
































































LDA (count) 
LDB (address) 
JSB P.XIO,I 
ABS (command) 
(return) 

P.XIO DEF X7517B,I POINTER IN COMM. REGION TO XIO 

The command may be any valid command (see Section IV.C.la). 

2c. The CIO calls also allow explicit commands to be used, but 
are of a double subroutine level; the outer level uses implicit 
commands. Errors are treated in the SIO fashion as explained 
above. The CIO calls are of the form: 

LDA (count) 
LDB (address) 
JSB SIO. U 
(return) 

SIO.U NOP 
JSB P.CIO,I 
ABS (command) 

P.CIO DEF X752lB,I POINTER IN REGION TO CIO 

Note that no return is needed from the SIO.U routine; if an error 
halt occurs, then the A Register will contain the address of the 
JSB SIO.U. However, SIO.U must be exactly three words long (entry 
JSB, and command). ABS can be any legal command; see Section' 
IV.C.la. 

3. Utility commands exist within the combined driver. A command 
of minus one causes all the sector buffers to be cleared (see 
Section IV.B); this is what occurs when the Executive's ZS command 
is used. This clearing of buffers should be accomplished prior to 
removing a cartridge from a drive, thus removing holdover sectors 
from the buffers. 

It should be noted that even though the address word (B in the 
SIO/XIO/CIO calls, or table entry three in DIO calls) is not used, 
it is evaluated, and therefore must not cause an indirect loop. 
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Other utility commands (negative value command word) exist in 
the combined driver; the user is refered to the listing of the 
driver for these. 

IV.D. FDOS DRIVER OPERATIONS 

The action and idiosyncracies of the SIO/XIO/DIO/CIO commands and 
devices are as follows: 

1. Skip to start of file, octal ~+UNIT; skips past the number of 
End-of-File marks specified by the count. On file-oriented devices 
(disk or cassette) this is done by moving over files, but on paper 
tape type devices the data must ·be read to determine the End-of-File 
marks~ therefore, the count must specify the mode (positive for 
ASCII, negative for binary). The sign of the count has· no effect 
on a file oriented device. 

A count of zero results in no adtion being taken; If an error halt 
occurs, continueing will cause t'he entire number to be skipped 
again. If~ on a paper tape type device, a multiple file skip is 
done and an intermediate End-of-File mark consists of over 20· nulls, 
then the first ten constitute the EOF and the subsequent group of 
ten nulls are ignored until a non-Null character is found. However, 
if the last file mark of the skip consists of over 20 nulls, the 
skip ends when ten are found, and a subsequent read (without manual 
intervention) will find ten more, resulting in an EOF (most programs 
ignore an initial EOF). A device must have input capabilities to 
do a skip~ the Address parameter is ignored. 

2. Rewind, octal l,0',0'+UNIT; on a file-oeiented device (disk or ':: 
cassette), positions to in front of file #1. On paper tape type 
devices, executes a HLT 60'B (even if a DIO call) to allow manual 
intervention before continuing. 

A device must have input capabilities to do a rewind. On disk, 
even if no files are in the LUD, there is no End-of-Tape indication 
(until some forward movement is given). The count and the address 
parameters are ignored. 

3. Read a record, octal 2¢¢+UNIT; reads' a record in the specified 
mode into the specified buffer of a specified length, one character 
at a time. The Address word may be indirect. The count must be 
positive to indicate the number of ASCII characters, or negative to 
indicate the number of binary words. Characters are intrepreted as 
they are read. In binary, only the first character, as the record 
length; in ASCII, all characters as to meaning (Nulls ignored, 
Rubout deletes line, Return ignored, Linefeed ends record, CNTRL/H 
deletes preceeding character of line, Extra paging character con­
verts to Formfeed, Formfeeds ignored or passed according to GSFLG). 

If the buffer address is zero, then the count is ignored and no 
data is transmitted to the user (this is a skip one record); other­
wise, if the count is zero, no action takes place and A is returned 
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as 1. 'Reading continues until a record containing some data,is 
found. If a record is larger than the specified buffer length, 
then the extra characters are not transmitted and input continues 
to the end of the record (to leave the device properly positioned 
for the next record). Finding a physical EOF (on file-oriented 
devices) or finding ten Nulls at the start of a read operation is 
interpreted' as EOF (file oriented devices are always left past the 
physical EOF). If an odd number of characters is read in a record, 
the last word of the buffer is filled with a zero if binary, or a 
space if ASCII (although the space is not included in the count 
returned). In ASCII, if a Linefeed is not preceeded by a Return. 
or a:Linefeed, then a Return is echoed if appropriate for the 
device (i.e., on TTY, and Deck Zero). A device must have input 
capabilities to do a read. 

4. Write a record, octal 3¢¢+UNIT: transfers the specified nurilier 
of words or characters from the specified address in the specified 
mode, or does a format control to the device. In binary transfers, 
the count is the negative number of words, and those words are 
transfered with no processing, but some (physical device dependent) 
processing is done at the end of the record - paper tape type have 
four Nulls following, cassette has a physical end-of-record 
following which signifies logical end-of-record on binary input, 
disk has no processing (and records could theoretically be 
concatenated). 

In ASCII transfers, the count is the positive number of characters, 
and these characters are transferred (except for nulls and except 
for the last character if it is a backarrow). A Return and Linefeed 
are output unless the last character of the record is a backarrow. 
If the Return and Linefeed are output and a line count is being kept 
(and the count goes to 6¢) then the specified paging is done for 
the device and the line counter is reset. 

In format control, a zero count always means output a Return and a 
Linefeed. If the device is a list-capable unit, then the negative 
count means formatting rather than binary. A minus one means top 
of form. All other negative values are ignored. Format control 
ignores the address parameter. A device must have output capability 
to do a write. 

5. Write an End-of-File, octal 4¢¢+UNIT: on a file-oriented device, 
a physical End-of-File is written and, on disk, the unit is positioned 
to the begining of the next file. On the lineprinter, two pages are 
ejected. On paper tape type devices, if it is a list-capable device, 
a Formfeed, a Rubout, and a Linefeed are output followed by, or if 
a binary device, only, 22 nulls (to allow for over ten nulls and 
tear-off space on Low-speed Tape, or to allow time to tear off the 
page on TTYs), and, if High-speed Tape, l¢¢ nulls for leader/ 
trailer. A device must have output capabilities to do a WEOF. 

6. Name Hookup, octal 5¢¢+UNIT: passes to disk logical unit a 
name. The count parameter must be zero (a flag) and the address 
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points to the name (up to five valid ASCII characters, left­
justified and zero filled in three words). The logical unit "r - • 

temporarily remembers the name, and, with the next access, proceeds 
with that file (randomly accessed via the Disk Directory) as if it 
had been in the LUD at that point. The name is not remembered 
after the first motion access to that logical unit, but the logical 
unit will be in the file until it leaves for some reason (Rewind, 
Skip, WEOF, or EOF read, etc.). If the logical unit leaves the 
logical unit at the EOF (rather than a Rewind) it will be positioned 
as it was before the Name Hookup, unless it was in-a file, in which 
case it will be at the begining of the following file. 

The Name Hookup command provides for a number to be passed (count 
= -1, address points to number) for count-selection type purposes 
in other type devices. A device must have disk command capabilities 
to do a Name Hookup. 

7. Verify a record, octal 6,0'¢+UNIT; a record is read into cor"e 
(under the same conditions as read) and, character-by-character on 
the fly, if it differs from what was "there the verify fails. A is 
returned as I if all characters were the same, and is zero if any 
characters differed. The new characters are in the buffer. 

This command is not expected to be used with ASCII records contain­
ing Rubouts or CNTRL/H, as the buffer and the success/fail have 
already been affected by the deleted chatacter(s). 

8. Skip record, octal l2,0,0'+UNIT; the specified number of records 
are read (under the same conditions as read) in the specified mode, 
but no data is passed to the user. 

9. Sense device I octal l5¢,0+UNIT ithe status words returned as '.0 

d~fined:in Section III-H. 
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v. FDOS CONFIGURATION 

The FDOS software is shipped in both a "standard" configuration 
and a "skeleton ll configuration. Thus, the user can configure 
his hardware per the "standard" software configuration and get 
the FDOS "on-the-air" irnrnediately~ or the user can use the 
"skeleton" portion and tailor the software for the memory size, 
interface channel assignments, and functional unit assignments 
that match his specific requirements . 

. V.A. FDOS "STANDARD" CONFIGURATION 

The "standard" software configuration shipped can be installed 
per the "Installation of Software" appendix of this manual. 
This software configuration is as follows: 

Memory Size - 12K 

CI:;;"~ir~Cnannel : Assignments -
* l~B = FDS Data channel 
* lIB = FDS-Control Channel -,,: .L 

* l2B = Console Device Interface channel (HP-interfaced 
teleprinter) 

* l3B = Phororeader Interface channel 
* l4B = Cassette System Interface channel 
* The Line Printer (if available) is. attached to Physical 

Device zero (cassette· system "deck 'zero") 

Functional Unit Assignments -
* Disk drive D as the IIsystem library device" used by 

the Bootloader, System Loader, and the various ~ystem 
processors 

* El as the SIO Input Unit (DI) used by the Executive 
default conditions (when applicable) and the various 
system processors 

* E2 as the SIO Output Unit (DP) used by the Executive 
default conditions (when applicable) and the various 
system processors 

* E3 as the High Speed List Unit (HL) used by the various 
system processors 

* E4 as the scratch area (SC) used by the FORTRAN Compiler 
as temporary storage for the intermediate file (between 
pass one and two) 

* All keyboard units (CK, PK, and AK) assigned to the 
HP-interfaced Teletype (TY) 

* All low-speed list units (CL , PL, AL, and BM) assigned 
to the HP-interfaced Teletype (TY) 

v - I 



* Auxiliary Input (AI) assigned to the photoreader 
* Auxiliary Output (AP) assigned to cassette deck one 
* Auxiliary Scratch (AS) assigned to cassette deck two 
* Auxiliary High-speed List assigned to the cassette 

system "deck zero ll (lineprinter) 
* Batch Command assigned to D2 
* D4 as the library device for the Relocatable Libary 

used by the Absolute BCS file 

V.B. FDOS INITIALIZATION AND LOADERS 

The FDOS software makes available a number of different levels 
of restarts and initializations in order to accomodatethe 
varying needs of users and software packages. The FDOS 
software is supplied on a "skeleton disk ll which contains seven 
files (designed specifically to facilitate startup procedures) 
plus th~ other FDOS program files. The seven specific files 
are: 

* The unconfigured Bootloader 
* The configured System Loader 
* The IISkeleton ll file (SYS0') 
* The "cold start" file (SYSl) 
* The "warm start ll file (SYS2) 
* 'rhe "Executive ll file (SYS3) 
* The IISystem Map" file (SYSM) 

·1. The unconfigured Bootloader is designed to be loaded by 
the Keyed-In Loader (see Section V.C). Once the unconfigured 
Bootloader has been loaded, it can be configured for channel 
assignments and memory size, and the configured Bootloader 
moved to the protected area of memory (see Section V.D). 

2. The "Skeleton" file (SYS0') contains the unconfigured System 
Loader, unconfigured SIO Driver package, unconfigured Exec­
utive, and the System Generator. Special precautions are 
taken in the FDOS software to protect this file (see Section 
VI.F.2); thus, it is always available to the user for use 
in building a new FDOS software configuration. 

3. The configured System Loader resides in sector zero of 
the disk, and is normally loaded via the configured Boot­
loader. The System Loader is the "core resident" portion 
of FDOS. On the "skeleton disk ll shipped from the factory, 
the System Loader is configured per Section V.Ai when the 
configuration (see Section V.F) is performed, a new System 
Loader is written in sector zero. 
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4. The "System Map" file (SYSM) contains a listing of all 
peripheral device channel assignments, all functional unit 
assignments, and other system configuration details. 
This file can be printed on the Teletype with the following 
command string (see Section VI.F.2): 

SE;TQ Dl,SYSM;LI Dl,CL 

Section V.G shows a printout of SYSM for the "standard" 
software configuration. The Functional Unit assignment 
portion of the System Map can be printed directly with 
the List All units (LA) command. 

5. The three remaining files (SYSl, SYS2, and SYS3) contain 
the configured (per Section V.A) FDOS software system; 
when the system generation is performed, a new software 
system is written into these files; Special precautions 
(see Section VI.F.2) are also taken here, so the System 
Generator 'is the only package that can normally write in 
these files. 

6. Track zero of all disks is reserved for system control 
information (directories, etc.); the various "system" files 
start and/or reside on track zero. This track is allocated 
as follows: 

Sector '-',~ Configured System Loader 
Sector 1 Disk Directory 
Sector 3 Unconfigured Bootloader 
Sector 4 Logical Unit Directory, unit 4 
Sector 5 Logical Unit Directory, unit 1 
Sector 6 Logical Unit Directory, unit 2 
Sector 7 Logical Unit Directory, unit 3 
Sector 13 Starting Sector of the "System Map" 

file (SYSM) 
Sector 14 Starting sector of the "Skeleton" 

file (SYS~) 
Sector 15 Starting sector of the "Cold Start" 

file (SYSl) 
Sector 16 Starting sector of the "Warm Start" 

file (SYS2 ) 
Sector 17 Starting sector of the "Executive" 

file (SYS3) 
All other sectors of track zero (sectors 2,10,11, and 12) 
are reserved for expansion. The remaining disk area 
(tracks one through 64) is used by the remaining FDOS pro­
grams, or is available to the user. 
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v. c. FDOS KEYED-IN LOADER 

The FDOS Keyed-In Loader is a program used to load the uncon­
figured Bootloader from sector three of disk D. The Keyed-In 
Loader is designeq to be as short as possible, since it is 
intended to be entered from the front panel of the computer. 
Since the unconfigured Boot1oader is in ~ special format, it 
must be,loaded with the Keyed-In Loader; the Keyed-In Loader 
cannot be used for loading any other file from disk. 

To commence the configuration process, enter the Keyed-In 
Loader shown below (refer to "A Pocket Guide to the 2100 
Computer" or to "A Pocket Guide to Hewlett-Packard Computersll)i· 
then configure the remainder of FDOS per Sections V.D and V.E. 

* FDOS KEYED-IN LOADER 

* * THIS PROGRAM LOADS THE UNCONFIGURED BOOTLOADER INTO MEMORY 
* (STARTING AT LOCATION ~76~¢B) AND HANGS. WHEN THE PROGRAM 
* IS STARTED, THE DISK WILL CLICKi THE UNCONFIGURED BOOT-
* LOADER IS IN CORE IINSTANTLyl. PRESS .HALT. NOW CONFIGURE 
* THE BOOTLOADER PER SECTION V.D. 

* 

* 

* 
* 

952yf~¢ 10'3lDC 
yf2yf¢1 ¢62¢14 
·yf20'¢2 ¢660'l5 
yf20'¢3 10'26cc 
¢2¢¢4 1,037CC 
yf2yfyfS 10'23DC 
0'2~0'6 yf26~0'5 
,02¢,07 l0'25DC 
,02¢1¢ l,037DC 
952,011 17,0,0,01 
,020'12 0'¢6yf¢4 
¢2yf13 0'260'0'5 
0'20'14 yf2¢,00'3 
¢2¢lS yf0'76¢¢ 

ORG 2¢¢¢B 

START CLF DAT 
LDA READ 
LDB CORE 
OTA CMD 
STC CMD,C 

LOOP SFS DAT 
JMP *-1 
LIA DAT 
STC DAT,C 
STA B,I 
INB 
JMP LOOP 

READ OCT 2yf¢f)3 
CORE OCT 76f6f) 

MF.J(E SURE FLAG IS CLEAR 
READ COMMAND 
ADDR TO LOAD INTO 
SEND 

THE COMMAND 
WAIT FOR 

DATA FLAG 
INPUT A WORD 
ACKNOWLEDGE 
S TORE ~\TORD 

BUMP STORAGE POINTER 
GET ANOTHER WORD 
DISK D, SECTOR THREE 

* DC IS THE DATA CHANNEL (NORMALLY l¢B) 
* cc IS THE CONTROL CHANNEL 

* 
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V.D. FDOS BOOTLOADER CONFIGURATION 

The FDOS Bootloader is designed to lQad the configured System 
Loader from sector zero of disk D; it has a second entry that 
can be used to load any absolute file from disk D whose initial 
sector address is contained in the Switch Register. The Boot­
loader is supplied on the IIskeleton disk ll in sector three; 
it is not configured. 

1. To configure the Bootloader, enter the Keyed-In Loader 
(see Section V.C) and place the IIskeleton disk ll in drive 
D. Preset the computer, then start the Keyed-In Loader 
at ~2~~¢B to load the unconfigured Bootloader and its 
configurator. Halt the computer, then restart it at 
¢76¢¢B: the configurator program will come to a series 
of halts: 

HLT 74B Enter the disk data channel in the 
Switch Register (normally l¢B) and 
press RUN. 

HLT 75B 

HLT 76B 

HLT 77B 

Enter the disk control channel in the 
Switch Register (normally the lowest 
priority channel, although it can 
be of higher priority than any 
asynchronous device) and press RUN. 

·Enter the me~ory size mask (X77¢~B) 
in the Switch Register, enable the 
loader area, and press RUN. The 
Bootloader will be configured and 
moved to X77¢~B, i.e., the protected 
area of memory. Use X = 1 for 8K, 
2 for 12K, 3 for 16K, etc. 

Configuration complete; protect -the 
loader area. 

2. The configured Bootloader has two entry points: 

X77¢¢B 

X7 7¢lB 

Load a file from disk D, sector zero; 
this is normally the configured 
System Loader. 

Load a file from disk D whose initial 
sector address is contained in the 
Switch Register. (If using a 2114, 
the LOADER ENABLE switch on the inside 
of the front panel must be in the ON 
position to start at location 177¢IB.) 



After execution at either of these entry points, the Boot­
loader will·halt with the P Register equal to 2B: if the 
configured System Loader was the file loaded, it can be 
executed by just pressing RUN. This is possible, since 
the System Loader (as it is being loaded by the Bootloader) 
sets location 2B to a jump indirect through 3B, and sets 
location 3B to X7544B (the "cold start" entry point); upon 
successful loading, the Bootloader halts with the P Register 
set to 2B. Since most absolute program files also set 
locations 2B and 3B in this manner, this feature can be used 
to load and execute those files. 

V.E. FDOS SYSTEM LOADER' 

The System Loader is intended to remain in memory at all times. 
When not resident in memory, it can be loaded by the protected 
Bootloader. The System Loader has three entry points: 

X7540'B 

X7542B" 

X7544B 

Standard Exec reload; load the file starting 
at sector 17B. This entry is used by the 
ASMB, EDIT, CROS, etc., programs. It leaves 
the SIO area, Communications Region, Logical 
Unit Parameter Tables, and buffer status intact. 

Load the file starting at sector 16B, the 
"Warm start"; the SIO and Communications 
Region are reloaded, and a transfer to X754~B 
is made to reload the Exec. The Logical 
Unit Parameter Tables and buffer status tables 
are left intact. This is intended to restore 
the original SIO configuration after a 
temporary reconfiguration. 

Load the file starting at sector 15B, the 
"Cold start"; this is intended to be used when 
the contents of memory can no longer be counted 
on, such as after a programwhich,'does not 
preserve the SIO area has been run. This 
start must be used if the system ever IIcrashes ll

• 

This start initializes the Logical Unit 
Parameter Tables and the buffer status tables, 
and -transfers to X7542B for a "warm start". 

On the "skeleton disk" shipped from the factory, the System 
Loader is configured per Section V.A.; when the configuration 
(see Section V.F) is performed, a new System Loader is written 
in sector zero. 
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V.F. FDOS "SKELETON" CONFIGURATION 

The "skeleton" file (SYS0') contains an interactive System 
Generator section, the unconfigured SIO Driver, the uncon­
figured System Loader, and the unconfigured Executive. When 
SYS0' has been loaded and executed, the user can tailor FDOS 
to a particular hardware configuration, memory size, unit 
assignment, etc. This is accomplished by typing responses 
to questions asked by the System Generator; after the con­
figuration parameters have been entered and verified~the 
System Generator (optionally) writes a configured FDOS 
software system into SYSl, SYS2, SYS3, and SYSM of disk D. 
It should be noted that this System Generator can be used to 
prepare an FDOS disk for a computer system with a different 
hardware configuration from the one it is being run on; the 
only restrictions are that the current system has at least 
as much memory as the target 'system, that the disk data and 
control channels are the same on both systems,~arid!that·the 
console device has the same channel number on both systems. 

Following is the configuration procedure: 
1. Bootload SYS¢ using the X77¢1 entry of the Bootloader· 
with the Switch Register set to l4B. To execute the file after 
such a load, press RUN; the computer will execute a HLT 5¢B. 

2. Set the Switch Register to the channel number of the console 
device (functional units CK and CL); if the console device 
is interfaced thru the cassette system deck zero, set bit 15 
also. Press RUN. 

3. The program types 

SYSTEM ID: 

requesting up to sixty characters of ID information to be used 
to label the resultant configured disk. This ID information 
will be written in the System Map (SYSM) file if "write 
system to disk" is specified later on in this system gener­
ation procedure. 

NOTE: Responses to questions are terminated by Carriage 
Return-Line Feed. If an error is made in answering 
the questions in Step 4 and beyond, the System Generator 
can be restarted at Step 3 by typing "ER". The valid 
responses are II NOli to indicate that the device is not 
available, a two-digit octal number defining the device's 
channel number, or responses defined in the descriptions 
below. 
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4. If bit 15 was not set in Step 2 above, the program 
types 

TELETYPE CHANNEL: CC 

where "cc" is the two digit octal number that was entered 
in the Switch Register in Step 2 to define the HP-interfaced 
Teletype channel. If an HP-interfaced Teletype was not 
defined in Step 2 (bit 15 set), the program types 

TELETYPE CHANNEL? 

requesting the HP-interfaced Teletype channel number. 
Reply appropriately. 

5. The program types 

USES PAGING OPTION? 

requesting the option to be used to format printed pages 
on this :Func·tional Unit -;-,( CL) ... ~. Re~pond' by typi.ng 1I) .. t. for Line­
Feed, "F" for Form Feed, "Nil for no page spacing, or ·"x ll 

:for the Extra Paging Charact .. er.(see Ste·p 18)." 

6. The program types 

HAS LOW SPEED TAPE? 

thus asking if. the HP-interfaced Teletype is to be used for 
paper tape input or output_ Reply by typing IIYES" or "NO". 
If "YES" is typed, the program types 

PUNCHING AND PRINTING SEPARATE? 

thus asking if the HP-interfaced Teletyp·e is an ASR33-··or ASR3·5_ 
Type "NOli if ASR33 i -type "YES" if ASR35. If an ASR33 is defined, 
then under normal FDOS operation the computer will halt (HLT 56) 
before outputing to the ASR33 paper tape punch to allow the 
operator to turn on ~he p~nch; when punching is complete, the 
computer \vill halt (HLT 55) to allow the ope:rator to turn the 
punch off._ ' ... , . 

7. The program types 

HIGH SPEED PUNCH CHANNEL.? 

requesting the high-speed paper tape punch channel number. 
Reply appropriately. 
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8. The program types 

HIGH SPEED READER CHANNEL? 

requesting the channel number of the photoreader. Reply 
appropriately. 

9. The program types 

LINE PRINTER CHANNEL? 

requesting the line printer channel number; reply appropriately. 
The SIO Driver supports the HP 2767 (Data Products) or 2607 
(Tally) printers; for the HP 2778 (CDC) or other non-compatible 
printers, the driver must be slightly modified. 

10. If bit 15 was set in Step 2, the program types 

CMTS CHANNEL: CC 
DECK ZERO EXISTS 
HAS INPUT CAPABILITY 
USES PAGING OPTION? 

where CC is the channel number defined in Step 2. The re­
sponse to the paging option question is the same as in Step 5. 

11. If bit 15 was not set in Step 2, the program types 

CMTS CHANNEL? 

requesting the cassette system channel number. If "NO" is 
typed, the program proceeds to Step 12. If "YES", the program 
types 

DECK ZERO EXSISTS? 

asking if a device (TTY, CRT, line printer, etc.) is inter­
faced to the computer via deck zero. If "YES" is typed, the 

. program types 

HAS INPUT CAPABILITY? 

asking if the device has a keyboard on it. Reply appropri­
ately. The program types 

USES PAGING OPTION? 

The response to the paging option question is the same as 
in Step 5. 
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12. The program types 

FLOPPY DISK DATA CHANNEL? 

requesting the FDS data card channel number. Since this 
must be defined, a II NO" response causes the question to 
be re-asked. 

13. The program types 

FLOPPY DISK CONTROL CHANNEL? 

requesting the FDS control card channel numb~r. A "NO" 
causes steps 12 and 13 to be repeated. 

14. The program types 

NUMBER OF BUFFERS? 

Reply appropriately (see Section IV.B). For optimum 
operation in an 8K system, three buffers are recommended: 
in 12K or larger systems, four buffers are recommended. 

15. The program types 

NUMBER OF DRIVES? 

Reply appropriately (one to four), depending on how many 
drives are implemented in the FDS. 

16. The program types 

DISPLAY DISK COMMANDS? 

inquiring as to whether disk commands are to be displayed in 
the Switch Register during FDOS SIO operation; reply appropri­
ately. Commands are not displayed during BCS operation. 

17. The program types 

FUNCTIONAL UNIT ASSIGNMENTS: 
? 

At this point the operator may change the physical unit vs. 
functional unit assignment for a particular configuration of 
hardware. Until some experience has been gained, it is 
recommended that the user respond with only. II/E", to cause 
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the standard assignments that have been assembled into sys-gen to 
be used. To change the Functional vs. Physical Unit assignments, 
use the format FU,PU,LC,PC (see Section II.B). Typing "A?IJ will 
list the entire FDT; If/E" terminates and moves on to the next step. 
Restarting without reloading (IJERIt input) does not restore the FDT. 

18. The program types 

EXTRA PAGING CHARACTER? 

Unless the system has a list device that is capable of responding 
to a page-spacing character other than Linefeed or Formfeed (such 
as Vertical Tab), it is sufficient to respond "NO". Otherwise, 
respond with a two-digit octal number representing the ASCII 
character desired. 

19. The program types 

CORE SIZE (IN K)? 

Reply appropriately. 

20. The program types 

WRITE SYSTEM TO DISK? 

Reply "YES If if it is desired to write this newly configured 
system to disk (in SYSI, SYS2, SYS3, & SYSM) later on in this 
program. 

21. If "YES" was typed in Step 20, the program types 

FORMAT DISK? 

inquiring as to whether a Format Disk command to drive D is 
desired. Type "YES H if there is a virgin disk in drive D. 

22. The program types 

CONFIGURATION MAP? 

Reply "YES" if it is desired to have one printed on the console 
device at this time; if IIYES,unit" is typed, the map will be 
written to the specified unit. 

23. The program types 

OKAY AS IS? 

If the configuration is as desired, type "YES II
• At this 

V-ll 



point the unused portion of DID (drivers for non-exsistent 
peripherals) is released and the system is configured in 
core. If the program was directed to \vrite the system in 
step 20, SYSI, SYS2, SYS3, SYSM, and the configured System 
Loader are written onto disk D (see Section V.B), all of 
memory below X7534B is set to zero, and a "cold start" is 
made via a transfer to X7544B; if the program was not di­
rected to write the system, a transfer is made to the 
.~xecutive. ;If the configuration is. not as desired, type "NO tr

• 

24. The program types 

START OVER? 

If "YES" is typed, the program goes back to the "SYSTEM ID" 
question of step 3; if "NO" is typed, the program goes back 
to step 23. 

25. The following error halts are applicable to the System 
Generator: 

HLT:·~3lB\,:,rl"'eThe value stored at the address displayed in 
the Switch Register did not hold (either non­
existant memory, faulty memory, unattached or 
unplugged memory, etc.). Correct condition 
and press RUN, or reload SYS¢ and restart 

HLT 32B 

HLT 47B 

the Syste~A~enerator. 

The process of moving the system has caused 
an over-lap of sections of relocatable code. 
This is a program safety check to insure the 
resultant system will fit in the available . 
memory; it is fatal and irrecoverable. 
continuation will repeat HLT 32B. Reload 
SYS¢: and.,restart .-the' .system Gerierator • '.-

The processing of devices has caused an im­
possible situation. Press RUN to restart the 
configurator. Theoretically, this can not 
happen! 

26. It is not necessary. that the configurator write out the 
new system on the "skeleton" disk shipped from the factory; in 
fact, it is best if it does NOT, since this disk should always 
remain write-protected and used as the "master". The " s keleton ll 

disk could have been replaced by 9.ny .- (virgin) disk after SYS~ 
was loaded from it. However, if a freshly formatted disk is 
used to write the just-configured system onto, SYS¢ (sector 14B) 
will be an empty file, but sector l4B will be preserved for the 
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initial sector of SYS¢. This means that the "skeleton" file 
(SYS¢) does not get written during the configuration process; 
however, the unconfigured Bootloader does get written into sec­
tor three. The SYS¢ file could be copied from the "master" 
disk after the configuration process if it were desired to 
have it on the "workingll disks. The copying of SYS¢ (plus all 
other files on the "master" disk) can be accomplished easily 
'.withr:~the CODSK batch file; see the INSTALLATION OF SOFTWARE 
'Appendix of _ this'-manual. 
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V.G. SAMPLE SYSTEM GENERATION PRINTOUT 

SYSTEM 10: 
SAMPLE SYSTEM GENERATION PRINTOUT 

TELETYPE CHANNEL: 12 
USES· PAGING OPTION? N 

HAS LOW SPEED TAPE? YES 
PUNCHING AND PRINTING SEPARATE? NO 

HIGH SPEED PUNCH CHANNEL? NO 

HIGH SPEED READER CHANNEL? 13 

LINE PRINTER CHANNEL? NO 

CMTS CHANNEL? 14 . 
DECK ZERO EXISTS? YES 

HAS INPUT CAPABILITY? NO 
USES PAGING OPTION? N 

FLOPPY DISK DATA CHANNEL? 10 

FLOPP)' QI S!,< CONTRO"L CHANNEL? 11 
NUMBER OF BUFFERS? 4 
NUMBER OF DRIVES? 2 

DISPLAY DISK COMMANDS? YES 

«FUNCTIONAL UNIT ASSIGNMENTS: » 
? /E 

EXTRA PAGING CHARACTER? NO 

CORE SIZE (IN K)? 12 

WRITE SYSTEM TO DISK? YES 
FORMAT DISK? YES 

CONFIGURATION MAP? YES 

SYSTEM ID: SAMPLE SYSTEM GENERATION PRINTOUT 

CMTS CHANN~L: 14 
DECK ZERO EXISTS 

USES PAGING OPTION: N 
HIGH SPEED READER CHANNEL: 13 
TELETYPE CHANNEL: 12 

USES PAGING OPTION: N 
HAS LOW SPEED TAPE 

FLOPPY DISK DATA CHANNEL: 10 
FLOPPY 01 Sl< CONTROL CHAN~ F.L: .1.1 .. _.: 

NUMBER OF RUFFERS: 4 
NUMBER OF DRIVES: 2 

DISPLAY DISK COMMANDS 
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SAMPLE SYSTEM GENERATION PRINTOUT (Continued) 

«FUNCTIONAL UNIT ASSIGNMENTS: » 
Dl El" B 
PL TELETY PE, 0, L 
DP E2" B 
PK TELF.TYPE,~"L . . . 
HL ,E3, 0, F 
SC E4, B 
CK TELETYPE,0,L 
CL TELETYPE,0,L 
AI HS TAPE,8 
AL TELETYPE, 0, L 
AP 1,8 
AK TELETYPE" 0, L 
AH DECK ZERO,2,F 
AS 2,8 
Be D2,8 
Biv1 TELETYPE" 0, L 
S20 16, B 
S21 1 6, B 
S22 16,8 
523 16, B 
S24 16, B 
525 1 6, B 
S26 1 6, B 
S27 1 6,8 
S30 16,B 
S31 1 6, B 
532 16,8 
S33 16,8 
S34 1 6, B 
S35 1 6, B 
536 16,8 
537 16,8 

CORE SIZE (IN K): 12 

FORMAT DISK 
WRITE SYSTEM TO DISK 

OK A Y A SIS? YES 

* 
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SAMPLE SYSTEM GENERATION PRINTOUT (Continued) 

*DA 0 
• FREE. ** ADDRESS OF FIRST FREE SECTOR 

..... 

-SYS0 
SYS 1 
SYS2 
SYS3 
SYSM 
SRCE 
FSRC 
LIBN 
LISE 
LI8F 
CODS~< 

EDIT 
Asr"lBN 
CROS 
FORT 
FOR2N 
DUP_ 

1321 
ILl 
1 5 
1 6 
1 7 
13 

** UNCONFIGURED BOOTLOADER~ SID PACKAGE, AND EXECUTIVE 
** "COLD START" FILE 

DEBUG 
EXER 
ABCS 
DPCS 
D.36 
D.36X 
0.-00 
D. 35 
-. I OC. 
RL.OA 
SD36X 
AS~1BE 
ASMBF 
FOR2E 

1 61 
205 
215 
342 
L162 
573 
603 
626 
666 
671 
762 

1002 
1012 
1005 
1035 
1075 
1 1 1 1 
1-135 
1137 
11 52 
11 51 
1157 
1210 
1201 
1241 
1301 

** "~~ARM START" 1'1 LE 
** STANDARD EXECUTIVE RELOAD 
** SYSTEM MAP 
** DEMO PROGRAM SOURCE (ASSEMBLY LANGUAGE> 
** DEMO PROGRAM SOURCE (FORTRAN) 
** NON-EAU MATH LIaRARY 
** EAU MATH LIBRARY 
** FLOATING POINT MATH LIBRARY 
** BATCH FILE FOR COPYING MASTER DISK 
** EDI TOR 
** NON-EAU ASSEMBLER 
** CROSS-REFERENCE GENERATOR 

-** FORTRAN PASS ONE 
** NON-EAU FORTRAN PASS TWO 
** DISK UTILITY PACKAGE 
** SIO ENVIRONMENT DEBUGGER 
** FDS DIAGNOSTIC 
** CONFIGURED BCS FILE 
** DISK PREPARE CONTROL SYSTEM 
** FDS BCS DRIVER 
** FDS BCS DRIVER EXTERNALS 
** TTY BCS DRIVER 
** CMTS BCS DRIVER 
** INPUT/OUTPUT CONTROL 
** RELOCATING LOADER 
** SOURCE OF FDS Bes DRIVER EXTERNALS 
** EAU ASSEMBLER 
** FLOATING POINT ASSEMBLER 
** EAU/FLOATiNG POINT FORTRAN PASS T~ 

*LD Dl;LD D2;LD D3;LD D4; 
D 1 : 
SRCE 
FSRC 
SD36X 

02: 
CODSK 

03: 
D.36 
D.36X 
D.00 
D.35 
• I OC 0 

RLOA 

04: 
LIRN 
LI BE 
LI8F 
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VI. FDOS EXECUTIVE COMMANDS 

A summary of the Executive commands appears in an appendix 
of this manual. When the Executive is ready for a command, 
it types "*" on the console device, rings the console device 
bell, and waits for a command line to be entered. A comnland 
line consists of one or more commands, each, except the last, 
terminated by a semicolon. A command consists of a two-charac­
ter command code, optionally followed by a space and a variable 
number of parameters, each, except the last, followed by a comma. 
If a given command can accept parameters but not all are supplied, 
the Executive supplies "default" values for the missing ones. 

The parameters for a given command must be supplied in a 
fixed order. If it is desired to omit (i.e., use the de­
fault value for) a given parameter but specify some or all 
of the following ones, simply type the comma which would 
normally follow it, but with no non-blank character between 
it and the comma following the previous parameter, if any, 
or the blank following the two-character command code. 
For example, 

CO 1,2 

requests the Executive to perform a copy function using 
default values for the first, second, and fourth parameters 
and the value "211 for the third param~ter (in this example, 
two files of data are copied from DI to DP in the ASCII mode). 

Several commands may be typed on one line (or placed in one 
record) by separating them with semicolons. For example, 
if it were desired to skip two files on logical unit El, 
copy the third file (in abs0lute binary f~rmat) from EI 
onto cassette deck two, write an end-of-file on deck two, 
and then rewind deck two, the following command sequence 
would be used: 

SK EI,2iCO EI,2"BAiWE 2iRE 2 

An important feature of FDOS is the handling of the Batch mode. 
Operation in the Batch mode of the Executive differs from normal 
on-line operation in that command lines are taken from the Batch 
Command unit (BC), and messages, including the actual command 
strings, a~e sent to the Batch Message unit (BM). Batch command 
lines can be intermixed with data input if BC is set to the 
same unit as DI (see example under Write command) .and the CODSK 
batch file in the INSTALLATION OF SOFTWARE Appendix). 
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The Batch mode is entered via the Batch command (BA). The 
Executive remains in the Batch mode until one of the following 
occurs: 

*.A Batch Exit command is received ·from BC. 
* An EOF is detected on BC. 
* An I/O error is detected. 

In addition to the standard HP feature of RUBOUT deleting 
(via the SIO driver) the current ASCII i~put line, FDOS has 
the following .convenience features:·. 

* Character deletei CTRL/H (hold CTRTh key depressed, 
then strike H) deletes the previous character and 
echoes it back. 

* Carriage Return echoiif a LINE FEED is typed to ter­
minate a line, a RETURN is automatically echoed if one 
was not typed prior to the LINE FEED. 

The Executive commands include the following general types. 

VI.A. UNIT MANIPULATION COMMANDS 

The unit manipulation commands facilitate file positioning; 
these include Rewind, Skip, and Write End-of-File. If an 
illegal command is attempted on a unit (e.g., Writing an 
End-of-File on the photoreader), the command is ignored and 
"IMPROPER REQUEST (unit)1I is printed on the console device. 

VI.B. DATA UTILITY COMMANDS 

These commands facilitate the transfer of data to and from 
the various units supported by FDOS. The data utility 
commands include Assign, Reserve File, Copy, Verify, Dump, 
List, and Write. 

VI.C. PROGRAM UTILITY COMMANDS 

These commands deal with the handling of data in the standard 
(absolute) binary format recognized by the System Loader. 
They include the Batch, GotTo, ~.If Disk, .. Sq.ve:.Start Address ,"'-. ::'~·lds. 

Save, and Run commands. 
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VI.D. DISK SYSTEM COMMANDS 

These commands are concerned with the Disk Directories, the 
Logical Unit Directories, and disk formats. They include For­
mat Disk, Disk Directory, Logical Unit Directory, Rename, 
Delete, Queue, Temporary Queue, I.Res.tore, _and ,.Zero"$ystem ·commands. 
These disk system commands have no meaning for other peripherals 
supported py FDOS., 

'V'I.E. DESCRIPTION OF FDOS COMMANDS 

The following pages give a description of each of the FDOS 
commands. 
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VI.E.l ADD TO LOGICAL UNIT DIRECTORY 

Purpose: Add files to the end of a logical unit directory. 

Format: AQ DUNT,NAME1,NAME2, ••• 
DUNT,NAME1,etc., are as for QU. 

Comments: Same as QU command, ~xcept that names are appended to the 
end of the current LUD. 
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VI.E.2 ASSIGN 

Purpose: Assign a physical unit to a functional unit. 

Format: AS FUNIT,PUNIT,LCTR,PGCHR 
where: FUNIT = a functional or physical unit 

PUNIT g a physical unit 
LCTR = index to the system's table of line counters 
PGCHR = N None F Formfeed 

L Linefeed X Special character set during Sys-Gen. 

comments: FUNIT is set to point to PUNIT. 

If PUNIT, LCTR and PGCHR are not specified, they are not changed. 
If liAS :fUNIT,?" is typed, the assignment of the unit is listed. 
LCTR and PGCHR may be replaced with a liB" to specify that the 
unit is a binary unit (not capable of page formatting). 
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VI.E.3 BATCH 

Purpose: Enter Batch mode 

Format: BA NAME 
NAME = name of'filecontaining the Batch commands. 

Comments: A "batch" flag is set in the loader area (X7536B). Sub­
sequently, all command lines are input from BC, rather than CK as in 
normal Executive operations. A return to the normal "on-line" opera­
tion of the Executive occurs when an EOF is detected on BC, when a 
BX command is received from BC, or if an I/O error is detected. 

During Batch operation, Executive console messages (such as II EOF" 
reports during a copy) and echoing of Batch commands use BM for output, 
rather than CL as in normal operation. 

If NAME is not specified, the next file on BC is used. NAME can only 
be used if BC i~ a disk logical unit. 

VI - 6 



VI.E.4 BATCH EXIT 

Purpose: Return from Batch mode to the on-line (interact1ve) mode 
of Executive command input. 

Format: BX NAME 
NAME = File name to be used for next BA command. 

-------,----------
Comments: A TQ of NAME to BC is done. A subsequent QU,RE, etc. of 
BC will override this TQ. If NAME is not specified, no action is taken 
with respect to BC. 
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VI.E.S COMMENTS 

Purpose: Allow comments to appear on Batch or on-line message units. 

Format: ** Text 

Co~~ents: All characters after ** are ignored, up to the next .Linefeed. 

N.B. : A space must follow the **_. 
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VI.E.6 COpy 

Purpose: To duplicate one or more files 

Format: CO SRCE,DEST,#,MODE 
Where SRCE = a physical or functional unit 

DEST = a physical or functional unit 
# = number of files to copy 
MODE - A(ASCII), BA(absolute binary), or B(relocatable 

binary) 

Comments: The remainder of the current file and the #-1 subsequent files 
of SRCE are copied onto DEST, each followed by a file mark. 

If ¢ is specified for #, 1 is used, but no file mark 'is written onto 
DEST. This feature, in conjunction ~ith the Save command, is very 
useful in "patching" absolute binary programs. For example, suppose 
it were desired to change the contents of location l¢lB (the SIO 
Input pointer) whenever the Assembler (ASMB) is run. Then the 
following procedure could be used: 

1. Load the system (by starting at X7544B). Halt the 
computer and change l¢lB to 'the desired value. Re­
start at ,the- Executive restart address «X-l)4¢¢¢B). 

2. Type QU D4,ASMBiQU D3,ASMB 
CO D4,D3,¢,BAiSA D3,l~lBiWE D3 
RE D4iRE D3iVE D4,D3,~,BAiDU D3""BA 

3. If the response on the console device to the last line 
above is 

EOF D4 
¢¢¢4¢¢ ¢¢l¢l (ne~ Qont~nts) 
EOF D3 

then the operation has been performed successfully. 

Although this example \vould accomplish the desired re-assignmen-t of the 
input device (DI), a more convenient way _ would be __ v:!-a the Assign command. 
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If SRCE is not specified, DI is used. 

If DEST is not specified, DP is used. 

If # is not specified, one is used. 

If MODE is not specified, ASCII is used. 
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VI.E.7· DISK DIRECTORY 

Purpose: To produce a ·list on a specified unit the names of programs 
residing on the disk in the specified drive. 

Format: DI DISK,DEST 
Where DISK = D,E,F, or G (floppy disk drive) 

DEST = a physical or functional unit 

Comments: Each disk has a disk directory recorded in sector 1 of track O. 
This is different from the logical unit directories in that: 

Cl·) It contains only names of files actually recorded on 
the disk. 

(2) It contains the starting sector address of each file. 

(3) It contains the starting sector address of the chain of 
free disk blocks. 

(4) The order of files listed in it is of no significance. 

(See comments under LD command) 

If DEST is not specified, CL is used. 
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VI.E.B DISK DIRECTORY WITH ADDRESSES 

Purpose: To produce a list on a specified unit the names of programs --1:-_ 
and their initial sector address. 

Format: DA DISK,DEST 
Where DISK = D,E,F, or G (floppy disk drive) 

DEST = a physical or functional unit 

~~~ ________ ~ ____________________________ -a _________ ~ ______________________ ~ ____ ~ 

Cornmen-'cs: This corrunand is similar to the Disk Directory command (DI) i 

in addition to the name of the program, the initial sector address 
of that program is pr inted. In addition I the 'symbol It. FREE. II is 
printed, followed by the address of the first available (but not 
necessaril}1' lowes·'c numerical) sector of the free storage list. 

If DEST is. not specified, CL is used. 
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VI.E.9 DELETE 

purpose: TO remove a file from the specified disk and free the sectors 
comprising it for reuse. 

Format: DL DISK,NAME 
"Where DISK = D,E,F, or G (floppy disk.-drive) 

NAME = name of file to be deleted 

comments: The file name is removed from the directory, and the chain of 
sectors comprising it are added to the begiDning of the free storage 
list, i.e., the disk directory's free storage pointer is set to the first 
'sector 'of the deleted file, and the last sector of the deleted file, 
which previously co~tained an end-of-file indication, is set to point 
to what was previously the first sector of the free storage list. 

If the file deleted is one of the Fixed Address files (SYS~, SYSI, 
SYS2,SYS3 or SYSM) then the first sector (14B~ l5B, l6B, 17B or 13B) 
is not added to the free storage list, but the remaining sectors of that 
file are added to the free storage list. 
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· VI.E.lO DUMP DISK 

Purpose: Produce a listing on a specified unit of the contents of a 
specified range of disk sectors. 

Format: DD DEST,.DISK,LO,.HI ' .. 
Where DISK is a floppy disk drive 

DEST is a physical or functional unit 
LO and HI are the first and last (octal) disk 
addresses of the block of sectors to be dumped. 

Comments: The dump is printed in the following format: 

(sector address) 

$0: 
1$0: 

'word 
word 

17$0: word 
(sector address) 

$0: word 

word 
word 

word 

word 

If DEST is not specified, CL is used. 
If LO is not specified, 2 is used. 
If HI is not specified, LO is used. 
DISK must be specified. 
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VI.E.ll DUMP MEMORY 

Purpose: Produce a listing on a specified unit of the contents of a 
specified range of memory locations. 

Format: DM DEST,LO,HI 
Where DEST is a physical or functional unit 

La and HI are the first and last (octal) addresses 
of the block of memory to be dumped. 

Comments: The dump is printed in the following format: 

address: 
address: 

word 
word 

word 
word 

word 
word 

If DEST is not specified, CL is used. 
If La is not specified, 2 is used. 
If HI is not specified,LO is used. 

VI-lS 

(8 words per line) 



VI.E.12 DUMP RECORDS 

Purpose: To provide a listing of specified records of a (possibly) 
binary file. 

Format: DU SRCE,DEST,LO,HI,MODE 

Comments: 

Where SRCE = a physical or functional unit 
DEST = a physical or functional unit 
LO = First rec~rd to be dumped (counting the next 

record as #1) 
HI = Last record to be dumped 
MODE = A(ASCII), BA(absolute binary), or B(relocatable 

binar ) 

If SRCE is not specified, DI is used. 
If DEST is not specified, CL is used. 
If LO is not specified, 1 is used. 
If HI is not specified, dumping proceeds' until an end-of­
file on SRCE. 
If MODE is not specified, A is assumed. 

The process of dumping proceeds as follows. Each specified record is 
read from SRCE in the MODE specified. The characters of the re~ord are 
then packed two per word, first the high order half, . then the low order 
half. A listing of these words is then printed. In the listing, each 
word appears as six (6) octal digits, and these are printed eight (8) 
per line, using as many lines as necessary. Thus, for example, if the 
second record of the third file of logical unit D2 contains the'ASCII 
character string ABCDEFGHIJKLM, then the first line of the output from 
the command 

RE D2 ; SK D2,·2 jDU D2 ,~··,.2,"S .,; 
will be 

0'4150'4 0'4250'6 0'43510' 0'44512 0'45514 

Note that an assumed zero character fills the right half of the last 
word. 

In most applications, CL or LP would be used for DEST. 
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VI'. E .13 FORMAT DISK 

Purpose: To prepare a virgin disk for use with FDOS 

Format: FD DISK 

comments: 

Where DISK = D,E,F, or G (floppy disk drive) 

(1) The sectors of the disk, aside from those of track zero, 
are chained together into a free storage list. They are 
not chained in simple ascending numerical'order, of: address". 
For each track, the chain starts at sector zero, proceeds 
through the even sectors (¢,2,4,6,1¢,12,14,16)~' then through 
the odd sectors (1,3,5,7,11,13,15,17). 

(2)" An initial disk directory is ,written into sector 1 of 
track zero. This contains 2¢ (a pointer to the first 
block of the free storage list) in its first location and 
the five Fixed Address files (SYS¢, SYSl, SYS2, SYS3,and 
SYSM) and addresses (14B, 15B, 16B, 17B, and 13B)as.entries. 

(3) Empty logical unit directories are written into sectors 
4,5,6;'; and ~~7 of track zero. 

(4) The Fixed Address files are generated as empty (EOF) and 
written out. 

(5) The unconfigured Bootloader is written in sector three of 
track zero. 

(6) The configured System Loader is written in sector zero of 
track zero. 
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VI.E.14 GO TO 

Purpose: To allow the user to transfer from the Executive to a 
specified memory location. 

Format: GO N 
N is the octal address to which to transfer. 

Comments: This command is useful in transferring to a core-resident 
program (such as the Debugger). 
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VI.E.lS IF DISK 

Purpose: Determine whether or not the specified unit is a disk 
logical u~it. 

Format: ID UNIT 
Where UNIT = a physical or functional unit 

Comments: If UNIT is a disk logical unit, the next command in the 
command line is executed. If not, the remainder of the command line 
is ignored. 
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VI.E .. 16 LIST 

Purpose: To provide a listing of specified records of an ASCII file. 

Forma t: LI SRCE, DEST ,'LO~~ HI _ .. . . 
Where'SRCE = a 'physical or functional unit 

Comments: 

pE~T = ~.p~ysical or functional unit 
LO = First record to be listed (counting the next 

record as number 1). 
HI = Last record to be listed. 

_0 __ ............ . 

If SRCE is not specified, DI is used . 
. If, D~ST .is n,o~ .. spec~fie~, CL is used •. 
If. LO is not specified, 1 is used. 
If HI. is not specified, listing continues until an End-of­
File on SRCE. 

In mos~ applications,CLorLP would be used for DEST. If a cassette 
deck or disk logical unit is specified, the effect is to copy the speci­
fied_records from SRCE to DEST, a function which cannot otherwise be 
performed. To skip records, BK could be used for DEST. 

If .one wished, for example, to determine the contents of the second file 
of the cassette in deck 2 by listing the first five lines, this could be 
accomplished by using the command 
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VI.E.l7 LIST ALL UNITS 

Purpose: To print the contents of the Functional Device Table (FDT). 

Format: LA UNIT 
Where UNIT = unit on which to produce the listing. 

~ ___ . __ ., ___ d .• _J~ _________________________________________ n_I~~~~_==-______________________________ .~~.· 

Comments: The FDT is printed on UNIT in the same format as during the 
system generation. 

If UNIT is not specified, CL is used. 
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VI.E.lB LOGICAL UNIT DIRECTORY 

purpose: To list the file names comprising the specified logical unit. 

Format: LD DUNT 
Where DUNT = nl,D2,D3,D4 (logical units of disk drive D) 

El,E2,E3,E4 (logical units of disk drive E) 
Fl,F2,F3,F4 (~ogical units.of-disk drive F) , 
Gl,G2,G3,G4 (logical units of disk drive G) 

Comments: A logical· unit consists of a lis·t of names (up to five alpha­
meric characters, first alphabetic) in a fixed 9rder. These names 
correspond· to files potentially, but not necessarily actually, on the 
corresponding dis~. These lists, corresponding to the four logical . 
units of the given disk , are kept in four sectors of track zero of that 
disk: 

Sector (octal) 
4' 
5 

,j·6 

·7 

Logical unit 

4 
T. 
2 
3 

These directories can be set up by the user through use of QUEUE command. 
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VI.E.19 QUEUE 

Purpose: To set up a directory of the specified logical unit. 

Format: QU DUNT, NAMEl , NAME2, . . . 
Where DUNT = Dl,D2,D3,D4 (logical units of disk drive D) 

El,E2,E3,E4 (logical units of disk drive E) 
Fl;F2,F3,F4 (logical units of disk drive F) 
Gl;G2;G3,G4 (logical units of disk drive G) 

Where NAMEl,- NAME 2 , .. . . are file names • 

~.~~~--$~=-~----------.------------.------------------~----------------------------~ 
COmm0ntS: (See comments under the Logical Unit directory command -- Ln.) 

The LUi) for DUNT is set to consist of NAMEl,NAME2, .... , and UNIT is 
rewound; sO that it is positioned at NAME1. 

QU DUNT deletes all names from the LUD; but does not delete the files 
from the disk (or Disk Directory). 

When the command QU DUNT,NAMEl is given, NAMEI gets added to the LUb, 
but NAMEl dOes hot get added to the Disk Directory until it is used 
for an c>u t.pu t runc·tion. 
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VI.E.20 RESERVE FILE 

Purpose: Reserve a file of a specified length. 

Format: . RF DISK,NAME,# 
Where DISK = D,E,F,G 

NAME = File name 
# = Number of sectors 

"ll: 'M m.... t .SJ4t ...... -= Ji. _ 

Comments: A file of the specified length and with the specified NAME is 
created on the specified disk • 

. If a file called NM~ already exists on the given disk, its length is 
checked, and additional sectors are added to it if it is shorter than· 
the nu~er of sectors specified in the command. 

The purpose of this co~mand is to create a file in advance of operating 
with it. This reduces the amount of head motion (therefore,· time) re~ 

quir~d in actually writing a file, since the free storage list (in 
track zero) does not have to be accessed each time another sector is' 
required. 

If, during subsequent output to this file, all reserved sectors are 
not used when the file is closed (by writing an EOF) the unused 
sectors are returned to the free storage list. If more sectors 
than were reserved are required during the actual output to the 
file, additional sectors are taken from the free storage list. Thus, 
one needs only to approximate the number of sectors required for 
the file. 
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VI.E.21 RESTORE 

Purpose: Restore the original SIO configuration. 

Format: RS 

&1="'" 

Comments: A "warm start" entry is made to the System Loader, and the 
SIa driver area is restored from disk, wiping out the effect of any 
Assign commands. 
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VI .'E. 22 -,-, RENAME 

purpose: To change the name of a specified file on a specified drive. 

Format: RN DISK,OLDN ,NE"WN' 
Where DISK = D,E,F,G (floppy disk drive) 

OLDN is the name of the file before renaming; 
NEVill is the name of the file after renaming-. 

Corrunents: The name is changed. in the Disk Directory. Also, the'name 
word (which contains the name code computed from the file name) is 
changed in each block of the file. If the file in' question is Queued 
on a disk logical unit, the name in the LUD is not changed. 
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VI.E.23 REWIND 

Purpose: To position a unit at the start of the first file. 

Format: RE UNIT 
Where UNIT = a physical or functional unit 

Comments: If UNIT is a cassette deck, a rewind of the specified deck 
is initiated, and control returns to the user without waiting for the 
rewind to be completed. 

If UNIT is a disk logical unit, the effect of the command is modification 
of the in-core logical unit parameter table (LUPT)··to indicate that the 
unit is positioned at the start of file 1 of that unit. 

If UNIT is not specified, DI is assumed. 
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VI.E.24 RUN 

Purpose: To load a specified file from drive D and transfer control. 

Format: RU NAME,.S .A~>, parameters' '.' 

Wh~re NAME = name of file. 
S.A. =-(octal) start address if standard not desired. 
parameters - format determined by program being called. 

Comments: Same as RD, except drive D is assumed. 
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VI.E.2S RUN FROM SPECIFIED DISK 

Purpose: To load a named file from a specified disk and transfer 
control. 

Format: RD DISK,NAME,S.A., parameters 
Where DISK = D,E,F or G (floppy disk drive) 

NAME = name of the file 
S.A. = address to which to transfer control if 

standard not desired. 
parameters - format determined by prog~am being run. 

Comments: When this command is given, the Disk Directory is ~ead from 
DISK. This directory contains the names and st~rting sector addresses 
of the files on that disk. If the name is not found, a message to 
that effect is printed. Otherwise, the parameters are used to set up 
PARAM through PARAM+7 of the COlTImunication Region, S.A. is used to set· 
STRTA in the Communication Region,. and a transfer ~s made to the System 
Loader ELOAD entry with the appropriate drive and sector address. 
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VI.E.26 SAVE 

Purpose: To write an a~solute binary format image of the area of 
memory from FWA to LWA inclusively, capable of being loaded 
into memory locations ADDR thru ADDR+(LWA-FWA) at a later 
time. 

Format: SA UNIT,FWA,LWA,ADDR 
Where UNIT = 1,2,3 (cassette decks) 

Dl, D2, D3, D4 (logical units of disk drive D) 
El,E2,E3,E4 (logical units of disk drive E) 
Fl,F2,F3,F4 (logical units of disk drive F) 
Gl,G2,G3,G4 (logical uni·ts of disk drive G) 

comments: The portion of.memory lying between the two addresses FWA 
and LWA (incl~sive) is written. qn t;he. specified unit as a series of 
128-word absolute binary format records. That is, 

¢764~¢ (#data words, i.e., 
order) 

125 , in higp':' 
, ."." ~ 

FWA + 125 (n-l) 

contents of first location 
contents of second location 

contents of l25-th location 

checksum 

(starting address in memory of 
data of the n-th record) 

(sum of the address and the data 
words) 

If the number of words written is not a multiple of 125, the n-th 
record is shorter, but of the same format as above. 

If UNIT is not specified, DP is used. 
If FWA is not specified, then 2B is used. 
If LWA is not specified, then FWA (one word) is used. 
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If ADDR is not specified, FWA is used; ADDR specifies the intended 
load address. Thus, the words written from memory locations FWA thru 
LWA will be loaded back into ADDR thru ADDR+(LWA-FWA). 

N.B. No file mark is written after the data records, so multiple 
saves can be used to build a file. When the desired portions of memory 
have been saved, a file mark MUST be written (to close the file) using 
the WE command. 

(See example under COpy command.) 
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VI.E.2.7 : SKIP 

purpose: TO position a unit at thestart.of'the N-th following file • 
. . !'. : L~. ' .. 

Format: SK UNIT,# . 
Where UNIT = a physical or functional unit. 

= number of files to skip. # 

comments: If UNIT is a cassette deck, successive "search" commands are 
issued, and con,trol returns to the user when the drive becomes II ready" • 

If UNIT is a disk logical uni·t~ the in-core logical unit parameter 
table (LUPT) is modified to indicate position at the start of the 
#-th file following the current one. 

If ~IT is not specified, DI is assumed. 
If # is not specified, 1 is assumed. 

," ·01, 
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VI.E.28 :SAVE START ADDRESS 

purpose: To write an absolute binary format record of locations 
2B·and3Bas the standard start procedure, using the specified 
address as the start address (location 3). 

Format: SS UNIT,ADDR 
Where UNIT = a phys'ical or functional unit. 

ADDR = (octal) start· address desired. 

comments: An absolute binary format record (to be loaded into locations 
2B and 3B) is written on the specified unit, without distrubing locations 
2B or 3B. 

This is usually used in conjunction with, and usually prior to, the 
Save command when building a file. 

N.B. No file mark is written after this record. 

If UNIT is not specified, the DP is assumed. 
ADDR must be specified. 
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VI.E.29 

Purpose: 

Format: 

TEMPORARY QUEUE 

To temporarily attach the specified file to the specified 
logical unit. 

TQ UNIT, NAME 
UNIT = disk logical unit 
NAME = name of file to be attached. 

~ __ ._._.A __ ~ __ ~~ ______________________________________ ~ _________________________ ____ 

comments: The in-core LUPT is set up to the start of the file called 
NAME. The in-core file number is backed up by one, so that when EOF 
is detected in Nru~, the LUPT is set up as it was before the TQ. 

The LUD on disk is not modified, so TQ can be used with a write­
protected disk. 
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VI.E.,30 VERIFY 

Purpose: TO compare one or more files. 

Format:. VE SRCE,DEST,#,MODE;. 
Where SRCE = a physical or functional unit 

DEST = a physical or·functional·unit * = number of files to compare 
MODE = A(ASCII), BA(absolute binary), B(relocatable 

binary) 

comments: The remainder of the current file and the #-1 subsequent 
files of SRCE are compared with the corresponding files of DEST. 

If ¢ is specified for #, 1 is used, but the process terminates with 
the detection of a file mark on SRCE. (Normally, a final read of 
DEST would then be made and an error reported if no file mark were 
detected there. ) 

If SRCE is not specified,DI is assumed. 
If DEST is not specifiediDP is assumed. r' ._"' . '.~ 
If # is not specified, 1 is assumed. 
If MODE is not specified, A is assumed. 

.( See the example under COPY.) 
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VI.E.3l WRITE 

Purpose: To allow ASCII data to be output directly into a file on 
a unit. 

WR DEST,SRCE 
(line of text) 
(line of text) 

(CTRL/D) 
Where DEST = a cassette deck, a disk logical unit,'T,L, or P 

Comments: As each line is input from SRCE (normally a keyboard), it is 
output to DEST. When the CTRL/D (followed immediately by Carriage 
Return then Line Feed) is input, a file mark is written on DEST and 
control returns to the user. 

For example, if the user wanted to put a file of Batch commands at the 
start of logical unit EI, the following sequence could be used: 

RE El:WR El 
RE 2iSK El:CO 2,El~RE 2,~f.RE:~·~EliSK El;VE 2,El . .. ~ ~, 
RU. ASM.B~,,2:BX 
(CTRL D) 

If EI is subsequently used as the batch input unit and DI, the above 
sequence will cause a source program to be copied into the second 
file of El and assembled, after which the system will leave the Batch 
mode. 

If DEST is not specified, DP is used. 
If SRCE is not specified, CK is used. 
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VI.E.32 WRITE END-OF-FILE MARK 

purpose: To terminate the current output file on a cassette or disk 
logical unit. 

Format: WE UNIT 
Where UNIT = a physical or fu-nctionaiu-nit: 

comments: If UNIT is a cassette deck a 3/4" gap of blank tape is 
writ-ten, followed by a record consisting of the single character 4B 
(control D, or EOT). 

If UNIT is a disk logical unit, an end-of-file indication is written 
in the current block of the current file, any remaining blocks of the 

-file are released, and the in-core logical unit parameter table (LUPT) 
is modified to indicate that the unit is positioned at the start of the 
next f11e. . 

N.B. The integrity of the data written into a tile is not assured unless 
the file is properly terminated. 

If UNIT is not specified, DPis assumed. 

(See comments under the DELETE command 
describing how the_remaining blocks of 
the file are released) 
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" 

d,VI • E . 33 ZERO SYS TEM 

Purpose: To clear all SIO disk buffers of any holdover sectors 
before changing disk cartridges in a drive. 

Format: ZS 

Comments: The hueristics used in the SIO Driver to minimize disk 
sector reading and writing cause sectors to reside in core. If a 
disk is changed in a drive, and a sector is accessed that resides in 
core from the previous disk, SIOwil1 use the old sector rather than 
read the new bne (usually resulting in a Format Error). 

The ZS is used to clear out all SIO buffers so that there is no hold­
over, and all new sectors are read. 
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VI.F FDOS EXECUTIVE MESSAGES 

1. The FDOS Executive prints messages when certain conditions 
arise. Those which apply generally to the various commands are 
as follows: 

ILC 
The last command processed by the Executive is de­
fective in some way, most probably because an illegal 
character appeared or because one of the parameters 
does not ~all within the expected set of values. 
The Executive discards the remainder of the command 
line and waits for the operator to type another. 

NOT READY (unit) 
When the Executive attempts to perform an operation 
on a unit, the driver, DIO, checks to see if the unit 
is ready before issuing the command. If the unit is 
not ready, the driver returns the IInot readyll in­
dication, and the Executive prin-ts the "NOT READY 
(unit)1I message. 

WRITE LOCK (unit) 
This message is printed if DID returns the "write 
locked" indication in response to an attempt to 
write on a write-protected disk or cassette deck. 

EOF (unit) 
This message is printed if DID returns tpe lI end of 
file on read ll indication .. in response to an attempt 
to read data from a unit. This is usually not an 
error condition during executive operations. It 
is printed mainly to help the operator keep track of 
the progress of multifile operations. 

END OF TAPE (unit) 
This message is printed if DIO returns the "end of 
tape II indication on an attempted read/write operation. 
This results in the termination of the command and the 
loss of the remainder of the command line. The 
Executive waits for the operator to type another 
command. 

VI-39 



WRITE ERROR (unit) 
This message is printed if DIO returns the "rate 
error" indication in an attempt to write on a disk. 

READ ERROR (unit) 
This message is printed if DIO returns a Urate error" 
or "CRC" (parity) error" indication in an attempt to 
read from a disk, or if DIO returns a ':parity error" 
indication in an attempt to read from cassette. 

FORMAT ERROR (unit) 
This message is printed if, while accessing a named 
disk file, the name code in the first word of each 
sector does no.t_.:verify wit'hthe file name :,(chaining 
-error ) .• 

UNKNOWN DEVICE (unit) 
No such peripheral device has been defined (at 
sys-gen time) in the system. 

IMPROPER REQUEST (unit) 
This message is printed if unit specified cannot 
perform the function requested. 

TYPE I GO I WHEN READY 

This message is printed after "NOT READY (unit)" and 
uWRITE LOCK (unit)" messages and at other times. 
When the operator types "GO", the Executive retries 
the operation or goes on to its next task. If the 
operator types "NOll, the Executive aborts the command. 

2. The "fixed address files" reserved for the basic FDOS soft­
ware system are named SYS~, SYSI, SYS2, SYS3, and SYSM. To 
protect these, and to allow for other protected files, any file 
whose name begins with the letters "SY" is considered a "system" 
file. When such names are input to the Executive the following 
is typed for each reference: 

SYxx?! 
ARE YOU QUITE SURE? 
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Only the response of "JA" will cause the Executive to continue 
processing the requested command. Any other response will cause 
the "ILC" message, and that command (plus the remainder of the 
command line) will be aborted. 

To avoid inconvenience when inten"t.ionally doing work with these 
files, the Executive has two additional commands: 

SE System name work Enable 
SD System name work Disable 

In the Enabled mode (SE), the above discussed verification 
message is not typed, nor is a response expected. The "SD" 

. command returns the Executive to the normal mode (ie.,the 
verification is performed on each "SY" reference). In addition, 
the execution of a.RE, WE, FD, DL, RN, AQ, or QU co~mand causes 
the Enable mode to be exited at the end of the current command 
line; an illegal command or system reload causes an immediate 
exit from the Enabled mode. 

VI.G. PAPER TAPE EQUIPMENT CONSIDERATIONS 

Since paper tape equipment does not have file-manipulation 
capabilities, special considerations apply when it is specified 
in a command. 

1. Ten nulls (feed frames) defitie an End-of-File on input from 
paper tape. Thus, when mounting a paper tape on the low-speed 
(TTY) reader, valid data for the desired file must be placed 
within ten frames of the read station; if this is not done, an 
IIEOF LS TAPE II message will occur upon subsequent input from the 
low-speed reader. 

2. On input from the high-speed reader, nUlls are ignored until 
a valid record (of the specified type) is encountered; thus the 
tape can be mounted at any point on the leader. 

3. If an operation with paper tape is aborted before completion 
(such as a compare error when verifying from paper tape to some 
other device) the driver retains the fact that the paper tape 
is in the middle of the file. Thus, if the operator positions 
the paper tape back to the beginning, the driver must be informed 
of this manual intervention. This can be accomplished by rewinding 
the appropriate reader (RE HT or RE LT). A HLT 6¢B will occur, 
thus reminding the operator to reposition the paper tape; when 
complete, press RUN. 
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4. If an ASR33 punch is used, two halts apply: 

HLT S6B - printing complete; turn on low-speed 
punch and press RUN. 

HLT SSB - punching complete; turn off low-speed 
punch and press RUN. 
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VII. SYSTEM PROCESSORS 

The FDOS system processors provided are (primarily) modified 
versions of standard Hewlett-packard programs. The modifi­
cations allow the various processors to be called by (and 
return to) theFDOS Executive, thus acheiving automatic, 
"hands-off" operation. The modifications also allow the 
processors to position the I/O media between passes, providing 
the media is disk or cassette. If the I/O unit defined is 
paper tape, certain halts will occur during processor operation 
to allow manual intervention; upon completion, RUN is depressed 
to continue the processor. These halts are: 

YII.A. EDITOR 

HLT 6¢B - end of paper tape; rewind tape, mount in 
reader, and press RUN. 

HLT 57B - end of source section; mount next paper 
tape and press RUN. 

HLT 56B - (ASR 33 only) pri~ting complete; turn on 
low-speed punch and press RUN. 

HLT 55B - (ASR 33 only) punching complete; turn off 
lovl-speed punch and press RUN. 

This program is a modified version of the Hewlett-Packard 
Editor 20100B. Its operation is very similar to that described 
in the manual HP 02116-9016, with the primary difference that 
the It /n" device- selection (ins·tead of "/M") refers to·input and 
,output yi.a FnOS ,functional-units. 

- •• * ~ 

The following brief sununary of the editors's operation can be 
supplemented by reference to the above-mentioned H-Pmanual: 

~I.A.l. Entry of the edit file. 

The program asks for the edit file device. 

The following answers are accepted: 

/T Edit file is to be typed 
/A Edit file is to be read from AK;,_ '-. - - ~ '~; u r l~ 2. 
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~. t· t .. '," .... --.--....... 

The edit file consists of combinations of the following 
commands: 

IF, n Open the n-th file. That is, copy files from the, 
Input unit to the Output unit until the beginning of the 
n-th file is reached. IF,l is assumed if any edit command 
other then IL or II"n appears as the first line of the 
edit file. 

II,n Insert one or more lines after the n-th line of the 
currently opened file. The lines inserted are all those 
lines of the edit file lying between this control state­
ment and the next control statement. 

In" n,m 
file. 

Delete line n through m of the currently opened 
In,n is used to delete the n-th line. 

IR/n,m Replace lines n through m of the currently opened 
fileo IR,n is used to replace the n-th line. IR,n,m has 
the same effect as II,n-l followed'by /n,n;m. 

,-

ICI,n/m Insert text after the m-th character of the n-th 
line of the currontly op~ned file. The text to be inserted 
appears on the line following this control statement. 

ICD,n,m/k Delete characters m through k of the n-th line 
of the curren"Cly opened file. ICD,n"m' deletes the m-th 
character. 

~""'4" .... _ ........... __ •• 

ICR,n,m,k Replace characters m through k of the n-th 
line of the currently opened file. This is equivalent 
to ICI,n,m-l followed by ICD,n,m,k. 

IL,n List-the n-th file. IL is equivalent to IL,l. 
The only other command allowed in an edit file con­
taining this command is IE. 

1+ Delete the last previous line of the edit file. 

IE Close the currently opened file (if any), i.e., 
copy the remainder of it to the output unit and~·termin~ 
ate the edit. Note that if a IL,n command appears as the 
only other line in the edit file, no file is considered 
to be ?pel~,' s,o ,~?,., ~opying to the output un'i t occurs. 
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If an end-of-file is encountered before a /E command is found, 
the editor says fiEND OF TAPE". 

To read the remainder of the edit file from another tape, 
position the new tape in the Input unit and type "GO". 

To terminate the edit file, type /C followed by /E. 

lII.A.2. Specification of the symbolic file device. 

The program asks for the symbolic file source device and the 
symbolic file destination device. The possible repl.ies are: 

/D Use DI or DP. 
/A Use AI or AP. 

If an end-of-file or end of punched tape is encountered during 
symbolic file input, the editor says "END OF TAPE". If further 
symbolic input is not required, the edit process is completed 
and a return to the Executive is made via a transfer to the 
System Loader (X754~B). If further symbolic input is required 
(e.·g., in the /F,n command), the Editor proceeds to input the 
next file from the input device. If paper tape is being used, 
the operator must mount the next tape in the reader. 

VII.B ASSEMBLER 

This program is a modified version of the Hewlett-Packard 
Assembler 24031B. It is supplied in three versions: Floating 
Point (ASMBF), EAU (ASMBE), and Non-EAU (ASMEN). It uses DI 
for source input, DP for binary output, and offers a choice 
of list output to HL or PL. Listing uses PL if the P option 
is specified during the call of the assembler (e. g., R·,. ,:~,8.I'i2f' 

RU ASMB F, , , ,p) • 

The assenililer recognizes I/O options specified by the contents 
of certain locations in the parameter area of the Communication 
Region. If the assembler is loaded using the Executive 
program, these can be set by a call of the form: 

RU ASMB"Pl,P2,P3 

NOTE: The calls for all three assemblers (ASMBF, ASMBE, and 
ASMBN) are the same; the. name of the version desired would be 
used instead of ASMB. It may be desirable to delete the unused 
assemblers from the \vorking disk, and rename the desired one to 
ASMB (see Software Installation section). 
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If the Executive is not used, PI through P3 must be set into 
cells PARAM +1 (X7525B) through PARAM +3 . (X7527B) • Numbers 
must be entered as their actual values, while letters are 
represented by their 7-bit ASCII codes. Missing parameters 
are set to zero. The parameters are interpreted as follows: 

PI:K = accept control statement from PKi 

I = ignore first statement of ·the source program 
(assumed to be the control statement) and 
accept control statement from PKi 

If PI is any character other than I or K, the 
control statement is expected to be the first 
statement of the source program. 

P2: The number, counting from one, of the file on 
DI to be assembled; if not specified, defaults 
to assembling the first file. 

P3:P = write listing and symbol table (if requested 
in control statement) to PL: otherwise use HL • 

. NOTE: If HL used and it is a disk logical unit, 
a file must be queued on HL even though no 
listing or symbol table is requested: this is 

. because HL must be capable of receiving any 
error messages, etc., that are generated. 

The assembly control statement consists of "ASMB" followed by 
one or more of the following: 

,A Absolute assembly 

,R Relocatable assembly 

,B Produce a binary output 

,L Produce a list output 

,T Write the symbol table at the end of the list output 
(if any). 

jC Follow the assembly by a call to the Cross-Reference 
Table Generator. 

NOTE: If the lis.ting ... is directed to HL, the normal error summary 
is also printed on CL at the end of each pass for the 
operator's convenience. 
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Use of the Assembly Control statement C option causes the code 
for CROS to be set in· LERR (X7537B) before the transfer to the 
System Loader (X754¢B) which occurs at the end of the assembly. 
The program first cle~rs PARAM+l (X7525B) and then loads the 
Cross-Reference Table Generator. 

If the Assembler detects an End-of-Source Section condition 
(End-of-File on disk/cassette or End-of-Tape on paper tape 
prior to detecting an END statement), then the following 
applies: 

1. If DI is a paper tape device, a HLT 57B is executedi 
,this allows the operator to mount the next paper tape 
of the source program. Press RUN to continue the assembly. 

2. If DI is cassette, the same HLT 57B considerations apply. 
However, upon detection of the END statement (interpass 
rewind) the Assembler will initiate a rewind, wait for 
rewind completion, then issue a HLT 57B,C (103057B instead 
of I02057B)i this informs the operator to turn the cassette 
over and position it to the begining of the source program • 

. An Assembler Control ,Statement C option (call for CROS) is 
treated the same way (interpass rewind). 

3. If DI ·is a disk logical unit, no halts· occuri the Assembler 
assumes that the various Source Section files have been 
Queued on DI prior to calling the Assembler. 

The control statement errors "CS It and "R?" are printed on PL (in 
addition to HL if it was chosen in the assembler call) and a new 
control statement is accepted from PK. If the original statement 
was from the source program (DI), then the III" option of the 
assembly cal~ is forced (see PI parameter description). 

The Floating Point instructions FIX and FLT'can be used even 
though the Floating Point hardware is not available. The Non-EAU 
and EAU Assemblers generate calls to library functions IFIX and 
FLOAT, respectively, and automatically provide for the external 
statement linkages (as they do for FDV, FMP, FAD, and FSB). 
Except for speed, the differences between the Non-EAU/EAU 
Assemblers and the Floating Point Assembler are transparent to 
the user. 

In order to use the EAU shift-rotate instructions (ASR, ASL, LSL, 
RRR, RRL, and SWP) the EAU hardware must be availablei the Non-EAU 
Assembler does not recognize these instructions. 
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The RAM instruction (not mentioned in most HP documentation), 
which is used for executing user's microprograms, is implemented 
in all versions Of FDOS assemblers. 

VII.C. CROSS-REFERENCE TABLE GENERATOR 

This program is a modified version of the Hewlett-Packard Cross­
Reference Symbol Table Generator program 24109B. It uses DI 
for input of the source program and offers a choice of list 
output to HL or PL. Listing uses PL if the P option is specified 
during the call. 

The Cross-Reference Table Generator recognizes several options 
specified by the contents of certain cells in the parameter 
area of the con~unication region. If the program is loaded 
using the Executive program, these can be set by a call of the 
form: 

RU CROS"Pl,P2,P3 

If the Executive is not used, PI through P3 must 
cells PARAM+l (X7525B) through PARAM+3 (X7527B). 
be entered as their actual values, while letters 
by their 7-bit ASCII codes. Missing parameters 
The parameters are interpreted as follows: 

be set into 
Numbers must 

are represented 
are set to zero. 

PI:K = accept a range of characters from PK, and do a 
cross referoence table of all symbols whose 
initial characters fall into the character 
range included between the two characters typed. 
Otherwise, do a table of all symbols. 

P2: The number, counting from I, of the file on DI 
to be processed. 

P3:P = write output to PL. Otherwise, use HL. 

If the Cross-Reference Table Generator program is to be called 
automatically when the C Assembly Control Statement option is 
specified, it must be on the system disk (if the Executive is 
used) with the name CROS. In the case of an automatic call 
from the assembler, PI is cleared, and P2 and P3 are as they 
were specified for the assembler. 
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VII.D. DEBUGGER 

The interactive debugger program (DEBUG) supplied by Dicom is 
used to interface with machine language, SIO-oriented, user 
routines as an aid in debugging. DEBUG provides for an active 
breakpoint within the userls routines. The accumulators (A and 
B registers) and memory can be examined and modified from the 
console device TTY (either the standard HP-interfaced tele­
printer or "deck zero" Teletype/CRT) after a breakpoint has 
occured. 

When the breakpoint (that has been inserted in the userls program) 
is encountered, DEBUG is entered via a jump through location 4B. 
Upon entering DEBUG via the breakpoint, the contents of the A, 
B, Overflow, and Extend Registers are saved; thus these registers 
can be restored by DEBUG when returning to the userls routine 
via the Proceed or Run Commands of DEBUG. When entering DEBUG 
via the breakpoint, the breakpoint address and the values of the 
A and B registers are printed on the console device; at this 
point DEBUG can be used to examine memory locations, dynamically 
"patch" the userls program, establish a new breakpoint, and 
re-enter the userls program. 

DEBUG commands are single keystrokes (usually letters) pre­
ceeded by an argument when applicable. The argument defines 
a memory address. The commands recognized by DEBUG are 
described below. 

'II.D.l. DEBUG COI~1ANDS 

N/ 

N; 

/ 

LINE 
FEED 

Print contents of location N. Location N is then 
open, so an octal nunilier followed by RETURN or 
LlNEFEED will cause that number to be stored into 
location N. If no number is typed before the 
RETURN or LINEFEED, location N is not modified. 

Print contents' of location (N+offset). This 
location is now open, as above. 

Reopens location N. 

Reopens location (N+offset). 

Close current location (N or N+offset), changing the 
contents if a number was typed before the LINEFEED, 
and open next by typing 

(N+l)/ XXXXXX 
or (N+l)i XXXXXX 
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RETURN 

& , 
¢/ 

1/ 

B 

E 

I 

J 

NL 

M 

P 

Same as LINE FEED , except that the next location is 
not opened. 

Same as LINEFEED, except that the previous location, 
rather than the next, is opened. 

Examine and open the A-register location. This 
location is set to the value of the A-register on 
each entry into DEBUG, and i-t is used to set the 
A-register before transferring control in response 
to P or R. 

Same as ¢/, except for the B-register. 

Examine and open breakpoint. A value of zero 
indicates that there is no breakpoint. A non-zero 
breakpoint-causes a JSB 4B,I to be placed in the 
location specified just before the DEBUG transfers 
control in response'to P or R. (N.B. Location 4B 
is used as a pointer). A breakpoint can not be 
used on multiple-word instructions. 

Examine and open the E and 0 location. This location 
is set to the values of the Extend and Overflow 
registers on each entry into DEBUG, and it is used to 
set them before transferring control in response to 
P or R. The format of the word is: E=bit 15; 
O=bit ¢. 

Examine and open the location specified in bits 
14-¢ of the contents of the last location opened. 

Examine and open break pointer location. 

Relocate DEBUG by a multiple of 2¢¢¢B, so that it 
resides on the memory page containing location N. 

Examine memory referenced by last contents. 

Proceed from a breakpoint. When a breakpoint h~s 
been inserted into a program at-location XXXXX and 
the program reaches that location, the debugger 
prints --, 

XXXXXB aaaaaa bbbbbb 

Where aaaaaa and bbbbbb are the contents of the A­
and B- registers. The operator can now use DEBUG 
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NP 

NR 

S 

NS 

NT 

x 

commands to modify memory locations (including 
XXXXX), move the breakpoint, change the values of 
A,B,E and 0, etc. If it is then desired to continue 
execution of ~he program, the P command is used. 

If the breakpoint has not. been moved, then P cannot 
be used if XXXXX contains a JSB to a subroutine 
which expects an argument in a location relative to 
the location of the JSB, or which has a return to 
any location other than one of the two locations 
following the JSB. 

Proceed from the breakpoint N times. 

Run from location N. A/B,E and 0 are set and 
control transfers to location N. 

Proceed from the breakpoint, but suppress break message. 

Proceed from the breakpoint N times, but suppress all 
but last break message. 

Trace - move breakpoint to location N and proceed 
from the breakpoint. 

Examine and open the offset register. This is the 
offset used in connection with the semicolon. 

II.D.2. STARTING DEBUG 

When DEBUG is called via the Executive, it is loaded into locations 
¢42¢~B through approximately ¢54¢¢B, and is automatically executed; 
it assumes that the console device is on channel l2B (since DEBUG 
is a IIstand-alone ll program that does not use the SIO driver package) .. 
If a different channel is' desired, halt the computer, set bits 
5 through ¢ of the location 42~IB to the desired channel (with 
bit 15 = 1 if IIdeck zero" is used), and restart the computer at 
location ¢42¢¢B. If it is desired to write this modified version 
of DEBUG to the disk, relocate DEBUG (use ~2%~L), reload the 
Executive (use X7544R), remove the write protect tab from the 
system disk, and use the following command string to write 
DEBUG to disk: 

TQ Dl,DEBUGjSA Dl,2~¢B,14¢%BjWE Dl 

VII.E. FDOS FORTRAN COMPILER 

The FDOS FORTRAN package consists of modified versions of the 
Hewlett-Packard FORTRAN pass one and pass two programs (HP 20548A). 
Pass two is supplied in two versions; Floating Point/EAU(FOR2E) 
and Non-EAU(FOR2N). The package uses DI for source input, SC for 
intermediate-tape storage, DP for binary output, and offers a 
choice of list output (if requested) to HLor PL. 
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FORTRAN recognizes options specified by the contents of certain 
locations in the parameter area of the Communications Region. 
If FORTRAN is loaded using the Executive program, these can 
be specified by a call of the form: 

RU FORT"Pl,P2,P3,P4 

r. If the Executive is not used, parameters PI through P4 must be 
set into cells PARAM+l (X7525B) through PARAM+4 (X753¢B). Num­
bers must be entered as their actual values, while letters are 
represented by their 7-bit ASCII codes. Missing parameters 
are set to zero.. The parameters are interpreted as follows: 

PI:K = accept control statement from PKi 
I = ignore first statement of the source program 

(assumed to be the control statement) and 
accept control statement from PKi 

If PI is any character other than I or K, 
the control statement is expected to be the 
first statement of the source program. 

P2: the number, counting from one, of the file 
on DI to be compiledi if not specified, 
defaults to compiling the first file. 

P3:P = write all listings and symbol table (if 
requested in control statement) to PLi 
otherwise use HL. 
NOTE: If HL used and it is a disk logical 
unit, a file must be queued on HL even though 
no listing or symbol table is requestedi 
this is because HL must be capable of re­
ceiving any error messages, etc., that are 
generated. 

P4:E = use Floating Point/EAU version of pass two 
(FOR2E). 

x = use FOR2X or FOR2F version of pass two; these name~ 
or F have been included in order to accomodate user­

supplied (or future) versions of pass two. 

If P4 is any character other than E, F, or 
X, the Non-EAU version of pass two (FOR2N) 
will be used. 
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The compiler control statements consist of "FTN" followed by 
one or more of the following: 

,A Produce Assembly level listing (Pass two) 

,B Produce Relocatable Binary 

,L Produce source listing (Pass one) 

,T Produce Assembly level symbol table only 
(Pass two).' 

The FDOS FORTRAN Compiler called is stored on disk in two files: 
pass one (FORT) and pass two. FORT performs an initial pass 
over the source program, converting the FORTRAN statements into 
an intermediate binary form. This intermediate binary file is 
written onto a scratch file (t~e first file on SC is used), 
which is read by pass two and translated into standard relo­
eatable binary format. 

To operate FORTRAN, the user must Queue the FORTRAN source 
program in DI, Queue a file for the relocatable binary as the 
next file on DP, Queue a file on SC for the intermediate-tape, and 

.. Queue a; .. file:::on"JjL. (if :r.-equired) •.. _If'~HL-is_ specified ,for: list 
and HL is a disk logical unit, a file must be available (even 
though no listing is requested; see P3 description); if this 
is not done, the compiler will halt with an "End-of-tape in 
.write"(HLT 66B, see Section IV.C .1). • 

. -.. -. . ...... --- ....... .. 
A scratch file must be Queued a-so the' first fil'eon"the scratch 
unit (SC). This scratch file can be left on the disk, where 
it will be used each time FORTRAN is run, or it may be deleted 
after FORTRAN is run. FORTRAN will run faster if the scratch 
file already exists on the disk, so it is '\\7ise to simply leave 
the temporary file on the disk. 

After the files have been Queued appropriately, the user types: 
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When the program comes into memory it positions DI and ejects 
a page on the list unit (just a "thunk" on PL if the Form Feed 
option is in effect). Then it waits for the user to type the 
control statement if the PI =~K or I. The compilation is then 
performed, and the program returns to the FDOS Executive by 
transferring to the System Loader (X754¢B). 

VII.F DISK UTILITY PACKAGE 

The FDOS Disk Utility Package (DUP) was designed primarily to 
duplicate disks. It is structured to copy and/or verify on a 
track .£or track b~sis (instead of being sector ori~nted as is 
the rest of FDOS). This approach results in a significan~ 

saving of time; it takes approx'imately forty-five seconds to 
reporduce (copy and verify) an entire l3lK word disk using 
DUP, vs. two and one-half minutes using a sector for sector 
basis. 

DUP is not part of the Executive, since DUP requires 4K of 
memory (two tracks) for buffers. 

When DUP is called, command information is passed via the 
standard parameter scheme. If DUP is called using the 
Executive program, these can be specified by a call of the 
form: 

RU DUP"Pl,P2,P3,P4,P5,P6 

If the Executive is not used, parameters PI thru P6 must be 
set into cells PARAM+I (X7525B) through PARAM+6 (X7532B). 
Numbers must be e'ntered as their actual values, while letters 
are represented by their 7-bit ASCII codes. Missing parameters 
are set to zero. The parameters are interpreted as follows: 

PI: command; C (copy), V (verify), or R (reproduc'e­
copy and verify). 

P2: source disk drive (SDISK); D,E,F,G, or S. 

P3: destination disk drive (DDISK); D,E,F,G, or S. 
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P4: initial disk address (FSECT). 

P5: final disk address (LSECT). 

P6: target disk address (TSECT; initial sector 
on destination disk drive). 

NOTE: Parameters entered for sector addresses are treated as 
decimal values unless followed by "B". 

Default values for the parameters are: 

PI (CMD) = R 
P2 (SDISK) = S 
P3 (DDISK) = E 
P4 (FSECT) = ¢ 
P5 (LSECT) = FSECT if FSEClr is specified, 

else use l777B. 
P6 (TSECT) = FSECT 

If "D" is specified for either SDISK or DDISK, then vilhen DUP 
is loaded it types 

DISKS READY? 

to allow the operator to place the desired disks in the drives. 
A response of "y" initiates the spe~ified command. A response of 
"XII causes an Executive reload via a transfer to the System 
Loader. Defining SDISK as "S" (meaning a "systemll disk) causes 
drive IIDII to be used, but DUP skips this question. 

When DUP has completed processing the specified command it types 

DONE 
SYSTEM READY? 

to allow the operator to exchange disks. A response of "All 

(again) causes DUP to repeat the specified command; a response 
of llyn causes the Executive to be reloaded via a transfer to the 
System Loader (NOTE: a "system" disk must be installed in 
drive D). 
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If DUP is called using defaults for all parameters (RU DUP) 
the disk in drive D is duplicated (copied and verified) onto 
drive E. DUP communicates using the Console List and Console 
Keyboard (CL nad CK) units. 

ERRORS: 

If the parameters entered are in error, DUP types 

ILLEGAL REQUEST 

and reloads the Executive via a transfer to the System Loader. 

If an error is detected during verification, DUP types 

COMPARE ERROR 

and proceeds to the "sysr.rEM READY" question. 

If bit 15 is set between transfers, then DUP types 

ABORTED 

and proceeds to the "SYSTEM READY" question. 

All device errors cause SIO/XIO halts; see Section IV.C.l. 
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VIII. FDOS BCS PACKAGE 

In addition to the Basic control System Drivers provided, other 
programs are needed to allow the Hewlett packard computer user 
to take full advantage of the FDS in a BCS environment. The 
FDOS BCS package provides disk I/O facilities during the Pre­
pare control System process. It also provides console device 
interaction, I/O capabilities, and an interface with the SIO 
Driver package (and, consequently, with the entire FDOS system 
if desired) during the loading process~ 

The FDOS BCS package contains the following modules: 
*Disk Prepare control System (DPCS), absolute binary 
*Input/Output control (. IOC) , relocatablebinary.­
*Teleprinter BCS Driver (D.¢~), relocatable binary 
*cassette System BCS Driver (D.35), relocatable binary 
*Floppy Disk System BCS Driver (D.36), relocatable binary 
*FDOS Relocating Loader (RLOA), relocatable binary 
*Subroutine Library, relocatable binary 

In addition, a configured BCS file (ABCS, Absolute Basic control 
System) is provided: this file was built using the above modules 
~nd hardware configuration in Section V.A. 

III.A. DISK PREPARE CONTROL SYSTEM 

The Disk Prepare Control System (DPCS) is a modified version of 
the standard Hewlett packard Prepare control System (PCS). 
DPCS processes relocatable modules of the Basic Control System 
and produces an Absolute Basic control System file (ABCS) that 
is configured to work with a specific hardware configuration. 
It creates operating units of the Input/Output Control subroutine 
(.IOC), the equipment driver subroutines (BCS Drivers), and the 
Relocating Loader (RLOA). It also establishes the contents of 
certain locations used in interrupt handling. options are 
available to define the equipment driver modules and other BCS 
system subroutines as relocatable programs to be loaded with hhe 
user's object program. 

.-.. ... ....- .... . ...... -~-... -- .. ~- •. -...... ,....: 

DPCS is an ~b~~i~t~"'prograin 'whi~h runs in the SIO el1vironment 
using the configured SIO Driver (see Section V). The order in 
which the BCS modules are loaded and processed by DPCS is not 
significant; except that the disk BCS Driver must be the first 
module loaded and the FDOS version of the Relocating .Loader 
must be the last module loaded. Two modules, the Input/Output 
Control subroutine and the Relocating Loader, require that 
the param~ters be entered via the key~oard after being loaded. 
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The EQT input of laC has been modified in two ways to handle the 
D.36 driver: first, the unit Number can be one or two digit 
octal value in the range ¢ to 37; secondly, another input follow­
ing the unit Number has been added which defines the offset 
between the disk data channel and the disk control channel as 
a "c" followed by a one or two digit octal value in the range 
1 to 17. Thus, the Equipment Table statement is of the form: 

nn, D. ee (, D) (, Uu (u) ) (/CO (0) ) 

The first word of the EQT has been changed to assign bits l¢ thru 
¢6 to the unit Number (instead of bits ¢8 thru ¢6), and to assign 
bits 14 thru 11 to the disk control channel offset. These added 
bits (14 thru ¢9) were previously unused. 

In addition to the above changes, all loader diagnostics and 
completion of DPCS cause a reload of the Executive (via a 
transfer to the System Loader I X7544B) .. - c. -. j.'; ",,1;:: J_._~; 

DPCS is an absolute program which runs in the SIO environment; 
it uses the SIO Driver to 19ad the various BCS modules from 
Dr an.¢! to: write· the,!, configured~ BCS file' (ABCS) orito DP. 

Since the SIO Driver has been configured for the I/O aspects 
(see Section V.~), most of the initialization phase· of HP's 
PCS is not required in DPCS. It should be noted that DPCS can 
be used to prepare a BCS system for'a hardware configuration 
different from the one that DPCS is being run on. This is 
possible because the ABCS file is not built in core, but on 
the disk • 

. " 
To operate' DPC~ , • pr,oceed' a? ·'follows: 

1. ,Sinc'e the BCS Drivers to support a hardware configuration 
defiI:l,ed . in: Section V.A are Queued on D3 of the "skeleton ll disk 
shipped from the factory, it is only necessary to reassign DI 
to this unit prior to calling DPCS. This, along with obtaining 
a lise of the modules that will subsequently be processed by 
DPCS, is accomplished by typing 

AS DI,D3;LD DI 
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The Executive responds by typing 

D.36 
D.36X 
D.¢¢ 
D.35 
~IOC. 
RLOA 

If additional BCS Drivers are to be incorporated, they should be 
copied to disk and Queued to DI preceeding RLOA. 

2. Open a file on DP to receive the ABCS file generated by DPCS, 
and call DPCS by typing 

QU DP,ABCSiRU DPCS 

NOTE: Following this section is a sample dialog of DPCS. 

3. DPCS will be loaded, and will type 

FWA MEM? 

requesting the first word of available memory, i.e., the first 
word in the base page following the locations required for in­
terrupt processingi this'. worddef~nes the~·star.t,-~'of ·,:the. BCS ~ystem 
linkage area. Here, as with all subsequent addresses requested 
by DPCS, reply with an octal number. 

4. DPCS will type 

LWA .IV'.LEM? 

requesting the last word of available memory. This word is 
usually the location prior to the protected area (e.g., X7677B), 
or the location prior to the FDOS System Loader (X7533B) so that 
the BCS system may interact with the System Loader (and there­
fore, the entire FDOS if desired). Reply appropriately. 

5. DPCS will type 

SYS RST? 

requesting the system restart address to be used by BCS when 
returning to the SIO envir~nment via the System Loader. Use 
X7544 (cold start) since SIa and BCS use different in-core 
PllJ:f;~~S. '. a.nq .. taj;)l.es • .. ._ ........ , .... . 
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6. DPCS will type 

* LOAD 

informing the operator that it is ready to process a BCS module 
from the system Input unit (DI). The modules may include .IOC, 
the various BCS drivers, and the Relocating Loader (RLOA). To 
cause a module to be loaded, strike any key on the keyboard 
followed by Return-Line Feed. The II*LOAD" message is repeated 
after each module is loaded until RLOA has been processed. 
Diagnostics are printed if certain error conditions occur during 
the loading. 

The absolute lower and upper bounds' of each module within BCS 
are listed after the module is loaded. The format is as follows: 

MODULE NAME 
11111 ~:uuuuu 

NOTE: For details of Input/Output control (.IOC) and the 
Relocating Loader (RLOA) operation, the user should 
refer to the Hewlett packard BASIC CONTROL SYSTEM 
manual, PiN 02116-9017; to A POCKET GUIDE TO THE 
2100 COMPUTER, or to A POCKET GUIDE TO HEWLETT­
PACKARD COMPUTERS; or to A POCKET GUIDE TO INTERFACING 
HP COMPUTERS. 

70 When .IOC has been loaded, DPCS requests the information 
needed to construct the Equipment Table (EQT) , the standard 
Equipment Table (SQT), and to define the Direct Memory Access 
s~atement. Refer to the dialog following this section for 
examples of these. 

8. When RLOA has been loaded, DPCS requests the parameters 
needed to set the interrupt linkages for input/output processing; 
for examples, refer to the dialog following this section. When 
these have been supplied, DPCS goes on to processing Completion; 
the final step in DPCS processing is the writing of the Absolute 
Basic control System file (ABCS) on the system output unit (DP). 
When this is completed, control is returned to the FDOS Exec­
utive via a transfer to the System Loader. 
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TIII.B. FLOPPY DISK SYSTEM BCS DRIVER, D.36 

The FDS BCS Driver (D.36) is a relocatable driver operating in 
the interrupt environment which accesses the disk data in the 
same format as does the SIO Driver. D.36 accepts commands and 
returns status in the standard form expected by the Input/Output 
control program (.IOC). This driver is not designed to be used 
with the Hewlett Packard Buffered IOC, since that program cannot 
assure the sixty microsecond interrupt response time required 
by the FDS. 

A seperat~ BCS module, D.36X, is also provided. This module 
contains the Logical Unit Parameter Tables and Buffers for D.36, 
which D.36 refers to with ·ext~rnals to determine how many buffers 
are available and how many drives are to be supported. The 
source (SD36X) of this module is also provided so that the user 
can edit the module to any unique requirements. I 

The conunands on the following page are accep·ted by the driver. 
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Bits 
I I I I I I ~ ~ ~ ~ 
5 4 3 2 I ~ 987 6 
¢f1J6¢XXXXXX 
¢¢¢IXXXXXf1 
¢¢ ¢ I X X X X X 1 
¢ ¢ ¢ I.X X X X I 1 
¢¢IYfxxXxx,0. 
¢¢1¢XXXXX1. 
¢ ¢ 1 I X X X ¢ ¢ I 
¢ ¢ I I X X X ¢ I 1 
¢ ¢ 1 1 X X X 1 ¢ J6 
¢ ¢ 1 1 X X X I I ¢ 
¢ ¢ I 1 X X X I I I 

Operation 
CLEAR REQUEST 
READ ASCII RECORD 
READ BINARY RECORD 
READ VARIABLE BINARY RECORD 
WRITE ASCII RECORD 
WRITE BINARY RECORD 
WRITE END-OF-FILE 
SKIP ONE ASCII RECORD 
REWIND 
SKIP TO END-OF-FILE 
SKIP ONE VARIABLE-BINARY RECORD 

NOTE: A read record command with a buffer address of zero 
will produce a skip-one-record of the designated type 
(i.e., ASCII, binary, or variable binary). All other 
commands are rejected by the driver. 

The following status returns are generated by the driver: 
Bits 

7 6 5 4 3 2 I ¢ 
lXXXXXXX 
XIXXXXXX 
XXIXXXXX 
XXXlXXXX 
XXXX1XXX 
XXXXX1XX 
XXXXXXlX 
XXXXXXXI 

Meaning 
END-OF-FIIJE DETECTED 
REWIND JUST EXECUTED (AT BOT) 
END-OF-TAPE ON READ, DISK FULL ON WRITE 
WRITE ERROR (OTHER THAN WRITE PROTECTED) 
,BROKEN TAPE (SECTOR CHAINING IN ERROR) 
WRITE PROTECTED 
READ ERROR 

,DEVICE BUSY OR NOT READY OR INOPERABLE 

Bit 14 of EQT word 2 is set for read errors and write 
errors other than write protected. 

The Driver returns to .IOC·~ with the following conditions: 

A REGISTERS B 
¢¢¢¢¢¢ ~¢¢¢~¢ 
l¢¢¢¢¢ ¢¢¢¢¢¢ 
¢¢¢¢¢l ¢¢¢¢f1¢ 
¢ ¢ ¢ ¢ ¢ 1 1 ¢ ¢ ¢ ¢ ¢ 

Meaning 
OPERATION INITIATED, IN PROGRESS 
OPERATION EXECUTED AND COHPLETED 
ILLEGAL FUNCTION WAS REQUESTED 
DRIVER OR DEVICE IS BUSY OR NOT READY 

OR A "BROKEN TAPE" CONDITION EXISTS 

If the EQT is incorrectly configured, i.e., illegal Logical unit 
number or the· DMA state from EQT does not match DMA state of the 
driver, then the 1:**FATAL*** halt at '1IOERR" (in.IOC) will occur, 
with A = 3 (for misconfiguration) and B = absolute address of the 
"uSB '. IOC" • 
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VIII.C. DISK DATA I/O DURING BCS OPERATION 

Since the disk is a file-oriented device, and since D.36 has 
file-manipulation capabilities, the disk can be thought of as 
a mag tape. Thus, a user program can store and retrieve 'data a 
on disk by using the FORTRAN Auxilary Input/Output Statements 
of REWIND and ENDFILE as an example. However, prior to doing 
disk I/O, the file or files must be lIopened" on the appropriate 
disk logical unit (the Unit Reference Numbers defined in the 
EQT during DPCS) and the Logical Unit Directory set up; this is 
anagolous to mounting the mag tape. 

This lIopening" of files and LUD set up can be accomplished via 
the Queue command of the FDOS Executive prior to calling the 
user program. It. may also be appropriate to use the Reserve _. 
File command to reduce the amount of head slewing (see QU and 
RF command descriptions in Section VI). 

During some application programs it may be desirable to have 
the same file Queued on both the Output Unit and the Input Unit. 
Thus I the user program could output an array, IIclose ll the file 
(ENDFILE), reposition the file (REWIND), then input and process 
the array. 

A note of caution is appropriate here. The .IAR. routine of 
the standard HP formatter reads data in fixed blocks of 120 
characters (60 words) during an Unformatted Read. Thus, calls 
must be in multiples of 60 words, or input data will be lost 
(i.e., if 50 was requested, words 51 thru 60 would go to the 
IIbit bucketlt). Also, during Unformatted Read, the total number 
of words requested must be a multiple of 60. 
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VIII.D. THE CASSETTE SYSTEM BCS DRIVER, D.35 

D~35 is a relocatable driver for the cassette system. It 
accepts commands and returns status in the standard form expected 
by the Input/output control program (IOC). This driver is not 
designed for use with Hewlett-packard Buffered IOC, since that 
program cannot assure the 2.ms interrupt response time required 
by the cassette system. 

The following commands are accepted by the driver: 

Bits 15 - 12 

o 

1 

2 

3 

Operation: 

Clear 

Read a record 
Bit 6 = 1 for binary, ¢ for ASCII 

write a record 
Bit 6 = 1 for binary, ~ for ASCII 

control function: 
Bi.lcs 8 - 6 

1 
3 
4 
6 
7 

Function: 
write End-of-File 
Skip one record 
Rewind 
Skip to end of file 
Skip one record 

Any other commands are rejected by the driver. 

The following status returns are generated by the driver: 

7 

6 

5 

4 

3 

Meaning: 

End-of-file detected during read 

Leader detected after rewind 

Leader detected after operation other than ~ 

rewind 

write command rejected, bu·t not for write 
protected cassette 

Not Used 

VIII-8 



2 write protected cassette 

1 Error detected during read 

Device busy (not ready) 

End of tape status (Bit 5) can only be cleared by issuing a 
rewind command. Read error (Bit 2) and write commands rejected 
for reasons other than write protected cassette (Bit 4) cause 
Bit 14 of EQT word 2 to be set. 

VIII.E. THE ABSOLUTE BASIC CONTROL SYSTEM FILE 

The Absolute Basic control System file (ABCS) was built with 
DPCS and the hardware configuration defined in Section V.A. 
The following differences exist between the Relocating Loader 
module (RLOA) of this file and the standard Hewlett packard 
Relocating Loader: 

*Interaction is via the console device rather than 
the Switch Register 

*All loader diagnostics cause a return via the System 
Restart Address (see Section VIII.A.5) • 

*The subroutine library is a file named LIBN, LIBE, _ 
LIBF, OR LIBX Queued on the library unit D4. 

*After writing an absolute binary file, or in response to 
a HALT call, ABCS executes a Jl~ to the System Restart 
Address (see Section VIII.A.5). 

When ABCS (of which RLOA is a mOdule) is loaded, the message 
II*OPT II is typed on the console device. The user must respond 
with one or -two characters as follows: 

"P il requests writing an absolute binary file on the 
system Outp~t unit (Unit-Reference no. 4, normally E2), 
followed by a file (on the system Output unit) containing 
the entry point listi if a second 'file is not Queued 
on the unit, the entry point list is lost. 

IILII requests printing a bounds list on the system list 
device (Unit-Reference no. 6, normally E3). All other 
characters have no effect, except that they are counted 
(e.g., "QII signifies to the program that no options are 
desired) • 

Whenever an end of tape condition (e.g., a File Mark) is 
encountered, the program types II*LOAD". At this point the 
user must type one charac·ter· (D IF, I,N I T,E, -or x) i and,-m?lY 

type tlL" if· desired. 
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These have the following meanings: 

I = Load another file from the system Input device (as. 
defined in SQT). 

D = Proceed to the end-of-loading phase. 

T = Terminate loading. 

N = Load from LIBN (Non-EAU Library). 

E = Load from the LIBE (EAU Library). 

F = Load from LIBF (Floating Point Library). 

x = Load from LIBX (User-supplied library). 

L = (with any of the above) produce a bounds list on the 
system list unit (Unit-Reference no. 6, normally E3)i 
if a file is not Queued on the list unit, the bounds 
list is lost. 

At 'the end-of-loading, the program types III1*LST". The user 
must type one character: 

L = Produce an entry point list on the console list 
device (Unit-Reference no. 2, normally the teletype) 

Any other character = DO not produce an entry point list 
on the console device 

Upon completion, ABCS prints the II*END" message, and reloads 
the Executive via a transfer to the System Restart Address 
(normally the System Loader "cold start ll

, X7544B). 

VIII.F. BCS DEBUGGING SYSTEM 

The debugging routine provided by Hewlett packard as part of 
the standard BCS package is fully compatible with the FDOS BCS 
package. The user is refered to the Hewlett Packard BASIC 
CONTROL SYSTEM manual, PiN 02116-9017, for integration and 
operation instructions. 
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VIII. G. SAMPLE DIALOG FOR DPCS 

*P,S DI,D3 
*LD 01 
D~: 

D.36 
D.~AX 

D.V1~ 

D. 3 5 
• I DC. 
RLOA. 

. I 

*GHJ DP, ARCS 
*RU DPCS 
Ft'IA MEM? 
2S 
L\·)P. MEM? 
27533 
SYS RST? 
2754Ll 

* LOAD 
Z 

D. 3~ 
?5365 27533 

* LOAD 
Z 

D.36X 
2Ll716 25364 

* LOAD 
Z 

D.~0 

?iJ16? 24715 

* LOAD 
Z 

D.35 
233?0 24161 

* LOAD 
Z 

IOC 
?3101 23317 

Logical Unit D3 is Assigned to DI. 
A Logical Unit Directory for DI is 
obtained to show which modules will 
be processed by DPCS. 

A file is opened on DP to accept ABCS. 
DPCS is called. 
The Fir~t Word of Available memory, the 
Last Word of Available memory, and the 
System Restart address is defined. 

DPCS is ready to process modulesi IIZII 

(or any character) directs it to load. 

TheFDS BCS Driver is loaded and its 
bounds listed. 

The FDS BCS Driver's lIexternals ll module 
is loaded and its bounds listed. 

The teleprinter BCS Driver is loaded and 
its bounds listed. 

The cassette system BCS Driver is loaded '.~ 

and its bounds listed. 

IOC is loaded and its bounds listed. 
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SAMPLE DIALOG FOR DPCS (Continued) 

* TABLE FNTf~Y 

EQT? 
10."D.36 .. U0,Cl 
10,D~36 .. Ul,Cl 
1 0, 0 0 3 6 J> U2 .... C 1 
10, 0 OJ 36, U3:; C 1 
10,0.36, ULI, C 1 
10.JDa36,U5;Cl 

- 10, 0.36, U 6" C 1 
\ 10,D.36,U7,Cl 

12,De00 
1~,DG3.s)!U0 

1~,D .. 35,Ul 
1~, 0 .. 35, U2 
1~, 0" 3 5, U3 
IE 

SQT? 
-KYBD? 
17 
-TTY? 
17 
-LIB? 
7 
-PUNCH? 
1 5 
-INPUT? 
14 
-LIST? 
16 

DMA? 
o 

* LOAD 
Z 

LOADR -
203L!5 23005 

Unit-
Reference 
Number 

7 
l~ 
II 
12 
13 
14 
15 
16 
17 
291 
21 
22 
23 

INTERRUPT LINKAGE? 

H~b20,I ~36 
11,21",C .. 36 
12,22, I • 0-'~ 
.13, 10701 3 
14,24,1.35 
IE 

The Equipment Table is defined: Logical 
Unit D4 becomes EQT entry 7, Dl becomes 
l¢, D2 becomes 11, D3 becomes 12, E4 
becomes 13, El becomes 14, E2 ·becomes 
15, 'E3 becomes 16, cassette deck zero 
bebomes 29f, deck ~ becomes 21, deck 2 
becomes 22, deck 3 becomes 23, and the 
teleprinter becomes EQT entry 17. 

Unit-Reference numbers are assigned to 
the units in the Standard Equipment 
Table. The Library will be D4, system 
Output (PUNCH) will be E2, system Input 
will be El, and High-speed List (LIST) 
will be E3. 

No Direct Memory Access channels are 
available. 

The Relocating Loader is loaded and its 
bounds listed. 

The Interrupt Linkages are defined for 
channels l¢, 11, 12, and 14; since no 
BCS Driver was included for the device 
in channel 13, a halt will be executed 
if an interrupt occurs on channel 13. 
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S~~LE DIALOG FOR DPCS (Continued) 

.SQT. ?~006 A list of the entry points is printed. 

.FOT. 23f?llLJ 
C.36 ?AL!f."5 
0.3'; ?S6A6 
DICOM 25365 
1 .3(, 2 6Ll3 1 
F<ETRY 2(,3115' 
.BUFS 253~2 

.LUPT ?53?A 

.STRL ?A717 
IOFRR 23?75 
NRllFS ?LJ716 
NLOGU 25323 
0.00 2 III 62 
1.00 24336 
.BUFR 23?LJ7 
D.3S 2332(1 
1.35 23757 
• I OC. ?3101 
DMACl ~3316 

DMAC? ?3317 
XSQT 23314 
XEQT 23315 
LST 20376 
.LDR. 22001 
.MEM. 22777 
HALT 2?774 

*SYSTEi'1 L I N~< The bounds of the System Linkage area 
are printed. Upon completion of the 
writing of the ABCS file to DP, the 
Executive is automatically reloaded. 
Note that ABCS is built on disk, not 
in core. After returning to the 
Executive, we zero out the system and 
restore the I/O assignments. 

00025 00301 

*ZS;RS 

* 
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FDOS COMMAND SUMMARY 
===================================== 

COMMAND 

Add to LUD. 
Assign. 
Batch .. 

. Batch Exit. 
Comments. 
Copy. 

Directory. 
Directory with 

Addresses. 
Delete. 
Dump Disk. 
Dump Memory. 
Dump Records. 

Format Disk. 
Go To. 
If Disk. 
List. 

List All units. 
Logical Unit 

Directory. 
Queue. 
Reserve File. 
Restore. 
Rename. 
Rewind. 
Run. 
Run from speci­

fied Disk. 
Save. 

Skip. 
Save~Start 

address. 
Temp. Queue. 
Verify. 
\\1r i te. 
Write EOF. 
Zero System. 

FORM 

AQ DUNT , NAMI , NAM2 , " ... 
AS FUNT,PUNT,LCTR,PGCTR 
BA NAME 
BX NAME 

** Text 
CO SRCE,DEST,#,MODE 

DI DISK,DEST 

DA DISK,DEST 
DL DISK,NAl1E 
DD DEST,DISK,LO,HI 
DM DEST,LO,HI 
DU SRCE,DEST,LO,HI,MODE 

FD DISK 
GO AD DR 
ID UNIT 
LI SRCE,DEST,LO,HI 

LA UNIT 

LD DUNT 
QU DUNT,NAMl,NAM2, •.. 
RF DISK,NAME,# 
RS 
RN DISK,OLDN,NEWN 
RE UNIT 
RU NAME,SA,parameters 

RD DISK,NAME,SA,parameters 
SA UNI T , F~~A , LWA 

SK UNIT,# 

SS UNIT,ADDR 
TQ UNIT,NA!lill 
VE SRCE,DEST,#,MODE 
WR DEST,SRCE 
WE UNIT 
ZS 

A - 1 

DEFAULT CONDITIONS 

None. 
LCTR & PGCTR as before. 
NAME = next file on BC. 
N~ME = next file on BC . 
N. A. 
SRCE = DI, DEST = DP, 

# = 1, MODE=·:l\SCII. 
DEST = CL. 

DEST = CL. 
None. 
DEST = CL , La = 2,. HI = LO. 
DEST = CL, La = 2, HI = LO. 
SRCE = DI, DEST = CL, LO = 

HI = EOF, MODE = ASCII. 
None. 
None. 
None. 
SRCE 

LO 
UNIT 

None. 
None. 
None. 

= DI, 
= I, 
= CL. 

N. A. 
None. 
UNIT = DI. 
None. 

None. 

DEST = CL, 
HI. = EOF. 

UNIT = DP, FVIA = 2, 
~. LWA = FWA. 

UNIT =DI;, # = 1. 

UNIT = DP. 
None. 
(same as Copy). 

DEST = DP, SRCE = CK. 
UNIT = DP. 
N. A. 
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The following parameters are used with FDOS Executive commands: 

ADDR = octal address 

# = number of files or sectors to process 

DEST = any functional or physical unit 

DISK = D, E, F, or G (floppy disk drive) 

DUNT = Dl, D2, D3, D4, El, ..• ,G4 (logical units of DISK) 

FUNT = functional unit 

FWA = first word address 

HI = last record or address to be processed 

LCTR = page-spacing line counter 

La = first record or address to be processed 

LWA = last word address 

MODE = mode of da·ta~ A (ASCII), BA (absolute binary), 
or B (relocatable binary) 

NAME = name of a disk file 

PGCTR = page-spacing character 

PUNT = physical unit 

SRCE = any functional or physica~ unit 

UNIT = any functional or physical unit 

NOTES: Any number input which defaults to octal (disk and core 
addresses, etc.) can be followed contiguously by lilli, which sets 
bit 15 before further processing. This is useful with the GO 
command~ for example, to transfer indirect to the (core resident) 
DEBUG breakpoint entry use "GO 41". 
DISK or DUNT values can be referenced implicitly or explicitly via 
Functional Units, Physical (disk logical) Units, or disk drive letters. 
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PAGE 0004 UOl FODS BOOT LOADER 

0020 00001 S ~Jf{ EGU 1 
0021 00000 A EbU 0 
002~ 00001 8 E~U 1 
0023 00200 wSECT EGU 128 
0024 00010 0.0 E~U lOB 

-0025 C0012 D.C EQU 128 
0026 00014 S~SK E. t.' U litE 
0027 07fJOO OHG COI'(["200e 
0028 07600 0636t=,6 C OI\IFG LOI\ • Dt\ TL SET CONFIGURATION POINTEH 
0029 07501 073664 S1 {\ IOPTH 
0030 07602 1(;207~ HLT 748 ENTEf~ DATA CHAr~r\;EL 

0031 07603 017637 .JSB S~JCON 

0032 07604 10207~ l-.L T 758, Er'JTER COf!;rlAND CHAr'!f\lEl 
0033 07605 017637 JSB S~:CON 

0034 07606 102076 HLT 768 Er,JABLE LOADER & SET X7700 I f,1 S 
0035 07607 102501 LIA SWR 
0036 07610 O13~55 A/'IlD xPJ\GE KEEP PAGE 
0037 07[-)11 0·'0001 STA 8 
0038 07612 063656 LLA .STHT GET CURRENT BOOTLOAOER ORIGIN 
0039 07613 0736~~7 81/\ FETCH SET SOURCE PTR 
0040 07614 013655 Af\JD XPAGE COfl;PUTE OFFSET 
OOql 07615 00300£4- CjliiA, rr,.!A 
0042 07616 040001 AGA B 
0043 G7617 043656 ADA .STr~T 
0044 07620 073660 STA STOR( SET DESTINATIO[\,j PTfi 
0045 07621 '002004 INt\ AND STAHT 
004,6 07622 00200lf IrJA 
0047 07£,23 073664- STA IOPTR 
004B 07624 Ob76bl LIJ8 LBOOT USE B 'AS LOOP INDEX 
0049 07625 163657 LOOP LOA FETCH~I 
0050 07626 037657 ISZ FETCH 
0051 07627 173660 SlA STORE,I 
0052 07630 037660 lSZ STORE 
0053 07631 006006 IN8,SZ8 DONE? 
0054 07b32 027625 JrviP LOOP NO 
0055 07633 102077 Hlr 778 
0056 07634 063665 LeA SYSO 
0057 07635 lCi2601 OlA SI:~R 

0058 0763(. 127664 Jr,jip IOPTR,I 
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PAGE 0005 1:01 FDOS BUOTLOI\DE.H 

0060 07637 000000 sweON NOP 
0061 C 7tl~ 0 1U2501 LI/\ SWH GET CHANNEL 
o 06:~ 07641 013662 " f'IO CHI\N~l 

0063 07642 073663 ST/\ CHAN 
0064 07643 167664 CONLP LDD IC'PTR,I GET NEXT 1\ DF< 
0065 076~4 037664 ISl IOPTf{ 
0066 07b~5 006003 SZB d,SS DONE'? 
0067 o 7 6L~ (:, 12.7637 Jr"':p SbCON,I YES 
b068 07647 063662 LOA CHANM 
0069 07650 003000 C~J~ 

0070 07651 110001 1\ f\;O 8 t I CLEAR CHAhlNEL OITS 
0071 0765r~ 033663 lOR CHAN PUT IN DESIRED CHl\fIJ 
0072 07653 170001 STA B.l PUT IT E3ACK 
0073 07654 027643 JMP COfJlP 
0074* 
0075 07655 076000 XPAGE OCT 760uO 
0076 07G56 OU7700 .STRT OEF START 
0077 07657 000000 FeTCH r,!op 
0078 07660 OUOOOO STORE NOP 
0079 07661 177700 Lf300T OCT ··100 
0080 (7662 Ouo077 CH/\Nr~ OCT 77 
0081 07E)63 000000 CHf\N NuP 
00£32 07664 OUOOOO IOPTR l\JOFj 
0083 07665 000014 SYSO ASS S.SK 
0064 07666 007t~67 r>DATL DEF DATLS 
0085k. 
008t; 07661 00775G DATlS Ol:.F ODe 7 
00B7 07670 o 077 tHl DEF 00.8 
0088 0767,. 007742 OEF DO.9 
0089 07672 OU7743 DEF 00,10 
0090 C767:', OuOOOO GCT 0 ,. E R fvi I NAT E 
0091* 
0092 07674 007753 Ct-'OLS DEF . D'C~"l 0 (VIUST FOLLO~'" DATLS 
0093 07675 007757 DEF DC"l4-
0094 Q7G7G 007760 DEF OC.15 
0095 07(,77 000000 OCT 0 TERr,,! I NATE 

B-2 



PAGE 0006 ItOl ruos BOOTLOAOEfi 

0097 07700 ORG CORE-100B 
o 0 9 n "': lOA 0 F I L [ S T 1\ R T 1 f'J G 1\ T SEC T 0 H Z E K 0 
0099 07700 OU2401 START CLA,RSS 
o 1 0 0 * L 0 J\ 0 F I L E. S T A I~ T I ~ G 1\ T ~ laC K S P [ C I FIE 0 INS ~~ I T C H REG 
0101 077011U2501 STARl lIA .SWf\ 
0102* LOAD FILE STARTING AT BLOCK SPECIFIED IN A-REGISTER 
0103 07702 Ou7400 STAR2 CCB 
0104 07703 077776 STB BLKNT 
o 1 0 5 0 7 7 0 ~ 0 :; 377 2 I (j R D r\ 0 cr·, 
o 1 0 6 0 77 0 5 Q 7 3777 S T A r'l x S L C 
0107 07706 (1177L~5 R~~CI'JT JS8 HCvJHD 
o 1 0 8 0 7 7 0 7 0 2 7 7 3 5 J til; P B 0 01 E 
0109 07710 OU2003 SZA,RSS 
0110 07711 027706 J~P RWCNT 
0111 07712 001727 ALF,ALF 
0112 07713 003004 CMA,INA 
0113 07714 073774 STA weNT 
0114 07715 0177Q5 JSB RCWRD 
0115 07116 102014 HLT 148 
0116 07717 070001 STA B 
0117 07720 013775 sTA PTX 
0118 07721 017745 NXDAT JSB RCWRO 
0119 07722 1U2014 hLT 14B 
0120 07723 QQ400C ALB A 
0121 07724 173775 SlA PTX,l 
0122 07725 037775 ISZ PTX 
0123 07726 037774 ISZ weNT 
0124 07727 027721 J~P NXOAT 
0125 07730 017745 JSB RCkRO 
0126 07731 1U2014 HLT 14B 
0127 07732 050001 CPA B 
012B 07733 027706 JMP RWCNT 
o 1 29 0 7 734 1 0 2 0 1 2 I-I L T 1 28 
0130 07735 0677?3 BOOTE LOB HLT77 
0131 07736 024001 Jl'-tiP B 
0132*hf',$ 

INITIALIZE TO READ seCTOR 

READ ~JOHD CGlHJT 

WORD COUNT = ZERO? 
YES - IGNOFE IT 

SET COUNTER 

READ CORE AOCHESS 
ur'JEXPECTEO toF 
ST ART CHECKSUf\!] 
SET PO I r\JTER 
KEAD DA T t. v~OHD 

Ur~E.XPECTEO [OF 
UPDATE CH£CI\SUt"l 
STenE IT 
8UIv'iP POlf\jTER. 
READ ALL DATA WORDS? 

NO - HEAD (1i~OH[ 

YES ~ NOW CHECKSUM 
UNEXPECTED [OF 
CHECI\su~r; ZERC? 

YES ... GO no U N D {\ G A I f\1 

CHECI< SUI',1 ERR OF< 

0133~SUBROUTINE TO INITIATE A SECTOR READ OPERATION 
0134* (A) = OISK ADDRESS OF SECTOR 
0135* JSB SECRD 
0136* ROU1INE PfRFORMS THE FOLLOWING SEQUENCE 
0137. 1. WAIT FoR READY 
0138* 2. ISSUE READ CO~~AND 
0139* 3. SET BLOCi< COUNTER TO SECTOR LENGTH I N v!Of~OS 
o 14 0 * 4 II R E /l D F I L E " N A [\. [ .. ( FIR S Twa H 0 0 F SEC T 0 H ) 
0141* 5. READ NEXT SECTOR ADRo & SToRE IT 
0142* 6. DECRE~[Nl BLOCk COUNTER FOR [ACH READ 
o 14 3 * r ~ 0 v. I N - L 1 N E 1 N 'F C ~~ H 0 , , ' [, c • 1 0' TO' R E vJ ROt - 1 
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PAGE 0007 HOi FuGS UOOTLOADEH 

o 14 5 ~' S U (3 R 0 U,. I I ~ E TOR E A D A \oJ (j R D 
o 14 b * J S 8 R ~'J a H D 
o 1 1+ 7 * 1. 0 E eRE P E. r Ij T U L 0 eKe 0 u r J T E f< 
0148* 2. IN~UT WORD 
0149* 3. CHECK ST fl TUS g HAL T 01'1 ERROR 
o 1 5 0 ", 4. HE T U R ~: hI! T H (t\) = v~ a H U 0 (B) UN C HAN G C 0 
0151 07737 DuaODO HhOHD NOP 
0152 07740 102310 OG.8 SFS D.D 
0153 07741 027740 JMP *·1 
015Q 077 tl2 1.02510 DD,,9 LIA DoU' 
0155 07743 103710 OD.10 STC D.D,c 
0156 07744 127737 J~P RWORD,I 
0157* 

Ir~PUT ANn 
J~ C K N 0 \tJ LED G [' 0 1\ T 1\ 

0153 '*" SUhROUT 1 N[ TO R[r,O A hOHD AI,JD CH[ CK FOH SECTOR [rIJD 
0159 07745 000000 RCwRD ~OP 

0160 07746 037776 I&Z BLKNT 
JjilP HE l'JRl) 
LOA NY-SEC 
SZA.HSS 
J /iii PRe ~,;r\ 0 , I 

0161 07747 Oi7166 
0162 07750 063777 
0163 07751 UU2003 
01~4 07752 127745 
0165 07753 102312 
0166 07754 027753 
0167 07755 O~3772 

OC o 10 SFS D.C 

0168 07756 1L3110 OD~7 
0169 07757 102612 DC e 14 
U170 07760 "103712 OC.15 
0171 07761 063771 
0172 07762 073776 
0173 07763 017737 
0174 07764 017737 
0175 07765 073777 
0176 07766 
01-77 G7767 
0178 07770 
0179 07771 
01[30 07772 
0181 07773 
0182 0777 lt 
0183 07775 
018

'
+ 07776 

0185 07777 
01&6 

0371
'
l5 

017737 
1277'+5 
177602 
020000 
102077 
000000 
000000 
000000 
000000 

** NO ERROHS* 

RE t-JF{D 

SCL T.H 
OFOCfi.'i 
HLT77 
WCI'JT 
PT'X 
BLhNT 
f'JX SEC 

JjVjp *-1 
lOR ORoer'll 
elF DoD 
OT{I, [';e>C 
STC DcC,C 
LL/\ SCLTH 
S TAB L 1\ f\J T 
JSB Hv.IOHU 
JSB R ~~ORO 
ST A ~JXSE.C 
ISZ RCWHD 
dSB HtvORO 
J fJ PRe vii ROt I 
ABS -~~SECT+2 
OCT 20000 
HLT 778 
f'JGP 
NOP 
NOP 
MOP 
END 
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WAIT FOR READY 

CREATE READ COMMAND 

SET UP BLOCK COUNT 
FE A 0 F I L E ,,~ J A i"l [ " 
H[Ao NtXT SECTOR ADnF[SS 
SAVE seCTOR ADR 

-(DATA WORDS/SECTOR) 
DISK READ COMMAND 



P 1\ (, [ n] () 0 ~J 0 4::: C 0 fl, r.', U r Jl. C f\ T I () N S I ~ E. G ION 

1071 cnoOo ORG.2 [LU COMRG-CO~SZ~* IF PAGE TWO TOO LARGE 
1 0 7 2 J 7 5 1 2 0 I< G C 0 F R (j - C C f't, S Z 
1 0 ., ., *- :.t t· :+. 1- ~ * * :;: ;f< *- * :f »- * * :.t. * * :.(.: C C f.!, ~ u t J I C ,\ T ION S I ~ E G I 0 rJ 
1074+ 

***********~****~***.**** 

107 5 ~ Lee /\ T I (; ~j ~ L G t; [J [0 ~ I 'f H L, H I V l H 
1076 1751~ CO~8G [~U * 
1077 17512 016161 P.CIO elF XIC.O 
l07A J 7~j13 (luOODa NLOGU rdep 
1079 17~'jlt~ OC/GOOl) (\JbLtFS f'JLP 
1 n bCI 1 7 51~) OlJ(jOOU G~)FLG f\'OP 
1 ('b1 1'1 S lb OUlIOOO AFLG r ~ (j P 
lOU2 1'i:>17 OlG014 P.xIO I~L F XIO 
10b.~ 1/ ~)2 0 D16730 P.t-'DT {lLF T.PlJT 
1 oeL~ 1 7 ~"'21 013740 P.FOT DLF T.FDT 
1 Ut~5 1 7 5~~2 (llt'.OJ ., P.DIO LLF 010 
1086 1 -; ~)2"6 n~75l17 ELOf\[J Jf" F LO/\O 
lOB7 17~l2'3 CO,VjNU LhU *-1 
lonB* 
1 0 tJ ') )}: L C! C I~ T I () r; s fl]OT LO(.\UEO l·~ 1 T H SYSTEj\-~ 

11190 J7~21..j PA.l\t3G [("U * 
1091 FEP 8 
lO9;?_ 17:)2!f 000000 I\jUP 

1 09~~ 1752:S OOOGliO f'YUP 
109;:~ 17526 0("0000 f-;Oi? 
10:J~! 1 "7~)~:" DU(luOG r\ic,P 
1092 17:~)30 (i00000 /vLP 
1 09;~ 17 ~~ 31 UUlJOOO r\:up 
lO9? 17532 OLJOOOO 1-.:0(-1 
i.09~~ 17j33 DOuoae NCP 
1093 1.7:;63 P/\t~ND EGU *-1 
109'+* 
l095*LQCATIONS LOADED WITH LOADER 
1 0 ':H; 1 7 5 3 4 
1097 17534 027544 
1 0 9 f~ 1 7 ::J :~ 5 0 u 0 0 0 0 
1099 17536 QueOOo 
1180 17~37 uuoono 
llUl* 
1102 00000 
1103 aLOOG 

LOHBG 
JSYST 
STI~TA 

BTCHF 
LtHH 

Of~G .. 3 
ORG.4 

[LiU ;4: 

Jf\jp SYST 
PSS 1 
t'.;()p 

r'JcP 

[G.:U C or':;f~G - * 
EQU * ... COf-lHG 

C-l 

POINTEH FGR TAILORE.D "SIO" 
S f_ T Bye () NFl G U f< !\ T () H 
~ET BY COi'lFIGlJRhTOH (FOOS FL{\G) 

Oh LOt\UER 

IF 'COt·1SZ • TOO sr--1I\ LL 
IF 'cor·,sz' TOO LAF<GE 
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I NIT I f\ LIZ E ~'J a H D r< E {i D, hJ 0 ~'J 0 R 0 S 
HEhD vJ8RD CGUNT 
[OF 
~vOkO CQUhiT = ZERO? 

YES - IGI'!OPE 11 
SET COLJNH 
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INTERFACE DESCRIPTION 

The model 420 Floppy Disk System (FDS) is interfaced to the 
Hewlett-packard 2.;LXX Series computers (2100, 2114, 2115, and 2116) 
via two identical interface cards (Dicom part Number 520-50052-
02). The interface cards can be installed in any two available 
I/O channel slots. The highest priority (lowest numbered) 
channel is used for data transfers; the other channel is used 
for command and status transfers. The FDS interface supports 
programmed I/O, interrupt environment, and DMA operation (16 
bit). 

Since the FDS is a block-synchronous device (data transfers 
must occur every sixty microseconds once initiated), a high 
priority should be used for the data channel when operating in 
the interrupt environment in order to avoid rate errors. 

An OTA (or OTB) instruction is used to transfer commands and 
data to the FDS; an LIA (LIB, MIA, or MIB) instruction is used 
to transfer status and data from the FDS. After executing the 
I/O instruction, control must be set and the flag cleared for 
that channel (select code); thus the proper sequence is OTA 
followed by STC,C; or LIA followed by STC,C. 

The POPIO line generates an initialize to the FDS; thus the 
FDS is initialized when the PRESET (or EXTERNAL PRESET) push­
button is depressed. 

Following is a definition of the command and status bit assign­
ments for the FDS. 

C OIvlI\ffiNDS (true when set in A/B before OTA/B) 

BIT NAME FUNCTION 
15 RESET Initilizes FDSi positions to 

track zero. 

14 WRITE Select write operation 

13 READ Select read operation 

NOTE: If bits 13 and 14 are both 
zero upon receipt of STC, no read 
or write operation will be attempted; 
this allows selection of a unit for 
status testing. 

12 - - - Not used 

n; - 1 
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11 Specifies unit number (unit D 
and UNIT = ¢%, unit, E = $01, unit F = l¢, 
10 unit G = 11) 

09 
thru TRACK Specifies track number 
04 

03 
thru SECTOR Specifies sector number 
00 

STATUS (true when set in AlB after LIA/B) 

BIT 
15 

14 

13 

12 

11 

10 

09 
thru 
00 

NAME 
NOT READY 
(DRIVE) 

FORMATTER 
NOT BUSY 
(FORMATTER 

READY)' 

DATA 
ERROR 

WRITE 
PROTECT 

RATE 
ERROR 

TRACK 
ZERO 

, , 

FUNCTION 
The selected disk unit is not ready. 
The unit is not ready if the power 
is off, if no disk is installed, 
or if the disk is not up to speed. 

The FDS is not currently executing 
a read or write operation, nor is it 
seeking a new track. The FDS will 
ignore any commands given when this 
bit is not set. 

An error (parity error) was detected 
by the FDS when reading a sector of 
data. This bit is reset by a new 
read or write co~nand. 

The disk in the selected unit is 
write protected except when a read 
operation is in progress tRead and 
Formatter BUSY). 

A data request has not been serviced 
within the allowable sixty micro­
second window. 

The selected unit is positioned to' 
track zero and the formatter is not 
busy. 

not used. 
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INSTALLATION OF HARDWARE 

The Model 420 Floppy Disk System is interfaced to the Hewlett 
packard 21XX series computers via two identical interface cards 
(P/N 520-50052-02) and a "Y" cable which interconnects between 
the interface cards and the baseplane wiring in the FDS enclosure 
containing drives D and E. In the "standard" soft\vare configura­
tion, channel 10 is used for data and channel 14 is used for 
control/status. Installation of the hardware consists simply of 
plugging in the interface cards and installing the cable: 

1. Unpack the FDS from its shipping box. If shipping 
damage is noted, notify the carrier (see note in the 
shipping box). 

2. * * * * * * * * C AUT ION * * * * * * k 

* * * OPEN THE LOADING DOOR OF EACH DRIVE AND * 
* REl'-iOVE THE SHIPPING INSERT BEFORE POWER * 
* IS APPLlED o IF THIS PRECAUTION IS NOT * 
* TMZEN, DAMAGE· TO THE DRIVES ~ffiY RESULT! * 
* * * *-J:**i:***********-J:**** 

3. with the computer power off, install the 520-50052-02 
interface cards in slots 10 and 11. Install the cable 
connector labeled IIDJ2" onto the card in slot 10; install 
the cable connector labeled "CJ2" onto the card in slot 11. 

4. If a cassette system is to be used vIi th the "standard II 
FDOS software, install its interface card in slot 14 and 
cable it up to the cassette system. If a cassette system 
is not used, install a card in slot 14 to complete the 
interrupt chain. 

5. If the HP-supplied BUP'R'D TTY REG (teletype interface 
card) is to be used, install it in slot 12; connect the TTY 
cable to the card. If it is not used, install a card in 
slot 12 to complete the interrupt chain. 

6. If the photoreader is to be supported under the "standard ll 

FDOS software, install its interface card in slot 13 and 
cable it up. If it is not used, install a card in slot 13 to 
complete the interrupt chain. 
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7. Apply power to the computer, TTY, and FDS. 

8. Place blank disks into the drives and Bootload the Disk 
Exerciser tape supplied. Configure, define the parameters, and 
start the Exerciser per the instructions in Appendix F. The 
Exerciser should produce a regular incrementing pattern in the 
Switch Register lights as it writes, reads, and compares; bits 
11 through ¢¢ indicate the· last disk address that was accessed 
(see the INTERFACE DESCRIPTION Appendix of this manual). Setting 
bit 15 of the Switch Register causes an error su~~ary to be 
printed on the console device. 

9. After the hardware has run successfully for a while, install 
the sof-'cware. 
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o 0 4 1. ~ or HE 0 P L H. 1\ T () n ~J HIe h F' A P A ~~; E T E. 1< ISS L U b H 1 • 
u()42* HLT 72[\: . Ef,:TE.H Chr\~.\NLL OF CO"JSOLE OUTPlJT DEVICE. ~ET 
UOL+3+ BIT l~i IF IiJTERFACED ThRU r~ DICCHA 344 r;FCK ZERO. 
a 0 it 4 .. ( !'oJ 0 1 [: T 0 USE. S 0 r·; L (] T ~J L H 0 U T P l.J ToE V IcE. sET T H [ J\ [) C H E S S 
11 0 L~ 5 * () F T t-l £. S I G 0 F< I V [ R I r~ 1. 0 28 
0046-t-
00 't 7 * 
U 0 4- ~~.t 

00491 
0050~ 
OO!)l~ 

005?Jf 
0053*· 
OO:SLt'>f 
005:):f. 
0056:;; 
OO~)7* 
005[~.-.;t; 

OQ:;9* 
OObO:t; 
OOSl :f; 
0062-*' 
(j 06 :-s*­
OO[)'.f* 
OOG5~· 
006()* 
0067* 
0068* 
0069* 
0070* 
0071* 
0072'1: 
0073* 
0074* 
0075* 
0076* 

HLT 73n: rr'JTER [) 1 Sl\ GATI\ CHAf'jr\~EL • 

HLT 711[3: ENTEP [; I Sl~ C C' [\1 T ~~ a L CHAr\jr'iEL. 

HLT 75B: [r'Jl Eh C Of,,:PUTf:, R TYPE (FOr< Tlj·1ING) 
OU 210GA 

148 ?ll LtA , 2115 
l6b ;::116 

H L T 7 t) G : [ f\j 1 E H DR I V [ S TOT EST / 8 P E H j .. ~ fd\l E NT 0 P T r 0 r\1 S 
BIT lH,IVE 
(I 0 
1 E 
2 F 
3 G 
S [. T B I 1 1. 5 T C SUP PRE SST EST IfIJ G 0 FIN T E r F LJ P T 
SeT t3 I T 14 TOR E r·~ A 1 hJ I f'v Lv HIT E PO H T I 0 tJ r. t=' eye L [ 
SET BIT 13 TO HEMAIN If\i RE/\D PORTION GF CYCll: 
sET BIT 12 TO REMAIN IN INTERRUPT PORTION OF CYCLE. 
SET 8 I T 11 TOR UN T H HUT HE V A RIO usc n r.;. r~ I r\1 A T I 0 ~,.! S 0 F 
H £1.\ 0 FLO P PIt J G g R A fJ 0 0 fill ADO R [ S S I fJ G AUT 0 M J\ TIC 1\ L L Y • 
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(SEE NEXT PAGE) AND RUN. 

{(\J 0 T C: TOR t S T 1\ R T v.: I THO UTe H A j'.J G I ('\I G PAR f-\ ~!i [ T E R S, S T A r~ TAT :? 0 0 0 B • 
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:+: »: * tJ. E .: EVE H Y SEC TO H 0 F T h [ S C HAT C HOI S I~ S tv ILL n E l.J HIT T [ NON 
DON u T L E t\ V EGO 0 0 0 I S K SIN THE 0 R I V E S • 
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007'3>1 
OOuO>t: 
OO~l* 
OOn?* 
00b3* 
o 0 Hl~ .. 
OOu~pv 

OOef)~ 

OOR7;,\, 

o 0 tH~* 
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BITS 3-0: SElTUR 
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SET, A PS[ LJ[~O- r~ A r'JD o fill J.dJOk ESS 1 f\JG SC HE r.:: [ IS USE.n; 
o T H l fH\' 1. S l THE. PH 0 G RAj" PH 0 C [ E 0 SSE Q U [N T J ALL Y T H R U 
EVEr~ sE.crOFS. TH£t·~ THf,U ODD. 

BiT l:j: FLO P Vii HIT J r~ b • 
T I·ll S E 1 TIS T EST lOB E FOR E. E {1 C H ~: R I TEO pER 1\ T ION 
r FIT ISS E T, T Ii £.. P J\ 0 G P A 1\1 D [ L J\ Y S L 0 fJ G E r\i 0 UGH T 0 
CAUSE THE DISK REAO/WRITE HEAD TO BE R[TRACTEO. 

BIT 12: FLOP PLI\(JING. 0'­

THIS 01T IS TESTED BEFORE EACH R[~D OPERATION. 
1 F J T 1 S S [ T, j HE P r< 0 G P A ('.1 0 [ LAY S L 0 i'j G EN 0 UGH lO 
C A USE THE DIS K REA D / ~J HIT E He A D T () BE F: C T H (I, C T [ fJ " 

( h! 0 T E: THE: D [ L /.\ Y USE. 0 I NFL C P H [ A 0 I ,'.J G 0 H vJ R I T I r'J G J SUS E [) 
BY THE 11~ING SET UP AT HLT 758 OF THE PARA~[TEP 
~ E T l' 1 f\J G P I~ 0 C [ S S A IJ D BY 1 HE r,J U i\';\3 E R 0 F K E V (/ L UTI 0 t'J S 
( THE C 0 ("] S T 1\ N TIN r\j k E V) THE H A R D ~>J APE I S [ X FEe or E [) 
T 0 V~ 1\ I T E5 E FOP. E HE A 0 H [ T HAC T I a r'J • 
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011f,lt THE 
0117:+ 
011L'+ 
011 g,,: 
0120* 
01;:1'1/' 
o 1 ;~?* 
O123:t 
0124* 
0125* 
012h'~ 

0127* 
012P,* 
o 129:.t·-
013 CPt 

0131"/· 
O132 x 
0133* 
013L~4" 

O135~ 

01;36*, 
0137:~ 

013.~3* 
013':.1 4: 

01 it 0 * 
01Lt1::}; 
0142* 
0143* 
o 1 tt4~ 
o lit 5* 
0146* 
01Q7:t 
014f~':>f 

OlLt '3* 
0150:t 
0151* 
0152* 
015:'* 
O15L~* 

01~5* 
015(")* 
0157* 
o 15c~* 

[ X l f ~ CIS 1:. eYe L E PI, (j C [ [' [' S 1\ S F [) L L 0 vJ S : 
1. i~ w H I 1 r f.J (j P 1-1 S SIS r< 1\ U (, 1 r J Vw HIe H E I T Ii E r~ R 1\ r'J 0 0 fJl 

LJ P S [ (,J l.! [ rId I II L A lH .. F: [ S S I r·J b I SUS EDT 0 ~ HIT E 1\ L L THE 
SLCTOHS ("f\I~DCir/ (vlor'E.) OH I\LL THE E\I[I'J Ol~ ClOD SF.C10HS 
( S E (~U L f'" T l/~ L jJj (J L [.) (I F E A C H 0 F TilE 0 r, I v E S B [ I h. G [X [ Ret SF Do 

1 HE F- i\ T 'I I:. r\l'J v: FIT T [ r\! 1 NT a J\ SEC TOP I S COM P 0 S [ 0 Ci F 
1 b COP 1 [ S 0 F T ~ . E F U L L 0 ~ 1 f'J [j 8 h 0 H [) S : 

V.i 0 H U 1: 12 ~ ;: 5 2 a { c c r J 1 E i\l T S 0 F E X F P T ) 
~\J C f\ D 2: DIS 1\ J\ e Ii I H~ S S (1\ S I hi S vJ I T C H H E GIS T [ R 0 I S P LAY ) 
~'1 (j H [; 3: HI G ~, 0 P D E H \oJ 0 i< D 0 F 00 U 8 L [ P R [C I S I 0 f'J P 1\ S S CO UN T 0 

~J 0 K D q.: L 0 0 I'~ C; E H h 0 H 0 0 F P i\ sse G U fl! T II 
WORD 5: COM~Ll~ENT OF ~ORO 1 
vlCR[) 
~'JOH 0 
~·JOF.D 

6: 
7: 
B: 

C 0 [i/. ~J L ~ ft. E. N T 
cor··'. F L c: rv I: I J T 
COr-'ll· LEFt: f,JT 

OF t·~Qnc 2 
OF v.JCPD 3 
OF l';ORD Lf 

2. /\ HE{\[;II\lG PASS IS r,i!AOE. Ir,] l'JHICH THE" BLOCKS l'JPITTEN 
uUPI(\lb TilE v.:RITIhG PASS fd<E H[I\O AND THElri r.or'iTEtJTS cnr,';p.l\RE 
~JITH THL DATA ~~UFPOS[D TO l-if\V£ 8EE~.j L'JF{ITTCN., {\ COfuiP!"if<F 
E H f~ 0 I~ F' P I I~ TO U TOe CUI< H S 1FT H ['t A R [ /1] 0 TID E NT I C {\ L • 

3. l\ TEST OF ThE Ir-lTEHHUPT uP[HATION IS PERFORr·1([Jo THE TEST 
S E.. (,)t.! [: f'J C E PRO eEL 0 S f.. S F 0 L L a kS : 

A CI S T C ,c 0 r'~ D J\ T h i~ CON THO L C HAN N E L S G T H t: ~J C Leo {U\j D S TF 
o r\! nIx T A 8: cO f.J T I~ 0 L C H l\t,j j\J E L S. ANI fJ T E R H U P T 0 r'J E I THE R 
PRODUCES AIIJ r:nnOH MESS/\GE. 

B. S T F. P {~ ISH EP E 1\ T [D L~ I T Ii C Leo N D A T A AND CO r\J T F: 0 L 
CHANf,Jt:"LS P[PLAC II'J(7 CLC 0 e 

C. THE N S T C g S l F (\ REP [. R FOR fl:; E DON THE 0 A T t, A r'.j D CO f\l T R 0 L 
C H A r~ l'J L L S 0 F 1\ I L U h: £. 0 F E 1 THE R TO I I·J TEl< R UP TeA USE S 1\ f'.I 
ERPOH TO BE. Ff{I['JTEOo 

D. A C Leo I s P E F~ r 0 H [VI £ 0 0) T ri E riJ ARE !\ [) 0 F T R " C K Z E R 0, ~ E C TOR 
ZERO OF THE Flr';;ST DISK UNLEt{ TEST IS INITII\TEO RY tv':EANS 
UF (\N sTet C OI'J THE CUNTHGL CH.AI\jf·JEL 0 ~-JITHOliT TH£ STC 
ON ThE LATA CI'iA~JNEL, Nu Fl.J\G INTERr<UPTS SHOULD OCCUR. 
THE pr~ OGR A lv', hl\ I '1' S O~JE SEC or~D, THE N CHEe ~~ S TO Sf [ THA T 
THfF E Lv 1\ S J\ C OI'JTf-<OL 1 ~JTERHUPT. r'jO FL A G I f\j T E F< P UPT S II {\f~D 

T Ii A T h A ·r [ [R R CH\ S T .il. T U S ~'J ASS E T (j 
E. STEP ~ IS REPEATED WITH INTERRUPTS ENABLED BY STC.C 

ON ThE CA T 1\ C H{\f\jNEL. THE PHOGH A r-j vJA ITS ONE SEC OND. THE N 
CHfChS THt\ T THERE ~jEH[ 12a FLAG I NTERHUPT S ~ A CCH\!T n OL 
INTEHf\UPT ANu ~H.J ERROH STATUS. 
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P 1\ (j [ n [) 0 ., ti (J 1 F Des L >< E H C J S [H I II,) S T PUC T ION S 

L U f, I 1'1 G 1 H [ 0 F F I{" 1'1 en! 0 r T H [ [ X E. ReI S [H, C [ H TAl NCO LJ NT S 
rd-( L rJj 1\ 11'J T {\ IN rD. [) U R J Id3 A (\j [f{ HUH SUM ~!! 1\ H Y THE Y J\ REP R IN TED 

1.. P r, S S IJ l! f" l, [H. T 1 : I SIS THE f\J U f"lj3 [ H 0 F TIt,,, £: S T H [ r x [ ReI S E 
CYCL.E Hf\S 5E[fJ STAPTED. 

2. I ~ U r·r: r .. : [ f~ S 0 F S [" C 1 0 H S h HIT TEN AND HE AD. 

3. fJUfJ;PEF,S OF hf~Il[ FLAGS Af'JC f~E/\D FLI\GS rJ1ISS[O. THESE 
L H fH) H SOC C U h L·} H 1:. f,J id\J E X P [' C T f_ 0 f~ E A 0 a R ~', H I 1 E D 1\ T A 

01bOlt' 
Olbl*, 
016?'" 
01G?>~ 

OlbQ* 
U165:1.: 
01bt,:-r 
01b7* 
016n>i-
0169* 
U17fllt, 

f L I~ C:J D [) E S r'J 0 T /\ P f· E A ~; AFT L R /\ SUI T {.\ B L E ~4 A IT. (r L. A G S S H (1 U L D 

017'-* 
0172~ 

0173* 
0174:+: 
0175-* 
0176* 
Ol77:t 
0178* 
o 1-/9:~ 
Ole o~~ 
0181* 
01e2~t 

01(33* 
Olt)ll* 
I) 1 U ~i* 
Ole6* 
0187)( 
OlBn* 
o lu().;; 

G190·f<: 
0191* 
0192* 
0193* 
01~q* 
0195:>i< 
Ol96~ 

0197~~ 

o 19~3* 
0199* 

C or-;[ EVE I-: '( f. 0 IV' Ie 1\ OSEe ONDS • ) THE SE A H L r~OT H [peR TED 

UNLESS T~I[ hUrv'LLk 15 "ION-ZEHO. 

'+ 0 I ~ U ~,r.t::', [ f< S () F S 0 F T A f'J [l H A 1\ [) F E. A 0 [ r<r~ 0 r\ S. A N E PRO n 1 S 
111\ H U I FIT . PEP SIS T S T H RUT H HE [ T R 1 [ S. 0 l' HER \.<J I ~ [ ITt S 
SUF T. THL SE I\R L f\JO T HEPORTE 0 LJr,JLE SS THE Nur.l!8l n IS 
i\JUN-ZEH'C. 

5 • j~ U r,;~ D E R 0 F C 0 ~r; P /\ R E. E H R. (j F\ S • THE S E f\ I< E NOT F~ E P 0 R T E f) UN L [ ~ s 
THE NUMGlR IS NON-lfRO o 

THE A 8 0 V E [ rH~ 0 I~ SUM rei J.\, H Y 1 S Pit I rJ T E [1 I N RES P 0 NSF 
lOT H E. S [ TTl rJ(~ 0 FBI T 1 5 0 H f\ S T H [ FIR S T P rd~ T 0 F THE 
f" h I 1\1 T 0 U T F 0 L L 0 \.-,: IN (j A C U f"~ P 1\ R E E H R 0 R (S E E E3 E L 0 v-J ) C! 

h; H [ !'J [ V E n ACe r!J' /-' REF R H (J HOC C U ~ S 1\ {Ill E S SAG ESP Eel FYI f'H': 
l H [ LIS 1<, T n f~ C 1< A f'dJ S [ C Tor; (T H E L J\ T T E H T vJ 0 I N 0 C T r~ L) I S 
r)f{ U'.ITEu, FOLL OkELJ 8 Y AN EkHor~ SU ~'H"~ARY • THEN THE 
b f\ SIC (j ~'1 0 H D S 0 F THE S leT 0 r~ F' 1\ 1 T [ H N 1\ 1< [ PH r NT EDt F 0 L L 0 l~ E [) 
B Y THE 1\ C T U (\ L 128 \'JCH\ 1) SIN THE fn:~ A 0 8 U r F [R • 

I\]OT l::S : 
1. IFF F \'J [ H 1 H 1\ IJ 1 2 8 vi 0 k 0 S f~ H E P I~ I. r'j TED, r~ L L 0 F THE 

H F Fi 1\ I ~; 1 !'J G W 0 H 0 S 1\ R £ I [; E NT I CAL TOT H E LAS T 0 t"l E 
pr~ 1 NTE'O. 

2. BLFORE kEI\[)JI\)G. THE. HEAD BUFFER IS FILLED l-JITH 
A BI\CKGKOUNDO~ 1463148 (THE CONTENTS OF CLPPTl o 

ITS I\PP[Ai~ l\r~L r:: I (\J THE PH 1 NTOU T ~'JOuLD I (\JD I C A TE 
F£vJ[R. THAN 128 \dOHDS RE AD e 

0200*T~~L PSEUDO-RANDOM AODRlSSING SCHE~E WURKS ACCORDING TO THE 
o 2 0 1 *" F Q L L 0 ~'j I f\j G t\ L G () HIT ~ 'j 1-; : 
o 2 0 2 * H T ThE S T 1\ H 1 eFT H r f - t\ S S. I 0 8 J () A r~ E S [ T J\ S F 0 L L 0 loJ S: . 
o 2 0 :~h( I 0 = 13 ITS 5 ... U 0 F l-' fl seT • J 0 = R ITS 4- - 1 0 F PAS CT. 
o 2 U L+ ;4' A L 0 CJ P I f0 D L X ~" HIe H R u f\j S FRO ~1 0 T () THE N LJ 11-1£3 E R jV; I r\l US] 0 F SEC T C R S 
o 2 0 5 * cot J T /\ I I-J E n a r\! THE [J I S l .. sur; LJ E. R T [ S TIS 1\ E PT. A V A RIA R L E "I r J U F X " 
o 2 0 6 ~ I S 1 7 'f I fill f S T H L L 0 0 P I f'J 0 [ X, r"IO 0 U LOT H E TOT A L N U rA R [ H 0 F S [ C T 0 H S • 
0207* 
020B*, {\ T I\,BLL OF 64 1 hACIt(S IN " k A 1\1 [J 0 jill" ORUER ( TI\T BL') AND A TABLE OF 16 
0209* SECT()f?S I ~! " R A j\J L; 0 /\''''' UFDEf{ (SeTBL) ARE 'KEPT. 
021n* T i{/\ (, t'\ :: T 1\ T b L ( 1 0 ) .• T ~\ T [: L ( 1 ) • ~·;HEkl I = 81T5 9-4 OF INDEX. 
0211. :t, SElTun = SCTlL(JO)+~CTHL(J), v.hERC J = BITS 3-0 OF INDlX. 
021(>* ur-'IVL ::: DF T[~ L ( 1\ ) l~ ~1lH [ K :: bIl~ 11-10 OF INDEx g [)HTr~L I~ {I. 

0213'!(': LIST OF Th[ DRIVES Ur'Jl)ER TEST. 
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INSTALLArrION OF SOE"rwARE 

The "standard ll FDOS software package is supplied with a fixed· 
configuration of I/O channel assignments and memory size (see 
Section V of this manual). The software package is supplied on 
the IImaster skeleton disk ll containing the following files: 

SYSyJ LIBE 
SYSI LIBF 
SYS2 CODSK 
SYS3 EDIT 
SYSM ASMBN 
SRCE CROS 
FSRC FORT 
LIBN FOR2N 

DUP 
DEBUG 
EXER 
ABCS 
DPCS 
D.36 
D.36X 
D.yJ~ 

D.35 
.IOC. 
RLOA 
SD36X 
ASMBE 
ASMBF 
FOR2E 

The SYS¢, SYSI, SYS2, SYS3, and SYSM files are discussed in 
Section Vi the EDIT, ASMBN, ASMBE, ASMBF, CROS, DEBUG, DUP, 
FORT, FOR2N, and FOR2E files are discussed in Section VIIi the 
LIBN, LIBE, LIBF,. ABCS, DPCS, D.36, D.36X, D.~¢, D.35, .IOC., 
RLOA, and SD36X files are discussed in Section VIlli EXER is 
·discussed in Appendix F. FSRC is the source of a FORTRAN pro­
gram to be used later in this sectioni CODSK will also be dis­
cussed later in this section. 

SRCE is the source of an assembly language demonstration.pro­
gram that flashes the Switch Register lights and rings the 
console device bell. Upon execution, the program will type 

COMlfUU{D? TYPE L, R, F, C, B t OR S 

the following responses are valid: 

L (left) - turn on the LSB light of the Switch Register 
and rotate it left for approximately 30 seconds. 

R (right) - turn on the MSB light of the Switch Register 
and rotate it right for approximately 30 seconds. 

F (flash) - flash the Switch Register lights for approxi­
mately 30 seconds. 

C (count) - do a binary count in the Switch Register for 
approximately 30 seconds. 

B (bells, lights, etc.) - turn on the Switch Register 
lights one at a time; when they are all on, print an up­
arrow' and ring the console device bell i turn off the lights 
one at a time: repeat this cycle five times. 
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S (system) - go to the core-resident System Loader and 
reload the operating system. 

The following narrative describes the installation of the 
·"standard" FDOS software package, and gives examples of opera­
tional procedures. Prior to installing the software, the user 
should study the preceeding sections of this manual. 

A. Install the FDS hardware and run the disk Exerciser 
(see the INSTALLATION OF HARDVIARE Appendix of this manual). 

B. Install the "master skeleton disk" supplied in disk drive 
D (the left-hand drive of the main FDS enclosure). 

C. Install the FDOS Bootloader into the protected area 
of memory~ (see Sections V.C and V.D of this manual). 

D. Execute the Bootloader at X77¢~B~ a Halt 77B indi­
cates a successful load of the System Loader. A Halt 
l2B or 14B indicates an error was made in loading: 
verify that the Bootloader was entered correctly and try 
again~ verify that the hardware is working· correctly 
by running the disk Exerciser. 

E. Execute the System Loader, thus loading the remainder 
of the operating system (see Section V.E); this is accom­
plished by merely pressing RUN. Note that the Switch 
Register displays the last disk command and address trans­
mitted to the FDS~ refer to the INTERFACE DESCRIPTION 
Appendix of this manual. 

F. When the console device bell rings and an "*" is 
printed, FDOS is "on-the-air"; control of the computer 
and associated peripherals is under typed co~mands (refer 
to Section VI of this manual). 

At this point, one should make a copy of the IImaster skeleton 
disk II and file the "master skeleton disk ll away for back-up 
purposes. This can be accomplished (on a two-drive system) as 
follows: 

A. Install a disk (to become the "master working disk" in 
drive E. 

B. A disk that is used for the first time in FDOS must 
be formatted, since its sectors are not set up for use 
by FDOS (see Format Disk command in Section VI)~ formatting 
this disk can be accomplished by typing IIFD Ell. It takes 
approximately thirty seconds to format a disk. 
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C. Now copy (and verify) the "master skeleton disk ll by 
typing 

RU DUP 

It takes approximately forty-five seconds to copy and 
verify the entire disk (131K words) using DUP: see 
Section VII.F for a description of the Disk utility 
Package. 

D. Remove the "master skeleton disk" from drive D and 
put it away; take the disk from drive E and install it 
in drive D. Use the ZS command to clear the buffers. 

The above exercise demonstrates calling a program f"rom "disk by its 
name. Remember that all of memory (except the Bootloader and Sys­
tem Loader areas, X7534B through X777B) can be used by the called 
program, since FDOS is a "disk-resident" operating system. 

Now we are going to assemble the SRCE file. Place a virgin disk 
in drive E and format it. 

The FDOS processors (ASMB, EDIT, etc.) use the units referred to 
in the base page pointers (l~lB thru l¢4B) for all input and 
outputi these are analogous -to DI, PL, DP, and PK (see Sections 
IV.C.2a, II.D, and II.E)e In order for the Assembler to process 
SRCE, the I/O units must be prepared prior to calling it. Basic­
ally, this is done by temporarily assigning the input unit (DI), 
and "opening" files on the output unit (DP) and high-speed list unit 
(HL). One might think of this as mounting the paper tape of SRCE 
in the photoreader, loading the high-speed punch with tape (to 
accept the binary output), and loading the line printer with paper 
(to print the listing). Since SRCE is already Queued as the first 
file on Dl, this I/O unit prepration can be accomplished with the 
following commands (weIll use the names DBIN and LIST for the 
binary and listing, respectively, of the demo program): 

AS DI,Dl 
QU DP,DBINiRF E,DBIN,2 
QU HL,LISTiRF E,LIST,4l 

Files are reseved (RF command) for DBIN and LIST, since the assembly 
will go much faster if these files already "exist" on the disk; this 
is because the driver does not have to go back to the Free Storage 
List (on track zero of the disk) each time a sector is written out. 
Now call the Assembler by typing 

RU ASMBN, ,K 
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The EAU version (ASMBE) or Floating Point version (ASMBF) of the 
Assembler could have been used, but SRCE does not use these main­
frame options. In the above call, we have directed the Assembler 
to take i·ts Control Statement from PK. Thus, when it is loaded 
it will type 

TYPE ASMB CONTROL STATMENT: 

To direct the Assembler to generate a binary file on DP and a 
listing and symbol table on HL, then automatically load the 
Cross-Reference Table Generator and generate a cross-reference 
table on HL, type 

ASMB,A,B,L,T,C· 

A two pass assembly is done automatically on SRCE, genera-ting 
the binary and listing on disk; this is possible since the 
computer has complete control of the I/O media and can re­
position to the beginning of SRCE (no operator intervention 
is required as with paper tape). 

The absolute binary output of the assembler will be written in 
DBIN, and the listing, synibol table and cross-reference table 
will be written in LIST. When the assembly and cross-reference 
operation is completed, control is retuned to the user at the 
console device keyboard (CK) via a transfer to X754¢B (see 
Section VoE). 

Note that this entire operation can be accomplished in approxi­
mately eighty seconds (by a good typist). To illustrate how 
FDOS increases the productivity of the computer system, consider 
the following: 

*On a computer system with only a teleprinter (ten 
character per second I/O), it would t"ake approximately 
thirty-two minutes just to get a binary paper tape (no 
listing or cross-reference).' 

*On a computer sys·tem with high-speed paper tape I/O, 
it would take approximately five minutes just to get 
the binary paper tapeo 

*FDOS is thus twenty-four times as productive as the 
system with just a teleprinter, and 3.75 times as 
productive as the high-speed paper tape system. 

*To actually print the listing, symbole table, and 
cross-reference table on a teleprinter, it would add 
approximately 18.5 minutes on all three systems (a line 
printer would be nice). However, on FDOS we have all 
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this on disk, and can print it later (at night?) when there 
is less demand on the computer. Also, once initiated, the 
operation on FDOS docs not require operator presence. A note 
of caution, however; listings (by nature) require a great 
deal of storage, and may clutter up the disk. One might 
direct them to cassette or high-speed paper tape. Then (with 
either media) they could be dumped to a Teletype or line printer 
at an off-line print station; this would further decrease the 
demand on the computer. 

To execute the program we just assembled, type 

RD E,DBIN 

To reload and re-turn to the Executive type an "S". 

NO""'l we are going to compile the FSRC file using the FORTRAN 
Compiler. First, prepare the I/O units (DI is still assigned to 
DI, since the return from DBIN was to X7540B, not X7544B 
see Section V.E) by typing 

QU DP,RBIN;RF E,REIN,2 
QU HL,FLIST 
QU SC,TEMP;RF E,TEMP,I¢ 

We won't reserve a file for FLIST, since only one sector (an 
EOF) will be written on HL (see P3 parameter description of the 
FORTRAl~ Compiler description, Section VlIoE). REIN will be the 
relocatable binary from pass two, FLIST will be the listing, and 
TEMP will be the intermediate file. Now call the Non-EAU version 
of FORTRAN by typing 

RU FORT",2 

Note that the compiler was directed to take the control statement 
from FSRC, and to compile the second file on DI. Pass one is made 
on FSRC, with the intermediate file \vritten in TEMP. FOR2N (pass 
two) is loaded autmoatically, the intermediate file is processed, 
and the relocatable binary is written in the REIN file. Upon 
completion, the Executive is reloaded via a -transfer to the System 
Loader. 

Now to process RBIN with the configured BCS system (ABCS, Absolute 
Basic Control System file); first, prepare the I/O units by typing 

RS;QU El,RBIN 
QU E2,ABIN,ELIST;RF E,ABIN,45;RF E,ELIST,4 
QU E3,BLISTiRF E,BLIST,5 
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Note that disk logical units are refered to here, rather than 
functional units (DI, DP, and HL), since we want to insure that 
we use the proper Unit-Reference numbers (see Section VIII.D). 
ABIN will be the absolu"te binary file generated by ABCS, ELIST 
will be the entry point list, and BLIST will be the bounds list. 
Call ABCS by typing 

RU ABCS 

When the "*OPT" message is printed, "type "PL" to direct ABCS 
to write the absolute binary file (ABIN) followed by an entry point 
list (ELIST) on the system Output unit (E2); when the "*LOAD" 
message is printed, type "NL" to cause ABCS to load from the re­
locatable library (LIBN) and list the bounds (BLIST) to the 
system list unit (E3); when the "*LST" message is printed, type 
any character except "LII (see Section VIII.D for a description 
of ABCS operation). Upon completion, the Executive is reloaded 
via a transfer to the System Loader. If an entry point or 
bounds list is desired, these can be obtained from E2 or E3 
wi"th the List command. 

Now execute -the prog-ram by typing 

RD E,ABIN 

The program will be loaded and executed, and will request you 
to type the input data. After it has done the computation it 
will print the result, print another message, and reload the 
Executive via a transfer to the System Loader. 

It should be noted here that FDOS made several transitions 
between the SIO and BCS environments in this compilation, 
relocation, subrouting loading, and execution process: 

*After doing the compilation (FORT) in the SIO 
environment, the :aCS environment was entered when 
ABCS was called; upon completion, the Executive 
was reloaded (back to SIO). 

*When the program was executed (RD E,ABIN) the 
BCS environment was again entered; upon completion, 
the Executive was reloaded '(back to SIO). 

At this point the user should be reasonably familiar with the 
various aspects of FDOS. If a hardware configuration different 
from the IIstandard ll as defined in Section V.A is desired, the 
following procedure can be used to build a IImaster working 
disk ll (if the "standard" hardware configuration is acceptable 
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skip to the end of this section and delete files as is appropriate). 
Basically, the procedure consists of using the System Generator 
to configure and write new "system" files (SYSl, SYS2, SYS3, and 
SYSM) , re-defining ·the teleprinter channel for DEBUG, building 
a new ABCS, and deleting un-necessary files from the disk. 

PROCEDURE FOR BUILDING A "MASTER WORKING DISK" 

* * * * * * * * * * * * * * * * * * * * * * * * * * 
* NOTE: DO NOT REMOVE THE WRITE-PROTECT TAB FROM * 
* THE "MASTER SKELETON DISK" SHIPPED FROM THE aJ..' 

* FACTORY! * 
* * * * * * * * * * * * * * * * * * * * * * * * * * \ 

1. Install the "mas·ter skeleton disk" in drive D (the left-hand 
drive of the main FDS enclosure). 

2. Enter the Keyed-In Loader per Section V.C. 

3. Load and configure the FDOS Bootloader per Section V.D. 

4. Bootload the "skeleton" file (SYS$O) using the X77~lB entry of 
the Bootloader with the Switch Register set to 14B (see Section 
V.D.2). 

5. Remove the IImaster skeleton disk" from drive D, and install 
a virgin disk in its place.· 

6. Halt the computer, turn off all power, configure the inter­
face cards as desired, and ·turn all power back on. 

7. Execute the System Generator at location 2B. 

8. Proceed with the System Generation, starting at Section V.F.3; 
reply "YES" to the "FORJvlAT?" question in step 21. 

9. Install the IImaster skeleton disk ll in drive E. 

10. Use the CODSK Batch file to copy all files (except SYSl, SYS2, 
SYS3, and SYSH) from drive E ·to drive Dj this is accomplished by 
typing 

AS BC,E2jBA CODSK 

Note that CODSK can only be used in conjunction with the "master 
skeleton disk" (or a copy of it), since it assumes certain 
named files are on the disk in drive E. Upon entering the Batch 
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mode, CODSK types 

*** ****BEGINING OF CODSK BATCH OPERATION 
*AS BM,13K 

thus a.ssigning the Batch Message unit to the Bit Bucket. Upon 
completion, CODSK exits the Batch mode (BX), clears the bufters 
(ZS), restores the original SIO configuration (RS), and types 

o •• 

*** **o}:*END OF CODSK BATCH OPERATION 
*** ****REFER TO APPENDIX G, STEP l~. 

A listing of CODSK is shown at the end of this appendix. 

ll~ Remove the "master skeleton disk" from drive E, put it in 
its envelope, and store it per the directions on the envelope. 

12. If the console device (teleprinter) is not on channel 12B, 
re-define its channel for DEBUG per Section VII.D.2. 

13. Since the hardware has been re-configured, a ne\\7 ABCS file 
must be built. This can be accomplished on the disk in drive D. 
First, ·the files that will not be used on the "working disk" 
(sucll: as CODSK, SRCE I FSRC I LIBE, LIEF, SD36X, AS!,i1BE, ASI,1BF I and 
FOR2E in a Non-EAU computer) must be deleted, since there is 
room for only thirty-one names in a disk directory. This is 
accomplished via the Delete command. Obtain a Disk Directory, 
and start deleting files from the bottom of the directory as 
appropriate. 

14. At ·this point, . the user ~hould copy any additional Bes modules 
(drivers) that are to be used during DPCS on.to. drive D: Queue 
each module to a logical unit of D, and then use the Copy cOlnmand 
to transfer them to disk. 

15. Next, Queue the appropriate BCS modules to Dli D.36 and D.36X 
shoul~ be the first two (if they are to be included), and RLOA 
should be the last one queued. 

16. Now Queue ABCS, assign the I/O units, and call DPCS by typing 

QU D2,ABCSiAS DI,DliAS DP,D2iRU DPCS 

The ne\\7 ABCS will replace the "standard ll onei refer to Section 
VIII.A for details of the Disk Prepare Control System. 

17. Since we are now (theoretically) done with the BCS modules, 
delete them from the disk. 
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18. Queue the library unit defined during DPCS (the standard is 
D4) with the appropriate library of relocatable subroutines 
(LIBN, LIBE, LIBF, or LIBX). 

19. Install a virgin disk in drive E, format it, and copy the 
disk you just built (use DUP to do this). 

20. Take one of the disks, write-protect it, label it "master 
configured disk", put it in its envelope, and store it in a 
secure place per the directions on the envelope. Thus, when 
the "working disk" gets misplaced, etc., a copy can easily be 
made. 

21. Repeat Steps 1 thru 4 to configure the Bootloader for the new 
channel assignments. 

If all the above operations work' as indicated here, the FDOS may 
be placed into routine operation. 

CODSK Batch File Listing 

L IRe , P 1\ , • 1 2; *' * T HIS iJ U N f3 E R r~ US 1 E Q U t\ Leo r.:; f'JI E N T L I f-J [ S 
:t; * B l\ 1 C H F I LET 0 ( C J:J Y 1\ L L DIS If: F I L E S F H 0 fJ; 
** ~ASTER SYSTEM UIS~ TO NE~ SYSTE~ DISK 
,.. "it P fHj G n A rf: M [f-?: D • 1<" L A V E R r\~ E 
*~ CuDI~G BlGUN: RAY" 31. 1974 
* * PH en U C TID: 5 (I 2 f) HE \j CI f3 

** ** EDIT HISTOI,y 
** 31 VAY 7l+ CREATE: THE FIL.E 
** 14 JLN 7~ RE-ARPANGE EACH LINE 
* * 2 6 A U (.; 7 It J\ 0 0 I r,~ I T 1 A L C' U E U [ 0 F 0 I S 1\ L U DoS 
** Ol~ eeT 7'+ /\DC I~SS 1. Gf'Jfl·ft!T OF 01 .& UP 

** AS DI,El;AS DP.Dl 
SE;T~ DI,SYSO~TQ OP,SYSO 
SE;RF np.SYSQ,61;CO ,.,BA;TG Dl,SYSO;TQ DP.SYSO:VE .,.BA 
TQ'DI,ShCE;TO OP.SHC[ 
RF np,S~C[,18;CO ",A;TQ DI.SRCE;TQ DP,SRCE;VE ",A 
T \"J 0 I • F S f \ C ; T (~ up, F.S F, C 
RF or.Fsnc.4;CQ t"A;TQ DI,FSRC;TQ DP,FSRC;VE ,.tA 
TO OI,LIRN;lQ OP,LI8N 
HF DP,Llbf'J,i..l!l,CO ,.,t~;"Q [)I,I.IBN;Tt;) O~;,LIBN;\iE ",8 
TQ nl.lIOE;T~ CP,LIPE 
HF DP,LIUE.BO;CO ".P;TQ DI,LIBE;TQ DP,l.IB[;VE ",8 
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TO nJ ,I. rr..;F;TO DP,LIBF 
H F n F t L 1 U r- • -, () ; CO, , , P ; T (J D I • L 1[3 F ; T Q D P t L I 0 F ; V E '" l3 
r Q n I ~ C () D S K ; T (~ D F ~ C 0 [) S I~ 
H F f) P • r u r J S ~< , 1. U ; CO, • , II ; T (,:: [i I • C n. D S ~\ ; T Q. D P • CUD S ~\ ; V r. '" f\ 
T Gl D 1. • F. LI IT; T (; L P , l [) I T 
RF Or,FLIT,]O;CO ",LA;TQ ~l,[UrT;TQ DP.EDIT;VE .,,8A 
T (.) D T , /\ S iii' FH I ; T J n F' , 1\ f; (v' l; I-1 
RF ["'.{lSrfnf'.J,:-);~;CO ",El\;l{,) LiI,Asr~~8N;Tbl oP,p.S~I'BN;VE ",nt, 
r (~ r:d t C f~ () S ; or I) [J P , L f< () S 
H F n p • C h Ci S , 9 ; (. D ,.., l3 J\ • 1 Q 0 I • C H 0 S ; T Q . [) P • C f~ 0 S ; V E ,.. B r~ 
TQ nl.F()PT ;TO DP,FUHT 
HF (JP,FOFT~~)3;CO .~,Df'.'T0 Dl.FOHT;T(~ Df--.FOhT;VE ",BA 
T Q r Jl • F (j t< ;! r <j ; T Ci 0 F' f F (! F 2 r \I 
R F D P t F L lJ..-2 r'.; , 1. b ; co, , , E, A ; T (~ D I • F 0 I( 2 r~ ; T (,) n P , f: 0 R 2 f\J ; V E '" 8 1\ 
T (~ D 1 , [I lJ P ; T (,J uP, [J U P 
HF LP,DUP.l!;CC ",E/~;T("; [)I,CUP;TrJ DP,[IUP;VE ",8A 
T r~ D I ,II t f'~ U G ; T·J 0 P , D F' F U (, 
HF OP,CE.8LJG,5;CO ",f.)t~;TG [)1,U[BUG;TQ rJP,DEBUG;\iE ,.,SA 
T (~ n I , [ }. [: R ; T GOP , [: x [ R 
RF Df).~YLk,20;CO ",HA;TC OI,EXER;TQ DP,EXER;VE ."B~ 
TQ DI.AGCS;TG GP~AECS 
f{ F [) f~' t {i f ~ C S , 6 2 ; co, , , P /\ ; 1 G r; 1 , ARC S ; T (J C P , 1\ 8 C S ; V E ••• 8/\ 
TQ DT,CPCS;T(~ !)P,DFCS 
R F r' p , D pes 9 1 q ; co,. , , B {! ; T C.;J D I , D pes ; T (~,.i D P , [) pes ; V E ,.. U A 
T (~ [) 1 \ C' " :3 6 , T c·~ D P , [) II 36 
HF Op,f\ .. 36,le·;co ",[3,TO OJ ,O.3("l;TG~ DP,O.36;VE •• ,8 
TQ OJtD~3fX;T~ DP,D~36~ 
HF [;f>,[;.:3GX~1;CO ".,L;l(~ DI.De36X.TCJ [;P,D.36X;VE ",8 
TO DI,D.IJO;TQ [lP,O.OO 
RF DFtD.OO,6;CO ,.,B;TG UI,G.OO;TQ DP,D.OO;VE ••• 8 
TC~ 01,f'.35;TO DP,D.?j5 
g F D P , L1 • 3 5 , 7 ; C (/. ,. , B ; T (,! L I II l.i fI 3 5 ; T Q D P , 0 • 3 5 ; V E '" B 
TQ ~I.~18C.;TQ OP •• IOC. 
HF DP,~lCC.'13;CO ",B.TO O'r •• IOC.'TQ OP,.IOC.;VE ••• £1 
TQ Or,GLOA;TQ DP.RLOA 
f( F r. p ~ R L 0 r~ It ~? 1· ; COt , ,8 ; T Q 0 I ~ R L 0 /\ ; T Q 0 P , f\ L 0 /\ ; V E '" F3 
TQ Dr.S036X;TG DP,SD3bA 
HF DP.SL36X,Q;CO '1t.A;T(~ DI,SD36}:;TQ DP,SDZ,6X:VE ",A 
Ta DI,AS~eE;T~ GP,AS~B[ 
RF DPt~SM~E,32;CO ,.,bA;TQ DltAS~8E;TQ OP,ASMBE;V£ .,.8A 
TO Dl,AS~8F;TG DP,AS~CF 
RF DP9fS~8F,32;rO ",bA;TQ DI,ASMBF;TQ OP,ASM8F;VE ",SA 
TO fJI,rOR2[;TQ DF,FOR2E 
KF Or,rOF2E,lo;CO , •• GA;TQ Dl.rOR2E;TQ UP,FOR2E;VE ",SA 
QU Dl,SRCE,FS~C.SD36X;~U D2,CUOSK 
QU03 • n • 36 t LJ e .-) 6 X , L • CO, C c 3 5 , 0 I CJ C •• H L 0 1\ ; Q lJ 0 It , L I l1 r,J • L I 8 E • LIP. F 
LI BLtrL"2;p~ nC;HX.:z.S;ns 

* *'101: [N D () F COD S 1\ E3/\ T C h () P [f, J\ T I ON • 
**';«:*' g[F[R TO APPFNDIX G. S~f[P 10. 
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