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Visual Development Environment For : 
WATCOM VX•REXX is an easy to use visual development 
environment for creating applications that leverage the 
capabilities of 0S/2 2.x and exploit the Presentation Manager 
graphical user interface. VX•RExx combines a project 
management facility, visual designer and an interactive source
level debugger to deliver a very approachable and highly 
productive visual development environment. 

Design Applications 
Visually Create rich graphical 
applications quickly and easily using 
the visual design environment. With 
the visual designer, you can 
graphically create Presentation 
Manager interface objects, quickly 
customize their properties, and 
easily attach REXX procedures to 
the objects. 

Hlgbllghts 

Integrated Development 
Environment Build1 test and 
debug your application without 
leaving the development 
environment. Then package your 
application as an EXE file or PM 
macro for royalty-free redistribution. 
The power of the integrated 
development environment and 
debugger can also be used with your 
existing REXX applications. 

Powerful Open 
Environment Enjoy the 
simplicity of event-driven 
programming together with the 
global editing capabilities 
essential for professional project 
management. WATCOM 
VX•REXX is open and extensible 
through IBM's object oriented 
System Object Model (SOM) 
technology. You can access all 
standard REXX API's including 
DB Manager, because VX•REXX 
is based on the OS/2 2.x standard 
system REXX. 

• Easy to use visual development environment • Support for multi-threaded applications 
• Create and modify objects dynamically at 

both edit and run time 
• Powerful project management facility 
• Advanced interactive source-level debugger 
• Package your applications as EXE files or 

PM macros 
• Access to standard RExx APl's including 

DB Manager 
• System Object Model (SOM) based object 

manager 

• Include OS/2 style help and hints in your 
applications 

• Supports SAA CUA'91 objects 
• Autosizing and alignment of objects 
• Integrated console window support for 

existing RExx programs 
• Royalty-free run-time available 
• Multiple modeless window support 
• Create PM macros for applications 

supporting RExx as a macro language 
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OS/2RExx 
Interactive Debugging 
If an error occurs at run-time, 
VX•RE:xx will display a traceback 
pinpointing the source line where 
the error occurred. A simple click 
of the mouse will return you to the 
source edit window to correct the 
error. The built-in interactive 
source-level debugger lets you set 
breakpoints, step through code 
and watch variables to track down 
complex problems. 

Build Professional 
Applications 
WATCOM VX•Rexx allows 
you to leverage key OS/2 features 
to create professional applications. 
Build applications that dynamically 
create and modify CUA'91 screen 
objects at both edit and run-time, 
and include OS/2 style help and hints. 

Create Multi-Threaded 
Applications Every VX•REXX 
application contains multiple threads. 
One thread remains responsive to user 
input while others continue processing. 
In addition, VX•REXX provides the 
ability for advanced applications to easily 
use additional threads. 

Suggested Retail: $299* 
Introductory Offer $99* 
(until September 30, 1993): includes royalty-free runtime 

Call Toll Free 
1-800-265-4555 

W.i- ---- ------------- -- ---- - ---

WATCOM International 

The integrated visual 
solution builder for OS/2 2.x. 

415 Phillip Street, Waterloo, Ontario, Canada, N2L 3X2 
Phone: (519) 886-3700 Fax: (519) 747-4971 
•Prices and specification are subject to change without notice. Price does not include freight and taxes where applicable. Prices 
quoted in US dollars. WATCOM, the Lightning Device, and VX•REXX are trademarks of WATCOM International Corporation. Other 
trademarks are the properties of their respective owners.© Copyright 1993 WATCOM International Corporation. 



You're c oser to C ient/Server 

There are plenty 

of choices of GUI 

builders, plenty of 

choices of databases, 

there are even choices 

of cross-platform 

communications, but 

Micro Focus is 

uniquely qualified to 

provide complete 

client/server solutions 

for your industrial-strength applications today. 

The Micro Focus Client/Server Solutions 

encompass an open framework allowing you 

to choose Micro Focus' best tools for tasks 

Micro Focus Client/Server 
Solutions provide middle

such as building graphical 

user interfaces or handling 

program to program 

communications. 

Or, instead, plug 

in the tool of your 

ware components so developers need only know how to 
plug into the appropriate platform. 

choice. 

Whether you 

are building 

applications with distributed data, distributed 

application code or distributed presentation 

services, the Micro Focus Client/Server 

Solution is right for you. No matter what mix 

of thin or thick clients, or thin or thick servers, 

you will find it all in one place. And, best of all, 

the Micro Focus Client/Server c,"' ~NT 
Is~ ,9 v 

products provide a bridge from ,------, ~11 

•• § 
the old to the new, leveraging 

existing resources with the 

latest technology. 

For a brochure on the 

Micro Focus Client/Server Solution, call 

800-872-6265 . Discover how Micro Focus 

delivers "A Better Way of Programming': " 

.... 
~o 

MICRCJ FCJCUS 
Micro Focus. Inc .• 2465 East Bayshore Road , Palo Alto . CA 94303. Tel. (415 ) 856 4161. 

Micro Focus is a registered trademark and "A Better Way or Programmmgw is a trademark or Micro Focus, Inc. All othu trademarks are proIXny or 1~1r rnpecuve companies. 

GSA Contract Number GS00K90AGS5251-PS02. 
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This is what OS/2 is all about. 
Making your PCs do more than 
ever before. 

Which is why Computer 
Associates, the world's leading 

CA-REALIZER 

The best-looking BASIC 
you've ever seen. 

CA-Textor CA-Competer 

software company, is pleased Prqfessionalwordprocess- Spreadsheetease,plusmul-
to introduce six inganyonecan use. tidimensionalmodeling 

• 

processing and project man
agement to accounting, 
spreadsheets and program
ming becomes faster - and 
more affordable. 

Plus, you'll get the ulti-
mate in flexibility 

souped-up applica
tions for OS/2 users. 
All are proven win
ners that fully utilize 
OS/2's unique 
strengths. From the 
Workplace Shell to 
true multitasking to 
multimedia. 

CASUperProject CA-dBFasr 
with this unprece
dented offer: Buy 
the OS/2 version 
of any of these 
applications, and 
we'll include the 

The most efficient wqy 
to get the job done. 

Small business accounting 
has never been simpler. 

Windows version 
Add1:f:SfsU:Ji:tsE absolutely free. 

For More Information, 
Call 1-800 CALL CAI Ext. 260. Businesses large and small will see benefits 

right out of the box with CA's easy-to-learn, 
easy-to-use programs. Everything from word 

Congratulations on choosing OS/2. Now 
add the right apps - and watch it really take off. 

(jiOMPUTER® 
rlSSOCIATES 
Software superior by design. 

©> Computer Associates International, Inc., One Computer Associates Plaza, Islandia, NY ll 78&-7000. All product names referenced herein are trademarks of their respective companies. 



EDITOR 

Dick Conklin 

EXECUTIVE EDITOR 

Nicole Freeman 

PRODUCTION EDITOR 

Peter Altenberg 

COPY/PRODUCTION EDITOR 

Lisa Gluskin 

GROUP DIRECTOR 

Don Pazour 

PUB LISHER 

Cathy Passage 

ADVERTISING SALES 

Jo Ben-Atar 
(203) 498-0329 
Michele Blake 
(212) 626-2322 
Dave Moreau 
(212) 626-2318 

MARKETING MANAGER 

Susan McDonald 

ART DIRECTOR/MARKETING 

Christopher H. Clarke 

ADVERTISING PRODUCTION 

COORDINATOR 

Tom Marzella 

DIRECTOR OF PRODUCTION 

Andy Mickus 

DIRECTOR OF CIRCULATION 

Jerry Okabe 

CIRCULATION DIRECTOR 

Moira Boyle 

SUBSCRIPTION INQUIRIES 

U.S.: (800) WANT-OS2 
Foreign: (708) 647-5960 

~ ------/"'Editor's ~ ------uomments 
BY DICK CONKLIN 

What's New, OS/2? 

N ow that OS/ 2 2.1 is available, we can be 
more specific about the new release. In 
this issue, our writers give us an overview 

of version 2.l's new features, plus a closer look at its 
CD-ROM and printing support. 

SPOTLIGHT ON TALIGENT 
What's going on at Taligent, anyway? Many of 
you have asked that question, so we paid a visit to 
Mr. Taligent himself, Joe Guglielmi. Joe shares his 
view of Taligent's world of objects and what it 
means to OS/ 2 developers. 

SPEECH RECOGNITION 
Everyone agrees that speech recognition will play 
a big role in the future of computing. Maybe we're 
not quite ready for 2001's HAL but some applica
tions have put this cutting-edge technology to 
work today. In our first article on this fascinating 
topic, we'll look at a new OS/2 speech recognition 
development tool. 

PRODUCT WATCH 
We're adding a new department in this issue, called 
Product Watch/ Calendar. It will tell you about the 
latest OS/ 2 tools and applications, upcoming shows 
and conferences, and new support programs for 
developers. Send us your press releases! 

NEWS YOU CAN USE 
Look for the latest OS/ 2 publication- the electron
ic IBM Personal Software Products Developer Support 
News. It's on CompuServe and several other popu-

lar bulletin board systems. In it, you'll find up-to
date news of IBM's technical, 
business, and marketing pro
grams for developers. For more 
information, drop an Internet 
note to dsnews@vnet.ibm.com. 

MORE OS/2 MORE OFTEN 
Does our cover say "July/ 
August"? That's no misprint- Dick Conklin 
OS/2 Developer just went bi-
monthly. Now we'll be coming to you six times a 
year instead of four; that means some challenges 
for our staff but a bonus for our readers. We'll 
have more news in the months ahead. Watch this 
space ... 

Dick Conklin 
Editor 

NOTICE 
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Spotlight 
Taligent, a joint project of IBM and Apple, is redefining the computer industry and our way of looking at the cre
ation of system software. BOB ORFALI and DAN HARKEY explore. 

Taligent: A New Paradigm, 
A New Approach 

Bob Orfali 

Dan Harkey 

To OS/2 developers, Taligent can seem like a 
"Land of Oz" of operating systems, located 
"somewhere over the rainbow." Why 

worry about Taligent when our brain cells are 
overloaded just trying to digest new OS/2 features 
like DSOM, the microkernel, DCE, LAN NetView, 
and motion-video multimedia? Why should OS/2 
developers like us need to know about Taligent? 
At least that was our attitude when we began this 
article-but it soon became evident that there was 
a lot about Taligent that OS/2 developers need to 
know about. 

A New Paradigm? 
The first thing we discovered about Taligent is that 
its technology is multifaceted, elusive, and would 

Workplace OS 
with 05/2 
dominant 
personality 

I 05/2 

I 

2.X 

Today 1994 

Figure 1. How IBM operating systems evolve and relate 

not fit neatly into our current model of "the way 
things are." For this article, we were not provided 
with specifications, product sheets, demos, or an 
architecture reference model. And this operating 
system is not like any other; it's all new and differ
ent. When we expressed our bewilderment to 
Mike Potel, Taligent's vice president of technolo
gy, he joked, "Joe Guglielmi had the same problem 
when he became CEO at Taligent. Every time he 
talked to somebody, he got a different view of this 
beast." 

This article starts by looking at Taligent from an 
OS/2 perspective and provides a framework for the 
terminology of the interview. We then turn the 
microphone over to Joe Guglielmi. We could never 
match Joe's eloquence and passion for his product. 

Workplace OS 
with Taligent -
dominant 
personality 

--

.. 

1995 
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OS/2 and Workplace OS 
When does Taligent enter the picture? In Figure 1, 
we offer a "fearless forecast" of how the desktop 
operating systems from IBM and Taligent come 
into the picture over the next few years. In all 
cases, the future lies in operating systems that 
embrace object-oriented technology. OS/2 2.x is 
optimized for Intel processors and will continue 
to evolve throughout the '90s. The Workplace OS 
is a portable environment that is designed to run 
on top of Intel and RISC hardware from a variety 
of vendors, with the portability layer provided by 
a common microkemel. The 32-bit OS/2 applica
tions you create should run on all platforms. 

In our scenario, objects become very important. 
Distributed object services based on the System 
Object Model (SOM) become a vehicle to share 
objects across operating systems such as OS/2, 
DOS, Windows, UNIX, AS/400, and MVS. In 
addition, object-oriented application frameworks 
containing both IBM and Taligent technology will 
be offered for OS/2 2.x, UNIX, and Workplace OS. 

In Figures 2 and 3, 05/2 2.x and the Workplace 
OS support DSOM, object services, and the object
oriented application frameworks. OS/2 2.x contin
ues to evolve, providing optimal performance on 
the large installed base of Intel machines. 

A Guide to Microkernels, 
Personalities, and Frameworks 
Figure 3 helps explain all the new terminology and 
shows where Taligent fits in. Several pieces of the 
Workplace OS play together: the IBM Microker
nel, the operating system personalities, the distrib
uted object layer, the object-oriented frameworks 
containing Taligent technology, and the Work
place user interface. We will briefly introduce 
these pieces, then move on to Taligent. 

The IBM Microkemel utilizes technology from Mach 
3.0 research. Mach 3.0 is a portable microkernel 
developed by Carnegie Mellon University. The IBM 
microkemel and Mach 3.0 remove the UNIX-specific 
elements and provide a few well-defined services
including interprocess communications, virtual 
memory, ports, task ilispatching, and threads-used 
to build all system services. The rest of the operating 
system functions- file 1/0 , user interface services, 
device drivers, and communications-are imple
mented outside the microkemel. As a result, the 

microkemel can be smaller, faster, and more scalable 
while providing a higher level of robustness, securi
ty, and integrity. Elements outside the microkemel, 
such as the device drivers and file systems, can be 
shared by the operating systems that run on top of it. 
IBM's multithreaded microkernel supports symmet
ric multiprocessing, a technique that allows pro
grams to run concurrently on multiple processors in 
tightly-coupled configurations. It is intended to sup
port Intel and a variety of RISC processors. 

Taligent At A Glance 

Founded in March 1992, Taligent is an independent system software 
company owned jointly by Apple Computer Inc. and IBM Corp. and 
headquartered in Cupertino. Cal if. The company has 310 employees. 
who use object-oriented technology to develop system software from 
the bottom up. The emphasis of the company's charter is on enabling 
the innovators and entrepreneurs who spawned the desktop revolution. 
allowing them to take full advantage of object technology's benefits and 
encouraging a new model for innovation centered around objects. Tal i
gent's system software will be open for extension at all levels by soft
ware developers. hardware OEMs. and systems vendors. The company 
will license. market, and support its software platform worldwide. 

Personality modules provide operating system-spe
cific API services. IBM intends to support DOS, 
Windows 3.x, OS/2 2.x, and UNIX personalities, 
with the microkemel concurrently executing mul
tiple operating system personalities on one 
machine. (One personality, designated as domi-

JULY/AUGUST 1993 7 
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Apps. 

Figure 2. The Workplace Shell DOU/ for OS/2 2.x 

Apps. 

Device 
Drivers 

Workplace User Interface 

00 Application frameworks 

Apps. 

Oblect·based services (DSOM) 

OS/2 2.X 

SMP, Intel 32-bit processors 

Workplace User Interface 

00 Application frameworks 

Apps. 

file 
System L 

IBM Microkernel 

System 
Mgmt. 

System 
Mgmt. 

Taligent 
UNIX 

DOS/WIN 
05/2 

Persanahty 

SMP, Intel 32-bit and 
64-bit processors 

SMP, 
Multivendor RISC 

Figure 3. The Workplace OS 

nant, controls the appearance of the 
desktop.) The personalities will preserve 
investments in code and application 
packages. The microkemel also provides 
the means to build specialized servers 
and operating system replacements. 

The distributed object layer, based on 
IBM's Distributed System Object Model 
(DSOM) technology, allows objects to 
operate across networks. This layer also 

includes services for storing, replicat
ing, shadowing, creating, destroying, 
and specifying objects. DSOM is based 
on standards set by the Object Manage
ment Group (OMG), an industry con
sortium of over 200 member compa
nies. For example, DSOM defines 
objects using the Common Object 
Request Broker Architecture (CORBA) 
interface definition language. DSOM 
uses OMG's specification of an Object 

Request Broker (ORB) to find and 
invoke objects on different machines. 
The object services are intended to 
comply with OMG's object life cycle 
and persistence specifications when 
they become available. OMG and IBM 
are also working on specs for shared 
objects and object transactions for 
client/ server environments. All this 
means that OS/2 is already deeply 
involved in objects, adhering to current 

IBM 0S /2 DEVELOPER 



industry standards. These objects are, 
of course, built on top of a standard 
operating system. 

The object-oriented application frame
works intend to provide a portable dis
tributed set of object services to help 
create user applications. A framework 
makes writing object-oriented applica
tions from raw class libraries less 
tedious; you begin with complete 
working subsystems, which can be 
customized for individual applications. 
You can also create applications by 
wiring subsystems together with visual 
application assembly tools. Third party 
software companies will be able to pro
vide parts or entire components that 
can be assembled or modified by users 
or system integrators. 

The user interface for IBM's ''Workplace" 
line is (you may have guessed from the 
name) based on OS/2's Workplace 
Shell. This object-oriented user interface 
will be adapted for DOS, UNIX, and 
OS/2. Users think in terms of directly 
manipulating objects on the desktop 
rather than dealing with programs and 
other computer-based metaphors. IBM 
is working on making the user interface 
even easier to use by adding powerful 
new visual metaphors. 

N ow that we've introduced 
some of the terminology, we 
give the floor to Joe Gugliel

mi, the chairman and CEO of Taligent. 
We used the system detailed in Figure 3 
as a reference point for our questions. 

Developer: Let's start with one of the loftier 
questions. Taligent was jointly founded by 
IBM and Apple. What were your original 
goals, and how have they changed? 

Joe: When Apple and IBM got together 
on this project, it was because both com
panies had a common vision of the 
importance that object-oriented technol
ogy would have in the marketplace. 
Both had substantial interest and invest
ments already in that technology. We 
first looked at a joint development 
using the Power PC RISC chip and then 

it grew into a more encompassing pro
ject that would commercialize objects on 
high-volume platforms and get the 
industry to make the transition from a 
procedural world to an object world. 

Joe M. Guglielmi 

fully integrated into an ope<ating form. ~ 
So as a kind of a Lucky Strike Extra, 
you get to do those in an integrated 
fashion. By the way, in an object sys-
tem all those things become simply 

Joe Guglielmi, 51, is chairman and CEO of Ta ligent, Inc. He moved to Taligent 
from IBM, where he was general manager of marketing and business develop
ment for the Personal Systems Line of Business. In his 30-year career at IBM, 
Guglielmi designed the business strategy for IBM's first successful minicomput
er line, helped establish a division for marketing IBM's first PC products, and 
established IBM's first alliances with PC application companies. 

Why is that so important? 

Because our goal is to provide a dra
matic improvement in the application 
development environment. I talk about 
it in terms of moving the cycle from 
years to months and providing a brand 
new environment, in terms of function
ality, that will encourage innovation. It 
also turns out that, since we're writing 
an operating system from scratch, we 
get to do some things right. We now 
have a rich heritage in multimedia, 
advanced graphics support, and other 
capabilities that we know should be 

objects that you can deal with. You 
don't worry about whether you're 
dealing with full-motion video or 
whether you're dealing with static data 
types. Everything is treated as an object 
structure. 

Where do you see this technology going? 

We see enormous potential in this tech
nology-not because it's object-orient
ed, but because it can give the industry 
a brand new base that will allow us to 
move from today's environments, 
which are constrained, we think, by the 

JULY / AUGUST 1993 9 



operating system capabilities. Just as 
OS/2 2.0 unleashed the power of a 
microchip we'd been shipping for years, 
this will begin to unleash the power and 

This is where our strategy has changed 
dramatically. Initially, the notion was 
to deliver one large brand-new operat
ing system, top to bottom, in one really 

"What we provide is an environment that lets 
(developers) do a much better implementation of 
what they do best " 

creativity in the industry in a different 
way. We won't be constrained by the 
old paradigms of procedural operating 
systems. 

How will. you get this technology into the 
marketplace? 

Seeing Gpf is believing! 

significant drop. We've become more 
realistic about that; we've had to deal 
with very pragmatic issues. How do 
we, when providing this great step 
function, deal with current invest
ments? How are we going to make sure 
the OS/2 investments, AIX invest-

• Design 32 or 16 bit GUis for IBM OS/2® or Microsoft Windows® 

ments, System 7 investments carry for
ward? How do we ensure that we don't 
force a change in the marketplace all at 
once to a new technology? 

So how do you do that? 

We've focused our strategy over the last 
year on three or four things. One is 
moving the project from a research pro
ject with two or three technology bases 
to a product development environment 
where we now have the focus on deliv
ering products that respond to cus
tomers' requirements to the market
place. Second, we've spent a lot of time 
staging the project... we can't do it all at 
once. We'll never be able, in one release, 
to compare to those established operat
ing systems, so that's a bad goal. So let's 
focus on areas in which we think the 

• Be creative, WYSIWYG design environment • Full CUA '91 Control set, 32 or 16 bit 
• Full application and/or DLL generation • Reusable Objects 
• Minimal time to application delivery 
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technology substantially leverages itself. 
We're going to stage our technology to 
focus on both corporate and software 
developers. What do they need first, to 
provide value? Taligent's proposition is 
that the value comes from the develop
ers. We don't compete with them for 
word processors or spreadsheets, and 
we don't do databases. What we pro-

operating systems like OS/2, AD<, and 
System 7. That's a pretty profound 
change. That's something that's not 
very natural for a team developing a 
new operating system to do. A devel
opment team wants to make the 
biggest step function change, one that 
differentiates between current and 
future environments. Well, we con-

"We benefit if IBM and Apple evangelize object 
technologies and provide us with a more 
evolutionary path. We're a small company; 
we can't do it all ourselves. " 

vide is an environment that lets them do 
a much better implementation of what 
they do best. Our delivery channels
Apple, IBM, and others-are also going 
to add value to this. 

Yes, but every new operating system needs 
to do that kind of stuff .. 

It does. But the second new notion is 
that we would take pieces of this tech
nology and make it available to current 

eluded that without some strategy to 
get the technology into the market 
early, the step function was too great. 
This isn't 1983 anymore. This isn't 
about "I have a great technology; we'll 
just get people to stop what they're 
using and move over to it." We have 
example after example in the market
place today where great technology 
can't get commercial acceptance. So the 
notion was, why don't we take pieces 
of this technology and make them 

available to current operating systems? 

What does that do for those operating 
systems? 

First of all, if we've done classy imple
mentations of the technology, it will 
enhance them. OS/2 will be more com
petitive; System 7 will be more competi
tive. By the way, we're not limiting it to 
just those two; our strategy is to go after 
as many of the current operating sys
tems as possible. Think about all the 
UNIX environments or-ultimately
any 32-bit system that can carry the 
technology. 

What are the benefits to Taligent of mak
ing this technology available to others? 

The technology will make OS/2 and 
System 7 more competitive and they, in 
turn, will provide us a transition plat
form for the wide-scale introduction of 
objects to the marketplace. We benefit if 
IBM and Apple evangelize object tech
nologies and provide us with a more 
evolutionary path. We're a small com
pany; we can't do it all ourselves. But 
by putting pieces out in the market
place, we begin to provide a transition 
mechanism-that is, investments made 
in applications that use that technolo-
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gy under a mature operating system 
can be carried forward into Taligent 
when the time is right. So when Tali
gent comes, customers can decide 
whether they want to move to it or not. 
This is not a forced march. It doesn't 
mean one Monday morning OS/2 goes 
out of business or System 7 goes out of 
business-that's not the strategy. 

But if you've made your object technology 
available on other platforms, why would 
anybody ever want to move to Taligent? 

Taligent will be fully object-oriented 
with a very consistent object model. 
When you enter Taligent, everything in 
the system is an object, with no differ
entiation between a system object and 
an application object. We can imple
ment a very consistent object structure: 
once you're in the object space, you can 
leverage every element in that environ
ment. You won't ever have to deal with 
the procedural elements of a system. 
Take NextStep, for example. Steve 
(Jobs) has a great user interface tool, 
but you still have to bounce into UNIX 
from within your applications. 

What are the advantages of having objects 
at the operating system level? 

Envision a growing industry that 
would provide system frameworks, 
networking frameworks. Take commu
nications ... If they don't like ours, IBM 
or Novell could replace it with their 
own implementation. Device adapters 
can inherit characteristics of a particu
lar device class and customize them to 
fit their particular needs. It's a very 
consistent way of taking advantage of 
new hardware. System software can 
then keep up with fast-moving hard
ware technology. 

OK, so what's in it for application software 
developers? 

If we do our job right, in the mid-90s 
application developers will not be writ
ing code but will instead be shopping 
for objects. If you think about it, there 
will be thousands of objects; how do I 

know which one I want to subclass or 
reuse? We're building a very consistent 
development environment with view
ers or browsers that let you try out 
these objects and understand what they 
can do for you. You'll have a full 
envirionment that lets you think of 
your world in terms of objects. 

Will some of that environment be made 
available on 05/2? 

Yes. I didn't mean to imply that the 
layers of components we provide for 
OS/ 2 won't be great; they'll move 
objects forward and condition the mass 
market for objects. Taligent has the 

MOST COMPUTERS ONLY 
RESPOND TO TOUCH. 

WE'RE HELPING THEM DEVELOP 
A SENSE OF HEARING. 

' ' 

Speech recognition is here! 

Introducing ICSS, the IBM Continuous 

Speech Series. A developer's tool thot has 

the flexibility to speech enable your 

programs. This software product provides 

total speaker independence-there's no 

special voice training required. If some

one con talk, they con use your speech 

enabled program. And ICSS also features 

"continuous speech"-allowing you to 

, 

speak completely naturally, the way you 

would to a friend. With a 1,000 word 

active grammar that is dynamically 

switchable, the possibilities are limitless. 

ICSS runs on 486DX machines running 

0S/2 2.x, as well as RIS(/6000 

machines running AIX 3.2. For more 

information, coll l-800-627-8363. 

ICSS from IBM. =::-=-:., =:, = ---- ----We hear you. - - - -----------·-



added luxury of being able to put the 
whole thing together from the bottom 
to the top. 

Speaking of the bottom, both Taligent and 
05/2 will be running on the same Mach 3 
microkernel-is that correct? 

We're on the same microkernel, but 
IBM is not shipping Mach. They're 
shipping a microkernel based on Mach 
technology. Mach is a big, heavyweight 
thing; IBM and Taligent are creating a 
much more lightweight version of 

try. I'm trying to answer the guy who 
says, "What are you, nuts? Mach can't 
run an object system the way it's cur
rently designed." The answer is "It 
can't, but the kernel we're implement
ing can." It's really this notion that the 
core technology is optimized object 
technology and this new common 
microkemel works across OS/2, UNIX, 
and ultimately, hopefully, the industry. 
That's where the world's going. 

So is this microkernel one of the first pieces 
to be delivered? 

11 In Taligent, we are dealing with a system opti
mized for a very large number of small objects .... 
We don't move a few big objects. We move a lot 
of very little things around so we have a tremen
dous amount of tasking going on. 11 

Mach and creating personality-neutral 
servers and services. Taligent is adding 
the mechanisms to make it a first-class 
object environment. We're working on 
the performance implications of mov
ing thousands of objects around in a 
system. IBM will build the microkemel 
that we'll use as part of our common 
strategy. 

Mach is an open microkernel, something 
perceived as a benefit. Aren't you losing 
that by going to your own microkernel? 

I'm not commenting on the open 
aspect. I'm commenting on Mach's 
poor performance for doing objects. We 
have over four years of experience 
writing microkernels for objects, and 
we know how to do one. Object people 
don't think you can do objects on the 
current version of Mach-it may be OK 
for doing UNIX-type things. The com
mon IBM microkernel solves those 
technical problems. On the openness 
question, it's up to IBM how they sup
ply the microkernel back to the indus-

It's actually being developed at IBM. 
Our operating system development 
team is working with the IBM team. 

Are your object frameworks built on SOM 
and CORBA technologies? 

I think we've come to appreciate what 
SOM is and what it isn't. I think there's 
a greater feeling that SOM's design 
point and the problem set that it solves 
are important, very important. Whether 
or not we can, as a team, adopt all of the 
goals of SOM in our design point is the 
discussion we're having with IBM now. 
The reason is, I think, pretty neat to 
think about. In Taligent, we are dealing 
with a system optimized for a very large 
number of small objects. That's how we 
get performance. We don't move a few 
big objects. We move a lot of very little 
things around, so we have a tremen
dous amount of tasking going on. We've 
got the machine burning and we've 
optimized for performance. We got a lot 
of value out of that optimization. SOM 
is best when the primary objective is 

mixing objects from a variety of ven
dors. The fact that the object's interface 
is the standard defined by the Object 
Management Group-the CORBA spec
ification-is also very attractive. 

Will you support DSOM then, since it's 
based on CORBA? 

Of course. DSOM is a very easy case. 
Its ORB, which is CORBA compliant, is 
one way we deal with objects across 
networks. We know there are objects 
on this network that are going to be 
moved around. 

So you're depending on DSOM to bring 
CORBA. Is IBM representing Taligent's 
position in the OMG? 

IBM, like Sun or HP, has put some time 
into defining the CORBA compliance 
specs. In our implementation, we sup
port that spec as one of the important 
distributed object models in the indus
try. Now take Microsoft: they're doing 
CAIRO. I don't know if CAIRO is 
CORBA compliant; the likelihood is 
not. What's going to be our position on 
Microsoft's model? If it's a high-vol
ume model in the future, we're going 
to have to find a way to support it as 
much as possible. That doesn't mean 
we like it... or don't like it. Our position 
is pragmatic. We have to exist with 
whatever becomes a high-volume plat
form in the future. We're working with 
IBM, Apple, and others to try to make 
the transition as seamless as we can, 
but we're coming from two different 
worlds. What we won't do is subopti
mize our world. If we end up lowering 
our goal of full utilization of object 
technology, we will lose the great dif
ferentiation that comes from it. 

Which IBM groups do you work with on 
object technology? 

I deal through the PSP division, which 
means that Larry Loucks, Cliff Reeves, 
and Lee Reiswig are my contacts in the 
IBM world. So when I deal with Larry 
and Cliff, we either agree or don't 
agree, and I expect them either to bring 
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OSl2's time is here, thanks to 
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VisPro/ 
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down at a recent OS/2 
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-Robert X. Cringely 

lnfoWorld 
January 25, 1993 
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Sales (919) 387-7391 
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P.O. Box 336, Cary, NC 27512-0336 
© 1993 Hock Ware, Inc. 
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the rest of the company with them or 
tell me that I've got to go deal with the 
situation differently. By the way, 
they're doing a great job evangelizing 
Taligent within IBM. 

and beyond. This will give you the high
est affinity with Taligent. Why do I say 
that? Because I'm working very hard to 
make that happen. Can I tell developers 
that everything they do in every release 

"ff you're an 0S/2 developer, keep working with 
0S/2-release 2. 1 and beyond This will give 
you the highest affinity with Taligent ... I'm 
working very hard to make that happen. " 

If you were speaking directly to, let's say, 
leading edge 05/2 application developers 
who want to do the right thing and position 
their product for the future, what kind of 
strategy or recommendation would you 
map out? 

Here's the strategy I think has to be fol
lowed. If you're an OS/2 developer, 
keep working with OS/2-release 2.1 

will be cared for seamlessly? No, I can't 
tell them that. But they should know that 
we are working very hard with the PSP 
development group to put as much of 
this technology as possible into OS/2 
and AD<, to enhance their competitive
ness wherever we can, because we 
believe that's good. We believe a big 
OS/2 base is in Taligent's interest and, 
therefore, we're going to work as hard 

as we can with IBM to make it as pain
less as we can. We hope it's zero pain. 
That's our goal. But it probably won't be. 

How do you balance that with Apple's 
needs? 
The same way. When we talk to Apple, 
I have the same strategy. The decisions 
we make optimize on where Taligent is 
going, mindful of the fact that helping 
make Apple successful with System 7 
and IBM with OS/2, AIX, and Work
place OS is good for us, because every 
user in those two or three camps is 
going to be positioned much better to 
come to Taligent. 

Will the Taligent user interface look like 
Mac, Workplace Shell, or something brand 
new? 

That's unclear, frankly, and let me tell 
you why. I believe that the opportuni
ty to build the Taligent desktop com
pletely from an object paradigm gives 
us degrees of freedom that can move 
the desktop beyond what is possible 
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to test your applications. Introducing Workstation 
Interactive Test Tool (WITT) 2.1, for OS/2® 2.0. An . 
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today. So we're focused on that; we're 
trying to figure out where we can 
exploit this technology the best. Let's 
take one model that could happen. In 
a Taligent world, since everything is 
an object, applications don't exist the 
way they exist today. You turn your 
system on and it comes up with a set 
of objects that you deal with, and you 
arrange them in workflows. The 
notion of a workflow world centered 
on the user is much more realistic in a 
full-object world. Everything on the 
screen is a full object linked from the 
top to the bottom of the system. When 
we are ready to deliver a full-object 
model to the screen, we're going to go 
back and work with IBM and others 
on where they are today. We'll try to 
make it as evolutionary as we can ... 
we'll find ways to see if we can't 
evolve multiple releases of the Work
place Shell or the Mac look to where 
Taligent is heading. 

What's your planning horizon? 

We're the only ones in town who are 
worried about 1996. I don't mean that 
in a negative way. Everybody else is 

cessful by themselves. They will not 
have the kind of critical mass that you 
require. So the design point is to fully 
exploit the technology and then look 
backwards to see how we move the cur
rent base from here to there, and there 
are several bases. But the thing people 

ought to feel good about is that we're 
thinking about it. It's not like we're over 
here doing our best thing and hope that 
someday it all works. This is the first 
time there is a group that is allowed to 
really focus on where we want to be. At 

11 I will tell you this: both Apple and IBM feel 
strongly about keeping their current systems 
viable, and we support that Theres no model 
here, under any circumstance, where all of a 
sudden on Monday morning 0S/2 or System 7 

II goes away. 

worried about 1993, '94, and '95. I have 
to stay worried about 1996, or '97: how 
can this technology, when it's fully 
exploited, change the playing field in 
the industry? If we miss the goal of pro
viding dramatic new technology, the 
industry won't change. If the industry 
doesn't change, none of the interim 
operating systems are going to be sue-

IBM, you know that there can be terri
ble constraints on getting there when 
you must suboptimize to support the 
core installed base. But we don't want 
to look like we never talk to each other, 
either, so we have a new development 
model here. It's different than we've 
ever tried before, and that's why Tali
gent is a separate company. 

Will Taligent technology bring together the. 
System 7 and 05/2 worlds? 

As a separate company, I can talk with 
a lot of authority about what we're 
doing, and I can tell you only a little bit 
about how we're working with these 
two companies. If you want their view 
of the world, you've got to go ask IBM 
and Apple. I will tell you this: both 
Apple and IBM feel strongly about 
keeping their current systems viable, 
and we support that. There's no model 
here, under any circumstance, where 
all of a sudden on Monday morning 
OS/2 or System 7 goes away. That isn't 
in the cards, because there's no viable 
scenario where this whole thing can 
make the transition in one day to a new 
environment. So there is going to be, as 
you expect, a continuation of a substan
tial investment in those current operat
ing systems, and we're going to find a 
way to make the path to Taligent very 
attractive. 

Are you going to sell a shrink-wrapped Tal
igent through software stores? 

Yes, but that isn't our model. The 
whole distribution model is changing 
today. The store distribution model is 
going away; I mean, who distributes 
operating systems today? The hard
ware manufacturers. So our strategy is 
to get the distributors to accept the 
technology, to provide the critical mass, 
the target volumes, so that developers 
can see it. Shrink-wrap and user sales 
will come after that. So the whole 
model is different. It isn't about run
ning big ads in magazines, hoping that 
users will ask developers to create a 
great application. It's about going to 
developers and saying, "Look, you're 
building a great application. You can 
keep doing it. We're going to give you 
the tools to do it in a third of the time 
and to maintain it more easily by an 
order of magnitude. You know, by the 
way, that when you upgrade it, your 
cycle will go from two years to six 
months. That's worth a lot by itself. Oh, 
there's another opportunity coming. 
Have you thought about spreadsheet 
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Down the road, the shortcomings 
of other client/server development tools are 

certain to become apparent . 
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The people in your company who rushed 

out and acquired fancy little GUI builders 

may be buzzing right along with them. 

But what happens when those same people 

need to connect to information outside of 

their department? Or when their user ranks 

1-800-OBJECTS swell and data flow begins to explode? Or 

when they decide they want to take advantage of the power inher
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We have a White Paper that describes the five models of client/ 
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engines, word processor engines, 
graphics engines? Have you thought 
about work flow as an application? You 
can really do it now. Have you thought 
about it?" So we're creating a different 
world of applications and when we 
start this model, all of these characteris
tics will allow hardware manufacturers 
to differentiate their products. 

We want to sell through the high-

ket share. Between now and 1996, 
there's just not enough time to substan
tially change the rate flow. I don't 
know what the division between NT, 
DOS, OS/2, and Windows will be; who 
knows? That's completely up to them. 
We haven't seen NT yet, but they'll 
have a large share. I believe OS/2 will 
gain critical mass and have a substan
tial share. I think Apple will continue 

"We want to sell through the high-volume 
channels. If we don't do that, our adoption curve 
is going to be seven years. It takes seven years to 
get an operating system to the market, if you're 
good I want to be a success faster than that " 

volume channels. If we don't do that, 
our adoption curve is going to be seven 
years. It takes seven years to get an 
operating system to the market, if 
you're good. I want to be a success 
faster than that. So all of these strate
gies are working toward substantially 
reducing the adoption curve for the 
new technology. 

How do you see the operating system pie 
divided in 1996? 

I'd be presumptuous to give you a tar
get, but I will tell you that existing sys
tems will continue to have a large mar-

to have a big share. UNIX will probably 
still own eight or nine percent of a 
growing market. By 1995 there'll be 35 
million micros shipped per year, so 
even 10% of that is still a big volume. 

And then Taligent will begin to 
show up. Now I can't tell you exactly 
how big our wedge will be, but it will 
not be zero, because we intend to get 
to market by the mid 90s; hopefully 
earlier. And I think that, as Taligent 
becomes an important environment 
and we demonstrate its utility, that 
wedge will grow more rapidly than 
historical growth rates in new operat
ing systems. 
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32-Bit ~--------------------------------.;;._ 

• 

The release of OS/2 2.1 presents software vendors with a platform for developing 32-bit OS/2 applications and 
tools as well as DOS and Windows applications. Its new and enhanced features let developers exploit emerging 
PC technologies. BY MIKE KAPLY 

The Release of OS/2 2.1: 
An Overview 

0 S/2 2.1 has many major and minor 
enhancements, including better device 
support (CD-ROM, SCSI, video, and print

er), WIN-OS/2 3.1, a 32-bit graphics engine with 
32-bit seamless drivers, ISO-compliant fonts, 
advanced power management, Personal Comput
er Memory Card International Association (PCM
CIA) support, inclusion of Multimedia Presenta
tion Manager/2, and pen and security "hooks." In 
addition, improvements have been made to the 
overall performance, specifically to WIN-OS/2 3.1 
and the Workplace Shell. Figure 1 is an overview 
of the OS/2 2.1 system components and the major 
areas in which service fixes and enhancements 
were made. 

OS/2 2.1 ON CD-ROM 
With the success of CD-ROM Professional Develop
er's Kit, IBM is shipping OS/2 2.1 on a CD-ROM with 
two accompanying disks to begin installation. The 
upgrade is also available on 3 ½" and 5 ¼" disks. 

DEVICE SUPPORT 
CD-ROM and SCSI support has been improved in 
OS/2 2.1; OS/2 now provides support for CD
ROMs from eight manufacturers: Hitachi, IBM, 
NEC, Panasonic, Sony, Texel, Toshiba, and CD
Technology. SCSI adapter support includes 
Adaptec, Future Domain, DPT, and IBM adapters. 

More display drivers are also provided in OS/2 
2.1, with seamless video drivers included for 13 
SVGA adapters including Tseng, ATI, Western 

Digital, Headland, and Trident. 8514/ A support is 
now provided on 32-bit seamless drivers. Other sup
ported video modes are VGA, XGA, and XGA-2. 
Depending on the driver and the hardware configu
ration, these drivers can support resolutions as high 
as 1024-by-768 with 256 colors and 800-by-600 with 
65,536 colors. 

The 32-bit model removes the 64K 
segment limits, increasing the limits on 

most resources including the number 
of definable points and handles. 

PRESENTATION MANAGER 
A new 32-bit graphics engine, first available with the 
Service Pak in October 1992, gives faster, more accu
rate graphics performance. The major changes are: 

• 32-bit model 
• Increased limits 
• New Gpi Polygons API 
• Addition of Palette Manager 
• ISO-compliant fonts 
• Improved performance 
• 32-bit seamless drivers. 
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Workplace Shell 
Desktop User 

Interface 
Command Prompts 

PM Apps 

Control Program 

Kernel 
Processes 
Memory 
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Display Drivers 
Base Video Handlers 
PM Display Drivers 
WIN-OS/2 Display 

Drivers (Full-Screen 
and Seamless) 

DOS 
Apps 

Drivers 
WIN-OS/2 Printer 

Drivers 

Figure 1. 0S/2 2. 1 system components overview 

The 32-bit model removes the 64K 
segment limits, increasing the limits on 
most resources including the number 
of definable points and handles. Tables 
1 and 2 show how some limits have 
been increased. 

The new Gpi Polygons API improves 
high-speed drawing of polygons; the 
32-bit implementation removes prior 
restrictions and provides a faster, more 
powerful mechanism for drawing one 
or more polygons. (For more informa
tion about the Gpi Polygons API, see the 
05/2 2.0 Programming Guide, Vol. 3.) 

The palette manager allows devel
opers to take full advantage of SVGA 
and XGA drivers displaying 256 col
ors. Applications can now define their 
own colors instead of relying on 
dithering or closest fit. For more infor
mation, see the 05/2 2.0 Programming 
Guide, Vol. 3. 

Another change to the graphics 
engine is the introduction of ISO fonts 

that conform to the ISO 9241-3 stan
dard. Use of these fonts is optional; 
however, the System Proportional font 
is replaced in OS/2 2.1. All other ISO
compliant fonts are provided in addi
tion to the original OS/2 fonts. 

The performance of the graphics 
engine has been improved by the 
removal of many "thunks" within the 
system. Also, many graphics opera
tions were enhanced for better perfor
mance. 

Another important addition with 
the new graphics engine is the ability 
to develop 32-bit seamless drivers. 
These drivers provide better perfor
mance than their 16-bit counterparts. 
Note that in addition to the new 32-bit 
drivers, 16-bit drivers are still support
ed by OS/2 2.1. 

WORKPLACE SHELL 
Many improvements have been made 
to the Workplace Shell. The icons of 

Workplace Shell objects can now be 
changed by dragging and dropping 
any icon or object onto the General 
Page in the objects' settings. In addi
tion, desktop notebooks now use a spi
ral binding instead of a solid binding. 
For security purposes, a new option 
allows users to lock up OS/2 automat
ically on system startup. The WPS also 
has improved memory usage and 
improved .INI file handling. 

Warning: If you have written Work
place Shell drag and drop code under 
OS/2 2.0, the way the ancestor classes 
respond to the _wpDragOver method has 
changed for OS/2 2.1. Specifically, the 
parent _wpDragOver method will return 
DOR_ NEVERDROP if the ancestor classes can
not accept the source objects. Conse
quently, code must be written so that 
the parent _wpDragOver method is called 
first, and if the resultant Drop indicator 
is not DOR_NEVERDROP, then the method 
may continue its processing. 
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Resource Type 

Points in a polyline 
GPI paths 

16-bit 

64K (data) 
1400 points 

32-bit 

128MB (points) 
8MBpoints 

Table 1. Comparison of limits of 16-bit and 32-bit graphics engine 

DOS SUPPORT 

05/2 session. This change lets applic ~j I 
tion developers further customize DOS ~ 
sessions for test scenarios. Other 
enhancements include the updating of 
DPMI to be a subset of the 1.0 standard 
and MSCDEX audio support in the vir-
tual CD-ROM driver. 

WIN-0S/2 3.1 

Resource Type 32-bit Several enhancements have been made WIN-OS/2 support in OS/2 has been 

to DOS support in OS/2. A second updated to support Windows 3.1 appli-
cations. An enhanced compatibility thread has been introduced into the 

PS/ OC handles 16K DOS sessions to allow for better com - mode also lets many enhanced-mode 

munications and better synchroniza- Windows applications run. However, 
applications that require a VxD-type Bitmap handles 64K tion of audio and video in multimedia 

Region handles 64K applications. This function can be device driver will not run. Performance 
in WIN-OS/2 has been improved, espe-

Font handles 
enabled with the DOS setting INT _DUR-

cially the clipboard and DDE functions. 64K ING_IO. Another new setting, DOS_AUTOEX-
WIN-OS/2 3.1 also provides most of the EC, allows individual AUTOEXEc.BAT files 

Table 2. 32-bit handle limits to be specified for each DOS or WIN- applets shipped with Windows 3.1, and 
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a new function allows OS/2 and DOS 
applications to be started from within a 
Windows session. WIN-OS/2 3.1 also 
includes multimedia extensions as well 
as Truetype font support, provided in 
addition to Adobe font support. 

LAPTOP SUPPORT 
On systems that support the APM 
(Advanced Power Management) stan
dard, OS/2 2.1 provides power-man
agement capabilities and a power applet 
to monitor battery status. PCMCIA sup
port is also provided; through socket 
and card services, PCMCIA cards can be 
removed and replaced while the 
machine is on. Interfaces allow device 
drivers to be allocated dynamically. 

MMPM/2 
OS/2 2.1 includes Multimedia Presen
tation Manager/2,· a set of extensions 
that adds multimedia functions to 
OS/2 including image and audio sup
port, a multimedia control interface, 
support of various devices, system 
sounds, and several multimedia 
applets. Applets included with OS/2 
2.1 that were not available with 
MMPM/2 1.0 are a wave editor and the 
Ultimotion software motion video 
player. For more information about 
MMPM/2, see the References section. 

PERFORMANCE IMPROVEMENTS 
Extensive improvements have been 
made to OS/2's performance, including a 
reduction in the working set of OS/2, 
HPFS improvments, and scheduler and 
loader changes that provide faster execu
tion. In addition, there have been 
changes in some CONFIG.SYS parame-

The following APis have been added to OS/2. For more information, consult 
the online references available with the toolkit. 

DosProtectQose 

DosProtectEnumAttribute 

DosProtectOpen 

DosProtectQueryFHState 

DosProtectQueryFileinfo 

DosProtectRead 

DosProtectSetFHState 

DosProtectSetFileinfo 

DosProtectSetFilelocks 

DosProtectSetFilePtr 

DosProtectSetFileSize 

DosProtectWrite 

WinCheckinput 

WinlockPointerUpdate 

WinlockupSystem 

WinQuerySysPointerData 

WinSetPointerOwner 

WinSetSysPointerData 

WinUnlockSystem 

wpAddPowerPage 

Table 3. New 0S/2 AP/s 

FOR PROGRAMMERS ONLY 
The MMPM/2 Toolkit is now a part of the 
base OS/2 Toolkit; it does not need to be 

wpAddPowerViewPage 

wpChangePowerState 

wpEjectDisk 

wplockDrive 

wpPower 

wpQueryAssociatedProgram 

wpQueryAutoRefresh 

wpQueryDefStatusView 

wpQueryDrivelockStatus 

wpQueryPowerConfirmation 

wpQueryPowerManagement 

wpQueryRefreshRate 

wpSetAssociatedFileicon 

wpSetAutoRefresh 

wpSetAutoRefresh 

wpSetDefStatusView 

wpSetPowerConfirmation 

wpSetPowerManagement 

wpSetRefreshRate 

SUMMARY 

WIN-0S/2 support in 0S/2 has been updated to 
support Windows 3.1 applications. 

OS/2 2.1 continues to build on the 
foundation established by OS/2 2.0, 
providing a solid base for running and 
developing applications for DOS, 
OS/2, and Windows. Strengths include 
new 32-bit interfaces and the object-ori
ented System Object Model. 

28 

ters to improve performance in memory
constrained environments. For detailed 
information about these changes, consult 
the 05/2. 2.1 Technical Update Redbook. 

purchased separately. Also, several APis, 
shown in Table 3, have been added to 
OS/2. For more information, consult the 
online references available with the Toolkit. 
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32-Bit 
OS/2 2.1 supports many popular CD-ROM drives and enhances application compatibility for DOS CD-ROM appli
cations. A layered CD-ROM device driver design illustrates how SCSI and non-SCSI attached CD-ROM drives are 

supported. BY FRANK SCHROEDER and RICK EFRUSS 

CD-ROM Support in OS/2 2.1 

The popularity of CD-ROM drives has 
increased significantly in the past year and 
the trend is expected to continue. This 

increased popularity can be attributed to several 
factors-increasing numbers of CD-ROM software 
titles, the continuing evolution of multimedia, and 
the increased use of CD-ROM discs as a conve
nient storage medium for large quantities of data. 
Computer software manufacturers have increased 
their use of CD-ROM discs as a cost-effective 
means of distributing software products and tech
nical information to customers. 

With the growing popularity of CD-ROM, 
emphasis has been placed on enhancing CD-ROM 
support in OS/2. While in OS/2 2.0, CD-ROM 
support is limited in the number of drives sup
ported and the level of compatibility with DOS 
applications, OS/2 2.1 support has been enhanced. 
OS/2 now supports many popular CD-ROM dri
ves; the level of DOS CD-ROM application com
patibility has also been improved. 

This article describes the CD-ROM enhance
ments in OS/2 2.1. A layered CD-ROM device dri
ver model is described; topics ranging from DOS 
application compatibility to installation are pre
sented, and a list of supported CD-ROM drives is 
included. 

OS/22.D 
In OS/2 2.0, support for CD-ROM hardware and 
software is limited. The CD-ROM device driver 
(CDROM.SYS) supports only IBM and IBM-com
patible CD-ROM drives by Toshiba. Drives from 
other manufacturers are not supported. 

Users with unsupported CD-ROM drives can 

work around this limitation with the OS/2 VM 
boot feature, accessed with the "DOS from Drive 
A:" icon in the Command Prompts folder. The VM 
boot feature allows the user to boot a native ver
sion of DOS in a full-screen session under OS/2. 
The booted DOS session uses the native DOS CD
ROM device driver that ships with the CD-ROM 
drive. Access to the CD-ROM drive is possible only 
through the booted DOS session; the drive cannot 
be accessed from an OS/2 or WIN-OS2 session. 

The virtual CD-ROM device driver 
(VCDROM.SYS) in OS/2 2.0 supports only some 
of the programming interfaces defined in the DOS 
CD-ROM Extensions (MSCDEX). Although many 
DOS CD-ROM applications work properly in OS/2 
2.0, those that use unsupported DOS CD-ROM 
extensions will fail. (The terms "DOS CD-ROM 
Extension" and "Microsoft CD-ROM Extension" 
[MSCDEX] are used interchangeably and refer to 
the same set of programming interfaces.) 

OS/22.1 
OS/2 2.1 offers more extensive support for CD
ROM drives and CD-ROM applications. Device 
driver support is provided for most of the popular 
SCSI-attached CD-ROM drives. Figure 1 shows a 
complete list of supported CD-ROM models. 

The CD-ROM device drivers in OS/2 2.1 fully 
exploit the capabilities of each CD-ROM drive. 
Data and audio support are provided for all mod
els. CD-ROM XA support is provided for those 
models that support the CD-ROM XA storage 
standard, which enables the interleaving of audio, 
video, and standard file system data. It is the stor
age format used in Kodak's Photo CD technology, 
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Manufacturer 

Hitachi 

IBM 

NEC 

Panasonic 

Pioneer 

Sony 

Texel 

Toshiba 

Model 

CDR-16505 
CDR-1750S 
CDR-3650 
CDR-3750 

CD-ROM I 
CD-ROM II 

CDR-25 
CDR-36 
CDR-37 
CDR-38 
CDR-72 
CDR-73 
CDR-74 
CDR-74-1 
CDR-82 
CDR-83 
CDR-84 
CDR-84-1 

CR-501 
LK-MCSOlS 

DRM-600 
DRM-604X 

CDU-541 
CDU-561 
CDU-6111 
CDU-6211 
CDU-7211 

DM-3021 
DM-3024 
DM-5021 
DM-5024 

XM-3201 
XM-3301 
XM-3401 

Interface 

SCSI-1 
SCSI-1 
SCSI-1 
SCSI-2 

SCSI-1 
SCSI-2 

SCSI-1 
SCSI-1 
SCSI-1 
SCSI-2 
SCSl-1 
SCSI-1 
SCSI-1 
SCSI-2 
SCSI-1 
SCSl-1 
SCSI-1 
SCSl-2 

SCSI-2 
SCSI-2 

SCSI-1 
SCSl-2 

SCSI-2 
SCSI-2 
SCSI-1 
SCSI-2 
SCSI-2 

SCSI-1 
SCSI-2 
SCSI-1 
SCSl-2 

SCSI-1 
SCSI-2 
SCSI-2 

OS/2 CD-ROM Device Drivers 

OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 

OS2CDROM.DMD 
OS2CDROM.DMD 
OS2CDROM.DMD 

HITCDSl.FLT 
HITCDSl.FLT 
HITCDSl.FL T 

TOSHCDSl.FLT 

NECCDSl.FLT 
NECCDSl.FLT 
NECCDSl.FL T 

NECCDSl.FLT 
NECCDSl.FLT 
NECCDSl.FLT 

NECCDSl.FLT 
NECCDSl.FLT 
NECCDSl.FLT 

SONYCDSl.FLT 

SONYCDSl.FLT 

SONYCDSl.FLT 

TOSHCDSl.FLT 

Figure 1. CD-ROM drives supported by OS/2 2. 1 

which stores photographic images on a 
CD-ROM disc. 

To increase DOS CD-ROM applica
tion compatibility, OS/2 supports the 
full set of application programming 
interfaces defined by Microsoft CD
ROM Extensions 2.21. A new DOS set
ting, INT_DURING_IO, allows faster perfor
mance of DOS multimedia applications. 

A layered CD-ROM device driver 
model simplifies device driver develop-

ment for both SCSI and non-SCSI CD
ROM drives. Several CD-ROM manu
facturers use this model to develop 
OS/2 device drivers that support their 
popular non-SCSI CD-ROM drives. 

A system view of OS/2 2.1 CD
ROM components and their relation
ships is illustrated in Figure 2. The fol
lowing sections give an overview of the 
CD-ROM subsystem and the responsi
bilities of each component. 

The Virtual CD-ROM Device Driver. The 
virtual CD-ROM device driver 
(VCDROM.SYS) provides the compati
bility layer for DOS applications that 
require CD-ROM API services. It con
sists of two parts: a generic OS/2 virtu
al device driver (an operating system 
extension responsible for separating the 
activity of multiple DOS sessions) and 
a DOS device driver. The virtual device 
driver model consists of a dynamic link 
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library with separate instance data for 
each DOS session. 

The virtual device driver portion of 
VCDROM.SYS is responsible for servic
ing the DOS CD-ROM Extensions soft
ware interrupt (INT 2Fh) interface. DOS 
applications use the AH register for the 
DOS CD-ROM Extension function code 
(15h) and the AL register for the com
mand code, as shown in Figure 3. Para
meters to the DOS CD-ROM Extensions 
API are passed in the general-purpose 
registers. (This API is described in fur
ther detail in the CD-ROM Program
mer's Guide for MS-DOS CD-ROM 
Extensions 2.21 .) 

The DOS CD-ROM Extensions 
enable DOS applications to determine 
the number of CD-ROM drives 
installed; to navigate the volume, path, 
and directory structures; and to man
age the files stored on a CD-ROM disc. 
The virtual device driver routes the 
DOS CD-ROM Extensions request to 
the OS/2 CD-ROM file system. 

The DOS device-driver portion of 
VCDROM.SYS handles DOS INT 21h file 
system requests to the CD-ROM drive. 
All requests-for example, reading a 
file from a CD-ROM disc-are routed 
from the DOS device driver to the 
OS/2 CD-ROM file system. The virtual 
CD-ROM device driver passes requests 
to the OS/2 CD-ROM file system using 
the virtual device helper services. 

Additional information on the virtu
al CD-ROM device driver and the vir
tual device helper services can be 
found in the Virtual Device Driver Refer
ence of the OS/ 2 Technical Library. 

The CO-ROM File System. The OS/2 CD
ROM file system (CDFS.IFS) is a file 
system driver that understands how 
data is stored on the CD-ROM disc and 
uses the installable file system mecha
nism to attach to and receive requests 
from the 05/ 2 file system. The primary 
method of storage and retrieval, the 
High Sierra/ISO-9660 format, specifies 
precisely how volume-, directory-, 
path-, and file-specific information is 
arranged on the media. 

CDFS.IFS uses the file system helper 
services to pass data and audio com-

mands to the CD-ROM device manag
er. The helper services convert each 
requested operation into a device driver 
request packet that is passed to the CD
ROM device manager. For example, if 
CDFS.IFS receives a request to read data 
from a file, it converts the file-system 

ves that comply with the American ~ I 
National Standards Institute (ANSI) ~ " 
SCSI-2 standard X3T9.2/86-109 (SCSI- ~ 
2 draft of proposed A SI Revision 
10g). It provides generic data and 
audio support for drives that support 
the command set specified in the 

File System API 14----~------~ 
Virtual Device Helper API 

SCSl-2 Commands 

Figure 2. OS/2 2. 1 CD-ROM component hierarchy 

read request into the appropriate physi
cal sector read request, which is then 
processed by the device manager. 

The CO-ROM Device Manager. The 
OS/2 CD-ROM device manager 
(OS2-CDROM.DMD) is a generic 
block-device driver for CD-ROM dri-

standard. Vendor-unique CD-ROM 
XA support and multisession Kodak 
Photo CD support are provided for 
selected drive models. 

The CD-ROM device manager pro
vides a uniform interface between its 
clients and adapter device drivers. 
Clients of the device manager include: 
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• OS/2 applications 
• Multimedia Presentation 

Manager/2(MMPM/2) 
applications 

• The virtual CD-ROM device 
driver 

• The CD-ROM installable file 
system. 

05/2 applications and the MMPM/2 
subsystem communicate with the device 
manager using the 05/2 file system API 
and Categories 80 and 81 IOCtl services, 
as shown in Figure 4. 

DOS applications communicate 
indirectly with the CD-ROM device 
manager, going through the virtual 
CD-ROM device driver. VCDROM.SYS 
converts DOS CD-ROM extensions and 
DOS file system requests into an OS/2 
file system (or category 80 or 81 IOCtl) 
request, which is then routed to the 
CD-ROM device manager using the 
virtual device helper services. 

The CD-ROM file system communi
cates with the CD-ROM device manag
er using the request packet interface 
defined in the OS/2 2.0 Physical Device 
Driver Reference manual. 

The interface between the device 
manager and adapter device drivers 
adheres to the adapter-device driver 
interface defined in the OS/2 2.0 Stor
age Device Driver Reference Manual spec
ification. The device manager converts 
a request from its client into a SCSI-2 
command descriptor block and routes 
the SCSI-2 command to the specified 
adapter device driver. 

The device manager is an installable 
block-device driver loaded with a 
DEVICE= statement in CONFIG.SYS. It 
replaces CDROM.SYS, the CD-ROM 
device driver shipped in OS/2 2.0. 

SCSl-2 Emulation Filters. A SCSI CD
ROM target device with vendor-unique 
commands not supported in the SCSI-2 
standard requires a SCSI-2 emulation 
filter (.FLT), as shown in Figure 1. The 
emulation filter maps SCSI-2 com
mands received from the device man
ager to the vendor-unique commands 
supported by the target device. This 
support is required to enable audio sup-

Command Function Description 

00h Get number of CD-ROM drive letters 
01h Get CD-ROM drive device list 
02h Get copyright file name 
03h Get abstract file name 
04h Get bibliographic file name 
05h Read VTOC 
06h Reserved 
07h Reserved 
08h Absolute disc read 
09h Absolute disc write 
Oah Reserved 
Obh CD-ROM drive check 
Och MSCDEX version 
Odh Get CD-ROM drive letters 
Oeh Get/ set volume descriptor preference 
Ofh Get directory entry 
10h Send device request 
Uh-OFFh Reserved 

Figure 3. MSCDEX Version 2.21 command codes and function descriptions 

port on CD-ROM drives that adhere to 
the SCSI-1 standard because the SCSI-1 
standard does not define a standard 
command set for audio control. 

A SCSI-2 emulation filter is required 
for each vendor-unique CD-ROM 
drive. Typically, a CD-ROM manufac
turer uses the same vendor-unique 
command set for all its CD-ROM dri
ves; one filter driver is therefore 
required for each manufacturer. 

The filter driver receives SCSI-2 com
mands from the CD-ROM device man
ager, converts the command to its ven
dor-unique equivalent, and routes the 
filtered command to the SCSI adapter 
device driver. If data returned with the 
command needs to be filtered, the filter 
driver regains control when the request 
is complete, converts the outgoing data 
to its SCSI-2 equivalent, and returns to 
the device manager. The filtering 
process is transparent to the device 
manager and the adapter device driver. 

SCSI Adapter Device Drivers. A SCSI 
adapter device driver (.ADD) contains 
the hardware-specific modules required 
to program the SCSI adapter that con-

trols the CD-ROM drive. An 05/2 SCSI 
adapter device driver is needed to sup
port a SCSI-attached CD-ROM drive in 
OS/2. The generic INT 13 device driver 
(IBMINT13.113), which can be used to 
support a SCSI attached fixed disc, can
not be used to support a CD-ROM 
drive. 

The SCSI-2 emulation filter and the 
SCSI adapter device driver adhere to 
the adapter-device driver interface 
defined in the OS/2 2.0 Storage Device 
Driver Reference Manual. 

OS/2 2.1 comes with device drivers 
for SCSI adapters from IBM, Adaptec, 
DPT, and Future Domain. In addition, 
OS/2 device drivers for SCSI adapters 
from Always Technology, BusLogic, 
Media Vision, Mylex, Trantor, and 
UltraStor are available from either the 
manufacturer or third-party developers. 

Non-SCSI CD-ROM Adapter Device Drivers. 
Several leading CD-ROM drive manu
facturers use proprietary, non-SCSI, host 
adapter interfaces for CD-ROM drives. 
To support a non-SCSI CD-ROM drive, 
the adapter device driver must emulate 
a SCSI-2 target device. This enables the 

IBM OS/2 DEVELOPER 



Here's a C Set offer with lots 
of pluses. From IBM Program

ming Systems. Because for only 
$149, you can upgrade from 

Work Set/2 or C Set/2 to the new 
C Set++~ the most complete object
oriented application package you can 
buy for OS/2~ 

et++ 
Its 32-bit CIC++ compiler 

0 lets you unleash all the power or 
of OS/2 - giving you industrial 
strength code for your mission 
critical applications. 

a 
It has an extraordinary code optimizer with a full 

set of options. Even a switch to optimize for the new 
Pentium™ processor. Plus a full set of class libraries, 

including application frame
works for PM, container classes 

and classes for multitasking, 
streams and more. 

Plus, there's C ++ a full complement 
of other helpful 

features. Such as an interactive source level debugger. 
And the unique Execution Trace Analyzer traces the 
execution of a program, then graphically displays 
diagrams of the analysis. 

Plus, you get Workframe/2:'" a language-independent 
tool that lets you customize your own environment. 

To order your upgrade at the low price of only $149, 
contact your nearest dealer or call 
1-800-342-6672 (USA) or 
1-800-465-7999 ext. 461 (Canada). 
But hurry. This offer expires August 31, 1993. 

NIST validated 
Standards 

ANSI C++ X3J16 (Full ARM) 

ISO 9899:1990 

Inter-module 
Optimization 

Instruction scheduling 

note+ 
==:.:: .=@ - - ---- ---- - ---- - - -----------·-

IBM and OS/2 are registered trademarks and C Set++ and Workframe/2 are trademarks of International Business Machines Corporation. 
Pentium is a trademark of Intel Corporation. Windows is a trademark of Microsoft Corp. © 1993 IBM Corp. 



ii 

36 

DOS OS/2 

Category Function Category Function IOCtl/Command Description 

O2h 00h ***(7) Return address of device header 
O2h O1h 80h 70h Return location of head 
O2h 04h 81h 60h Return audio channel information 
02h 06h 80h 60h Return device status 
O2h O7h 80h 63h Return sector size 
02h 08h 80h 78h Return volume size 
O2h 09h m(8) Return changed media code 
O2h Oah 81h 61h Return audio disc information 
O2h Obh 8th 62h Return audio track information 
O2h Och 8th 63h Return audio subchannel Q information 
O2h Oeh 80h 79h Return UPC code 
O2h 15h 8th 65h Return audio status information 

O3h 00h 80h 44h Eject disc 
03h O1h 80h 46h Lock/ unlock door 
03h 02h 80h 40h Reset drive 
03h 03h 8th 40h Audio channel control 

***(1) 80h 61h Identify CD-ROM driver 
***(2) 80h 72h Read long 
***(3) 80h 50h Seek 
m(4) 81h 50h Play audio 
***(5) 8th 5th Stop audio 
***(6) 8th 52h Resume audio 

Notes 

1. Command is not available in DOS. 5. DOS extended device driver command 133h 
2. DOS extended device driver command 130h 6. DOS extended device driver command t36h 
3. DOS extended device driver command 13th 7. Command is not available in 05/2 2.1 
4. DOS extended device driver command 132h 8. Corresponds to OS/2 block device driver command 0th 

Figure 4. DOS to 0S/2 2.1 CD-ROMIOCtl mapping 

CD-ROM device manager to issue a 
common command set to its target 
devices, regardless of whether a target 
device directly supports the SCSI-2 com
mand set or the attached host adapter is 
SCSI or proprietary. The incoming com
mand and the return sense data must be 
emulated by the driver. 

Non-SCSI CD-ROM adapter device 
drivers adhere to the adapter-device 
driver interface defined in the OS/2 2.0 
Storage Device Driver Reference Manual 
specification. 

CD-ROM GENERIC /OCTLS 
OS/2 provides an API called device 

1/0 control (DosDevIOCtl), which enables 
applications to communicate directly 
with OS/2 device drivers. The OS/2 
IOCtls are specified by a category code 
and a function code. For CD-ROM sup
port, the category 80h IOCtls control 
data access to the drive, while category 
8th IOCtls control audio features of the 
drive. These IDCtls are routed from the 
application to the CD-ROM device 
manager. The CD-ROM IOCtls are fur
ther described in the IBM PS/2 CD
ROM II Technical Reference manual. 

The DOS operating system provides 
an equivalent application programming 
interface called I/0 Control (IOCtl) so 

DOS applications can communicate 
directly with device drivers. The INT 2th 
function 44h call is translated by the DOS 
device driver portion of the virtual CD
ROM device driver to a virtual device 
helper, which is then routed to the CD
ROM device manager. Additional infor
mation about the DOS IOCtl interface 
can be found in Appendix C of the DOS 
5.0 Technical Reference manual. 

The DOS IOCtls are specified as 
belonging to either the read (02h) or 
write (03h) categories and are further 
subdivided into function codes, which 
correspond to the activity that the 
application is requesting of the device 
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driver. Figure 4 illustrates the mapping 
of DOS CD-ROM IOCtls to their corre
sponding OS/2 equivalents. 

INSTALLATION 
Installation of CD-ROM device drivers 
has been simplified in OS/2 2.1. Dur
ing the initial installation of OS/2, the 
installation program automatically 
detects the presence of the CD-ROM 
drive and SCSI adapter and installs the 
required device drivers. The product 
name of the detected CD-ROM drive 
and SCSI adapter is displayed, provid
ing visual feedback to the user. 

Users who add a CD-ROM drive to 
their system after OS/ 2 has been 
installed can use the Selective Install 
feature to install the required device 
drivers. 

After installation, the CONFIG.SYS 
file will contain the following state
ments: 

DEVICE=C :\0S2\MDOS\VCDROM.SYS 
IFS=C:\0S2\CDFS.IFS /Q 
BASEDEV=IBM2SCSI.ADD 
DEVICE=C :\0S2\0S2CDROM.DMD /Q 

In these statements, VCDROM.SYS repre
sents the virtual CD-ROM device dri
ver for DOS application support and 
CDFS.IFS represents the CD-ROM file 
system driver. IBM2SCSI. ADD is the 
adapter device driver for the IBM PS/2 
SCSI Adapter. (This statement varies 
depending on the SCSI adapter 
installed.) 0S2CDROM .DMD is the OS/2 CD
ROM device manager. 

The adapter device driver is loaded 
with BASEDEV=, while the CD-ROM device 
manager is loaded with the DEVICE= 
statement. For CD-ROM drives that use 
the SCSI-I interface, a BASEDEV= statement 
is also required to load the SCSI-2 emu
lation filter. (Figure 1 gives a complete 
list of supported CD-ROM drives and 
their associated device drivers.) 

DOS SETTINGS FOR CD-ROM 
APPLICATIONS 
In OS/2 2.0, one thread is used in each 
DOS session for all activity, including 
hardware interrupt simulation. This sin-

IBM DOS Sellings 

Settl 
EMS_HIGH_OS_MAP _REGION 
EMS_LOW_OS_MAP _REGION 
EMS_MEMORV_LIMIT 
HW_NOSOUtl) 
HW_ROM_ TO_RAM 
HW_TIMER 
IDLLSECONOS 

I IDLL SENSITIVITV 
Ill I llUIWI(; 10 
l<BD_ALTHOME_BVPASS 
KBO_EM"FER_EXTEJI> 

M KBO_CTRL_BVPASS 
KBO_RATL LOCI< 
MEM_EXCLUOL REGIONS 
MEM_INCLUDLREGIONS 
MOUSE._EXCLUSIVE_ACCESS 

Figure 5. INT _DURING_IO DOS setting 

gle-threaded implementation limits the 
performance of DOS multimedia appli
cations. The limitation is noticeable in 
DOS applications that require synchro
nized audio and video; the typical result 
is breakup of the audio or video stream. 
A breakup occurs when the single 
thread is blocked in the device driver 
while waiting for a read of the CD
ROM to complete. When blocked, the 
thread cannot process the simulated 
hardware interrupts of the other stream. 

OS/2 2.1 adds a new DOS setting, 
INT _DURING_IO, which alleviates this syn
chronization problem, as shown in Fig
ure 5. When INT _DURING.IO is set to ON, 
OS/2 2.1 creates a second thread so 
that hardware interrupt simulation can 
occur concurrently with input and out
put. The result is smoother audio and 
video playback for DOS multimedia 
applications. Because the INT _DURING.IO 
DOS setting adds some overhead to the 
system, it should be activated only 
when needed to make a particular 
application run successfully. 

KODAK PHOTO-CD SUPPORT 
Kodak recently introduced its Photo CD 
technology, which enables users to store 
photographic images on a CD-ROM 

Value: 

°" Off 

0Ncrlptl1N1,-------

s.t ON lo allow lnurrupta during file 
rNdl 111d writes. Whal N1 to off, 
doa progr-. will not ,_In 
lntwrupt1 until lftw read/write 11 
done. Thl1 prop•rty lhoWI bl N1 ON 
for ~tlfflldl1 1ppllcatl-. 

disc. To support the Photo CD stan
dard, a CD-ROM drive must be able to 
read CD-ROM XA formatted sectors. 

Multisession Photo CD allows users 
to add more sets of photographs to a 
CD containing an existing set. In OS/2, 
multisession Photo CD is supported for 
the following CD-ROM drives: 

• Sony CDU-561 
• Toshiba 3401 
• Texel 3024/5024 (with Texel 

Photo CD firmware upgrade) 
• Pioneer DRM-604X (with 

Pioneer Photo CD firmware 
upgrade). 

Single-session Photo CD restricts the 
storage of images to a single set; no pho
tos can be added after the initial set. Sin
gle-session Photo CD is supported in 
OS/2 2.1 for these CD-ROM drives: 

• CD Technology Porta-Drive 
T3301 

• Hitachi CDR-3750 
• IBM CD-ROM-II 
• Sony CDU-541, 6211, 7211 
• Texel 3024, 5024 
• Toshiba 3301 
• NEC Multispin 38, 74-1, 84-1. 
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(noun) 1. One who keeps the 
environment green. 2. A series of clip
and-save tips for keeping your business 
and home environments green. 

ca 
How to help 

from the boardroom to the mail
room to the lunchroom to the wash
room, there may be more ways than 
you think to help your company be
come environmentally responsible: 

• Recycled office paper 

• In-house recycling programs 

• Reduced or recycled product 
packaging 

• Glassine or open window 
envelopes 

• Compact fluorescent light bulbs 

• Company coffee mugs 

• Weekly departmental newsletters 
instead of daily memos 

But how can you help your com
pany make these changes? Where 

can you find energy-saving, recyc
lable, and recycled materials? How 
can your company recycle its own 
waste? And how can you do it at little 
or no expense-or even save money? 

Try some of the suggestions in 
Keeping Your Company Green, written 
by Stefan Bechtel and the editors of 
Rodale Press. This how-to guidebook 
is packed with "simple, doable steps 
your company can take to help keep 
itself-and the world-green." The 
book also includes a Directory of 
Green Products and Services . For 
more information, contact Rodale 
Press at 1-800-441 -7761 . 

Permission granted by Rodale Press, Inc. 

The Green-Keeper series is sponsored by 
the MF/ Green Project of Miller Freeman Inc. 
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Ptintina 
This article describes enhancements to printing performance in OS/2 2.1 with emphasis on the OS/2 LaserJet 
printer driver. We will compare and discuss new performance options in the LaserJet driver: printer memory 
usage, large buffers, printer hardware patterns, and HP-GL/2. BY SH/XIONG YANG and MONTE COPELAND 

Print Performance Options in 
0S/2 2.1 Printer Drivers 

Shixiong Yang 

Monte Copeland 

Three things affected printing performance 
under OS/2 2.0: the addition of the 32-bit 
graphics engine component (PMGRE.DLL), 

advances in printer hardware, and changes to 16-
bit OS/2 Presentation Manager (PM) print drivers. 
This article describes changes in OS/2 2.1 that 
affect printing, with special emphasis on the OS/2 
LaserJet printer driver. It compares new perfor
mance options in the LaserJet driver: printer mem
ory usage, large buffers, printer hardware pat
terns, and HP-GL/2. 

CHANGES AFFECTING 
PRINTING PERFORMANCE 

32-Bit Graphics Engine Component. The OS /2 graphic 
engine component (PMGRE.DLL or simply GRE) 
has been converted to 32-bit in OS/2 2.1 and was 
first introduced in the Service Pak ( previously 
referred to as the corrective service disk) for OS/2 
2.0. 

The new GRE allows OS/2 to enable 32-bit PM 
device drivers while retaining compatibility with 
existing 16-bit PM device drivers. In OS/2 2.1, 
most PM video drivers are 32-bit, while most PM 
printer drivers are 16-bit. 

Because of this, printing takes some perfor
mance hits because of "thunking." A thunking 
process is a short piece of code that allows 32-bit 
functions to call 16-bit worker routines and vice 
versa. The GRE uses thunks in OS/2 2.1 to retain 
compatibility with 16-bit PM printer drivers-but 
at a cost: executing thunk code takes additional 
time. For example, a commonly run test case caus-

es the GRE to call the driver function FillPath over 
600,000 times for a single page. Each call must exe
cute thunk code. 

Most laser printers have 300 dots-per-inch (dpi) 
resolution, but new models boast 600 dpi. This 
twofold increase in resolution means a fourfold 
increase in raster data that the GRE, the printer 
drivers, and the OS/2 kernel must generate and 
send to the printer. To store a letter-sized mono
chrome bitmap at 300 dpi, for example, takes 
about 1MB of memory; at 600 dpi it takes about 
4MB of memory. 

New Performance Optimization. In OS/2 2.1, the 
GRE, spooler, and 16-bit PM printer drivers have 
been optimized to improve printing performance. 
In the past, the interaction between the GRE and 
PM printer drivers was not a problem since both 
GRE and drivers were 16-bit. Now, however, 
reducing the interaction becomes an important 
issue. To improve performance, we used dynamic 
GRE dispatch tables. We also found opportunities 
in the GRE, the spooler, and PM printer drivers to 
cache memory rather than freeing and reallocat
ing it later. In several cases, this improved spool
ing time by as much as 10% to 25%. 

Dynamic GRE Dispatch Tables. One new use of the 
GRE is for dynamic dispatch table support. The 
GRE dispatch table (essentially a jump table) is an 
array of function pointers that, by default, point 
to functions in the GRE. Device drivers change the 
table and point to functions within the driver, an 
activity known as "hooking the engine." Previous-
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Printer Compression Mode Testing 
Output File Size Comparison 

Application 

CorelDraw Paris 

Describe Generic Pg. 1 

0 

Figure 1. Printer compression mode 

ly, a device driver had only one chance 
to hook the engine. With dynamic dis
patch tables, however, a PM driver can 
now selectively unhook the GRE func
tions based on its initial settings (job 
properties, device context type, and so 
on) when a new printer device context 
is enabled. Reducing the number of 
hooked functions reduces the number 
of thunks to execute; thus, printing per
formance improves. 

PERFORMANCE OPTIONS IN THE 
PM PRINTER DRIVERS 
In the printer properties dialogue, the 
PM LaserJet driver offers printer mem
ory and printer page protection selec
tions. It also offers four different per
formance options in the job properties 
dialogue of the driver. The printer 
object presents both dialogues, while 
most applications present the job prop
erties dialogue before printing. 

If these options improve perfor
mance, it is logical to ask, why not 
enable them all the time? The answer 
is that some options may not improve 
performance every time; it depends on 

2 3 

Output File Size (MB) 

the application program and the con
tent of the print job. 

Printer Memory Selection and Compres
sion Mode. In 0S/2 2.1, the LaserJet dri
ver needs to know exactly how much 
printer memory is available for com
pressing raster data. On the printer 
properties dialogue, specify the amount 
of memory installed in your printer 
and the page protection value. The 
memory amount should include stan
dard and expanded memory. If you are 
unsure about these values, print the 
self-test page from the printer and enter 
the values displayed there into the 
printer properties dialogue box. 

The amount of available printer 
memory affects how the LaserJet driver 
compresses raster data. PCLS-capable 
LaserJet printers allow several modes 
of data compression; the driver chooses 
the optimal mode of compression 
based on printer capabilities, available 
printer memory, and the nature of out
put data. 

The modes of raster data compres
sion are uncompressed (mode 0), run-

3.577 

4 

• Mode O (Non-Compression) 

Mode 1 (TIFF) 

• Mode 3 (Delta Row) 

• Mode 5 (Adaptive) 

length encoded (RLL mode 1), tagged 
image file format (TIFF mode 2), delta 
row compression (mode 3), empty row 
(mode 4), and adaptive mode compres
sion (mode 5). 

Mode 2 is the tagged-image file for
mat, or TIFF, a combination of mode 0 
(unencoded) and mode 1 (RLL encod
ed). The driver selects mode 2 encod
ing when there are repeated or similar 
bytes adjacent to one another in a sin
gle raster row. 

Mode 3, the delta row encoding 
method, identifies those bytes in a 
raster row that are different from corre
sponding bytes in the preceding row. 
The driver transmits only those bytes 
that are different, then selects mode 3 
encoding when there are similar adja
cent raster rows. 

Mode 5, adaptive compression 
mode, is a mixture of all compression 
modes that can print empty or dupli
cate rows. In mode 5, the driver selects 
one compression mode per row but 
bundles up to 32K of rows into a single 
mode 5 block. Currently, only Hewlett 
Packard's LaserJet 4 printers support 
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this mode. 
The first step in choosing an optimal 

compression mode is to check the 
printer model and available memory. 
The driver studies the raster data and 

Fast System Fonts Option. In OS/2 2.0 and 
2.1, there is a fast system fonts option on 
LaserJet and IBM 4019 printer drivers. 
When the option is disabled, OS/2 sys
tem fonts are sent to the printer as raster 

Amount of System Memory 

Large Buffers Option Testing 
Describe 3.0 Generic Pg.3 

14MB 

8MB 

6MB 

0 50 100 150 

212 

44 

200 250 300 

• W/O Large buffers 

W/ Large buffers 

Spooling Time (Seconds) 

Figure 2. Large buffers option testing 

Printer Patterns Option Testing 
Printing 28 Patterns Using Excel OS/2 

Printer time 
(sec.) 

OJlputFUI Size 
(KB) 

68 

68 

100 200 300 

Figure 3. Printer patterns option testing 

chooses a suitable compression mode. 
The best selection is the one that con
serves the most spool file space and the 
time it takes to transmit data to the 
printer. Figure 1 shows the different 
spool file sizes of one page of raster 
data in two applications using different 
compression modes. The diagram 
shows that compression mode can have 
a large impact on file size and that the 
optimum compression mode varies 
with different output data. 

400 500 

• Printer patterns on 

• Raster mode (Compression on) 

Raster mode (Non-Compression) 

graphics data. When the option is 
enabled, however, the printer driver 
downloads OS/2 system fonts to the 
printer where they become (essentially) 
device fonts. With a large text job (for 
example, a multipage spreadsheet) 
designed with OS/2 system fonts, print
ing speed is dramatically improved. 

Large Buffers Option. This option refers 
to buffers of memory allocated from 
primary computer storage. When 
selected, it causes the PM LaserJet 

printer driver to allocate substantially 
more RAM when using the LaserJet 4 
or other 600-dpi printers. Test results 
show that this option works best with 
at least 8MB of RAM. 

With normal buffers, the LaserJet 
printer driver allocates a 1MB memory 
buffer to hold raster data for a letter
sized page. (The printable area for let
ter size is 8.0-by-10.6 inches. At 300 dpi, 
it takes 11,250 bytes per square inch to 
hold monochrome raster data. Thus, a 
300-dpi letter-sized page fits in 954,000 
bytes.) 

In higher resolutions or for forms 
larger than letter size, 1MB is not 
enough to hold all raster data. In this 
case, the driver uses a technique called 
"banding" to partition a page into sev
eral 1MB sections, or bands. Graphic 
orders are first recorded into a journal 
file, which is played as many times as 
necessary to write the raster data into 
each band. Using a 1MB buffer, print
ing to a LaserJet 4 printer at 600 dpi, 
the driver must generate four bands for 
a letter-sized page. The driver must 
play the journal file four times to ren
der the whole page. Replaying the jour
nal file is time-consuming; printing 
with it can take up to four times longer 
than printing a 300-dpi page. 

The large buffers option increases 
the size of the banding buffer to 4MB. 
A buffer of this size is adequate for a 
600 dpi letter-sized page; the driver 
need play the journal file only once. 
While this option may adversely affect 
a low-memory system, it provides a 
performance boost for users with 
enough system memory. Figure 2 
shows test results for the large buffers 
option on computers with varying 
amounts of system memory. 

Printer Patterns Option. This performance 
option was added in OS/2 2.1 for Laser
Jet and IBM 4019 printer drivers, to 
speed spreadsheet applications that fill 
rectangular areas with shading or cross
hatch patterns. It uses pattern-fill capa
bilities in the printer hardware instead 
of raster patterns generated by the GRE, 
reducing the size of the spool file and 
saving transmission time to the printer. 
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When the printer patterns option is 
enabled, the printer driver hooks the 
GRE function FillPath. When the GRE 
calls the printer driver to fill a path, it 
generates the appropriate PCL4 or 
PCLS printer control language com
mands for the target printer. PCLS 
printers support the HP print model 
and allow pattern filling with back
ground mixing modes. This hardware 
support is adequate for almost all pat
tern-filling graphic requirements. 

The performance gain with the 
printer patterns option depends on two 
factors. First, the complexity of paths or 
regions to fill affects performance. For a 
small number of large rectangular fills, 
the option greatly reduces the size of 
the output file and increases the print
ing speed. For a large number of rec
tangular fills, however, it may overbur
den the printer's engine and decrease 
performance. Our tests show that this 
option improves performance when the 
areas to fill are of moderate complexity. 
Figure 3 shows the test results printing 
an Excel for 0S/2 spreadsheet with 
pattern fills of 28 rectangular areas. 

Second, the printer processor speed 
and printer language level affects per
formance. For PCIA printers, the option 
should only be used for simple pattern 
filling (no overlay or white filling). Fur
ther, since the pattern-filling com
mands are executed in the printer, 
overall speed increase depends on the 
speed of the printer microprocessor. 

HP-Gl/2 Option. HP-GL/2 is the stan
dardized version of the Hewlett
Packard Graphic Language usually 
found in the company's line of plotters. 
HP-GL/ 2 is especially well suited for 
drawing arcs and lines because the dri
ver can efficiently generate vector 
drawing orders. Using HP-GL/2 com
mands reduces the output file size, 
increasing printing speed. When the 
HP-GL/ 2 option is enabled, the Laser
Jet print driver hooks the GRE func
tions for line, polyline, arc, box, area 
fill, box fill, and polygon fill. 

HP-GL/2 mode is best suited for 
print jobs that are mostly vector and 
pattern-fill commands with few raster 

operations. For example, printing a line 
drawing test case to a LaserJet 4 printer 
with mode 5 compression produces a 
136K spool file without HP-GL/2; the 
same test case with HP-GL/2 enabled 
produces a 4K spool file. Figures 4 and 
5 show the performance of HP-GL/2 in 

with HP-GL/2. At an OS/2 command 111 
prompt, change directory (CD) to the _ _ __ _ 
\SPOOL \<physical name> and do a directory 
listing (DIR) of *. SPL with the /OD (sort by 
date) switch. The last two files contain 
the PCLS commands generated by the 
driver. If the latter (HP-GL/2 enabled) 

HP-GU2 Performance Testing 
Total Printing Time Comprison 

Test cases 

• W/O HP-GL12 

Arc test case 
• W/ HP-GU2 

Line test case 

52 
Pattern test case 

10 20 30 40 50 60 

Printing Time (Seconds) 

Figure 4. HP-GU2 performance: printing time comparison 

HP-GU2 Performance Testing 
Output File Size Comparison 

Test cases 

• W/OHP-GU2 

Arc test case • W/ HP-GU2 

Line test case 

733 
Pattern test case 

100 200 300 400 500 600 700 800 

Output File Size (KB) 

Figure 5. HP-GU2 performance: output file size comparison 

three test cases for arc drawing, line 
drawing, and pattern filling. 

To tell if a job is suited for HP-GL/2, 
first specify printer-specific format in 
the LaserJet settings for queue options, 
then change the status to hold. Print the 
job two times, first without and then 

trial is substantially smaller than the 
former, then the job is well suited for 
HP-GL/2. 

There are some limitations to the 
HP-GL/2 option. Mixing HP-GL/2 
drawing and raster drawing can lead to 
incorrect output if one should overlay 
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Create GUI Applications 
That Deliver The Promise Of 0S/2. 

YOUR WAIT IS OVER! 

Now there's a graphical development and 
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touch of your mouse. 
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Get the promise of OS/2 now. Make PM/FOCUS 
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application development. For more information, 
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the other. The order in which they are 
drawn can affect the final result. 

Patterns are treated differently 
when HP-GL/2 is enabled; the driver 
essentially ignores the setting of the 
printer pattern's performance option in 
this case. When HP-GL/2 is on, the dri
ver will always fill areas using HP
GL/2 commands. 

Font output may also differ slightly 
with HP-GL/2; character strings ren
dered with it may differ from strings 
rendered with system fonts, especially 
when text is clipped, rotated, or mixed 
with other graphics such as lines or 
patterns. 

Depending on job content, output 
rendered with HP-GL/2 can differ 
from the non-HP-GL/2 path. If so, turn 
off the HP-GL/2 option. 

FUTURE DIRECTIONS 
New advances in bidirectional ports 
and printers will eventually enable dri
vers to query the printer for installed 
memory and fonts, simplifying driver 
configuration and saving unnecessary 
work. We expect more application pro
grams to subclass the Workplace Shell 
printer object and provide drag-and
drop printing for their particular file 
formats. 

Our strategy is to move away from 
the 16-bit PM printer drivers and 
exploit the 32-bit model. The 32-bit 
print drivers and the GRE will interop
erate using the flat memory model. The 
absence of thunking combined with the 
new performance techniques described 
here promise even faster printing on 
the horizon. 

Shixiong Yang, IBM Corp., 1000 N.W ! ,_ 
51st St., Boca Raton, Fla. 33429. Yang is a 
staff programmer in the OS/2 advanced 
printing department at IBM, where he is 
currently working on OS/2 PM printer dri-
ver development. Yang holds a D.Eng.Sc. in 
electrical and computer engineering from 
the New Jersey Institute of Technology. 

Monte Copeland, IBM Corp., 1000 N. W 
51st St., Boca Raton, Fla. 33429. Since 
1987, Copeland has worked at IBM as a 
tester, technical support person, tools 
writer, and conference presenter. He is cur-
rently a presentation print driver developer. 
Copeland holds a B.S. in computer science 
from Florida Atlantic University. 
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Client/Server 
As enterprises begin to roll out applications on client/server platforms such as 0S/2, system administrators 
must manage large numbers of distributed resources such as clients, shared printers, and file servers. This 
presents an opportunity for developers of distributed system management applications. BY CHUCK MCKELLEY 

LAN NetView: 
A Programming Overview 

Chuck McKelley 

C lient/ server architecture is characterized 
by applications executing on a large num
ber of workstations and PCs rather than on 

one time-shared mainframe or minicomputer. In 
addition to performing traditional network man
agement, the administrator of a client/server net
work must deal with such problems as distribut
ing corrective service disks and new releases of 
software products to LAN-connected clients and 
servers, performing remote failure analysis, and 
monitoring remote system use. A few vendors 
have delivered distributed applications that help 
administrators solve these and other problems. 

Most of these distributed system management 
applications consist of two major pieces. The sec
tion of an application that contains the user inter
face is often known as a manager or managing 
program, while the PC upon which it runs is 
called a managing station. Most distributed man
agement programs also contain an agent, a pro
gram that runs on the systems to be managed. The 
systems on which the agent runs are called man
aged stations. 

Management protocols, which managers use to 
communicate with agents, run over a variety of 
transport protocols, such as the transmission control 
protocol/internet protocol (TCP /IP) and the Net
BIOS protocol. Many management applications use 
private management protocols; some, however, use 
either the simple network management protocol 
(SNMP), originally designed to manage TCP / IP net
works, or the common management information 
protocol (CMIP), designed to manage open systems 
interconnection (OSI) networks. SNMP and CMIP 

are quite different and, until recently, most distrib
uted system management application vendors have 
had to choose between the two. In addition, most 
vendors concentrate on only a few parts of the dis
tributed system management problem, with the 
result that different system management applica
tions are incompatible and have very different user 
interfaces. Further, an application that manages 
SNMP agents may not be able to communicate with 
CMIP agents and vice versa. 

LANNETVIEW 
With the announcement of the LAN NetView dis
tributed management products (based on Hewlett
Packard's Open View technology), IBM has made 
it easier for vendors to integrate distributed man
agement applications on an open-system, stan
dards-based framework with a single object-ori
ented user interface similar to that of the Work
place Shell. The NetView family supports 
managing stations on OS/2 and managed stations 
on OS/2, DOS, and DOS plus Microsoft Windows 
platforms. The NetView open systems API allows 
the managing station to communicate with SNMP 
and CMIP agents on a variety of IBM and non
IBM platforms. 

The LAN NetView family, shown in Figure 1, 
contains products upon which distributed system 
management applications can be built. The base 
product set includes a product for managing sta
tions, LAN NetView Manage, and three for man
aged stations: LAN NetView Enabler, LAN 
NetView Agents for DOS, and LAN NetView 
Agents Extended. 
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Managing Station 

Managers 

IBM 

Vendor A 

I Vendor& 

LAN NetView Manage 

OS/2 2.0 or above 
+ Service Pak 

Figure 1. The LAN NetView family 

MANAGING STATION COMPONENTS 

LAN 

NetView 

Enabler 

LA NetView Manage is installed on OS/2 
managing stations. It contains core APls and ser
vices that allow managing applications to commu
nicate with CMIP and SNMP agents on managed 
stations throughout the network. Manage uses 
TCP /IP to communicate with SNMP agents. For 
CMIP agents, it supports CMIP over TCP /IP 
(CMOT) and CMIP over logical link control 
(CMOL). Manage also contains several compo
nents that assist applications with distributed 
management. 

Event Management Services (EMS) collects 
CMIP events and SNMP traps issued by agents on 
remote systems and routes them to any application 
registered to receive them. EMS's filter service 
allows applications to register only for events and 
traps of interest to them. In addition, an EMS agent 
logs events and retrieves event data from the log. 

DOS 5.0 and 
Windows 3.1 

LAN NetView Agents 
for DOS 

LAN Server 3.0 

LAN Server 3.0 

DOS 5.0 

LAN NetView 
Agents for DOS 

The Metadata Service manages the NetView 
management information base (MIB). Agent devel
opers can use the service to store their managed 
object definitions in the MIB, where they are avail
able for use by application programs. Applications 
can retrieve object definitions to understand 
objects that have been added by another applica
tion or agent developer. 

The Topology Management Service (TMS) con
tains a set of discovery functions that explore the 
network and collect information about network 
nodes and links. TMS stores the information in a 
network topology database available to manage
ment applications. The collected data includes sta
tus information, which is constantly updated to 
reflect the network state. TMS can discover SNMP 
and CMIP objects accessed via TCP / IP as well as 
CMIP objects accessed via CMOL. 

Application integration and user interface func-
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tions are supplied by the View compo
nent, the user's port into the network 
topology. An object-oriented user inter
face much like the OS/2 Workplace 
Shell, the View component was built 
using object-oriented programming 
techniques and the OS/2 system object 
model (SOM). There are two levels of 
integration available. Management 

tions to receive and respond to requests 
from the managing station. The Enabler 
includes the same OS/2 and LAN Serv
er requester agents packaged with 
Manage. 

CMOL agents to manage worksta
tions running DOS 5.0 or DOS 5.0 with 
Microsoft Windows 3.1 are provided 
by LAN NetView Agents for DOS. 

An application can also be tightly coupled 
with the user interface and can use object
oriented programming to access topology 
information and user interface folder data. 

applications can be launched from the 
topology display by registering an .EXE 
file with the View component's appli
cation integration service. An applica
tion can also be tightly coupled with 
the user interface and can use object
oriented programming to access topol
ogy information and user interface 
folder data. When a user selects an 
object in the View folders, the appro
priate SOM class is called. 

MANAGED STATION 
COMPONENTS AND PRODUCTS 
LAN NetView Manage also includes 
agents for the LAN Server 3.0 requester 
and OS/2 2.0 with the service pack and 
2.1. These agents can be used to man
age the LAN Server requester and 
operating system on the managing sta
tion. For example, the OS/2 agent can 
retrieve information about the operat
ing system, set information in the 
CONFIG.SYS file, and emit notifica
tions when exception conditions are 
detected. Manage also contains a per
formance subagent that retrieves select
ed performance information. 

The managed station counterpart to 
Manage is LA etView Enabler, 
which contains the subset of the LAN 
NetView Manage function needed to 
allow agents on OS/ 2-managed sta-

These DOS and Windows agents are 
installed on managed stations. 

LAN NetView Agents Extended pro
vides agents for OS/ 2 Extended Services 
1.0 Database Manager, OS/2 LAN Serv
er 3.0, and Communications Manager /2 
1.0. The database manager agent 
exploits the administration APis of the 
OS/ 2 Extended Services 1.0 Database 
Manager and the OS/ 2 Database Dis
tributed Connection Services / 2 1.0 on 
OS/ 2. Applications can use this agent to 
update database configuration informa
tion, catalogue nodes, or perform any 
other administrative task for which the 
database manager provides an API. The 
LAN Server agent allows management 
applications to perform remote adminis
tration on IBM LAN Server 3.0 
requesters and servers on OS/2, with 
the Communication Manager/2 1.0 
agent doing the same for Communica
tion Manager/2 1.0. 

LANNETVIEW 
MANAGEMENT PROTOCOLS 
LAN NetView-based management 
applications and agents communicate 
via the X/ Open OSI Abstract Data 
Manipulation API (XOM) and the 
X/Open Management Protocols API 
(XMP). The open-system XOM and 
XMP APis are symmetric; the same API 

is used on the managing and managed 
stations. XOM allows applications and 
agents on various platforms to encap
sulate management data and requests 
in self-describing packets that can be 
decoded by any XOM-knowledgeable 
receiver. Where analogous operations 
exist, XMP permits applications to 
communicate consistently with CMIP 
and SNMP agents. While optimal per
formance is achieved with specific 
commands for CMIP and S MP 
agents, the LAN NetView Manage and 
LAN NetView Enabler implementa
tions of XMP can map between CMIP 
and SNMP requests, hiding the multi
ple management protocols from the 
application. 

In addition to the management 
framework and agents, the LA 
NetView family includes four manage
ment applications: a fault monitor, a 
performance monitor, a configuration 
manager, and a manager that transmits 
LAN notifications to and receives com
mand functions from a mainframe 
NetView host. 

CONCLUSION 
The LA etView family provides 
developers of management applica
tions and agents with a robust stan
dards-based framework on which to 
build distributed management applica
tions. The framework's support of mul
tiple management and transport proto
cols allows developers to concentrate 
on management applications rather 
than the mechanics of communication. 
The X/ Open APis combined with the 
LAN NetView management services 
provide a standard way to supply 
agents, one that allows applications to 
manage resources consistently. Devel
opers can share objects and integrate 
applications with the LAN etView 
topology display. 

Charles R. McKelley, Jr., IBM LAN Sys
tems, 7 7400 Burnet Rd. , Austin, Texas 
78758. McKe/ley is an advisory programmer 
on the LAN NetView vendor support team. 
In his 26 years with IBM, he has held vari
ous technical and management positions in 
field support and software development. 
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Accessing and analyzing data in a variety of ways is critical in a business environment. The IBM Personal Appli
cation System/2 Version 3 is IBM's new 32-bit client/server product for decision support applications within the 
Information Warehouse framework architecture. BY RON DOUGLAS, SHAUN JONES, and WILLIAM KING, JR. 

32-bit GUI Client/Server 
Application Development 
With Personal AS/2 

Ron Douglas 

Shaun Jones 

William King, Jr. 

Personal Application System/ 2 Version 3 
(Personal AS/2 V3), developed by IBM's 
Programming Systems (PRGS) division, is a 

32-bit application designed for data access, query, 
data analysis, presentation, and communication of 
business results. It contains a range of tools to man
age and format data, including: 

• Table edit and browsing 
• Query 
• Data analysis and manipulation 
• Report writing 
• Chart creation 
• Task automation via iconic procedures. 

Personal AS/2 V3 is designed for business 

users and takes advantadge of OS/2 2.1 Work
place Shell functions such as drag and drop, clip
board support, and dynamic data exchange 
(DDE). 

PERSONAL AS/2 VJ PACKAGING 
The minimum configuration of Personal AS/2 V3 
is the base product, which provides data access, 
reporting and charting functions, and a graphical 
procedure function for generating basic applica
tions. The base product also provides run-time 
support for user applications developed with the 
optional Builder /2. Both products can be installed 
on a stand-alone PS/2 or LAN. Personal AS and 
related products are also available on the DOS 
Windows platform. 

~ Outstanding Order Detail s I 
Company Name Douglas Devices! 

Number of Outstanding Orders 1771 

£69642.001 Total Value of Orders 

Contact Telephone Number I (713)-134-77771 

Orders End 

Figure 1. Custom window created with Builder/2 

Out.standing Orders with Douglas Devices 

2: -t ' • 1.0 1.2: 1.-t 1., 1.• 

X. SC~9 Idaft.ti:t Sc~t1on. 
(1) RH (2) a11 (3) a12 (¼) au <•> aH Hl au 
(7) RH (t) R17 (~) RH (10) nu (11) »-2 (12) :N.20 
(13 l :u., (1¼ l »-• (1' > :u., 110 :u., (17 > :U.7 110 no 
(U) U9 

IBM OS/2 DEVELOPER 

~-z~ .. ~ • 

-- -



n 

r1 
rr r r r rr 
rr rr 
rr 
rr rr 
11 r n= -r 

Consultini: 

OS/2PMCUA 
Programming 

Management Testing 
Analysis Installation 
Design Maintenance 

Real-Time Controls and device drivers 
(708) 380-3584 

BUILD YOUR OWN 
05/2 LIBRARY 

Reprints are now available fur 05/2 DEVELOPER. 

Use your customized reprints fur: Customer support, sales 
tools, marketing support, educational tool. 

Call today for a custom quote: Laura Pullen, OS/2 DEVELOPER 

415-358-0126 ext.302 or fax 415-358-97 49 

Attention Mathematica users: 
Everything you need to know to get the most out 
of your math programming ts in 

THE MATHEMATICA JOURNAL 

Call or fax today for information about 
subscriptions and special issues: 
Phone orders: 415-905-2332 
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'' 

Gary Slattery, Software Developer, Computer Associates 

"The best platform for 
DOS and Windows." 

"I develop software applications for a living 
and I think OS/2® is a great way to do 
business." A 32-bit, virtual memory operat
ing system, OS/2 is the ideal platform for 
developing your DOS, OS/2, Windows™ and 
even host-based applications. 

With OS/2 you can boost the power of 
your favorite DOS and Windows tools, 

IBM and OS/2 are registered trademarks and Workplace Shell, C++, CommonView, 
C Set/2 and 0S/2 Crash Protection are trademarks of International Business Machines 
Corporation. All other products are trademarks or registered trademarks of their respective 
companies. © 1993 IBM Corp. 

plus take advantage of over 250 available 
OS/2 development tools and utilities. 

'' It's a productivity thing." 
"I use CA Realizer to prototype new 

graphical interfaces. I write code using 
CA C++ ™ and CommonView™ (integrated 
with IBM's C Set/2™ compiler) 
while I compile in the 
background. And when 
designing reports or 
planning schedules, 
I use CA-RET." 

OS/2's pre-emptive 
multithreaded multitasking dynami-
cally manages CPU time so you can run 

DOS, Windows and OS/2 apps 
concurrently in different sessions 
with maximum efficiency. That 
means you can edit in one win
dow, compile in another, link in a 

third and test in a fourth. With OS/2 Crash 
Protection,™ if one application goes down 
due to a bug, the rest you're working on 
won't. "There's no limit to what you can do 
with this system .... It's definitely made me 

d t. " more pro uc 1ve. 

The Development Platform of Choice 
• Enhanced development platform for DOS, Windows and 

OS/2 apps. 
• OS/2 Crash Protection for superior reliability. 

• Pre-emptive multitasking for increased productivity. 
• Virtual memory provides up to 512MB per session. 
• Flat memory model eliminates wrestling with segments. 

• Multiple virtual DOS machines for concurrent app 
testing. 

• Object-oriented Workplace Shell is easy and intuitive. 



The object-oriented 
user interface-the Workplace 
Shell™ (WPS)-gives you easy control with 
direct manipulation of visual objects on 
your computer screen. And should you need 
assistance with anything, IBM's Worldwide 
Developer Assistance Program is always there 
to help. 

"Ad 1 ' d " eve oper s ream. 

Use 0S12 to increase productivity of DOS, Windows and 
0 12 application development. 

-With OS/2's 32-bit architecture, you can 
push your 386 and 486 hardware to the limit, 
and develop spectacular multimedia _ w ~ ~ ~ : R _ 

d t • "d li t PC Magazine Award an en erpr1se-WI e C en -server forTechnicalExcellence 

applications. OS/2 lets you create •• 
the widest range of applications, 1 : 

for a variety of platforms, for · · 
almost any size computer. Here's OPERAr,NGs,srEMSAN• 

SOFTWARE ST AN DAROS 

your chance to develop truly ?aS:c~~~a~1!~ 
revolutionary 32-bit applications. With 
OS/2, now there's nothing stopping you. 

To learn more, call I 407 982-6408 
now, and get a free white paper on why OS/2 
is the ideal platform for your 
development efforts. 

Operate at a higher level. 

==-===® - - - --- - -- -. ---- - - ------ --_ _.. __ _ 



Personal Application System 
Builder/2 
Personal AS/2 V3's vendor-indepen
dent messaging interface allows inte
gration with office systems, enabling 
files and data to be sent to IBM and 
non-IBM e-mail applications. This 
capability can be extended with the 
optional Personal Application System 
Builder/2 (Builder/2). Personal AS/2 
V3's features can also be integrated into 
applications launched directly from the 
Workplace Shell. 

The Personal AS/2 V3 
base product provides 
data access, reporting 
and charting of functions, 
and a graphical procedure 
function for generating 
basic applications. 

56 

Builder /2 functions that help users 
who develop customized solutions for 
others include: 

• ASL, an event-driven develop
ment language 

• Full SQL access to the OS/2 
client/ server database 

• Access to distributed relational 
data via Distributed Data Con
nection Services/2 (DDCS/2) 

• Support of DDE as client and 
server 

• An interface that allows e-mail 
capability 

• Editors for window layout and 
control placement 

• An intelligent program editor 
for rapid logic creation 

• A C language interface 
• 0S/2 clipboard support 
• An interactive debug facility 
• APis to objects such as Report 

and Chart. 

Source program: Untitled 
Make File : DEMOCALC.WIN 
Date : 7-3-92 
Owner : System generated code 

Source window 
DEMOCALC.WIN 

Designated object name 
W_DEMOCALC 

ON SELECT 
This block is executed whenever a selectable control or menu 
entry is activated. 

ON SELECT 
DO 

CASE A.System.Object ! Which screen object? 

WHEN "T.W_DEMOCALC.Multiply" ! Menu entry "Multiply" 
DO 

! Insert your code here 
END 

WHEN "T.W_DEMOCALC.Divide" 
DO 

! Insert your code here 
END 

WHEN "T.W_DEMOCALC.Add" 
DO 

! Insert your code here 
END 

! Menu entry "Divide" 

! Menu entry "Add" 

WHEN "T.W_DEMOCALC.Subtract" ! Menu entry "Subtract" 
DO 

! Insert your code here 
END 

WHEN "T.W_DEMOCALC.STD_PUSH" 
DO 

CASE A.System .BoxNumber 
WHEN 1 ! Standard pushbutton "Calculate" 
DO 

! Insert your code here 
END 

WHEN 2 ! Standard pushbutton 11aear" 

Figure 2. Example of system-generated ASL code (continued on page 57) 

Builder /2 can be viewed as an 
application development tool with a 
faster learning curve than languages 

such as C. It combines customization 
with business tools via its APls and 
DDE linkages, providing prototyping 
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DO 
! Insert your code here 

END 

IIHEN 3 ! Standard pushbutton "Stop" 
DO 

! Insert your code here 
END 

END 
END 

END ! End case, A.System.Object 

END 

Figure 2. Example of system-generated ASL code (continued from page 56) 

~_TT_D_E_M_0_4_.P_R_G_-_P_ro~g~r_am ______ ~~~ 
Program Selected Edit 1:ibrary Help 

Ewnts:l:l:l:ltl:ltl:l:l:l:l::t:::::::::::::::: . . . . ...... . ....... .. .. . . . . . ... . ... 

~~L.~c.1D::::::::::I:::::::::1:::::::::::I:: J ................................. ................................... 
lis:W~;i,:1·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'· '·'·'·'·'·'·'· '· ~~!~:~!~:!~~:!:;:~;!:!;~:!;!:~~!:!;!:~~!:!;~:!;!:~:~:!: 
START\):lll/H\lll:l\lll:l:(:l:111:ll . ... ... ... ...... ... ... ... ... ...... ...... ... ... ... .. 
~i::1~ · ··· · ·· · ·· · ·· · ···· · · ····· ~~~~~:~:l;1:1;~:~;1:1;~:1; ~:~ ;1:1;1:1;1:1;1:1;1:1;~:~;~:1; 
ID.EStTO.Pi1:1i1i1:1:!l!:!l!:!ij:1: ·.· .·.·.·.·.·.·.·.·.·.·.·.·.·.·. ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·. ~ . ...... .................. ...... ............... ..... 
:;:.:;:.:;:.:;:.:;:.:;:.:;:.:;:.:;:.:;: .:;:.:;:.:;:.:;:.:;:.:;:.:;:. v 

Source library: none 

Figure 3. Personal AS/2 V3 ASL editor 

and application development features businesses seeking a single data analy
that can adapt and extend the base sis product for the enterprise. 
product to meet specific requirements. 

DATA ACCESS: STRENGTHS 
PROVEN PRODUCT FOR The strength of Personal AS/2 V3 lies 
MULTINATIONAL BUSINESSES 

data at an enterprise, departmental, or 
personal level in several ways: 

• Exploitation of IBM's Distrib
uted Relational Database Archi
tecture (DRDA) 

• Support of Information Builders' 
Enterprise Data Access 
(EDA/SQL) technology 

• Links to AS/ 400 via PC 
Support and DDCS/2 

• The Application System 5/390 
Intelligent Server 

• Its own relational-like table 
structures 

• Native ability to read and write 
data formats including ASCII, 
DIP, IXF, and DBF. 

A decision support component of 
IBM's Information Warehouse frame
work architecture, the product directly 
accesses data stored in the OS/ 2 Data
base Manager or the newer IBM Data
base 2 OS/2 (DB2/2) product. In con
junction with IBM's Distributed Data 
Connection Services/2 (DDCS/2), Per
sonal AS/2 V3 also provides seamless 
access to distributed relational data locat
ed on remote server databases such as 
OS/400, SQL/ DS, and DB2. 

USING BUILDER/2 TO DEVELOP 
32-8/T GUI APPLICATIONS 
Although Personal AS/2 V3 can be 
used as packaged, the most successful 
installations are those in which its func
tions are launched from a customized 
application developed with Builder/2. 
The custom Presentation Manager GUI 
window shown in Figure 1, for exam
ple, was created with Builder/2. 

The control of such windows is 

ill 

Personal AS/2 V3 is the third version 
of the Personal AS product line, first 
introduced in 1989. The product is used 
in a variety of industries-retail, bank
ing and finance, health, public sector, 
and petrochemical. 

In addition to English, Personal 
AS/ 2 V3 is available in six languages: 

Personal AS/2 V3 provides access to 
relational and nonrelational data at an 

enterprise, departmental, or personal level. 
Dutch, French, German, Italian, Span
ish, and Japanese (DBCS). This avail
ability makes it useful for multinational 

in its built-in data access; it provides managed by Personal AS/2's Applica
access to relational and nonrelational tion System Language (ASL), automati-
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Table 1. Attributes of the DDECLIENT ASL object that can be queried by an ASL application 

Table 2. Discrete events associated with the DDECLIENT ASL client 

Table 3. Actions that control the function of the ASL DDECLIENT object 
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Client/Server 
Database Solutions 

It's available now-ready to per
form on your desktop. A new 
function-rich, 32-bit relational 
database you can really trust 
with your growing client/server 
network, your mission-critical 
data and your business. 

Introducing IBM DATABASE 2™ OS/2® 
(DB2/2™) from IBM Programming Systems, the 
birthplace of relational database technology. 

DB2/2 includes an industrial-strength DB 
engine that supports transaction management, 
concurrency control, security, integrity, and 
recovery functions. Designed to exploit the 
power and open architecture of OS/2, it also 
supports industry-standard SQL for developing 
portable applications. And it runs your DOS, 
DOS Windows™ and OS/2 
applications requiring 
online access. 

You can access data 
directly from DB2/2 on 
your desktop or from a 
DB2/2 server on your 
LAN, and with 

*Manufacturer's suggested retail price is $425. 

DISTRIBUTED DATABASE 
CO ECTIO SERVICES/2;' 

from DB2: SQL/DS;' and OS/400® 
databases as if they were on your desktop, too. 
This versatility can play a significant role in 

an Information Warehouse™ solution 
for your business. 

We've developed an 

exciting demo diskette to show 
you just how well new DB2/2 
performs-right on your desktop. Call us today 
for your free demo, or to order DB2/2: 
1 800 342-6672; or fax: 1 800 445-2426. 
In Canada, call l 800 465-7999, ext. 850. 
An upgrade from IBM Extended Edition 
or Extended Services is also available. 

==.::: :::@ 
IBM, OS/2, DB2 and OS/400 are registered trademarks and DATABASE 2, DB2/2, DISTRIBUTED DATABASE CONNECTION SERVICES/2, 
SOL/OS and Information Warehouse are trademarks of International Business Machines Corporation. Windows is a trademark of 
Microsoft Corporation. © 1993 IBM Corp. 
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T•te for the ON TARGET block. This event is signalled when there 
has been Direct Manipulation between this application and some other 
application. This applications Source window has had an Icon dropped 
onto it fr0111 some other application. This application can now ask 
questions to find out what's been dropped, and take action. 

ON TARGET( 
pStream) 

DO 
DECLARE POINTER pStream 
CASE 

WHEN (?pStream)'FORl!AT = "link" 
DO 

DEFINE linkData[O] 
LET lOO = BINARY(O,1) 

Figure 4. ASL DOE extentions (continued on page 62) 

Looking for fast answe rs 
to your development questions? 

You need to do two things: 
Go on-line with CompuServe 
Information Service. Use Golden 
CommPass to do it. 

CompuServe hosts OS/2 developer 
and user forums mon itored by 
technical personnel. IBM devel 
opers are there with responses 
to anyth ing tha t"s got you 
stuck . Other 0S/2 pro 
grammers and enth u
siasts are there , too , 
comparing notes and 
giving feedback . It's 
definitely the place to be. 

Time is money when you connect to 
CompuServe , and Golden CommPass 
saves you both . It lets you compose 
your questions off-line, send them in 
a flash and disconnect. It gets your 
rep lies whi le you're busy program
ming. It's a native OS/2 app, with all 

the power and features you'd expect. 

Get the fastest access to 
answers. Golden CommPass 

keeps your development 
schedule on course. The 

fact is, the sooner you start 
using our program, the sooner 
they'll be talking about yours! 

Phone: 
(609) 234-1500 

Fax: 
(609) 234-1920 

Golden 
CommPass ·· 

CompuServe: 
71511 , 151 

90 Day Satisfaction 
Guarantee 

Creative Systems Programming Corporation 

cally generated by Builder/2 when the 
window is created. ASL is an event-dri
ven object-oriented language. The sys
tem-generated code that determines 
which window a user has selected is 
shown in Figure 2. 

A key feature of ASL is its combina
tion of object-based language and event 
handling. It includes a built-in file sys
tem; vector handling; and mathemati
cal, string, and graphics facilities. ASL 
is object-based, with objects that can be 
used for tasks from handling complex 
windows to accessing SQL databases, 
DDE, and reporting and charting func
tions. Execution control is provided by 
a set of discrete events (such as START, 
SELECT, and QUIT) that can be detected by 
the language for specific processing. 

Builder/2 features designed to 
improve programmer productivity 
include a window editor with built-in 
palettes for selecting standard PM con
trols, a full-function ASL editor, an ASL 
compiler, and a make facility. The editor, 
shown in Figure 3, has been redesigned 
for Personal AS/2 Version 3. 

ASL extensions are provided to sup
port access to the OS/2 relational data 
manager (DB2/2), DDE, emulator high
level language application program
ming interface (EHLLAPI), and tight 
coupling with C and REXX. 

In Figure 4, ASL extensions for sup
port of DDE automatically link a Per
sonal AS/2 application with an OS/2 
2.1 spreadsheet that has been dropped 
onto the application's source window 
for processing. (In this example, Per
sonal AS/2 V3 functions as a DDE 
client). 

Five attribu tes of the DDECLIENT ASL 
object can be queried by an ASL appli
cation; these are shown in Table 1. Five 
discrete events, shown in Table 2, are 
associated with the DDECLIENT ASL client. 
Finally, Table 3 lists nine actions that 
control the function of the ASL DDECLIENT 
object. 

Personal AS/ 2 V3 can also function 
as a DDE server where a Personal AS/2 
V3 object, such as a report or chart, is 
linked to another OS/2 2.1 object, such 
as a word processing document. The 
attributes, discrete events, a<;tions, and 



® * Our Fax/PMApplet 
made OS/2 fax aware ... 

makes you fax capable 

sheiJ Fax/PM uses the advanced OS/2 
CJ~ * features (drag & drop ... ), turning your 
~ ~ computer into a sophisticated fax 
.::t-

0
- .._o- machine. ". ~ * Fax/PM enables you to send, receive 

Dos 
Wmdows 

OS/2 

and print faxes in background mode. 

Supports Group III fax modems 
(Class 1 & 2). 
All internal laptop modems and 
specific fax boards. 
Standard fax speed (9600 bps) and 
high speed (14400 bps). 

Under OS/2: to fax ... just print ... 
Without leaving your favorite DOS, 
Windows or OS/2 applications, 
Fax/PM makes faxing easy for you. 
All fonts supported, for a 
"Laser-printed" quality fax. 

I microformatic 

U.S.A. EUROPE 

~ 
AS/400 

PO Box 722 
610 Niederwerfer Road 
South Windsor, CT 06074 
Tel: (203) 644-1708 

2, rue Navoiseau 
Montreuil-sous-Bois 
F-93100 

Fax: (203) 648-9587 
Tel: 33 (1) 48 70 19 00 
Fax: 33 (1) 48 70 27 29 

OS/2 standalone, LAN or 
Client-Server, as well as Windows, 
DOS and AS/400 versions: 
there is a Fax/PM configuration to 
suit your needs. 

Fax/PM provides APis for fax 
integration in custom applications. 
These APis can be called by any 
programming language or 
REXX procedure. 

Fax without leaving your AS/400. 
Fax/PM AS/400 provides seamless 
integration for AS/400 and 
PC users. 
Fax from Office Vision/400, 
spooled files, ... 

Available and Ready! TM 

Fax/PM is a registered trademark of Microformatic. All other product references are trademarks or registered 
trademarks of their respective manufacturers. 
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events for the DDE Server ASL object 
are similar to those listed for the DDE 
Client ASL object. 

PERFORMING EVENTS 
AT SET TIMES 
Builder/2 "timers" allow events to occur 
at predetermined times or after specific 
time intervals. Timers can be used, for 
example, to schedule a middle-of-the
night data manipulation, automatically 
route output to a waiting printer or plot
ter, or initiate an ASL/EHLLAPI pro
gram (like the one described in the previ
ous section) for automated processing 
with the S/390 server. 

Figure 5 shows a sample Personal 
AS/2 V3 timer application developed 
with Builder /2, in which a user can 
specify the date and time a predefined 
Personal AS/2 V3 procedure, report, or 
chart is to be executed. 

These automatically triggered events 
allow users to perform regular tasks 
using the latest corporate data, such as 
producing a weekly sales report or a 
chart of the most active customer 
accounts for a month without human 
intervention. This level of automation is 
made possible by Personal AS/2 V3's 
support for APis into REPORT and CHART 
objects called from an ASL program. 
Figure 6 shows an API call to the CHART 
object. The type and style of the chart, 
as well as the X and Y data variables to 
be used, can be determined under 
direct ASL program control. 

USING PERSONAL AS/2 V3 IN 
BUSINESS 
Personal AS/2 V3 is designed to access 
enterprise data from the 05/2 desktop; 
its level of integration with the OS/2 
Database Manager, DB2/2 and DRDA 
make it a strong prototyping tool for 
new client/ server applications. With 
Builder/2, prototype applications and 
their CUA 91-compliant windows, 
applications can be generated in a frac
tion of the time required to manually 
code them. In one business application, 
for example, Personal AS/2 V3 is being 
used in joint application development 
projects in which users develop the 

CALL (?pStream)'GETDATA(LinkData[O]) 
CALL (?pStream)'FINISHED() 
SHUT ?pStream 

LET Application= WORDS(LinkData[1], 1, XOO) 
LET Topic = WORDS(LinkData[1], 2, XOO) 
LET Item = WORDS(LinkData[1], 3, XOO) 
CALL DDEClient( 
Application, 
Topic, 
Item) 

END 
OTHERWISE 
DD 

DEFINE ServerData[O] 
CALL (?pStream)'GETLINE(ServerData[O]) 
DD i = 1:ServerData[O]'ENTRIES 

STAMP LENGTH(ServerData[i]) 
END 
CALL (?pStream)'FINISHED() 
SHUT ?pStream 

SHUT ServerDisp 
DEFINE SD_Colform[O] 
INSERT SD_Colform[O] = "IIIDTH= 11

• 

MAX((6•LENGTH(ServerData)),Group'SIZEX - 15) 
DEFINE SD_ColData[O] 
INSERT SD_ColData[O] = ServerData[O] 

OPEN LIST ServerDisp, Window, 
l = Group'l + 5, 
Y = Group'Y + 5, 
SIZEX = Group'SIZEX - 10, 
SIZEY = Group'SIZEY - 15, 
SELECTION 
HORZSCRDLL 
EXPRESSION 
COLDATA 

= 
= 

= 
= 

1, 
1, 

SD_Colform[O], 
SD_ColData[O] 

END 
END 

END 

PROCEDURE DDEClient( 
Application, 
Topic, 
Item) 

Figure 4. ASL ODE extentions (continued on page 63) 
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fi1 Ti med Application startup II 

Click on the gray boxes to change the Ti me, Date and Object 

Time: 
09:10 

Date: 

22-4-93 

Ti me & Date to start ob iect 
110:00 A-.M· ==·-9'1 22-4-93 

Name of Object to be startec 
:\DSS\SAMPLES\CHARTSPJ 

Figure 5. Sample Personal AS/2 V3 timer application 

DO 
STAMP Application 

STAMP Topic 
STAMP Item 
SHUT DDEQient 
OPEN DDECLIENT DDEQient, 

APPLICATION = Application, 
TOPIC = Topic, 
TRACE = DDETrace 

LET Text'TEXT = STRING( 
"DDECLIENT OPENed for Application: , Topic: ", 
Application, Topic} 

CALL DDEQient'SYSTEM(Sysltems[O], "Sysltems"} 
LET Request'ENABLED = 0 
LET Advise'ENABLED = 0 
LET Execute'ENABLED = 1 

END 

Figure 4. ASL DOE extentions (continued from page 62) 
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Type of Object-----. 

Procedure 

Report 

Chart 

ill 
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To use Chart AP! - CHARTAPI.PGII - ADC 1992 

ON START 
DO 

!Find out where Base is installed 
LET Basepath=S.Control.Path 

Set the variables that v.ill be used later 

For OPEN IBIICHART 
LET ChartType="Bar• 

For SelectTable 
LET filenuie=Basepathll"\SAMPLES\EMPDATA" 
LET filesystea="PAS" 

For l SetAxisType 
LET xaxistype="Character" 

For SelDatal 

LET xcolu11111="Division• 

For Y SetAxisType 
LET yaxistype="N1111eric" 

For Se/Analysis 
LET Colulln="AnnualSalary• 
LET Function="Avg• 
LET Display=1 Abs 1 

OPEN IBIICHART Mychart, 
Nae="", 
Identifier= Basepathll"\Chart•, 
Type= ChartType, 
Perspective• 1, 

Rotated= 1, 

AutoRefresh • 0, 
SavePrOlllpt = 0, 

Dialog = 1, 
EUI!lode = "Restricted" 

Reset any existing input table 
CALL Mychart'RESETDATA() 

Figure 6. Calling a CHART AP/ from ASL 

!No current na111e 
!Na111e of template 
!Chart Type 
!2D = 0, 3D = 1 
!Rotated= 1 or 0 

!AutoRefresh = 1 or 0 
!PrOllpt = 1 or 0 
!Display dialogs ? 

!Full or Restricted 

Establishing the land Y data before the input table 
is defined prevents the Select columns dialog from 
appearing aut011atically. 

Set l axis type, variable set above 
CALL MyChart'SetAxisType( 
"l", 
xaxistype) 

Set l column, variable set above 
CALL MyChart'SelDatal( 

xcolumn) 

Set Y axis type, variable set above 
CALL Mychart'SetAxisType( 

11y11, 

yaxistype) 

Set analysis for Y scale, variables set above 
CALL MyChart'SelAnalysis( 
Column, 
Function, 
Display) 

Choose the table, variables set above 
CALL MyChart'SelectTable( 
filename, 
f ilesystem) 

Finally open the Chart 
CALL MyChart'OPEN() 

END 

ON QUIT 
STOP PROGRAM 

IBM 0S/2 DEVELOPER 



prototype windows themselves using 
Builder/2. 
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Distributed Application/2 (DA/2) can help program client/server or interprocess communication in OS/2 2.0 
or higher. DA/2 provides a simple set of APls that allows communication between programs running on OS/2 
systems in a network. BY ED VAN VLIET, STEVE WASLESKI, RICK BLEVINS, and ANDREI MALACINSKI 

Client/Server Programming 
with Distributed Application/2 

Anyone who has written networked 
client/server applications knows it is diffi
cult to choose and use a specific communi

cation protocol. "Which protocol do I need to code 

(I. to r.) Andrei Malacinski, Steve 

and test my application? If I 
choose protocol X," developers 
ask, "will it be available in all the 
networks I support?" 

These and many other questions 
must be answered while designing 
and building a client/ server appli
cation. Once you have chosen a pro
tocol, you must become sufficiently 
proficient to handle most cases that 

Wasleski, Rick Blevins, and Ed Van Vliet arise. Communication protocols can 

be difficult to learn. Most programmers must 
endure a steep learning curve before becoming 

Even after a given protocol is 
mastered user requirements 
could change the underlying 
communications code. 

familiar with the nuances of a given communication 
protocol. Even after a given protocol is mastered, 
user requirements could change the network being 
used, with resulting changes to the underlying com-

munications code of an application. 

DISTRIBUTED APPLICATION/2 
Distributed Application/2 (DA/2) is a layer placed 
above communication protocols that provides a 
simple, consistent way to program interprocess and 
network communication into a client/ server appli
cation under OS/2 2.0 or higher. Figure 1 shows an 
overview of the DA/2 structure. 

DA/ 2 is designed to hide the complexity of its 
supported communications protocols, allowing 
you to select a communications protocol at run 
time without changing code and to program in 
either C or REXX. DA/2 supports the following 
communication protocols: 

• A~vanced program-to-program 
communication (APPC) 

• NetBIOS for IBM or Novell LAN 
configurations 

• OS/2 named pipes. 

System requirements for DA/2 are OS/2 2.0 or 
later, 1MB of disk space, and 0.5MB of memory 
aboveOS/2. 

THE FOUR BASIC INTERFACES 
The DA/2 interface is composed of seven APis. 
Four APis support data transfer via DAOpen, DAQose, 
DARead, and DAI/rite. The APis provide a full duplex 
path between the client and the server, adding 
flexibility to program design. These four APis are 
described in Table 1. 
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Figure 2 shows a simple conversation between 
a client and server. The client opens the conver
sation, writes data, then calls DARead to wait for 
data. In Figure 3, the server accepts the conversa
tion with a call to DAOpen, reads the data sent by 
the client, then writes additional data to the 
client. 

MULTIPLE CLIENT SUPPORT 
Three event APis, described in Table 2, are available 
to simplify handling multiple conversations. These 
APis are especially useful within a server applica
tion that supports several clients concurrently. 

The DAWaitOnEvent API reports either an incoming 
conversation request or an incoming data event to 
the caller, allowing you to specify specific event 
types. For an incoming conversation to be report
ed, the connection name for the conversation must 
have been identified on a prior call to DAidentifyRe
source. Events of each type are queued in FIFO 
order, with conversation requests having a higher 
priority than data events. Data events for all con
versations are reported by DAWaitOnEvent, regardless 
of whether the current process is the initiator or 
acceptor of the conversation. 

A call to DAWaitOnEvent reports the arrival of data 
or a pending conversation; to actually receive the 
data, a DARead call is necessary. To start the pending 
conversation, the ACCEPT option must be chosen in 
the DAOpen APL 

Figure 4 shows a complete REXX server (minus 
error checking) that supports multiple concurrent 
clients. This server can be used with the REXX 
client example in Figure 2. 

ADVANTAGES OF DA/2 

• Ease of use-Each language binding in 
DA/2 was designed to accommodate the 
programming style of that language. 
Option parameters are character strings for 
REXX and UNSIGNED LONG for C. 

• Run-time protocol selection-The application 
is not bound to a specific communication 
protocol when it is built. Rather, the proto
col is chosen with the DA/2 connection 
profile editor just before the application is 
run. 

• Single workstation development-Client/ 
server applications can be built and tested 
in a single machine without APPC or Net
BIOS installed. 

NATIVE APPC APPLICATION 
COMMUNICATION 
In addition to transparently supporting named 
pipes, NetBIOS, and APPC when both partners 
use DA/2, DA/2 provides a method to talk to 
native APPC applications. 

Application Program 

Open - Close - Read - Write 

NetBIOS 

Figure 1. DA/2 approach to communications programming 

Table 1. Data movement AP/s 

You can choose native APPC support by select
ing either the "Native APPC-Confirmation" or 
"Native APPC-No Confirmation" radio buttons 
on the second APPC page of the Connection Pro
file Editor notebook. 

Unlike with normal DA/2 support, when using 
the native APPC support it is necessary to be aware 
if a partner is using APPC. In this case, the connec
tion is no longer full duplex, and some APPC half
duplex state considerations arise. 

Considerations are made for APPC confirma
tion processing by providing an option for DAWrite 

OS/2 named 
pipes 
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and status information for DARead. 
Regular DA/2 and native APPC 

connections can appear in the same 
program. DA/2 event APis can also be 
used with native APPC support. For 
example, the same DAWaitOnEvent call sig
nals data events from any one of a com
bination of regular DA/2 and native 
APPC connections. 

SUPPORT FOR THE IMS 
LU 6.1 ADAPTOR FOR 
LU 6.2 APPLICATIONS 
Support for native APPC applications 
also enables a DA/2 client to communi
cate with an Information Management 
System (IMS) transaction. To invoke 
synchronous IMS transactions, use a 
simple DAOpen, DAWrite, DARead, and DAQose 
sequence. 

To invoke asynchronous IMS trans
actions, use DAOpen, DAWrite, and DAQose. 
The asynchronous reply will return via 
the I MSASYNC transaction program on 
your workstation. You can write the 
IMSASYNC transaction using DAOpen, DARead, 
and DAQose. As before, other regular 
DA/2 and native APPC connections 
can be active in the same program, and 
the DA/2 event APis can be used. 

THE CONNECTION 
PROFILE EDITOR 
DA/2 keeps run-time connection 
information in connection profiles, 
which are stored in a binary file that 
must be located in a directory listed on 
the DPATH of any system that uses 
DA/2. Profiles can also be shared on a 
LAN drive. 

DA/2 supplies a configuration tool 
called the Connection Profile Editor to 
create and maintain connection profiles. 
This editor, like most, accepts as an 
optional parameter the name of a file 
containing connection profiles. During 
DA/2 installation, a program object is 
created with an association that lets users 
double-click on a *.CP file to start the edi-

Sample REXX Client 
Name= "SAMPLCON" 

•I 
I• Connection name •I 

/• Load external functions, load variables into variable pool. •I 
call rxfuncadd 'DALoadFuncs', 'epfdarex', 'DALoadFuncs' 
re= DALoadFuncs() /• load all other DA/2 functions •I 
re= DALoadVars() /• load DA/2 return code values •/ 

I• Open a connection to the server. •I 
re= DAOpen(handle, Name, 'DA_INIT', "FeedBack") I• Pass in name •I 

I• Writing data to the server. 
Options= 'DA_WRITE_DATA' 
Respid = 0 

I• get back handle •/ 

I• initialize options 
I• initialize response id•/ 

Buffer= 'This is the data written to server (can be any length)' 

re= DAWrite(handle, Buffer, Options, "Respid", "FeedBack") 

I• Read 100 bytes •/ 
re= DARead(handle, "buff", 100, 'DA_WAIT', "Respid", "bytesread",, 

"data", "conn", FeedBack.) 

I• Close the connection. 
re= DAClose(handle, FeedBack.) 

exit 

Figure 2. A sample DA/2 REXX client 

tor. The editor is shown in Figure 5. Table 2. Event notification AP/s 
The editor uses the CUA 1991 user 

interface architecture, including the 
drag-and-drop technique, to facilitate 
editing and management of the connec-

tion profiles. With each setting, you can 
access online help by pressing the Fl 
key when focus is on the desired field. 

Once in the editor, you can select a 
profile to edit, double-clicking on it to 
bring up a settings notebook for the 
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/• Sample REXX Server 

Name= "SAMPLCON" I• Connection name •I 

/• Load external functions, load variables into variable pool. •I 

call rxfuncadd 'DALoadFuncs', 'epfdarex', 'DALoadFuncs' 
re= DALoadFuncs() /• load all other DA/2 functions •I 
re= DALoadVars() /• load DA/2 return code values •I 

/• Open a connection to the client. •I 

re= DAOpen(handle, Name, 'DA_ACCEPT', "FeedBack") /• Pass name •I 

/• Read data from the client . •I 

Respid = 0 

re = DARead(handle, "buff", 100, 'DA_IIAIT', "Respid", "bytesread",, 

Figure 3. A sample DA/2 REXX server (continued on page 70) 

specified profiles. The first page of the ~ 
settings notebook contains general 
information about the connection, 
including the name of the connection 
and the protocol to be used. Each of the 
notebook pages that follow is devoted 
to information specific to the protocol 
selected. Editor settings are shown in 
Figure 6. 

The second page is used to add 
named pipes and NetBIOS connection 
information and to specify whether the 
server is queued or nonqueued. If 
"nonqueued" is selected, a new server 
is started each time a connection is 
opened . If you select "queued," the 
connection is made to an already run
ning server; in this case, a new server is 
started only if a queued server is not 
already running. 

The third and fourth notebook 

How are you going to test your client/server apps? 
Check one: 

D Manually 
D Partially • The Softbridge 

Automated Test Facility 

It's not a trick question, but testing client/ 
server applications can be a tricky business. 
Traditional, manual methods can't stand up to 
the complexities of client/server. And most 
automated testing tools provide only a partial 
answer - concentrating on the GUI desktop, 
and leaving the rest of the client/server testing 
puzzle for you to piece together. 

Only the Softbridge Automated Test Facility 
(A TF) is designed to cover all aspects of 
client/server testing - GUI, distributed 
systems, legacy applications. If you 're doing 
client/server development, maybe it 's time 
you checked out ATF. To find out how ATF 
can help with your client/server testing needs, 
call 1-800-955-9190. 

The Softbridge 
Automatea Test Facility 

~ Softbridge, Inc. 
125 CambridgePark Dr. 
Cambridge, MA 02140 
617-576-2257 (Phone) 
617-864-7747 (FAX) 
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pages are devoted to APPC-specific 
information. This includes configura
tion information for APPC, such as the 
remote transaction program name, 
mode name, local logical unit (LU) 
name, partner LU name, and other pro
file information specific to an APPC 
connection such as data conversion and 
whether your partner is using DA/2 
APis or native APPC. 

With the Connection Profile Editor, 
you can manage multiple connection 
profiles using drag-and-drop. An 
administrator may want to maintain a 
master file of connection profiles to dis
tribute as needed. 

"data", "conn", FeedBac.) 

/• Writing data to the client. 

Options= 'DA_WRITE_DATA' 
Buffer= 'This is data to write to the Qient.' 

Respid = 0 
re = DAWrite(handl.e, Buffer, Options, "Respid", "FeedBack") 

I• Qose the connection. 

re= DAOose(handl.e, FeedBack.) 
exit 

Figure 3. A sample DA/2 REXX server (continued from page 69) 

/• REXX Server supporting multiple clients sample. •I 
Name= "SAMPLC0N" I• Connection name •I 

/• Load external functions, load variables into variable pool. •I 
call rxfuncadd 'DALoadFuncs', 'epfdarex', 'DALoadFuncs' 
re= DALoadFuncs() /• load all other DA/2 functions •I 
re= DALoadVars() /• load DA/2 return code values •/ 

re= DAidentifyResource( Name, "FeedBack"); 

do FOREVER 
re= DAllaitOnEvent( "outName", "outHandle", 'DA_ALL_EVENTS', "eventType", , 

"datalength", "responseID", "FeedBack"); 
if re= 0 then 
do 

if eventType = 'DA_CONNECTION' then/• open the incoming conversation •I 
do 

re= DAOpen("handle", outName, 'DA_ACCEPT', "FeedBack"); 
end 

else if eventType = 'DA_DATA' then /• handle the incoming data event •I 
do 

responseID = 0 
re• DARead(outHandle, "buff", datalength, 'DA_WAIT', "responseID", , 

"bytesRead", "dataStatus", "connStatus", "FeedBack"); 
if connStatus = 'DA_CLOSE' then 
do 

re= DAQose(outHandle, "FeedBack"); 
end 
else do 

I• ... process the data just read and send back a reply•/ 
re= DAllrite(outHandle, buff, 'DA_WRITE_DATA', "responseID", , 

"FeedBack"); 
end 

end /• end if eventType = ' DA_DATA' •I 
end I• end if re= 0 •/ 

end/• end do FOREVER loop•/ 

Figure 4. Multiple client server 
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CONCLUSION . 
DA/2 provides the communications 
needed for writing client/server appli
cations in most 0S/2 environments. 
Full duplex paths are provided for 
APPC, IBM and Novell NetBIOS, and 
0S/2 named pipes. 
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As client/server computing becomes widely used, corporations and developers must handle their client/server 
needs. This article explains Easel Workbench and explores its advantages for corporate developers. 
BY CHRIS BROOKINS 

Easel Workbench: Robust 
Client/Server Development 

Client/server computing has been emerg
ing in the computer industry for the last 
several years, but it is only in the past year 

or so that the idea of client/server has caught on 
within the ranks of corporate developers. Informa
tion systems organizations see client/ server as 
their way of exploiting the computing power and 
information resources of their enterprise. But 
increasing application needs, combined with 
steadily more complex computing environments, 
has led to a bewildering array of implementation 
options associated with client/server. 

CL/ENT/SERVER FRAMEWORK 

Defining Client/Server. Client/ server technology is 
a form of computing that divides application func
tion among networked computing resources, some 
of which are PCs or workstations commonly hav
ing a graphical interface. Within this definition 
there exist five forms or models of client/server 
computing, shown in Figure 1: 

• Database-server 
• Transaction-server 
• Peer-distributed 
• Presentation-distributed 
• Presentation and logic 

Database Server. For applications that need to access 
data from a variety of back-end data sources, there 
is the database-server model of client/ server. In this 
model, SQL is simply embedded in the client appli
cation and sent to the database server for process-

ing. Since the interface between the client and the 
server is strictly SQL-based, processing on the server 
is limited to what SQL can perform. Often, results 
are returned and processed further at the client. 

Transaction Server. Applications such as order entry, 
process control, and other mission-critical online 
transaction processing applications require consis
tent, minimal response times. The transaction
server model is optimal for OLTP requirements 
because it allows processing to be distributed and 
balanced between the client and the server. Data
intensive operations can take place at the server 
while user intensive tasks can be handled at the 
client. In addition, this model eliminates unneces
sary network traffic, since only the request and the 
final result are sent between client and server. 
Data processing that can't be accomplished with 
SQL, such as conditional logic or complex aggre
gate functions, is performed on the server, elimi
nating the need for data to be sent over the net
work for client processing. 

A transaction is a single logical unit of work 
that may be as simple as an SQL statement or as 
complex as a combination of SQL statements, pro
cessing logic, and non-SQL data manipulation. 
The client initiates transactions such as UpdateSys
temBalances by name, hiding the underlying com
plexity from client developers and allowing trans
actions to be maintained independently of client 
applications. 

Peer. The peer model contains all the benefits of the 
transaction-server model with the added flexibility 
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that at any time the client and server 
can switch roles. This model is useful 
when an application must respond to 
unforeseen external events. For exam
ple, in a process monitoring system, a 
stockbroker application can request 
stock price information from the host 
server or the host server can send unso
licited data to the desktop if the stock 
price reaches a specified threshold. 

Distributed Presentation And Logic. Existing 
host-based legacy systems have become 
easier to use with. the advent of PC
based graphical user interfaces, which 
brought about this form of client/ server 
computing. The pure distributed pre
sentation model can improve usability 
by simply remapping existing host 

Figure 1. Client/server models 

Client 

Transaction 

Appllcatlon request 
GUI 

Logic ... 
Result 

Figure z. Transaction server model 
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screens into equivalent graphical inter
faces with pulldown menus, entry 
fields, and other dialogue controls. 
Host-based applications in which codes 
must be entered, selection lists are not 
available, or the screens are difficult to 
understand become more user-friendly. 

It is possible to transform existing 
host-based systems into new systems 
that leverage the PC's power by adopt
ing the distributed presentation and 
logic model. In this model, a new sys
tem is developed that utilizes existing 
services presented by the host system. 
Processing logic at the PC can off-load 
host processing or introduce complete
ly new functionality such as image, 
sound, or voice. This approach borrows 
from the database server model in that 

Server 

Application 
Data .. Logic 

Access 
a:1,1 • 

the host application is fixed and prede
fined, although here the interface is 
through an existing path of host screen
to-screen navigation. Since application 
logic is split and executed between the 
server and the client, this model also 
contains some benefits of the transac
tion-server model, shown in Figure 2. 

Hybrid Applications. Corporate data infra
structures do not change overnight, nor 
do existing systems. A hybrid approach 
allows a developer to combine more 
than one client/ server model in an 
application to meet the real needs of a 
business. For example, the goal may be 
to move the entire system to a Database 
Manager-based solution over time, but 
it is too time-consuming and expensive 
to reengineer everything at once. A 
hybrid application in this case would 
communicate with the existing system 
through distributed presentation sup
port, as well as add new application 
components on the LAN that are 
accessed through transaction server 
support. 

EASEL WORKBENCH ANO 
CLIENT/SERVER DEVELOPMENT 
Easel Workbench was designed to help 
application developers best use the 
power of client/ server computing. 
Workbench includes an integrated, 32-
bit, OS/2-based development environ
ment, the event-driven EASEL lan
guage, an extensive variety of connec
tivity options, and a production system 
for the target user platform (OS/2, 
Windows, or DOS). Because the Work
bench supports a powerful client/serv
er framework, its connectivity options 
can integrate data from nearly any 
source. 

Support for the Database-Server Model. For 
applications that need to access data 
from a wide variety of back-end data 
sources, Workbench provides support 
for the database-server model of 
client/ server. Like all Easel client/ serv
er support, database processing occurs 
entirely on a separate thread, allowing 
the Easel client application to continue 
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operation. When results are returned, an 
Easel event, or "response," is triggered. 
Database server results can be retrieved 
record by record, or written directly to a 
local file for bulk processing. 

Easel provides direct database server 
support for IBM's Database Manager, 
the Oracle Server, Microsoft/Sybase 
SQL Server, and all databases support
ed by IBI's EDA/SQL support. Easel's 
support for the Database Manager is 
DRDA-compliant; where DDCS/2 is 
installed, applications can communicate 
transparently with all SAA databases 
including DB2, SQL/ 400, and SQL/DS . 
To insulate developers from the com
plexity of each unique database API, all 
Easel database drivers provide a high
level common programming interface, 
which lets a programmer change the 
back-end database without changing a 
client application. Multiple connections 
to the same or different database 
servers can also exist simultaneously, 
allowing the integration of information 
from multiple sources. 

Support for the Transaction-Server Model. 
Easel provides transaction server sup
port with three main technologies: 
stored procedures, CICS-OS/2, and the 
Easel Transaction Server (ETS) Toolkit, 
shown in Figure 3. 

Stored procedures are transactions 
containing compiled SQL and process
ing logic stored within the database 
server. For database servers that sup
port stored procedures such as 
Microsoft/Sybase and Oracle SQL 
Server, Easel applications can initiate a 
procedure on a separate thread. When 
the procedure has completed process
ing, the application is notified by way 
of an Easel event 

Easel provides a high-level interface 
to CICS-OS/2 that makes it easy for an 
application to initiate transactions 
residing on CICS-OS/2 workstations or 
hosts. CICS transactions can be initiat
ed with a simple subroutine call to 
CICS's Extended Call Interface, includ
ing a transaction name and an input 
and output structure. The request is 
processed on a separate thread and the 

application is notified upon comple
tion. At that time, the output structure 
is populated with any data returned 
from the database. 

Easel Workbench includes the ETS 
Toolkit, which allows developers to 
create and access OS/2-based transac
tions with a remote procedure call 
mechanism for all SAA databases 

OS/2 or Windows Client 

EASEL 
App II cation 

ETS Client DLL 

Figure 3. The ETS Toolkit 

LAN 

(Database Manager, DB2, SQL/ 400, ii 
and SQL/DS). ETS transactions, based 
on the Database Manager's application 
remote interface, are written by creat-
ing procedures of SQL and processing 
logic within an ETS C or COBOL tem-
plate. Easel applications can initiate a 
server transaction with the ETSExecute 
subroutine. The request is delivered to 

0S2/ Server 

ETS Server DLL 
• Embedded static SQL 
• Other server function 

OS/2 Database Manager 

DDCS/2* 

Network 

D82 DQL/400 SQL/DS 

Integrated Development Environment 
Connectivity 

Libraries Parts Catalog 

EASEL Part 

Debugging Facilities 

EASEL Language 

Figure 4. Integrated development environment 

EASEL Program 
Source Code 

OS/2 

WINDOWS 

DOS 
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Table 1. Easel event types and responses 

the OS/2 server on a separate thread, 
with NetBIOS on OS/2 Extended Ser
vices or the APPC SQLO0 protocol with 
Remote Data Services. The server pro
cedure can execute directly against the 
Database Manager or, if DDCS/2 is 
installed, can connect to DB2, SQL/ 400, 
orSQL/DS. 

Support for the Peer Model. Easel pro
vides peer support for developers with 
the APPC protocol. To provide the 
most control while shielding complexi- Table 2. Ways to use Easel action statements 
ty, there are two APPC interfaces, auto
matic and controlled. The automatic 
interface takes care of the necessary 
acknowledgments and implicitly 
switches conversation states from send 
to receive without forcing developers 
to perform subroutine calls. For more 
complex applications, the controlled 
interface gives developers complete 
control over the details of the APPC 
conversation. 

APPC events appear like all other 
Easel events-as uniquely identifiable 
external responses. Like all other 
client/ server support, APPC messag
ing and communications occur on a 
separate thread, allowing the applica
tion to continue running during peer 
processing. 

Support for the Distributed-Presentation 
Model. Easel supports the distributed
presentation models with high-level 
support for HLLAPI, VT-100, and asyn-

Table 3. External libraries provided with Workbench 

chronous communications that mask the 
complexity of the underlying APL For 
example, applications are notified of 
incoming asynchronous data from Com
puServe through Easel responses. 

Through the HLLAPI provided by 
most PC emulators, Easel applications 
can access 3270 and 5250 applications. 

Easel can also access applications on 
various platforms through other proto
cols, with Software Corporation of 
America 's TalkThru emulator. The 
functions available from HLLAPI sup
port include: 
• To retrieve host data: ReadField, Get

FieldAttribute, ReadScreen, Readline. 
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Support for Hybrid Applications. A single 
graphical interface can implement any 
number of client/ server models that 
access data throughout an enterprise. 
Through its support for multiple mod
els, a single Easel application can 
update diverse systems with the same 
data. Many companies use Easel appli
cations to transparently keep multiple 
systems in sync. 
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Figure 5. The parts catalogue 
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developing applications with a graphi
cal interface for all client /server mod
els. Easel applications can run under 
OS/2, Windows and DOS. Under OS/2 
2.0, they use the 32-bit architecture and 
graphics engine. 

EASEL shields developers from the 
complexities of (and differences 
between) the underlying operating 
platform and connectivity APis. Its 
complete set of programming con
structs provides facilities for develop
ing and controlling an application 's 
graphical interface, communications, 
database access, and processing logic. 

EASEL Objects. At the core of the EASEL 
language are objects that correspond to 
other objects with visual attributes. These 
objects include familiar OS/2 and Win
dows dialogue boxes and controls, as 
well as special Easel objects such as 
image regions (windows that hold 
bitmap images) and graphical regions 
(windows that hold scalable vector 
graphics). All objects have attributes such 
as visibility, color, and size that can be 
queried and changed at runtime. Objects 
can be created either visually in Easel 
Workbench or dynamically, based on 
data received during runtime. Objects 
can also be grouped into classes to which 
a single action can be performed (such as 
making them all invisible). 

Event-Driven Programming. Easel's non
procedural, event-driven nature allows 
developers to quickly prototype and 
incrementally add new functionality as 
needed. To respond to user and system 
activities, developers write responses to 
events of the types shown in Table 1. 

Robust Language Constructs. Within a 
response, developers can choose from 
a set of action statements that control 
application behavior. Table 2 lists ways 
to use these actions. 

Extensible. Developers can also access 
routines in external libraries or modules. 
Easel provides a complete set of 
libraries, but developers can create their 
own. Table 3 lists some of the external 
libraries provided with Workbench. 

Table 4. Easel Workbench tools for all phases of the development cycle 

copy (selected llne fro• Searc 
•ake Herollst_DB peranent 
clear Hero LB 
If (SearchType = "Ne•esls_RB") 

copy SQLJ<eyArray(NEllESISKey. 
action Prep_Ne•eslsHero 
•ake Herollst GR vlslble 

else -
If (SearchType = "Situation_ 

copy SQLKeyArray(SITIJr\TION 
action Prep_SltuatlonHero 
• ake Herollst_GR visible 

else 
copy HeroDuJour to tERO_ ID 
I action ~~ec_t __ tERO 

Figure 6. Workbench debugging facilities 

IMPLEMENTING WITH 
EASEL WORKBENCH 
EASEL, along with support for its 
client/ server models, is the foundation 
for the Workbench, a 32-bit, OS/2-
based integrated development environ
ment in which developers can visually 
define a user interface, add application 
logic, and test and debug Easel applica
tions . This environment is shown in 
Figure 4. 

Parts Catalogue. Central to the Work-

Customer Information---. 

Name: !Lois Lane 

Address: Broadway. 
Metropolis 

Details / Comments: 

Search 

~ltuatlon 

~vii Doer 

avalanche 
bank robbe 

cat In tree 
comet hurtlln 

~ncel 

bench is the parts catalogue (shown in 
Figure 5), which allows developers to 
browse, edit, and create the compo
nents of an application with a listing of 
project views, or modules, and a hierar
chical presentation of application parts. 
Selecting a part loads and launches the 
associated editor. Double-clicking on 
any part, for example, launches the 
appropriate visual editor for quick 
modifications. All modifications are 
incorporated into the application by an 
incremental compiler that speeds up 
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the development cycle. The parts cata
logue also displays project views, 
which are stored in ASCII files that pro
vide simple integration with version 
contr0l systems. 

Visual Editors. Workbench's visual edi
tors allow you to define the interface in 
a WYSIWYG environment. CUA moni
toring can check an interface against 
Common User Access rules of interface 
design. The visual editors are listed in 
Table 4. 

Debugging Facilities. Application logic is 
added with Easel's integrated text edi
tor. Debugging facilities, shown in Fig
ure 6, include: 

• Source-Level Debugger. This facility 
displays executing source code. 

Developers can visually step 
through statement-by-statement or 
by individual procedure, set break
points, and change runtime values. 

• Trace Windows. This facility displays 
a detailed record of an application's 
execution. Developers may open 
several trace windows and set filters 
to customize the type of information 
monitored in each window. 

• Stack Window. This facility displays 
the level of nesting that occurs dur
ing program execution. Developers 
may inspect and change variables 
on the stack. 

Example. The insurance representative 
workstation shown in Figure 7 inte
grates data from two client/server 

models and makes extensive use of ii 
images. When compiled for OS/2, the 
application automatically exploits the 
32-bit APL 

The work of this application was 
formerly a paper-based process in 
which a representative entered 
appraisal forms into an aging host
based system. The organization want
ed to transfer part of the system to 
Database Manager and reengineer the 
entire process with PC and imaging 
technology. 

The Easel system developed to 
address this problem controls an image 
bank on a minicomputer, which 
responds to the clerk pushing a button 
by issuing commands to download the 
next scanned appraisal form and item 
photograph in the processing queue. 
After reviewing the form in a window, 
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ness computing equation. 
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the clerk enters the first few letters of 
the owner's last name into a dialogue 
that invokes an ETS transaction against 
the Database Manager to present a list 
of matching names. When the clerk 
selects a name, the system issues a 
transaction that returns the owner's 
complete profile, including a list of 
appraised items. The clerk then adds 
the item by entering information into 
the dialogue box, and Easel updates the 
existing host-based system through the 
distributed presentation and logic 
model. With other transactions, it 
updates the database with the new 
insurance premium. Finally, the clerk 
can send a form letter by pressing the 
Correspondence button (which initiates 
Microsoft Word, loads a form, and 
enters the owner's name and updated 
list of appraised items via DDE). 

Chris Brookins, Easel Corp., 25 Corporate 
Drive, Burlington, Mass. 01803. Brookins is a 
product manager at Easel. He has been actively 
involved with the EASEL language and Easel 
Workbench for three years. Prior to joining 
Easel, Brookins was a manager of systems plan
ning at General Electric. He holds a B.S. in com
puter science from Lehigh University. 
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Figure 7. Clerk's insurance workstation application 
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Soeech Recoanition 
The ICSS Speech Recognition AP/ helps programmers develop applications that recognize and process a contin
uous flow of spoken English words. This article explores the main functions and features of the ICSS software 
and provides a programming example. BY VINCENT STANFORD and BRANDON BOOTH 

Speech-Enabling Your 
Applications With ICSS 

The ICSS Developer's Program consists of 
prerelease software currently being system
tested by IBM. It is fully supported for pro

gram members; members give opinions, report 
bugs, and submit design change requests, which 
leads to improvements in process and product. 

The ICSS Speech Recognition API, currently 
being tested under the program, helps program
mers develop applications that recognize and 
process a continuous flow of spoken English words. 

ICSS PRODUCT FEATURES 

Speaker Independence. Though there are variations 
in human speech from person to person, unlike 
other speech recognition systems ICSS requires no 
speaker enrollment or user training. ICSS has been 
tested with a variety of accents and under high 
background noise conditions. Though perfor
mance varies, good recognition is possible in spite 
of a variety of accents and background conditions. 

Continuous Speech. Users can speak at natural or 
rapid rates with successful recognition. This is 
important for command and transaction applica
tions that require high-speed control of user inter
faces as well as for high-speed data entry by those 
who find keyboards difficult or uncomfortable to 
use. 

Large Vocabulary. ICSS provides recognition under 
multiple switchable contexts of up to 1,000 words 
each. With the context-switching feature, pre
loaded multiple contexts can extend the practical 

reach of the system to complex real-world applica
tions. The base dictionary contains over 20,000 
words; users can add words without gathering 
additional speech samples or retraining the system. 

Client/Server Metaphor. The recognition server can 
support multiple applications running on the 
same machine. The recognition engine serves as a 
serially reusable resource for a desktop of appli
cations. 

Unlike other speech recognition 
systems, ICSS requires no speaker 

enrollment or user training. 

Grammar-Guided Recognition. ICSS is designed to lis
ten for and process specific sets of words and 
phrases based on predefined grammars. Its recog
nition engine uses context-related language mod
els to guide the search process that decodes text 
from speech. These language models can be 
bigrams (word-to-word transition pairs and prob
abilities) or finite state grammars. The models can 
be derived from either Backus-Naur form (BNF) 
grammars or example texts. 

Additional Product Information. ICSS provides devel
opment and run-time support for speech recogni-
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Figure 1. ICSS logical architecture 

tion-capable applications in the OS/2 
and AIX environments. For many 
tasks, recognition is performed at or 
near real time on contemporary 80486 
processors with five additional 
megabytes of main memory above that 
required for other purposes. Because it 
takes advantage of OS/2 2.l's preemp
tive multitasking, ICSS begins to 
process speech data before the speaker 
finishes talking, increasing response 
time. 

What Kinds of Applications Can 
Use/CSS? 
ICSS can be applied to situations in 
which user productivity, space, or hand 
motion is at a premium. It is best suited 
for applications that have clearly 
defined sets of. actions or data entry 
requirements that can be addressed by 
large vocabulary-continuous speech 
recognition. Users must be familiar with 
the command structure of their applica-

Recognition 
Clients 

tions, but more freeform applications 
can be supported for limited domains. 

Users adapt to speech recognition 
quickly, and recognition rates improve 
as speakers use the system. The contin
uous speech mode supported by ICSS 
lets developers support high-speed 
multifield data entry (using a connect
ed utterance). Situations that are well 
suited for ICSS voice-enabled applica
tions include: 

• Processing transactions using 
GUI-based applications 

• Executing hands-free data entry 
so an operator can simultane
ously handle and catalogue an 
object 

• Retrieving data from informa
tion systems such as SQL data
bases 

• Supporting help desk opera
tions 

• Controlling simulators 

Ai: 

User 
Applications 

• Controlling instruments 
• Navigating through user inter

faces 
• Data entry. 

HOW DOES ICSS WORK? 
The logical architecture of ICSS is 
depicted in Figure 1, which shows the 
major system components that make up 
the development and run-time systems. 

Analog to Digital Conversion. This compo
nent currently consists of an IBM audio 
capture-and-playback adapter (ACPA) 
card and its associated software driver. 
The adapter is available in Micro Chan
nel (MCA) and IBM AT Bus architec
tures. ICSS supports data acquisition 
using the ACPA at rates of llKHz and 
22KHz in linear 16-bit PCM samples. Of 
the two rates, 22KHz provides the high
er accuracy but is computationally more 
demanding. 1 lKHz is adequate for 
most, if not all, applications. 
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<main_win_cmd> :: = FILE !EDIT I VIEW 

TEXT !STYLE I PAGE 

FRAME !TOOLS I WINDOW I 

HELP !PAGE-UP I PAGE-DOWN . 

Figure 2. "Window dressing" context supporting a command structure 

<pin> ::= <digit> <digit> <digit> <digit> . 

<digit> ::= ZERO I OH I ONE I TWO I ... I NINE . 

Figure 3. Setting up the BNF form of a PIN context 
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step significantly compresses the -
speech data. H 
Recognition Search. After data has been 
vector-quantized, the feature vectors, 
context word-pair grammars, and 
acoustic phoneme models are used by 
the recognition engine for actual recog-
nition of the speech signal. This is done 
with Hidden Markov models for pat-
tern matching of the acoustic data 
stream. 

Speech Recognition AP/. The speech 
recognition API lets recognition clients 
communicate with the ICSS recognition 
engine. This allows several features: 

• Context-loading 
Data Conditioning and Rate Conversion. 
This step converts speech data from 
external to internal formats for use dur
ing the feature extraction phase of the 
recognition process. 

Vector Quantization. Once the speech 
data samples have been converted to 
the appropriate format, the feature 
extraction phase of the recognition 
process begins. The feature extraction 

• Context-switching 
• Control of data acquisition 
• Return of text decoded from 

speech 
• Control of various runtime 

Now Shipping .... 

NDP 0S/2 2.1 
Developer's Pack 

$595 Includes: 
• 32-bit Globally Optimized Code 
• 32-blt Graphics and AA Access 
• IBM Toolkit and Workframe 
• Integrated Development Environment 
• 1500 pages of documentation 
• Your Choice of Complier: 

NOP CIC++, NOP Fortran-77 
or NOP Pascal 

Call for our 1Mlite Papers on 0S/2, i860 
Parallel Processing on PCs, Fortran 90 and 
our port o f LAPACK to the 486 and i860. 

M1croway® 
Research Park, Kingston, MA 02364 USA (508) 746-7341 

U.K., 081-541-5466 USA FAX (508) 746-4678 

Waldenbooks 

Object-Oriented 
Interface Design 

==-=-.:: 
==-=-= 

ISBN# 1-56529- 170-0 
IBM Pub# SC34-4399-0 
$29.95 USA 
Waldenbooks Item# 0967 

Available at Waldenbooks'", 
Walden oftware'", & Brentano's'" 

Object-Oriented Interface 
Des-ig"n Guidelines 

I BM® Corporation 

Uncover the secrets of interface 
design! This fantastic tutorial and 
reference describes the fundamen
tal concepts of the Common User 
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• Learn about the user 
interfaces and object-oriented 
environments 

• Explore a CUA designer 
model 

• Examine the components of 
the CUA interface 

• Apply instructions on how to 
design a product with a CUA 
interface 

To Order Direct, Call 1-800-443-7359 Dept# 768 
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ICSSStart 

ICSSStartConversation 

ICSSOefineContext 

ICSSGetValue 

ICSSSetValue 

ICSSUsten 

ICSSGetSpokenVords 

ICSSPlayback 

ICSSRelllOveContext 

ICSSEndConversation 

ICSSEnd 

Initializes the ICSS API code and data and prepares to start communications with the ICSS 
server. 

Establishes communications with the requested ICSS server facility. 

Requests the ICSS server to load a context into memory in preparation for guiding the ICSS 
listening process. 

Retrieves the setting of a specified ICSS control variable so the application program can 
verify the setting. 

Sets the value of a specified ICSS control variable so the application can customize ICSS to 
its requirements. 

Causes ICSS to begin listening to the specified source for speech. Once listening has started, 
ICSS returns control to the application program. 

Causes the ICSS server to retrieve the text representing the recognized speech, in order to 
return it to the application program. This text is not returned until the listening and 
recognition process is complete. 

Causes the ICSS server to play a specified digitized audio file on a specified output device. 
The application can use ICSSPl.ayback to play audio responses or prompts to the user. 

Removes a previously defined context from memory. ICSSRemoveContext can be executed to 
conserve memory. 

Removes remaining active contexts and terminates communication with the ICSS server. 

Cleans up ICSS API memory and resources. 

Table 1. Functions that may be invoked in the /CSS AP! 

parameters 
• Playback of prerecorded audio 

files. 

The context-switching capability of 
ICSS allows user applications, operat
ing as speech recognition clients, to 
load numerous contexts and switch 
rapidly among them using the speech 
recognition API calls. The process 
involves activating a grammar for use 
during the recognition search process. 
The API allows multiple applications 
on the same machine to treat the speech 
recognition engine as a successively 
reusable resource; context switching is 
therefore a particularly important tech
nique when using multiple applications 
in that each application has several 
screens or commands and data entry 
processes. 

Context Development. The context <level-

f*******************************************************************f 
/• Program name: reco.c •/ 
I• 05/2 Developer Magazine, Issue: July/August 1993 •I 
/• Article: Speech Enabling Your Applications With ICSS Is Easy •/ 
/• Author: Brandon Booth Phone: 301-240-3671 FAX: 301-240-3377 •/ 
I• Description: Program for performing speech recognition. Loads •/ 
I• a context and executes it, returning the spoken •I 
/• words, which best match within the context. •I 
I• Program Requirements: Software : 05/2 Version 2.0 or better •/ 
~ rus ~ 
/• IBM ACPA V1.02 Software support•/ 
/• Hardware 486 DX Processor •I 
I• Microchannel architecture •I 
I• 5 Meg RAM for ICSS •/ 
/• 25 Meg DASO for ICSS •/ 
/• IBM IHCPA card •I 
I• Microphone •I 
f*******************************************************************f 

linclude <stdio.h> 
linclude <stdlib.h> 
linclude <string.h> 

#include "icssapi.h" 

Figure 4. Sample program for speech recognition (continued on page BB) 
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~ / w---- \" ,, nature. 
But don't worry. It's all in good clean fun. Because now there's 
a fast, cost-effective way to create graphic, easy-to-use inter
faces for OS/2" 2.0 applications and tools. Introducing Graphics 
lnterface KiU2 (GIK/2), an AD/Cycle" product from IBM 
Programming Systems. 

GIK/2 makes it easy to produce and manipulate symbolic 
representations of data without writing a single line of Presentation 
Manager" code. It automatically generates C code, where 
you can link the graphic symbols to the application data 
they represent. This not only speeds up your development 
cycle, it also helps you create applications that are intuitive 
and easy-to-use. Simplify transaction systems. Make databases 
easy to access. Bring organizational charts to life. Track 
inventory with simple icons. Any application can be 
made easier with the right graphic front- end. And GIK/2 
can help you make it happen. 

For orders or additional information, please call 
1 800 IBM-CALL and ask for Department S71. If you 
need graphic proof, ask for our evaluation demo which, 
by the way, is rated G. 

----- - · ----- - ---- - -- - ------ - ----• IBM, OS/2, AD/Cycle and Presentation Manager are registered trademarks of International Business Machines Corporation. ©1993 IBM Corp. ------~- ·-
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opment environment provides tools for 
activities required to build a speech 
recognition context, including: 

• A context BNF compiler that 
creates word pair, or bigram, 
langu age models and finite
state language models 

• A bigram-by-example language 
model builder 

• A supplem ental dictionary 
processor 

• An add-word utility 
• A context test and checkout 

function. 

The ICSS AP/. Applications interact with 
ICSS through the ICSS API, which con
sists of eleven 32-bit C-language func
tion calls. A concept important to under
standing the API is that application pro
grams interact with ICSS as both client 
and server. In this case, the application 
is the client and ICSS is the server that 
provides speech-recognition functions. 
As each API function is called, the 
request is passed to the ICSS speech 
server for processing and the results are 
passed back to the ICSS API and 
returned to the invoking application. 

In general, it is necessary to perform 
the following functions to use ICSS: 

• Establish communications with 
the ICSS server facility 

• Establish a conversation with 
that server 

• Define any necessary contexts 
to the conversation to guide 
speech recognition 

• Start the ICSS listening process 
• Wait for any spoken words to 

be returned as text. 

To start associating these basic func
tions, Table 1 describes the functions 
that may be invoked in the ICSS APL 

To ensure that the ICSS API inter
acts correctly with the ICSS server, the 
API tracks the order in which these 
functions are invoked and the success 
or failure of each function. This hierar
chy of function invocation is tracked by 
maintaining a state for the ICSS API for 
each client application. For instance, 

ldefine SIZEBUFFER 256 

void quit (char •msg, long re); 
void message (char •msg, long re); 

'*******************************************************************' 
~mll ~ 
'*******************************************************************' 
llt min(llt argc, char •argv' ) 
{ 

char llputbuf'SIZEBUFFER 
char buffer'SIZEBUFFER 
long re = -1; 
long context= O; 
long notdone = 1; 
long spoke_too_soon; 
float utt_len; 
float acq_time; 
float reco_time; 

if(argc != 2) 
{ 

prlltf("The reco example program requires one argument.\n"); 
printf("The name of a context to do recognition against .\n"); 
prlltf("Example: reco /icss/appl/samples/rl/context/rl.m.ctx\n"); 
return O; 

} 
puts("llelcome to RECD, the ICSS api example program. "); 

re= ICSSStart(NULL); 
if (re != ICSS_SUCCESS) quit("Error: Start Failed",rc); 

re= ICSSStartConversation(ICSS_IBMACPA, /• ADCType •/ 
ICSS_DEFAULT_INT, /• ADCIFNumber •/ 
ICSS_DEFAULT_STRING, /• FESystemName •/ 
ICSS_DIRECT, /• FELllkType •/ 
ICSS_DEFAULT_STRING, /• RPSystemName •/ 
ICSS_DIRECT); /• RPllikType •/ 

if (re != ICSS_SUCCESS) quit("Error: StartConversation Failed",rc); 

re= ICSSDeflleContext(lcontext , 

if (re != ICSS_SUCCESS) 

argv'l , 
ICSS_DEFAULT_FLOAT, 
ICSS_DEFAULT_FLOAT, 
ICSS_DEFAULT_FLOAT) ; 

/• ContextHandle •I 
/• ContextName •/ 
I• InsertionPenalty•/ 
I• Languagelleight •/ 
I• Grammarlleight •/ 

{ message("Error: Define Context failed",rc); notdone = O;} 

while(notdone) 
{ 

printf("\nlisten?'yes,no >") ; 
fflush(stdout); 
gets(inputbuf); 

if( (strstr(llputbuf,"NO") != NULL) II 
(strstr(inputbuf, "no" ) != NULL) ) { break; } 

else 
{ 

re= ICSSListen(context, 
ICSS_DEFAULT_INT, 
ICSS_LIVE_MIKE, 

I• ContextHandle •I 
/• SpeechlnputType •/ 
I• SpeechlnputSource•/ 

Figure 4. Sample program for speech recognition (continued from page 87) 
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ICSS must be in a "listen" state to suc
cessfully perform ICSSListen and in a 
"conversation" state to perform ICSSGet
Spokenllords. 

A BNF FOR A CONTEXT 
ICSS uses contexts, derived from com
piled grammars or bigrams, to guide 
the speech-recognition process. The 
Speech Development Environment 
(SDE) tool set in OS/2 2.1 lets develop
ers create and test speech recognition 
contexts. 

The most important step in creating 
a context is application design. ICSS's 
context-switching capability allows 
speech-recognition contexts to be 
designed to mirror application struc
ture. The windowing message structure 
enforced by most popular GUis can 
provide guidance on organizing 
speech-recognition contexts. The ICSS 
recognition server can switch between 
the preloaded contexts defined for each 
major window. When a particular win
dow is focused on, it can use the 
speech-recognition API to switch to the 
appropriate speech context. For exam
ple, a word processor's main window 
might have a "window dressing" con
text supporting a command structure, 
as shown in Figure 2. This context 
allows a user to speak any of the menu 
options (File, Edit, and so on). 

Developing several small contexts 
makes it possible to reduce the search 
space, or perplexity, during functions 
performed by the application. It also 
reduces error rates when the speech 
recognizer is operating under sub-opti
mal conditions such as high back
ground noise. 

A banking application, for example, 
might ask which service is requested 
(loan rates, checking services, new 
accounts, current account status, and so 
on). A context would then be defined 
for each of the expected replies to the 
application's verbal or visual prompts. 
Once the user replies, the context is 
switched and a prompt (such as a 
request for a personal identification 
number, or PIN) is given. The BNF 
form of a PIN context could be set up 
as shown in Figure 3. 

This grammar in Figure 3 defines 
what can be said during a "listen" 
request. The engine will recognize the 
closest phrase in the grammar that 
matches an utterance. The rather sim
ple context in Figure 3 recognizes only 

digit strings; if the context is active, a 
phrase like "One, two, trees, six" would 
probably be recognized as ONE TIIO THREE 
SIX. The format works well, however, 
for inputs that do not contain "trick" 
sequences. 

OS/2 Developer is owned and published by Miller 
Freeman Inc., 600 Harrison St., San Francisco, CA 
94107, (415) 905-2200. Beginning with the July 1993 
issued, the editorial content of OS/2 Developer is con
trolled by Miller Freeman Inc. 

OS/2 Developer, originally published as the IBM 
Personal Systems Developer and later as the IBM OS/2 
Developer, was founded in 1988 by IBM Corp. 

The term "OS/2" is used in this publication as an 
abbreviation for the full term "OS/2 operating sys
tem." OS/2 is a registered trademark of IBM Corp. 

To correspond with OS/2 Developer, please write to: 
Editor 

Miller Freeman Inc. 
600 Harrison St. 

San Francisco, CA 94107 
tel: (415) 905-2387 
fax (415) 905 2234 

Internet: os2mag@vnet.ibm.com 
CompuServe: 76711,1005. 
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/CSS DEVELOPER'S PROGRAM 

The ICSS Developer's Program 
offers three classes on speech 
recognition. Call (800) 627-8363 for 
an information package. There are 
three packages available: $3995.00 
for a bundle of 23 licenses and 
$299.00- and $699.00 for the small 
and large microphone packages, 
respectively. 

The program consists of a develop
er's license and tools that enable 
applications for speech, as well as 
the runtime licenses needed to exe
cute these programs. The package 
also includes a developer's guide 
and a microphone. 

Technical support and develop
ment assistance is provided via the 
800 number. While there is cur
rently no technical support provid
ed on CompuServe, ICSS special
ists monitor the forums regularly 
and will respond to questions. Call 
(800) 627-8363 for information on 
ICSS demonstrations at trade 
shows and IBM briefing centers. 

REFERENCES 

IBM Continuous Speech Series Devel
oper's Guide, Developer's Program 
Beta 1, December 1992. 

A SIMPLE PROGRAMMING 
EXAMPLE 
Figure 4 shows a sample program for 
speech recognition. The program loads 
a context and executes it, returning the 
spoken words that best match within 
the context. A copy of this code can be 
downloaded from library 13 in the 
0 S2DF2 forum on CompuServe under 
the name "RECO.C." The code will exe
cute successfully only if ICSS is on the 
system running it. 

} 

} 
} 

NULL); /• SpeeehlnputName •/ 
if(re != ICSS_SUCCESS) { message("Error: listen Failed",re); 

break;} 

printf("\nBEGIN SPEAKING\n"); 

re= ICSSGetSpokenWords(SIZEBUFFER-1, 
buffer, 
&spoke_too_soon, 
&utt_len, 
&aeq_time, 
&reeo_time); 

if (re== ICSS_SUCCESS) 
{ 

I• TextBufferLen •I 
I• TextBuffer •I 
I• SpokeTooSoon •I 
I• UtteraneeLength •I 
I• AequisitionTime •I 
I• ReeognitionTime •I 

printf("The spoken text was : 'Y.s \n" ,buffer); 
printf("Utteranee Length Y,4.2f\n",utt_len); 
printf("Acquistion Time Y.4.2f\n",aeq_time); 
printf("Reeognition Time Y.4.2f\n",reeo_time); 

} 
else 
{ 

} 

message("Error: GetSpokenWords Failed",re); 
break; 

re= ICSSEndConversation(); 
if (re != ICSS_SUCCESS) message("Error: Conversation End Failed",re); 

ICSSEnd(ICSS_LOCAL+ICSS_NOFORCE); 

puts("RECO Exiting."); 
return O; 

void quit(ehar •msg, long re) 
{ 

printf("Y.s re=Y.d Y.s\n",msg,re,ICSSErrorString're ); 
exit(-1); 
return; 

} 

void message(ehar •msg, long re) 
{ 

printf("Y.s re=Y.d Y.s\n",msg,re,ICSSErrorString're ); 
return; 

} 

Figure 4. Sample program for speech recognition (continued from page 88) 

Vincent Stanford, IBM Corp., 100 Lake
forest Blvd. , Gaithersburg, MD. 20877. 
Stanford is a senior programmer and lead 
engineer for the IBM Continuous Speech 
Series. He has twenty years of experience 
developing DSP-based systems for speech 
recognition, sonar, biomedical, seismic, 
speech, and acoustic signal classification 
systems. 

Brandon J. Booth, IBM Corp., 100 Lake
forest Blvd. Gaithersburg, MD 20877. 
Booth, a senior associate programmer, has 
worked on various parts of ICSS (including 
the AP/ and 1/ 0 subsystem) since 1991. 
Before that, he worked on the CUA Con
trols Library/2 and the Personal Communi
cations/3270 product. Booth has been with 
IBM since 1988, when he graduated from 
American University with an M.S. in com
puter science. 
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The IBM OS/2 32-Bit Porting and Technical Consulting Workshops give developers hands-on training and assis
tance in application porting. BY MARILYN JOHNSON 

OS/2 32-Bit Porting and 
Technical Consulting Workshops 

I BM is offering developers a way to port exist
ing DOS, Windows, UNIX, and 16-bit OS/2 
applications to 32-bit OS/2 with the IBM 

OS/2 32-Bit Porting and Technical Consulting 
Workshops, which provide hands-on training and 
assistance in application porting. The workshops 
focus on OS/2 32-bit features such as thread man
agement, multitasking, robust memory manage
ment, and full 32-bit APis, with a focus on posi
tioning applications for portability. 

The workshops are led by industry experts who 
maintain expertise in current and future technolo
gy and have extensive experience in porting to 32-
bit platforms. Workshop leaders' experience with 
application porting allows: 

• Accurate sizing of the migration effort 
• A minimized learning curve 
• Architectural integrity 
• A shortened development cycle 
• 35% to 100% of code ported. 

All workshops include extensive hands-on port
ing of code brought in by the participants. The price 
of each workshop includes meals, the use of lab 
hardware, and software to take home. Participants 
also receive class materials, the OS/2 2.1 operating 
system, and C Developers' Workset/2 and Multi
media Presentation Manager/2 (MMPM/2). 

WINDOWS 3.X TO OS/2 32-BIT PRESENTATION 
MANAGER NATIVE WORKSHOP 
This five-day workshop is for Windows 3.x appli
cation developers who want to expedite porting 

Windows code to the 32-bit OS/2 platform, allow
ing Windows 3.x applications to exploit OS/2 
memory management, multithreaded design, and 
the Presentation Manager (PM) interface. The 
workshop involves extensive hands-on porting of 
developers' source code, including instruction and 
assistance from a porting expert. 

The workshop highlights architectural changes 
necessary to port, including comparisons between 
Windows 3.x and OS/2 program design and dis
cussion of the Windows 3.x 16-bit segmented 

The workshops focus on features 
such as thread management multi

tasking, robust memory management 
and fu/132-bit APls, with a focus on 

positioning applications for portability. 

memory management versus the 32-bit flat 
address space of OS/2 2.1. Students explore the 
benefits of OS/2 memory pools, guard pages, 
shared memory, page allocation techniques, and 
multi-threaded design. 

The workshop also covers programming to PM 
under OS/2 2.1. Participants will discuss forms of 
interprocess communication that allow OS/2 
processes to share and pass data and also compare 
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P
C. the OS/2 DOS APis to functions provid
~~ ed with the C run-time environment. 
..I The workshop covers common controls 

(such as the container, notebook slider, 
and value set) and common dialogues 
(such as the file and font dialogues), 

now a part of the OS/2 operating sys
tem. Finally, the class looks at the 
MMPM/2 Toolkit and its features . 

As part of the Windows 3.x to OS/2 
32-bit workshop, attendees use new 
porting tools that help convert applica-

SINGLE KEY-STROKE 
SCREEN PRINTING 

fl --

CLIPBOARD 
VIEWER 

SCREEN 
CAPTURE 

• Create Quality Black & White copies of color images. 
• Screen Saver prevents monitor bum-in. 
• Date & Time Display for Time-Stamping images. 
• LAN compatible. 
• Entity & OEM licensing available. 
• Economical combination of important utilities. 
• The most stable and reliable product available. 
• Includes both OS/2 2 (32-bit) and OS/2 1.3 (16-bit) versions. 

THE LEADER: PmtScm™ Screen Image Utility for OS/2 

MITNOR Software 
Phone: (918) 357-1628 
Fax: (918) 357-2869 

tions to the OS/2 2.1 PM platform. 
Prerequisites for this workshop are 

Windows 3.x and C programming 
experience as well as an existing Win
dows 3.x application. 

DOS TO OS/2 32-8/T PRESEN
TATION MANAGER WORKSHOP 
This seven-day workshop is for DOS 
application developers who want to 
port existing applications to the OS/ 2 
32-bit PM platform, allowing DOS 
applications to exploit OS/ 2 memory 
management, multithreaded design, 
and the CUA PM interface. The work
shop involves extensive hands-on port
ing of the developer's source code, 
including instruction and assistance 
from a porting expert. 

During the week, experts discuss 
how to map BIOS-based functions to PM 
APis and how to redesign the user 
interface to take advantage of PM pro
gramming. It also covers those 32-bit 
OS/ 2 functions equivalent to DOS INT 
functions. 

OS/2 32-bit flat addressing memory 
management, making the best use of 
OS/ 2's virtual address space, OS/2 
memory pools, guard pages, shared 
memory, and page allocation tech
niques are all covered. 

The concepts of multitasking with 
OS/2 processes and threads are dis
cussed in depth. Topics include inter
process communication and offloading 
work to multiple processes and threads 
of execution. 

Common controls that allow DOS 
programmers to spend more time on 
code specific to their application are 
reviewed, then the instructor demon
strates how to incorporate MMPM/ 2 
into newly ported OS/ 2 applications. 

Prerequisites for this workshop are 
DOS and C programming experience 
as well as an existing DOS-based C 
application. 

SYSTEM OBJECT MODEL/ 
WORKPLACE SHELL WORKSHOP 
This five-day workshop provides 
detailed information about OS/2 32-bit 
System Object Model (SOM) program-



ming. It shows how to interact with the 
Workplace Shell and takes advantage 
of future SOM enhancements with min
imal impact on source code. The work
shop features extensive hands-on appli
cation development. 

During this week, the instructors 
discuss similarities and differences of 
SOM and C++ as well as differences 
between Workplace Shell and non
Workplace Shell applications, identify
ing which modules should or should 
not become Workplace Shell objects. 

Attendees learn how to integrate 
existing OS/2 applications into the 
Workplace Shell by sub-classing exist
ing SOM and Workplace Shell objects, 
enabling applications to take advantage 
of the methods and default actions pro
vided by the object-oriented Workplace 
desktop. 

Prerequisites for this workshop are 
32-bit OS/2 and C programming expe
rience, as well as knowledge of the 
principles of object-oriented program
ming. 

OS/2 16-8/T PRESENTATION 
MANAGER TO 32-8/T PRESEN
TATION MANAGER WORKSHOP 
This five-day workshop enables OS/ 2 
developers to port their existing C 
applications to the OS/2 32-bit PM 
platform. This includes taking advan
tage of the flat memory model, better 
interprocess communication, and 32-bit 
execution vs. "thunked" 16-bit code. 
The workshop involves hands-on port
ing of the developer's source code, 
complemented by instruction and assis
tance from a porting expert. 

Differences between 16-bit and 32-
bit OS/2 subsystems, focusing on areas 
such as the new memory model, are 
reviewed. OS/2 2.1 flat memory 
addresses vs. 16-bit segmented memo
ry architecture are discussed, as are 
new memory features such as sparse 
memory objects and page guards. The 
class explores how 16-bit modules com
municate with 32-bit modules and the 
ramifications of "thunking" to 16-bit 
code. 

The instructors then address thread-

ing features available in OS/2 and 
OS/ 2 2.1, including suspending and 
resuming threads of execution and the 
system's ability to manage stack mem
ory for applications using threading. It 
then covers the changes and enhance
ments to interprocess communication 
between processes and threads. 

The workshop focuses on the new 
and changed Base Services APis and 
their C run-time counterparts; it also 
introduces OS / 2's common controls 
and and standard dialogues, which 
reduce the code required to perform 
common interfaces (for example, pro
viding a dialogue of drives, directories, 
and files). Finally, it covers perfor
mance enhancement aids and tools, an 
introduction to MMPM/2, and adding 
multimedia to OS/ 2 applications. 

Prerequisites for this workshop are 
experience in OS/ 21.x and C program
ming and an existing OS/ 21.3 applica
tion. 

UNIX TO OS/2 32-BIT WORKSHOP 
This five-day workshop is for UNIX/ X
Windows application programmers 
who want to port or reimplement 
applications on the OS/ 2 32-bit plat
form and also for programmers who 
want to include OS / 2 in their UNIX 
environment. The workshop fosters a 
broad-based understanding of OS/2 
components by comparing UNIX and 
OS/ 2, which helps developers under
stand how to provide existing applica
tion function in the OS/ 2 environment 
and how to exploit unique features of 
OS/2 to extend or enhance existing 
function. Capabilities and interfaces 
common to both UNIX and OS/2 are 

emphasized to expedite porting and 
preserve application architecture and 
design wherever possible. 

During this workshop, instructors 
give an overview of OS/2 and identify 
the programming environment and 
development process. The class com
pares OS/ 2 and UNIX-based operating 
system concepts, interprocess communi
cation using shared memory, pipes, 
queues, semaphores, transmission con-

All workshops include 
extensive hands-on 

porting of code brought 
in by the participants 

trol protocol/ internet protocol (TCP /IP) 
sockets and RPC, NetBIOS, and SNA 
basics. The class discusses the interoper
ability of X-Windows and PM and OS/2 
security in standalone and LAN envi
ronments. 

Prerequisites for this workshop are 
UNIX/ X-Windows and C program
ming experience as well as familiarity 
with standard development tools. 

Marilyn Johnson, IBM Corp., /000 N. W 
51st St., Boca Raton, Fla. 33431. Johnson 
has been with IBM since 1980 and with the 
worldwide Developer Assistance Program 
since 1989. She is the program manager 
for the porting and technical consulting 
workshops. 

WORKSHOP LOCATIONS AND INFORMATION 

Workshops are held in West Palm Beach, Fla. and Dallas, Texas. The UNIX to 
CY3/2 32-bit workshop is held at the IBM site in Austin, Texas. 

For more information, call One Up Corp. at (800) 618-3187 Monday through 
Friday, 8:00 a.m. to 5:00 p.m. Central time. Refer to the IBM CY3/2 Porting and 
Technical Consulting Workshop. 
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Since 32-bit 0S/2 was released last year, more than 1,200 0S/2 applications have appeared 
on the market. Each issue, this column will note new product releases in the 0S/2 world. 

New Products, New Support 
TOOLS 

Borland C++ for OS2. Borland' s new C ++ 
for OS/ 2 makes quick creation of pow

erful C and C++ applications easy with a graphical 
environment and a suite of visual tools, including 
Turbo Debugger GX. C ++ includes an optimizer 
for 32-bit code generation and is designed with 
ANSI C Certification and AT&T C++ standards. 

Borland International Inc. 
Phone: (800) 331-0877 Fax: (408) 439-9103 

Oigitalk PARTS Workbench for OS/2. The PARTS 
Workbench is a 32-bit client / server technology 
integration tool that lets programmers assemble 
and reuse parts. The product comes with 67 visual 
parts (Window, Button, and Text Pane) and nonvi
sual parts (dynamic data exchange, launch pad, 
and Btrieve). These components, plus others from 
Digitalk and third-party vendors, can be linked 
together to form applications. 

Digitalk 
Phone: (800) 531-2344 Fax: (310) 645-1306 

HockWare VisPro/REXX. VisPro/REXX helps pro
grammers create powerful and professional OS/ 2 
2.x programs with REXX in a GUI environment. 
VisPro/REXX exploits all OS/2 controls while 
enabling all the REXX features, including interac
tive debugging, APPC, HLLAPI, and OS/ 2 Data
base Manager interfaces. 

HockWare Inc. 
Phone: (919) 387-7391 Fax: (919) 380-0757 

IBM C Developer's Workset/2. The C Developer's 
Workset/2 consists of several programs designed 

to maximize developer productivity. Included in 
this package is the IBM high-performance C Set/2 
compiler and debugger, the IBM WorkFrame/ 2 
project-oriented development environment, and 
the IBM Developer's Toolkit for OS/ 2, which fea
tures a collection of language-independent build 
tools, productivity tools, sample programs, refer
ence information, and a kernel debugger. IBM also 
offers a free quarterly compiler newsletter that can 
be ordered by fax. 

IBM Corp. 
Phone: (800) 342-6672 
Fax: (416) 448-6057 (for newsletter only) 

PSS Tape Solution Series. Parallel Storage Solutions 
offers their Tape Solution Series, the only tape
backup on the market specifically designed for use 
with OS/ 2. For independent or network users, it 
protects data quickly and efficiently. Coupled with 
a tape backup device, the software provides the 
fastest backup speed on the market. 

Parallel Storage Solutions 
Phone: (800) 998-7839 Fax: (914) 347-4646 

WATCOM C/C++32. C/ C++32 is a 32-bit multiplat
form optimizing compiler package with a compre
hensive toolset, including a debugging system, 
profile, linker, make utility, and other tools. 
C/ C++32 features include full C++ implementa
tion with templates, exceptions and nested types, 
and an advanced code generator with 486 and 
Pentium optimization. 

WATCOM 
Phone: (519) 886-3700 Fax: (519) 747-4971 
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APPLICATIONS 

Cirrus Unite 2.0. Unite is an integrated 
client/ server-based document imaging 

solution designed to reduce paper handling while 
increasing productivity. A true multitasking appli
cation for LAN use, Unite 2.0 supports optical juke
box technology for storage, fax, and print output. 

Cirrus Technology Inc. 
Phone: (301) 698-1900 Fax: (301) 698-1909 

Lotus Applications. Lotus has recently shipped sev
eral of its most popular applications rewritten for 
OS/2 2.x to take advantage of multithreaded full 
32-bit support. The OS/2 2.x versions of Ami Pro, 
1-2-3, Freelance Graphics, Notes, and cc:Mail all 

DEVELOPER SUPPORT 

IBM Developer Connection for OS/2. The 
IBM Developer Connection for OS/2 is 

a new service designed to provide OS/2 develop
ers with the technical information needed to create 
OS/2 applications. The Developer Connection will 
also feature updated information, tips, techniques, 
sample applications, and beta code for upcoming 
IBM applications. 

The service, which consists of quarterly CDs 
and newsletters as well as electronically-accessible 
developer support, costs $199.95 per year. How
ever, developers who sign up for the Developer 
Connection before September 30, 1993 are eligible 
for an introductory price of $149.95 per year. 

For more information about receiving the 
Developer Connection, call 1-800-633-8266. 

New I.V. League Catalog. The IBM OS/2 Indepen
dent Vendor (1.V.) League showcases hundreds of 
books, magazines, courseware, and consulting ser
vices that support OS/2. Now, select member 
products are featured in the all new I. V. League 
Product Catalog. To order a free copy, call 1-800-
342-6672. 

If you would like to contribute to this column, 
please contact Product Watch, 0'3/2 Developer, 
600 Harrison St., San Frandsco, CA 94107, fax: 
(415) 905 2234. 

offer drag and drop capabilities and Workplace 
Shell integration. 

Lotus Development Corp. 
Phone: (800) 872-3387 

WordPerfect 5.2 for OS/2. WordPerfect 5.2 is a graphi
cal word processing program that includes popular 
features such as the Button Bar, ruler, QuickFinder, 
and QuickMenu, as well as drag-and-drop capabili
ties and new macros. It supports all documents cre
ated in previous versions of WordPerfect. 

WordPerfect Corp. 
Phone: (800) 451-5151 Fax: (801) 222-5077 

osn CALENDAR 

August 24-26 

August29-
September2 

September9 

Business Software 
Solutions Conference 
(formerly Windows & 0'3/2 
Conference), Boston 
(415) 905-2784 

IBM Technical Interchange, 
Orlando (800) 872-7109 

C.A.M.P., Chicago 
(708) 291-1360 

October 5-8 NetWorld, Dallas 
(800) 829-3976 

October 19-21 PC Expo, Chicago 
(800) 829-3976 

October 31- ColoradOS/2, 
November 5 Colorado Springs 

(719) 481-3389 
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n Productivity 
Reduce development and maintenance 
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Fully integrates with your application 
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TIRS features include multiple platforms {OS/2, 
VM, and MVS), frame-based reasoning with 
inheritance, a code generator {C and PUI), 
and a GUI development environment. 
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OEM offerings, and our two month product 
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This article provides an in-depth walk-through of debugging routines using the REXX programming language's 
trace command. Programs can be tested entirely inside REXX without the use of external debugging tools. 
BY STEVE CLARK 

Debugging REXX Applications 

' 

n The REXX Language : A Practical Approach to 
Programming, author Michael Cowlishaw 
states that the single design objective of REXX 

was "to make programming easier than it was 
before." The simplicity of REXX allows program
mers to deal more directly with the logic of a pro
gram. 

The same design objective was applied to 
debugging REXX code. The REXX language 
includes many debugging features to make test
ing and debugging easier. Understanding where 
and how these debugging aids are used can 
improve the quality of your code and the efficien
cy of the development, testing, debugging, and 
documentation process. 

Most of the information and examples here are 
appropriate for all REXX operating environments. 
Specific 0S/2 features are clearly noted. 

DEFINING TRACE ACTION 
The REXX language processor offers many trace 
actions for use in debugging. Setting a trace action 
determines the amount of trace information to be 
displayed and whether the trace is run interac
tively. This can be controlled within a REXX pro
gram by the TRACE instruction or the built-in TRACE() 
function. These share most of the same parame
ters and can be used interchangeably in many sit
uations. 

The trace action is defined by a single parame
ter made up of either a whole number or an alpha
betic character(vord) option. The number trace para
meter is only valid during interactive tracing. The 
most commonly used alphabetic character(vord) 
options are: 

execution. This is the default setting. 
• Off . All tracing is turned off. 
• Results. All clauses are traced before exe

cution and results are displayed. This is 
the most common option. 

• Intermediates. This option is similar to 
Results, but intermediate results are also 
displayed. 

• Labels. All labels are traced as they are 
passed. 

REXX recognizes an option by the first letter of 
its name so it is not necessary to type the full 
name. The alphabetic character(vord) option may 
also include one or more question mark (?) prefix 
characters. The question mark prefix acts as a 
switch turning interactive tracing on and off. 
Examples of setting the REXX trace action using 
the trace instruction are shown in Figure 1. 

REXX trace parameters are described in detail 
in the OS/2 2.0 Procedures Language 2/REXX refer
ence manual. 

DIFFERENCES BETWEEN TRACE AND 
TRACE() 
If the TRACE instruction and the TRACE() function are 
so similar, why is it necessary to have both? In 
practice, the TRACE instruction is sufficient for most 
debugging tasks, and its simpler syntax is quicker 
to use. There are differences, however, between 
the two commands. The TRACE() function has some 
unique features that make it a necessary and valu
able debugging aid. 

The most obvious difference between TRACE and 
TRACE() is that the TRACE() function returns a result. 
The result is the current TRACE action. You can 

• Normal. Failed commands are traced after invoke the TRACE() function directly within an 
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expression, and the result will be eval
uated as part of the expression. Alter
natively, the TRACE() function can be 
invoked with the CALL instruction and 
the returned result will be assigned to 
the special variable RESULT. Examples of 
calling the TRACE() function are shown 
in Figure 2. 

Also, like other functions, TRACE() 
evaluates its option as an expression, 
whereas the TRACE instruction evaluates 
its option as a constant. The TRACE 
instruction is defined this way to sim
plify the syntax of the command and 
avoid surprises to the programmer. 
The instructions TRACE I or TRACE OFF will 
always set the expected trace action. 
However, using CALL TRACE I or CALL 
TRACE OFF may generate some unexpect
ed trace behavior if the symbols i or off 
have been assigned values. Figure 3 
illustrates that it is necessary to be 
explicit when using the TRACE() function 
and delimit the option with quotes. 

The intent in Figure 3 is to set the 
trace action to Intermediates. Instead of 
doing so, the language processor evalu
ates the variable i, which has been 
incremented to 11 by the do i=1 to 10 
loop. What is actually executed is CALL 
TRACE 11. 

I• Trace off 

I• Trace off 

•I 

•I 

TRACE OFF 

TRACE 0 

TRACE ?R 

TRACE I 

/• Trace results - interactive •I 

/• Trace intermediate results •/ 

Figure 1. Sample TRACE instructions 

trace_val.ue = TRACE() /• Get trace option •I 

trace_value = TRACE('R') 

CALL TRACE '?R' 

/• Get option and set results •I 

/• Set results - interactive •/ 

Figure 2. Sample TRACE () function calls 

after most clauses for input from the 
keyboard. One exception is the TRACE 
instruction. Following a TRACE instruc
tion, the language processor will con
tinue to execute until the next pause. 
This is true whether the TRACE instruc
tion is in the file or entered from the 

summarized in Figure 4. 

TRACE OUTPUT 

Interactive trace allows programmers to monitor 
program execution, change variables, reexecute 
clauses, execute program routines, and even alter 
program flow 

As each clause is executed, the trace 
output is displayed to the user. The dis
play contains the executed source line 
number and text. A special symbol is 
also displayed to indicate the type of 
data being displayed. The M symbol 
indicates that the displayed data is the 
source text of the executed clause. The 
+++ symbol indicates a trace message 
from the language processor. 

When results are displayed, they are 
indicated by symbols that begin and 
end with the greater than sign (>) . 
These symbols are shown in Figure 5. 
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This example points out another dif
ference. The number parameter, while 
valid for the TRACE instruction, is not 
valid for the TRACE() function. Using the 
number parameter with a call to the 
TRACE() function will generate a syntax 
error. 

The less obvious differences 
between the TRACE instruction and the 
TRACE() function become apparent dur
ing interactive tracing; during interac
tive trace, the REXX processor pauses 

keyboard. In contrast, the language 
processor pauses after the TRACE() func
tion, as it does for all functions. 

Another difference is that during 
interactive trace, trace control is trans
ferred to the console. All TRACE instruc
tions in the program file are ignored. 
Only keyboard TRACE instructions are 
obeyed until interactive trace is 
switched off. In contrast, the TRACE() 
function is never ignored. The differ
ences between TRACE and TRACE() are 

INTERACTIVE TRACE 
Interactive trace allows programmers 
to monitor program execution, change 
variables, reexecute clauses, execute 
program routines, and even alter pro
gram flow. The REXX processor pauses 
following the execution of most clauses 
and allows programmers to enter 
instructions from the console. In fact, 
all REXX instructions may be entered 
from the console during interactive 
trace. 

In addition, there are two special 
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do i•t to 10 

end 
call trace i 

Figure 3. Invalid TRACE () function call 

instructions that control execution dur
ing interactive trace. These two instruc
tions are the null line and the equal 
sign{=). Entering a null line by pressing 
the enter key will cause the processor 
to execute the next clause and continue 
executing until it reaches the next 
pause. 

Entering an = will reexecute the last 
clause traced in the current routine. 
This is an extremely useful command 
when used in conjunction with the 
available REXX instructions. If you are 

Reprints available from 

using the Results trace action and come 
across a complex line of code, you can 
switch the tracing action to Intermediates 
by executing the TRACE() function from 
the keyboard and then reexecuting the 
clause. The TRACE() function is used so 
the language processor will pause and 
not continue to the next clause. 

Figure 6 demonstrates this scenario. 
In the first execution of the clause, you 
can see that the variable x was com
pared to the result of the VERIFY () func
tion and the result of that comparsion 
is O or false. But since the values of the 
variables in this clause are unknown, it 
is difficult to see how the result was 
determined. So the trace action is 
changed with the TRACE() function and 
reexecuted to get more detail. The 
Results symbols now show that the vari
able (>V>) ' x' equals 1, stri ng contains a 
date, delim_list contains a list of delim-

iters, and that there is a literal (>L>) 
string M. The VERIFY function(>F>) has 
returned 3, the comparison operation 
(>O>) returned 0, and the final result is 0. 

During an interactive trace, vari
ables can be examined with the SAY 
instruction. The semicolon can be used 
to enter multiple clauses on a line. In 
fact, the processor requires that all 
instructions such as DO ... END and 
IF ... THEN be complete when entered, as 
in Figure 7. 

While monitoring the program exe
cution and examining the variables 
with the SAY instruction or through 
trace results, changing a variable's 
value is invariably useful. Variables can 
be modified with an ASSIGNMENT instruc
tion, as in Figure 8. 

Program subroutines can be execut
ed directly from the keyboard with the 
CALL instruction. Subroutines can also be 
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exited at any point with the RETURN 
instruction. This means that a program
mer can dramatically alter program 
flow. 

Program execution can also be halt
ed with the EXIT instruction, although it 
is better to exit by calling the program's 
exit subroutine (for example, CALL 
EXIT _PROG). The exit subroutine would 
have been coded to perform any neces
sary cleanup, such as dropping queues 
or deleting temporary work files . 

CONTROLLING INTERACTIVE 
PAUSES 
Two trace options control pausing dur
ing interactive tracing. One of these is 
the Labels option. This option changes 
the trace action to only trace and pause 
at label clauses. This is useful for limit
ing the amount of trace output and 
quickly progressing to the next subrou
tine of interest. Once a desired subrou
tine is reached, changing the trace 
action to Results or Intermediates will 
resume tracing of all clauses. 

TRACE L is also useful when examin
ing unfamiliar programs. Since only 
labels are traced, it can be used to gen
erate an outline of the program flow 
showing the order in which each sub
routine is executed. 

The other trace option used for con
trolling interactive pauses is the num
ber option. When a positive whole 
number is used as a trace option, the 
designated number of pauses will be 
ignored. Using a negative whole num
ber has the same effect on pausing, but 
trace output is suspended for the desig
nated number of pauses. 

The number option is most useful 
for debugging loops. After stepping 
through a loop once, the number 
option can be used to initiate a full exe
cution of the loop without pausing. 

INTERACTIVE TRACE OF SUBROU
TINES 
When a subroutine is to be traced, the 
programmer can start interactive trac
ing by adding a TRACE instruction to the 
source either within the subroutine or 
prior to the call to the subroutine. In 
either case, the subroutine will be 

TRACE TRACE() 
Alter trace action from keyboard y 

Result returned N 

Option is taken as a constant y 

Pause after TRACE clause N• 

Ignored in file during interactive tracing y 

Accept number option y 

No parameter sets default trace action y 

• Note: The pause behavior of the TRACE instruction and the TRACE() 
fuaction when entered at the keyboard during interactive trace 
is not consistent in all .implementations or versions of REXX. 

Figure 4. TRACE vs. TRACE() behavior 

When the trace action is set to 'Results' with 
the 'R' trace option, the results are preceded by 
the following symbols: 

y 

y 

N 

,. 
N 

N 

N 

>>> Results of an expression including assignments made with the parse 
instruction. 

>.> Value assigned to the period('.') placeholder during parsing. 

When the trace action is set to display 'Intermediates' with the T trace 
option, then the following additional result symbols are used to identify 
the intermediate results: 

>C> Resolution of a compound symbol (symbols which contain a 
period). The value shown is not the value assigned the symbol 
but the stem portion of the symbol and the resolved components 
of the tail. Compound symbols are described in depth in the 
OS/2 2.0 Procedures Language 2/REXX Reference manual. 

>F> Result of a function call. 

>L> literal. 

>O> Result of an operation on two terms. Operations include 
arithmetic, comparison and concatenation. 

>P> Result of a prefix operation(+ or-). 

>V> Contents of a variable. 

Figure 5. Symbols used in trace output 
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9 •-• If x = verify(string, del.ill_list, 'M'); 
»> ·o· 

Enter: CALL TRACE 'I' 
Enter: = 

9 •-• If x = verify(string, delim_list, 'M'); 
>V> · 1• 
>V> "01/17/92" 
>V> "/- :" 
>L> """ >F> "3" 
>0> "0" 
»> "0" 

Figure 6. Reexecuting a clause to get intermediate results 

Inserting a trace instruction within 
a subroutine will cause tracing to begin 
after entering the subroutine. There is 
no need to change the trace action 
when the subroutine ends. That hap
pens automatically. The trace action of 
the caller is saved, and when control 
returns to the caller, that trace action is 
restored. 

If a subroutine is called from numer
ous points in a program, it is not neces
sary to locate each call and add a TRACE 
instruction. Instead, a single TRACE 
instruction within the subroutine will 
turn tracing on each time the subrou
tine is executed. However, because 
tracing does not begin until after entry 
into the subroutine, it is not apparent 
where the call to the subroutine was 

traced. The difference is the program- subroutine. Both approaches have their made or what the source of the subrou
mer's control prior to and following the advantages. tines parameters were. Fortunately, 
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REXX provides a special variable and 
a built-in function for retrieving this 
information. The special variable SIGL 
contains the line number of the clause 
that transferred control to the subrou
tine, as shown in Figure 9. The built-in 
function SOURCELINE() used with the spe
cial variable SIGL will return the exact 
text of the clause that called the active 
subroutine. 

Adding a trace instruction prior to 
the call to a subroutine establishes the 

By modifying the 
variables that make up 
the calling parameters 
and repeatedly calling a 
subroutine, subroutines 
can be fully tested in a 
single execution of the 
program. 
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trace action prior to, during, and after 
the execution of the subroutine. This 
allows a programmer to see exactly 
where the call takes place. It provides 
an opportunity to see and modify the 
subroutine's calling parameters and to 
see and modify the result when the 
subroutine returns. It also allows the 
programmer to easily reexecute the 
subroutine. 

Since the REXX processor does not 
pause following a trace instruction, it is 
recommended that a NOP instruction be 
added following the TRACE instruction. 
The language processor will pause after 
the NOP instruction, which provides an 
opportunity to examine and possibly 
modify variables before entering the 
subroutine. The DEBUG_RX.CMD pro
gram illustrates this with the clause 
TRACE ?R; NOP just before the call to the 

Enter: say 'The value of xis' x 
The value of xis 34 

Enter: do i=O to var.O; say 'Var.'i 'is' var.i; end 
Var.O is 3 
Yar.1 is 25 
Yar.2 is 12 
Var.3 is 58 

Figure 7. Examining variables with SAY 

Example: 

6 •-• If X = y; 
>» 

Enter: 
Enter: 

"0" 

x=y 
= 

/• Result indicates false •I 

/• Modify x with assignment•/ 
I• Re-execute •I 

6 •-• If X = y; 
»> "1" I• Result is now true •I 

Figure 8. Altering program flow with an ASSIGNMENT instruction 

Enter: say s.igl. sourceline(s.igl.) 
126 call subr1 pann_a parm_b /• Line which called subr1 •I 

Figure 9. Displaying a subroutines caller 

DIFF subroutine. The TRACE instruction is 
used instead of the TRACE() function 
because it is ignored if interactive trace 
is already switched on. 

When the tracing action is set prior 
to calling a subroutine, that action will 
be in effect after the subroutine ends. 
The programmer can take advantage of 
this by using the equal sign (=) trace 
command to re-execute the call to the 
subroutine. The = reexecutes the last 
clause traced in the current routine. 
After control is returned to the caller by 
the RETURN instruction, the last clause 
traced in the current routine is the 
clause that called the subroutine. 
Therefore, entering = will reexecute the 

call to the subroutine, as shown in Fig
ure 10. 

This is an extremely efficient debug
ging technique. By modifying the vari
ables that make up the calling parame
ters and repeatedly calling a subroutine 
in this manner, subroutines can be fully 
tested in a single execution of the pro
gram. 

When using this technique, it may 
be desirable to quickly return to the 
calling routine and reexecute the sub
routine. There are two ways to do this. 
Entering TRACE OFF will turn off tracing 
until the subroutine returns to the 
caller. Entering the RETURN instruction 
will change the program flow and force 
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an immediate return to the caller. If the 
RETURN instruction is used in a subrou
tine called as a function, it must return 
a result, such as RETURN 0, or a syntax 
error will be generated. 

Once a tracing action is set, it will 
apply to any called subroutines. If 
there is no interest in tracing a subrou
tine, entering TRACE OFF will switch off 
tracing until that subroutine ends. But 
if a program contains a subroutine that 
is called repeatedly, such as a logging 
or messaging routine, it can be an 
annoyance to constantly be switching 
off tracing from the keyboard. In this 
instance, it is preferable to program
maticaly switch trace off with a clause 

During 
development, it can 
be very efficient to 
write and test many 
routines externally. 

in the offending subroutine. TRACE 
instructions in the program cannot be 
used for this purpose because they are 
ignored during interactive trace. But 
the TRACE() function can be added to a 
subroutine to programmaticaly switch 
tracing off. 

USING EXTERNAL ROUTINES 
Re-executing subroutine calls with the 
equal sign (=) trace command works 
very well with external routines. 
Whereas an internal routine cannot be 
changed and retested without ending 
and restarting the program, an external 
routine can be modified between calls 
without ending the calling program. 
During development, it can be very 
efficient to write and test many rou
tines externally. Once testing is com
pleted, they can be converted to inter
nal routines. If the file name of the 
external routine is kept the same as the 

/• When DEBUG_RX.CMD is executed vith the trace instruction •I 
/• suggested above, the trace scenario might proceed as shovn here . •/ 

12 •-• Nop; 
+++ Interactive trace. "Trace Off" to end debug, ENTER to Continue. 

Enter : say yr1 yr2 sz /• Examine variables •I 
00 10 2 

Enter: /• Step through subroutine •I 

13 •-• call cliff yr1, yr2, sz; 
24 •-• Diff : /• Start of subroutine •I 

Enter: trace -6 /• Suspend trace for 6 lines•/ 

32 •-• ans= x - y; 
>» "-10" 

33 •-• If abs(ans) >= abs(( x + z) - y ); 
>» nou 

34 •-• If abs(ans) >= abs(x - ( y + z) ); 
»> "0" 

35 •-• Return re; /• Return to caller •I 
»> "-10" 
>» "-10" 

Enter: yr1 = 50 / • Change calling parameter •I 
Enter: = /• Re-execute subroutine •I 

13 •-• call cliff yr1, yr2, sz; 
24 •-• Diff: /• Start of subroutine •I 

Figure 10. Reexecuting a subroutine in interactive trace 

label, then the only conversion is to 
copy the routine into the program. 

In determining if this development 
technique is appropriate, keep in mind 
that there are no external variables in 
REXX. All of the caller's variables are 
hidden from an external routine just as 
if a PROCEDURE instruction were used. The 
DIFF subroutine in the DEBUG_RX.CMD 
sample program is an example of a rou
tine that can be used unchanged either 
as an internal routine or as an external 
REXX routine. DIFF does not use any 
variables from the caller's environment. 

It receives data through the calling argu
ments and returns data to the program 
as a result. To convert DIFF to an external 
routine simply copy the routine into a 
file named DIFF.CMD and delete it 
from the program. 

SAVING TRACE OUTPUT 
In the OS/2 operating environment, the 
REXX processor generally uses the 
default input and output streams STDIN 
and STDOUT to read from the keyboard 
and write to the display. Trace output, 
on the other hand, is written to the 
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'****** .. ************************************************************* 
** REYERSE.CMD 
** Filter to reverse lines in a file 
** - Uses standard piping/redirection 

*********************************************************************' 

trace_value = trace('OFF') /• interactive trace •I 
if trace_value = '?R' then trash= trace('R') I• must be off •/ 

do while lines('STDIN') 
line = linein('STDIN') 
line= reverse(line) 
call lineout 'STDOUT' , line 

end 

Figure 11. Resetting trace action in a filter 

STDERR output stream. Thus it is very 
easy to save or print trace output by 
executing the program with STDERR redi
rected to a file or a printer. The lan
guage processor detects when STDERR 
has been redirected and will not allow 
interactive trace to be switched on. 
When using redirection, STDERR is refer
enced by the internal file ID (handle) 2. 
When entered at the OS/2 command 
prompt, this example will execute the 
program MYAPP and redirect any trace 
output to the file TRACE .OUT: 

MYAPP 2>TRACE.OUT 

The OS/2 PMREXX utility allows exe
cution and debugging of REXX pro
grams within a Presentation Manager 
window. It can also be used to save 
trace output. Among the many features 
of PMREXX are scrolling and saving out
put, selective copying to the clipboard, 
pasting to input, and switching interac
tive trace on and off with the mouse. 

PHREXX is an optional system utility 
in OS/2 2.0 and 2.1. If it was not origi
nally installed it can be installed from 
the OS/2 desktop by selecting OS/2 
System, System Setup, Selective Install, 
System Configuration (click on 'OK'), 
OS/2 Setup and Installation, Optional 
System Utilities in OS/2 Installation, 
andPMREXX. 

/• read line from STDIN •/ 
I• reverse line •I 
/• write line to STDOUT •/ 

USING RXTRACE ENVIRONMENT 
VARIABLE 
The REXX processor provides an exter
nal means of switching on interactive 
trace in the OS/2 operating environ
ment. If the environment variable 
RXTRACE is set to ON, the language proces
sor will automatically set the trace 
action to ?R. It is, therefore, not neces
sary to modify a REXX source file to 
switch on interactive trace. The RXTRACE 
environment variable is most helpful 
for remotely debugging user problems 
that cannot be duplicated. The user can 
easily provide the trace information 
needed by switching trace on with SET 
RXTRACE=ON, executing the program with 
the trace output (STDERR) redirected to a 
file or printer, and then sending the 
output to the programmer. 

Using the RXTRACE environment vari
able works quite well unless the '?R 
trace action is not the preferred or 
appropriate setting. For instance, ?I 
might be preferred because it provides 
more detailed trace information. Or, if 
the program is a filter, then interactive 
trace is not appropriate because the lan
guage processor will try and interpret 
the STDIN input stream as REXX instruc
tions. In these cases, some additional 
code can correctly reset the trace action. 

The REVERSE.CMD sample pro
gram demonstrates how to program-
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matically test and reset the trace action. 
REVERSE.CMD is a simple filter that 
takes lines from STDIN , reverses them 
with the REVERSE() built-in function and 
then writes to STDOUT. Because it is a fil
ter, REVERSE.CMD will not execute 
correctly in interactive trace mode. If 
interactive trace has been switched on 
using the RXTRACE environment variable, 
the first two lines of the program will 
reset the trace action. The first line calls 
the TRACE() function to query the current 
trace action and immediately turn trac
ing off. The current trace action is 
stored in the TRACE_VALUE variable. The 
second line checks TRACUALUE; if it was 
set'to ?R, the trace action is reset to R, as 
shown in Figure 11. 

AUTOMATING TEST CASES 
An important part of application devel
opment and maintenance is verifying 
that a program works as designed in 

With the commands 
available in REXX, it 

is simple to 
automate running 

test cases that will 
test the complete 

program or specific 
routines within the 

program. 

the original release and in successive 
generations of enhancements and 
maintenance. This validation is done 
with test cases. Two problems in run
ning test cases 'is the time it takes to 
execute them and the difficulty of 
designing tests that fully validate all of 
the program's routines. With the com-
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mands available in REXX, it is simple to 
automate the running of test cases that 
will test the complete program or spe
cific routines within the program. 

It was discussed earlier that testing 
can be done during interactive trace by 
entering REXX instructions from the 
keyboard. Those instructions are inter
preted immediately by the language 
processor. The INTERPRET instruction will 
also process REXX instructions. Cre
ative use of the INTERPRET instruction 
allows programmers to exercise control, 
similar to interactive trace, from outside 
the program. 

The DEBUG_RX.CMD program, 
shown in Figure 12, demonstrates how 
to take instructions from a file of test 
cases and execute them with the INTER
PRET instruction. The RUN_TEST_CASES rou
tine in DEBUG_RX.CMD provides this 
function. If the program is started with 
a parameter of TEST, then the SIGNAL 
instruction transfers control to the 
RUN_TEST_CASES routine, which reads the 
DEBUG_RX.TST file . As each line is 
read, it is processed by the INTERPRET 
instruction. 

DEBUG_RX.TST, shown in Figure 
13, contains instructions that test the 
DIFF() routine in DEBUG_RX.CMD. This 
file looks similar to a REXX file because 
it contains REXX instructions; however, 
each line represents a literal string that 
will be processed by the INTERPRET 
instruction. INTERPRET requires that all 
instructions, such as DO .•. END and 
IF ... THEN, be complete. Therefore, 
instructions and comments in the test 
case file cannot span multiple lines. 
Long instructions are pieced together in 
multiple assignment statements with a 
semicolon separating the clauses. The 
basic test scenario for DIFF () is assigned 
to the variable TEST in this manner. The 
test cases are run by changing the val
ues of the variables used in TEST and giv
ing the instruction INTERPRET TEST 
(RUN_TEST_CASES actually executes INTERPRET 
INTERPRET TEST). All messages are written 
to STDERR so they can be easily redirected 
to a file. 

Incorporating this method of saving 
and running test cases into the develop-

, ......................................................... ............... 
.. DEBUG_Rl.OID progrn to dellonstrate autoaated test cases 
........................................................................ , 
parse upper arg parllS 
if parllS • 'TEST' then signal Run_Test_Cases 

trace o 
yr1 • 00 
yr2 • 10 
sz • 2 

trace ?r; nop /• trace DIFF subroutine•/ 
call cliff yr1, yr2, sz 
ans• result 
say yr1 ·-· yr2 '•' ans 

call exit 

!••••••••• .. ••••••••••••••"**• .. •••••••• .... ••••••• .. •••••****••****"** 
•• DIFF() returns the difference betveen a pair of counters that 
•• are reset to zero after they reach 11&X.lllUII value. 
••ex.last tvo digits of the year DIFF(92,00,2)) -> -8 
........................................................................ , 
Diff: procedure 

parse arg x, y, z. 
if datatype(x,'W') <> 1 , 

I datatype(y,'W') <> 1, 
I datatype(z,'W') o 1 then ans•'' 

else do 
z-10..Z 
ans=x-y 
if abs(ans)>•abs((x+z)-y) then ans•(x+z)-y 
if abs(ans)>•abs(x-(y+z)) then ans•x-(y+z) 

end 
return ans 

, ....................................................................... . 
•• Read and execute test cases 
........................................................................ , 
Run_Test_Cases: 

TC_input • 'DEBUG_Rl.TST' 
TC_test_case • '' 
do vhile lines(TC_input)<>O 

TC_Test_case • linein(TC_input) 
interpret TC_test_case 
call trace 'OFF' 

end 
call exit 

, .................................................................. ...... 
.. Exit 
........................................................................ , 
Exit: 

exit 

Figure 12. Program that reads and executes its own test cases 
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, ................................................................. , 
/• OEBUG_RI.TST Test case file for DEBUG_RI.CJID •/ , ................................................................. , 
call lineout STDERR, 'Beginning of test case file' 
call lineout STDERR, 

call. lineout STDERR, 'Test cases for DIFF() function' 
call. lineout STDERR, ' ' 
/• DIFF() returns the difference between a pair of counters that•/ 
/• are reset to zero after they reach max.ialm value. •/ 
/• ex. last two digits of the year DIFF(92,00,2)) -> -8 •I 

I• define test (note: all instructions must end with semi-colon) •I 
test• •ca11 lineout STDERR, 'DIFF('yr1','yr2','sz')';" 
test• test •ans• diff(yr1, yr2, sz);• 
test• test 0if ans - expect then call. lineout STDERR, ans'-> OK';" 
test• test •e1se do;• 
test• test• call lineout STDERR, 'Test case failed';" 
test• test• call lineout STDERR, 'Expected result is:' expect;" 
test• test • call lineout STDERR, 'Actual result is: ' ans;" 
test• test• call exit;• 
test• test "enc:t;• 
test • test "call. lineout STDERR, 

I• run test cases•/ 

, ., ·" 
' 

yr1 • 10; yr2 • 00; sz • 2; expect= 10 
interpret test 

yr1 • 90; yr2 • 00; sz • 2; expect• -10 
interpret test 

yr1 • 49; yr2 • 00; sz • 2; expect• 49 
interpret test 

say 
call. lineout STDERR, • All test cases cOlllf)leted successfully· 
call. lineout STDERR, 'End of test case file' 

Figure 13. Sample test cases for DEBUG_RX . CMD 

ment process improves the quality of 
the code produced, the efficiency of 

development, and the level of docu
mentation. The quality of the code is 
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improved because there is a record of 
the actual test cases that have been run. 
The efficiency of development 
improves because test cases are cap
tured as each function is developed 
rather than as an afterthought once 
coding is complete. The level of docu
mentation improves because the test 
cases illustrate exactly what a piece of 
code is expected to do. 

SUMMARY 
Debugging REXX programs has a num
ber of similarities with other languages 
and debug utilities. Adding a trace 
command into a REXX program is 
equivalent to setting a breakpoint into 
other languages. Other languages or 
utilities may also have the ability to 
examine variables, set variables, and 
even step through program execution 
interactively. In addition, REXX has a 
number of unique debugging features 
such as the ability to change the trace 
action, execute instructions, and call 
subroutines interactively. It can also 
reexecute a line of code or a subroutine. 
These features combine to create a very 
efficient debugging environment. 

Steve Clark, !SSC Corp., Internal Zip 
WC70, P.O. Box 2150, Atlanta, Ga. 30301-
2150. Clark is a staff programmer in the Pro
grammable Workstation Applications 
Development department at the /SSC Solu
tion Center, Atlanta. He joined IBM in 1979 
and has worked in application development 
in IBM and /SSC since 1984. He has a B.A. 
in accounting from Georgia State University. 
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SmalltalkN is a pure object-oriented language unencumbered by the need to support procedural code. With it, 
you can create robust production code more quickly than if you were to program from a C source. 
BY THEODORE SHRADER 

Enhancing Your 
Smalltalk/V Programs 

Theodore Shrader 

Unlike C++, Smalltalk/Vis a pure object
oriented language unencumbered by the 
need to support procedural code. With it, 

you can quickly prototype code, particularly that 
used to design and test graphical applications. The 
code can then be further refined to create robust 
production code, more quickly than if you were to 
develop from a C source. 

INTRODUCTION 
Making the transition from C (or another proce
dural language) to Smalltalk takes time. In a first 
attempt, developers are likely to shape the 
Smalltalk classes and methods to follow C pro
gramming concepts. For example, a new Smalltalk 

Un/Jke a compiled language, 
Smalltalk allows you to modify code 
while the program is running and 
view your changes immediately. 

developer may contain almost an entire program's 
methods under one class, rather than subdividing 
the work among all the classes and reusing as 
much code as possible. One of Smalltalk's great 
strengths is its ability to allow code to be subdi
vided and then frequently and easily reused. 

During the transition from procedural to object-

oriented programming, there are many ways to 
refine code, improve performance, and make 
development and maintenance easier. Unlike a 
compiled language, Smalltalk allows you to modi
fy code while the program is running and view 
your changes immediately thereafter. Finally, you 
can improve program performance by becoming 
aware of how Smalltalk objects and methods inter
act. This article focuses on intermediate improve
ments you can make toward the design and imple
mentation of your Smalltalk/V for OS/2 code. 

DESIGNING 
One of the best ways to maximize code reuse is to 
focus on designing the class structure for your pro
gram. It helps to first analyze the classes shipped 
with Smalltalk; examining existing classes and 
methods can give you an idea of where to place 
your own classes and which classes can be recy
cled by your application. Planning ahead doesn't 
mean that your initial class structure can't be 
changed, but it will save you from having to 
rearrange classes and methods in the future. 

Wherever you place your classes, determine if 
it would be better to create a new class as a sub
class of an existing one (thus taking advantage of 
inheritance) or if you should simply add to the 
methods of one of the base classes. A new class of 
an object, such as Corps, should be made a separate 
class, whereas new string methods are better off 
placed in the String class since it allows them to be 
shared by all String objects. Make a log of those 
methods added to existing classes; methods can be 
forgotten as the change log and source files are 
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US Unit 

US Artillery US Cavalry 

US Artillery US Cavalry US Infantry 

.______1_00_0 ~II.____ _5_00___. 10-pdr 25 

12-pdr 50 

29-pdr 30 

Figure 1. USUnit object subclasses with instances of the strength variable 

is Mounted is Mounted 

US Calvalry @) I US Artillery 9 
US Infantry fJ 

Figure 2. Responses to the isMounted message 

compressed. The log will allow you to 
move the code from one version of 
Smalltalk to another or from one image 
to another more easily. 

When adding a new class, it is a 
good idea to prefix the name of the 
class with a two- or three-letter prefix 
common to all the classes in your pro
gram (for example, USinfantry). This will 
keep classes sorted together or in clus
ters in the Class Hierarchy Browser, 
immediately identifying them to you or 

to other developers as those belonging 
to your program. (Some development 
environments for Smalltalk separate 
out the classes used for your applica
tion, shielding you from unused parts 
of the class hierarchy. This makes navi
gation easier, but with a good naming 
scheme you can minimize scrolling 
between classes and retain the same 
functionality.) 

Methods and variables should fol
low a naming scheme that visually 

indicates parameters and object type. 
For methods, this means placing an 
abbreviated object name before each 
variable input. For example, the String 
method: 

replaceChar: a•ldChar withChar: aNew
Char 

tells the unfamiliar or forgetful devel
oper that character (not string) objects 
are needed as input. 

Instance and class variables should 
also be named according to the type of 
object, as with aString, aChar, and 
strengthDict. The latter variable name 
tells the reader not only that the vari
able holds a dictionary, but also that it's 
a strength dictionary (Oooh). 

Let's say you are designing a pro
gram to represent units on a map. You 
know that there will be different kinds 
of units, such as Infantry, Cavalry, and 
Artillery, that have unique characteris
tics, but there will also be commonali
ties such as the attributes of name and 
strength. In this example, while a unit's 
name is a string object for each unit, the 
strength instance variable takes on a 
different value for each unit. Whereas 
for Infantry this variable stores the 
number of troops, for Cavalry it stores 
the number of mounted troops. An 
Artillery's strength, finally, is expressed 
in the number of its gun batteries. 

In fact, instead of an integer value 
for Artillery, strength could be 
expressed in terms of a dictionary 
keyed on the different types of guns, 
with an associated value of numbers of 
each. Querying messages sent to each 
unit could return a different composite 
strength value for each, with Infantry 
and Cavalry returning their strength 
instance values unmodified and 
Artillery needing to weigh each gun 
with a strength multiplier, multiplying 
this value by the number of that type 
of gun. (Infantry and Artillery a r on

sidered polymorphic classes, since they 
respond to the same message with dif
ferent behaviors.) The sum of the three 

values ~ould be returned a a unlf' 
composite strength. 
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Everything in Smalltalk is an object; 
object design can be extended further 
to make each gun an object, so the 
strength variable becomes a collection 
of USGun objects. With our base design, 
we add the following subclasses under
neath the Obj ect class in the hierarchy: 

USUnit 
USArtillery 
USCa valry 
USinfantry 

Figure 1 shows the USUnit class struc
ture. The USUnit class, which holds the 
name and strength instance variables, is 
considered an abstract object because 
no one will ever create an instance of it. 
Instead, it is meant to share the meth
ods and variables inherited by its sub
classes, which will have instances cre
ated of them. After placing dummy 
methods that return a default answer to 
common methods in this class, the sub
classes can choose to implement class
specific corresponding methods. While 
USCavalry could then answer true to the 
i sMounted method, USArtillery and USin
fant ry wouldn't have to implement this 
method because the default method 
i sMounted would already exist in the 
USUni t class and would always return 
false. Figure 2 illustrates responses to 
the isMounted message (method). 

USING COLLECTIONS 
Collections, with their many incarna
tions, are one of the most used objects 
in Smalltalk, yet because of their flexi
bility and availability, developers tend 
to overuse them; their proliferation can 
easily create a drag on program perfor
mance. Much of this degradation can 
be traced back to the overhead need to 
support each collection, especially the 
more complex ones, as well as the 
search algorithms used to access or 
retrieve data from their vessels. A care
ful examination of the use of instances 
of these objects can dramatically 
increase the speed, efficiency, and 
capacity requirements of your pro
gram. If you know the maximum size a 
collection will be, create it with that 
size, as with the statement: 

datali neQt 
175. 

OrderedCollection new : 

This is better than using OrderedCol
lection new, which supplies a default of 
only twelve entries. When the objects to 
be added exceed the size of the collec
tion, the collection is forced to grow. 
Even though Smalltalk handles this sit
uation automatically, growing is an 
expensive, time-consuming task, espe
cially for large collections. Every time a 
collection grows, it must recalculate its 
new size, create a new object with that 
size, and copy the contents of the old 
collection into the new one. The default 
growth size for IndexedCollections, which 
includes OrderedCollections, is: 

self size+ (self size II 3 + 10) 

Initializing a collection to its maxi
mum size doesn't bloat the memory 
needed to store the collections as it 
waits to be populated, because new 
entries are initialized to nil values. 

Dictionaries are useful collections 
because they retrieve values immedi
ately. This feature comes with a price, 
however; Smalltalk must create and 
maintain their complex structure. Keys 
can be referenced to retrieve values 
quickly, as with: 

unitDict at: '5th Reg' 

rather than using other structures or 
stepping through a collection of associ
ations: 

uni tAssocQt do : [ :anAssoc I 
(an Assoc key = ' 5th Reg') 
i fTrue : [ " (anAssoc value)]] . 

Don't shy away from using dictio
naries, but be sure to use a collection 
right for the job at hand. OrderedCollec
tions are cheaper to use than dictionar
ies; arrays are cheaper still. 

If a method creates a collection 
every time it is called, make the collec
tion an instance or class variable. This 
saves resources otherwise necessary to 
create and return the collection every 
time the method is called, especially if 
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ple, USArtillery could have a class ~ 
the frequency of calls is high. For exam- ~ 

method that initializes and returns a ~ 
dictionary of guns to be used by the ~ ' 
strength instance variable: 

i ni tStrengthDict 
- ((Dictionary new) 

at : ' 10-pdr. Parrott' put: O; 
at : ' 12-pdr . Whitworth' put: O; 
at : ' 24-pdr . James' put : 0) 

Now when an instance of USArtillery 
sends a message to itself with self class 
initStrengthDict, it can use the returned 
dictionary as its base. Since dictionar-

Garbage collecting 
gives Smalltalk a major 

advantage over C++ ... it 
frees developers from 
having to allocate and 

deallocate space when 
interacting with Smalltalk 

methods and objects. 

ies take time to construct, it's a better 
idea to add the following methods that 
will create the base strength dictionary 
once, store it in a class variable, and 
allow the variable to be retrieved by 
instances of the object or other objects 
as well: 

initClassVars 
st rengthDi ct := self 

i ni tStrengthDi ct. 
freeClassVars 

strengthDict := nil. 
strengthDict 

-strengthDi ct 
However, if st rengthDict changes, it 

will return the latest changes rather 
than a fresh dictionary until it is reini-
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tialized. Senders of this method should 
assign their returned dictionary to 
another value if they want to make dis
tinct modifications. 

You can streamline searches of a col
lection with existing methods such as 
select and collect or with subsets that 
remain stable through a number of 
searches. Try to reduce the number of 
times a collection is searched for a 
value. It is easy to use collections, yet 
the search time naturally and dramati
cally grows the larger the collection. 

CREATING VARIABLES 
Whether local, instance, or class, vari
ables are easy to set in Smalltalk, since 
their object types need not be declared. 
As with previous examples, with this 
flexibility comes the need for restraint. 
Keeping the number of temporary vari
ables down will keep your stack size 
from ballooning unnecessarily, especial-

For the most part, with 
Smalltalk you don't 
waste time tracking 
down memory errors. 

ly if the methods in which the variables 
reside are called recursively. Limiting 
the use of local variables and keeping 
methods small will speed up your pro
gram, since Smalltalk can compile meth
ods as the program runs and store more 
of them in a cache before having to 
swap them out for other methods. 

Block statements can be handy, 
especially when setting up error check
ing rules. The following example sets 
up a block statement that can be stored 
in a dictionary and used with a collec
tion of blocks to check values stored in 
the ErrorCheck object. ErrorCheck will vary 
according to implementation, but in 
this case it stores the values to be 
checked and uses an instance variable 

to store the result of the check: 

block := [ :anErrorCheck I 
anEr rorCheck result: (anErrorCheck 

value > 300) ) 

If temporary variables are used 
within a block, however, be sure to set 
them to nil after they are used. Other
wise, Smalltalk will not be able to 
garbage collect them from the block's 
stack and reclaim their space. This will 
also cause problems if the variable 
points to an object that you think was 
already deleted. 

GARBAGE COLLECTING 
Even those new to Smalltalk are proba
bly aware that Smalltalk busies itself at 
times, scurrying around to reclaim 
unused space. Objects that no longer 
have references are cleaned up and 
their space is made available to future 
objects. Objects can be unreferenced 
either when their local variables are no 
longer needed after a method has com
pleted or when the variables are set to 
nil. It's good practice to set all unneed
ed instance or class variables to nil. You 
may also want to create i nitinstVars, 
freeinstVars,initClassVars, and freeClass
Vars methods and call them upon the 
initialization and freeing (if postpro
cessing needs to be done before the 
object is unreferenced) of an object. 

Garbage collecting gives Smalltalk a 
major advantage over C++ because it 
frees developers from having to allo
cate and deallocate space when inter
acting with Smalltalk methods and 
objects. However, when dealing with 
PM structures and API calls, you will 
need to copy your objects to non
Smalltalk memory to prevent the 
garbage collection of objects that span 
the Smalltalk realm. For the most part, 
with Smalltalk you don't waste time 
tracking down memory errors.'. 

CONCLUSION 
This article has presented a few tips and 
strategies to help tune your code and 
recommend possible areas for enhanc
ing your Smalltalk programming style 

pertaining to the design and develop
ment of Smalltalk/V for OS/2 32-bit 
applications. The moral of Smalltalk is, 
"Don't be afraid to rewrite." Most code 
is not perfect the first time, and 
Smalltalk allows changes to be made 
and tested quickly. Your code will 
become tighter with a hindsight exami
nation, and you'll be able to add to your 
own list of development and perfor
mance enhancements. 
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Discover why FoxPro, Clipper, 
and dBASE were all written in C. 
'Ttiere is a good reason why 
f y~ur database language was 
developed in C. In fact, there 
are many good reasons. 
C code is small. C code is fast. C code is 
portable. C code is flexible. C is the 
language of choice for today's professional 
developer. With the growing complexity of 
database applications, C is a realistic 
alternative. Now with CodeBase 5.0, you 
can have all the functionality, simplicity and 
power of traditional database languages 
together with the benefits of CIC++. 

C speed • fast code, true executables ... 
FoxPro, Clipper, and dBASE were written 
in C primarily for speed. But those compilers 
don't really compile, they combine imbedded 
language interpreters into your .EXE. Now 
that's slow. For dazzling performance you 
need the true executables of C. With 
CodeBase you get the real thing, C code. 
Consider the following tatistics, from the 
publisher of Clipper: 

1200 

1000 

SLOWER 

\ 
"Sieve of Erastothenes" 

Benchmark for Prime Number Generation 
Shows C to be incredibly faster ! 

C size -small executables, 
no added overhead ... 

remember, those products are all written in 
C. So why do you need to lug all their extra 
code around? You don't. CodeBase is a 
complete DBMS, in C. No fat executables 
stuffed with unused code. No runtime 
modules. No royalties. Just quality C code. 
CodeBase is just what you need. 

C portability -ANSI CIC++ 
on every hardware platform ... 
No other language exists on more platforms 
than CIC++. Why rewrite your entire 
application for DOS, Windows, Windows 

T, OS/2 or UNIX? With CodeBase the 
complete C source code is included, so you 
can port to any platform with an ANSI C or 
C++ compi ler. Now and in the future. 

dBASE Com_patible data, index 
and memo fifes ... 
You want the industry standard. You need 
compatibility. Sure, dBASE is the standard, 
but every dBASE compatible DBMS 
product uses its own unique index and memo 
file formats. Only CodeBase has them all : 
FoxPro (.cdx), Clipper (.ntx), dBASE IV 
(.mdx) and dBASE Ill (.ndx). Now it's your 
choice, we're compatible with you. 

· Announcing 
-~- CodeBase 5Jt 

The power of a complete DBMS, the benefits of C 

NEW -Multi-user sharing_ with 
FoxPro, Clipper and dBASE ... 
Now your multi-user CIC++ programs can 
share data, index and memo files at the 
same time as concurrently running FoxPro, 
Clipper and dBASE programs. No 
incompatibilities. No waiting. 

data files with any logical dBASE expression. 
Our new Bit Optimization Technology 
(similar to FoxPro's Rushmore technology) 
uses index files to return a query on a 1/2 
million record data file in just a second. 
Automatically take advantage of this query 
performance by using our new CodeReporter: 

To use CodeReporter, 

... 
.,..._ o...-y y .... 
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Sp,Nd!tlNI se m.•• 
~ --MY It! 1.0,NJ.11 
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simply draw your report, then include it in any 
program you write. Call 403/437-2410 now for 
your FREE working model ofCodeReporter. 

New -Design complex reports 
in just minutes ... 
Our new CodeReporter takes the painstaking 
work out of reports. Now simply de ign and 
draw reports interactively under Windows 3.1, 
then print or display them from any DOS, 
Windows or UNIX application. 

SPECIAL -FREE CodeReporter 
Order CodeBase 5 before August 30, 1993 
and receive CodeReporter for free! Thi 
offer includes our no-risk, 90-day money 
back guarantee, so order today! 

Cod&ease 5.0 
The CIC++ Ubrary for DataBaH Management 

Cal/Now 
403-437-2410 

NEW -Queries & Relations 
Fox Pro, Clipper and dB ASE would like you 1000 t' f t SEQUITER 111m FAX 4 o 3 • 4 3 6 • 2 9 9 9 
to believe you need their entire development Imes as er... SOFTWARE INC. II Europe 3 3 · 2 0 · 2 4 · 2 0 · 1 4 
system to build database applications. But CodeBase 5.0 now lets you query related 02 09.96 44 ·• • Av e . eDMoNr o N. As . c ANAD• r s e-sv, 
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While the competition plays catch-up, Borland continues to 
lead with the most graphical C and C++ for Windows, DOS, and OS/2. 

A more comfortable place 
to program 

Borland® C++ gives you the most 

intuitive Integrated Development 

Environment (IDE) for DOS, 

Windows, and OS/2.® This ease of 

use, combined with the fastest C++ 

compilation speed, means you get 

your work done faster. And 

Borland C++ includes time-saving 

C and C++ code generation and 

Application Frameworks.~ 

To set standards you must 
meet standards 

Borland C++ is the only popular 

compiler that meets the certified 

ANSI C* and AT&T C++ stan-

dards. You can be confident that 

as the language evolves to make 

programming easier and more 

powerful, your Borland C++ code 

will be ready to take advantage of 

future versions across all platforms. 

What's more, applications built 

90-day, money-back guarantee! 

See your dealer or call now, 
1-800-336-8484,ext.5822 
In Canada call , 1-800-461-3327. ----------;~s'ic ~ert:d by the Bri tish Standards Institute. Copyright e 1993 Borland International, Inc. All rights reserved 

_ or an pr uct names are trademarks of Borland Intema1ional. Inc. Offer good in the · 
United States and Canada only. All prices in U.S. dollars. Dealer prices may vary. Bl 5498 

with Borland C++ will deliver faster 

because you ' 11 have the most 

advanced features-like templates 

that make your code smaller, safer, 

and more reu able. 

#1 lor real-worrd 
application development 

With more than one million copies 

in active use, Borland's C++ is 

proven, polished, and finely tuned 

to meet the needs of C and C ++ 

programmers. And Borland has the 

C++ that's just right for you, from 

the new Turbo C++ Visual Edition 

for beginning programmers to pow

erful Borland C++ for professionals. 

Borland 
Power made easy 
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