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This manual is written to familiarize original equipment manufactur
ers and experienced system programmers with MP / AOS capabilities. 

The book is divided into four chapters. Chapter 1 gives an overview 
of MP / AOS features. Chapter 2 describes the MP / AOS operating 
system. Chapter 3 contains a summary description of each utility. 
Chapter 4 deals with the programming languages supported by 
MP / AOS. The book also contains an index listing the concepts and 
terms described in Chapters 1 through 4; a listing of DG offices 
worldwide; a form explaining how to order technical publications; a 
Technical Products Publications Comment Form; and a Users' Group 
Membership Form. 
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The following manuals also belong to the series of books published 
on the MP lAOS operating system. 

MPjAOS System Programmer's Reference (DGC No. 093-400051) 
documents MP lAOS system structure and provides a complete 
dictionary of system calls and library routines. 

MPj AOS Command Line Interpreter (CLI) (DGC No. 069-400201) 
describes the interactive CLI program, the user's primary interface 
to the MP lAOS system. A command dictionary provides command 
descriptions, formats, and examples. 

Loading MPjAOS (DGC No. 069-400207) describes how to install 
MP lAOS software on any ECLIPSE-line computer and how to load 
tailored systems. 

MPj AOS System Generation and Related Utilities (DGC No. 
069-400206) describes the generation of an MP I AOS system tailored 
to specific applications. It also describes the following utilities, 
including sample dialogues as appropriate: 

• SYSGEN, the interactive system generation utility; 

• DINIT, the disk initializer; 

• FIXUP, the disk repair utility; 

• SPOOLER, which controls line printer operations; 

• ELOG (error logger), the utility for interpreting the system log file. 

MPjAOS Debugger and Performance Monitoring Utilities (DGC No. 
069-400205) describes the following utilities, providing a dictionary 
of debugger commands and sample dialogues as appropriate: 

• FLIT, the process debugger; 

• PROFILE, which measures execution-time performance; 

• OPM, the process monitor that displays current system resource 
allocation and status. 

MPjAOS Macroassembler, Binder, and Library Utilities (DGC No. 
069-400210) documents the MP lAOS macroassembler and binder as 
well as the library file editor (LED) and system cross-reference 
analyzer (SCAN). It includes programming examples and a dictionary 
of assembler pseudo-ops. 

MPjAOS Advanced Program Development Utilities (DGC No. 
069-400208) describes the following utilities: 



• Text control system (TCS), a method for managing different 
versions of a single file; 

• BUILD, which creates a new version of a file from existing files, 
thus minimizing effort and errors in program development; 

• FIND, which identifies occurrences of strings in text files. 

MP / ADS SPEED Text Editor (DGC No. 069-400202) documents the 
features of SPEED, the MP lAOS character-oriented text editor. 

MP/ADS SLATE Text Editor (DGC No. 069-400209) documents the 
features of SLATE, a screen- and line-oriented text editor. 

MP / ADS File Utilities (DGC No. 069-400204) describes the following 
utility programs, providing sample dialogues for each: 

• FEDIT, a file editor that permits modification of system files, 
including program and data files; 

• FDISP, which can display the address and data contents of a file 
or compare two files, displaying the parts that differ; 

• SCMP, which can compare two source programs line by line; 

• MOVE, which allows the transfer of files among directories; 

• AOSMIC, which allows manipulation of MP lAOS and MP lOS 
disks and files on an AOS system; 

• FOXFIRE, which permits the transfer of files among MP lOS, 
MP I AOS, and AOS systems over asynchronous communication 
lines. 

SP /Pascal Programmer's Reference (DGC No. 069-400203) documents 
an extended Pascal for system programmers. SP IPascal has all of 
the features of MP IPascal as well as special features targeted for the 
MP lAOS and AOS operating systems. 

Books on three additional programming languages supported by 
MP I AOS have previously been published as part of the bookset for 
the MP lOS operating system: 

MP/Pascal Programmer's Reference (DGC No. 069-400031) docu
ments for system programmers a Pascal-based language, targeted for 
the MP lOS operating system. 

MP/FDRTRAN IV Programmer's Reference (DGC No. 069-400033) 
documents for system programmers a language based on ANSI 1966 
standard FORTRAN with extensions. 

MP/BASIC Programmer's Reference (DGC No. 069-400032) docu
ments for new users a programming language based on ANSI standard 
BASIC with extensions. 
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MP/OS 

For information on Microproducts and a bibliography of documenta
tion on the Microproducts line, see Introduction to Microproducts 
(DGC No. 014-000685). 

For information on cross development between MP / os and MP / AOS, 
see MP/OS System Programmer's Reference (DGC No. 093-400001). 
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Overview and 
Summary 

The MP / AOS system is a general-purpose operating system for 16-bit 
Data General ECLIPSE processors available in both 15-inch and 7 x 
9-inch packaging. Supported processors must have the floating point 
instruction option and the character instruction set. Currently 
(March, 1982), MP / AOS runs on the following ECLIPSE processors: 
S/20,S/120,S/130,S/140,C/150,C/330,S/250,C/350. 

MP / AOS retains substantial compatibility with MP lOS, a single-user 
system for the microNOV A, ENTERPRISE, MPT, MBC, and NOVA 4 
computers. And with the aid of the System Call Translator software 
package, MP / AOS programs can be developed and run under AOS, 
the Advanced Operating System for the ECLIPSE line of computers. 



OverVI!~W and Summary 

MP / AOS provides sophisticated facilities such as multiprogramming, 
multitasking, interprocess communication, flexible user manage
ment of system resources, the ability to access more than 32 Kwords 
of memory from within a single user process, and a debugger as a 
separate process. The system features fast switching of task and 
process, deterministic scheduling of process/task strictly by priority, 
a time-slicing option for process scheduling, and low interrupt 
latency. 

MP / AOS also supports user written device drivers, and provides 
system calls allowing users to define and manage custom debugger 
and histogram mer programs. 

The MP / AOS operating system can be used to provide a basic program 
development environment; to that end, a full range of program 
development utilities, text editors, and high-level languages such as 
MP /FORTRAN IV, MP / and SP /Pascal, and MP /BASIC is made 
available. 

Additionally, MP / AOS is designed to provide an efficient basis for 
user-designed applications such as real-time process control, data 
acquisition, and medical instrumentation. Features such as memory 
resident processes, highly accurate timing (including the ability to 
time to milliseconds when a WOO-Hz clock frequency is selected at 
system generation), task synchronization, nonpended system calls, 
extended I/O with direct transfer of data between a device and 
memory, and support for custom devices make MP / AOS particularly 
well suited to real-time applications. 

Using an interactive system generation utility, you can generate an 
MP / AOS system containing a desired subset of the full system's 
power, and tailor it to any configuration of memory boards and 
peripherals. 

The user communicates with the operating system via a wide variety 
of system calls, command macros that call on predefined system 
routines. In assembly language, system calls are coded in the user 
program just as instructions are. Some calls have options modifying 
the call's action; options are specified by a two- or three-letter 
abbreviation coded after the call mnemonic in the program. After 
executing a system call, MP / AOS passes control to an error return or 
to a normal return, depending on the call's outcome. 

This manual distills MP / AOS capabilities for the system OEM and 
the experienced system programmer. Readers not familiar with 
DGC products will find here a concise introduction to MP / AOS 
concepts and facilities, enabling them to assess the system's advan
tages. 



Full documentation for MP lAOS is listed m the Related Manuals 
section preceding this chapter. 

For those readers already familiar with other DGC systems, in 
particular with the sophisticated features of the Microproducts 
Operating System (MP lOS), this chapter summarizes comparative 
information and pinpoints the major advances embodied in the 
MP lAOS system. 

Utilities 

Several useful utilities are included as part of the MP lAOS system. 
For an overview, these utilities are grouped by function and listed in 
Table 1.1. A summary description of each utility appears in Chapter 
3. 

Programming Language Support 

MP lAOS supports the MP IFORTRAN IV, MP IPascal, SP IPascal, 
and MP IBASIC programming languages. A brief description of each 
appears in Chapter 4. 

Utility 

Histogrammer(PROFILE) 

Process Debugger (FLIT) 

Overview and Summary 

Text Control System (TCS) 

Build program (BUILD) 

Find program (FIND). 

status. 

M~intainsmultiple.··.versjOn$.()faffl~' 

Using TC:~,.· selects thecorrectverS.iC!l'i'ofJ:lfilefQrproce,ss!ng, 
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Table 1.1 MP / ADS utilities 
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Table 1.1 MP I ADS utilities (continued) 

Compatibility 
with AOS & 
MPjOS 

Relationship to 
MPjOS 

MP lAOS is designed for compatibility with Data General's Advanced 
Operating System (AOS) and Data General's Microproducts Operating 
System (MP lOS). Programs prepared under AOS or MP lOS can be 
used under MP lAOS with minor modifications. For use on MP lAOS, 
program files must be rebound and some files may have to be 
reassembled. Data files need not be changed. 

MP lAOS disk format is compatible with MP lOS. Hence, an MP lOS 
disk containing a file system may be used under MP I AOS without 
modifications. 

MP lAOS is bind-time compatible with all MP lOS features, except 
for user device interrupt handlers, which need reassembling with 
minor modifications. 

MP lAOS extends the MP lOS operating system to accommodate a 
multiprocess environment, user management of memory beyond the 
32-Kword user address space, user access to the data channel and 
BMC maps, and 1/0 to extended memory. These extensions have 
been implemented through the addition of new calls and, in many 
cases, through new options to existing calls. For the benefit of readers 
already familiar with MP lOS, this section summarizes the main 
differences between MP lAOS and MP lOS. 



The reader new to DGC products may wish to skip this section 
turning directly to Chapter 2 where the main features of the MP / ADS 

operating system are summarized. 

Under MP / ADS, user processes run within their own mapped address 
space. Hence, under normal operation, user processes are incapable 
of accessing, manipulating, or destroying the operating system, or 
each other. 

The mapped environment offers several advantages, notably: 

• support for a larger physical address space; 

• more memory available for user access; 

• the user process does not need to share its 32-Kword memory area 
with the system; 

• the operating system is protected from the user; 

• users are protected from each other. 

MP / ADS system memory is organized into a mapped supervisor 
program and an unmapped portion, known as the kernel. 

MP / ADS main memory is available to a user process in logical 
allocations of pages (blocks of 1 Kwordsl. Dne or more pages are 
grouped into units called segments. Each user process has a maximum 
logical address space of 32 Kwords, allocated to three segments 
corresponding to impure, shared, and overlay memory. 

Impure memory is unshared, containing information used only by 
one program. Shared memory contains information which can be 
shared among programs executing in different processes. Overlay 
memory is the area reserved for routines which are only read into 
memory when the program actually needs them. Together, the shared 
and overlay memory areas constitute process pure memory. 

A program executing within a process logical address space can 
define, attach, and map to additional memory segments as needed. 
Programs executing within different processes can attach to the 
same memory segment, thus sharing impure data. 

The MP / ADS use of dynamic memory segments with the hardware 
mapping feature enables a program effectively to address all of 
physical memory not used by the operating system, provided the 
addressing extends to no more than 32 Kwords of physical memory 
at anyone time. 

Overview and Summary 

Memory Protection 
and Process Security 
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Program/ Process 
Management 

Overlays 

As in MP lOS, overlay loading and release are accomplished with 
library routines bound into the user address space. Certain MP lOS 
restrictions on overlay use across program swaps are relaxed in 
MP/AOS. 

MP lAOS supports a mUltiprogramming environment in which users 
can execute several processes in parallel and independently of each 
other. Although any process can create other processes, no hierarchi
cal relationship exists between the new process and the process 
creating it. All MP lAOS processes are resident: they are not 
dynamically swapped but reside in main memory until termination. 

Within a process logical address space, the execute/return mecha
nism allows users to change their environment without losing their 
previous state in a particular program. Users can thus operate at 
different levels with different programs while remaining within the 
same process. 

Swapping or chaining can be used to initiate new programs to run 
within the address space of a single process. When swapping (via the 
?EXEC system call), the state of the calling program is written 
(swapped out) to disk. The new program runs at the next higher 
swap level while remaining within the same process address space. 
When the new program terminates, the program on the next lower 
swap level is restored. The nesting of programs within the same 
process addT?'ss space can continue for up to eight levels. 

A chain operation (via the ?EXEC sys"em call with the chain option) 
changes the program a process is running while overwriting the 
calling program. Chained programs run on the same swap level as 
the program that initiates them. 

Debugger 

The MP lAOS debugger is not bound into the user program space. It 
functions as a separate process, taking control of the program to be 
debugged. This enables the user process to make full use of its 
32-Kword address space even when debugging. Further, no 
preplanning is required to debug a program. 

MP I AOS makes available system calls which enable users to write 
custom debugger programs. 

Interprocess Communication 

MP lAOS supports an Interprocess Communication facility, allowing 
processes to communicate with multiple, free-format messages of 
variable length across full-duplex communication ports. 



Multitasking 

The MP lOS concept of task priority is extended due to the fact that 
process priority supersedes task priority. 

Task creation, termination, scheduling, and intertask communica
tion are MP lOS compatible. Added options make some of these 
operations pertinent to processes. 

File Management 

The MP lOS mechanism for advanced file management is preserved 
intact under MP / AOS. 

Input and Output 

MP / AOS extends MP lOS read and write procedures with the 
addition of extended (direct segment) I/O; this mechanism permits 
direct data transfer between any memory segment and a disk device. 
If the memory segment is user-defined, it need not be mapped to 
user space. 

User Device Support 

MP / AOS capabilities permit user control of I/O protection for system 
and user devices, and support user-written device service routines, 
as well as user manipulation of data channel and burst multiplexor 
(BMC) map slots. Data channel or BMC mapping within a user 
interrupt routine is supported. Under MP / AOS, I/O enabling/dis
abling calls simultaneously affect LEF mode as well as the I/O 
protection bit. 

Library Routines 

Changes to the MP / OS library are minimal. Library routines for 
supporting data channel line printers have been added. 

Overview cHld Summary 





The MP/AOS 
Operating System 

This chapter outlines the salient features of the MP / AOS system and i 
its advantages to the user. The chapter covers memory management, 
multiprocess/multitask capabilities, interprocess communication 
process debugging, histogramming, file management, input/output, 
user device support, compatibility with AOS, and library routines. 

Where appropriate, discussion sections are followed by tables of 
pertinent system calls. The material covered here is documented in 
the MP / ADS System Programmer's Reference (DGC No. 093-400051). 



The MP/AOS Operating System 

Memory 
Management 

Memory Translation 
and Protection (MAP) 

MP / AOS supports up to 1024 Kwords (2 megabytes) of memory, the 
maximum supported by ECLIPSE architecture. 

The MP / AOS operating system makes use of the Memory Allocation 
and Protection (MAP) feature of the hardware. The MAP feature 
provides extended physical addressable memory for user programs 
together with various protection features for the operating system 
and for currently used program memory. Specific MAP features are 
processor-dependent and are detailed in the Principles of Operation 
manual appropriate to the given processor. 

An MP / AOS program development system consists entirely of 
read/write memory (RAM). The MP / AOS scheme of memory organi
zation and allocation offers the system designer significant flexibility 
in memory use. Control of memory resources leaves the user with 
access to all available memory, except that used by the system. 

MP / AOS main memory is available to a user process in logical 
allocations of pages (blocks of 1 Kwords). One or more pages are 
grouped into units called segments. 

Each user process has a maximum logical address space of 32 Kwords 
(65536 bytes). However, the use of dynamic memory segments with 
the segment remapping feature enables a process effectively to 
address all of physical memory, provided the addressing extends to 
no more than 32 Kwords of physical memory at anyone time. 

Available memory is acquired by the process itself in process-specific 
segment sizes when the process is created. A program executing 
within a process logical address space can define, attach, and map to 
additional memory segments when needed. 

A program can share one or more memory segments with other 
programs. 

The dynamic memory management of MP / AOS is handled through 
a number of system calls that allocate additional address space as 
needed and release unneeded address space for use by other processes 
in the multi-processing environment of MP / AOS. 

The responsibility of memory management rests with those user 
processes sharing system resources at the time. 

The MAP feature of the ECLIPSE hardware translates a 15-bit address 
into a 20-bit address with the aid of address translation hardware 
and the logical-to-physical address translation functions set up by 
the supervisor program. The resulting address is used to reference 
memory (see Figure 2.1). 



Figure 2.1 Logical to physical address translation 

Main memory is allocated in pages: blocks of 1 Kwords (1024 2-byte 
words!. The allocated blocks of physical memory do not have to be 
contiguous, and the MAP feature allows a different logical-to-physical 
address computation to be specified for each l-Kword block oflogical 
memory. 

The ECLIPSE logical user address space is 32 Kwords, but with the 
MAP feature the maximum physical address space may be increased 
up to 1 megaword, depending on the machine used. 

The address translation function which correlates a logical address 
to the corresponding allocated physical memory address is called an 
address map. MP / AOS supports seven address maps. 

Two or more of these maps (depending on processor) are user address 
translation functions transparent to the user. Four of the maps are 
translation functions for the data channel, and one is a translation 
function for the burst multiplexor channel (BMC). Data channel and 
BMC maps can be manipulated by user-written device drivers (see 
"User Device Support," later in this chapter). 

In addition to translating addresses, the MAP features also perform 
various protection functions. Four such functions are: 

validity protection 
write protection 
indirect protection 
I/O protection 

Validity protection protects currently unused portions of the user 
process logical address space (up to 32 Kwords). 

The MP / AOS Operating System 

Map Protection 
Features 



The MP/AOS Operating System 

Memory Organization 
for the System 

Write protection ensures that certain blocks of allocated physical 
memory will not be altered. Under MP / ADS, shared memory as well 
as overlay memory areas are write-protected. 

Indirect protection is always enabled in the user process, ensuring 
that the system is not disabled by an indirection loop (an indirection 
chain exceeding 16 levels). 

I/O protection controls the accessibility of I/O devices. Under 
MP / ADS, the I/O protection bit and Load Effective Address (LEF) 
mode are controlled simultaneously: when I/O is enabled, LEF mode 
and the I/O protection bit are simultaneously disabled, and vice 
versa. Initially, I/O protection and LEF mode are enabled in user 
processes. 

The user can control I/O protection and the LEF mode by means of 
system calls. 

In order to optimize system and interrupt performance, the MP / ADS 
system memory is divided into unmapped and mapped portions (see 
Figure 2.2). 

available for user 

Supervisor 

program 

Kernel 

• Interrupt drivers 

• Scheduler 

• System data 

Figure 2.2 System memory configuration 

The unmapped portion of the system is the kernel. It occupies 
physical memory lower page zero and may extend up to 31 pages, 



depending on the type of system generated. The kernel contains the 
interrupt drivers, the scheduler, and major system data structures, 
as well as routines for their manipulation. Since the kernel runs 
unmapped, interrupt performance is maximized. 

The mapped portions of the system consist of the supervisor, the 
disk and overlay buffer areas (buffer cache), and some system data 
bases which are mapped as needed. 

The supervisor program executes in mapped space. It is overlaid in 
order to minimize total physical memory requirements. 

The supervisor program calls the kernel for the manipulation of data 
structures maintained by the kernel. 

The preallocated disk and overlay buffer areas are dynamically 
mapped by the operating system. 

User processes begin immediately after the disk and overlay buffer 
areas; these processes can utilize the rest of physical memory. User 
processes are always mapped. 

Disk Buffering 

To increase the efficiency of data transfer and to mInImize disk 
access, MP / AOS provides a software-maintained buffer cache for 
disk I/O. These system buffers exist in neither the kernel nor the 
supervisor address space; rather, the system dynamically maps to 
them. 

Although the size of the buffers is predetermined, their actual number 
is a system generation parameter. Depending on the demands placed 
on the system, these buffers are used to store either file system data 
or user data as needed. 

In general, the system buffers are maintained on a least recently 
used (LR U) basis: the buffer most recently filled is last in line to be 
flushed to disk when new buffer space is required. 

Typically, data in buffers is written to disk either when the disk 
buffer holding the data is needed to buffer other data, or when the 
disk file is closed. For applications where information on the disk 
file needs constant updates, MP / AOS provides a mechanism that 
allows data to be flushed from the buffers before the ?WRITE system 
call returns. For further discussion, see "Input and Output" later in 
this chapter. 

The buffering mechanism is bypassed altogether for block-aligned 
data; that is, when the transfer request is for a byte count which is a 
multiple of the 512-byte sector size, when the destination address in 
memory is word-aligned, and when the file address is block aligned. 
In that case, data is moved directly from the device to the user 

The MP / AOS Operating System 1 



The MP/AOS Operating System 

Organization of User 
Logical Address Space 

address space. In general, user data is buffered only for the minimum 
amount of data necessary; if part of the transfer can go directly, it 
will do so. 

MP / AOS allows the user to manage memory through calls which 
manipulate numbered regions called segments. A segment consists of 
one or more 1 Kword pages of memory. 

Each user process is potentially capable of utilizing a logical address 
space of up to 32 Kwords. The actual amount of logical address space 
allocated is specified by the user when creating the process. (See 
"Process and Task Management" later in this chapter.) Memory 
fragmentation is avoided by the fact that the user program need not 
occupy physical locations that are contiguous. 

The user process logical address space consists of impure and pure 
memory areas. Impure memory is unshared, containing information 
used only by one program. Pure memory can consist of two separate 
areas, namely, shared and overlay memory. Shared memory contains 
information which can be shared among processes running the same 
program. The sharing takes place automatically, in a manner 
transparent to the user. Overlay memory is the area in which the 
system places overlay nodes. (Overlay nodes are routines, or groups 
of routines, that are read into memory only when the process actually 
needs them.) The shared and overlay areas are both write-protected. 

As Figure 2.3 illustrates, memory that corresponds to the user impure, 
shared, and overlay areas is allocated in three segments, locally 
numbered for each process as follows: 

Segment 0 - Impure memory 
Segment 1 - Shared memory 
Segment 2 - Overlay memory 



Figure 2.3 Organization of user logical address space 

The local numbering acts as a shorthand reference for each process 
in dealing with its impure, shared, and overlay memory segments. 
Moreover, since locally numbered segments cannot be transmitted 
between processes, a certain measure of protection for user process 
memory is thereby achieved. 

As shown in Figure 2.3, the size of pure memory (shared and overlay 
segments 1 and 2) remains fixed. By contrast, impure memory 
(segment 0) is dynamic; its size is allowed to grow and shrink within 
a maximum range determined by the size of the shared and overlay 
segments relative to the total size of memory specified by the user 
for that process. 

Extended Memory Management 

The dynamic segment facility allows for user management of 
additional memory areas added to the process after the initial or 
default segments are provided. 

A program can, for example, define one or more additional memory 
segments, each of which contains one or more l-Kword pages (though 
segment size is bounded), causing them to be attached to its address 
space, and releasing them at will. The maximum number of 
user-defined segments and of attached segments for all processes in 
the system is a system generation parameter. 

A user program can also map desired portions of attached memory 
segments into user logical address space. This feature makes vastly 
enlarged memory resources available to the program. Optionally, 
the mapped pages can be write protected. Figure 2.4 illustrates 
segment mapping. 

The MP / AOS Operating System 
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Figure 2.4 Mapping to a segment 

Since any number of processes can attach to a segment once it has 
been created, the efficient passing of data between programs execut
ing within different processes is greatly facilitated. 

Another useful MP / AOS capability is the direct transfer of data 
between a device and a memory segment regardless of whether the 
segment is mapped to a given user address space. 

A summary of memory-related MP / AOS system calls is shown in 
Table 2.1. 

Table 2.1 Memory calls summary 



A process is the system representation of a program with a unique 
identifier and a separate address space in some phase of execution. 
Multiprogramming presents the advantage of allowing the user to 
execute several processes concurrently and independently of each 
other. 

A task can be defined as a separate flow of control within a particular 
address space. Multitasking simplifies certain types of programs, 
notably those which must perform a number of operations in parallel. 

MP / AOS supports multiprogramming with extended capabilities that 
handle a number of simultaneous and independent processes. Capa
bilities provided for task management in a multitasking environment 
are extended to manage multiple processes. With minimized inter
rupt latency, rapid process switching, and the use of the ECLIPSE 
instruction set, MP / AOS provides the speed and performance to 
meet the requirements of process-control/real-time applications. 

MP / AOS multiprogramming and multitasking capabilities enable 
development of a wide range of applications systems. Process and 
task servicing are user-defined with a priority system; extensive 
system calls provide for complete user control of process logical 
address space, process and task scheduling, and task I/O. 

The actual number of processes and tasks MP / AOS can support is a 
system generation parameter. This number is also affected by other 
system generation parameters requiring physical address space, such 
as the amount of space required for system data structures and for 
interrupt handling routines to service the number of devices specified 
relative to the size of the kernel. The current system generation 
limit is 16 processes. 

When MP / AOS is initialized, the system creates a user process 
called the initial process. The specific program executed by the 
initial process is a system generation parameter; a user can specify 
any program file for this purpose. A typical program running as the 
initial process might be the Command Line Interpreter (CLI), the 
interface between the user and the system. Only the program running 
in the initial process is capable of issuing a system call to shut down 
the system. 

A process can be created by any other process. MP / AOS processes 
are not hierarchical: they are created in parallel, executing concur
rently within separate address spaces; once initiated, a process exists 
independently until it terminates itself or is terminated by another 
process, nor does it return to its creator upon termination. 

All concurrent processes are also resident, that is, they reside 
permanently in main memory until their termination and cannot be 
displaced by other processes. MP / AOS does not support the swapping 
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of processes. On the other hand, a process represents an environment 
within which a program executes and which is capable of hosting a 
succession of programs; new programs may thus be initiated to run 
successively on different swap levels within the address space of a 
single process. See "Changing Programs within a Process." 

Process Identifier (PIn) 

Once a process has been created, it is referenced by a unique process 
identifier (PID) generated by the system and ranging between 1 and 
65535. Programs executing within processes can retrieve the process 
identifier of their own process, as well as that of any other process. 

Process Priority 

The system allocates CPU control to each process according to several 
parameters, one of which is process priority. The priority of a newly 
initiated process must be specified by the creating process but can 
subsequently be retrieved and modified by any program running 
within the new process. The value of the priority argument can 
range from 0 to 255, with 0 the highest priority and 255 the lowest. 
Programs can obtain the priority number of any user process in the 
system. 

Since priorities are assigned to tasks as well as to processes, the 
concept of priority is a double one. For scheduling purposes, process 
priority has precedence over task priority. The highest priority 
process with ready tasks receives system services, regardless of the 
priority of its current task. A task is scheduled if it is ready to run 
(that is, not suspended for any reason such as waiting for I/O), and if 
it has the highest task priority within the highest priority process. 
Higher priority tasks within lower priority processes are ignored. 

When generating an MP / AOS system, the user can choose time
slicing for processes of equal priority. When time-slicing is used, 
processes with the same priority number are scheduled in round
robin fashion, giving each process equal CPU time until all its tasks 
pend or until its time slice expires. Without time-slicing, round-robin 
scheduling for equal priority processes only comes into effect when 
control is relinquished by the process currently executing (when all 
its tasks pend) and not before. The time-slicing feature does not 
affect task scheduling. 



Changing Programs Within a Process 

MP / AOS offers the execute/return mechanism within a process 
logical address space. This enables users to change their environment 
without losing their previous state in a particular program. Thus, 
users can operate at different levels with different programs while 
remaining within the same process. The number of processes 
required for an application can therefore be reduced. 

Either swapping or chaining can be used to initiate new programs to 
run within the address space of a single process. (The program 
executing within the initial process and the first program to execute 
within a new process run on the initial swap level of 1.) In a swap, 
the current state of the initiating (pushing), or parent program is 
swapped out (written to a disk file!. Impure memory (segment 0), 
current segment mapping and relationships to it, and information 
needed for restoring overlays are among the items saved in the 
program state on a swap. 

After the swap operation, the new program runs at the next higher 
swap level number, while retaining the same unique process identity 
number (PID) as the calling program. 

When the new program terminates, the state of the parent program 
is restored ('popped'). The nesting of programs within the same 
process address space can continue for up to eight levels. 

A chain operation changes the program a process is running, while 
retaining only the process swap level rather than the calling program 
state. Chaining overwrites the calling program with the new one 
without saving its state. The new program retains the same swap 
level as the initiating program. Figure 2.5 illustrates swapping and 
chaining. 
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Figure 2.5 ?EXEC with swap and chain options 

When a chained program terminates, it does not return to its calling 
program; instead, it reactivates the saved program at the previous 
swap level. 

Managing Processes 

Programs executing within a process logical address space can define 
their environment, and interrogate the system for information about 
a specific process and about system parameters. A program can also 
control process scheduling by blocking other processes, as well as 
the process within which it is executing, and by enabling and 
disabling the scheduler for other processes. 

A program can terminate itself as well as programs executing within 
other processes. A message can be passed by a terminated program 
to the program which initiated it. (See "Changing Programs Within a 
Process".) The state of a terminated program can be examined if a 
break file is created from it at the time of termination. 



A separate process debugger can initiate and block the process to be 
debugged. This feature prevents the loss of user process space which 
results if the debugger is bound in; it also allows debugging of the 
program, in its environment, without preplanning. MP / AOS also 
provides system calls for users wishing to write their own debugger 
programs. 

A given user program consists of one or more tasks. (A task, as 
previously stated, is defined as a separate flow of control within a 
particular address space.) 

The total number of tasks MP / AOS can support is a system generation 
parameter. The current system generation limit is 255 tasks system
wide. Included in this number is a system task created for each 
process up to the maximum number of processes specified during 
system generation. 

Since the system uses some memory to hold task control information, 
the user must specify the maximum number of tasks available to 
any single program executing within a process. This number, which 
is specified at the time the process is created, does not include the 
system-created task for each process. 

Within their current program, tasks can control each other's 
activities by suspending and re-enabling task scheduling. They can 
also synchronize their activities to respond to external events and to 
exchange messages. 

Task Identifiers 

Tasks are referenced by a task identifier (TID) assigned by the 
system when the task is created. Tasks can retrieve their own task 
identifiers with a system call. 

Task Priority 

Tasks, like processes, are scheduled by priority. Task priority is 
specified by the user program upon task creation and can be modified 
at any time thereafter. Task priority is subordinate to process 
priority: tasks within the highest priority process are executed 
according to their relative priority. Tasks within lower priority 
processes are run only if no higher priority process has tasks which 
are ready to run. 

Tasks can modify their own priorities, as well as the priorities of 
other tasks within their current program. 

Nonpended Calls 

MP / AOS provides a nonpended option for many system calls, notably 
Interprocess Communication and Input/Output calls. For many 
purposes this capability can serve as a useful variation of multitasking 
itself. 
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Table 2.2 Process and task system calls summary 

The nonpended option causes the system to create a new task which 
executes the nonpended call, while the task issuing the call can 
continue its operation. System tasks created in this fashion must be 
included in the total task number specified for the process. 

The system allows the program to be notified when anyone of its 
nonpended calls (tasks) has completed execution and to receive the 
identifier of the completed task. The nonpended call's outputs can 
then be ascertained. 

MP / AOS process and task management system calls are summarized 
in Table 2.2. 



MP / AOS allows processes to communicate with one another using 
multiple, free-format messages of variable length. Processes send 
and receive messages using full-duplex communication ports and 
packets of specifications. 

Processes can use the Interprocess Communication (IPC) facility in 
customer-server relationships whereby the server process is a central 
provider of certain functionality. Resource management, monitoring 
of other processes or the establishing of a network protocol are 
typical examples of server functions. 

The IPC facility is also useful for synchronizing process activity, 
passing data between processes, or notifying other processes of 
execution results. Under MP / AOS, print commands can be passed 
from a program to the line printer utility SPOOLER through IPC 
calls. Inclusion of the IPC facility in an MP / AOS system must be 
specified by the user at system generation time. 

The customer-server relationship is the mechanism for establishing 
a connection between two processes wishing to communicate. Once 
the server process has declared itself as a server, any number of 
customer processes can establish a connection with it by looking up 
its server name. Each customer process is returned a port number 
for conversing with that specific server. The two parties can then 
begin communicating. 

A server process can receive messages over a general receive port, or 
it can post a receive call for messages from a particular customer 
port. This feature offers server and customer processes the option of 
communicating "privately·· with each other. 

MP / AOS supports multilevel connections, allowing a process to act 
as a server for some processes and as a customer of other processes. 

Tasks sending and receiving messages can specify a timeout interval 
for the completion of the send or receive action: the calling task is 
then suspended for the specified time interval, unless the send or 
receive action is completed sooner. 

Use of the nonpended option allows tasks issuing IPC calls to continue 
activity without delay. The nonpended option causes the system to 
create separate tasks to perform the IPC action; these system-created 
tasks are suspended until completion of the IPC call, while the tasks 
issuing the call continue normally. 

IPC calls allow either party to send and receive messages, via specific 
ports, to break the customer-server connection, and to request each 
other's process ID (PID). Server-only calls allow the server process to 
receive messages over a general receive port, to invalidate its server 
function, to break off the connection between itself and all of its 
customers, and to obtain a list of all customers who have broken off 
connection with it. 
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File Management 

Table 2.3 summarizes the Interprocess Communication system calls 
available under MP lAOS. 

Call 

?CLEAR 
?OCLR 
?LKUP 

?oBITS 

?RCVA 
?RIV/VE 

?SD.R 
?SENO 

Function 

Cleaf.lPCcQnheC~!On 

·Decl~e~erver:nilfne 

LOOkUPa serVer· pl:Ol?es$ aoqfofr-n 
connEilction 
Getli$t ofl,>rOken connectiOns 

CI~ar.allcohnec~iohs>to aservElr.pr~ 
Cess 

R~ei~~da,ar~qu~st 
Re¢ei'\le.af!y·(eqtJe~ 

~rve~pro~ss.· nar-ne4ed!!r9~ionl'e'" 
moya! 

Table 2.3 Interprocess communication calls summary 

NP(rionpended) 

NP>!nol1pen~d) 

A file is any collection of related data treated as a unit. Input and 
output devices are the means for physically storing and retrieving 
this information. One disk unit in every MP / AOS system is the 
system master device, the disk from which the system was 
bootstrapped; it contains the system program files and many other 
commonly used files. 

MP I AOS file management facilities offer simple, efficient ways of 
communicating with multifile input/output devices and of storing 
and retrieving file data. The user view of the file system is compatible 
with the file systems of AOS and AOS/VS. The file system structure 
is identical to that of MP lOS. 

All devices and files are handled by the same system calls, regardless 
of the physical device being read or written. This feature makes it 
easy to write device-independent programs. 

In general. a file's contents are entirely user-defined; however, the 
system recognizes several types of files as having special functions. 
One important file type is the directory, which contains information 
about a specific set of files. 

The MP lAOS system itself maintains a device directory - a table in 
memory whose filenames correspond to all the input and output 
devices in the system. Disk devices have a root directory that is the 
highest directory on the device containing the names of all files on 
that device. Figure 2.6 illustrates a hierarchical file system. 



Figure 2.6 Hierarchical file system 

Users can group related files into directories organized into a 
hierarchical structure with multiple levels of directory nesting for 
easy and logical file organization. 

Files can be dynamically created and deleted. A time and date are 
associated with each file when it is created, and this information is 
updated when the file is accessed or modified. Users can assign their 
own file types to newly created files within a range of values reserved 
by MP / ADS for that purpose. 

Disk space is allocated to a file based on the file's element size, 
which the user specifies when creating the file; elements are 
composed of 512-byte contiguous disk blocks. To keep track of each 
file's elements, MP / ADS maintains a hierarchical file index. This 
allows random access within files of varying element sizes. 

MP / ADS offers file protection by means of a system-maintained 
attribute word for each file. The system and the user each has a 
portion of the attribute word reserved; hence users can set and 
modify file attributes for user-created files. 

Files are referenced by means of filenames. The unique referencing 
of any file within a particular directory is accomplished by means 
of a pathname indicating a path through the directory structure to 
that specific file. 

The system assigns to every program a working directory which 
may be thought of as the user's current location in the directory 
structure. The user program can designate any directory as its 
working directory and modify that designation at will. 
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Call 

?AUST 

?CREATE 

?DELETE 

?DIR 

?FSTAT 

?GCHAR 

?GUST Get current. search list 

?GNAME Get fuUy~qualified pathmlrTle 

?GT ATR Gat· fileattributesandfile.~ype 

?RENAME Rename a tHe 

?SCHAR Set device characteristics 

?ST A TR Set file attributes 

Table 2.4 File and device system calls summary 

Pathnames can be fully qualified (beginning at the device directory), 
or they can be partial for shorthand reference. Several techniques 
for streamlining file access are provided: 

• link files containing part or all of a lengthy pathname can be 
substituted for that pathname; 

• the search list, a user-modifiable list of directories to be searched 
for files, eliminates the need for typing a fully-qualified pathname; 

• the working directory, which serves as a starting point of reference 
for file searches, allowing the search start to be defined in relation 
to directories superior or inferior to the working directory in the 
directory structure. 

Table 2.4 details the file management system calls supported by 
MP/AOS. 

Options 

01: (delete existing file with same name) 

Crflfile is Qpen on specified channel numbed 
LNK (do flofresQlve linKS! 

CH (device is openonspecifiedcnanneLnumber) 
HC(return terminal.~ shard..,..afecharacte~istics} 
LL . (return humber· of characters per line) 
PG (return number of lines. per page) 
RS (return C(haracteristicsat· time· system was booted) 

eH (file is open on specified channel number) 
PIO . (get pathnClme. Qf process) 
PR (get pathname 01 calling program) 

CH(fite isopenonspecified channel number) 
LN (return file byte lengthl 

DE (<:Ielete existing<filename) 

CH(deviceisopenon specified channelnumberl 
HC (·set terminal's hardware characteristics} 
LL(set number QfcharacterS per line) 
PG (set numberof lines per page) 
RS Ireset to boot-time value) 

eH (file is open on specified chahna/number) 



MP / AOS input/ output capabilities include the following: 

• user controlled allocation and release of I/O channels; 

• file positioning for random access to disk files; 

• the software maintained buffer cache; 

• nonpended I/O; 

• dynamic, block-aligned, and data-sensitive transfers; 

• extended (direct segment) I/O, for direct data transfer between a 
user-defined memory segment and a disk device. 

The following sections summarize these features and outline MP / AOS 
input/ output device management. 

Data transfers between a program and a device take place over an 
I/O channel connected to the device by the appropriate system call. 
The maximum number of I/O channels that may be opened by a 
given program is specified by the user when creating the process 
within which the program executes. Up to 256 channels per process 
can be specified. The total number of I/O channels that may be 
opened system-wide is specified by the user at system generation 
time, up to a maximum of 512. 

The user program controls the allocation and release of I/O channels. 

An important feature of MP / AOS is its ability to pass I/O channels 
between programs executing within the same process. Optionally 
the calling program can close all but the standard I/O channels (see 
below) on behalf of the new program. 

No channels are passed to newly created processes by the creating 
program. 

Standard I/O Channels 

The eLI always opens two channels for console I/O and always 
passes these two channels to other programs, closing all other 
channels before calling a new program. 

When creating a new process, the user can specify alternate input 
and output devices to which the standard channels should be opened. 

File Positioning 

The system uses a 32-bit file pointer to track its pOSItIOn in an 
opened file. The pointer is at zero at the beginning of the file and is 
incremented for each byte transferred. The user program can 
ascertain the value of the file pointer and modify it for random 
access to any byte in the file. 
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I/O Buffers and the 
Flush Option 

Nonpended I/O 

I/O Techniques 

As previously discussed (see "Disk Buffer Area" in Memory Manage
ment section), data transfers are generally buffered through the 
system, thus providing efficient sequential I/O. 

Under normal operation, the user is assured of a file update only 
when the disk buffer currently holding the data is needed for 
buffering other data, or when an I/O channel is closed (all program 
files are closed and buffers flushed on program termination); if the 
system were to crash before the file was closed, some data might be 
lost. This might be unacceptable in certain applications. Hence, 
MP / AOS provides the Flush option on ?WRITE to ensure that the 
state of the file is kept up to date. 

When a ?WRITE system call with the Flush option returns, the user 
is assured that all file system data associated with that I/O channel 
is written to disk before the return to the user program is taken. 
This helps ensure that the file information on disk is constantly 
being updated, enabling the user to create checkpoint (environment) 
records, and ensuring valid restart points in case of system crash. 

The Flush option on ?READ affects character devices only, causing 
any characters currently held in the system buffer to be discarded. 

The buffering mechanism is bypassed altogether when data transfers 
requested are block-aligned, that is, when: 

• the file pointer is set to a multiple of 512 bytes before the transfer, 

• the transfer request is for a multiple of 512 bytes, 

• the destination address in memory is word-aligned. 

MP / AOS offers the user the option of issuing nonpended I/O calls. 
When a nonpended system call is issued, the system does not suspend 
the calling task until the completion of the call; instead, it creates 
(transparently to the user) a system task to execute the nonpended 
call, while the original task is free to continue its operation. 

The user program can issue a system call to determine when anyone 
of its nonpended calls is complete, and to receive the task ID of the 
completed call. This permits the program to obtain information 
about the completed call's outputs and minimizes delays in 
ascertaining task status. 

MP / AOS provides a number of different techniques for I/ 0 transfers. 
These techniques are also valid for data transfers to and from 
user-defined memory segments, regardless of whether these segments 
are mapped to the user's logical address space. 



Dynamic I/O allows a specified number of bytes to be read and 
written. The efficiency of this mode of transfer may be improved by 
moving entire 512 byte disk blocks. 

Data Sensitive I/O transfers bytes up to a maximum number or 
until a predefined delimiter is encountered. Default delimiters are 
provided by MP / AOS, but user-defined delimiter tables are supported 
up to a maximum number specified by the user when generating the 
system. 

Extended (Direct Segment) I/O can be used in either dynamic or 
data-sensitive mode; that is, bytes can be transferred by count or 
until a predefined delimiter is encountered. Normally, data transfers 
take place between the device and the user's logical address space. 
The extended I/O facility permits data to be transferred directly 
between any memory segment and a disk device. If the memory 
segment is user-defined, it need not be mapped to user address space. 
Extended I/O is valid only for block devices such as disks. 

MP / AOS I/O devices are divided into those with directory structures 
such as mounted disks and those without directory structures-char
acter devices such as consoles and line printers. 

Disks 

User calls mount and dismount disk devices to permit the introduc
tion of new media to the system in an orderly fashion. The system 
performs consistency checks when a disk is mounted and 
dismounted, notifying the user if the disk needs repair. The user can 
then invoke the disk FIXUP program to repair the disk. If a problem 
is encountered when the system master disk is booted at system 
start, the FIXUP program is run automatically. The user can ascertain 
disk status information for mounted disks. 

Opening a channel to a disk without mounting the disk causes the 
disk to be accessed as a single file with an element size equal to the 
number of blocks on the disk. 

Disks that have not been software formatted for MP / AOS or MP lOS 
must be prepared before they can be mounted. This is done by 
means of the disk initializer utility, DINIT. 

Magnetic Tape 

MP / AOS supports magnetic tape devices as part of its library. 
Magnetic tape devices are also supported by the MOVE utility. For 
direct access to magnetic tape controllers without use of the MOVE 
utility, the user program must be bound with the tape routine library. 
This will introduce into the program the service routines identifying 
the magnetic tape controller as a special user device. 
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Character Devices: Terminals 

Terminals are logically handled as two different devices: the 
keyboard for input and the printer or CRT for output. 

MP lAOS provides a sophisticated console interface compatible with 
MP lOS. Console characteristics (the attributes controlling the receiv
ing and transmission of datal are user modifiable with system calls. 

Console characteristics afford numerous facilities without program
ming intervention, for example, echoing characters received from 
the keyboard, echoing Form Feeds as TL to prevent them from 
erasing the CRT screen, executing Rubouts, and converting to 
uppercase on output. 

The terminal's hardware characteristics such as the baud rate are 
user-specified on system generation. Hardware with programmable 
characteristics is user-modifiable under software control. 

The system assigns special functions to certain control characters 
and to its two-character control sequences. For example, control 
characters serve as standard delimiters for data-sensitive data 
transfers, while control sequences provide the ability to pass an 
interrupt to a program, to terminate a currently executing program, 
and to save the program state in a break file or to return control to 
the debugger. 

Character Devices: Line Printers 

The system handles line printers similarly to console output devices. 
Line printer characteristics are a subset of console characteristics. 

MP / AOS supports data channel line printers as part of its library. 

Line printer support includes the SPOOLER utility, spooling through 
Interprocess Communication, and direct access to printers through 
an assembly language or Pascal interface. 

For direct access to data channel line printers without the SPOOLER 
utility, the user program must be bound with the data channel 
routine library that makes the appropriate service routines available. 

MP / AOS input and output system calls are summarized in Table 2.5. 
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Table 2.5 Input/output system calls summary 

MP / AOS capabilities permit user control of I/O protection for system 
and user devices, user-written device service routines, and user 
manipulation of data channel and burst multiplexor channel (BMC) 
map slots. These facilities make it possible for programmers to 
perform input and output with custom devices, to take advantage of 
their device's interrupt facility, and to perform data transfers through 
data channel and BMC control. The maximum number of user
written device drivers is a system generation parameter. 

Device service routines for user devices reside in user process space. 
A system call specifying an interrupt handler definition packet 
introduces custom devices and their interrupt service routines to the 
system. MP / AOS also provides support for user devices connected to 
a single line of Asynchronous Line Multiplexor (ALM) or Asynchro
nous Synchronous Line Multiplexor (ASLM) boards. The interrupt 
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Data Channel and BMC 
Map Manipulation 

Table 2.6 Data channel and BMC map 
slot numbering 

handler definition packet allows the system to locate the device's 
interrupt service routine once an interrupt request is detected. The 
ECLIPSE architecture has the capability of implementing up to 
sixteen (16) levels of priority interrupts. 

The data channel facility makes possible data transfers between 
memory and registers in the device controller. Depending on the 
device's design, the user can select either data channel (DCB) or 
burst multiplexor channel (BMC) I/O for a user-defined device. 

Data channel and BMC transfers are performed across data channel 
maps and BMC maps (translation units for the DCB and the BMC) in 
units whose size is device specific. All data channel I/O for Data 
General devices is premapped by MP / AOS in conformance with the 
data channel capabilities of each device. 

To enable data transfer through data channel or BMC control with 
user-built devices, MP / AOS provides system calls to manipulate a 
portion of the four data channel maps as well as the BMC map. Data 
channel and BMC maps can be set up at either the task or interrupt 
level. 

Data Channel and BMC Map Organization 

The four data channel maps are lettered A to D. Each of these maps 
contains 32 slots, or words. The BMC map contains 1024 slots. 

The slots are numbered consecutively starting from 0 for the first 
slot in map A, through 1151, the last slot in the BMC map. Table 2.6 
summarizes this scheme. 

Each data channel map slot word corresponds to a l-Kword range of 
logical data channel addresses, from 0 through 1023 decimal. These 
addresses are also numbered consecutively within each map, from 0 
for the first address in the first slot of each map, through 32767 10 for 
the last address in the thirty-second slot. Figure 2.7 illustrates this 
scheme. 
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Figure 2.7 Data channel and BMC map slots and their range of corresponding logical addresses 

In this fashion, the data channel map slot numbers serve to identify 
the map selected, as well as to reference the logical data channel 
address passed by the user program to the device with the I/O 
instruction. For example, slot 60 references map B and a logical data 
channel address range of 28672 10 to 29696 10. 

Data Channel and BMC Mapping Procedures 

The following sequence of operations sets up data channel and BMC 
maps: 

1. Allocate data channel (or BMC) map slots; depending on the 
device's capabilities, allocations spanning several maps are possi
ble. 

2. Translate user logical address for the start of transfer into a 
physical page number. 

3. Set up data channel map: store user physical page number in the 
appropriate data channel or BMC slot, where it serves as a pointer 
to a buffer in the user address area. 

4. Initiate transfer - enable I/O. 

The MP / AOS Operating System 
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Controlling Access to 
All I/O Devices 

Following the allocation of data channel map slots, a system call 
translates the user's logical page number from which to transfer 
data in or out into a physical page number in memory. When 
mapping is requested, the system stores that physical page number 
into the previously allocated data channel slot specified by the user. 

Although the mapping itself is done by the system, the user is 
responsible for computing the proper data channel addresses. 

When the user program issues an I/O instruction, the system 
identifies the device and loads the starting data channel logical 
address into the accumulator. This address permits the system to 
identify the slot containing the user's physical page number, as well 
as the relative position from the beginning of that page for starting 
the data transfer. (For transfers which are aligned with page 
boundaries, the starting data channel logical address is the first 
address in the range corresponding to the particular map slot; for 
data transfers which are not page-aligned, a word offset specifying 
the position of the start of transfer relative to the beginning of the 
page is added to the beginning range address.) 

Data are then mapped to the correct user area referenced by the 
physical page number contained in the data channel or BMC map 
slot. 

User interrupt handling routines control I/O protection and are 
therefore able to issue I/O instructions anywhere in a process at 
either the task or interrupt level. I/O protection is controlled by I/O 
enable and disable calls. 

Under MP / AOS the enable/disable calls simultaneously control the 
I/O / LEF mode and the I/O protection bit. That is, enabling I/O 
disables both LEF mode and the I/O protection bit at once; disabling 
I/O enables LEF mode as well as the I/O protection bit. The system's 
interrupt service routine always enables I/O instructions before 
transferring control to the device's interrupt service routine. 

Table 2.7 summarizes the MP / AOS system calls supporting custom 
devices. 



?IXIT 

?LDEf 

?LXIT 

Table 2.7 User device support system calls summary 

MP / AOS allows users to debug a program without having to bind a 
debugger with it. FLIT, the MP / AOS process debugger, is an 
independent program that runs at the same time as the executing 
program but within a different process space. Thus, the debugger 
program and the executing program are independent processes 
running in parallel, and residing in main memory during debugging. 

The debugger process is activated whenever the system blocks the 
executing program. Program blocking occurs any time MP / AOS 
detects user-specified or automatic breakpoints (for instance, a 
console TCTD sequence) while screening the executing program. The 
system then generates a signal that is intercepted by the debugger; 
MP / AOS blocks the program, and the debugger process takes control. 
A brief description of the FLIT debugger is found in Chapter 3. 
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MP / AOS support for users desiring to write their own debugger 
programs includes several system calls as summarized in Table 2.8: 
an A wait Signal call to intercept signals from the executing program, 
turn over control to the debugger, and resume program execution; 
and system calls allowing the debugger program to obtain all task 
identifiers, and to examine and modify task states and memory 
locations in the executing program. 

Gall 

?GIDS 

?ROMEM 
?ROST 

?WRI\IIEM 

?WRST 

?WSIG 

Function 

Get task identifiers 

~ej;i(j mernpfY 

Reaclta$kstat!il 

Writetp.>memory 

Mocl:iWJIISk.s~ate 

Table 2.8 Debugger system calls summary 

Option 

(resume execution) 

MP / AOS provides two system calls and a utility program enabling 
the user to monitor program execution and determine bottlenecks. 
The PROFILE utility program (summarized in Chapter 3) is built 
around the system calls and provides an easy-to-use interface and an 
easy-to-read report. The system calls can serve for user-written 
execution monitoring programs. 

The two MP / AOS program monitoring system calls (see Table 2.9) 
allow continual sampling of programs executing in process space to 
determine a statistical profile of the execution time spent in each 
region of the address space. The frequency distribution generated by 
these system calls is referred to as a histogram. When generating an 
MP / AOS system, the user specifies the number of concurrent 
histogram operations that can be carried out on executing programs 
system-wide. 

Program monitoring data is gathered and placed in temporary storage 
locations by the Enable Histogram call; the Disable Histogram call 
causes the data gathering to stop and makes a summary of the data 
accessible to the user. 

User-selectable histogram parameters include range of addresses, 
monitoring frequency per second, and the interval size used to create 
the histogram. 



Table 2.9 Histogrammer system calls summary 

The MP System Call Translator software package supplied with 
MP I AOS may aid in the development of MP I AOS programs on 
ECLIPSE line computers under the Advanced Operating System 
(AOS). The System Call Translator translates a subset of MP lAOS 
calls into their AOS counterparts. Programs developed under 
MP lAOS using this subset of calls can thus be transported to AOS by 
rebinding them with the System Call Translator object module and 
subroutine library file. 

Some programs developed under AOS using the System Call Transla
tor can be moved to MP lAOS with no modification except for 
rebinding. The MP lAOS Macroassembler and Binder are two such 
programs: using the System Call Translator under AOS, they require 
only rebinding to be moved to MP lAOS or to MP lOS. This allows 
the same sources and object modules to be used over the entire 
ECLIPSE computer line. 

MP I AOS provides a number of convenient functions implemented 
as library routines rather than as system calls in the interest of 
saving system space and improving speed of execution. 

Library routines are called in the same way as system calls; however, 
the code implementing the function is part of the user address space, 
rather than of system memory. 

MP I AOS library routines perform such functions as overlay loading 
and release, suspending the operation of a program for a specified 
time period, providing several timing fqcilities important for real
time operations support, setting the searchlist, and reading a message 
from an MP lAOS error message file. Table 2.10 summarizes currently 
available MP lAOS library routines. 
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Table 2.10 Library routines summary 

Table 2.11 summarizes miscellaneous MP / AOS system calls. 

Table 2.11 Miscellaneous system calls 



MP / AOS Utilities 

This chapter summarizes the main features of the MP / AOS utilities. 
We have classified these utilities by function into three major groups: 
program development utilities, file management utilities, and system 
management utilities. The listing of utilities in each group includes 
references to the manual in which each utility is documented. 



MP / AOS Utilities 

Program 
Development 
Utilities 

Table 3.1 lists the MP / AOS utilities which can be used for program 
development, as well as the manual in which each utility or group of 
utilities is documented. 

Table 3.7 Program development utilities 

Command Line Interpreter (CLI) 

The Command Line Interpreter (CLI), the primary user interface to 
the operating system, provides macro and textual substitution 
facilities in addition to built-in commands and pseudo-macros, as a 
means of manipulating the system and user environments. CLI 
commands can be abbreviated to the shortest character strings that 
uniquely identify the commands. On-line information about CLI 
commands and topics is displayed at the terminal via the HELP 
facility. 

For most program development configurations, the CLI begins 
running as soon as the system is initialized. CLI commands allow the 
user to control peripheral devices, manage files and processes, 
facilitate interprocess communication, and execute programs. Any 
CLI command or macro may be used as a textual substitution whose 
value serves as an argument to another command or macro. 

Speed Text Editor (SPEED) 

Speed is a character-oriented text editor that also provides file 
management and CLI execution capabilities. Command sequences 
and macros may be saved in buffers or files allowing for automatic 
re-execution. 



Speed editing commands insert, delete, and change individual 
characters, lines, or blocks of text, and search for specific words, 
strings, or patterns. The display mode option provides a constant 
image of most recent updates on a CRT screen. 

Thirty-six buffers provide workspaces for creating, modifying, and 
merging text files. File operations are not restricted to the current 
working directory. 

While in Speed, users can execute CLl commands and any other 
MP / AOS programs and utilities. 

Slate 

SLA TE is a screen-oriented text editor using screen edit functionality, 
multiple text buffers, macro programming, and CLl execution 
capabilities. Command sequences and macro definitions can be saved 
in files, allowing for automatic re-execution. 

SLATE features three major operating modes: Page Edit mode, Key 
Macro Definition mode, and Command mode. Command sequences 
and macro key definitions can be written in either Page Edit or 
Command mode. SLATE allows up to 25 key definitions at anyone 
time. 

Ten logical text buffers provide workspaces for creating, modifying, 
and merging text files. File operations are not restricted to the 
current working directory. 

SLATE editing commands insert, delete, and modify individual 
characters, words, lines, or blocks of text and search for specific 
words, strings, or patterns. With keystroke commands, restoration 
of deleted text, text reformatting, alphabetic case conversion and a 
variety of search modes are also supported. The order of command 
execution can be modified by means of pseudo-commands. A HELP 
command displays information about SLATE commands and topics. 

While in SLATE, users can execute CLI commands and other MP / AOS 
programs and utilities. 

Macroassembler (MASM) 

The macroassembler produces a single object module file from one 
or more user-specified assembly language source files. In addition to 
translating symbolic assembly language source code, the macroassem
bIer expands any macro calls in the source program to their full, 
predefined macro definitions. 

MP/AOS Utilities 
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User-selectable output from the macroassembler includes: 

• the object module file, 

• a source language program listing (with any errors indicated), 

• a cross-reference list of all program symbols, 

• an error summary list with the numbers of all source lines 
containing errors. 

An object module produced by the macroassembler requires further 
processing by the MP / AOS binder before it becomes an executable 
program. 

A special compatibility version of the macroassembler's permanent 
symbol table file allows assembly of files developed under AOS, or 
MP lOS, and guarantees bind-time portability to either of these 
operating systems. 

Binder (BIND) 

The binder creates an executable program file by combining user
specified object modules and library files with required system 
information. When potential run-time errors are detected, the binder 
does not produce a program file. 

In creating an executable program (.PR) file from object modules 
(.OB) files, the binder resolves run-time memory space considerations 
for relocatable object modules, manages program overlays, and sets 
up shared common areas. 

User-selectable output from the binder includes: 

• an executable program module, 

• a symbol table file, 

• a listing of any binder error messages, 

• symbol/location ordered listings, 

• a comprehensive space allocation summary (that is, a display of 
the actual modules used from a library, together with information 
about the memory use of each module). 

Arguments to the eLI command, XEQ BIND, specify the object 
modules to be bound together as a program and name any libraries 
to be inspected for modules containing unresolved symbols. 

Programs developed under AOS using the compatibility package 
may be run under MP / AOS after rebinding. MP / AOS is bind-time 
compatible with all MP lOS features except for user device interrupt 
handlers, which need reassembling with minor modifications. 



The Library Editor (LED) 

The Library Editor (LED) creates an object module library file 
consisting of one or more object modules or libraries. The individual 
library modules may be routines supplied with the system (such as 
the mathematical subroutines) or user-written modules already 
processed by one of the MP / AOS language compilers or the macroas
sembler. 

LED also allows for the insertion, replacement, and deletion of 
object modules in existing library files. 

Symbolic Cross-Reference Analyzer (SCAN) 

SCAN processes a library or a group of object modules and produces 
a cross-reference listing of entry definitions and external uses for all 
entry and external symbols. 

The SCAN program detects multiply-defined, undefined, and defined 
but unused global symbols over a range of object modules and 
libraries. Programmers can use SCAN to determine whether a symbol 
name has already been used, and to check that modules to be bound 
together do not have conflicting symbol definitions. 

Histogrammer (PROFILE) 

The PROFILE program constructs a probabilistic execution profile 
of a specified program. The profile (sometimes called a histogram) is 
useful in identifying program bottlenecks. 

To construct the histogram, PROFILE uses the ?HIST call, which 
inspects the CPU's program counter at regular, selectable intervals 
and notes whether it is being used by 

the system idle loop, 
a process other than the one being profiled, 
user-written code of the program being profiled, 
system calls within the program being profiled. 

If, at the time of the inspection, the CPU is being used by the 
profiled program, then the address of the instruction being executed 
is noted. 

PROFILE produces a tabularized report of CPU usage, and of the 
times spent in each region of the profiled program. Using this report, 
programmers can see which areas of their programs are most 
executed and which are therefore the best candidates for optimiza
tion. 

MP / ADS Utilities 
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Process Debugger (FLIT) 

The process debugger is an interactive system utility providing access 
to a task's memory locations, registers, and status information. 
Programs to be debugged with FLIT need no special handling at 
coding, assembly, or bind time, since the debugger runs as a separate 
process. This also means that no user address space is taken up. 

In response to appropriate signals generated by the system, FLIT 
receives control of the programs to be debugged. Once FLIT has 
control, the program and its run-time information may be 
interactively examined or modified. With FLIT, users may: 

• examine task status, 

• modify task control information, 

• set unconditional and conditional breakpoints, 

• alter display and addressing modes, 

• define macros and script files, 

• use a single keystroke for tracing and returning from pointer 
chains. 

Process Monitor (OPM) 

The process monitor provides a dynamic tabular display of current 
system resource allocation and status. The information displayed is 
user-selectable, and may include information about the status, 
priority, CPU usage, and I/O transfer rates of every process. 

Text Control System (TCS) 

TCS is a method for managing files that are derived from or are 
versions of a single file. Under TCS, all the information necessary 
for the reconstruction of any version of the file is kept in a single 
master file. Access to the master file is controlled and monitored by 
TCS so that only one person at a time can update a file. This system 
decreases disk storage requirements by reducing the amount of 
redundantly stored information. TCS can tell the programmer what 
was changed, when, by whom, and for what reason. 

The Build Utility (BUILD) 

The BUILD utility facilitates the process of creating a product through 
transformations and combinations of other files. For example, BUILD 
addresses the problems encountered during the creation of a program 
file through the editing, assembling, compiling, and binding of other 
files. 



BUILD is used whenever a new version of a product is constructed 
by a repetition of the procedure used to construct the original version. 
BUILD maintains a record of the original procedure and of the status 
of each file used in the process. Using this information, BUILD 
determines the minimal amount of work required to produce the 
intended product, bypassing file modifications not needed for the 
new version. 

BUILD eliminates the common mistake of creating a version of a 
product, but forgetting to compile one of the constituent modules. 

BUILD is fully integrated with TCS, both for the selection of input 
files and for setting the revision levels of the files supplied to BUILD 
and those files re-created by BUILD. 

The Find Utility (FIND) 

The FIND utility detects and identifies occurrences of patterns in 
text files. It can be used in conjunction with or instead of text 
editors, and is especially useful for work on modems with low baud 
rates. 

The file management utilities, documented in MP / ADS File Utilities 
(DGC No. 069-400204) are: 

File Editor (FEDIT) 
File Display and Comparison Utility (FDISP) 
Source Compare Program (SCMP) 
Move Utility (MOVE) 
AOS Transfer Utility (AOSMIC) 
File Transfer Utility (FOXFIRE) 

File Editor (FEDIT) 

The file editor program allows the user to examine and modify the 
files of an MP / AOS system. While FED IT may be executed on any 
file, it is typically most useful for program files and data files. 

Addresses as well as data can be displayed in different formats 
including numeric with variable radix, ASCII, and string formats. 
Automatic modification of files is possible by redirecting FEDIT 
input from a terminal to a disk file. Script output files may also be 
generated for later use as script input files. 

File Display and Comparison Utility (FDISP) 

The file display and comparison utility displays a file's contents in 
readable form. When used to compare the contents of two files, 
FDISP lists only those parts of the files which are at variance. 
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Addresses and data can be displayed in numeric format with variable 
radix, byte-by-byte format, and ASCII. The user can also specify a 
comparison of entire files or of specific portions in each file, as well 
as the width of the output display. 

FDISP facilitates analysis and comparison of program and other 
nontext files. 

Source Compare Program (SCMP) 

The source compare program compares two source programs line by 
line. The output enumerates the changes necessary in the first file so 
that it may correspond to the second file. 

Command switches allow the user to redirect the output, to change 
the default resynchronization of lines, and to select case sensitivity 
for the input. 

MOVE Utility (MOVE) 

The MOVE utility allows the transfer of file copies from one directory 
to another, optionally specified by template. Files may also be moved 
between disk and magnetic tape devices by means of the appropriate 
command switches. In addition, MOVE performs a multi-volume 
dump to diskette; that is, it permits the transfer of any set of 
directories and files onto more than one diskette. The tape format of 
MOVE is compatible with AOS. Other switches allow reversal of the 
transfer direction, automatic selection of files to be moved in 
accordance with date of their modification by the user, and 
nondeletion of existing files in the destination directory. 

AOS File Transfer Utility (AOSMIC) 

The AOS file transfer utility enables the user to manipulate MP / AOS 
and MP lOS disks and files on an AOS system. By running this utility 
while under AOS: 

• MP lAOS files may be moved between an MP lAOS disk and the 
AOS system; 

• MP I AOS directories may be created; 

• MP I AOS files may be renamed and deleted; 

• the contents of the MP I AOS disk may be listed. 

File Transfer Utility (FOXFIRE) 

The file transfer utility enables the user to transfer disk files between 
any combination of MP lOS, MP lAOS, and AOS systems over 
asynchronous communication lines. 



The following utilities can be used for system management: 

System Generation (SYSGEN) 
Disk Initializer (DINIT) 
Disk Repair (FIXUP) 
Spooler Utility (SPOOLER) 
Error Logger (ELOG) 

For further reference see MP / AOS System Generation and Related 
Utilities (DGC No. 016-400206)' See also Loading MP/AOS (DGC No. 
093-400051 ). 

System Generation (SYSGEN) 

SYSGEN is an interactive utility used to generate new MP / AOS 
systems tailored to specific user needs. It prompts the user for input 
and executes the MP / AOS assembler and binder to build a suitable 
system file. The results of the dialogue may be stored in a script file 
for input to a later SYSGEN session. In the absence of user-specified 
values, default values are supplied. 

SYSGEN creates program development systems: general-purpose, 
disk-based systems that provide all MP / AOS features. 

User-selectable input includes processor type, disk controller type, 
number of devices, the characteristics of terminals and line printers, 
and MP / AOS system parameters. SYSGEN enables users to generate 
MP / AOS systems that are optimized for their particular application 
environment. 

Disk Initializer (DINIT) 

The disk initializer utility performs two functions: it software 
formats disks for the storage of MP / AOS data structures; it also 
installs the files necessary to make the disk a system disk. The user 
may select either or both of these functions. 

Since MP / AOS disk format is identical with MP lOS, disks formatted 
for MP lOS with DINIT can be mounted on an MP / AOS system and 
file management operations can be performed on them. To create 
MP / AOS disks under AOS, MDINIT is used to format the disk. 

DINIT is an interactive utility, but optional command switches 
allow the user to specify information on the command line, thereby 
eliminating part or all of the interactive dialogue. 

Disk Repair (FIXUP) 

The FIXUP utility repairs defective disk structures. It exists in two 
versions: one version is installed on the disk by the Disk Initializer 
program (DINIT) and runs automatically without user intervention. 
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The second version is an interactive program which may be invoked 
by the user. FIXUP may be run on disks developed under either 
MP lOS or MP lAOS. For MP / AOS disks developed under AOS, a 
similar utility, MFIXUP, may be invoked. 

Spooler Utility (SPOOLER) 

The SPOOLER controls the queueing of files to each line printer on 
the MP / AOS system. The SPOOLER accepts print queue entries from 
CLI commands and the Interprocess Communication (IPC) facility; 
maintains the queue on a first-in, first-out basis; and activates the 
printer when there are queue entries. 

CLI commands allow the user to queue, display, hold, release, and 
cancel SPOOLER entries. Options to the queue command permit 
wrapping of long lines, inclusion of a banner, printing of multiple 
copies, and requesting of notification when printing is completed. 

The SPOOLER queues as many as 64 requests at a time, prints ASCII 
text up to 132 characters per line, and supports data channel printers. 

Printing without the SPOOLER utility is also possible through 
assembly language or Pascal interfaces to both programmed I/O and 
data channel printers (the latter accessed via a library of subroutines). 

Error Logger (ELOG) 

The error logger prepares a report that may be written to a console, 
line printer, or disk file about system hardware performance. The 
information used to generate the report is gathered by the system 
logger, which is optionally initialized at system generation. For 
every memory component and I/O device, the report lists the date, 
time, and nature of every error detected by the system. This report 
is useful to system managers and field engineers for overall system 
monitoring, and for preliminary diagnostics. 
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This chapter summarizes the main features of the high-level lan
guages running under MP / AOS. These languages are MP /Pascal, 
SP/Pascal, MP/FORTRAN IV, and MP/BASIC. 
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MP/Pascal 

SP/Pascal 

MP IPascal, an extended, structured programming language based 
on Pascal, produces understandable and maintainable programs 
requiring less execution space than other high-level languages. 
MP IPascal's extensions to Pascal include: 

• separate compilation modules for sharable routines and data, 

• assembly language interface, 

• dedicated application prommability, 

• dynamic string data types for text manipulation, 

• multitasking, 

• MP lOS and AOS compatibility as a cross-development aid, 

• full access to MP I AOS system functions. 

User-selectable output from the MP /Pascal compiler includes a source 
language program listing (with any errors indicated) and, when no 
compilation errors exist, an object module file; the object module 
produced requires further processing by the MP / AOS binder before 
it becomes part of an executable program. 

SP IPascal, an extended system-development Pascal, has all of the 
features of MP IPascal. Additional system implementation extensions 
equip SP IPascal with the following unique features: 

• generates highly efficient machine code for the ECLIPSE architec
ture, 

• introduces exception handling and routine signaling support, 

• utilizes floating-point hardware for single- and double-precision 
real arithmetic operations, 

• provides bit-level packed data storage, 

• uses hardware character instruction set option for string manipula-
tion, 

• allows structured constants for use as constants or literals, 

• permits scalar expressions in most constant contexts, 

• provides WHOLE type with a 0 .. 65535 subrange for unsigned 
full-word operations, 

• introduces extensions to the WITH statement for easier record 
copying, 

• is available under the AOS operating system with the system call 
emulator. 

User-selectable output from the SP IPascal compiler, as with MP IPas
cal, includes a source language program listing (with any errors 
indicated) and, when no compilation errors exist, an object module 
file for further processing by the MP I AOS binder. For debugging 
purposes, the compiler can generate a disassembler report which 



High-Level Languages Under MP / AOS 

lists the ECLIPSE instruction equivalent of the SP /Pascal source 
program. 

MP /FORTRAN IV, an extended, ANSI 1966 standard programming 
language, produces comprehensive and maintainable user programs. 
Formatted I/O gives FORTRAN output capabilities generally not 
available in higher-level languages. Efficiency is enhanced by the 
optional optimization capability of the MP / FOR TRAN IV compiler 
and the ECLIPSE floating-point hardware that speeds up FORTRAN 
floating-point operations. 

An interface with assembly language provides for critical paths and 
user device handling; compatibility of language conventions makes 
MP /FORTRAN IV programs transportable across all Data General 
hardware and operating systems. 

MP / FOR TRAN IV extensions to original ANSI 1966 standard 
FORTRAN IV include: 

• full access to system multitasking capabilities; 

• dedicated application prommability; 

• comprehensive file I/O facilities that interface to system file I/O 
and file management commands; 

• extensive built-in library functions; 

• run-time format specification, task scheduling, and coordination 
at runtime; 

• ability to utilize hardware stack for individual tasks; 

• double-precision real, complex, and integer arithmetic; 

• quoted string constants as well as Hollerith constants; 

• full MP / AOS system support for swapping, chaining, and overlay
ing portions of large programs. 

The MP /FORTRAN compiler produces a single assembler source file 
that requires further processing by the MP / AOS assembler and 
binder before becoming an executable program. The optional optimiz
er program can add run-time efficiency. User-selectable compiler 
output includes a source language program listing (with any errors 
indicated) and, when no compilation errors exist, the object file. 

MP /BASIC, an extended, ANSI-standard programming language, 
produces understandable and maintainable user programs. BASIC is 
interactive, and easy to learn and use. Among its major features are 
a real data type and string manipulation capabilities. 

MP /BASIC's extensions to ANSI standard BASIC include integer 
data type, string dimensioning and concatenation, substrings, letter
digit array names, extensive built-in string and mathematical 

MP/FORTRAN IV 
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functions, and fixed and variable length file manipulation. Program 
swapping and chaining and exception handling are additional 
features. An interface with assembly language provides for user 
device handling. 
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