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Preface

Purpose and Audience

Design

The purpose of the RT—11 Software Support Manual is to provide detailed
descriptions of the software components of the RT-11 operating system.

It is intended for programmers with experience in MACRO-11 assembly
language who are interested in system-level programming, and for all appli-
cation programmers who want to improve their technical understanding of
the RT—11 operating system. (While the RT—11 Software Support Manual is
not strictly a tutorial manual, it does provide valuable background informa-
tion for application programmers.)

This manual will be particularly useful to you if you are a system program-
mer and your job is to support RT-11 for other users, you need to use devices
that RT-11 does not already support, or you plan to alter the RT-11 soft-
ware components. This manual can help you design more efficient programs
if you are an applications programmer, especially if you plan to use the
foreground/background, extended memory, or multi-terminal capabilities of
RT-11.

NOTE

DIGITAL does not maintain software that you have changed
in any way! Altering the RT-11 software components voids
your warranty and terminates your maintenance service, so
refrain from making changes unless you have the technical
expertise to be responsible for the system afterwards.

Before you read this manual you should be familiar with the topics covered
in the RT—11 System User’s Guide and with the programmed requests docu-
mented in the RT—11 Programmer’s Reference Manual. The RT—11 Software
Support Manual contains information that can help you use system
resources and the programmed requests more effectively.

The resource that can best help you while you are using this manual — espe-
cially if you are interested in monitor internals — is the microfiche listing of
the RT—11 commented source files.

This manual consists of ten chapters and three appendixes. The first two
chapters provide an overview of the RT—11 system in general as well as
information on the components, their arrangement in memory, and their
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gross structure. The chapters that follow describe the previously introduced
system components in greater depth.

Chapter 1 provides an overview of the history of RT-11’s development.

Chapter 2 describes how the software components are arranged in memory
and shows how the arrangement changes dynamically. It also provides an
overview of the components themselves.

Chapter 3 describes the internals of the Resident Monitor that are generally
common to the three RT-11 monitors. Topics that it covers include terminal
service, timer service, I/O queuing, foreground/background considerations,
system jobs, and data structures.

Chapter 4 describes the internals of the Resident Monitor that are the basis
of extended memory systems. It provides information on how the memory
management hardware works, how RT-11 implements support for 124K
words of memory, and how to design and code application programs.

Chapter 5 covers a special feature of RT—-11: the ability to use more than one
terminal, or multi-terminal support. The chapter includes an example
application program.

Chapter 6 is an introduction to interrupt service in RT—11. It is useful to pro-
grammers who need to add a device to their system configuration that is not
already supported by RT-11. The chapter defines the structure and contents
of an in-line interrupt service routine, and includes information for servic-
ing interrupts in different RT—11 monitor environments.

Chapter 7 is a logical continuation of Chapter 6. It explains the differences
between in-line interrupt service routines and device handlers. It describes
how to design, code, install, and debug a device handler. The chapter also
covers some special features of handlers and gives considerations for han-
dlers that will operate in various RT-11 monitor environments. Lastly, it
lists requirements for system device handlers, and describes the bootstrap.

Chapter 8 describes the structure and format of RT—11 files. It covers stream
ASCII, LDA, REL, OBJ, STB, and SAYV files, library files, error logging files,
CREF files, and files with overlays.

Chapter 9 provides information on device directories, file storage, and for-
mats. It documents the structure of directories for random-access devices,
and shows how to repair a directory that has been corrupted. It also
describes the structure of magtapes and cassettes.

Chapter 10 describes unique attributes of various physical devices and pro-
vides information necessary for programming specifically for those devices.

Appendix A provides commented listings of three RT—-11 device handlers:
RK, DX, and PC.

Appendix B explains how to convert device handlers that were written for
Version 4 of RT—11 to the current device handler format.

Appendix C contains a listing of a sample application program that uses in-
line interrupt service to control an analog-to-digital converter in a typical
laboratory situation.
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Documentation Conventions

The following symbolic and vocabulary conventions are used throughout
this manual. Familiarize yourself with them before you continue reading.

Memory refers to all kinds of physical storage in the computer itself; it
includes core and semiconductor memory. It is distinguished from storage on
peripheral devices, such as disk or tape.

In all diagrams of memory, the high addresses are at the top of the picture
and the bottom of the figure represents address 0. In descriptions of data
structures and tables, low addresses and offsets are at the top of each table.

In discussions of extended memory systems, low memory refers to memory
below the 28K-word boundary. However, for LSI computers with the
MSV11-DD memory board and a special jumper installed, low memory con-
sists of the memory locations below the 30K-word boundary.

The following acronyms are used throughout this manual:

Name Meaning

USR User Service Routine
RMON Resident Monitor
KMON Keyboard Monitor

FB Foreground/Background
XM Extended Memory

Sd Single-Job

BL Baseline

EQOT End-of-tape

EOF End-of-file

LEOT Logical end-of-tape
BOT Beginning-of-tape
CSwW Channel Status Word
PS Processor Status Word

For your convenience, the following table shows the octal mask used to set,
clear, or test each bit in a 16-bit word.

Bit Octal Mask
0 1
1 2
2 4
3 10
4 20
5 40
6 100
7 200
8 400
9 1000

10 2000

11 4000

12 10000

13 20000

14 40000

15 100000

XXV






Chapter 1
Historical Overview

saans”

At its conception in 1972, RT-11 was designed to be a small, fast, easy-to-
use operating system for the PDP-11 family of minicomputers. It was devel-
oped as a single-user system for real-time and computational use; its target
applications were data acquisition, process control, and, of course, program
development.

The following sections provide an overview of the history of RT—11’s devel-
opment, showing how the operating system has evolved over the course of
eight years and four major releases. For a comprehensive overview of the
hardware, software, and documentation components of today’s RT—11 oper-
ating system, see Chapter 1 of the RT—11 System User’s Guide.

The year 1971 was an exciting time for the computer industry. The PDP-11
computer was only a year old and DIGITAL was making computing power
feasible for thousands of applications with the introduction of this relatively
inexpensive 16-bit minicomputer.!

The software then available for the PDP-11 consisted of PTS (Paper Tape
Software, which included the PAL-11S Assembler) and DOS-11 (a batch-
oriented system). Clearly, the situation called for a low-cost, interactive sys-
tem that could be used for real-time and computational applications, and for
program development.

A popular operating system for the PDP-8, called OS/8, was the design
model for the new PDP-11 operating system, tentatively called OS—11. The
new operating system was designed to be a small, single-user, interactive
system with event-driven real-time I/O, that would run on PDP-11 comput-
ers with 28K words of memory or less. It was designed to have a simple,
modular structure; device handlers would be used for I/O transfers so appli-
cation programming could be device-independent, and files would be stored
in contiguous blocks on disk so record management would not be a program-
ming concern.

1.1 Version1

Actual development work on OS-11 began in the fall of 1972. A group of five
system programmers and one technical writer set about refining the design

for OS-11 and producing the software and the manual. The groundwork was
laid to make OS-11 compatible with 0S/8 and TOPS-10.

L Computer Engineering: A DEC View of Hardware Systems Design, by C. Gordon Bell, J.
Craig Mudge, and John E. McNamara, Digital Press, 1978.



The first version of OS-11 included the single-job monitor and a set of pro-
gram development tools: EDIT, MACRO-11, LINK, ODT, PIP, PATCH,
EXPAND and ASEMBL (tools for developing macros in 8K-word systems),
and PIPC (for cassettes). BASIC-11, the first product to require RT-11 as its
base system, was also part of Version 1. The single-job monitor provided nec-
essary services to running programs and supervised the queued I/O system.
The operating system supported seven devices: RK, LP, TT, CT, PR, PP, and
DT.

OS-11 was renamed first to RTPS-11 (Real-Time Programming System),
then to RT-11 (Real Time). Version 1 of RT-11 was completed in the fall of
1973, and support for the GT40 video display was added in early 1974.

1.2 Version?2

It soon became apparent that RT-11 was successful. More system program-
mers and technical writers were added to the group, and development for
another release was begun. Versions 2, 2B, and 2C brought some significant
new features to the operating system. A new monitor was developed that
permitted two jobs to run in a foreground/background environment. Support
was added for new peripheral devices, including MM, MT, CR, DP, RF, DX,
and DS. A number of utility programs were added to improve the set of pro-
gram development tools. These included CREF, LIBR, PATCHO, DUMP,
FILEX, SRCCOM, and BATCH. FORTRAN IV was released with Version 2,
and the operating system software included a library of FORTRAN-callable
subroutines, called SYSLIB. Version 2 was completed in the fall of 1974; the
2C update was released in early 1976.

1.3 Version3

Version 3 of RT-11 was another major release. Most significant was the
development of the extended memory monitor from a conditional assembly
of the foreground/background monitor source files. This permitted RT-11 to
support systems with up to 124K words of physical memory. Products such
as FORTRAN 1V, CTS-300, and Multi-User BASIC-11 took advantage of
this feature in ways that were transparent to application programs. Support
was included for multi-terminal systems as well, and device error logging
was implemented. DCL (DIGITAL Command Language) was developed so
that almost all system programs could be accessed by English-like monitor
commands. Indirect files provided an easy-to-use alternative to BATCH.

Again, support was added for new DIGITAL peripheral devices: DL, DM,
DY, NL, and PC (which replaced PR and PP). And, more system utility
programs were introduced: PIP was divided into PIP, DUP, and DIR. Other
new utilities included PAT, FORMAT, and RESORC. System generation
was designed to permit customization and provide system flexibility. The
TECO editor was included in the distribution kits for the first time. Version
3 was completed in the fall of 1977, and the 3B update was made available in
early 1978. ‘
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1.4 Version 4

With Version 4, RT—11 could be called a-mature product. The specific goals
of this development effort were to make RT—11 easier to install and main-
tain. Tools were provided, in the form of BINCOM, SIPP, SRCCOM, and
SLP, to make the generation and installation of patches almost automatic.
System jobs (special foreground jobs provided by DIGITAL) handled error
logging and file queuing. Monitor files were separated from system device
handler files, providing greater flexibility while saving storage space. Not
least among the accomplishments was a change to the linker that permitted
overlays to reside in extended memory rather than on a mass storage device.
The KED and K52 Keypad Editors were included in the distribution kits.

Version 4 was completed in early 1980. By then there were well over seven-
teen thousand RT-11 systems installed around the world, making this oper-
ating system a successful venture indeed.

1.5 Version5b

Nothing stands still in the computer industry. New hardware and expand-
ing user needs create demands for up-to-date software. Version 5 of RT—11,
released in the spring of 1983, included support for new hardware such as
MSCP and the MICRO/PDP-11. The extended memory monitor was
changed to support 22-bit memory addressing on Q-bus central processors
and to allow use of the .FETCH programmed request under the extended
memory monitor. A new virtual memory handler allowed extended memory
to be used as though it were a disk. The LD handler was added to support
logical disks. The backup utility BUP and the indirect file processor IND
were added to the distribution kit, and SYSGEN was rewritten to make
installation and customization still easier. New DCL commands and op-
tions were added, as well as CCL (Concise Command Language) and UCL
(User Command Linkage). At the same time, however, a minimum system
could still run in 16K words of memory, maintaining the RT—11 tradition of
being small, fast, interactive, and easy to use.

Version 5.1, July 1984
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Chapter 2
System Components and Memory Layouts

—

This chapter introduces the components of the RT-11 system that can be
memory resident. It provides maps of physical memory that show where the
components are located, and it indicates how their positions can change
dynamically. The components this chapter covers are divided into two
groups: static components, which have a relatively fixed position in memory,
and dynamic components, whose locations are changeable.

The components are arranged to leave the most space available for user pro-
grams and to be flexible. Flexibility is obtained by positioning the compo-
nents after determining the total amount of memory at bootstrap time.
Normally, you do not have to take any special steps to move RT-11 from one
PDP-11 computer to another.

2.1 Static Components

The static components have fixed locations in memory. Their actual
addresses vary from one PDP-11 computer to the next, depending on how
much memory each computer has available. The static components or areas
are as follows:

Trap vectors

System communication area
Interrupt vectors

1/O page

System device handler

Resident Monitor

I A o L

Background job

2.1.1 Trap Vectors

Table 2—1 shows the memory locations from 0 to 36, an area that contains
the trap vectors. A plus sign (+) marks the locations that are reserved for
use by RT-11. You should not attempt to modify these locations; a bitmap
protects them each time you load a program. An asterisk (*) marks the loca-
tions that your programs can use. Figure 2-1 is a summary of the trap vector
area information.

2-1



Table 2-1: Trap Vectors

Location

Contents

0,2+

4,6+

10,12+

14,16*
20,22+
24,26*

30,32+
34,36*

Monitor restart, executes the .EXIT request and returns control to the
monitor (has additional uses in XM systems).

0dd address and bus time-out trap; RT-11 sets this to point to its inter-
nal trap handler.

Reserved instruction trap; RT-11 sets this to point to its internal trap
handler.

BPT (breakpoint trap), T-bit trap (used by debugging utility programs).
10T, input/output trap.

Powerfail and restart trap. Your programs can use this location unless
you included support for powerfail restart through system generation. If
your system includes the powerfail restart feature, locations 24 and 26
are reserved for use by RT-11.

EMT, emulator trap; RT-11 uses this for programmed requests.

TRAP instruction. Note that you cannot use the TRAP instruction in
assembly language subroutines linked with FORTRAN IV, DIBOL,
BASIC-11, or MU BASIC-11 programs; these languages use the TRAP
instruction for internal error reporting.

Figure 2-1: Trap Vector Area

EMORY
28K MEMO
/ LOCATION CONTENTS
34,36 TRAP INSTRUCTION
/
/ 3,32 EMT INSTRUCTION
/
/ 24,26 POWERFAIL AND RESTART
/
/ 20,22 10T TRAP
14,16 BPT TRAP
/ 10, 12 RESERVED INSTRUCTION TRAP
/ 4,6 ODD ADDRESS/BUS TIME-OUT
36
TRAP VECTORS 0,2 MONITOR RESTART
0 -
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2.1.2 System Communication Area

The memory locations from 40 through 57 are called the system communi-

cation area.

This area holds information about the program currently

executing, as well as certain information normally used only by the monitor.

The diagram in Figure 2—2 is a summary of the system communication area
information. Table 2-2 describes the contents of each location.

Figure 2-2: System Communication Area

MEMORY
28K
// LOCATION CONTENTS
/ 57,56 FILL COUNT FILL CHARACTER
/
/ 54 RMON STARTING ADDRESS
/
/ 53, 52 USER ERROR BYTE MONITOR ERROR BYTE
/
// 50 HIGHEST ADDRESS AVAILABLE TO PROGRAM
// 46 USR LOAD ADDRESS; NORMALLY 0
/ 44 JOB STATUS WORD (JSW)
56 | sYSTEM
40 | communicaTion AREA 42 INITIAL VALUE OF STACK POINTER
36 ~———
o TRAP VECTORS ~— 40 PROGRAM START ADDRESS

Table 2-2: System Communication Area

Location

Contents

40,41

42,43

Start address of job. When you link a file to create an RT—11 executable
image, the linker sets the word at address 40 in the program’s file to the
starting address of the program. This word is loaded into memory location
40 at run time. When a foreground job executes, the FRUN processor relo-
cates this word to contain the actual starting address of the program.

Initial value of stack pointer. If the user program does not set this value
with an .ASECT directive, the value defaults to 1000 or to the top of the
program’s absolute section, whichever is larger. You can use the linker /
B:n option to set the initial value of the background job’s stack pointer. If a
foreground program does not specify a stack pointer in this word (by using
an .ASECT directive), the FRUN processor allocates a default stack of 128
decimal bytes immediately below the program, and the initial stack
pointer value is 1000, relative to the base of the foreground job.

(Continued on next page)
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Table 2-2: System Communication Area (Cont.)

Location Contents

44,45 Job Status Word (JSW). This is a flag word for the monitor. The monitor
maintains some of the bits itself, and your program can set or clear others.
See Section 2.1.2.2 for more information on the JSW.

46,47 USR load address. This word is normally 0, but you can set it in the file or
at run time to any valid word address in your program. If this word is 0,
the USR loads in its default location through an address contained in off-
set 266 of RMON. If this word is not 0, the USR loads at the address it spe-
cifies, unless the USR is set NOSWAP. This location is cleared by an exit
to KMON (via .EXIT, CTRL/C, or fatal error).

50,51 High memory address. In this word the monitor maintains the highest
address your program can use. The linker sets this word initially to the
high-limit value. You can modify it by using the .SETTOP programmed
request. Your program must never modify this word directly. In XM sys-
tems, locations 50 and 51 in the file contain the address that is the top of
the root section plus the low memory (/O) overlays. In memory, locations
50 and 51 contain the same value unless the program issues a .SETTOP.
In this case, these locations contain the highest available virtual address
(see Section 4.4.4.6).

52 EMT error code. If a monitor request results in an error, the code number
of the error is always returned in byte 52 in memory and the carry bit is
set. Each monitor call has its own set of possible errors. Byte 52 in the job’s
file has a different meaning (see Chapter 8).

NOTE

Always address location 52 as a byte, never as a word, since
byte 53 has a separate function.

53 User program error code (USERRB). If a user program encounters errors
during execution, it indicates the error by using this byte in memory. See
Section 2.1.2.1 for more information about this byte. See Chapter 8 for its
meaning in the job’s file.

54,55 Address of the beginning of the Resident Monitor. RT-11 always loads the
monitor into the highest available memory locations of low (rather than
extended) memory; this word in memory points to its first location. Never
alter this word — doing so causes RT-11 to malfunction. See Chapter 8 for
the meaning of this word in the job’s file.

56 Fill character (seven-bit ASCII). Some high-speed terminals require fill
(null) characters after printing certain characters. Byte 56 in memory
should contain the ASCII seven-bit representation of the character after
which fills are required. See Chapter 8 for the meaning of this bit in the
job’s file.

57 Fill count. This byte in memory specifies the number of fill characters that
are required. The number of characters is determined by hardware. If
bytes 57 and 56 are 0, no fill is required. See Chapter 8 for the meaning of
this byte in the job’s file. For more information on the terminals that
require fill characters, see the RT—11 Installation Guide.
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2.1.2.1 User Error Byte — The Keyboard Monitor examines the user error
byte when a program terminates. If your program has reported a significant
error in this byte, KMON can abort any indirect command files in use. This
prevents spurious results from occurring if subsequent commands in the
indirect file depend on the successful completion of all prior commands.

A program can exit in one of the following states:

Success

Warning

Error

Severe error

Unconditionally fatal error

The program status is success when the execution of the program is free of
errors.

The warning status indicates that warning messages occurred, but the
program ran to completion.

The error status indicates that a user error occurred and the program did
not run to completion. This level is also used by RT-11 system programs
when they produce an output file even though it may contain errors. For
example, a compiler can use the error level to indicate that an object file
was produced, but the source program contains errors. Under these condi-
tions, execution of the object file will not be successful if the module con-
taining the error is encountered.

The severe status indicates that the program did not produce any usable
output, and any command or operation depending upon this program out-
put will not execute properly. This type of error can result when a resource
needed by the program to complete execution is not available — for exam-
ple, insufficient memory space to assemble or compile an application
program.

The unconditionally fatal status indicates that not only has an operation
completely failed, but that the integrity of the monitor itself is
questionable.

Utility programs and the Keyboard Monitor always set the user error byte
to reflect the result of each monitor command you issue. Normally, indirect
command files abort when there has been a monitor command error. By
setting the error level to unconditionally fatal with the SET ERROR
NONE command, you guarantee that indirect command files will continue
to execute despite individual monitor command errors. Only uncondition-
ally fatal errors that indicate problems within the Keyboard Monitor itself
abort indirect files at the SET ERROR NONE level. Table 2—-3 shows the
bits of byte 53, their status, and the status code printed by the RT—11 sys-
tem utility program messages.

System Components and Memory Layouts 2-5



Table 2-3: User Error Byte

Bit Mask Status RT-11 Message

0 1 Success ?prog-I-text, or none
1 2 Warning ?prog-W-text

2 4 Error ?prog-E-text

3 10 Severe 7prog-F-text

4 20 Fatal ?prog-U-text

Bits 5 through 7 of the user error byte are reserved for DIGITAL’s future
use; do not use them in your programs. Programs should never clear byte 53,
and should set it only through a BISB instruction, as the following example
shows. If more than one bit is set at any given time, the highest bit is the one
that RT-11 recognizes.

USERRB
SUCCSs
WARNS

ERRORS
SEVERS$
UFATLS

+

DR e ta
W

{1 | S I I { S 1}

[
ko J o]

+

ERROR: BISB #ERROR% :E#USERRB i8ET ERROR STATUS
CLR RO iHARD EXIT
JEXIT

Note that this byte is meaningful only for the Keyboard Monitor and for
background jobs. This is because it was designed to be used by system utility
programs and language processors, which run as background jobs. A fore-
ground job can set it, but that action has no effect on the system.

2.1.2.2 Job Status Word (JSW) — Bytes 44 and 45 make up the Job Status
Word, or JSW. Table 24 shows the meanings of the bits in this word. The
bits marked with an asterisk (*) can be set by a user program during execu-
tion. Bits marked with a plus sign (+) are set at load time. Note that some
bits can be set at both load and run time. Unused bits are reserved for future

use by DIGITAL. Figure 2—-3 shows a summary of the JSW.

Table 2—4: Job Status Word (JSW)

ML
D1
Number Meaning When Set
15 USR swap bit (SJ only). The monitor sets this bit when a program does
not require the USR to swap. (See Section 2.2.3 for details on the USR.)
Your program must not alter this bit.
14 +* Lower-case bit. Disables automatic conversion of typed lower-case to

upper-case characters. EDIT sets it when you type the EL command.

(Continued on next page)
Version 5.1, July 1984
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Table 2-4: Job Status Word (JSW) (Cont.)

Bit
Number Meaning When Set
13+* Reenter bit. Indicates that a program can be restarted from the terminal
when you type the REENTER command.
124% Special mode terminal bit. Indicates that the job is in a special keyboard

mode of input. Refer to the explanation of the . TTYIN and .TTINR pro-
grammed requests in the RT-11 Programmer’s Reference Manual for
details.

11+* Pass line to KMON bit. Indicates, when a program exits, that the pro-
gram is passing a command line to KMON. This action causes any open
indirect file to abort. The command line should be stored in the CHAIN
information area, locations 500 through 776. RO must be cleared before
exiting. Refer to the example program for .EXIT in the RT-11
Programmer’s Reference Manual. This bit is not available to foreground
or system jobs under the FB and XM monitors.

10+ Virtual image bit (XM only). Indicates that the job to be loaded is a vir-
tual job. You must set this bit yourself in the executable file before you
attempt to run the program. Do this at assembly time by using an
ASECT directive and modifying the JSW, or before run time by patching
this location in the file. See Chapter 4 for more information on virtual

jobs.

9 Overlay bit. This bit is set by the linker if the user program uses the
linker overlay feature.

8+ CHAIN bit. This bit can be used in two ways. If it is set in a job’s save

image, the monitor loads words 500 through 776 from the save file when
the job is started, even if the job is entered with .CHAIN. (These words
are normally used to pass parameters from one job to another across a
.CHAIN))

The monitor sets this bit when the job is running if and only if the job
was actually entered with a .CHAIN.

T+* Error halt bit (SJ only). Indicates that the system should halt when an I/
O error occurs. If you want the system to halt when a device I/O error
occurs, you should set this bit.

6+%* Inhibit terminal wait bit (FB and XM only). Inhibits the job from enter-
ing a console terminal wait state. For more information, refer to the sec-
tions concerning .TTYIN, .TTINR, .TTYOUT and .TTOUTR in the
RT-11 Programmer’s Reference Manual.

54%* Special chain exit bit. If set when a program exits, text in the chain area,
locations 510 to 777, is passed to KMON and appended to the command

buffer. RO must be cleared hefore exiting. This does not abort an onen

indirect file. Refer to bit 11, above. If you pass multiple command lines,
any line containing the @ indirect file command must be the last line of
the series.

44+% Disable single-line editor bit. Setting this bit disables all single-line edi-
tor functions.

(Continued on next page)
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Table 2—4: Job Status Word (JSW) (Cont.)

Bit
Number Meaning When Set

3+* Nonterminating .GTLIN bit. When bit 3 of the JSW is set and your pro-
gram encounters a CTRL/C in an indirect command file, the .GTLIN
request collects subsequent lines from the terminal. If you then clear bit
3 of the JSW, the next line collected by the .GTLIN request is the CTRL/
C in the indirect command file; this causes the program to terminate.
Further input will come from the indirect command file, if there are any
more lines in it. The LINK, DUP, SIPP, SLP, QUEMAN, SRCCOM, and
LIBR utilities make use of this feature. To activate it in an indirect file,
put an uparrow (A) followed by a C on a line by itself in the file. This
causes the utilities to accept the response from the terminal instead of
taking it directly from the file.

The following indirect file shows how to obtain a response from the
terminal:

RUN LINK
TEST, TEST=MOD1,LIB/I
A~C

All further input to the linker will come from the terminal, as a result of
the AC in the indirect command file.

0-2 Reserved.

Figure 2-3: Job Status Word (JSW) Summary

15 14*+ 13*+ 12*+ 1%+ 10+ 9 8+
1= 1= 1= 1= 1= 1= 1=
NO USR LOWER REENTER TT PASS VIRTUAL OVERLAID CHAIN
SWAPPING CASE CAN SPECIAL LINETO Jos Jos BIT
(SJONLY) ENABLED START J08 MODE KMON {XM ONLY}
1= 1= 1= 1= NON-
HALT ON NOTT SPECIAL DISABLE TERMINATING RESERVED
/O ERROR | WAIT STATE -CHAIN SINGLE-LINE |.GTLIN
(SJ ONLY} EXIT EDITOR

7*+ 6"+ 5"+ 4%+ 3*+ 2 1 0

BITS MARKED WITH AN ASTERISK (*) ARE BITS THAT YOU CAN SET DURING EXECUTION.
BITS MARKED WITH A PLUS SIGN (+) CAN BE SET AT LOAD TIME.

2.1.3 Interrupt Vectors

Table 2-5 shows the locations in the low memory area that are reserved for
interrupt vectors. Figure 2—4 shows how the interrupt vector area relates to
the rest of memory.

Version 5.1, July 1984
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Table 2-5: Interrupt Vectors

Location Contents
60,62 DL11: Console terminal input

64,66 DL11: Console terminal output

70,72 PC11: Paper tape reader

74,76 PC11: Paper tape punch

100,102 KW11-L: Line clock

104,106 KW11-P: Programmable clock

110,112 Reserved!

114,116 Memory system errors: parity, cache, and uncorrectable ECC errors
120,122 XY11: X/Y Plotter?

124,126 DR11-B: DMA interface?

130,132 ADO1: Analog to digital subsystem?

134,136 AFC11: Analog input subsystem?

140,142 AA11: Digital to analog subsystem?

144,146 AA11: (requires two vectors)?

150,152 MSCP device number 1

154,156 MSCP device number 0

160,162 RL11/RLV11: RLO1/RL02 Disk cartridge

164,166 Reserved

170,172 LP/LS/LV11 Line printer number 12

174,176 LP/LS/LV11 Line printer number 22

200,202 LP/LS/LV11 Line printer number 0 (includes LA180 parallel interface)

204,206 RHI11,RH70: RS03/RS04 Fixed-head disk;
RF11: Fixed-head disk

210,212 RK611/RK711: RK06/RK07 Disk cartridge
214,216 TC11: DECtape
220,222 RK11/RKV11: RKO5 Disk cartridge

224,226 RHI1I1/REH70: TU16, TE16, TU45 Magtape;
TM11: TU10/TE10 Magtape;
TS03: Magtape
TS11: Magtape first controller (others float)
TS05/TSV05: Magtape

(Continued on next page)

1 This vector is used by RSTS/E. Take this into consideration if you run both RT-11 and
RSTS/E on the same PDP-11.

2 This vector is assigned to a hardware device that is optional in RT-11. If your configuration
includes this device, use this vector for it.
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Table 2-5: Interrupt Vectors (Cont.)

Location Contents

230,232 CD11/CM11/CR11: Card reader
234,236 UDC11: Digital control subsystem?
240,242 PIRQ, (programmed interrupt request)?
244,246 FPP or FIS floating-point exception
250,252 KT11: Memory management, fault

254,256 RP11: RP02/03 Disk;
RH11/RH70: RP04/05/06/RM02/03 Disk

260,262 TA11: Cassette tape

264,266 RX11/RXV11/RX211/RX2V1: RX01, RX02 Diskette
270,272 LP/LS/LV11 Line printer number 32

274,276 LP/LS/LV11 Line printer number 42

300,302 Start of the floating vector area

320,322 VT11/VS60 Graphics terminal (requires three vectors)
324,326 VT11/VS60

330,332 VT11/VS60

2 This vector is assigned to a hardware device that is optional in RT-11. If your configuration
includes this device, use this vector for it.

8 This vector is assigned to hardware that is not supported by RT-11.
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Figure 2—4: Interrupt Vector Area
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0
21.4 1O Page

The highest 4K words! of addressing space in PDP-11 computers are
reserved for device control, status, and data buffer registers. This area is
called the I/O page. In addition to the device registers, it also contains the
Processor Status word (except on the LSI-11/02, PDP-11/03, and PDT), and,
for some processors, the system’s general registers (RO through R5), the
stack pointer (R6), and the program counter (R7). Locations in the I/O page
are directly addressable by application programs and system software, but
since they are bus addresses and not memory locations, they cannot be used
to store code and data. Figure 2-5 shows where the I/O page is addressed in
relation to the rest of the system components. You can find more information
on the I/O page and the device registers for your own processor and peripher-
als in the PDP-11 Processor Handbook, the PDP—-11 Peripherals Handbook,
the Microcomputer Processor Handbook, the Memories and Peripherals
Handbook, and in most hardware manuals.

1 An LSI-11 with MSV-11DD and memory jumper has a 2K-word I/O page and 30K words of
regular memory. Throughout this manual, however, a 4K-word I/O page is assumed.
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Figure 2-5: 1/0 Page
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2.1.5 System Device Handler

The system device handler is the handler for the device from which the

system was bootstrapped. Chapter 7 describes the structure of a system
device handler in detail.

At bootstrap time, the monitor is linked together with the system device
handler file found on the system volume. The system device handler is
loaded into memory first, immediately below the I/O page. The Resident
Monitor is loaded below the system device handler. Once it is read into mem-
ory, the system device handler remains resident and does not change its

location. Figure 2-6 shows where the system device handler resides in
memory.
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Figure 2-6: System Device Handler
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2.1.6 Resident Monitor (RMON)

The Resident Monitor (RMON) is the RT-11 monitor component that is
always resident in memory. When you bootstrap an RT-11 system, the
bootstrap routine determines how much main memory is available. RMON
loads at the highest possible low memory address, just below the system
device handler. It does not move during system operation.

RMON contains routines to handle the programmed requests in RT-11. It
also contains the background job’s impure area in FB and XM systems, the
error processor, timer routines, console terminal service routines, USR swap
routines, and other monitor functions. Figure 2—7 shows a summary of the
contents of the Resident Monitor. In the figure, components marked with an
asterisk (*) are not part of the SJ Resident Monitor. See Chapter 3 for more
information on the Resident Monitor.
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Link maps of the distributed RT-11 monitors (base-line, single-job, and
foreground/background) are part of the distribution kit. They exist as files

named RTBL.MAP, RTSJ.MAP, RTFB.MAP, and RTXM.MAP. Table 2-6 )
lists the p-sects that make up the Resident and Keyboard Monitors.

Figure 2-7: Resident Monitor (RMON)
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)
/
Table 2-6: Monitor P-sects
P-sect Name Contents
RT11 Keyboard Monitor
RMNUSR USR buffer and code
RTDATA Resident Monitor fixed offsets and database
OWNERS$ $OWNER table
UNAM1$ $UNAM1 table
UNAM2$ $UNAM2 table
PNAME$ $PNAME table

(Continued on next page)
Version 5.1, July 1984
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Table 2-6: Monitor P-sects (Cont.)

P-sect Name Contents
ENTRY$ SENTRY table
STAT$ $STAT table
DVRECS$ $DVREC table
DVINT$ $DVINT table
MTTY$ Multi-terminal terminal control blocks
RMON Resident Monitor
XMSUBS Extended Memory routines
MTEMT$ Multi-terminal programmed requests
MTINTS$ Multi-terminal interrupt service
STACKS$ Resident Monitor stacks (not in SJ)
PATCHS$ Patch space
OVLYnn Keyboard Monitor overlays containing command processors

2.1.7 Background Job

The user job in an SJ system and the background job in an FB system are
essentially identical for the purpose of this discussion. The RT-11 utility
programs, such as PIP, DUP, and DIR, run as user jobs. In FB systems, they
run as background jobs. Figure 2—8 shows the general structure of a back-
ground job, as well as its relative location in memory.

As you can see from Figure 2-8, the background job usually begins loading
into memory at location 1000, and loads up to its high limit. There are three
ways in which RT-11 can load a background job: RUN, R, and .CHAIN.
They are described in the following three sections.

2.1.7.1 RUN Command — One way to load a job is to use the keyboard moni-
tor RUN command. The RUN command is the same as the GET and START
commands combined. First, if the SAV file is not on the system device, RUN
(or GET) loads the handler for the proper device. When this occurs the
Keyboard Monitor and the USR, which normally occupy the space above the
background job and below RMON, relocate themseives, if necessary. For
more information on the USR and the Keyboard Monitor, see later sections

of this chapter.

The space available for background job loading consists of the background
job area, the space occupied by KMON, and the space occupied by the USR
(unless the USR is set to NOSWAP). If the job needs more space than these
three areas, an error message prints and then control returns to the
Keyboard Monitor.
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Figure 2-8: Background Job
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Once the job passes the size tests, RUN loads memory locations 0 through
476 from the file, if they are not protected. To check for protection, RUN
looks at the bitmap in RMON, and does not load any locations that are pro-
tected either by RMON or by another job.

Next, RUN loads all the memory locations from 500 through 776 from the
file. This area is the default stack for the background jeb.

To load locations 1000 and up, RUN examines the core control block, called
the CCB, which starts at location 360 in the job file. The CCB is a bitmap
created by the linker in which each bit represents one block in the file. When
the linker takes data out of the OBJ file to go into the SAYV file, it sets the
CCB bit for each block of the SAV file that actually contains code or data.
For example, if you link a file with a base address of 2000, the locations in
your file from 1000 through 1776 do not contain data, and therefore the
linker does not set the corresponding bit in the CCB. RUN loads blocks from
the file into memory only if the corresponding CCB bits for them are set.
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If a block fits in memory in the area below KMON that is reserved for the
background job, RUN loads it directly. If a block would overlay either
KMON or the USR, RUN copies the block out to the disk file SWAP.SYS.
This process continues until the entire file is loaded into memory, or into
memory plus SWAP.SYS. SWAP.SYS is just large enough to hold the
amount of program code that would overlay the KMON and the USR.

Finally, RUN (or START) jumps to RMON. If SWAP.SYS is in use, RMON
reads its contents into memory, overlaying KMON and possibly the USR as
well. Then RMON starts the program’s execution. Figure 2-9 summarizes
how the RUN command loads a job image into memory.

If SET EXIT SWAP is in effect when the program terminates, RMON reads
KMON and the USR back into memory from the monitor .SYS file. The
memory area up to the bottom of KMON contains the background job image.
If the job overlaid KMON, the remainder of the job image is written out to
SWAP.SYS. This procedure allows the Examine and Deposit commands to
operate on the job image on disk, even though KMON has written over the
job’s locations in memory, and the RESTART command can restart the
program.

2.1.7.2 R Command — The R command is similar to the RUN command.
One initial difference, however, is that the file to be loaded must reside on
the system device (SY:). The reason for this restriction is that the R com-

mand is not capable of loading another device handler in order to read the
file.

The R command loads memory locations 0 through 776 the same way the
RUN command does. It has a different procedure for loading locations 1000
and up. The R command ignores the core control block in the file and it sets
up parameters for RMON. RMON loads the rest of the file (up to its high
limit; it does not load overlays) even if it overlays KMON and the USR. It
ignores the file SWAP.SYS. Figure 2-10 summarizes how the R command
loads a job image into memory.

If the job is a virtual job, the monitor creates for the job a virtual memory
partition, a static window and static region definition block, and then sets up
the user mapping registers. At this point it starts the job’s execution. (See
Chapter 4 for more information on virtual jobs.)

As with the RUN command, jobs (excluding virtual jobs) loaded with R use
the SWAP.SYS file, if necessary, at program termination so that the
Examine and Deposit commands function correctly. Note that if a job issues
a .SETTOP request to lower its high limit before it exits, it may prevent the
monitor from writing SWAP.SYS.

2.1.7.3 .CHAIN Request — The third way to load a job is to chain to it from
another job. The first job issues the .CHAIN programmed request to do this.
The second job can use information in memory locations 500 through 776
that was placed there by the first job. Consequently, the only difference
between loading a job with the RUN command and starting a job by chain-
ing to it is that chaining does not load memory locations 500 through 776
from the second file unless you set the chain bit in the JSW of the second file
at assembly time.
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Figure 2-9: RUN Command
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Chapter 4 for more information on virtual jobs.) Note also that chaining to a
FORTRAN job does not preserve channel information from the previous job.
This is because FORTRAN itself closes the channels and discards the

impure area.

2-18 System Components and Memory Layouts






