Issue 4, 1991

==

BM Personal Systems Technical Solutions

:u:H
iy
@u“llll

@
—
o
o
S



IBM Personal Systems Technical Solutions is
published quarterly by IBM United States
technical support center, International
Business Machines Corporation, Roanoke,
Texas, U.S.A.

Editor Libby Boyd
Consulting Editor Ed Bamberger
Communications Elisa Davis
Design Corporate Graphics
Illustrator Bill Carr
Manager Bill Hawkins

To correspond with IBM Personal Systems
Technical Solutions, please write the editor at:

IBM Corporation

Internal Zip 40-A2-04
One East Kirkwood Blvd.
Roanoke, TX 76299-0015

To subscribe to this publication, request IBM
System Library Subscription Service (SLSS)
from an IBM branch, and specify form num-
ber GBOF-1229.

Copying or reprinting material from this maga-
zine is strictly prohibited without the written
permission of the editor. Titles and abstracts,
but no other portions, of information in this
publication may be copied and distributed by
computer-based and other information-service
systems.

IBM believes the statements contained herein
are accurate as of the date of publication of
this document. However, IBM hereby dis-
claims all warranties as to materials and work-
manship, either expressed or implied,
including without limitation any implied war-
ranty of merchantability or fitness for a par-
ticular purpose. In no event will IBM be
liable to you for any damages, including any
lost profits, lost savings or other incidental or
consequential damage arising out of the use
or inability to use any information provided
through this service even if IBM has been ad-
vised of the possibility of such damages, or
for any claim by any other party.

Some states do not allow the limitation or ex-
clusion of liability for incidental or consequen-
tial damages so the above limitation or
exclusion may not apply to you.

This publication could contain technical inac-
curacies or typographical errors. Also, illus-
trations contained herein may show prototype
equipment. Your system configuration may
differ slightly.

IBM has tested the programs contained in this
publication. However, IBM does not guaran-
tee that the programs contain no errors.

This information is not intended to be a state-
ment of direction or an assertion of future

action. IBM expressly reserves the right to
change or withdraw current products that may
or may not have the same characteristics or
codes listed in this publication. Should IBM
modify its products in a way that may affect
the information contained in this publication,
IBM assumes no obligation whatever to in-
form any user of the modifications.

IBM may have patents or pending patent ap-
plications covering subject matter in this docu-
ment. The furnishing of this document does
not imply giving license to these patents.

It is possible that this material may contain
reference to, or information about, IBM prod-
ucts (machines and programs), programming
or services that are not announced in your
country. Such references or information must
not be construed to mean that IBM intends to
announce such products, programming or serv-
ices in your country.

IBM may use or distribute any of the informa-
tion you supply in any way it believes appro-
priate without incurring any obligation
whatever.

All specifications are subject to change with-
out notice.

© Copyright 1991 by International Business
Machines Corporation



OUR COVER: Nine hundred years ago, the men and women of a small

Viking ship, led by Leif Eriksson, pushed their knowledge and technology to
the limits. Their courage and skill landed them on the shores of North

America four hundred years before Christopher Columbus. Today, the men
and women of IBM continue this tradition of exploration and leadership,

keeping IBM at the frontier of computing technology.

Hardware

1 Power Factor: Non-Linear Loads and the Power Distribution System

Software

6 Database Manager: Highlights and Direction
3 0S/2® Communications Manager™

23 Improving OS/2 Application Performance

33 Creating PM Windows with Dialog Templates

38 REXX Program for OS/2 LAN Server

49 Micro Focus® COBOL/2 and the DOS Database Requester

54 IBM DOS 5.0 Facts and Features

61 1BMDOS5.0Upgrade

65 DOS 5.0 Performance Improvements

70 DOS Memory Management Facilities

74 Disk Caching Under DOS

77 NetWare® Client-Server Interaction

89 LANACS Protocols

Random Data

95 New Book: Client-Server Programming with OS/2 Extended Edition

96 Little Solutions

99 New Products

Personal Systems/ Issue 4, 1991



Trademarks

IBM, AIX, Audio Visual Connection, Micro Channel, Operating System/2, OS/2, Personal
Computer AT, AT, Personal System/2, PS/2, PROFS, and RT are registered trademarks of
International Business Machines Corp.

AlIXwindows, Application System/400, AS/400, AVC, C/2, COBOL/2, Communications
Manager, DB2, ETHERAND, FORTRAN/2, 0S/400, NetView, Pascal/2, Personal
Computer XT, PC XT, PS/1, Presentation Manager, QMF, RISC System/6000, SQL,
SQL/DS, Systems Application Architecture, SAA, SNA, System/370, System/390, VTAM,
and 3090 are trademarks of International Business Machines Corp.

ARCserve is a registered trademark of Cheyenne Software, Inc.

PostScript is a registered trademark of Adobe Systems Inc.

Intel is a registered trademark, and 1860, 386, 1486, 486, 80286, 80386, 80386SX, and
80486 are trademarks of Intel Corp.

Microsoft and MS-DOS are registered trademarks, and Windows is a trademark of
Microsoft Corp.

Micro Focus is a registered trademark of Micro Focus Limited.

Novell and NetWare are registered trademarks of Novell Inc.

OSF and Open Software Foundation are trademarks of Open Software Foundation Inc.

Sytos Plus is a registered trademark of Sytron Corp.

Xerox and Ethernet are registered trademarks of Xerox Inc.

X Window System is a trademark of Massachusetts Institute of Technology



Power Factor:
Non-Linear
Loads and the
Power
Distribution
System

Roger Cox
IBM Corporation
Boca Raton, Florida

Power management is commonly
a major concern to companies in-
stalling large numbers of personal
computers. This article discusses
problems that may be encoun-
tered after installation.

One of the major issues with power
electronics today is how harmonic
currents are generated by the
non-linear load of Switch Mode
Power Supplies (SMPS) used in
PS/2® computers and other
non-linear load products.

The effect of a non-linear load from
a single SMPS or other non-linear
load is usually of little consequence
to a home or office installation or to
the utility power distribution system.
When non-linear loads become an
appreciable portion of the load on a
three-phase distribution transformer,
problems can occur. When a busi-
ness wants to install hundreds or
thousands of PS/2s in its office build-
ing along with the other non-linear
loads, various forms of overloading
can occur. The following overview
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discusses the problems and some
possible solutions.

What Are Non-Linear
Loads?

Maybe the easiest way to explain a

non-linear load is to describe what a
linear load is. A linear load produces
a current that is directly proportional

Personal Systems/Issue 4, 1991

to the line voltage. For alternating
current, the current increases or de-
creases proportionately as the volt-
age increases or decreases. This
current can be in-phase or out-of-
phase, which are discussed later, but
in either event, the sine wave of volt-
age produces a sine wave of current
of the same frequency.




A non-linear load produces a current
that is not directly proportional to
the line voltage and is not a sine
wave of the same frequency. Often
the current is not continuous and can
be switched on for only part of the
cycle.

A simple comparison helps illustrate
the difference between the two. A
non-linear load can be compared to
a linear load like a fluorescent bulb
to an incandescent light bulb. The
major difference between the two is
that the fluorescent bulb’s current
pulsates not directly proportional to
the voltage, and the incandescent
bulb’s current varies directly propor-
tional to line voltage.

AC Power Terminology
There are a large number of single-
phase, two-phase, and three-phase
power distribution systems through-
out the world. Single-phase stands
by itself, even though it could be
supplied from any of the three sys-
tems just mentioned; that is, it could
be line-to-neutral (L-N) from a three-
phase system, and so on. There are
numerous grounding schemes used
around the world; for example,
grounded wye; corner grounded
delta; tap-grounded delta; floating
wye, delta, and tee; impedance
grounded wye; and grounded open
delta. This discussion is limited to
the wye configuration for three-
phase systems, and the content is in-
dependent of the grounding scheme.
Although U.S. voltages may be dis-
cussed, the general principle applies
to all countries and voltages.

Single-Phase Systems: Single-
phase sinusoidal (sine wave) 50 or
60 Hz is the power supplied to all
PC-type products. The voltage wave-
form provided by the utility com-
pany is a sine wave, which is
usually of good quality, and it main-
tains its waveshape. The shape of

the current waveform is entirely a
function of the load. A resistive-type
load provides a sine wave of current
that is in phase with the voltage sine
wave. The term in phase means that
corresponding points of the voltage
and current waveshapes occur at the
same time on the time scale: posi-
tive peaks, negative peaks, as well
as positive and negative zero cross-
overs. An inductive or capacitive
load also provides a sine wave of
current, but it it is lagging or leading
with respect to the voltage. They are
not in phase and are called, of
course, out of phase. Any combina-
tion of resistive-, inductive-, and ca-
pacitive-type loads always provides
a sine wave of current and the loads
are considered linear loads.

Three-Phase Systems: A three-
phase system is just three single-
phase systems that are displaced in
time phase from one another. The
time displacement between phases is
one-third of a cycle or 120 degrees
of a complete cycle of 360 degrees.
The discussion of the sine wave cur-
rent that could be lagging or leading
or in phase applies equally to the
three-phase system. In building dis-
tributions, the wye connection is
usually used for the transformer sec-
ondary that uses four-wire distribu-
tion: line 1, line 2, line 3, and
neutral. The single-phase voltage is
measured from any one of the lines
to neutral.

The neutral in the three-phase sys-
tem is the common point and the re-
turn for the three phases. It conducts
the total return current for the three
phases. An interesting fact in three-
phase theory is that the neutral cur-
rent in a balanced linear load system
is zero. Even though each phase has
a return current, the addition of three
equal currents, each 120 degrees
apart, makes the return current zero.
That is why building wiring used to
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allow the neutrals to be wired at a
50 percent reduction in current carry-
ing capacity. This is the root of the
problem associated with building
wiring, which is discussed later.

Power and Volt-Amperes: Power
is measured by a wattmeter and rep-
resents the amount of work being
done (or heat generated). In power
distribution books, the terms real
power and reactive power are used.
Real power represents the amount of
work being done, is generally re-
ferred to as simply power in the
computer industry, and is measured
by watts. Reactive power is really a
misnomer because is not power. It
does not represent any work being
done and does not contribute to the
watts measured by a watt meter.
This reactive power comes from the
inductive and capacitive loads that
produce the out-of-phase currents
mentioned previously.

The term volt-amperes is the product
of the voltage and the current being
measured. It is a combination of the
real power and the reactive power. It
is called volt-amperes to distinguish
it from the real or the reactive pow-
ers. Because it is a combination of
the real and reactive power, it has a
larger value than either. Present-day
watt meters give readouts of the to-
tal current and the voltage as well as
the watts. Multiplying the total cur-
rent and the voltage gives you the
volt-amperes.

Power Factor: Power factor is de-
fined two different ways today, de-
pending on the type of load. The
traditional definition is concerned
with the sine wave of voltage and
the sine wave of current. When an
inductive or capacitive load pro-
duces a load current that is displaced
in time from the line voltage, the co-
sine of the angle of displacement is
defined as the power factor. When



the equations are worked out, power
factor is also the power (watts) di-
vided by the volt-amperes (VA).

P.F. = Cos Angle = Power/Volt-
Amperes

For non-linear loads, which were de-
fined in the section “What Are Non-
Linear Loads?” there is no single
“angle of displacement” that can be
used to represent the power factor.
The second half of the previous
equation is what is used for
non-linear load power factor,
power/volt-amperes.

Average Root-Mean-Square
(RMS), Peak RMS, and True
RMS Measurements: Many meas-
urement techniques assume that the
voltage and current waveforms are
approximately sinusoidal. When this
is not true, as in the case of non-lin-
ear loads, errors result from the
measurements. There are three com-
mon measurement techniques used
for AC voltages and currents: aver-

age RMS, peak RMS, and true RMS.

The average RMS measures average
voltage and current over one half cy-
cle, then converts the measurement
(1.11 X average) to be repre-
sentative for a sine wave because
that is what is normally encountered.
Most inexpensive digital voltmeters
use average conversion because it is
the least expensive to implement. It
is also the approach used in older-
style analog meters.

The peak RMS measures the peak
voltage and current over one cycle
and then converts the measurement
(0.707 X peak) to be representative
for a sine wave because that is what
is normally encountered. As the
RMS indicates, the average RMS
and peak RMS are calibrated to
equal true RMS on sine waves.

Waveform Description Average RMS | Peak RMS True RMS
Sine Wave 100.0A 100.0A 100.0A
Square Wave 100.0A 63.6A 90.0A
Triangle Wave 100.0A 125.7A 103.3A
Non-Linear Load 100.0A 400.1A 199.4A

Figure 1. Voltage, Current, P.F., and Spectrum Measurements on Non-Sinusoidal AC

Power Circuits (Reference 1)

The RMS value of an AC waveform
(voltage or current) is equivalent to
the DC (direct current) value that
produces the same heating (or work)
in a purely resistive load. Therefore,
a true RMS circuit makes accurate
measurements even if the waveform
is non-sinusoidal (or non-linear).

So on sine waves, all three measure-
ment techniques give the same read-
ing. On non-sinusoidal waveforms,
the readings of line voltages and
currents can vary dramatically, as
shown in Figure 1.

For non-linear load currents, meas-
urement with the average RMS me-
ter can give a reading of one-half
the actual value, or the true value is
twice the average RMS meter
reading.

Harmonics and Non-Linear
Loads

Harmonics, as related to our subject,
are multiples of the fundamental line
frequency (60 Hz in the U.S.). The
second harmonic is two times 60 Hz
or 120 Hz. The third harmonic is
three times 60 Hz or 180 Hz. Any
non-sinusoidal waveform can be rep-
resented by an infinite series of sine
waves at integers of the fundamen-
tal. With our non-linear load current,
the waveshape of the current is usu-
ally composed of the fundamental
and up to the fiftieth harmonic with
the third, fifth, seventh, and ninth be-
ing the largest. The even harmonics
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are very small and usually
insignificant.

Earlier it was shown that a three-
phase balanced linear load had zero
current in the neutral. In a three-
phase balanced non-linear load, the
neutral current is not zero but con-
sists of the third harmonic and odd
multiples of the third. This is the
third, ninth, fifteenth, twenty-first,
and so on. What we find is that the
odd multiples of the third do not can-
cel at all in the neutral but are
additive.

In examining the typical input cur-
rent of an SMPS, the current pulse
waveform can be run through a pro-
gram to do a harmonic analysis on
it. The output of the analysis pro-
vides a breakdown of the fundamen-
tal and the individual harmonics up
to the 25th or the 50th, depending
on the program. The output can be
listed as current in milliamps or
amps or can be listed in percent of
the fundamental. The fundamental is
the single frequency component at
the line frequency. A typical percent-
age listing is shown in Figure 2.

Since the third, ninth, and other odd
multiples of the third harmonic add
in the neutral wire, the neutral wire
winds up carrying a current that is
much greater than it had been de-
signed to carry.

Types of loads that are sources of
harmonics are all types of AC-to-DC



Harmonic Percentage
Fundamental 100

3rd 70 to 90
Sth 50 to 70
7th 20 to 40
9th 5 to 20

Figure 2. Typical Percentage Listing

converters such as motor speed con-
trollers and rectifiers for DC loads,
fluorescent lamps, motor-driven com-
puter peripherals, and the fairly re-
cent entry of the SMPS used in
almost all computer and entertain-
ment equipment. The conversion to
SMPS has been accomplished with a
reduction in size, weight, and cost,
which has been the key to its univer-
sal acceptance.

Problems Caused by

Harmonics

This universal acceptance of SMPS
and the attendant acceptance of per-
sonal and other computers has led to
the generation of a large problem
list. When companies connect hun-
dreds and thousands of PCs in a
building, the triplen (odd multiples
of the third) harmonic currents add
to those of the other non-linear
loads, creating unexpected electrical
problems. Power line harmonics
have been well documented to be
the cause of:

® Overheating of the neutral conduc-
tor wires and connections, leading
to failure of neutral conductors
that could cause overvoltage dam-
age to computers and electronic
office equipment. This is ampli-
fied by the wiring practice of re-
ducing the wire size of the neutral
conductor.

® [ntermittent electrical noise from
connections that have been loos-
ened by thermal cycling. This

noise can be intense enough to
corrupt digital circuit signals and
cause malfunctions.

® Transformer overheating, insula-
tion damage and failure.

® Distortion (peak voltage reduc-
tion) of line voltage waveshapes
severe enough to impair the ride-
through capability of computers
and related equipment.

® Overheating of motors operating
on a distorted voltage source.

® Nuisance tripping of circuit
breakers.

® Burned wires in manufactured of-
fice partitions.

® Power factor correction capacitors
overheated and damaged.

(See Reference 2.)

When companies connect
hundreds and thousands
of PCs in a building, the
triplen harmonic currents
add to those of the other
non-linear loads, creating
unexpected electrical
problems.

Detection of Problems

The traditional measurement tech-
nique for facility power distribution
systems has been using average
RMS meters. From the previous dis-
cussion, the average RMS current
meters provide a reading of about
one-half of the true RMS high har-
monic non-linear load. Measure-
ments with average RMS meters
made on building wiring and trans-
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former currents usually indicate cur-
rents within ratings.

Because of the harmonic problem,
all measurements should be made
with true RMS meters and all ancil-
lary equipment (such as current
transformers) should have frequency
bandwidths to cover the probable
harmonics. If peak current readings
are also made, transformer deratings
can be calculated using the formula
provided by CBEMA in their 1988
information letter. This measurement
data can then be compared to the fa-
cility ratings to detect problem areas.

Equipment is available that meas-
ures the true RMS currents and pro-
vides a printout of the harmonic
content of the currents. This meas-
urement can be made on individual
SMPS and other harmonic loads or
can be made on the building distribu-
tion wiring showing the total effects
on wiring and transformers.

Possible Solutions
The possible solutions fall into four
main categories. They are:

® Passive filters
o Filter traps
e Active filters

e Other facility changes

Passive filters usually consist of a se-
ries inductor and a third harmonic
tuned filter and are located between
the wall outlet and the offending
non-linear device. They operate at
line frequency so they are relatively
bulky. They must be fairly well
matched to the size of the load so
that they do not cause an increase in
RMS line current, even though har-
monic currents are reduced.

Filter traps are generally known as
zero sequence filters or zig-zag trans-
Jformer filters, not the passive filter



just described. This filter is placed
as close as possible to the offending
load and at a point where three-
phase wiring is available. Careful
consideration must be given to the
placement and sizing of the filter for
a given power distribution system be-
cause the filter attracts currents from
other offending loads powered from
that distribution net. This can be an
effective method of correcting the
problem with existing high harmonic
loads. When distribution transform-
ers have to be replaced or added,
this type of filter can be built into
the transformer.

IBM Canada Ltd. has recently used
the zig-zag transformer to dramati-
cally reduce the harmonic current in
the distribution panel of the office
area of their Toronto manufacturing
plant. The neutral current was re-
duced 90 percent in their installation.

Active filters add current to the exist-
ing input current so that it gives a
sine wave. They can work very well,
but they are best for a high-power
three-phase system, and they are
very expensive, bulky, and complex.

Some of the other facility changes
mentioned in the CBEMA Informa-
tion Letter are:

e Derate the distribution
transformers

® Use individual neutral wires for
each phase

e Use dual neutral wires for shared
neutral wiring

® Use low impedance delta-wye dis-
tribution transformers

® Avoid the use of power factor cor-
rection capacitors

As is usually the case, the lowest-
cost solution is probably a combina-
tion of the solutions described.
There should also be a periodic in-
spection of the electrical system, es-
pecially after additions of hardware
or changes of system configurations.
These inspections should include
measurements of phase and neutral
currents, temperatures of transform-
ers, their connections and the con-
nections in the total distribution
system. Filter traps should also be
looked at when system configura-
tions change because the amount of
current could possibly exceed its
rating.

System Power Supplies with

Power Factor Correction

An obvious question one could ask
is, “Why not reduce the harmonics
at the source?” The answer, of
course, is that one can. There are cir-
cuit approaches that force the input
current to appear resistive and pro-
portional to the line voltage and be
in-phase. These approaches can be
designed into new products for fu-
ture sale and add some cost to the
system. In Europe, an IEC 555-2
standard is being changed to add har-
monic limits. This standard applies

to all household and other equip-
ment (which includes the PC
products). When this standard is
approved and adopted, all PC
products for Europe have to include
power factor correction to meet the
harmonic limits.

Reference 1: Figure by A. McEachern. Con-
tributed by BMI, Foster City, California,
(415) 570-5355, University of Wisconsin-Mil-
waukee Conference on “Effects of Non-Lin-
ear Loads on the Power Distribution System,”
April 5-6, 1989.

Reference 2: Computer Business Equipment
Manufacturers Association (CBEMA) Infor-
mation Letter, 1988, and “DP Experience
with Switching Supplies” by John M.
Roberts, IBM. University of Wisconsin-Mil-
waukee Conference on “Effects of Non-Lin-
ear Loads On The Power Distribution
System,” April 5-6, 1989.
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Database
Manager:
Highlights and
Direction

Philip J. Sullivan
IBM Corporation
Austin, Texas

Database Manager is IBM’s rela-
tional database management sys-
tem for Operating System/2®
(0S/2). It offers a robust applica-
tion development and run-time
platform for a variety of OS/2 and
DOS database applications. This
article describes the capabilities
and scope of Database Manager,
and IBM’s intentions for future
versions of the product.

IBM OS/2 Extended Edition Version
1.3 includes a Systems Application
Architecture™ (SAAT™) relational
database management system,
named Database Manager, that sup-
ports the SAA Structured Query Lan-
guage (SQL™). Database Manager
can operate as a multiple-user client-
server distributed relational database
management system attached to a lo-
cal area network (LAN) or as a
stand-alone single-user relational
database.

Database Manager has benefited
from IBM Research-developed data-
base technologies and architectures,
including the relational model of
data and SQL. These IBM technolo-
gies and architectures, coupled with
the new technologies and architec-
tures developed expressly for Data-

base Manager, have positioned this
product to be an industrial-strength
relational database. It provides high
performance, concurrent data access,
robust data integrity and protection
facilities, and consistency with the
family of IBM SAA relational data-
base management systems.

Relational Model of Data
Database Manager is predicated on
the relational model of data. The re-
lational model of data was invented
by E. F. Codd at the IBM San Jose
Research Center in the late 1970s.
Today, the relational model has been
widely accepted as an industry stand-
ard by the marketplace. The rela-
tional model has been designed to
be easy to understand and use. Infor-
mation is presented to the user in an
easy to recognize and easy to use ta-
ble format. A table is a logical data
structure consisting of rows
(records) and columns (fields). The
user defines and accesses data in
terms of tables and performs opera-
tions on these tables.

The main advantage of the relational
database model is the clear separa-
tion between the user perception of
data, that is, tables consisting of col-
umns and rows, and the internal im-
plementation of data, which is
hidden from the user. The simple ta-
ble format, along with SQL and
high-level application development
tools, means that the application de-
veloper and the database administra-
tor do not have to understand
complex physical data structures and
access methods, which are charac-
teristics of hierarchical file manage-
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ment systems. The benefits are ease
of use and productivity.

Structured Query Language
SQL is the common interface to
Database Manager and all IBM
SAA relational database manage-
ment systems. SQL, originally devel-
oped at the IBM San Jose Research
Center, has also become a standard
in the industry. SQL is a high-level
data definition and data manipula-
tion language, used for defining, ac-
cessing, and changing data in tables.

SQL is considered simple to learn,
yet powerful in expressing sophisti-
cated queries. A single statement in
SQL can perform the same function
as many lines of application code de-
veloped with a conventional pro-
gramming language, such as C,
COBOL, FORTRAN, or Pascal.

All data accesses to Database Man-
ager are performed with SQL state-
ments through the SQL common
interface. SQL supports arithmetic
operations on retrieved values. The
query functions support selective re-
trieval from single or multiple data
tables and dynamic sorting of the set
of resulting rows. Built-in functions
include summation, grouping, order-
ing, and basic statistics (for exam-
ple, calculating an average of the
values in a column).

SQL statements can be entered inter-
actively (through Query Manager,
described later in the article), embed-
ded in a precompiled application pro-
gram written in a high-level
programming language, or embed-
ded in an application program writ-



ten with IBM Procedures Language
2/REXX. Database Manager pro-
vides language precompilers to pre-
pare embedded SQL statements for
subsequent application program com-
pilation and execution by Database
Manager. Precompiler support is
provided for IBM C/2, IBM
COBOL/2™, IBM FORTRAN/2™,
and IBM Pascal/2™.

Database Manager supports both
Static SQL and Dynamic SQL state-
ments embedded in an application
program. The difference between
Static SQL and Dynamic SQL is the
instance when compilation of the
statements occurs at the database.
For Static SQL statements, the com-
pilation occurs during precompiling
or binding of the application to Data-
base Manager. The compilation is
done only once, no matter how
many times the statements are exe-
cuted during the course of running
the application. Dynamic SQL state-
ments are compiled each time the
statements are executed during the
course of running the application.
Static SQL is a more efficient proc-
ess and will, in most instances, pro-
vide better performance than
Dynamic SQL. However, if the ap-
plication must issue arbitrary SQL
queries, Dynamic SQL is required.

Client-Server Distributed

Database Architecture
Database Manager has been de-
signed to be a multiple-user client-
server distributed database
management system for IBM OS/2
local area network environments.
The architecture provides for separa-
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tion of the application program from
the database itself.

Database Manager remote-unit-of-
work functions provide OS/2 and
DOS client applications with the ca-
pability to transparently access data
(read and update) in a single remote
0S/2 database server, per unit-of-
work. A client application can also
serially access multiple databases.

Database Manager client-server dis-
tributed database architecture pro-
vides a cost-effective solution to a
wide-range of applications, such as
decision-support and personal pro-
ductivity applications, which require
multiple users to have fast, concur-
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rent, and easy access to consistent
data.

Performance

Database Manager has demonstrated
excellent performance. In October
1990, the National Software Testing
Laboratory (NSTL) published results
of benchmark tests of Database Man-
ager. The purpose of the tests was to
compare the performance of Data-
base Manager with three competitive
offerings, each one a participant in
the OS/2 client-server database mar-
ketplace. The test results showed Da-
tabase Manager to have comparable
or superior performance capability

to the competitive offerings in three
of four client-server application sce-



narios. In the fourth scenario, Data-
base Manager, while not faster than
the competition, was competitive.

IBM database technologies have
been applied to enhance perform-
ance; for example, query optimiza-
tion techniques, join algorithms, and
indexing and locking techniques.
Record Level Locking allows maxi-
mum concurrent access to data and
is especially important to database
transaction processing performance.
Granular levels of data isolation are
provided to enhance performance.
These include Repeatable Read,
Cursor Stability, and Uncommitted
Read.

Database Application Remote Inter-
face may be used to enhance per-
formance. It allows a developer to
write an application program where
the application processing can be
split between the database client and
the database server on a local area
network. When the application is
run, some of the application process-
ing load can be transferred from the
client to the server, resulting in a re-
duction of data traffic on the LAN
and a significant improvement in
database application performance.

Robust Data Integrity and

Protection

Database Manager has extensive
data integrity and protection features
to preserve the integrity of data,
thereby ensuring users that informa-
tion being accessed is consistent.

Transaction Management is a fea-
ture that allows multiple applications
to run concurrently against common
tables in Database Manager.
Through the use of transaction man-
agement, Database Manager pro-
vides a high level of data control
and protection against serialization
problems and database transaction

failures in a multiple-tasking, multi-
ple-user database environment. If an
application accesses Database Man-
ager and terminates normally, a
COMMIT statement is issued, which
allows the database updates to be-
come permanent. If an application is
interrupted in the midst of a transac-
tion, the system can perform a
ROLLBACK on all uncompleted
work after an application failure, or
on the next system restart after a sys-
tem failure. These functions help en-
sure the integrity and consistency of
the database information.

Database Manager has
extensive data integrity
and protection features.

Database Manager provides transac-
tion management through the use of
locks, multiple levels of data isola-
tion, and a Recovery Log. The lock
function and the specified level of
data isolation are used to prevent an-
other application from updating a
data record while a transaction is
pending against that record. All
changes to data tables and indexes
have entries written to the Recovery
Log that provide sufficient informa-
tion to allow Database Manager to
back out of an update before any
changes are written to the data.

Through the use of the Recovery
Log, updated during normal data-
base processing using a write-ahead
logging scheme, Database Manager
can return the database to a consis-
tent state after system failures, such
as a power failure, a user-initiated
system reset, or a software failure
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(except in some instances where logi-
cal media failure has occurred). In
the event of such a failure, Database
Manager can undo and redo the nec-
essary database operations to return
the database to a consistent state by
retrieving and reconstructing commit-
ted data and rolling back uncommit-
ted data using the Recovery Log.

Database Manager is also capable of
restoring a backup copy of a data-
base, where data on the media, disk
or diskette is destroyed by physical
or logical damage. Physical media
failure can occur due to a bad sector
on the disk or diskette. Logical me-
dia failure can occur when data is
over-written by another program and
becomes unrecognizable to Database
Manager. Logical media failure can
also occur if a system fails during a
data update, such that some sectors
are left unchanged while some are
updated. Database Manager attempts
to recover from logical media fail-
ures using the Recovery Log. If this
attempt fails, the backup copy of the
database must be restored.

Referential Integrity is another im-
portant feature used to provide ro-
bust data integrity and protection. It
ensures the consistency of data val-
ues among related columns of differ-
ent tables. For example, a user may
define an EMPLOYEE table that
contains employee and department
numbers and a DEPARTMENT ta-
ble that contains department num-
bers. In addition, the user may want
to ensure that for every department
number in the EMPLOYEE table
there must be an equal and unique
department number in the DEPART-
MENT table. Such a constraint de-
fined on the EMPLOYEE table is
called a referential constraint. The
department number in the DEPART-
MENT table is called a primary key,
and the department number in the
EMPLOYEE table is called the for-



eign key in this constraint. Enforce-
ment of this constraint provides ref-
erential integrity. The Database
Manager records and enforces this
data relationship, and enforcement
by application logic is not necessary.

In addition to ensuring the consis-
tency of data, Referential Integrity
can also improve application devel-
opment productivity by allowing this
function to be moved out of each ap-
plication program and into the Data-
base Manager.

Data Security

In any database environment, there
is a need to protect information from
unauthorized access. Database Man-
ager provides for protection from
unauthorized access of data by a
granular grant/revoke privileges
scheme.

SOL Grant/Revoke Security prevents
unauthorized access by coordinating
security functions through an OS/2
Extended Edition component called
User Profile Management and
through SQL GRANT/REVOKE
Authorization statements. User Pro-
file Management establishes access
levels used by Database Manager.

In order to access and use objects in
the Database Manager, the user must
be identified to User Profile Manage-
ment and be validated by a pass-
word on the first use of the Database
Manager. The user is then associated
with a valid user ID. Access to a spe-
cific database and the objects within
it (for example, tables, views, and
access plans) is controlled by SQL
GRANT/REVOKE statements. A
creator or other specifically author-
ized user of a database object (such
as a systems administrator or data-
base administrator) may protect the
object by only granting access rights
to specific users and/or groups. An-

other user must be specifically
authorized to access and update a da-
tabase object. These rights can also
be revoked as required. A creator
also has the option to allow public
access to all database objects.

IBM SAA Relational

Database Consistency
Database Manager is a member of
the family of IBM SAA relational
database management systems: IBM
Database 2 (DB2) and IBM Struc-
tured Query Language/Data System
(SQL/DS™), which run on IBM Sys-
tem/390™ and IBM System/370™
mainframe and mid-range systems,
and IBM OS/400™ database man-
ager, which runs on the IBM Appli-
cation System/400™.

Syntax and Semantics of the Data-
base Manager SQL interface func-
tions are designed for consistency
with the family of IBM SAA rela-
tional databases. For example, the
consistent handling of host variables,
precompile, bind, and query optimi-
zation simplifies the application
developer’s work in writing hetero-
geneous cross-system applications
for an enterprise-wide distributed da-
tabase environment.

Import Data from DB2 and
SQL/DS Databases

Database Manager provides a facil-
ity, named SQLQMF, which allows
users to import table data stored in
DB2 or SQL/DS into a Database
Manager database. The SQLQMF fa-
cility takes host data exported by the
IBM Query Management Facility
(QMF™)_ stored in QMF format,
down loads the data, and converts it
into a file that can be imported into
a Database Manager table.
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Database Manager

Components

Database Manager consists of three
major components: Database Serv-
ices, Remote Data Services, and
Query Manager.

Database Services: Accesses to
Database Manager are performed by
Database Services through the SQL
common programming interface
(CPI) and utility application pro-
gramming interfaces (APIs). Data-
base Services manages the data
stored in the database, generates ac-
cess plans to the data, and includes
transaction-management, data integ-
rity and protection, multiple-user
concurrency, and security functions.

Database Services also provides a
number of utility functions that
assist the user in maintaining and
manipulating the contents of a data-
base. These utilities include func-
tions to import and export data from
a DOS or OS/2 file, save and restore
individual data tables, perform data-
base backup and restore functions,
and optimize system performance.

Remote Data Services: Remote
Data Services provides database con-
nection services to allow Database
Manager to function as a client-serv-
er distributed database management
system on a LAN. This capability al-
lows multiple OS/2 and DOS per-
sonal computer client applications to
transparently access a remote OS/2
distributed database server attached
to a LAN, or stand-alone OS/2 per-
sonal computer clients not attached
to a LAN, to access a remote OS/2
distributed database server.

Remote Data Services supports the
following LAN environments: IBM
Token-Ring, IBM PC Network
LAN, or ETHERAND™ and IEEE
802.2. OS/2 database clients and




servers utilize the APPC communica-
tion protocol, provided by Communi-
cations Manager, or the SQL
LAN-Only Option (SQLLOO) to
connect in a LAN environment.
APPC is also used to connect re-
mote OS/2 database clients to re-
mote OS/2 database servers. DOS
database clients attached to a LAN
utilize the NetBIOS communication
protocol to connect to a remote

OS/2 database server.

Query Manager: Query Manager
provides database tools and func-
tions that allow users to access,
manipulate, and administer data in
Database Manager.

Query Manager provides an easy to
use prompted user interface, which
is based on the SAA Common User
Access (CUA) guidelines and takes
advantage of the OS/2 Presentation
Manager™ windowing and graphic
services. The prompted interface
hides SQL from the application user,
so the user does not have to learn
SQL syntax. However, once a
prompted query has been created, its
SQL syntax can be viewed option-
ally. This allows users to learn SQL
syntax so they can enter SQL state-
ments in a non-prompted mode, if
desired.

Query and Report Writing Tools pro-
vide functions to create a database
query (inquiry), initiate the data ac-
cess request, and display the results
of the query via the report feature.
The user may save the query and
report objects and save or print the
accessed information. A Business
Graphics Interface allows the user to
optionally install and use a third
party business graphics program writ-
ten to this interface. This permits
graphic presentation (pie, line, bar,
tower graphs, and so forth) of report
data that was accessed by the query
and report features.
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Custom Application Tools provide
functions that allow a user to create
custom database applications. Panels
may be used to create custom data
entry and edit formats. Procedures
may be used to create Query Man-
ager commands or procedure lan-
guage statements to execute
previously defined query and form
(report) objects, or to combine and
automate several panel operations.
Menus may be used to create a cus-
tomized list of application selec-
tions. Items listed on the menu may
be selected to initiate and automat-
ically run queries, generate reports,
run and call procedures, panels, and
other menus.

Query Manager provides
an easy to use prompted
user interface

Database Administration Tools pro-
vide functions to administer and
manage a database system; for exam-
ple, creating, altering, and dropping
tables, views, indexes; entering and
editing data; defining referential con-
straints; importing and exporting
data; reorganizing tables; monitoring
database activities. One of the Data-
base Manager features that is sup-
ported through Query Manager is
Operational Status, which provides
a snapshot of information about cur-
rent database activity. This feature
provides information about where
the databases are located, alias
names, the time and date a database
was last backed up, and how many
applications are currently connected
to a specific database.

A command line is also provided for
users to issue Query Manager com-
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mands directly. These commands in-
clude functions such as print, get, im-
port, and display. These commands
may be used to execute Query Man-
ager objects, such as Procedures, di-
rectly from the command line.

Future Versions and
Releases of Database

Manager

Future versions and releases of Data-
base Manager will focus on provid-
ing industrial-strength distributed
relational database solutions for
stand-alone LAN environments and,
in concert with other IBM SAA rela-
tional database products, enterprise-
wide distributed relational database
solutions for interconnected LANS,
and host systems. Emphasis will be
placed on data integrity and protec-
tion, concurrency, connectivity and
interoperability, database administra-
tion, usability, security, perform-
ance, capacity, and availability.

1991 Direction

0S/2 Database Manager Access to
IBM SAA Host Databases: As
IBM begins the roll-out of heteroge-
neous SAA distributed relational da-
tabase functions, Database Manager
will initially provide functions to
support heterogeneous remote-unit-
of-work (RUOW) database
applications.

Support for RUOW and the IBM
Distributed Relational Database Ar-
chitecture (DRDA) will allow Data-
base Manager client applications
(0S/2, Windows 3.0, and DOS) to
transparently access (read and up-
date) a single remote IBM SAA host
distributed relational database per
unit-of-work. A Database Manager
client application will also be able to
serially access multiple SAA host
relational databases.



Distributed Database Application
Gateways, as single-user and multi-
ple-user offerings, will provide the
transparent connection between per-
sonal computer database clients and
an IBM SAA host relational data-
base server, such as DB2, SQL/DS,
or the OS/400 database manager.

Forward Recovery: Data protec-
tion is essential to customers who
have mission-critical database appli-
cations, such as an online order en-
try application. Database Manager
capabilities will be enhanced
through the addition of Forward
Recovery functions.

Forward Recovery, also known as
“Archival Log,” will allow the user
to recover lost online data due to
media failure, such as a disk crash.
During normal online database trans-
actions, information necessary to
maintain data integrity and consis-
tency is preserved on log journals.
Journals are normally kept on
separate media from the database.
Should media failure occur, a
backup off-line copy of the database
may be loaded on the system and
restored as the online database. For-
ward Recovery provides the means
to apply log journal information
against the restored database. Log
journals contain changes made to the
online database since the last backup
(off-line copy) of the online data-
base was made. After forward recov-
ery has been completed, the state of
the online database is as it was prior
to the media failure and subsequent
loss of data.

The addition of Forward Recovery is
consistent with IBM’s direction to
continue to focus on providing lead-
ership in database functions. For-
ward Recovery enables Database
Manager to be used for a variety of
mission-critical applications, such as
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online transaction processing
(OLTP).

Microsoft® Windows™ 3.0
Support: Database Manager DOS
Database Requester functions will
be enhanced to provide support for
applications developed for the Mi-
crosoft Windows 3.0 environment.
With this capability, Windows 3.0
client applications written to the
Database Manager SQL CPI will be
able to transparently access a remote
Database Manager server attached to
a LAN.

NetBIOS Support for OS/2 Clients:
NetBIOS support for OS/2 clients
will be provided as an optional LAN
communication connectivity proto-
col to an OS/2 database server.
NetBIOS is a popular personal com-
puter protocol for connecting per-
sonal computers together. NetBIOS
will require less random access mem-
ory (RAM) than APPC, which will
result in a reduction in the amount
of memory required for client work-
stations. This option will also sim-
plify database installation and
configuration.

Database Tool Enhancements:
Database Administration Tools will
be provided as a separate installable
option. The tools will include func-
tions to configure Database Manager
and a database, backup and restore a
database, perform forward recovery,
and configure remote client-server
and gateway connections. The Data-
base Administration Tools will have
graphical user interfaces that provide
an easy-to-use prompted interface
based on SAA CUA guidelines and
take advantage of the OS/2 Presenta-
tion Manager windowing and
graphic services.

Database Manager Command Inter-

face will allow users to create and
run SQL statements, database envi-
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ronment commands, and database
utilities from the OS/2 command
line interface and from OS/2 com-
mand files. Included with the Data-
base Manager Command Interface is
a facility (Re-Org Check) to inform
the database administrator that it is
beneficial to reorganize a table in
the database, so that performance
may be improved.

Support for Non-IBM Personal
Computer Platforms: Database
Manager will be enabled to run on
selected IBM-compatible personal
computer hardware systems. Support
for non-IBM systems will extend the
versatility of Database Manager and
provide additional flexibility in
selecting hardware platforms: IBM
PS/2 solutions, non-IBM hardware
solutions, or mixed IBM and non-
IBM hardware solutions.

SAA Relational Database
Compatibility Enhancements:
SAA enhancements will improve
Database Manager compatibility
with the IBM family of SAA rela-
tional database products.

SQOL Date and Time Arithmetic and
Scalar functions will allow applica-
tions to add and subtract the follow-
ing data types: TIME, DATE, and
TIMESTAMP. An example of the
use and value of SQL
DATE/TIME/TIMESTAMP is an ap-
plication designed to track and moni-
tor the elapsed time of a commercial
airline flight from the originating
city and gate to the destination city
and gate.

SQL State will provide applications
with diagnostic information that is
common across the family of IBM
SAA relational database manage-
ment systems. This capability makes
possible the development of error
handling routines that are consistent



with and portable across the SAA
database family.

User Defined Collating Sequence
will allow the database user to spec-
ify methods that will be used to sort
and compare character data. This op-
tion may be used to ensure collating
results that correspond to IBM host
systems, such as System/370.

Translate: Translate will allow the
user to transform character data in
various ways; in particular, it allows
characters to be converted to their
uppercase or lowercase equivalents.
This capability makes possible case-
insensitive searches.

Database Manager “Front-Ends”
(Database Applications and Tools):
IBM will continue to provide Data-
base Manager technical support to
complementary independent applica-
tion developers and to business part-
ners. This support will be provided
through developer assistance pro-
grams, whose purpose is to provide
assistance in the design and develop-
ment of a variety of OS/2 Presenta-
tion Manager, Windows 3.0, and
DOS database applications and
tools, such as general purpose query
and report writers and customizing
tools that work with Database
Manager.

Make Available Database
Manager Code to Selected
Software Developers: IBM’s direc-
tion is to make components of Data-
base Manager code available to
complementary software developers
who meet IBM’s selection criteria.
Selected software developers may in-
tegrate, package, and market Data-
base Manager code with application
programs they develop. General-pur-
pose database query and report writ-
ing programs, and industry-specific
custom application programs are ex-
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amples of the types of programs that
may use Database Manager code.

Database Manager code can provide
the software developer with indus-
trial-strength relational database
management services, distributed
database application connection
services to OS/2 database servers
attached to a LAN, and distributed
database application connection
services to IBM SAA host relational
databases.

Future Direction

Distributed Database
Enhancements: Over time, Data-
base Manager will be enhanced to
provide additional distributed data-
base functions. Support will be pro-
vided for increasingly more complex
data access, such as distributed unit-
of-work, distributed (SQL) state-
ments, and distributed tables.

Compatible 32-Bit OS/2 and

AIX® Database Managers: IBM’s
direction is to provide compatible 32-
bit client-server SAA and AIX Data-
base Managers that fully exploit the
32-bit OS/2 and AIX platforms. The
32-bit OS/2 Database Manager will
be provided for Intel®-based PS/2
computers and IBM-compatible per-
sonal computers. The 32-bit AIX Da-
tabase Manager will be provided for
IBM RISC System/6000™ platforms.

The OS/2 Database Manager and the
AIX Database Manager will be opti-
mized for LAN performance and in-
teroperability, conform to industry
and defacto standards, and provide
enhanced capabilities.

Parallel Database Processing:
IBM’s direction is to enhance
Database Manager to provide 32-bit
parallel database processing. Parallel-
ism will support multiple system
processor nodes, such as multiple
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PS/2 computers, or multiple RISC
System/6000 computers, that are
linked together to present a
single-system image.

Database Manager parallel functions
will provide customers with high
throughput rates, fast response
times, access to very large (giga-
bytes) amounts of information, and
fault-tolerant functions. Database
parallelism will be especially benefi-
cial to online transaction processing
applications where fast response
time and high availability are essen-
tial. Parallelism will also offer sig-
nificant benefits to advanced
complex-data applications, such as
image and multimedia, where access
to large amounts of data are applica-
tion characteristics.
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This is an updated version of a
Communications Manager document
distributed by IBM April 16, 1991.

Communications Manager is IBM’s
strategic workstation-based com-
munications offering. It provides
many concurrent networking capa-
bilities. This article describes the
wide range of services offered by
Communications Manager, the
value of its features to the user
and developer, and IBM’s plans
for enhancements to be included
in the OS/2 2.0-based version.
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Communications Manager (CM) is
one of the major components of Op-
erating System/2 Extended Edition
(OS/2 EE). CM provides a rich set
of terminal emulation, LAN gate-
way, host connectivity, and worksta-
tion communication capabilities. CM
exploits vital functions of OS/2 such
as preemptive multitasking and I/O
overlapping and is intended to facili-
tate the development of applications
that require communications be-
tween two or more systems or work-
stations. By including most of the
required communications functions
within one component, application
developers are relieved of under-
standing the low-level detail of com-
munication tasks and may rely on
CM to accomplish them quickly and
efficiently. Additional services in the
form of emulation functions are
available to the end user, and facili-
ties are included for use by the Net-

work administrator who may be deal-
ing with the management and con-
trol of large numbers of end users.

OS/2 EE is part of the IBM Systems
Application Architecture (SAA) fam-
ily, which itself provides the plat-
form for the development of
portable applications for, and the in-
terconnection of, cooperative SAA
systems. As we move further into
the 90s, customers will increasingly
take advantage of the opportunities
offered by “distributed processing”;
that is, the ability to undertake proc-
essing on whichever system is most
appropriate, with all systems being
interconnected across a network.
This environment will make even
heavier demands on communications
and increase the need for a versatile
and robust communications subsys-
tem such as CM.

<ANR $
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What distinguishes CM from other
communications offerings is its de-
sign and integration with the OS/2
environment and SAA. CM provides
multiple concurrent connectivities,
supports multiple concurrent proto-
cols, allows concurrent emulations
of different terminal types, and al-
lows simultaneous file transfers. It
also supports several APIs designed
for the traditional and the contempo-
rary program development environ-
ments, and has requisite interfaces
for network management. All these
aspects will be elaborated upon in
the remainder of this article.

In short, CM provides the opportu-
nity for productivity improvements
for the program developer, the end
user, and the network administrator.
In particular, when the user is
integrated into the network and has
access to the organizational informa-
tion processing assets, CM is
extremely attractive.

IBM plans to make CM more open
by allowing it to run on both IBM
and other manufacturers’ Intel-based
hardware using the vendor’s OS/2
Standard Edition (SE).

Systems Application
Architecture (SAA)

Communications Manager, in con-
junction with OS/2 SE, participates
in SAA, which provides the frame-
work for consistency in the user
interfaces, the programming inter-
faces, and the underlying communi-
cations support. The workstation is
the window to the customer’s enter-
prise-wide information system. It is
vital that the user see a consistent
and familiar means of access to and
presentation of information regard-
less of the location of the system.
Applications written to SAA specifi-
cations ensure that this occurs. This
makes it easier for users to learn
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new applications and to move from
one application to another.

SAA can take these concepts one
step further. It provides the capabil-
ity for programs to be written across
the computing environments of Sys-
tem/370, AS/400, and the Personal
System/2®. The implication is not
only that programs can work coop-
eratively across these hardware
platforms, but also that programs
written for one may be actually trans-
ferred to another. This is important
because it allows workloads to be
shifted as they grow or evolve over
time.

Programming interfaces are covered
by SAA, too. The strategic interface
for distributed processing is Com-
mon Programming Interface - Com-
munications (CPI-C). By writing to
CPI-C, developers may confidently
know that their applications will con-
tinue to be applicable within the
SAA family into the future. CPI-C is
currently available through a com-
panion product — Networking Serv-
ices/2. IBM’s plan is to integrate
this support into CM in the future.

Also available are interfaces to Pres-
entation Manager. These interfaces
enable developers to write high-per-
forming, full-function applications
that can be tailored to a specific user
or environment. Calls may be used
to control the program groups that a
user sees and can access. This al-
lows personalization of the system
to a specific user or group of users.
Presentation Manager has utilities
for the printing/plotting, display, and
interchange of picture files.

CM contains the Common Commu-
nications support that allows pro-
gram interchanges among various
systems. This takes place transpar-
ently to the end user and it is impor-
tant because it ensures that such
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interchanges take place efficiently
and reliably. It is also very impor-
tant to developers because it relieves
them from having to write the rou-
tines that accomplish the communi-
cations functions. In complex
environments with multiple transfers
of data taking place simultaneously,
all the power of CM and the preemp-
tive multitasking capability of OS/2
are required to ensure that every-
thing works smoothly. By using the
facilities of CM, this process is

taken care of in whichever communi-
cations environment the application
is run. The details of this process are
described the sections that follow.

Connectivity Support

Various methods have been used
over the years to allow systems, con-
trollers, terminals, and workstations
to talk to each other. IBM’s Systems
Network Architecture (SNA) is a ro-
bust architecture that has become ac-
knowledged as an industry standard.
SNA supports both hierarchical and
peer type networks. SNA networks
are very prevalent today and are typi-
cally based on links using the Syn-
chronous Data Link Control (SDLC)
protocols between the host and other
systems or controllers, and Distrib-
uted Function Terminal (DFT) proto-
cols for terminals coax-attached to
their controller. CM supports both
these environments, the latter in the
context of PCs being substituted for
the fixed-function terminals (3270).

In recent years, there has been a
strong trend toward the use of local
area networks (LANSs) to tie together
the proliferating number of PCs in
the workplace so they could share
resources and access each other’s
data. Many different approaches
were introduced before the leading
industry LANs were identified. IBM
initially introduced the PC Network
LAN before adopting the Token-



Ring LAN as its strategic offering.
Both the Ethernet™ and Token-Ring
LAN have achieved very broad
acceptance by the industry. Ethernet
comes in several forms, the most
popular of which are known as DIX
Version 2.0 and IEEE 802.3. In
order to allow its applications to run
in the LAN environment, CM sup-
ports all the LANs mentioned in this
paragraph.

Other ways for systems to communi-
cate over a wide area network
(WAN) include X.25 and ASYNC.
The X.25 Packet Switched Data Net-
works (PSDNs) are available world-
wide, generally through the official
telephone and telegraph providers in
Europe and elsewhere, and through
private utilities and corporations in
the U.S. They are an alternative and
often cheaper way of transmitting
data over a distance and use their
own, standardized, link level proto-
cols to interface with subscribers.
CM supports the use of X.25 serv-
ices both through the PSDNs and
also using direct connection.

ASYNC is a simple, inexpensive
way to access many of the financial,
news, and informational bulletin
board services that are springing up
everywhere. Many systems, includ-
ing several from IBM, use ASYNC
either as a primary or secondary
approach for communications. All
PS/2s are equipped with ASYNC
capability as part of the base product
and CM provides essential ASYNC
support. IBM plans to extend sup-
port to include the DMA ASYNC
capability provided in the PS/2
Models 90 and 95.

From the preceding it should be evi-
dent that CM has a broad range of
networking capabilities that allow
communications across a range of
IBM systems, as well as many het-
erogeneous non-IBM environments.
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The applications can be used simulta-
neously with those developed by oth-
ers, without having to take any
specific action other than designing
and developing the application with
CM. This function, along with the
rich networking capabilities de-
scribed in the preceding section,
represent a robust workstation com-
munications offering.

Terminal Emulation

Three distinct families of terminals
may be emulated using the functions
of CM on a PS/2 workstation. They
are: 3270 to a System/370 host,

5250 to an AS/400 host, and ASCII
to a variety of IBM, and selected
IBM-compatible and non-IBM, hosts.

Multiple 3270 sessions
can be active at any one
time.

3270 Emulation: Interactive ac-
cess to a System/370 host is sup-
ported through 3270 terminal
emulation using the IBM LU2.0 pro-
tocol and can be defined to emulate
the more commonly installed termi-
nals. Connection may be via any of
the previously described links, with
the exception of ASYNC. In the
case of LAN connections, some
form of gateway is required (this is
described in the section “LAN
Gateways”).

All 3270 base data stream functions
are supported together with extended
attributes and extended data stream
functions (with seven colors and ex-
tended highlighting, plus online
choice of fonts 