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Documentation Conventions

Notation conventions used in command syntax and message examples throughout this
manual are described below.

lowercase letters

In command syntax, lowercase letters identify a generic element that must be replaced
with a value. For example,

'ACTIVATE taskname

means replace taskname with the name of a task, e.g.,
IACTIVATE DOCCONV

In messages, lowercase letters identify a variable element. For example,
**BREAK** ON:taskname

means a break occurred on the specified task.

UPPERCASE LETTERS

In command syntax, uppercase letters specify a keyword must be entered as shown for
input, and will be printed as shown in output. For example,

SAVE filename

means enter SAVE followed by a filename, e.g.,
SAVE DOCCONV

In messages, uppercase letters specify status or information. For example,
taskname,taskno ABORTED

*YOUR TASK IS IN HOLD. ENTER CONTINUE TO RESUME IT

Braces { }

Elements placed one under the other inside braces specify a required choice. You must
enter one of the arguments from the specified group. For example,

counter
startbyte

means enter the value for either counter or startbyte.

xix



-

Brackets [

-

An element inside brackets is optional. For example,

-
[CURR

means the term CURR is optional.

Items placed one under the other within brackets specify you may optionally enter one of
the group of options or none at all. For example,

base name
progname
means enter the base name or the program name or neither.

Items in brackets within encompassing brackets specify one item is required only when
the other item is used. For example,

TRACE [lower address [ upper address]]
means both the lower address and the upper address are optional, and the lower address
may be used alone. However, if the upper address is used, the lower address must also be
used.
Commas between multiple brackets within an encompassing set of brackets are semi-

optional; that is, they are not required unless subsequent elements are selected. For
example,

M.DFCB feblfc [,(a], [b] , [c], [d], e]]
could be coded as
M.DFCB FCB12,IN
or
M.DFCB FCB12,IN,,ERRAD
or

M.DFCB FCB13,0UT,,ERAD,,PCK

Horizontal Ellipsis ...
The horizontal ellipsis indicates the previous element may be repeated. For example,
name ,...,name

means you may enter one or more name values separated by commas.
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Vertical Ellipsis :

.

The vertical ellipsis specifies commands, parameters, or instructions have been
omitted. For example,

COLLECT 1

LIST

means one or more commands have been omitted between the COLLECT and LIST
commands.

Numbers and Special Characters

In a syntax statement, any number, symbol, or special character must be entered as
shown. For example,

(value)

means enter the proper value enclosed in parentheses; e.g., (234).

Underscore

In syntax statements, underscoring specifies the letters, numbers or characters that may
be typed by the user as an abbreviation. Fotr example,

ACTIVATE taskname

means spell out the command verb ACTIVATE or abbreviate it to ACTI.
RESET

means type either RESET or RST.

In examples, all terminal input is underscored; terminal output is not. For example,
TSM > EDIT

means TSM  was written to the terminal; EDIT is typed by the user.

Subscript Delta
script Delta |

A subscript delta specifies a required space. For example,

EDT > STOlTSSPGM

means a space is required between O and T.
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1. INTRODUCTION

The SYSTEMS Mapped Programming Executive (MPX-32) is a disc-oriented,
multiprogramming operating system that supports concurrent execution of multiple tasks
in interactive, batch, and real time environments. MPX-32 provides functionality in
many areas, including memory management, terminal support, multiple batch streams,
and intertask communication.

MPX-32 employs the SelMAP to fully support the 16MB address space of the 32 Series.
Each task executes in a unique address space which may be expanded under task control
up to 2MB of memory. An integrated CPU scheduler and a swap scheduler provide
efficient use of main memory by balancing the in-core task set based on time-
distribution factors, software priorities, and task state queues. The SelMAP is used to
perform dynamic relocation of tasks during inswap.

Tasks operating under MPX-32 can be activated and/or resumed by hardware interrupts,
system service requests, interactive commands, job control directives, or by the
expiration of timers. Multiple copies of a task can be executed concurrently in
interactive, batch, or real time environments. Through its various scheduling capabilities,
MPX-32 provides the flexibility needed to adapt system operation to changing real time
conditions.

The MPX-32 software package is composed of various software modules including the
resident OS (IOCS, CPU and Swap schedulers, Resource Allocator, File System
Executive, and reentrant system services), device and interrupt handlers, a Terminal
Service Manager (TSM), a system generator (SYSGEN), and utilities such as a Text
Editor, Debugger, and File Manager. The Macro Assembler (Model 1011) is also provided
as part of the MPX-32 package. Figure 1-1 describes the system nucleus and utilities.

Memory-only MPX-32 (MPX-32/M) is a condensed version of the MPX-32 operating
system that does not support any file structure capability. The system is designed for
use in real-time environments where all tasks reside permanently in memory and limited
operator communications is required. System installation and initial task
loading/activation is accomplished via a System Distribution Tape (SDT) giving the user
the option of loading a modified version of the operator communications task which
allows limited communications with the system via the operator's console.

The Internal Processing Unit (IPU) is a second central processor designed to work with a
Series 32 CPU to increase system throughput. The IPU is attached to the SelBUS like the
first CPU and shares all memory (including the resident operating system area) with the
first CPU. The IPU's function is to execute user's task level code in parallel with CPU
operation. (The IPU is optional hardware and must be specified during SYSGEN for use
on a system.)

To avoid contention between the IPU and CPU, there are some limitations on what the
IPU can do:

- It cannot communicate with peripherals (perform 1/0).
- It cannot process supervisor call (SVC) or call monitor (CALM) system services.

- It cannot execute interrupt control instructions.
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Therefore, the IPU and CPU are designed to manage task execution transparently around
the IPU limitations. For example, if the IPU is executing a task and encounters a service
it cannot perform, a trap is sent to the CPU, the CPU takes over execution of the task at
that point, and the task remains in the CPU until completion or it is reselected for IPU

execution.

MPX-32 standard features include:

o

(o)

Support for the full 16MB addressability of the 32 Series.
Up to 255 tasks executing concurrently.
64 software priority levels, 10 of which are time distributed.

Servicing of all standard peripheral devices including XIO controllers. 1/O
buffering for 32/5x series controllers.

Standard handlers for interrupts and traps.
Intertask communications, including send-receive.

Intertask shared memory partitions, e.g., GLOBAL common and
DATAPOOL.

Dynamic allocation and deallocation of memory and peripherals.
Multiple batchstreams including multiple spooled input and output queues.

Wait and no-wait I/O capabilities including automatic blocking, buffering,
and queueing.

Terminal support for up to 64 devices, including device independent
operation and an extensive repertoire of online commands.

Automatic task reentrancy through separation of pure code and data areas.
Reentrant system services available to all tasks.

Several levels of system security including access restrictions based on task
ownership.

File management, assignment, and security.
Up to 255 logical files (files or devices) opened concurrently per task.
Project accounting capability.

Transparent support of the IPU.
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MPX-32 supports the 32/7x computers and the CONCEPT/32 computers, i.e., the

SYSTEMS 32/27 and SYSTEMS 32/87.

The following is an outline identifying the major differences in operating MPX-32 on

SYSTEMS 32/7x and CONCEPT/32 computers:

32/7x

8KW map block

16 protection granules per map
block

1 megabyte logical address space

Supports E-class and F-class
magnetic tape

Uses TLC console
Supports E-class or D-class GPMC
Supports E-class or F-class discs

CALM or SVC callable

Supports IPU
Bounding of data types is not

enforced; results are
indeterminate

1.1 System Description

CONCEPT/32

2KW map block

4 protection granules per map block

2 megabyte logical address space

Supports F-class magnetic tape or
Floppy Disc

Uses IOP console

Supports D-class GPMC

Supports F-class discs

SVC callable only (CALM instructions
are automatically converted to their
equivalent SVC type)

No IPU support

Enforces (via traps) doubleword and 8

word bounding for doubleword and file
instructions

SYSTEMS' 32 Series computers operating under MPX-32 use hardware and software

priorities for scheduling and executing tasks.

Figure 1-2 shows the various MPX-32

software elements and the hardware and software priority levels that are assigned to

each.
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1.1.1 Hardware Interrupts/Traps

A SYSTEMS 32/7x computer can contain up to 112 hardware priority interrupt and trap
levels. The CONCEPT/32 computers support up to 96 hardware interrupts and traps.
The exact number in a particular system is dependent on the user's requirements and the
number of peripheral devices in the configuration.

The highest hardware priority levels in the system are reserved for the basic system
integrity interrupts and traps. These include the Power Fail-Power Up traps and System
Override interrupts and traps. Lower levels are used for the I/O transfer interrupts,
Memory Parity Trap, Console Interrupt, and I/O service interrupts.

The next lower group of interrupts and traps are used for exceptional conditions, Call
Monitor and Supervisor Call requests, and Real-Time Clock. The exceptional conditions
include Non-Present Memory Trap, Undefined Instruction Trap, Privilege Violation Trap,
and Arithmetic Exception Interrupt.

All lower hardware priority levels are used for external interrupts. User tasks can be
connected directly or indirectly to the external interrupts.

1.1.2 Software Interrupt System

MPX-32 provides 64 software priority levels for controlling the user's application. All
system scheduling is performed by priority. Users can assign multiple tasks to any
priority level and thus achieve a high level of multiprogramming versatility. The
software priority levels are used by the Resource Allocator for peripheral and memory
allocation, by the 1/O Supervisor for the queueing of I/O requests, and by MPX-32
whenever CPU control is allocated.
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Table 1-1

CONCEPT/32 Trap Vectors

Relative Default Trap

Priority Vector Location (TVL)
00 80
01 84
02 88
03 &C
04 90
05 9
06 98
07 9C
08 AO
09 Al
0A A8
0B AC
0C BO
0D B4
OE B8
OF BC
10 Co

Trap Condition

Power Fail Trap (Power Down)
Auto Start Trap (Power Up)
Memory Parity Trap
Nonpresent Memory Trap
Undefined Instruction Trap
Privilege Violation Trap
Supervisor Call Trap

Machine Check Trap

System Check Trap

MAP Fault Trap

Call Monitor Trap

Not Used (Reserved for IPU)
Address Specification Trap
Console Attention Trap
Privilege Mode Halt Trap
Arithmetic Exception Trap
Cache Memory Parity Trap (32/87 only)



Default

Interrupt

Vector

Relative Location
Priority (IVL)

00 100
01 104
02 108
03 10C
04 110
05 114
06 118
07 11C
08 120
09 124
0A 128
0B 12C
0C 130
0D 134
OE 138
OF 13C
10 140
11 144
12 148
13 14C
14 150
15 154
16 158
17 15C
18 160
19 164
5E 278
5F 27C

Table 1-2

CONCEPT/32 Interrupt Vectors

Default Default
I0CD TCW
Address Address
700 704
708 70C
710 714
718 71C
720 724
728 72C
730 734
738 73C
740 744
748 74C
750 754
758 75C
760 764
768 76C
770 774
778 77C

Interrupt Condition

External/Software Interrupt 0
External/Software Interrupt |
External/Software Interrupt 2
External/Software Interrupt 3
I/O Channel 0 Interrupt
I/O Channel 1 Interrupt
I/O Channel 2 Interrupt
I/O Channel 3 Interrupt
I/O Channel 4 Interrupt
I/O Channel 5 Interrupt
I/0 Channel 6 Interrupt
I/O Channel 7 Interrupt
I/O Channel 8 Interrupt
I/O Channel 9 Interrupt
I/O Channel A Interrupt
I/O Channel B Interrupt
I/O Channel C Interrupt
I/O Channel D Interrupt
I/0 Channel E Interrupt
I/O Channel F Interrupt
External/Software Interrrupts

External/Software Interrupts
Real-Time Clock Interrupt
External/Software Interrupts

External/Software Interrupts
Interval Timer Interrupt

i
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1.1.3 Task Priority Levels

Priorities 55-64 are time-sliced to provide for round-robin time distribution among tasks
of the same priority. Priorities 1-54 are not time distributed. A task's cataloged priority
will be altered based on its eligibility to run. For example a task's priority is boosted
when an 1/O operation is completed and restored after a minimal time quantum. Priority
migration ensures maximum response to real time events.

1.1.4 Supervision and Allocation

CPU scheduling is maintained through a set of state queues including the priority state
chains and such execution states as suspended, queued for memory, queued for
peripheral, I/O wait, etc. Each CPU dispatch queue entry defines all scheduling
attributes of a single task. The entry typically migrates among the state queues as the
task's execution eligibility changes. These state chains are also used by the swap
scheduler to select candidates for swapping.

The CPU scheduler is invoked whenever a scheduling event occurs. Scheduling events
include:
o Occurrence of an external interrupt
The completion of an I/O operation
The expiration of a timer

The deallocation of a resource

o O O O

The completion of a system service

IPU scheduling is maintained through state queues consisting of biased tasks (C.RIPU)
scheduled in addition to MPX-32 normal state queues for nonbiased tasks (SQRT thru
SQ64). Biased tasks, if any, are prioritized among themselves and are scheduled for
execution before any nonbiased tasks. Nonbiased tasks, if any, are also prioritized among
themselves and are scheduled for execution after all biased tasks have been completed.
If a nonbiased task waiting for execution has a higher priority level than a biased task
also waiting for execution, the nonbiased task is still not executed until after all waiting
biased tasks have been completed.

1.1.5 Memory Allocation

The unit of memory allocation is a map block, which is 8KW on the 32/7x computer and
2KW on the CONCEPT/32 computers. Memory is allocated to tasks as needed. All tasks
are loaded discontiguously into a whole number of physical map blocks, utilizing the
SelMAP to create their contiguous logical address space. No partial map blocks are
allocated.

The MPX-32 memory allocation scheme allows the user tasks to dynamically expand and
contract their address space via system service calls.

The unit of memory protection is called a protection granule and is 512W. Thus it is
possible to have protected data areas within a map block.

1-9



1.1.5.1 Dynamic Allocation

Dynamic allocation and deallocation are performed via the allocate and deallocate
system services. With these services, the user can dynamically allocate and deallocate
any peripheral device, permanent and temporary disc files, or the System Listed Output
(SLO) and System Binary Output files (SBO). By allocating peripheral devices
dynamically, the user can ensure that each task will have exclusive use of a peripheral
only during the time required to perform the task's I/O. Therefore, when peripherals are
unallocated, other tasks can use them on an as-needed basis.

Because the allocation of system-wide peripheral devices that are requested dynamically
cannot be guaranteed, the user task must be prepared to accept a denial return.

A task requesting additional memory is automatically queued until the memory can be
allocated. For peripherals and file space, the caller can optionally queue for allocation
or take alternative action.

1.1.6 File Management

In the MPX-32 operating environment, files are used in several ways. Permanent files
are created for user programs, user data, and system programs. Temporary files provide
system scratch storage, user scratch storage, and system output data storage for the
system printer and card punch. Separation is maintained among files belonging to
different users.

The file management system for MPX-32 consists of the resident File System Executive
and the non-resident File Manager. Together they supervise all file space on the discs.

1.1.6.1 Permanent Files

Residing in disc storage, permanent files are defined as system or user files by entries in
the System Master Directory (SMD) which specifies each file's name, device address,
size, type and system flags. The permanency of these files stems from the fact that all
SMD entries are stored on the disc and may be deleted only when specifically directed by
the user or when the user initiates a cold start.

All permanent files are referenced by name, and any number of tasks may access any
permanent file for both input and output. To locate the SMD entry for each file, MPX-32
employs a hashing technique which translates the characters in the file name to a
specific location in the SMD.

Permanent files are classified as either fast or slow depending on the speed at which
their SMD entries can be located. A fast permanent file is one whose entry can be
located with one disc access. Slow permanent files are not necessarily characterized by
a unique mapping of names in the SMD, and therefore, two or more disc accesses may
occasionally be required to find each file's entry.



1.1.6.2 Temporary Files

Temporary files are files whose definitions are eliminated from the system upon
completion of the task requiring the space. Temporary file space is allocated and
deallocated by the File System Executive, which is responsible for maintaining space
allocation maps for all available discs. Temporary files are typically used for system
scratch storage and user scratch storage.

1.1.6.3 Random Access Files

Any disc file may be accessed randomly by record number through standard IOCS calls.
The user sets a bit in a File Control Block (FCB) and specifies the relative disc block
number (also in the FCB) to utilize this feature.

1.1.6.4 Disc File Protection

File protection mechanisms are available to prevent unauthorized access to and deletion
of permanent files. Protection of individual files may be specified when the files are
created, and is based on a one- to eight-character password. In addition, read and write
access to a file may be restricted. User files can also be protected on a per user basis.
If a key is associated with an ownername/username in the M.KEY file, it must be
specified before any access to the user's files is permitted.

1.1.6.5 Dedicated System Files

To increase system thruput, and to minimize I/O delay time, IOCS supports disc buffered
I/O in conjunction with the use of special system files. Four dedicated file codes exist in
the system. One file code is for buffered system input (SYC), two file codes exist for
buffered system output (SLO, SBO), and one file code is reserved for a System Object file

(SGO). A user may assign a system file to a file code in the same manner that he would
assign a device to a file code.

1.1.7 System Services

MPX-32 offers an extensive array of resident system service routines designed to
perform frequently required operations with maximum efficiency. Using the CALM or
the Supervisor Call instruction, tasks running in batch, interactive, or real time
environments can call these routines.

All system service routines are reentrant. Thus, each service routine is always available
to the currently active task.

The system service routines are provided as standard modular components of MPX-32,

The "open-ended" design of the system, however, gives each user freedom to add any
service routines required to tailor MPX-32 to his specific application.
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1.1.3 Input/Output Operations

The Input/Output Control System (IOCS) provides 1/O services that relieve the
programmer of detailed chores. While keeping software overhead to an absolute
minimum, IOCS receives and processes all I/O requests for both user and tasks. It
performs all logical error checking and parameter validation. IOCS also logically
processes all I/O operations and assigns 1/O control to the appropriate device handler.
The device handler, in turn, executes the 1/O data exchange, processes service interrupts,
and performs device testing.

Input/Output operations under MPX-32 include the following general capabilities: direct
I/0, queued 1/O requests, device independent I/O, device interchangeability, device
reassignment, and disc-buffered (blocked) I/O.

1.1.8.1 Direct 1/0

Should the user wish to acquire data at rates which prohibit the overhead of IOCS, he can
issue 1/O directly. Mechanisms are provided in IOCS to ensure that no conflict occurs
with IOCS file operations. The interface facilities provided in IOCS for direct 1/O enable
a task to gain exclusive use of an I/O channel.

1.1.8.2 Device Independent 1/O

Normal I/O operations in the system occur to and from user specified logical file codes.
These file codes are assigned and reassigned to the physical device to which the 1/O
commands are ultimately routed.

1.1.8.3  Logical File Codes

The user logical file code consists of from one to three ASCII characters. For each file
code defined and referenced by a user task, there is an entry in a File Assignment Table
(FAT). The FAT entry describes the device controller channel and the device to which
the file is assigned. In the case of a disc, which is a shared device, additional addressing
information is provided for complete identification of the file. Each user task is allowed
a maximum of 255 logical file assignments.

1.1.8.4 File Access

Both random and sequential file access is supported by IOCS. Random or sequential
access is specified by the user. All files assigned to devices other than disc are
considered sequential. A file assigned to disc may be referenced by both random and
sequential transfers. A parameter specifying either read-only or read-write status must
accompany the open request. Attempts to perform a write operation on a file specified
as read-only, or attempts to circumvent disc file protection and security are aborted.
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1.1.9 Communications Facilities

MPX-32 offers complete facilities for conducting communications between individual
users, between internal system elements, between user tasks, and between the operator
and the system. Users communicate with one another through sharing permanent files,
Global Common and DATAPOOL partitions, and job status flags which can be set and
interrogated by system service routines. Tasks communicate with one another via
messages or run requests.

1.1.9.1 Intertask Messages

Tasks can establish message receivers for intertask communication. Messages are
buffered by MPX-32 in memory pool until the receiving task is eligible to receive. The
receiving task is interrupted asynchronously and optionally responds to the sender. The
sender opt