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PREFACE

MANUAL OBJECTIVES AND READER ASSUMPTIONS

This manual is intended for the experienced system programmer; one
who 1is familiar with RSX-11lM operation and has an acguaintance with
the RSX-11M Executive code. The manual presents information
tutorially. However, the manual also contains a great deal of
cross-reference information for very experienced programmers who may
not need the tutorial information.

The System Logic Manual primarily discusses the Executive. However,
cross~references for MCR and File Control Processor are also included.

PREREQUISITE MANUALS

The reader and user of this manual 1is expected to have read and
understood the contents of the following manuals:

Introduction to RSX-11lM

IAS/RSX-11 MACRO-11 Reference Manual

RSX-11M Executive Reference Manual

RSX~11M Task Builder Reference Manual

RSX-11M Guide to Writing an 1/0 Driver

RSX-11M Operator's Procedures Manual

RSX-11M System Generation Manual

THE STRUCTURE OF THE LOGIC MANUAL

VOLUME 1

Chapter 1 - Introduction
Chapter 1 presents a general description of the RSX-1llM V3.1
system for those who may need a fundamental introduction. This
chapter expands much of the material found in Introduction to
RSX~-11M.

xvii



Chapter 2 - Memory Resource Allocation
Chapter 2 describes Memory Management and the important routines
that allocate memory resources. Specifically, Chapter 2
describes the Loader, the Shuffler, $NXTSK, $CHKPT, and
associated routines.

Chapter 3 - Interrupt Processing
Chapter 3 describes Executive interrupt and fork processing. The
important interrupt routines are described. A figure along with
supporting text describes the code path followed by the interrupt
and fork routines that a sample driver uses.

Chapter 4 - Privileged Tasks
Chapter 4 describes the purpose of privileged tasks, their use
and the cautions concerning their use, the use of $SWSTK (switch
stack), and mapping for both privileged and nonprivileged tasks.

Chapter 5 = MCR Interface
Chapter 5 describes the function of the MCR interface, the MCR
Dispatcher, and how MCR processes a command line entered at a
terminal.

Chapter 6 - I/0 Processing
Chapter 6 discusses the internal processing of the QIO directive.

Chapter 7 - Module Descriptions
Chapter 7 contains brief descriptions of the modules that make up
the Executive. Entry points, inputs, outputs, and exit status of
the modules are also described.

Chapter 8 - Data Areas and Control Blocks
Chapter 8 contains figures that show various system linkages in a
generalized form. Important functions of the Device Control
Block, Unit Control Block, and Status Control Block are also
discussed. Also shown are all the bit definitions for the system
control blocks.

Chapter 9 - Cross-references
Chapter 9 contains important cross-references, created by the
CREF program, that you can use to find your way through the
system listings. The references include:
For the Executive:
® Module-to-routine cross-references
e Symbol-to-module cross-references
For MCRMU (multiuser MCR):

e Symbol-to-module cross-references (created by the
CREF program)

® MCRMU segment cross-references
® SYS symbol-to-module cross-references

e SYS segment cross-references

xviii



For the File Control Processor (BIGFCP):
e Symbol-to-module cross-references
e BIGFCP segment cross-reference

Chapter 9 also contains cross-references between Executive
modules and conditional assembly parameters that these modules
contain. -

VOLUME 2

Appendix A - RSX-11M Supported Devices
Appendix A contains a list of devices supported by RSX-11M V3.l.

Appendix B - Coding Standards and Conventions
Appendix B contains an explanation of the coding standards and
conventions that RSX-11M follows. Appendix B also describes the
Executive's use of co-routines by explaining an example
co-routine from Executive code.

Appendix C - Macro Expansions

Appendix C contains the expansions of all the macros used in the
system code.

Appendix D - Listing of Conditional Assembly Parameters’
Appendix D lists all the conditional assembly parameters and
their meanings.

Appendix E - General Fault Isolation
Appendix E contains a generalized approach to program fault
isolation for RSX-11M.

Appendix F - System Tuning

Appendix F contains many ideas that can help you to improve
system performance.

xix






CHAPTER 1

INTRODUCTION TO THE RSX-11M V3.1l OPERATING SYSTEM EXECUTIVE

This introduction is a tutorial for those who are beginning to learn
the RSX-~11M Executive internal logic. However, this manual assumes
that you have at least read and understood the RSX-11M Introduction,
the RSX-11M Operator's Procedures Manual, the RSX~11lM Task Builder
Reference Manual, and the RSX-11lM System Generation Manual. If you
are familiar with the RSX-11M Executive or you are an experienced
system programmer, you may want to begin this manual with Chapter 2,
which assumes that you have a basic knowledge of the Executive and
describes the memory structures of RSX-11M.

1.1 RSX-11M SYSTEM

RSX-11M is a real-time operating system. This means that RSX-11M
responds guickly to input conditions or input data. RSX~11lM is also a
multiprogramming system. This combination allows real-time activity
(for example, process control) to occur along with program development
(interactive terminals) and other user jobs. At one extreme, RSX-11M
can be a dedicated process control system, and at the other, a system
for developing and running applications programs.

1.2 SYSTEM GENERATION

RSX-11M offers a wide range of services and utilities from which to
choose. Each installation selects from these options to shape its
version of RSX-11M according to the processor and peripherals
available and the purpose of the system. You perform a system
generation (SYSGEN) process to select these options.

Every installation intitially receives an RSX-11M system on
distribution media. You run this system and use its resources to
generate a target system configured to your installation's needs.

System generation is done in two phases. During the first phase
SYSGEN defines and assembles the Executive (the kernel or "brain" of
the operating system that responds to external reguests) by conducting
a dialogue with vyou. Query programs pose guestions at a terminal.
Your answers to the guestions determine the Executive service options,
processor options, and peripheral devices to be incorporated into the
system. During the second phase, SYSGEN builds the Executive, allows
you to define memory structures called partitions, and builds and
installs the system programs.

You complete the SYSGEN process by saving and bootstrapping the new
system., Saving a system means writing the image of an RSX-11M system
that has been resident in main memory into the system image file from
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which it was bootstrapped. You do this with the Save command, which
saves the image to allow a hardware bootstrap or the Boot command to
later reload and restart the system.

You bootstrap (boot) a system by either using the switches on the
processor control panel or using the Boot command. The Boot command
bootstraps a system that exists as a system image file on a Files-11
(the RSX-11M file structure) volume. The Boot command immediately
terminates the system in operation and starts another. The Save
command, the Boot command, and the process of booting a system with
the switches are all described in the RSX-11lM Operator's Procedures
Manual.

To change either the hardware or software configuration of an
installation, you must perform another system generation. The RSX-11lM
System Generation Manual describes the system generation process 1n
detail.

1.3 MAJOR COMPONENTS OF RSX-11M

RSX-11M requires the organized interaction of the following
components:

® Memory resource management. Memory is the processor storage
medium in which loaded user programs, the Executive , and
control blocks of data reside. Much of the Executive's work
involves memory resource management and control.

e Task scheduling and processing. Tasks are system or user
programs that perform needed functions and manipulate data to
achieve some goal. The Executive controls task processing and
handles specific requests issued by the tasks.

e Interrupt processing. The Executive processes synchronous and
asynchronous events that occur as a result of task processing.

Examples of these events include software errors, I1/0
completion, illegal instructions, and power failure.

1.4 MEMORY

1.4.1 Memory Partitions
A partition is a continuous area of memory in which executable
programs called tasks can be run. The typical memory organization
consists of an area for the Executive and areas for system- or user-
controlled partitions. A partition has the following characteristics:
® A name
e A defined size
e A fixed base address

e A defined type
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1.4.2 Partitions In Mapped And Unmapped Systems

RSX-11M runs on almost all models of the PDP-1ll processor. The PDP-11
addressing scheme allows a program to address directly only 32K words
of memory. For larger memories, DIGITAL has a KT-11 Memory Management
Unit (hardware) available for all models of the PDP-1l except the
PDP-11/03/04/05/10/20 processors. The KTll Memory Management Unit
associates addresses expressed in programs ("virtual" addresses in the
range 0 to 32K) with actual 1locations in memory ("physical"®
addresses). Physical addresses can range from 0 to 124K words on all
processors other than the PDP-11/70. Physical addresses on a
PDP-11/70 can range from 0 to 1920K words.

Mapping is the process that associates virtual addresses with physical
addresses. Therefore, a PDP-11 system that includes a KT1ll Memory
Management Unit is called a mapped system, Conversely, systems
without a KT1ll are called unmapped systems. In a mapped system, a
task can be installed in any system partition or user partition large
enough to -‘contain it, In an unmapped system, the task is bound to
physical memory and must be installed in the partition that starts at
the same memory address as the partition for which it was built.

Whether a system is mapped or unmapped affects the way in which you
create tasks. Before a compiled program (object code) can be run, it
must be processed by the Task Builder program (linker). The Task
Builder produces a task image that runs in a memory partition.

If a system is unmapped, you must specify to the Task Builder the base
address of the partition in which the task is to be run. You cannot
run the resulting task in a partition that has a base address
different from the address you specified to the Task Builder.

In a mapped system, however, every task (other than a privileged task
mapped into the Executive) has a virtual base address of 0.
Transparently to the user, the KT1ll maps the virtual addresses of a
task to the actual physical addresses in which the task resides. 2
task in a mapped system can therefore run in any partition large
enough to contain it.

You need not rebuild nonprivileged tasks in a mapped system when
physical partition boundaries move. This is true because
nonprivileged. tasks on a mapped system run at a virtual base address
of 0, rather than at a physical base address. ,
If you move the symbols that are referenced in the code, you must
rebuild privileged tasks in either system because they are linked to
the Executive symbol table file. You may be required to rebuild
nonprivileged - tasks only 1if you change any of the task's attributes
such as checkpointability. The task's attributes can be changed when
you use the 1Install command to install the task. You use the Task
Builder to establish the attributes when building a task. Consult the
RSX-11M Task Builder Reference Manual for a comprehensive discussion
of task attributes and associated Task Builder switches. See the
RSX-11M Operator's Procedures Manual for a description of the Install
command. '

1.4.3 Partition Types
RSX~11M supports two types of partitions in which tasks can execute:
l. System~controlled

2, User-controlled

1-3
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In a system-controlled partition, the Executive allocates available
space to accomodate as many tasks as possible at any one time. This
allocation may involve shuffling resident tasks to arrange available
space into a continuous block large enough to contain a reguested
task. The Shuffler, which is a privileged task and a SYSGEN option,
shuffles the tasks and memory space to make the needed space for the
reguested task. Only mapped systems support system-controlled
partitions.

A user-controlled partition is exclusively allocated to one task at a
time, Both mapped and unmapped systems support this type of
partition.

1.4.4 subpartitions

You can subdivide a user-controlled partition into as many as seven
nonoverlapping subpartitions. Like its parent main partition, a
subpartition can contain only one task at a time. Because the
subpartitions occupy the same physical memory as the main partition,
tasks cannot be simultaneously resident in both the main partition and
one of its subpartitions. However, because each subpartition can
contain a task, up to seven tasks can potentially run in parallel
within a main partition.

The purpose of subpartitioning is to reclaim large memory areas in
unmapped systems. For example, when a large task that requires a main
partition is either no longer active or can be checkpointed (written
out to a disk to make room for a higher priority task),
subpartitioning allows a number of smaller tasks to use the partition
space.

1.4.5 Memory Structure

RSX~-11M memory in a typical system can be divided into the following
parts:

e The Executive, which consists of:

- Trap vectors. The trap vector area contains the hardware
and interrupt vectors; it reguires 128 words. During
SYSGEN, you can expand this area to 256 words.

- System stack. The system stack area is an internal storage
area for Executive use. The Executive uses it for nesting
interrupts, saving registers and data, and internal calls.
The stack regqguires 60 to 110 words depending upon options
selected at system generation time.

- System common data. This area contains system pointers that
are filled in during system generation and used by the
Executive and privileged tasks during execution.

- The Executive code. The Executive coordinates and manages
system resources and processes specialized system functions.
System generation options determine the size and abilities
of the Executive.
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~ Dynamic Storage Region (DSR). The Executive continually
uses temporary storage in memory. The Executive acquires,
uses, and then returns the memory that it wused to the
available memory pool. If a given Executive service routine
requests dynamic storage and it is unavailable, the
Executive informs the user task, which usually waits for
some memory to become available. The size of this region is
important. If it is too small, long waiting periods or
system deadlocks can occur. If it is too large, fewer tasks
can fit into the remaining memory. The size of the region
is a system generation parameter.

You can extend the initial allocation of dynamic storage on
line by 1issuing the MCR command, Set /Pool, from the
console. However, the use of this command is 1limited in
that this expansion can occur only into space that is not
being used. This space, if it exists, is between the
Dynamic Storage Region space and the first partition of
memory.

Device drivers:

You can include three drivers in the 8K Executive during
SYSGEN: .

1. A disk driver St

2. A cassette, DECtape, magtape, line printer, or floppy disk
driver

3. A terminal driver

In general, Executives larger than 8K contain additional
resident drivers which you include during system generation.
Some drivers can be made loadable; that is, they reside on
disk and are loaded into memory when they are needed.
Therefore, loadable drivers save memory space because they
occupy memory only when needed and they do not occupy
Executive virtual address space.

Loader:

The Loader is a task that runs in its own partition, which is
resident in the Executive. Thus, it can run in parallel with
system and user tasks. The Loader, which is device
independent:

1. Loads tasks upon initial load requests

2., Writes checkpointable tasks to disk when recuired (see
checkpointing, in this chapter)

3. Reloads previously checkpointed tasks when memory becomes
available, allowing them to actively compete for processor
resources,

MCR and TKTN tasks:

- The Monitor Console Routine (MCR) processes system commands
that you enter at a terminal. These commands are directed
to the MCR processor. MCR either executes the commands
itself, or activates a system or user-written task that can
service the commands.
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- The Task Termination Notification Task (TKTN) performs two
functions:

l. It prints out messages and tries to print the contents
of the registers of a task that has been aborted due to
an error.

2, It prints out messages for device drivers.

Ideally, TKTN runs either in a partition in which all tasks
are checkpointable or execute gquickly, or in its own
partition. The reason for this is that TKTN must be in
memory in order to print messages. If TKTN cannot get
memory space to execute, the Executive gueues up messages to
TKTN, thereby using up Dynamic Storage Region space. It is
conceivable that all the Dynamic Storage Region could be
used up for this purpose; this would cause the system to
hang up.

The file system:

Files=1l is a system of formatting files that are held on
volumes. Files-11 volumes are magnetic media (tapes or disks)
that have been specially formatted by the MCR command,
Initialize Volume. Volumes that are not properly formatted
are considered to be "foreign." RSX-11M includes a file
exchange wutility that translates files in DIGITAL's DOS or
RT-11 format into Files-11 format.

Your tasks that run on RSX-11M access data within files on
Files-11 volumes through the use of two sets of subroutines:

e File Control Services (FCS)
e Record Management Services (RMS)

Both FCS and RMS provide the ability for your tasks to perform
record- or block-I/0 operations on Files-1ll volumes. FCS and
RMS are system interfaces between the I/0 programs that you
write and the files on the Files-11l volumes that you want to
access. These interfaces provide device independence and
allow you to take advantage of different methods of file
organization.

FCS imposes a single logical organization on your files. This
logical organization is called the seguential file
organization and FCS imposes it on all files regardless of
medium.

In contrast to FCS, RMS provides three file organizations -
sequential, relative, and indexed.

The MACRO-11 I/0 programming that you do differs between FCS
or RMS. Therefore, you must become familiar with the contents
of the manuals that describe each one. The respective manuals
are:

For FCS:

e IAS/RSX-11 1I/0 Operations Reference Manual

® RSX-11lM I/0 Drivers Reference Manual
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For RMS:

® Introduction to RMS-1l1

e IAS/RSX-11M RMS-11 MACRO Programmer's Reference Manual

The Files~ll Ancillary Control Processor (Fl1ACP) is a group
of Executive subroutines that process and control the I/0
control structures and devices for RMS or FCS. The Executive,
FCS, and RMS use Fl1ACP; however, its operation is
transparent to you.

F11ACP is available in three versions. The first and smallest
(FCPNMH.TSK) requires 2K of memory. FCPNMH does not support
multi-header files or RMS record blocking. The second
(FCP.TSK) requires 2.5k of memory. The third version
(BIGFCP.TSK) reguires from 4.5K to 8K of memory. You select
these versions during SYSGEN. The RSX-11lM System Generation
Manual fully describes these versions, the reasons for their
use, and the methods of installation.

® The print spooler:

The print spooler task (PRT) speeds up the operation of
MACRO-11, the Task Builder, and compilers because they do not
have to wait for I/0 to complete on the relatively slow 1line
printer. Instead, the 1listing files are written to a disk.
Subseguently, PRT prints the files as they appear in a gueue.

Any task that uses the line printer to print files may use the
print spooler. For example, the RSX-11M Peripheral
Interchange Program (PIP) can optionally use the PRT task to
print files.

e User task partitions

User tasks run in the remaining memory in the memory
structure. The partitions and tasks can be configured to the
system user's requirements.

1.4.6 Example Of A 16K Unmapped System

Figure 1-1 illustrates the memory layout of a sample 16K unmapped
system. The Executive region, which regquires 8K, consists of the
Executive and the user-controlled main partition named SYSPAR. This
partition contains the file system (FCPNMH), the Monitor Console
Routine (MCR), and the Task Termination Notification routine (TKTN).
The file system is checkpointable and has a lower priority than MCR or
TKTN. Therefore, if the file system is running and a system user
requests MCR, the Executive checkpoints the file system and loads and
starts MCR.

1-7
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WORDS

16K

8K

6K

SUBA

suss

SUBC

SYSPAR

DSR

DSKPAR

SECPAR

SYSTEM TABLES (SYSTB)
EXECUTIVE CODE

TASK LOADER

SYSTEM COMMON DATA
SYSTEM STACK

TRAP VECTORS

BYTES
100000(8)

PARBK -- USER-CONTROLLED
S MAIN PARTITION WITH 3
SUB-PARTITIONS

F

40000(8)

USER-CONTRBOLLED PARTITION:

FCPNMH — FILE SYSTEM

MCR — MONITOR CONSOLE ROUTINE

TKTN — TASK TERMINATION NOTIFICATION ROUTINE
30100(8)

DYNAMIC STORAGE REGION

SYSTEM DISK DRIVER

LINE PRINTER AND DEVICE DRIVERS

EXECUTIVE

Figure 1-1 Sample Unmapped 16K System Memory Layout
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The user area contains a user-controlled main partition named PARSK,
8K in 1length. PARSK contains three subpartitions, named SUBA, SUBB,
and SUBC. Language processors and the Task Builder use the 8K
partition for program preparation. These programs usually have a low
priority and may be checkpointable. ’

The three subpartitions are available for real-time tasks. A task in
the main partition is checkpointed if:

® It is checkpointable

® Another higher priority task needs the partition, or a
subparition

If tasks occupy the partitions SUBA,'SUBB, SUBC, and SYSPAR and the
tasks are ready to run, the Executive gives CPU resources to the task
with highest priority.

1.4.7 Example Of A Mapped 124K-word RSX-11lM System
Figure 1-2 is an example of a 1érge mapped system.

Besides the Executive, the system contains DRVPAR, which 1is a
system-controlled partition for loadable device drivers including the
terminal driver. Loadable drivers residing on a disk are loaded by a
user command when they are needed.

SYSPAR is a 2K user-controlled partition that contains the Monitor
Console Routine Multi-user (MCRMU) task, TKTN, and the Shuffler task.
The Shuffler is discussed later in this chapter.

FCPPAR is a 6K partition for the primary file conmtrol system, BIGFCP.
The 6K size 1is sufficient to allocate approximately 50 file control
blocks (FCBs).

All other tasks run in the system-controlled GEN partition.
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WORDS BYTES
124K 400000(8)
SYSTEM CONTROLLED
GENERAL PARTITION USER TASKS
(GEN)
32K 200000(8)
FILE SYSTEM PARTITION —
FCRPAR
c BIG FILE SYSTEM (BIGFCP)
26K 160000(8)
DRVPAR LOADABLE DRIVERS
22K 130000(8) EXECUTIVE PARTITION AREA —
SYSPAR MCRMU, TKTN, AND SHUFFLER
DYNAMIC STORAGE REGION
20K 120000(8) (TYPICALLY 4K — 6K)
DSR
TASK LOADER
SYSTEM TABLES
EXECUTIVE CODE
SYSTEM COMMON DATA
SYSTEM STACK
TRAP VECTORS
) o

Figure 1-2 Example of a Mapped 124K RSX-11M System
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1.5 TASK PROCESSING

To make a task known to the Executive, you install it. When you
install a task (by issuing the Install command; see the RSX-11M
Operator's Procedures Manual), the system records a number of task
parameters in a system-resident table called the System Task Directory
(STD). The recorded parameters include the name and size of the task,
the disk address at which the task's image starts, and the address of
the Partition Control Block (PCB) of the partition in which the task
is to run.

1.5.1 Task States

An installed task is defined as a task that has an entry in the STD.
It is neither resident in memory nor competing for system resources.
The Executive considers it to be dormant until a running task or a
command issued from a terminal regquests the Executive to activate it.
The Executive therefore recognizes two task states:

e Dormant. A dormant task is one that has been installed (has
an entry in the STD), but has not been regquested to run.

e Active. An active task is an installed task that has been
requested to run., It remains active until it exits, or gets
aborted. It then returns to the dormant state.

An active task can be in one of two substates, ready-to-run or
blocked.

1. Ready-to-run. A ready-to-run task competes with other
tasks for CPU time on the basis of priority. The
ready-to-run task having the highest priority obtains CPU
time and thus becomes the current task.

2. Blocked. A blocked task is unable to compete for CPU time
for synchronization reasons or because a needed resource
is not available.

The distinction between dormant tasks and active tasks is important in
a real-time system. A dormant task uses little memory; and yet when
the task is needed to service a real-time event, the Executive can
qguickly and efficiently introduce it into active competition for
system resources. An installed task's STD entry enables this gquick
response because it contains all the parameters the system needs to
retrieve the reguested task. Note that the number of installed,
dormant tasks can, and usually will, far exceed the number of active
tasks.

When the Executive receives a request to activate a dormant
nonresident task, it performs a series of actions:

e It allocates the required memory resources on the basis of the
task's priority.

e It brings the task into memory.

e It places the task in active competition for system resources
with other resident tasks.

If tasks fully occupy the partition in which a task is installed and
no resident task can be checkpointed (see Checkpointing in this
chapter), the task is placed in a gqueue by priority with other
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activated tasks, each waiting for space to become available in its
partition.

1.5.2 Fixed Tasks

A task can be loaded and locked into its partition. Such a task is
called a fixed task. The Fix command (see the RSX-11lM Operator's
Procedures Manual) allows you to fix a task in memory. The Executive
services subsequent requests to run the task more guickly because the
task is resident in memory and does not have to be loaded from the
disk before it can run. The system can fix a task in memory only when
the partition in which it is to be fixed becomes available.

Fixed tasks remain physically in memory even after they finish
execution. Therefore, the Executive does not have to reload them when
they are again requested to run. However, tasks that can be fixed in
memory must have re-entrant code if it is to be reused by another
program or system user. Re—-entrant code must be used because the task
cannot be allowed to change 1its own internal data base if another
program uses it. Only an Unfix or Remove command can free the memory
that the task occupies.

NOTE
See the RSX~-11M Operator's Procedures

Manual for the Fix, Unfix, and Remove
commands.

The following restrictions apply to tasks that you want to fix in
memory:

® You must first install the task.
e You cannot fix an active task.

® You cannot fix a checkpointable task.

1.5.3 Priority

Active tasks compete for system resources on the basis of their
relative priorities. The Executive gives control of the processor to
the active task that has the highest priority and that also has access
to all the other resources it needs. When this task becomes blocked
(while waiting for I/O to complete, for example), the Executive looks
for another task to use the processor. The chosen task is again the
one that has the highest priority and has access to all the resources
it needs.

You initially assign a default priority to a task when you task-build
it. This priority 1is a number between 1 and 250 (decimal); higher
numbers indicate higher priority. Later, you can change the priority
when you install the task; or the system can change the priority
while the task is running {(see Swapping).

In an RSX-11M installation that mixes real-time applications with less
urgent work, higher priority numbers should be assigned to the
real-time tasks. This assignment ensures that the Executive gives
processor time to the real-time tasks ahead of the others. Text
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editors are an example of real-time tasks, because they must respond
within a short time period. Text editors, commonly used for program
development or text processing, spend a large part of their time
waiting for terminal I/0 to complete and are therefore out of
competition for processor time. However, when the I/0 operation ends,
the terminal needs a rapid response. To get the higher response, the
;nstallation system manager c¢an assign to text editors a higher
priority than that of more processor bound tasks like the Task Builder
or Assembler. ' '

1.5.3.1 Establishing Task Priority - You can establish task priority
when you wuse the Task Builder to build a task from an object module.
See the RSX-11M Task Builder Reference Manual for a description of the
priority option.

1.5.3.2. Installed Priority - When you install a task using the
Install command, you can specify a priority different from the one
that you specified when you built the'task. The priority specified in
the 1Install command overrides the priority that was specified for the
task in the Task Builder command. See the RSX-11M Operator's
Procedures Manual for a complete description of the Install command.

1,5.3.3 Altering Priority - You may want to alter a task's priority
after it 1is installed. The Alter command provides a way to change
priority. With the Alter command you can change the task's static
installed priority or change the task's running priority. However,
you can make these changes only if the system supports the Alter
Priority directive. See the RSX-11lM Operator's Procedures Manual for
a complete description of the Alter command.

1.5.4 Round-robin Scheduling

When numerous competing memory-resident tasks have egual priorities,
the Executive tends to give processor time more often to those tasks
that appear first in the System Task Directory (STD) gueue. Entries
with equal priorities normally appear in the STD in the order in which
the tasks were installed. Therefore, the Executive favors tasks that
were installed first. To avoid this problem, RSX-11lM provides a
system generation option called round-robin scheduling. Round-robin
scheduling uses an algorithm that periodically rotates the execution
of tasks of equal priority in the STD. The overall effect 1is that
processor time is distributed more evenly among tasks. Each
equal-priority task has its turn toward the head of the STD gqueue.

1.5.5 Checkpointing

In a programming system where many tasks of egual or different
priorities are competing for memory space and system resources, the
Executive must have a method of distributing processor usage and
resources to all the tasks. The RSX~-11lM Executive uses a process
called checkpointing to allocate system resources among tasks. ~The
Executive uses task priority as the basis for the checkpointing
scheme.
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In some instances, an active task cannot get into memory and compete
for processor resources because the partition in which it was
installed is fully occupied., If the partition contains a task that
has a lower priority and is checkpointable, the Executive moves that
task out of memory and writes it on a disk to make room for the higher
priority task. When the high priority task is finished, the Executive
reloads the low priority task, which is now on the disk, to allow it
to continue processing from the point at which it was interrupted.
This roll-out, roll-in process is called checkpointing.

RSX~11M supports checkpointing in both user-controlled and
system-controlled partitions. The objective is to avoid preempting a
lower priority task, unless a higher priority task can be brought in
to make use of the freed memory. This optimizes the use of system
resources while maintaining a priority scheduling discipline.

1.5.5.1 Disk Space for <Checkpointing - To checkpoint a task,
checkpoint space equal to the size of the partition that contains the
task must be available on disk. (Checkpoint space contains the
checkpointed task while a higher priority task executes.) You can
allocate checkpoint space either statically when building the task, or
dynamically at run time. You can use both kinds of checkpointing to
balance the advantages and disadvantages of the different allocation
methods.

When you use the Task Builder to create a task from an object module,
you can request checkpoint space allocation in the task image file on
the disk; this is the same disk as the one on which the task resides.
The task image file 1is the executable task on the disk. While the
task is running, its checkpoint space is always allocated on disk,
whether or not the Executive actually checkpoints the task.

You can use disk space more efficiently if you allocate checkpoint
space dynamically. Instead of reserving disk space equal to the size
of each checkpointable task, you can create one or more checkpoint
files on disk to contain all checkpointed tasks. The size of the
files depends on an estimation of the checkpoint space required at any
given time. When the system allocates checkpoint space dynamically,
tasks need not be built as checkpointable. 1Instead, you decide if a
task can be checkpointed when the task is installed. You create a
checkpoint file, independent of individual tasks, by issuing the ACS
(Allocate Checkpoint Space) command from the terminal. Then, when the
Executive needs to checkpoint a task, it writes the task out into the
available space in the checkpoint file. A drawback to dynamic
allocation of checkpoint space is that space in a checkpoint file may,
at times, be filled. However, system performance may be improved if
the checkpoint file is on a fast disk.

See the RS8X-11M Operator's Procedures Manual for the Allocate
Checkpoint Space (ACS) command.

1.5.6 Task Swapping

The Executive must deal with the situation that occurs when several
active tasks with egual priorities compete for partition space in
memory. A task cannot normally cause the Executive to checkpoint
another task with the same priority. Therefore, a task of egqual
priority cannot get into memory. The Executive includes a task
swapping algorithm that uses checkpointing to allow tasks of equal
priority to successfully compete for memory.
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Swapping is a variation of checkpointing that enables the Executive to
checkpoint tasks with egual priorities in and out of memory. Swapping
does not work, of course, unless the tasks are checkpointable. When
an eligible task begings to run, the Executive adds a number to the
task's normal running priority. This number is called the swapping
priority and is wused for swapping only. The o0ld running priority
still exists. As the task runs, the Executive decrements the swapping
priority. Eventually, the sum of the decremented swapping priority
and the task's running priority causes the running task to have a
priority (for swapping) less than that of a competing task. When this
occurs, the Executive checkpoints the running task to make room for
the competing task. The Executive then places the checkpointed task
in the gueue of active tasks that are competing for memory. The
swapping priority does not affect task scheduling or I/O dispatching,
which are governed solely by the task's running priority.

1.5.7 The Shuffler Task

In trying to accommodate the execution of as many tasks as possible,
the Executive moves tasks in and out of memory depending upon
available space, priority, etc. This operation can result in
fragmented memory, a situation in which many small tasks occupy memory
with unused spaces in between. Taken individually, these spaces may
not be large enough to allow large tasks to be loaded and executed.
The Shuffler task, a system generation option, solves this problem by
performing memory compaction in a system-controlled partition.

The Shuffler starts at the beginning of the system~controlled
partition and tries to move (shuffle) all tasks that are sitting above
a gap of free space down to the base of the free space. When
possible, it also checkpoints any tasks that it encounters that are
waiting for terminal input.

If there are some tasks still actively competing for memory in the
partition, the Shuffler creates an ascending, priority-ordered list of
the tasks in the partition. If the sum of the free space now in the
partition and the space occupied by the low priority, checkpointable
tasks in the partition is enough to allow the waiting task to run, the
Shuffler checkpoints the 1lower priority tasks. The Shuffler then
compacts memory again to make room for the waiting task.

*
The foregoing Shuffler action should result in all free space being at
the top of the partition. However, there may be additional holes
below tasks because some things (drivers and regions) cannot be
shuffled. These additional holes cannot be reclaimed.

1.5.8 Extended Logical Address Space

An RSX-11M task specifies an address in a 16-bit word. The largest
address that can be expressed in a 16-bit word is 65,536 bytes or
32,768 words (commonly referred to as 32K words). To avoid limiting
the effective size of a task to only 32K words, a task can use
overlays that you define when you use the Task Builder to build the
task. Another option 1is that the task can use memory management
directives to access greater amounts of memory.
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1.5.8.1 Overlays - An overlaid task has parts called segments. The
segments are the parts that overlay one another. The segments are
also sometimes called overlays. The root segment, which is always in
memory and never overlaid, and one or more overlay segments compose an
overlaid task. The overlay segments can be read into memory as
reguired. However, all +the segments in memory at one time cannot
exceed 32K words.

See the RSX-11M Task Builder Reference Manual for a complete
description of overlay segments.

1.5.8.2 Memory Management Directives -~ Memory management directives
allow task segments resident in memory to access more than 32K words
of physical memory. The memory management directives, a subset of the
Executive directives, use the KT1ll hardware to map task addresses to
different logical areas within the task. 1Instead of displacing task
segments in memory, the task can reside entirely in memory and map its
virtual addresses to different physical addresses.

RSX~-11M defines three kinds of address space:

e Physical address space. Physical address space consists of
the physical memory in which tasks reside and execute.

e Logical address space. Logical address space is the total
amount of physical address space to which the task has access
rights.

® Virtual address space. Virtual address space corresponds to
the 32K of addresses that the task can explicitly specify in a
l6-bit word. If a task does not use memory management
directives, its logical and virtual address spaces directly
correspond one to the other. However, if the task uses these
directives, it can map its virtual addresses to different
parts of its logical address space. The net effect 1is to
allow a task's logical address space to exceed 32K.

The memory management directives also allow a task to expand
dynamically its logical address space. 1In other words, a task can
access logical areas that are not part of its static task image (the
executable task produced by the Task Builder). A task can issue
directives that create a new region of logical space and then map a
range of wvirtual addresses to the newly created region. A task can
also map its virtual addresses to logical areas that belong to another
task. The mapped area then becomes part of the former task's logical
address space.

The ability to create and map to a new region allows tasks to
communicate with one another by means of shared regions. For example,
at run time a task can create a new region of logical space, into
which it writes a large amount of data. Any number of tasks can then
access that data by mapping a range of their virtual addresses to the
region. Another benefit of mapping to different regions is an ability
to use a greater number of common routines. Tasks can map to the
required routines at run time, rather than link to them when the tasks
are built by the Task Builder.
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1.6 RSX-11lM INTERRUPT PROCESSING

The RSX-1lM system recognizes two kinds of hardware interrupts:
processor traps and external interrupts. Processor traps occur
synchronously; that is, the same sequence of instructions causes the
same processor trap to occur at the same place and time in the
program. Processor traps usually have a cause originating from within
the processor, See Processor Traps, in this chapter, for the causes
of processor traps. External interrupts, which are usually caused by
I/0 devices, are asynchronous in that they may occur anywhere or at
any time in the program's execution.

Programs that use input and output routines would spend most of their
time waiting for I/0 devices to complete their operations if it were
not for the program interrupt facility of RSX-11M. The program
interrupt facility allows asynchronous events, such as I/0 completlon,
to interrupt the running program so that a routine can service the
interrupting device. An interrupt is analagous to a subroutine jump.
However, to preserve program integrity, interrupts are allowed to
occur only after the completion of an instruction and before the start
of the next instruction,

As an example of the program interrupt facility, programs can continue
operatlon after starting a device, then allow the device to interrupt
when it is ready to signal the program about its resulting status.

The addresses of the interrupt processing routines must be made known
to the E=xecutive. These addresses are called interrupt vectors and
they are in the Executive's low memory area.

1.6.1 Interrupt Vectors

Each perlpheral device controller in the RSX-11M system has a hardware
pointer to its own pair of memory words. These words are located in
the low memory of the Executive. One word contains a vector (address)
for the device's interrupt service routine. The vector may be an
entry p01nt address or an Interupt Control Block address. If this
vector is an entry point address, it becomes the contents of R7 the
program counter or PC word) when the service routine begins its
execution. For loadable drivers, the vector points to an Interrupt
Control Block.

The other word is the processor status (PS) word. It contains the
mode and the priority of operation for the interrupt routine. The
hardware saves the status of the interrupted program (the PC and PS)
before the interrupt routine begins its processing.

The Executive has an area called a stack in which it saves status,
register contents, parameters, or any other data that it may need.

1.6.2 System Stack

RSX-11M maintains a push-down stack using general register 6, which is
the stack pointer or SP. External interrupts, subroutine calls, and
processor traps use this stack to save program status. When an
interrupt occurs, the hardware first saves the current processor
status word (PS) and the program counter (PC) on the stack. It then
uses the new PS and PC from the trap and interrupt vector area in low
memory, and begins processing the interrupt routine that handles that
particular interrupt. A return from interrupt (RTI) instruction
restores the original PS and PC values from the stack, thereby
restoring the original interrupted program.

1-17
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1.6.3 Processor Traps

A variety of errors and programming conditions cause the processor to
trap to a set of fixed locations. These locations contain the PC and
PS for the trap processing routines. Processor traps include the
following:

e Power failure

e 0dd addressing‘errors

® Stack errors

e Timeout errors

e Non-existent memory errors

e Memory parity errors

® Memory management violations

e Floating point processor exceptions
® Use of reserved instructions

® Use of the T-bit in the PS word

e Use of the IOT, EMT, and TRAP instructions

Processor traps cannot be masked off. That is, when they occur, the
processor immediately enters the trap sequence of pushing the current
PS and PC onto the current stack, retrieving the new PS and PC from a
specific hardware trap vector, and executing the code that begins at
the location specified by the trap vector.

Although there are several processor traps (see Interrupt and Trap
Vectors, below), the trap of main interest is the emulator trap. The
EMT instruction causes the emulator trap. This instruction calls the
Executive whenever a user task has an Executive directive written into
it that requests the Executive to perform some spec1f1c function (see
Executive Directives below).

1.6.4 External Interruptions

External interrupts are hard-wired into one of four priority levels of
the processor (labeled 4 to 7, with 7 being the highest priority).
These interrupts are maskable in that they can cause an interrupt only
if the priority level held in the processor status word is less than
the priority of the interrupting source. When an interrupting device
causes a new priority 1level to be loaded from its vector PS word,
interrupts at the same or lower levels are blocked out. The system,
however, remembers that the interrupts occurred and it processes them
in turn by priority.

Certain traps, however, cannot be masked by the priority field in the
PS word. These traps are: parity error, memory management violation,
stack limit yellow, power failure (power down), and floating-point
exception.



INTRODUCTION TO THE RSX-11M V3.1 OPERATING SYSTEM EXECUTIVE

1.6.5 Interrupt And Trap Vector Locations

The following chart shows some of the interrupt and trap vectors used
by RSX-1llM interrupt . and trap processing. The PC for the interrupt
routine is taken from the specified memory location. The next word
contains the new PS word.

Memory Interrupt and
Location . Trap Vector
000 Reserved for DEC use
004 CPU errors
010 Illegal and reserved instructions
014 Breakpoint trap (BPT)
020 Input/output trap (I0T)
024 Power fail
030 Emulator trap
034 TRAP instruction
244 Floating-point error
250 Memory management

For a complete list of vectors, see the pertinent PDPll Processor
Handbook.

1.6.6 System Traps

System traps are transfers of control (also called software
interrupts) that provide tasks with another means of monitoring and
reacting to events. The Executive initiates system traps when certain
events occur. The trap transfers control to the task associated with
the event and gives the task the opportunity to service the event by
entering a user-written routine.

There are two distinct kinds of system traps:

® Synchronous System Traps (SSTs). SSTs detect events directly
associated with program instruction execution. They are
"synchronous" because they always occur at the same point in
the program when previous instructions are repeated. For
example, an illegal instruction causes an SST to occur.

® Asynchronous System Traps (ASTs). ASTs detect significant
events that occur asynchronously to the task's execution;
that is, the task has no direct control over the precise time
that the event occurs. For example, the completion of an 1/0
transfer may cause an AST to occur.

To use the system traps, a task issues system directives that
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