside macros, where an
argument type may need to be tested -‘to make a
decision regarding program flow. For example:

FOO MACRO X
LOCAL Z
Z SET TYPE X

IF Zeoo
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2.8 USING 280 PSEUDO-OPS

When wusing the MACRO-80 assembler, the following z80
pseudo-ops are valid. The function of each pseudo-op is
equivalent to that of its counterpart.

Z80 pseudo-op Equivalent pseudo-op
COND IFT
ENDC ENDIF
*EJECT PAGE
DEFB DB
DEFS DS
DEFW DW
DEFM DB
DEFL SET
GLOBAL PUBLIC
EXTERNAL EXTRN

The formats, where different, conform to the previous
format. That 1is, DEFB and DEFW are permitted a list of
arguments (as are DB and DW), and DEFM is permitted a string
or numeric argument (as is DB).
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2.9 SAMPLE ASSEMBLY

A>M80

*EXMPL1, TTY:=EXMPL1

MAC80 3.2

0000" 7E

o0oo1' 23

0go2' 66

0003" 6F

0004" 06 03

0006’ AF

0007 29

0oos8’ 17

0009’ 85

oooaA’ 6F

000B' 05

ooocC' C2 0006"

0o0F' EB

0010" 73

0011’ 23

oo12" 72

0013" (63°)
MAC80 3.2

CSL3 0000I*' LOOP

No Fatal error(s)

PAGE

00100
00200
00300
00400
00450
00500
00600
00700
00800
00900
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900

PAGE

0006

1

;CSL3 (P1,P2)

PAGE 2-34

;SHIFT Pl LEFT CIRCULARLY 3 BITS

;RETURN RESULT IN P2

ENTRY CSL3
:GET VALUE OF FIRST PARAMETER
CSL3:

MOV A,M

INX H

MOV H,M

MOV L,A
:SHIFT COUNT

MVI B,3
LOOP: XRA A
sSHIFT LEFT

DAD H
sROTATE IN CY BIT

RAL

ADD L

MOV L,A
: DECREMENT COUNT

DCR B
;ONE MORE TIME

JNZ LOOP

XCHG
;SAVE RESULT IN SECOND PARAMETER

MOV M,E

INX H

MOV M,D

RET

END

S
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2.10 MACRO-80 ERRORS

MACRO-80 errors are indicated by a one-character flag in
column one of the listing file. If a listing file is not
being printed on the terminal, each erroneous line 1is also
printed or displayed on the terminal. Below is a list of
the MACRO-80 Error Codes:

A Argument error
Argument to pseudo-op is not in correct format or
is out of range (.PAGE 1; .RADIX 1l; PUBLIC 1;
JMPS TOOFAR) .

C Conditional nesting error
ELSE without IF, ENDIF without IF, two ELSEs on
one IF.

D Double Defined symbol

Reference to a symbol which is multiply defined.

E External error
Use of an external illegal in context (e.g., FOO
SET NAME##; MOVI AX,2-NAME##).

M Multiply Defined symbol
Definition of a symbol which is multiply defined.

N Number error
Error in a number, usually a bad digit (e.g., 8Q).

0] Bad opcode or objectionable syntax
ENDM, LOCAL outside a block; SET, EQU or MACRO
without a name; bad syntax in an opcode; or bad
syntax in an expression (mismatched parenthesis,
quotes, consecutive operators, etc.).

P Phase error
Value of a label or EQU name is different on pass
2.

Q Questionable

Usually means a line is not terminated properly.
This is a warning error (e.g. MOV AX,BX,).

R Relocation
Illegal use of relocation in expression, such as
abs-rel. Data, code and COMMON areas are
relocatable.

) Undefined symbol
A symbol referenced in an expression 1is not
defined. (For certain pseudo-ops, a V error is
printed on pass 1 and a U on pass 2.)
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v Value error
On pass 1 a pseudo-op which must have its value
known on pass 1 (e.g., .RADIX, .PAGE, DS, IF, IFE,
etc.), has a value which 1is undefined. If the
symbol is defined later in the program, a U error
will not appear on the pass 2 listing.

Error Messages:

'No end statement encountered on input file'
No END statement: either it is missing or it is
not parsed due to being in a false conditional,
unterminated IRP/IRPC/REPT block or terminated
macro.

'Unterminated conditional’
At least one conditional is unterminated at the
end of the file.

'Unterminated REPT/IRP/IRPC/MACRO'
At least one block is unterminated.

[xx] [No] Fatal error(s) [,xxX warnings]

The number of fatal errors and warnings. The
message is listed on the CRT and in the list file.

2.11 COMPATIBILITY WITH OTHER ASSEMBLERS

The S$EJECT and STITLE controls are provided for
compatability with INTEL's ISIS assembler. The dollar sign
must appear in column 1 only if spaces or tabs separate the
dollar sign from the control word. The control

SEJECT

is the same as the MACRO-80 PAGE pseudo-op.
The control

STITLE('text')
is the same as the MACRO-80 SUBTTL <text> pseudo-op.
The INTEL operands PAGE and INPAGE generate Q errors when
used with the MACRO-80 CSEG or DSEG pseudo-ops. These

errors are warnings; the assembler ignores the operands.

When MACRO-80 is entered, the default for the origin is Code
Relative 0.

With the INTEL ISIS assembler, the default is Absolute 0.
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With MACRO-80, the dollar sign ($§) 1is a defined constant
that indicates the wvalue of the location counter at the
start of the statement. Other assemblers may use a decimal
point or an asterisk. Other constants are defined by
MACRO-80 to have the following values:

A=7 B=0 C=1 D=2 E=3
H=4 L=5 M=6 SP=6 PSW=6

2.12 FORMAT OF LISTINGS

On each page of a MACRO-80 listing, the first two lines have
the form:

[TITLE text] M80 3.3 PAGE x[-y]
[SUBTTL text]

where:

1. TITLE text is the text supplied with the TITLE
pseudo-op, if one was given in the source program.

2. x is the major page number, which is incremented
only when a form feed is encountered in the source
file. (When using Microsoft's EDIT-80 text editor,
a form feed 1is 1inserted whenever a page mark is
done.) When the symbol table is being printed, x =
S.

3. y is the minor page number, which 1is incremented
whenever the .PAGE pseudo-op is encountered in the
source file, or whenever the current page size has
been filled.

4, SUBTTL text is the text supplied with the SUBTTL
pseudo-op, if one was given in the source program.

Next, a blank line is printed, followed by the first line of
output.

A line of output on a MACRO-80 1listing has the following
form:

[crf#] [error] loc#m  |xx | xxxx|... source

If cross reference information is being output, the first
item on the line is the cross reference number, followed by
a tab.

A one-letter error code followed by a space appears next on
the 1line, if the 1line contains an error. If there is no
error, a space is printed. If there is no cross reference
number, the error code column is the first column on the
listing.



MACRO-80 ASSEMBLER PAGE 2-38

The value of the location counter appears next on the line.
It 1is a 4-digit hexadecimal number or 6-digit octal number,
depending on whether the /O or /H switch was given in the
MACRO-80 command string.

The character at the end of the location counter wvalue 1is
the mode indicator. It will be one of the following
symbols:

! Code Relative
" Data Relative

! COMMON Relative
<space> Absolute
* External

Next, three spaces are printed followed by the assembled
code. One-byte values are followed by a space. Two-byte
values are followed by a mode indicator. Two-byte values
are printed in the opposite order they are stored in, i.e.,
the high order byte is printed first. Externals are either
the offset or the value of the pointer to the next External
in the chain.

If a line of output on a MACRO-80 listing is from an INCLUDE
file, the character 'C' is printed after the assembled code
on that line. If a 1line of output 1is part of a text
expansion (MACRO, REPT, IRP, IRPC) a plus sign '+' is
printed after the assembled code on that line.

The remainder of the line contains the line of source code,
as it was input.

Example:
0C49 3A A91Z' C+ LDA LCOUNT

'C+' indicates this line is from an INCLUDE file and part of
a macro expansion.
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2.12.1 Symbol Table Listing

In the symbol table listing, all the macro names in the
program are listed alphabetically, followed by all the
symbols in the program, listed alphabetically. After each
symbol, a tab 1is printed, followed by the value of the
symbol. If the symbol 1is Public, an I is printed
immediately after the value. The next character printed
will be one of the following:

U Undefined symbol.

C COMMON block name. (The "value" of the
COMMON block is its length (number of
bytes) in hexadecimal or octal.)

* External symbol.

<space> Absolute value.

' Program Relative value.

" Data Relative value.

! COMMON Relative wvalue.






CHAPTER 4

LINK-80 LINKING LOADER

NOTE
If you are using the TEKDOS

operating system, see Appendix
A for proper command formats.

4.1 RUNNING LINK-80

The command to run LINK-80 is
L80

LINK-80 returns the prompt "*", indicating it 1is ready to
accept commands. ‘

4.2 COMMAND FORMAT

Each command to LINK-80 consists of a string of object
filenames separated by commas. These are the files to be
loaded by LINK-80. The command format is:

objfilel,objfile2,...0objfilen
The default extension for all filenames 1is REL. Command
lines are supported, that is, the invocation and command may
be typed on the same line.

Example:

L80 MYPROG, YRPROG
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Any filename in the LINK-80 command string can also specify
a device name. The default device name with the CP/M
operating system is the currently logged disk. The default
device with the 1ISIS-II operating system is disk drive 0.
The format is:

devl:objfilel,dev2:0bjfile2,...devn:objfilen
The device names are as listed in Section 2.2.1.
Example:

L80 MYPROG,A:YRPROG
After each line is typed, LINK-80 will 1load the specified

files. After LINK finishes this process, it will list all
symbols that remained undefined followed by an asterisk.

Example:
*MAIN
DATA 0100 0200
SUBR1 * (SUBR1 is undefined)
*SUBRL

'DATA 0100 0300

*

Typically, to execute a MACRO-80 program and subroutines,
the wuser types the list of filenames followed by /G (begin
execution). To resolve any external, undefined symbols, you
can first search your 1library routines (See Chapter 5,
LIB-80) by appending the filenames, followed by /S, to the
loader command string.

*MYLIB/S Searches MYLIB.REL for unresolved
global symbols

*/G Starts execution

4,2.1 LINK-80 Switches

A number of switches may be given in the LINK-80 command
string to specify actions affecting the loading or execution
of the program(s). Each switch must be preceded by a slash
(/). (With the TEKDOS operating system, switches are
preceded by hyphens . See Appendix A.)
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Switches may be placed wherever applicable in the command

string:

l'

At command level. It is possible for a switch to
be the entire LINK-80 command, or to appear first
in the command string. For example:

*/G Tells LINK-80 to begin execution
of program(s) already loaded

* /M List all global references
from program(s) already loaded

*/P:200,FO0 Load FOO, with program area
beginning at address 200

Immediately after a filename. An S or N switch may
refer to only one filename in the command string.
Therefore, when the S or N switch is required, it
is placed immediately after that filename,
regardless of where the filename appears in the
command string. For example:

*MYLIB/S,MYPROG
Search MYLIB.REL and load necessary
library modules, then load MYPROG.REL.

*MYPROG/N,MYPROG/E
Load MYPROG.REL, save MYPROG.COM
on disk and exit LINK-80.

At the end of the command string. Any required
switches that affect the entire load process may be
appended at the end of the command string. For
example:

*MYPROG/N,MYPROG/M/E
Open a CP/M COM file called
MYPROG.COM, load MYPROG.REL
and list all global refer-
ences. Exit LINK-80 and save
the COM file.

MYLIB/S,MYSUB,MYPROG/N,MYPROG/M/G
Search MYLIB.REL, load and link
MYSUB.REL and MYPROG.REL,
open a CP/M COM file
called MYPROG.COM, list
all global references, save the
COM file, and execute MYPROG.
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The available switches are:

Switch

R

E or E:Name

G or G:Name

Action

Reset. Put loader back in its initial state.
Use /R 1if you 1loaded the wrong file by
mistake and want to restart. /R takes effect
as soon as it 1is encountered in a command
string.

Exit LINK-80 and return to the operating
system. The system library will be searched
on the current disk to satisfy any existing
undefined globals. Before exiting, LINK-80
prints three numbers: the start address, the
address of the next available byte, and the
number of 256-byte pages used. The optional
form E:Name (where Name is a global symbol
previously defined in one of the modules)
uses Name for the start address of the
program. Use /E to load a program and exit
back to the monitor.

Start execution of the program as soon as the
current command line has been interpreted.
The system library will be searched on the
current disk to satisfy any existing
undefined globals if they exist. Before
execution actually begins, LINK-80 prints
three numbers and a BEGIN EXECUTION messade.
The three numbers are the start address, the
address of the next available byte, and the
number of 256-byte pages used. The optional
form G:Name (where Name is a global symbol
previously defined 1in one of the modules)
uses Name for the start address of the
program.

If a <filename>/N is specified, the program
will be saved on disk under the selected name
(with a default extension of .COM for CP/M)
when a /E or /G is done. A jump to the start
of the program is inserted if needed so the
program can run properly (at 100H for CP/M).
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P and D

/P and /D allow the origin(s) to be set for
the next program loaded. /P and /D take
effect when seen (not deferred), and they
have no effect on programs already loaded.
The form 1is /P:<address> or /D:<address>,
where <address> is the desired origin in the
current typeout radix. (Default radix is
hex. /0 sets radix to octal; /H to hex.)
LINK-80 does a default /P:<link origin>+3
(i.e., 103H for CP/M and 4003H for ISIS) to
leave room for the jump to the start address.
NOTE: Do not use /P or /D to load programs
or data into the locations of the 1loader's
jump to the start address (100H to 102H for
CP/M) unless it is to load the start of the
program there. If programs or data are
loaded into these locations, the jump will
not be generated.

If no /D is given, data areas are loaded
before program areas for each module. 1If a
/D is given, all Data and Common areas are
loaded starting at the data origin and the
program area at the program origin. Example:

*/P:200,F00
Data 200 300
*/R

*/p:200 /D:400,F00
Data 400 480
Program 200 280

List the origin and end of the program and
data area and all undefined globals as soon
as the current command line has been
interpreted. The program information is only
printed if a /D has been done. Otherwise,
the program is stored in the data area.

List the origin and end of the program and
data area, all defined globals and their
values, and all undefined globals followed by
an asterisk. The program information is only
printed if a /D has been done. Otherwise,
the program is stored in the data area.

Search the filename immediately preceding the
/S in the command string to satisfy any
undefined globals.
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4.2.2

CP/M LINK-80 Switches

The following switches apply to CP/M versions only.

X

4.2.3

LINK

If a filename/N was specified, /X will
the file to be saved in Intel ASCII HEX

format with an extension of HEX.

Example: FOO/N/X/E will <create

ASCII HEX formatted load module

FOO. HEX.

If a filename/N was specified, /Y will create
a filename.SYM file when /E is entered.

file contains the names and addresses of
Globals for use with Digital Research's

Symbolic Debugger, SID and ZSID.

Example: FOO/N/Y/E creates FOO.COM
FOO.SYM,. MYPROG/N/X/Y/E creates MYPROG.HEX

and MYPROG.SYM.

Sample Links

AND GO

A>L80

*EXAMPL, EXMPL1 /G
DATA 3000 30AC
[304F 30AC 49]

[BEGIN EXECUTION]

1792 14336

14336 -16383
-16383 14
14 112
112 - 896
A>
LINK AND SAVE
A>L80
*EXAMPL, EXAMPL1 ,EXAM/N/E
DATA 3000 30AC
[304F 30AC 49]
A>

Loads and links EXAMPL.REL, EXMPL1.REL and creates

EXAM.COM.

PAGE 4-6
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4.3 FORMAT OF LINK COMPATIBLE OBJECT FILES

NOTE

Section 4.3 is reference
material for users who wish to
know the load format of
LINK-80 relocatable object
files. Most users will want
to skip this section, as it
does not contain material
necessary to the operation of
the package.

LINK-compatible object files consist of a bit stream.
Individual fields within the bit stream are not aligned on
byte boundaries, except as noted below. Use of a bit stream
for relocatable object files keeps the size of object files
to a minimum, thereby decreasing the number of disk
reads/writes.

There are two basic types of 1load items: Absolute and
Relocatable. The first bit of an item indicates one of
these two types. 1If the first bit is a 0, the following 8
bits are loaded as an absolute byte. If the first bit is a
1, the next 2 bits are used to indicate one of four types of
relocatable items:

00 Special LINK item (see below).

0L Program Relative. Load the following 16 bits
after adding the current Program base.

10 Data Relative. Load the following 16 bits after
adding the current Data base.

11 Common Relative. Load the following 16 bits
after adding the current Common base.

Special LINK items consist of the bit stream 100 followed
by:

a four-bit control field

an optional A field consisting of a two-bit
address type that 1is the same as the two-bit
field above except 00 specifies absolute address

an optional B field consisting of 3 bits that
give a symbol length and up to 8 bits for each
character of the symbol
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A general representation of a special LINK item is:

1 00 xxxx Yy nn zzz + characters of symbol name
A field B field
XXXX Four-bit control field (0-15 below)
Yy Two-bit address type field
nn Sixteen-bit value
Three-bit symbol length field

222

The following special types have a B-field only:

WO

Entry symbol (name for search)
Select COMMON block

Program name

Request library search
Extension LINK items (see below)

The following special LINK items have both an A field and a

B field:

5
6

7

Define COMMON size

Chain external (A is head of address chain, B is
name of external symbol)

Define entry point (A is address, B is name)

The following special LINK items have an A field only:

8
9
10

11
12

13
14

External - offset. Used for JMP and CALL to
externals

External + offset. The A value will be added to
the two bytes starting at the current location
counter immediately before execution.

Define size of Data area (A is size)

Set loading location counter to A
Chain address. A is head of chain, replace all
entries 1in chain with current location counter.
The last entry in the chain has an address field
of absolute zero.

Define program size (A is size)

End program (forces to byte boundary)
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The following special Link item has neither an A nor a B
field:

15 End file

An Extension LINK item follows the general format of a
B-field-only special LINK item, but contents of the B-field
are not a symbol name. Instead, the symbol area contains
one character to identify the type of Extension LINK item,
followed by from 1 to 7 characters of additional
information.

Thus, every Extension LINK item has the format:

1 00 0100 zzz i jjjjjiij

where
222 may be any three bit integer (with 000
representing 8),
i is an eight bit Extension LINK item type
identifier, and
3J333iij are zzz-1 eight bit characters of

information whose significance depends on i
At present, there is only one Extension LINK item:

X'35' COBOL overlay segment sentinel

i

ZZ22Z 010 (binary)

J COBOL segment number -49 (decimal)

When the overlay segment sentinel is encountered by the
linker, the current overlay segment number is set to the
value of j+49. If the previously existing segment
number was non-zero and a /N switch is in effect, the
data area is written to disk in a file whose name is the
current program name and whose extension is Vnn, where
nn are the two hexadecimal digits representing the
number j+49 (decimal).
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4.4 LINK-80 ERROR MESSAGES

LINK-80 has the following error messages:

?No Start Address A /G switch was issued, but no main
program had been loaded.

?Loading Error The last file given for input was not a

properly formatted LINK-80 object file.
?20ut of Memory Not enough memory to load program.
?Command Error Unrecognizable LINK-80 command.

?<file> Not Found <file>, as given in the command string,
did not exist.

$2nd COMMON Larger /XXXXXX/
The first definition of COMMON block
/XXXXXX/ was not the largest definition.
Reorder module loading sequence or
change COMMON block definitions.

gMult. Def. Global YYYYYY
More than one definition for the global
(internal) symbol YYYYYY was encountered
during the loading process.

Data ;Public = <symbol name> (XXXX)
;External = <symbol name> (XXxx)
A /D or /P will <cause already 1loaded
data to be destroyed.

%Overlaying{ Program} Area ,Start = XXxx

?Intersecting | Program | Area
Data
The program and data area intersect and
an address or external chain entry is in
this intersection. The final value
cannot be converted to a current value
since it is in the area intersection.

?Start Symbol - <name> - Undefined
After a /E: or /G: is given, the
symbol specified was not defined.
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Origin | Above| Loader Memory, Move Anyway (Y or N)?
{Below\

After a /E or /G was given, either the
data or program area has an origin or
top which . lies outside loader memory
(i.e., loader origin to top of memory).
If a Y <cr> is given, LINK-80 will move
the area and continue. If anything else
is given, LINK-80 will exit. In either
case, 1if a /N was given, the image will
already have been saved.

?Can't Save Object File

A disk error occurred when the file was
being saved.

4.5 PROGRAM BREAK INFORMATION

LINK-80 stores the address of the first free location in a
global symbol called $MEMRY if that symbol has been defined
by a program loaded. $MEMRY is set to the top of the data

area +1l.

NOTE

If /D is given and the data
origin is less than the
program area, the user must be
sure there 1is enough room to
keep the program from being
destroyed. This is
particularly true with the
disk driver for FORTRAN-80
which uses $MEMRY to allocate
disk buffers and FCB's.






APPENDIX A

TEKDOS Operating System

The command formats for MACRO-80, LINK-80 and CREF-80 differ
slightly under the TEKDOS operating system.

A.1 TEKDOS COMMAND FILES

The files F80, M80, and C80 are actually TEKDOS command
files for the compiler, assembler, loader, and cross
reference programs, respectively. These command files set
the emulation mode to 0 and select the Z-80 assembler
processor (see TEKDOS documentation), then execute the
appropriate program file. You will note that all of these
command files are set up to execute the Microsoft programs
from drive 1. LINK-80 will also 1look for the library
(FORLIB) on drive 1. If you wish to execute any of this
software from drive 0, the command file must be edited and
LINK-80 should be given an explicit library search directive
"FORLIB-S". (See Section 4.2.1 of this manual.)

A.2 MACRO-80

The M80 assembler accepts command lines only. A prompt is
not displayed and interactive commands are not accepted.
Commands have the same format as TEKDOS assembler commands;
i.e., three filename or device name parameters plus optional
switches.

M80 [objfile] [lstfile] sourcefile [swl] [sw2...]

The object and listing file parameters are optional. These
files will not be created if the parameters are omitted,
however any error messages will still be displayed on the
console. The available switches are as described in Chapter
2 of this manual. except that the switches are delimited by
commas or spaces instead of slashes.
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A.3 CREF-80
The form of commands to CREF80 is:
C80 lstfile sourcefile

Both filename parameters are required. The sourcefile
parameter is always the name of a CREF80 file created during
assembly, by use of the C switch.

Example:
Create a CREF80 file using MACRO-80:
M80 ,, TSTCRF TSTMAC C
Create a cross reference listing from the CREF80 file:

C80 TSTLST TSTCRF

A.4 LINK-80

With TEKDOS, the LINK-80 loader accepts interactive commands
only. Command lines are not supported.

When LINK-80 is invoked, and whenever it 1is waiting for
input, it will prompt with an asterisk. Commands -are lists
of filenames and/or devices separated by commas or spaces
and optionally interspersed with switches. The input to
LINK-80 must be Microsoft relocatable object code (not the
same as TEKDOS loader format).

Switches to LINK-80 are delimited by hyphens wunder TEKDOS,
instead of slashes. All LINK-80 switches (as documented in
Chapter 3) are supported, except "G" and "N", which are not
implemented at this time.

Examples:

1. Assemble a MACRO-80 program named XTEST, creating
an object file called XREL and a listing file
called XLST:

>M80 XREL XLST XTEST

2. Load XTEST and save the loaded module:

>L80

*XREL~-E

[04AD 22B8]
*DOS*ERROR 46

L80 TERMINATED

>M XMOD 400 22B8 04AD
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Note that "-E" exits via an error message due to execution
of a Halt instruction. The memory image is intact, however,
and the "Module" command may be used to save it. Once a
program 1is saved in module format, it may then be executed
directly without going through LINK-80 again.

The bracketed numbers printed by LINK-80 before exiting are
the entry point address and the highest address loaded,
respectively. The loader default is to begin 1loading at
400H. However, the loader also places a jump to the start
address in location 0, thereby allowing execution to begin
at 0. The memory locations between 0003 and 0400H are
reserved for SRB's and I/O buffers at runtime.
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Microsoft
Software Problem Report

Use this form to report errors or problems in: [_] FORTRAN-80
(] coBoL-80
(] MACRO-80
(] LINK-80
Release (or version) number:
Date

Report only one problem per form.

Describe your hardware and operating system:

Please supply a concise description of the problem and the
circumstances surrounding its occurrence. If possible, reduce
the problem to a simple test case. Otherwise, include all
programs and data in machine readable fcrm (preferably on a
diskette). If a patch or interim solution is being used,
please describe it.

This form may also be used to describe suggested enhancements
to Microsoft software.

Problem Description:

-over-



Did you find errors in the documentation supplied with the
software? 1If so, please include page numbers and describe:

Fill in the folleowing

Name

information before returning this form:

Phone

Organization

Address

City State Zip

Return form to:

Microsoft
10800 NE Eighth, Suite 819
Bellevue, WA 98004
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ED USER'S MANUAL

1. ED TUTORIAL
l.1. Introduction to ED.

ED is the context editor for CP/M, and is used to create
and alter CP/M source files. ED is initiated in CP/M by

typing

<filename>
ED
<filename>.<filetype>

In general, ED reads segments of the source file given by
<filename> or <filename> . <filetype> into central memory,
where the file is manipulated by the operator, and subse-
quently written back to disk after alterations. If the
source file does not exist before editing, it is created by
ED and initialized to empty. The overall operation of ED
is shown in Figure 1.

1.2. ED Operation

ED operates upon the source file, denoted in Figure 1
by x.y, and passes all text through a memory buffer where
the text can be viewed or altered (the number of lines which
can be maintained in the memory buffer varies with the line
length, but has a total capacity of about 6000 characters
in a 16K CP/M system). Text material which has been edited
is written onto a temporary work file under command of the
operator. Upon termination of the edit, the memory buffer
is written to the temporary file, followed by any remaining
(unread) text in the source file. The name of the original
file is changed from x.y to x.BAK so that the most recent
previously edited source file can be reclaimed if necessary
(see the CP/M commands ERASE and RENAME). The temporary
file is then changed from x.$$$ to x.y which becomes the
resulting edited file.

The memory buffer is logically between the source file
and working file as shown in Figure 2.

1.3. Text Transfer Functions

Given that n is an integer value in the range 0 through
65535, the following ED commands transfer lines of text
from the source file through the memory buffer to the tem-
porary (and eventually final) file:
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nA<cr>* append the next n unprocessed source
lines from the source file at SP to
the end of the memory buffer at MP.

Increment SP and MP by n.

nW<cr> - write the first n lines of the memory
buffer to the temporary file free space.
Shift the remaining lines n+l through
MP to the top of the memory buffer.
Increment TP by n.

E<cr> - end the edit. Copy all buffered text
to temporary file, and copy all un-
processed source lines to the temporary
file. Rename files as described
previously.

H<cr> - move to head of new file by performing
automatic E command. Temporary file
becomes the new source file, the memory
buffer is emptied, and a new temporary
file is created (equivalent to issuing
an E command, followed by a reinvocation
of ED using x.y as the file to edit).

O<cr> - return to original file. The memory
buffer is emptied, the temporary file
id deleted, and the SP is returned to
position 1 of the scource file. The
effects of the previous editing commands
are thus nullified.

Q<cr> - quit edit with no file alterations,
return to CP/M.

There are a number of special cases to consider. If the
integer n is omitted in any ED command where an integer is
allowed, then 1 is assumed. Thus, the commands A and W append
one line and write 1 line, respectively. 1In addition, if a
pound sign (#) is given in the place of n, then the integer
65535 is assumed (the largest value for n which is allowed).
Since most reasonably sized source files can be contained
entirely in the memory buffer, the command #A is often issued
at the beginning of the edit to read the entire source file
to memory. Similarly, the command #W writes the entire buffer
to the temporary file. Two special forms of the A and W

*<cr> represents the carriage~return key



commands are provided as a convenience. The command 0A fills
the current memory buffer to at least half-full, while OW
writes lines until the buffer is at least half empty. It
should also be noted that an error is issued if the memory
buffer size is exceded. The operator may then enter any
command (such as W) which does not increase memory require-
ments. The remainder of any partial line read during the
overflow will be brought into memory on the next successful
append.

1.4. Memory Buffer Organization

The memory buffer can be considered a sequence of source
lines brought in with the A command from a source file. The
memory buffer has an associated (imaginary) character pointer
CP which moves throughout the memory buffer under command of
the operator. The memory buffer appears logically as shown
in Figure 3 where the dashes represent characters of the
source line of indefinite length, terminated by carriage-
return (<cr>) and line-feed (<1f>) characters, and
represents the imaginary character pointer. Note that the
CP is always located ahead of the first character of the
first line, behind the last character of the last line, or
between two characters. The current line CL is the source
line which contains the CP.

1.5. Memory Buffer Operation

Upon initiation of ED, the memory buffer is empty (ie,
CP is both ahead and behind the first and last character).
The operator may either append lines (A command) from the
source file, or enter the lines directly from the console
with the insert command

I<cr>

ED then accepts any number of input lines, where each line
terminates with a <cr> (the <1f> is supplied automatically),
until a control-z (denoted by +4z is typed by the operator.
The CP is positioned after the last character entered. The
sequence

I<cr>

NOW IS THE<cr>
TIME FOR<cr>
ALL GOOD MEN<cr>
tz

leaves the memory buffer as shown below



NOW IS THE<cr><lf>
TIME FOR<cr><1lf>

ALL GOOD MEN<Cr><lf>!!

Various commands can then be issued which manipulate the CP

or display source text in the vicinity of the CP. The
commands shown below with a preceding n indicate that an
optional unsigned value can be specified. When preceded by

*, the command can be unsigned, or have an optional preceding
plus or minus sign. As before, the pound sign (#) is replaced
by 65535. If an integer n is optional, but not supplied,

then n=1 is assumed. Finally, if a plus sign is optional,

but none is specified, then + is assumed.

*B<cr> move CP to beginning of memory buffer

if +, and to bottom if -.

+nC<cr> - move CP by #*n characters (toward front
of buffer if +), counting the <cr><1lf>
as two distinct characters

tnD<cr> - delete n characters ahead of CP if plus
and behind CP if minus.

tnK<cr> - kill (ie remove) *n lines of source text
using CP as the current reference. If
CP is not at the beginning of the current
line when K is issuec, then the charac-
ters before CP remain if + is specified,
while the characters after CP remain if -
is given in the command.

tnl,<cr> - 1if n=0 then move CP to the beginning of
the current line (if it is not already
there) if n#0 then first move the CP to
the beginning of the current line, and
then move it to the beginning of the
line which is n lines down (if +) or up
(if -). The CP will stop at the top or
bottom of the memory buffer if too large
a value of n is specified.



*tnT<cr> - If n=0 then type the contents of the
current line up to CP. If n=1 then
type the contents of the current line
from CP to the end of the line. 1If
n>1 then type the current line along
with n-1 lines which follow, if +
is specified. Similarly, if n>1 and
- is given, type the previous n lines,
up to the CP. The break key can be
depressed to abort long type-outs.

tn<cr> - equivalent to #nLT, which moves up or
down and types a single line

1.6. Command Strings

Any number of commands can be typed contiguously (up to
the capacity of the CP/M console buffer), and are executed
only after the <cr> is typed. Thus, the operator may use
the CP/M console command functions to manipulate the input
command :

Rubout remove the last character
Control-U delete the entire line
Control-C re—-initialize the CP/M System
Control-E return carriage for long lines

without transmitting buffer
(max 128 chars)

Suppose the memory buffer contains the characters shown
in the previous section, with the CP following the last
character of the buffer. The command strings shown below
produce the results shown to the right

Command String Effect Resulting Memory Buffer
1. B2T<cr> move to beginning ég NOW IS THE<cr><1lf>
2flpuffer and type TIME FOR<Cr><lf>
ines:
"NOW IS THE ALL GOOD MEN<cr><1lf>
TIME FOR"
2. 5C0T<cr> move CP 5 charac- NOW I :::S THE<cr><1f£f>
ters and type the cp
beginning of the
line
" NOW I "



3. 2L-T<cr> move two lines down NOW IS THE<cr><1lf>
and type previous TIME FOR<cr><lf>

line
"TIME FOR" - | ALL GOOD MEN<cr><1lf>
4. -L#K<cr> move up one line, NOW IS THE<cr><1f>
delte 65535 lines
which follow
5. I<cr> insert two lines NOW IS THE<cr><1lf>
TIME TO<cr> of text
INSERT<cr> TIME TO<cr><1lf>
tz INSERT<cr><lf>
6. =2L#T<cr> move up two lines, NOW IS 'I‘HE<cr><lf>
and type 65535

lines ahead of CP TIME TO<cr><l£>

"NOW IS THE" INSERT<cr><1l£f>
7. <cr> move down one line NOW IS THE<cr><1lf>
and type one line
a ?NSE}’{%. TIME TO<cr><lf> Ccpj
INSERT<cr><1lf>

1.7. Text Search and Alteration

ED also has a command which locates strings within the
memoxry buffer. The command takes the form

P <cr>
n cch'..ck +z

where c; through cy represent Ehe characters to match followed
by either a <cr> or control -z°. ED starts at the current
position of CP and attempts to match all k characters. The
match is attempted n times, and if successful, the CP is

moved directly after the character cy. If the n matches are
not successful, the CP is not moved from its initial position.
Search strings can include 41 (control-l), which is replaced
by the pair of symbols <cr><lf>.

*The control-z is used if additional commands will be typed
following the +#z.



The following commands illustrate the use of the F
command :

Command String Effect Resulting Memory Buffer
1. B#T<cr> move to beginning ‘NOW IS THE<cr><1lf>
and type entire
buffer TIME FOR<cr><1lf>
ALL GOOD MEN<cr><1lf>
2. FS T<cr> find the end of NOW IS THE<cr><l'f>
the string "S T"
3. FI+z0TT find the next "I" NOW IS THE<cr><1lf>
and type to the
CP then type the TIME FOR<cr><l1f>
remainder of the ALL GOOD MEN<cr><1lf>
current line:
"PIME FOR"

An abbreviated form of the insert command is also allowed,
which is often used in conjunction with the F command to make
simple textual changes. The form is:

I c,c

1G5 - cn+z or

. o @ < >
I c102 cn cr

where cj; through c, are characters to insert. If the inser-
tion string is terminated by a *z, the characters c; through
cp are inserted directly following the CP, and the CP is
moved directly after character c,. The action is the same
if the command is followed by a <cr> except that a <cr><1lf>
is automatically inserted into the text following character
Cp. Consider the following command sequences as examples

of the F and I commands:

Command String Effect Resulting Memory Buffer
BITHIS IS #+z<cr> Insert "THIS IS " THIS IS NOW THE <cr><1lf>
' at the beginning
of the text

TIME FOR<cr><1lf>
ALT, GOOD MEN<cr><1lf>



FTIME+42z-4DIPLACE+2z<cr> THIS IS NOW THE<cr><1lf>

find "TIME" and delete PLACE({ED FOR<cr><l1f>
it; then insert "PLACE" ALL GOOD MEN<cr><1lf>

3FO+z-3D5DICHANGESt<cr> THIS IS NOW THE <cr><lf>

find third occurrence PLACE FOR<cr><lf>

of "O" (ie the second ALL CHANGES <cr><lf>
"O" in GOOD), delete

previous 3 characters;

then insert "CHANGES"

-8CISOURCE<cr> move back 8 characters THIS IS NOW THE<cr><1lf>
and insert the line PLACE FOR<cr><1f>

"SOURCE<cr><1f>"
ALI, SOURCE<cr><lf>

CHANGES<cr><lf>

ED also provides a single command which combines the F and
I commands to perform simple string substitutions. The command
takes the form

<Ccr>
n S clcz...ck+z dldz"'dm { Az }
and has exactly the same effect as applying the command string

<{cr>
F clcz...ck+z kDIdldz"°dm { Xz

a total of n times. That is, ED searches the memory buffer
starting at the current position of CP and successively sub-
stitutes the second string for the first string until the
end of buffer, or until the substitution has been performed
n times.

As a convenience, a command similar to F is provided by
ED which automatically appends and writes lines as the search
proceeds. The form is

cr
n N clcz...ck {+z}

which searches the entire source file for the nth occurrence
of the string cjcp...ck (recall that F fails if the string
cannot be found in the current buffer). The operation of the

10



4 command is precisely the same as F except in the case that
the string cannot be found within the current memory buffer.
In this case, the entire memory contents is written (ie, an
automatic #W is issued). Input lines are then read until
the buffer is at least half full, or the entire source file
is exhausted. The search continues in this manner until the
string has been found n times, or until the source file has
been completely transferred to the temporary file.

A final line editing function, called the juxtaposition
command takes the form

<cr>
nd clcz...ck+z dldz...dm+z elez...eq {:¢z‘}

with the following action applied n times to the memory buffer:
search from the current CP for the next occurrence of the
string cjcjy...cp. If found, insert the string dyds...,dy,

and move CP to %ollow dp- Then delete all characters following
CP up to (but not including) the string ej;,ey,...eq, leaving

CP directly after dj. If ej,ej,...eq cannot be found, then

no deletion is made. If the current line is

NOW IS THE TIME<cr><lf>

Then the command
JW +zWHAT+ztl<cr>

Results in

NOW WHAT <gr><1lf>

(Recall that *1 represents the pair <cr><1lf> in search and
substitute strings).

It should be noted that the number of characters allowed
by ED in the F,S,N, and J commands is limited to 100 symbols.

1.8. Source Libraries
ED also allows the inclusion of source libraries during

the editing process with the R command. The form of this
command is

11



R f.f...f +tz or
2 n

1

R flfz..fn<cr>

where fyf,..f, is the name of a source file on the disk with
as assumed filetype of 'LIB'. ED reads the specified file,
and places the characters into the memory buffer after CP,
in a manner similar to the I command. Thus, if the command

RMACRO<cr>

is issued by the operator, ED reads from the file MACRO.LIB
until the end-of-file, and automatically inserts the charac-
ters into the memory buffer.

1.9. Repetitive Command Execution

The macro command M allows the ED user to group ED com-
mands together for repeated evaluation. The M command takes

the form:
<cr>
nM chZ"'ck {‘I*z}

where cjcjy...cy represent a string of ED commands, not inclu-
ding another M command. ED executes the command string n
times if n>1. If n=0 or 1, the commanrnd string is executed
repetitively until an error condition is encountered (e.g.,
the end of the memory buffer is reached with an F command).
As an example, the following macro changes all occur-
rences of GAMMA to DELTA within the current buffer, and
types each line which is changed:

MFGAMMA+z~-5DIDELTA+z0TT<cr>

or equivalently

MSGAMMA+zDELTA4z0TT<cr>

12



2. ED ERROR CONDITIONS

On error conditions, ED prints the last character read
before the error, along with an error indicator:

? unrecognized command

> memory buffer full (use one of
the commands D,XK,N,S, or W to
remove characters), F,N, or S
strings too long.

# cannot apply command the number
of times specified (e.g., in
F command)

0] cannot open LIB file in R
command

Cyclic redundancy check (CRC) information is written with

each output record under CP/M in order to detect errors on

subsequent read operations. If a CRC error is detected, CP/M

will type

PERM ERR DISK d

where 4 is the currently selected drive (A,B,...). The oper-

ator can choose to ignore the error by typing any character
at the console (in this case, the memory buffer data should
be examined to see if it was incorrectly read), or the user
can reset the system and reclaim the backup file, if it
exists. The file can be reclaimed by first typing the con-
tents of the BAK file to ensure that it contains the proper
information:

TYPE x.BAK<cr>

where x is the file being edited. Then remove the primary
file:

ERA x.y<cr>
and rename the BAK file:

REN x.y=X.BAK<cr>

The file can then be re-edited, starting with the previous
version.

13



3. CONTROL CHARACTERS AND COMMANDS

The following table summarizes the control characters
and commands available in ED:

Control Character Function
tc system reboot
te physical <cr><1lf> (not
actually entered in
command)
i logical tab (cols 1,8,
15,...)
+1 logical <cr><1lf> in
search and substitute
strings
+u line delete
4z string terminator
rubout character delete
break discontinue command

(e.g., stop typing)

14



Command

nA

n2

tn<cr>

Function
append lines
begin bottom of buffer
move character positions
delete characters

end edit and close files
(normal end)

find string

end edit, clcse and reopen
files

insert characters

place strings in juxtaposition

kill lines
move down/up lines
macro definition

find next occurrence with
autoscan

return to original file
move and print pages

quit with no file changes
read library file
substitute strings

type lines

translate lower to upper case if U,
no translation if -U
write lines

sleep

move and type (*nLT)

15



Appendix A: ED 1.4 Enhancements

The ED context editor contains a number of commands which enhance its
usefulness in text editing. The improvements are found in the addition of line numbers,
free space interrogation, and improved error reporting.

The context editor issued with CP/M 1.4 produces absolute line number prefixes
when the "V" (Verify Line Numbers) command is issued. Following the V command,
the line number is displayed ahead of each line in the format:

nnnnn:

where nnnnn is an absolute line number in the range 1 to 65535, If the memory buffer
is empty, or if the current line is at the end of the memory buffer, then nnnnn appears
as 5 blanks.

The user may reference an absolute line number by preceding any command by
a number followed by a colon, in the same format as the line number display. In this
case, the ED program moves the current line reference to the absolute line number,
if the line exists in the current memory buffer. Thus, the command

345:T

is interpreted as "move to absolute line 345, and type the line." Note that absolute
line numbers are produced only during the editing process, and are not recorded with
the file. In particular, the line numbers will change following a deleted or expanded
section of text.

The user may also reference an absolute line number as a backward or forward
distance from the current line by preceding the absolute line number by a colon. Thus,
the command

:400T

is interpreted as "type from the current line number through the line whose absolute
number is 4@¢4." Combining the two line reference forms, the command

345::400T
for example, is interpreted as "move to absolute line 345, then type through absolute
line 4Md." Note that absolute line references of this sort can precede any of the
standard ED commands.

A special case of the V command, "3V", prints the memory buffer statisties in
the form:

free/total

where "free" is the number of free bytes in the memory buffer (in decimal), and "total"
is the size of the memory buffer.



ED 1.4 also includes a "block move" facility implemented through the "X" (Xfer)
command. The form

nX

transfers the next n lines from the current line to a temporary file called
X$$$$$$$.L1B

which is active only during the editing process. In general, the user can reposition
the current line reference to any portion of the source file and transfer lines to the
temporary file. The transferred line accumulate one after another in this file, and
can be retrieved by simply typing:

R

which is the trivial case of the library read command. In this case, the entire
transferred set of lines is read into the memory buffer. Note that the X command
does not remove the transferred lines from the memory buffer, although a K command
can be used directly after the X, and the R command does not empty the transferred
line file. That is, given that a set of lines has been transferred with the X command,
they can be re-read any number of times back into the source file. The command

1)
is provided, however, to empty the transferred line file.

Note that upon normal completion of the ED program through Q or E, the
temporary LIB file is removed. If ED is aborted through ctl-C, the LIB file will exist
if lines have been transferred, but will generally be empty (a subsequent ED invocation
will erase the temporary file).

Due to common typographical errors, ED 1.4 requires several potentially disas-
terous commands to be typed as single letters, rather than in composite commands.
The commands

E (end), H (head), O (original), Q (quit)
must be typed as single letter commands.

ED 1.4 also prints error messages in the form

BREAK "x" AT ¢

where x is the error character, and ¢ is the command where the error occurred.
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CP/M Dynamic Debugging Tool (DDT)

User “s Guide

I. Introduction.

The DDT program allows dynamic interactive testing and debugging of
programs generated in the CP/M environment. The debugger is initiated by
typing one of the following commands at the CP/M Console Command level

DDT
DDT filename . HEX
DDT filename,COM

where "filename" is the name of the program to be loaded and tested. In both
cases, the DDT program is brought into main memory in the place of the Console
Command Processor (refer to the CP/M Interface Guide for standard memory
organization), and thus resides directly below the Basic Disk Operating System
portion of CP/M. The BDOS starting address, which is located in the address
field of the JMP instruction at location 5H, is altered to reflect the reduced
Transient Program Area size.

The second and third forms of the DDT command shown above perform the same
actions as the first, except there is a subsequent automatic load of the
specified HEX or COM file. The action is identical to the sequence of
commands

DDT
Ifilename.HEX or Ifilename.COM
R

where the I and R commands set up and read the specified program to test (see
the explanation of the I and R commands below for exact details).

Upon initiation, DDT' prints a sign-on message in the format
| nnkK DDI-s VER m.m

where nn is the memory size (which must match the CP/M system being used), s
is the hardware system which is assumed, corresponding to the codes

- Digital Research standard version
- MDS version

IMSAI standard version

- Omron systems

- Digital Systems standard version

nOHZRU
1

and me.m is the revision number.



Following the sign on message, DDT prompts the operator with the character
"-* and waits for input commands from the console. The operator can type any
of several single character commands, terminated by a carriage return to
execute the command. Each line of input can be line-edited using the standard
CP/M controls

rubout remove the last character typed
ctl-U remove the entire line, ready for re-typing
ctl-C system reboot

Any command can be up to 32 characters in length (an automatic carriage return
is inserted as the 33rd character), where the first character determines the
command type

enter assembly language mnemonics with operands
display memory in hexadecimal and ASCII

fill memory with constant data

begin execution with optional breakpoints

set up a standard input file control block
list memory using assembler mnemonics

move a memory segment from source to destination
read program for subsequent testing

substitute memory values

trace program execution

untraced program monitoring

examine and optionally alter the CPU state

XCcHOWmEeHQTO P

The cammand character, in some cases, is followed by zero, one, two, or three
hexadecimal values which are separated by commas or single blank characters.
All DDT numeric output is in hexadecimal form. 1In all cases, the commands are
not executed until the carriage return is typed at the end of the command.

At any point in the debug run, the operator can stop execution of DDT
using either a ctl-C or G@ (jmp to location @@PPH), and save the current
memory image using a SAVE command of the form

SAVE n filename.COM

where n is the number of pages (256 byte blocks) to be saved on disk. The
number of blocks can be determined by taking the high order byte of the top
load address and converting this number to decimal. For example, if the
highest address in the Transient Program Area is 1234H then the number of
pages is 12H, or 18 in decimal. Thus the operator could type a ctl-C during
the debug run, returning to the Console Processor level, followed by

SAVE 18 X.COM
The memory image is saved as X.COM on the diskette, and can be directly

executed by simply typing the name X. If further testing is required, the
memory image can be recalled by typing



DDT X.COM

which reloads previously saved program from loaction 1@@H through page 18
(12FFH) . The machine state is not a part of the COM file, and thus the
program must be restarted from the beginning in order to properly test it.

II. DD QOMMANDS.

The individual commands are given below in some detail. In each case, the
operator must wait for the prompt character (-) before entering the command.
If control is passed to a program under test, and the program has not reached
a breakpoint, control can be returned to DDT by executing a RST 7 from the
front panel (note that the rubout key should be used instead if the program is
executing a T or U command). In the explanation of each command, the command
letter is shown in some cases with numbers separated by commas, where the
numbers are represented by lower case letters. These numbers are always
assumed to be in a hexadecimal radix, and from one to four digits in length
(longer numbers will be automatically truncated on the right).

Many of the commands operate upon a "CPU state" which corresponds to the
program under test. The CPU state holds the registers of the program being
debugged, and initially contains zeroes for all registers and flags except for
the program counter (P) and stack pointer (S), which default to 1@0@H. The
program counter is subsequently set to the starting address given in the last
record of a HEX file if a file of this form is loaded (see the I and R
commands) .

1. The A (Assemble) Command. DDI' allows inline assembly language to be
inserted into the current memory image using the A command which takes the
form

As

where s is the hexadecimal starting address for the inline assembly. DDT
prompts the console with the address of the next instruction to fill, and
reads the console, looking for assembly language mnemonics (see the Intel 8080
Assembly Language Reference Card for a 1list of mnemonics), followed by
register references and operands in absolut: hexadecimal form. Fach sucessive
load address is printed before reading the console. The A command terminates
when the first empty line is input from the console.

Upon campletion of assembly lanquage input, the operator can review the
memory segment using the DDT disassembler (see the L command).

Note that the assembler/disassembler portion of DDT can be overlayed by
the transient program being tested, in which case the DDI' program responds
with an error condition when the A and L commands are used (refer to Section
Iv).



2. The D (Display) Command. The D command allows the operator to view
the contents of memory in hexadecimal and ASCII formats. The forms are

D
Ds
Ds,f
In the first case, memory is displayed from the current display address

(initially 1@@H), and continues for 16 display lines. Each display line takes
the form shown below

aaaa bb bb bb bb bb bb bb bb bb bb bb bb bb bb bb bb cccccececececeeceece

where aaaa 1is the display address in hexadecimal, and bb represents data
present in memory starting at aaaa. The ASCII characters starting at aaaa are
given to the right (represented by the sequence of c¢’s), where non-graphic
characters are printed as a period (.) symbol. Note that both upper and lower
case alphabetics are displayed, and thus will appear as upper case symbols on
a console device that supports only upper case. Each display line gives the
values of 16 bytes of data, except that the first line displayed is truncated
so that the next line begins at an address which is a multiple of 16.

- The second form of the D command shown above is similar to the first,
except that the display address is first set to address s. The third form
causes the display to continue from address s through address f. 1In all
cases, the display address is set to the first address not displayed in this
command, so that a continuing display can be accomplished by issuing
successive D commands with no explicit addresses.

Excessively long displays can be aborted by pushing the rubout key.

3. The F (Fill) Command. The F command takes the form
Fs,f,c

where s 1is the starting address, f is the final address, and c is a
hexadecimal byte constant. The effect is as follows: DDT stores the constant
c at address s, increments the value of s and tests against f. If s exceeds f
then the operation terminates, otherwise the operation is repeated. Thus, the
fill command can be used to set a memory block to a specific constant value.

4, The G (Go) Command. Program execution is started using the G comand,
with up to two optional breakpoint addresses. The G command takes one ot the
forms

G
Gs
Gs,b



Gs,b,c
G,b Ny
G,b,c

The first form starts execution of the program under test at the current value
of the program counter in the current machine state, with no breakpoints set
(the only way to regain control in DDT is through a RST 7 execution). The
current program counter can be viewed by typing an X or XP command. The
second form is similar to the first except that the program counter in the
current machine state is set to address s before execution begins. The third
form is the same as the second, except that program execution stops when
address b is encountered (b must be in the area of the program under test).
The instruction at location b 1is not executed when the breakpoint is
encountered. The fourth form is identical to the third, except that two
breakpoints are specified, one at b and the other at c¢. Encountering either
breakpoint causes execution to stop, and both breakpoints are subseguently
cleared. The last two forms take the program counter from the current machine
state, and set one and two breakpoints, respectively.

Execution continues from the starting address in real-time to the next
breakpoint. That is, there is no intervention between the starting address
and the break address by DDT. Thus, if the program under test does not reach
a breakpoint, control cannot return to DDT without executing a RST 7
instruction. Upon encountering a breakpoint, DDT stops execution and types

*d

where d is the stop address. The machine state can be examined at this point
using the X (Examine) command. The operator must specify breakpoints which
differ from the program counter address at the beginning of the G command.
Thus, if the current program counter is 1234H, then the commands

G,1234
and
G400 ,400

both produce an immediate breakpoint, without executing any instructions
whatsoever.,

5. The I (Input) Command. The I command allows the operator to insert a
file name into the default file control block at 5CH (the file control block
created by CP/M for transient programs is placed at this location; see the
CP/M Interface Guide). The default FCB can be used by the program under test
as if it had been passed by the CP/M Console Processor. Note that this file
name is also used by DDT for reading additional HEX and COM files. The form
of the I command is

Ifilename
or



Ifilename.filetype

If the second form is used, and the filetype is either HEX or COM, then
subsequent R commands can be used to read the pure binary or hex format
machine code (see the R command for further details).

6. The L (List) Command. The L command is used to list assembly language
mnemonics in a particular program region. The forms are

L
Ls

The first command lists twelve lines of disassembled machine code from the
current list address. The second form sets the list address to s, and then
lists twelve lines of code. The last form lists disassembled code from s
through address f. 1In all three cases, the list address is set to the next
unlisted location in preparation for a subsequent L command. Upon
encountering an execution breakpoint, the list address is set to the current
value of the program counter (see the G and T commands). Again, long typeouts
can be aborted using the rubout key during the list process.

7. The M (Move) Command, The M command allows block movement of program
or data areas from one location to another in memory. The form is

MS,f,d

where s is the start address of the move, £ is the final address of the move,
and d is the destination address. Data is first moved from s to d, and both
addresses are incremented. If s exceeds f then the move operation stops,
otherwise the move operation is repeated.

8. The R (Read) Command. The R command is used in conjunction with the I
command to read COM and HEX files from the diskette into the transient program
area in preparation for the debug run. The forms are

R
Rb

where b is an optional bias address which is added to each program or data
address as it is loaded. The load operation must not overwrite any of the
system parameters from @@@H through OFFH (i.e., the first page of memory). If
b is amitted, then b=0000 is assumed. The R command requires a previous I
command, specifying the name of a HEX or COM file. The load address for each
record is obtained from each individual HEX record, while an assumed load
address of 100H is taken for COM files. Note that any number of R commands
can be issued following the I command to re-read the program under test,



assuming the tested program does not destroy the default area at 5CH.
Further, any file specified with the filetype “COM" is assumed to contain
machine code in pure binary form (created with the LOAD or SAVE command), and
all others are assumed to contain machine code in Intel hex format (produced,
for example, with the ASM command).

Recall that the command
DDT filename.filetype
which initiates the DDT program is equivalent to the commands

DDr
~Ifilename.filetype
-R

Whenever the R command is issued, DDT responds with either the error indicator
“?2* (file cannot be opened, or a checksum error occurred in a HEX file), or
with a load message taking the form

NEXT PC
nnnn  pppp

where nnnn is the next address following the loaded program, and pppp is the
assumed program counter (18PH for COM files, or taken from the last record if
a HEX file is specified).

9. The S (Set) Command. The S command allows memory locations to be
examined and optionally altered. The form of the command is

Ss

where s is the hexadecimal starting address for examination and alteration of
memory. DDT responds with a numeric prompt, giving the memory location, along
with the data currently held in the memory location. If the operator types a
carriage return, then the data is not altered. If a byte value is typed, then
the value is stored at the prompted address. In either case, DDT continues to
prompt with successive addresses and values until either a period (.) is typed
by the operator, or an invalid input value is detected.

1gd. The T (Trace) Command. The T command allows selective tracing of
program execution for 1 to 65535 program steps. The forms are

T
Tn

In the first case, the CPU state is displayed, and the next program step is
executed. The program terminates immediately, with the termination address



displayed as
*hhhh

where hhhh is the next address to execute. The display address (used in the D
command) is set to the value of H and L, and the list address (used in the L
command) is set to hhhh. The CPU state at program termination can then be
examined using the X command.

The second form of the T command is similar to the first, except that
execution is traced for n steps (n is a hexadecimal value) before a program
breakpoint is occurs. A breakpoint can be forced in the trace mode by typing
a rubout character. The CPU state is displayed before each program step is
taken in trace mode. The format of the display is the same as described in
the X command.

Note that program tracing is discontinued at the interface to CP/M, and
resumes after return from CP/M to the program under test. Thus, CP/M
functions which access I/O devices, such as the diskette drive, run in
real-time, avoiding I/0O timing problems. Programs running in trace mode
execute approximately 500 times slower than real time since DDT gets control
after each user instruction is executed. Interrupt processing routines can be
traced, but it must be noted that commands which use the breakpoint facility
(G, T, and U) accomplish the break using a RST 7 instruction, which means that
the tested program cannot use this interrupt location, Further, the trace
mode always runs the tested program with interrupts enabled, which may cause
problems if asynchronous interrupts are received during tracing.

Note also that the operator should use the rubout key to get control back
to DDT during trace, rather than executing a RST 7, in order to ensure that
the trace for the current instruction is completed before interruption,

11. The U (Untrace) Command., The U command is identical to the T command
except that intermediate program steps are not displayed. The untrace mode
allows from 1 to 65535 (QFFFFH) steps to be executed in monitored mode, and is
used principally to retain control of an executing program while it reaches
steady state conditions. All conditions of the T command apply to the U
command. ,

12, The X (Examine) Command. The X command allows selective display and
alteration of the current CPU state for the program under test. The forms are

X
Xr

where r is one of the 8080 CPU registers

C Carry Flag (8/1)
Z  Zero Flag (9/1)



Minus Flag (8/1)
Even Parity Flag (6/1)
Interdigit Carry (8/1)
Accumulator (@-FF)
BC register pair (0-FFFF)
DE register pair (@~FFFF)
HL register pair (0~FFFF)
Stack Pointer (9—-FFFF)
Program Counter (0-FFFF)

ThhZmowrHDX

In the first case, the CPU register state is displayed in the format
CE£ZfMEEfIf A=bb B=dddd D=dddd H=dddd S=dddd P=dddd inst

where f is a @ or 1 flag value, bb is a byte value, and dddd is a double byte
guantity corresponding to the register pair. The "inst" field contains the
disassembled instruction which occurs at the location addressed by the CPU
state’s program counter.

The second form allows display and optional alteration of register values,
where r is one of the registers given above (C, Z, M, E, I, A, B, D, H, S, or
P). In each case, the flag or register wvalue is first displayed at the
console. The DDT program then accepts input from the console. If a carriage
return is typed, then the flag or register value is not altered. If a value
in the proper range is typed, then the flag or register value is altered.
Note that BC, DE, and HL are displayed as register pairs. Thus, the operator
types the entire register pair when B, C, or the BC pair is altered.

IIT. IMPLEMENTATION NOTES,

The organization of DDT allows certain non-essential portions to be
overlayed in order to gain a larger transient program area for debugging large
programs. The DDT program consists of two parts: the DDT nucleus and the
assembler/disassembler module. The DDT nucleus is loaded over the Console
Command Processor, and, although 1loaded with the DDT' nucleus, the
assembler/disassembler is overlayable unless used to assemble or disassemble.

In particular, the BDOS address at location 6H (address field of the JMP
instruction at location 5H) is modified by DDT to address the base location of
the DDT nucleus which, in turn, contains a JMP instruction to the BDOS. Thus,
programs which use this address field to size memory see the logical end of
memory at the base of the DDT nucleus rather than the base of the BDOS.

The assembler/disassembler module resides directly below the DDT nucleus
in the transient program area. If the A, L, T, or X commands are used during
the debugging process then the DDT program again alters the address field at
6H to include this module, thus further reducing the logical end of memory.
If a program loads beyond the beginning of the assembler/disassembler module,
the A and L commands are lost (their use produces a "?" in response), and the



trace and display (T and X) commands list the "inst" field of the display in
hexadecimal, rather than as a decoded instruction.

Iv. AN EXAMPLE.

The following example shows an edit, assemble! and debug for a simp}e
program which reads a set of data values and determines the 1arge§t value 11."1
the set. The largest value is taken from the vector, and stored into "LARGE

at the termination of the program

ED SCAN.ASH

o cwml*{d
*1 Z/Hv /(tu/ld:i yuba“* echo
b1 ors M” toed LELSSTART OF TRANSIENT ARES)
Hv1 BLLEN (LENGTH OF WECTOR 10 SCHN,
Hvi c.6 FLARGER _RST YALUE 530 FAR,
LOOP__P_G_0_L  LXI W, VECT ERSE OF YECTOR,
LOGP;\ Moy . M (GET VALUE,
SU c JLARGER VALUE IN C7,
qdee AT NFOUHD JUMP IF (RRGER YALUE HOT FOUND
s NEW LARGEST VALUE, STORE 17 10 €, d
mov coa
NFOUND. TN¥ H ;TO NERT ELEMENT
ICR B [MORE TO SCAN?, 7 Crede Source
‘ JNZ. LooPp ;FOR ANOTHER, Pregrowa - yder fined
ES
i END OF SCAN. STORE C, chatacers {yped
MOV A, ¢ ;GET LARGEST VALUE
STa LARGE , 3y Pogranmmel.
JHE a iREB0OT, " vemeseuts 00Ma7e
e TEST DATA return.
VEET. DB 2.0.4,3.5 6.1, 5,
CEN. EGU §-VECT JLENGTH,
CARGE. 1S 1 JLARGEST YALUE OH EXIT
ENI - g
% =22
xBOp
7 oRre 198H JSTART OF TRANSIENT ARE#A
MY1 B.LEN  SLENGTH OF YECTOR TO SCHM
MY 1 C.8 JLARGEST YALUE S0 FAR
LXI H.VECT BASE OF VECTOR
LOOP. MOV fo JGET YALUE
SUR c JLARGER VALUE IN C?
JNC NFOUND 5 JUMP IF LARGER YALUE NOT FOUND
MEW LARGEST YALUE, STORE IT TO ¢
Moy C. A
NFOUND: INK H ;TO NEKT ELEMENT
DCR B JMORE TO SCAN?
JINZ LOOP JFOR AHOTHER

10



END OF SCAaN. STORE C
MOw A.C {GET LARGEST VYalLUE
STa LARGE
JHE ¢] SREBOOT
i TEET DATA
VECT . e 2.0.4,.3,5,6,1.8
LEN Eau F-VELT sLENGTH
LARGE: bs 1 iLARGEST WRLUE OH EZIT
END
*E 3 — tk d:kdd
BEM o 20al
— 2 Stat Asseudbler
CPsM ASSEMBLER - YER 1.6
12
BAZH USE FRCTOR

END OF ASSEMBLY

TYFE SCQN.PRN2

&ABNHM?)

Acsembly Complele - Lodk ot ?YﬂVGm L\ﬁ)flvﬁ

Machme Code g >

utee Biogeam

ARER
SCAN

MOT FOUND

gioe ORG 1@6H JETART OF TRQHSIENT
0188 @aeG3 1% 1 B: LEN JLENGTH OF YECTOR TO
Biez GEG6 MY I C, B LARGEST ”1Ldk S0 FAR
gied4 21196a1 Ll H:. YECT +BASE OF VYECTOE
eia7 7E LOGOF. Moy H. H P LGET ¥AlLUE
ales 91 SiUB C JLARGER YWaLUE IN ©7
81689 D2adht JHC NFOUKWT SJAUMP TR LAaRGER VaALUE
NEW LARGEST ¥aALYE., STORE IT TO &
etaC 4F Moy C:R
ai8d 23 NFOUHD: IHXK H T MEXT ELEMENT
B16E @5 LR B SMORE TO SEANT
ALAF C2a7a1 JHZ Looe JEFOR AHOTHER
; EHD OF SCAN, STORE C
gl1z v5 Moy A L JGET LARGEST YALUE
8113 322181 SThA LARGE
atie CEiﬁ:r . JHF 5 JRERBQOT
[hh/ IAMJ i
\,/1 TEZT DATH
9110 a»eeu4ﬁ~e YECT: Lk 2,8, 4, 3.%, 6,1, 5
agez = < LEH E&u -YELCT G LENGTH
a1z Vam£gf> LARGE . Ds 1 JLARGEST MaLUE ON ERIT
a1zz Eqwﬂt END

A>



DT SCAN. HEZ . .
— ==y Stoet Debugrer Loy hex St mackue Gde
ik DDT VER 1.8

NEXT PC
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§18E DCR E (See Saurce Lle{lrﬁ
H16F  JNZ @i1@v o Compor (5 0n)
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G611y NOP

Bi1& HNOF
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DIAGNOSTICS

Your 820 comes with a Diagnostic Exerciser disk. You can use this disk to check that
your 820 is in proper working order. The disk will check the different components of
the system and display a message if it finds a malfunction.

It's a good idea to check your system when you first install it. If you experience any
problems while using the system, you can use the Diagnostic Exerciser to check the
system and find out if it needs to be serviced (repaired).

HOW TO BEGIN:

OPEN the disk drives (shown below) and remove any disks

54" DISK DRIVES 8" DISK DRIVES

DRIVE DRIVE  DRIVE DRIVE
B A B

N S/

amnnnmunnn

T T-17

|
|
|

AN

LOCATE the ON/OFF switch on the left side of the 8" disk drives (shown below)
(The 5%" disk drives does not have a ON/OFF switch)

LOCATE the ON/OFF switch under the right side of the screen (shown below)

SCREEN 8" DISK DRIVES

RESET
BUTTON
{on back of screen)

BRIGHTNESS
CONTROL
(under edge of screen)

ON/OFF
SWITCH
(under edge of screen)

ON/OFF
SWITCH

DIAGNOSTICS
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TURN the screen on -- if it is already turned on, press the RESET button at the
back of the screen

TURN the 8" disk drives on -- if your system has 8" drives, they must be turned
on for your system to operate.

WAIT for the word XEROX to appear on the screen. If it does not appear after
a few seconds, try adjusting the brightness control (under the left edge of
screen)

If nothing appears on the screen, your system needs servicing
When you use the Diagnostic disk to check out your system, you'll need to have an
initialized disk to put in the other disk drive. (An initialized disk is a disk that has

been prepared for use in the 820.) If you just installed your 820, you'll need to use the
instructions below to initialize a disk.

TO INITIALIZE A DISK:

INSERT the CP/M disk in the left drive (Drive A) and close the drive

5%" DISK DRIVES 8" DISK DRIVES

INSERT DISK

DRIVE DRIVE DR}{VE

~

CLOSE DRIVE

DIAGNOSTICS
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TYPE A and press RETURN

OBTAIN at least one new disk and take the write protect tape off of the 54"
disk, or put a write protect tape on the 8" disk.
(If you don't have a new disk, a previousley used one will do.)

5%" DISK 8"DISK

— UP AND IN
WRITE i A ARROWS
™~ PROTECT | d

o) TAPE L
1 o
-, @ (—
A\ 4 WRITE

PROTECT
TAPE

Tl‘|
/E

]l

OVAL
CuToUuT

TYPE the word INIT and press RETURN

WAIT for the message "ENTER DISK DRIVE TO BE INITIALIZED (A or B)"

INSERT the new disk in drive B
TYPE B and press RETURN twice

WAIT for the message "0 FLAWED SECTORS" to display

If the disk has flawed sectors indicated by a number other than 0 in front
of the FLAWED SECTORS message, do not use it - initialize another disk
using the steps below.

e Replace the disk in drive B with another disk

o Type B and press RETURN twice

e Wait for the O FLAWED SECTORS message to appear

REMOVE both disks

You're now ready to check out the system with the Diagnostic Exerciser disk.
The instructions for running diagnostics are on the next page.

DIAGNOSTICS
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TO RUN DIAGNOSTICS:

Before you run diagnostics, you'll need to put paper in your printer (use two sheets, so
that the paper covers the width of the platen), and turn on the printer. The On/Off
Switch is on the back of the Diablo 630 printer.

As the test runs, you'll need to watch the screen for error messages.

PRESS the RESET button on the back on the screen (shown on page 9-1)

CHECK the Diagnostic disk to be sure that it is not write protected.
(The 5%" disks are not protected when the tapes are removed, and the 8"
disks are not protected when the tapes are on.)

INSERT the Diagnostic disk in the left disk drive (Drive A) and close the drive

INSERT an initialized disk in the right disk drive (Drive B) and close the drive
(Be sure that the dlSk is not write protected)

PRESS the A key and the RETURN key

The diagnostic disk will begin to check out the system. Be careful not to
touch any keys on the keyboard while the test is running. Touching a key
can stop the test.

Note: If there is an error during the test, pressing CTRL + C will run the
remaining tests

WATCH the screen for the results of the first memory test. In about 30
seconds, the screen should show:

PASSES COMPLETE = 0001 ; COUNT OF ERROR BYTES = 0000
PASSES COMPLETE = 0001 ; COUNT OF ERROR BYTES = 0000

If the COUNT OF ERROR BYTES does not equal 0000, your system
needs to be serviced.

WATCH the screen for the results of the second memory test. The screen
should show:

PASSES COMPLETE = 0001 ; COUNT OF ERROR BYTES = 0000
PASSES COMPLETE = 0001 ; COUNT OF ERROR BYTES = 0000
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If the COUNT OF ERROR BYTES does not equal 0000, your system
needs to be serviced.

WATCH your screen for the results of the disk test. The disk drives will click
during this test. When finished the screen should show:

0 read/write error detected
0 seek errors detected

WATCH the screen test as it displays the screen test. The test pattern should
fill the screen with characters. (The boader around the test pattern will
remain black.)

If there are missing characters or irregularities in the test pattern, your
system needs to be serviced.

(If you do not have a printer, the test will end here. Remove both disks
and press the RESET button.)

WAIT while the printer prints its test pattern. (If you have an 88 or
92 character wheel on the 630 Printer, the test patterm will have blanks
in some places.)

If the test pattern did not print the alphabet and numbers, or if the
characters were not properly aligned on the paper, your system may
need to be serviced.

LOOK for the message "DIAGNOSTIC COMPLETE. RESET TO CONTINUE"

REMOVE the Diagnostic disk and the initialized disk, and place them back in
their disk envelopes. Your manual has a disk holder at the back that you
can use for storing your Diagnostic Exerciser disk.

PRESS the RESET button.
If all the test messages corresponded with those shown in the instructions, your 820 is

hooked up correctly and in proper working order.

DIAGNOSTICS
7/1/81 9-5



(This page intentionally left blank)

DIAGNOSTICS
7/1/81 -6



DIABLO 630 PRINTER

INTRODUCTION

Diablo Systems has combined the simplicity and reliability of a newly designed daisy
wheel printer with the latest microelectronic technology to produce the Model 630
Printer.

The Model 630 is a universal RS 232-C interface printer. It will support a heavy
work load using conventional serial data interchange techniques and protocols.

The Model 630 can use all Diablo and Xerox plastic and metal print wheels.

The Model 630 can use many of Diablo's present paper handling devices, such as
forms tractors, sheet feeders, etc.

SYSTEM COMPONENTS
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UNPACKING THE 630

1.

Take the printer and all accessories out of the carton and remove the plastic
dust bag. Place the Model 630 on a desk or table.

NOTE: The weight of the Model 630 is centered toward its right rear (as you
look at it); thus it is easiest to lift by holding it at the right-rear and left-front.

Inspect the Model 630 and any accompanying accessories for evidence of
shipping damage. Immediately notify the shipping agent of any damage to the
unit or its parts.

Remove the access cover. It is held in place by magnetic latches in front and
small tabs in back.

Remove the plastic bag and the CAUTION tag attached to the paper bail by
cutting or removing the tie wrap (nylon strap).

Remove or cut the following shipping restraint items if installed (see pictures
on opposite page):

a)  Rubber band securing the cover open switch actuator.

b)  Rubber band securing the paper cradle to the paper pressure rollers (if no
platen is installed).

c)  Tie wrap (nylon strap) holding the carriage to the right printer frame.

CAUTION: DO NOT cut any other tie wraps!

SYSTEM COMPONENTS
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INSTALLATION

L.

5.

Place the Model 630 on your desk or table. Look at the two cords. One printer
cord plug fits the large outlet on the back of the printer; the other plug fits the
large outlet on the back of the 820's screen. One power plug fits the smaller
outlet on the back of the printer; the other plug fits a wall outlet.

Check the ON/OFF switch on the back of the printer -- it must be OFF!

Plug the printer cord into the large outlet (right side, looking at back -- see
picture on the opposite page) on the back of the printer. Tighten the screws on
the plug.

Plug the L-shaped end of the power cord into the small outlet (left side, looking
at back -- see picture on the opposite page) on the back of the printer.

Plug the other end of the power cord into the wall outlet. DO NOT turn on the
printer yet.

If the platen has been removed, reinstall it by lowering it down into place while
pressing down on both platen release levers.

NOTE: Make sure the platen's releasable drive gear end is on the right (as you
view it).

Install the platen knob on the right end of the platen - thru the hole in the top
cover. Engage the knob on the platen shaft, rotate the knob until its slot fits
over the cross pin on the platen shaft, then push against the knob to snap it into
place.

Install a print wheel and ribbon (see instructions on Pages 10-8 and 10-9).

Install the access cover. It is held in place by magnetic latches in front and
small tabs in back.

Install the sound cover. Insert the sound cover pivot shaft in the tabs located on
the top of the accesss cover.
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FAMILIARIZATION

(See picture on opposite page)

L.

2.

Control Panel - Operator control switches and indicators.

Access Cover - Operator access to internal controls and for changing print
wheels and ribbons.

Platen - similar to those on standard office typewriters. There is a hand knob
on the right side only.

Paper Handling Features

4.

Platen Knob - This knob, when pushed in (to disengage the drive gear), allows
the operator to rotate the platen to insert and position paper.

Platen Release Latches - These two latches are pressed down simultaneously to
insert a platen or to release the platen for removal.

Paper Bail - The paper bail holds the paper against the platen for optimum print
quality and quietness. The bail must be pulled forward (away from the platen)
when inserting paper.

Paper Release Lever - This lever releases paper roller pressure when pulled
forward, allowing the paper to be positioned manually. Returning this lever to
its back position reestablishes paper roller pressure.

Paper Guide - A movable guide for aid in inserting paper.

Paper Scales - There are two scales associated with the Model 630. One is a
column indicator, located on the top cover; the second is a paper scale mounted
on the access cover. These scales aid the operator in centering and spacing
paper and copy.

Power Indicator Light - This light indicates that the power is on.

SYSTEM COMPONENTS
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PREPARATION FOR OPERATION

Installing a Print Wheel

CAUTION: Ensure that power to the Model 630 is turned OFF!

I.  Grasp the print hammer assembly and pull it toward you to tilt the print wheel
mechanism away from the platen and card guide.

2.  Rotate the print wheel motor hub to bring the hub's alighment tab to the upper
part of its arc of travel.

3.  Grasp the print wheel (metal or plastic) by its rubber hub and place it on the
print wheel motor hub. Align the wheel's alignment slot with the hub's
alignment tab, and push the wheel firmly to fully seat it on the motor hub.

4. Tilt the print wheel mechanism back to its operating position.

Removal of the print wheel is simple. Tilt the print wheel mechanism toward you,
grasp the print wheel by its rubber hub and pull it free of the print wheel hub.

Diablo print wheels are rugged and dependable, but they can be damaged.

Use care when handling them to avoid bending the "spokes". Always store
print wheels in their plastic containers when they are not installed in the

printer.

Note:

PRINT WHEEL
R 7577
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INSTALLING PRINT WHEEL
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Installing a Ribbon Cartridge

1. Open the plastic envelope and take out the ribbon cartridge. Note the small
knob on the top surface of the cartridge for advancing the ribbon manually.
Use this knob to take up any slack in the exposed portion of the ribbon and to
make sure the ribbon is tight and straight.

2. Hold the cartridge in one hand with the exposed ribbon toward the platen.
Lower the cartridge down over the print hammer guide (orange stripe). Be sure
the exposed ribbon is straight and located between the card guide and print
wheel. Push the cartridge down firmly until both latches have snapped into
position. Rock the cartridge back and forth on the platform to ensure that the
ribbon is free to move up and down. Turn the ribbon advance knob a turn or
two to ensure that the ribbon is tight, straight and ready to operate.

The ribbon cartridge may be removed by pressing down on both latches
simultaneously. The cartridge will be raised up slightly and may be grasped
easily and lifted out of the printer.

Note: When a ribbon cartridge is nearly empty, a yellow cross-hatched pattern
will appear on the visible back side of the ribbon. The Model 630 will stop
printing, sound its alarm and the RIBBON/PAPER light will come on if printing
is attempted with the ribbon in the warning (yellow) zone.

PRINT HAMMER

RIBBON GUIDES

RIBBON CARTRIDGE

LATCH

IMPRESSION CONTROL

INSTALLING A RIBBON
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Inserting Paper or Forms

Inserting paper or forms into the Model 630 is accomplished in much the same manner
as in a standard typewriter. Paper is inserted down behind the metal paper out bail
and platen while the platen is turned manually to bring the paper around and up in
front of the platen. The front paper bail (Item 5, page 10-6) aids in guiding the paper
back over the platen to the rear when pulled forward. The paper release lever at the
right-hand side of the printer may be pulled forward to release roller pressure after
paper insertion so the paper can be properly aligned in the printer. After paper is
positioned, both the front paper bail and paper release lever are returned to their
operating positions.

Paper Thickness/Print Intensity Adjustment

The two-position Multicopy lever located at the front of the carriage assembly
adjusts for paper thickness and print intensity. Setting the lever to its upper position
moves the carriage close to the platen, and actuates a switch to the proper setting
for light and medium weight paper and form sets of up to two carbon copies. For
heavier paper or form sets of up to five copies, the Multicopy lever is set to its lower
position. This rocks the carriage away from the platen slightly, and deactivates the
switch to enable an increased print intensity.

To avoid the possibility of ribbon damage, the Multipcopy lever should always be set =
at its upper position when printing on single sheets of paper using carbon ribbons.
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OPERATING THE MODEL 630 PRINTER

Preliminary Steps

Install a print wheel, a ribbon cartridge and insert a sheet of paper - as outlined
on pages 10-8, 10-9 and 10-10.

Move the carriage manually to the right a short distance.
Move the power ON/OFF switch at the right rear of the printer to ON.

The POWER indicator should glow; the carriage should move to the left slowly,
and then back to the right, to stop at the first print position; and the print
wheel should rotate and stop at its "home" position (i.e., the "flag" on metal
print wheels should be at the top if the Print Wheel Select switch - under the
access cover - has been properly set). This entire process is called the
INITIALIZATION, RESET or RESTORE sequence. It clears all volatile memory,
resets all position counters and sets the Model 630 to print the first character.

Paper Handling Accessories

-Forms Tractor/Pin Feed Platen: These devices facilitate precision handling of
the continuous or manifold paper forms and are provided in both unidirectional
and bidirectional versions.

-Mechanical Front Feeder: This device also mounts on top of the Model 630. It
is intended for use with difficult, multipart forms and the heavier ledger card
stocks.

-Bottom Feed: The Model 630 can be configured for feeding continuous or
manifold forms up thru the bottom of the machine. It must be used with either
a pin feed platen or a forms tractor.
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SPECIAL CONSIDERATIONS

1.

2.

Cleaning Print Wheels

Print Wheels used with carbon ribbons seldom need cleaning. Both Plastic Print
Wheels and Metal Print Wheels used with cloth ribbons will require an
occasional cleaning.

Remove the print wheel and clean with toluene or naphtha* and a soft brush or
wiper. DO NOT clean with water. DO NOT get solvent on the hub or damper
ring (metal wheels). Be careful not bend the "spokes".

Changing Ribbons During Operation

As outlined on page 10-9, the Model 630 will stop printing, the RIBBON/PAPER
light will appear, and the alarm will sound upon reaching the end of a carbon
ribbon. Should this happen during receipt and print out of data from a host
system, the operator should open the access cover, replace the ribbon cartridge
as described, close the access cover, and then touch the Control Panel RESET
switch to resume printing.

Cleaning The Print Hammer

Remove the print wheel and ribbon cartridge as described. Locate the movable
print hammer inside its guide, as shown on page 10-8. Push the hammer out to
the rear, to expose as much of the head as possible. Use toluene or naphtha*
and a wiper or brush to remove any accumulated ink or other substances, and
wipe dry.

* Toluene and naphtha are available at most drug stores.

** 90% isopropyl alcohol may be used as a solvent for cleaning the print

hammer.
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Setting The Switches Under The Access Cover (left to right)

The 630 Printer has been factory preset to the proper switch positions for use with a
Xerox 820 Information Processor. For use with other print wheels, the available
setting positions are as follows:

1. Print Wheel Select Switch. Set this switch to match the particular type of print
wheel being used. This ensures your text will print correctly and prevents
possible print wheel damage or excessive wear.

PRINT WHEEL SELECT:

0: 88 Metal

2: 92 Metal

3: 96 Metal

s 96D Metal
52 APL Metal
62 APL Plastic
7: Plastic
1,8,9: Optional

2. Spacing Select Switch. This switch selects the horizontal spacing for character
printout. Set this switch to 1 for 10 Pitch PWS or 2 for 12 Pitch PWS.

0: Proportional
L: 10

2: 12

3: 15

4 -9: Self Test

For use with the Xerox 820 Information Processor in WP, the switches to the right of
Print Wheel and Spacing switches should be positioned toward the front of the
printer, except for the BAUD switch marked 120. It should be positioned toward the
back of the printer.
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Setting The Operating Switches

These six switches are located in the right-hand area of the control panel where they
are accessible to the operator with all covers on the machine. These are membrance
type momentary action switches actuated by a touch of the finger.

1.

RESET Switch. This switch will restore the Model 630 to normal operating
status following a printer check or an error condition, and clears all error
indicators.

SCROLL Switch. Touching this switch advances the paper a small amount to
give the operator a clear view of the last printed line. The paper is
automatically returned to the last printing position when the switch is released.

LF Switch. Touching this switch initiates a single or a double line feed
operation, as selected by the DOUBLE L.F. MODE SWITCH. Action is repeated
if the switch is held activated longer than 600msec. A line feed code will not
be transmitted.

FF Switch. Touching this switch initiates a form feed to the next top-of-form

position. A form feed code is not transmitted.

HERE IS Switch. Touching this switch causes a special "Here Is . ." message
of up to 3! characters to be transmitted over the communications link when
operating in remote ASCII mode with the fully featured HPRO5 option
installed. This is not used with the Xerox 820 Information Processor.

BREAK Switch. Touching this switch causes a Break (250msec space) to be
transmitted over the communications link when operating in remote mode.

(Audio Alarm). This device buzzes briefly to indicate the occurrence of various
errors or operating conditions.
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Reading The Control Panel Indicators (left to right)

1.

2.

POWER. Indicates that AC power is applied to the Model 630.

PRINT CHK*, Indicates that a print operation has been called for while the
printer is in a "check" condition. A check condition occurs when a print wheel
or carriage movement command has been received but cannot be successfully
completed due to a malfunction. This condition disables the Model 630 until a
restore sequences clears the check condition.

RESET. Note that if the problem causing the check condition has not been
corrected when a restore sequence has been initiated, the check will reappear
as soon as printing is attempted.

PARITY. Indicates detection of any of the following types of error:

-Incorrect parity sensed on received character.
-A framing error (no stop bit) detected on a received non-break character.
-A serial data character detected with an excess number of bits.

When a parity error is detected, a DEL character is substituted for the
erroneous character.

This indicator functions only if the PARITY ENABLE switch (under the access
cover) is ON.

OVFL*. Indicates that the Model 630's print input memory (buffer) is too full
(has overflowed). Protocol has not been used properly.

RIBBON/PAPER*. Indicates end of ribbon has been reached or that the printer
is out of paper, and printing has been attempted.

COVER*. Indicates that printing was attempted with the sound cover open.

*¥ - These errors cause a Break to be transmitted when the Model 630 is in
Remote mode if DC1/DC3 protocol has not been selected.
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SPECIFICATIONS

Print Speed: Up to 40 characters per second with metalized print wheels.

Character Set: 88, 92 or 96 printable characters per print wheel. Switch selectable
program support for APL and all ENGLISH language print wheels.

Print Wheels:

Metal -88 character Xerox
-96 character Diablo and Xerox
Plastic -96 character Diablo

Character Spacing: 10 and 12 pitch.

Column Spacing: 1/120 inch (.21mm) minimum.

Print Line: 13.2 inches (335.3mm)
132 columns 10 pitch
158 columns 12 pitch
198 columns 15 pitch

Paper Width: 16.53 inches (419.9mm) maximum
- friction feed without Top Paper Out switch.
16.00 inches (406.4mm) maximum
- friction feed with Top Paper Out switch.
15.25 inches (387.4mm) maximum
full width with optional forms tractor (14.75 inches/-374.7mm between holes). 3.25
inches (82.55mm) minimum with forms tractor (2.75 inches/69.85mm between holes).

Carriage Speed: 400msec maximum for 13.1 inches (332.77mm) of motion.

Tabulation: Left or right.
Line Spacing: 1/48 inch (.53mm) minimum.

Paper Feed: Bidirectional, except with unidirectional forms tractor and uni-direc-
tional pin feed platen.

Paper Feed Speed: 4 inches (101.6mm) per second plus 40msec (typical) settling delay
time.

Sensors: End of ribbon, top paper out, and cover open.
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Paper Thickness:

.000 - .101 inch (.254mm) at low setting (1-3 part forms)
.010 - .027 inch (.254 - .686mm) at high setting (4-6 part form).

Other Features: Self-test; host program control thru escape sequences; data
receive/transmit speed selection.

Power Requirements: Strappable for operation from nominal 100, 120, 220 or 240
volt (+10%/-15%) AC inputs, 49-61 Hz. 350W maximum power consumption. Factory
preset for 120 VAC.

CHECK YOUR MODEL 630's SERIAL PLATE FOR PROPER INPUT POWER.
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FORMS TRACTORS

The unidirectional and bidirectional forms tractors are very similar except the
unidirectional does not have the reverse drive sprockets required for bidirectional
paper feeding.

Unidirectional Forms Tractor - This unit mounts on top of the printer cover
where it engages the platen shaft for alignment and drive. It requires use of a
friction feed platen. It is adjustable to any paper width from 2-3/4" (69.85mm)
to 14-1/2" (368.3mm) maximum as measured between the pin feed drive holes.

Bidirectional Forms Tractor - This unit mounts on top of the printer cover
where it engages the platen shaft for alignment and drive. It requires use of a
friction feed platen. It is adjustable to any paper width from 2-3/4' (69.85mm)
to 14-1/2" (368.3mm) maximum as measured between the pin feed drive holes.
It also features both forward and reverse pin feed paper drives to enable
feeding paper in either direction.
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Forms Tractor Installation

Note:

1)
2)

3)

4)

If your Model 630 has a sound panel, it must be the special sound panel
designed for use with the forms tractors.

If you have one, swing the sound panel forward to its open position.

Pull the paper release lever and paper bail forward toward the front of
the Model 630 (see Picture, page 10-7).

Holding the forms tractor at both ends, depress the two latch release
levers on the tractor and lower it onto the platen shaft (see Picture, page
10-21). As the tractor is being lowered, guide the paper release actuator
fork on the tractor over the paper release lever on the Model 630.

Release the latch levers to clamp the tractor assembly onto the platen
shaft. Check to see that both ends of the tractor are firmly latched.

a)

b)

Bidirectional forms tractors: Swing theé paper support rack forward
then backward to make sure the paper release lever stays inside the
release actuator fork. If the paper release lever slips out, remove
the forms tractor and repeat steps 2 through & of this installation
procedure.

Unidirectional forms tractors: The unidirectional tractor is equipped
with adjustable supports. Adjust these to hold the back of the tractor
to its forward position, and check to see that the paper release lever
on the Model 630 snaps in its backward position. Swing the paper
support rack back to its normal position; the paper release lever
should be pulled to its forward position. This releases the paper
tension, which is necessary when operating with the forms tractor.

Forms Tractor Removal

1)
2)
3)

Remove any paper from the forms tractor.

Swing the sound panel forward.

Depress the two latch release levers (see Picture, page 10-21) and lift the
tractor straight up.
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REVERSE DRIVE ASSEMBLY

PAPER RACK LATCH RELEASE

PAPER RELEASE
ACTUATOR FORK

PLATEN CLAMPS

PAPER FEED ASSEMBLY
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Loading Paper into the Bidirectional Forms Tractor

To adapt the following procedure to a unidirectional tractor, simply disregard the
steps relating solely to the reverse drive assemblies.

1) If you have one, swing the sound panel open.

2) Adjust the two pin feed assemblies to the appropriate form width by
loosening the feed assembly lock levers and sliding the feed assemblies to
the left or right as necessary.

Note: The two feed assemblies on the bidirectional forms tractor each consist of a
pin feed forward drive belt and a reverse drive sprocket joined together by a metal
bracket. The unidirectional forms tractor is equipped only with the forward drive
belt assemblies.

3) Swing the paper support rack on the tractor to its forward position. This
allows convenient access for engaging the paper onto the reverse drive
sprockets; it also moves the pressure release lever backward so the platen
will be able to grip the leading edge of the paper and pull it around to the
forward drive assemblies.

4)  Open the gates on the reverse and forward drive assemblies.

5) Bring the leading edge of the continuous form paper up over the rear of
the Model 630 and hook the pin feed holes along each side of the paper
onto the feed pins on the reverse drive sprockets. (Be certain that the
paper is aligned straight on the sprockets.) Close the gates over the
reverse drive sprockets to hold the paper in place on the feed pins.

6) Slowly rotate the platen to feed the leading edge of the paper down
behind the paper bar, down around and then up in front of the platen.

7)  Swing the paper rack back. This moves the paper release lever on the
printer to release the grip of the platen on the paper.

8)  Grasp the leading edge of the paper and pull it up while manually turning
the platen until the leading edge is above the forward drive assemblies on
the tractor.

9)  While gently creating tension on the paper by pulling up on the leading
edge, fit the side holes in the paper onto the feed pins of the forward
drive belts. Close the gates to hold the paper in place on the feed pins.
Be certain that the paper is aligned straight.

10) Move the paper bail back toward the platen. (The bail will be held away
from the platen slightly; this is proper when operating with the forms
tractor.)

11) Rotate the platen 2 or 3 turns forward and backward to check that the
paper is feeding properly through the drive assemblies.

12)  Close the sound panel.
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—-INTRODUCTION—

The XEROX 820 system monitor is the basic control program for the single-board
computer. [t begins execution when the computer is first turned on, or whenever
the reset button is pressed, and resides in the top 4K of memory.

The monitor provides two essential functions for the system. It is the initial
software level of the computer and it contains the routines that initialize and
control all the basic system input/output resources. The "front panel" functions of
the monitor include commands to display and alter the contents of memory and 1/O
ports, to begin execution at a given address, and to bootstrap programs from disk.
The basic I/O functions of monitor provide driving routines for the built-in CRT
display and keyboard input, and the floppy disk controller. In this capacity the
monitor is always active, even when application programs like the CP/M disk
operating system have control of the CPU.

The following sections of this manual will explain how to use the console monitor
commands, what facilities are provided by the resident 1/O handlers, and how to
interface applications programs to the monitor.

XEROX 820 MONITOR COMMAND SUMMARY

The Xerox 820 monitor enters the command mode after it has initialized the
system following a power-on or a reset. The following sign-on message is displayed
on the console output device as an indication that the monitor is ready to accept
commands.

... XEROX 820...
Enter A for BOOT

Enter T for TYPEWRITER
*

Commands consist of a single character command name and zero to three
hexadecimal numeric parameters separated by commas or spaces. The command
line may be entered using upper case or lower case letters. A carriage return is
used as the terminator. Errors within a line can be corrected by typing control-H
to delete the last character or control-X to delete the entire line. If a line is
entered with an unknown command name, an invalid number or parameters or an
out-of-range parameter, an error message will be displayed and the command will
not be executed.

The user may wish to halt long running commands like the memory dump before
they are finished. This can be done by typing carriage return while the command is
doing output. Output can also be frozen temporarily and then re-started by typing
repeatedly on the space bar.

The following table summarizes the monitor's command set. The items enclosed in
angle bragkets represent the numeric parameters expected by the command. A
detailed description of each command is provided in the following pages.
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command format

d(ump) ces D (start), (end)

m(emory) ... M (address)

t(est) co X (start), (end)

£(ill) “os F (start), (end), (constant)
c(opy) con C (source_start), (source_end), (dest_start)
g(oto) coe G (address)

r(ead) cee . R (unit), (track), (sector)
a(boot) ce A(boot) from A drive
t(ypewriter) . . T

i(nput) ce I (port)

o(utput) ... O (port), (data)

NOTE: All of the Monitor parameters are hexadecimal.

1)

DUMP COMMAND

The dump command outputs a tabular display of the contents of memory in
hexadecimal and ASCII representation. Each display line has the following
format:

AAA DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD DD

where AAAA is the starting memory address of the line in hexadecimal, the
DD's are the hex values of the 16 bytes of data starting at location AAAA,
and the C's are the ASCII characters equivalent to each data byte. Bytes less
than 20 hex are replaced in the ASCII portion of the dump by period.

The dump command accepts zero, one or two address parameters. If two
addresses are specified, the block of memory between those two locations
will be dispayed. Entering only one address will display 256 bytes of memory
starting at the specified location. Typing 'D' with no parameters will cause
the routine to display the 256 byte block of memory starting at the last
address displayed by the dump command.
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2)

3)

4)

MEMORY COMMAND

The memory examine/change command allows the contents of individual
memory locations to be read from and written into using the monitor. This
command accepts one parameter representing the memory address at which
to begin examining data. The display format is as follows:

AAAA DD _

where AAAA is the current memory address and DD is the hexadecimal value
of the data in that location. After displaying the contents of a memory
location, the routine waits for one of the following items to be input from the
console.

o Typing a carriage return will cause the routine to display the data at
the next memory location, with no modification of content.

o Typing a minus sign will have a similar effect, except the address is
decremented instead of incremental.

o Typing a two digit hexadecimal number will cause that number to be
stored at the displayed address. The new data is stored as soon as the
second digit is entered, with no terminating character required.

o Typing any character other than carriage return, a minus sign or a
hexadecimal digit will cause the command to terminate.

TEST COMMAND

This command allows the user to test memory for errors caused by defective
16K memory chips, solder bridges and various other problems. Any portion of
memory may be tested except the area reserved for the monitor (F000 to
FFFF hex). Two parameters are required from the user; the starting address
and ending address of the memory block to be tested. Only the high order 8
bits of the addresses entered are actually used however, due to a charac-
teristic of the test algorithm begin employed. If no errors occur, the test
routine will output a plus sign every time a test pass is done. A total of 256
plus signs must be output for all possible test patterns to have been tried.
When errors are detected an error line will be output in the following format:

AAAA DD should=XX

where AAAA is the address of a location that fails to test, DD is the data
read back from the location, and XX is the test pattern that was written
there.

FILL COMMAND

The fill command allows blocks of memory to be filled with a fixed data
constant. Three parameters are required in the command line; a starting
memory address, an ending address and a fill constant. Each location in the
specified block of memory has the constant written into it and then read back
again to check for memory errors. An error line like the one described for
the 'X' command is printed for any locations that fail to verify.
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5)

8)

9)

COPY COMMAND

The copy command allows blocks of data to be moved around in memory.
Three parameters are required in the command line; a starting memory
address, an ending address, and a destination address. The contents of the
block of memory bounded by the first two addresses is copied to the block
starting at the third address. As with the fill command, a test is made to
verify that each byte of the destination block, when read back, is the same as
the corresponding byte in source block.

GO TO COMMAND

The goto command allows control of the CPU to be passed to another
program by the monitor. This command requires a single parameter from the
user representing the address at which to begin execution. The monijtor
actually passes control to the specified location by executing a CALL
instruction. This makes it possible for the external routine to return to the
monitor by doing a RET, assuming it does not re-load the stack pointer and
loose the return address to the monitor.

READ COMMAND

The read command allows individual disk sectors to be read into memory and
displayed on the console. Three parameters are required; a drive unit number
(range 0 to 1), a track number (range 0 to 27 for 5.25" disks or range 0 to 4C
for 8" disks) and a sector number (range 1 to 12 for 5.25" disks or range 1 to
1A for 8" disks). The command routine performs a drive select, track seek
and sector read sequence using the supplied parameters. If no errors occur,
the contents of the input buffer will be dumped out the 'D' command format.
In the event of a disk error, a diagnostic message will be printed in the
following format:

disk error XX UAA TBB SCC

where XX represents the 1771 disk controller error status code, AA is the
unit number, BB is the track number, and CC is the sector number. The error
code is composed of eight bits of status information as described in the table
below:

bit read/write seek/restore/select
7 drive not ready drive not ready
6 write protected unused
5 write fault unused
4 record not found seek error
3 crc error crc error
2 lost data cannot restore
1 unused unused
0 always=1 always=0

The least significant bit (LSB) of the error code indicates which of the above
sets of error conditions is applicable. If the LSB=1 the disk error was
generated by a read or write operation, otherwise it was caused by a seek,
restore, or select operation.
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10)

11)

12)

13)

BOOT COMMAND

The boot command command is used to load and begin execution of a one
sector long bootstrap loader from the first sector on drive unit zero. The
most common use of this command will be to boot up the CP/M disk
operating system, although it is not necessarily restricted to this purpose
only.

The boot works by reading the contents of track 0, sector 1 into memory at
location 80 hex and the jumping to that address to start execution of the code
just read in. Normally the routine on sector 1 will be a small loader that in
turn reads in a larger program such as the operating system. This two level
bootstrap process makes the boot command more application independent.
The only requirements are that the first sector of the boot diskette be
reserved for a loader and that the bottom 256 bytes of memory are not
written over by the program being loaded.

TYPEWRITER COMMAND

This command allows the XEROX 820 to be used as a standard electronic
typewriter. All key strokes will be typed directly on the attached printer in a
direct print mode, without displaying any typed information on the screen.

INPUT COMMAND

This command allows the contents of input ports to be read from using the
monitor. It operates very much like the memory examine command, except
that input ports are being examined instead of memory locations. A single
parameter representing a port number is expected in the command line. The
contents of adjacent ports can then be examined by typing carriage return or
a minus sign as in the 'M' command. Typing any other key will cause the
routine to terminate.

OUTPUT COMMAND

The output command is provided to allow output ports to be written to using
the monitor. Two parameters are expected in the command line; a port
number and a data byte to be output to that port. Both parameters should be
between 0 and FF hex. After outputting the specified data to the port, this
routine simply returns to the monitor instead of stepping to the next location
like the input command. This makes it possible to use the output command to
initialize Z-80 peripheral devices like the SIO, PIO and CTC.
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MONITOR RESIDENT 1I/O DRIVER FUNCTIONS

This section describes the facilities available in the XEROX 820 monitor for
controlling the input/ouput resources of the XEROX 820 single-board computer.

1)

2)

INTERRUPT PROCESSING

The XEROX 820 monitor takes advantage of the powerful interrupt handling
capabilities of the Z-80 microprocessor. Interrupts are utilized in the I/O
drivers for the console keyboard input, the real-time clock and the floppy
disk controller. All necessary initialization tasks and interrupt service
routines for these devices are contained in the monitor.

For the most part, the operation of the interrupt mechanism should be
transparent to most applications programs that will run under XEROX 820. A
few precautions must be taken however, to insure that user written software
does not adversely effect the operation of the system. The following list
describes the major hazards to the interrupt system;

o Interrupts should not be disabled permanently by user code, as this will
lock-up the console input and real-time-clock routines.

o The Z-80 'T' register should never be altered. Doing so is GUARAN-
TEED to crash the system.

o The CPU operates in Z-80 interrupt mode 2 and should not be switched
to either of the other two interrupt modes.

o Adequate stack space must be reserved in user programs to allow at
least one level of stack for interrupt return addresses. Use of the stack
pointer for 'trick' programming purposes is highly discouraged for the
same reason.

The monitor initializes the Z-80 'I' register to point to the system interrupt
vector table at location FF00 to FFIF hex. This table contains pre-assigned
vector locations for all the peripheral devices on XEROX 820, including those
that are not used by any built-in functions in XEROX 820. The devices that
are not currently used include SIO channel A, the general purpose PIO and
CTC channels 0 and 1. These ports can be initialized and used as needed
without affecting the overall system operation. Consult .the monitor
variables table at the end of this manual for the vector addresses.

MEMORY MAPPED VIDEO DISPLAY

The XEROX 820 single-board computer is equipped with a built-in 80 charac-
ter by 24 line CRT display controller, for use with an external video monitor
as the system. console output device. The refresh memory for the CRT is
bank switchable from the system's 64K byte memory space and includes a
hardware address translation circuit for high speed scrolling.

The XEROX 820 monitor contains an output driver routine for the CRT that

emulates the characteristics of a typical stand-alone video terminal. An opera-
tional summary of the CRT driver is given on the next page.

SYSTEM COMPONENTS
10-28



All character codes between 20 and 7F hex are directly displayable on
the screen. Characters are formed in a 5x7 dot matrix.

New characters are stored on the screen at the location occupied by the
cursor. The cursor is then moved one place to the right.

If the cursor must appear at a screen position occupied by a non-blank
character, the presence of the cursor will be indicated by making the
overlayed character blink on and off.

If the displayable character is output when the cursor is in the right-
most column of the screen, an automatic carriage return and linefeed is
generated afterwards.

If a linefeed in output when the cursor is on the bottom line of the
screen, the entire display is scrolled up one line and a new blank line is
created on the bottom.

All character codes between 00 and lF hex are interpreted as control
characters. Only 12 of these codes have some effect on the CRT
display, and are described in the table below. The remaining 20 are
treated as nulls.

CODE KEY NAME EFFECT

00 @ NUL - NONE

01 A SOH - NONE

02 B STX - NONE

03 C ETX - NONE

04 D EOT - NONE

05 E ENQ - NONE

06 F ACK - NONE

07 G BEL - NONE

08 H BS -  BACKSPACE OR CURSOR LEFT
09 1 HT - HORIZONTAL TAB

0A J LF - LINEFEED OR CURSOR DOWN
0B K VT - CURSOR UP

0C L FF - CURSOR RIGHT

0D M CR - CARRIAGE RETURN

OE N SO - NONE

OF P SI - NONE

10 P DLE - NONE

11 Q DCI1 - CLEAR TO END OF SCREEN
12 R DC2 - NONE

13 S DC3 - NONE

14 T DC# - NONE

15 U NAK - NONE

16 \ SYN - NONE

17 W ETB - NONE

18 X CAN - CLEAR TO END OF LINE

19 Y EM - NONE

1A z SUB - CLEAR SCREEN

1B ESC -  ESCAPE SEQUENCE

1C FS - NONE

1D GS - NONE

IE RS - HOME CURSOR

IF VS - DISPLAY CONTROL CHARACTER
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Backspace:

Moves the cursor to the next column to the left. If the cursor is in the leftmost
column of the screen, this character has no effect.

Tab:

Moves the cursor right to the next tab stop. The tab stops are fixed at every
eighth column, starting from the left.

Linefeed:

Moves the cursor down one line on the screen. If the cursor is the bottom-most
line, the screen is scrolled up and a blank line is created on the bottom. The top
line is lost.

Cursor Up:

Moves the cursor up one line on the screen. If the cursor is on the top of the
screen it rolls around to the bottom.

Cursor Right:

Moves the cursor to the next column to the right. If the cursor is in the rightmost
column, there is no effect.

Carrier Return:
Moves the cursor to the leftmost column of the screen.
Clear to EOS:

Clears the contents of the screen from the current cursor position to the end of the
bottom line.

Clear to EOL:

Clears the contents of the line the cursor is on, from the cursor position to the end
of the line.

Clear Screen:

Clears the entire screen regardless of the current cursor position and places the
cursor in the top left corner of the screen. Also re-initializes the CRT driver
subroutine.

Escape:

Used to initiate an XY cursor positioning sequence. The cursor can be moved to an
arbitrary location on the screen by outputting a 4 character sequence composed of
1) escape, 2) equals sign, 3) row# character and 4) column# character. The
row/column number characters are formed by taking the desired row# (range=0 to
23) or columni (range=0 to 79) and adding 20 hex (32 decimal) to it.

Home Cursor:

Moves the cursor to the top left corner of the screen, without altering any
characters on the display.

Display CC's:

Functions as a prefix character to force the output of symbols in the character
generator that corresponds to ASCII control characters. The next character output
to the CRT after outputting a 1F hex will be displayed on the screen regardless of
its numeric value. If multiple symbols are to be displayed, 1F must precede each
character.

SYSTEM COMPONENTS
10-30



DISPLAY CHARACTER CODES

This table shows the code for each character to be displayed by the XEROX 820.
Each character is defined by a unique eight bit code which is represented by a
hexadecimal code 'XY' where X represents the 4 most significant bits of the code
and Y represents the 4 least significant bits of the code.

There are a total of 128 characters in the font se t. Therefore, Y represents a
hexadecimal number from @ to F, and X represents a hexadecimal number from @to
7. Therefore, the complete font set is defined by codes from ¢@ to 7F. If the most
significant bit of the eight bit code is set to 'l', then the complete font set is
duplicated with the blink attribute set. The blinking set of characters is then
defined by codes from 80 to FF.

Y| 1 2 3 4 5 6 7 8 9 A B C D E F
X
g b ¢ 0O 8 % 4 T a 2+ 4+ 9 ¢ "
1 3 ° =3 4 2 K &0 4 a @ 9K
2 b S % & () x4+, - /
3 1 2 3 &« 5 6 7 8& 9 H < = » 7
4 P A B C D E F G H I J K L M N O
5 Q R S T uUu Vv w X vy z L v 1 =~ _
6 ~ a b ¢ d e £ g h i j k1 m n o
7 P g r s t u v w x y z A+ [ S
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KEY STATION NUMBERING

23| 24| 25 26|| 27| 28

41||42|(43|[44] 45| 46

5859|6061 62||63

74

15]16||17(|18||19

33| 34{|35|| 36| 37

51(152}|53|| 54|55

68||69||70|| 71)| 72
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KEY CODES

KEY NAME KEY # UNSHIFTEDSHIFTED CONTROL
HELP 0l 1E 1E 9E
1 02 31 21 91
2 03 32 40 92
3 04 33 23 93
4 05 34 24 9
5 06 35 25 95
6 07 36 5E 96
7 08 37 26 97
8 09 38 2A 98
9 10 39 28 99
0 11 30 29 90
MINUS 12 2D 5F IF
EQUAL 13 3D 2B 9A
BACKSPACE 14 08 08 88
DELETE 15 7F 7F FF
- (PAD) 16 2D 2D AD
7 (PAD) 17 37 37 B7
8 (PAD) 18 38 38 B8
9 (PAD) 19 39 39 B9
TAB 20 09 09 89
Q 21 71 51 11
W 22 77 57 17
E 23 65 45 05
R 24 72 52 12
T 25 74 54 14
Y 26 79 59 19
u 27 75 55 15
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Key Codes

(continued)

KEY NAME KEY # UNSHIFTEDSHIFTED CONTROL
I 28 69 49 09
(0] 29 6F 4F OF
P 30 70 50 10
C 3] 5B 7B IB
] 32 5D 7D 1D
ESC 33 1B 1B 9B
+ (PAD) 34 2B 2B AB
4 (PAD) 35 34 34 B4
5 (PAD) 36 35 35 B5
6 (PAD) 37 36 36 B6
LOCK 38 --- FUNCTION KEY ---
A 39 61 41 01
S 40 73 53 13
D 41 64 44 04
F 42 66 46 06
G 43 67 47 07
H 4y 68 48 08
J 45 6A UA 0A
K 46 6B 4B 0B
L 47 6C 4C 0C
SEMICOLON 48 3B 3A 7E
APOSTROPHE 49 27 22 60
RETURN 50 ‘ 0D 0D 8D
LINEFEED 51 0A 0A 8A
UP ARROW 52 01 01 81
1 (PAD) 53 31 31 Bl
2 (PAD) 54 32 32 B2
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Key Codes

(continued)

KEY NAME KEY # UNSHIFTEDSHIFTED CONTROL
3 (PAD) 55 33 33 B3
L SHIFT 56 --- FUNCTION KEY ---
Z 57 7A 5A 1A
X 58 78 58 18
C 59 63 43 03
\ 60 76 56 16
B 61 62 42 02
N 62 6E 4E 0E
M 63 6D 4D 0D
COMMA 64 2C 3C 1C
PERIOD 65 2E 3E 7C
SLASH 66 2F 3F 5C
R. SHIFT 67 —- FUNCTION KEY ---
L. ARROW 638 04 04 84
D. ARROW 69 02 02 82
R. ARROW 70 03 03 83
0 (PAD) 71 30 30 BO
. (PAD) 72 2E 2E AE
L. CTRL 73 —- FUNCTION KEY ---
SPACE BAR 74 20 20 00
R. CTRL 75 --- FUNCTION KEY ---
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3)

4)

PARALLEL KEYBOARD INPUT

A parallel keyboard interface is provided on XEROX 820 for systems that will
use the built-in keyboard and CRT display as the console I/O device This
interface is designed to connect to an ASCII encoded keyboard with 8 bits of
parallel data and a key-pressed strobe.

The XEROX 820 monitor contains an interrupt driven input handler for the
keyboard that maintains a 16 character deep FIFO buffer for input data. This
makes it possible to do a considerable amount of typing ahead without any
input characters being lost. If characters are typed while disk access is going
on, they may be lost because the disk routines lock out all lower priority
interrupts. Any characters received when the FIFO is full will also be lost.

FLOPPY DISK CONTROLLER

The system is-equipped with an on-board floppy disk interface capable of
controlling up to two Shugart compatible 8 inch drives, or two 54" drives.
The interface hardware is based on a Western Digital 1771 disk controller
chip, along with extra TTL support circuitry to provide buffering, drive
select, head load timing and data separater functions.

The XEROX 820 monitor contains a complete I/O driver package for the disk
controller. Linkage to the disk 1/O routines in the monitor is provided by a
set of subroutine entry points described later in this manual. The basic
functions available are: drive select, restore, seek, track, read sector, and
write sector. The user can also specify the track-to-track seek stepping rate,
and the sector record length.

All disk functions are verified upon completion, with the final status being
returned in the A register. If the command was executed successfully, then
A will contain all zeros on return, otherwise it will contain an error status
byte as described above under the console monitor 'R' command. The disk
driver routines will attempt to recover from any disk I/O errors that occur,
so it is generally not necessary for user written programs to try to re-execute
commands that fail the first time.

DISK FORMAT

The XEROX 820 is equipped with two (2) compatible Shugart SA400L (5%")
drives, or two (8") Shugart SA800 drives. The disks for the SA400L (5%")
drives are initialized in a CROMEMCO format, and the disks for the SA800
(8") disks are initialized in an IBM 3740 format.

A format is divided into three (3) parts, field A, field B, and field C. Field A
is written at the start of each track known as the preamble. Field B is
written once for each sector which consists of a gap between sectors, ID
fields, and a data field. Field C is written at the end of each track and is
kngwn as a postamble,
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The XEROX 820 disks are initialized in the following formats :

Parameter
Tracks
Sectors
Bytes/Sector

8"
77
26
128

#} of Reserved Track for OS 2

Disk Capacity

5%" Format
Number of
Bytes
6

Field A - -

1
A
1
1
1
1
1
*Field B 4 1
1
6
1
1
1
8
1

28
Field C - 01
8" Format
Number of
Bytes
Field A - 28
6
1
26
6
1
1
1
1
1
*FieldB — 1
11
6
1
128
1
| 27

Field C - 247

241K

Hex Value
of Bytes

FF
00
FE
XX
00
XX
00
F7
FF
00
FB
E5
F7
FF
FF

Hex Value
of Bytes

FF
00
FC
FF
00
FE
XX
00
XX
00
F7
FF
00
FB
E5
F7
FF
FF

5%"
40
18
128
3
81K

Comment

Preamble on Gap 4A
Gap 3

ID Address Mark
Track #

Sector #

Generate CRC
Gap 2

Data Address Mark
Data Field 'E5' Data
Generate CRC

Gap 8

Postamble Gap 4B

Comment

Preamble - Write at the
start of each track

Gap 3
ID Address Mark
Track #

Sector #

Generate CRC
Gap 2

Data Address Mark
Data Field '5' Data
Generate CRC
Gap 3

Postamble Gap 4B

* Repeated for one (1) number of sectors per track.
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5)

6)

7)

SERIAL INPUT/OUTPUT

The XEROX 820 single-board computer has provisions for two completely
independent RS-232 serial ports that can be used to interface to printers,
CRT terminals and data communications equipment.

REAL TIME CLOCK

The XEROX 820 single board computer has Z-80 CTC device that can be used
to generate the timebase for interrupt driven timers, real-time clocks, and
other time keeping functions. The monitor will initialize CTC channels 2 and
3 to interrupt the processor once a second. Channels 0 and ! of the CTC are
not initialized and can be used for other purposes.

The one second interrupt from the CTC is utilized by the monitor's disk I/O
routines to implement the disk motor turn-off function.

PARALLEL 1/0 OPTION

A Z-80 PIO chip has been included on the XEROX 820 for general purpose I/O
interfacings. This device is completely unused by any built-in functions.
The PIO contains two independent 8 bit parallel I/O ports that can be used to
interface to printers, ROM programmers, analog converters, other compu-
ters, or just about anything else imaginable. Those interested in using the
PIO should consult the schematic drawings for any needed hardware interfac-
ing details. 'Data about programming the PIO can be found in most Z-80
applications manual.
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USER ACCESSIBLE MONITOR ROUTINES AND VARIABLES

This section gives the locations and calling sequences of the user accessible I/O
routines in the XEROX 820 monitor. It also describes a number of important
monitor variables that may need to be accessed by user written programs.

XEROX 820 subroutines are accessed via a table of JUMP instructions beginning at
memory location FO00 hex. All monitor calls should be made to these entry points,
since the actual addresses of the routines inside XEROX 820 will vary between
different releases. Parameter passing conventions for the monitor fall into one of
two groups. The character oriented I/O routines all pass data using the A register,
while the disk routines pass parameters in C and HL and return status information
in A.

Storage for the monitor's stack and working variable occupies the top 256 bytes of
memory, from FF00 to FFFF hex. The mode 2 interrupt vector table takes up the
first 32 bytes of this block and the stack starts at the very top. In between, are
variables used by the monitor resident I/O drivers and interrupt service routines,
some of which are described below. Programs should not attempt to write into any
locations in this block that are not specifically mentioned below.

1)  XEROX 820 SUBROUTINE ENTRY POINTS

F000 ENTO: Jp INIT ;XEROX 820 cold start entry
F003 ENTI: JP PROMPT ;XEROX 820 warm start entry
F006 ENT2: JpP CONST ;console input status test
F009 ENT3: JP CONIN sconsole input

F00C ENT4: Jp CRTOUT smemory-mapped CRToutput
FOOF ENT5: Jp CRTOUT smemory-mapped CRToutput
F012 ENT6: JP SIOST ;SIO port B input status test
FO015 ENT7: JP SIOIN ;SIO port B input

FO18 ENTS: JP SIOOUT ;SIO port B ouput

FO1B ENTO: JP SELECT ;disk drive select

FOlE ENTI10: Jp HOME srestore to track 0

F021 ENTI11: Jp SEEK ;seek track

F024 ENT12: Jp READ sread sector into memory
F027 ENTI13: Jp WRITE swrite sector from memory
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FUNCTION

COLD...

WARM...

CONST ...

CONIN ...

CONOUT ..

CRTOUT..

SIOST ..

SIOIN ...

SIOOUT ...

SELECT...

HOME ...

SEEK ...

READ...

PARAMETERS

IN: none
OUT: does not return

IN: none
OUT: does not return

IN: none
OUT:status in a

IN: none
QUT: character in A

IN: character in A
OUT: none

IN: character in A
OUT:none (V= . -

IN: none
OUT:status in A

IN: none
OUT: character in A

IN: character in A
OUT: none

IN: unit number in C
OUT:status in A

IN: none
OUT:status in A

IN: track number in C

OUT:status in A

IN: sector number in C

buffer pointer in HL

OUT:status in A

DESCRIPTION

Perform cold start initialization of
XEROX 820 monitor and enter com-
mand mode.

Enter XEROX 820 monitor command
mode with no re-initialization.

Test for data ready in console input
FIFO and return status in A. If data
is available then A=FF, else A=00
hex.

Return character from console input
FIFO in A. If FIFO is empty then
loop until character is input.

Output character passed in A to the
memory mapped CRT display

Output character passed in A to the
memory-mapped CRT display.

Test for received data available from
SIO channel B and return status in A.
if data is available then A=FF, else
A=00 hex.

Return received data from SIO
channel B in A. Loop until data is
received if none is available on entry.

Output character passed in A to SIO
channel B transmit register.

Select specified drive for future
restore, seek, read or write
command. If the drive is not ready,
then the currently selected drive is
left on.

Move read/write head to home
position at track 0 and verify if it got
there.

Move read/write head to specified
track and verify if it got there.

Read specified sector on current
track into memory data buffer.
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WRITE ... IN: sector number in C Write specified sector on current
buffer pointer in HL  Track from memory data buffer.
OUT:status in A

2) STORAGE ALLOCATION FOR XEROX 820 VARIABLES
(INTERRUPT VECTOR TABLE)

FF00 SIOVO: DEFS?2 ;SIO port B xmit buffer empty

FFO02 SIOV1: DEFS2 ;SIO port B external/status change
FFO4 SIOV2: DEFS2 ;SIO port B receive data available
FF06 SIOV3: DEFS2 ;SIO port B special receive condition
FFO08 SIOV4: DEFS?2 ;SIO port A xmit buffer empty
FFOASIOV5: DEFS?2 ;SIO port A external/status change
FFOCSIOVé6: DEFS?2 ;SIO port A receive data available
FFOE SIOV7: DEFS2 ;SIO port A special receive condition

FF10 CTCVO: DEFS?2 ;sCTC channel 0 interrupt
FF12 CTCV]l: DEFS2 ;CTC channel 1 interrupt
FF14 CTCV2: DEFS2 ;CTC channel 2 interrupt
FFl6 CTCV3: DEFS?2 sCTC channel 3 interrupt

FF18 SYSVA: DEFS2 ssystem PIO port A interrupt
FF1ASYSVB: DEFS2 ;system PIO port B interrupt

FFICGENVA: DEFS2 ;general purpose PIO port A interrupt
FFIEGENVB: DEFS2 ;general purpose PIO port B interrupt

(CONSOLE KEYBOARD INPUT VARIABLES)
FF20 FIFO: DEFS16  ;input data fifo buffer

FF30 FIFCNT: DEFSI snumber of characters in FIFO
FF33 LOCK: DEFS1 scharacter used for software shift
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Theory of Operation - CENTRAL PROCESSOR

CLOCK GENERATOR:

All the system clocks with the exception of the baud clock and the video dot clock
are generated from a master oscillator operating at 20 Mhz. The 20 Mhz clock is
scaled by the divide-by-5 section of decade counter to provide 4 Mhz for use in the
floppy disk data separator. The 2 Mhz clock for the disk controller is generated
from the 4 Mhz clock by the remaining divide by two section.

The 2.5 Mhz processor clock is generated by dividing the master 20 Mhz clock by &
with binary counter. The column address strobe "CAS", and the address multi-
plexer control "MUXC", are derived from the 20 Mhz clock. When memory, request
"MREQ" is low and refresh "RFSH" is high generation of "CAS" and "MUXC" is
enabled. "RFSH" disables the generation of "CAS" and "MUXC" by holding shift
register reset. This is done to take advantage of the low power row address strobe
"RAS" only refresh mode of the 16K dynamic RAM.

RESET CONTROLLER:

Two types of reset take place on the board. Power on reset is detected and
conditioned by part of hex schmitt inverter. The pushbutton reset is also
conditioned by a part of hex schmitt inverter.

PORT ADDRESS DECODING:

Octal decoder is used to select the appropriate I/O device based on the binary
value of the address bits A2, A3, & 4. When A7 is low and "MIR" is high, a low on
"IORQ" will cause the appropriate output of the decoder to go low, selecting the
I/O device for a read or write operation.

PORT 0-3 = CHANNEL A BAUD RATE (WRITE ONLY)
PORT 4 = SIO CHANNEL A DATA
PORT 5 = SIO CHANNEL B DATA
PORT 6 = SIO CHANNEL A CONTROL
PORT 7 = SIO CHANNEL B CONTROL
PORT 8 = GP PIO PORT A DATA
PORT 9 = GP PIO A CONTROL
PORT A = GP PIO PORT B DATA
PORT B = GP PIO PORT B CONTROL
PORT C-F = CHANNEL B BAUD RATE (WRITE ONLY)
PORT 10 = 1771 STATUS/COMMAND REGISTER
PORT 11 = 1771 TRACK REGISTER
PORT 12 = 1771 SECTOR REGISTER
PORT 13 = 1771 DATA REGISTER
PORT 14-17 = CRT SCROLL REGISTER (WRITE ONLY)
PORT 18 = CTC CHANNEL 0
PORT 19 - CTC CHANNEL 1
PORT 1A = CTC CHANNEL 2
PORT IB = CTC CHANNEL 3
PORT 1C = SYSTEM DATA PORT
PORT ID = SYSTEM CONTROL PORT
PORT IE = KEYBOARD DATA PORT
< PORT IF = KEYBOARD CONTROL PORT
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DISK TRANSFER SYNCHRONIZATION:

In order to successfully execute the high speed data transfers between the
processor and the disk controller, the fast Z-80 non maskable interrupt "NMI"
response was employed. During reads and writes to and from the disk controller,
the data at memory location 66 hex is retrieved and stored. This location is
overwritten with a RETURN instruction. After this setup is accomplished the
processor executes a HALT instruction. When the processor is in a HALT
condition, a DATA REQUEST (DRQ) or an INTERRUPT REQUEST (IRQ) from the
disk controller will cause a non-maskable interrupt to be generated. The processor
then executes the RETURN instruction at 66 hex and returns to transfer the data
to or from the disk controller. When the 128 byte transfer is complete the old data
is restored and the processor resumes normal operation. This hardware assistance
obviated the necessity for a DMA device by eliminating the disk controller "DRQ"
status test.

CRT DISPLAY CONTROLLER

VIDEO SCROLLING:

In order to eliminate the delay associated with software scrolling, hardware
assistance was employed. For ease of understanding, the CRT RAM resides from
3000 hex to 3FFF hex. Writing into the scroll register adds an offset to the line
address developed by the line counter. The net effect is similar to the rotation of
a cylinder whose axis is horizontal and perpendicular to the line of shift. The
amount of rotation is determined by the magnitude of the number contained in the
scroll register. For instance, an offset of zero puts the data at location 3000 hex
(of the CRT memory) at the bottom of the screen. If the offset was one, the data
at 3000 hex would be displayed on the line next to the bottom. An offset of
seventeen hex (23 decimal) puts the data at location 3000 hex at the top of the
screen,

VIDEO RAM ADDRESSING:

If the processor is doing a read or write to video RAM "CRTCE" (CRT memory
access enable) will go low. When "CRTCE" goes low, the address from the
processor is selected instead of the address generated by the counter chain. This
gives the processor access to the video RAM for read or write operations.CPU
ACCESS OF VIDEO RAM:

During read or write operations involving the video RAM and the CPU, "CRTCE"
will go low. When "CRTCE" goes low the processor address bus is selected as the
address source for the video RAM. A low on "CRTCE" is also used as a term in the
direction control logic for data buss access. During a processor read operation,
data from the video RAM at the specified address is allowed onto the processor
data bus. During a processor write operation, data from the processor is written to
the video RAM at the specified address.
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VIDEO GENERATION:

While in the display mode, ASCII data from the video RAM and scan address data
are used to select the proper dot patterns from the character generator. The
character generator contains 1 Font pattern of 128 characters.

DISPLAY BLANKING:

The display is blanked during horizontal retrace, vertical retrace, CPU access, and

decode of scan counts 8§ & 9. Blanking is accomplished by disabling the character
generator.

64 K RAM AND BANK SWITCHING
REFRESH:
During the refresh cycle, the Z-80 places the refresh address on the lower 7 bits of
the address bus. When this address is stable in the RAM array, th "RFSH" pin on
the Z-80 goes low. The active low "RFSH" generates a "RAS" on all RAMs. An
active "RFSH" disables the generation of both "CAS" and "MUXC" .
BANK SWITCHING:
Bit 7 of port 1C hex is the bank switch control. When the output is high, the ROMs

and the CRT display appear in the lower 16K block. When bit 7 of port IC hex is
low, all the 64K RAM is available to the processor.

FLOPPY DISK CONTROLLER, SYSTEM PIO, AND CTC

FLOPPY DISK CONTROLLER:

The 1771 Disk Controller performs all the control functions required to interface
to a floppy disk drive. The only support required by the 1771 is external data
separation, inverting data bus transceivers, head load timer, and buffering to and
from the drive(s). ~
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DATA SEPARATOR:

Presettable counter is used as a timing reference developed by the system clock.
Raw data coming from the disk drive is used to preload the counter. If the counter
does not receive a data bit between clocks the counter in effect times out and
presents the controller with a logic zero. If the counter receives data between
clocks, the controller will see a logic one on its data input. '

DATA BUS BUFFERING:

Inverting transceivers adapt the 1771 to the non-inverted Z-80 data bus. During a
read operation, data from the 1771 is allowed onto the processor's data bus. "
Otherwise, the processor's data bus always drives the 1771's data inputs.

CTC:

The CTC resides at ports 18 hex through 1B hex (see page 10-38). All the inputs
and outputs associated with the CTC are available to the user. Refer to the
strapping option section for pin assignments.

SYSTEM PIO:

The system PIO resides at ports 1C hex through IF hex. The "A" side of the system
PIO controls the floppy disk drive select, bank switching, disk power switching,
sensing keyboard data available (for polled keyboard applications), and on un-
committed user definable I/O bit. The bit allocations are as follows:

BIT 0 = DVSEL 1
BIT | = DVSEL 2
BIT 2 = SIDE
BIT 3 IS USED FOR KEYBOARD DATA AVAILABLE
BIT 4 IS 8"/5%" DISK SELECT
BIT 5 ASSIGNED FOR FUTURE USE
* BIT 6 CONTROLS DISPLAY CHARACTER SET
BIT 7 CONTROLS THE BANK SWITCHING (0=RAM)

The drive select information should be presented to the system PIO in the following
manner:

read port 1C hex to maintain system status data
mask off the lower 3 bits

"or" in the desired drive & side information
write the modified data to port 1C hex

The "B" side of the system PIO is devoted to the keyboard. The keyboard port is
eight bits wide and is fully buffered.
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GENERAL PURPOSE PIO AND SIO

The G.P. PIO provides the user with 16 bits of user definable input or output or a
mix of input and output on nibble boundaries. The G.P. PIO resides at ports 08 hex
-0B hex. The PIO will support all modes of interrupt supported by the Z-80. For
detailed programming information refer to the Z-80 PIO data sheet. For
applications information, refer to the strapping option section.

SIO:

The Z-80 SIO supports two full channels of serial I/O with the capability of
supporting full RS-232 protocol on both channels. In addition, the A side of the SIO
can provide clocks to synchronous modems or receive clocks from the modem.

Channel A of the SIO can be configured to interface to a modem or a terminal.
Refer to the strapping option sheets for detailed instructions. Refer to the SIO
data sheet for programming information.

Channel B of the SIO is dedicated for printer operation and has no strapping
options.

The "SYNC" pins on both channels of the SIO have been connected to the Rx data
pins to facilitate baud rate selection. Utilizing this feature, the start bit duration
can be timed, and the baud rate can be set accordingly.

BAUD RATE GENERATOR:

The COM 8116 provides the user with two programmable baud rate generators.
Channel A baud rate resides at port 00 hex and is write only. Channel B baud rate
resides at port 0C hex and is also write only. The programming procedure is as
follows:

00 hex = 50 Baud

01 hex = 75 Baud
02 hex = 110 Baud
03 hex = 134.5 Baud
04 hex = 150 Baud
05 hex = 300 Baud
06 hex = 600 Baud
07 hex = 1200 Baud

08 hex = 1800 Baud
09 hex = 2000 Baud
0A hex = 2400 Baud
0B hex = 3600 Baud
0C hex = 4800 Baud
0D hex = 7200 Baud
OE hex = 9600 Baud
OF hex = 19.2 Kbaud
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INTERRUPT STRUCTURES:

All the Z-80 family devices on this board are capable of supporting mode 0, 1, and
2 interrupts. Mode 2 interrupts are used in the monitor delivered with the system.
The I register in a unmodified system is loaded with OFF hex. The priority chain is
organized high to low as follows:

SIO CHANNEL A

SIO CHANNEL B
SYSTEM PIO PORT A
SYSTEM POI PORT B
GP PIO PORT A

GP PIO PORT B

CTC CHANNEL 0
CTC CHANNEL 1
CTC CHANNEL 2
CTC CHANNEL 3
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GENERAL PURPOSE PIO STRAPPINGS (J11) AND PIN ASSIGNMENTS (J8)

J8
1 2
all odd o o port A STROBE
numbered o o port A READY
pins are o o port A bit0
grounded o o port A bitl
o o port A bit 2
o o port Abit3
Jl1 o o port A bit 4
1 2 o o port Abit5
o o o o port A bit6
o) o port B READY polarity o] o port A bit7
) o port B lower direction o o port B READY
all odd # pins o o port A READY polarity o o port B STROBE
are grounded o o port A upper direction o o portBbit 0
o o port B upper direction o o port B bit 1
o o port A STROBE polarity o o port B bit 2
o o port B STROBE polarity o o port B bit 3
o o port A lower direction o o port B bit &4
o o o] o port B bit 5
19 20 o o port B bit 6
0 o portBbit7
39 40
CTC STRAPPING AND I/O ASSIGNMENTS (J10)
J10
2 1
SYSTEM CLOCKo o CLOCK/TRIGGER 0
ZC-TOO0 o o CLOCK/TRIGGER 1
ZC-TOl o o CLOCK/TRIGGER 2
ZC-TO2 o o CLOCK/TRIGGER 3
8 7

VIDEO OUTPUT CONNECTOR PIN ASSIGNMENTS (37)

J7
6 1
o o
o o
6-10 grounded o o  Vertical Sync
o o Horizontal Sync
o o Video
10 5
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SERIAL I/O CONNECTOR PIN ASSIGNMENTS CHANNEL A (J4)

J4

+=

PROTECTIVE GROUND
TRANSMIT DATA
RECEIVE DATA
REQUEST TO SEND
CLEAR TO SEND
DATA SET READY
PROTECTIVE GROUND
CARRIER DETECT

TRANSMIT CLOCK

RECEIVE CLOCK

DATA TERMINAL READY

NOOOOOOOOOO0OO0OO0

—0 0O 00000000000 —
\n

SERIAL 1/O STRAPPING OPTIONS FOR CHANNEL A (J9)

Only channel A is capable of utilizing baud clocks from an external device or of
providing baud clocks to an external device. When providing the baud clock to the
external device the SIO must use the same clock source.

«Q
\O

(M) RXD to Pin 3

(T) TXD to Pin 2

(M) TXD from Pin 2
(T) RXD from Pin 3
(M) CTS to Pin 5

(T) RTS to Pin 4

(M) RTS from Pin 4
(T) CTS from Pin 5
(M) DCD to Pin 8

(T) DTR to Pin 20
(M) DTR from Pin 20
(T) DCD from Pin 8
Clock supplied to Modem as RX Clock
Clock supplied to SIO with RX Clock
Modem supplies SIO with RX Clock
Clock supplied to SIO with TX Clock
Modem supplies SIO with TX Clock
Clock supplied to Modem with TX Clock

FO0 0000000000000 0DO0OD0O0ODO0O0OO0ON

WO OO0 O0O0O0OO0O0O0OO0OO0OD0ODO0OD0OO0O0OO0OO0O0 0 -
o
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DATA SET READY IS ACTIVE ON BOTH CHANNELS

Legend
(ME Indicates modem (Data Commuinications Equipment) function
(T) Indicates terminal (Data Terminal Equipment) function

For instance, exercising the (T) strap options will allow communication with a
modem. Exercising the (M) strap options would allow communication with a
terminal.

TXD = Transmitted Data
RXD = Received Data

RTS = Request to Send

CTS = Clear to Send

DTR = Data Terminal Ready
DCD = Data Carrier Detect

SERIAL 1/O CONNECTOR PIN ASSIGNMENTS CHANNEL B (J3)

J3

-+~

Ground

Receive Data
Transmit Data
Clear to Send
Request to Send
Data Set Ready
Ground
Terminal Ready

Data Carrier Detect

NOOOOOOOO0OO0OO0OO0O0 =

— 0 000000000000
\n
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KEYBOARD CONNECTOR PIN ASSIGNMENTS (J2)

BIT 0
BIT 1
BIT 2
BIT 3
BIT &4
BIT 5
BIT 6
BIT 7
STROBE

+5 volts

J2

-+~

Pins 14-25 are all grounded

NOOOOOOOOOO OO +—

— 0 0O 0O 000000000 O =
\n

DISK DRIVE CONNECTOR PIN ASSIGNMENTS (J1)

8/5% Select
Index

Select 1
Select 2
Side

HDLD

Step In

Step

Write Data
Write

TRK 00
Write Protect
Read Data
Low Current
Ready

Jl1

N
o

Pins 20-37 are all grounded

WO O O0OO0O0O0O0O0O000OO0OO0O0O0

—0 00 0000000000000 —
~N
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