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Notational Conventions

Most of the references to system callsin the text and graphics use C syntax instead of
PL/M (for example, the system call send_message instead of send$message). |f you
areworking in C, you must use the C header files, rmx_c.h, udi_c.h, and rmx_err.h.

If you are working in PL/M, you must use dollar signs ($) and use the rmxplm.ext and

error.lit header files.

This manual uses the following conventions:

|:| Note

Notes indicate important information.

A CAUTION
Cautions indicate situations which may damage hardware or data.
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Basic Concepts

[ Introducing...

R Real -time operating systems that support applications which require
deterministic response time, high reliability, and synchronization, with

M Multitasking capabilities that handle multiple external interrupts and internal
events occurring asynchronously. They provide multiuser and
multiprogramming support, and the

X eXecutive scheduler provides preemptive, priority-based, and predictable
response time to interrupts and events.

Real-time applications can be:

Measurement and of seismic activity for analysis
monitoring of patientsin medical procedures
Process control of high-speed machinery or robots

of research and lab activities

Dataacquisitionand  of automatic test data
distribution to vendors or clients over networks or satellite links

TheiRMX® Operating Systems run on single-board computers and microcomputers
built around the Intel386 , Intel486 , Pentium® and Pentium Pro microprocessors.
There are three versions of the iIRMX Operating System (OS).

iRMX for PCs Runs on PC platforms with or without DOS, but with no
interoperability between the OSs. It can use the PC's ROM
BIOS to interact with peripherals or it can directly interact
with these peripherals,

DOSRMX Runs on PC platforms concurrently with DOS; it provides
interoperability between the iIRMX OS andDOS. Provides
access to off-the-shelf DOS software and tools.

iRMX 111 OS Runs on Multibus | and 11 platforms. Provides maximum
configurability, including booting the OS with an embedded
application.

Introducing the iIRM X Operating Systems Chapter 1 1



IRMX Operating System Features
TheiRMX OS offers a broad range of real-time, object-based functions and features:

Real-time processing to monitor and control events
— Multitasking

— Preemptive priority-based scheduling

— Interrupt processing

— Predictable response time (determinism)

— Multiprogramming

Objects to simplify application design and programming and to control resources
Intertask coordination and communication

Shared memory and dynamic memory allocation

System calls that manipulate objects and control the computer

Configurable layers of the OS, each with its own system calls

Example code and demonstration programs that illustrate how to use iRM X
objects and system calls

Network support for file access between iRMX and other OSs

32-bit architecture
— 4 Gbyte physical addressing and 4 Gbyte segments
— Protection features for improved reliability and multiuser support

Industry-standard bus support

Real-time Processing

Real-time processing requires these capabilities:

Multitasking, which means switching between threads of execution or tasks

Preemptive, priority-based scheduling, to determine which task needsto run
immediately and which can wait

Interrupt processing, to respond to external interrupts that occur during
processing

Predictable response time (determinism) so tasks execute before their
deadlines expire

Multiprogramming, so more than one application can run at atime

Chapter 1 Basic Concepts



Multitasking

Multitasking means the computer stops doing one task and starts doing another,
asshown inthisfigure. AniRMX task isathread of execution, similar to a
UNIX process.

Task A |
Task B

1. The processor executes Task A.
2. Anevent happens and a task switch occurs. The processor then executes Task B.

3.  When Task B finishes, Task A becomes the running task again.

Figure1-1. Task Switchingin a Multitasking Environment

TheiRMX OS manages task switching; it saves the old task's state (context) on the
old task's stack and loads the new task's state before starting execution.

Multitasking and modular programming go hand-in-hand. Y ou start by breaking
down alarge, difficult application problem into successively smaller and simpler
problems, grouping similar problems where you can. Finally, you solve the small
problems in separate program modules. In the iRM X multitasking environment, each
moduleis atask.

Multitasking simplifies building an application. When you need a new function, you
just add a new task.

See also: Tasks, Chapter 2 in this manual;
tasks, System Concepts

When you combine multitasking with preemptive, priority-based scheduling, your
application can switch from relatively unimportant tasks, to important tasks, to
critical tasks and back again, as appropriate.

Introducing the iIRM X Operating Systems Chapter 1 3



Preemptive, Priority-based Scheduling

In apreemptive, priority-based system, some tasks are more critical than others.
Critical tasksrun first and can preempt less critical tasks, as shown in thisfigure.

Event g g

Task A |
Task B

-

1 2 3

1. Task A, a low-priority task, prints data accumulated from a robotic arm in report form.

2. Task B, a high-priority task, controls the robotic arm. If the arm needs to move while
Task A runs, Task B preempts the print task, then starts and moves the arm.

3.  After Task B repositions the arm, Task A finishes printing.

Figure 1-2. Multitasking and Preemptive, Priority-based Scheduling

Multitasking enables your application to respond to internal events and external
interrupts, such as clock ticks from the system clock or receiver ready from a serial
device, based on how critical they are. Y ou determine the priority of tasksin your
application; the IRMX OS provides the task scheduling algorithms.

See also: Scheduling tasks, Chapter 2 in this manual;

scheduling, System Concepts
When you add interrupt processing to multitasking and preemptive, priority-based
scheduling, your application can respond to interrupts as they occur. Y our
application becomes event-driven; it does not waste time polling for interrupts.

4 Chapter 1 Basic Concepts



Interrupt Processing

Interrupts are signals from devices such as a malfunctioning robot or interactive
terminal. Y ou connect interrupt sources to the processor through Programmable
Interrupt Controllers (PICs).

With interrupt processing, your application can handle interrupts occurring at random
times (asynchronously) and can handle multiple interrupts without losing track of the
running task, or those tasks waiting to run. Interrupts can occur while the processor
is executing either an unrelated task or arelated task, as shown in the next figure.

)
78\ j
Event @ < PIC Processor

Task A
Task B
IRQ signal s
IRQ handler 4
A
1 2 3

1. Task B, the running task, repositions the robotic arm.
2. The robotic arm malfunctions and sends an interrupt signal through the PIC.

3. As soon as it receives the signal, the microprocessor stops the running task and starts an
interrupt handler. The interrupt handler runs in the context of Task B. No new task is
loaded; Task B's state does not need to be saved. It remains loaded in RAM until the
scheduler runs it again. Task A, the print task, is still waiting to run.

Figure1-3. Interrupt Handler Interrupting a Task

Typically, you have numerous sources of interruptsin your application. Some of
them, like the malfunctioning robotic arm, are critical; some of them are not. You
assign interrupt levels (which map directly to priorities) to the interrupt sources by
the order in which you connect your external sourcesto the PIC. TheiRMX OS
handles more critical interrupts first, and keeps track of which interrupts occurred,
the order in which they occurred and which ones have not been handled.

Interrupt handlers can perform very limited operations, so you typicaly write an
interrupt handler to signal an interrupt task. Theinterrupt task's priority is
automatically assigned, based on the interrupt level of the external source.

Multitasking and interrupt processing simplify expanding an application. Because of
the one-to-one relationship between interrupts and tasks, you just add a new task
when you need to respond to a new interrupt. Interrupt processing is also more

Introducing the iIRM X Operating Systems Chapter 1 5



efficient, since your system spends all of its time running tasks, not polling for
interrupts.

The Kernel offers a different model for interrupt handling.

See also: Nucleus interrupt and exception handling, Chapter 2 in this manual;
Kernel features, Chapter 2 in this manual;
interrupts, System Concepts,
interrupt_task, Driver Programming Concepts

Predictable Response Time

TheiRMX OS provides deterministic response: there is a predictable, worst-case
response time to a high-priority interrupt. The OS does thisin two ways: interrupt
response time and task switch time.

Interrupt Response Time. Thisisthe time between a physical interrupt happening
and the system beginning to execute the interrupt handler. A predictable worst-case
response time to interrupt processing ensures that incoming data is handled before it
becomesinvalid.

Task Switch Time. A task switch is saving the data registers, stack and execution
pointers (the task state) of one task, and starting another task. Minimized task switch
time also provides a predictable response time to a high-priority task.

Since the typical response to an interrupt isinvoking a handler and then performing a
task switch to an interrupt task, the deterministic response time includes both the
interrupt response and task switch times.

Real -time response does not mean instantaneous execution. A high-priority task that
isvery long and performs many calculations will use as much processor time to
execute on areal-time system as on any other system. The length of time instructions
take to execute is a function of processor speed.

6 Chapter 1 Basic Concepts



Multiprogramming

TheiRMX OS supports multiprogramming: running several unrelated applications
on asingle system, as shown in the next figure.

Application A Application B
M

0

AIA

1. Application A contains all the tasks that relate to the robotic arm, including the print task. It
may also contain tasks that control other devices on the factory floor.

2. Application B contains all the tasks relating to another application that controls a chemical
mixing system in another part of the factory.

Figure 1-4. Multiprogramming

To take full advantage of multiprogramming, you provide each application with a
separate environment: separate memory, files, and other resources. TheiRMX OS
providesthiskind of isolationin ajob. Typically, ajob includes agroup of related
tasks and the resources they need, as shown in the next figure.

Introducing the iIRM X Operating Systems Chapter 1 7



Typically a job includes:
1. A group of related tasks.
2. The memory the tasks need.

2. An object directory where you can catalog task resources.

Figure 1-5. Resourcesin a Job

Y ou decide what jobs to include in your system. TheiRMX OS coordinates the use
of resources within and between jobs so independently-devel oped applications do not
cause problems for each other.

See also: Jobs, Chapter 2 in this manual;
jobs, System Concepts

Multiprogramming simplifies adding new applications; you can modify your system
by adding new jobs (or removing old ones) without affecting other jobs. In addition,
you get more from your hardware investment by running several applications onit.

Chapter 1 Basic Concepts



Objects and System Calls

TheiRMX OS provides basic objects and maintains the data structures that define
these objects. The basic objects are building blocks that application programs
manipulate. The characteristics of the objects are easy to learn and use; they are
well-defined and consistent.

This figure shows the iIRM X -provided object types.

Job 1TTTTTTTTR Task
Segment Memory Buffer N
Pool Pool

)
u
Mailbox .ﬁ, Port @
Semaphore % Region .

User

—9:)— Connection

OMO02650

The icons for the object types shown in this illustration appear in all illustrations in this
manual.

Figure 1-6. Object Types

Introducing the iIRM X Operating Systems Chapter 1



Each object type, such as a mailbox, has a specific set of attributes or characteristics.
Once you learn the attributes of a mailbox, you know how to use all mailboxes. Each
object also hasits own set of related system calls.

See also: Object types, Kernel objects, Chapter 2 in this manual;
I/0 system objects, Chapter 3 in this manual;
Individual object chapters, System Concepts

Object-based programming, which concentrates on the objects and the operations
performed on them, is compatible with modular programming. Typically asingle
task performs only a few related functions on a few objects.

Intertask Coordination and Communication

10

iRMX exchange objects are mailboxes, semaphores, regions, and ports. They enable
asynchronous tasks, which run in arandom order, to coordinate and communicate
with one another by:

«  Passing messages
«  Synchronizing with each other
«  Mutually excluding each other from resources

Messages. Tasks may need to exchange data, messages, or object tokens (object
addresses and attributes).

For instance, one task may accumulate input from aterminal until it receivesa
carriage return. It uses an exchange object to send the entire line of input as data to
another task that decodes the input.

Chapter 1 Basic Concepts



This figure summarizes how you can solve a problem that requires routing severa
types of input into several types of output using a mailbox object. One mailbox and
one manager task can handle messages from multiple input and output tasks.

Input
tasks
Messages
A
—> 1 Output

tasks
B —» 5 Messages3 _> D
C
~—= —» E
Manager

task

1. System calls move data from input tasks A and B to a waiting mailbox.

2. Task C, the manager task, waits at the mailbox and determines which messages go to
which output tasks. If another message arrives during processing, the message waits in
the mailbox queue until the manager task can handle it.

3. The individual output tasks receive their data at their mailboxes and process it.

Figure 1-7. Object-based Solution for M essage Passing

Synchronization. One task may need to run before another task. It can use an
exchange object to signal the second task when it has completed. For example, the
task that creates the transaction summary in an automated teller application shouldn't
run until after the tasks that handle withdrawals and deposits have run. The
transaction summary task must be synchronized with the other tasks.

Introducing the iIRM X Operating Systems Chapter 1 11



12

TheiRMX OS provides severa objects for synchronization that can accommodate a
wide variety of situations. The next figure illustrates using a semaphore to send a
signal to another task.

AL,%<_ZB

Task A, the running task, preprocesses some data. Task B needs to use the data after Task A
finishes.

1. WhenTask A finishes, it sends a signal (not data) to the semaphore.

2. When Task B receives the signal, it processes the data.

Figure 1-8. TasksUsing a Semaphorefor Synchronization

Mutual Exclusion. Withthe iRMX OS, multiple tasks can concurrently access the
samefile. Thisisuseful in amultitasking system, such as a transaction processing
system where alarge number of operators concurrently manipulate a common
database.

If each terminal is driven by a distinct task, the only way to implement an efficient
transaction system is to have the tasks share access to the database file. Occasionally,
when tasks are running concurrently, the situation in this figure arises.

s | LS e e 4

1. Task A, the running task, reads some data from the database and does computations
based on the data.

2. Task B tries to preempt Task A and update the data while Task A works on it. Mutual
exclusion, provided by a region, prevents two tasks from accessing the same data
concurrently.

Figure 1-9. Multitasking and Mutual Exclusion

TheiRMX OS includes regions to provide mutual exclusion. Unless Task B is
prevented from modifying the data until after Task A has finished, Task A may
unknowingly use some old data and some new data to produce an invalid
computation. It should, however, read and compute the new data after Task B
updatesit. Your code can use aregion to protect the data from being accessed by
both tasks at the same time. Thisis called mutual exclusion.

Chapter 1 Basic Concepts



Memory Pools and Memory Sharing

Memory pools are the basis of iIRMX memory management. The initial memory pool
isall the memory available to the application (that is, free space memory). Itis
managed by the OS and allocated to the application on request.

Theinitial memory pooal is subdivided into smaller pools as application jobs and
segments are created. Each job in the application has its own subpool, with a
minimum and a maximum size. Once the minimum pool isallocated to ajob, it is
not available to other jobs. Astasksin the job create and delete objects, the job pool
may approach its maximum size, then return to its minimum. This provides dynamic
memory allocation of the memory pool as jobs require less memory.

Dynamic memory allocation enables jobs to take advantage of one job freeing
memory while another needs more. When you delete ajob, its memory returnsto the
initial memory pool.

Dynamic memory allocation is also useful within ajob. All thetasksinajob
compete for memory in the job's memory pool. Some tasks periodically need lots of
memory to improve efficiency, for example atask that allocates large buffersto
speed up input and output operations. These tasks can release memory for other tasks
when they complete, as shown in this figure.

1. Tasks A and B use memory in the job's memory pool for objects they create.

2. Task C completes, and then deletes its objects and releases its memory to the job's
memory pool.

3. Task D requests memory.

Figure 1-10. Dynamic Memory Allocation between Tasks

Introducing the iIRM X Operating Systems Chapter 1 13



Virtual Memory Allocation With the Paging Subsystem

If you use anon-Intel compiler that produces flat model applications instead of
segmented applications, you include the Paging Subsystem in the OS. Thisjob
manages the processor in paging mode, which treats memory differently from the
segmented model used historically by iRMX applications. With paging enabled, flat
model applications allocate virtual memory, which isindirectly accessed through
page tables instead of in separate segments.

Flat model applications use a different set of system callsto allocate memory than
segmented applications. However, the job still manages a pool of memory, which the
individual tasks can use as described above. With the Paging Subsystem, you can

still run existing segmented applications (or write new ones) along with flat model
applications. Flat and segmented applications must reside in different jobs.

See also: Paging, Flat model, Programming Techniques
paging.job, flat.job, System Configuration and Administration

System Calls
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EachiRMX object has an associated set of system calls. programmatic interfaces
you use to manipulate objects or control the computer's actions. System calls for one
object type cannot manipulate objects of another type. This protects the objects from
inappropriate modification.

Most system calls have parameters, such as values and names, that you can set to
tailor the call's performance. Some of the functions you can do with system calls are:

create_mailbox Creates a new mailbox

set_priority Sets atask's priority

send_message Sends a token or data to a mailbox

a read Reads a data file or the contents of a directory

Most system calls validate the parameters you enter; a condition code returned by the
call indicates whether you used invalid parameters. There are also condition codes
for trying to read or write segments that you do not have access to and for trying to
write past the end of a segment.

Y ou can add new objects and the system calls that manipulate them to the iIRMX OS
if your application requires them. Objects and system calls you create can be shared
by jobs.

See also: System call summary tablesin Chapter 1 of System Call Reference;
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Operating System Layers

TheiRMX OSisacallection of layers, or subsystems. All layers have their own
system calls. Some layers have their own objects; some use the objects from
other layers.

Each layer builds on the capabilities of the previous ones. These layersare al
included iniRMX for PCs and DOSRMX. The Bootstrap Loader isincluded with
theiRMX |1l OSand iRMX for PCs.

On ICU-configurable systems, you choose which layers you need to create a tailored
OS. These are the layers and their functions:

iRMK Kernel A part of the Nucleus that provides high-performance task
and time management and message passing. The Kernel
does not provide the protection that the Nucleus does. The
Kernel hasits own objects.

Nucleus The heart of the OS, built on the Kernel, and is the only
required layer. It provides most of the objects that the other
layersuse. It schedules jobs and tasks, controls accessto
system resources, communicates between tasks and enables
the system to respond to interrupts.

Basic I/0O System Includesfile and device drivers and data tables that define

(BIOS) 1/0O devices. Thislayer performs /O functions; creates and
deletesfiles, and controlsfile access. The BIOS controls the
Connection and User objects.

Extended I/O System A higher-level 1/0 system that provides all the BIOS features

(EI0S) plus I/O buffering and overlapping, logical names for files
and devices, and automatic reattachment of devices. The
EIOS controls the 1/0O job object.

Application Loader L oads programs from secondary storage into memory.

(AL)

Human Interface Provides multiuser support with logon/logoff and user job

(HI) creation. It isthe parent job for applicationsin DOSRMX
and iRMX for PCs. It provides commands for controlling
application systems from terminals. Y ou can create
additional commands for your application.

Universal A high-level interface between the OS and the application.

Development It enables compilers, language trandators, and other software

Interface (UDI) development tools to run.
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Shared C Library Provides functions and macros that enable ANSI-standard C

programs to perform common operations concurrently. The
Shared C Library provides support for some non-Intel C
compilers.

Paging Subsystem Supports flat model (non-segmented) applications by

providing virtual memory in aflat address space; it manages
the processor in paging mode.

Bootstrap L oader Loadstheinitial OS and the application'sinitial jobs from

secondary storage into RAM on the hostsin the system, then
starts the system.

Thisfigureillustrates the layers and the rel ationships between them. The UDI also
accesses the Application Loader.

Application Human Interface UDI. and
C Library
Loader
EIOS
iRMX-NET and BIOS
TCP/IP VM86 Dispatcher
(IRMX for Windows and PCs)
- iRMX Nucleus
iRMK Kernel

iRMX is a registered trademark of Intel Corporation. OMO2727

Figure 1-11. The Layersof theiRMX Operating Systems

Example Code and Demonstration Programs

The /rmx386/demo subdirectory in the iRM X directory structure contains many
programming examplesin C, PL/M and assembler. Y ou should use and modify the
example code when you develop your applications.

16

There are examples of:

Basic multitasking, creating and catal oging objects
Message passing

Interrupt handling

Managing terminal 1/0

Programmatic network access
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e Third-party compiler support

See also: Programming Techniques for an explanation of some example
programs,
Real-Time and Systems Programming for PCs, for additional
programming examples

Network Support

TheiRMX OS software supports networking of independent computers connected
together to exchange information. iIRMX-NET enables iRM X-based computers to
communicate with OpenNET servers and clients running other OSs, as shown in this
figure.

'

I,—-_-?

Figure 1-12. Networked Systems

The basic networking software isiRMX-NET, a part of Intel's family of OpenNET
Local Area Network (LAN) products and TCP/IP, which enables interoperability
with most other OSs.

See also: Networking, Chapter 7 in this manual;
Network User's Guide and Reference;
TCP/IP and NFSfor the iRMX Operating System

32-Bit Architecture, Addressing, and Protection

TheiRMX OS supports 4 gigabytes (Gbyte) physical addressing, 32-bit addresses
and data types, and the addressing modes shown in thisfigure.
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4 Ghyte
PVAM

1 Mbyte
Real Mode

OMO02651

Figure 1-13. Real Mode and PVAM

Real mode Enables addressing 1 Mbyte of physical memory. Real
mode isthe initial operating or bootload mode for supported
Intel microprocessors. During iRMX initialization, the
microprocessor is switched into protected virtual address

mode (PVAM).
Protected virtual Enablesthe iIRM X OS to take advantage of 32-bit
address mode architecture, the full 4 Gbytes of memory, and advanced
(PVAM) protection features. It also enables real mode programsto

run concurrently in Virtual 86 (VM86) mode. DOSRMX
runs in protected mode, but switches to VM86 mode to run
DOS and DOS applications.

Paging mode A flat model application uses near pointers only, in avirtua
segment that can span the entire 4 Gbyte address range.
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The protection features of the microprocessor includes:

«  Memory segment length protection that prevents segment accesses from crossing
segment boundaries. Writing too much data will not corrupt the system.

« Accessrights protection that enables tasks to define access to a segment and
prevents access to those segments in other than the defined mode.

«  When the Paging Subsystem is enabled, the processor manages memory through
page tables. In this mode, the OS provides protection by isolating memory
between jobs with an unallocated page table entry. An attempt to access beyond
the allocated memory results in a processor-generated page fault.

«  Stack-overflow detection that prevents out-of-control tasks from overflowing the
stack and overwriting important information.

« Invalid-selector detection that prevents tasks from referring to segments of
undefined memory.

See also: Programmer's Reference Manual for your microprocessor for
information on the internal hardware features of the microprocessor

Bus Architecture Support

TheiRMX OS supports these industry-standard bus architectures: PC, Multibusl,
and Multibus 1.

PC architecture benefits and features for iIRMX for PCs and DOSRMX systems
include:

« A 32-bit wide (EISA or PCI) or 16-bit wide (I1SA) data word across the bus
+ A widely-installed base

« A low-cost platform for iIRMX development and target systems

Multibus | architecture benefits and features include:

« A 16-bit wide data word across the bus

+ A widely-installed base

« Intelligent board-to-board communications using hardware signals and similar
signal handling techniques

Multibus Il architecture benefits and features include:
« A 32-bit wide data word across the bus.

«  Enhanced board-to-board communication through additional internal buses and a
well-defined data transfer protocol. The internal buses enable virtual interrupt
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processing so any board can communicate with any other, regardless of hardware
limitations.

-  Efficient bus use through a data packet (small portion of data) transfer scheme.
Transferring data by packets prevents a slower device on the bus from
monopolizing all the bustime: the busis not limited in speed to the slowest
deviceusingit.

«  Support of multi-processor systems for higher performance.

IRMX for PCs Special Features

iRMX for PCs can reside with DOS on a DOS partition, or it can reside on an iRMX
partition.

iRMX for PCs provides these features:

«  Canuse ROM BIOS functions to control the system mass storage devices
(diskettes, hard disks, and CD ROMs)

+ CanusenativeiRMX driversto control the system mass storage devices
(diskettes, hard disks, and CD ROMs)

«  Contains anative DOSfile driver and can read/write any local DOS
(FAT12/FAT16) drive (diskette, primary DOS partition, Extended DOS
partition) without the presence of DOS

+ Isacost-effective solution for many applications.
See also: Installation and Sartup
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Nucleus and Kernel Features

Nucleus functions include:

«  Managing objects that control access to system resources and communicate
between tasks

«  Scheduling tasks based on priority

« Handling interrupts based on interrupt level
Kernel functionsinclude:

«  Controlling Kernel objects

«  Managing tasks

« Managing time

Nucleus Objects

The Nucleus provides these objects.

«  Jobs are the environments where tasks do their work. A job contains:
— Tasks
— Whatever objects the tasks create
— Anobject directory for cataloging objects
— A memory pool that provides memory for the tasks to do their work

«  Tasksdo the work of the system and respond to interrupts and events.

«  Memory segments are addressable, contiguous blocks of memory that tasks can
use for any purpose.

»  Buffer poolsand Heaps are holding areas for dynamically allocatable memory.

«  Exchange objects that tasks use to pass information are;
— Mailboxes that enable tasks to pass messages and data
— Semaphores that enable tasks to synchronize
— Regionsthat provide mutual exclusion
— Portsthat synchronize operations and pass messages

«  Extension objects let you build new types of objects.
«  Composite objects include the extension and whatever existing objects you need.
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Jobs
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Objects are data structures that occupy memory. Each object type has unique
attributes, described in the next sections. Each object has a token that uniquely
identifiesit. The maximum number of objects allowed in the system at any one time
is 8192 (2000H).

See also: Object directories, tokens and descriptors later in this section;
I/0 system objects, Chapter 3 in this manual;
Individual object chapters and OS extensions, System Concepts

A jobisaniRMX abject that contains tasks and all the resources they need. iIRMX
jobs that you can create have these characteristics:

«  Jobs make up your application.
«  Jobsare passive; they cannot make system calls.
«  Jobsinclude one or more tasks.

« Jobs provide resource isolation for their tasks, particularly for dynamically
allocated memory. Two tasks of one job compete for the memory associated
with their job. Tasksin different jobs typically do not.

« Jobsprovide error boundaries. Errorswithin one job do not corrupt other jobs or
the OS because they have separate memory pools.

«  When you delete jobs, the objects associated with them also are del eted.
Y ou can create several kinds of jobs:

«  Dependent or child jobs are children of their parent job.

« Loadable jobs are children of the HI.

«  Firstlevel jobs (configurable in the ICU) are children of the root job.

+ |/Ojobsare children of the EIOS.

Thejobsin asystem form ajob tree. Each job except the root job obtainsits
resources from its parent as shown in the next figure.
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1. Initially, the root job owns all of free space memory, which is allocated as other jobs are
created.

2. Some of the OS layers are first level jobs, or children of the root job. Applications can also
be first level jobs.

3.  Applications loaded at system initialization are children of the HI. In DOSRMX and iRMX
for PCs, this is how you typically load applications.

Tasks in jobs can create other jobs, enlarging the tree.

Figure 2-1. JobsinaJob Tree

There are system calls to create and delete jobs, obtain information about ajob's
children, and control ajob's memory poal.

See also: Jobs, System Concepts;
Jobs in Nucleus system call summary, Chapter 1 of System Call
Reference
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Object Directories

Each job has an associated object directory. Asatask creates an object, the Nucleus
creates atoken for it. A task can catalog an object, with its token and a
corresponding name, in its own job or any other job it knows about. Typically, you
catalog objects in the root directory if you want them accessible from severa other
tasks. Other tasks that know the name can use the object directory to look up and
access the object, as shown in thisfigure.

1. Task A catalogs an object in its own job's object directory.

2. Task B looks up the object, such as a mailbox, in the object directory in order to use it.
Now, Task A can send a message to the mailbox and Task B can receive it.

Figure 2-2. TasksUsing the Job's Object Directory

Objects that are cataloged can also be shared across job boundaries.

See also: Object directories, tokens and descriptors in this chapter
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Memory Pools

Each job has an associated memory pool. Thisisan amount of memory, with a
specified minimum and maximum, that is allocated to the job and its children. The
minimum memory is always contiguous. Usually, all memory needed for tasksto
create objectsin the job comes from the job's memory pooal, as shown in thisfigure.

Tasks A and B obtain memory from the job's memory pool.

Figure 2-3. TasksUsing Their Job's Memory Pool

If there is not enough contiguous memory currently available (up to the maximum
size of the job's memory pooal), the OS tries to borrow from the job's parent, and on
up thejob tree if necessary. In general, you should allocate enough memory so that
jobs do not need to borrow memory or create additional segments, since both of these
require additional time.

IntheiRMX I11 OS, you can also statically allocate memory to jobs. But once the
memory is allocated, it cannot be freed for other jobs. The total memory requirement
of the system is always the sum of the memory requirements of each job. Static
memory allocation uses more memory than dynamic allocation, but may be safer.

See also: Memory pools, System Concepts;
Segments and memory pools in Nucleus system call summary, Chapter
1 of System Call Reference
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Tasks

Tasks are the threads of execution or active, code-executing objects in a system.

Taskstypically respond to external interrupts or internal events. An external interrupt
can be akeystroke or a system clock tick; an internal event can be the arrival of a
message at a mailbox. Tasks have both a priority and an execution state (whether the
task is running or not).

There are system callsto create tasks and delete tasks, view and manipulate atask's
priority, control task readiness, and obtain task tokens.

See also: Nucleus interrupts, events and exceptions, in this chapter;
tasks, System Concepts,
tasks in Nucleus system call summary, Chapter 1 of System Call
Reference

Memory Segments
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Segments provide memory for tasks to use for many purposes, including
communicating and storing data. A task requests a segment of whatever size it needs.
The segment is usually allocated from the memory pool of the task's job, as shown in
Figure 2-3. If thereis not enough memory available (up to the maximum size of the
job's memory poal), the Nucleus tries to borrow from the job's parent, and on up the
job treeif necessary.

There are system calls to request a memory segment of a certain size, delete a
segment, and find out the size in bytes of a segment.

See also: Segments, System Concepts,
segments and memory poolsin Nucleus system call summary, Chapter
1 of System Call Reference
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Buffer Pools and Heaps

Buffer pools provide memory for tasks. A buffer pool isa set of existing memory
segments that you can dynamically allocate.

Heaps provide memory for tasks. A heap isa single memory segment portion of
which you can dynamically alocate as pointers to the beginning of each allocation.

Tasks request buffers, use them, and then release them back to the buffer pool, which
manages them, as shown in thisfigure. Using a buffer pool cuts down on system
overhead because allocating existing buffersis faster than creating and deleting

memory segments.
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1. Tasks A and B are using buffers in the buffer pool.

2. Task Cis releasing its buffer. The buffer can be reallocated to another task.

Figure 2-4. TasksUsing a Buffer Pool

There are system callsto create a buffer pool, fill it with buffers, view the attributes
of abuffer pool, and delete it.

Tasks request allocations from a Heap, use them, and then release them back to the
Heap, which manages them. Using a Heap cuts down on system overhead since there
are no segment creations or deletions involved when requesting and/or release Heap
allocations.

See also: Buffer pools, System Concepts;
Heaps, System Concepts,
buffer poolsin Nucleus system call summary, Chapter 1 of System Call,
Heaps in Nucleus system call summary, Chapter 1 of System Call
Reference
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Exchange Objects

The four Nucleus exchange objects 