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Version 1.3 of the O5-9000 Real-Time
Operating System for 386/486 PCs pro-
vides an automatic Install utility and
Virrual PC (VPC) for DOS emularion.
See story at right for details.

OS-9000 Version 1.3
Includes VPC for DOS

Emulation Support

MICROWARE ANNOUNCES THE RELEASE OF
Version 1.3 of the 085-9000 Real-Time
Operating System for 356/486 PCs. This
release  inroduces  Microwares new
Virtual PC (VPC), O5-9000 system
enhancements and an easy-to-use, fast
Install program.

VPC for DOS Emulation

O5-9000 V1.3 includes VPC, a [0S em-
ulation program that supports execution
of DOS tasks under OS-9000, Now pro-
prammers can run O5-9000 and DOS
tasks concurrently, including Windows
3.0, on the same 386/486 PC/AT.
O5-9000 with VPC provides a powerful
environment that allows users to run their
favorite DOS program for editing, display-
ing or post-processing alongside OS-9000.

VPC is ecasily invoked as a user state
OS5-9000 module o execute DOS and
DOS rasks. The module emulares the
DOS BIOS from O5-2000 system RAM
for fast execution of all DOS /O requests.
VPC runs as a standard OS-9000 rask al-
lowing DOS /O and user-installed inter-
rupt handlers to execute within the
OS-9000 unifed /O system. This allows
05-9000 and DOS applications to share
devices simultancously and provides an
efficient means 1o transfer data berween
the two operating systems. DOS formar-
red diskettes, as well as hard disks and par-
titions, can be read and written through
both OS-9000 and DOS commands.

DOS In The OS-9000
Environment

The ability to share devices and transfer
data also means that applications under
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form. This represents the spirit with

altemnative for future real-time hardware
el

This is also welcome news for those engi-
neers who may have been forced 1o use

PCs running DOS for real-time applica-

tions. One PC running OS-9000 can serve

a5 a real-rime platform performing multi-

ple tasks simultaneously. No longer will

_ergg[nm;l:ﬂvemaddanewmboardfar

«cach process in their applications.

.DEEEﬂrE: already adding PC platforms to

their product lines. In this issue of PIPE-
LINES, we've included a story about one
Irish firm that has begun offering their

/089 VME industrial control package un-

der 05-9000 on 386 PCs. B. McDonnell
recognized the opportunities available in
ﬂ'tﬁms marht bg.r prumding thi:lr VME-
bus 680X0-based package on a wilab
|ﬂh
Microware developed u&ému

The latest release of 05-9000, detailed be-

low, is exciting for us as well. The addition
of 0S-9000 "v'imml PC (VPC) gives
OS5-9000 users the ability o run DOS and
DOS applications” under O5-9000. This
wmﬁ:mlmrumlshth:handsoﬂx}ﬂm

ers. Plus, it offers a tight integration of DOS

and our OS-9000 Real-Time Operating
System on a single PC platform.

0S-9000 represents a continuing effort by

‘Microware to bring powerful real-time so-

lutions to a broader range. of computing
platforms. Microware wanis to allow users

needs for their real-time application. Irs
all part of our on-going commitment to

“provide state of the art real-time software

TO O CUstomers.

—Ken Kaplan

|“ . :

e e L Tuam—

03-9000 Version 1.3 for 386 and 486 PCs includes Virtual PC (VPC) for DOS and DOS
application emulation. This new version also includes an easy-to-use installation program.

each operating system can interact with
one another. Under rhis scenario,
O15-9000 could be used as a real-rime data
acquisition back-end that collects dara
from and provides control over a series of
industrial controllers. Data from these

controllers could be preprocessed and ma-

nipulated by O8-9000. DOS could run on
the same 386/486 system and collect the
necessary data from OS-9000 to provide a
graphics front-end for trend display and

user control of the low-level controllers,

0S-9000 Version 1.3
Please o to Page Eleven

Mike Burgher Named
Vice President of
R&D

[N MID-MaARCH OF THIS YEAR, MICROWARE
named Mike Burgher as the new vice
president of research and development. A
native of Des Moines, Mike joined
Microware in 1987 as technical director
of the then-new Western Regional Office
(Santa Clara, California). Before coming
to Microware, Mike spent ten years with
Control Dara Corporartion (Los Angeles
and San Jose, California) where he spe-
cialized in operating systems, networking
and performance analysis.

In 1990, Mike ook over as manager of
the Western Regional Office. While
there, he oversaw the development of
PCBridge and O5-9/N.ES., and the port-
ing of the POLYTRON Version Conrral
System, as well as O5-9/Force product de-
velopment.

Mike holds a Bachelor of Arts degree in
political science from Drake University

(Des Moines).

Looking to the Future

“There are two keys to Microware’ con-
tinued success: quality and industry stan-
dards,” stated Mike. “This means putting
quality first in every product we ship. This
also means supporting established and
emerging standards such as POSIX, |IEEE
695, ISDN, CD-1 and MPEG." o]

=

Mike Burgher, vice president of R&D
at Microware.
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0OS-9 in
Underwater
Research

by Douglas Humphrey
Massachusetts Institute of Technology,
Charles Stark Draper Laboratory, Inc.

THE UspErRwATER VEHICLES LABORATORY
of the Sea Grant College Program at the
Massachusetrs Institute of Technology
(Cambridge) with support from The
Charles Stark Draper Laboratory, Inc.
(Cambridge) is acrively conducting re-
search into small, affordable, auronomouns
underwarer vehicles. One of the key en-
abling rechnologies for this class of vehi-
cle is the software which allows the
vehicle to successfully complete a speci-
fied mission in the uncertain underwater
environment without human interven-
tion. The laboratory has one operational
vehicle, Sea Squirt, with two more under
construction.

0S5-9, with its pre-emptive multi-tasking
capabilities, flexible configuration, mod-
¢st memory requirements and its many
methods of interprocess communication,
has proven well suited to this task. The
vehicle software runs on a GESFAC
MPU-20 system (16 MH:z 68020 with
512K RAM) currently in a diskless con-
figuration, although a SCSI hard disk
drive is being added.

The vehicle software can be divided into
three major functional groups with differ-
ent needs regarding time  scheduling.
These groups are sensory data acquisition,
vehicle control and mission planning. In
order to achieve pood command following,
the wvehicle contral algorithms are de-
signed to be execured five times each sec-
ond, and since new dara is n.::.|||l'n:¢.] each
time, the dara acquisition process must
also execute at this rate. Mission planning
processes operate with a longer time hori-

zon and can be scheduled less frequently,
Sensory data acquisition is a single pro-
cess which reads from both a serial port

The Sea Squirt (top)}
is a hardware and
software testbed for
autonomous under-
water vehicle re-
saarch. Two produc-
tion models are un-
der development.
The Odyssey—aone
of the production
models—is shown
open (bottom) to
expose its 05-9
68020 system.

and an analog/digital converter. The raw
data is then processed and the results
placed in a memory module for use by the
other processes. The event mechanism is
used to indicate that new data is avail-
able. This process then sleeps until it is
time to run again. The time requirement
is met by assigning this task a high priori-
ty so that when it wakes it will run with-
out interruption from planner processes.

The vehicle control process wakes up
upon detecting the new data event. It
reads dara from the data memory module
and commands from the planner memory
module. The control algorithm then cal-
culates actuator settings and makes the
necessary  adjustments to the wvehicle
hardware. The contral process then sleeps
unril the next new data event.

OS-9, with its pre-emptive multi-
tasking capabilities, flexible con-

figuration, modest memory re-

quirements and its many methods
of interprocess communication,
has proven well suited to this task.

Mission planners are built with one pro-
cess per planner, with provisions made for
multiple planners to be running concur-
rently. The planners are not synchronized
to the new data event, but execute at a
rate determined by the type of planning
being done. The planners read from the
data memory module and write the results
of their planning into the planner data
module. A priority-based  arbitration
scheme then decides which of the com-
peting planner outputs are delivered to
the vehicle control process for action.

One of the advantages to this type of sofe-
ware structure is flexibility. Configuring
the vehicle for a mission is accomplished
by loading the necessary planners along
with the conmrol and data acquisition
software. Changing the mission only re-
quires loading a different ser of planners,

Another advantage is in software devel-
opment. The source code for cach process
is compiled and linked separately from all
others, s0 a new planner or conrrol algo-
rithm can be written and tested withour
affecting the source code to other pro-
cesses. This reduces the possibility thar a
new function will introduce errors inro
existing, debupged code.

(05-9 provides the tools which allow us ro
concentrate on building intelligent be-
havior into autonomous underwarer vehi-
cles in a way which is largely independent
of the underlying processor and vehicle
hardware.

Douglas Humphray is working to complate
his Ph.D. in mechanical engineering at the
Massachusetts Institute of Technology
{Cambridge). Doug holds a Master of Sci-
ence in mechanical engineering from MIT
and a Bachelor of Science in mechanical
engineering from Bucknell University
{Lewisburg, Pennsylvania). [EES
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N E W PR O D
Microware
Announces

MIDI and
CD+G Sup_p_ort.

R

by Eric Miller
Microware Systems Corporation

r\-'ili_:].l'(.'-f'ﬁ']'\ﬁ.l':' HAS RECENTLY RELEASED TWO
new products for consumer-oriented O5-9
computer systems, such as CD-1 and the
MBM/1. The first is support for the Musical
Instrument Digital Interface (MIDL). The
second is support for the CD+G standard
of encoding “low-bandwidch” graphics on
ordinary music discs.

MIDI Support

The O8-9 MIDI system is implemented
as an advanced SCF (sequential characrer
file manager) driver for OS-9. Its hasic
features include support for all MIDIL 1.0
File Formats, System Exclusive Events,
System Real Time Events and a software
MIDI Thru feature,

For “smart” applications, the MIDI control
features of the driver are transparent. [t will
support the common set of

SCF /O functions includ-

may be specified as ourput tracks.

The driver manages running status within
each of the tracks as well as at the output
stage to create the most efficient data
stream. On input, the data is time-
stamped and placed in a special message
buffer, where it is later processed and put
into the actual recording buffer.

All play, record and overdub functions of
the driver are handled asynchronously.
This gives the application the ability to
concurrently perform graphics or other
operations while the song is played.

The MIDI Thru function is a unique ad-
dition to the driver which will echo any
input at MIDI In to the MIDI Qut port.
Unlike the standard echo funcrion of
SCF, a Read does not have to be pending
to echo the input. Additionally, there is
the issue of merging rhis inpur wirh any
output generated by an active Play func-
tion. MIDT messages must be kept intact,
along with the correct running status in-
formation.

Applications for the
MIDI System

Applications for O5-9 MIDI fall into
three categories. First is the playing of
pre-recorded MIDIL songs. Companies
such as Passport Designs (Half Moon Bay,
California) have thousands of popular
songs recorded in MIDI formar. Profes-
sional and amateur musicians alike have

ing I$Read, I$Write,
55 S5S8ig, S5 _Rdy and
88_Rel. In this mode, the
application is responsible
for all of the data timing
and running status man-
agement,

However, by setting the
driver into “MIDI Mes-
sape” mode, the driver
becomes an  intelligent
MIDI processor. In this
mode, the driver essen-
ually functions as a

32-track digital tape re-
corder. One track may be
specified as the recording
track and any combina-
tion of the other tracks

The MIDI Jukebox CO-l disc from Passport uses Microware's MIDI
support 1o play back prerecorded MIDI songs.

found these products very useful for prac-
ticing or even performing.

The second caregory is music education.
Today, even very inexpensive synthesizers
come equipped with MIDD jacks. This
means that the computer could actually
“listen” to the notes that are played and sug-
gest ways to improve. By a creative use of
lesson plans and games, children can leam
to play keyboard instruments very rapidly.

The third caregory of application is com-
position. Professional musicians and seri-
ous hobbyists spend hundreds of thousands
of dollars every year for computer-based
MIDI sequencing programs on Macintosh,
Amiga or Arari computers. By providing a
standardized package of software for OS-9-
and CD-l-based systems, we open up the
miarket for these systems to compete there
as well.

CD+Graphics Support

The CD+G Graphics Display Library is
designed to interprer and display CD+G
data for CD-l systems. The CD+G stan-
dard describes a way to store a small
amount of data in the subcode area of stan-
dard CD-DA audio discs. Effectively, this

amounts ro abour TK of data per second.

At this resolution, it takes about eight to
ten seconds o reconstruct a full-screen
image. Other praphics commands allow
scrolling of the image, changing the bor-
der color and changing the CLUT con-
tents for the images.

Because there may be up to 16 different
channels of information in the CD+G
data stream, we also provide mechanisms
for choosing which channels should be
active. Although few discs, if any, n:ull!,'
make use of these different channels, they
were designed so that song lyrics could be
displayed on the screen in many different
languages.

For more information on either of these
extensions, contact Microware or your au-
thorized Microware representative.

Eric Miller is the director of Microware's
Multimedia Group and the co-author of
Discovering CD-1, [TE)

PIPELINES
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Using OS-9 in
Space, Atomic
Research

Two FREMCH ORGANIZATIONS ARE CUR-
rently using 05-9 in advanced systems.
AETA has developed a system used in
space vehicles to test an astronaut’s orien-
tation facilitics. ESRF uses OS-9 systems
to collect data from and contral experi-
ments on their particle accelerator.

Testing Orientation
in Space

AETA (Applications Electroniques des
Technigues  Avancées, Fontenay  aux
Roses, France) was founded in 1978 to de-
sign, develop and manufacture special pur-
pose electronics for the aeronautic/space
industry. AETA provides these specialized
products for international space organiza-
tions and private companies including
Aerospartiale, CNES (Centre Narional
[DErudes Spatiale for both itselfl and
NASA)Y, CNRS (Cenrre National de Re-
cherche Scientifique), Marra and Mors
(for Boeing).

AETA has developed for the CNES, and
under the responsibility of the CNRS, the
system Viminal 92. This project is part of
the long-term cooperation with the
former Soviet Union and using the Rus-
sian Progress-Mir-Sovouz system for the
Anrtares 92 project.

—- ek

An astronaut sits at
AETA's Viminal 92
(above right) to test for
disorientation while in a
zero-G environment. The
astranaut must respand
to images projected by
the system. A close-up
view (below right) shows
the 68030-based
system.

Virninal 92 was developed o test the neuro-
sensorial reactions of pilots while under zero
gravity conditions,

In a zero-0 situation, one can observe a
maodification after four to five days of the
otolithic functionality. The informarion
derived from the otaliths corresponds to a
free fall situation, which in terrestrial
conditions is accompanied by rapid visual
movement.

Under zero-G conditions, the absence of
convergence of these two sensorial inputs
creates a conflicting situation for the central
nervous system, which has to try and cope
with rearranging the sensorial inputs.

The experiment essentially consists of
showing a series of images to the astro-
naut taken from one of three catalogs of
scientific objectives (OS] o OS3). The

Aerial view of the Storage Ring at the European Synchrotron Radiation Facility.

Photo provided by Arnaud Childeric, Les Studies Canubis (Grenoble).

response time and the time berween each
image is then measured.

In OS1, for example, the response con-
cerns the perception of the similarity or
difference of two objects in an image.

The system is built around a VME crate,
containing a 68030 CPU card with a
68882 FPCPE and a QPDM-based graph-
ics card, This computer is connected to
the monitor module, which consists of
the graphics monitor and optic tunnel
fixed to the test seat.

On board the Mir station, the astronaut is
strapped onto the seat with the optical
tunnel between his eyes and the graphics
monitor.

The Viminal 92 software contains three
experiments for the astronaut. Each of
these experiments consists of two parts:

= The parameterizing of the experi-
ment, allowing the generation of
different types of stimuli depend-
ing on the different scientific crite-
ria, and variables such as the
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length of the test, size and number
of stimuli, etc.

* The actual test, executed as de-
scribed in the first section, with the
results written to flexible disk.

The software takes up 200K in memory,
and was written under OS-9, principally
using the C language, except for some in-
terrupt routines in assembly language.

Monitoring Atomic
Research
ESREF (The European Synchrotron Radi-

ation Facility, Grenoble, France) com-
missioned its main 830 meter (2,805 foot)
Storage Ring on February 15, 1992, The
operators manipulare and monitor exper-
iments in this particle accelerator with a
hardware and software package called the
Machine Control System.

The Machine Control System is com-
prised of four functional layers of hardware
under the control of OS-9 and HP-UX,
The first layer of hardware includes moni-
toring devices that are connected to a se-
ries of WMEbus systems—the second
hardware level. These (05-9 VMEbus sys-
tems are built around 20MH: 68030
CPUs with 4M RAM and on-board Ether-
net controllers. The O8-9 systems pather
data from the monitor devices either di-
rectly or from ESRFs proprictary FBUS
network.

The top two layers of hardware are com-
prised of Hewlett Packard UNIX worksta-
tions. One set of workstations is
dedicated to application processing. The
other set is used as X Window graphics
consoles. These top layers receive infor-
mation from the VME systems via Edher-
net using O5-9% Internet Support
Package and Network File System.

The ESRF Controls Group has imple-
mented a device server model thar allows
users to transparently access low-level de-
vices using a set of three C language calls.
Each device is treated as an object that
belongs to a particular class. Classes rep-
resent the different types of devices that
share common code and variables. This
device server model has proven useful in
implementing device access for many dif-
ferent kinds of devices with various phys-
ical interfaces.

Editor's Note: The ESRF information is from
two papers by Mr. Klotz and Mr. Gtz of the
Controls Group at ESRF. W54

Industrial

Control Package
Migrates from

0S-9 to 0S-9000

by John McDonnell
B. McDonnell Limited

B. McDommeLL Lisrren { DusciN, IRELAND)
was presented with the challenge of de-
veloping a PC-based system thar would
provide monitoring, bar graphs, alarm
management and trending in real time
with data handled simultancously. The
data was to be received from a number of
programmahle logic controllers and other
intelligent devices, all of which would be
from different manufacturers.

The effectiveness of OS5-9000 in provid-
ing an operating system capable of effi-
ciently meeting this specification has
been demonstrated by a software package
developed for the mid-range user in pro-
cess industries. INPLANT was originally
developed and proven for VIMEbus-based
computers running OS-9. INPLANT was
complerely updared and brought over o
O5-9000 when it was clear char available
[BM-compatible hardware had reached
the level of performance which would
support such a powerful package. Now
running on a 40 MHz 80386 pladform,
performance is as good as it ever was on
the VME platform. And there is a clear
upgrade path, topether with access to the
large range of peripheral hardware.

B. McDonnell's INPLANT is an
(05-9000-based industrial control package.

PIPELINES

Although not yet compiled to run on the
80486 platform, this is not expected o
present any difficuley. With this develop-
ment path open, the speed of operation
available would allow larger systems to be
implemented. This software is modular in
construction and new modules will he
added as they are developed.

The system is extremely user friendly, and
a major part of its development has been
devoted ro making it very highly config-
urable by the user. A wide range of op-
tions can be selected either at the time of
installation or any time later. Built-in
language support currently includes En-
glish, French and German. The trending
module is particularly versarile with
wraparound and archiving. These provide
an historical record which can be access-
ed by precise times and which will give
numerical values of process variables for
any graph reading.

John McDonnell is head of software engineer-
ing at B. McDonnell Ltd. He has extensive ex-
perience in the area of continuous process
contral and monitoring in the brewing, pharma-
ceutical and dairy industries,

Microware Attends
Japanese VME Trade
Show

-
it
o

Tre Firrtt VME-VX1-FuTUREBUS+ JAPAN
trade show was held April 14-17, 1992 ac
the Tokyo International Trade Center.
This show, specializing in the whole range
of VME-related products, was held as a
branch of the Technology Japan "92.

Microware Systems K.K., along with 33
manufacturers of VME-related hardware
and software, participated in this growing
show. For the whaole Technology Japan
92 show, 160,000 visitors had hooths

from 328 companies to visit.

Microware Systems KK, showed a variety
of 059 products, including the
O5-9167 Development Pak which was
just released in Japan. Most of the board
manufacturers showed OS5-9 as part of
their exhibit, suggesting the strength of
059 in the Japanese market. [TE=E
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Fine Tuning

Signal Handling

by Peter Dibble
Microware Systems Corporation

MICROWARE'S MANUALS ARE SERIOUS DOCUMENTS. ONCE A FEATURE OF
(5-9 is published in a manual, it becomes almost impossible o
change. This is, in general, a good thing, but the unfortunarte side
effect is that many things about O5-9 that an advanced program-
mer needs to know remain undocumented. OS-9 Insights is not a
manual, and it takes considerable advantage of the freedom that
comes with its unofficial status.

The following is an excerpt from the discussion in O5-9 Insights,
Second Edition of performance optimization tricks for queued sig-
nals. |t suggests two unofficial ways to tune an applicarion’s signal
handling.

Excerpred from O85-9 nsighes: An Advanced Programmer’s Guide To ©5-9, Second
Editiom, Perer Dibble, Microware Systems Carporation, Des Moines, lowa.

Queued Signals

05-9 does not “throw signals on the floor” when signals are senr to
a process that has a signal pending; it keeps pending signals in a
queue and delivers them in the order they were sent. This is a pow-
erful feature. It means that even processes that run at low priority
or mask signals extensively see every signal thar is sent to them.

Depending on the number of memory colors and the amount of
memory fragmentation, queuing signals can be quite expensive. It
is best to assume thar sending a signal to a signal queue can take ten
times as long as sending an unqueued signal, though it would be
very hard to make a queued signal that slow. Signal queuing also
causes O5-9 to mask interrupts for a comparatively long interval.

Signal queuing occurs when high-priority processes send rapid se-
quences of signals to low-priority processes or when a process masks
signals for a long time compared to the interval at which signals are
sent to it. To avoid these situations:

* Reduce the length of stretches of code that mask signals.

= If a low-priority process is expected to service signals from
a high-priority process, raise its priority. Especially if the
process is sleeping while it waits for signals, raising the pri-
ority is painless. A sleeping process doesn't use any cycles
until it is awakened by a signal. The following code is a stub
far the mainline of a signal handler:

Depending on the desired result, the priority of the process
could be set back to the low priarity in the mainline, as show
in the example, or in the intercept routine. The response of
the signal handler can also be varied by setting the priority
low before or after pedforming any computation motivated
by the signal.

The following code fragment is unlikely to cause gqueued
signals, but it steals processor time from other high-priarity
processes.

The next code fragment is more likely to cause queued sig-
nals, but has no effect on high-priority processes. It will
' cause gueued signals if LOW_PRIORITY is low enough to
let several signals arrive between this process' time slices.
The longer the computation and the lower the priority, the
more likely signal queuing becomes. Generally, it is better
to keep pricrities high only around the sleep, and set the
background priority of the process high enough to handle its
work load with at least a few ticks of sleep time as padding.

A programmer can choose to view queued signals in any of three
ways:

* They are too expensive and must be avoided.

= They are a nifty communication tool and the cost is fine.

Winter 1992



* Signal queuing is a form of graceful degradation which lets
designers cut timing tolerances much closer than they could
without signal queuing.

The last point needs a little discussion. If the priority of a process
like the one that calls DoHeavyComputation() is set high enough,
signals will never queue, burt other processes with even more crucial
tasks might be degraded. If its priority is set low enough, the com-
putation will take longer than the inter-signal time and the signal
queue will grow until it uses all of memory. In the middle ground are
a range of priorities that cause signals ro queue occasionally. For in-
stance, a priority of 200 might cause a queued signal every 10 min-
utes and a priority of 202 might cause a queued signal every 4 hours.
The designer can balance the cost of a queued signal against the
cost of various arrangements,

Performance

Here | need to emphasize that this book [O8-9 Insights] is not
Microware documentation, and details of O5-9 in this book are not
specifications. This section involves kernel implementation details
of signal processing. These facts are important for the most de-
manding applications, but they are also subject to change as we find
better ways to do things. If you don't find somerhing in a manual, it
isn't “official.” Future releases of 0S-9 might make the tricks in this
book official, or they might stop working. It would be good policy
to look carefully at tricks after each kernel upgrade.

The first trick makes use of OS-9's ability to quickly dispose of sig-
nals. OS-9 calls the intercepr routine repeatedly until the end of
the process' time slice or until the signal queue is empry. It has a
high-performance path for this loop. Combining that with the un-
documented face that O5-9 passes the number of queued signals to
the intercept routine gives a program enough information to throw
signals on the floor when it chooses.

The above code uses some judgment. When there are queued sig-
nals, it only handles very important signals—all others it throws on
the floor. When there is no queue, it handles all signals. (A process
could also raise its priority when it sees a signal queue and lower it
when the queue length stays at one for a lengthy period.)

The ather trick is entirely undocumented: 08-9 allocates a small
block of memory to store each queued signal. The process descrip-
tor has room for one non-queued signal. A process with eight pend-
ing signals has one in the process descriptor and another seven in
structures attached to the process descripror. For up to eight pend-
ing signals per process, OS-9 keeps the signal node after the signal
is received and reuses it for future queued signals to that process. If
there are more than eight empry signal slots, the surplus is freed af-
ter the signal is delivered.

Allocating or frecing memory is by far the most undesirable aspect
of queued signals. The time to send a queued signal varies according
to the structure of the freed memory, and the memory allocation
part of F$Send masks interrupts unless the memory is allocared

from a process’ fragment list. The other costs of queued signals are
fairly trivial. Sending a signal thar queues but does not require allo-
cation of a new node rakes abour ten instructions more than send-
ing a signal to a process with an empty signal queue. An eight-deep
queve of signals is cither a sign of very serious trouble, or a sign that
the designer is using signal queues as a buffering mechanism and
signal performance is secondary.

For signal queues with fewer than eight pending signals, the first
signal at each depth of queuing bears the start-up cost for that level,
and no FSRTE from queue lengths up to eight does an
F$SRtMem. A process can prime its signal queue and save other
processes the cost of expensive F$Sends.

The following code segments illustrate this method.

= —————
Peter Dibble is a computer scientist at Microware and author of 05-9
Insights, An Advanced Programmer’s Guide to OS-9.
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New Faces at
Microware

Bobby Allen joins Microware’s “Hotline"
as a technical support engineer. Before
coming to Microware, Bobby was sta-
tioned at Ramstein Air Base (Germany)
with the U.S. Air Force. In the service,
Bobby worked extensively with OS-9,
networking, C, Basic and Ada. He holds
an Associate of Applied Science degree
in communication computer system tech-
nology from the Community College of
the Air Force. He enjoys model rocketry,
dancing and reading science hction nov-
els in his spare time.

Dana Campbell joins Microware’s CD-1
publishing services group as a graphic de-
signer. Previously, Dana was with CDC-
Quester (West Des Moines, lowa) as a
graphics artist. She holds a Bachelor of
Arts degree in graphic design from lowa
State University (Ames) and enjoys ten-
nis, and water and alpine skiing.

Lynn Christiansen joins Microware as a se-
nior software engineer. She comes o
Microware from lowa Stare Universicy
Telecommunications {Ames) where she
was responsible for the campus dara net-
work. Lynn has also worked as a reacher at
lowa State and as an applications engi-
neer with General Motors Company (Yp-
silanti, Michigan). She holds a Master of
Science degree in electrical engineering
and computer engineering and a Bachelor
of Science degree in computer engineer-
ing, both from lowa State University.
Lynn enjovs alpine skiing, biking and
weight lifting.

Mitch Cochran comes to Microware as an
accounts payable/CD-1 accountant. Priot
to joining Microware, Mitch was an office
manager and accountant for QJ-A Incor-
porated {Des Moines, lowa). He holds a
Bachelor of Science degree in accounting
{rom MNorthwest Missouri State Universi-
ty {Maryville) and enjoys biking and bas-
kethall.

Wendy Delisi is Microware's Midwesr re-
gional sales manager. She comes
Microware from ACI (Woodbridge, New
Jersey) where she sold contract computer
programming. Wendy holds a Bachelor of
Science degree in health planning ad-

Pictured front row (left to right): Xiao-Lin Lu, Dana Campbell, Lynn Christiansen and Wendy DeLisi.

Back row: Leanne Richards, Greg Hickman, Bobby Allen and Mitch Cochran.

ministration from Pennsylvania State
University {College Station ). In her spare
time, she enjoys following professional
basehall.

Greg Hickman is Microware’s central
states sales manager. He comes to Micro-
ware from Zenith Data Systems (Minne-
apolis, Minnesota and Des Moines)
where he sold systems to educational in-
stitutions. Greg holds a Bachelor of Sci-
ence degree in marketing from the
University of lowa (lowa Ciry) and en-
joys golf, tennis and scuba diving,

Hiao-Lin Lu joins Microware as a senior
software engineer. Before joining Micro-
ware, Xiao-Lin was an associate instructor
at the Indiana University { Bloomington)
Computer Science Department.  She
holds a Master of Science degree in com-
puter science from Indiana University, a
Master of Science degree in computer en-
gineering from Hangzhou University
{Hangzhou, China) and a Bachelor of
Science degree in electrical engineering
from Zhejiang University (Hangzhou).
Xiao-Lin enjoys listening o music,
watching movies and playing racker
Sports,

Leanne Richards is Microware's reception-
ist. Before joining Microware, Leanne
was @ Ccustomer service representative
with Norwest Bank lowa (Des Moines).

In her spare rime, she enjoys boating and

plu!,'ing softhall. -

éduc atio®

Summer Schedule

TuE roLLowmG ULS, OS-9 SEMINARS WILL
be held during rthe coming months in the
cities listed. For five-day classes, students
may sign up either for the full five-day sem-
inar or for each of the individual secrions.

To sign up for Training and Education ses-
sions o for more information, please call Mi-
croware’s Kristin Doane at (315) 224-1929,
Outside the LS. and Canada, contact your
authorized Microware representative. [M5E]
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Continued from Page Three

WPC also allows users to topgle the con-
sole display between DOS and O5-9000
without process interruption.

The following DOS applications have
been tested by Microware for use with
VPC:

+ Crosstalk 4.0

+ Lotus 1-2-3 2.1

+ Microsoft C 6.0

+ Microsoft Programmer's Work
Bench

+ Morton Utilities 6.0

+ PCBridge 1.2

« PC Paintbrush IV Plus

+ PCTools 5.1

* Procomm Plus

« SuperCalc 5.1

* Windows 3.0 (real mode)

* Word Perfect 5.1

» WordStar 6.0

System Enhancements
In addition to VPC, OS-9000 Version

1.3 includes enhancements to system
modules and urilities along with a new,
easy-to-use installation program. The
new version of O5-9000 includes:

Example system configuration for a PC running OS-2000 Version 1.3 with VPC.

« Mew, fast, memory-based disk + Additional options on Shell utilities.

copy utility. - Source code compatibility with

= Configuration and validation on a + |mprovements to hardware float- Version 1.2
large suite of popular 386/486 ing point (387 and 487) and soft- i
PC/ATs. ware floating point emulation.

New Installation Utility

[(WSTALL. 65-980A/8H386 V.3 Copgrisht (o) 1969 by Wicrowre Syttens Carp O5-9000 V1.3 includes a new, graphics-

: T ey b iy > . based, Install program that simplifics
configuration of 386/486 PC/AT hard-
ware and loading of the operating system.
A praphical display with pull-down
menus allows users ro easily:

= e O T

AutoIMST § Hardware § _Fn:li:-..ll! E Format N Imstall § Bootgen

» |dentify boot device (hard disk or
SCSI drive).

« |dentify and format an OS-2000
disk partition, and make disk
active.

« Install 05-8000 on disk partition.

« Generate O0S-9000 bootfile, low-
level boot and IPL.

Now Available

O5-9000 Version 1.3 is now available. To
order, contact Microware or your authorized
Microware representative. MBS

O5-9000's Install program lets you specily the boot device on your 05-9000 PC.,
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New
Vendor
Products

ARK Systems USA
BVM Limited

Chatham House Company
Datacube, Inc.

Dipl. Phys. M. Kimmerer
System Forschung

GESPAC, Inc.

Heurikon Corporation

Ironics Incorporated

KD Consulting Group
MATRIX Corporation
Micro-Link Products

Mizar Inc.

oettle+reichler GmbH

SBE Inc.

Syntel Microsystems

Tascomp Systems Limited
Whiteley Industries, Inc.

IE ¥yOU HAVE NEW HARDWARE OR SOFTWARE
products that run under OS99 or
05-9000, please submit a press release
and black & white photograph of the
product for consideration for publication
in PIPELINES. All materials should be
sent to the Editor of PIPELINES ar the

address on page 2. For more information,

call Steve Simpson at (315) 224-1929.

Disk Organizer, GPIB File
Manager from ARK
Systems

Disk Squeezer from ARK Systems USA
(Santa Clara, California) is a utilicy pack-
age used to reorganize OS-9 disk contents
that may have become fragmented by fre-
quent creation, expansion or deletion of
files. The package includes utilities that
determine disk and file fragmentation, as
well as a “safe algorithm™ to protect daca.

Disk Squeezer from ARK Systems.

ARK Systems' IBF is an O5-9 file manag-
er for IEEE488.1/GPIB devices. The file
manager package also includes device
driver source code for both TMS9914A
and PPDT210 chips, as well as the
MCA8450 Direcr Memory Access Con-
troller.

CALL OR WRITE
Ikuko Kato
ARK Systems LISA
P.O. Box 23
Santa Clara, California 95052-0023
Phone/Fax: (408) 244-5358

New Boards from BVM

BVM Limired (Southampton, England)
recently released four new products. The
BVMEQGS5 is a 3U VME memory card
that provides up o 12M of Flash
EPROM, SRAM or traditional EPROM,

The BVME390 is a 3U VMEbus 68040
SBC. The board includes a 25 MH:z
68040 CPU, wp w 32M dual-porred
DRAM and up to 8M of Flash EPROM.

The BVMET780 is s 68U VMEbus graphics
board offering 768 x 576 PAL or 640 x
480 NTSC video, as well as an Hitachi
HD63484 ACRTC praphics processor.
The board enables users to combine rext
and graphics from the ACRTC processor
with software-selected output from one of
four video channels.

The BVME771 is a 3U VMEhbus intelli-
gent serial controller thar features a 16
MH: 68HC001 CPU, four RS-232/
422{485 serial channels, up o 256K
dual-ported SRAM and up o 256K
EFPR.OM.

BVYM's new intelligent seral controller,

CALL OR WHITE
Rod Clarke
BYM Limited
Flanders Road, Hedge End
Southampton, Hampshire S03 3LG
England
Phone: (44) 703 270770
Fax: (44) 489 783588

New Publication for
08-9 Users

The 68XXX Machines is a bimonthly pub-
lication from Chatham House Company
(Wyoming, Delaware). The magazine
covers technical rips and software infor-
mation for OS5-9-based computers like
the MM/1.

CALL OR WRITE
The 68XXX Machines
Chatham House Company
AD #1, Box 375
Wyoming, Delaware 15834
Phone: {302) 492-8511

Warping Module from
Datacube

Datacube, Inc. (Peabody, Massachusers)
recently introduced their MiniWarper
module for the MaxVideo 20 system.
MiniWarper is designed to perform com-
plex spatial warps of live video images up
to 1K % 1K pixels ar a rare of 20 million
pixels per second. Arbirrary image warp-
ing can be accomplished using a unique
*Comes From" addressing technique
based on a fixed desrinarion-to-source
transform thar is stored in the MaxVideo
20% system image memory. MiniWarper

12
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can process both grey-scale and color im-
ages,

CALL OR WRITE
Datacube, Inc.

4 Dearborn Road
Peabody, Massachusetis 01960
Phone: (508) 535-6644
Fax: (S08) 535-5643

Intelligent Ethernet/
Cheapernet Board

The MPVME 1055 controller from Dipl.
Phys. M. Kimmerer Systern Forschung
{Bonn, Germany) provides an intelligent
interface between OS5-9 and other sys-
tems. In addition to TCP/IF, network pro-
tocol modules are  available for
DECNET/VME, UDE, SINEC APl and
IS0 communications. The 310 VME
board features a 68010 CPU at up o 16.6
MHz, up to 256K dual-ported SRAM, up
w M EPROM, Ethernet/Cheapernet
DMA controller, timer interrupt, mailbox
interrupt and VMEbus interrupter.

CALL OR WRITE
Dipl. Phys. M. Kammerer System Forschung
Konigstrafe 33a
5300 Bonn 1
Germany
Phone: (49) 228 22 31 51
Fax: (49) 228 22 90 29

New Boards from GESPAC

GESPAC, Inc. (Mesa, Arizona) recently
announced several new products. The
GESUCI-1 is a 68340 SBC designed o
operate as an intelligent /O controller bus
in masterfslave system architectures. The
G-64/G-96 GESUCI-1 features a 16 MH:z
68340 microcontroller, IM EPROM and
IM bartery-backed SRAM. The board can
drive two GESPAC XSB  expansion
submodules which can be equipped with
serial, parallel, analog KO, SCSI or
Etherner. The 68340% two serial ports can
be configured as RS-232, 422 or 485,

The MCDISK-1 is an open frame
Memory Card Drive that is  fully
compatible with all types of |EIDA 4.0
and PCMCIA memory cards, including
SRAM, Flash EPROM and One Time
FROMs, The drive features a built-in
SCSl and SCSI-2 compatible interface

and an on-board microconrroller with a

64K BAM buffer.

GESPAC's MCDISK-1 Memory Card Drive.

The GESSBS-30 is a single board com-
puter featuring a 32 MHz 68030 CPU, op-
tional 68882 FPCER up o 4M
bartery-backed CMOS RAM, up to IM
EPROM, two RS-232/422/485 ports, tri-
ple 16-hit counter/timer and a battery-
backed real-time clock calendar.

GESPACS MPL-4079 single board com-
puter operates in extended temperature
ranges from =40 to +85°C. The board in-
cludes an 8 MHz 68000 CPU, up to 512K
PROM, up ro 256K bartery-backed
BAM, two RS-232 ports, bartery-backed
clock calendar, two 16-hir timers and
four-channel 8-hit A/ converter.

The GESVIG-4VME video graphics
board is a 6L VMEbus board capable of
displaying up o 800 % 600 pixels with
256 of 250,000 colors available. The
board includes interfaces for an IBM
PC/AT-style keyboard and a serial mouse.
The GESVIG-4VME is designed to work
with any Multisyne or VGA-compatible
MONitoT.

CALL OR WRITE
Don Bizios
GESPAC, Inc.

50 West Hoover Avenue
Mesa, Arizona B5210
Phone: (B02) 962-5559
Fax: (602) 962-6750

Intelligent Serial Board

from Heurikon

Heurikon Corporation (Madison, Wis-
consin)  recently  introduced  cheir
HK68/VSI0 intelligent 6U VMEbus se-
rial interface board. The HK68VSIO fea-

wres a 32 MH:z 68EC030 CPU, 18
R5-231C ports, up o 4M DRAM and
three programmable 16-hit counter/timer
channels.

CALL OR WRITE
Abe Hirsch
Heurikon Corporation
BOOD Excelsior Drive
Madison, Wisconsin 53717
Phone: (608) 831-0900
Fax: (608) 831-4249

=

The HKG8VSIO from Heurikon.

Ironics Offers Rugged,
Fully-Integrated System

lronics Incorporated (Ithaca, New York)
now offers its SYSTEM 32, a rugged and
complete OS-9 development/target sys-
tem. In addition to O5-9, SYSTEM 32 is
provided with an on-line User Tutarial,
TOPS urilities libraries, Microware’s
Source Level Debugger and a GNU C
Compiler. Options include an Internet/
Ethemet interface, X Windows and
RAMMNET support.

p—ry A1 X
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Ironics” SYSTEM 32.

SYSTEM 32 is based on Ironics’ patented
ICEBOX VMEbus system enclosure, The
enclosure is optimized to provide excep-
tional power, cooling, suppression of elec-
trical noise, physical toughness and ease
of access to internal components. Within
this platform, Ironics installs a 32 MH:
68030 CPU, 68881/2 FPCF 4M RAM,
four serial ports, one Centronics port and

SCS1, Ethernet and VSBbus inrerfaces, A

PIPELINES
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50 MHz 68030 with 16M RAM is option-

ally available,

Ironics also offers a line of products tw
customize the SYSTEM 32, These options
include monochrome and full-color (24
bitfpixel) frame grabbers, high-resolution
full-color  displays, high-speed  graphics
clements and dedicared image processing
CPUs. Ironics also offers its INSTANT
REPLAY bundle, a hardwarefsoftware
solution for real-time image capture,
storage, retrieval and display.

Ironics' Systems Integration Group can
adapt SYSTEM 32 to fit custom require-
ments and applications. The Systems In-
tegration Group can handle projects ar
any level.
CALL OR WRITE
A. Chris Martens, Director of Marketing
Ironics Incorporated
798 Cascadilla Streat
Ithaca, New York 14850

Phone: 1-800-334-4812 (U.5. and Canada)
or (607) 277-4060

Sculptor Support for North
and South America

KD Consulting Group (Hamilron, Chio)
recently became the Sculptor distriburor
for North and South America.

KD Consulting Group will provide all
technical and sales support for North and
South America. Currently, the firm is of-
fering the latest release of Sculptor, ver-
sion 2.1. Features in this release include
the ability to scroll any fields anywhere
on the screen, reading of dara withouwt
locking and full comparibility with previ-
ous versions of Sculptor.

CALL OR WHITE
Kurt Johnson
KD Consulting Group
3880 Citation Drive
Hamilton, Ohio 45011
Phone: (513) BE7-0337
Fax: (513) B87-0338

New High-Speed
Communications Board

MATRIX Corporation (Raleigh, North
Carolina)  recently  introduced their
DB-PCOMM Parallel Communications
Module thar acquires or outpurs data at
rates up to 33Mfsec. The 68U VMEbus
board is designed to function as a digital
front-end where continuous 32-bit data
must be transferred to a VMEbus system.

The DP-PCOMM fearures VSB and
Dbus-68  interfaces, DMA  conrroller,
large FIFOY buffer, 8 parallel inpur lines
and 8 parallel ourpur lines.

e o s o

High-speed communications board.

CALL OR WRITE
Stephen Beer
MATRIX Corporation
1203 New Hope Road
Raleigh, Morth Carclina 27610
Phone 1-800-848-2330 (U.5. only)
or (919) 231-8000
Fax: (919) 231-8001

Micro-Link Offers Ethernet
Controller, 030 SBC

The VME428 Ethernet controller from
Micro-Link Products (Carmel, Indiana)
supports IEEE 8023 or 10Based Thick
Etherner, as well as 10Base? Cheapernet.
The board features a LANCE chip set and
up to |M BRAM.

Micro-Link's VME428 Ethernet controller.

Micro-Link's 3U VME203 features a
68030 or 6REC030 CPU ar up to 40 MHz,
optional 68882 FPCE, two RS-232 parrs,
one 16-bir interrupt timer, up to 1M
EPROM, up to 4M 32-bit DRAM and

watchdog timer.

CALL OR WRITE
Jan Collins
Micro-Link Products
14602 North LLS. Highway 31
Carmel, Indiana 46032
Phone: 1-800-428-6155 (U.5. and Canada)
Fax: (317) B48-2254

Two New '040 Boards
from Mizar

Mizar Inc. (Carrollton, Texas) recently
introduced two new 68040-based single
board computers. The 6U VMEbus MZ
7140 features a 25 MH:z 68040 CPU, up
o 32M dual-ported DRAM, up o IM
EPROM, BK intemal cache, on-board
SCSI and Ethemer interfaces, and one
Centronics port.

The MZ 8140 is a 3U VMEbus SEC
featuring a 25 or 33 MHz 68040 CPU, up
o 4M DRAM, up to IM EPROM, 2K
battery-backed SRAM, two serial ports,
battery-backed  real-time  clock, wwo
timers and support for  the Mizar

Expansion Bus (MXbus).

L 3 o
L B e sl e e

Mizar's MZ 8140 68040-based SBC.

CALL OR WRITE
Mizar Ing.

1419 Dunn Drive
Carroliton, Texas 75006
Phone: 1-800-635-0200 (LIS, only)
or (214) 445-2664
Fax: (214) 242-5057

oettle+reichler Introduces
New Boards

oettletreichler  GmbH  (Augsburg,
ermany) has added three new boards o
their product line.

The BO486-based V486,

The 3U VMEbus VCPU-30 fearures a 50
MH:z 68030 CPU, 2M dual-ported
battery-backed SRAM or 8M dual-ported
DEAM, uwp o IM EPROM, mwo
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RS5-232/422 ports, real-time clock and
watchdog. With all-CMOS design, the
WVOPU-30 is  desipned for extended

remperature ranges of —40 to +85°C.

The V486 is a 3U VME board fear uring
either a 20 MHz 804865X CPU or a 33
MH: 80486DX CPU. The V486 includes
up to 8M DRAM and up to 1M Flash
EPROM, and is designed for extended
temperature ranges from —25 to +85°C.

The VADC-30 is a 3U VMEbus A/D
board available in 12-, 14- and 16-hir an-
alog to digital conversion. The VADC-30
is also designed for extended temperature
ranges from —40 to +85°C.

The VGA-34 graphics controller is a 3U
VMEbus board based on a 40 MH:
TMS-34020 and includes up w 1M
VEAM, up 1o 4M DRAM, VGA inter-
face, IBM-compatible keyboard inrerface,
TTL open emitter for a speaker, and
RS-131 port for mouse or digitizer. The
board offers up to 1024 % 1024 pixel reso-
lution with 256 colors available from a
palette of 16 million.

CALL OR WRITE
oettles+reichler GmbH
SieglindenstraBe 19 1/2
D-8900 Augsburg 1
Germany
Phone; (49) 821 50340
Fax: (49) 821 5034119

SBE Introduces New
Intelligent Ethernet Board

The VLAN-E2 from SBE.

SBE, Ine. (Concord, California) recently
introduced their VLAN-E2 6L VMEbus
intelligent  Ethernet  communications
controller board. The board fearures a 16
MH:z 68020 CPU, IM DRAM, 256K
EPROM and the LANCE/SIA chip set.
The VLAN-E2 offers a user-configurable
Ethernet TEEE 802.3 porr on the front
panel or P2 connector, and VME block

mode transfer.

PIPELINES

CALL OR WRITE
SBE, Inc.

2400 Bisso Lane
Concord, California 84520
Phone: (510) 680-7722
Fau: (510) 680-1427

Real-Time Workbench
from Syntel

Syntel Microsystems (Huddersheld, En-
gland) recently introduced their Real-Time
Workbench system, as well as two new
boards. Real-Time Workbench is a soft-
warefhardware package that seamlessly
combines O5-2 and Windows 3.0. The
package includes a 68000 core microproces-
sor PC plug-in board running Professional
059 in up 1o 4M dual-ported RAM. The
board shares the PCY hand disk with no
need ro partition or reformeat the disk. Mul-
tiple O5-9 terminals appear as windows on
the PC screen. The board is small enough to
fit into a laptop BOX86 PC.

Real-Time Workbench seamlessly
integrates OS5-9 with Windows 3.0.

Syneel's VMO30 iz a 3U VMEbus SBC
built around a 40 MH: 68030 or
G8EC030 CPU. The board includes up to
4M 32-bir wide DRAM, up to 2M Flash
EPROM, up to 1M EPROM, up 1o 128K
battery-backed SBAM  and  two
RS-232/422/485 ports.

The SYN-RXIO1 is a l6-channel /O
controller for Syntel’s Reflex industrial
/O nerwork. The board offers eight digi-
tal outputs capable of switching up to
3OV DIC at up to 2A and eight digital in-
puts reading from 12 o 24V DC.

CALL OR WRITE
Paul Wilsan
Syntel Microsystems
Cueans Mill Road
Huddersfield HD13PG
England
Phone: (44) 484 535101
Fax: (44) 484 519363

Graphics Package from
Tascomp

TASCMASTER is a new graphics display
package for O5-9 from Tascomp Systems
Limited (Stockton-on-Tees, England).
TASCMASTER provides communica-

tion and supervisory facilities for induseri-
al sertings.

- s -

B i

The TASCMASTER graphics package.

The TASCMASTER system features col-
or display of dynamically updated mimics,
history trend graphs with zoom and inter-
active starus displays. Printers and plot-
ters may be connected for reports and
graphics.

CALL OR WRITE
Alan Robinson
Tascomp Systems Limited
4 Bishopton Lane
Stockton-on-Tees, Claveland TS18 JAA
England
Phone: (44) 642 604455
Fax: (44) 642 618080

Flow Test System from
Whiteley Industries

The Flowmaster 4400 from Whiteley In-
dustries, Inc. (Tewksbury, Massachusetts)
is a fully integrated test management sys-
tem. Featuring a 16 MHz 68000 CPU, the
Flowmaster 4400 is designed to sequence
and regulate pressure testing of compo-
nents, calculate and certify passifail re-
sults, and generate printed reports.

CALL OR WRITE
Fred Coyle
Whiteley Industries, Inc.
939C East Street
Tewksbury, Massachusetts 01876
Phone: (508) 640-1177
Fax: (508) 540-1015 =)
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New Edition of
OS-9 Insights
Now Available

PETER [NBRLE RECENTLY COMPLETED WORK
on an expanded, new hard-bound edi-
tion of O8-9 Insights: An Advanced Pro-
grammer's Guide To O5-9. *I've gained
an appreciation for the fact thar 0S5-9
users are pushing the envelope on real-
time development,” Peter says. “This

book is written so that L|n'.:.i_gm:r.l. can put
even more power into their real-time
applications.”

In O5-9 Insights, Secomd Edition, Perer
has included rechnical informarion and
sample programs to help developers ex-
plore the internal structures of OS-9,
customize OS5-9 systems and tap addi-
rional resources from the 05-9 Kemnel.

This new version includes:
= An in-depth examination of the
{05-9 design philosophy.
» Detailed discussion of 0S5-9

Kernel operation and real-time
features.

* Practical uses of 'O management.
« Tips on building device descriptors

and adding new device drivers.

« Sample file manager and source
listings.

Peter holds a Ph.I in computer science
from the University of Rochester (New
York) and currently works as a computer
scientist at Microware.

O5-9 Insights, Secomd Edition is available
from Microware for $75 (plus applicable
shipping and taxes). Call Microware’s arder
line ar 1-800-475-9000 to order by credit
card. Call Microware ar (515) 224-1929 or
your authorized Microware representative

for more information. -

o
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