













































































































































































































































































































































































































































































ASSEMBLER AND LINKER UTILITIES

(flags) is an optional field used to specify flags
to be applied to source, object, list, and spooled console output files.

A, B, C, D - Logical drive designators
Z - No file is to be produced (applies only to object and list files)

T - Applies only fo the list file and means use the system printer instead of
file

X - Applied only to the list file and means use the console instead of
a file

Errors in the parameter list cause "INVALID OPTIONS" to be displayed. The
assembler then aborts and returns control to the operating system.

The assembly command al lows one source file to be specified. At times the user
may want to concatenate several source files and submit them as one source
program. This is accomplished by building a file that has INCLUDE statements.
For example, assume the user has three source files (B:FILEA.SRC, A:FILEB.SRC,
FILEC.SRC) and wants them treated as one source program by the assembler. This

is accomplished by creating a file, e.g. SOURCE.SRC that contains the following
statements: '

ORG 100H

INCLUDE "B:FILEA"
INCLUDE "A:FILE"
INCLUDE "FILEC"
END

In the assemble command, the name SOURCE is given for the source filename,
The assembler opens the file SOURCE.SRC, finds the first INCLUDE statement,
opens B:FILEA.SRC and processes it, finds the second INCLUDE, then processes
A:FILEB.SRC. The third INCLUDE statement specifies FILEC.SRC. The default
logical drive designator A is prefixed, making it A:FILEC.SRC.

NOTE: Include files cannot be nested. Therefore, one Include file cannot

call another include file. The end directive should not be used
in any of the include files.
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THE LINKER
Overview

The linker is a 9520 Software Development System utility program. I+ produces
an executable load module by linking relocatable object modules and/or absolute
object modules produced by the 9520 cross assemblers., The linker supports the
unique qualities of each of the microprocessors supported by. the 9520. The

linker's outward appearance and its method of operation remain the same
regardless of the cross assembler used.

The object modules output from the Assembler includes Text Blocks, Relocation
Blocks, and Global Symbol Directory Blocks. Text Blocks from an independently
assembled program section include three types of information:

1. Constants and machine instructions whose values are independent of
their position in memory

2. Addresses or address constants whose values are relative to the
starting location (base) of a section

3. Global references to other object modules whose values cannot be deter-
mined until all sections are assigned memory locations.

Relocation Blocks contain information necessary to update and relocate bytes of
program text. Global Symbol Directory Blocks define global symbols and
sections. ‘

To create a load file (absolute object file), the linker performs three specific
functions for each module:

e Allocates memory space for each section of the load file
2. Establishes a reference ftable of global symbols

3. Relocates address-dependent locations to correspond to allocated space,
when necessary.

in addition, the linker generates a listing that indicates where sections are
allocated and states the values of all global symbols. If local symbols have
been included in any object module, it also states the values of those symbols.

The linker uses as input object files generated by a cross assembler or by
a previous link. Figures 7-1, 7-2 and 7-3 are block diagrams representing
the operation of the tinker with different types of input.
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CREATE SOURCE FILE CREATE SOURCE FILE

USING WORDSTAR IN USING WORDSTAR IN

NON-DOCUMENT MODE NON-DOCUMENT MODE

FILE TYPE IS .SRC FILE TYPE IS .SRC

ASSUME FILE NAME ASSUME FILENAME

IS PROMCKS.SRC IS WALKONES.SRC
PRQMCKS.SRC WALKONES.SRC

GOULD MILLENIUM GOULD MILLENIUM
ASSEMBLE CROSS ASSEMBLER CROSS ASSEMBLER

PROMCKS.OBJ WALKONES.OBJ

LINK MLINK RBT3 = PROMCKS WALKONES
LINK PROMCKS AND WALKONES
RBT3.0BJ
CONVERT ADDITIONAL LINKS
CONVERT | © MILLENIUM BINARY (BIN)

e INTEL HEX (HEX)
o TEKTRONIX (TEK)

RBT3.BIN TO
9508

RBT3.HEX
CP/M, MP/M USAGE, 9508, 9516, PROM PROG

RBT3.TEK
PROM PROG, 9508, 9516

9520-013

Figure 7-1. Linking and Converting Object Files Generated by Cross Assembler
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CREATE CREATE
lA.SRC lB.SRC
ASSEMBLE ASSEMBLE
tA.OBJ ‘B.OBJ
MLINK
AB.OBJ
CREATE CREATE
lc.sac | l D.SRC
ASSEMBLE ASSEMBLE
LC.OBJ ¢ D.OBJ
Y
MLINK -
CD.OBJ
'y
MLINK
9520-015

\

ABCD.OBJ

Figure 7-2. Linking Object Files Generated by Pfevious Link
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CREATE CREATE CREATE
XLSRC X2.SRC X3.SRC
Y
ASSEMBLE ASSEMBLE ASSEMBLE
X3.0BJ
- MLINK
X12.0BJ
Y y
MLINK
9520~-010 l
X123.0BJ

Figure 7-3. Linking Object Files Generated by Cross Assembler and a Previous
Link
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This section describes how to use the linker utility program, MLINK. It is
into these sections:

divided

Advice

Before

1o

(o]

[¢]

o

o

o

LINKER INVOCAT |ON
LINKER EXECUT JON
LINKER COMMANDS
LINKER OUTPUT

ERROR MESSAGES

to the First Time Linker User

invoking the linker it is recommended that the user do the following:

Study the linking diagrams, figures 7-1 through 7-3, carefully.

MLINK ‘is designed fo work with object files produced by Gould
Millennium cross assemblers and will not work with object files created
by other vendor's cross assemblers or compilers.

When fthe linking process is understood, scan the remainder of this
‘chapter, noting in particular the three forms of linker invocation.

When using the linker for the first time, use the Simpte Command Mode.

Make sure that, when linking, the currently logged on disk contains

all the linker routines, including COM files and overlay files (OVR).
If all fthe routines are not present on the disk, the linking process

will abort,.
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L INKER INVOCAT ION

The tinker may be invoked by one of three methods:
1. Simple Linker Command
2. Interactive Command Mode
3. Indirect Command Mode

The Simpte Command Mode is used when the user wishes to link two or fewer object
files and does not wish to control the manner in which the linker performs the
linking and locating or the contents of the map/iog file. This method requires

the user to enter filenames only. All other parameters are set fo reasonable .
default values.

If the user wants to link more than two object files, or control the process of
iinking and locating, or the contents of the log/map file, then he must use the
Interactive or the Indirect Mode. In the Interactive mode, the linker accepts

commands from the console; whereas in the Indirect mode, the linker accepts com-
mands from a file.

In the Interactive Command mode, the linker causes the program to issue prompts
to the user so that he supplies the required input. The Indirect Command mode
requires the user to specify a file that contains |inker commands.

File Name Conventions

Extensive use is made of file types in the linker commands. A complete file-id
has three parts:

1. Logical drive designator: The first character, followed by a colon (ﬁ)
specifies a logical drive. The letters A, B, C, and D specify logical

drives. |f a logical drive is not specified, the system defaults to the
current logged on drive.

2. Filename: A filename has a maximum of eight (8) characters. (See the
MP/M User's Guide or the CP/M Handbook for details.)

3. File extension (type): The file extension is preceded by a period (.) and

is specified with zero to three characters. The file types used in linker
commands are:

a. O0BJ - Means object file. Object files are produced by the assemblers
and the linker.

b. MAP - Means a list file. This file will contain map and/or log
information.

c. IND - Contains linker commands. This file is used only with the
Indirect Command Mode.
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Simple Command Mode

The simple form of Invoking the MLINK command is:

OA> MLINK loadfile=linkfilel |inkfile2 »>F1 F2 Z

where:

1« MLINK

2. loadfile
3. linkfile
4, F1

5. F2

6. Z

invokes the |inker

specifies a logical disk drive (optional) and
filename that i1s used to create file-ids for the
load file and the listing file.

The loadfile-id is created by appending the file
type .0BJ.

The listing file-id is created by appending the
file type MAP, '

The "loadfile" name cannot be the same as a
"}inkfile" name.

specifies a logical disk drive (optional) and file-
name that is used to create the file-id of an input
file. The file-id is created by appending the

file type .0BJ.

specifies a flag for the load file. Valid charac-
Ters are:

A through P - logical drive designators

Z - do not produce a loadfile

specifies a flag for the listing file. See valid

characters under Fl. "X" causes the list file to
be displayed on the console., "T" causes the output

to go to the printer.

indicates that normal console output Is suppressed.
Error messages indicating disk file open, close, or
write errors are not suppressed.

The F1 and F2 flags override any logical disk that
was specified as part of the "loadfile" parameter.



ASSEMBLER AND LINKER UTILITIES

Simple Command Mode (cont'd)

oK K K K K K K K K K K K K K K K K K K X %
* CAUT 10N ‘ *
* *
* Since the output of the linker is *
* an OBJ file, the user should make *
* sure the loadfile is different from *
* the "linkfile" name. Otherwise, the *
* linker will write over an input file.*
* %
*

* %K X X X X X X X X K X X X X X X X X %X ¥

Example:

OA> MLINK A:ABS1=A:MAIN A:PUTCHR >AA

Assuming that A:MAIN.OBJ contains the byte-relocatable section EMAIN and
A:PUTCHR.OBJ contains the byte-relocatable section $PUTCHR, then the output file
A:ABS.OBJ will contain an absolute section "ABS." The section ZMAIN will be
located at the lowest address followed by the section FPUTCHR, since sections
with the same relocation type are linked by name in ascending ASCI | sequence.
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Interactive Command Mode

The {interactive Command Mode is invoked as follows:
OA> MLINK <er>

System Response: The linker responds with a prompt character (¥*), to
indicate that |inker commands will be accepted. Each command is terminated
with a carriage return. Commands are accepted until the END command is
received. The END command directs the linker to discontinue command entry
and to begin processing the object files. See Linker Commands for a list of
legal commands. Both upper and lower case are accepted.

Example:
A> MLINK
*LOG
*MAP

¥LIST HAMMER
*LOCATE Z8001A, RANGE(2000,6FFF),PAG

*LINK  Z8001A,Z80018B :
¥LOAD  B:Z8001
*END

Two object files A:Z8001A.0BJ and A:Z800iB.0OBJ are linked together. The section
Z8001A will be allocated by the linker to memory in the range 2000-6FFF and
starts on a page boundary. Note in the LOCATE command Z8001A is a section name
and in the LINK command Z8001A is a File name. Section names and file names do
not have to be the same. The loadfile-id is B:Z8001.0BJ. The listfile-id is

A :HAMMERMAP . MAP,

Assume that A:Z8001A.0BJ contains a section named Z8001A.
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Indirect Command File Mode

The Indirect Command File Mode is invoked as follows:
O0A> MLINK @indirect

where: indirect Is the logical disk drive (optional) and a filename of a
file containing linker commands. The total file-id is
constructed by appending a file type of .IND.

System Response: The linker opens the indirect file and reads commands
from the file until an end-of-file or an END command is encountered.
End-of-file or END directs the linker to begin processing the object
modules. |f errors have been generated, the linker aborts with the
message:

ERROR IN INDIRECT FILE, LINK ABORTED

See Linker Commands for a list of legal commands.

Example:
A> MLINK @B:INTELCHP
Where the file B:INTELCHP.IND contains:

LOG

MAP

LIST T:

LINK 8086A,8086B,8086C

LOCATE 8086A, BASE(7200)

LOCATE 80868, RANGE(3000,BFFF), INPAGE
LOCATE 8086C, PAGE

LOAD 86CHIPS

END

Assume that the following sections are contained in these files:

File Section
A:8086A.0B4 8086A
A:8086B.0BJ 8086B
A:8086C.0BJ 8086C

Three object files A:8086A.0BJ, A:8086B.0BJ, A:8086C.0BJ are linked together,
forming the file A:86CHIPS.0BJ. The section 8086A must start at location 7200.
The section 8086B will be allocated in the range 3000-BFFF and will not cross a
page boundary. The section 8086C will start on a page boundary. The loadfile-
id is A:86CHIPSOBJ. The list file is output to the printer.
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LINKER COMMANDS
The commands on the following pages may be used In invoking the Interactive or
Indirect Command File Modes.
DEFINE
END
LINK
LIST
LOAD
LOCATE
LOG
MAP
NOCONO
NOLOG
NOMAP

TRANSFER
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DEF INE

COMMAND NAME: DEFINE

Command DEFINE symbol=value ,symboi=value ...
Syntax:
Input symbol A global symbol
Parameters:

value A hexadecimal constant
Explanation

The DEFINE command assigns values to selected global symbols. Each symbol is
entered into the global symbol table and assigned the corresponding value. Even
if the global symbol was previously defined (by an object module), the value
specified In a DEFINE command replaces the already-defined value.

Examples
DEFINE ABC=4000, DEF=1FFF,

This DEFINE command gives values to the global symbols ABC and DEF.
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END

COMMAND NAME: END

Command END
Syntax:

Explanation

The END command signals the end of the command sequence. This command is
entered to start the linking process after the user has complieted entering all
other linker commands.

This command must be used in interactive invocation, but can be omitted for com-
mand file invocation. |If END is omitted in command file invocation, the linker
begins the linking process when the end of the command fiie is reached.

Errors in a command file invocation terminate command entry mode. |If errors are

detected, an appropriate message is issued and control is returned to the system
console.
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L INK

COMMAND NAME: LINK

Command LINK  d: object-file, d: object-fiie ...
Syntax:
Input d: A disk drive letter. If the drive is omitted,
Parameters: . the currently logged on disk drive is used.
object-file The filename of an object file to be linked. No
file type is specified. A file type .0BJ is
appended.

Exp lanation

The LINK command designates the input object files that make up the program.
More than one LINK command can be specified in a sequence of linker commands.
Successive LINK commands specify additional object files. For example, the com-
mand "LINK X, Y, Z" is identical in function to the command "LINK X" followed by
commands "LINK Y" and "LINK Z".

Examp les

LINK A:RASP

This command selects the object file A:RASP.0BJ on drive A to be linked.

LINK B:RASP, JAN

Assuming the logged-on drive is "A," this would cause the files B:RASP.OBJ
and A:JAN.OBJ to be inciuded in the ifink.
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LIST

COMMAND NAME: LIST
Command output-device-name
Syntax: LIST d: Filename
Input output-device-name A device either the printer or console may be
Parameters: designated with a (T:) or (X:) respectively.

filename The filename of the linker listing file

d: The disk drive on which the listing file

resides. |f the drive number is omit+ted,
the active drive is used.

The file-id is constructed by appending the
file type MAP Yo the logical drive and file
name.

Exp lanation

The LIST command designates the file or device used for the linker listing.

Example

LIST T:

This LIST command designates the printer to receive the iinker listing.
LIST B:SAVESOUR

This LIST command designates disk file B:SAVESOUR.MAP to receive the linker
listing.
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LOAD

COMMAND NAME: LOAD

Command LOAD d: Filename
Syntax:
Input filename The filename of the output locad file.

Parameters: v
d: The disk drive on which the load file resides. If
the drive is omitted, the current active drive is used.

The file-id is contructed by appending the file type
.0BJ to the logical disk drive and filename.

Explanation

The LOAD command designates the output disk file that receives the 1inked
program. After Jinking, the file designated by the linker LOAD command may be
input to the convert utility program.

Examples

LOAD B:RESULT

This LOAD command designates B:RESULT.OBJ to receive the linked program.
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LOCATE
COMMAND NAME: LOCATE
,PAGE
COMMAND ,BASE(starting address) ,» INPAGE
SYNTAX: LOCATE section-name JRANGE (starting address,ending-address) ,BYTE
INPUT .
PARAMETERS: section-name The name of any section contained within the

input object moduies.

starting—-address A hexadecimal number representing a starting
address for the location of the section.

ending-address A hexadecimal number representing an ending
address for the location of the section.

EXPLANAT | ON:

The LOCATE command alters the attributes of a SECTION, COMMON, or RESERVE sec-
tion. The BASE parameter designates that the section should begin at the spe-
cified address. The RANGE parameter directs the iinker to place the section

anywhere within the given address range, as long as the beginning and ending
addresses of the section lie within that range, and the location conforms to the
relocation attribute (byte, inpage, page, or absolute).

The PAGE, INPAGE, or BYTE parameter redefines the relocation type of the
designated section. When the relocation type of a section is redefined, the

I inked code may execute differently than intended. Certain portions of the code
may expect or require that a section of code be located in a particular memory
location type (on a page boundary, within a page, etc,). Whenever the PAGE,
INPAGE, or BYTE parameter is used, and the relocation type differs from the type
given to the section at assembly time, the linker generates a warning

message.

EXAMPLES:
LOCATE ASECT, RANGE(4000,9000)

This command informs the linker that section ASECT should be placed entirely
within the range of 4000 to 9000 (hexadecimal). If ASECT cannot be located in
the designated area, an error is generated.

LOCATE ASECT, BASE(7000)

This linker command designates that ASECT begins at memory location 7000.
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LOCATE (Cont'd)
Examples (Cont'd)

LOCATE ASECT, PAGE

This linker command redefines ASECT to be page-boundary reiocatable. The linker
attempts to place the first address of ASECT at a page boundary. A warning
message is displayed if ASECT was not defined to be page-relocatabie at

assembly Time.

LOCATE ASECT, RANGE(0000,7FFF), BYTE

This i{inker command deéigna*es that ASECT will be placed somewhere in the lower

32K of memory, between 0000 and 7FFFH, and redefines ASECT to be byte-
relocatable.
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LOG
COMMAND NAME: LOG
Command LOG
Syntax:
Explanation:

The LOG command causes all subsequent linker commands to be recorded (logged) in
the linker listing file.

The NOLOG command restores the default setting: commands are not recorded in
the linker listing file.
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MAP

COMMAND NAME: MAP

Command
Syntax: MAP

Explanation

The MAP command causes the map fo be inciuded in the linker listing file.. Refer
to the description of the map in the Linker Output section in this chapter.

The NOMAP command restores the default setting. The map is not included in the
I'inker listing file.
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NOCONO

COMMAND NAME: NOCONO

Command
Syntax: NOCONO

Explanation
The NOCONO command causes all normal console output to be suppressed. In the
Interactive and Indirect modes, this action is deferred until the user gives the

END command. Messages that indicate a disk file open, write or close error are
not suppressed.
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NOLOG
COMMAND NAME: NOLOG

Command
Syntax: NOLOG

Exptanation:

The NOLOG command disables the recording (logging) of linker commands in the
ITnker listing file. Refer to the LOG command description for further
information. o
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NOMAP

COMMAND NAME: NOMAP

Command
Syntax: NOMAP

Explanation:

The NOMAP command restores the default map setting. The map is not included in

the linker listing file. Refer to the description of the MAP command for
further information.
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TRANSFER

COMMAND NAME: TRANSFER

Command TRANSFER giobal-symbol
Syntax: value
Input global=-symbol A symbol appearing in the gliobal symbol table.
Parameters:
value A hexadecimal value that must begin with a digit
(0 to 9. R

Explanation:

The TRANSFER command defines the load file transfer address. The transfer
address designates the address of the first instruction to be executed when the
program is run. This address is dispiayed when the program is loaded into
memory.

The fransfer address can either be a fixed value (given as a hexadecimal
address) or a global symbol. |If a global symbol is designated, the transfer
address is taken from the symbol's vaiue after linking.

The transfer address may have been given

Exampies:
TRANSFER 7000

This linker command designates address 7000 (hexadecimal) as the location of the
first instruction to be executed.

TRANSFER ENTRY
This command designates the value of the giobal symbol ENTRY as the transfer

address. When linking is completed, the value of ENTRY is taken from the globai
symbol table and designated as the transfer address.
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LINKER EXECUTION
Program Sections

A section is a collection of object code that has been assembled with the same
location counter. An object code module is a file containing object code and
consists of one or more sections. These sections are treated separately by the
linker. No limit is placed on the number of sections per link, but no more
than 255 sections or globals may exist in any one object module.

A section has five attributes that provide the linker with information regarding
memory al location and where to link fthe section. These attributes are section
name, section type, size, relocation type, and memory location.

1. Name: A section has a name consisting of up to eight characters,
assigned by the section directives, SECTION, RESERVE, or COMMON at
assembly time. The name must be a valid identifier. The section name
is entered into the linker's symbol table and is a valid external sym-
bot. If no SECTION, RESERVE, or COMMON directive appears in the source
file, a default section name is created by appending seven characters
from the filename to the character "3%",

2. Section Type: The section type may be either Section, Reserve, or
Common. The specification is made through use of the SECTION, RESERVE,
or COMMON directive at assembly time. 1{f no SECTION, RESERVE, or COMMON
directive is used, the default section type is SECTION.

For Section Type = SECTION, each Section name must be unique. Multiple

Sections with the same name will be flagged as errors, and only the
first one will be linked.

Reserve sections with the same name are concatenated by the linker. The
length of a Reserve section in a load module is the sum of all Reserve
sections with the same name.

Common sections with the same name are allocated the same space in
memory. The length of the linked Common is that of the largest Common
section.

3. Size: The size of each section in an object module is determined at
assembly time. Section size is the number of memory bytes that the sec-
tion may occupy.

4., Relocation Type: A section may be absolute (non-relocatable), byte-
relocatable, page-boundary-relocatable, or inpage-relocatable. The
default relocation type is byte-relocatable.
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Absolute: An absolute section is not relocated by thé | inker.

Memory locations in an absolute section where code has been
generated, or where locations have been explicitly reserved by
the Assembler BLOCK directive, are not allocated to any reloca-
table section at link time. However, if two or more absolute
sections have code at the same address, the contents of those
memory locations after linking are undefined. These memory
conflicts, if they occur, are noted on the linker memory map.

Byte-relocatable: A byte-relocatable section can be placed

anywhere in memory.

Page-relocatable: A page-relocatable section begins on a page

boundary (an integral multiple of the page length). The defi=-
nition of page boundary is processor dependent; however, most
processors have page boundaries every 100H bytes.

Inpage-relocatable: An lnpage-relocatable section is placed

entirely within a microprocessor page. The length of the page
is microprocessor-specific. Page length for each micropro-
cessor is given in the corresponding assembler cross-reference
manual. |f an inpage-relocatable section exceeds one page in
length, the linker displays an error, redefines the relocation
type of the section to be page-relocatable, and continues the
linking process.

‘Memory Location: At 1ink time the user may specify a relocatable sec-

~tion location, in the form of either a base address or an address range
where the section may be placed. The default range for a relocatable
section is the entire address space of the microprocessor. |f the user
elects not to specify a location for a section, the linker locates

the section. An absolute section cannot be moved at link time.

The Default Section

1f no SECTION directive is entered before assembly, the entire module Is con=-
sidered to be a byte-relocatable section which is constructed from the source

file name.

For example, if the name of the source file were MAINPROG.SRC, tThe

default section name would be ZMAINPRO.
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Memory Allocation of Sections

The linker allocates memory in the following sequence:

5.
6.
7.
8.

*Range

Absolute sections.

Based sections. Based means a program section starting location has been
specified by a LOCATE command.

Ranged page-relocatable section*. Ranged means the user has explicitly
declared a RANGE (starting address, ending address) with the LOCATE command
at link time.

Ranged inpage-relocatable sections*.

Ranged byte-relocatable sections*.

Page boundary-relocatable section*.

Inpage-relocatable section.

Byte-relocatable sections,

was declared at link time.

. Sections having the same allocation type are linked by name in ascending
ASCI1 sequence. See the following page for examples.
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Memory Allocation of Sections (cont'd)

Examples
File-id : Source Contents

CMNHAND1.SRC SECT ION CMNDHAND,ABSOLUTE
ORG 4000H
END

CRACK1.SRC , SECT ION CRACKER,ABSOLUTE
ORG 5000H
END

ABLE.SRC SECTION AAA
END

BAKER.SRC SECTION BBB
END

CHAIN. IND MAP

LINK CRACK1,BAKER
LiNK CMNHANDI1,ABLE
LOCATE AAA,BASE(9000)
LOCATE BBB,BASE(C000)
LOAD HOOKED

END

Assemble the source code in

CMNHAND1.SRC

CRACK1.SRC

ABLE.SRC

BAKER.SRC
Note that BAKER.SRC contains two sections - BBB and CCC.
Link the object files with the command

MLINK @CHAIN
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The order of 1linking is

ABSOLUTE sections CMNDHAND and CRACKER are linked in the order of their
alphanumeric names at the locations specified by the ORG directive.

BASE sections AAA and BBB are linked.

Byte-relocatable section CCC is allocated the lowest available memory
space.

Examples of Memory Allocation Types

Te

3.

Absolute
Source=code SECTION  PARTX,ABSOLUTE
ORG 1000H
where: PARTX 1s the section name. The "ABSOLUTE" and "ORG 1000H"
statements force this section to absolute and are located
at 1000H.

Note that the link directive LOCATE is not used with the section name PARTX.

Based

Sour ce-code SECTION XYZ
where: XYZ is the section name and relocation options are absent

Link directive LOCATE XYZ, BASE(7000)

Ranged page-relocatable

soutrce=-code SECTION MNP,PAGE
where: MNP is the section name and relocation options are absent

Link directive LOCATE MNP, RANGE (4000-7FFF)
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Examples of Memory Al location Types (cont'd)

4. Ranged inpage-relocatable

Method one:
Source-code SECTION PARTS
where: PARTS is the section name and relocation opfioné are absent

Link directive LOCATE PARTS, RANGE (0000-4FFF), INPAGE

Method fwo:
Source code SECT ION NAME1, INPAGE

where: NAME1 is the section name and INPAGE is the relocation
option

Link directive LOCATE NAME1, RANGE(0000-4FFF)

5. Ranged byte-reiocatable

Method one:
Source code SECTION MILL
where: MILL is the section name and relocation options are absent
Link directive LOCATE MILL, RANGE(4000-7FFF),BYTE
Method two: |
Source-code SECTION MILL
where: MILL is the section name

Link directive LOCATE MILL, RANGE(4000-7FFF)
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Examples of Memory Allocation Types (Con+t'd)

6. Page-relocatable

Method one:

Source code
where:

Link directive

Method two:

Source code:

where:

Link directive

SECTION SORT

SORT is the section name and relocation options are absent

LOCATE SORT,PAGE

SECTION SORT,PAGE

SORT is the section name
PAGE is the relocation option

LOCATE is not used with the section name SORT

7. lInpage-relocatable

Method one:

Source code
where:

Link directive

Method two:

Source code

where:

Link directive

8. Byte-relocatable

Sout-ce-code

where:

Link directive

SECTION CH19520
CH19520 is the section name and relocation options are absent

LOCATE CH19520, INPAGE

SECTION CH19520, INPAGE

CH19520 is the section name
INPAGE is the relocation option

LOCATE 1s not used with the section name SORT

SECTION EIGHT

EIGHT 1s the section name and the absence of trelocation
options defaults to relocation type BYTE

LOCATE EIGHT,BYTE
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L INKER OUTPUT

Output from the linker consists of the linker listing file and the load file.
Linker Listing File

The listing file may be output either to a flexible disk file, to the console,
line printer, or it may be omitted.

The following information may be included in a linker output |isting:

Indirect/Interactive

Command File Simple Command Mode

Output Content Listed Invoked Invoked

Linker Commands If LOG was specified Not applicable
Global Symbol List Yes " Yes

Internal Symbol List tf MAP was specified Yes

Map If MAP was specified Yes

Linker Statistics Yes Yes

Error Message If necessary Yes

Global Symbol List. A global symbol 1ist is an alphabetical Iist of all global
symbols (sections and symbols) and their assigned values. These global symbols
include those defined with the GLOBAL directive, as well as the names of
SECTION, COMMON, and RESERVE. If a symbol is undefined, its value field con-
tains asterisks.

Internal/Local Symbol List. The internal or local symbol Iist contains all sym-
bols in the source file and their actual values. The list consists of three
parts:

1. Scalars.

2. Alphabetical list of labels for each section.

3. Alphabetical list of labels for each unbound global.

If there are no labels for a section or global, then no list for that section or
global is output. The internal symbol list is displayed only if the DBG
parameter was entered with the LIST directive in the source file before
assembly.

Map. The map consists of two parts: a module map, and a memory map. The map
is included in the listing file only if the Iinker MAP command has been spe-
cified. A module map lists all modules linked into the load filé. The module
map contains information about sections and global symbols defined In each
object module.

The module map lists all linked modules. An alphabetical list of sections and
entry points (globals defined within each section) is included for each module.
If no sections were linked in a module, no room for a section exists, or a sec-
tion Is empty, an appropriate message is included in the module map.
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A memory map is an ordered listing of the memory allocated to sections. The

list starts with the lowest allocated address and continues to the highest alio-
cated address. For every address range, each section name and its attributes
are given.

Any address conflict (two or more sections assigned to the same address) is
noted by an asterisk (¥*) following the address range in which the conflict
OCCUrs.

Linker Statistics. The linker statistics give the number of errors, undefined
symbols, modules, sections, and the transfer address.

Exampie:

NO ERRORS NO UNDEFINED SYMBOLS
3 MODULES 6 SECTIONS
TRANSFER ADDRESS IS 3E4A

The transfer address identifies the program starting location.

Load File

The primary output from linker processing is the load file. A load file is a
subset of the linker input object modules with all references and relocation
resolved. It has the same record format as the object files produced by the
assembler except there is no relocation information or global symbol infor-
mation. The load file is an absolute object file.

ERROR MESSAGES
Command Processing Errors

The following error messages appears if errors are made in the process of
entering the linker commands.

EXTRANEOUS INFORMATION IGNORED
Extra characters are on a command |ine that only requires an instruction (e.g.,
LOG, NOLOG, MAP). The Linker performs the appropriate action for the command,

ignoring extra characters on the line.

ILLEGAL COMMAND

The command was not recognized.
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ERROR MESSAGES (cont'd)
SYNTAX ERROR

Statement syntax is invalid. This error occurs when a command is incorrectly
formed. For example, i1f unmatched parentheses are found in the LOCATE command, or
an operand Is missing after the equals sign in the DEFINE command.

INDIRECT FILE DEPTH EXCEEDED

A filename command was found during processing of an indirect command file. The
command is ignored. ,

INVALID FILENAME

The file in a LIST, LOAD, or LINK command contains illegal file characters.
(See the MP/M User's Guide or the CP/M Handbook for filename details.)

NOTE: Processing of the command line ceases when an invalid filename is
encountered. All flies up to the invalid filename, in the case of the
LINK command, are added to the list of files to be linked.

INVALID RANGE SPECIFIED

The range (starting address through ending address) in the LOCATE command is
invalide The ending address must be greater than the starting address.

PRINTER BUSY

If the listing file is being directed to the printer, and the linker cannot get
exclusive control of the printer under MP/M, this message is displayed. The
linker will continue fto try fto get exclusive control.

Errors During Linker Execution
Three classes of errors can be generated during |inker execution:

1T« WARNING (W): A problem may exist, but the linked program can
probably be executed.
2. ERRORS (E): The linked program probably will not execute
- properly. , ‘
3. FATAL ERRORS (F): The error directliy affects the |inker!'s
execution. The linker closes all files and returns control to
the operating system.

All errors cause message to be output to the LOG and LIST file or device. A
fatal error will be output to the console even If NOLOG was specified.
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ERROR MESSAGES

SECTION name CHANGED FROM INPAGE TO (BYTE) RELOCATABLE
(PAGE)

Section length is greater than the page size of the microprocessor. This could
occur if several inpage reserve sections were linked together and their total
size exceeded the page size of the microprocessor. A section declared to be

inpage relocatable, in a LOCATE command, will generate this error if the section
exceeds microprocessor page size. |If section size exceeds available page size,
relocation will then be to a byte boundary.

TRANSFER ADDRESS UNDEF INED

No fransfer address was specified to the linker either through the TRANSFER com-
mand or by specifying "END (expression)" during assembly. When no transfer
address is specified, the linker creates transfer address 0.

TRANSFER ADDRESS MULTIPLY DEFINED IN MODULE name F|LENAME

The module has attempted to redefine the transfer address previously specified
by a linked module or by the TRANSFER command. The linker uses the first
encountered transfer address to generate a transfer address for the load module.
If no transfer address is specified, a fransfer address of 0 is generated.

RELOCATION TYPE OF SECTION name MULTIPLY DEFINED IN MODULE name F!LEname

An attempt was made to redefine the section relocation type (byte, page, inpage,
or absolute)., This occurs when the LOCATE command defined a relocation type
differing from that specified at assembly time. The error also occurs when
relocation attributes of a COMMON or RESERVE section differ between modules.

The linker uses the first encountered relocation attribute to define the
section.

TRUNCATION ERROR AT nnnn IN MODULE name FI1LEname

The relocated value computer for LO byte relocation is too large or too small to
fit into one byte.

MACHINE REDEFINED FROM microprocessor IN MODULE name FiLEname

The current input module has been generated for a different microprocessor than
the previous object modules. Differences between microprocessor definitions may
cause incompatibilities during linking (e.g., page length, alignment, etc.).

IMPLICIT REORIGIN TO O IN SECTION name IN MODULE name FILEname

The linker processed an object module where code in an absolute Section wrapped
around from location FFFFH to 0.
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ERROR MESSAGES (Cont'd)
SECTION name CHANGED FROM PAGE TO BYTE RELOCATABLE

Either: The section was declared to be page-relocatable and the linker does

not support paging for that microprocessor, or there was insufficient room for a
paged section in available memory. The linker will attempt to al locate memory
for the Section on a Byte Relocatable Boundary. ’

ATTEMPT TO REDEFINE FILE TYPE FOR filename

Filename was specified twice, once as an object file and once as a Iibrary file.
The linker uses the first file type specified.

These error messages are classified ERRORS:
NO ROOM IN RANGE nnnn=nnnn FOR SECTION name

The section length is greater than available contiguous memory in range nnnn-
nnnn of allocated section memory.

Symbol name MULTIPLY DEFINED IN MODULE name FlLEname

Indicates an attempt was made to redefine a global symbol or section. This
error occurs when two modules both define a global of the same name or when two
sections have the same name. Code section names must be unique. In the event
of multiply defined sections, the linker will only include the first one in the
load file.

UNRESOLVED REFERENCE AT nnnn MODULE name F!lLEname

A reference to an undefined global or section was specified at this point in the
object code. This occurs when a global is used in one module but was never
defined. The unresolved reference is filled with zeros in the load file.

SECTION name EXCEEDS MAXIMUM SIZE
Section length is greater than the address space of the microprocessor. The

section is not included in the load file. This error may occur when a Reserve
is too long.
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ERROR MESSAGES (Cont'd)

The FATAL ERRORS are the following:

F. LINKER INTERNAL ERROR AT nnnn

An error occurred in the linker. Try linking again. |f this error persists,
carefully document the incident and submit an Software Performance Report to
Gould.

F. INVALID OBJECT CODE FORMAT FOR F{LE name
LOCATION = nnnn

The information in file is not valid input object format. Make certain that all
files to be linked have been assembled. Location is the internal linker address
where the object file error was detected.

F. UNABLE TO ASSIGN file or device name

A filename specified as an input object module does not exist, or file/device is
unavailable.

F. MEMORY FULL

Linker memory is totally allocated and linking has been terminated. The fotal
number of globais, sections, or object modules must be reduced in order to link
in the available memory.

Fo (LIST FILE )
(LOAD FILE )
(CONSOLE )
(COMMAND FILE)
(OBJECT FILE )

/0 ERROR #nn

This error indicates the linker was unable to read to or write from the
specified file or device.
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Chapter 8

MP/M SYSTEM GENERATION

I NTRODUCT ION

This chapter describes how to modify the MP/M operating system configuration to
meet the specific needs of a user's application environment.

The need for generating a new system configuration arises when the current space
allocated for memory segment bases does not accommodate the size of the user's
programe. This situation could result in a possible overlap of memory par-
titioning for the transient program area. Also, the system operating require-
ments, (e.g., the need for additional resident programs, or the add-on of
optional extended memory capability) would make it necessary to change parame-

ters and generate a new system configuration.

NOTE: Before performing the steps in this chapter, Gould recommends
that the user duplicate the system disk provided with the 9520.
After the 9520 has been powered-up (refer to chapter 3), insert the
system disk into the disk drive and press the 9520 front panel
RESET switch to reinitialize the 9520 so the software on the disk
is pulled into memory. When the prompt OA> is displayed on the -
display terminal, insert a disk in the unused disk drive, enter
the command FDISK <cr>, and the disk duplication procedure will be
invoked.

GENSYS PROGRAM DESCRIPTION

The MP/M system generation process employs +he GENSYS program, which is invoked
by the GENSYS command. The program is interactive and displays a table of the
current system parameters. The user is prompted to provide inputs that modify

the existing system parameters and establish a new system configuration.

The GENSYS program automatically builds a system program file. The file con-

tains the assigned parameters and writes this program to the system disk so
the information can be loaded into memory whenever the system is started up from

a power-on or reset state.

The system configuration thus established by the GENSYS program remains effec-
tive until another GENSYS is performed by the user,

MODIFYING SYSTEM CONF IGURAT ION

GENSYS is invoked by typing
GENSYS <cr>

The system will respond by displaying the following table (Example #1), which
reflects the current parameters assigned for the system when the last

GENSYS was performed. The user is prompted to respond to each line item and to
enter the appropriate parameters.
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Example #1, System without Bank Switched Memory
0A> GENSYS

MP/M 1.1 System Generation

Top page of memory = ff or O
Number of consoles = 2 or 1
Breakpoint RST # = 7

Add system call user stacks Y/N? vy
280 CPU Y/N? y
Bank switched memory Y/N? n
Memory segment bases, (ff terminates list)
:<00>
:<90>
<ff>
Select Resident System Processes: (Y/N)
ABORT ? n
SPOOL ? n
MPMSTAT ? vy
SCHED Ty

The description of each line item response entered during system generation is
as follows:

(1) Top Page of Memory

Two hexadecimal ASCI1 digits are to be entered giving the top page of memory. A
value of 0 can be entered; in this case the MP/M loader will determine the size
of memory at load time by finding the top page of RAM.

(2) Number of Consoles

Each console specified requires 256-bytes of memory. The 9520 Software
Development System supports up to two consoles.

(3) Breakpoint RST #

The breakpoint restart number to be used by the SID (Symbolic Instruction
Debugger) and DDT (Dynamic Debugging Tool) debuggers is specifiede Restart 7
is for the 9520.

(4) Add System Call User Stacks (Y/N)?

If the user desires to execute CP/M *,COM files, his response should be Y. The Y
response forces a stack switch with each system call from a user program. MP/M
requires more stack space than CP/M.
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(5) Bank Switched Memory (Y/N)?

If the user's system does not have bank switched memory, he should respond with
an N Otherwise a Y response and additional responses will be required.

(6) Memory Segment Bases

Memory segmentation is defined by the entries that are made. Care must be
taken in the entry of memory bases because all entries must be made with suc-
cessively higher bases.

(7) Select Resident System Processes (RSPs)

A directory search is made for all files of type RSP, Each file found is listed
and included in the generated system file if the user responds with a Y.

where: ABORT: Al lows the user to abort a running program
SPOOL: Al lows the user to spool ASClI| text files to the |ist device

MPMSTAT: Allows the user to display the run-time status of the
operating system

SCHED: Allows the user to schedule a program for execution

After the last user response is typed, the GENSYS program produces the MPM.SYS
file, which contains the new parameters assigned for the system configuration.
The MPM.SYS file is then written to the system disk and is booted into

memory whenever the system is started up from a power-on or reset state. The
MPMLDR command can be used to load the new GENSYS program into memory; the
system response is as follows:

OA> MPMLDR
Millennium serial number 1-236-000000

MP/M 1.1 Loader

Number of Consoles = 2
Breakpoint RST # = 7

280 CPU

Top of memory = FFFFH

Memory Segment Table

SYSTEM DAT FFOOH O0100H
CONSOLE DAT FDOOH 0200H
USERSYS STK FCOOH 0100H
X10S SPR FOOOH O0100H
BDOS SPR DCOOH 1400H
XDOS SPR  BDOOH 1FOOH
MPMSTAT RSP BOOOH - ODOOH
Sched RSP ABOOH 0500H
Memseg Usr 9000H 1BOOH
Memseg Usr O0OOOH 9000H
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BANK SWITCHED MEMORY CONFIGURAT ION

Bank switched memory is the condition in which the add-on, 48K expansion memory
bank is available to operate in parallel with the base memory bank. The user
can specify the segmenting of transient spaces in both memory banks.

When the system is configured with the Bank Switched Memory and Banked BDOS
(Basic Operating System) File manager, the user is prompted to provide addi-
tional inputs to satisfy these configuration requirements.

This procedure requires an initial GENSYS and MPMLDR execution to determine the
exact size of the operating system, followed by a second GENSYS.

The system displays the following table (Example #2) so the user can
specify the bank switched memory requirements:

Example #2, System Generation with Bank Switched Memory
0A> GENSYS

MP/M System Generation

Top page of memory = ff
Number of consoles = 2 .
Breakpoint RST # .
Add system cal | user stacks (Y/N)? y

280 CPU (Y/N)? y

Bank switched memory (Y/N)? vy

Banked BDOS file manager (Y/N)? y

Enter memory segment table: (ff terminates list)
Base,size,attrib,bank = 0,90,0,0

]
~

Base,size,attrib,bank = 90,0A,0,0
Base,size,attrib,bank = 0,C0,0,1
Base,size,attrib,bank = ff

Select Resident System Processes: (Y/N)

ABORT 2 n
SPOOL  ? n
MPMSTAT ? y
SCHED 7y

The description of each line item response entered for Bank Switched Memory
during system generation is as follows:

(1) Bank Switched Memory

The response is Y if the system hardware is configured with the add-on, 48K
expansion memory.
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(2) Bank Switched BDOS File Manager

A Y response includes the bank switched BDOS. This provides an additional
OCOOH bytes of common area for some resident system processes (RSP).

The banked BDOS is slower than the non-banked because file control blocks (FCB)
must be copied from the bank of the calling program to common and then back
again each time a BDOS disk function is invoked.

(3) Memory Segment Table

When bank switched memory has been specified, the user is prompted to enter
base, size, atfributes, and bank for each memory segment. Extreme care must be
taken when making these entries as there is no error checking done by GENSYS
regarding tThis function. The first entry made determines the bank in which the
banked BDOS is to reside. Also, the bank specified in the first entry is the
bank switched in at the time the MPMLDR is executed.

The attribute byte is normally defined as 00. The bank byte value is hardware
dependent and is 0 for bank 0 and 1 for bank 1.

Next, the MPMLDR is executed in order to obfafn the base address of the
operating system. ‘

Example #3, Base Address Assignment for Bank Switched Memory

OA>MPMLDR
Mil lennium serial number 1-236-000000

MP/M 1.1 Loader

Number of consoles = 2
Breakpoint RST # = 7
280 CPU

Banked BDOS file manager
Top of memory = FFFFH

Memory Segment Table:

SYSTEM  DAT  FFOOH O10OH
CONSOLE DAT  FDOOH  0200H
USERSYS STK  FCOOH  O100H

X108 SPR FOOOH  OCOOH
BDOS SPR E800H  O80OH
XDOS SPR  C900H 1FOOH

MPMSTAT RSP BCOOH  ODOOH
Sched RSP B700H  O500H
BNKBDOS SPR  A900H  OEOOH
Memseg Usr  0000H COOOH Bank O1H
Memseg Usr  9000H 0AQOOH Bank OOH
Memseg Usr  0000H 9000H Bank OOH
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Using the information obtained from the initial GENSYS and MPMLDR execution, the
following GENSYS and MPMLDR can be executed to reflect the new bank switched
memory configuration:

0A> GENSYS

MP/M 1.1 System Generation

NN SN EEIS ISR IES IR E=R=

Top page of memory = ff
Number of consoles = 2
Breakpoint RST # =6

Add system call user stacks Y/N? y

780 CPU Y/N? y

Bank switched memory Y/N? vy

Banked BDOS file manager Y/N? vy

Enter memory segment table: (ff terminates list)

Base,size,attrib,bank = 0,9F,0,0
Base,size,attrib,bank = 9F,0A,0,0
Base,size,atftrib,bank = 0,C0,0,1

Select Resident System Processes: (Y/N)
ABORT 7 n
SPOOL ? n
MPMSTAT ? vy
SCHED ? vy

0A> MPMLDR
Millennium serial number 1-236-000000

MP/M 1.1 Loader

Number of consoles = 2

Breakpoint RST # =7
280 CPY

Banked BDOS file manager
Top of memory = FFFFH

Memory Segment Table

SYSTEM DAT FFOOH O100H

CONSOLE DAT FDOOH 0200H

USERSYS STK FCOOH 0100H

X10S SPR  FOOOH OCOOH

.XDOS SPR  C900H 1FOOH

MPMSTAT RSP BCOOH ODOOH

Sched RSP B700H 0500H

BNKBDOS SPR  A900H OEOOH

Memseg Usr O0000H COOOH Bank O1H
Memseg Usr 9FOOH OAOOH Bank OOH
Memseg Usr 0000H OFOOH Bank OOH



Chapter 9

SYSTEM DIAGNOSTIC PROGRAM

INTRODUCT 10N

A system diagnostic program is provided in addition to the boot PROM, self-test
feature permanentiy installed in the 9520 Software Development System. This
chapter describes the functions of the program.

The Diagnostic Disk contains software that thoroughly tests all functions of the
systems In the event a subassembly fails the diagnostic test, the diagnostic
program displays an error message that identifies the cause of failure.

DIAGNOSTIC EXECUTION
The user follows this procedure to execute the diagnostic program.

1. Insert the Diagnostic Disk in disk drive A or B. The contents of
Diagnostic Disk are loaded Into the 9520 System by entering the command,
DIAG, on the console. After the diagnostic is loaded and initialized, i+
logs on to the display terminal and displays:

9520 DIAGNOSTIC VERSION 1.0
and then the prompt
0A>

2. The user can now communicate with the monitor and direct the flow of events by
using the commands provided to invoke the various test routines. All com-
mands have the generalized format:

XX<=
xxXddeeed<=
xxXddeeed:xxdddd:xx<=

where:

xxX = Command mnemonic
dd = Individual data field commands
< = Carriage return

The format xx<= is used when the user requires additional information
to implement the command (i.e., the command SD<= displays all tests
available fotr execution).
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3. The user may temporarily suspend message output (or test execution whenever
a message is encountered) by pressing the console SPACE BAR. Testing and
message display can be resumed by pressing the SPACE BAR again. The user
may terminate test execution by entering x on the console keyboard. This
command causes the diagnostic to return control to the diagnostic monitor
program. The prompt OA> is displayed on the display terminal.

NOTE: There may be a delay before the monitor prompt appears after entering the
x command.

X K X X X X X X X X X X K X X X * *¥ *

WARNING: Some of the diagnostic tests
write patterns on the disks. It is
advisable to have scratch disks

inserted when running these tests.
X X K R K K K K K K K K X K K X X K ¥

X Xk Xk K X Xk
X %k ok ok X Xk

A safe procedure for running any of the diagnostic tests is to load the
CP/M or MP/M operating system, remove all disks, insert the Diagnostic Disk,
and enter the command DIAG.

COMMANDS

HP (Help) Command. The help command causes a menu of valid diagnostic moni-
tor commands to be displayed. The help command format is:

HP <=

Table 11-1 lists the response to the HP command, as displayed on the display ter-
minal.

Table 9-1. Valid Diagnostic Commands

MNEMONIC DEFINITION

HP Help-Display Commands

WS Warm Start

SD Select Diagnostic

DR Drive Select

LT Set Loop=-on-=Test (S) Option
SM Set No Messages Option

LE Loop on Error

SO Set Operator Intervention Tests Option
HE Set Halt on Error Option

TL Set Long Test Option

DP Display Pass and Error Counts
Cco Continue Testing

0A> (Prompt)
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WS Command. The warm éTarT command re-initializes the diagnostic to the
default conditions with all options reset, and Disk Drives A and B selected for
testing. All PASS and ERROR COUNT fields are cleared to zero.

The command format Is:
WS <=
Terminal display response is:

9520 DIAGNOSTIC VERSION 1.0

0A>

SD (SELECT DIAGNOSTIC Test) Command. This command al lows the operator to either
queue a test (or tests) for execution or have a display of all possible tests.

The command format to display test only is:

SD <=

The display terminal responds with

iD TEST

Olrememmemm RAM TEST-FIXED PATTERNS

Q2= mmmmed RAM TEST-ADDRESS PATTERN

03— e SERJAL /0 PORT 1 TEST

Q4m e e m SERIAL 1/0 PORT 2 TEST

05=mmmmmmm SERVAL }/0 PORT 3 TEST

0f=m = 60 Hz TIMER TEST

(o Jy LT DISC RESTORE TEST

08=wmmm e DISC SEEK TEST

09-mwmmems DISC FIXED PATTERNS TEST

10= e DISC TRACK AND SECTOR DATA TEST

I leem e D1SC RANDOM TRACK-SECTOR-DATE TEST

1 2= mmmm——— DISC INTERRUPT NOT READY-READY TEST (SO option must be set)
[ e DISC INTERRUPT READY-NOT READY TEST (SO option must be set)
14mmmmmm e DISC WRITE PROTECT TEST (SO option must be set)

0A>

NOTE: The SO command option must be enabled to perform tests 12, 13, and 14,

When the SD command is followed by an asterisk (¥), fthe diagnostic moni-
Tor selects and executes all available tests.

When the SD command is fol lowed by nn, the user selects the test (nn) for
execution.

The command SD nnl nn2 nn3 nn5 nn4...nnn <= means any number and/or sequence of
tests may be queued for execution.

NOTE: If the SD command is part of a multiple command line string, it must be
the last command in the line.

9-3



SYSTEM DIAGNOSTIC PROGRAM

DR (DRIVE SELECT) Command. This command al lows the operator to select which
disk drive(s) will be used for testing. :

The command formats are:
DR A <=
Selects Drive A

"DRIVE A SELECTED™
OA>

is displayed.
DR B <=
Selects Drive B

"DRIVE B SELECTED"
0A>

is displayed.
DR * <=
Selects both Drive A and B

"DRIVE A AND B SELECTED"
0A>

is displayed.

To the following commands, the display terminal responds with the prompt 0A>.

LT (LOOP on TEST(s) Command. The’LT command sets fthe loop-on-test(s) options
and causes the test(s) to be executed continuously until the operator suspends
execution or an error is encountered if the Halt-on-Error option is set.

The command format is:

LT <=

SM (SUSPEND MESSAGES) Command. The SM command suspends all messages except the
Diagnostic Monitor messages. This command is intended to be used in conjunction
with the loop-on-test or loop-on-error options for troubleshooting purposes.

The command format is:

SM <=
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LE (LOOP-ON-ERROR) Command. The LE command causes the test selected to loop on

an error condition (when encountered) without changing any parameters that

caused the error. This option is valid only in tests 01, 02, 03, 04, and 05.
The command format is:

LE <=

SO (SET OPERATOR intervention test(s)) Command. This command al lows the execu-
tion of tests requiring operator intervention within the test(s) selected. The
SO command must be set for tests 12, 13, and 14.

The command format is:

S0 <=

HE (HALT on ERROR option) Command. The HE command causes the selected test exe-
cution to halt when an error is encountered. The test execution continues when
the operator types " <= " on console.

The command format is:

HE <=

TL (LONG TEST option) Command. When the TL command is set, the DISC FIXED
PATTER tests are executed in long form by testing all tracks.

The command format 1s:

TL <=
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DP (DISPLAY PASS and ERROR COUNT Command.

have the PASS and ERROR COUNT tally displayed on the terminal.

The command format is:

DP <=

The display terminal responds with:

<TEST> <PASS> <T E> <DRV A> <DRV B> <S E> <RNF E> <CRC E> <DATA E>

01-
02-
03~
04~
05-

TEST PASSES ERRORS DRVA-
- = 0000~---00
- - 0000 00
- - 0000 OO0
- - 0000 00
- - 0000 00
- - 0000 00

06—
07~
08-
09~
10-
11-

0A>

The

- = 0000-==00===~00~
- = 0000-==00~===00-
- = 0000===00====00-
- = 0000===00====00~
- ~ 0000===00====00-

label definitions are:

TEST
PASSES
ERRORS
DRVA
DRVB
SEEK
RNF
CRC
DATAL
DATAM
HARDE

All counters are in

DRVA- SEEK RNF=  CRC-  DATAL- DATAM
00- = = 00= = = = - - 00
00- = = 00 = = = = = 00
00- = = 00 = =00- = = 00- = = 00~ = = 00~ -
00- = = 00~ = 00= - = 00- = = 00~ = - 00~ =~
00- = = 00~ - 00= = = 00- = = 00~ = = 00~ -

Test 1D Number

Total Number of Passes per Test
Total Errors

Total Errors, Drive A only
Total Errors, Drive B only
Seek Errors
Record-Not-Found Error
CRC Error

Data Lost Error

Data Mis-Match Error

Hard Disk Errors

Hex .

All error counters terminate count at OFF (hex).
All pass counters terminate count at OFFF (hex).

This command al lows the opetrator to

HARDE

-00
-00
-00

CO (CONTINUE Execution of Suspended Test) Command - The CO command causes the
monitor to resume execution of a selected test that was terminated (suspended)
by the user implementing the "X" (EXIT) function.

The command format is:

CO <=
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Test ID 01 RAM TEST - Fixed Pattern

A write/read/verify operation is performed on all available memory using these
fixed patterns and a "Walking 1's" pattern:

00

FF (Hex)
55 (Hex)
AA (Hex)

If the system contains the optional expansion memory option, it is also tested:

Test ID 02 RAM TEST - Address Pattern

All available memory is written with data equal fo the address HI BYTE LOW BYTE,
After a period of delay, the memory is read and verified to ensure refresh Is
functional. Expansion memory option is tested also.
Test ID 03 SERIAL 1/0 Port 1 Test
Serial Port 1 is tested by enabling the wrap-back function on the 9520 control
board and by writing the fixed patterns as described in Test 01 (RAM TEST). The
Serial port is then read and verified. The baud rate is tested by measuring the
time between character.
This test is performed using the following baud rates:
75, 110, 134.5, 150, 300, 600, 1.2k, 2.4k, 4.8k, 9.6k, 19.2k, 38.4k,
56k, 76.8k
Test ID 04 SERIAL 1/0 Port 2 Test

This test is the same as Port 1 with exception of different baud rates of:

75, 110, 134.5, 150, 300, 600, 1.2k, 2.4k, 4.8k, 9.6k

Test 1D 05 SERIAL 1/0 Port 3 Test

Port 3 is tested in the same manner as Port 2.

Test ID 06 60 Hz TIMER Test

A software timing measurement 1s performed on the 60 Hz timer interrupt.

Disk Drive/Controller Tests

NOTE: All Disk Tests are performed on Drive A or Drive B, or both, as specified

by operator input. Refer to the "DR" command.
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Test ID 07 DISC RESTORE Test

The floppy controller is issued a RESTORE/VERIFY command, and the controller
status and track register is checked to ensure track 0 was reached and the track
record was read correctly.

Test ID 08 DISC SEEK Test

Using the STEP-IN and STEP-OUT commands, the SEEK operation is performed from
TRACK 0 to TRACK 76, sequentially, with a verify performed at each Track. The
test then performs SEEKs in the following sequences:

TRACK 76 to 1

TRACK 1 to 75
TRACK 75 to 2, etc.
TRACK 38 to 39

Test 1D 09 DISC FIXED PATTERNS Write/Read

All tfracks and sectors are written and then verified with the following fixed
patterns: 00; FF; 55; AA.

In the long test, the fracks are written sequentially from 0 to 76.

Test ID 10 DISC WRITE-READ TRACK/SECTOR Data Test

All tracks/sectors are written with a 2-byte "word" equal to the track and sec-
tor "address". All tracks are written sequentially from Track 0 to Track 76.
After all tracks/sectors are written, the disk is read and verified.

Test 1D 11 DISC RANDOM TRACK/SECTOR Data Tes+t

This test performs a Write/Read/Verify operation to a random Track/Sector selec-
tion with Random data. This sequence is performed 256 times per test pass.

Test ID 12 DISC INTERRUPT on NOT READ/READY Test

This is an operator intervention test which verifies that an interrupt is
generated when a drive goes from a NOT READY to READY state. This should occur

whenever the operator places a disk in the drive-under-test and closes the
drive door.,

Test 1D 13 DISC INTERRUPT on READY/NOT READY Test

In tThis test, the interrupt tested is that which is generated when the operator
opens the drive-under-test door and causes the NOT READY condition (interrupt).
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Test ID 14 DISC WRITE PROTECT Test

This operator intervention test requires that a write-protected disk be placed
intfo the drive-under-test. An attempted WRITE SECTOR is performed, and a
Write-Protected Status is generated. The same sector is then read to verify
that the sector (data) was not written to disk.

Error Messages
RAM Tests
*%* BANK x ADDRESS = xxxx DATA SB = xx 1S = xx

**%* RAM PARITY ERROR

SERIAL 1/0 Tests

*%% NO SERJAL 1/0 RECEIVE DATA INTERRUPT

*%% RECEIVE CHARACTER NOT AVAILABLE IN ALLOWED TIME
*¥%¥% RECEIVE CHARACTER EARLY

*¥%% TRANSMITTER BUFFER NOT EMPTY

*%¥*% RECEIVE DATA S/B xx 1S xx

*¥%%¥ BAUD RATE xx (See Note)

*¥%x¥ SERIAL 1/0 PORT STATUS = xx

NOTE: Message displayed with any Serial 1/0 Test error.

60 Hz Timer Test

¥%¥% 60 Hz TIMER 1S TOO SLOW
***¥ 60 Hz TIMER IS TOO FAST
*%*%¥ NO 60 Hz TIMER INTERRUPT

DISC Tests

For each disk error, the controller command which produced the etrror is
displayed. Possible command messages are:

*%¥ RESTORE COMMAND

*%% SEEK COMMAND

*%%¥ STEP-IN COMMAND

*%* STEP-OUT COMMAND

*¥% WRITE MULTIPLE SECTOR COMMAND
*%* READ MULTIPLE SECTOR COMMAND
*** WRITE SECTOR COMMAND

*%¥* READ SECTOR COMMAND
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Additional possible error messages are:

*¥%%¥ DISC CONTROLLER STATUS = xx

*¥%% TRACK UNDER TEST = xx (See Note 1)
*%¥% TRACK REGISTER = xx

*¥%¥% SECTOR xx DATA = xx SB = xx

*¥%¥% SECTOR BYTE xx (See Note 2)

*%*¥% DATA WAS WRITTEN ON PROTECTED DISC

NOTE 1: Displayed with all Disc Errors.

NOTE 2: Displayed with all Disc (Data) Errors.

General Error Messages:

*¥%¥% UNEXPECTED DISC CONTROLLER INTERRUPT
*¥% UNEXPECTED DMA INTERRUPT

**% UNEXPECTED GPIB INTERRUPT

*%¥% INVALID TEST ID *¥**

*%¥% |NVALID COMMAND ***



Chapter 10

HARD DISK SYSTEM

I NTRODUCT ION

This chapter describes the 9520 Hard Disk Software Development System. The
functional and operational differences between the Hard Disk and floppy disk
based 9520 are included here. The chapter is divided into the following
sections:

o HARDWARE FEATURES

o SPECIFICATIONS

o INSTALLATION AND PREPARATION FOR USE
o SELF TEST OPERATIONS

o SOFTWARE FEATURES

o SYSTEM DIAGNOSTICS

HARDWARE FEATURES

The Hard Disk system is available in two configurations: an eight inch thin-
line double sided floppy disk drive and a 10 Megabyte Winchester disk drive.
Other hardware features include: a processor board and external |/0 board,
signal cables, a hard disk 1/0 board, hard disk controller board and a DC power
supplye.

Processor Board. The printed circuit board, with a Z80A microprocessor, con-
tains all circuits necessary to perform the data manipulations required to deve-
lop software. It is interfaced to fthe external |/0 board which has line drivers
and receivers for two way communication with the display terminal and for
uploading and downloading software to a debugging system: 2 RS232, 1 RS422 and 1
|EEE 488 ports. The board has a self test feature, which will be discussed in
the Self-Test Operations section.

Signal Cables. Five signal cables within the system provide the interface con-
nections between the logic boards, the floppy disk drive and the fixed
Winchester disk drive.

Hard Disk 1/0 Board. This board provides the electrical interface between the
Z80 1/0 bus on the processor board and the disk controller. It is a two layer
printed circuit board mounted behind the Winchester disk drive.

Hard Disk Controller. The contfroller is a Xebec 5.15 inch Winchester disk

controller. It provides the complete data and control interface for the hard
disk. Control/status and data bytes are passed to the controller through the
hard disk 1/0 Board, which interfaces to the processor board.
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Power Supply. The power supply furnished the +5 VDC and the +12 VDC required by
the logic boards and disk drives.
SPECI FI1CAT IONS
The physical characteristics of the hard disk system are summarized below.
Dimensions
Height - 13 5/16 inches (33.33 Cm)
Width - 19 3/16 inches (48.45 Cm)
Depth - 24 1/8 inches (61.09 Cm)
Weight - 68 pounds (30.9 Kg)
Environmental Limits

Temperature: Operating 40 to 115 degrees F (4.4 to 46 degrees C)
Non-Operating =40 to 140 degrees F (=40 to 60 degrees ()

Relative Humidity: 10 to 80% Non Condensing
Maximum Wet Bulb 78.8 degrees F (26 degrees C)

AC Power Requirements

90-130 VAC, 48-63Hz
180~-260 VAC, 48-63Hz

Cooling. System cooling is provided by fwo AC operated fans, mounted at the
rear of the enclosure, that draw cool air fthrough the disk drives, over the
power supply and across the printed circuit board. The enclosure cover must be
replaced before AC power is applied. Operation without the top cover will
defeat the cooling function of the fan and may cause damage to the power supply
and/or printed circuit cards.

Controls and Connectors. The front and rear panels of the 9520 Hard Disk System
are pictured in figures 10-1 and 10-2. Refer fto these illustrations to locate
the controls and connectors. :
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Figure 10-1. Front Panel of the 9520 Hard Disk System
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Figure 10-2. Rear Panel of the 9520 Hard Disk System
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Controls and Connectors. The following controls are located on the front panel
of the 9520 Hard Disk System (see figure 10-1):

POWER
PUSH ON/OFF

RESET

The power on/off switch is illuminated (red) when AC power is
applied to the Software Development System. When the push-
switch is illuminated, this indicates not only the presence

of AC voltage but also the presence of +5 VDC.

When activated, the RESET push switch reinitializes the
internal microprocessor and forces the system to jump to the
on-board self-test program.

The following are the rear panel ports and switches (see figure 10-2):

J 10-CONSOLE
J11-RS-232-1
J12-R5-232-2

J13-RS-422

J14-1EEE 488

Standard RS-232C, D-type, 25-pin (DCE configuration) female
connector. Connector J10 is generally connected fo the
Display Terminal.

Standard RS-232C, D-type, 25-pin (DCE or DTE configuration
option) female connector. Connector J11 is generally con-
nected to the software/hardware debug system.

Standard RS-232C, D-type, 25-pin (DCE configuration) female
connector. Connector J12 is general ly connected to the
printer.

Standard RS-422A, D-type, 37-pin female connector. Connector
J13 is generally connected tfo a unit with serial, high-speed
input/output transfer requirements. (Corresponds to RS-449
configuration.)

This connector is a standard, 24-pin, female, high-speed
paral lel transfer 1/0 port. The port provides eight-data/
address lines, eight control lines and eight signal and
frame ground lines.
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J15 POWER ON

S5 BAUD RATE
Positions:

0 110
1 300
2 600
3 1200
4 2400
5 4800
6 9600
7 19200
8 mm—-
o J—

S6 DEVICE ADDRESS

Standard AC, male, connector for power input.

S5 is an eight-position rotary switch used to select the
desired baud rate. The switch position is read by the system
during initialization and can be changed each time the system
is reset., A baud rate different from the switch position

may be selected by using the BRATE utility. A function key
may be programmed to execute the BRATE utility program.

(default setting when shipped with a 9501 Terminal)
The DEVICE ADDRESS switch is a five-position DIP switch that

controls addressing of the peripherals connected to the JEEE-
488 (GPIB interface) port.

Power Supply Specifications. The 9520 power supply provides the four DC

operating voltages

necessary for the operation of the processor board and the

disk drives. The specifications for the power supply are as follows:

AC Input

90 to 130 volts or 180 to 260 volts AC

47 to 63 Hz, single-phase

(Power Supply input is adjusted at Gould in accordance with user
requirements.)

DC Outputs

Voltage
+5 volts

+12 volits
=12 volts
+24 volts

Current
20A max.
5A max.
3A max.
3.5A max.

Maximum Output Power 150 Watts

Regulation Characteristics

Line: +0.
Load: +0.
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ORGANIZATION OF THE HARD DISK

This section defines some terms which are used later and also gives an overview
of hard disks and the way in which they are viewed by CP/M. A complete

understanding of this section is not necessary for the operation of the hard
disk system, although it is helpful.

The hard disk can be thought of in several ways. Tracks are concentric circles,
with the outermost track being Track 0. The hard disk has one or more platters,
each with two surfaces. Each surface has a Track 0, Track 1, ..., etc.
Cylinder O consists of Track O for all of the surfaces. Likewise, Cylinder-N
consists of the collection of all Track=N's for all of the surfaces. FEach track
consists of 32 sectors, with each sector consisting of 256 bytes. When the hard
disk format program is executed, it asks the operator to input any known bad
spots on the disk. The format program accepts this information in terms of
cylinders and heads, where a head corresponds to a surface.

However, the Operating System (CP/M) does not view the disk in this manner.
CP/M considers all disks to be composed of tracks, with each track composed of
128 byte sectors. In order to avoid confusion, they are referred to as C-Tracks

and C-=Sectors.
Assuming the hard disk has 153 Cylinders, 4 surfaces, and 32 sectors (256
bytes/sector), then CP/M assumes the disk has 612 C-Tracks with each track
having 64 C-Sectors. The relationship will be:

HARD DISK CP/M

CYLINDER HEAD SECTOR C-TRACK C-SECTOR

0 0 0 0 1
2

0 0 1 0 3
4

0 0 31 0 63
64

0 1 0 1 1
2

1 0 0 4 1
2

The first two C-tracks are allocated to the operating system. |f one of these
tracks is bad, then the system cannot be moved to the hard disk, and therefore,
cannot be booted from the hard diske However, the operating system can still

be booted from the floppy disk. Thus, the hard disk is still usable for data
files.
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Normally, the four C-tracks following the operating system tracks are used for
the disk directory. (These C-Tracks are referred to as the Primary Directory
Tracks.) However, if one of the primary directory tracks is bad, then the for-
mat utility searches until it finds four contiguous good C-tracks, which become
the directory tracks. The first file in the directory is called badblkxx.sys,
where xx represents two characters and is the binary value 0000H. The format
utility creates this file, and it is used by the operating system to locate the
first C-~track of the directory. This enables the hard disk fo be used, even if
one of the primary directory fracks is bad. Likewise, if a directory track goes
bad during use, it is possible to reformat the disk and rebuild it using backup
files from floppy disks. It is important to keep backup files for all impor-
tant files on the hard disk for this purpose.

CP/M al locates space to files in terms of blocks. Each block size is 2K.
Since there are 8K bytes per C-track, there are 4 blocks or clusters per C-
track. Each directory entry is used to allocate from O to 8 blocks. |If a
file's size is between 0 and 16K bytes, then only one directory is used. |If it
is greater then 16K, but less than 32K, then two entries are used; the second
entry is an extension of the first. '

Logical Disks

CP/M Version 2.2 restricts the logical disk size and the largest file on a disk’
to an 8 MB timit. Thus, if a physical disk is larger than 8 MB, it must be
split into two or more logical disks, where each logical disk is less than or
equal to 8 MB. The floppy and hard disks are organized in the following manner:

PHYSICAL HARD LOGICAL DISK LOGICAL DISK
DISK SIZE AND SIZE AND SIZE

10 MB A - 8MB C-2MB

The floppy disk is always logical disk B. The 10 MB hard disk is split into two
logical disks; disk-A is 8 MB, and disk-C is 2 MB.

The directory for Disk-A has four tfracks and room for 1024 directory entries.
If Disk-C exists, its directory has two tracks and room for 512 entries.
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INSTALLATION AND PREPARATION FOR USE
In order to prepare the system for normal use, it is necessary to:

1) Unpack the system

2) Connect the system

3) Verify the settings of the Dip Switches

4) Boot the Operating System from the floppy disk

5) Format and verify the hard disk

6) Move the operating system from the floppy disk to the
hard disk. '

7) Boot the operating system from the hard disk

8) Move the system files from the floppy disk to the hard
disk.

See Chapter 3 for details concerning unpacking and connecting the system.
Instal lation

Verifying Dip Switches. There are two sets of Dip switches. The first set is
located on the printed circuit board ‘labeled Main Processor. This PCB is
located on the right side when facing the front of the 9520. The four switches
are set as follows:

SWi-1 SWi-2 SWi-3 Swi-4  MEANING

OFF Of F ON ON 9520 HARD DISK. 9501 TERMINAL
OFF OFF ON OFF 9520 HARD DISK. NOT A 9501

SW1-3 is used by the Boot PROM fo determine where the Operating System is
located. |f the switch is OFF, it boots from the floppy diske |f the switch is
ON, it attempts to boot from the hard disk; if it detects a failure, it boots
from the floppy diske.

The second set of DIP switches are located on the PCB which is labeled 9520
Hard Disk 1/0. This PCB is a small board located behind the disk drives. This
Dip swiftch is also called SW! and has eight switches. Switches 8 through 4 must
be OFF, and the disk size is encoded using SW1-1,2,3:

DISK SIZE 3 2 1

10 MB ON OFF ON
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Preparation for Use

The following sample terminal session describes how to boot the operating
system, format the disk, move the operating system to the hard disk, and move
the system files to the hard disk.

Booting the Operating System. Once the system has been unpacked, inspected and
connected, turn on the terminal and the 9520 and follow these instructions:

Remove the Write Protect tab on the Distribution Floppy Disk, insert
it into the floppy drive, and press the RESET button. This message
is displayed by the Boot PROM:

Hard Disk : 9520 Self Test Version v.vv Completed!
> 64 k Bytes : Hard Disk Sub-system Ready: 12345
Hard Disk Controller Boot Error

SERIAL NUMBER s-sss-ssss

9520, 64k CP/M vers 2.25

B>
where:

VeVV = the version level of the Boot PROM

s-sss=~ssss = the serial number of the user's copy of CP/M

12345 = the number of times the Boot Prom tried to
boot the operating system from the hard disk
before declaring the Hard Disk Controller Boot
Error

B> = the floppy drive from which the system was booted

Formatting the Disk. Once the operating system has been loaded from the floppy
disk, the FORMATHD utility can be executed to format the hard disk. Before
executing this utility, look on the back panel of the 9520 or on the hard disk
drive (inside the 9520) for a label which identifies any known bad spots on the
hard diske A bad spot is identified by Cylinder and Head numbers. This infor-
mation is requested by the format utility.

Note that when the format utility is expecting a single character reply, such as
Y or N, the reply is not followed by a carriage return, <cr>. When the format
utility is expecting a number consisting of one or more digits, the number is
terminated by a carriage returne.
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1.

2.

The user executes the format utility by giving the command FORMATHD as in the
following example:

B>FORMATHD <CR>

Hard Disk Format Program. Vx.x

Formatting Disk A 8 MB

WARN I NG!

Format will destroy all data on the hard disk
Continue? (Y or N)Y

Are there any known bad Cylinders and Heads? (Y or N)Y
CYLINDER = 2 <CR>

HEAD = 3 <CR>

ANY MORE ENTRIES (Y/N)?N

Formatting Disk A
12345678901234567890123456789012

® 90000000 C0CRNISIOENIOOINROIOIRIROLOLEONONOONCOIETOTDS
® 68000000000 000000000000000000000
®© 5 0000000000000 00000000000000000

Formatting Disk C 2 MB
12345678901234567890123456789012

S 00 0600000000000 000000000 0

End of Hard Disk Format Program
Note the format program responded with the message:

Hard Disk Format Program. Vxex

Formatting Disk A zMB

WARN ING!

Format will destroy all data on the hard disk
Continue? (Y or N)

Where x.x the version number of the format utility
z T

he size of the disk it expects to format

1f the user types Y or y, then the format program continues; otherwise, it
aborts.

If the user elects to continue, then the format utility requests a list

of any known bad spots on the diske This list 1s on a label located on the
rear panel of the 9520. Any bad spot located anywhere on the physical disk
is reported at this time. |If there are two logical disks, the user does not
have to calculate the logical disk that corresponds fo the bad spot. A}l
bad spots are reported at this time. The utility asks:

Are there any known bad cylinders and heads? (Y or N)
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3.

If the user answers y or Y, the formaf‘u$ilify prompts for the Cylinder
first, and then for the Head:

CYLINDER =
HEAD =
It then asks: ANY MORE ENTRIES (Y/N)?

If the user types y or Y, it prompts for cylinder and head. This process
continues until the user types n or N. The system displays:

Formatting Disk A

The format routine then formats and verifies the operating system C-tracks.
If an error is detected, it outputs the standard error message described
below, followed by the message:

Unable to format operating system tracks
Do not move operating system to Hard Disk

This means the operating system cannot be moved to the hard disk, and
the user must always boot off the floppy diske SW1-3 on the PCB labeled
9520 Hard Disk 1/0 is set to OFF to tell the Boot PROM to boot from the
floppy disk. -

The format utility attempts to find 4 contiguous good C-tracks for the A-
disk directory. If it cannot find four contiguous fracks, it outputs the
message:

Cannot format directory. Disk Is unusable.

The utility writes a pattern of E5H to all bytes in the directory. If an
error is detected, then the message:

Error in writing directory track
is displayed, and the format utility aborts.

After the directory tracks have been prepared, the format utility begins to
format and verify the remaining C-tracks. At this +ime, it displays the
header:

12345678901234567890123456789012

For each 8 C-tracks, it displays a period (.) on the console. For each 256
C-tracks, it sends a carriage return, line feed to the console.
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9. If there is a second logical disk, the format routine displays:

Formatting Disk C 2 MB
12345678901234567890123456789012

10. When the format utility has finished successfully, it displays:
End of Hard Disk Format Program
At this point, it turns on the boot PROM and reboots the system.

11. For each error detected, the format utility displays a standard error
message:

ERROR AT CYLINDER = cccc HEAD=hh
Where cccc is the cylinder number, hh is the head number.
CAUTION

All of the utilities distributed by Digital Research or Gould recognize the

User Group, the Read/Onily and Sys flags. However, the user is cautioned against
using a non=-standard erase file utility because it may not obey these flags and
will inadvertentiy delete some or all of the badblk.sys files, thus making the
disk unusable or causing bad blocks to be al located to files.

The format program creates one or more files of the form
badblkxx.sys, where xx represents two characters and is a binary
number between 0 and FFFFH. The first file in the directory has a
binary value of 0, and is used by the operating system during ini-
tialization to locate the directory tracks and initialize the disk
parameter block. In addition, this file and files of this form are
used to allocate any C-tracks identified by the user as being bad,
or discovered by the format utility to be bad. Thus, it is vital
that these files are not deleted by the user. In order to make it
almost impossible for this to occur, the following steps have been
taken:

a. The file(s) have been placed in User 15 directory and marked as SYS
files so that they will not be displayed by the DIR utility.

b. The file(s) have been marked Read/Only so that the ERA utility will not
delete them.

c. Lower case characters have been used in the file name and the file
type. Because all characters in the command line are converted to
upper case, any utility that accepts a file name from the command line

will be looking for a file whose name and type are in upper case;
therefore, they cannot find a file with lower case characters in the
file~id.
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12. The format routine can be aborted by rebooting the system using the RESET push-
button on the front of the 9520.

13. Once the hard disk is formatted, the user moves the operating system onto
track 0 and 1 of the hard disk by using the SYSGEN command.

Example:

A>SYSGEN <CR>

SYSGEN VER X.X

SOURCE DRIVE NAME (OR RETURN TO SKI1P) B

SOURCE ON B, THEN RETURN <CR>

FUNCTION COMPLETE

DESTINATION DRIVE NAME (OR RETURN TO REBOOT) A
DESTINATION ON A, THEN TYPE RETURN <CR>
FUNCTION COMPLETE

Now depress the RESET switch to perform a cold boot. The operating system
should be loaded from the hard disk and the default disk should now be A
instead of B:

Hard Disk : 9520 Self Test Version v.vv Completed!
> 64 k Bytes : Hard Disk Sub=-system Ready:

SERIAL NUMBER s-sss=ssss

9520, 64k CP/M vers 2.25

A>

14. At this point, the system files can be copied from the floppy disks to the
hard disk using the peripheral interface program (PIP) command:

A>B:PIP A:=B: % *

SOFTWARE FEATURES

With the exception of the FDISK utility, all of the commands documented in the
Chapter 5, 6, and 7 can be used on the hard disk system. The presence of the
hard disk should be transparent to the user. Under no circumstances should any
copy of the FDISK utility be used on the hard disk system. The hard disk system
has its own utility, FLOPPYD, to format and duplicate floppy disks.
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Explanation of FLOPPYD

The FLOPPYD utility is used to format, copy the operating system from one floppy
disk to another, or to duplicate floppy disks. It can format the following types
of disks:

Double Sided
Double Density
Single Density
Single Sided
Double Density
Single Density

The Copysys function is used to copy the outer two tracks from one system disk
to another. Note this function can also be performed by the SYSGEN command.

The duplicate function is used to duplicate a floppy disk. This is accomplished
by reading fracks from the source floppy disk and then writing the corresponding
tracks on the destination diske Since the system only has one disk drive, the
duplicate function reads two tracks at a time and requests the user fto exchange
source and destination disks. After writing to the destination disk, it
requests the user to exchange the disks again. Because a floppy disk has 77
tracks and two are copied at a time, this cycle is repeated 39 times.

It is much easier to duplicate a floppy disk by formatting the destination disk,
copying the contents of the source floppy disk to an empty directory on the hard
disk, and then copying those files from the hard disk to the destination floppy.
The duplicate function of the FLOPPYD utility should only be used when the hard
disk is not operational.

In the sample terminal session which follows, the FLOPPYD utility is used to
format single and double sided disks, to copy the system from one disk to
another, and to duplicate a disk. Note the user can return to the first level
query by responding to any question with a Control-X. The user can abort by
typing a Control-C to any query:

A>FLOPPYD

Ver 2,01

WARNING! This is a stand alone program.
Do not allow any other process to execute simultaneously
Reboot system if you abort with Control-C

Flormat? D)uplicate? Clopysys? Qluit?

F
Type of diskette S)ingle-sided? D)ouble~-sided?
S

D)ouble density? S)ingle density?
D
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Put diskette to format into drive "B:", then press space bar

fHEEFEEEFEEFFef 16 tracks

formatted

FEFFEFFEFFFFFFF 32 tracks formatted

frfffffffffffff 48 tracks
fffefffffffffff 64 tracks

formatted
formatted

ffffffffffff 77 tracks formatted

Flormat? D)uplicate? Clopysys? Qluit?

F

D

Type of diskette S)ingle-sided? D)ouble~sided?

D)ouble density? S)ingle density?

D

Put diskette to format into drive "B:", then press space bar

fffffffffffffff 16 tracks formatted
fffffffffffffff 32 tracks formatted
fffffffffffffff 48 tracks formatted
ffiffffffffffff 64 tracks formatted
ffffffffffff 77 tracks formatted

Flormat? D)uplicate? Clopysys? Qluit?

C

Type of diskette S)ingle-sided? D)ouble-sided?

D

NOTICE:

Source and destination disk drives are the same.

Verify data via read back and compare after write? (Y/N) Y

Put source diskette into drive "B:", then press space bar

rr

Put destination diskette into drive "B:", then press space bar

ww

Flormat? D)uplicate? C)opysys? Qluit?

D

Type of diskette S)ingle-sided? D)ouble-sided?

D

NOTICE:

Source and destination disk drives are the same.

Verify data via read back and compare after write? (Y/N) N

Put
rr
Put
WW
Put
re
Put
WW
Put

source diskette into

destination diskette
source diskette into
destination diskette

source diskette into

drive "B:", then press space bar
into drive "B:", then press space bar
drive "B:", then press space bar
intfo drive "B:", then press space bar

drive "B:", then press space bar
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Flormat? D)uplicate? C)opysys? Quit?
0 ,

NOTICE: Processing for current loading of FDISK is done,
press reset or any keyboard character to cause a cold boot.

WARNING: Depending upon your system's configuration,
this may clear your screen.

Millennium

Hard Disk : 9520 Self Test Version 2.96 Completed!
> 64 k Bytes : Hard Disk Sub-system Ready:

SERIAL NUMBER 2-236-00000

9520, 64k CP/M vers 2.25

SELF TEST OPERATIONS

At start up, a diagnostic Self-Test routine runs for approximately eight
seconds. A total of 46 circuit functions are checked by the program. Each cir-
cuit function is coupled with an LED that provides status to the operator. The
displayed message line spells out the word MILLENNIUM, then erases it and spells
out the word C=0-M=P-L-E-T-E as each circuit function passes its test,

If no malfunction of the hardware is detected by the diagnostic, the following
message is displayed at the terminal screen to notify the operator a system pro=-
cessor board malfunction is present at startup:

Hard Disk : 9520 Self Test Version v.vv Completed!
> 64 k Bytes : Hard Disk Sub-system Ready: 12345
SERIAL NUMBER s-sss-ssss

9520, 64 k CP/M vers 2.25

Note the v.vv represents the version level of the Boot PROM and s-sss-ssss
represents the serial number assigned to the users copy of CP/M,

If a malfunction is detected the displayed message is not completed, the LED
associated with the test remains illuminated, and the program halts on the
error. An error message is displayed.

The following pages list the possible malfunctions that may occur. In the left
column is the displayed message line. At the far right is a listing of error
messages that may appear on the screen with the Incomplete message line. The
middle two columns are information that does not appear on the screen, but may
be used as a troubleshooting guide to detect a malfunction that occurs during
initial start up.
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The coding used in this section is the following:

= Known bug in code

= Fatal error; processing stops after error message.
Non-fatal error. Processing continues after error message.
Low memory interrupt may occur during this test.

f Parity FATAL Error

invalid Interrupt FATAL Error

Reader/Punch FATAL Error

RS-449 FATAL Error

Remote | /0 FATAL Error

—_— 3 O
I

—“+ —h —h —h

high memory interrupt may occur during this test.

n Parity Error

n Unexpected GPIB Interrupt

n Unexpected 60 Hz Interrupt

n Unexpected DMA Interrupt

f Check W=5 jumper: DMA interrupt failure FATAL Error

h = Time out Joops are incorporated into the hard disk routines. If the test
fails due to the time out interval being exceeded, an additional line of
error message is Issued,

n Select Hard Disk Time Out Error
n Request Hard Disk Time Out Error

<RAM ERROR REPORT FORMAT> There are two possible errors: First is the RAM
memory error itself. Second is a failure while attempting to change the con-
tents of the mapping RAM during the test. A RAM error can cause a mapping RAM
error message:

Map x RAM Error Address = aaaa is = yy S/B = ss
Bank x RAM Error Address = aaaa 1is =yy S/B = ss
non-zero Mapping RAM failure yy S/B ss

where:
aaaa = Four hexadecimal digits of address
x = one hex digit for map (0 To 3) or bank (0 or 2) number
ss = two hex digits of anticipated data
yy = two hex digits of actual data read
S/B = should be
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STATUS LED

<|f>

<cr>

Mi

Mil

Mill

Mille

Millen

Millenn

TEST DESCRIPTION

1 Verify correct PROM checksum

2 Initialize: timer chip, interrupt controller,

and console UART channel Clear screen for
9501 terminal.

3 Initialize remote channel

4 Initialize RS-449 channel

5 Initialize reader/punch channel

6 Indicates PROM checksum failure

7 Initialize Hard disk controller

8 Initialize mapped memory expansion board

9 Set interrupt mode 2 and page pointer

10 Verify stack area

11 Verify timer interrupts

12 Verify timer interval

FLAG

fi

fi

fi

fi

ERROR MESSAGES

CHECK-SUM FATAL Error

NO STACK FATAL Error

Check W-5 jumper FATAL Error
or
Timer Interrupt FATAL Error
not both
Timer Error

WB1SAS NSIA QivH
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STATUS LED
Millenni 1 off
Millenniu

Millennium

2 off
c
Co 3 off
Com 4 off
Comp 5 off
Comp1 6 off
Comple

Complet 7 off

13

14

15

16
17
18
19
20
21

22

TEST DESCRIPTION

Test reader/punch channel interrupts

Disable console interrupts
Send hardware configuration sign on message:

a. Send carriage return with no line feed to
erase "Millennium"

b. "Mapped memory:" or "Banked Memory:" or "V

c. "Hard Disk :" if present

d. "9520 "

e. "Self-Test Version 2.95"

Test RS-449 UART channel interrupts

Test Remote UART channel interrupts

Test Floppy disk drive controller interrupts
Test General Purpose Interface Bus controller
Memory test 1: map 0 8000 to ffff hex

Move test code to high memory

run memory test 2: map 0 0 to 7fff hex

FLAG

fi

fi

fi

fi

fi

fi

fi

ERROR MESSAGES

Filoppy Controller FATAL Error
GPIB Controller Error

<see RAM error report>

<see RAM error report>
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STATUS

Comp lete

Comp leted

LED

Comp leted!<cr><if>

1

12

123

1234

12345

123456

1Z-01

8 off

23

24

25

26

27

28

29

30

31

TEST DESCRIPTION

Verify map hardware maps to unique RAM segments
Enable parity interrupt hardware

Test Direct Memory Access controller. Send
carriage return and line feed to terminate
first message line

Memory test 3 is 48k: map 1 0 to bfff hex
Memory test 4 is 16k: map 1 c000 to ffff hex

Memory test 5 is 4k: map 2 8000 to 8fff hex
Mapped at 1000 hex

Memory test 6 is 4k: map 3 8000 to 8fff hex
Mapped at 2000 hex

Memory test 7 is 60k: map 2 9000 to ffff hex and
map 2 0 to 7fff hex

Memory test 8 is 60k: map 3 9000 to ffff hex and
map 3 0 to 7fff hex

FLAG

fi

fi

fi

ERROR MESSAGES

ss Maps to yy <cr> MAP verify FATAL Error

Check W-5 jumper: DMA Interrupt Failure FATAL
DMA Test Bad Data FATAL Error

<see RAM error report>

<see RAM error report>

<see RAM error report>

<see RAM error report>

<see RAM error report>

<see RAM error report>
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2201

STATUS LED

> 64k Bytes :
1>112K bytes :
12>128K bytes :
123>128K bytes :
1234>128K bytes :
1235>192K bytes :
12345>192K bytes :
123456>256K bytes :

Re

Rea

Read

32

33

34

35

36

37

‘38

TEST DESCRIPTION

Report memory configuration as tested. Only

one line is displayed.

a. No expansion memory in system or defective
hardware

b. Banked memory board or partially defective
map board v

¢. Mapped board with only 64K RAM stuffed

d. failed 28 and 29

e. failed 30

f. Mapped board with 2 64K banks stuffed

g. Mapped board with 3 banks stuffed but failed

test 31
h. Mapped board fully stuffed

If hard disk is in system perform controller

tests. This is added on same line as expansion

RAM test results. "Hard Disk Sub=-system"
Run hard disk controller self test
Run hard disk controller RAM self test

Verify valid hard disk drive select switch
setting

Configure hard disk controller for "installed"
drive

Verify hard disk is ready

FLAG

hi

hi

hi

hi

hl

ERROR MESSAGES

Hard Disk Controller Self-Test Error

Hard Disk Controller RAM Self-Test Errorf
Hard Disk Switch Encode Error

Hard Disk Controller Parameter Error

Hard Disk Drive Not Ready
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STATUS

Ready

Ready:

1

12

123

1234
12345
<cr><|f>

<er><if>

LED

39

40

41

42

43

44
45

46

TEST DESCRIPTION FLAG

Test Hard Disk interrupts hi

Examine SW1-3
On = boot from hard disk. Go Yo 37.
0ff = boot from floppy drive. Go to 43.

Read cold boot loader from track 0 sect O
of hard disk drive. hl
Examine data loaded to insure it is Gould

Instruments Division universal boot loader.

| so begin.execution and start CPM execution.

If not send retry number to console, wait 5

seconds and retry. Attempt 5 retries then

error. hl

Examine SW1-1 swf*ch setting.
On = to perform Floppy drive alignment routine.
0ff = try to perform floppy disk boot. Go to 44.

Sequentially examine drive A then B for a drive
ready condition. When found go to 45.

Load one sector from track 0 sector 1 into
memory .

Examine data loaded to ensure it is either

standard Gould Instruments Division .cold boot

loader or Universal cold boot loader.

1f successful begin execution of loader. fi

ERROR MESSAGES

Hard Disk Interrupt Error

Hard Disk Controller Boot Error

Hard Disk Boot Error

Not a system disk FATAL Error
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D IAGNOSTICS

8
The diagnostic package provides the user with a method whereby the proper opera-
tion of the Hard Disk Software Development System can be verified when a problem
with the system hardware is suspected.

Provisions are made in the diagnostic to test the CPU board, including the
serial 1/0 and optional memory banks. Also, the floppy disk drive, hard disk
drive and their associated interfaces are tested.

Disk diagnostics are destructive to data on the media; therefore, any data
stored on the hard disk should be saved on a floppy disk before the hard disk
diagnostics are run. Also, a formatted floppy disk with no files recorded on
the media is required for the floppy disk drive tests.

Diagnostic Operating System

The diagnostic operating system provides the operator an interface with the
diagnostic that enables the operator to configure the diagnostic to the options
instal led on the 9520 Hard Disk Development System. It allows the operator to
call up individual tests for specific hardware functions, or the operator may
call up multiple tests to check the entire system. The diagnostic has the capa-
bility to halt when an error condition is detected, at which time the operator
may continue testing or abort the test. Also, in certain tests, the diagnostic
is capable of looping on an error condition. This feature is available on the
RAM tests, and is intended fto allow the operator to use an oscilloscope in con-
Jjunction with the diagnostic to troubleshoot the CPU card. Normally with this
procedure, an option is set to suppress messages from the terminal display,
which provides a more stable sync on the oscilloscope. All commands that sup-
port these features are described in detail later in this chapter.

Hard Disk Drive Interface Switch

Before running the diagnostic package or CP/M operating system, the 9520 Hard
Disk Development System has to be configured according to the manufacturer and
model of hard disk drive installed. The system must also know whether to
attempt booting from the hard disk.

The hard disk interface board, located directly behind the hard disk drive, con-
tains an eight-pole, two position switch (SW1) used to match the drive-type
installed in the system to the system. Switch positions 1-4 through 1-8 are
presently unused and must remaln in the off position in order to prevent a
switch encode error message from the boot PROM.
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The following table describes the various drive options available by using dif-
ferent settings of switch positions 1-1 through 1-3.

Table 10-1. DOrive Interface Board Switch Settings

SWi SWITCH POSITIONS DR1VE MANUFACTURER
AND MODEL
3 2 1
OFF OFF OFF SEAGATE ST406
OFF OFF ON SEAGATE ST506
OFF ON OFF TANDON T™602S
OFF ON ON AMPEX PYX157
ON OFF OFF TANDON TM603S
ON OFF ON SEAGATE ST412
ON ON OF F AMPEX PYX1513
ON ON ON TANDON TM603SE

Processor Board Switch. The Processor Board Switch (SW1) is a four-pole, two
position DIP switch used to select various functions available on the Processor
Board. The following table describes the functions that can be selected by
using different settings of the SW1 switches on the processor board.

Table 10-2. Processor Board SW1 Settings

SWITCH NUMBER SETTING SELECTION
1-1 1-2 1-3 1-4

OFF* BOOT SYSTEM
ON FACTORY AL IGNMENT AlD

OF F* SYSTEM OPERATION
ON FACTORY AL IGNMENT AID

OFF NON-HARD DISK SYSTEM
ON HARD DISK SYSTEM

OFF* 9501 TERMINAL
ON NON-9501 TERMINAL

*Denotes Normal Switch Setting
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Diagnostic Tests

The diagnostic operating system is booted up by typing D9520HD. The diagnostic

operating system is loaded, and a sign or message is dlsplayed followed by the
operating system prompt:

9520HD DIAGNOSTIC = VER X.XX

0A>

At this time, the operator may enter any desired diagnostic command. Commands
follow a common format of a two character command 1.D. followed by an optional
data field. Not ail commands use the optional data field. Commands that use
the data field indicate the various options available when the data field is
left open. This is intended to be used when the operator is unsure of the
options available, and serves as a self help function. Commands not using the
optional data field are implemented without further display, and return with the
prompt. Any test in progress may be paused by pressing the space bar on the
console. This causes a message to be displayed:

>>PAUSED - PRESS SPACE TO RESUME <<

After the space bar has been pressed again, operation resumes, and the following
message is displayed:

>>

A test may be aborted at any time by entering x on the system console. To
restart the test, use the command CO.

Note all hard disk and floppy disk diagnostic tests are destructive fto data
stored on the media. The operator should copy all hard disk files to a floppy

disk before running the hard disk diagnostics. Before any hard disk test is
run, a message is displayed to warn the operator to back-up the files from the
hard disk:

>> WARNING << BACK-UP HARD DISK FILES BEFORE TESTING !
>> PAUSED - PRESS SPACE TO RESUME <<

The test is not started until the space bar is pressed. If the hard disk files
need to be copied, the CP/M operating system is loaded by pressing the front
panel RESET switch on the 9520 Hard Disk Development System.

The diagnostic operating system asks the operator if the hard disk needs for-
matting prior to running a hard disk test:

>> FORMAT HARD DISK? (Y/N)

NOTE: This formatting is not the same as the formatting done by FORMATHD. This
formatting cannot be used with CP/M.
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I f the operator enters "Y", the hard disk is formatted and the following message
is displayed:

FORMATTING HARD DISK

The diagnostics for the hard disk use an interleave factor of 15, which is the
same interleave factor used by the CP/M operating system. The format is not
verified at this time; however, the format can be verified by running the FORMAT
& CHECK FORMAT test. If the operator entered N when asked if the disk needs
formatting, then no further format messages are displayed, unless they are
related to the test being run.

I the operator formatted the hard disk with the command FD before attempting
Yo run a hard disk test, then no prompting for the hard disk format occurs when
the test is run.

Next, if the operator has not entered any hard disk bad track information into
the bad track table by using the BT command, then the operator is asked to enter
bad track data:

>> ENTER HARD DISK BAD TRACKS/SECTORS

HIT <RETURN> ON BAD CYLINDER OF NO ENTRY.
BAD CYLINDER =

}f the operator does not wish to enter bad track information, then the carriage
return must be pressed. Otherwise, the bad cylinder identification must be
entered in hexadecimal format followed by a carriage return. Then the following
message is displayed:

HEAD NUMBER =

The bad identification head in hexadecimal format must be entered followed by a
carriage return. Then the following message is displayed:

BAD CYLINDER =

1f the operator does not wish to enter any further bad track information,

the carriage return must be pressed. Otherwise, the bad cylinder identification
must be entered in hexadecimal format followed by a carriage return. Then the
operator is prompted through each entry until the operator exits from the bad
cylinder entry with a carriage return.

When the bad track table function is called up with the command BT, any entries
in the bad track table are displayed prior to asking the operator if any entries
are required.
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At the beginning of each test, the test number and test title are displayed.
Normally, at the end of each test, a pass count and error tally table is
displayed:

TEST PASSES ERRORS FLOPPY HARD SEEK RNF CRC DATAL DATAM HARD SIDEO SIDE1
01---0000---00
02---0000~-~--00
03---0000---00
04---0000---00
05=-~-0000---00
06---0000---00

07-==0000===00===-~- 0o 00=—===m= o S 00---00
08==~0000=~==00===~= ] R ——— 0 — ] T S — 00---00
09===0000~~=00==~m=00==mmm=mmm 00-==00-=00~=00===~00====0 0==~0 0-==00
10-==0000===00===—~ o] — 00===00==00=~0 0= ===0 0= ===0 0= ==0 0~ ==00
11===0000===00===~~ 3] E—— 00-=~00==00==00====0 0= ===00===00-==00
15===0000~=~0 0m~=mmm=mmmmmm 00  SEEK RNF ECC DATAL DATAM FATAL
16==-0000-==00===m=emmm=m= 00

17===0000===00m~=mmmmm e 00

18==~0000===00===mmmmmmaux 00

19===0000===00====m=mmmmu= 00

20===0000===00===mmmmwmmmn 00

21===0000===00===m=mmmmmmm 00-==00

22-==0000-==00=====mmmmmmm 00-==00-==00-=00-~00====00-==-00
23===0000===00===mmmmmmmm 00===0 0= ==0 0= =0 0= =0 0= == =0 0= ===~0 0

This ftable can also be displayed by entering the command DP on the system con-
sole. The pass/error tally table display can be suppressed during test by
entering the command SP on the system console.

Help Command (HP)
This command aids the operator in learning the diagnostic commands. When HP is

entered on the system console, a table of all available commands and a brief
description appended to the command is displayed.

10-28



HARD DISK SYSTEM

Valid Diagnostic Commands

HP HELP-DISPLAY COMMANDS
SD SELECT DIAGNOSTIC

SM SET NO MESSAGES

LE LOOP ON ERROR

HE HALT ON ERROR

SO ALLOW OPERATOR TESTS
TL SET LONG TEST

SS SET FLOPPY SIZE

DP DISPLAY ERROR TABLE
LT LOOP ON TEST

RD RESET HARD DISK

IM INITIALIZE MAP RAM
SP SUPPRESS ERROR TABLE

WS
co
N*
E*
H*
o*
T*
SB
BT
L*
FD
DC

WARM START

CONTINUE TESTING
RESTORE MESSAGES

CANCEL LOOP ON ERROR
CANCEL HALT ON ERROR
DISALLOW OPERATOR TESTS
CANCEL LONG TEST

SET NUMBER OF RAM BANKS
ENTER HARD DISK BAD TRACKS
CANCEL LOOP ON TEST
FORMAT HARD DISK
DISPLAY DURING TEST

Select Diagnostic (SD). This command allows the operator to display all tests

available to be run, or to start all or any test.

If the SD command is entered

with the data field left open, all available ftests are displayed on the console:

CPU BOARD TEST

01 RAM DATA LINES
03 SERJAL 10 PORT 1
05 SERIAL 10 PORT 3

FLOPPY DISK DRIVE TEST

07 RESTORE TEST

09 FIXED PATTERNS

11 RANDOM TRACK-SECTOR DATA

13 INTERRUPT ON NOT READY (O1)

HARD DISK DRIVE TEST

15 CONTROLLER SELF TEST
17 CONTROLLER DRIVE TEST
19 RECAL IBRATE TEST

21 SEEK TEST

23 RANDOM WRITE/READ TEST

02
04
06

08
10
12
14

16
18
20

22
*

RAM ADDRESS LINES
SERIAL 10 PORT 2
60 HZ TIMER

DISK SEEK TEST

DISK TRACK AND SECTOR DATA
INTERRUPT ON READY (O1)
WRITE PROTECT (OI)

CONTROLLER RAM TEST

DRIVE READY TEST

FORMAT & CHECK FORMAT TEST
SEQUENTIAL WRITE/READ TEST
RUN ALL TEST

(Ol INDICATES OPERATOR INTERVENTION REQUIRED)
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If the operator wishes to run all available tests, SD* is entered, and all tests
are run sequentially. To run one test, SD should be entered followed by the
test number (SDO1 for test 01). If multiple tests are to be run, SD should be
entered followed by the number for each test to be run (SD01020315 runs tests
01, 02, 03, and 15).. No delimiters should be used between entries..

LOOP ON TEST (LT)

This command causes the operating system to restart the test currently selected
after the test has been completed.s If all tests are being run, then after the
last test is completed, the first test is restarted. This is also true for
running any multiple tests. This option is selected by entering LT and canceled
by entering L* or executing a warm start.

SET NO MESSAGES (SM)

This command prevents error messages from being displayed on the system console.
This is intended for use when the operator is using an oscilloscope to
troubleshoot the system hardware, and delays created by the message 1/0 routines
make it difficult to get a steady sync. This option is most useful when looping
on an error condition. This option is selected by entering SM and can be can-
celed by entering N* or executing a warm start.

LOOP ON ERROR (LE)

This option causes the operating system to exercise the system hardware when an
error condition is detected by continuousty sending the same stimulus that
caused the error condition. This option is useful in capturing intemittent
system problems, and provides a stable stimulus for using an oscilloscope to
locate a system hardware failure when messages are suppressed. This option is
selected by entering LE and can be canceled by entering E* or executing a warm
start. ‘

HALT ON ERROR (HE)

This option is used to cause execution of the test to be stopped when an error
is detected.s When execution stops, the operator may abort the test by entering
X or may resume testing by pressing the carriage return. This option is
selected by entering HE and can be canceled by entering H¥ or executing a warm
start.

SET LONG TEST (TL)

This option is used on the floppy disk drive and hard disk drive tests.
Normally, on power up or warm start, this option is not set. When this option
is not set, sequential festing of the disk drives tests only the inner, middle
and outer tracks. When this option is set, all tracks are tested sequentially.
The option is selected by entering TL and can be canceled by entering T* or
executing a warm start.
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RESET HARD DISK (RD)

This command causes a reset pulse to be sent to the hard disk controller and
initializes the hard disk 1/0 interface card. The command does not initialize
the hard disk drive parameters. The command is invoked by entering RD.

INITIALIZE MAP RAM (IM)

This command causes the map RAM on the extended memory board to be mapped to
unity, or only bank O is mapped. This command has no effect on systems that
have no extended memory option instal led. The command is provided in the event
the operator aborts the RAM test, during that portion of the test where RAM is
mapped. The test is not able to reinitialize the mapped RAM after the abort.
1f the operator aborts a RAM test, the abort must be followed by this command.
To initialize the map RAM, enter IM. ’

DISPLAY DURING TEST (DC)

This command is available only in the hard disk tests. These tests can take a
considerable period of time to execute, and the operator may have no indication
that the system is executing. Therefore, if this command is invoked, the
current cylinder, head and sector under test is continuously displayed on the
console. This command is invoked by entering DC and is only cleared via the
warm start command.

WARM START (WS)

This command causes a restart of the diagnostic operating system. The pass error
tally table is cleared, and all configuration commands revert to their default
values. The diagnostic assumes that three banks of 64K RAM are available in
extended memory for systems that have an extended memory card option instal led.
Also, the floppy disk is double sided, and the current disk is not a scratch
diske The hard disk is assumed to be in an unformatted state. The hard disk
parameters are initialized according fo the switch settings on the hard disk 1/0
card. The bad track table is cleared, and all options that have been previously
set are cleared. The command is invoked by entering WS.

SET NUMBER OF EXTENDED MEMORY BANKS (SB)

This command does not affect testing on systems that do not have the optional
extended memory card. For systems that do have the extended memory card,

the diagnostic assumes that three 64K banks are available on the extended memory
carde |f the system under test has only one 64K bank, this command allows the
number of extended memory banks to be tested to be set to one bank. This com-
mand is invoked by entering SB and causes the following messages to be displayed.
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When one bank is selected before entering SB, the following is displayed:
>> ONE EXTENDED MEMORY BANK SELECTED

WHICH EXTENDED MEMORY OPTION IS INSTALLED?
0 = 1 EXTENDED MEMORY BANK

I = 3 EXTENDED MEMORY BANK

X = ABORT FUNCTION

SELECT OPTION =

When three banks are selected before entering SB, the following is dispiayed:
>> THREE EXTENDED MEMORY BANKS SELECTED

WHICH EXTENDED MEMORY OPTION 1S INSTALLED?
0 = 1 EXTENDED MEMORY BANK

1 3 EXTENDED MEMORY BANK

X = ABORT FUNCTION

SELECT OPTION =

The operator must enter the appropriate number, or abort the function.

SELECT NUMBER OF SIDES ON FLOPPY DISK (SS)

This command allows the operator to test the floppy disk interface with a single
sided disk. When SS is entered on the console, the current number of sides to
be tested are displayed followed by a menu for changing the number of sides.

The command is invoked by entering SS.

When one side is setecfed:

>> NUMBER OF SIDES ON FLOPPY = 01

w
m
—

NUMBER OF SIDES
SINGLE SIDED DISK
1 DOUBLE SIDED DISK
X = ABORT FUNCTION
SELECT OPTION =

0

When two sides are selected:
>> NUMBER OF SIDES ON FLOPPY = 02

SET NUMBER OF SIDES

0 = SINGLE SIDED DISK
1 = DOUBLE SIDED DISK
X = ABORT FUNCT!ON

SELECT OPTION =

The operator must enter the appropriate number, or abort the function.
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Operator Intervention (Ol)

Some tests require operator intervention in order for the test to be run. These
tests are associated with the floppy disk drive, and require that the door to
the drive be opened, closed, or that a write protected disk should be instal led.
Normal ly these tests are disabled, but can be enabled by entering Ol. Tests
that require the option are shown in the test display called up by the SD
(select diagnostic) command, and are indicated by Ol. This option can be
cleared by entering O* or executing a warm start command.

Diagnostic Tests and Error Reporting

This section of the diagnostic speclfication describes in detail how each test
executes, how errors are determined, and the format in which errors are
reported. All error messages are preceded by a double asterisk (*¥), Al
information messages are preceded by a double right arrow (>>).

RAM TEST - DATA LINES

This test is a nondestructive data line test. The test starts at location zero
in internal memory (RAM not on an extended memory card), and continues through
OFFFF hex. Data Is read and saved for each location. Then data from a pattern
table is written to the location under test, and read back from that location.
The original data is then restored to the location under test. Then a miscom-
pare results, an error message is displayed to indicate the falled address in
bank 0, the data written, and the data read back. Data patterns used to test
the data lines are 00, OFF, OAA, 55 and a rotating logical 1. After all loca-
tions in internal RAM are tested, the diagnostic determines whether an extended
memory card is installed by reading an 1/0 port. 'If the diagnostic determines
that no extended memory is present, a message is displayed fo indicate this, and
the test ends. If an extended memory card is found, a data line fest is run on
the map RAM jocated on the extended memory card. All locations in map RAM are
tested except for the location which maps the internal RAM (bank 0) to the bus
for the address range where the current test being executed resides. |If a
miscompare results from a write/read/compare operation on the map RAM, the map
RAM has been tested, the RAM on the extended memory card is tested by mapping 1K
byte blocks of memory into address 8000 hex, one block at a time. Each block
has each address in that block tested with a write/read/compare operation using
the same data patterns as above. This is done for every 1K, byte block in a 64K
bank. If the system has been configured for more than one extended memory bank,
the test is executed on each bank. Any errors detected by a miscompare causes
the bank number, address, data written, and data read back to be reported in an
error message. Once the RAM test has been completed, the mapped RAM is mapped
back to unity (bank O on the bus).

Error messages for this test are:

*%* BANK O ADDRESS XXXX WAS YY S/B ZZ

** BANK 1 ADDRESS XXXX WAS YY S/B ZZ
** BANK 2 ADDRESS XXXX WAS YY S/B ZZ
** BANK 3 ADDRESS XXXX WAS YY S/B ZZ
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Where XXXX = the failed address
YY = the data read
ZZ = the data written

NOTE: Bank 0 refers to RAM on the CPU card. All other banks reside on the
extended memory card.

RAM TEST - ADDRESS LINES

This test checks the integrity of the RAM address lines on the internal RAM
(bank 0), and when an extended memory card i1s instal led, the address lines on
the mapped RAM, and the additional extended memory banks are tested. In bank O,
RAM from zero to 8FFF is cleared to zero, and then data OAA hex is written to an
address with a single address line asserted (0001 hex to start with). All RAM
from address 0000 to 1FFF hex is searched for data OAA hex, excluding the
address where the data were written. If the data is found, the address where
data was written to, address where data was found, and data written are reported
in an error message. Then RAM is cleared, and the process is repeated with the
next most significant address line being the only address line asserted. This
write and search process is repeated until all address lines have been tested.
If an extended memory card is instal led, the mapped RAM address |ines are
tested, and each memory bank's address lines are also tested. The mapped RAM is
tested by a similar process as before, with the exception that only nibble wide
data of OA hex is used to be mapped to the system. After the map RAM has been
tested, the extended memory banks are tested. This is done by mapping a 1K byte
block at address 8000 hex, and then repeating the address line test on the
address range of 8000 hex to 87FF hex.

Error messages that may occur in this test are:
** BANK O WROTE TO XXXX FOUND AT ADDRESS YYYY DATA ZZ
And if extended memory is presenteeceece

*¥* WROTE TO MAP RAM ADDRESS XX FOUND DATA ZZ HEX AT MAP RAM ADDRESS YY
*%¥ BANK 1 WROTE TO XXXX FOUND AT ADDRESS YYYY DATA ZZ
*¥* BANK 2 WROTE TO XXXX FOUND AT ADDRESS YYYY DATA ZZ
** BANK 3 WROTE TO XXXX FOUND AT ADDRESS YYYY DATA ZZ

[}

Where XXXX or XX
YYYY or YY
77

address written to.
address where data found.
data.
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SERIAL /0 PORT 1

The diagnostic, serial 1/0 port 1 is tested by enabling the data wrap back hard-
ware on the CPU board. The serial |/0 port is configured for the desired baud
rate; a software timer is then loaded, a character is sent to the 1/0 port to

be transmitted, and the timer is started. When the timer times out, no
character should be available at the receive data register. 1f the character is
received, an error message reports the character was received early, and the
current selected baud rate is also displayed. Next, another software timer

is loaded and started. When the second timer times out, the serial 1/0 port is
checked to determine data has been received. If no character has been received,
an error message is reported to indicate the character is late, along with the
current baud rate. |If the data sent does not compare with data received, an
error message reports data sent and received. |f the serial /0 port does not
indicate data has been transmitted, an error message is reported. If the
receive buffer full does not interrupt the processor, an error message is

reported.

Error messages for this test are:

*¥*¥ NO SERIAL 10 RECEIVE DATA INTERRUPT

*¥%* RECEIVE CHARACTER NOT AVAILABLE IN ALLOWED TIME
** TRANSMITTER BUFFER NOT EMPTY

*¥* RECEIVE DATA S/B XX 1S YY

*¥% BAUD RATE NNNNNN

*¥%* SERIAL 10 PORT STATUS ZZ

Where XX = data sent
YY = data received
NNNNNN = baud rate
ZZ = serial /0 port status

The following baud rates are used for this test:

75 110 134.5 150
300 600 1200 2400
4800 9600
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SERIAL 1/0 PORT 2

The serial 1/0 port 2 is tested by enabling the data wrap back hardware on the
CPU board. The serial 1/0 port is configured for the desired baud rate; a
software timer is then loaded, a character is sent to the 1/0 port to be trans-
mitted, and the timer is started. When the timer times out, no character should
be available at the receive data register. |f the character is received, an
error message reports the character was received early, and the current selected
baud rate is also displayed. Next, another software timer is loaded and
started. When the second timer times out, the serial 1/0 port is checked to
determine data has been received. |f no character has been received, an ertor
message is reported to indicate the character is late, along with the current
baud rate. If data sent does not compare with data received, an error message
reports data sent and received. |f the serial 1/0 port does not indicate data
has been fransmitted, an error message is reported. If the receive buffer full
does not interrupt the processor, an error message is reported.

Error messages for this test are:

*%¥ NO SERIAL 10 RECEIVE DATA |INTERRUPT

*% RECEIVE CHARACTER NOT AVAILABLE IN ALLOWED TIME
** TRANSMITTER BUFFER NOT EMPTY

** RECEIVE DATA S/B XX IS YY

*%* BAUD RATE NNNNNN

** SERIAL 10 PORT STATUS ZZ

Where XX = data sent
YY = data received
NNNNNN = baud rate
ZZ = serial 1/0 port status

The following baud rates are used for this test:

75 110 134.5 150
300 600 1200 2400
4800 9600
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SERIAL 1/0 PORT 3

The serial 1/0 port 3 is tested by enabling the data wrap back hardware on the
CPU board. The serial |/0 port Is configured for the desired baud rate, a
software timer is then loaded, a character is sent to the 1/0 port to be
transmitted, and the timer is started. When the timer times out, no character
should be available at the receive data register. |f the character is received,
an error message reports the character was received early, and the current
selected baud rate is also displayed. Next, another software timer is loaded
and started. When the second timer times out, the serial 1/0 port is checked to
determine data has been received. |f no character has been received, an error
message is reported to indicate the character is late, along with the current
baud rate. |If the data sent does not compare with data received, an error
message reports the data sent and received. If the serial 1/0 port does not
indicate data has been transmitted, an error message is reported. |I|f the
receive buffer full does not interrupt the processor, an error message is
reported.

Error messages for this test are:

**¥ NO SERIAL 10 RECEIVE DATA INTERRUPT

** RECEIVE CHARACTER NOT AVAILABLE IN ALLOWED TIME
** TRANSMITTER BUFFER NOT EMPTY

*% RECEIVE DATA S/B XX 1S YY

*¥% BAUD RATE NNNNNN

*% SERIAL 10 PORT STATUS ZZ

Where XX = data sent
YY = data received
NNNNNN = baud rate
27 = serial 1/0 port status

The following baud rates are used for this test:

75 110 134.5 150
300 600 1200 2400
4800 9600
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60 HZ TIMER TEST

This test checks the ability of the 60 hertz timer to interrupt the CPU, and
that the 60 hertz timer runs at the correct speed. The 60 hertz timer is ini-
tialized and started simultaneously with a software timer. The 60 hertz timer
should interrupt the CPU before the software timer times out. If the software
timer times out, an error message is displayed to indicate no 60 hertz software
timer occurred. |f the interrupt does occur, a second software timer is
started, and the CPU waits for another 60 hertz timer interrupt. When the
second interrupt occurs, the software timer is stopped, and 1ts contents are
examined to determine if the 60 hertz timer interval was correct. ||f the con=-
tents of the software timer are lower than expected, an error message is
displayed to indicate the 60 hertz timer ran too fast. |f the contents of

the software timer are higher than expected, an error message is displayed to
indicate. Error messages for this test are:

*¥*¥ NO 60 HZ INTERRUPT
**¥ 60 HZ TIMER TOO SLOW
** 60 HZ TIMER TOO FAST

FLOPPY DISK RESTORE TEST

This test checks that the floppy disk and the floppy disk controller respond
properly to a disk restore command. This command causes the drive to seek to
track 00. The CPU check the drive is not busy. |If it is busy, a software timer
is run, and the drive is checked again for busy status. If the drive is still
busy, an error message is displayed to indicate the drive is not ready. If the
drive is not busy, the restore command is sent to the controller, and the CPU
waits for drive not busy. Then the controller status is then checked to

determine an error was not detected. |If an error was detected, the status bits
are polled to determine what type of error occurred. The error type is

displayed with the command that generated the error. This test is repeated for
each side of the floppy disk unless a single sided disk has been inserted, and
the drive Is specified as a single sided drive.

FLOPPY DISK SEEK TEST

This test checks that the floppy disk drive can execute steps at a four millise-
conds step rate from track to track. The CPU checks that the drive is not busy,
and then a step in or step out command is issued with a three millisecond delay
provided by the controller, and an additional one millisecond delay provided by
a software routine. The drive is sequentially stepped from track 0 to 76, and
from 76 back to 0. A spiral seek test is then performed in which the drive is
stepped from track 0 o 76, 76 to 1, 1 to 75 etc., to track 38. I|f an error
occurs, the track the drive was being stepped to and the track that the drive is
currently on is displayed in an error message. Also, the error status, and the
command that caused the error are displayed. Error messages for this test are:

%% STEP IN COMMAND
*¥* STEP OUT COMMAND
SENT TO TRACK = XX  CURRENTLY ON TRACK = YY
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FLOPPY DISK WRITE/READ FIXED PATTERNS TEST

This test has two modes of operation. The first mode is the default mode, which
verifies that the floppy disk drive can write and read the disk on tracks 00,
38, and 76. The second mode is invoked by the long test option, and verifies
the floppy disk drive can write and read each track from 00 through 76. Data is
written to each sector of each track to be tested. Then each sector of each
track to be tested is read, and data read is compared to data written. |If a
miscompare results, an error message is displayed to indicate the track, sector,
data written and data read. Data patterns for this test are 00, OFF, OAA and
055 hex. This test is repeated on each side of the disk unless the drive has
been configured as a single sided drive.

FLOPPY DISK WRITE/READ TRACK-SECTOR DATA TEST

This test is similar to the fixed patterns test in the long tTest mode, except
the disk is written with a two byte word, equal to all ftracks and sectors writ-
ten. A seek is issued to track 76, and all tracks and sectors are written
through track 00. A seek is then issued back to track 76, and each track and
sector through track 00 is read and compared with data written to that track and
sector. |f a miscompare results, the track, sector, data written and data read
is displayed in an error message. This test is repeated on each side of the
disk unless the drive has been configured as a single sided drive.

FLOPPY DISK WRITE/READ RANDOM TRACK-SECTOR DATA TEST

This test also executes a write/read verify to the floppy disk, except the track
under test, sector under test, and test data are all generated by a random
number generator. Error reporting is identical as in the previous two tests.

FLOPPY DISK INTERRUPT ON READY TEST

This test checks to determine an Interrupt is generated when a disk is inserted
into the floppy disk drive, generating a drive ready status. The drive door is
opened at the start of this test, and the diagnostic prompts the operator to
insert the disk, and close the door. The operator must press the carriage
return after the disk has been inserted and the door has been closed. |f the
interrupt is not detected when the disk is inserted, an error message reports
no interrupt occurred on drive ready. This test cannot be run unless the
operator intervention option has been invoked.

FLOPPY DISK WRITE PROTECT TEST

This test verifies a write protected disk cannot be written to, and a write pro-
tect status is generated. A write protected disk is inserted into the drive,
and an attempt to write a sector is made. The status is checked to detemine

a write protect status is indicated. |f the status does not appear, an error
message is reported to the console. Next, a read of the sector is performed,
and if data attempted to be written on the sector is found, an error message is
displayed to indicate a write occurred to a write protected disk. This test can
be run only if the operator intervention option has been invoked.
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FLOPPY DISK DRIVE ERROR MESSAGES

The following error and status messages are associated with the floppy disk
drive diagnostic tests:

*¥% NO DISK CONTROLLER INTERRUPT
*% DISK CONTROLLER BUSY
** DRIVE NOT READY
*¥% UNEXPECTED DISK CONTROLLER INTERRUPT
** RESTORE COMMAND
*¥* READ ADDRESS COMMAND
*¥*¥ STEP IN COMMAND
*% STEP OUT COMMAND
*% READ SECTOR COMMAND
** WRITE SECTOR COMMAND
*% SEEK COMMAND
*¥% READ MULTIPLE SECTOR COMMAND
**¥ WRITE MULTIPLE SECTOR COMMAND
*% FORCED INTERRUPT READY TO NOT READY COMMAND
*%¥ FORCED INTERRUPT NOT READY TO READY COMMAND
DRIVE O UNDER TEST
DRIVE 1 UNDER TEST
TESTING SIDE O
TESTING SIDE 1
*% SECTOR UNDER TEST = XX
*¥ TRACK UNDER TEST = XX
** TRACK REGISTER = XX
>> CAUTION - INSERT SCRATCH DISKETTE
>> CAUTION - INSERT WRITE PROTECTED DISKETTE
*¥% DISK CONTROLLER STATUS = XX
** SEEK TO TRACK XX  CURRENTLY ON XX

HARD DISK CONTROLLER SELF TEST

This test sends a command fto the hard disk controller to perform a self test.
The diagnostic then waits for a not busy status from the hard disk controller,
and then examines the controller status byte to determine if any errors
occurred. This command causes the controlier to perform a self test on the
internal processor, data buffers, ECC circuitry, and the checksum of the program
memory. |If the controller seif test fails, an error message indicates the
error along with the status the controller sends back:

** CONTROLLER SELF TEST FAILED =~ STATUS = XX
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HARD DISK CONTROLLER RAM TEST

This test sends a command to the hard disk controller to perform a test on the

RAM resident on the controller board. The diaghostic then walts for a not busy
status from the controller, at which time the status from the controller is exa-
mined to determine whether an error occurred. This command performs a data pat-
tern test on the RAM buffers. I|f an error occurred, the controller status is
reported in an error message indicating the controller RAM test has failed:

*¥% CONTROLLER RAM TEST FAILED = STATUS = XX

HARD DISK CONTROLLER DRIVE TEST

This test sends a command to the hard disk controller to perform a test on the
drive. This command tests the drive to controller interface. The controller

sends a recalibrate and seek command to the hard disk drive, and verifies sector
0 of all the fracks on the disk. The disk must have been previously formatted
to run this test. After the command is issued, the diagnostic waits for a not

busy status from the controller, at which time the status is checked for an
error. If an error is detected, an error message will report the failure and
the controller status:

%% CONTROLLER DRIVE TEST FAILED - STATUS = XX
HARD DISK DRIVE READY TEST

This test verifies the hard disk drive is ready by sending a "test drive
ready" command to the hard disk controller. The controller returns an error
status if the drive is not ready. If a not ready status is detected, an error
message is displayed to indicate the failure and status:

*¥* DRIVE NOT READY - STATUS = XX
HARD DISK DRIVE RECALIBRATE TEST

This test issues a recalibrate command to the hard disk controller, which causes
the read/write arm on the hard disk drive to be positioned over cylinder 0. The
controller returns with an error status if the recalibrate function was not suc-
cessful. |If an error is detected, an error message reports the failure and the
status:

*¥* RECALIBRATE ERROR - STATUS = XX
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HARD DISK FORMAT & CHECK FORMAT TEST

This test prompts the operator as to whether or not the hard disk needs to be
formatted if the hard disk has not been formatted under the diagnostic before.
If the operator chooses to format the disk, a format operation is performed.

A verify format is then performed on the diske The verify format function only
verifies the track l.D. and interleave. If an error is detected, an error
message is displayed to indicate a format error, failed cylinder, falled sector,
failed read/write head and controller status:

** FORMAT ERROR =~ CYLINDER XXXX SECTOR XX HEAD XX - STATUS XX

I the display current option is invoked, each cylinder, sector and read/write
head is displayed as the disk format is verified:

TESTING CYLINDER XXXX SECTOR XX HEAD XX
HARD DISK SEEK TEST

Four individual seek tests are actually performed. The first seek test is to
track 0000. The second seek test sequentially seeks from track 0000 to the maxi-
mum track available. The third seek test sequentially seeks from the maximum
track available to track 0000. And finally, the last seek test is a spiral seek
test similar to the spiral seek test performed on the floppy disk drive. This
ast seek test seeks to track 0000, then the maximum track, then track 0001,
then the maximum track minus one, etc., until the center track is reached. The
drive must be formatted before this test can be run. After each individual seek
operation, the controller status is examined to determine whether an error
occurred during the seek. If an error occurred, a message reports a seek
error, the failed cylinder, sector, head and controller status:

¥% SEEK ERROR TO CYLINDER XXXX SECTOR XX HEAD XX = STATUS XX

If the display current option is invoked during this test, the cylinder, sector,
and write/read head are displayed for each seek:

HARD DISK SEQUENTIAL WRITE/READ TEST

This test sequentially writes, reads and verifies each sector and track with a
fixed data pattern. Each sector is tested with two fixed data patterns of AA55
hex, and 55AA hex. Starting at track 0000 and sector 00, a fixed data pattern
is first written to the disk, and then read back. A compare is made between
data written to the disk, and data read back. I|f a miscompare is detected, the
cylinder, sector, head, data written to the disk and data read from the disk are
displayed in an error message.
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*¥* CYLINDER XXXX SECTOR XX HEAD XX DATA WAS XX DATA S/B XX

An exception fto the error display is if the cylinder, sector, and head are

found in the bad track table, the error is not displayed. If an error occurs on
a cylinder, track and head not found in the bad track table, these parameters
are entered into the bad track table automaticaltly after the error has been
displayed. After all sectors on the current frack are tested, the next track is
tested until all tracks and sectors have been verified. |f the display current
option has been invoked, the logical address is displayed for each new track and
sector under test.

HARD DISK RANDOM WRITE/READ TEST

This test verifies 1000 random fracks and sectors using random data. Starting
at a random track and sector, a random data pattern is first written to the

disk, and then read back. A compare is made between data written to the disk,
and data read back. |f a miscompare is detected, the cylinder, sector, head,
data written to the disk and the data read from the disk are displayed in an

error message:

*%¥ CYLINDER XXXX SECTOR XX HEAD XX DATA WAS XX DATA S/B XX

An exception to the error display is if the cylinder, sector, and head are found
in the bad frack table, the error is not displayed. |f an error occurs on a
cylinder, track and head not found in the bad track table, these parameters

are entered into the bad track table automatically after the error has been
displayed. After The current frack and sector is tested, the next random frack
and sector is tested, until 1000 tracks and sectors have been verified. If the
display current option has been invoked, the logical address is displayed for
each new track and sector under test:

HARD DISK ERROR AND STATUS MESSAGES

** ATTEMPTING TO WRITE COMMAND - 1/0 IN WRONG MODE - STATUS XX
(this error indicates a problem sending commands to the controller)

*% STATUS - XX
(indicates status byte from controller)

*¥%* BAD CYLINDER TABLE FULL
(indicates the bad cylinder table can except no more entries)

*¥%¥ WRITE SECTOR FUNCT!ION ERROR
(indicates the controller detected an error when writing a sector)

*%¥ READ SECTOR FUNCTION ERROR
(indicates the controller detected an error when reading a sector)

** CHECK TRACK FORMAT FUNCTION ERROR
(indicates the controller detected an error when checking format)
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Appendix A

9520 SYSTEM COMMAND SUMMARY

The following is a list of 9520 System Commands, with syntax, both in alphabe-
tical order, as well as in functional grouping. A detailed description of most
commands is in chapter 5. Each command is entered in response to the system
prompt >, and ends with a carriage return. The system prompt is preceded by a
drive identifier CP/M and MP/M (e.g. A>) and a console number when using

MP/M (e.g. 0A>). The following symbols and conventions are used to describe
command syntax:

entered, the system will respond either with an error message or

§ ; are used fo enclose a required parameter, meaning that if it is not
attempt to execute.

entered the system will invoke a fixed default value, use the last
entered by the operator, or simply fail to perform the function repre-
sented by that parameter.

[ ] are used to enclose an optional parameter. |f a parameter is not

T1 are stacked parameters, indicating that one of the parameters must be
T2 chosen.
Both
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ALPHABETICAL LISTING

COMMAND NAME

ABORT

ABORT

A cross-assembler

ASM

ATTACH

BRATE

CONSOLE

CONVERT

SYNTAX:

3ABORT 'programnamez

?ABORT programname% %console numberg

8085

8048

6800 :
A 6801 {drive:]%filenameg

6809

7280

ASM [drive:]?filenames A A
.B B8
P P
L z

ATTACH  {filename!
BRATE gdevice=brafe$

CONSOLE

CONVERT  drive: 30u+pu+—filename

drive: sinpuf—filename

'NX"U- ¢ . UD)>'

.BIN
JHEX
JTEK

.BIN
HEX
.08J
.TEK
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COMMAND NAME

DIAG

DDT

DIR

DSKRESET
DOWNLOAD
DumpP

ED

ERA

ERAQ

FDISK
GENHEX

GENMOD

GENSYS

LOAD

ALPHABETICAL LISTING (Cont'd)

SYNTAX
HE
DIAG (0] DP DR drive HP
LE
LT sD testno 01 testno 02 ... testno 14
SM S0 TL WS

DDT [drive:] 3fi|ename§

DIR filename
filematch

DSKRESET [drive]

DOWNLOAD [drive:] {filename}

DUMP [drive:] }titename] [.filetype]
D [drive:] {§fitename! .filetype

ERA Yfile-id
filematch

ERAQ gfile-id ;
filematch
FDISK F(ormat) D(uplicate) C(opy system) QCuit)
GENHEX programe-name.COM of fset
GENMOD primary-file-name.hex primary-~file-name.pr|
[$additional -memory |

GENSYS

LOAD filename
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ALPHABETICAL LISTING

COMMAND NAME

ML INK

MPMSTAT

PIP

PRLCOM
REN
SCHED
SPOOL

STAT

SYNTAX
_ . o -
MLINK = filename=filename filename ... >A A
B B
P
Z Z
- s - -
LOG MAP
ML INK NOLOG "NOMAP LOAD LOCATE
TRANSFER END
MLINK  @primary-filename,IND
MPMSTAT
drive: drive:
PlIP{destination-file = {source-file parameter
drive:destination-file drive:source file

[parameters] ...]
drive:source-file

[drive:
source=file
PRLCOM gprimary—filename.PRLigprimary—filename.COMs
REN 3new-fi}e—iq§=§¢|d-fi|e-fd€

SCHED 3mm/dd/yy hh:mm%?Filename%

,file"id LY

SPOOL  file-id
STAT dFive: filename R/0
R/W
STAT  DEV:
STAT drive:DSK:
STAT drive:=R/0
STAT logical-device:=physical-device:
STAT USR:
STAT VAL:
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ALPHABETICAL LISTING (Cont'd)

COMMAND NAME SYNTAX

STOPSPLP STOPSPLP  $terminal-number}

SUBMI T SUBMIT {tilename.suBf P1 P2 ...
TOD TOD §mm/dd/yy ~ hhimm:ss

TYPE TYPE  file-id

UPLOAD UPLOAD [drive:] $filename.BIN}

USER USER  [user-number]
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FUNCTIONAL LISTING

User l|dentification Commands

CONSOLE

DSKRESET

USER

CONSOLE

DSKRESET

USER [user-number]

File Manipulation Commands

DIR

ERA

ERAQ

GENHEX

GENMOD

PRLCOM

REN

TYPE

A-6

DIR

ERA

ERAQ

GENHEX

GENMOD

PRLCOM

REN

TYPE

Displays the console ID number at the |oca+|on
where the command is entered.

Al lows the operator to change disks.

Displays the current user code and permits the
user to set a user code (number).

Lists all files found that match the filename
or filematch.

Deletes a file or a group of files.

Selectively deletes files by prompting user
for Yes/No.

Produces a file of type HEX from a file of
type COM.

Produces a file of type PRL (Page Relocatable)
from fwo concatenated files of type HEX.

Produces a file of type COM (which is not
relocatable) from a file of type PRL (page
relocatable).

Al lows the user to rename a file.

Displays the contents of a specified ASCI|
file on the screen.
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System Operation Commands

ASM

DUMP

LOAD

MPMSTAT

PIP

SPOOL

STAT

STOPSPLP

SUBMIT

A)sm

D)ump

LOAD

MPMSTAT

PIP

SPOOL

S)tatus

STOPSPLP

SUBMIT

Program Operation Commands

ABORT

DOT

ED

SCHEDULE

TOD

ABORT

DDT

ED) i+

SCHEDULE

TOD

FUNCTION LISTING (Cont'd)

Assembles The users program.

Displays the contents of a specified disk file
on the console device in hexadecimal format.

Loads a specified disk file containing hexa-
decimal code and produces an executible memory
image file.

Displays the current status of the MP/M
operating system.

Transfers data files from one peripheral |/0
device to another; inter-disk transfers are
permitted.

Queues files in preparation for output usually
to a printer.

Displays status and/or changes device
assignments.

Detaches the spooler from a specified
terminal .,

Selects a file of commands for automatic batch
processing.

Al lows aborting of a running program.
Invokes the dynamic debugger utility.
Invokes the MP/M test editor utility.

Schedules a program to run at a particular
time and date.

Examines and sets the system date and time
parameter.,



9520 SYSTEM COMMAND SUMMARY

FUNCTIONAL LISTING (Cont'd)

System Utilities
BRATE - BRATE : Al lows the baud rate to be displayed and set.

CONVERT CONVERT ' Converts Millennium Binary files to Intel
Hexadecimal, Tektronix object code, or
Tektronix Hexadecimal code. The conversions
are interchangeable. :

DOWNLOAD DOWNLOAD Downloads a 9520 development disk based
program to a 9508 MicroSystem Emulator,

FDISK FDISK Al lows a user to format, duplicate, or copy a
diske.

UPLOAD UPLOAD Uploads a program from the 9508 MicroSystem

Emulator to a disk file on the 9520 Software
Development System System.

MPM Commands

ATTACH ATTACH Attaches a previously detached program to a
terminal .

GENSYS GENSYS Automates the generation of a system by

prompting the user.

Gould Millennium Support Packages Commands

A cross-assembler Assembles a source language program into an -
object program for either execution or
linking.

DIAG DIAG Executes the Gould Millennium diagnostic

program. The program is supplied on a diske.

ML INK ML I NK _ Links relocatable object modules into a single
executable module. :



Appendix B

HEXADECIMAL AND DECIMAL CONVERSION

ASCIll CODE CONVERSION TABLE

HEXADECIMAL

MOST SIGNIFICANT CHARACTER
- 0 1 2 3 4 5 6 7
] NUL DLE SP @ @ P P
1 SOH DC1 ! 1 A Q a q
2 STX DC2 " 2 B R b r
3 ETX DC3 # 3 C S c s
4 | EOT DC4 $ 4 D T d t
LEAST 5 ENQ NAK % 5 E U e u
SIGNIFICANT 86 ACK  SYN & 6 F v f v
CHARACTER 7 BEL ETB ’ 7 G W g w
8 BS CAN ( 8 H X h X
9 HT EM ) 9 | Y i y
A LF suB : : J VA j z
B | vT EC + : K [k {
C FF FS ., < L \ I :
D CR GS - = M ] m }
E SO RS . > N A n =~
F Sl us / ? O — o DEL
EXAMPLES
W =57
H =48
a =61
t=74
@ = 490
NUL = 00
DEL = 7F

B-1



'HEXADECIMAL AND DECIMAL CONVERSION

Decimal-Hexadecimai-Binary Equivalents 0-255),

Hexa-| Binary Hexa-} Binary Hexa-} Binary Hexa-| Binary
Deci- | deci- 8-bit Deci-| deci- 8-bit Deci- | deci- 8-bit Deci- | deci- 8-bit
mal mal Code mal mali Code mal mal Code mal mal Code

[¢] 00 {0000 0000 64 | 40 | 0100 0000 128 80 1000 0000 192 C0 {1100 0000
1 01 0000 0001 65 41 0100 0001 129 81 1000 0001 193 C1 1100 0001
2 02 | 0000 0010 66 42 1 0100 0010 130 82 1000 0010 184 C2 | 1100 0010
3 03 | 0000 0011 67 43 | 0100 0011 1311 83 : | 1000 0011 195 C3 | 1100 0011.
4 04 0000 0100 68 44 0100 0100 132 84 1000 0100 196 C4a 1100 0100
5 0s 0000 0101 69- 45 0100 0101 133 85 1000 G101 197 Ccs 1100 0101
6 06 0000 0110 70 46 0100 0110 134 86 1000 0110 198 Cé 1100 0110
7 07 {0000 0111 71| 47 101000111 135 87 1000 0111 199 C7 11000111
8 08 0000 1000 72 48 0100 1000 136 88 1000 1000 - 200 cs 1100 1000
9 [6,°] 0000 1001 73 49 0100 1001 137 89 1000 1001 201 CS 11001001
10 A {0000 1010 74 4A 0100 1010 138 8A 1000 1010 202 CA 1100 1010
11 0B | 0000 1011 75 48 | 0100 1011 139 88 | 1000 1011 203 CB | 1100 1011
12 oC {0000 1100 76 4C 0100 1100 140 8C 1000 1100 204 | CC | 1100 1100
13 oD 0000 1101 77 4D 0100 1101 141 8D 1000 1101 205 CcD 1100 1101
14 =5 0000 1110 78 4E 0100 1110 142 8E 1000 1110 206 CE 1100 1110
15 OF {0000 1111 79 4F ] 0100 1111 143 8F | 1000 1111 207 CF | 1100 1111
16 10 | 0001 0000 80 50 { 0101 0000 144 80 1001 0000 208 D0 | 1101 0000
17 11 0001 0001 81 51 0101 0001 145 91 1001 0001 209 D1 1101 0001
18 12 0001 0010 82 52 0101 0010 146 g2 1001 0010 210 D2 1101 0010
19 13 0001 0011 83 S3 0101 0011 147 93 1001 0011 211 D3 1101 0011
20 14 0001 0100 84 54 0101 0100 148 94 1001 0100 212 D4 1101 0100
21 15 0001 0101 85 55 0101 0101 149 95 1001 0101 213 D5 1101 0101
22 16 {0001 0110 86 56 | 0101 0110 150 6 1001 0110 214 D6 | 11010110
23 17 | 00010111 87 57 | 0101 0111 151 97 1001 0111 215 D7 } 11010111
24 18 {0001 1000 88 58 | 01011000 | 152 98 1001 1000 216 D8 11101 1000
25 19 0001 1001 89 59 0101 1001 183 ] 1001 1001 217 |* D9 {1101 1001
26 1A {0001 1010 90 SA 0101 1010 154 SA 1001 1010 218 DA 1101 1010
27 1B 0001 1011 91 58 0101 1011 1S5 9B 1001 1011 219 [0]:] 1101 10114
28 1C {0001 1100 92 5C | 0101 1100 156 9C | 1001 1100 220 DC {1101 1100
29 10 {0001 1101 a3 5D 10101 1101 157 9D _ 11001 1101 221 DD | 1101 1101
30 1E 10001 1110 94 S5E 10101 1110 158 SE 1001 1110 222 DE |1101 1110
31 1F {0001 1111 95 5F | 0101 1111 159 gF 11001 1111 223 DF {1101 1111
32 20 {0010 0000 96 60 {0110 0000 160 A0 | 1010 0000 224 EO | 1110 0000
33 21 0010 0001 97 61 0110 0001 161 Al 1010 0001 225 E1 1110 0001
34 22 10010 0010 98 | 62 101100010 162 [ A2 110100010 226 E2 111100010
35 23 00100011 99 63 { 01100011 163 A3 {1010 0011 227 E3 1110 0011
36 24 | 0010 0100 100 64 | 01100100 164 A4 110100100 228 €4 ] 11100100
37 25 100100101 1 101 65 | 01100101 165 A5 11010 0101 229 ES | 11100101
38 26 100100110 | 102 66 |01100110 166 A6 | 10100110 230 E6 |11100110
39 27 0010 0111 103 67 0110 0111 167 A7 1010 0111 231 E7 1110 0111
40 28 0010 1000 104 68 0110 1000 168 A8 1010 1000 232 53 1110 1000
41 29 |00101001 | 105 69 10110 1001 169 A9 | 1010 1001 233 E9 | 11101001
42. 2A {0010 1010 106 6A 0110 1010 170 AA 1010 1010 234 EA 1110 1010
43 28 0010 1011 107 68 0110 1011 171 AB 1010 1011 235 EB 1110 1011
44 2C 0010 1100 108 6C 0110 1100 172 AC 1010 1100 236 EC 1110 1100
45 20 10010 1101 109 6D 0110 1101 173 AD 11010 1101 237 ED |[1110 1101
46 2E 0010 1110 110 6E 0110 1110 174 AE 1010 1110 238 EE 1110 1110
47 2F 0010 1111 m 6F 0110 1111 175 AF 1010 1111 239 EF 1110 1111
48 30 | 0011 0000 112 70 | 0111 0000 176 BO {1011 0000 240 FO | 11110000
49 31 0011 0001 113 71 0111 0001 177 B1 1011 0001 241 F1 1111 0001
50 32 0011 0010 114 72 0111 0010 178 B2 1011 0010 242 F2 1111 0010
51 33 0011 0011 115 73 0111 0011 179 B3 1011 0011 243 F3 1111 0011
82 34 0011 0100 116 74 0111 0100 180 B4 1011 0100 244 F4 1111 0100
53 3s 0011 0101 117 75 0111 0101 181 B85 1011 0101 245 F5 1111 0101
54 36 100110110 118 76 10111 0110 182 B6 110110110 246 F6 111110110
55 37 001101 119 77 [ 0111011 183 B7 [1011 0711 247 F7 [1111 011
56 38 }0011 1000 120 78 10111 1000 184 B8 10111000 248 F8 | 1111 1000
57 39 0011 1001 121 79 0111 1001 185 B9 1011 1001 249 F9 1111 1001
58 3A 0011 1010 122 7A 0111 1010 186 BA 1011 1010 250 FA 1111 1010
59 38 10011 1011 123 78 101111011 187 BB {1011 1011 251 FB | 1111 1011
60 3C {0011 1100 124 7C (01111100 188 BC {1011 1100 252 FC 11111100
61 3D 0011 1101 125 7D 0111 1101 189 8D 1011 1101 253 FD 1111 1101
62 3E |0011 1110 126 7E [ 01111110 190 BE 10111110 254 FE [11111110
63 3F 0011 1111 127 7F 0111 1111 191 BF 1011 1111 255 FF 1111 1111




Appendix C

ASCI1 CHARACTER SET

ASCII CHARACTER SET

HEX (HAR. | HEX (HAR. | HEX (HAR. | HEX Q(dAR.
NUL 20 sp 40 @ 60
SOH 21 ! 41 A 61 a
STX 2 42 B 62 b
ETX 23 4 43 63 ¢
EOT 24 S 4 D 64 4
ENO 25 % 45 E 65 e
ACK 26 & 46 F 66 £
BEL 27 47 G 67 g
BS 28 48 H 68 h
HT 29 ) 49 1 69 i

0A LF a  * a g .

0B VT 2B+ B K 68 k
FF 2 € L 6C 1

0D CR 2D - 4 M 6D m

OE SO 22 . E N 6E n

OF sI 2F / 4F O 6F O
DLE 30 0 50 P 70 p
DCL 31 1 51 Q 71 q
DC2 2 2 52 R 72 r
C3 33 3 53 S 73 s
DC4 34 4 54 T 74t
NAK 33 5 5 J 75 u
SYN 3% 6 56 Vv 76 v

17  ETB 377 57 W 7w
CAN 38 8 58 X 78 x

19 ™ 39 9 59 Y 9y

1A suB 3 A 2 Az

1B ESC 3B -5B [ B |
FS i < 5\ 7C
1D GS 3D = 5D ] m }

IE RS E > SE A 7E ~

IF US 3F 2 5F - 7F  DEL

DEFINITIONS FOR FORMATTING AND CONTROL CHARACTERS

CHARACTER DEFINITION CHARACTER DEFINITION
NUL NULL SO SHIFT OUT
SOH START OF READING; ALSO SI SHIFT IN
START OF MESSAGE DLE DATA LINK ESCAPE
STX START OF TEXT; ALSO EOA, DCl DEVICE CONTROL 1
END OF ADDRESS DC2 DEVICE CONTROL 2
ETX END OF TEXT; ALSO EOM, DC3 DEVICE CQONTROL 3
END OF MESSAGE DC4 DEVICE CONTROL 4
EOT END OF TRANSMISSION (END) NAK NEGATIVE ACKNOWLEDGE
ENQ ENQUIRY (ENQORY): ALSO WRU SYN SYNCHRONOUS IDLE (SYNC)
ACK ACKNOWLEDGE. ALSO RU ETB END OF TRANSMISSION
BEL RINGS THE BELL BLOCK
BS BACKSPACE CAN CANCEL (CANCL)
HT HORIZONTAL TAB EM END OF MEDIUM
LF LINE FEED OR LINE SPACE SUB SUBSTITUTE
(NEW LINE): ADVANCES ESC ESCAPE. PREFIX
PAPER TO NEXT LINE FS FILE SEPARATOR
BEGINNING OF LINE GS GROUP SEPARATOR
vr VERTICAL TAB (VTAB) RS RECORD SEPARATOR
FF FORM FEED TO TOP OF us UNIT SEPARATOR
NEXT PAGE (PAGE) SP SPACE
CR CARRIAGE RETURN




Appendix D

SCHEMATIC DIAGRAMS

This appendix contains schematic diagrams for the 9520 Software Development
System. The diagrams are subject to change and therefore are to be used only
for reference purposes. The following Is a list of the drawings:

NAME DRAW I NG NUMBER
9520 Connector Panel Schematic 12000227
Processor Schematic ' 12000228
9520 Memory Expansion Schematic 12000266
9520 Hard Disk 1/0 Schematic 12000276
Map/RAM Schematic 12000279
9520 Hard Disk Wiring Schematic 73000005
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v I Lai32 514 PDOBG® REFERENCE SCHEMATIC 12000263.
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L POBAL Lc2.3D8 W8 OPEN FOR TRIN LINE.
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8 7 [ 6 5 ¢ 4 I 3 12000228 2 | € 1
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DOCUMENT REVIEW FORM

9520 SOFTWARE DEVELOPMENT SYSTEM
USERS MANUAL

Dear Customer:

Publication No. 87000064
March 1983
Release 2.0

Your comments concerning this document help us to produce be*fer documentation

for you.

GENERAL COMMENTS

[:] Easy to read?
[:]We|l organized?

D Accurate?

SPECIFIC COMMENTS AND CORRECT | ONS

Reference

[ ] complete?

[JwWell t1lustrated?

[:] Suitable for your needs?

Page

Please send your comments to:

GOULD INC., DESIGN AND TEST SYSTEMS DIVISION

4600 Old Ironsides Drive
Santa Clara, California 95050-1279
ATTN: Publications



GOULD INC., DESIGN AND TEST SYSTEMS DIVISION

PRODUCT ENHANCEMENT REQUEST

5.

DATE
CUSTOMER {NFORMATION

NAME OF COMPANY

NAME OF EMPLOYEE

ADDRESS

CITY/STATE/ZIP CODE

PHONE # EXT.

PRODUCT NAME (9508, 9520, 9516, 9580, ETC.)

DESCRIPTION OF ENHANCEMENT

DESCRIPTION OF HOW ENHANCEMENT WOULD BE USED

HOW LONG BEFORE YOU MUST HAVE THIS ENHANCEMENT?

NOW

6 MONTHS
1 YEAR

2 YEARS

WHAT SHOULD BE THE COST OF THIS ENHANCEMENT?

(ATTACH ADDITIONAL SHEETS AS REQUIRED)



