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PREFACE

The RT-11 Software Support manual covers the internal description of
the RT-11 Software System including the core layout, and system
device. Details on the EMT structure, I/O queueing system and monitor
tables are also covered. It is assumed that the reader has already
read the RT-11 System Reference Manual (DEC-11-ORUGA-A-D).
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1.0 OVERVIEW

RT-11 is designed to be a small, fast system useful for program
development and applications programming. The system can operate in
any PDP-11 family computer with between 8 and 28K words of core memory
and a mass storage device (disk or DECtape). In addition, RT-11 can
utilize a large number of PDP-11 peripheral devices in a device
independent manner. RT-11 combines an easy to use, versatile set of
monitor functions with a simple, fast directory structure to produce a
system which is useful for both program development and applications
jobs. The system supports a comprehensive set of programs to aid easy
software development. These include a text editor, MACRO assembler, a
linker, a peripheral interchange program, and a debugging tool (ODT).

The monitor itself provides the capability for performing event
driven, real-time I/0. RT-1l1] is fully interrupt driven, with many
facilities for using overlapped I/0 and computation. These and other
features make programming real-time applications very easy.

This manual attempts to give the advanced user more details than are
provided in the RT-11 SYSTEM REFERENCE MANUAL (DEC-11-ORUGA-A-D).



1.1 System Concepts and Terminology.

The basic concepts necessary to use RT-11 effectively are defined in
the RT-11 SYSTEM REFERENCE MANUAL. The user should be familiar with
those concepts before proceeding to use this manual.

Abbreviations used in this document are:

Term Meaning
KMON Keyboard Monitor

The console terminal interface to RT-11. KMON allows
the user to run programs, assign device names, and
generally control the system,

USR User Service Routines
The non-resident (swapping) part of RT-11l. The USR
performs file oriented operations in general.

RMON Resident Monitor
RT-11 has a 1,300 (decimal) word resident monitor. This
area contains the following services:

EMT Dispatcher

Keyboard (console) interrupt service
Read/Write processor

USR swap routines

I/0 queueing routines

System device handler

System I/O tables

CsI Command String Interpreter
The CSI is part of the USR. It accepts a string of
characters from core or the console and performs
specified file operations or constructs a table from
the information supplied.

$SCSW Channel status word table. See Section 7.0 for a
description of $CSW.

JSW Job Status Word. Bytes 44 and 45. JSW contains
information about the 3job now in core. For more
information, refer to Section 2.2.1.

2.0 CORE LAYOUT

RT-11 operates properly in any configuration of between 8 and 28K
(words) of core memory. No user intervention is required when
programs are moved to a different size machine, i.e., programs
developed in one environment can work in any size environment with no
relinking necessary.

Following is a general diagram of the core layout in an RT-11 system,
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The core area diagrammed is arranged as follows:

Core Area Use

0-377 Reserved for 1/0 trap vectors, RT-1ll system
communication area, system core control
block.

400-RMON Space available for user programs.

The areas marked KMON and USR/CSI are the areas that these units would
normally . ccupy when they are in core. The amount of core that a user
program re. .uaires is determined by:

l. the initial size of the program

the amount of core the user program requests via a .SETTOP
monitor request.

When the program is executed (via the KMON commands R, RUN or GET and
START) the top of core is set to correspond with the size of the
program. If the top of user core never goes past KMON, both KMON and
USR/CSI are resident. If all of core (excluding RMON) is requested,
no modules are resident, and swapping of USR is required. Programs
doing a lot of file oriented operations would gain from having the USR
resident, as no extraneous time doing swapping is required. (Swapping
is the process of saving user core in system device scratch blocks,

reading in and executing a USR function, and then restoring the user
code. )

The KMON, USR, and RMON modules always occupy the upper 22000 bytes of
core. This implies that larger core configurations automatically have
more free core available.

The area marked 'Device registers' is the top 4K of core in any
PDP-11., It is reserved for holding the status and control registers
for peripheral devices.



2.1 'Floating' USR

Normally, the RT-11 USR operates in an area of core directly below
RMON. However, in some programs it may be desirable to be able to
have the USR at some alternate address. That can be accomplished by
storing an address in the word at location 46. If this word is
non-zero (and even!) the USR is 1loaded at the specified address,
rather than at its normal address. Note that this happens only if USR
swapping is required. 1If the USR is resident, it is not reloaded at
the new address. On doing a %C or .EXIT back to the keyboard Monitor,
the user program is restored, and RT-11 clears word 46 and returns to
its normal core configuration.

2.2 Important Core Areas

Certain areas of core between 0 and 400 are reserved for use by RT-11l.
The system does not allow a program to destroy these locations when
initiated by KMON, e.g., R, RUN, will not write over the areas,
However, no protection is supplied via memory protect. Thus, programs
should never alter the content of the indicated areas at run time.

Locations Contents

0,2 Monitor restart. Executes .EXIT request and
returns control to KMON,

4 Time out. Bus error trap - RT-11 sets this
to point to location 6.

6 HALT instruction.

10 Reserved instruction trap. RT-1l1l sets it to
point to location 12,

12 HALT instruction.

NOTE

The HALT instructions are set purposely. If a
HALT occurs at either location 6 or location 12,
the top of the stack will point to the address
immediately following the instruction which was in
error. For example, assume the following program
segment was being executed:

Location Instruction
1000 MOV (Rl)+,R2
1002 ADD #6,R2

If Rl has an odd value when this code is executed,
a HALT at location 6 occurs, because



auto-increment mode with an odd value in a
register is illegal. The top of the stack would
contain 1002, thus indicating that the error
occurred in the preceding instruction.

Locations Contents
20,22 IOT trap vector. RT-11 uses I0T for

reporting fatal monitor errors. IOT should
not be used by user programs.

30,32 EMT trap vector and status.

40-57 RT-11 system communication area. Refer to
Section 2.2.1 for details.

60,62 TTY input interrupt vector and status.

64,66 TTY output interrupt vector and status.

214,216 TCll vector and status.
220,222 RKOS vector and status.

These areas are not replaced by RT-11. If they are destroyed by a
program, the system must be re-bootstrapped, or the program must
restore them. 1In addition, RT-11 uses 360-377 each time a program is
run. Thus the user should not depend on those bytes containing useful
information across an R, RUN or GET and START sequence,

2.2.1 Description of Bytes 40-57: RT-11 System Communication
Area - The area in core from 40-57 holds certain words and bytes of
informatior used by the system. These words are:

Byte Address Contents

40,41 Program Start Address
When a GET, R, RUN, or START command is
given, the starting address of the program is
contained in these bytes. The REENTER
command uses the start address-2,

42,43 Initial value of stack pointer, SP (register
6). This is initialized by the LINKer.

44,45 Job Status Word. (JSW)
JSW is used as a series of bits indicating
various conditions relevant to monitor
operation, An asterisk (*) beside a
particular bit indicates that the bit must be
set by the user program. The other bits are
set or cleared by the monitor.

Bit # Set to Meaning
15 1l USR is resident. No

swapping is needed.



Bit # Set to Meanirg

14 - Unused
13* 0 Program is not
re-enterable,
1 REENTER is legal.
12* "Special®™ TT input mode.

Monitor does not echo
typed input, The only
special characters acted
on are CTRL/C and CTRL/O.

11.10 Unused

9 The job is an overlay
job. This bit is set to
1 by the Linker.

8 Unused

T* 1 Halt if a hardware 1I/0
error occurs,

The other bits are currently unused. Digital reserves the right to
use the remaining bits for monitor purposes.

2.2.2 Restrictions - Because RT-11 does not utilize any memory
protection, the following restrictions must be observed:

1. The "Important Core Areas", listed above should not, as a
rule, be altered by user programs. RT-11 could malfunction
if they are disturbed.

2. When swapping of the USR is required, a 2K piece of user code
has to be saved on the system device to make room for the
USR. Clearly, then, pieces of code which must always be
resident should not be in the area the USR would be swapped
into. (Small programs that do not require swapping do not
have the problem.) Code which should not reside in the same
locations as the USR are:

a. I/O completion routines
b. I/O buffers
C. Arquments to USR requests.

d. Device handlers.

3.0 RT-11 FILE STRUCTURE

The device directory begins with physical block 6 of any file
structure device. The device directory is a series of directory
segments which contain the names and lengths of the files contained on



that device. Each directory segment is made up of two physical
blocks. Thus, a single directory segment is 512 words in length. The
directory area is variable in length, from 1 to 31 (decimai) directory
segments., PIP allows specification of the number of segments when the
/%2 switch is used. The default value is four directory seqments,

Each directory segment contains a 5-word header block, leaving 507
(decimal) words for directory entries.

A directory segment has the following format

5 header words

file entries

The header words contain the following information:

Word # Contents
1 The number of segments available for entries.

This number is s8pecified in PIP when the
device is zeroed, and must be in the range
1 N 31.

2 Pointer to the next logical directory segment
number, The directory could, in certain
cases, be a linked list. This wocrd is the
link word between logically contiguous
segments, If this word equals 0, there are
no more segments in the 1list. Refer to
Section 3.1, Directory Segment Extensions,
for more details on the link word.

3 The highest segment currently open. Each
time a new segment is created, this number is
incremented. This word is updated only in
the first segment. It is unused in any but
the first segment.

4 The number of extra bytes per directory
entry. This number can be specifizd when the
device is zeroed with PIP, Currently, RT-11
does not allow direct manipulation of
information in the extra bytes.

5 Block number where files in this segment
begin,

The remainder of the segment is filled with directory entries. An
entry is in the following format:



Status Word

STATUS WORD

NAME
IN RAD 50
NAME

EXTENSION
TOTAL FLE LENGTH
DATA LENGTH

DATE
EXTRA WORDS

This word is broken down into two bytes of data.

Even byte:

0dd byte:

Value

Used as channel identifier for ENTER and CLOSE
operations. RT-11 maintains this byte, The
identifier is the low order byte of the address of
the $CSW entry for the channel. Thus, adding the
address of $CSW to this byte points to the $CSW
block for the channel.

Indicates the type of entry. Currently RT-11
recognizes the following file types:

File Type

Tentative File. One which has been .ENTERed,
but not .CLOSEA. Files of this type are
deleted if not eventually .CLOSEd. PIP lists
these as empty files.

An empty file. The name, extension, and date
fields are not used. PIP lists an empty file
as <UNUSED> followed by the 1length of the
unused area.,

A permanent entry. A tentative which has
been .CLOSEd is a permanent file. The name
of a permanent file is unique. There can be
only one file with a given name and
extension. If another exists before the
.CLOSE is done, it is deleted by the monitor
as part of the .CLOSE operation.



Value File Type

10 End of segment marker. RT-11 uses this to
determine when the end of the directory
segment has been reached.

Name-Extension

These three words (in L,RAD50) represent the symbolic name and
extension assigned to a file.

Total File Length

The number of blocks currently a part of the file. Attempts to
read/write outside the 1limits of the file result in an End of File
error.

Data Length

This word is not currently used in Release 1 of RT-11. Eventually,
total file length and data length will be two distinct numbers. Total
length will indicate the maximum number of blocks available for a
«WRITE(W,C) operation. The data length will represent the greatest
block actually written out. An attempt to read past the end of data
block will cause an EOF, This will allow file extensions under RT-1l1l.
Currently, when RT-11 .CLOSEs a file, any space not actually written
into is returned to an empty file which follows the tentative file

being closed. Thus, in the first release, only total file length is
considered.

Date

When a tentative file is created via .ENTER, the system date word is
put into the creation date slot for the file. The date word is in the
following forrmat:

MONTH [ DAY YEAR-110 (8)
. i " L " L s s n 1 1 s

Extra Words

Described b the number of extra bytes per entry in the header words.
RT-11 prov.des no direct facilities for manipulating this extra
information. To manipulate extra words, the user program would have
to perform .iirect operations on the RT-11l directory.



Example:

Following is a typical RT-11 directory segment:

4 FOUR SEGMENTS OPEN
WE 0 NO NEXT SEGMENT
mocxu« 1 HIGHEST OPEN IS # 1
o NO EXTRA WORDS /ENTRY
6 FILES START AT BLOCK 16

r 2000 PERMANENT ENTRY
51646 MONITR, SYS

42 FLE 1S 34 (DECWMAL) BLOCKS LONG
(] DATA LENGTH : 0
[} NO CREATION DATE

1000 AN EMPTY ENTRY
[} THE NAME AND EXTENSION OF AN
0o EMPTY 1S NOT WMPORTANT

100 64 (DECIMAL) BLOCKS LONG

FILE
ENTRIES

2000 PERMANENT
62570 PIP, MAC

416 TENTATIVE FLE ON CHANNEL |
62570 PIP, MAC

1000 EVERY TENTATIVE MUST BE FOLLOWED BY
[ AN EMPTY ENTRY

4000 END OF DIRECTORY SEGMENT

When the tentative file PIP,MAC is .CLOSEd, the permanent file PIP.MAC
is deleted.

To find the starting block of any particular file, add all file
lengths before the desired file and the starting block number given in
the fifth word of the segment header. For example, in the above
directory, PIP.MAC will begin at block number 160 (octal).

10



3.1 Size and Number of RT-11 files

The maximum number of directory segments on any RT-1l1 device is
31(decimal). With no extra information words in a directory entry,
this theoretically leaves room for a maximum of 31 x §%%§§ entries.
If N equals 0, this indicates that the maximum is 2?2 (decimal)

entries.

However, because of the way RT-1l performs directory expansions, the
total number of entries allowed is 1/2 the theoretical maximum. Thus,
with 31 segments available, there would be a maximum of 1116 (decimal)
directory entries. The equation to determine the maximum number of
entries in any particular directory size is:

507
Mox [“2 '_(7+N)]
Here, M is the number of directory segments open, N is the number of

extra words per directory entry.

Directory Segment Extensions

RT-11 allows a maximum of 31l(decimal) directory segments, This
section details what occurs when a directory segment overflows. For
illustrational purposes, the following symbols are used:

n T| To represent a directory segment with some number of
directory entries. n is the segment number.

n [ | To represent a segment which is full; i.e. no more entries
will fit in the segment.

=3

Systemé-start out with entries being put into segment #1l:
1[*
As entries are added, this segment fills:

it

When this occurs, and an attempt is made to add another entry to the
device, the system must open up another directory segment. Word #l1 of
each directory segment contains the maximum number of segments

11



available. When the last segment becomes full, and an attempt is made
to enter another file, a fatal error,

?M=-DIR OVFLO?
is generated,
If another segment is available, the following happens:

1. One half of the entries from the filled segment are put into
the next available segment.

2, The shortened segment is re-written to the disk.

3. The directory segment links are set.

4. The file is entered in the newly created segment.
Thus, in the normal case, the segment appears as:

l--l before extension

r-—-

Link: 1 After extension. Half the entries are in the new segment,
Lo half in the old. Segment 1 is linked to segment 2.
2

If many more files are entered, they will £ill up the second segment,

and overflow into the third segment, if it is available. That would
appear as:

o
Link | 1 ‘
to 2 :

1

]

1

1

I.?’ *
Link 2
to 3

12



In this case, the 1links between the segments are not strictly
necessary, as the segments are contiguous. However, the links do
become necessary if a large file is deleted from segment 2, and many
small files are entered, it would be possible to overflow segment 2

again, If <his occurred, and a fourth segment existed, the directory
would appe :r:

1 the links are used to link logical pieces rather than

Link to r- In this case, segment 2 overflows into segment 4 and
2
:[ physical pieces.

to 4

ws (]

--»

PEET
Link | |
t03||

U

I

[}

[

|

4.0 DETAIL:D STRUCTURE OF THE SYSTEM DEVICE

The RT-11 s 'stem device holds all of the components of the system.
The system device is used by RT-1l1 to store device handlers, and the
system itse .f. The layout of the system device is:

Block # Contents
0 Bootstrap
1 Reserved for RSX-1llD compatibility
2 Bootstrap
3 to5 Reserved for expansion

6 to (N*2)+5 Directory segments. N is the number
of directory segments open
(N*2)+6 to end File storage

All other sw-’stem components, i.e., KMON, USR/CSI, RMON and device
handlers, a e files on the system device.

13



The files which are system components are:

File Contains

MONITR.SYS The current RT-1ll monitor. Contains:
bootstrap, swap blocks, KMON, USR/CSI, RMON,

LP,SYS Line printer handler
DT.SYS DECtape handler

TT.SYS Console handler

RK,. SYS RK disk handler

PR, SYS Highspeed reader handler
PP, SYS Highspeed punch handler

Refer to Appendix A for listings of device handlers.
In general, files with the .SYS extension are parts of the monitor
system. The bootstrap acts to record the block numbers of the

relevant areas. Thus, RT-11 is extremely flexible with respect to the
interchange and construction of systems.

4.1 Content of MONITR.SYS

This is the block layout of the RT-1l1 monitor file, MONITR,.SYS:

Block # Contents
(Relative to start of MONITR.SYS)
0,1 Copy of system bootstrap. (Blocks 0 and 2 of
the system device)
2-17 Swap blocks
20-24 KMON
25-34 USR, CSI
35-41 RMON

5.0 EMT CALLS

RT-=11 MACRO supports all RT-11 monitor calls via standard system MACRO
calls, However, in certain applications, it is necessary to call the
monitor in a way which is not supported by SYSMAC.SML. This section
describes the detailed breakdown of the RT-11 EMT structure. The

listing of SYSMAC.SML will be a helpful reference when reading this
section.,

The EMT structure is:

15 8 7 4 3 0

EMT code: Function code Channel #
104 (16) (subcode)

14



Bits 8 through 15 contain the op code 104, to designate the EMT
instruction.
Bits 4 through 7 contain the code of the function to be performed.
The codes currently assigned are:
Code Function

0 Delete

1 Lookup

2 Enter

3 Unused

4 Rename

5 Savestatus

6 Reopen

7 Close

10 Read

11 Write

12 Wait

13

14 Unused

15

16 Miscellaneous. See below.

17 Reserved for internal RT-1l1l use,

Should not be used by user programs.

Bits 0-3 contain the channel number (0-17).

Code 16 is used to handle
channel indentifier.
of the function to be performed.

those

Sub=-Codue (Bits 0-=3)

requests

which do not

Function

require a

In that case, bits 0 through 3 give the subcode

0

Get character from console
(.TTYIN/.TTINR)

Output character to console
(. TTYOUT/ . TTOUTR)

Get device status (.DSTATUS)
Fetch device handler (.FETCH)
Call CSI - general mode (.CSIGEN)
Call CSI - special mode(.CSISPC)
Lock USR in core (.LOCK)

Unlock USR(.UNLOCK)

EXIT(.EXIT)

Print .ASCIZ string(.PRINT)
Software reset (.SRESET)

Expand I/O queue (.QSET)

Set top of core(.SETTOP)

Reset control O(.RCTRLO)

Unused

Hardware reset (.HRESET)

As an example of the use of the basic form of the EMT,

the

following

loop will close files on any channel which may currently be in use:

15



MOV #20, R1 ;16 possible files.
MOV (PC)+, @e(PC)+ iput in a close channel 0 instruction.

EMT 16*7+0 H
LOOP
LOOP: HALT sthis gets modified.
INC LOOP sbump the channel number,
DEC R1
BNE LOOP ;loop until done.

Note that this technique should not be used as a common practice. It
should only be wused where absolutely necessary, realizing that
programs which use that technique may be incompatible with future

versions of the monitor. It is strongly suggested that the macros
defined in SYSMAC.SML be used.

The EMT can be written as:
EMT FC*20+CHAN
Where FC is the function code; CHAN is the desired channel number.

Error returns from this type of call are exactly the same as the
returns from a MACRO call, i.e., the C bit is set in the processor
status word, and byte 52 contains an error code.

Again, it is emphasized that this form of the monitor call should not
be used in general, as the programs would malfunction if the EMT
arguments were ever changed. The system macro calls, will, however,
be correct.

6.0 I/O SYSTEM

I/0 transfers in RT-11 are handled by the monitor, through routines
known as device handlers. Device handlers are routines which are
resident on the system mass storage device, and can be called into
core at a location specified by the user (.FETCH handler request).
Once a device handler is in core, the several available +«READ/.WRITE
requests are taken by the monitor, and translated into a call to the
I/0 device. To facilitate overlapped I/0 and computation, all 1I/0
requests to RT-1ll are done through an I/0 queue. This section details
the structure of the 1/0 queueing system.

6.1 Queue Element

The RT-11 I/O queue is made up of a linked list of queue elements. A
single element has the following structure:

Word # Contents
1 Pointer to next element for this device. If

0, indicates no more entries for this device.

2 Pointer to CSW (Channel Status Word) area.

le6



Word # Contents

3 Physical device address where data is to be
stored. (Block number).

4 Unit number of the device to be used.

5 Buffer address to commence transfer.

6 Word count. Greater than 0 indicates a read

operation, 1less than 0 indicates a write

operation. A value of 0 is generally taken
to mean a block seek operation.

7 Completion Function.
0 = Wait for I/O transfer to complete.
1 = Return after queueing request. No action
on completion.
N = Return after queueing request. Oon
completion, transfer to completion routine,
at the address indicated by N.

Each I/0 queue element is in this format. A monitor request, .QSET,
is available to increase the number of slots available in the I/0O
queue, RT-11l maintains a one-element queue in the resident monitor.
This is sufficient for any program which uses wait-mode 1I/0
(. READW/.WRITW) . However, for maximum throughput, .QSET should be used
to create additional queue elements.

If an I/O operation is requested and no free queue elements exist,
RT-11 must wait until an element is free to queue the request. This
obviously slows up program execution. It will always be sufficient to
allocate N new queue elements, where N is the total number of devices
which will be used in a particular program. This produces a total of
N+1 available elements, since the resident monitor element is added to
the list of available elements,

6.2 RT=-1l1l Device Handlers

The user should refer to the PDP-11 Peripherals and Interfacing
Handbook for details regarding the operation of any particular
peripheral.

6.2.1 Device Handler Format - A device handler is an RT-11 routine
which is used to transfer data between physical devices and core
memory. The handler is resident on the system device, and can be

loaded dynamically by a user program. RT-1ll currently supports the
following devices:

TC1ll DECtape

RK11 Disk

PC1ll High~-speed reader/punch
LP11

LSl Line printers

LV11

Any Teletype-like device, i.e., ASR33, 35, LA30, VT05, etc.

17



Some users may wish to write and use their own device handlers for
special peripherals. This can be done as long as the handler follows
the general rules and format for all device handlers. This section
details the exact rules and format to be followed.

As an example in this discussion, refer to Figure 1, which is a
listing of the RT-11 PR handler. Appendix A contains listings of all
the other RT-11 handlers.

The first five words of any device handler are header words.

The format is:

Word # Contents
1 Address of first word of trap vector.
2 Offset from current PC to interrupt handler.
3 Processor status word to be used when interrupt
occurs.
4,5 Zero.

6.2.2 Entry Conditions - The device handler is entered directly from
the monitor I/0O queue manager. Thus, the handler is entered with
information about the transfer to be done. The fifth word of the
header contains a pointer into the queue element to be processed.
This word (called CQE, for Current Queue Element) points to the third
word of the queue element. The third word of the queue element is the
block number to be read or written. (Refer to Section 6.1 for the
description of a queue element.) Referring to the example, location
PRCQE contains the address of the third word in the queue element to
be processed. It is generally advisable to put the pointer into a
register, as that greatly facilitates picking up arguments to initiate
the transfer.

6.2.,3 Data Transfer - It is assumed that any device handler will work
with the interrupt enabled. In this case, the handler will return
control to the monitor before data transfer is complete, If the
interrupt is not used, the transfer must be finished before returning
to the monitor. 1In either case, to return control to the monitor
after initiating the transfer, an RTS PC must be executed. Registers
need not be preserved on entry to the handler.

6.2.4 1Interrupt Handler - Once the transfer has been initiated, and
control has passed back to the monitor, data interrupts will occur.

Information in the header of the handler causes the interrupt to be
vectored to the location specified in the header. The code at the
interrupt location should keep the transfer going, determine when the
transfer is complete and detect errors.

When the transfer is done, control must be passed to the monitor's I/0
queue manager which performs cleanup manipulation on the I/O queue,
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Figure 1 Sample Handler
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Figure 1 Sample Handler (Cont.)
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Figure 1 Sample Handler (Cont.)
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Figure 1 Sample Handler (Cont.)
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The restrictions which apply to interrupt code are:

1.
2,

3.

4.

5.

Any registers used in the code must be preserved on the stack.

A check must be made to determine if the transfer is complete,
However, with non-file oriented devices, such as paper tape,
line printer, etc., an interrupt occurs whenever a character
has been processed. For these devices, the byte count, which
is in the queue element, is used as a character count,

Non-file structured input devices should be able to detect an
end of file condition, and pass that on to the monitor.

NOTE

The queue element contains a word count,
not a byte count. The initial entry to
the handler should change the word count
to a byte count if the device interrupts
at each character. The transfer is

complete when the byte count decrements
to 0.

Check for occurrence of an error. If a hardware error
occurred, the hard error bit in the channel status word should
be set, and the transfer should be aborted. The address of the
channel status word is in word 2 of the queue element. The
error bit is bit 0 of the CSW. Generally, it is advisable to
retry a certain number of times if an error occurs. RT-11
currently retries up to eight times before deciding an error
has occurred. (Note that this is for file structure devices
only.) It is desirable, in case an error occurs, to do a drive
or control reset, where appropriate, to clear the error
condition before a retry is initiated.

1f the transfer is not complete, and no error has occurred,
registers used should be restored, and an RTI executed.

To pass an EOF (end of file) to the monitor, the 20000 bit in
the CSW should be set., Refer to the code at B in Figure 1 for
an example of setting the EOF bit.,

If the transfer is complete, and no error occurred, the monitor
I/0 completion routine must be entered to terminate activity
and/or enter a completion routine, if necessary. When return
is made to the monitor, R3 and RO must be pushed on the stack,
in that order. The monitor expects that, and restores those
registers for the user. Refer to the code at A in Figure 1 for
the method of returning to the monitor completion routine.

Handlers should check for special error conditions which can
happen on the initial entry to the handler. For example,
trying to write on a read-only device should produce a hard
error. The code at C in Figure 1 does this. It must be
emphasized that the user handlers should interface to the
system in substantially the same way as the handlers included
here. These handlers are included as a guide and an example,
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6.2.5 Inserting Device Handlers in the System - Once the handler has
been written, and independently debugged independently, the monitor
must be modified to recognize the new device . This is done by adding
entries to the RT-11 tables (refer to Section 7.0).

NOTE
The addresses listed here are for the

vV01l-15 monitor only. In future
releases, the numbers may change.

Table to be changed Contents Addresses available
(Addressed with PATCH)
SHSIZE Size of handler 12410-12422 inclusive
(in bytes)
$DVS1Z Size of device, in 256- 12444-12456 inclusive

word blocks. If nonfile
device, entry = 0

SPNAME Permanent name of the 12534-12546 inclusive
device. Should be 2
alphanumeric characters
entered in .RADS0
notation.

SSTAT Device status table, 15402-15414 inclusive
Refer to the paragraph
on the format of $STAT
table.

There is a restriction on the permanent names that can be put into the
system, Currently, the arrangement of $PNAME is:

T
3 4
RK
PR
PP
LP
DT
DK

The implication is that they are in reverse alphabetical order. Thus,
any names added to this table must follow that order to ensure proper
operation. Thus, the only names used should be from the set:

bJ,DI,DH,...AC,AB,AA
Also, note that the name must be entered in .RAD50. Since PATCH does
not have a .RAD50 interpretation switch, the name must be entered to

PATCH in its numerical form. Refer to Appendix E of the RT-11 System
Reference Manual for detailed .RADS50 conversion tables,
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As an example, assume a handler for a new type of disk 1is to be
inserted in the system. First, the values of the table entries for

this

Once

device are determined:

$HSIZE: 300 After assembly, the handler was
found to take up 300 bytes.

$DUSIZ: 2000 The disk  has 1024 (decimal)
256-word blocks for storage.

SPNAME: .RAD50 /DA/ or 14450 The name assigned will be DA. The
+RAD50 value of DA is 14450,

$STAT: 100011 The device is file structured, is
a read/write device, and uses the
standard RT-11 file structure.
The identifier selected is 11l. The
index is selected by the user.
Refer to Section 7.0 for the
format of the S$STAT table.

these values have been decided, the steps for inserting the

device handler are:

1.
2,

3.

Assemble the handler, using either MACRO or ASEMBL.

Link the handler at 1000, The name of the handler should be
whatever the $PNAME entry is, with the .SYS extension appended:
«R LINK
*DA,SYS=DA where DA.OBJ is the handler
* object module. The default link
address=1000.

Run PATCH to modify the tables:
R PATCH

PATCH Val1-41

FILE NAME--

*MONITR.SYS/M

x| 640a; AR (/M is necessary!)
=3,12410/ 2 309 $HSIZE

*A, 12444/ [*] 2000 $DUS1Z

*@,12534/ A 14450 $PNAME

*@, 15432/ a 106011 $STAT

=E Exit to Monitor

In this case we were able to use the first available entries in
each table. Future device additions will use the succeeding
entries in each table.

At this point, the system should be re-bootstrapped, to make

the modified monitor resident. The device DA will then be
available for use.
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7.0 RT-11 MONITOR TABLES

RT-11 maintains several tables for use in performing certain system
functions. These tables are set up to make I/0 transfers and file
operations as simple as possible. The tables allow RT=11 to translate
the user specified transfer into an internal call to the monitor I/0
service., The tables used by RT-11, and their contents are:

SCSwW Channel status word area. The “"master 1link" between
user I/0 calls and the actual I/0 transfer.

SUNAM1 Used to hold user assigned names from the ASSIGN
SUNAM2 keyboard monitor command.

$STAT Status words for the RT-11 I/O devices.

SENTRY Pointer into the physical device handler to be used for
the transfer.

SHSIZE Table of the sizes (in bytes) of the physical device
handlers.

$DVSIZ Table of the size of various file structured devices,
The entries are in number of 256-word blocks on the
device.

$DVREC Table indicating where each device handler is on the
system device, This table is updated during each
gsystem bootstrap.

$PNAME A list of the permanent names of devices in RT-11. The
names are in RAD50 format. The names are:

TT
SY
RK
PR
PP
Lp
DT
DK

The names are assembled in reverse alphabetical order.
This order is vital to system operation, and must not
be altered.

The format of $CSW is as follows:

Word # Contents
1l Channel status word. The breakdown of this
word is:
Bit 0 1l = Hardware error occurred on this
channel.
1-5 Index into the physical device
table.
6 1 = A _RENAME operation is in
progress.
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wWord # Contents

7 1l = _CLOSE requires a directory
rewrite. (.ENTER)
0 = No rewrite is required
(. LOOKUP) ,

8-12 Contains the directory segment
number where the open-file can be
found for .CLOSE.

13 1l = An EOF (end of file) was found
on this channel.
14 Unused,
15 l = A file is open on this channel.
2 Starting block number of file referenced by

this channel. If the file was opened on a
non-file structured device, this word = 0.

3 Length of file; if (ENTER, was done it
contains the length of the hole (empty slot)
assigned for use by this file. If a ,LOOKUP
was done, it contains the length of the file.

4 Actual data length. This word is currently
unused. It is reserved for future use.

5 Even byte: Channel I/O count., When any I/0
request to this channel is made, this byte is
incremented. The .WAIT request waits for
this byte to return to 0.

0dd byte: Unit number of the device to be
used. A number between 0 and 7.

There are 16 (decimal) groups of these words, each group representing
one of the 16 possible channels RT-1ll can use. The first of the CSW
areas can be found at RMON + 4, and extends for 240 bytes,

Example of CSW area:

l. A file is open (.ENTER) on channel 0 on device DT3.

100614
200

50

0

1400

The starting block of the hole allotted is 200. The size of the hole
allotted is 50. Bit 7 equals 1 because a .CLOSE will require the
directory to be rewritten. Bits 8-12 contain a 1, indicating that the
file was opened in the first directory segment. Bits 1-5 contain a
six, which indexes into the device tables, and in fact points to

device DT. The unit number bits equal 3, indicating the file is open
on device DT3.
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2. A .LOOKUP was done on device DK:

101016
44
10
0
0

Bits 1-5 = 7 which indicates DK

7 = 0 No directory rewrite is required on .CLOSE
8-12 = 2 File is on second directory segment
15 = 1 Channel is active,

Format of $STAT Table

The $STAT table contains information on the status of the device it
represents. The breakdown of the $STAT entry is:

Even byte: A device type identifier. Each physical device is
assigned an identifying value. This value appears in

the even byte of $STAT. The values currently assigned
are:

RKO5 disk

DECtape

Cassette (not currently available)
Line Printer

TTY (ASR33, 35, LA30, VTO05)

High speed reader

High speed punch.

ONS_WNKFO

-

0dd byte:
Bit 15: 1 - File structured device (disk, DECtape)

0 - Non-file structured (TTY, high speed
reader, etc.)

Bit 14: 1l - Read only device (PR)
Bit 13: 1l - Write only device (LP, PP)
Bit 12: 1 - Special file structured device.

This is to handle cases of a file structured
device which does not use the RT-11 file
structure,

Not currently implemented.
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APPENDIX A

HANDLERS
RXBS VYie0y RTel] MACRD VMPieyt 23=0CT=73 PaAGE |
1 oT1TLe RROS VEleny
e
3 JRTe1] ULISK (NK§1) MHANDLPW
4 ’
) JUPCel|=0KTKAmA| A
6 )
7 JED FRIEDMAN
8 )
9 IMAY, 16873
19 ’
11 JCOPYKRIGHT 1973
12 JOIGITAL EQUIPMENT COKPURATION
13 JMAYNARD ,MASSACHUSETTS 61754
14
18 SUEC ASSUMES NO RESFONSIBILITY FOR THE
16 JUSE OR RELIABILITY OF [TS SOFTwARF ON
17 JEQUIPMENT wHICH 18 NOT SUPPLIED BY OtC,
18
19
20 IXEGISTER DEFINITIONS
el voopen kQsxQ
e2e ohpeo1 Risyxl
es 0Prpo0R Resx?
24 000003 R3sx3
es 20pepa Ru=Xxd
26 LTI} L1 2 %]
27 002006 SPsXxe
28 200047 PCaX7
29
32 316LOBAL DEFINIT]IONS
3% «OLOBL SYSTAT,SYSIZE,SHLUCK
32 «OLOBL SY,SYINT,SYINPFK
33 ,6LOBL RXSYS,DTSYS
34
358 VoQPAYe DTSYSs ¢ JTHIS IS RK HANDLER
36 100000 SYSTATs jpepoe JRKYS STATUS wOKD
37 V11262 SBLOCKs 11262 3SIZE IN olLOCKS
38 $K CONTROUL DEFINITIONSS
39 177400 RKDSs 1774009
49 177aa2 RKERS 177%am¢
4} 177404 RKCSs 1774084
a2 177406 KKwCs 177406
43 1774610 RKBAS 17741
44 17741 KKDAS 177412
a5
46 P0VA1P™ RKCNTa1Q 7% LWFKON KETRYS
a7
48 V00RO 0MNPRRd STAWT: «wOKD 2e? JRK TkAP ADURESS
49 20002 VeR136 JWORD RKINTe, JOFFSEY FROM INTERRUPT aNDRESS
S9 V2eP4 QoeMLe s WORD 2 IINTFRRUPTS SERVICE AT LEVFL ¥
S1 0000s RKSYS:
52 00pne Sy
53 ©V0QPV6 2AVAVE RKLWED ,wOKD e PLAST 0 ENTYKY ADDKESS
S4 V0010 vARMALE RKCGEL ,wORD e SCURRENT (4 ENTRY ADURESS
59 vwoPle vierey MOV #RKCNT, (PC) e JISET ERNKOK WETRIFES

vagele
56 vouvle VoVRRR RKTRY: ¢



RK@S

57
S8

59
6¢
61

6e

63
64
65
66
67
68
69
70

20020 16701 RKAGN}

QQpe4

oM030
00032
00034

@2edy
00044
voude

2245
wnese

20064

Voledy

177764
R1evpe
BAveld
212103
024y
neeree 133
P00v0e0
162703 231
wovela
100373
Q60213
vietuve
voe3lpe
vovAVY

¥Sp2u3

RTel1 MACKD VM@le01

23¢0CTe73 PAGE 1+

MOV RRCWF,R}
MOV #14,Re
MOV (R1)e,RS
RR 2

AQD 220,R¢
suB #$14,R3
8PL 19

ADC Re,n3
MOV (K1)e,Re
Swap Re

JREPT 4

ROR R

+ENDR

BlS Re,K3

PGET U PARAMETER POINTEW
JUE PLOCK TO RK DISK ADUPRESS

PRAW BLOCK NUMBER

IR3 HAS DISK ADURESS
JGET UNIT #
IRK HAS IT IN AITS 15«13

PPUT IN UNIT =



RKAS Vylenl RTell MACKC VMRleul 25-0CTe73 PAGE ¢

1
2 PUoPes Q1eTue MUV IRKOA,R2 sNOw LOAD DSK
177442
3 @o0v72 wi1vlte MOV RS, (Re) JOTSK ALD, AND UNIT SeLeCT
4 wdepT4 eletwe MOV (K1) e,=(FQ) JBUFFER ADDKESS
S QuevTe ©127¢3 MoV 2103,K3 FEUNCTION, GUESS AT BRING & WKIT
VnYtes
6 PV010 N1114Q MOV (RY),=(KR) PwOKRD CUUNT
7T 000104 wR14ay2 BEG 43 Pv wOKDS IS A SEEK
8 2001026 10043 BM] 32
9 000110 @0541°2 Ne G (k2) iNKEAD, MAKF WURD COUNT NFG,
1o v0i12 v6R7¥3 DD 82, xS JALTEN FLINCTION
vaouvee
11 Y2816 232737 331 BLY 2100, 8RK(DS JTEST ALCESS KEADY
000100
177400
12 V0124 ¥AL1774 REG 3%
13 Y0126 Q10342 MOV RS,e(nP) PSTART TRANSFER
14 900130 vvve0? k1S PC
15 Y0132 veeTuld ust ApP 6,3 JMAKE 1T A SEEK
vonegove
16 00136 VRQT07 Bk 3
17
1o V214V SYINT:
19 220240 SYINPWEQUY
20 V014y V3737 RKINYT @BIT $120AY0,8¥RKCS TEST FOR FWR AND SEEK (MPLT
12veve
177404
21 VAY146 10pULy BM] RRENR PERROK
22 401Sv vmiess BNE RKOUTY FSFEK COMPLETE, IGNQORE INTEWRRUPT
23 V21Se V05237 WKH} CLk LE LT JuACK YO ¢
177776
24 Y0150 VY4317 JSR k3, (PC) iR3 ON STACRKR AND GET LURRENT PC
25 vP1kg V62TVl ADD SKKCWUEe,,~3 JCURKENT 4 TO R3S
177650
26 Y0164 Vipnde MUV kY, =(SP) 3S9AVE Ry
27 vBi66 V13700 MOV 08S4, N0 iINOW GO INYO WRESIVUENT O CUMPLETE
LI EY
28 nAreTQ OFFSETsEYY swORD 1S 256 BYTES PAST SKM(N
29 V@172 vleru? MUV OFFSET(RO),PC PINTO RPESINENT,
. BoveTn
3
31 20176 V10146 RKEWRE MLV Rl,=(5P) iSAVE R}
32 402A2 ¢12737 MOV 815,08RKCS JU0 DWIVE RESET
L.l 1. B %)
177404
3. 00¢n6 195737 1818 T8Tm OBRKCS
177404
34 Wde1e 109375 BPL 1% JWAIT FOR REBEADY
35 vM214 yoasSE3Y CLK fsap
177776
36 Y02V 2VS3eY LeC KKTRY FOONF TNYING?
1771872
37 v@eeed 14v4ye BM] LLY0JVA
38 J0el2e Vlp24e MOV ke,=(5P) 1N0, SAVE REGISTFKRS AND GO AGAIN
39 ©vRe3v V1vl4e MOV K5,=(5P)
49 YNel3e 0vRuT6Y JSk 7,RKAGN
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MOV
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MOV
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PPCWLE
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o WORD @
s POKRD 2

MUV
ASL
8CC
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KTS
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el0G,08PPS

PC

FINTFRWUPT SExVCE
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PPREADS
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PPENR?

PPOUNES

MOV
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BMI
MUV
AUD
TSTY

BEG
INC

k3,=(5P)
YL

PPERR
PPCWE,RS

L L YLE]
(~3)

PPNONE
(w3)

MOVE @=(RS),0sPPR

INC
MOV
KT1

CLR
JSk

RTS
MUV

8IS

CLK

MOV
ADD

MOV
MOV

My Vv

(x3)
(SP)e, k3

=(SP)
PC,18%

PC
"30'(59)

SHOCRW,Pm (R3)

PsPPS

PC,x3
$PP(QLe, ,x3

qu.(bp)
SaMONLONW, =@

OFFSET(xQ),PC

MACKO VMAlayt

P3«UCT=73 PAGE ¢

PADUK OF INTFRRUPT VECTUR
JOFFSETY YO INTERRUPT SERVICE
JPRICKITY 4

PPOINTER TO LAST W ENTRY
FPOIMTER TO CURKFENTY Q EnTRY

PR3 PUINTS TN CURKENT G FNTKRY
Jw0OKRD COUNT TO oYTE COUNT

Pa READ REAUFEST IS ILLEGAL
JLAUSESR INTERWKUPT,STAKTING TRANS

3SAVE RS
JERKOK?

PYESePUNCH UUT UF PaPER
INDeRS POINTS TU CUKRENT u ENTRY

PPOINT ®3 TU mYTE COUNT

iANY MOKE CHARS TO QUTPUT?
INO=TRANSFFA DONE

FOFCHEMENT wYTE COUUNT (1T T3 NEG
FPUNCH (HARACTEN

JBUMP POINTER
IRESTORE w3

JPAKE AN [NTERRUPT

ERETURN TU w MGK

3SET HAWD EWRRQR RIT

JCLEAK INTERRUPT ENARLE

3ANDUK OF NEXT G ENTKRY PUINTER

sJUMP TU W MANAGEN
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R1 5X00000}

R4 8XA00004
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TTLWES
TTCuE:

TTREADS
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o WORD
o WORD
«WORD
o« WORO
s WORD

T 988

MACRD VMPleyl

POINT

JENTRY POINT

MOV TTCGE,RS

ASL 6(R3)

8CC TTREAY

MOV OBTPVEL, TPVSH
~OV PC,R3

AUD 8TPINTe, ,x3
MOV R3,08TPVEC
MOV $100,08TPS
KTS PC

MOV PBTKVEC, TKVSY
TST oR3

BNE 1%

oTTYOUT e

CLR = (8SP)

JOR PC,KBENT2

CMP R3,TTCQOE

BNE e

MOV PC,)k3

AULD SKBINTe,,Kk3
MOV R3,PHTKVEC
RTS PC

P3=0CT=73 PAGE ¢

70 BECAUSE wE WANT FETCH 1D LbAv

PPOINTER TO LAST W ENTRY
FPOINTER T0O CURRENT Q ENTKY

PR3 POINTS TQO O ENTKRY

PWD CNY ®> gYTE CNT

PSAVE INTERRUPT VECTOK ADDRESS

JSET NEw IMNTERRUPT aDUR

TAND ENABLE INTERKRUPT

7SAVE OLD VECTOR CONTENTS

18LOCK ZERO?

}TYPF PROMPT CHARACTER
ISIMULATE AN INTEKRUPT TO
FEMPTY THE MONITOR RING RUFFENR
IwAd REGWUEST SATISFIED?

FYES, SIMPLY RETUKN
iCALC A0DWR OF KBINT

FANU SET INTERRUPYT INTENRCEPT
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MOV
CLK
MUV
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MOV
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P3=0CT=73 PaGt 3

sPOINT TO RYTE COUNT

PUONE?
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JCHAKR IS NULL

5TYPE CHAK IF POUSSIBLE

INO kOOM, WAIT AWHILE

IBUMP RUFFER POINTER

JANU BYTE COUNT

IRESTYORE WE(S

7aANU PASS INTERRUPT TU MONITOR
JPOINTER TO MONITUR INTERKUPTY EN
iCREATFE A PSEUDO INTERRUPY

JTHAY RETURNS TO MONITOWR INTERRU
IRESTURE INTERRUPT VECTOR

PANU CALL Q MaANAGER CUMPLETION R

FLET MONITOR SERVICE CHARACTEK I
FAND WRETURN VIA RTI
FJKEEF MON INTERRUPT ADOR HFKE

JPOINT T CURNENT QUEUE ENTRY
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ORY
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JYES

JGET NEXT CrAK

PRETUKN IF NONE AVAILABLE
P18 CrAK (ONTKROL=Z2?

FSTUFF CHAR INTO BUFFER

$8UMP POINTER

PAND CHAR CQUNTY

JANU TRY FOR ANQTHER

JENU PILE = CLEAR REST OUF RUFFEK
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ISET EOF 817 IN COHW
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INOTHINL THERE = POKRGET 17

iRESTORE KFYHOAKD INTERKUPT
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JTITLE LP  Vulens 5/29/13

INTel]l LINE PRINTER (LP/LSI1Y) HANDLER
!
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’
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’
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’

JCOPYRIGHT 1973

JOIGITAL EQUIPMENT CORPURATION
JMAYNARO ,MASSACHUSETTS 01754

JOEC ASSUMES NO RESPONSIRILITY FOR THE

JUSE OR RELIABILITY OF ITS SOFYWAWE ON
JEGUIPMENT wHICH 18 NOT SUPPLIEL BY OtC,

«CSECT LPI1

RosX?

R3s%3

RS=x%

SPeX6

PCsX?

JLINE PRINTER CUNTRQL REGISTERS

LPSs177514 JLINE PKINTER CONTRQL REGISTER
LPE=177518 SLINE PKINTER DATA BUFFER
LPVEC=200 SLINF PRINTER VECTON ADULR
JCONSTANTS FOR MONITOR COMMUNICATION

HDEWRRSY IMAKD ENRQR BT

MONLOwsS4 JBASE AUDK OF MQUNITQOR
OFFSETs27y JPOINTEN TO Q@ MANAGER FOMP ENTRY

JASCI1 CONSTANTS

CkreysS

LFs}y?

FFs}ld

LAE BB

COLSIZss0, 1204 FOk 132 COLS
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$/29/73 kTell MACKO VM@lept

5LOAD POINY

+WOKRD LPVEC

o WORD LPINT=,

+WORD 200
LPLGE +WOKD 0
LPCGES +WORD 9

BENTRY POINT
LP? MUV LPCWE,RS
ASL 6(R3)

BCC LPEKR
BlS #1Q0,08 PS

kTS PC
PINTERRUPT SERVICE
LPINTET TSY @sLPS

KM REeT

MOV K3,e(SP)

ASLB (PC)e
TABFLGS ,wOKD @

BENE TaR
IGNORES MOV LPCGE,R3

TST (K3)e

HEQ BLKE

TST (k3)e

MOVE @(K3)e,e(SP)
T8T (R3)

BEG LPDONE

INC (R3)

INC «(R3)

MOV (SP)e,R3

CMPB k3,840

BLO CHRTST
PCHAR: DEC (PC)e
COLCNTS ,wOKD COLSIZ

BLY ILNORE

ASLB (PC)e
TABCNTS ,wWOKD 1

BER RSTTAn
PC1 MOVE K3,0sLPB

MOV (SP)e+,R3
RET kT1

23«0CTe73 PaGe ¢

JADUR OF INTERRUPT VECTUR
JOFFSET TC INTEWRRUPT SEwVICE
IPRIOKRTITY 4

SPOINTEN TO LAST W ENTRY
PPOINTEN TO CURREMT @ FNTKY

I3 POINTS TO CURRENT Q ENTKY
FwOKD CUJUNT TO BYTE COUNT

1A WFAD WEQUEST IS ILLEGLAL
JCAUSE AN INTERKUPT,STAKTING TRA

PERRON CINDITION?

FYESenANG TILL COKRECTEV
ISAVE RS
ITAp IN PKOGRESS?

FBRANCH IF DOING TAB
P1SEY UP ~3

$1S THIS BLUCK ©?

FYES=QUTPUT AN INITAIL FOWM FEED
PPOINT K3 TO bUFFER ADDKFSS

JGET NEXT CrHAK (IF ANY)

JANY MONKE CHAKS?

INOSFIN]ISHED

JYESeDECEMENT COUNT (IT WAS NEGA
1BUMP RUFFPER POINTEN

JCHAR INTO K3

PPRINTING CHAR?

INO=GO TEST FOR SPECIAL CHAw,
JANY KOO™ LEeFT ON LINE?

I8 OF PNINTER COLUMNS LEFT

INO MORE xOOM ON LINE,DON’T PKIN
JUPUDATE TAR CUUNT

JRESET TAp
JPRINT THE CHAR

IRESTORE 3



LP Vo1=03 5/729/73 RTeily MACRO VMOA1eD1 23=0CTe/3 PAGE S

{ 0POY32 120327 CHRTSTE CMPB R3,sHT JIS CHAR A TAB?
000011
2 000136 Q03420 BEQ TABSETY JYES=RESET TAb
3 000140 120327 CMPB RS, #CR $1S IT CR?
00001S
4 Q20144 Q01406 BEG RSTC JYES=RESTURE COLUMN COUNT
S 200146 120327 CMPB w3, 8_F 118 IT LF?
L.T'L R
6 000152 001403 BEG RSTC JYESeRESTORE COLUMN COUNT
7 0001%4 128327 CMPB R3,8FF 118 IT A FF?
CL-TLEY]
8 0VR160 V1334 BNE IGNORE INOeCHAK IS NON=PRINTING
9 000162 V12767 RSTC! MOV #COLSIZ,COLCNT JRE=INITIALIZE COLUMN CUUNTER
eor120
177720
10 20170 212767 RSTTABI MOV #1,TABCNT JKESET TAB COUNTEKR
000001 :
177720
11 20176 ©AUYS) BK PCY JPRINT THE CHAR
12 00200 V16767 TABSETS MOV TABCNT,TABFLG $1SEY UP TAR
177712
177040
15 00206 012703 TAM MOV #40Q,R3 JPRINT SPACES
0oveuo
14 00212 00Q073% BR PCHAR
19
16 00214 V05243 BLKD! INC o(R3) JMAKE SURE wE ONLY COME HERE ONC
17 Q0216 012703 MOV #FF,R3 JPRINT INITIAL FF
000014
18 00222 000757 BR RSTC
19
20 20224 VASAU6 LPERRI CLk =(SP)
21 00226 204767 JSR PC,18 FAKE AN INTERRUPT
eovene
22 V0232 Q00207 RTS PC JRETURN TU Q@ MGK
23 40234 052753 181 BIS SHDERN,®=(R3) 1SET MAKD ERRQOR BIT
200001
24 00240 01034e MOV R3,=(SP)
2S 20242 005746 TST «(SP) INORMAL RETURN HAS CHAR ON STACK
26
27 JOPERATION COMPLETE
28
29 020244 905037 LPDOONEY CLKk 0sLPS JTURN OFF INTERRUPT
177514
30 00250 D10703 MOV PC,N3
31 002%2 062703 ADD SLPCQEw,,R3 JADDKR OF CRE IN RS
177936
32 Ye2%e Bl0Rl1e MOV RQ, (SP) SPUT K@ ON STACK UVER LAST CHAR
33 20260 V13700 MOV @#MUNLOwW, k@
veees4
34 20264 V16007 MOV OFFSET (K@), PC JJUMP TO W MANAGENW
eevere
3s
36 000001 "* JEND

A-17



LP Valed3 5/29/13

SYMBOL TaBLE

BLKY NoeRI4R
COLSIZs wv@esev
HDERR = ©QQ@¢0}
LF s Qaevie
LPCWE A0R01UR
LPINT ABR034R
LPVEC = Qp0c0@0

PC sxQ00007
RET A0013¢2R
RO 8X000000
SP sxd0000e

TABFLG @@@046R

. ABS, 00000v
PLLLTT)

LP11 nv0R7¢

ERRORS DETECTED: @

002

eee
©voe

ene

eoe
o000
"1 3}
00

FREE CORE: 6964, WOKDS

RTei1 MACRO VMQ1e@i

CHRTSY Qo0i3eR
Ck 3 PYAR1S
R 8 QU0oel}
LP P2eM@1eRr

LPDONE Qu0eu4dnr
LPLGUE AVB0Q6R
MONLOwWs Q800S4
PCHAR QV01a6R

RSTC PAB162R
k3 sX000003
TAB QvaAca6R

TABSET 0u0200R

A-18

vee

eoe
vee
nee

ene
eoe

vae
vee

23-0CTe73 PAGE 3¢

COLCNT  Ppalivre
FF 8 PPR01d
IGNORE Pp@aQS2R
LPB s 17751
LPEKR 2ume24R
LPS s 177%14
OFFSETs 2poRT0

PC1 reA122R
RSTTAB PoRLTQR
RS sX00MV0Y

TABCNT 2pmii16R

poe
poe
pae
eoe
©ae

ene



DT

O DNC NS WN -

V2leae

eQveoe
voveon
ongee3
e2gens
Qovews
Q0wvou7
17777

177350
177340
177342
177344
177346
2dpelu

2Avee)
0evesSy
2dp2ve

0011ve
120001
eAveuvn

S/29/13

fTITLE

kTell MACKO VMQley! 23=0CT=73 PAGE |

0T voleve S/29/73

PkTell UECTAPE (TC11) HANDLER

’

JOEC=]1e0RTYAwA=L A

'

JROBERY REAN

’
JMARCH
)

1973

JCOPYKIGHT 1973
JOIGITAL EQUIPMENT CORPURAT]ION
IMAYNARU, MASSACHUSETTS n1754

JUOEC ASSUMES NO RESPONSIRILITY FON THE
JUSE OR RELIABILITY OF ITS SOFTWAKE ON
JTEQUIFMENT WHICH IS NOT SUPPLIED BY OtC.

+CS8ECT TC11
KosXxQ
RisX}
K38x3
*SsxS
SPsx6
FCex7
FSs177776
JUECTAPE CONTROL NEGIDTERS
TCOT=17735¢@ JOATA KEGISTEN
TCSTe177340 JCONTKOL AND STATUS REGISTER
TCCM= 177342 JCOMMAND REGISTER
TCWC=17734a }WOKD CUUNT REGISTER
TCBAS 177346 18US ADURESS KEGLISTER
TCveC=214 1TCY1 INTERWUPT VECTOR
JCONSTANTS FOk MONITOR COMMUNICATINN
HUERRS IHAKD ERROR BIT
MONLOwWsS4 FMONITGR BASE PUINTER
OFFSETER70 JPOINTER TO O MANAGER COMP ENTRY
+GLOBL DTSYS,KKSYS
bLOBL SYINT,SYINPR
oGLUBL SRLOCK,SYSIZE,SYSTAT,SY
SolLOCkelyyge 71102 OCTAL BLOCXS ON EMPTY Dev]
SYSTATs1QuAuV! FFILF STRUCTUKED UEVICF,NECTAPE
kKSYSa@ IRK IS NOT WESIUENT



T

O DN NE N

1

248

29
30
31
3e
3s

34
35

3o
37

38

Vol=02 S/29/73 RTeil MACKO VMAleul
"NAYAY BEG?
JLOAD POINT
VY202 PRAVR14 +WORD TCVEC
nYR0nRe vev@es «WORD DTINTe,
AdQune QBV3ve +WORD 3y
BPUoVRe DTSYS?
220006 SY1
AYCYae wovead DTLLE: .WOKD @
21 vdPRYM DTCRE: «WOKD 97
SENTRY POINT
vwovi1e vi1erer MOV #b,,(PC)e
0vAvaALl
Y2216 VAVBYM DTTRYS ,wORD @
Y002y ¥A%04e CLk =(SP)
vRAvee aMdTe? JSR PC,DTINT
banRYe
42026 voven? kTS PC
JINTERRUPT SERVICE
"I'd" B Y] SYINTS
VAU3UY SYINPRE3QQ
d003¢ @10346 DTINTE MOV R3,e(SP)
vwo03e vilvede MOV R2,e(SP)
Y0034 210146 MOV R},=(SP)
YAn3e 016700 MOV DTCWE,RD
177746
dlpde 012744 MUV #TCCM, R}
177342
20046 012046 MOV (R@)e,=(SP)
Vv0US0 Vi1evuvl MOV (KD)e,RS
vepsSe 23ev11 BIT #1001080, (R])
10019009
A04uSe 100454 BMI DTEKR
Ylvby ©a15Sp3 BEC RETRY
vluee ¥seT1y BIT ®2,(RY)
LT
d0vee 0N146S BeQ DTDOUNE
duaTy va2irer CMF @2TCOT,B8wANT
177350
wage1n
08Te PA1ed BEG BLKFNU

e3=0CTe73 PAGE 2

JADURESS UF INTERKUPT VECTOK
JOFFSEY TO INTERRUPY SERVICE
IPRIONITY o

JPOINTEK TO LAST U ENTRY
JPOINTER TO CURRENT 0 ENTRY
JINIT THE RETRY COUNT
JRETRY COUNTER
IPSELILO=INTERNUPT ON STACK

JCONTNOL KETUKRNS HERE WHEN QOPERA
JHAS BFEN STANTED

JSAVE RELS

PRO POINTS TO G ELEMENT
PRY POINTS TO CONTROL REGISTER

FOESTREU BLOCK 8 UNTO STACK
JUNIT & INTO K3
JERKOR BIT ON?

$YES

JIF INTERKUPT 1S UFF,wE AWE INIT
1A HEQUEST

FSEARCHINGT

INOeA READ OR WKITE JUST COMPLET
1COMPARE ACTUAL BLOCK TO UESIKED

1POUNU 1T



DT VUled2 S/29/73 RTejl MACKO VMAleQ1

{ 000100 002407 DIRECT: BLY FORwWARD

e 000102 ©VSeTv3 REVERSE:BIS #4000Q,R3
004000

3 200106 1627~ SUB ®2, (SP)
vaveve

4

S

6 QU112 VYL BR FORWARD

7 900114 @S27¢3 FURwWil RIS #1000U,K3
010000

8

9 0003120 ©¥SET@3 FORWARDIRIS »1023,kKk3
0001013

19 00§24 V12667 MOV (SP)e¢,BwWANT
0o01%56

1§ 00130 010311 RETKN]II MOV R3, (R1)

12 00132 V1260t MOV (SP)+, R\

13 V0134 012600 MOV ($P)e,RY

14 20136 012603 MOV (SP)e,R3

1S V0140 ooeee? RT?

16

17 V0142 232711 ENDZRY Bl7T #4000, (K))
vo4Qde

18 00146 0017SS BEG REVERSE

19 00150 032711 BLKFNDI B1T #4000, (K1)
vououe

20 00154 Q901361 BNE FORwWAKD

2l

2e JINITIATE KEAD/WRITE KREWUEST

23

24 00156 ©SeTel BIS #310115,R3
0101198

2S 00iee 012037 MOV (RQ)e¢,08T(CRA
177346

26 00166 011016 MOV (K@), (SP)

27 40170 1004V BMI 18

28 V0172 0014e3 BEG DTOONE

29 00174 pas5aie6 NEG (SP)

39 40176 Q4eT03 BIC #12,R3
1.1 By}

31 00202 Q12637 181 MOV (SP)e,esTCWC
177344

32 00206 0007Se Br RETRNI

A-21

23=0CTe73 PAGE 3

3SEARCH IN THE FORWARU UIKECTION

JSET REVERSE BIT

JSEARCH FOR Twa BLOCKS BEFOKE ON

JACTUALLY DESIRED (TO ALLUW
1SPACE FOR THE TURN=ARQUND
SOON®T SET DELAY INWIBIT

PTAPE 1S ALREADY MOVING FORwAKD

780 INMIBIT HARDWARE DELAY

JINTENRRUPT ENARLE,RNUM,AND GO

JREMEMBER THE BLOCK WE ARE LOOK]

JTELL CONTROLLEK TO GU
JRESTORE KEGS

FAERE wk IN REVERSE?

INO=REVERSE TaPt
IWERE WE GOING FOKRWARD?

INO=WE HMAVE TQ TUKN AROUND

JASSUME wRITE
ICOKE ADDRESS

swOKD COUNT (OVER HLOCK )
JWRITE wAS A 6GOOUND GUESS
J1F 2RO, SEEK

JREAD=NEGATE wORD COUNT
1SET READ FUNCT]ION

JISET wOKD COQUNT



o7

E Wi e

[ V]

7
8

9
19

24

Védlwne

Pv0ae1v
22016
200220

QYveed
2uveeee

@v0ele
20234

v0e4e
d024e
@ee2se
4nese
Veesy
voee6n

Aneed

4ee7e

20274
0oeTe

Vo324
92300
KR

232737
104000
177340
10v003
03271y
oevepe
ve1346
0ves53e7
177564
gasete
0Se17;
vevoeu!l
177172

112711
LT B S
005726
01260y
010703
062703
177534
213700
Q%0054
16097
vevern

185737
177340
100707
062767
000004
0veovee
v2er1e
220000
0oueTs

0a0332

enpooy*

5/29/73%

KTell MACRO VMOlept

JERROR KOUTINE

DTEKR1

NOTEZ:

BIT #104000,0svCcs)

BPL
BlY

NOTEZ
#2, (R1)

BNE
DEC

ENDZR
DYTRY

BGY
BlS

RETKY
SHOERK, b6 (NA)

JUPERATION FINISHED

DYOONESI MOVEB #1131, (R})

TST (SP)e

MOV (SP)e,Ry
MOV PC,R3

AUD sUTCQEe,,R3

MOV @#MONLOw, K@

MOV OFFSET(k®),PC

IRETRY COCE

RETRYS

BWANT

TST8 e#7CsT
BMI FORW{
ADD #4,BWANT

CMP (PC)e+, (SP)
e

Bk DIRECTY
SYSIZks,«BEG

END

23e0CTe’3 PAGE 4

TENDZ EWRQR?
INOT ENL2
JWERE Wt SFARCHING?

JYES=NEVFKRSE TAPE
JMORE ThIES LEFT?

TYES
INO«SET HARD ERROK BIT

PSTOP vaAog

iPOP BLOCK &
IRESTORE Wi

FADUR DF CQE IN R3

TJUMP YO Q MANAGEK

PTAPE UP TN SPEED?

JYESeAVUID STUPPING TAPE
IND=IT TAKES 4 BLOCKS TOQ START A

FMAKE AN ATTEMPT TO START IN THE
JRIGHT DIRECTION BASED ON LAST &

JDESIKFU

FSIZF OF DY HANDLER



0T Vvolede
SYMBOL TABLE

BEG LIPS
DIRECT @o@1@@R
DTERR  MpP@21UR
DTSYS  BU@BR6R
FORWAR @00120R
MONLOws 800054
PC *X000007
RETRY  Ae0@270K
R *X000000
RS *X000005
sy "TIITIY
SYSIZEs @0@312
TCCM s 177342
TCVEC = Q00214
o ABS, QueueR
CLTTTY
TC1y 200312

ERRORS DETECTED: ¢

5/29/713

G

]
6

vae
voe
vae
vae
vae

vae

00¢

eae
0ol
eae

FREE CORE} 694@, wWORDS

RTell MACRD VMA1=01

BLKFNY
DTCuwE
DTINT
DTTRY
FORwWY
NOTEZ
PS
REVERS
K1

TCcoT
TCwC

QUP154¥R
AVBLI VR
220030R
PUNBI6R
PUAl14R
Puaceek
177776
Qudlaek

sxevoepnl

SBLOCKk= BU1102 6
SYINPR® 200300 G
SYSTATs jap00) G

17173850
177344

wee
vee
ene
e0e
voe
cee

eee

23«0CT=73

BWANT
DTDONE
DTLQE
ENDZW
HUERR =
OFFSETs
RETKN]
RKSYS =

PAGE 4+

P0AIAGR
PYoR42R
PONPALR
2pRA142R
00nony

"0ReTe

PvR130R
PpAeRY 6

R3 sXPpApR3
SpP 83007006

SYINT
TCRA =
TCST =

AVAP3IVRG
177340
177340

vae
voe
vee
nae

one

wee






Bootstrapping a system causes a fresh copy of that
installed in core.
tables are also updated.

APPENDIX B

DETAILED OPERATION OF BOOTSTRAP

bootstrap:
Action
l. User executes hardware

5.

6.

bootstrap.

Second part of bootstrap
is read.

Determine how much
core is available.

Read in directory and
find MONITR.SYS.

Read the monitor into
8K,

LOOKUP the device
handlers in system
and store their record
numbers in $DVREC.

Write out table
$DVREC.,

Put pointers to monitor
file blocks into RMON.

Update position
dependent areas in
RMON,

system to be

In the RT-1l1l boot, certain system device resident
Following is a detailed description of the

Explanation

This causes block 0 of the system device
to be read into 0-777. Control then
passes to location 0.
The first part of the boot reads the
second half into 1000-1777.

Boot sets a trap at location 4 and then
starts addressing memory. When the trap
is taken, illegal memory has been
addressed.

The entire directory is searched. 1If
no such file is found, a HALT occurs, as
no valid monitor was found.

The monitor contained in MONITR.SYS is
used in 8K to perform the rest of the
bootstrap.

Boot looks at
the names of the
devices in the system.
The extension .SYS is appended. Thus,
the PR handler is a file called PR,SYS.
The location of the handler is then
placed in $DVREC. If the LOOKUP fails,
the device gets a 0 in the devices
$DVREC entry. That implies that the
device does not exist,

$PNAME table to find

The block of MONITR.SYS which holds
$DVREC is re-written., That allows the
USR to FETCH handlers without doing a
LOOKUP each time.

RMON references the monitor swap blocks
directly. Thus the position of the swap
blocks will vary as the placement of
MONITR.SYS varies. The real position of
the blocks is wupdated for each boot
operation.

MONITR.SYS is initially linked for 8K.

However, if more than 8K is available,
RT-11 uses it, To do that, certain
words must be updated to point to the



10.

11,

12,

13.

Action

Move the monitor
to high core.

Print bootstrap
header.

Set up locations 4 and
10 to HALT on traps.
Put an ,EXIT EMT into
locations 0 and 2.

EXIT to keyboard Monitor.

Explanation

actual areas of high core where they

will be. Boot contains a list of all
words to be updated.

If more than 8K of core was found, the
system is moved to the top of core.

"RT-11 V01-15" or the current version
message,



APPENDIX C
FIXING THE SIZE OF A SYSTEM

RT-11 is designed to automatically operate out of the top of the
highest available 4K memory bank. However, it is possible to force
the system to operate out of a specified 4K bank which is not
necessarily the highest. For instance, RT-1ll may be run in a 16K
environment, even though the configuration actually has 28K of core.
This can be done as follows:

Commands Explanation
«R PATCH Run RT-11 PATCH program.

PATCH Va1-0a1

FILE NAME--

*MONITR.SYS/M Specifying MONITR.SYS/M indicates it is a monitor file.
*316/ 405 “ Change location 316 from a 405 to a 0 (HALT).

*E E causes an exit to the

R PIP monitor. Now run PIP to

*A=MONITR.SYS/L update the bootstrap

*SY3/0 and re-boot the system.

When the bootstrap is performed, the computer halts. The halt allows
the user to enter the desired size in the switch register. The switch
settings are:

Switch Register Core Size Used
0 8K
20000 12K
40000 16K
60000 20K
100000 24K
120000 28K

When the switches are set properly, press the CONTinue switch and the
bootstrap will be executed. If the CONTinue switch is pressed
immediately following the halt, without changing the switch settings,
a normal core determination is done. To change the bootstrap back to
its original (non-halting) form, execute the same commands as above,
but change the 0 at 316 back to a 405.

This procedure allows the user to have 'protected' core areas, as
RT-11 never accesses memory outside the bounds within which it runs.






INDEX

Abbreviations, 2

Bootstrap operation, B-1

Channel number, 15

Core area, reserved, 4

Core layout, 2, 3

Core restrictions, 6

CQE (Current Queue Element), 18

CSI (Command String Interpreter), 2

$CSW (Channel Status Word table), 2
format, 26

CTRL characters, 35

Data length, 9
Data transfer, 18
Date word, 9
Device handlers, .6, 17, a-1
inserting into system, 24
storage, 2
Device names, restriction on, 24
Device register core area, 3
Directory segment, 7
example, 10
extensions, 11
number, 7
overflow, 11

Empty file, 8
EMT calls, 14
End-of-segment marker, 9
Entry conditions, device handler, 18
EOF (end of file), 19
error, 9
Example RT-11 directory segment, 10
Extra words, 9

Files
length, 9
size and number, 11
structure, 6

Floating USR, 4

Format for device kandlers, 17

Handlers - see Device handlers
Hardware, 1

Header block, 7

Header words, 7, 18

Interrupt handler, 18
I/0 system, 16

JSW (Job Status Word), 2, 5

KMON (Keyboard Monitor), 2

Link word, 7

Memory protect, 4

also see - Core
Monitor tables, 26
MONITR.SYS contents, 14

Peripheral device register core
area, 3

Permanent file, 8

Program start address, 5

Queue element, 16

Reserved core area, 4

Restrictions on core areas, 6

Restriction on permanent names
for devices, 24

RMON (Resident Monitor), 2

Size of system, C-1

Software, 1

Special characters, 6

Stack pointer, 5

$STAT table format, 28

Status word, 8

Structure of system device, 13
Swapping in core, 3

System communication area, 5
System device structure, 13

Tentative file, 8
Terminology, 2

USR (User Service Routines), 2,

INDEX-1

4






HOW TO OBTAIN SOFTWARE INFORMATION

SOFTWARE NEWSLETTERS, MAILING LIST

The Software Communications Group, located at corporate headquarters in
Maynard, publishes newsletters and Software Performance Summaries (SPS)
for the various Digital products. Newsletters are published morthly,
and contain announcements of new and revised software, programming
notes, software problems and solutions, and documentation corrections.
Software Performance Summaries are a collection of existing problems
and solutions for a given software system, and are published periodi-
cally. For information on the distribution of these doc.ments and how
to get on the software newsletter mailing list, write to:

Software Communications
P. 0. Box F
Maynard, Massachusetts 01754

SOFTWARE PROBLEMS

Questions or problems relating to Digital's software should be reported
to a Software Support Specialist. A specialist is located in each
Digital Sales Office in the United States. In Europe, software problem
reporting centers are in the following cities.

Reading, England Milan, Italy

Paris, France Solna, Sweden

The Hague, Holland Geneva, Switzerland
Tel Aviv, Israel Munich, West Germany

Software Problem Report (SPR) forms are available from the specialists
or from the Software Distribution Centers cited below.

PROGRAMS AND MANUALS

Software and manuals should be ordered by title and order number. In
the United States, send orders to the nearest distribution center.

Digital Equipment Corporation Digital Equipment Corporation
Software Distribution Center Software Distribution Center

146 Main Street 1400 Terra Bella

Maynard, Massachusetts 01754 Mountain View, California 94043

Outside of the United States, orders should be directed to the nearest
Digital Field Sales Office or representative.

USERS SOCIETY

DECUS, Digital Equipment Computer Users Society, maintains a user ex-
change center for user-written programs and technical application in-
formation. A catalog of existing programs is available. The society
publishes a periodical, DECUSCOPE, and holds technical seminars in the
United States, Canada, Europe, and Australia. For information on the
society and membership application forms, write to:

DECUS DECUS

Digital Eguipment Corporation Digital Equipment, S.A.
146 Main Street 81 Route de 1l'Aire
Maynard, Massachusetts 01754 1211 Geneva 26

Switzerland






RT-11 Software Support Manual
DEC-11-ORPGA-A-D

READER'S COMMENTS

NOTE: This form is for document comments only. Problems
with software should be reported on a Software
Proklem Repcrt (SPR) form (see the HOW TO OBTAIN
SOFTWARE INFORMATION page).

Did you find errors in this manual? If so, specify by page.

Did you find this manual understandable, usable, and well-organized?
Please make suggestions for improvement.

Is there sufficient documentation on associated system programs
required for use of the software described in this manual? If not,
what material is missing and where should it be placed?

Please indicate the type of user/reader that you most nearly represent.

Assembly language programmer
Higher-level language programmer
Occasional programmer (experienced)
User with little programming experience
Student programmer

000000

Non-programmer interested in computer concepts and capabilities

Name Date
Organizatior
Street
City State Zip Code
or
Country

If you do nct require a written reply, please check here. []
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