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PS/2 Desktop Security 
Dr. Patsy Bowlds 
IBM Corporation 
Basingstoke , United Kingdom 

Ken Zubay 
IBM Corporation 
Boca Raton , Florida 

This article describes the security objectives and features of IBM's PS!2® 
desktop computers, and is intended to assist users in their security plan
ning. A brief description of the security features of operating systems is 
included as background for planning. Government requirements and 
security legislation are also presented. 

P
ersonal computer security is 
rapidly becoming a major 
concern. Security features are 

becoming important criteria for 
selecting hardware. Downsizing typi
cally involves moving from larger 
systems that are located in controlled 

access areas and staffed by author
ized personnel to personal computers 
that are located in unsecured areas 
with potential access by unauthorized 
users. This creates huge security expo
sures and enormous challenges in 
security management. In contrast to 
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the medialess and non-intelligent ter
minals used with larger systems, per
sonal computers provide local media, 
local software, local memory, and -
perhaps most important - local data. 
In a highly connected environment, 
personal computers also provide the 
opportunity to access a major part 
of the data processing assets of an 
organization. 

IBM has a long history of establish
ing security procedures and incorpo
rating security features into products. 
Although users have overall respon
sibility for protecting their data and 
physical assets, IBM has a respon
sibility to provide systems, products, 
and services that help in preserving 
and protecting data security and 
privacy. In addition to the security 
features in IBM products, IBM's 
marketing groups alert and educate 
users about the significance of data 
security, and assist them in identify
ing specific data security needs. 
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Computer Security Concepts 
Computer security is protecting 
physical assets and data from theft, 
unauthorized or accidental modifica
tion, destruction, and disclosure. While 
computer security encompasses acci
dental as well as intentional breaches, 
the primary focus of this article is on 
intentional security breaches. 

Security breaches and protection 
schemes can be physical or logical. 
Physical security deals with the pro
tection of assets or data from acciden
tal or malicious physical damage or 
loss. Logical security is concerned 
with the use of software to protect 
data and computer assets. System 
security often refers to features that 
identify users, provide access con
trols, ensure user accountability, and 
enforce data confidentiality. System 
integrity and system security require 
a combination of hardware and soft
ware capabilities. IBM intends to pro
vide secured workstation solutions 
that provide both system integrity 
and system security. 

The terms data integrity and system 
reliability are sometimes used in 
security discussions. Data integrity is 
concerned with accidental damage to 
data that results from hardware, pro
gramming, or user errors. Reliability 
is concerned with recovery, availabil
ity, and the handling of unexpected 
error conditions. Since this article is 
about intentional security breaches, 
data integrity and reliability are not 
addressed. 

Basic to computer security is the 
control of data movement into and 
out of the system. This may seem ob
vious on the surface, but imagine all 
the ways that data can be transferred 
into and out of a computer. Diskettes 
and other removable media, remov
able or replaceable storage devices, 
serial ports, parallel ports, and LAN 
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adapters are just some of the ways. 
Security protection mechanisms to 
prevent unauthorized data transfer 
are a combination of physical and 
logical security methods. 

Another basic security concept is the 
fact that the system owner and the 
system user are not necessarily the 
same person or entity. The person 
using the machine may or may not 
be authorized for that system. There 
may be multiple users, each of whom 
has different security authorizations. 

Because of the inherent portable 
nature of personal computers, system 
security and integrity measures are 
not absolute. The features provided 
by hardware and software, however, 
can be effective deterrents for security 
breaches, and enablers for an effec
tive computer security program. 

Computer Security -
Who Needs It? 
Security problems are growing in 
today's world. A recent survey by the 
NCC Consultancy Group 1 indicated 
that over half of the respondents had 
suffered either a physical or logical 
security breach in the last five years. 
More than 40% of the respondents 
reported one or more significant phy
sical security breaches during that 
period. In addition, more than 70% of 
these breaches occurred since 1990. 
About one-third of the respondents 
reported logical security breaches, 
with disruptive or fraudulent soft
ware (including viruses) being the 
biggest single cause. For logical secu
rity breaches, 42% of those reported 
in detail were attributed to malicious 
actions. 

According to the magazine Personal 
Computer, May 1992, "An Audit 
Commission report showed an in
crease in computer-related crimes 
from I 6% of fraud cases in 1987 to 

73% in 1990. At the same time, it 
discovered that nearly two-thirds of 
these crimes were discovered acci
dentally - normal auditing proce
dures just weren ' t up to the job." 

As pervasive and expensive as secu
rity problems are in the world of per
sonal computing, some companies do 
not have defined security policies or 
consider security features in product 
selections. The NCC survey showed 
that only 55% of the respondents had 
a security policy in place. 

Government Requirements 
and Legislation 
United States Department of Defense 
(DoD) security requirements have 
been influential in defining security 
legislation and computer hardware 
and software implementations around 
the world. The source for these re
quirements is the Department of 
Defense, Trusted Computer System 
Evaluation Criteria, DoD 5200.28 
STD, 12185. The essence of the 
requirements is contained in the 
Assurance section, Requirement 6: 
"Trusted mechanisms must be con
tinuously protected against tampering 
and/or unauthorized changes." 

There are seven computer-system 
security product classifications in the 
DoD requirements: Al, B3, B2, B 1, 
C2, Cl, and D. There are four groups 
of requirements as shown in Figure 
1. Several criteria, which vary by 
security classification, are specified 
in each of these groups. Currently, 
A 1 is the highest classification, fol
lowed by B3, and so on. The C2 
classification satisfies most security 
requirements for personal computing 
environments. However, it is possible 
to have an A I-classified operating 
system running on a secured personal 
computer. 

1 NCC Surl'ey of IT Security Failures or Breaches. NCC Consultancy Group, Oxford Road , Manchester, England. 1991. 
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Figure 1. Security and Integrity System Requirements 
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The importance of the C2 security 
criteria extends far beyond that of 
the DoD requirements. The issue of 
individual privacy and confidential 
personal information is a part of con
temporary computer security require
ments. Much legislation is either 
directly or indirectly linked to the 
DoD requirements. For example, the 
criteria have been applied to other 
federal agencies and to prime contrac
tors handling confidential informa
tion (such as food stamp recipients, 
Medicare, Medicaid, and online tax 
preparation). The Computer Security 
Act of 1987 requires C2 security 
compliance for this type of informa
tion in the United States. 

Many European countries have re
quirements similar to those of the 
U.S. DoD. In the United Kingdom, 
the 1984 Data Protection Act places 
responsibility for compliance with its 
terms on those who control the con
tents and use of personal data files. 
One of the principles of this act is 
that "appropriate security measures 
shall be taken against unauthorized 
access to, or alteration , disclosure or 
destruction of personal data, and 
against accidental loss or destruction 
of personal data." The single Euro
pean market is also driving a piece 
of legislation designed to standardize 
the data protection laws of Europe 
within the next twelve months. 

IBM has interpreted DoD's main
frame requirements for C2 security 
for personal computers based on long 
experience in dealing with govern
ment agencies requiring certification. 
Features that meet the C2 level for 
security and integrity are primarily 
provided by the operating system. 
However, to maintain a C2 system 
environment, users also must provide 
methods of ensuring that the software 
cannot be modified or removed. Users 
can do this by enclosing the computer 
in isolation rooms with contro lled 
access; using monitoring devices to 
ensure that system modification is 
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Reporting 

Audit 

Access Control 
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Identification 

Crypto 
(system files/user files) 

Operating System Integrity 

Hardware Security and Integrity 

Figure 2. Elements of a Total Security 
Program 

not possible; and employing detection 
methods to ensure that unauthorized 
media are not used. These techniques 
require a great deal of effort and ex
pense to ensure system integrity, and 
may impose limitations on how and 
where personal computers are used. 

IBM has determined that PS/2 hard
ware, microcode, and system soft
ware can be designed with features 
that enable a low-cost, convenient 
system integrity and security solu
tion , and provide a secure platform 
for any operating system at all 
security levels. 

To obtain security certification by the 
DoD, the specific hardware and soft
ware configuration must be submitted 
to the National Computer Security 
Center (NCSC) for testing. This organ
ization evaluates computer system 
security products against DoD cri
teria. The process takes from 1 2 to 
18 months. Although certification is 
important, the features of the secured 
PS/2 systems are independent of the 
operating system, and they provide a 
great deal of data and resource protec-
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tion even if a non-secured operating 
system is used. 

As shown in Figure 2, the hardware 
and software are a subset of the total 
requirements for security certifica
tion by the DoD. The total environ
ment and procedures are essential 
elements of achieving and maintain
ing computer security and DoD cer
tification. The system security and 
basic hardware integrity features pro
vide the foundation of a total security 
program for personal computers. 

System Security and 
Integrity Requirements 
Certain hardware, microcode, and 
system software features are needed 
to meet DoD and most user require
ments for system security and integ
rity. The following are descriptions 
of these requirements. 

Tie-down capability: For worksta
tions, the capability to tie down, bolt 
down, or clamp the system to per
manent furniture or fixtures prevents 
the physical removal or theft of sys
tem and expansion units. For servers, 
this requirement is generally met by 
keeping the system in a locked room 
with controlled access, similar to the 
security requirements for mainframes 
and minicomputers. 

Lockable covers: This is designed 
to prevent unauthorized access to the 
inside of the computer and changing 
the system's configuration. For ex
ample, this capability would inhibit 
removal of internal disk drives and 
memory. In addition, it prevents 
other security and integrity features 
from being disabled or bypassed. 

Secure access openings: It is impor
tant to prevent foreign objects from 
being inserted through cabinet open
ings to bypass the security and integ
rity features . Openings such as air 
vents, diskette drives, cable and cord 
connectors, switches, and key locks 
must prevent access. 
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Tamper-evident covers: If an un
authorized physical entry or attempted 
entry has been made into a secure 
system, there must be a method for 
notifying the owner. Because it is not 
realistically possible to prevent entry 
by a determined person, alerting the 
owner that such an entry has been 
made is an important security pre
caution. It is not sufficient to notify 
the user or to simply rely on detec
tion by the user, because the majority 
of tampering occurs at the hands of 
users. The system must be able to dif
ferentiate between owners and users 
in order to report abuse by users. 

Secure 1/0 cables: The rear sides of 
computer systems have several con
nectors that are used to send and 
receive data, such as the parallel and 
serial ports, LAN adapters, and Small 
Computer Systems Interface (SCSI) 
connectors. Anyone with the equip
ment and knowledge can use these 
connectors to access data on a fixed 
disk drive or to intercept communica
tions. To prevent devices from being 
removed from or attached to a sys
tem with 1/0 cables, a method of 
securing the cables and cords and 
preventing attachment of devices to 
unused connectors must be provided. 

Set or change password capability: 
Systems are required to have a method 
for setting and changing a power-on 
password and a privileged access pass
word. The privileged access password 
is needed to differentiate between the 
owner and users. 

Software-readable system identifi
cation: Each system and expansion 
unit must have a unique identifica
tion that can be read by the operating 
system. This prevents an unauthor
ized system or substitute system from 
participating in a network or other 
communications link. 

Secure removable media: A mech
anism is required to prevent an un
authorized person from physically 



removing or inserting media (such 
as diskettes). If system power is lost, 
this feature must be able to return to 
its state (enabled or disabled) when 
power is restored. 

Ability to disable BASIC in Read
Only Memory (ROM): A method of 
preventing unauthorized users from 
entering BASIC programs during Ini
tial Program Load (IPL), both local 
and remote, is a requirement. If this 
were not done, users could enter 
BASIC programs and use them to 
bypass some other security features 
of the system. 

Secure IPL source: A method of 
securing the IPL source must be pro
vided. This is important for ensuring 
that the secure operating system is 
loaded during the IPL process. If, for 
some reason, the drive or LAN pro
viding the secure operating system is 
unavailable, the operation of the sys
tem must be inhibited, and the system 
prevented from activating BASIC. 

Interface to security adapter: Sys
tems must allow a security adapter to 
be installed and configured. Such an 
adapter may provide specialized secu
rity and auditing capabilities (such as 
encryption or user identification 
using biometrics). 

Permanently erasable disk and 
memory: This requirement is nec
essary to prevent data from being 
restored from disks after it has been 
logically deleted, and to provide a 
method to clear system memory after 
a change of users, or when power is 
turned off. Intrusions cause power to 
be turned off, which clears system 
memory. This capability is some
times called object reuse protection. 

Lockable 1/0 ports: This provides 
selective access to 1/0 ports and sys
tems media. This is important when 
more than one user is authorized to 
access the system, but is denied ac-
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cess to certain disks or communica
tions ports. 

Diagnostic tests: These tests ensure 
that the security and integrity fea
tures are working. 

Protection against securing un
secured systems: A method must be 
provided to ensure that an unsecured 
system is not converted to a secured 
system by an unauthorized person. 

Security features user's guide: 
Documentation is required that 
describes the system's security fea
tures, how to use them, and their 
limitations. 

PS/2 Security Features 
IBM has chosen PS/2 systems as the 
standard-bearer for security. A broad 
range of security features are avail
able in the newly announced IBM 
PS/2 desktop systems. 

Paired with appropriate operating sys
tem support, the new, secured PS/2 
systems can protect operating sys
tems at any DoD classification. Other 
IBM personal computers have some 
of these features, but PS/2 systems 
have security as a primary design 
consideration. All PS/2 systems meet 
several security requirements described 
previously. Newly announced PS/2 
models provide additional security 
features. Some features are available 
as options for earlier systems. 

Implementation Notes 
IBM used the following general guide
lines to decide how to implement the 
DoD security requirements in the 
PS/2 product line. In some cases, 
these guidelines helped IBM decide 
whether to implement security fea
tures in hardware or in the operating 
system. 

• The level of security, from no 
security to the maximum avail
able, shou ld be customized by the 
system owner. 
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• The cost of security should be in 
line with the value of the data. 

• The system owner should be able 
to modify security as required. 

• The security functions should be 
easy to administer and use. 

• The implementation should mini
mize storage and performance 
impacts. 

• The security features should be 
customized for each user when
ever possible. 

Secured PS/2 Models 
In September 1992, IBM announced 
three PS/2 systems that have enhanced 
hardware integrity features: 

• PS/2 Model 56 486SLC2 

• PS/2 Model 57 486SLC2 

• Ultimedia™ Model 57 486SLC2 

The security features in the new PS/2 
models include the following: 

Tie-down capability: There are two 
smal I holes in the back of the com
puter that can be used to secure the 
system to a permanent fixture. A 
U-bolt can be installed in the holes 
and a cable or chain can be attached 
to prevent physical removal or theft. 

Lockable covers with tamper
evidence feature : These systems 
have a keylock for their covers and 
internal 1/0 devices. In the locked 
position, it mechanically prevents the 
covers from being removed. The key 
has been changed to a type that can 
be duplicated only by the manufacturer. 

If the covers are forced open, an elec
tromechanical switch and perimeter 
sensor detect the intrusion. If the 
computer is on during the break-in 
attempt, it will cease working. The 
next time the computer is started, the 
Power-On Self Test (POST) routine 
displays a message informing the 
user of the intrusion, and requires 
that the automatic configuration pro-
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gram be run before the computer can 
be used. This is done to flag any con
figuration changes that may have oc
curred due to the intrusion - such as 
the removal of a disk drive. In addi
tion, the system cannot be used with
out the power-on and privileged 
access passwords (if they have been 
set). A provision for maintenance al
lows the system to be used without 
the covers in place. However, to use 
this feature, the key must have been 
used to remove the covers. 

Other systems may have lockable 
covers. However, it is not difficult to 
pry off the system unit cover, disable 
or unplug the key mechanism, and 
get inside the system. The tamper
evident mechanism is the critical fea
ture that flags the intrusion to prevent 
operation of the system after a forced 
entry. The tamper-evident mechan
ism is the heart of the continuous 
protection required by the DoD and 
other agencies. 

This PS/2 detection feature is valu
able for detecting the person most 
likely to break into a secured worksta
tion - the person using the machine. 
Once the machine has been disabled, 
the system owner or administrator 
must be contacted to reset the system. 

Secure access openings: The basic 
design of the key lock, cover inter
lock switch, diskette media lock, and 
other openings of the new systems 
prevents poking a spring hook inside 
to disable the battery and so on. 

In the original PC AT® systems and 
in most of today's clones, the cover 
lock also locks the keyboard. If the 
cover lock is deactivated, the key
board is enabled. One could easily 
insert a tool through the air vent in 
the front of the AT and deactivate the 
keylock, thereby gaining access to 
the system. Even for those systems 
with keyboard passwords and power
on passwords, if the battery is acces-
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sible, it is possible to disable the 
password protection. 

The privileged access password in 
the new PS/2 systems is not linked to 
the battery. It is not disabled even if 
the battery is disabled. This provides 
an additional measure of protection. 

Secure 1/0 cables: The rear-panel 
security option available for the new 
systems is an enclosure that is 
secured to the back of the computer 
by the cover lock. Its function is to 
prevent the cables from being removed 
and other cables from being attached. 
This effectively secures the serial, 
parallel, and SCSI cables, as well as 
other ports and cables provided by 
adapters. It prevents someone from 
attaching a device through these con
nectors and gaining access to the data 
in the system. 

The cable cover also has a tamper
evident feature. If the cover is forced 
open, the system will not operate 
until the privileged access password 
is entered. 

The IBM PS/2 Cable Cover 2 option 
is provided for the IBM PS/2 Model 
56 486SLC2. The IBM PS/2 Cable 
Cover 3 option is provided for the 
PS/2 Model 57 486SLC2 and the 
PS/2 Ultimedia Model 57 486SLC2. 

Set or change password: All PS/2 
systems provide power-on password 
and keyboard password protection. 
The power-on password must be 
entered correctly each time the sys
tem is turned on. After three incor
rect attempts, the system must be 
turned off and back on in order to try 
again. The keyboard password is 
used to lock the keyboard without 
turning off the computer. It also pre
vents rebooting the system by press
ing the Ctrl+Alt+Del keys. PS/2 
systems also provide what is called 
an unattended server mode or a net
work server mode. This mode allows 
other computers to access a fixed 
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disk drive while the keyboard is 
locked. 

Because it is necessary to differen
tiate between the owner and users, 
another level of password protection 
has been provided in the new sys
tems. This security feature is called 
the privileged access password. It 
provides a much higher level of secu
rity when used with an operating sys
tem that controls access through the 
use of passwords. Systems are 
shipped with the privileged access 
password disabled. To set this pass
word, a jumper on the system board 
must be moved to put the system in 
the change state. Once this password 
is set, it cannot be overridden or 
removed by an unauthorized person. 
The owner or administrator must 
keep a record of the privileged access 
password in a safe place. If the owner 
or administrator misplaces or forgets 
the privileged access password, the 
system board must be replaced. The 
privileged access password restricts 
access to programs, prevents the IPL 
source and sequence from being 
changed, and effectively deters un
authorized modifications to the hard
ware. Even after a forced entry is 
detected by the tamper-evident cover 
switch, the privileged access pass
word (if it has been set) must be used 
to make the system operate. 

The privileged access password is 
stored in a special type of read-only 
memory called flash EEPROM 
(Electrically Erasable Programmable 
Read-Only Memory). 

System identification: The new sys
tems provide a wealth of information 
stored in ROM. The system board 
serial number, the model and sub
mode) byte data, the system serial 
number, the system board part num
ber, the replaceable unit part number, 
and the manufacturing location are in
cluded in the software-readable infor
mation. This collection of data about 
the system is called the Vital Product 



Data (VPD). The VPD information is 
accessible using the utility called the 
System Information Tool, which is 
part of the OS/2® version that comes 
preinstalled on new PS/2 systems. In 
addition to helping prevent substitu
tion of an unauthorized system and 
aiding in matching a system with its 
authorized user, VPD capability is 
beneficial in inventory and asset man
agement. The System Information 
Tool provides detailed adapter, mem
ory, and di sk configuration data for 
these Micro Channel® systems. 

Secure removable media: A new, 
optional 2.88 MB diskette drive with 
security features is available for the 
new systems. The new diskette drive 
is a 3.5-inch, one-inch high drive 
with media sense capability for the 
standard diskette capacities of 720 
KB, 1.44 MB, and 2.88 MB. It can 
read and write data to a formatted 
capacity of 2.88 MB, while maintain
ing read and write capability with 
720 KB and 1.44 MB diskette drives. 
A new control signal has been added 
to the diskette interface that supports 
LOCK, UNLOCK, and EJECT commands 
issued by the operating system. If the 
privileged access password is not set, 
the diskette is unlocked during POST. 
If the password is set, the boot proc
ess does not unlock the diskette drive 
unless it is the designated IPL source. 
In this case, the LOCK and UNLOCK 
state is controlled by the Lock/Unlock 
system utility. For SCSI devices, 
there is a proposed standard UNLOCK 
command. In this case, the operating 
system will control the LOCK com
mand if the privileged access pass
word is set. Access to the unlocking 
function with specific user author
ization will be controlled by future 
secured system software - for ex
ample, the Secured Workstation 
Manager. 

If power loss occurs, the system retains 
its state (secured or unsecured) inde
pendent of the state of the battery. A 
diskette can be inserted in the drive, 
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but it cannot be removed if the power 
is off. When the drive is turned on 
and locked, the media cannot be 
inserted or removed. 

Secure IPL source: The new sys
tems allow the system owner or ad
ministrator to select the IPL source 
and sequence. The IPL sequence is 
stored in a region of the system's 
EEPROM, and can be read, but not 
written, without the privileged access 
password. The setup routine ensures 
that at least one IPL source is speci
fied if the privileged access password 
is used. This allows the system 
owner to control the IPL source, but 
prevents the user from modifying the 
source and sequence. For example, 
the diskette drive can be excluded as 
an IPL source. This feature helps to 
ensure that the system owner's spe
cified operating system is loaded. 

Earlier PS/2 models with Initial 
Microcode Load (IML), in which 
part of the system's microcode is 
loaded on the disk drive, could select 
the IPL source. However, the infor
mation was stored in Complementary 
Metal-Oxide Semiconductor (CMOS), 
which could be disabled by removing 
the battery. Storing the IPL sequence 
in EEPROM protects it from being 
deactivated by removing the battery. 

Interface to security adapter: The 
Micro Channel bus in PS/2 systems 
provides an excellent interface for 
cryptographic and other security 
adapters. Some of these adapters are 
busmasters with on-board processing 
capabilities. The data integrity fea
tures and high data-transfer rates sup
ported by Micro Channel architecture 
are important for these applications. 
The PS/2 Model 56 486SLC2 pro
vides three Micro Channel slots; the 
PS/2 Model 57 486SLC2 and Ulti
media Model 57 486SLC2 provide 
five Micro Channel slots. 

IBM offers a family of workstation 
security products called the Transac-
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tion Security System, which consists 
of the following components: 

• IBM 4755 Cryptographic Adapter 

• IBM 4754 Security Interface Unit 

• IBM Personal Security Card 

Several new models of the IBM 4755 
Cryptographic Adapter have recently 
been announced, including enhanced 
versions for PS/2 systems. These 
adapters have a much higher perfor
mance rate, and support a larger 
number of cryptographic standards, 
including the Data Encryption Stan
dard (DES) and the Rivest, Shamir, 
and Adleman (RSA) cipher. 

Ability to disable ROM BASIC: A 
ROM version of BASIC is not pro
vided for system boot. A full BASIC 
program is available as a separate 
software product. 

Diagnostic tests: These are an inte
gral part of the system board diagnos
tics. The functionality of the security 
features is assured during the POST 
routine. 

Protection against securing un
secured systems: A switch under the 
lockable covers allows the privileged 
access password to be written. With 
the covers locked and the switch in 
the locked state, an unauthorized 
person cannot set it. 

Permanently erasable disk and 
memory: The erasable disk capabil
ity is a feature implemented in the 
Secured Workstation Manager. In 
the new secured systems, the system 
memory is cleared when power is 
turned off. As intrusions cause power 
to be turned off, system memory is 
automatically cleared when an 
intrusion is detected. 

Lockable 1/0 ports: The rear-panel 
security option provides an "all or 
none" type of access to 1/0 ports. In 
addition to this support, future soft
ware will provide I/0 port manage-

I 



ment based on the current signed-on 
user authorization. 

Security features user's guide: The 
new systems come with publications 
that describe the security features 
and their use. These descriptions are 
included in the Personal System/2 
User's Handbook for the new sys
tems, and in the Personal System/2 
Micro Channel Computer Reference. 

Operating System 
Security Features 
Hardware security features must 
work together with operating system 
security features that can be invoked 
by the system owner or administrator 
- as opposed to the person using the 
machine. The hardware security fea
tures must prevent corruption of the 
operating system. The IBM Secured 
Workstation Manager (SWSM) is 
IBM's DOS/Windows security prod
uct. It has C2 functions, including 
Discretionary Access Control (DAC), 
Object Reuse Protection (ORP), Iden
tification and Authentication (l&A), 
and Audit (AUD). Key features of 
SWSM are as follows: 

• Provides security for DOS and 
DOS plus Windows™, desktops, 
towers, laptops, notebooks , and 
portable workstations. 

• Limits usage of workstations to 
authorized individuals only. 

• Establishes a secure sign-on to 
the workstation for use in access 
control and auditing. Users can 
validate their identity by using a 
combination of passwords, elec
tronic tokens, the IBM Personal 
Security Card, and IBM Signature 
Verification. 

• Controls access to protected files 
through access control lists. Pro
tected files are also automatically 
and transparently encrypted to 
protect confidential information. 
Protected files can be stored on 
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fixed or removable media, or on 
LAN servers. Data file confiden
tiality is maintained, even if there 
is an attempt to access them by an 
unauthori zed operating system. 

• Allows a central site administrator 
to implement and distribute secur
ity rules to protected workstations. 
Local users can further restrict, 
but not reduce, the security estab
li shed by this administrator. 

• Maintains user accountabi lity 
through audit logging of user and 
administrator activities. For 
example, all sign-on attempts and 
attempted security violations are 
monitored and recorded. 

• Provides an Application Program
ming Interface (API) with the op
tional System Integration Support 
program toolkit. This allows users 
to customize their programs to take 
advantage of the security features . 

• Establishes a secured access sign
on to allow SWSM users to sign 
on easily to other secured environ
ments (such as LAN Servers and 
OS/400®). 

• Works with the IBM Anti Virus/ 
DOS product, which contains sup
port for virus protection, detection, 
and correction. 

• Available in two versions: DES 
and non-DES. Both versions are 
identical except for the algorithms 
used to encode user files. Pro
tected files can be shared only 
between like versions. 

IBM plans to use the newly an
nounced, secured PS/2 systems with 
all future versions of operating sys
tem security enhancements as a plat
form for security certifications. 

Summary 
All PS/2 systems provide numerous 
security features to meet a variety of 
security needs. These features are 
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cost-effective implementations that 
provide flexibility , convenience, and 
ease of use. The security features of 
the IBM PS/2 Models 56, 57, and 
Ultimedia Model 57 486SLC2 sys
tems provide the hardware capabil
ities to meet the DoD requirements 
for software certification and most 
other security needs. 

Dr. Patsy Bowlds is a senior tech
nical consultant on loan to the 
IBM European Personal Systems 
Center in England from the Boca 
Raton Development Laboratory. 
She has held numerous develop
ment and marketing positions in 
IBM, including manager of stor
age systems, personal systems 
strategy manager, and PS/2 tech
nical marketing support. Pat is 
author of Micro Channel Archi
tecture: Revolution in Personal 
Computing, published by Van 
Nostrand Reinhold. She has been 
awarded sel'eral patents. She 
earned her PhD at the University 
of Alabama. 

Ken Zubay is a senior program
mer in the IBM Personal Systems 
Programming Center in Boca 
Raton . His most recent project 
was co-developing the Secured 
Workstation Manager. He repre
sents IBM Boca Raton at world
wide IBM security councils. Since 
joining IBM in 1968, Ken has 
worked in operating system de1·el
opment, special-bid marketing, 
and PC workstation development. 
He is co-holder of three U.S. 
patent disclosures about security 
features in PS/2 workstations. 
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IBM 486SLC2: System 
Performance Implications 
Walt Adams 
IBM Corporation 
Boca Raton , Florida 

Patsy Bowlds and Tikiri Wanduragala 
IBM Corporation 
Basingstoke , United Kingdom 

This article gives an overview of the IBM 486SLC2 processor, which is 
used in PS/2 Models 56 and 57 486SLC2 , in processor upgrades for the 
PS/2 56 and 57, and in certain IBM ThinkPadfM models. 

T 
he IBM 486SLC2 processor is 
a high-performance, 32-bit 
microprocessor that provides 

performance similar to Intel® 486SX 
microprocessors. The IBM 486SLC2 
chip has the same exterior dimen
sions as the IBM 386SLC and Intel 
386SX microprocessors. Internally, 
its many advanced features provide 
outstanding performance. It supports 
all the 486SX instructions, and is 
fully compatible with the large in
stalled base of 8086, 286, 386, and 
486 software. 

Internally, the 486SLC2 microproces
sor has 32-bit data and address paths. 
These 32-bit paths maximize through
put between the internal cache and the 
instruction execution unit. Externally, 
the 486SLC2 has a 16-bi t data path and 
a 24-bit address path. These external 
paths contribute to its small footprint. 

The primary features that enable the 
486SLC2 processor to perform at 
80486 levels are its internal 16 KB 
cache and its clock-doubli ng technol
ogy. An IBM 486SLC2 chip running 
at 40/20 MHz (where 40 MHz denotes 
the internal processing speed, and 20 
the external speed) can achieve per
formance comparable to an Intel 
486SX chip running at 25 MHz. An 
IBM 486SLC2 processor at 50/25 
MHz can achieve performance com
parable to a 486DX processor run
ning at 33 MHz. 

Low power consumption and power 
management instructions are also key 
featu res of the IBM 486SLC2 proces
sor. In addition to being used in desk
top environments, this processor is 
ideal fo r portable computers, where 
power and size are critical factors. 
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Comparing IBM SLC 
Processors with Others 
IBM SLC processors share features 
with both the Intel 386SX and 
486SX microprocessors. The most 
important feature is software com
patibility. Application software and 
operating system software for the 
386 processor will run on the IBM 
386SLC chip, and software for the 
486 processor will run on the IBM 
486SLC2 chip. This includes OS/2, 
DOS, Windows, SCO® UNIX®, and 
Novell® NetWare®. Application soft
ware for these operating systems -
whether 16- or 32-bit applications -
runs unmodified. 

Figure l summarizes the features of 
IBM SLC processors compared to 
Intel processors. 

Performance Implications 
All processors listed in Figure l have 
32-bit internal data paths. However, 
the external data path is 16 bits wide 
for some and 32 bits for others. Be
cause the external data path in the 
IBM 486SLC2 is 16 bits wide, the 
natural question is whether the IBM 
486SLC2 can be as fast as the Intel 
486SX processor, which has a 32-bit 
external data bus. The answer is yes, 
depending on the application. 

The large internal cache (16 KB) of 
the IBM 486SLC2 processor - an 
advantage compared to the 8 KB 
cache in a 486SX chip - reduces the 
processor 's need to use its data path. 
In addition, the IBM 486SLC2 and 
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386SLC processors access their inter
nal cache via a full 32-bit data path. 

The effectiveness of the cache 
depends on each individual applica
tion's instruction and data locality -
that is, the pattern of referencing pre
viously accessed memory. It is not 
uncommon for applications to have 
an average cache hit rate in excess of 
90%. This means that 90% of the 
memory reads will not need to access 
memory, because the cache already 
contains the information being fetched. 

The type of cache used in the Intel 
486SX and IBM 486SLC2 chips, 
called a write-through cache, is effec
tive when the processor is reading 
data or fetching instructions. When a 
write is done to memory, it causes 
data to be sent on the processor's 
external bus. Write buffers allow the 
processor to continue executing with
out waiting for the memory write to 
finish. The larger the number of write 
buffers, the less likely the processor 
will have to wait for a write to com
plete (unless the application is perform
ing many writes in quick succession). 

Internal Data Path 32-bit 

External Data Path 16-bit 

Internal Cache None 

Write Buffers 0 

Address Interface 24-bit 

Physical Addressable 16MB 
Memory 

Virtual Addressable 64TB 1 

Memory 

Math Coprocessor External 
387SX 

Clock Doubled No 

1 TB=Terabytes 
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The size of the address bus in IBM 
SLC chips - 24 bits - is not a perfor
mance issue unless it becomes neces
sary to use more than 16 MB of 
physical memory to reduce paging in 
a virtual memory environment. Then, 
a 32-bit address bus is necessary to 
provide more than 16 MB of physical 
memory. Both the Intel 486SX and 
the IBM 486SLC2 processors have 
the same virtual address space of 64 
terabytes (TB). In practice, the amount 
of virtual memory is much less than 
64 TB because of operating system 
constraints . 

Like the Intel 486DX2, the IBM 
486SLC2 has clock-doubling tech
nology. When driven by an external 
frequency of 20 MHz, the internal 
frequency will be 40 MHz; a 25 MHz 
external clock is doubled to 50 MHz 
internally. It is primarily this feature 
that gives the IBM 486SLC2 micro
processor a performance comparable 
to that of a 486SX microprocessor. 
Clock doubling also gives the Intel 
486DX2 and ovERDRIVE micro
processors an advantage over Intel 
486SX and 486DX microprocessors. 

32-bit 32-bit 32-bit 

16-bit 32-bit 32-bit 

8KB None 8 KB 

2 0 4 

24-bit 32-bit 32-bit 

16MB 4GB 4GB 

64TB 64TB 64TB 

External External 487SX or 
387SX 387DX OVERDRIVE 

No No No 

Figure 1. Comparison of IBM and Intel Processors 
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Like the Intel 486SX, the IBM 
486SLC2 processor does not contain 
a math coprocessor. To gain this func
tion, an 80387SX coprocessor is used 
with the IBM 486SLC2 chip. In ap
plications that are almost exclusively 
floating point, the internal floating
point unit in an Intel 486DX, 487SX, 
or ovERDRIVE processor has an 
advantage over the external 387SX 
that is used with the IBM 486SLC2. 
Many applications that use floating 
point also execute many instructions 
that are not floating point. These 
applications can enjoy excellent per
formance with the 486SLC2 plus 
387SX combination. 

486SLC2 Processor Upgrade 
IBM Personal System/2® Models 56 
SX and 56 SLC systems (and their 
Model 57 counterparts) can be 
upgraded to use the IBM 486SLC2 
processor. In the upgraded systems, 
the 486SLC2 runs at 40 MHz inter
nally and 20 MHz externally. 

The upgrade consists of a small cir
cuit board and a new reference dis
kette. The circuit board plugs into the 

32-bit 32-bit 32-bit 

16-bit 32-bit 32-bit 

16 KB 8 KB 8 KB 

2 4 4 

24-bit 32-bit 32-bit 

16 MB 4GB 4GB 

64TB 64TB 64 TB 

External Internal Internal 
387SX 

Yes No Yes 
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486SLC2 processor at 50/25 MHz 

Optional 387SX math coprocessor at 
25 MHz 

Micro Channel architecture 
-

Higher performance SCSI interface on 
the local bus 

XGA-2 graphics 

2.88 MB diskette drive 

8 MB, 70-ns memory; 16 MB maximum 

DMA parallel and two serial ports 

OS/2 2.0 Preload 

104 MB and 212 MB, 12-ms SCSI disks 
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PS/2 56 SX 

386SX processor at 20 MHz 

Optional 387SX math coprocessor at 
20MHz 

Micro Channel architecture 

SCSI interface on the local bus 

16-bit VGA graphics 

2.88 MB diskette drive 

4 MB, 70-ns memory; 16 MB maximum 

DMA parallel and one serial port 

OS/2 2.0 Preload 

80 MB and 160 MB, 16-ms SCSI disks 

memory. Memory is located on the 
system board using three connectors. 
Each connector can support 2 MB, 
4 MB, or 8 MB of 70-ns memory. 

XGA-2 video subsystem: The XGA-
2 video subsystem has enhancements 
specificaJiy for today ' s Graphical 
User Interface- (GUI-) based operat
ing systems. At 640 x 480 resolution, 
the XGA-2 graphics subsystem im
proves application performance up to 
67% over 16-bit VGA. IBM's new 
XGA-2 subsystem sets new heights 
of performance and function. Even at 
1024 x 768 resolution, the XGA-2 
subsystem can be more than twice as 
fast as the original XGA ™. 

Figure 2. Comparison of PS/2 56 486SLC2 and 56 SX Systems 

system board (where the math coproc
essor socket is located), and the refer
ence diskette is used to update the 
Initial Machine Load (IML). A math 
coprocessor socket on the upgrade 
card allows users to add a 387SX-20 
coprocessor. This processor upgrade 
card is very similar to the IBM 
386SLC cached processor option, 
which is available for the PS/2 56 SX 
and PS/2 57 SX systems. 

PS/2 56 486SLC2 and 
57 486SLC2 Systems 
The PS/2 Models 56 486SLC2 and 
PS/2 57 486SLC2 systems have many 
significant enhancements over the 
PS/2 56/57 SX and PS/2 56/57 SLC 
systems. Key differences are that the 
subsystems of the PS/2 56 486SLC2 
have been upgraded or have higher 
performance. Figure 2 compares 
PS/2 56 SX and 486SLC2 systems. 

Structural Overview of PS/2 56 
486SLC2 System 
The Micro Channel connectors, the 
video subsystem, and other system 
board Input/Output (1/0) are located 
on the Micro Channel bus. The Small 
Computer Systems Interface (SCSI) 
contro1ler is on the local bus. Both 
the local bus and the Micro Channel 

bus are 16-bit implementations. The 
clock frequency of the local bus is 
higher than that of the Micro Chan
nel bus, which translates into perfor
mance gains in some applications. 
Figure 3 shows an overview of the 
components of the PS/2 56 486SLC2 
system. 

Processor/memory subsystem: The 
486SLC2 processor's 24 address 
lines can address up to 16 MB of 

50/25 MHz 
486SLC2 

SCSI 

16-bit 

New functions in XGA-2 include a 
flicker-free refresh rate of 75 Hz at 
both 640 x 480 and 1024 x 768 reso
lutions, as well as hardware and soft
ware support for 16-bit direct color, 
to display up to 65,536 colors simul
taneously. Enhancements that boost 
performance include a standard 1 MB 
of 100-ns VRAM (compared to 512 
KB of 150-ns VRAM, standard in 
XGA graphics), 32-bit internal data 
paths, and significant device driver 
enhancements. 

16-bit 

System 
Memory 

16-bit Micro Channel Bus 

Micro Channel Slots 

XGA-2 Graphics Other 1/0 

Figure 3. Components of the PS/2 Model 56 486SLC2 System 
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1/0 bus and devices: The 16-bit 
Micro Channel architecture 1/0 bus 
provides a high level of system relia
bility and data integrity. Micro Chan
nel support for busmasters allows for 
improved system throughput and 
greater overall processing power. 
Streaming data transfers, data parity, 
and synchronous channel check 
features are supported by the bus 
between expansion boards that 
incorporate these features. 

The storage subsystem includes the 
SCSI controller and its attached 
devices. The SCSI controller is lo
cated on the system board, and does 
not occupy a slot. It is attached to 
the local bus, as shown in Figure 3. 
Designed as a busmaster, it has direct 
access to system memory on the high
speed local bus. The average seek 
time of the 104 MB and 212 MB disk 
drives is 12 ms. Up to seven devices 
can be attached to the SCSI controller, 
providing a high degree of flexibility 
and expansion for hard disk drives, 
optical drives, and backup tapes. 

Processor and memory character
istics: An Intel 486SX processor has 
a 32-bit path from the processor to 
memory, while the IBM 486SLC2 
processor has a 16-bit data path. 
Sometimes the 16-bit path can affect 
performance, although the perfor
mance of the IBM 486SLC2 proc
essor is frequently comparable to the 
Intel 486SX. This is because the on
board cache in the IBM 486SLC2 
reduces the need to fetch data from 
memory, which reduces traffic on the 
data path between the processor and 
memory. 

1/0 characteristics: Most 1/0 devices 
used in personal workstations today 
have 16-bit data paths. Because of 
this, the lack of a 32-bit data path for 
the IBM PS/2 56 486SLC2 system is 
somewhat irrelevant. The most com
mon exceptions are high-performance 
LAN adapters. Most 32-bit Micro 
Channel adapters also are designed to 
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function efficiently in systems with 
16-bit data paths. Examples of such 
IBM adapters are the 32-bit SCSI 
and XGA adapters. 

In the server arena, 32-bit devices, 
such as disk and LAN adapters, are 
more common. It is with server sys
tems that the absence of the 32-bit 
data path is most significant. How
ever, compared to 386DX and 
486SX systems based on the AT bus, 
no significant effect is anticipated in 
1/O-intensive applications, because the 
AT bus supports only 16-bit transfers. 
Micro Channel busmasters and the 
more efficient Micro Channel bus pro
vide some performance benefits com
pared to AT adapters and the AT bus. 

The PS/2 Models 56 and 57 486SLC2 
feature two Direct Memory Access 
(DMA) serial ports and one DMA 
parallel port. In systems without 
these features, the processor manages 
serial and parallel operations, which 
are interrupt-driven processes (see 
"Parallel Port Protocols" in this 
issue). The consequence is that they 
require significantly more processor 
cycles than DMA serial and parallel 
operations. Therefore, systems with 
these DMA features may have some 
performance advantages, especially 
in multitasking environments. 

Summary 
The combination of the IBM 486SLC2 
microprocessor, Micro Channel archi
tecture, and high-performance subsys
tems provides excellent performance 
characteristics for desktop systems in 
typical application environments. 

PS/2 Models 56 SX and SLC systems 
with the IBM PS/2 486SLC2 proces
sor upgrade (running at 40/20 MHz) 
compete effectively in most applica
tion areas against systems based on 
the Intel 486SX-25. A large 16 KB 
internal cache and clock-doubling 
technology are responsible for the 
486 level of performance that this 
processor achieves. 
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The new PS/2 Models 56 and 57 
486SLC2 systems have performance 
comparable to 486DX-33 systems 
in most applications. This level of 
performance is attributable to the 
IBM 486SLC2 50/25 MHz proces
sor, XGA-2 graphics, and high
performance disk drives. 
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Micro Channel Developers 
Association 
Ramiz H. Zakhariya 
Micro Channel Developers Association 
Redding, California 

This article describes the Micro Channel Developers Association, whose 
membership consists of microcomputer hardware and software devel
opers supporting the Micro Channel. 

T 
he Micro Channel Developers 
Association (MCDA) is an inde
pendent, worldwide, non-profit 

organization established to facilitate 
the evolution of the Micro Channel 
as an industry-wide open standard. 
The association's primary focus is to 
help developers in building compat
ible Micro Channel-based computer 
products, and to explain to users the 
benefits of the Micro Channel archi
tecture. 

Fourteen industry leaders joined for
ces to form the Micro Channel Devel
opers Association in October 1990. 
Now, only two years later, the total 
number of members in the MCDA is 
90. Membership in the MCDA is 
open to all companies and individ
uals who are either directly or in
directly involved with developing 
products or services for Micro Chan
nel architecture. 

MCDA Services 
The association offers its members 
many essential services: 

• Micro Channel architecture semi
nars - four per year (two in Boston 
and two in San Jose) plus on-site 
at user locations, if requested 

• MCDA database, including 
technical specifications, ques
tions and answers, and marketing 
information 

• MCDA newsletter 

• Micro Channel Adapter POS ID 
assignment now the responsibility 
of the association (IBM and the 
MCDA are working on the transi
tion logistics. IBM has been offer
ing this service.) 

• Product referral 

• Product directory 

• Technical literature and 
specifications 

• Technical conferences 

• Technical hotline 

• MCDA bulletin board 

MCDA current technical programs in
clude common design tools, common 
SETUP utility, design verification 
facility, compatibility certification, 
architecture roadmap, standard Micro 
Channel Backplane, Subsystem Con
trol Block architecture specification, 
Micro Channel architecture specifica
tion, multimedia extensions, and live 
insertion capability. 

Marketing and promotional programs 
include positioning strategy, partici
pation at trade shows, sales aid kits, 
competitive analysis, product direc
tories, and architecture promotion. 

Membership Benefits 
Membership in the MCDA has many 
benefits. 

• Leveraged advertising. As a 
member, you receive advertising 
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that is published independently by 
the MCDA. Members value this 
advertising as equal to, or more 
than, their annual dues. 

• Early visibility. You have access 
to information when it becomes 
available, even in preliminary 
form. You no longer have to find 
out belatedly that specific informa
tion exists. 

• Input on your technical require
ments. Through the association 
and its technical meetings, you can 
propose and lobby for features that 
you feel are necessary. 

• Interaction with competitors. 
Through the MCDA 's working 
groups, you have the opportunity 
to meet with peers and competi
tors. Inevitably, this interaction 
leads to learning something new 
about the industry and its 
environment. 

• Specifications for MCDA offer
ings. The MCDA is in the process 
of defining several specifications 
and programs, both technical and 
promotional. As a member, you 
can join this important effort and 
use the results to your benefit. 

• Technical assistance. Through 
the various programs implemented 
by the association, technical help 
is available to members in several 
forms: technical references , design 
seminars, workshops, answers to 
technical questions, electronic con
ferences, and technical working 
groups. 

• Common design tools. The asso
ciation has completed phase one 
of a comprehensive design tool set 
that includes behavioral models , 
test vectors, and simulators. These 
tools are available now. It is in
tended that this tool set will be 
used by all members to ensure a 
higher degree of compatibility and 
a shorter development cycle. 

I 



• Common configuration utility. 
The MCDA has completed the 
specification for its common con
figuration utility to be used by all 
developers. This new SETUP utility 
should be available in early 1993. 

• MCDA database. This database 
will serve as a repository for tech
nical questions and answers, 
design guidelines, specifications, 
the library of test vectors, and 
statistical information about 
members' products and the mar
ket. The MCDA database should 
be online by the end of 1992. 

• Starter Kit. This kit, sent automat
ically to new members, consists of: 

- Micro Channel Architecture 
Specification. Micro Channel 
Developers Association, 
January 1992. 

- IBM PS/2 Hardware lnte,face 
Technical Reference: 

• System-Specific (S84F-9807) 
and Update (S04G-3280) 

• Architectures (S84F-9808) 
and Update (S04G-3282) 

• Common lnte,faces 
(S84F-9809) and Update 
(S04G-3281) 

• BIOS Interface Technical 
Reference (S04G-3283) 

• Architecture Supplement 
(SCB) (S85F-1678) 

• RISC System/6000™ 
POWERstation™ and 
POWERserver (SA23-2643) 

- MCDA Technical Strategy 
Working Group minutes since 
January 1991 

- MCDA Marketing Strategy 
Working Group minutes since 
April 1992 

- The Catalog of International 
Micro Channel Expansion 
Adapters 
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- "Focus on Micro Channel 
Architecture," a special supple
ment to IBM Personal Systems 
Technical Solutions 
(G325-5018) 

- The current list of MCDA 
members 

- The MCDA newsletter 

- Bowlds, Patsy A., Dr., Micro 
Channel Architecture: Revolu
tion in Personal Computing. 
Yan Nostrand Reinhold, 1991. 
ISBN 0-442-00433-8. 

- Heath, Chet and Rosch, Winn 
L. The Micro Channel Architec
ture Handbook. Prentice-Hall, 
Brady Books, I 990. 
ISBN 0-13-583493-7. 

The Starter Kit will soon include 
specifications of Micro Channel 
chip sets. 

• Important visibility. The asso
ciation promotes Micro Channel 
architecture, its benefits, and the 
organizations involved. This pro
motion is done through interna
tional advertisements, product 
directories, participation at trade 
shows, and direct mail campaigns. 

• Toll-free hotline. As a member, 
you can call the toll-free number 
(800) GET-MCDA for technical 
assistance and support between 
9:00 A.M. and 5:00 P.M. Pacific 
time on weekdays. 

• Coming soon: MCDA bulletin 
board. All MCDA members will 
be eligible to use the association's 
bulletin board to communicate 
with the MCDA and with other 
MCDA members. News, technical 
information, marketing informa
tion, and product information can 
be posted and retrieved. 

The MCDA also encourages mem
bers to participate in development of 
the market for Micro Channel archi
tecture products. The Micro Channel 
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architecture market includes chip 
sets, subsystems, planars, adapters, 
cabinets, backplanes, and software. 

MCDA Dues 
Dues for member organizations vary 
according to their revenue. The cur
rent dues structure ranges from $1,000 
per year for companies with revenue 
of up to $10 million, to $3,500 per 
year for companies whose revenue 
exceeds $100 million. 

MCDA Organization 
The MCDA executive board sets the 
strategic direction for the association. 
Board members are elected annually. 
The chairperson is elected every 
three years. The president is elected 
by the executive board for a term of 
mutually agreeable duration. Several 
committees have been established to 
set policies and processes for execut
ing the mission of the association. 
The currently formed committees are 
Technical, Promotion, and Process. 
Finally, working groups handle issues, 
resolve problems, and propose changes. 

For More Information 
Contact the Micro Channel 
Developers Association at 2280 N. 
Bechelli Lane, Suite B, Redding, CA 
96002, (916) 222-2262 or (800) GET
MCDA; fax (916) 222-2528. 

Ramiz H. Zakhariya has served 
as president of the Micro Channel 
Developers Association since 
1991. He is currently on loan to 
the MCDAfrom NCR® Corpora
tion. During his 12 years with 
NCR, he drafted next-generation 
architecture and system hardware 
specifications, and designed and 
developed Large-Scale Integra
tion (LSI) and Very Large-Scale 
Integration (VLSI) chips. Ramiz 
has degrees from the University of 
Southern California in computer 
architecture and nuclear physics. 



Subscription Form for / A/Xtra: 
IBM's Magazine For AIX Professionals 

The IBM RISC System/6000 with AIX platform is one of the fastest growing advanced UNIX workstations in the 
industry. You can find out why and get the inside story on IBM's AIX systems straight from the source with a sub
scription to /AIXtra: IBM's Magazine For AIX Professionals. Detailed technical articles are written by the experts -
people who design, develop, and support AIX and related products. lAIXtra magazine covers AIX systems, software, 
networking, implementation, and more. 

A single issue costs $12.95; you can subscribe now and receive a one-year subscription for only $55.00 (Canada/ 
Mexico $80; other countries $100). Just complete this form and either fax it to (415) 948-4280 (please include 
VISA/Mastercard number and expiration date), or mail your check or money order to The TDA Group, Box 
1360, Los Altos, CA 94023-1360, or call (415) 948-3140. All orders must be pre-paid. Checks must be in U.S. 
dollars drawn on a U.S. bank. 

I. Do you currently have AIX installed? 
Yes__ No 
How many years experience have you had with AIX 
or UNIX? __ _ 

2. If not, do you plan to install AIX within the next 24 
months? 
Yes__ No 

3. Other operating systems in use: 
□ UNIX Sys. V 
□ SCO Unix/Xenix 
D Ultrix 
□ A!UX 
□ HP/UX 
□ Sun/OS/Solaris 
□ PC/MS-DOS 
□ OS/2 
□ VM orMVS 
□ Windows 
□ Mac 

4. The number of employees at your location: 
□ 1-99 □ 100-199 □ 200-399 
D 400-999 D 1,000-1,999 □ Over 2,000 

5. The number of employees company wide: 
□ 1-99 □ 100-199 □ 200-399 
□ 400-999 □ 1,000-1,999 □ Over 2,000 

6. Applications in use: 

□ CAD/CAE 
D Education 
D Science/Engineering/Research 
D Graphics 
D Point of sale 
D CASE/Software Development 
D Financial Services 
□ Data Base 
DAI 
□ Numeric Intense Computing 
□ Manufacturing/CIM 
□ Office/Professsional 
□ Communications/Networking 
□ Mapping (GIS) 
D Other 

7. Are you involved in evaluating, recommending, 
specifying, or approving any of the following? 
(Check all that apply.) 

D Workstations 
D Terminals 
□ X stations 
D Software development tools 
D Storage/memory 
D Printers 
D Training 
□ Maintenance/service 
D Business applications 
□ Graphic software 
D I/O boards 
□ Modems 
D Comm ./Networking 
□ Servers 
□ DBMS 
□ Tape drives 
□ DOS to UNIX tools 
□ UPS 

IMPORTANT: PLEASE COMPLETE ALL 
INFORMATION REQUESTED. 

(Please print or type.) 

Name 

Company 

Address 

City ________ State 

Country _______ Zip Code ____ _ 

Business Telephone 

□ Yes, please enter my paid subscription: 

Signature _______________ _ 

Charge to □VISA □Mastercard 
Number _______________ _ 

Expiration Date ____________ _ 

8. How much will your organization spend on computer 
related products/services in the next year? 

□ Over $10 million 
D $1-$10 million 
□ $250,000-$999,000 
□ $]00,000-$249,000 
□ $50,000-$99,000 
□ $10,000-$49,000 
D Under $10,000 

9. Your primary job title: 
(Check the one best descriptor.) 

D Corporate and Financial Management (Pres., 
Owner, CEO, VP, Marketing Dir., Gen. Mgr. , 
Financial VP, CFO, Controller, Treasurer) 

D Computer Systems Management (DP/MIS Dir. , 
Network Dir., Communications Mgr., Systems 
Analyst, Software Developer, CIO, Systems 
Administrator) 

D Engineering Management and Staff (VP Engineer
ing, Chief Engr., Technical Director, Systems 
Integration Mgr.) 

D Consultant and Educator (Computer/Network 
Consultant, Computer Technology Educator) 

D Other (please specify) ________ _ 

10. Your company's primary business activity: 
D Manufacturing (computer hardware) 
□ Manufacturing (non-computer products) 
D Systems Integrator, VAR, OEM 
D Software Development 
D Financial: Banking, Insurance, Real Estate 
D Retail , Wholesale, Distribution 
D Utilities, Commurucations Services, 

Transportation 
D Government and/or Military 
D Computer Services, Data Processing, Service 

Bureau 
D Health or Legal Services 
□ Education 
□ Consulting 
□ Agriculture, Mining, Construction, Petroleum, 

Forestry, Chemical 
□ Architecture/Engineering 
D R&D, Testing, Evaluation Labs 
D Other qualified business including Hotels, 

Publishing, Amusements, and Non-Profit 
Organizations 

□ Other (please specify) _______ _ 
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Trackpoint II: The In-Keyboard 
Pointing Device 
Ted Selker and Joseph Rutledge 
IBM Corporation 
Yorktown Heights , New York 

Two of IBM's new ThinkPad notebook computers have keyboards that 
feature TrackPoint II, a unique, integrated pointing device. This novel 
design for a pointing device takes advantage of special behavioral motor 
research that gives the device unprecedented productivity improvements 
compared to using a mouse. This article describes TrackPoint II, how to 
use it, and the research behind its design. 

N 
ow there is a pointing device 
that occupies no space on a 
desk, increases productivity, 

does not have to be adjusted for left
or right-handedness, and has no mov
ing parts. Called TrackPoint II, it is 
an innovative keyboard feature of 
IBM's newest notebook computer 
systems, the IBM ThinkPad 700 and 
700C. 

Without requiring users to move their 
hands away from the normal typing 
position, TrackPoint II provides 
smooth control when using popular 
graphical user interfaces that mix 
typing with pointing. It eliminates 
the loss of time and the distraction of 
reaching for another pointing device. 
TrackPoint II can be used equally 
well by either hand. All typing, point
ing, selecting, and dragging now can 
be done on the keyboard. Users no 
longer need to carry an extra pointing 
device for their notebook computer 
systems, because TrackPoint II is 
built into the keyboard. 

TrackPoint II is the first pointing 
device that outperforms a mouse for 
integrated typing and selection activ
ities . In laboratory tests, it typically 
increases speed in tasks similar to 
text-editing by 25% compared to 
other pointing devices. 

Using TrackPoint II 
TrackPoint II, shown in Figure 1, 
consists of a small red rubber button 
that fits between a user 's hands on 
the keyboard, and thumb-activated 
"mouse buttons" molded into the key
board below the space bar. The red 
button is situated between the G and 
H keys, above the B key. It is posi
tioned to be instantly available, yet it 
does not interfere with a touch typist's 
fingers. The user's hands can remain 
in the "home" typing position. 

To use TrackPoint II, place an index 
finger on the red rubber button and 
press in the direction you want the 
cursor to move. The amount of pres
sure determines the speed at which 
the cursor moves to an icon, charac
ter, or even a pixel-sized target. You 
also can rest your finger lightly on 
the rubber cap without causing any 
action to take place. 

To make a selection, press the appro
priate "mouse button" (below the 
space bar) with either or both thumbs. 
It also is easy to press both buttons 
simultaneously with one thumb. 

Dragging is just as easy. Hold the but
tons down with one or both thumbs 
and use an index finger to control the 
motion. TrackPoint II works equally 
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well for left- or right-handed people 
because either index finger can reach 
the rubber button while the thumbs 
use the mouse buttons. 

Our research has shown that the act 
of taking one's hands off the key
board, reaching for the mouse, and 
replacing the hands on the keyboard 
takes about 1.35 seconds. TrackPoint 
II eliminates this distraction and 
saves a substantial amount of time. 
Using TrackPoint II to make a single 
selection while typing saves 0.9 
second. 

You still can use your current mouse 
pointing device because both Track
Point II and a mouse can be active. 
However, you quickly will notice 
that the TrackPoint II is faster for 
making a single selection while typ
ing. Many users find that after a 
week of using TrackPoint II, a mouse 
becomes unnecessary for most work. 

Collaboration 
For collaborative work, such as two 
people working jointly on a writing 
project, it is helpful if both can point 
to words on the screen without inter
fering with each other. A unique fea
ture of TrackPoint II enables two 
users to take turns controlling the cur
sor. In this scenario, a mouse is con
nected to a notebook computer; one 
user is using the mouse while the 
other is using the keyboard with 
TrackPoint II. With this collaborative 
feature, the first pointing device that 
moves takes precedence. The person 
using the cursor retains control until 
a moment after completing an action. 
Because the second user is temporari
ly locked out, that user cannot inad
vertently interfere with the first 
user's cursor action . 

Designing the TrackPoint II 
Two important innovations have 
been designed into TrackPoint II: the 
ability to integrate typing and selec
tion , and - most important - an algo-



rithm that allows quick, precise 
selections. 

Experiments were conducted using 
secretaries and other typists to test 
the placement and usefulness of 
pointing devices within or near a key
board. We tested joystick pointers 
that lay in various positions: under 
the entire keyboard, under specific 
keys, above and below the keyboard, 
between the G and H keys, near the 
number pad, and so on. We found 
that the space between the G, H, and 
B keys worked best. Our extensive 
testing has shown that TrackPoint II 
does not interfere with normal typ
ing, and that typists do not inadver
tently move the cursor. 

Still, no one had ever made a joy
stick-like device that could perform 
nearly as well as a mouse-like device. 
A force-sensitive control is appealing 
whenever space is limited, and the 
psychology and human factors liter
ature over the last century records 
repeated efforts to use such a control. 
However, it always was hard to use -
it could be adjusted to be either slug
gish or skittish, or even both at once, 
but there seemed to be no middle 
ground. 

TrackPoint 11 results from new com
prehension of behavioral and motor 
issues at play while using rate-control 
devices. For example, if the cursor 
moves faster than the eye can track, 
the user loses sight of it; if the un
steadiness of the user's hand affects 
cursor speed, movement becomes 
unpredictable. These psycho-motor 
realities influenced our design of a 
special algorithm for using a rate
control device to guide a cursor. The 
algorithm enables the cursor to move 
across the screen in a tenth of a sec-
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Figure 1. TrackPoint II 

ond when the user pushes TrackPoint 
II relatively hard, yet it gives Track
Point II a precise, firm feel when 
selecting icons, characters, and even 

Ted Selker is a research staff mem
ber at the IBM T. J. Watson Re
search Center in Yorktown Heights , 
New York, where he has been work
ing for the last seven years on new 
paradigms for using computers. His 
recent successes include creating 
COACH, an adaptive interface that 
dramatically improves user pe,jor
mance, and the design of the Track
point II integrated pointing device. 
Ted previously worked at Xerox® 
Palo Alto Research Center (PARC) 
and at Atari's® Sunnyvale Research 
Center, and he also has taught at 
Stanford University. Ted holds a 
PhD from City University of New 
York. 
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pixels. The primary innovation here 
is the development of a joystick that 
gives users the feeling of smooth, 
positive control at all useful speeds. 

Joseph Rutledge has been a re
search staff member in the Mathe
matical Sciences Department at 
IBM T. J. Watson Research Center 
since 1958, working mainly on the 
mathematical side of computer 
science, but with occasional forays 
into the "practical" world; Track
Point II represents the most exten
sive and successful such excursion. 
He first met computers as one of 
the initial programmers of 
UNIVAC® I in 1950 and did logical 
design, systems architecture, and 
early programming language work 
before returning to school to ac
quire a PhD in mathematical logic 
from Cornell University. 



Why OS/2 2.0? 
David Reich 
IBM Corporation 
Boca Raton, Florida 

Martin MCEiroy 
IBM Corporation 
Basingstoke, United Kingdom 

Wayne Caswell 
IBM Corporation 
Dallas , Texas 
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This is a reprint of a paper distributed by IBM during Fall I 992. It 
describes many leading-edge features of OS/2 2 .0 and compares these fea
tures to Microsoft® Windows 3.1 and Microsoft' sforthcoming operating 
system, Windows NT™. It demonstrates why OS/2 2.0, which was 
released in March 1992, is the operating system platform of choice and 
will continue to be after the availability of Windows NT. 

Note: The discussion of Windows is based on information that Microsoft 
Corporation has made publicly available as of October I, 1992 or infor
mation in the public trade press, and is subject to change. 

M
ost people agree that, as an 
operating system, IBM's 
OS/2 2.0 is superior to Micro

soft's Windows 3.1. To compete with 
IBM's OS/2, Microsoft has announced 
another system, Windows NT. Win
dows NT is not yet available and 
Microsoft says the first version may 
ship in late 1992 or in 1993. 

When it finally arrives, Windows NT 
is expected to address some of Win
dows 3.1 's shortcomings. However, 
based on the preliminary beta release 
and Microsoft's public comments, 
Windows NT will only partially 
close the gap with OS/2 2.0. 

For example, the state of the art in 
user-friendly interfaces today is the 
object-oriented Graphical User Inter
face (GUI), such as the Workplace 
Shell™ in OS/2 2.0. Only recently 
has Microsoft begun to talk about 

releasing a similar user-friendly inter
face - sometime in 1994. 

Today, OS/2 2.0 surpasses Windows 
3.1 in the following areas: 

• Superior crash protection 

• Greater number of applications 
supported 

• Superior multitasking 

• Object-oriented GUI 

• Superior file system 

• More memory available for 
applications 

Today, Windows NT is not available. 
In the time frame that Microsoft is 
expected to complete Windows NT, 
OS/2 will have moved forward sig
nificantly. The following enhance
ments are planned for OS/2 during 
the latter part of 1992: 
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• Additional performance improve
ments, especially for the minimum 
hardware configurations 

• Support for more displays, 
printers, and other devices 

• Improved graphics engine 

• Support for Windows 3.1 
applications 

When the first version of Windows 
NT finally arrives, IBM is confident 
that OS/2 will still surpass it in the 
following areas: 

• Compatibility with DOS and 
Windows applications 

• Greater number of applications 
supported 

• Object-oriented GUI 

• Less expensive hardware require-
ments (memory and disk) 

So, users can choose to live with the 
shortcomings of Windows 3.1 and 
wait for Windows NT to arrive. How
ever, when they are finished with this 
wait, they may face a hardware 
upgrade and a conversion of Win
dows applications. 

Or, users can enjoy the benefits of 
OS/2 2.0's superior operating envi
ronment, avoid the upgrade and the 
conversion, and still have a superior 
operating environment in the future. 

Why 0S/2? 

The Best of Both Worlds 
In the new PC environment, both per
sonal productivity and line-of-business 
applications are essential. OS/2 can 
satisfy both needs. It provides a bet
ter DOS than DOS itself, and it runs 
a wide range of DOS and Windows 
applications. In addition, OS/2 2.0 is 



a superior platform for running in
house mission-critical applications 
with industrial strength, robust pro
tection, and powerful multitasking. 
Users do not have to choose between 
different systems for their different 
needs - OS/2 can do both. 

Freedom of Choice 
Today's computing environment can 
be confusing; the variety of options 
can be overwhelming. When making 
choices about hardware and software 
platforms, it is difficult to follow a 
path that keeps a wide range of op
tions open. Too often, choices are 
constrained by compatibility issues 
or by a limited growth path. OS/2 2.0 
aims to simplify the decision by pro
viding a choice: the widest range of 
applications on a wide range of 
hardware. 

OS/2 2.0 runs DOS, Windows, and 
OS/2 16-bit and 32-bit applications, 
the widest range of applications avail
able on an Intel-based platform. In 
fact, OS/2 2.0 is such a superior envi
ronment that even if users run only 
DOS applications on a 386-based 
machine, OS/2 2.0 is the best envi
ronment in which to run them. 

Furthermore, applications running 
under OS/2 2.0, whether they are 
DOS-, Windows-, or OS/2-based, 
provide added value by working 
together, sharing information, and 
running from the common Work
place Shell. This not only protects 
your current investment in DOS, 
Windows, and OS/2 applications, but 
adds value by integrating them. 

In addition, OS/2 2.0, Extended Ser
vices for OS/2, and OS/2 LAN Server 
are supported on a wide range of IBM
compatible hardware as well as IBM 

PS/2s. This means the user can run 
OS/2 2.0 with confidence on machines 
from vendors like COMPAQ®, 
Olivetti®, Dell®, Hewlett-Packard®, 
Toshiba®, and others, and IBM sup
port can be included. In fact, IBM 
has certified over 260 configurations 
from 71 hardware vendors, so it is 
highly likely that PCs equipped with 
an Intel 386SX or above processor 
are supported. 

A Productive Environment 
for the User 
OS/2 prov ides an object-oriented 
user interface, the Workplace Shell, 
which allows business users to focus 
on the information they want to work 
with, not on the application that needs 
to be loaded. This business-oriented 
way of working helps users become 
more productive by concentrating 
more on what they want to do, and 
less on how to do it. It also provides 
a single consistent environment in 
which multiple applications can be 
loaded from different sources. Addi
tionally, it is an extremely easy envi
ronment to learn, since once users 
know how to drag a file's icon with 
the mouse to put it into a folder, they 
can use the same operation to print it, 
copy it to another disk, or erase it. In 
addition, companies can derive the 
benefits of a standard interface that 
complies with IBM's Common User 
Access™ (CUA™) definition for 
user interface design. 

Also, since many applications can be 
loaded and running at the same time, 
users can be more productive, espe
cially in work that involves much 
interruption and switching from one 
task to another. OS/2's true multitask
ing means that long-running proces
ses can simply be switched to run in 
the background, while the user con-
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tinues with something else - result
ing in less "wait time" for the user. 
At the same time, more can be done 
with the existing set of applications 
by allowing them to share informa
tion easily through consistent inter
faces like the Presentation Manager® 
clipboard. 

A Platform You Can Rely On 
When the PC becomes the center of 
information processing, as it often is 
in today's environment, then the PC 
platform must show the stability and 
reliability of the host environment. 
Today, DOS and extensions to DOS, 
like Windows, do not provide the 
protection that OS/2 2.0 offers. OS/2 
has been designed to protect applica
tions from one another and delivers 
today the stable platform required for 
full multitasking and greater protec
tion from system crashes. It is of little 
use to have the most fault-tolerant 
server or host if the client worksta
tions are not fault tolerant. And many 
users of productivity applications, 
like word processors and spreadsheets, 
consider their PCs to be mission criti
cal. For this reason, reliability is a 
requirement for every PC. 

Superior Connectivity 
OS/2's strong multitasking and 
robust protection make it the best 
operating system available for con
nectivity applications such as client/ 
server and distributed processing. In 
addition, OS/2 has Extended Services 
for OS/2, which provides communi
cations and database functions, and 
the OS/2 LAN Server, which pro
vides a full client/server environ
ment. This allows networking to be 
an integral part of the operating sys
tem, and provides high functionality 
at a much more economical cost than 
buying many separate packages. 

I 



OS/2 is not only a superior server 
platform, but also the most functional 
and stable client. It provides a consis
tent platform for both server and cli
ent. It can handle multiple concurrent 
communications protocols - such as 
NetBIOS, Advanced Program-to
Program Communications (APPC), 
IPX, and TCP/IP - with ease, and 
even provides a LAN-independent 
user interface to mixed vendor net
works. In addition , it is enabled for 
automated LAN-based installation. 
Most important, OS/2 offers the 
stability and reliability in a client to 
match the reliability of the server or 
host. 

The result is that mission-critical 
applications that depend on commu
nications with various systems can be 
implemented much more safely in 
OS/2 than on DOS or its extensions. 

The Integrated System 
OS/2 allows DOS, Windows, and 
OS/2 applications to run together, 
while providing a GUI and the data
base, communications, and LAN sup
port included in Extended Services 
for OS/2 and LAN Server. For devel
opers , this means the Application 
Programming Interfaces (APis) and 
services have been designed to work 
together, eliminating the need for the 
systems integration of a variety of 
DOS-based packages, a process that 
often presents incompatibilities or 
problems. 

The OS/2 function has been designed 
and tested to work together - IBM 
has already done the integration 
work. In addition, the Workplace 
Shell environment integrates DOS, 
Windows, and OS/2 applications and 
allows them to work together, even 
though they may have been written 
by different vendors. That's why 
OS/2 is the integrating platform for 
the 1990s. 
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32-Bit Power 
OS/2 2.0 is a 32-bit system. It gives 
users the advantages of a 32-bit sys
tem: superior application perfor
mance and the opportunity to fully 
use the 386 and 486 hardware that 
runs OS/2. It provides users with a 
32-bit system now - eliminating the 
need to wait for other alternatives 
with uncertain delivery dates. 

The 32-bit API also allows devel
opers to create richer, more sophisti
cated applications. Applications like 
multimedia require an advanced 
32-bit interface to exploit their full 
potential and power. Additionally, 
moving to the OS/2 32-bit API gets 
developers ready for future develop
ments in OS/2. 

Platform for Growth 
OS/2 will be the base of new develop
ments for many features that will be 
requirements for the workstations of 
the mid-l990s. These include multi
media, object-oriented systems, sup
port for the Distributed Computing 
Environment (DCE), and portability 
across different processors. These 
applications will require a robust, 
architected, and powerful 32-bit 
system, and that system is OS/2. 

IBM plans to enhance OS/2 's capabil
ities for object-oriented application 
development in distributed environ
ments by advancing the function pro
vided by the System Object Model 
(SOM). IBM intends to leverage a 
subset ofTaligent's™ object services 
and frameworks to benefit OS/2 
application development and enable 
future compatibility with Taligent's 
environment. 

Value for Money 
OS/2 2.0 offers a 3-in- l environment, 
allowing users to run DOS, Win
dows, and OS/2 applications , so there 
is no need to buy DOS or Windows 
separately. It also includes a series of 
productivity applications, utilities, 
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and games at no additional cost. 
OS/2 also provides scalable font sup
port for both Windows and OS/2 
applications with Adobe Type Man
ager~ OS/2 offers all this function
ality at a list price that is less than the 
combined list prices of DOS and 
Windows 3.1. 1 Upgrading from DOS 
or Windows makes the cost of mov
ing to OS/2 even less. 

A Base for the Future 
Today, OS/2 supports the widest 
choice of existing applications while 
meeting the needs of current client/ 
server and networked environments. 
OS/2 also provides a strong base for 
future technologies and a reliable 
migration path. OS/2 currently offers 
what other environments can only 
promise for the future - so why wait? 

Alternatives to 0S/2 

Windows 3.X 
Microsoft Windows 3.0 and 3.1 are 
good attempts to work around some 
of the architectural limitations of the 
ten-year-old, 16-bit, single-tasking 
architecture of DOS. They offer the 
user a more attractive interface and 
provide an environment in which 
programs can be written to do limited 
multitasking. The underlying archi
tectural limitations still remain, and it 
is these limitations that will prevent 
Windows 3.X from fully satisfying 
the demands of most users in the 
1990s. Let us review these demands. 

Reliability. DOS was written to run 
on the Intel 8086/8088 processors 
available at the beginning of the 
1980s. These processors ran in real 
mode; that is, any program could 
address and change any part of mem
ory. Therefore, any program that 
made a mistake could overwrite itself 
or the operating system. In any case, 
the program would fail. This may 
have irritated the user if it led to lost 
work , but the impact was likely to be 
small. 



Windows enabled more than one pro
gram to run, but sometimes still ran 
the processor in real mode. In this 
situation, one failing program could 
necessitate the shutdown of the 
whole system. This results in the 
well-known Unrecoverable Applica
tion Error (UAE). In Windows 3.1, 
Microsoft reduced the frequency of 
the UAE and renamed the remaining 
UAEs to General Protection Faults 
(GPFs). However, as long as a pro
gram runs on today's DOS, the poten
tial for these failures remains. These 
failures can be very irritating to users 
and can represent a real impact to 
their productivity. For businesses that 
run mission-critical or high-speed 
communication applications on PCs, 
it can be potentially disastrous. 

From the beginning, IBM designed 
OS/2 to be a "protected" operating 
system. This means the operating sys
tem and the hardware cooperate to 
prevent failing applications from im
pacting any other part of the system. 
For the user, that means fewer prob
lems and less inconvenience. For the 
business, it means lower risk and 
greater productivity. 

Multitasking. Windows 3.X is built 
on the foundation of a single-tasking 
operating system - DOS. Therefore, 
multitasking of Windows applica
tions must be done within the appli
cations themselves. Programmers of 
Windows applications must explicit
ly include "yield points" to enable 
other applications to get a share of 
the processor time. This is called 
cooperative application multitasking 
and results in inefficient use of avail
able resources , and unsatisfactory 
and uneven response to users when 
multiple programs are running. 

IBM designed OS/2 to be a multitask
ing system by basing multitasking in 
the operating system, not the applica
tions. For this reason, OS/2 can out
perform Windows 3.X in many 
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multitasking situations. In practice, 
this advantage is felt by the end user 
in the increased smoothness of 
response. For example, an OS/2 user 
can type into a word processor while 
formatting a diskette. 

Application support. OS/2 runs 
more Windows applications than Win
dows 3 .1 because it enables users to 
simultaneously run applications writ
ten for Windows real-mode (Win
dows 2.X applications) and Windows 
3.X applications. (Windows 3.0 can 
run these applications, but not simul
taneously with Windows 3.X appli
cations.) OS/2 also will run OS/2 
applications written for OS/2 2.0 and 
all previous releases of OS/2. An in
dependent estimate put the customer 
investment in OS/2 applications at $2 
billion, in addition to the $2 billion 
invested by software vendors. 

OS/2 is the first mainstream 32-bit 
operating system for the Intel hard
ware architecture. Many software 
vendors and companies are develop
ing applications that take advantage 
of the investment made in Intel 
80386 and 80486 processor-based 
machines over the last several years. 
The second edition of the OS/2 Appli
cation Solutions Directory published 
by Graphics Plus, Inc. lists 1, l 00 
32-bit OS/2 applications available or 
in development as of July 1992. OS/2 
has the widest applications portfolio 
of any operating system on the market. 

Networking. The role of the per
sonal computer is changing; fewer 
business PCs are now stand-alone 
machines, and highly connected 
client/server architectures will pro
vide the Information Technology 
(IT) systems of the 1990s. The origi
nal PCs were not designed to manage 
the demands of networking, which 
always required compromises for 
DOS-based PCs. The limited mem
ory available for programs in DOS 
often meant that certain, larger appli-
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cations were mutually exclusive with 
networking. Networking with Win
dows 3.0 was not always easy be
cause of the various techniques used 
to circumvent the memory restrictions. 

Windows 3.1 has helped ease these 
difficulties but has not completely 
eliminated the restrictions. In addition, 
the implementation of networking 
programs as Terminate-and-Stay
Resident (TSR) programs (which ran 
in the real mode of the Intel proces
sor) further compromised the relia
bility of the system. Networking is 
fundamentally a multitasking activity 
and the limited multitasking in Win
dows was sometimes inadequate to 
manage high-speed communications 
tasks running in the background. 

Since networks are increasing in size, 
effective network and systems man
agement is becoming more impor
tant. A sophisticated multitasking 
system is required to ensure that 
these tasks can be safely performed 
in the background at any time with
out the intervention or knowledge of 
the user. OS/2 was designed to be 
part of a network; consequently, it 
is an ideal choice for a client 
workstation. 

User interface. Windows introduced 
many users to the benefits of a graphi
cal user interface. Research shows 
that the underlying conceptual model 
presented by a software system is as 
important as the actual look of the 
program. Windows is still harnessed 
to the same underlying organization 
as DOS. This necessitates that users 
understand the structure of the file 
system, the distinction between pro
gram and files, and so on. 

The OS/2 user interface (the Work
place Shell) is a second-generation 
GUI that presents an interface mod
eled on the real world. Users interact 
with the system by manipulating 
objects, such as dragging a file to a 
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printer. IBM has conducted thou
sands of hours of usability research 
to ensure that OS/2 is easy to use, not 
just easy to learn. 

The Workplace Shell also acts as a 
unifying layer for applications. 
Regardless of the system for which 
they were originally designed, they 
are used in the same way. Informa
tion can be shared between them 
using the same techniques. Printing 
is easier in OS/2, enabling users to 
forget about the mechanics of the 
system and simply accomplish their 
tasks. OS/2 is designed to work the 
way users work, not force them to 
work the way the computer works. 
Finally, OS/2 removes from many 
users the responsibility for under
standing and controlling such things 
as extended memory management 
(provided by add-on products to 
DOS such as QEMM and enables 
them to concentrate on their jobs). 

32-bit design. For the end user, the 
internal design of the system is prob
ably not important. However, for the 
decision maker, the architectural 
basis of the product is significant 
because it dictates the range of future 
possibilities. 

Microsoft has announced a 32-bit 
API for Windows 3.1 (Win32s), but 
it is important to understand the lim
itations inherent in this approach. As 
the full name (Win32 subset) implies , 
Win32s only implements some of the 
API calls in the full Win32 API, 
which Microsoft states is supported 
in Windows NT. This means that 
developers may have to make a 
choice. They can write an application 
common to Windows 3.1 and Win
dows NT (which cannot exploit the 
additional functions in Windows 
NT) , or develop separate applications 
for Windows 3.1 and Windows NT. 
In the latter case, the benefits of the 
Win32s API will be limited to the 
flat 32-bit memory model (which a 
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Win32s Dynamic Link Library will 
map back to the native 16-bit seg
mented memory model of Windows 
3.1). The performance implications 
of this are unknown. 

OS/2 implements a complete 32-bit 
API with advanced features today. 
The benefits of this increase as 
developers ship more advanced, high
performance applications for OS/2. 
The requirements of the I 990s are 
already here, and OS/2 can satisfy 
them today. 

Windows NT 
Microsoft has announced that it will 
provide a new operating system 
called Windows NT. It will share the 
Windows name and provide some 
compatibility to existing Windows 
programs. It has been announced for 
availability at the end of 1992 or 
early 1993. Currently, only pre-beta 
code is available, and this discussion 
is based on the functions present in 
this code and stated by Microsoft 
representatives to be in the plan. 
Keep in mind that Windows NT is not 
a currently available product. 

Windows NT will implement several 
subsystems on a newly written kernel 
that borrows elements from different 
operating system models.2 Microsoft 
states that important features of Win
dows NT will be as follows: 

• Preemptive multitasking and multi-
threading 

• Protected architecture 

• 32-bit system 

• Support for DOS and existing 
(16-bit) Windows applications 

IBM agrees that these features are 
important, which is why they are 
already available in OS/2 2.0. Other 
features that Microsoft claims Win
dows NT will have include the 
following: 

• Improved security API 
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• Support of Symmetrical Multi
processing (SMP) 

• Portability ( easy migration to 
different hardware architectures) 

• Portable Operating System for 
Computer Environments (POSIX) 

IBM agrees that these features are 
likely to be of increasing importance 
in the future and intends to add these 
features to a future version of OS/2. 
However, it is unclear to what extent 
these features are required by cus
tomers today, or whether they will be 
more important than other technolo
gies on which IBM is also working. 
In particular, the first version of Win
dows NT will not include any object
oriented user interface technology 
(unlike OS/2, which incorporates and 
uses the Workplace Shell/SOM as 
the basis of its object-oriented user 
interface). 

When considering the value of a new 
operating system, it is better to take 
a business-oriented viewpoint rather 
than concentrating on the technology. 
Users should consider two vital 
points: the resources required to run 
an operating system and its compati
bility with the existing application 
portfolio. 

Windows NT System Requirements 
The recommended minimum config
uration for Windows NT will be a 
fast Intel 386 with at least 8 MB of 
RAM and 100 MB of disk space. 3 

However, PC Week has reported 
"Many observers say that the practi
cal recommendation will probably 
end up closer to a 12 MB system. 
Others predict even higher memory 
requirements."4 The Gartner Group 
also has told its customers it believes 
"a mainstream platform for Windows 
NT will be a 486DX with 12 MB to 
16 MB of RAM (and up) on the 
workstation." 5 

Since Windows NT is not generally 
available, it is unclear how much 



memory will be required to run a 
typical networked application. 

Windows NT Compatibility 
Windows NT will be a break from 
previous PC operating systems and 
may not offer full compatibility with 
existing DOS or Windows applications. 

In its July 27, 1992 review of Win
dows NT, PC Week stated, "Rather 
than provide compatibility for all 
DOS and Windows applications, 
Microsoft Corporation officials have 
stated their intentions to focus sup
port on 'major' DOS and Windows 
3.1 applications." Paul Muglia, a 
director of Windows NT at Micro
soft, was also quoted, "We' ll look at 
what are the top 100 Windows appli
cations and the top 100 DOS applica
tions, and focus more on those than 
on those that haven't sold well."6 

In addition, the operating system 
design is processor independent; so if 
code written for the Intel 16-bit proc
essors is to run on other processors, a 
software emulation of the underlying 
hardware may have to be provided. 
This technology is familiar from the 
UNIX world. It enables a basic level 
of compatibility, but has several 
potential drawbacks: 

• Performance. The software emu
lation of hardware processes may 
cause app lications to run slower. 

• Hardware-dependent programs. 
These may often not run. In partic
ular, many DOS device drivers 
may have to be rewritten. This 
means that fax, scanner, file backup, 
and even 3270 emulation programs 
may not run. Many software ven
dors will undertake the work of 
rewriting device drivers only if 
they are assured of a significant 
marketplace. The hardware re
quirements of Windows NT are 
likely to mean that it will not be a 
mass-market product. 
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• Usability of DOS programs may 
be compromised . Microsoft has 
acknowledged that in the first 
release of Windows NT, DOS pro
grams using VGA (or higher mode) 
graphics cannot be windowed onto 
the desktop. 7 This is not a problem 
for OS/2. Microsoft's plans to sup
port the clipboard and Dynamic 
Data Exchange (DDE) for these 
DOS programs also have not been 
made clear. 

Windows programs written for Win
dows 3.X are 16-bit programs, and 
Microsoft has stated that Windows 
NT will support these programs in a 
single Virtual DOS Machine (VDM).8 

This means that if one program fails, 
other Windows 16-bit programs may 
fail - just as in Windows 3.1. 

Windows NT Market Positioning 
Windows NT may have several com
patibility issues that could make it an 
unacceptable option for many end 
users. Add to this the projected higher 
cost of the hardware needed to run 
NT, and it is clear that Windows NT 
is unlikely to become the client of 
choice for most people. Microsoft 
also has clearly positioned Windows 
NT, as more suitable for a server or 
high-end workstation operating 
system.9 

Although Windows NT has many of 
the features that would make it an 
attractive base as a server operating 
system, the reality is that changing a 
network operating system is a diffi
cult and expensive procedure. Most 
network managers would choose to 
run with lower function rather than 
incur the risk and cost of changing 
server software. 

Because nearly three-quarters of the 
networks in the world use Novell 
products that will not even run on 
Windows NT, it could take a long 
time for Windows NT to gain any 
sign ificant acceptance. In addition, it 
is not clear what effect Microsoft's 

PERSONAL SYSTEMS / JANUARY 1993 

plans to bundle some basic network
ing functions with Windows NT will 
have on other networking product 
vendors' inclinations to support the 
platform. 

OS/2 users will gain little if any 
benefit from moving to Windows NT 
because OS/2 already offers the key 
features of multitasking and applica
tion protection. In addition, Micro
soft has stated that Windows NT will 
not run OS/2 32-bit or OS/2 Presenta
tion Manager (PM) programs. 

Many RISC-based workstation users 
are using UNIX because the special
ized applications they need are writ
ten for UNIX. It is likely to be a large 
migration job to rewrite a UNIX pro
gram for Windows NT. In the absence 
of a large market acceptance, it is 
questionable whether software ven
dors will be willing to make that in
vestment. Some UNIX users have 
already expressed their unwillingness 
to move to a new operating system 
that is inherently single-user when 
they are used to the flexibility of the 
multi-user UNIX. Jay Kidd, director 
of marketing at Silicon Graphics® 
(the manufacturer of the only RISC
based workstation that Windows NT 
runs on today), has stated, "UNIX, 
rather than Windows NT, will con
tinue to be the operating system of 
choice for those who want the abso
lutely best performance and are will
ing to sacrifice compatibility to get 
it." 10 

In summary, Windows NT is at risk 
of becoming a high-technology 
demonstration piece. If it cannot run 
existing programs and needs more 
powerful hardware than is widely in
stalled, then it should have a limited 
market and remain an academic solu
tion to niche needs. 

The Windows Client/Server Strategy 
Microsoft has a two-operating-system 
strategy. Today, the company recom-

I 



mends DOS and Windows for the 
client and OS/2 for the server. 11 

When Windows NT is delivered, 
Microsoft says that customers should 
migrate their OS/2 servers to Win
dows NT servers. IBM believes that 
the reason Microsoft proposes two 
separate and different operating sys
tems for the client and server roles is 
because Microsoft does not offer a 
product that provides the reliability 
and efficient multitasking for clients 
with more limited hardware require
ments. IBM proposes one operating 
system for both these roles: OS/2. 
This reduces administration work
load and training overhead for sup
port staff while making better use of 
software developers' skills. 

The dominant system design of the 
1990s will be client/server. The 
flexibility, development speed, and 
cost advantages of this architecture 
increase the requirements for systems 
and network management. A reliable 
client is a must (why pay for fault
tolerant servers if the clients are not 
fault tolerant?), but true multitasking 
also is vital to enable effective and 
non-intrusive management. OS/2 is 
an ideal client. LAN Server with 
OS/2 on the server provides the high
est performance server in the industry. 

Windows Myths 
Some claims and beliefs about Win
dows have gained popularity. They 
often do not stand up to closer 
examination. 

Myth #1: The marketplace has 
chosen - Windows is the standard. 
Windows has been an impressive 
sales success with Microsoft claiming 
to have shipped 10 million copies. 
However, independent consultant 
groups - Creative Strategies and 
IDC™ -estimate that only 55 % or 
30% (respectively) of Windows licen
ses are in use. Windows magazine 
has also questioned Microsoft 's num
ber and estimated the number of 
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copies of Windows in actual use at 
about 4.5 million. 12 Any of these 
independent estimates reveal 5% or 
less of an installed base of 100 mil
lion PCs are using Windows - far 
from being a standard. 

Myth #2: Everyone is using Win
dows applications. Many software 
vendors have invested a lot of money 
developing Windows applications. 
As a result, much attention has been 
focused on these products. However, 
in 1991, the Windows applications 
market was smaller than the Macin
tosh® applications market (according 
to the Software Publishers Associa
tion). In the nine months prior to June 
1992, there were never more than 
five Windows applications in the 
"Top 20" best-selling applications. 13 

Personal Computer Magazine, in 
May 1992, said "Companies that 
have invested a lot of money in devel
oping Windows applications are bat
tling for a small share of what is a 
small pie." 

Users continue to use and buy the 
tried and trusted DOS applications, 
making compatibility with DOS 
applications a key requirement for 
any personal operating system. OS/2 
excels at this, and this DOS compati
bility is one of the areas that should 
be of greatest concern to users con
sidering Windows NT in the future. 

Myth #3: Windows is faster and 
leaner than OS/2. OS/2's design is 
optimized for multitasking, making 
OS/2 better than Windows in most 
multitasking scenarios. What is not 
well known is that OS/2 also can out
perform DOS and Windows when 
running some DOS applications in
dividually. OS/2 has a superior file 
system that gives a significant perfor
mance advantage to programs that do 
a lot of I/0, such as database programs. 
Microsoft has drawn considerable 
attention to the different minimum 
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hardware requirements of DOS/Win
dows and OS/2. However, Windows 
can run in more than one mode. The 
Windows mode with the smallest 
hardware requirements offers the few
est benefits to users, such as more lim
ited multitasking of DOS applications. 

What Microsoft is Saying 
About OS/2 2.0 
Microsoft has published several doc
uments that compare Windows 3.1 
and Windows NT to OS/2 2.0. Some 
of the titles include: 

• A Guide to Evaluating Microsoft 
Windows Operating System Ver
sion 3 .1 for the PC Desktop with 
Comparisons to OS/2 2 .0 

• Microsoft Windows NT Operating 
System -A Technical Comparison 
with OS/2 2 .0 

• Microsoft Windows or OS/2 2.0? 

These documents from Microsoft 
contain many statements regarding 
OS/2 that are incorrect or could mis
lead users. To help IBM's customers 
make a more informed choice of 
operating systems, the following are 
clarifications to some of Microsoft's 
statements: 

• OS/2 will run on less than 2 % of 
the Windows-capable machines. 
Microsoft cites lnfoCorp® as their 
data source. According to Micro
soft's data, approximately 200,000 
(1.38% of 18 million) machines 
can run OS/2. Microsoft's informa
tion is obviously incorrect, since 
there were over 1 million copies of 
OS/2 2.0 shipped in the first 120 
days of availability. 

IDC has stated that at least 28% of 
the installed base of PCs can run 
OS/2. Almost 50% of machines 
shipping in 1992 and 66% of 
machines to be shipped in 1993 
are OS/2-capable, signaling a trend 
in the marketplace. In addition, 
OS/2 can run on many of today's 
notebook and laptop computers. 



• OS/2 is not suitable as a network 
client because of the "relatively 
few native desktop applications 
available." OS/2, as the integrat
ing platform, runs DOS, Windows, 
and OS/2 applications. No com
pany has more experience and 
capability in networking than 
IBM. IBM believes OS/2 is the 
industry's best desktop client for 
connecting to complex enterprise 
networks. It is an ideal solution for 
mission-critical networked 
applications. 

• OS/2 has limited host connec
tivity based on the number of 
native communications pack
ages. That is not correct. The OS/2 
Communications Manager has a 
very comprehensive set of host 
connectivity options, and current 
DOS- and Windows-based pack
ages work on OS/2 as well. 

• Windows has more development 
tools than OS/2. OS/2 has a full 
complement of more than 250 
development tools, although Win
dows has more native development 
tools. Many of today's leading 
edge tools originated on OS/2, 
which is why OS/2 is the preferred 
development environment for 
many vendors. 

• Microsoft states that OS/2 runs 
multiple DOS applications by 
starting a Virtual DOS Machine. 
This is a feature of the 386 
designed to support older real
mode applications, and this fea
ture has been used for some time 
by a number of DOS extenders. 
The reader might infer that this is 
a limitation or shortcoming in 
OS/2. This misses the point and 
could be misleading. Because 
OS/2 uses the hardware isolation 
that VD Ms provide, OS/2 can 
offer superior crash protection. 
Hardware protects each applica
tion in a VDM from taking down 
an application or operating system 
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in another VDM. Since Windows 
does not use this feature, the Win
dows Unrecoverable Application 
Errors and General Protection 
Faults (UAEs by another name) can 
and sometimes do crash the operat
ing system and other applications. 

OS/2 also provides support for 
more DOS applications than is 
planned for Windows NT. Micro
soft has confirmed that Windows 
NT will have limited support of 
DOS applications because it does 
not plan to support the Virtual 86 
mode of the hardware the same 
way that OS/2 does. PC Week 
reported that many programs that 
support fax, scanner, Musical In
strument Digital Interface (MIDI), 
terminal emulator, and LAN cards 
(that today run under OS/2 2.0) 
will not run unmodified on Win
dows NT. In addition, DOS pro
grams that support VGA or higher 
graphics will not run in a window 
on the Windows NT desktop. 14 

• The new OS/2 Workplace Shell 
is difficult to use. Having Win
dows applications running on 
the OS/2 Desktop will confuse 
users and drive up support 
costs. This argument is very diffi
cult to understand, especially in 
our industry where new innova
tions are constantly bringing better 
products to consumers. 

The Workplace Shell represents a 
second generation of GUis and is 
a major advance over the Win
dows and previous OS/2 inter
faces. These older generation 
interfaces put a pictorial face on 
the menus of OS/2 l.X and Win
dows 2.0. Instead of working with 
operating system constructs like 
file managers and program mana
gers, you work with a Desktop 
with pictures (icons) of familiar 
things, such as letters, folders, and 
appointment books. Instead of 
working with directories, paths, 
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and print commands, you just pick 
up the picture of the letter and put 
it on the printer. OS/2 also allows 
users to preserve the command 
prompt or menu interface. IBM's 
OS/2 gives you the choice. 

Microsoft also has recently demon
strated a future (1994) Windows 
NT user interface, code-named 
"Cairo," that adds object-oriented 
functions to Windows NT. This 
bears a resemblance to the OS/2 
Workplace Shell. 

• OS/2 2.0 does not run Windows 
3.1 applications, which leads to 
deficiencies in that it will not use 
TrueType® fonts, and has lim
ited networking support, perfor
mance, and reliability. Support 
of Windows 3.1 applications in 
OS/2 2.0 has been demonstrated 
at various trade shows and is now 
in beta test with customers. IBM 
intends to make the Windows 3.1 
application support generally avail
able near the end of 1992. 

With respect to TrueType fonts, 
OS/2 2.0 offers built-in Adobe 
Type Manager font technology for 
both OS/2 and Windows modes . 
Adobe is widely used in the industry 
while TrueType is still proprietary. 
In addition, there are thousands 
more fonts available for Adobe 
than TrueType. TrueType support 
for Windows 3.1 applications also 
will be included in OS/2 in the 
near future. 

OS/2 currently provides more net
working options than does any 
generally available version of Win
dows. OS/2's reliability and perfor
mance when performing many 
simultaneous tasks are hard to 
match. Several vendors, such as 
Novell, have networking products 
available for OS/2 2.0 today , with 
more corning from other vendors. 
In addition, OS/2 can run many 
DOS-based LAN products in its 
DOS sessions. 



With OS/2's entry-level hardware 
requirements and its superior com
munications extensions, both from 
IBM and other vendors, OS/2 is 
ideally suited for both the client 
and server ends of communica
tions, thus keeping all systems 
consistent and homogeneous. 

• The installation of OS/2 2.0 can 
be difficult. Installing 15 to 20 dis
kettes can seem complex at first, 
but OS/2 does an admirable job of 
making it easy and of migrating 
existing applications. The instal
lation process can be done across 
a LAN or eliminated entirely by 
choosing OS/2's remote Initial 
Program Load (IPL) capability. In 
addition, many new systems are 
preloaded with OS/2, and a CD
ROM version is planned for 
availability soon. 

• OS/2 2.0 offers limited reliability 
when running multiple Win
dows applications in the same 
session. Actually, OS/2 has a big 
advantage over Windows 3.1 when 
it comes to reliability. Under Win
dows, an errant application can dis
able other applications or even 
Windows itself. OS/2 provides pro
tection that can prevent a failing 
application from bringing down 
the whole system or another system. 

Under OS/2 2.0, if a user runs 
several Windows applications in 
the same session and two or more 
conflict, the user can simply spe
cify them to run in separate ses
sions to protect one from harming 
the other. Of course this may use 
more memory, but the gain is the 
reliability that Windows 3.1 does 
not offer. 

• OS/2 2.0 has limited video sup
port in that a WIN-OS2 window 
will only run in VGA graphics 
mode. In the initial shipment of 
OS/2 2.0, this is true. However, 
there are Super VGA (SVGA) 
board makers who have already 
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produced WIN-OS2 window 
(seamless window) drivers for 
their SVGA boards; IBM's 32-bit 
XGA and SVGA high-resolution 
seamless drivers are also available 
in the market. 

• Configuring OS/2 2.0 is difficult 
because users must configure 
both the OS/2 side and the Win
dows side of things. Some users 
may want to customize the con
figuration of their Windows appli
cations, but OS/2 is generally 
self-configuring. Once the user in
stalls fonts and other tools, it runs 
seamlessly. 

• NT will be better in its support 
of 16-bit windows applications. 
NT will run these applications in 
one address space with param
eter validation. We disagree that 
this provides better protection. In 
contrast, it should provide no more 
protection than the current Win
dows version and still far less than 
OS/2 2.0. 

Since the applications will run 
only in one address space, they 
can still conflict with each other. 
The parameter validation in Win
dows 3.1 simply gives users a little 
more information on what went 
wrong. Windows can have difficul
ty recovering from such a situation 
and users may still have to reboot 
their system when a GPF or UAE 
occurs. There is no advantage in 
this. 

When a Windows application fails 
under OS/2, just stop and restart 
the failed session. There is no 
reason to reboot the entire system. 
Additionally, users have the advan
tage of running the applications in 
separate sessions to avoid conflict
ing with another application. 

• OS/2 falls short because it does 
not have a full 32-bit architec
ture. In the current release of 
OS/2 2.0, the operating system 
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code contains a mixture of 16- and 
32-bit code. Because of the native 
support for DOS and Windows 
applications, 16-bit code must be 
present. The APis provided, how
ever, are full 32-bit implementa
tions. This allows developers to 
write full 32-bit native applica
tions and have total compatibility 
with OS/2 2.0 as more of the inter
nal subsystems are migrated to 32-
bit. In particular, a 32-bit graphics 
engine that will offer improve
ments in performance, function, 
and stability is already in beta test. 
IBM's intentions are to deliver 
this new graphics engine to end
users later in 1992. 

• OS/2 falls short because, as a 
mixed 16-/32-bit system, it can
not be ported to RISC proces
sors. This is incorrect. It is part of 
IBM's strategy to port OS/2 to the 
RISC platform and maintain com
patibility with existing OS/2 32-bit 
applications. Only sections of 
OS/2 that are required to maintain 
compatibility with existing 16-bit 
DOS and Windows applications 
will remain 16-bit. 

• OS/2 does not have a desyn
chronized input model. OS/2 
has a mechanism to interrupt "ill
behaved" applications that might 
"hog" the message queue and in
hibit user input. Most OS/2 appli
cations are written so that this is 
not a problem. 

With OS/2's modular design, a 
desynchronized message queue 
can be implemented as a replace
ment subsystem and added to the 
system in the future. 

• OS/2 support for Windows appli
cations is more limited in that it 
runs modified Windows 3.0, not 
3.1, and will not run 32-bit Win
dows applications. These are 
shortcomings, given the size of 
the installed base of Windows. 
First, there are no 32-bit Windows 



(Win32) applications today. OS/2 
can add this support if there is 
demand for it. As stated earlier, 
OS/2 has been demonstrated run
ning Windows 3.1 applications. 
The code is in beta test now and is 
planned for availability near the 
end of 1992. 

Finally, there is a fairly large in
stalled base of Windows applica
tions, and OS/2 2.0 runs virtually 
all of those Windows applications 
today. 

• There are only about 300 graph
ical applications available for 
0S/2. Since OS/2 can run all the 
OS/2 and the majority of the DOS 
and Windows applications, most 
of the 6,500 Windows applications 
should be added to the list of what 
OS/2 will run. 

While these applications were not 
written to take advantage of OS/2's 
native protected mode, they will 
run well under OS/2 nonetheless. 
Windows 3.1 cannot run many of 
these applications without chan
ges. In addition, Microsoft has 
published a compatibility list 
describing more than 30 applica
tions written for Windows 3.0 that 
will not function properly on Win
dows 3.1, but run on OS/2 2.0. 

Following Microsoft's logic, Win
dows NT will be in the same situa
tion as OS/2, in that the 6,500 
Windows and thousands of DOS 
applications were not written for 
its native mode. Microsoft has also 
stated recently that it will focus 
only on support efforts on "major" 
DOS and Windows 3.1 appli
cations for Windows NT. 15 

• There are significant advantages 
to coding for the Win32 subset 
(Win32s) functions, to have code 
that runs and is portable up to 
Windows NT once Windows NT 
ships. While this may appear to be 
a sound technical idea, there are 
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some severe shortcomings in this 
approach. 

Applications coded only to the 
Win32s API will not exploit many 
advanced operating system fea
tures, such as multi threading or 
preemptive multitasking, on either 
Windows 3.1 or Windows NT. On 
the other hand, applications coded 
only to the full Win32 API may 
not run on Windows 3.1 at all. 

Essentially, the Microsoft strategy 
forces developers to make a 
choice: sub-optimize either the 
Windows 3. I clients or the Win
dows NT servers, or maintain 
separate source libraries for each, 
significantly increasing develop
ment costs. 

OS/2, however, has a single, 
consistent 32-bit API for devel
opers to build both client and 
server applications. 

• OS/2's scheduler will not pre
empt a time slice once it has 
been started while Windows NT 
will, leading one to conclude that 
OS/2 is less efficient for time
critical applications. OS/2 is 
ideal for time-critical applications, 
and indeed, is being used in many 
sites today to control plant floors, 
loading docks, and medical equip
ment. OS/2 also was used at the 
1992 Summer Olympic Games to 
control data and has been used to 
gather and report real-time data at 
the Indianapolis 500 car race for 
several years now. 

• Windows NT will support 2 giga
bytes (GB) of address space per 
application while OS/2 2.0 only 
supports 512 MB. OS/2's archi
tectural limit per application is 4 
GB; the current implementation is 
512 MB. Today, there are very 
few applications that come any
where near 512 MB of memory, 
and very few computers that even 
have 100 MB of real memory. 
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Remember, the virtual memory 
limit for any system is its real 
(physical) memory plus all free 
disk space. 

• Windows developers cannot lev
erage the investments made in 
their Windows-based programs 
in OS/2. In OS/2, Windows devel
opers can gain great benefits and 
leverage their investments in 
Windows code in several ways: 

- Users can continue to run their 
Windows applications under 
OS/2 while developers work on 
OS/2 versions. OS/2 2.0 can run 
the majority of the Windows 
applications that Windows 3.1 
does not. 

- Windows and OS/2 have sev
eral things in common. Many of 
the programming interfaces are 
similar, and in many cases, the 
structures and APis are virtual
ly interchangeable. Users who 
understand Windows program
ming will understand OS/2's 
Presentation Manager. Dealing 
with multitasking and multiple 
threads is something the user 
would have to learn for Win
dows NT and OS/2 2.0. 

- There are porting tools avail
able today for the initial port 
from Windows code to OS/2. 
Many large applications can be 
ported in an hour or two. Then 
developers can begin to opti
mize the code for OS/2's 
advanced features. 

Once application code runs on 
OS/2, it will be able to run on 
future versions of OS/2. IBM has 
been able to maintain this commit
ment to protect customer invest
ment in applications since OS/2 
Version 1.0. Microsoft has forced 
developers to upgrade code with 
virtually every revision of Win
dows. Microsoft has already pub
lished a document on porting 

I 



Windows 16-bit applications to 
the Windows 32-bit APis. 

• Windows NT can share printers 
and OS/2 cannot. OS/2 can share 
printers with any of several net
work products avai lable. It appears 
that Windows NT will have some 
networking features built into the 
base system. This can have ad
vantages and disadvantages. 

The advantage is that users will not 
have to purchase extra network prod
ucts to use the most basic of network
ing functions. 

The disadvantage is that users who 
do not want network functions are 
bogged down with the extra disk and 
RAM required to keep this code 
around. This may also limit compat
ibility with other vendors' network
ing offerings. 

Summary Comparison Among 
OS/2 2.0, Windows 3.1, and 
Windows NT 
Figure l compares key operating sys
tem features for Windows 3.1, Win
dows NT, and OS/2 2.0. Some of the 
entries under Windows NT are 
marked with an asterisk (*). This is 
because Windows NT is not general
ly available, and therefore IBM does 
not have the current specifications 
for all items. For the same reason, the 
data about Windows NT may change 
at any time. 

Windows 3.1 Application 
Incompatibilities 
When a vendor ships new software, 
minor incompatibilities often accom
pany the new function. Windows 3.1, 
for example, has problems running 
dozens of Windows 3.0 applications, 
including Microsoft applications. 
Support for Windows 2.X applica
tions has been removed entirely. 

OS/2 2.0 will run Windows 2.0 and 
3.0 applications concurrently. It also 
will run nearly all of the 30+ Win-
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dows 3.0 applications that Microsoft 
warns will not run properly under 
Windows 3.1 and would require 
upgrades or fixes. 

OS/2 2. 0 Offers It All - Today 
OS/2 2.0 is a fully preemptive, prior
itized, multitasking, multithreaded 
operating system with a superior 
object-oriented graphical interface, 
networking, and host connectivity 
support, along with compatibility 
with most other software written for 
Intel-based PCs and compatibles. 
Best of all, it is available today. 

The prioritized, preemptive multi
tasking of OS/2 utilizes the processor 
more efficiently than Windows 3.X. 
The connectivity support and its 
entry-level hardware requirements 
make it an ideal platform for both 
client and server computing. 

OS/2 2.0 provides the following: 

• 32-bit virtual memory, allowing 
applications up to 512 MB per 
application, limited only by the 
size of the user's hard disk 

• Multitasking support, allowing 
many applications to run simultan
eously with excellent performance 

• Multithreading to allow those 
applications wishing to perform 
many simultaneous tasks to do so 

• An easy-to-use and easy-to-program 
context-sensitive online help system 

• Protection among applications and 
protection to enhance operating 
system integrity (Users have the 
option of running applications in 
separate sessions, or combining 
them as resources and as the situa
tion dictates, while the operating 
system is protected from errant 
code.) 

• Extendable subsystems, allowing 
programmers to add new system 
services and create custom, 
enterprise-wide applications while 
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remaining flexible for the small 
company or home user 

• International language support 
(currently 17 languages) including 
bidirectional languages for Hebrew 
and Arabic 

• A state-of-the-art, object-oriented 
user shell that integrates applica
tions with the shell, providing con
sistent interfaces across the entire 
system 

• Compatibility (OS/2 will run 16-
bit and 32-bit OS/2 applications, 
most DOS applications, most Win
dows 3.0 and Windows 2.0 appli
cations, and soon Windows 3.1 
applications.) 

• Connectivity with various net
work systems along with host 
environments 

OS/2 2.0's compatibility with appli
cations written for previous versions 
of OS/2, DOS, and Windows is un
surpassed. Even Windows 3.1 will 
not run many applications written for 
Windows 3.0, forcing developers to 
update their code and users to pur
chase upgrades. OS/2 will run many 
of these applications, preserving 
users' software investments. 

OS/2's programming interface has 
not changed from earlier versions. 
With any new functions that have 
been added, only minor changes are 
needed to source code to recompile 
on OS/2 2.0, and programs that ran 
on a previous version of OS/2 will 
run on OS/2 2.0 unchanged. The only 
need to recode for any upgrade of 
OS/2 is to take advantage of new fea
tures, again preserving programming 
investments. 

IBM Multimedia Presentation Man
ager/2 (MMPM/2) has been released 
to provide multimedia capabilities 
for OS/2 systems for sound, CD
ROM, and MIDI support as well as 
advanced graphics . 



29 

Windows 3.1 

Available Today * Today 

Price $49 to $149 $400 to $500 (esti mate) $79 to $149 

Applications Base 

DOS Applications 30,000+ * 30,000+ 

Windows Applications 5,000+ * 5,000+ 

16-Bit OS/2 Applications 0 * 2,500+ 

32-Bit OS/2 Applications 0 * 600 

TOTAL 35,000+ * 38,000+ 

Hardware 

Processor 286 and higher 1 386DX (33 MHz) and higher 386SX (16 MHz) and higher 

Minimum RAM 2MB 8 MB 4MB 

Recommended RAM 4 to 6 MB 12to16MB 6 to 8 MB 

I Minimum Hard Drive 9MB 40MB 13 MB 
(Approximately) 

Hard Drive for Full Installation 11+ MB 2 100 MB 3 28 MB 
(Approximately) 

Largest Hard Drive I GB 17 Bill ion GB (NTFS) 64 GB (HPFS) 

Largest File Size 1 GB * 2 GB 

SCSI Exploitation No Yes Yes 

File System Options FAT only FAT, HPFS, NTFS Enhanced FAT or HPFS 

Memory 

Virtual Memory Limit 4 x Physical Memory 2 GB per Process 512 MB per Process 

Memory Model Segmented (64 KB) Flat Memory Objects Flat Memory Objects 

Multitasking 

Multitasking with DOS Applications Time Slicing Preempti ve Time Slicing Preemptive Time Slicing 

Multitasking with Windows/PM Co-op Preempti ve Preemptive 
Applications 

Priority Static (Set by User) Dynamic Dynamic 

Dispatchability Process Thread Thread 

System Services Serial Parallel Parallel 

Reliability/Protection 

Protection Between Applications Limited Some 4 Yes 

Kernel Protection Limited Yes Yes 

Remains in Protect Mode No; Access to Real Mode is Yes Yes 
Possible 

Figure 1. Comparison of Windows 3.1, Windows NT, and OS/2 2.0 (Continued) 
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-: 1· Windows 3.1 11 

Application Compatibility 

Multiple Concurrent DOS Yes (in Enhanced Mode Some 5 Yes 
Applications Only) 

r--

~<lows 2.X Applications No No Yes 

Windows 3.0 Applications Most 6 Some 5 Most 

Windows 32-Bit Applications Some Yes No (Possible in Future) 

Clipboard Support Windows and DOS Only Windows and DOS Only Windows, DOS, and OS/2 

DDE Support Windows Apps Only Windows Apps Only Windows and OS/2 Apps 

OLE Support Yes Yes Yes 

16-Bit OS/2 Applications No Partial (Character Mode Yes 
Only) 

32-Bit OS/2 Applications No No (Possible in Future) Yes 

Printing and Fonts 

Print Spooling Limited 7 Yes Yes 

Adobe Type Manager Standard No No Yes 

Network Printing Support Some Yes Yes 8 

Background Printing Performance Unpredictable * Predictable 

National Language Support 

Number of Language Versions 12 * 17 

Data Interchange SO8859 (Different from * CP850 (Consistent 
DOS) Throughout OS/2) 

Host Connectivity Third Party Third Party Included in Extended 
Services for OS/2 

Code Page Single Unicode Selectable 

Other Factors 

Full 32-Bit APls No Yes Yes 

Concurrent High-Speed Unreliable * Yes 
Communications 

Background Communications Unreliable * Yes 

OEM Hardware Support Yes Some 9 Yes 

Development Tools Yes Yes Yes 

Command Language .BAT .BAT, BASIC .BAT, .CMD, and REXX 

Installation Migration for Existing Limited * Yes 
Applications 

User Interface 

CUA Compliance Graphical Model ('89) Graphical Model ('89) Workplace Model ('91) -
Icons Representing Non-Loaded No No Yes 
Files on Desktop 

Figure 1. Comparison of Windows 3.1, Windows NT, and OS/2 2.0 (Continued) 
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Place Icons Anywhere on Desktop NolO No 10 Yes 

Group Windows Single-Layer Only Single-Layer On ly Multi-Layer 

Customize GUI Look No No Yes (Workplace Shell, 
Windows 3.X, OS/2 1.X) 

Context Menus No No Yes 

Object Management No No Yes 

Graphical Installation Yes Yes Yes 

Intelligent Fonts Yes (TrueType, 650 Fonts) Same as Windows 3.1 Yes (Adobe Type Manager 
for PM and Windows, 1,200 
fonts 

Long File Names No Yes Yes 

Applets Yes Yes Yes 

Consistent GUI Logon No; Requires Network Yes Yes 
Vendor Utility 

Interactive Tutorial Yes * Yes 

Command Reference No * Yes 

Advanced Connectivity 11 

Client and Server Platform No No 12 Yes 

Multiple Concurrent Protocols Limited Yes Yes 

SNA LU6.2 Third Party Third Party Yes 

APPN Third Party Third Party Yes 

TCP/IP Third Party Third Party IBM TCP/IP for OS/2 

Systems Management Third Party LAN Manager (Future) Various from IBM 

SQL Server MS SQL Server SQL Server NT (Future) OS/2 Database Manager 
(Requires OS/2) 

SQL Client Third Party Yes Yes 

NFS Third Party Third Party IBM TCP/IP for OS/2 

Notes 
1 Although Windows 3.1 will run on a 286, this limits the features available to the user (multitasking DOS applications, demand 
paging, 32-bit support). 
2 An additional 50% of the remaining partition is used for the swap file. This is the default. 

3 This includes a mandatory 20 MB swap file. 
4 Windows NT will run existing Windows 16-bit applications in a single address space. If one of these applications goes down, all 
applications in the address space could go down as well. 
5 Windows NT has been shown to have compatibility problems with some classes of DOS and Windows applications. See PC Week, 
July 27, 1992. 

6 Windows 3.1 will not run some Windows 3.0 applications, which will need updates. Compatibility notes are listed in the 
APPS. H LP file . Several Windows 3.0 applications need updated versions to run on Windows 3.1. OS/2 2.0 runs virtually all 
Windows 3.0 applications, as well as all Windows 2.X applications that Windows 3.1 will no longer support (because no real mode 
support is provided). 

Figure 1. Comparison of Windows 3.1, Windows NT, and OS/2 2.0 (Continued) 
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Notes (Continued) 
7 Print spooling is provided by Windows 3.1 for Windows applications only, not for DOS applications. OS/2 2.0 provides print 
spooling for DOS, Windows, and OS/2 applications. OS/2 2.0 has extensive user print management capabilities (40 APis versus 12 
APis in Windows 3.1) for querying, holding, releasing, and deleting jobs (including a graphical view of job and queue status). 
8 OS/2 has been shown to outperform Windows 3.X with background print operations in multitasking environments. 
9 Early feedback on CompuServe® of the pre-beta Software Development Kit (SOK) indicates that 386 processors with a BO or BI 
stepping are incompatible with Windows NT. Several common BIOS chips also have been found to be incompatible. 
10 In Windows, files exist only in the File Manager, programs only in Program Manager, and so on. There are no icons for printers. 
11 OS/2 2.0's "Yes" answers here are all using Extended Services for OS/2 except where stated. The Windows column refers to 
Windows-specific programs (programs written explicitly to take advantage of Windows GUI, memory addressability, or time 
slicing). Although there are many DOS connectivity options, and although they may be usable under Windows, the integration of 
these complex subsystems and any co-residency of two or more options (for example, TCP/IP and SNA) is completely the 
responsibi lity of the user, as a custom integration effort. 

Moreover, Windows on DOS has architectural limitations - less memory, less protection, and less multitasking support - which 
make multiple network connections more difficult to integrate than under OS/2. OS/2 's base environment provides tools and system 
support designed to enable this type of multiconnectivity installation. Also, all extra software required for these functions under OS/2 
comes from IBM, and therefore, one can anticipate a greater degree of integration. 
12 The projected system requirements for Windows NT may be too large for many of today's client machines. 

Figure 1. Comparison of Windows 3.1, Windows NT, and OS/2 2.0 

Many applications have already 
taken advantage of OS/2 's powerful 
multitasking and multithreaded fea
tures in their 16-bit versions. Vendors 
such as Lotus®, DeScribe®, Aldus®, 
and Novell have 16-bit OS/2 applica
tions. The 32-bit applications will, in 
most cases, run even better and faster 
because of OS/2 's new 32-bit flat 
memory model along with its other 
features. There are more than 200 
32-bit applications available now. 
More than 1,000 software vendors 
have committed to delivering 32-bit 
OS/2 applications in 1992. 

OS/2 2.0 offers users and developers 
alike powerful multitasking features, 
with limitless possibilities for the 
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future. Best of all, OS/2 2.0 is avail
able on the desktop today. 
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Did You Know ... ? 
1 Advanced applications such as object-oriented programming, multimedia, 

and distributed computing require the versatility and reliability of OS/2 2.0. 

2 
3 

OS/2 2.0 is the first workstation operating system to fully exploit the features 
of the 386/486 family of processors. 

OS/2 2.0 runs Windows Versions 2.0 and 3.0 applications-something 
Windows 3.0 cannot do. OS/2 2.0 provides the broadest selection of appli
cations in the industry, running more than 20,000 DOS, 5,000 Windows, and 
2,500 16-bit OS/2 applications unchanged. 

0S/2 Systems Migration Considerations can help! 

~-- --

05/2 Systems Migration Considerations can help you take full advantage 
of the power of OS/2 2.0! The book provides detailed technical informa
tion about migrating to OS/2 2.0, Extended Services, and LAN Server 2.0 
environments. It also covers features of previous OS/2 versions and helps 
you locate them in 2.0, and describes features of Microsoft Windows 
included in 2.0. 

Tos ••• Send me copies of 05/2 Systems Migration Considerations 
at $18.95* plus $3.95 shipping and handling, a total of $22.90** per copy. 

*Discounts available for multiple copies. 
**California residents add applicable sales tax. 

□ Charge to my VISA/MasterCard □ Check □ Money Order 

Name: __________________________ _ 

Company: ________________________ _ 

Address: _________________________ _ 

City/State/Zip: _______________________ _ 

Phone: _________________________ _ 

VISA/MasterCard#: ___ _______ _ Expires: _______ _ 

Make checks payable to: The TOA Group, P.O. Box 1360, Los Altos, 0\ 94023. 
For faster service, order toll-free by calling (800) 551-2832, or fax this form 
to (415) 948-4280. All orders must be prepaid. 

0512 is a registered trademark of the International Business Machines Corporation. 
Microsoft and Windows are registered trademarks of the Microsoft Corporation. 
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OS/2 Distributed Systems 
Management 
Jim Alexander 
IBM Corporation 
Austin, Texas 

This article provides insight into IBM's strategies and plans for managing 
sophisticated OS/2 LAN system environments through industry standard 
interfaces. The term used to describe this strategy is OS/2 Distributed Sys
tems Management (DSM). The article describes how systems management 
for OS/2 has evolved and puts future plans into perspective. It also posi
tions OS/2 LAN management within IBM's overall strategy for enterprise
wide systems management. 

OS/2 2 .0 is the platform for creating powerful systems management appli
cations. The products that implement IBM's distributed systems manage
ment strategy are a suite of applications for managing many resources. 
An open system framework allows vendors and customers to add applica
tions and agents to manage other resources, complementing those sup
plied by IBM. 

These products provide the systems management solution required for 
I.AN-based systems and network management. With other System View™ 
host procedures, they provide the best management solution for the entire 
enterprise. 

I 
n systems management, the word 
management means the ability to 
monitor a system's resources and 

to take appropriate actions when nec
essary. To monitor a system resource, 
one must be able to query, retrieve, 
and examine its attributes, such as 
displaying the configuration of OS/2 
2.0 on a workstation. In addition, one 
must be able to recognize changes in 
resources, such as OS/2 2.0 memory 
usage. The monitoring may be peri
odic or on an exception basis (where 
the resource notifies the manager of 
a changed condition or threshold 
reached). In the memory usage ex
ample, the manager may wish to be 
notified if memory usage exceeds 90% 
for a server or workstation. 

Another aspect of management -
taking appropriate actions - may 

involve changing the resource, adjust
ing its usage limits, taking it out of 
use for corrective service, or a host of 
other actions that depend on the cir
cumstances (such as terminating an 
OS/2 2.0 task that is using excessive 
amounts of memory). 

In its simplest form, systems manage
ment can be defined as the ability to 
monitor and control information 
processing resources, including both 
hardware and software. Monitoring is 
done by collecting information from 
resources; control is done by sending 
information to resources. Such infor
mation is commonly called manage
ment information. 

There are several common questions 
about systems management: What 
hardware and software are installed? 
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Where? Who uses it? How is it used? 
How do I identify and fix problems? 
When do I need to install additional 
servers or faster processors? How 
large a support staff do I need? How 
can I use budget and resources more 
efficiently? 

LAN Systems Management 
In 1992, Benchmark Research Ltd. 
and Client-Server Technologies 
released these statistics illustrating 
the size of this task: 

• 82% ofLANs use three or more 
protocols 

• 44% support multiple network 
operating systems 

• 32% doubled the number of net
work nodes during the past year 

• 62% already consider their net-
work support staff too small 

Considering the spectrum of current 
application areas, systems manage
ment tools probably provide one of 
the highest paybacks for LAN instal
lations. With the growth of LANs, 
attached personal systems, and the 
distribution of mission-critical appli
cations to remote LANs, the costs to 
administer these resources are 
becoming very high. 

The largest paybacks usually occur 
because users save time. Users, often 
involved in diagnosing and solving 
network and system problems, are 
nearly always affected by system 
outages. 

It is costly to have trained personnel 
at each remote site to handle such 
problems. Often there is not suffi
cient work to justify full-time sup
port, but the work is too technical to 
be done by users at that site. 

Another approach is to use outside 
consultants to support the LANs. 
Since consultants are normally not on 
site, they add time and expense for 
travel to the cost of diagnosing the 



problem. These consultants may 
nevertheless be cost-effective when 
compared to permanent personnel. 

Both users and central-site support 
personnel are often requ ired for diag
nosing and repairing problems. Often 
central site technicians enlist the help 
of users or consultants in diagnosing 
problems and applying fixes. For 
very complex problems, central site 
personnel may need to travel to 
remote sites. This adds to the time 
and cost involved in correcting the 
problem and talces the technicians 
away from their normal duties. 
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Error detection and correction are not 
the only focus. Maintenance and 
administration of LANs are also can
didates for substantial savings. Main
tenance involves adding function to 
existing systems or applications, up
grading systems and applications to 
current levels, and adding or moving 
users on a LAN. Often maintenance 
tasks must be applied concurrently 
to all workstations on the LAN, and 
may also require notifying users about 
the changes. Adding a user may in
volve changes to servers and gate
ways on the LAN, as well as changes 
to host systems. Maintenance require-
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ments, therefore, also involve users, 
consultants, or central site support 
personnel. 

No matter what the source, mainten
ance of LANs can be costly. LAN 
administration, particularly remote 
administration, can be a source of jus
tification for systems management 
applications. LAN administration 
involves day-to-day operation, moni
toring, and tuning. Administrators 
require access to servers, gateways, 
user workstations, bridges, routers, 
and other resources. Monitoring oper
ations requires a constant view of the 
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Management Products Element/Requirement 

Business Management 

Access Control and Security OS/2 LAN Server, Database Manager, LAN 
Network Manager (LAN/NM) 

License Management x' 
Change Management 

Software Distribution NetView Distribution Manager/2 (NvDM/2) 

Automated Installation NvDM/2, LAN Enabler 

Configuration Management 

Multi-System Configuration X 

Topology Management LAN/NM, LAN Station Manager (LAN/SM) 

Network Asset Management LAN/NM, LAN Management Utilities/2 
(LMU/2) 

Operations Management 

LAN-Based Automation LAN/NM, LMU/2 

Remote Command Facility Extended Services, LMU/2 

Help Desk Distributed Console Access Facility 

Backup/Restore/ Archive Sytos Plus® File Backup Utilities 

Performance Management 

Resource Monitor System Performance Monitor/2, LAN/NM, 
LMU/2 

Capacity Planning Aids Parameter and Tuning Guide 

Problem Management 

Alert Support LAN/NM, LMU/2 

Common Dump and Error Log First Failure Support Technology/2 (FFST/2), 
OS/2 SNAPDUMP 

Remote RAS Services X 

Framework & Common Services 

Managing System Services X 

Managed System Services X 

Discovery/Topology Services LAN/NM, LAN/SM 

1 X: IBM product currently under development 

Figure 1. Systems Management Requirements and Product Solutions 

LAN, and any changes in status must 
be highlighted. Tuning requires the 
administrator to examine current 
values and have the ability to make 
changes dynamically. At a minimum, 
operation involves the ability to stop 

and start system hardware and 
software remotely. 

LAN components include hardware 
and software (often from multiple 
vendors), business applications ere-
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ated within the enterprise, and the 
users . All need to be managed. Prac
ticality dictates that a minimum set 
of resources must be managed, 
including the following: 

• The operating system on each 
workstation or server, commonly 
OS/2, DOS, or DOS with Micro
soft Windows 

• The network operating system, 
such as OS/2 LAN Server and 
NetWare 

• Applications, including IBM 
Communications Manager, IBM 
Database Manager, other vendors' 
applications, and user-written 
applications 

• The data for these applications 

• The LAN hardware, including 
adapters, wires , hubs, bridges, and 
routers 

• Workstation hardware, such as 
processors, hard disks, printers , 
and peripheral adapters 

IBM's systems management strategy, 
System View, defines several dis
ciplines for management. Figure 1 
provides requirement examples from 
each of the System View disciplines. 
It also lists specific OS/2 solutions 
that have been provided by IBM to 
date to address some of them. A prod
uct name indicates that the product 
has been announced and delivered. 
An X in the product column indicates 
that IBM is actively working to add 
the function to product plans. 

There are, of course, many host
based products that also support and 
manage the OS/2 LAN environment. 
Examples are NetView®, NetView 
Distribution Manager, Workstation 
Data Save Facility NM, Data Facil
ity Distributed Storage Manager, 
LAN AO, LANRES, and PC Sup
port/400. The combination of host 
products and OS/2 products allows 
the LAN to be managed more effec-



tively when a host computer is 
present in the enterprise. 

The Need for a Single 
Comprehensive Solution 
Systems management applications 
available today address many man
agement requirements for enterprise 
LANs. They provide varying levels 
of management for selected resources 
on the LAN. Their choice of proto
cols also varies. The following types 
of offerings are currently available 
from IBM and others: 

Network Managers: These focus 
on LANs and Wide Area Networks 
(W ANs). IBM NetView/6000, an
nounced in January 1992, is such a 
product. It facilitates network man
agement in a multi vendor Trans
mission Control Protocol/Internet 
Protocol (TCP/IP) network. It works 
with TCP/IP devices that include the 
Simple Network Management Proto
col (SNMP) agents, such as the IBM 
6611 Network Processor, and moni
tors all IP-addressable devices. This 
product and many others like it use 
SNMP as a resource management 
protocol because networking devices 
from many vendors provide agents 
that use the SNMP protocol. 

Other major vendors have chosen to 
support the Open Systems Intercon
nection- (OSI-) endorsed protocol, 
Common Management Information 
Protocol (CMIP), as the basis for net
work management. They chose the 
International Standards Organization
(ISO® -) standard CMIP because of 
its richer management protocol. 
These vendors also support SNMP 
where required. 

Server Managers: These systems 
manage file, print, or mail servers on 
LANs. The servers include the Net
Ware family, IBM LAN Server, and 
others. Most focus on LANs and do 
not implement the SNMP protocol 
for managing resources. A private 
protocol that exceeds the capabilities 
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of SNMP is often used to better suit 
the server management environment 
and to not require the TCP/IP stack 
as a prerequisite. 

Although network managers and 
server managers are specialized man
agement offerings, they have a sig
nificant amount of management 
infrastructure in common. A single 
framework to manage the entire 
enterprise LAN (including networks, 
servers, and clients) would be the 
ideal solution - one with a common 
infrastructure and common services. 
It would support multiple protocols 
and APis for all resources on the 
enterprise LAN. 

OS/2 systems management has thus 
far been provided by two means -
functions integrated directly into the 
operating system, and by separate, 
self-contained products that address 
a specific aspect of managing OS/2 
LAN systems. 

OS/2 integrated systems management 
functions help with installation, cor
rective service, configuration tables, 
RAS facilities, access control, perfor
mance hooks, alert generation and 
routing, and remote operations. 

The self-contained LAN systems 
management products provided by 
IBM and other software vendors are 
extremely useful in addressing por
tions of the systems management 
challenge. As a group, however, they 
also have their shortcomings: 

• Unique user interface for each 
application 

• Little or no shared data 

• Same data represented in different 
ways 

• Duplication of user-supplied data 

• Duplication of function between 
applications 

• Environment- or platform-specific 
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• Integration left to users 

• Little or no interaction between 
applications 

While the systems management strat
egy for the OS/2 LAN environment 
includes exploiting some current tech
nologies and products in the short 
term, the provision of an architected 
management platform that adheres to 
industry standards from organizations 
such as ISO, Institute of Electrical 
and Electronics Engineers (IEEE®), 
X/Open™, and the Open Software 
Foundation® (OSF®) is the primary 
goal. This goal is achieved through 
IBM's family of distributed systems 
management products. 

Distributed Systems 
Management 
IBM's strategy for OS/2 Distributed 
Systems Management is to provide 
a framework that supports systems 
management applications, and a set 
of applications that, in tum, supports 
LAN resources. This support is in 
accordance with the System View 
structure that will be used on all of 
IBM's Systems Application Architec
ture® (SAA™) platforms. It includes 
the use of many industry-standard 
definitions and interfaces, allowing 
vendors to produce integrated, yet 
portable, applications on these plat
forms. IBM's distributed systems 
management family supports System
Yiew-selected industry standards as 
well as other industry standards and 
technologies. 

Why are these industry standards so 
important in the Distributed Systems 
Management (DSM) strategy? An 
open solution provides many benefits 
critical to DSM's success: 

• It allows DSM to manage a broader 
set of standards-conforming 
resources. 

• It promotes development of sys
tems management applications 
for DSM by third-party software 
vendors. 

I 



38 

.____ __ vi_ew/_2 _ ____.I ~/ 
System and Network Management APS /' 

Agents/2 
and 

Resource 
Managers 

Vendor APS 
Stort/2 Agents Extended/2 

Fix/2 LS 

Monitor/2 CM 
DB Database 

[- - - - Mo:~:•/2 - - - - -1 
0S/2 0S/2 

t----,,:::/2 - - - - -I 
OS/2 2.0 

OS/2 2.0 

Managed 
Clients/Servers 

111111111111 
111111111111 

Managing 
System 

SNMP 

~----.-~ - -- • I 

Managed 
Devices 

Agents/2 

I DOS, DOS+Windows I 

Managed 
Clients 

Figure 2. Distributed Systems Management Structure and Resources 

• It allows integration and coopera
tion between applications. 

• It allows OS/2 to be managed 
more easily by other managers. 

• Its common platform services 
allow application developers to 
focus their energies on developing 
applications that have added value. 

Standards Used in DSM 
The primary industry standards incor
porated in System View and OS/2 

DSM are the ISO Open Systems 
Interconnection specifications. The 
X.700 family of standards, including 
Common Management Information 
Services (CMIS) and CMIP specifica
tions, have been selected from OSI. 
The X.700 family provides the frame
work and a comprehensive resource 
and object definition , especially for 
system resources. It includes the OSI 
Guidelines for the Definition of Man
aged Objects (GDMO) as the way to 
define the System View objects in the 
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data model. These guidelines are 
used to define the DSM objects. The 
DSM objects will be registered with 
System View and other applicable 
standards organizations. 

Secondary sources of standards and 
technology for OS/2 DSM are OSF 
and X/Open. IBM's workstation 
development organizations are active 
participants in both groups. In Sep
tember 1991 , OSF selected the 
technology for the Distributed Man-



agement Environment (DME). The 
technology had been requested to pro
vide management for the Distributed 
Computing Environment (DCE). The 
DME technology, like the DCE, is 
intended to work across multiple plat
forms. IBM and Hewlett-Packard 
submitted, and the OSF selected, 
technologies to address the require
ment for an open systems management 
platform for application development 
(HP® Open View™) and for object 
manager support (IBM Data Engine). 
One technology was submitted collec
tively by Group Bull, Hewlett-Packard, 
and IBM to both the OSF and X/Open 
groups, and it was selected by both 
groups. OSF calls this technology the 
Consolidated Management API (CM
API), and X/Open calls it Manage
ment Protocol (XMP) APL These are 
identical and provide a common API 
for the industry to access systems 
management services. 

The OSF/DME technology, which 
was designed for workstation plat
forms that use OSF/1 ® operating sys
tems, is also useful in other 32-bit 
operating systems such as OS/2 2.0 
and AIX®. 

Another important source of industry 
standards comes from the Internet 
Architecture Board (IAB). The JAB 
standards contain the specifications 
for SNMP and the SNMP agents for 
managed objects (MIB I and MIB II). 
IBM's distributed systems manage
ment family of products supports 
these standards transparently through 
the XMP APL Resource agents con
forming to the SNMP specifications 
can be managed by DSM. 

IBM's Distributed Systems 
Management Family of Products 
IBM's distributed systems manage
ment family of products, with its 
CUA-91-compliant, object-oriented, 
graphical user interface can be used 
by administrators to define and man
age LAN network resources from a 
central location. Network topo logies 
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are created by dragging and dropping 
icons that represent workstations into 
a topology drawing area, customizing 
them with the desired operating sys
tem and subsystems, and drawing the 
needed connections to other nodes 
(such as a LAN Server Domain Con
troller). The topology can be stored 
either in an SQL database or in a 
plain text file. 

The implementation of the DSM 
strategy on OS/2 requires developing 
a "managing system," and managed 
system services and resource agents. 
Figure 2 shows a high-level view of 
the OS/2 2.0 systems management 
platform structure and managed 
resources supported by the distrib
uted systems management family of 
products. 

The product family includes a set of 
products that form the strategic 
framework upon which the systems 
management functions can be built. 
These framework products provide 
the common infrastructure, services, 
and support elements that: 

• Create the "managing system" 
environment on OS/2 2.0 in which 
management appl ications are built 

• Create the "managed system" 
environment in OS/2 2.0, DOS 
5.0, and DOS 5.0 with Windows 
3.1 that allows resource agents to 
manage system resources 

• Provide the resource agents to man
age the operating system resources 
for the supported systems and the 
OS/2 subsystem resources for 
LAN Server, Communications 
Manager, and Database Manager 

Using these framework services 
simplifies the task of creating sys
tems management applications and 
resource agents. Developers can 
focus on delivering valued-added 
products, not on duplicating these 
common elements. It is also easier to 
achieve greater consistency and inter
operabi lity between applications and 
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agents. Some common elements of 
the set of framework products are as 
follows: 

• Common user interface services 

• Communications services support-
ing multiple protocols and transports 

• Event and metadata services 

• Common programming interfaces 

• Discovery and topology services 
forLANs 

The following products form the 
framework for management 
applications: 

• Manage/2: This is a set of com
mon services upon which to build 
management applications. The 
open industry standard program
ming interface, X/Open Manage
ment Protocol, is supported. The 
framework's common services in
clude protocol support for CMIP 
and SNMP. SNMP devices (such 
as bridges and routers) can be 
managed, as can the CMIP-based 
resource agents provided. Topol
ogy and Discovery Services that 
determine and depict the relation
ships between the system and net
work resources are also included. 

• View/2: This is the graphical user 
interface component for display
ing managed resources and inter
facing with distributed systems 
management application functions 
that support those resources. The 
common user interface conforms 
to System View Integration Level 
2 and CUA-91. A set of enabling 
services allows easy extension of 
the presentation metaphor to in
clude functions provided by sys
tems management applications. 
These services are made available 
via the System Object Model 
(SOM) programming interface of 
OS/2 2.0. 

• Enable/2: These are managed sys
tem services that are provided for 
OS/2 2.0. These services are a sub-

I 



set of those provided in the manag
ing system; they allow the systems 
to be managed by the applications 
on the managing system. 

• Agents/2: CMIP-based agents are 
provided for OS/2 2.0, DOS 5.0, 
and DOS 5.0 with Windows 3.1 
that allow the operating system 
resources to be managed. Agents 
allow the managing system to re
quest data about the resource man
agers, and manage the resource 
manager by setting and changing 
values. 

• Agents Extended/2: CMIP-based 
agents are also provided for man
aging the OS/2 subsystem resources 
contained in the Communications 
Manager, Database Manager, and 
LAN Server. 

IBM is also developing systems man
agement applications to run within 
the managing system framework, 
Manage/2. These include: 

• Monitor/2: System performance 
management for disk, Random 
Access Memory (RAM), and proc
essor monitoring of the OS/2 work
stations and servers, based on 
System Performance Monitor/2 
technology 

• Fix/2: System fault management 
for reporting hardware and soft
ware failures with some automated 
recovery 

• Net View Tie/2: NetView gateway 
service for collecting and trans
forming OSI performance and 
fault events for transmission to 
NetView 

• Start/2: System configuration 
management for OS/2 worksta
tions and servers without user in
volvement (The initial release of 
this product will precede delivery 
ofManage/2; therefore, it will run 
as a stand-alone product.) 

The strategy is to provide, on this 
framework , a complete suite of sys-
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terns management applications for 
managing the OS/2 LAN environment. 

Monitor/2 
Based on the current SPM/2 technol
ogy, IBM is developing a SystemView
compliant performance management 
solution for the OS/2 2.0 environ
ment. This solution will support col
lecting and analyzing a rich set of 
metrics for OS/2 2.0 performance
critical resources. In add ition to the 
base operating system, metrics from 
IBM system extensions such as the 
LAN Server/Requester, Commu
nications Manager, and Database 
Manager also will be supported. 

IBM plans to initiate a 
customer evaluation 

program beginning with 
the framework products 

in 1992 and including the 
applications in early 1993. 

Several functions, all written to the 
X/Open Management Protocol API, 
will be provided to assist in graphing, 
recording, reporting, and analyzing 
performance data collected in an 
SQL database. These functions will 
work with OS/2 2.0 resource man
ager agents that are contained in 
Agents/2 and Agents Extended/2 to 
satisfy performance management re
quirements, such as threshold detec
tion, alert generation, and data 
summarization. 

This performance solution will 
enable system administrators of an 
OS/2 LAN environment to monitor 
system performance, analyze perfor
mance trends and problems, and use 
this solution to help in performance 
tuning, load balancing, and network 
growth management. Application 
developers will be able to better 
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analyze designs, verify performance 
objectives, and optimize application 
performance for the OS/2 2.0 envi
ronment. This solution will also aid 
capacity planners in benchmarking 
and performance modeling exercises. 

Fix/2 
Systems management tools that help 
in problem management are a key 
resource for controlling management 
costs. Fix/2 assists in managing Infor
mation Systems (1/S) networks either 
locally or remotely, and in providing 
an increased level of service to the 
entire 1/S user community. The in
creased level of service results from 
Fix/2 's coordination and automation 
of error recovery and integration with 
other DSM functions. Service is also 
enhanced by managing OS/2, DOS, 
and Original Equipment Manu
facturer (OEM) systems from a 
single managing workstation on a 
LAN. 

Fix/2 provides a focal point and a 
control point for stand-alone or host
connected LANs. The Fix/2 function 
enables a system administrator to 
automate bypass or recovery proce
dures. Fix/2 uses event management 
services provided by Manage/2 to fil
ter and collect OSI events emitted by 
agents and FFST/2-enabled applica
tions on the network. Fix/2 also sup
ports user-customized filtering of 
input events and automated invoca
tion of external procedures and 
management operations. 

NetView Tie/2 
Management/2 applications and 
agents use different CMIP protocols 
from those used by the host-based 
NetView product family. This gate
way function converts LAN-based 
CMIP protocols to the SNA/MS net
work management protocols used by 
NetView. As a result, events that re
quire host involvement can be trans
mitted to NetView as network alerts 
for further processing. The OS/2 
Communications Manager facilities 



will be used for the SNA transport to 
the Net View host. 

Start/2 
IBM intends to migrate the configu
ration management tool Start/2, 
shipped initially as a stand-alone 
product in conjunction with Config
uration, Installation, and Distribution 
(CID), to the Manage/2 framework. 

In support of the response file archi
tecture, which is at the heart of the 
CID software distribution strategy, 
the Start/2 generates, on demand, a 
validated configuration response fi le 
for each product on each workstation. 
Validation, which is done interactive
ly, takes into account connections 
between nodes and cross-product 
parameter relationships. 

To further facilitate automated code 
distribution, Start/2 supports either 
host- or LAN-based distribution strat
egies. Support for host-based distribu
tion is in the form of NetYiew DM/2 
Build files. LAN-based distribution 
is supported through the generation 
of REXX command files to be used 
by the Network Transport Services/2 
product. 

Enhancements for the second release 
of Start/2, the one integrated with 
Manage/2, will include support for 
configuring additional connectivities, 
further simplified configuration 
administration, and greater integra
tion with NetView Distribution 
Manager/2 in support of CID. 

For more information, see "CID: 
Remote OS/2 Configuration, Instal
lation, and Distribution of PC Soft
ware" in this issue. 
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Topology/Discovery Services 
These common services are part of 
the Manage/2 product. The system 
environment that DSM is intended to 
manage is a collection of LAN
connected workstations. Therefore, it 
is useful to bui ld and maintain topo
logical information about objects, their 
locations, and how they interrelate. 

Topology Services enables creating 
and maintaining topological informa
tion necessary for topological views 
of the DSM-managed objects. These 
services also provide for displaying 
topo logy maps using the System 
Object Model-based presentation 
services. Topology information is 
maintained separately from the user 
interface services to facilitate sharing 
the topology information. 

Discovery Services can initiate net
work searches for gathering topologi
cal information . Topology Services 
can use the results from discovery 
searches to prime the topology infor
mation base and to maintain the in
tegrity of its topological information. 

Customer and Vendor Involvement 
IBM plans to initiate a customer eval
uation program for the distributed 
systems management family of prod
ucts, beginning with the framework 
products in 1992 and including the 
applications in early 1993. Product 
content and general availability deci
sions for the applications will be 
made as a result of this customer 
evaluation. 

While IBM is developing the frame
work and these applications, other 
applications will be supplied by lead
ing vendors of systems management 
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products. IBM is actively soliciting 
specific applications as well as gener
ally encouraging vendors to develop 
their applications on the DSM frame
work. IBM is providing documenta
tion detailing what is involved in 
developing an application (or porting 
an existing application) to run on this 
framework. IBM is also providing 
technical assistance. One such ex
ample of a vendor-developed DSM 
application is the integration of Net
Ware Services Manager for OS/2 
function to allow the full management 
of Novell networks from Manage/2. 
Over time, existing IBM applications 
will be ported to the DSM frame
work environment as well. 

IBM is also encouraging vendors to 
provide agents for their system 
resources which would allow DSM 
to manage them, and is supporting 
those efforts with technical assis
tance as well. 

The combination of IBM's open sys
tems management framework and a 
full suite of systems management 
applications and resource agents 
provided by IBM and other leading 
vendors will make DSM the most 
comprehensive Distributed Systems 
Management solution available for 
LAN-based systems. 

Jim Alexander is a senior pro
grammer in IBM's Personal Sys
tems Line of Business in Austin, 
Texas. His current assignment is 
system planner for the DSM fam
ily of products. Jim joined IBM in 
1968 after earning a BS in mathe
matics from Oklahoma State 
University. 
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CID: Remote 0S/2 
Configuration, Installation, and 
Distribution of PC Software 
Tom Edel 
IBM Corporation 
Austin, Texas 

The IBM Configuration, Installation, and Distribution (CID) facility 
provides for unattended or lightly attended installation of PC software 
products and subsequent maintenance. This support works with PC 
workstations that have no installed software, as well as designated 0S12 
workstations whose current customized operating environment can be 
migrated to subsequent product releases. This article discusses the need 
for central administration of PCs and describes IBM's approach. 

D
istributed computing has made 
computer technology available 
to many individuals at various 

levels within an organization. Install
ing and configuring hardware and 
software resources associated with 
distributed computers has the repu
tation of being complex and labor
intensive. This notion is fueled by the 
large number of distributed computers 
and the variety of their capabilities. 

Enterprises recognize the importance 
of managing the installation and con
figuration of distributed computing 
resources. Here, the term managing 
denotes the following: 

• Remotely initiating product instal 
lations according to a pre-planned 
procedure (in other words, who 
gets what when) 

• Remotely initiating recovery 
procedures for failing systems 

• Remotely servicing installed 
products 

• Detailed tracking of product instal
lations on remote workstations 

In distributed computing environ
ments, there are usually two config-

uration objectives relating to product 
installations: 

• Standardize hardware and soft
ware configurations so that users 
can perform the same tasks at 
several workstations. An example 
of this environment is bank tellers' 
workstations. 

• Personalize hardware and software 
configurations so that computing 
capability can vary by worksta
tion, and therefore satisfy specific 
needs, such as installable program 
features and tuning parameters. 
Engineers and programmers need 
the flexibility afforded by a work
station that is tailored to their needs. 

Often, some mix of standardized and 
personalized computing is appropri
ate to many organizations. How, 
then, should the configuration, instal
lation, and distribution of an organi
zation's computing environment be 
managed? 

Configuration 
Configuration is a procedure that 
occurs periodically for new versions 
of installed software, for changes in 
the physical characteristics of work-
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stations existing in a domain, and so 
on. As applied to a particular prod
uct, configuration generally means 
specifying values that control the 
product's execution characteristics. 
For example, buffer size and number 
of network connections are part of 
the configuration for a network trans
port product installed on an OS/2 
workstation. As applied to a worksta
tion, configuration involves the hard
ware and software installed at that 
workstation, including product ver
sions, service levels, and so on. 

Many organizations would like to 
configure software and workstations 
from a central site so that typical 
workstation users do not need this 
specialized knowledge. Managing 
configuration from a central site would 
also take into consideration the hard
ware and software interaction among 
all workstations within a domain, 
which is of no concern to the typical 
computer user. IBM's approach to 
the configuration problem is to pro
vide a centralized management capa
bil ity that removes configuration 
tasks from workstation users. 

Installation 
Installing software on a workstation 
usually involves an unfamiliar proc
ess that occurs infrequently and 
varies by the type of product to be 
installed. Even the installations of 
similar data communication products 
- Systems Network Architecture 
(SNA), NetBIOS, and TCP/IP - dif
fer significantly. A legitimate ques
tion to ask is : Why do I need the 
detailed skills necessary to install 
products when I only perform this 
task a few times a year? 

One approach to solving this problem 
is to hire knowledgeable people to 
physical ly configure and install each 
workstation. This approach is usually 
not practical because there are too 
many workstations. IBM's approach 
to installing software on OS/2 work
stations is to provide a central man-



agement capability that directs the 
installation of applications that have 
been enabled to participate in this 
environment. 

Distribution 
If configuration and installation skills 
are concentrated among a few indi
viduals, then a distribution compo
nent also is required to disseminate 
the new software according to cen
trally managed configuration and 
installation policies. In the past, the 
term distribution meant that diskettes 
were given to users whose worksta
tions needed new or upgraded soft
ware, additional functions for software 
already installed, or software servic
ing. Distribution also was done by 
trained individuals who physically 
went from workstation to worksta
tion performing the configuration 
and installation tasks. 

For some PC products, partial relief 
to the distribution problem is pos
sible. This relief is through server 
workstations that support redirected 
client requests for access to stored 
diskette images. However, this solu
tion does not address central manage
ment of client configuration and 
product installations, or the unat
tended mode of target workstations. 

Another aspect of distribution is the 
need to associate particular products 
with particular workstations so that 
new versions , as well as their servic
ing and recovery, can be managed. 
When workstations are connected to 
a central distribution site, it is pos
sible to install particular products on 
selected workstations at predeter
mined times. In this case, the work
stations do not need the presence of 
an individual. 

IBM's CID Solution 
Collectively, the set of systems man
agement capabilities addressed by 
the remote, unattended installation of 
PC workstations is known as Config-
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uration, Installation, and Distribu
tion (CID). 

The term unattended means that an 
individual does not need to be pres
ent at a workstation before or during 
installation of CID-enabled products. 
CID-enabled products can be in
stalled on weekends or after normal 
work hours. For a certain class of 
CID products (such as those that re
quire no rebooting before activation), 
installations can even occur while the 
workstation is running other applica
tions, with no disruption to the operat
ing environment. 

IBM's solution for distributed sys
tems management addresses work
stations that are connected in a Local 
Area Network (LAN) or Wide Area 
Network (WAN) environment. It sup
ports two environments: push and 
administered pull. Figure 1 shows the 
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CID operating environment on a 
LAN and Figure 2 shows the CID 
operating environment on a WAN. 

Server-Initiated CID Installations 
(Push): A one-time, attended installa
tion of a CID-enabling client agent is 
needed. This allows a workstation on 
a LAN to receive install requests from 
a code server workstation, which is a 
repository for CID-enabled product 
images and other related files. This 
enabling agent is a continuously run
ning program that waits for install re
quests sent by the code server. The 
enabling agent can execute from a 
system that has no installed software 
by using two boot diskettes created at 
the code server, or from an existing 
OS/2 system that has the necessary 
CID client enablement procedures 
installed. The CID process is used to 
maintain and install new product 
releases for the CID-enabling agent. 

I 



Client-Initiated CID Installations 
(Pull): An attended installation of a 
CID-enabling client agent is neces
sary. This allows a workstation to 
access command files on the code 
server. These command files direct 
the installation of products for a 
particular client workstation. This 
enabling agent can execute from a 
system that has no installed software 
by using two boot diskettes created at 
the code server, or from an existing 
OS/2 system that has the necessary 
procedures installed. 

CID Preparation Site Functions 
Products shipped on diskettes are 
copied onto an administrator's work
station. In the OS/2 LAN distribution 
environment with a single code serv
er, product images are copied into the 
code server directory for later refer
ence by client installation products. 
In the multiple code server distribu
tion environment, the image copy 
function is performed at an OS/2 
Preparation Site. The NetYiew Dis
tribution Manager (DM) subsequently 
transmits this as installation packages 
to OS/2 code servers. The installation 
programs executing at client worksta
tions are unaware of the distribution 
environment in which they exist. 

At the administrator's site, a product 
configuration is done for each partici
pating CID workstation. This creates 
a file containing product configura
tion and installation information that 
can be unique for each workstation. 
This file, called a response file, 
replaces the workstation user who 
normally enters configuration and 
installation data. 

Code Server Distribution 
Installation packages are created for 
the multiple code server distribution 
environment. These packages may 
contain product code images, response 
files, and the install commands that 
indicate which products to install at 
particular client workstations. These 
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~ 
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Diskettes 

Note: "Pristine" means no installed software. 

Figure 1. CID Operating Environment on a LAN 

packages are transmitted to OS/2 
code servers and placed into a direc
tory to be accessed by client installa
tion programs. The command that 
starts a client installation is sent from 
the Net View DM host administrator 
to the OS/2 code servers in the WAN 
environment. The command is in
voked at the individual code server 
sites by OS/2 administrators in a Net
View DM/2 LAN environment. 

In the single code server distribution 
environment, product images and 
response files are placed into a 
directory for reference by the client 
installation products. There are two 
methods that can be used for client 
installation: 

• For each product, the code server 
administrator enters an install 
command to indicate which client 
workstations will receive the 
planned installation. Client instal
lation programs are initiated when 
the client installation agent receives 
an install request from the code 
server. 
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Clients 

• A command file, created by the 
code server administrator, indi
cates the sequence of product in
stall commands intended for each 
client workstation. The initiation 
of client install programs occurs 
when the activated client installa
tion agent begins executing install 
commands (via drive redirection) 
on the code server. 

The command that the code server 
uses to initiate the installation of 
client programs also can be a com
mand that prompts the workstation 
user for the next product install com
mand. This is called administered 
pull because the command file that 
permits the client prompt function is 
administered centrally at the code 
server site. 

In the previously described LAN dis
tribution methods, the timing of an 
installation determines whether a 
client user must initiate the installa
tion activity. There are advantages to 
each LAN distribution method, and 
both capabilities can coexist at the 
same code server. 
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Figure 2. CID Operating Environment on a WAN 

Client Installation Procedures 
When invoked, the instal lation pro
gram (designated by the administra
tor) receives the following: 

• Input parameters indicating the 
code server location for the prod
uct installation images 

• Log files where the installation 
program records installation 
progress and errors 

• Response files 

The primary interface between install 
programs and the code server is a set 
of parameters passed to the install 
program, a set of return codes passed 
back when installation finishes, and 
the abili ty of install programs to 
access red irected drives. 

CID Recovery 
During the installation or execution 
of OS/2 products, it may be neces
sary to restore a particular product, 
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drive, partition, or system to a prior 
state. This condition could be the 
result of an invalid product installa
tion, invasion by a virus, installed 
fixes, or product versions that do not 
execute properly. 

The OS/2 CID system provides a 
system-wide recovery procedure (as 
shown in Figure 3) in which the data 
for all products within a partition or 
drive is saved locally or at a backup 
server. This type of recovery relieves 
each product from having to provide 
its own backup and recovery proce
dure, and removes all interproduct 
file dependencies. This method also 
removes the requirement that each 
product must specify a set of files to 
be backed up and restored. Hidden 
files, directory structures, system 
files, read-only files, files with 
extended attributes, and so on, are all 
saved and restored. 

CID Migration 
It is likely that users will want to 
retain prior installation and configu
ration parameters when a software 
product is upgraded. Some CID prod
ucts provide this capability by speci
fying response file parameters, while 
others use prior settings implicitly. 
Most CID-enabled products allow 
the user to specify new, defaulted , 
and migrated parameters within the 
installation programs, as illustrated 
in Figure 4. 

CID-Enabled Products 
IBM provides a description of the 
enablement guidelines to programmers 
who want their products to partici
pate in IBM's CID systems manage
ment environment. Software vendors 
are encouraged to enable their instal
lation programs for CID. Additional
ly, recognizing that some enterprises 
want to substitute their own custom
ized distribution or configuration pro
cedures, IBM provides descriptions 
of the interactions of these CID 
components. 
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Publications on these topics include 
the following: 

Server 3.0 and Network Transport 
Services/2 (GG24-378 l) 

• Automated Installation for CID
Enabled Extended Services, LAN 

• OS/2 Remote Installation and 
Maintenance (GG24-3780) 
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• Network Transport Services/2: 
Redirected Installation and Con
figuration Guide (F96F8488) 

• Automated Installation for CID-
Enabled OS/2 2.0 (GG24-3783) 

The fo llowing IBM software prod
ucts are enabled for CID: 

• OS/2 Version 2.0 

• NetView DM/2 Version 1.0 

• LAN Server Entry Version 3.0 

• LAN Server Advanced Version 3.0 

• Extended Services for OS/2 with 
ESCID Utility Version 1.0 

• Network Transport Services/2 
Version 1.0 

• System Performance Monitor/2 
Version 2.0 

• IBM Monitor/2 Version 1.0 

• IBM Start/2 Version 1.0 

• IBM Fix/2 Version 1.0 

• IBM NetView Tie/2 Version 1.0 

• IBM Manage/2 Version 1.0 

• IBM Enable/2 Version 1.0 

• IBM View/2 Version 1.0 

• IBM Agents/2 Version 1.0 

• IBM Agents Extended/2 Version 
1.0 

Tom Edel is a senior programmer 
in IBM's Personal Systems Line 
of Business in Austin, Texas. He is 
currently responsible for Config
uration, Installation, and Distribu
tion design for OS/2. He joined 
IBM in 1961 after earning a BS 
in industrial engineering at the 
University of Pittsburgh. 
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Start/2: Putting the 
Configuration into CID 
Khalil Emami and Theodore Shrader 
IBM Corporation 
Austin, Texas 

This article introduces IBM Start/2, part of the distributed systems man
agement suite of products announced in late 1992. It explains how Start/2 
can be used in configuring workstations from a central location and its 
role in the remote installation of products. The article also offers a hands
on , step-by-step laboratory session/or readers who have recently pur
chased Start/2 or those who plan to do so. 

I 
BM Start/2 Version 1.0 provides 
users and network administrators 
with a friendly , efficient graphical 

environment for remotely installing 
OS/2 2.0 and OS/2 subsystems (see 
"OS/2 Distributed System Manage
ment" in this issue). It helps admin
istrators to plan and manage their 
networks more efficiently. Whether it 
is creating a new network or migrat
ing workstations from OS/2 1.X to 
OS/2 2.0, Start/2 is the product of 
choice. It uses the drag-and-drop 
capability inherent in the OS/2 Work
place Shell and offers context-sensitive 
online help. Start/2 can be installed 
in just a few minutes to launch net
work administrators into the world 
of Configuration, Installation, and 
Distribution (CID). 

Configuration for 
Remote Installation 
In the remote installation of OS/2 2.0 
and its subsystems, response files 
substitute for a user's keystrokes. A 
response file is an ASCII file that 
directs the installation or configura
tion process of a product on a work
station. It responds to questions such 
as "Which drive to install on?" and 
"How many 3270 emulation sessions?" 

In the CID process, Start/2 provides 
the Configuration part, which in
cludes creating response files for 

CID-enabled products. But Start/2 is 
more than just a tool for generating 
response files - it also assists in the 
remote installation of OS/2 and OS/2 
subsystems, such as Extended Ser
vices for OS/2 and OS/2 LAN Server. 

A product is considered CID-enabled 
if it can be installed using remote 
drives, if it processes response files 
rather than panels for user-entered 
parameters, and if it provides a return 
code to the distribution product that 
indicates the success or failure of the 
remote installation. (Products not re
quiring panels are still CID-enabled 
if they meet the other criteria.) Such 
a product can be installed with little 
or no user interaction. The product's 
installation program retrieves the 
product's image files from a code 
server machine, takes keyword 
values from a response file, and 
remotely installs the images on the 
target computer. 

The current list of IBM's CID-enabled 
products appears in the article titled 
"CID: Remote OS/2 Configuration, 
Installation, and Distribution of PC 
Software" in this issue. 

Introducing Start/2 
Start/2 currently generates response 
files for Extended Services 1.0, LAN 
Server 3.0, and Network Transport 
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Services/2 (NTS/2). It also helps in 
distributing and installing CID
enabled products by producing LAN 
CID Utility (LCU) command files 
and NetView Distribution Manager/2 
(NetView DM/2) change files. 

The LCU, a part of NTS/2, is a CID 
configuration and installation proc
ess. Figure 1 depicts the CID LAN 
solution. In an enterprise environ
ment or an independent LAN envi
ronment, Start/2 can generate change 
files for OS/2 NetView DM/2. Start/2 
can graphically generate the infor
mation and the definitions needed to 
configure and install products on a 
workstation. 

Start/2 makes it possible to configure I 
workstations from a central location. 
It improves the network adminis-
trator's productivity and eliminates 
the need for users to possess the 
skills or specialized knowledge of the 
installed product. A code server that 
holds the product files can use the 
response files generated by Start/2 
to initiate the installation program. 
When the LAN CID Utility is used, 
Start/2 can generate command files 
that are executed by LCU. 

Start/2 Capabilities 
Start/2 is an OS/2 2.0 application 
with a friendly, efficient, graphical 
environment for planning networks 
as well as the configuration and 
installation of software products on 
networked workstations. Networks, 
nodes, and connections can be graphi
cally represented easily in Start/2 by 
drag-and-drop operations on objects. 
Workstation configuration is done by 
modifying the notebook settings of 
each workstation. 

The context-sensitive help in Start/2 
frees users from referring to the 
user's guide for help. Start/2 also per
forms configuration validation and 
connection verification while the 
user is building a network topology. 
Start/2 prevents the user from con-
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necting a database client workstation 
to a node without database server 
capability. Addresses and worksta
tion names are automatically gener
ated. User-defined values are allowed. 

Start/2 is designed to offer several 
connection views, with initial support 
for the LAN, Database, and 3270 
views. This feature increases the 
user's ability to visually inspect the 
node connections. After a network is 
defined or modified, it can be saved 
in a Database Manager relational 
database or in ASCII files. 

The Start/2 user interface, similar to 
the OS/2 Workplace Shell, consists 
of folders, containers, templates, and 
other objects. At the base of the tree 
structure of these objects is the Start/2 
primary folder, which contains every 
object needed to create a network 
and to generate response files. Figure 
2 shows the Start/2 primary folder. 

Topology 
The Topology object is the actual 
workspace in which a network is 
designed and represented. A topology 
is a graphical arrangement of node 

objects, their connections , and attri
butes. A topology represents a net
work or part of a network with a 
distinct characterization (such as 
LAN servers and requesters). A net
work consists of one or more network 
topologies. Start/2 enforces unique 
node names and addresses across the 
network. In a network topology, 
workstations that are installed with 
DOS, DOS and Microsoft Windows, 
or OS/2 1.3 also are represented. 
Response files are generated only for 
workstations configured with OS/2 2.0. 

The contents of the topology window 
can be displayed in presentation and 
feature views. The presentation 
views initially supported are the icon 
and detail views. Nodes can be dis
played as icons with their connection 
lines or in a table form with attribute 
values . The feature views initially 
supported are the LAN, 3270, and 
database views. When the topology 
view is set to a particular view, such 
as the LAN view, only those node ob
jects and connection lines that relate 
to the LAN view are highlighted; the 
other nodes are grayed and their con
nection lines are not shown. Figure 3 

PERSONAL SYSTEMS/ JANUARY 1993 

shows a topology with five nodes in 
3270 view. (See Figures 8 and 9 for 
different views of the same topology.) 

To create a network topology, the 
user can double-click with the mouse 
button on the topology icon to open 
the topology window (the workspace). 
Next, the user can drag and drop the 
necessary node objects from the node 
container, change (if necessary) the 
attributes in the node notebooks, and 
draw the connection lines between 
the nodes. If similar workstation nodes 
must be built on the network, the 
"duplicate nodes" feature can be used 
to copy as many nodes as desired . 

Start/2 helps migrate existing nodes 
with Communications Manager, Data
base Manager, and LAN Services to 
OS/2 2.0 base systems. A discovery 
program collects the necessary data 
from the workstations, which could 
have back-level operating systems, 
and creates import files for each node. 

Once the import files have been cre
ated, the administrator simply drags 
and drops the files onto the selected 
topology. Start/2 builds the graphical 
display of the topology defined by 
the import files, fills in each node 
notebook, and derives the connec
tions for LAN and 3270. This estab
lishes the selected topology. During 
the process of creating the topology 
from the import files, the Start/2 pro
gram generates a log file to record 
anomalies. An administrator can use 
the log file to complete the definition 
of the workstations whose configura
tions the Start/2 program was unable 
to fully derive - such as a database 
client whose server name is unknown. 
The administrator can save this topol
ogy in an ASCII or SQL database. 
This process can be repeated for each 
topology in the enterprise. 

After the topology is created, the user 
or administrator can generate response 
files by dropping the entire topology 
onto the transformer object. If indi-



victual workstation response files are 
needed, those nodes can be dragged 
and dropped onto the transformer. 

Nodes 
The Nodes container consists of a set 
of canned node objects that can be 
used to construct a network topology. 
Depending on the function of a node 
in a network and the view in which 
the node is displayed, the node may 
take on a different shape. For ex
ample, a database server node icon, 
which looks like a cylinder in the 
database view, has a different shape 
in the other topology views. If that 
workstation has 3270 emulation capa
bility, then when the topology view 
is switched to 3270, the workstation 
changes into an emulator workstation 
with a connection line to the host (if 
the connection exists); otherwise, it 
becomes grayed with no connecting 
lines. Figure 4 shows the node objects 
provided with the product. 

Nodes are configured by setting or 
modifying the values in the node 
notebook. Figure 5 shows a page in 
the notebook. Start/2 also offers 
another way to set the node values. 
An Attribute Value File can be used 
to update a set of information about 
nodes . Similar to an import file, the 
Attribute Value File can be dropped 
on the topology to update the nodes 
with names matching those specified 
in the file. 

Transformer 
A Transformer object represents the 
process by which response files are 
generated. To start the process, an 
object is dropped onto a transformer. 
A single node, a group of nodes, the 
whole topology, or a group of topol
ogies can be dropped onto the trans
former for processing and generating 
response files. Currently, three types 
of transformers are supported: RSP, 
LCU, and NetView DM/2. The RSP 
transformer generates configuration 
response files; the LCU transformer 
generates LCU command files. The 
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NetView DM/2 transformer gener
ates change fi les that can be proc
essed by the NetView DM/2 server. 
Figure 6 shows an example of a 
response fi le that was generated for a 
LAN domain controller node. 

Templates 
The Templates folder contains object 
templates . Us ing the OS/2 Work
place Shell concept, these objects can 
be used to create other objects with 
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drag-and-drop operations. Inside the 
Templates folder are other templates, 
including Transformer, Application, 
Topology, Folder, and Node. 

Applications 
The Applications folder contains 
icons that represent CID-enabled 
applications for which Start/2 can 
provide installation commands to the 
CID distribution product. An admin
istrator can drop an application icon 

I 
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on a node in a topology and cause 
Start/2 to associate the application 
with the selected node. When output 
processing is selected with a trans
former, the commands to install the 
selected application wi ll be added to 
the distribution command file 
generated for that node. 

Deletes 
The Deletes object acts as a waste
basket. Nodes and other objects that 
are not needed can be discarded by 
dragging and dropping them onto the 
Deletes object. If an object is deleted 
by mistake, it can be recovered by 
opening the Deletes container and 
dragging the deleted object from it. 

Laboratory Session: 
Creating a Network 
The remainder of this article shows 
nearly all the Start/2 features in a 
tutorial. The tutorial can familiarize 
you with the program at a faster 
pace. It provides an overview of 
many of the features available in 
Start/2. Note that not all steps are 
used in all cases. Many steps are exe
cuted only once for the lifetime of 
the network. 

1. Using the data collector OCUNODE, 
collect information about the exist
ing workstations. These are nodes 
running back-level operating sys
tems that should be migrated to 
OS/2 2.0, or nodes already running 
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OS/2 2.0 that should be brought 
into the same network topology so 
their settings can be saved. (If the 
network is constructed anew, skip 
this step and begin with Step 2.) 

2. Invoke Start/2. The command op
tions are set according to the type 
of database used. For example, 
OCUNET /DBASC brings up Start/2 
using an ASCII database. 

3. Open the LCU Transformer from 
the Start/2 primary folder by 
double-clicking the mouse button 
on the icon. Figure 7 shows the 
transformer status window. Note 
the four boxes on the left. They 
show the names of nodes and their 
response file generation status. 
Messages can be viewed for nodes 
in the Rejects box , and response 
files can be viewed or edited for 
nodes in the Successes box. 

4. In the Directory Mapping list box, 
double-click the left mouse button 
on SER VERO 1, and set the file path, 
servers, and aliases. On the Map
pings tab (page l of 3), the left 
column specifies the paths that 
Start/2 can access to store the gen
erated command files, log files, 
and response files. On the same 
page, the server and alias settings 
indicate which servers hold the 
files, so that every client con
nected to that server can access the 
files. Pages 2 and 3, the server and 
alias settings, specify where the 
product images or files can be 
accessed for installation. Close the 
notebook by clicking on OK. 

5. Open an empty Topology con
tainer from the Start/2 primary 
folder by double-clicking the 
mouse button on the icon. 

6. Open the topology notebook by 
selecting Open as settings from 
the Topology pull -down, and 
change the settings if necessary. A 
Directory Mapping (in this case, 
SERVEROl), node name pattern, 
and 3270 connection type can be 



set to desired values. The name 

of the topology also can be 
specified, so click on the General 
tab of the notebook and change 
the name of the topology to 
TEXAS. 

7. Open the network notebook by 
selecting Open as network 

settings from the Topology 

pull-down. Type of adapter 
(Token Ring or Ethernet™), next 
LAN adapter address, and domain 
name pattern are specified with 

this notebook. Click on the Path 
tab and set the supplemental 
response files' paths. One or 
more supplemental response files 
can be selected. These files are 
included in the response files 
generated by Start/2. Later, they 
are used by the instal l program of 

that product. 

8. Open the Nodes folder from the 

Start/2 primary folder by double
clicking the mouse button on the 
node icon. 

9. Drag nodes from the Nodes 
folder into the topology window 

in the following order: 

• LANO0MC, the domain controller 

• ALLREO, the multipurpose 

requester 

• H0STC0NN,ho~connections 

• OBSERVE, the database server 

LANO0MC changes the name to 
N0OEO00l when it appears in the 
topology window. Other nodes 
follow the same pattern. This pat
tern could have been set in Step 6. 

10. Double-click on the Domain Con
troller (N0OE000l) to open the 

notebook to change i ts settings. 
This opens the notebook to the 
first page of the General tab. On 
that page, change the Node name 
from N0OEO00l to AUSTIN. Click 
on the Adapter tab and select the 
OFT Adapter check box. Click 
on the 3270 tab and select the 
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3270 Files 

8-30-1992 7:10:15 pm 
C:\ocudir\RSP\LS30\0CURSP\NET1\AUSTIN.RSP 

C0NFIGTARGETDRIVE = C 
UPDATEIBMLAN - NETWORKS 

UPDATEIBMLAN = 

UPDATE IBM LAN 

< 
NETl *,*,*,32,51,* 
> 

REQUESTER 
< 
C0MPUTERNAME = N0DE000l 
DOMAIN D0MAIN0l 
> 

SERVER 
< 
MAXC0NNECTI0NS - 282 
MAXL0CKS = 64 
MAX0PENS = 250 
MAXSEARCHES 50 
MAX SHARES 16 
MAX USERS 45 
NUMBIGBUF 20 
NUMREQBUF 90 

'"" ,., .: ... :::J 

SRVHEURISTICS *******0*****4***** 

ADDIBMLAN -

UPDATEIBMLAN 

> 

SERVER 
< 
SRVSERVICES NETL0G0N,ALERTER,NETRUN 
> 

LS SERVER 
< 
SRVPIPES 3 
> 

Figure 6. Example of a Response File 
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Figure 7. Transformer Status Window 
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Figure 8. Network Topology in LAN View 

Emulator radio button, then page 
forward to OFT sessions. Click 
on the drop-down list (under 
Device) and select Mod 2. Move 
the cursor to the Session ID 
field and enter DFTl. Move to 
the Short ID field, enter A, then 
click on Auto-start. Click on 
the Database tab and select OS/ 2 
Database client. Finally, click 
on the Files tab and select the 
supplemental response files and 
the target drive for all products to 
be installed. Click on OK; this 

ends the notebook setup for the 
domain controller AUSTIN. 

I I. Change the settings on the data
base server (NODE0004) to con
figure the node. Follow the 
procedure stated in Step I 0, and 
make the following modifications: 

• Change the node name from 
NODE0004 to TRAVIS. 

• In the Adapter tab, on page 1, 
select SD LC. 

• In the LAN tab, on page 1, 
select OS/2 requester. 
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• In the 3270 tab, on page 1, 
select emulator . 

• In the 3270 tab, on page 3, 
configure one 3270 non-DFT 
host session. 

• Select all supplemental 
response files. 

Notice that page 1 of the Data
base tab shows that Database 
server is selected. 

12. Change the name of the host 
node (NODE0003) to ALAMO. 

13. Double-click on NODE0002 to 
open its notebook. Change the 
node name to LONGHORN , and 
select the supplemental response 
files. (These files are defined by 
the user.) 

14. Copy the node LONGHORN by 
holding the Ctrl key and drag
ging the node icon. Notice that 
the new node name is NODE0005. 

The completed topology is 
shown in Figures 3, 8, and 9 in 
3270, LAN, and Database views 
respectively. 

15. Configure an application as 
follows: 

• Open the Apps container from 
the Start/2 primary folder. 

• Double-click on Sta rt/ 2 icon 
to open the object's notebook. 

• Complete the application pro
gram pages and the applica
tion resource requirements , 
and close the notebook. 

• Drag the Start/2 application 
object, and drop it on the 
AUSTIN node. This causes the 
applications to be installed on 
node AUSTIN. 

16. Draw the connections as follows: 

• In the LAN view, move the 
mouse arrow to the LONGHORN 
node, press and hold the 
mouse button, move the arrow 



to AUSTIN, and then release 
the mouse button. Repeat this 
for TRAVIS and N0DE0005. 

• Change to the 3270 view by 
clicking on the View pull
down on the Topology action 
bar and selecting 3270 from 
the menu. Then draw con
nection lines from nodes 
LONGHORN and N0DE0005 to 
node ALAMO. Notice that the 
line tag indicates LAN, the type 
of connection. 

• Open the topology notebook 
by selecting Open as 
settings from the Topology 
pull-down. Click on the 3270 
tab, select SDLC, then close it. 
This allows the default type of 
the 3270 connection to be 
changed. Draw a connection 
line between nodes T RAV I S 
and ALAMO. 

• Open the topology notebook by 
selecting Open as settings 
from the Topology pull-down. 
Click on the 3270 tab, select 
D FT, then close it. Draw a con
nection line between nodes 
AUSTIN and ALAMO. This uses 
the third type of 3270 connec
tion available in Start/2. 

• Change to the database view 
by clicking on the View pull
down on the Topology action 
bar, and selecting Database 
from the menu. Then draw 
connection lines from nodes 
AUSTIN, L0NGH0RN,and 
N0DE0005 to node TRAVIS. 

17. At this stage, the import files 
(from Step 1) can be dropped on 
the topology. This step is optional, 
depending on whether Step I was 
executed. The import files cre
ated in Step 1 can be dropped on 
another topology. In this example, 
no nodes have been migrated. 

18. Using the Edit pull-down on the 
Topology action bar, choose the 
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Figure 9. Network Topology in Database View 

Select all option to highlight 
all the nodes. Click on the 
Selected pull-down and select 
Mark supplemental; from this 
menu, select All of the above. 
This marks the selected nodes for 
the selected supplemental 
response files to be included in the 
response files generated by Start/2. 

19. Drag the topology and drop it 
onto the LCU Transformer. 
Response files are generated per 
node, per product. (LCU com
mand files are also generated.) 
Figure 7 shows details of the 
transformer status window. These 
files are stored according to the 
settings performed in Step 4. 

This concludes the involvement of 
Start/2 in generating the necessary 
response files for remote installation 
of software on the workstations in the 
network. These response files are 
accessed by the client workstation 
while the install program is execut
ing. The command files generated by 
Start/2 are executed by the LAN CID 
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Utility to automate the remote instal
lation and configuration process. 
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LAN Server 3.0: New Thresholds 
in High-Performance Network 
Software 
Steven French and Gary Hunt 
IBM Corporation 
Austin, Texas 

This article describes LAN Server 3.0, IBM's new high-performance net
work software product. LAN Server 3.0 includes a new 32-bit advanced 
server that exploits the power of OS/2 2 .0 and many new usability, pe,for
mance, and interoperability features. 

I 
BM's LAN Server (LS) 3.0 is an 
exciting new addition to IBM's 
family of network software prod-

ucts. Key new features include: 

• A new Advanced Server. When 
the Advanced Server was intro
duced in LAN Server 2.0, it repre
sented the state-of-the-art 32-bit 
server, running at the same privi
lege level as the OS/2 1.3 kernel. 
New 32-bit functions have been 
added to coincide with LAN Serv
er 3.0's support of OS/2 2.0. These 
include a cache larger than 16 
MB, improved memory virtualiza
tion techniques, 32-bit file system 
Application Programming Inter
faces (APis), and object-oriented 
implementations. 

• A new Peer Server. This new fea
ture in LAN Server 3.0 fills the 
gap between simple client and full 
server functionality. It allows 
OS/2 2.0 requesters to perform 
server functions for one requester 
at a time. The Peer Server is 
designed to support casual file and 
print sharing requirements. The 
number of drive connections is 
limited, which helps to reserve 
processing power for local client 
applications. In all other respects, 
however, the Peer Server is just 
like a full server. There is no limit 
on the connections that support 

remote interprocess communica
tions, and the Peer Server provides 
full support to distributed applica
tions running between peer clients. 
The Peer Server also supports LAN 
Server remote administration, and 
it enforces access control with 
user-level security and the full 
LAN Server access control model. 

• Additional DOS support for 
OS/2 2.0. This includes new DOS 
Virtual Device Drivers (VDDs) that 
support the IEEE 802.2 and IBM 
DOS LAN Requester (DLR) APis. 

In LAN Server 2.0, IBM offered a 
VDD for OS/2 2.0 that supported 
I NT 5C, the DOS software inter
rupt interface into the NetBIOS 
protocol stack. In LAN Server, vir
tualization of the OS/2 2.0 DOS 
box has been extended by provid
ing a VDD for the IEEE 802.2 
DOS software interrupt and for the 
DOS LAN Requester software 
interrupts, INT 2AH and INT 2FH. 
With these new VDDs, the OS/2 
2.0 DOS box can be configured as 
a full-function DLR client without 
the actual DLR code. This enables 
LAN-aware applications to run in 
the DOS box and to access LAN 
facilities implemented in the DOS 
2.0 client. For example, it supports 
the LAN-enabled features of 
Microsoft Windows 3.1 in the 
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OS/2 2.0 refresh, without the need 
for the full DLR client to be running. 

• Remote installation support. 
This provides both attended and 
response file-driven remote instal
lations of both Network Transport 
Services/2 (NTS/2) and LAN Server. 

• A "thin client." The reduced disk 
usage option allows the full-screen 
interface for LAN Server to be 
executed from a copy on a server. 

• Network Transport Services/2. 
This state-of-the-art network trans
port software is included at no 
extra charge, giving OS/2 clients a 
wide range of network adapters and 
protocols from which to choose. 
The improvements in NTS/2 in
clude enhanced multi-adapter 
support, enabling more than one 
network card in a single machine 
to be attached to single or bridged 
segment networks. Installation of 
complex network configurations 
has been simplified and perfor
mance has been improved. 

• Key fault-tolerance enhance
ments. These include mirroring 
the boot partition and mirroring 
without formatting. 

• New DOS LAN Requester func
tions. These include Microsoft 
Windows support for Double-Byte 
Character Set (DBCS) languages; 
Windows 3.1 support; improved 
installation, especially from within 
OS/2 2.0 DOS sessions; and a new 
Windows user interface. 

• Performance improvements. Im
provements are made throughout 
the OS/2 2.0, DOS, and Windows 
Requester programs, to exploit a 
hybrid connectionless extension to 
the IBM NetBIOS software. This 
dramatically improves the perfor
mance of many small network 
operations. 

• OS/2 2.0 Requester enhance
ments. These include better support 
for multiple adapters in bridged 



environments, full support for 32-
bit OS/2 file API calls, and a new 
API into the network Domain Con
trol Database (DCDB). 

• Systems management enhance
ments. These include SNAPDUMP 
and First Failure Support Technol
ogy (FFST) for easily capturing 
error information, System Perfor
mance Monitor/2 (SPM/2) for 
analyzing LAN server perfor
mance data, and enhancements to 
the systems management APis. 

All previous features of LAN Server 
2.0 are supported, including local 
security, fault tolerance, OS/2 remote 
boot, operator privileges, NetView
compliant generic alerter service, 
Uninterruptible Power Supply (UPS) 
support, graphical online help infor
mation and publications, easy-to-use 
LAN-aware Workplace Shell, Orig
inal Equipment Manufacturer (OEM) 
hardware support, and the best perfor
mance in the industry (see IAN Server, 
Netware and LAN Manager: Perfor
mance Benchmark Comparison). 

32-Bit Performance 
LAN Server 3.0 was a huge chal
lenge to produce since it came only 
six months after the release of the 
previous version. Development and 
design work began even before LAN 
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Server 2.0 was completed. A large, 
dedicated development group added 
tens of thousands of lines of code, 
and performed thousands of man-hours 
of testing on hundreds of computers. 

The center of attention for Version 3.0 
was the new 32-bit, high-performance 
network server software for OS/2 2.0. 
Forming the heart of the network, the 
32-bit server sets a new standard for 
performance in the industry. Designed 
to work with OS/2 2.0, the new server 
is fully 32-bit. It runs at the operating 
system level (ring zero) and supports 
up to 64,000 open files and up to 
8,000 active directory searches. With 
multiple network adapters, and 
depending on the workload and speed 
of the server hardware, the new server 
can support up to 1,000 clients. 

In Version 3.0, for the first time, LAN 
Server supports network server cache 
sizes greater than 16 MB, enabling 
the server to retrieve information more 
rapidly. A key performance enhance
ment was made to the server and re
quester software programs, so they 
could send small frames much faster 
and with much less overhead. Along 
with improvements to the file server 
came improvements to fault toler
ance, server trace and performance 
analysis, usability, and reliability. 
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Many improvements were made for 
programmers, including additions for 
error logging and analysis, hooks for 
SPM/2 performance analysis, IEEE 
802.2 and DLR API support while 
in OS/2 2.0 Virtual DOS Sessions, 
improvements to the User Profile 
Management (UPM) API, and a new 
set of API calls to access the impor
tant Domain Control Database. 

For Clients of All Kinds 
For OS/2 2.0, DOS, and Windows 
clients, more changes were made 
than can be listed in a short article. 
Some of the most exciting changes 
are described below. 

• LAN Server 3.0 has been shown 
in independent testing to be the 
highest performing network soft
ware program in the industry for 
OS/2, DOS, and DOS/Windows 
clients. A major rewrite of the 
DOS NetBIOS software has pro
duced huge performance savings. 
A key enhancement to both OS/2 
and DOS redirectors has signifi
cantly increased the performance 
of small read and write operations. 

The DOS enhancement involves 
combining NetBIOS and IEEE 
802.2 into a single, efficient pro
tocol stack. This enhancement was 
part of the OS/2 transport in LAN 
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Server 2.0. It is now available to 
DOS clients in LAN Server 3.0. 

The performance enhancement 
common to both DOS and OS/2 
clients is in the protocol stack 
level where guaranteed message 
delivery is enforced. NetBIOS has 
a guaranteed delivery interface, 
which LAN Server has employed 
in the past for data reads and 
writes. The highest level of the 
LAN Server protocol , Server Mes
sage Blocks (SMBs), has always 
had a protection mechanism to 
detect whether data reads and 
writes have been performed suc
cessfully. The performance enhance
ment in LAN Server 3.0 involves 
moving the responsibility for guar
anteed delivery from the NetBIOS 
level to the SMB level in the proto
col stack. Mechanisms also were 
added to revert to the old, more 
robust protocol structure if the con
nection between the computers is 
not sufficient to allow performance 
savings. 

• LAN Server 2.0 provided much
improved coexistence with Net
Ware, but key Open Data-Link 
Interface- (ODI-) to-Network 
Driver Interface Specification 
(NDIS) network drivers are further 
improved in Version 3.0. LAN 
Server 3.0 can run over NetBIOS 
for TCP/IP, and has improved its 
interoperability with Microsoft 
LAN Manager by supporting the 
LAN Manager 2.1 network dialect. 

As part of the LAN Server 2.0/ 
NetWare coexistence offerings, 
NetWare includes an NDIS-to
ODI network driver that allows 
LAN Server and its protocol stack, 
NTS/2, to communicate over OEM 
adapters that supported Novell's 
ODI specification. With LAN 
Server 3.0, users now can run 
Novell 's IPX protocol stack on IBM 
and OEM adapters that support the 
NDIS specification . Therefore, 
LAN users have more flex ibility 
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in choosing the network adapter 
that best meets their needs . 

With previous versions of LAN 
Server, multiple LAN segments 
could be connected using Medium 
Access Control- (MAC-) level 
bridges to support LS clients and 
servers. Users want to connect LS 
clients and servers on different 
LAN segments interconnected by 
Wide Area Networks (WANs). 
The protocol requested most often 
for WAN mutability is TCP/IP. 
Not only can LAN Server commu
nicate using TCP/IP, but since it 
supports multiple protocol stacks, 
it can communicate simultaneous
ly with local clients and servers 
(using native NetBIOS flows) and 
WAN-connected clients and ser
vers (using TCP/IP encapsulated 
NetBIOS). 

• More "applets" (miscellaneous 
useful application programs) have 
been included, and many changes 
have been made to improve their 
usabi lity. 

• Remote Initial Program Load 
(RIPL) for both OS/2 and DOS 
has been enhanced. 

• The publications and the exhaus
tive online references have been 
greatly improved. 

Future LAN Software 
Development 
Future networking software products 
that we expect to see from the IBM 
LAN development organization in 
Austin and other locations include 
the following: 

• An improved, high-performance, 
mu ltiprocessor version of IBM 
LAN Server 

• Apple® Macintosh client support 

• Changes to TCP/IP to improve its 
coexistence with LAN Server 

Long-range plans include support for 
the Open Software Foundation 's 
(OSF's) Distributed Computing Envi-
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ronment (DCE), and many changes 
to the requester and server programs. 

The LAN Server product will con
tinue to be enhanced, integrating 
OS/2, DOS, and Windows support, 
and providing superior performance, 
interoperability, and usability. IBM 
intends to keep LAN Server at the 
forefront of network software. 
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The Future of IBM LAN 
Network Management 
Sall ie Matlack 
IBM Corporation 
Research Triangle Park, North Carolina 

This article presents the trends and directions of the IBM LAN network 
management family of products. It is not about software systems manage
ment products; it discusses network management and specifically LAN 
media management. The article also describes the growing network 
management product relationships that should evolve over the next few 
years. 

I 
BM's goal is to provide integrated 
LAN network management from 
Net View, NetView/6000, and OS/2 

distributed systems management plat
forms. LAN network management 
provides management for open multi
vendor, multiprotocol, and multi
media environments. IBM products 
for network management (as of Sep
tember 1992) include the following: 

• LAN Network Manager Versions 
1.0 and 1.1 

• LAN Network Manager Entry 

• LAN Station Manager 

• S/370 and S/390™ NetView 

• AIX NetView/6000 

All these products work together to 
complement and strengthen the 
others' capabi Ii ties. 

The PS/2-based Distributed Systems 
Management (DSM) family will be 
evolving at the same time as the 
above products. This suite of products 
offers an open architecture running 
primarily on OS/2-based worksta
tions. One application that must be 
provided on this platform to support 
complete systems management is the 
network management facilities found 
in the products listed above. This 
article outlines the direction for this 
implementation. 

Figure 1 shows IBM Networking Sys
tems direction - how IBM's products 
fit together to provide a complete and 
rich set of network management plat
forms and applications. At the top of 
Figure 1 are IBM's three systems 
platforms. At the bottom are LAN 
components that must be managed. 
In the center is IBM's LAN Network 
Manager (LNM), presented as a 
"super agent" to the platforms. LAN 
Network Manager provides LAN ele
ment management on all three plat
forms, offering a choice for system 
and network management centraliza
tion. In Figure I, some lines emanat
ing from the media elements have 
arrows. The arrow denotes that it is 
IBM's intent to provide media manage
ment with LAN Network Manager in 
the near future. Lines without arrows 
denote that the element wi ll be man
aged by an application residing on 
one (or more) of the three platforms. 

Current Products 
LAN Network Manager Version I. I 
is one step in the evolution of IBM 
media management products whose 
increasing functionality will satisfy 
new requirements. These require
ments include the following: 

• A graphical interface for views of 
the network 
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• A scanned representation of the 
IBM 8230 Controlled Access Unit 
that clearly shows the plugged 
adapters and their active or 
disabled status 

• A command-line interface that 
enables local (from the LNM con
sole) or remote (from a connected 
NetView host) automation 

• An extended (over the function of 
LNM 1.0) command interface to 
enable complete management of 
the LAN network from NetView 

• User-specified local filtering of 
logged events 

• Printing of the event logs 

• Enhancements to the management 
of IBM 's 8209 Token-Ring to 
Ethernet/IEEE 802.3 bridge 

Program Temporary Fix (PTF) 
UR37165 was made available for 
LAN Network Manager 1.0 to sup
port two network configurations of 
token rings on the other side of the 
IBM 6611 Multiprotocol Router. 
LNM I. I addresses the following 
areas of management: 

• A token-ring segment containing 
an IBM 8230 Controlled Access 
Unit connected to another ring 
with LAN Network Manager 
installed, using the 6611-6611 
bridging function 

• A token-ring segment connected 
to a LAN Network Manager seg
ment via an IBM 6611 Multi
protocol Router and the IBM 
Token-Ring Bridge Program 2.2 
(with PTF UR3705 l) 

The second function is supported 
only if the special bridge PTF noted 
above was instaJled on the bridging 
workstation of the remote segment. It 
allows LNM to link to the far-side 
adapter of the bridge. In the first half 
of 1993, LAN Network Manager Ver
sion 1.1 will provide similar support 
for the IBM 6611 as the LNM 1.0 
PTF. IBM's direction is to provide 
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Figure 1. IBM LAN Management Direction 

this bridge support within the router, 
and to allow the router to appear as a 
virtual segment to LAN Network 
Manager. This would provide the 
same capabilities as LNM 1.0 has 
with the linking of an IBM bridge. 

LAN Station Manager (LSM) sup
ports its CMOL (Common Manage
ment Information Protocol or CMIP 
over the Logical Link Control or 
LLC) layer of the IEEE 802.2 stan
dard protocol interface to LNM 1. 1. 
Vital product data for both DOS and 
OS/2 workstations can be added to 
the LNM database. Management In
formation Base (MIB) attributes sent 
to LNM from LSM include physical 
configuration information such as the 
following. 

Managers 

Agents 

-

LAN Network 
Manager ·-

CAU Bridge 

• Adapter types in the workstation 

• Operating system type and version 

• Version of the LAN Station 
Manager code 

• Type and size of disk 

• Amount of memory installed 

• Token-ring primary or secondary 
adapter indication 

• Adapter address (universal or 
locally administered) 

• Functional or group address (for 
token ring) 

• Microcode level of token-ring cards 

• Ring utilization of the local token
ring segment 
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Administrators can add information 
to the LSM configuration file such as 
physical location of the workstation; 
display, printer, and keyboard types 
and serial numbers; and other user
defined data. The workstation's MIB 
is sent to LAN Network Manager on 
request to be stored in the manager's 
database. This allows host applica
tions to perform asset management 
and to generate reports for control
ling such items as back-level adapter 
cards or locations of DOS operating 
stations. 

LAN Station Manager, working with 
the 8230 Controlled Access Unit 
(CAU) and the LAN Network Man
ager 1.1 ( or LAN Network Manager 
Entry), provides a new level of LAN 



security to central sites. Through Net
View or from a controlling LAN Net
work Manager console, administrators 
can keep track of the location of 
LAN stations and control their access 
to the LAN. 

NetView Host as Manager 
of Managers 
Net View is the premier IBM solution 
for managing mixed Systems Net
work Architecture (SNA), Open 
Systems Interconnection (OSI), and 
Transmission Control Protocol/Inter
net Protocol (TCP/IP) multi vendor 
networks. It also is a focal point for 
collecting and correlating informa
tion from various distributed network 
management systems, including 
LAN Network Manager, AIX Net
View/6000, and the OS/2 distributed 
systems management platform prod
ucts. Today, a bidirectional flow of 
alerts and commands between LNM 
and NetView is supported through an 
SNA session (SSCP-PU link), giving 
NetView a central control capability. 

LAN Network Manager will con
tinue to provide the current interface 
to Net View, but in the future it will 
enrich the exchange of information 
with CMIP frames packaged within 
SNA packets, that is, Common Man
agement Information Protocol Over 
SNA. These frames will provide 
topology and network status not cur
rently available, so that an application 
under Net View can display both the 
physical and logical views of the LAN. 

NetView on the RISC 
System/6000 
AIX NetView/6000 extends the Net
View family of products by providing 
powerful management capabilities for 
devices communicating over TCP/IP 
supporting the Simple Network Man
agement Protocol (SNMP). The fea
tures announced in September 1992 
for this product include the following: 

• The industry-standard X Manage
ment Protocol (XMP) Application 
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Programming Interface (API) for 
application support based on the 
Open Software Foundation (OSF) 
Distributed Management Environ
ment (DME) technology 

• The Motif® user interface 

• SNMP APis which, when com
bined with the user interface, 
allow seamless integration of 
vendor and user applications 

• Open topo logy enablement for 
devices on networks other than 
TCP/IP to be managed 

These enhancements position AIX 
NetView/6000 as a platform for 
consolidating multivendor and multi
protocol network management. 

Beginning in 1993, IBM will roll out 
a rich set of network management ap
plications on the AIX NetView/6000 
platform. These include the 8250 
Hub Management Program (available 
in December 1992), and a LAN Man
ager app lication for the 8240 Fiber
optic Data Distribution Interface 
(FDDI) Concentrator and adapters. 
The IBM 6611 Multiprotocol Router 
also will be managed from Net
View/6000. To provide a complete 
package of LAN management appli
cations on the AIX NetView/6000 
platform, IBM plans to offer a con
solidated network view of the user's 
LAN media. This wi ll include the 
SNMP devices mentioned previously 
and the token rings (including IBM's 
bridges and concentrators) as current
ly managed from the console of 
IBM's OS/2-based LAN Network 
Manager (or from NetView). This 
will be supported through a feature in 
LAN Network Manager and a new 
NetYiew/6000-enabled application 
that interfaces with this feature. 

LNM and Distributed 
Systems Management 
IBM 's distributed systems manage
ment product family allows adminis
trators to choose the centralized 
platform for network and systems 
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management. Both the OS/2-based 
distributed systems management 
family and AIX NetYiew/6000 will 
offer XMP APis and user interfaces 
as well as multiprotocol support. IBM 
Manage/2 Version 1.0 runs on OS/2 
2.0-based workstations. IBM has 
announced a suite of related products 
including agent applications that can 
collect systems management informa
tion from workstations running OS/2 
2.0, DOS 5.0, and DOS 5.0 with Win
dows 3.1. The logical complement to 
the operating systems and software 
management is network management 
applications that can run on the PS/2 
platform to support these same agent 
workstations. 

Initially, LNM must run on the same I 
workstation as Manage/2 to have the 
appearance of coexistence. There is no 
interfacing or sharing of resources. 
The next step is for LAN Network 
Manager to feature a CMIP proxy 
that will interface with the OS/2 prod-
ucts to provide topology and network 
status information. This will give 
View/2 a consolidated view of both 
the physical and logical networks. 

LAN Network Management 
Product Direction 
IBM's network management strategy 
is to continue to support either cen
tralized or decentralized network 
management independent of the 
operating system platform. 

With the current user investment in 
the OS/2-based LAN Manager and 
LAN Network Manager products, 
and with the requirement for a cen
tral console management approach to 
network management, the next logi
cal step in the evolution of LNM is to 
provide interface support from this 
product that will move its database 
information on request, and send its 
alerts to the user's platform of choice. 

LAN Network Manager will offer 
features that provide LNM manage
ment domain interfaces to the distrib-



uted management platforms (NetView, 
AIX NetView/6000, or the OS/2-
based distributed systems manage
ment family). There also will be 
enhancements to the LAN media view 
at NetView and a NetView/6000-
enabled application that can exploit the 
new interface to the LNM-managed 
domains of token rings, IBM bridges, 
and concentrators. 

Expanding the Station 
Management Domain 
IBM, Digital Equipment Corpora
tion, and Hewlett-Packard joined the 
Desktop Management Task Force 
(DMTF) in July 1992 teaming with 
the original charter members - Intel, 
Microsoft, Novell, SunConnect®, 
and SynOptics® Communications. 
DMTF's objective is to develop a 
unified method for gathering infor
mation and managing components 
within PC workstations. The group 
is focusing on two primary areas of 
development. The first is to construct 
an API to facilitate a common 
method of accessing PCs on the LAN. 
The second is to define a simple way 
for software and hardware developers 
to allow their products to be man
aged by applications calling the APL 

IBM 's LAN Station Manager is the 
first product to use the new Hetero
geneous LAN Management (HLM) 
protocol for exchanging information 
between agents and managers over 
the LLC layer of the IEEE 802.2 
standard. The source code of the HLM 
kernel, which is contained within 
LAN Station Manager, is being 
marketed by IBM to other vendors. 
Another IBM implementation of the 
HLM kernel will be within the agent 
platform of the IBM PS/2 distributed 
systems management family. IBM's 
DOS and DOS+Windows agent 
schemes will be supplemented to sup
port industry standards as they con
tinue to evolve. IBM also is actively 
pursuing making HLM/CMOL an 
integral part of the DMTF referenced 
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IBM LAN Network Management Direction 

September 1992- IBM's goal is to provide integrated LAN network 
management from NetView, NetView/6000, and OS/2 distributed systems 
management platforms. 

The next versions of LAN Network Manager will provide the media 
management functions of LAN Network Manager Version 1.1 on PS/2s 
and OS/2-based workstations, plus feature an SNMP and a CMIP agent 
for other management platforms. LAN Station Manager will continue to 
provide station management through LAN Network Manager. 

During the same time, IBM also will introduce a set of applications on 
the AIX NetView/6000 platform that will take advantage of the support 
offered by the LNM proxy agent. This will provide a single point for 
LAN media management and SNMP-managed devices on the Net
View/6000 platform, including the IBM 8250 Intelligent Hub and FDDI, 
including the IBM 8240 FDDI Concentrator. 

implementation. IBM will demon
strate the DMTF in the spring of 
1993. 

HLM/CMOL (IEEE 802.1 B) allows 
MIBs to be transported on protocols 
other than IEEE 802.5 (the 1992 im
plementation). The network manage
ment strategy not discussed so far is 
the obvious challenge to expand the 
LAN Network Manager domain of 
workstation management by develop
ing a LAN Station Manager for other 
media. The two obvious possibilities 
are Ethernet and FDDI. IBM intends 
to carry workstation management 
first into the IEEE 802.3/Ethemet LAN. 

Conclusion 
The following summarizes the major 
points regarding IBM's LAN Net
work Management: 

• There will be three IBM platforms 
of choice: NetView, AIX Net
View/6000, and the PS/2 DSM 
product family. 

• All three platforms will evolve into 
complete managers of networks. 

• NetView will remain the strongest 
contender for manager of both 
physical and logical networks -
particularly in the Advanced Peer-
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to-Peer Networking (APPN) arena 
- with the other two platforms 
optionally feeding their informa
tion to the mainframe host. 

• CMIP is still IBM's protocol of 
choice in managing LANs. 

• IBM's LAN Network Manager 
will be the LAN media manager 
underneath all three platforms. 

• Applications will be provided to 
bring the controlling, graphically 
presented network management of 
LNM up to both the AIX Net
View/6000 platform and the OS/2-
based DSM platform (although 
these functions will not roll out in 
parallel). 

Sallie Matlack is a consulting 
market support representative in 
Network Systems and Manage
ment, Services and Support, in 
lBM Research Triangle Park, 
North Carolina. She joined IBM 
in 1967 after earning a BS in 
mathematics from the University 
of South Carolina. Sallie has 
spent most of her career with IBM 
as a development programmer in 
a marketing headquarters group 
doing custom development work. 
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Understanding and Using 
the Workplace Shell 
Rob Talley 
IBM Corporation 
Dallas, Texas 

This article is a follow-up to the author's article, "The OS/2 Workplace 
Shell," which appeared in the April 1992 issue of this publication. That 
article discussed many exciting features of the OS/2 2.0 Workplace Shell. 
This article provides some suggestions for customizing your desktop to 
exploit these features. 

T 
he OS/2 2.0 Workplace Shell 
(WPS) is a fourth-generation 
user interface that is easy to 

work with and has tremendous capa
bilities. It allows users to work the 
way they want to work. Object orien
tation makes Workplace Shell easy to 
use. WPS was designed to recognize 
the importance of everyday work -
documents, spreadsheets, and charts 
in data files on a computer - so that 
users can create objects that reflect 
the way they do their jobs. 

On the OS/2 2.0 Desktop, items such 
as programs, files, printers, docu
ments, and letters are called objects. 
These objects appear on the screen as 
pictures, or icons. OS/2 classifies 
objects into the following types: 

• A data-file object contains informa
tion. Examples include text files, 
spreadsheet data, memos, letters, 
documents, image files (drawings), 
video, and sound. 

• A program object represents an 
executable program file. Examples 
include word processors, text edi
tors, terminal emulators, spread
sheets, and games. 

• A device object represents a physi
cal system component. Examples 
include printers, disk drives, and 
CD-ROM devices. 

• A folder object is a container for 
other objects. When one folder 
contains another folder, the second 
folder is called a subfolder. Expe
rienced OS/2 l .X and M icrosoft 
Windows users can think of a 
folder as similar to a group, al
though folders have more func
tions than groups. A folder also is 
similar to a directory, and a sub
folder is similar to a subdirectory. 

Organization of the Workplace 
Shell Desktop 
OS/2 2.0 Workplace Shell's Desktop 
is where users interact with the oper
ating system. It is a special fo lder 
that fills the entire screen and con
tains all other folders and objects. Let 
us look at how the Desktop is repre
sented on the computer. 

On the Desktop, locate the OS/2 Sys
tem folder. Place the pointer on it 
and double-click with mouse button 
1 to open the fo lder. Inside the OS/2 
System folder, open the Command 
Prompts folder in the same manner. 
Next, open the OS/2 Window icon to 
bring up a windowed OS/2 command 
prompt. At the OS/2 command 
prompt, type DI R / N and then press 
Enter to list files in the root directory 
of the drive where OS/2 is installed. 
The / N switch shows the size of a 
file's Extended Attributes (EAs) on 
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a File Allocation Table (FAT) drive. 
EAs are displayed automatically with 
a DI R of a drive that was formatted 
with the High-Performance File 
System (HPFS). 

For this article, assume that the 
default drive, C:, is a FAT drive and 
that all file and directory names con
form to the standard 8.3 naming 
convention. The term 8.3 means that 
eight characters is the maximum 
length for a file name, and three char
acters is the maximum length for the 
extension. (If your system uses an 
HPFS drive as the default drive, you 
can use and view long file names.) 

The Desktop is represented on the 
physical drive directory 
C: \OS! 2_ 2. O_ D. (Note that the direc
tory name includes a three-character 
extension (O_ D) that conforms to the 
8.3 naming convention for FAT file 
systems.) 

If the drive had been formatted using 
HPFS, its directory name would be 
OS!2 2.0 DESKTOP. (The/character 
is changed to ! on the drive because 
OS/2 does not allow using / in a file 
or directory name.) If a long file 
name contains one or more blank 
spaces, enclose it in quotes when 
using commands; for example: 

CD \"OS!2 2.0 DESKTOP" 

Inside the \OS! 2_ 2. O_ D directory 
( on the FAT system), there are subdir
ectories that represent all container 
objects on the Desktop. For example, 
the Desktop has a system folder called 
OS/2 System. This folder is repre
sented physically on a FAT drive as 
subdirectory \OS! 2_ 2. O_ D\OS ! 2_SYS. 
(Since there is no period (.) delimiter 
within the object's name, the subdir
ectory name is truncated after eight 
characters.) The OS/2 System folder 
on the Desktop has other folders 
inside that are represented as sub
directories within the \OS! 2_ SYS 
subdirectory. 

I 
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El • 11 . . 
The uolume label in driue Eis DOS-APPS. 
The Uolume Serial Humber is 24AC:4014 
Directory of E:\08!2_2.0_D 

10-12-92 9:08p <DIR> 0 
10-12-92 9:08p <DIR> 0 

TEMPLATE 10-09-92 12:58p <DIR> 5214 
4-25-92 3:43p <DIR> 3988 IHFORMAT 
6-09-92 3:59p <DIR> 1356 DOS PROC 
4-25-92 3:43p <DIR> 363 HEHIORK 
4-25-92 3:43p <DIR> 4592 08!2 SYS 
4-25-92 3:43p <DIR> 357 MIHifiUZE 
6-09-92 3:59p <DIR> 1303 PROCRAf!lf!I 
4-28-92 2:19p 0 218 DATA FIL 
6-09-92 3:59p <DIR> 472 08!2-PRO 

10-09-92 12:59p <DIR> 1189 lJIH PROC 
10-12-92 8:10p <DIR> 495 PROITUCTI 
10-09-92 2:40p <DIR> 368 FOLDER 
6-11-92 11: 05a <DIR> 445 LAH SERU 
6-11-92 11: 05a <DIR> 398 USER_PRO 

16 file(s) 0 bytes used 
10201088 bytes free 

CE:\08!2 2.0 01 

Figure 1. 0S/2 Command Prompt with Directory of Desktop 

Looking under the Hood 
To better understand what is under 
the "hood" of the Workplace Shell, 
first create some new objects. Then 
look at what is happening in your 
OS/2 2.0 system. 

Using a template is the best way to 
create new objects in OS/2 2.0. 
Double-clicking on the Templates 
icon opens the corresponding folder 
and reveals several default templates 
that can be used to create your own 
objects. Think of each template as a 
tear-off pad of blank objects. To use 
one, simply place the pointer over the 
template you want to use, "grab" it 
using mouse button 2, and drag it to 
the location where you want to create 
a new object. 

Data Files 
Of all object types, data files are the 
easiest to explain. 

Drag a Data-File template from the 
Templates folder to the Desktop. 
(Use mouse button 2 to drag objects.) 
This action creates an object that 

resembles a sheet of paper with one 
comer folded over. By default, this 
new object's name is Data File. 

From the OS/2 command prompt and 
from within the \OS! 2_ 2. O_D direc
tory, use the DI R / N command to 
view the subdirectory structure that 
is shown in Figure 1. In Figure 1, 
notice that there is a file (with a size 
ofzero bytes) called DATA_ FI L. 
Next, return to the Desktop and name 
this data file by using direct name
editing feature. To do this, place the 
mouse pointer over the name of the 
Data-file object (named Data File 
because you just created it). Press 
and hold the Alt key, then click 
mouse button 1. This changes the 
name area to an entry field that you 
can edit. Type My Data Fi 1 e as the 
new name for the data file, then 
move the mouse pointer from the 
name field and click mouse button 1. 

Return to the OS/2 command prompt 
and again use the DIR / N command. 
The physical name of the file has 
changed from DATA_ FI L to MY _ DATA_. 
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Folders 
Drag a Folder template from within 
the Templates folder to the Desktop. 
This action creates an object that 
resembles a manila folder. By 
default, this new object is named 
Folder. View the \OS! 2_2. O_D direc
tory again and notice a subdirectory 
called \FOLDER, which is the new 
one just created. 

Rename the folder to My Folder 
using the name-editing feature dis
cussed previously. Viewing the file 
structure in the \ 0 S ! 2_2 . 0 _ D direc
tory reveals that the \FOLDER sub
directory has been renamed to 
\MY_ FOLDE. The subdirectory name 
has been truncated to eight characters. 

Program Objects 
Program objects are more compli
cated than folders and data files. 
Looking inside the Information 
folder, you will see a README data
file object, the Tutorial, Glossary, 
Command Reference, and REXX 
Information objects (assuming that 
you chose to install all these options). 
However, entering the DIR command 
from within the C: \OS! 2_ 2. O_D\ 
INFO RMAT subdirectory gives the im
pression that there is nothing inside 
the subdirectory. This is because the 
READM E object is actually a shadow 
of the README file that is located in 
the root directory of drive C:. The 
shadow is created within the EAs of 
the \INFORMAT subdirectory. These 
EAs contain information pointing to 
the README data file. In Figure 1, the 
\INFORMAT subdirectory has 3,988 
bytes of EAs. 

In FAT file systems, EAs are stored 
in a hidden system file in the root 
directory of each FAT partition. The 
file's name is EA DAT A. SF (note the 
blank spaces in the file name and ex
tension). The Workplace Shell also 
uses EAs to store information about 
the Desktop setup. These attributes 
are stored in another hidden system 
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file , WP ROOT. SF, which is located in 
the root directory. 

The icons created for system objects 
actually reside in the OS2. IN I file . 
They are created during the installa
tion of OS/2. Pointers to these icons 
are part of the data stored in EAs of 
the directories and subdirectories. 

"Drop" a Program template onto the 
Desktop. The Settings view of the 
object automatically opens, enabling 
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you to type in the program's path, 
file name, and other parameters. 
Close the Settings notebook without 
updating the program information. 
Note that this new object is called 
Program. 

This new program object will not be 
found in the \OS! 2 2. 0 D subdirec
tory . That is because this object and 
its settings are located in the EAs of 
the \OS ! 2_ 2 . O_ D subdirectory. 
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The EAs do not necessarily grow 
each time a new object is added to 
the Desktop, because space for the 
EAs is allocated as a predetermined 
number of bytes. As this area is 
filled, another empty block of bytes 
is added to the EAs. 

Device Objects 
All information regarding Device 
objects, such as the Printer object or 
Drive object, is stored in the 
OS2 . INI file, OS2SYS. INI , or in 

I 
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~JD J ~ Drives - Icon View 

C: 60,010 KB free, 122,622 KB total 
~-~ 

[a Drive C\OS/2 2.0 Desktop D I DI Dl 

I=---~ IBMCOM 

Q WP'MIN 

0 IBMLAN 

0 SPOOL 

0 PSFONTS 

CJ os2 

Figure 2. Relocating the OS/2 2.0 Desktop 

EAs. For example, the printer object 
information is stored in OS 2 . I NI. 
Other printer information, such as the 
port and queue to which the printer is 
attached, is located in OS 2 SYS . IN I. 

Notebook settings for Drive objects 
are stored in EAs that are associated 
with the \OS! 2_ 2. O_ D\OS ! 2_ SYS\ 
DRIVES subdirectory. Notebook set
tings for the Drive C object are 
stored in WP ROOT. SF, a hidden sys
tem file located in the root directory 
of drive C:. The settings for each 
Drive object are stored in the Drive 
object'sowncopyofWP ROOT. SF 
located in the root directory of the 
drive represented by the Drive object. 
Icons for Drive objects, however, are 
stored in the OS2SY S. IN I file. 

Performance Implications 
Almost everything created on the 
Desktop is created physically on the 
default drive where OS/2 is installed. 
In a constrained environment, when 
the default drive is filling up, you 
may want to avoid placing more data 
on it. For example, you can create 
new folders that will contain many 

DriveH DriveG Drive F Drive E 

~ ~ a D I - ol 
Drive D [!Im! Duve E: DriveA 

J 

data files by dropping the Folder 
template onto the appropriate Drive 
object rather than onto the Desktop. 
Then you can create shadows of your 
data on the Desktop or in a folder on 
the Desktop, using techniques pre
sented in the April 1992 article. 

Using a Second Drive 
Sometimes it makes sense to have all 
data and objects appear directly on 
the Desktop, even though the default 
drive is constrained by its size. In this 
situation, you can relocate the Desk
top to another logical (or physical) 
drive. To do this , open the Drive 
object located in the OS/2 System 
object. Open the default drive by 
double-clicking on the appropriate 
Drive object (normally Drive C:). 
Next, move the open Drive object so 
that you easily can see both the open 
default drive window and the open 
Drive object, as shown in Figure 2. 
Place the pointer over the Desktop 
object on the default drive. Press and 
hold the Alt and Shift keys, and then 
press and hold mouse button 2. Drag 
the Desktop object to the Drive ob
ject where you want to relocate the 
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Desktop (Drive E: in Figure 2) and 
release mouse button 2 and the key
board keys. This action moves the 
Desktop folder to the new drive. 
After the process is complete, you 
can see the Desktop object disappear 
from the default drive and appear on 
the second drive. From now on, all 
items created on the Desktop will ac
tually be created on the second drive. 

Remote Initial Program Load 
Moving the Desktop to another drive 
may also improve performance when 
dealing with Remote Initial Program 
Load (RIPL) systems that have a 
local drive on the remote worksta
tion. As objects are manipulated on 
the Desktop, the WPS updates the 
OS2. IN I file to reflect the current 
location and state of each object on 
the Desktop. In a RIPL workstation, 
these updates must be transmitted 
across the network, which slows 
down the response time of the WPS. 

Suppose a RIPL workstation is orig
inally defined (using the LAN full
screen interface) as USERl. To obtain 
better response time from the WPS 
on a RIPL workstation, perform the 
following steps: 

1. Using the procedure outlined 
above, at the workstation, drag the 
Desktop from Drive C: , which is 
physically located on the RIPL 
server, to Drive D: on the work
station. This action affords better 
response time, but there will still 
be the overhead of writing small 
blocks of data to update the 
OS2. IN I file on the server. 

2. Shut down the RIPL workstation 
and tum off its power. If the 
power is not turned off after shut
down, there is still an open session 
linking the workstation with the 
RIPL server. The RIPL code 
within the server continues to 
behave as though OS/2 is active 
within the USERl subdirectory, so 
the OS 2 . I NI and OS 2 SYS . I NI 



files on the server remain open. 
You cannot copy them. 

3. At the command prompt on the 
RIPL server, use the CD command 
to change the directory to reflect 
the following path: 

CD \IBMLAN\RPLUSER\USER1\DS2 

Here, USERl is the name of the 
RIPL workstation. 

4. Copy the DS2 IN I. 20 file to 
0 S 2 . I NI, and copy OS 2 S YI NI . 2 0 
to OS2SYS. INI as shown in 
Figure 3. 

The OS2INI .20 and OS2SYINI .20 
files are the initialization files that 
are used for each individual RIPL 
computer. By changing the names 
of these files, the RIPL worksta
tion's CONFIG.SYS can recognize 
the files. 

5. Reboot the RIPL workstation, 
open an OS/2 window, and create 
a directory called \MYOS2 on the 
requester ' s local hard drive (D:) 
by entering the following: 

MD D: \ MYOS2 

6. Copy the OS2. IN I and 
OS2SY S . IN I files from the root of 
drive C to the D: \MYOS2 directory, 
as follows: 

COPY C:\OS2*.INI D:\MYOS2 

7. On the RIPL server, edit files that 
are located in the 
\ IBMLAN\RPL \ FITS and 
\ IBMLAN\RPL\MACHINES\ 
reque s tername subdirectories . If 
the requestername is USERl , do 
the following: 

• Edit the \IBMLAN\RPL\FITS\ 
USERl. FIT file . Use a semi
colon to comment out lines that 
point to the location of the 
0 S 2 . I NI and OS 2 SYS . IN I files 
as shown in Figure 4. For ex
ample, the server name could 
be DALLAS. 
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COPY 0S2INI.20 D: \IBMLAN\RPLUSER\USERl\0S2.INI 
COPY 0S2SYINI.20 D: \IBMLAN\RPLUSER\USER1\0S2SYS.INI 

Figure 3. Copying Files 

;C:\0S2\0S2.INI\\servername\WRKFILES\USER1\0S2\0S2INI.20 
;C:\0S2\0S2SYS . INI\\servername\WRKFILES\USER1\0S2\0S2SYINI.20 

Figure 4. Editing the \JBMLAN\RPL\FITS\J.JSER1 .FIT File 

• EdittheCONFIG.20filelocated 
in the \IBMLAN\RPL\ 
MACH IN ES\ US ERl subdirectory. 
Change the fo llowing lines: 

from: 

SET USER_ INI-C:\OS2\0S2.INI 
SET SYSTEM_ INI=C:\OS2SYS.INI 

to: 

SET USER INl=D:\MYOS2\0S2.INI 
SET SYSTEM_ INI-D:\MYOS2\0S2SYS . INI 

8. Reboot the RIPL workstation. At 
this point, the workstation is using 
theOS2 . INI andOS2SYS.INI 
from the RIPL workstation's local 
hard drive. 

Now all updates to the Desktop occur 
locally and do not require access to 
the RIPL server. The result is im
proved user response time from the 
Workplace Shell. 

Backing Up the Desktop 
The key to maintaining a backup of 
the Desktop for disaster recovery 
situations lies in maintaining a copy 
of the proper directory structure in
cluding all EAs, and keeping copies 
of the latest CON FIG. SYS. OS2 . IN I, 
and OS2SYS . IN I files. By not mak
ing periodic backups of these crucial 
files , you risk losing all customiza
tion to OS/2 since installation. 

Originally, these files were copied 
into the \0S2\INSTALL subdirectory 
during the OS/2 installation process. 
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After customizing the Desktop, keep 
backup copies. The OS/2 lnstallation 
Guide (84F8464, packaged with 
OS/2) outlines processes for making 
backup copies of these (customized) 
critical files . You can directly back 
up the files into the \ OS2 \INSTALL 
subdirectory (overlaying the previous 
files) during system boot, or you can 
periodically copy the backed-up 
. INI files into the \OS2\INSTALL 
subdirectory. The risk of not backing 
up the Desktop periodically is that 
you may lose recent updates if your 
. IN I files become corrupted. 

After copying the customized files 
into the \OS2\INSTALL subdirectory, 
you can restore them to their proper 
locations. To do this, restart the sys
tem and then press the Alt and Fl 
keys simultaneously while the system 
is rebooting. (For more information, 
see the README file in the root direc
tory of the default drive.) This process 
copies the OS2. INI and OS2SYS. INI 
files from the \OS2\INSTALL subdir
ectory into the \OS2 directory, copies 
the CON FIG. SYS file into the root 
directory of the default drive, and 
renames the STARTUP. CMD file to 
STARTUP. BAK. 

To protect the Desktop completely , 
also keep a backup copy of the 
C: \OS! 2_ 2. O_ D directory . Although 
the BACKUP utility allows backing up 
this directory , it did not back up 
empty directories in the initial release 
of OS/2 2.0. As a result, some objects 

I 



on the Desktop were not backed up. 
BACKUP has been fixed in the first 
ServicePak (XR06055) for OS/2 2.0. 
With the ServicePak installed, you 
can back up the Desktop directory 
using the following procedure: 

1. Boot from the OS/2 installation 
diskette and insert diskette 1 when 
prompted. 

2. Escape from the installation 
program when prompted. 

3. Enter one of the following com
mands from the command prompt 
in a FAT drive: 

BACKUP 0S12_ 2.0_ D A: /S 

For an HPFS drive enter the 
following: 

BACKUP "05!2 2.0 DESKTOP" A: VS 

4. Use XCOPY to back up the 
0S2.INI and0S2SYS.INI files: 

XCOPY C:\OS2\*.INI A: 

To restore the Desktop, perform 
Steps 1 and 2 above, and then 
enter the following commands in a 
FAT drive: 

RESTORE A: C:\OS!2_ 2.0_ D /S 
XCOPY A:\*.INI C:\OS2\*.* 

Enter the following for an HPFS 
drive: 

RESTORE A: C:\S 
XCOPY A:\*.INI C:\OS2\*.* 

If the ServicePak is not installed and 
the system is installed on a FAT 
drive, use XCOPY to copy the contents 
of the OS! 2_ 2. O_ D directory to dis
kette. If the system is installed on an 
HPFS drive, use XCOPY to back up 
the Desktop to another HPFS drive . 
This backup can be done as follows: 

1. Boot from the OS/2 installation 
diskette and insert diskette 1 when 
prompted. 
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2. Escape from the installation pro
gram when prompted. 

3. Enter the following commands 
from the command prompt: 

XCOPY C:0S2!2.0_D A:\0S2!2.0_0 /E /S 
XCOPY C:\0S2\*.INI A: 

To restore the Desktop, perform 
Steps 1 and 2 above, then enter the 
following commands: 

XCOPY A:\0S2!2.0_D C:\0S2!2.0_0 / E /S 
XCOPY A:\*.INI C:\0S2\*.* 

To simplify the above procedure, 
include the fo llowing line as the last 
line in the CONFIG.SYS file: 

CALL=C : \OS2\CMD.EXE 

OS/2 2 .0 has pop-up 
menus for each folder 
and object, including 

the OS/2 Desktop 
itself. 

This causes a full-screen command 
processor to be loaded after OS/2 has 
started, but before Presentation Man
ager and the Workplace Shell are 
loaded. At this point, none of the 
. IN I files or system files are in use, 
so now complete Step 3 above. After 
completing your backups , type EXIT 
at the command prompt. This closes 
the full-screen command processor 
and enables the system to continue to 
boot. Later, bring up your editor and 
place the characters REM in front of 
the CALL= statement. The next time 
you boot the computer, the full-screen 
command processor will not start. 

Customizing Your 
Startup Options 
The Workplace Shell saves all changes 
to objects. Some changes are saved 
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immediately as you make them and 
others are saved when the object is 
closed. This preserves the look of the 
Desktop and enables you to bring up 
the system in the same state as when 
it was previously shut down. This be
havior is convenient for many users. 
However, others prefer to start their 
OS/2 system with a predetermined 
status, regardless of which applica
tions were running when they last 
shut down. 

To customize the startup of the sys
tem, add the following line to the 
CONFIG.SYSfile: 

SET 
RESTARTOBJECTS-STARTUPFOLDERSONLY 

(This parameter and others are docu
mented in the \README file installed 
in the root of the boot drive by the 
ServicePak.) Place a shadow of any 
Program objects that you want to 
start automatically into the Startup 
folder located in the OS/2 System 
folder. To create a shadow of an ob
ject, first place the pointer over the 
object, then press and hold mouse 
button 2. Next, press and hold both 
the Ctrl and Shift keys while drag
ging the object to the location where 
you want the shadow placed. (Note 
the line connecting the original ob
ject to the shadow object that you are 
dragging.) When you have placed the 
shadow object where you want it, 
release mouse button 2 first, then 
release the Ctrl and Shift keys. You 
now have created the shadow. The 
gray (default color) text under the 
shadow object identifies it as a 
shadow. 

Now your system starts only the pro
grams that you have shadowed in the 
Startup folder. 

Adding Programs to 
Your Menus 
OS/2 2.0 has pop-up menus for each 
fo lder and object, including the OS/2 



Desktop itself. A pop-up menu is a 
context menu - it contains the actions 
and choices available for the specific 
type of object and reflects the current 
"state" of the object. You can cus
tomize these menus by adding other 
entries of your own. 

Suppose you want to add the Calcu
lator utility to the pop-up menu for 
the OS/2 System object. (This makes 
it easy to start the Calculator directly 
from the Desktop without having to 
open several folders to find the Cal
culator program object.) First, open 
the Settings notebook for the OS/2 
System object by placing the pointer 
over that object and clicking once 
with mouse button 2. Now press the 
action arrow on the Open Menu item 
and select the Settings item. Next, 
select the Menu tab to bring up the 
Menu Settings page, as shown in 
Figure 5. 

To create an action item in the OS/2 
System object' s pop-up menu, select 
the Create Another pushbutton lo
cated on the Available Menus section 
of the page. This action causes a 
Menu Settings pop-up window to dis
play. Enter the name (for example, 
My Utilities) that you want to appear 
in the pop-up menu. 

Notice the Menu Type area with two 
radio buttons: Cascade menu and 
Conditional Cascade menu. These 
buttons enable you to determine the 
behavior of this menu selection. 
Before leaving this screen, select 
which type of menu to create. 

The difference between a Cascade 
menu and a Conditional Cascade 
menu needs explanation. If you click 
mouse button 1 on the arrow button 
to the right of My Utilities in the 
OS/2 System pop-up menu, the 
Conditional Cascade menu shown in 
Figure 6 appears to the right of the 
pop-up menu. A Conditional Cascade 
menu always has a default action , 
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Figure 5. Adding Programs Using the Menu Settings 

which is the top choice in the list. 
You can override this choice by set
ting the default action from within 
the Menu Settings pop-up menu 
shown in Figure 5. In Figure 6, al
though the top choice is Calculator, 
Monthly Planner is the default action, 
so the Monthly Planner choice has a 
check mark next to it. A Conditional 
Cascade menu is displayed only if 
you select (using mouse button 1) an 
arrow pushbutton next to the title of a 
selection in the pop-up menu. If you 
select the title itself, the default 
action starts immediately. 

In contrast, a Cascade menu appears 
when you select a choice in the pop
up menu that has no corresponding 
arrow button. Unlike a Conditional 
Cascade menu, a cascade menu has 
no preselected or default action. You 
must specifically select which action 
to take. 

After creating the new menu item for 
My Utilities, its name appears in the 
Available Menus list box. Select this 
item by placing the mouse pointer 
over the name in the list box and 
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pressing mouse button 1. Now select 
the Create Another pushbutton lo
cated in the Actions on menu: My 

Utilities section of the page. This 
action causes a Menu Item Settings 
pop-up window to appear. In this 
window, notice the two entry fields. 
Enter the name that you want in the 
Cascade menu that appears whenever 
My Utilities is selected from the 
OS/2 System pop-up menu. The next 
field represents the actual name of 
the executable file you are using or 

I 
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the Program object that represents 
the executable file on the Desktop. 

l Qk 

If you have customized the Program 
objects to modify the behavior of the 
program, locate the Program object 
instead of the executable file. To do 
this , select the Find Program push
button in the Menu Item Settings win
dow. This action brings up a pop-up 
window with a data field called 
Folder: and an entry field called 
Name:. There also is a list box that 
displays various types of objects to 
locate. Scroll through this list box 
and notice that Program has been 
selected already. 

Now select the Locate pushbutton. 
This action displays a Locate Folder 
window (shown in Figure 7) that 
allows you to change the folder or 
drive where the search starts. Since 
the program object you want is 
defined as an object on the Desktop, 
choose the Desktop tab. Now scroll 
the displayed tree view of the Desk
top and select the folder that contains 
the program object. In the example, 
Calculator is located within the 

Cancel I Help 

Productivity folder inside the OS/2 
System folder. Now select the OK 
pushbutton. This action returns you 
to the Find pop-up window. Here 
radio buttons let you select whether 
to search all subfolders or just the 
folder where the search begins. After 
you press the Find button, a Find 
Results window appears, displaying 
all Program objects in all folders and 
subfolders on the Desktop. 

Locate the Calculator icon by scroll
ing through the Find Results win
dow. Select the Calculator icon with 
mouse button 1, then press the OK 
pushbuttons in both the Find Results 
window and the Menu Item Settings 
window. At this point, the menu 
items have been created, and you can 
close the OS/2 System Settings note
book. The Calculator utility now can 
be started from the OS/2 System 
pop-up menu by selecting the My 
Utilities button in the menu. 

Other applications can be set up sim
ilarly. The object itself is passed as a 
parameter to any executable program 
that you place in the object's pop-up 
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menu. If you start an application that 
accepts a command-line parameter, 
the application may indicate an error 
when trying to open anything other 
than a Data-file object. (This may 
cause problems with the application.) 
In addition, some applications, such 
as Solitaire and the OS/2 Enhanced 
Editor, use their own . IN I files. 
When starting one of these applica
tions the same way that Calculator 
was started in this scenario, a new 
. IN I file can be created on the Desk
top, or you may receive an error mes
sage saying that a file could not be 
opened. These error messages, how
ever, do not affect the application. 
A void creating the . IN I file on the 
Desktop by adding a path to the 
Working Directory entry field in the 
Settings notebook for the application 
that you are adding to the menu. 
Then the . IN I file is created in the 
specified working directory. 

Using Data Files 
Suppose you want to use Word
Perfect® for Windows as your edi
tor for a Data-file object named 
FORML TR. You have a Program object 
that starts WordPerfect running on 
the OS/2 Desktop instead of in a 
WIN-OS/2 full-screen session. In 
addition, you want to edit the Data
file object from the OS/2 Desktop by 
using the Program object. 

Use the application to create and 
save the file in your working sub
directory . You may want to custom
ize headings, footings, page layout, 
and other aspects of the Jetter. Now 
open the appropriate Drive object, 
and then open the folder that contains 
the FORM L TR file. 

Place the mouse pointer on the 
FORM L TR object that you want to edit 
with WordPerfect and click mouse 
button 2 to bring up the contextual 
(pop-up) menu. Open the Data File 
Settings notebook and select the 
Menu tab as you did with the OS/2 



System menu above (refer to Figure 5). 
This time, however, select the Open 
menu in the Available Menus list 
box. Now, use the Create Another 
pushbutton under Actions on Menu. 
Select Open to bring up the Menu 
Item Settings window. This time, 
enter WordPerfect as the Menu Item 
Name and then use Find to locate the 
Program object on the OS/2 2.0 Desk
top. This associates the WordPerfect 
Program object and its settings - not 
the executable file - with the Menu 
Item. Now go back to the Menu Set
tings window and select the pull-down 
object in the Default Action entry 
field . Use mouse button 1 to select 
WordPerfect as the default action. 
The remaining steps are the same as 
the steps taken with Calculator above. 

The next time you select this Data-file 
object by double-clicking on its icon, 
WordPerfect for Windows will be 
started as an application running on 
the OS/2 Desktop, and the FORML TR 
data file will be loaded automatically. 

Templates 
Suppose that you have the FORML TR 
object discussed above, and that the 
FORM L TR data file contains a logo 
that you want to use for your letters. 
Once assured that the data file con
tains the correct information, make 
the FORML TR object into a template to 
use the contents of the data file again. 

Open the Settings notebook for the 
data file and select the General tab. 
On the General page is a Template 
check box. Select this check box and 
close the Settings notebook. Notice 
that the FORML TR object now 
resembles the other templates that are 
located in the Templates folder on 
the Desktop. This template can be 
used to create new data files on the 
Desktop that automatically launch 
WordPerfect and load the FORML TR 
data file. 
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Figure 8. My Work Folder 

Putting It All Together 
Now use some features documented 
above to set up a folder that contains 
your work. To be sure that the folder 
is not set up on the default drive, 
open the Drives object first, then the 
Templates object. Drag the Folder 
template to the Drive D object and 
release mouse button 2. This action 
creates a new folder on drive D: . 
Open the Drive D object and rename 
the new Folder object to My Work 
using the procedure outlined above. 
Since you have just created this 
folder on drive D:, all objects created 
within this folder also are created on 
drive D:. Press and hold the Ctrl and 
Shift keys, then hold down mouse 
button 2 to drag a shadow of this 
folder to the Desktop. Finally, release 
mouse button 2, then the Ctrl and 
Shift keys. You now have the con
venience of a handy work folder, as 
well as the ability to control where 
your data is stored (in this case, on 
drive D:). 

Place shadows of any Program or 
Data-file objects that you normally 
use into this folder. Likewise, into 
your My Work folder, place a 
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shadow of the FORM LT R template that 
you created above (refer to Figure 8). 
When you are ready to use FORML TR, 
drag a template into the My Work 
folder and release the template. The 
data file actually is created on drive 
D: in the D: \MY _ WORK directory. 
Double-clicking on the FORML TR icon 
starts WordPerfect. 

The Workplace SheJJ allows users to 
work the way they want to work. 
Using the procedures outlined here 
can enhance the end users' produc
tivity by allowing the Workplace 
Shell to automatically handle routine 
functions. 

Rob Talley is a senior market sup
port representative in IBM's Per
sonal Systems Competency Center 
in Roanoke, Texas. Rob has sup
ported OS/2 since 1987. His key 
responsibilities include the OS/2 
Workplace Shell, and DOS and 
Microsoft Windows emulation. He 
received a bachelor's degree in 
business administration from the 
University of Texas at Arlington. 
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Distributed Processing: 
A Case Study 
Will Youngson 
IBM Canada Ltd . 
Canadian International Centre 
Markham, Ontario 

This article focuses on the distributed nature of the Distribution Center 
Control System (DCCS) at IBM Canada's Distribution Center. The article 
outlines the system's scope, describes the design, and discusses some of 
the advantages, obstacles, and issues encountered during system develop
ment and implementation. 

T 
he words distributed processing 
are very popular, yet have many 
interpretations. Generally, a dis

tributed system is viewed as a number 
of distinct processing units perform
ing tasks that combine to achieve a 
common objective or to handle a spe
cific mission. A more precise defini
tion depends on the proximity of the 
processors and the level of coopera
tion required between components in 
the distributed system. 

Consider an inventory accounting 
system comprised of a minicomputer 
at Company XYZ's head office plus 
several independent, geographically 
dispersed minicomputers at XYZ's 
branch offices. The branch com
puters process local data and provide 
local functions. Every month, infor
mation is rolled up to the head-office 
computer for reporting and planning. 
The information transfer could be in 
the form of disk, tape, or file transfer 
over a common carrier. This scenario 
is often described as a decentralized 
system, but it may also be classed as 
a loosely coupled distributed system. 

At the opposite extreme, a tightly 
coupled distributed system consists 
of two or more processes executing 
on separate computers and sharing 

common resources such as memory, 
direct-access storage, and external 
devices. These are often called multi
processor systems. 

Between these two extremes lies a 
distributed architecture called a local
ly distributed Multiple Processor 
System (MPS) 1• Here, a processor is 
defined as having a dedicated central 
processing unit and memory, and is 
connected to other processors by a 
high-speed communication medium 
such as coaxial cable or fiber optics. 
Multiple-processor distributed sys
tems are gaining in popularity be
cause small, powerful, relatively 
inexpensive computers are becoming 
more avai lable. In addition, operating 
system and software products now 
exist that assist with development 
and implementation of an MPS. 

IBM Canadian 
Distribution Center 
The multiple processor system was 
the architecture chosen for the Distri
bution Center Control System (DCCS) 
at IBM Canada's Distribution Center 
(CDC) in Markham, Ontario. It is the 
hub for the inventory and distribution 
of products sold by IBM Canada. 
The CDC, shown in Figure 1, is a 
highly automated facility with over 

1 Liebowitz, Burt H., Multiple Processor Systems for Real-Time Applications. Prentice-Hall, 1985. 
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145,000 square feet of racking, three 
quarters of a mile of conveyors, Auto
mated Retrieval Vehicles (AR Vs), 
Automated Guided Vehicles (AGVs), 
Programmable Logic Controllers 
(PLCs), Radio-Frequency Terminals 
(RFs), and bar code equipment. 

Several years ago, PC LAN-based 
systems were used to manage the 
movement and storage of products 
within the CDC. In recent years, how
ever, the CDC underwent substantial 
physical expansion and modification 
to adapt to new fulfillment processes 
and increased product flow. Concur
rent with this expansion, a more com
prehensive system was required to 
manage the new functions, processes, 
and physical space. IBM developed a 
custom system to address this need -
the DCCS, which was first released 
in July 1991. 

DCCS System Flow 
DCCS manages the movement and 
storage of products (from both IBM 
and other vendors) into, around, and 
out of the CDC. 

Inbound Products 
As product shipments arrive at the 
CDC, operations personnel use 
DCCS to receive each part or pallet, 
individually or in bulk. Information 
describing the product is scanned and 
a license plate (bar-coded label) is 
generated. DCCS then queries the 
inventory and racking database and 
assigns a best-fit location. Depending 
on which racking area is chosen for 
storage, the product is then either 
picked up manually by a forklift 
driver or automatically by an AGV. 
It is delivered to the inbound convey
ors that are used as staging areas for 
putting away the product. 

Operators who handle products use 
RF terminals mounted on forklift 
trucks to view a list of products to be 
put away into racking. They scan the 
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Figure 1. Canadian Distribution Center 

DCCS license plate (generated dur
ing receipt) and place the product in 
the location (module) assigned by 
DCCS. 

High-volume products are stored in 
a special racking system called Sail 
Rail™. The CDC's Sai lRail config
uration has two opposing sets of 
racking. Each set contains about 184 
lanes (46 lanes wide by 4 high), and 
each lane can hold up to 15 pallets of 
identical product. Sai lRai l lanes are 
restocked with products from one 
end by CDC personnel operating 
forklifts , and are emptied (to fi ll 
orders) from the opposite end by an 
Automated Retrieval Vehicle. 

Outbound 
Customer orders come in from 
upstream host systems and are auto
maticall y fed into DCCS. DCCS lo
cates the desired parts and generates 
retrieval requests. Depending on the 
location of the parts, the pu ll s may be 
performed automatically or with 
operator assistance. 

Automated Retrieval Vehicles con
trolled by DCCS pull pallets from 
Sai lRail racking without human inter
vention. Most products, however, are 
stored in trad itional racking. In this 
case, operators use RF terminals on 
forklift trucks to view a list of the 
retrievals generated. The operator 
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pulls the product from the location 
indicated by DCCS and confirms the 
pull on the RF terminal. 

In either case, pallets or parts pulled 
are placed on an outbound conveyor 
by the ARV or operator. DCCS auto
matically summons an AGV to trans
fer the product from the outbound 
conveyor to a conveyor in the appro
priate destination module. 

DCCS System Environment 
DCCS hardware is based on PS/2 sys
tems that range from 16 MHz Model 
70s to 50 MHz Model 95s. All work
stations are equipped with the maxi
mum 16 MB of RAM. OS/2 1.3.2 is 
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the operating system currently in
stalled. All DCCS workstations are 
interconnected by a 16 MB IBM 
Token-Ring network. 

In addition to the Database Manager 
and Communications Manager com
ponents of OS/2, DCCS relies heavi
ly on IBM's Distributed Automation 
Edition (DAE) software. DAE is an 
application enabler that provides, 
among other things, a comprehensive 
set of Application Programming Inter
faces (APls) for program-to-program 
communication and device-indepen
dent interfaces. This has greatly sim
plified the planning and development 
of the distributed design of DCCS. 

The development language is C. The 
user interface for all DCCS processes 
displayed on PS/2s was developed 
using IBM's Dialog Manager tool. 

Communication to all devices (except 
the bar code equipment) is through 
IBM's Multiport/2 and busmaster 
ARTIC (A Real-Time Interface 
Coprocessor) communication cards. 
Special drivers for the ARTIC cards 
to communicate with each device 
were obtained through a combination 
of in-house development, vendors, 
and IBM product offerings. 

DCCS Devices 
There are a variety of devices 
controlled by DCCS: 

• Automated Retrieval Vehicles 
(ARVs) retrieve products from the 
SailRail racking system. 

• Automated Guided Vehicles 
(AG Vs) pick up and deliver pal
lets from one conveyor to another. 
AGV's follow a series of chemical 
trails connecting all possible pick
up and drop-off points. 

• Programmable Logic Control
lers (PLCs) monitor and filter 
state changes picked up by hun
dreds of optical sensors located on 
conveyors throughout the CDC. 
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• Radio-Frequency Terminals 
(RFs) interact with a series of 
DCCS processes available to CDC 
personnel for receiving, putting 
away, and retrieving products. The 
CDC uses two types of RF termi
nals: small, portable handheld ter
minals and truck-mounted terminals. 

• Bar code printers and readers 
generate DCCS license plates and 
scan bar-coded product and pallet 
information. 

DCCS System Configuration 
DCCS processes are distributed among 
40 PS/2 computers, 25 of which are 
user workstations. The remaining 15 
nodes make up the processing core of 
the DCCS configuration. They reside 
in two badge-controlled areas. Com
munication between DCCS processes 
located on either the same PS/2 or 
separate workstations is achieved by 
interprocess messaging. 

User Workstations 
CDC personnel access DCCS for day
to-day activities such as receiving 
products, putting them away, generat
ing orders, and summarizing work in 
progress. Each activity is represented 
by a single executable user process, 
and all activities can be accessed 
from any PS/2 workstation connected 
to DCCS. When a user logs onto 
DCCS, OS/2 groups are created (on 
the desktop) listing all processes that 
are accessible based on that opera
tor's security classification. User 
processes execute locally, and they 
communicate with other processes 
on the floor or in the DCCS control 
room through DCCS messaging. 

The aces Control Center 
The DCCS processing core systems 
are installed in the DCCS control 
room. Figure 2 illustrates the physi
cal layout of the hardware and the dis
tribution of the individual processes. 

Four high-end processors house the 
databases required for security, inven-
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tory control, and audit trail. Each 
database server is configured for 
Remote Data Services (RDS) using 
Advanced Program-to-Program Com
munication (APPC). The database 
engine used in all cases is IBM's 
Database Manager. The four DCCS 
databases include the following: 

• Security database. This controls 
user access to DCCS function, and 
contains user information and all 
parameters necessary to build the 
menus presented to operators. 

• Main Image database. This con
tains inventory and location data, 
and also stores information about 
product orders and movement into 
and out of the CDC. 

• Mirror Image database. This is 
an online image of key tables from 
the main image database. When 
the inventory control processes 
update the main image tables, an 
additional update message is for
warded to a mirror database ad
ministration process running on a 
separate node. This ensures that 
the mirror database is updated in 
real-time. The mirror image 
doubles as an operational report
ing database and an emergency 
main image backup in the event of 
a non-recoverable database error. 

• Transaction database. A history 
of all transactions applied to 
selected key tables is kept here. It 
is used primarily for resolution of 
inventory discrepancies. 

Process Separation and 
Distribution 
The distribution of DCCS processes 
among the remaining nodes in the con
trol room was determined according 
to role and estimated resource load
ing. Descriptions of the functions 
executed by principal DCCS processes 
follow. 

Inventory and work-in-transit 
tracking. Four processes reside on 
a client workstation remotely con-
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Figure 2. DCCS Control Room Configuration 

nected to the main image database. 
Together, they manage all updates 
and queries to inventory and work-in
transit tables (such as queries about 
the list of putaways and about retriev
als still outstanding). Requests for 
updates and information arrive in the 
form of DCCS messages that come 
from processes running on one of the 
other PS/2s in the control room, or 
from a user process running on a 
workstation on the warehouse floor. 

Security administrator. This 
process controls system startup and 
shutdown, and verifies user logons 
against the Security database. Mes
sages are generated when operators 
log on or log off DCCS from a work
station or an RF tenninal. When a 

U DCCS Data/Configuration Backup-Additional Server 
V Mirror Database 

logon message is received, the secu
rity administrator verifies the logon, 
and then assembles all parameters 
necessary to build the DCCS menus 
on the user workstation. Next, for 
each item to be added to a menu, the 
security administrator sends a mes
sage back to the logon process on the 
user node. 

AGV routing and dispatch. These 
processes determine the routing of 
automated guided vehicles for pickup 
and delivery of products from a 
source conveyor to a drop-off con
veyor. They communicate through a 
Multiport/2 ARTIC card to a Litton® 
AGV External Control System™ 
(ECS) that runs on a PC AT. 
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PLC monitor. This process commu
nicates with Allen-Bradley® Pro
grammable Logic Controllers (PLCs) 
for the purpose of monitoring optical 
sensors located on all pickup and 
drop-off conveyors. Communication 
with the PLCs uses a busmaster 
ARTIC card and a communications 
protocol program written by IBM 
specifically for the Allen-Bradley 
PLCs. Because sensor readings are 
affected by the movement and place
ment of pallets on a conveyor, the 
PLC monitor detects the presence of 
a pallet and forwards an appropriate 
message to other DCCS processes, 
such as conveyor control. 

Conveyor control. This process 
monitors and controls the movement 

I 
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RF Base 
Station 

Short-haul 
Modem 

Radio Frequency 
Router Process 

- Routes Messages 
1 2 T ruckmount and 1 2 Handheld 
RF Terminals serviced by two PS/2s 

from RF Terminals 
to Processes on PS/2 

Figure 3. RF Message Routing 

of pallets on key pickup and drop-off 
conveyors in the CDC. 

Automatic build spur replenish
ment. This process controls the auto
mated ordering of products for over 
100 build spur conveyors. 

RF message router. Many activities 
performed by CDC personnel require 
RF terminals. Most DCCS user proc
esses are designed to be accessible 
from either a PS/2 or an RF terminal. 
The RF terminals used by DCCS are 
not intelligent- they can do only 
simple cursor movement and editing. 
Screens presented to the user must be 
downloaded from a PS/2. All data 
entered by the operator must be passed 
back to an intelligent workstation for 
processing. 

When an operator turns on an RF 
terminal , an instance of a logon and 
screen-handler process assigned to 
that specific terminal is activated on 
a PS/2 in the DCCS control room. 
After logon, if the operator makes a 
selection from the li st of available 
processes, an instance of the process 
corresponding to the selection is 
started on the same PS/2. 

Multiple instances - one for each 
unique RF terminal - of the RF logon 
and screen-handler processes can run 
concurrently on a given node. Simi
larly, multiple instances of user proc
esses, such as product putaway or 
retrieval confirmation, can run on a 
given node - one instance for each 
terminal that is cu1Tently executing 
the process. Figure 3 shows the corre
lation between RF terminals and user 
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RF Truckmount #1 

- Operator Running 
Product Putaway 
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~~ • • • 
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RF Handheld #2 

- Operator Running 
Bulkspur Pickup 
Process 

processes running on PS/2s in the 
DCCS control room. 

The RF Message Router process com
municates with the RF base station 
through a MultiPort/2 ARTIC card. It 
receives messages from all RF termi
nals and, based on the terminal num
ber, forwards the message to the 
appropriate RF user process (or screen 
handler) on the appropriate node. 

Currently, DCCS is configured for 
24 RF terminals. To reduce CPU 
loading and to improve performance, 
the 24 corresponding RF logon, screen 
handler, and user processes have 
been distributed between two PS/2s. 

ARV mission selection and ARV 
control. These processes communi
cate with the ARVs that pull prod
ucts from SailRail racking. They 



determine the next miss ion based on 
retrieval priority. Then they direct 
the ARV to the appropriate rack loca
tion and monitor the status of the pull 
until it has completed successfully. 

Recovery log update. This process 
writes all critical table update trans
actions to a binary log file for later 
recovery in the event of a critical 
failure on the Transaction database, 
or failures on both the Main and Mir
ror Image databases. 

Mirror image update. This process 
updates the Mirror Image database. 

Transaction DB update. This proc
ess adds a new record to the Trans
action database for each update 
performed on key tables in the Main 
Image database. 

Interprocess Communication 
DCCS interprocess communication 
relies heavily on the peer-to-peer 
communication facility built into the 
Communication System/2 (CS/2) 
component of DAE. CS/2 includes a 
comprehensive set of APis for send
ing and receiving messages between 
resources on one or more PS/2s. CS/2 
Application Control Blocks (ACBs) 
and Message Control Blocks (MCBs) 
are used extensively by DCCS proc
esses. At least one ACB is required 
for each process that wants to use 
CS/2 services. This ACB identifies 
the owning process, and connects 
that process to other processes and 
resources on the CS/2 network. 
MCBs are message queues that can 
be accessed by processes connected 
to the DAE network. In the DCCS 
implementation, each DCCS process 
monitors at least one message control 
block. All communication between 
DCCS processes is performed by ex
changing messages between MCBs. 

A common DCCS message structure, 
shown in Figure 4, was defined for 
all interprocess messaging. 
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typedef struct 
( 

UCHAR szReplyTo[ CS2RSNAMSIZ_N ]; 
USHORT usMsgType; 
USHORT usMsgCode; 
USHORT usBufSize; 
UCHAR pchBuffer[l]; 
} typDCMSG; 

• • I • . Description 
. '• ~ . ~ . . . . ' . . 

szReplyto Contains the resource name (MCB) to which the 
responses to the message should be directed 

>--------
usMsgType Identifies the type of structure defined in a common 

DCCS include file passed in the buffer of the message 
- -
usMsgCode Specifies a particular action that must be performed on 

or with the message 

usBufSize 

pchBuffer 

Holds the length of a variable-length message buffer 

Used to attach buffers to the header, as shown in Figure 5 

Figure 4. DCCS Interprocess Message Structure 

UCHAR pchMsgSpace[ sizeof(typDCMSG) + sizeof(typYOURMSG) - 1]; 
typDCMSG *pdcm = (typDCMSG *) pchMsgSpace; 
typYOURMSG *pyourmsg = (typYOURMSG *) pdcm->pchBuffer; 

pyourmsg->fieldl 
pyourmsg->field2 

value!; 
value2; 

Figure 5. Attaching Unique Message Structures to DCCS Message Header 

Why Distributed Processing 
was Chosen 
A distributed processing architecture 
was chosen for the DCCS because it 
satisfied several requirements: 

• Ability to implement tasks as dis
crete modules. CDC operations 
fall into distinct categories. Dis
tributed processing is a good fit 
for this situation because it allows 
design and development to ap
proach each area separately. Once 
the task of laying out the interproc
ess messaging and control strategy 
was complete, team members 
could attack the individual proces
ses responsible for specific tasks, 
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such as AGV routing, conveyor 
control, and order generation. 

• A flexible, reliable, responsive 
system that does not slow down 
or shut down the CDC in the 
event of a system problem. 
Processor and disk failures can be 
isolated either by temporarily disa
bling the function (for example, 
ARV retrievals) affected by the 
malfunction, or by moving the 
affected programs to another proc
essor in the system. The distrib
uted nature of the system means 
that, in most instances, only a 
small subset of overall system 
functions may be unavailable if 
the hardware fails. In addition, dis-

I 



tributing processes over several 
PS/2s has resulted in reducing 
processor and storage usage and 
delivering acceptable performance. 
As improved computer systems 
become available, key processors 
can be upgraded easily. 

• Ability to add modules and func
tion to the system as required. 
Since its original installation in 
June 1991, DCCS has had three 
new releases. This evolution was 
necessary from an operational 
perspective and desirable from a 
systems perspective. As new func
tionality is required, nodes and 
processes can be added with mini
mal impact to the existing config
uration, and little or no impact on 
daily operations. 

• Need to interface with a variety 
of automated devices. A critical 
component of DCCS is the moni
toring and control of a variety of 
sophisticated automation equip
ment. Placing the device commu
nication and control processes 
onto separate PS/2s simplified the 
design and configuration issues 
and reduced the constraints inher
ent with a mix of unique hard
ware, software, and protocols. 

Nothing is Free 
The installation of DCCS at the 
Canadian Distribution Center was a 
success. Even so, some problems and 
obstacles were encountered. 

Design complexity. The overall com
plexity of the DCCS system design 
proved to be proportional to the de
gree of distribution of processes. The 
more finely we isolated processes to 
perform specific tasks, the more com
plicated became our system control 
mechanism and messaging strategy. 
Other coordinating processes had to 
be introduced to control process start
up and shutdown and message rout
ing. Early in the design phase, it 
became obvious that a well-defined 
set of message types and structures 
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must be defined. Early development 
activities focused on creating a com
mon library of messaging routines to 
be used by all developers. This 
helped ensure that processes would 
be able to communicate with each 
other when unit testing was complete 
and integration testing began. 

System maintenance. In our case, 
implementing a locally distributed 
multiple processor system has trans
lated into more planning, preparation, 
and work for DCCS system config
uration and support staff. Instead of 
maintaining one or two computers, 
our staff has to maintain about forty. 
Installation of new releases ofDCCS, 
OS/2, and DAE are time-consuming 
tasks. We are currently testing the im
proved Remote Initial Program Load 
(RIPL) feature of OS/2 LAN Server 
2.0, because we want to RIPL user 
stations from one or more servers. 
This would simplify the upgrade 
process substantially. 

Environment configuration. Net
work configuration and tuning had to 
satisfy the requirements of OS/2 
LAN Server, DAE communications 
(using NetBIOS), and remote data
base services (using APPC). Docu
mentation and installation tuning 
recommendations for each com
ponent operating alone are adequate, 
but when taken together, some adjust
ments were required. 

Error identification and recovery. 
The advantage of having multiple 
processors is that if a processing or 
hardware error occurs on a single 
node, the DCCS system can provide 
most system functions. The flip side, 
however, is that error identification 
and compensation are more compli
cated in a distributed system because 
the source of the error is also distrib
uted. Errors experienced on any node 
must be reported immediately to a 
controlling process so that proper 
action - such as calling for support or 
shutting down - can be taken. 
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The incident-reporting component of 
DCCS handles errors in several ways, 
depending on the type and severity of 
the error. All errors encountered by 
DCCS processes are forwarded to an 
error-logging process that runs on the 
local node; errors are displayed on 
the screen and logged to a file. In ad
dition to local logging, informational 
and error messages are routed to a 
central DCCS Analyzer process that 
interprets the nature of each message 
and takes appropriate action. If the 
error is severe, a DCCS support per
son is paged with an alphanumeric 
pager, and the pager's display shows 
the process name and error code. If 
the error is critical and cannot be cor
rected by the system, the system is 
suspended automatically - users are 
logged off and DCCS processes are 
held in a frozen state. Intervention by 
DCCS support personnel is required 
at this point to correct the error and 
resume system operations. 

A Heartbeat process executing on a 
separate node monitors the state of 
critical DCCS processes running on 
the l 5 PS/2s in the DCCS control 
room. Heartbeat sends messages to 
each critical process at regular inter
vals. Targeted processes echo back 
the Heartbeat message with a time
stamp and sequence number. The 
Heartbeat process analyzes incoming 
Heartbeat-echo messages to assess 
the health of the system. If a PS/2 or 
process abends, Heartbeat sends a 
message to the DCCS Analyzer 
process, instructing it to page DCCS 
support. 

Will Youngson joined IBM in 
1990 as a systems engineer and is 
currently a technical analyst at 
the Canadian International 
Centre for the DCCS project. He 
holds a BSc in system design engi
neering from the University of 
Waterloo in Ontario. 
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Parallel Port Protocols 
Frank J. Schroeder 
IBM Corporation 
Boca Raton , Florida 

This article discusses the different software methods used to transfer data 
through a parallel port. Operating systems use these different parallel 
port protocols so that they can exploit the advanced features of the paral
lel port hardware. The article describes the protocols used by DOS and 
OS/2, gives examples, explains the advantages and disadvantages of each 
protocol, and explains the relationships between the protocols, operating 
systems, and bus architectures. Certain Micro Channel-based IBM PS/2 
systems running OS/2 provide a clear advantage over the AT and EISA 
bus architectures. 

~~~@ 
j 
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T 
hree parallel port protocols are 
available in the unidirectional 
transfer of data through the 

parallel port: polling, character hard
ware interrupt-driven (also known as 
Programmed 1/0, or PIO), and block 
hardware interrupt-driven (also known 
as Direct Memory Access, or DMA). 
Each protocol requires hardware with 
specific capabilities to transfer data 
through a parallel port. 

Parallel Port Transfers 
Using Polling 
DOS is a single-tasking operating sys
tem that uses the Basic Input/Output 
System (BIOS) microcode, which 
resides in Read-Only Memory (ROM) 

I 
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set abort flag to false 
determine buffer address, count, device 
repeat 

if buffer is not empty 
get character out of buffer 
call BIOS to print (character, device) 
if error 

set abort flag to true 
endif 

end if 
until buffer is empty or abort flag is true 

set character-sent flag to false 
set timeout counter to large value 
repeat 

read parallel port status 
if not busy 

send character to output device 
set character-sent flag to true 

else 
decrement timeout counter 

endif 
until character is sent or timeout counter 
return to caller 

0 

Figure 1. Pseudocode for DOS Application Printing Using BIOS 

on most IBM and compatible per
sonal computers. BIOS is a set of rou
tines that drive the various devices 
(such as the hard disk, diskette drive, 
parallel and serial ports) attached to 
the system. The BIOS parallel-port 
functions transmit a single character 
out the parallel port, check the status 
of the device, and initialize the 
device attached to the parallel port. 

The BIOS routine that transmits a 
character out the parallel port uses a 
protocol called polling. Polling con
sists of instructions to determine 
whether the device is ready to receive 
a character and, when ready, to send 
the character out the parallel port. 
Each character, as it is received by 
the device attached to the parallel 
port, causes the device to become 
busy for a short time before it be
comes ready to receive the next char
acter. The BIOS polling software is 
necessary because the device itself 
cannot receive the next character 

until it first stores or prints the pre
vious character. 

While the device is not yet ready to 
receive the next character, the polling 
software continuously checks the 
device's status for a ready condition. 
When the device status changes from 
busy to ready, the polling software 
detects this change of state and trans
mits the next character out the paral
lel port to the device. 

Polling the device for the ready 
status continues unti I either the status 
changes to ready and the character 
can be transmitted, or a time-out 
occurs. If a time-out occurs, it is be
cause the device status has been busy 
for a period of time. The BIOS soft
ware concludes that the device is like
ly to remain in the busy state, so it 
returns control to the caller without 
transmitting the character. 

The Microsoft Windows operating 
environment, built to run on top of 
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the DOS operating system, uses the 
same poll ing method of printing that 
DOS uses. 

Figure 1 contains a simple pseudo
code algorithm similar to the one 
implemented in BIOS and used by 
DOS, Windows, and other DOS 
applications to transmit a character 
out the paral lel port. 

Advanced Hardware Features 
The poll ing protocol implemented in 
BIOS does not use the advanced fea
tures - hardware interrupts and inter
rupt sharing - fou nd in Extended 
Industry Standard Architecture
(EISA-) and Micro Channel-based 
systems. BIOS was originally written 
for the AT bus (also known as Indus
try Standard Architecture) design. 
For compatibi lity reasons, BIOS 
cannot be easily rewritten to take ad
vantage of the new hardware features . 

DOS can run on these advanced com
puters because they have BIOS micro
code; however, DOS cannot exploit 
their advanced features because BIOS 
does not exploit them. Under DOS, 
loadable device drivers provide the 
primary method available to exploit 
EISA and Micro Channel advanced 
features. However, when these 
drivers are loaded, they reduce avail
able memory and may not be fully 
compatible with DOS. 

Disadvantages of Polling 
There are three disadvantages to the 
polling protocol implemented in 
BIOS, and used by DOS and Windows. 

• Many more instructions are exe
cuted in a loop waiting for the 
device to become not busy than in 
transmitting the character. The 
processor could be doing other 
more useful work. 

• More instructions are executed to 
retrieve the single character out of 
its buffer and deliver it to the print 
routine than are executed in trans
mitting the character. The ideal 



approach is to have the instructions 
execute only once for the entire 
print buffer, rather than once for 
each character transmitted. 

• While printing under DOS and 
Windows, no other tasks can exe
cute, primarily due to DOS's 
single-tasking nature and the poll
ing method used by its physical 
transport layer, BIOS. Therefore, a 
computer's throughput under DOS 
and Windows is far from optimal. 
When more activities can execute 
simultaneously, the computer has 
greater throughput, which helps 
increase productivity. 

Parallel Port Transfers Using 
Hardware Interrupts 
The OS/2 operating system uses a 
more efficient method of printing 
that exploits the advances in EISA 
and Micro Channel architecture. 

Because OS/2 is a multitasking oper
ating system, several applications or 
tasks can be loaded into memory at 
one time. OS/2 schedules each task 
serially with the processor. Each task 
is assigned to the processor for a 
short period of time, and then the 
next task is assigned to the processor. 
From a user's perspective, each task 
appears to be running concurrently 
since each task is making progress, 
but in reality only one is executing at 
a time. OS/2 attempts to overlap 
Input/Output (l/O) with application 
execution to produce true concurren
cy - the ability to perform more than 
one operation at the same time. 

OS/2 takes advantage of advanced 
Micro Channel features, either by 
having the OS/2 device drivers use 
Advanced BIOS (ABIOS) routines to 
access these features, or by having 
OS/2 device drivers program the 
hardware directly. The OS/2 device 
driver is responsible for insulating 
the application from the specifics 
of the hardware and for physically 
transporting data. Support for the 
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ABIOS parallel port includes the 
following: 

• Transmit data out the parallel port 

• Return the status of the device 
attached to the parallel port 

• Initialize the device attached to the 
parallel port 

• Cancel the print request 

• Return information about ABIOS 
parallel port support on the par
ticular computer 

With a multitasking operating system 
like OS/2, it is not necessary to wait 
for a DOS application to finish print
ing before continuing work with 
OS/2. The ABIOS routine used by 
OS/2 to transmit data out the parallel 
port is more efficient than the polling 
protocol used by BIOS. That is be
cause the hardware interrupt protocol 
used by ABIOS permits other tasks 
to run while the device attached to 
the parallel port is busy receiving the 
data being transmitted. 

Protocols Implemented 
in 0S/2 
The ABIOS routine that transmits 
data out the parallel port can use 
either the Programmed I/O (PIO) or 
the Direct Memory Access (DMA) 
parallel port protocol. PIO is avail
able on all IBM and most compatible 
personal computers with AT-bus, 
EISA, or Micro Channel bus config
urations. DMA is available on most 
PS/2 Micro Channel systems. 

Both the PIO and DMA protocols 
use the hardware interrupt capability 
of the parallel port. Generally, the 
hardware interrupt mechanism works 
as follows: a character of data is 
transmitted out the parallel port, and 
the application's thread of execution 
is blocked, waiting for the transmis
sion to complete. The device attached 
to the parallel port receives the char
acter and generates the hardware 
interrupt, which signifies that the 
device driver can begin transmitting 
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the next character. When the device 
driver is waiting for the device to 
generate an interrupt, OS/2 runs 
other tasks. In contrast, the polling 
protocol requires the software to 
loop. This means waiting for the 
device to return to being ready to 
receive, and preventing DOS and 
Windows from running other tasks. 

Figure 2 shows a pseudocode algo
rithm that describes the PIO and 
DMA hardware interrupt protocols 
used by OS/2 to transmit characters 
out the parallel port. It illustrates how 
PIO and DMA parallel port transmis
sions work. The OS/2 application 
sends a buffer of data to the device
driver strategy entry point (entry 
point 1) to be sent out the parallel 
port. The device-driver print routine 
calls ABIOS to transmit the first char
acter using the hardware interrupt 
protocol. It then starts a timer that 
can expire if a hardware interrupt is 
not generated. If the timer expires, 
the device driver will be called at 
entry point 3, and the print request 
will be canceled. This occurs only if 
the device does not receive the char
acter transmitted and if it does not 
generate the hardware interrupt. The 
application's thread of execution is 
blocked, waiting either for all the 
data in the buffer to be transmitted or 
for an error to occur. While the 
thread is waiting for the transmission 
to complete, other tasks are scheduled 
to run. When the hardware interrupt 
occurs, the other running tasks are 
preempted so that the interrupt can 
be serviced. Once it is serviced, the 
scheduler dispatches the previously 
running task, which runs while the 
parallel port device is busy. It is this 
overlapping of I/O with application 
execution that produces concurrency 
and improves system throughput. 

Advanced Hardware Features 
Hardware interrupt sharing is an 
advanced hardware and software 
mechanism that enables multiple 
devices to be driven by the same hard-

I 
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determine buffer address, count, device 
call OS/2 to print (entry point 1) 

register interrupt routine with interrupt manager (entry 
point 2) 
send first character out the parallel port (call ABIOS) 
start time-out timer (entry point 3) 
block thread waiting for transmission completion 
return to application with return code and count transmitted 

if parallel port generated interrupt (call ABIOS) 
turn time-out timer off 
if running in PIO mode 

if more characters to send 
turn time-out ti mer on 
send next character (call AB IOS) 

else 
set count to number of characters transmitted 
set return code to no error 
run blocked thread (entry point 1) 

end if 
else running in OMA mode 

set count to number of characters transmitted 
set return code to error/ no error 
run blocked thread (entry point 1) 

endif 
clear hardware interrupt at 8259 controller 
return to interrupt manager as owner of interrupt 

else 
return to interrupt manager as not owner of interrupt 

endif 

turn time-out ti mer off 
cancel pri nt request (call ABIOS) 
set count to number of characters transmitted 
set return code to error 
run blocked thread (entry point 1) 
return to timer services 

Figure 2. Pseudocode for 0S/2 Application Printing Using ABIOS 

ware interrupt level. This advance
ment was added to EISA- and Micro 
Channel-based systems after com
puter manufacturers realized that the 
number of hardware interrupt levels 
was a limitation in AT bus (ISA) sys
tems. AT bus systems allow only one 
device to be driven by a hardware in
terrupt level. OS/2 exploits hardware 
interrupt sharing by extending this 
limited resource on computers that 
support hardware interrupt sharing. 

The OS/2 parallel-port device driver 
supports hardware interrupt sharing 
on EISA and Micro-Channel buses. 
When a specific hardware interrupt 
occurs, the OS/2 interrupt manager 
calls each device driver that has regis
tered to be notified about a specific 
hardware interrupt. Device drivers are 
called in the order in which the hard
ware interrupt routines are registered. 
Because the OS/2 parallel-port device 
driver is a base device driver - a 
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driver that is required for the system 
to boot - it is called to initialize itself 
before any loadable device drivers. 
Therefore, it registers its hardware in
terrupt routine prior to the interrupt 
routines of any loadable device 
drivers. Generally, a device driver 
registers its hardware interrupt hand
ler within its initialization routine. 

The interrupt manager calls the 
parallel-port device driver to service 
an interrupt that is generated on the 
level that the parallel port uses, even 
though an interrupt may belong to a 
device that is attached to a different 
port. The interrupt manager does not 
know which device owns the inter
rupt; it only knows which device 
driver has requested to be notified 
when a specific interrupt occurs. The 
parallel-port device driver 's hardware 
interrupt service routine determines 
that the interrupt was generated by a 
device that shares the same hardware 
interrupt level as the parallel port 
device. This routine returns control to 
the interrupt manager, specifying that 
the parallel port device did not gener
ate the interrupt. The interrupt man
ager calls each device driver in its list 
until either a device driver claims 
ownership of the hardware interrupt 
or the list is exhausted. If no device 
driver claims the interrupt, the inter
rupt manager considers the interrupt 
to be spurious, and will disable the 
hardware interrupt level. 

PIO Versus OMA 
A major difference between PIO and 
DMA is the frequency of interrupts. 
When ABIOS uses the PIO protocol , 
the interrupt handler (entry point 2) is 
called for every character transmitted. 
If ABIOS uses the DMA protocol, 
the interrupt handler is called when 
the entire buffer is transmitted, or 
when an error occurs at the device 
(out of paper, offline, or power off) . 

When PIO is the transmission 
method and the device has received 
the character sent, the device then 



generates a hardware interrupt. The 
interrupt acknowledges to the device 
driver that the previous character was 
received successfully. It then begins 
the process of transmitting the next 
character (entry point 2). As the 
device driver finishes processing the 
interrupt, it must end the interrupt 
processing to the parallel port and to 
the programmable interrupt control
ler, claim the hardware interrupt, and 
return to the interrupt manager. The 
programmable interrupt controller is 
responsible for prioritizing hardware 
interrupt levels, recognizing when a 
hardware interrupt level is requesting 
service, disabling and enabling hard
ware interrupt levels , and alerting the 
processor about the pending hardware 
interrupt. In PIO, sending characters 
and processing hardware interrupts 
continues, character by character, 
until all the characters are transmitted 
and all the hardware interrupts are 
processed. 

When the transmission method is 
DMA, the DMA controller is pro
grammed to move the characters from 
the application's buffer in RAM, 
down the Micro Channel bus to the 
device attached to the parallel port. 
The DMA controller is a specialized 
processor, similar to a busmaster. Its 
sole purpose is to offload work from 
the processor by moving data from 
one location to another (generally 
from memory to port or vice versa). 
The DMA controller handles the 
entire transmission and generates a 
hardware interrupt that is serviced by 
the OS/2 device driver when the 
transmission completes or when an 
error occurs. The parallel port DMA 
enables 1/0 to happen concurrently 
with other tasks that are executing. It 
also minimizes processor involve
ment to the return of completed print 
requests and the delivery of addition
al requests to the device driver. 

Advantages of Hardware Interrupts 
There are several important points 
about the hardware interrupt protocol 
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and how OS/2 implements this 
protocol. 

• OS/2 enables multiple tasks to run 
simultaneously, because it does 
not waste the limited processor 
cycles on polling a device. Instead, 
OS/2 uses hardware interrupts to 
transfer data. During device-busy 
times , OS/2 can devote the addi
tional processor cycles that would 
have been required for polling to 
the execution of other tasks. 

• OS/2 encourages the use of buffer
ing; it is designed to pass buffers 
of data rather than a single byte of 
data where possible and while 
maintaining compatibility with 
existing Application Programming 
Interfaces (APis). Improved per
formance is achieved by spending 
more time actually transmitting 
data rather than passing the data to 
the device driver to be transmitted. 

• The OS/2 parallel-port device 
driver currently uses ABIOS on 
Micro Channel systems, and auto
matically switches from PIO to 
DMA when executing on PS/2 
systems that support DMA. The 
concurrency achieved when using 
DMA significantly improves system 
throughput on PS/2 Micro Chan
nel systems compared to other AT 
and EISA bus systems. Generating 
one interrupt per buffer rather than 
one interrupt per character sig
nificantly reduces the number of 
interrupt-time instructions that the 
processor must process. This, in 
turn, al lows the saved cycles to be 
allocated to other OS/2 tasks. 

• If the parallel-port device driver is 
called to service a hardware inter
rupt that was not generated by the 
device attached to the parallel 
port, then the parallel-port device 
driver does not claim the interrupt. 
On computers that support hard
ware interrupt sharing, the inter
rupt manager calls other device 
drivers that request notification 
about the hardware interrupt. OS/2 
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exploits hardware interrupt shar
ing. Hardware interrupt sharing 
extends the number of hardware 
interrupt levels available, thereby 
helping to alleviate this limited 
system resource. 

Conclusion 
Passing blocks of data as parameters 
instead of a single character at a 
time, scheduling the processor with 
other tasks instead of making it wait 
for slower devices, and offloading 
output to specialized processors are a 
few of the many advantages of multi
tasking and true hardware concurrency. 

The OS/2 parallel-port device driver 
exploits advanced parallel port fea
tures, including hardware interrupt 
usage, hardware interrupt sharing, 
and DMA. The DOS and Windows 
parallel-port device drivers do not 
take advantage of any of these ad
vanced features and, therefore, under
utilize advanced computer systems. 
OS/2 optimizes the personal com
puter's capabilities and, therefore, 
your productivity. 

Frank J. Schroeder is a staff 
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Drivers and Multiple Virtual DOS 
Machines (MVDM) department in 
IBM Boca Raton. He has worked 
on several OS/2 components since 
Version 1.0, and is currently work
ing on pe,j'ormance andjimction
a/ enhancements to the OS/2 
printer subsystem. Frank has pre-
1•iously published articles in IBM 
OS/2 Developer and IBM Per
sonal Systems Technical Solu
tions. He earned a Bachelor of 
Technology degree in computer 
science from Rochester Institute 
of Technology, and an MBA from 
the University of Miami. 
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Developing OS/2 Presentation 
Manager Applications with 
Micro Focus COBOL 
Christopher Fierros 
Dallas , Texas 

This article introduces COBOL application developers to OS/2' s Graphi
cal User lnte1face (GUI), the Presentation Manager (PM). Issues specific 
to the COBOL programming language are discussed. The article shows 
how to code the most fundamental PM program using common PM Appli
cation Programming lnte1face (AP/) calls. 

0 
S/2 quickly is becoming the 
platform of choice for down
sizing host applications and 

developing mission-critical business 
applications. OS/2's Graphical User 
Interface (GUI), Presentation Man
ager (PM), is one of the most power
ful GUI development environments 
on personal computers today. The 
complexity of programming for PM 
can be dramatically reduced by devel
oping applications with COBOL. 

Advantages of Using COBOL 
Using COBOL to develop OS/2 PM 
applications has several advantages 
over other programming languages: 

• COBOL is easier to learn than 
most programming languages. It 
uses a verbose, English-like cod
ing syntax that is easy to read, fol
low, and understand. COBOL is a 
structured programming language. 
Because it is structured, it is easier 
and less costly to maintain than ap
plications written in non-structured 
languages. 

existing programming skills can 
reduce application development 
costs considerably. 

• COBOL is much better suited for 
applications that access data from 
relational database engines. 
COBOL is positioned well for the 
evolving client/server and distrib
uted database architectures. 

• Existing COBOL applications can 
be ported easily to the OS/2 PM 
environment without having to be 
entirely rewritten in another lan
guage. The application's data proc
essing functions can remain intact, 
with only minor changes. 

These advantages can reduce the cost 
of developing and maintaining OS/2 
PM applications. The ability to extend 
an existing development environment 
to include OS/2 PM can reduce costs 
associated with retraining developers 

and can protect your existing 
software investments. 

Development Software 
The software required to develop 
COBOL applications for OS/2 PM 
(henceforth called COBOL/PM appli
cations) includes OS/2, OS/2 Toolkit, 
and Micro Focus COBOL® Toolset. 
The Micro Focus 16-bit COBOL 
compiler has supported PM applica
tion development since Version 2.4 
of the compiler was released in late 
1989. Their 32-bit OS/2 COBOL 
developer's kit is scheduled for gen
eral availability in early 1993. 

Figure I shows different operating 
environments available for 
COBOL/PM development using 
Micro Focus COBOL Toolset 2.5 or 
3.0. Regardless of the operating sys
tem and development tool used, be 
sure to apply the latest OS/2 Correc
tive Service Diskette (CSD) and 
Micro Focus update levels. 

The OS/2 2.0 Developer's Toolkit 
includes a greatly improved Dialog 
Box Editor and Icon Editor, and 
utilities that were not available pre
viously, such as the NMAKE utility. 

COBOL/PM Applications 
This article presents a simple, 
straightforward process for develop
ing COBOL/PM applications. The 
development process begins by creat
ing various files needed to generate a 
PM executable program. After devel
oping your first program, simply 
copy and rename the files you need. 
The COBOL/PM program developed 

• COBOL is a popular programming 
language. Corporations already 
have thousands of mainframe 
applications written in COBOL, 
and many of these were developed 
on personal computers. Using 

OS/2 1.3 

OS/2 2.0 

OS/2 2.0 

OS/2 Programming Tools and Information Yersio~ 

OS/2 Programming Tools and Information Version 2.0 

OS/2 2.0 Developer's Toolkit 

Figure 1. Software Development Environments 
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in this article is called PMABOUT. It 
contains basic components of any 
COBOL/PM application. 

Creating a Build File 
The first step in developing a PM 
application involves creating a build 
file. The build file does exactly what 
its name implies - it builds source 
code into an executable program. 
There are two different implementa
tions for managing the build process. 

For the first implementation, simply 
create a RE.XX batch file, BU I LD. CMD, 
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that passes commands directly to the 
OS/2 command prompt. This file 
checks for nonzero return codes from 
each command submitted to the com
mand interpreter and stops the build 
process if a nonzero return code is 
received. (The COBOL compiler 
returns codes of 0, 4, 8, and 16. A 
zero return code indicates successful 
compilation with no messages. A 
code between 4 and 16 indicates the 
severity of the messages received 
during compilation.) The BU I LD. CMD 
file must have the extension . CMD 
because this is a requirement for 
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RE.XX files. A RE.XX build file, 
BU I LD. CMD, is shown in Figure 2. 

The NMAKE Utility 
The second implementation for 
managing the build process is a bit 
more complex. It uses a utility pro
vided with OS/2 2.0 Developer' s 
Toolkit called NMAKE. This utility can 
reduce development time consider
ably. The NMAKE utility reads an 
ASCII text file called a make file. 
The make file specifies the name of a 
target file and the names of depend
ent files on which the NMAKE utility 

I 
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/* REXX BUILD.CMD for PMABOUT */ 
BUILD: 

'COBOL PMABOUT.CBL; confirm ans85 ganim' 
IF RC \=O THEN SIGNAL ERROR 

'LINK PMABOUT.OBJ,PMABOUT.EXE, ,lcobol+os2286,PMABOUT.DEF;' 
IF RC \=O THEN SIGNAL ERROR 

'RC -r PMABOUT.RC' 
'RC PMABOUT.RES PMABOUT.EXE' 

IF RC \=O THEN SIGNAL ERROR 
SIGNAL ENDPROG 

ERROR: 
SAY '*** Build ended with error!' 
EXIT 

ENDPROG: 
SAY '*** Build ended successfully!' 
EXIT 

Figure 2. REXX Build File BUILD.CMD 

All : PMABOUT. EXE 

PMABOUT.RES : PMABOUT.RC PMABOUT.H PMABOUT.DLG PMABOUT . ICO 
RC -R PMABOUT.RC 

PMABOUT.OBJ : PMABOUT . CBL PMABOUT.CPY 
COBOL PMABOUT.CBL; confirm ans85 ganim 

PMABOUT.EXE : PMABOUT.RES PMABOUT.DEF PMABOUT.OBJ 
LINK PMABOUT.OBJ,PMABOUT.EXE, ,lcobol+os2286,PMABOUT.DEF; 
RC PMABOUT.RES PMABOUT.EXE 

Figure 3. NMAKE File PMAB OUT.MAK 

*- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -* 
CONFIGURATION SECTION 
*- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -* 

Source-Computer. IBM-PS2. 
Object-Computer. IBM-PS2. 
Special-Names. Call-Convention 3 is OS2API. 

Figure 4. Ca II Convention 

performs a time-stamp comparison. 
Next, the make file specifies state
ments to be executed if the time
stamp comparison between the target 
file and dependent files fails. If the 
comparison fails - meaning that the 
time-stamp of the target file is older 
than the time-stamp of at least one 
dependent file - then the specified 
statements are executed. 

For example, if you make source 
code (.CB L) changes and save those 

changes to disk, then the next time 
you run NMAKE, only the COBOL 
source code is recompiled. After 
recompiling the . CBL source code, 
the COBOL object module has a 
more recent time-stamp than the old 
. EXE file. The COBOL object mod
ule is relinked, producing a new exe
cutable (.EXE) module. Throughout 
this process, the original resource file 
(. RES) was not recompiled. Using 
the NMAKE utility can reduce develop
ment time substantially because the 
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files that have not changed are not 
recompiled. 

Additional information about NMAKE 
and other OS/2 2.0 Toolkit utilities is 
contained in the publication OS/2 2.0 
Developer's Toolkit: Getting Started, 
which is provided with the OS/2 2.0 
Toolkit. 

By default, the make file has no ex
tension; however, it is common prac
tice to give it the same file name as 
the source code, and the extension 
. MAK. Figure 3 shows an example of 
the PMABOUT. MAK file. In Figure 3, 
note that the GAN IM compiler direc
tive creates support files for the 
Xi lerator - the Micro Focus COBOL 
debugger provided with the Micro 
Focus COBOL Toolset. To invoke 
the debugger, type the following on 
the OS/2 command line: 

xi l /c /p pmabout 

Source Code 
The second step in developing a 
COBOL/PM application is to create 
the actual source code, copy book, 
and module definition file. 

The COBOL source code file has an 
extension of . CB L unless it contains 
SQL code, in which case its exten
sion is . SOB. The source code is like 
any other COBOL program written 
for OS/2, with a few minor exceptions. 

The Call-Convention statement is the 
first indication that a program is using 
OS/2 Application Programming Inter
face (API) routines. This statement is 
coded under SPECIAL-NAMES in the 
CONFIGURATION SECTION of the 
ENVIRONMENT DIVISION. The call 
convention is defined as 3, which is 
the Pascal calling convention (see 
Figure 4). The Pascal calling conven
tion is simply the order in which 
OS/2 expects to receive the param
eters passed from the COBOL pro
gram to the API routine. The literal 
OS2API can be any valid COBOL 



literal; however, OS2API is the 
COBOL standard. 

Using WORKING-STORAGE, LOCAL
STORAGE, and LINKAGE SECTIONS 
controls the definition of variables 
and constants. The WORKING
STORAGE SECTION contains global 
variable declarations. In the PMABOUT 
example, all WORK I NG-STORAGE vari
ables have been placed in a copy 
book. The copy book file is simply a 
file (with an extension of . C PY) in 
which object handles, controls, mes
sages, structures, and other variables 
are defined. This file is copied into 
the COBOL source when the pro
gram is compiled. Placing all 
WORKING-STORAGE definitions into a 
single copy book is a personal prefer
ence only; they also could have been 
placed in various copy book files or 
the actual source code. Using copy 
books simplifies development and 
enables developers who are working 
on the same application to use stan
dardized variables and constant 
names. The COPY statement copies 
the entire copy book into the source 
code during compilation. 

Because PM programs can invoke 
several instances of a procedure, 
each instance of a procedure must 
receive its own copy of certain vari
ables. The LOCAL - STORAGE SECTION 
ensures that each procedure within 
the application receives its own copy 
of variables defined in this section. 
These variables are destroyed upon 
exiting the procedure. 

The LINKAGE SECTION declares vari
ables that can be passed as param
eters to procedures. PM programs 
define entry points to procedures 
using the ENTRY statement with the 
USING clause. The parameters 
defined after the USING clause are 
declared in the LINKAGE SECTION of 
the application. PM now can pass 
parameters to procedures, similar to 
calling a COBOL subroutine or an 
OS/2 Dynamic Link Library (DLL). 
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Perform until EndFlagYes 
Call OS2API ' _ WinGetMsg' 

using by value hab 
by reference 0MSG 
by value ULongNull 
by value UShortNull 
by value UShortNull 

returning ReturnData 
If (QMSG-MSGID - WM-QUIT) 

Set EndFlagYes to true 
Else 

Call OS2API ' _ WinDispatchMsg' 
using by value hab 

by reference QMSG 
returning ReturnData 

End - If 
End-perform 

Figure 5. Main Message Routine 

The PROCEDURE DIVISION contains 
the most noticeable changes of the 
four COBOL divisions. This division 
is where all API calls are coded. 
COBOL/PM programs follow the 
structured programming approach of 
initialization, process, and termina
tion. The only difference is that the 
main processing routine serves only 
one purpose: to receive messages 
from PM and to dispatch these mes
sages to the appropriate procedures. 
These procedures receive, evaluate, 
and either act on these messages (by 
performing some type of processing) 
or ignore them (by passing them 
back to PM to process or discard). 

Initialization Routine 
As PM applications become more 
sophisticated, so does the initialization 
routine. However, some functions 
must be taken care of, regardless of 
the complexity of the application. 
The initialization routine performs 
the following: 

• Initializes PM facilities with the 
W i n I n it i a l i z e API 

• Creates the application's message 
queuewithWinCreateMsgQueue 

• Sets the program's entry point to 
the main window procedure 
(Set ENTRY ... ) 
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• Registers the program's main win
dow and associates it with the 
main procedure by making a call 
to Wi nRegi sterCl ass 

• Creates the program's main window 
with the Wi nCreateStdWi ndow 
API 

Main Message Routine 
The main message routine receives 
messages from the application's mes
sage queue through the Wi nGetMsg 
API call. Then these messages are 
dispatched to the appropriate window 
procedure with the Wi nDi spatchMsg 
call. The main message routine con
tinues to receive and dispatch mes
sages until the application receives a 
WM - QUIT message. 

Figure 5 shows the main message 
routine. Notice a double underscore 
(_ ) preceding each API call. This 
double underscore informs the 
COBOL compiler that the call is to 
an external routine. If all program 
calls are to external routines, omit 
double underscores and use the 
/LIT LI N K compiler directive. 

Termination Routine 
The termination routine destroys the 
main window with the 
Wi nDestroyWi ndow API call, 
destroys the message queue with the 
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ENTRY 'MainWndProc' using by value hwnd 
by value Msg 
by value MsgParml 
by value MsgParm2. 

Figure 6. ENTRY Statement 

NAME 
DATA 
HEAPSIZE 
STACKSIZE 
PROTMODE 

PMABOUT WINDOWAPI 
MULTIPLE 
16384 
40960 

Figure 7. Module Definition File PMABOUT.DEF 

Wi nDestroyMsgQueue API call, and 
terminates the use of PM services 
with the Wi nTermi nate API call. 

Main Window Procedure 
The main window procedure is the 
first procedure in a COBOL/PM pro
gram and is usually associated with 
the application's main window. Most 
window procedures receive mes
sages, evaluate the messages, and 
either act on the messages or return 
them to PM for default processing. 
The entry point to a procedure is 
coded with the ENTRY statement, as 
shown in Figure 6. The literal 
Mai nWnd P roe can be any literal, as 
long as it is defined in working 
storage as a procedure pointer and is 
declared in the module definition file 
under the EXPORTS statement. 

The window procedure is associated 
with a window when the call to 
Wi nRegi sterCl ass is made. A 
dialog procedure is associated with a 
dialog box when a call to Wi nDl gBox 
or Wi nloadDl g is made. The only dif
ference between a window procedure 
and a dialog procedure is that the 
former is associated with a window 
and the latter with a dialog box. The 
EVALUATE statement determines 
which message has been received, 
and the WHEN clause specifies which 
actions to take. If no actions are 
taken by the application, the message 

is dispatched back to PM for default 
processing. 

Module Definition File 
The module definition file (Figure 7) 
passes information about the pro
gram to the OS/2 Linker. It is an 
ASCII text file with file extension 
. DEF. This file is used most com
monly to define heapsize and stack
size and to define data entry points 
within a DLL. 

Creating Resources 
The final step in developing a PM 
application involves creating all 
resources that the application will use 
- the windows, dialogs, icons, 
pointers, and other objects. 

Resource Fi le 
First create the resource (. RES) file. 
As its name implies, this file is where 
all the application's resources are 
defined. The resource file contains 
definitions of windows, dialogs, 
icons, pointers, and other resources. 
The OS/2 resource compiler, pro
vided with the OS/2 1.3 or OS/2 2.0 
Toolkit, is used to create a resource 
file. The resource compiler produces 
a binary resource file with extension 
. RES. 

Resource Definition File 
The resource definition (. RC) file is 
an ASCII text file. This file can con-
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tain actual resource file definitions or 
point to other files that contain the 
resource definitions. For example, 
icons and pointers are binary files, so 
they should not be placed directly 
into the resource definition file. The 
resource definition file points to 
these binary files with the appropri
ate statements. During the compila
tion of the resource definition file, 
these binary files are retrieved by the 
resource compiler. The dialog defini
tion file and resource header files are 
ASCII files that can be placed direct
ly in the resource definition (. RC) 

file; however, most programmers 
keep these files separate for simplic
ity's sake. Figure 8 shows an example 
of a resource definition file. For more 
information about resource definition 
files, see the appropriate OS/2 pro
gramming guide for the toolkit that 
you are using. 

Resource Header File 
The resource header (. H) file is an 
ASCII text file that is used to assign 
values to user-specified objects (such 
as windows, dialogs, icons, pointers, 
pushbuttons, and list boxes). These 
objects are defined in the resource 
definition and dialog definition files. 
These values uniquely define each 
object in the application program. 
The resource header file can be 
edited using any ASCII text editor or 
the Dialog Editor utility. Figure 9 
shows a resource header file . For 
more information about resource 
header files, see the appropriate OS/2 
programming guide for the OS/2 
toolkit that you are using. 

Dia log Definition File 
The dialog definition (. D LG) file is an 
ASCII text file that contains all dia
log box definitions. You can create 
this file with any ASCII text editor; 
however, it usually is created and 
modified by using the Dialog Editor. 
Figure 10 shows a simple dialog 
definition file with a single About 

dialog defined. 



Icon File 
The icon(. ICO) file is a binary file 
that is created with the Icon Editor 
tool. The icon file contains a graphi
cal representation of the program and 
is used to represent the application 
on the OS/2 Desktop or in a folder. 
The application 's icon can be asso
ciated with the main window simply 
by giving the icon the same identifier 
as the main window (see the I CON 
statement in Figure 8). A pointer con
tains a graphical representation of a 
pointing device. The standard OS/2 
pointing arrow can be changed to any 
other symbol (for example, a pencil 
or finger) to help users decide which 
action to take. 

After all files mentioned in the pre
vious sections are created, the iterat
ing process of coding, compiling, and 
testing can begin. Start by invoking 
the make file created earlier. If a 
REXX build file was created, then 
simply type BU I LO from the directory 
that contains all program files. If the 
NMAKE. EXE utility is being used, then 
begin by typing NMAKE PMABOUT. MAK 
from the OS/2 command line. 

Summary of Files 
Figure 11 summarizes typical files 
that a programmer works with when 
developing COBOL/PM applica
tions. Figure 12 shows the overall 
relationships among input files, 
processes, and output files involved 
in creating the executable file 
PMABOUT. EXE. 

COBOL/PM Tips 
The OS/2 1 .3 Programming Tools 
and Information refers to program
ming with the IBM COBOL/2 bind
ings. These bindings have been 
dropped in the OS/2 2.0 Developer's 
Toolkit and should not be used to 
develop any new COBOL applica
tions. Statements that say COBOL is 
a non-reentrant programming lan
guage that is unable to support PM 
development simply are outdated. 
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#include "OS2.H" 
#include "PMABOUT.H" 

ICON WND_MainWnd PMABOUT.ICO 

MENU WND MainWnd PRELOAD 
BEGIN 

SUBMENU "-File", 
BEGIN 

END 

MENUITEM "-New", 
MENUITEM "-Open ... ", 
MENUITEM SEPARATOR 
MENUITEM "-Save", 
MENUITEM "Save -as ... ", 
MENUITEM SEPARATOR 
MENUITEM "-Exit", 

SUBMENU "-Help", 
BEGIN 

AB_File 

AB_New .. 
AB_Open .. 

AB_Save,, 
AB_Saveas,, 

MIA_DISABLED 
MIA_DISABLED 

MIA_DISABLED 
MIA_DISABLED 

MENUITEM "-Help for help ... ", 

AB_Exit 

AB_Help 

AB_Hhelp,, 
AB_Xhelp,, 
AB_Khelp,, 
AB_Ihelp,, 

MIA_DISABLED 
MIA DISABLED 
MIA_DISABLED 
MIA_DISABLED 

MENU ITEM "-Extended Help ... ". 
MENUITEM "-Keys help ... ", 
MENUITEM "Help -index ... ", 
MENUITEM SEPARATOR 
MENUITEM "-About", 

END 
END 

RCINCLUDE PMABOUT.DLG 

AB_About 

Figure 8. Resource Definition File PMABOUT.RC 

ifdefi ne WND_MainWnd 100 
#define AB_File 110 
ifdefi ne AB_New 111 
#define AB_Open 112 
#define AB_Save 113 
#define AB_Saveas 114 
#define AB_Exit 115 
#define AB_Help 190 
#define AB_Hhelp 191 
#define AB_Xhelp 192 
#define AB Khel p 193 
#define AB_Ihelp 194 
ifdefi ne AB_About 195 
#define DLG_About 900 

Figure 9. Resource Header File PMABOUT.H 

The resource header file contains 
define statements for windows, 
dialogs, and controls in the resource 
definition and dialog definition files. 
To refer to these objects within 
COBOL source code, redefine them 
in WORKING - STORAGE as Pi c 9(4) 
Comp- 5 items. Be sure to use the 
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same numeric value defined in the 
resource header file , or the message 
evaluation logic will be incorrect. 
Additionally, if an underscore(_) is 
used in the resource definition file 
statements (shown in Figure 9) , 
change it to a dash (-) when you 
define these data items in WORKING -

I 
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DLGINCLUDE 1 "PMABOUT.H" 

DLGTEMPLATE DLG_About LOADONCALL MOVEABLE DISCARDABLE 
BEGIN 

DIALOG "About", DLG_About, 21. 5, 228, 86, FS_NOBYTEALIGN 
WS_VIS I BLE. FCF _ SYSMENU I FCF _TITLEBAR 

BEGIN 
CTEXT " PMABOUT Version 1.0", 1902, 67, 66, 100, 8, 

DT_VCENTER 
CTEXT 

CTEXT 

CTEXT 

"by Chris Fierros (OS2AAC06@ DAL VM 41B)" , 1903, 0, 
52, 228, 8, DT_VCENTER 
"IBM OS/2 Application Assistance Center", 1904, 0, 
38, 228, 8, DT_VCENTER 
"A COBOL/PM Application", 1905, 0 , 24, 228 , 8, 
DT_VCENTER 

DEF PUSHBUTTON "OK" , DID_OK, 77, 6, 69, 13 
END 

END 

Figure 10. Dialog Definition File PMABOUT.DLG 

>--B_U_I_L_D_._C_M_D _____ REXX build file (See Figure 2) 

PMABOUT. MAK NMAKE make file (See Figure 3) 

PMABOUT.CBL Source code 

1--PM_A_B_O_U_T_._C_P_Y ______ S_o_u_rc_e_c_o_d_e_c_o_p_y_b_o_ok ___________ ----1 

>----PM_A_B_O_U_T_._D_E_F _____ Module definition file (See Figure 7) 

1--PM_A_B_O_U_T_._R_C _____ Resource definition file (See Figure 8) 

1--PM_A_B_O_U_T_._H ______ Resource header file (See Figure 9) 

>----PM_A_B_O_U_T_._D_L_G _____ Dialog definition file (See Figure 10) 

PMABOUT. I CO Icon file 

1--PM_A_B_O_U_T_._R_E_S ______ B_i_n_ar.c..y_r_es_o_u_rc_e_f_il_e ____________ ----J 

PMABOUT. EXE Executable file 

Figure 11 . Typical Files Used for COBOL/PM Application PMABOUT 

STORAGE. For example, in Figure 9, 
the Action Bar pull-down is defined 
as AB_ Hel p. This definition needs to 
be changed to AB - Help when this 
Action Bar pull-down is defined in 
WORKING- STORAGE. 

Unlike the COBOL compiler, the 
resource compiler used to create the 
application 's resource (. RES) file is 
case-sensitive. This means that 
Dl g_AboutBox and DLG_AboutBox 
are not the same. You will receive 

compiler errors about undefined vari
ables. The COBOL compiler does 
not distinguish between upper- and 
lowercase. Coding COBOL in mixed
case is a personal preference, but it 
enhances readability. If you have 
ever received an E-mail note typed in 
all uppercase letters, you will appre
ciate reading source code that con
tains mixed-case letters. 

The OS/2 2.0 Developer's Toolkit 
can be used under OS/2 2.0 to develop 
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16-bit PM applications that can run 
under both OS/2 1.3 and 2.0. You 
will need to link with OS2286. LIB. 
Remember, the online documentation 
that comes with the OS/2 2.0 Toolkit 
has been modified to reflect 32-bit 
API calls . This means that most of the 
API parameters have been changed 
from two-byte, Pie 9(4 ) Comp-5 
definitions to four-byte , Pi c 9 ( 9) 
Comp- 5 definitions. 

Micro Focus COBOL Toolset has a 
utility called H2C PY that converts the 
PM header files into COBOL format. 
The utility converts #define state
ments into 78-level COBOL elemen
tary items. These 78-level elementary 
items will not contain a PICTURE 
clause. The SIZE clause can be used 
when passing these items as param
eters to PM API calls. For example, 
BY VALUE ITEMl SIZE 2 passes the 
parameter ITEMl as two bytes. A 
default byte size also can be speci
fied with the LITVAL-SIZE compiler 
d irective. For 16-bit applications, use 
LITVAL-SIZE"2" and only use the 
SIZE clause to pass a four-byte 
parameter. The conversion to 32-bit 
applications is simplified by chang
ing to LITVAL - SIZE"4" to default to 
a four-byte parameter. 
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pmabaut.def 

pmabaut.exe 

pmabaut. res 

pmabaut.rc 

pmabaut.dlg 052.H 

Figure 12. Building the Executable File PMABOUT.EXE 

When using the Micro Focus 
COBOL/PM debugger, Xilerator, set 
break points and zoom through the 
application to these break points. 
Stepping through the application 

backs up the application's message 
queue. 

PM API calls expect all text strings 
to be passed as ASCIIZ strings, mean-
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ing that they are null-terminated. The 
null terminator indicates the end of 
the character string. To add a null ter
minator, use & x · 00 · at the end of 
the string. To remove null termina
tors, use the INSPECT statement with 
the REPLACING option. In COBOL, 
the null terminator x' 00 · is the ame 
as Low-Values. 

Softcopy of PMABOUT Code 
The sample code in this article can be 
downloaded in its entirety from the 
IBM National Solution Center Bul
letin Board System, (404) 835-6600 
(modem settings N-8-1). The source 
code is archived in the file 
PMAB0UT . ZIP. 
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0S/2: How About Notebooks? 
Fabian Pascal 
micro-paSQaL 
Palo Alto , California 

This article is part of ongoing research to develop specifications for select
ing an OS/2-capable notebook computer. The research will generate a 
table of features to which OS/2 is sensitive, and which will be a means for 
comparing notebook products as platforms for OS/2. This article discus
ses the major factors about notebook computers that users should con
sider when selecting a notebook system on which to run OS/2. 

B
ecause OS/2 truly multi tasks 
DOS and Windows applica
tions, it is a natural platform for 

notebook computers. Notebook users 
are showing significant interest in 
running all of their applications 
under OS/2, rather than separately 
under their respective operating 
environments. 

Generally, any computer that is 
larger than 8.5 x 11 inches, thicker 
than two inches, and heavier than six 
pounds is not truly a notebook com
puter. In fact, everything else being 
constant, any computer that exceeds 
these minimal requirements, still 
delivers good performance, has a 
good keyboard, and comes at an 
affordable price should be a serious 
candidate for OS/2. When consider
ing a notebook computer's physical 
attributes, keep in mind the size and 
weight of the AC adapter and battery. 
These necessary items tend to be 
bulky and heavy, which can defeat 
the purpose of a true notebook, par
ticularly for travelers who also are 
likely to carry a spare battery. 

Despite technological advances that 
keep squeezing more power into 
constantly shrinking machines while 
reducing prices, and despite the end
less proliferation of new products, 
finding an affordable notebook com
puter that runs OS/2 comfortably is 
far from easy. Many specifications 
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that would indicate whether a note
book computer is a good candidate 
for OS/2 are not readily available. 
This is partly because OS/2 and its 
applications are very demanding in 
terms of hardware and power. More 
hardware and power require more 
size and weight, which adversely 
affects the ratio of price to perfor
mance. These factors make OS/2 a 
less viable option for notebook manu
facturers. Recently, however, IBM 
announced its intention to adapt OS/2 
to portable computers. When this 
version of OS/2 becomes available, 
OS/2 will be much better suited to 
run on notebook computers. 

Compatibility 
Although OS/2 is likely to run on 
many notebook computers, IBM 
guarantees to refund the cost of OS/2 
if it cannot be made to run on a spe
cific computer. Buyers should insist 
on a similar policy from notebook 
vendors, and should thoroughly test 
OS/2 and applications on a notebook 
computer before purchasing it. 

Processor 
The minimum processor to consider 
is a 80386 33 MHz. Until recently, 
486 machines were rare, large, heavy, 
prone to overheating, and very expen
sive. But this situation is changing, 
so now I recommend the 486DX, 33 
MHz version for those who can af
ford it. Even with a 33 MHz 486DX, 
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and certainly for slower processors, 
the capability of upgrading to more 
powerful processors is a necessity. 
The power-saving versions of proces
sors (SLC, SL, DXL) that are current
ly scarce for 486 processors should 
be preferred for reasonable battery 
life, and a socket for a math coproc
essor should be available. The IBM 
ThinkPads 700 and 700C have a 
486SLC/25 CPU. 

Bus 
OS/2 2.0 is a 32-bit operating system, 
so its performance will benefit from a 
32-bit data bus. There are currently 
two 32-bit options - Micro Channel 
and Extended Industry Standard 
Architecture (EISA) - but there are 
no EISA notebook computers, but 
the ThinkPad 700 series has a 32-bit 
bus. OS/2 2.0 can run on systems that 
have 16-bit buses, although its perfor
mance will be less than optimal. 

Memory 
Although OS/2 will install and run 
on as little as 4 MB of RAM, 8 MB 
is required and 12 MB is the recom
mended minimum for excellent per
formance. The memory requirement 
is a crucial factor, because practically 
all notebook memory is proprietary 
and expensive, and can double an 
otherwise attractive base price. The 
preferred notebook computers should 
come with at least 4 MB of memory, 
have a reasonable price, and accept 
more than the common maximum of 
8 MB. They also should be able to 
add memory gradually in small 
amounts. Notebook computers that 
offer only large add-on memory mod
ules, or force replacing the initial 
memory module with a larger one, 
should be avoided. The ThinkPads 
come with 4 MB, and allow two addi
tional modules of 2, 4, or 8 MB , up to 
the addressable maximum of 16 MB. 

Vendors do not usually publish mem
ory speed. Although 80 ns is com
mon, 70 ns and even 60 ns , although 
rarer, are preferred for OS/2. 
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Disk Drives (SCSI) technology enables access to Figure I shows the OS/2 desktop in 

In most notebook computers, the size seven compliant devices, but most 1024 x 768, 8514/A mode. Figure 2 

of hard disks has hovered around 60 notebooks come with IDE drives, shows the same screen in VGA 

to 80 MB. OS/2 and its applications and small-factor SCSI drives are not mode, where a large portion of the 

will quickly fill that space. It is best available. A docking station such as desktop is no longer visible. 
• 1 

to have at least 120 MB. Now 200 the one used by the ThinkPads, or an 

MB drives are starting to appear. File adapter that allows connection to A color display on a notebook com-

compression would be a good im- SCSI devices through the parallel puter is preferable. However, color 

provement to OS/2 because hard disks port should be considered. displays are expensive and demand a 

with a large capacity and a small fac- lot of power, so most users will have 

tor (a size of 2.5 inches or less) are Data transfer rates are not published monochrome displays. The quality of 

expensive. Because OS/2 swaps to by vendors, but the higher, the better. the display, the maximum number of 

disk - especially when a computer shades (16, 32, 64), and performance 

has a relatively small amount of Video will vary considerably across note-

memory - 15 ms average access time A resolution of 1024 x 768 is the min- book products. There is little informa-

is the minimum acceptable perfor- imum resolution that really exploits tion about the amount of video RAM, 
mance for hard disks. The ThinkPad the Workplace Shell. This resolution which is important for performance. 

drive is removable; the optional 120 requires IBM's XGA/2, XGA, or At least 1 MB is recommended. 

MB disk drive (standard with the 8514/ A video adapters, or OS/2-

I 700C) has an access time of 17 ms. specific Super VGA drivers from Most notebooks offer access to an 

other vendors' computers. But these external display, and some of these 

Frequent backups of hard disks are drivers are not yet available. The 10- displays have slightly higher resolu-

good policy, but diskettes are not a inch maximum display of notebooks tion than VGA, usually 800 x 600. 

viable proposition. Access to an ex- makes the usefulness of resolutions This resolution is less than ideal for 

temal backup device - a hard disk, a higher than 640 x 480 (VGA mode) OS/2 and also requires a Super VGA 

removable tape drive, or cartridge questionable (the ThinkPad 700C has driver that is rarely available. If the 

drive - should be available. Built-in a 10.4" screen). notebook is used for presentations, 

Small Computer Systems Interface the capability to display simultane-
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Figure 1. OS/2 Desktop in 1024 x 768 (8514/A) Mode 

Figure 2. OS/2 Desktop in 640 x 480 (VGA) Mode 

ously on the notebook's built-in 
screen and an external screen is 
important (the ThinkPads have it). 

Power 
The battery life published by vendors 
is for DOS operation and is useful 

only for very rough comparisons be
tween computers. As a rule of thumb, 
battery life is actually about 50% to 
60% of published numbers. It will 
probably be less than that for OS/2 
operation. Metal-hydride batteries usu
ally last longer than the more common 
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nickel-cadmium ones, but not all ven
dors offer them (the ThinkPads do). 
A spare battery is not an option for 
travelers, it is a necessity - but few 
vendors include one in their product 
packages. The recharge time should 
be as short as possible, but vendors 
do not always publish that figure. 

Pointing Device 
Built-in trackball devices are most 
convenient with traveling notebooks, 
but they vary in type and quality, and 
not all users are comfortable with 
them. Mice are not as easy to travel 
with, but they are more popular and 
they also can serve a desktop. Ven
dors should offer both options and let 
the user choose which one to use and 
when. The Think.Pads have a new 
type of pointing device, the Track
Point, embedded in the keyboard, 
that may resolve the dilemma. Note
book computers that have neither a 
built-in device nor a second serial 
port make the simultaneous use of a 
mouse and modem impossible. 

Vendors and users interested in sup
porting this research are invited to 
contact the author. 

micro-paSQaL 
501 Forest Avenue, #703 
Palo Alto, CA 94301 
Voice/Fax: (415) 325-0646 
CompuServe: 73677 ,3306 
MCI Mail: FPascal 

Fabian Pascal is an independent 
consultant, teacher, and writer 
specializing in relational 
database management and SQL, 
and in office and portable comput
ing. As an industry analyst, he 
teaches seminars, advises, and 
has published extensively about 
these subjects. Author of SQL and 
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1990), he is currently working on 
a book to be published by John 
Wiley & Sons in 1993. 
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IBM is changing the way it distributes the Advanced Basic 1 nput!Output 
System (ABIOS) on PS/2s. New IBM PSl2s, such as the IBM PS/2 Model 
9557, support the ABIOS that is available on diskette or factory-loaded on 
the machine's hard disk. This article introduces the concept of a loadable 
ABIOS, explains why the change was made, and discusses its impact on 
users. 

A
pplications and the operating 
system go through Basic 
Input/Output System (BIOS) 

routines to access devices on a per
sonal computer. In most cases, only 
the operating system interfaces direct
ly with the BIOS. Most applications 
call the operating system to perform 
these functions, although a few 
special-purpose applications bypass 
the operating system interface and 
call the BIOS directly. 

When OS/2 was introduced, IBM 
began supplying an ABIOS contain
ing functions previously not avail
able in the PC BIOS. To maintain 
compatibility with other programs, 
the original PC BIOS - renamed 
Compatibility Basic Input/Output 
System (CBIOS) - is also included 
with the PS/2. Until recently, ABIOS 
was part of the resident PS/2 firm
ware. Firmware refers to programs 
that are typically stored in a non
volatile memory device, such as 
Read-Only Memory (ROM). PS/2 
firmware includes a Power-On Self 
Test (POST) in addition to the 
CBIOS and ABIOS. 

Over time, all IBM PS/2s that sup
port ABIOS will use a diskette-based 
ABIOS instead of a firmware-based 
ABIOS, making it easier to maintain 
and update. 

Once loaded, ABIOS is compatible 
with resident ABIOS. Software that 

uses ABIOS directly, however, may 
require changes in the initial installa
tion procedure. DOS is not affected 
because it does not use ABIOS, but 
DOS applications can access it. The 
installation routines of OS/2 2.0 do 
not support a loadable ABIOS, but 
future releases will. In the meantime, 
PS/2s with a loadable ABIOS are 
pre-loaded with OS/2. 

ABIOS has a device-level Appl ica
tion Programming Interface (API). 
ABIOS can operate in real mode, in 
protected mode, or in a bimodal en
vironment using both real and pro
tected modes. ABIOS is described 
thoroughly in the IBM Personal 
System/2 and Personal Computer 
BIOS lnte,face Technical Reference 
(S04G-3283). 

Resident ABIOS 
Resident ABIOS comes in three main 
types: system firmware, adapter firm
ware, and RAM extensions. Resident 
ABIOS occupies a substantial amount 
of memory in the adapter (feature) 
space and in the system firmware 
space. The adapter address space is 
the COOOh (hex) and DOO0h segments. 
The system firmware address space 
is the E000h and F000h segments. 
Adapter address space and system 
firmware address space provide space 
for firmware, device buffers, and Ex
panded Memory Specification (EMS) 
buffers. The available space within 
both the system firmware and adapter 
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address spaces has become very lim
ited. Some systems may not have any 
available space. To solve this prob
lem, the resident ABIOS has been 
packaged as a separate program. 
Adapter ABIOSs also can be pack
aged as separate programs. 

Initialization of the resident ABIOS 
occurs in three phases. Phase one is 
the initialization of the system 
ABIOS. Phase two is the initializa
tion of the adapter ABIOS. Phase 
three is the initialization of ABIOS 
RAM extensions such as patches. 
Two CBIOS calls, I NT 15 h AH=04 
("Build System Parameters Table") 
and INT 15h AH=05 ("Build Initializa
tion Table") are needed to initialize 
ABIOS. Once an initialization call is 
invoked, the ABIOS coordinates the 
initialization not only of itself, but of 
the adapter and RAM extension code 
as well. 

Loadable ABIOS 
The separate ABIOS programs must 
first be loaded into system RAM by 
the operating system or special
purpose application before they can be 
accessed. These now-separate ABIOS 
programs are loadable AB/OS. 

Adapters that store their ABIOS in 
16-bit ROM may perform better 
when the ABIOS is then run from 
32-bit system RAM. 

The loadable ABIOS architecture is 
based on the existing RAM-Extension 
Structure described in the IBM Per
sonal System/2 and Personal Com
puter BIOS lnteiface Technical 
Reference. For example, an ABIOS 
patch adheres to the RAM Extension 
Structure architecture. Before soft
ware, such as an operating system, 
initializes ABIOS through the CBIOS 
calls (INT 15h AH=04 and INT 15h 
AH=05), it must load all RAM exten
sions into memory and set the DS 
register to point to the beginning of 
the RAM extensions. Even if no 
RAM extensions (patches) are 
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required, DS must still be properly 
set and must point to a valid, zero
length ABIOS RAM extension. No 
changes are required to the runtime 
portion of software that adheres to 
the RAM Extension Structure section 
of the ABIOS architecture. 

IBM's loadable ABIOS is shipped 
with the PS/2 reference programs. 
Initially, the reference programs can 
reside on the Reference Partition of 
the hard disk or on the Reference Dis
kette. If the diskette version is not 
available, it must be created because 
the hard disk version is not available 
during normal runtime. 

The Backup feature of the Reference 
Partition is used to create the Refer
ence Diskette. This diskette-based 
version of the reference programs 
contains the loadable ABIOS that is 
used during installation of the operat
ing system or special-purpose appli
cation. For systems that support only 
a preloaded operating system, the 
user may never encounter the require
ment for a Reference Diskette. Sys
tems that are user-installed and require 
ABIOS, however, will require the 
Reference Diskette. 

Module Header 
Every loadable ABIOS module is 
required to have a valid RAM exten
sion header, which is an extension of 
the existing RAM extension header 
architecture. Figure 1 shows the 
fields of the RAM extension header. 
The last four entries have been added 
since the initial release of resident 
ABIOS. 

The new fields in the RAM extension 
header are as follows: 

0Eh Extension Header Length (in 
bytes). This word value indi
cates the number of bytes in the 
extended header. A value of 
zero indicates there is no 
extension to the header. 
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Signature = AASSh (word value) 

Length in 512-Byte Blocks 

Model Byte 

Submode! Byte 

ROM Revision Level 

Device ID 

Number of Initialization Table Entries 

Build Initialization Table Entry Point 

Secondary Device ID 

Revision 

Extension Header Length (in bytes) 

Support Determination Routine Offset 

Length (in bytes) of Extension Without Fill 

Initialization Routine Offset 

Figure 1. ABIOS RAM Extension Header 

10h Support Determination 
Routine Offset. This routine 
returns a zero value when this 
RAM extension does not apply 
to this computer system. When 
it does apply, this routine 
returns the actual ABIOS mod-
ule length in bytes. This routine 
should be called during the 
loading of RAM extensions. 
Only RAM extensions that 
return a nonzero value should 
be allowed to remain in 
memory. 

12h Length (in bytes) of this 
RAM extension without any 
fill. This is the actual length of 
the RAM extension, and does 
not include any pad that may 
have been added to raise the 
module size to the nearest 
512-byte boundary. 

14h Initialization Routine Offset. 
This routine is called by the 
CBIOS INT 15h AH- 04 and 
I NT 15 h AH- 0 5 code, and is the 
ABIOS initialization program. 
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Jlffset 

+00h 

+02h 

+03h 

+04h 

+0Sh 

+06h 

+08h 

+09h 

+0Ch 

+0Dh 

+0Eh 

+!Oh 

+12h 

+14h 

Wild Card Values 
The model, submode!, and revision 
level values stored in the ABIOS 
RAM extension header can be spe-
cific values or wild card values. A 
wild card entry is specified by the 
value zero. Any or all of the model, 
submode!, and revision fields can be 
set to the wild card value. When com-
paring the computer system's model, 
submode!, and revision fields with 
those found in the ABIOS module 
header, a wild card value indicates an 
automatic match of that field. 

Support Determination Routine 
This real-mode-only routine should 
be called only if the extended header 
length includes the support determi-
nation routine entry, and the entry is 
nonzero. Figure 2 shows the param-
eters of the support determination 
routine. 

The entry parameters of model, sub-
model, and revision level should be 
those of the current system. These 
values can be obtained from CBIOS 
through the INT 15h AH=COh call. 



The support determination routine 
finds out if particular ABIOS RAM 
extensions apply to the computer sys
tem. Typically, the RAM extension 
header contains wild card entries for 
model , submode], and revision level 
values. The support determination 
routine should be called immediately 
after the RAM extension has been 
loaded into memory. If the support 
determination routine returns a 
length of zero, then the RAM exten
sion does not apply to the current 
system. If the support determination 
routine returns a nonzero length, the 
RAM extension does apply to the 
current system. 

The size (length) of an ABIOS RAM 
extension must be an even multiple 
of 512. The ABIOS initialization pro
gram uses the length value (in 512-
byte blocks) at offset +02h in the 
RAM extension header to calculate 
the beginning address of the next 
RAM extension header. 

When the last RAM extension loaded 
does not apply to the system, the RAM 
extension should be invalidated or 
otherwise cleared from memory. This 
prevents the ABIOS initialization 
routine from locating and initializing 
a RAM extension that is not applic
able to the system. One method to 
invalidate a RAM extension is to 
zero out the signature in the RAM 
extension header. 

Compaction 
The support determination routine is 
normally required only during ini
tialization. It may be possible to 
compact an ABIOS RAM extension 
before the next ABIOS RAM exten
sion is loaded. After the support 
determination routine is called, the 
ABIOS RAM extension header can 
be updated as shown in Figure 3. 

When altering an entry in the ex
tended portion of the RAM extension 
header (beyond +0Eh), the extension 
header length ( +OEh) must be checked. 
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Input 

Parameter Description 

(AL) System Model Byte 

(AH) System Submode! Byte 

(BL) System ROM Revision Level 

~· f;... Output
1 

' ... JI 
Parameter Description 

(AX) Length of Extension in Bytes (actual) I-----,:___:_ ___ _ 

(BX) Length of Extension in Bytes (512-byte multiple) 

(CL) Count of 512-byte Blocks 

Flags Undefined 

1All other registers preserved 

Figure 2. Support Determination Routine Parameters 

Header . 02h - CL 
Header.12 h - AX 
Header.lO h - 0 

new 512-byte block count 
new length without fill 
su pport determination routine disabled 

Figure 3. Updating the ABIOS RAM Extension Header 

The check must be performed to 
ensure that the header includes the 
target field. 

Implementation 
To use ABIOS, the software should 
first perform a presence detect to 
determine what type (if any) of 
ABIOS support is provided. ABIOS 
presence detect consists of several 
individual tests performed in a pre
determined sequence. No individual 
test is definitive. The test sequence 
must be performed to determine 
whether ABIOS is supported, and if 
it is, what type of ABIOS is present. 
The software must support incorpo
rating the loadable ABIOS fi les as 
part of its installation process. The 
runtime operation of the software 
must be consistent with the estab
lished ABIOS architecture. 

Build System Parameters Table 
Build System Parameters Table is the 
CBIOS INT 15h AH-04 function call 
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- one of the two CBIOS calls used to 
initialize ABIOS. It has been discov
ered that certain software may issue 
this call as a presence test for ABIOS, 
only to perform the call later during 
actual initialization. If this call is 
made before loadable ABIOS is 
loaded, this call will not succeed, 
thus giving the impression that 
ABIOS is not supported. 

ABIOS Attribute Field 
This field is returned as part of the 
Return System Configuration Param
eters function, INT 15h AH-COh . All 
Micro Channel-based PS/2s support 
the Return System Configuration 
Parameters function, but not all sup
port the bit settings of the ABIOS 
Attribute Field. The register pair 
ES:BX points to a table in memory 
that has the structure shown in Figure 
4. The ABIOS Attribute Field is 
defined as bits 5-3 of Byte_ 4 in 
Figure 4. 

I 
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Description 

0 Length Word Table Length 000 ABIOS Attribute 

2 Model Byte 

3 Submode] Byte 

4 Level Byte 

5 Byte_l Byte 

6 Byte_2 Byte 

7 Byte_3 Byte 

8 Byte_4 Byte 

Figure 4. System Configuration Table 

The length field must be checked to 
dete1mine if the table includes 
Byte_ 4. If Byte_ 4 is a valid table 
entry, then the contents of bits 5-3 of 
Byte_ 4 can be used to determine the 
status shown in Figure 5. 

Loadable ABIOS Signature 
The ABIOS signature byte is a load
able ABIOS presence test method 
that supports retrofitting loadable 
ABIOS into existing resident ABIOS 
systems. For example, it may be 
desirable to install a new disk control
ler into an existing resident ABIOS 
system; however, the new disk con
troller requires loadable ABIOS. To 
indicate this to software such as an 
operating system, an indicator is 
stored in system NVRAM location 
202h. If a loadable ABIOS is required, 
this byte is set to Alh. If loadable 
ABIOS is not required, the byte is set 
to something other than Al h (prefer
ably 00h). An Adapter Description 
Program (ADP) that ships with a sys
tem or an option that requires load
able ABIOS must program this byte 
accordingly. Note that both systems 
and options (adapters) must support 
the loadable ABIOS signature byte. 

Loadable ABIOS Signature Interface 
A CBIOS function call, INT 15h 

AH=AOh, can be used to obtain the 
ABIOS signature byte. If this call 
returns successfully, it provides the 
ABIOS signature byte. If this call 
does not complete successfully, 

System Model 
information not available 

System Submode! 
001 ABIOS not supported 

Firmware Revision 
010 Resident ABIOS 

011 Loadable ABIOS 

1Values of 100 through 111 are reserved. 

Figure 5. ABIOS Type Information 

ABIOS Information 

NVRAM must be accessed directly. 
This call can also be used in systems 
where NVRAM does not exist, or in 
systems where NVRAM location 
202h is unavailable, because the call 
masks the actual means used to store 
the ABIOS signature byte. 

The interface specification for the 
ABIOS signature byte interface is 
shown in Figure 6. 

Detection Algorithm 
Figure 7 shows how to determine the 
level of ABIOS support present in a 
system. In Figure 7, No AB/OS indi
cates that the system does not support 

(AL)= 00h Read Loadable ABIOS Signature 

CF =0 Operation successfully completed 

(AH)= 00h Operation successfu lly completed 

(BL) Loadable ABIOS Signature value 

= 00h Loadable ABIOS prompting not required 

= Alh Loadable ABIOS prompting required 

CF= l Operation failed 

(AH)= 02h Unable to read Loadable ABIOS Signature 

(AL)= 0lh Write Loadable ABIOS Signature 

(BL) Loadable ABIOS Signature to write 

= 00h Loadable ABIOS prompting not required 

= Alh Loadable ABIOS prompting required 

CF= 0 Operation successfu lly completed 

(AH)= 00h Operation successfu lly completed 

CF= l Operation failed 

(AH)= 02h Unable to write Loadable ABIOS Signature 

Figure 6. ABIOS Signature Byte Interface 
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INT 15H AH=COH 

Table Size OK? 

Yes 

Bits 5-3 = 01 ? 

No 

Bits 5-3 = 1 l ? 

No 

INT 15H AH=OAH 
Does Call Succeed? 

No 

Read NVRAM 202H 

Signature = A 1 H ? 

No 

INT 15H AH=04 
Does Call Succeed? 

Yes 

Resident ABIOS 

Figure 7. Detection Algorithm 

ABIOS; Resident ABIOS indicates 
that ABIOS is supported and that no 
loadable ABIOS files are required; 
and Loadable AB/OS indicates that at 
least one loadable ABIOS file is re
quired (and resident ABIOS may also 
be present). 

Installation 
The Reference Diskette contains one 
or more loadable ABIOS files, an 
AB IOS. SYS file, and one or more 
Device Driver Profile (. DDP) files. 
The loadable ABIOS files have an ex
tension of.BIO. The AB IOS. SYS file 
lists all the . BIO files that may be re
quired for the system. The . DDP file 
is a list of required . BIO files in the 
DDP format. The . DDP file can be 
used as a control file to drive the 
installation of loadable ABIOS. For 
example, the OS/2 program 
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Yes 
NoABIOS 

Yes 
Loadable ABIOS 

Yes 
Loadable ABIOS 

No 
NoABIOS 

DD IN ST AL. EXE operates using . DDP 
files. 

The order in which the . BIO files 
appear in ABIOS. SYS and the . DDP 

file is important. The files that con
tain an initialization routine must 
precede all other files in the list. The 
initialization routine scans forward in 
memory for other ABIOS modules, 
so it must come before any other 
. BIO files. 

Software (such as an operating system) 
that is preloaded or preconfigured on 
a computer system may not have to 
involve the user in the loadable ABIOS 
installation process. However, during 
a user-based installation, software 
that uses ABIOS must take an addi
tional step to load ABIOS. If load
able ABIOS is detected, there must 
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be a prompt for the ABIOS source 
diskette (the Reference Diskette), and 
the ABIOS must be loaded. 

Developer Considerations 
The runtime operation of operating sys
tem or special-purpose software should 
be identical for both loadable and 
resident ABIOS. There are some con
siderations that will help ensure this: 

• Support the RAM-Extension 
Structure architecture. 

• Do not assume ABIOS resides at 
any particular physical address 
(that is, in the EOO0h segment). 

• Allow for adequate RAM 
extension space. 

• Allow for more than one RAM 
extension per system. 

User Considerations 
Users of PS/2s with loadable ABIOSs 
must be sure that the version of OS/2 
install supports loadable ABIOS. If it 
does not, contact your dealer. Users 
of custom applications that access 
ABIOS directly should also ensure 
that the install portion of the applica
tion supports loadable ABIOS. 

Richard Bealkowski is an advis
ory engineer in Engineering Soft
ware, Entry Systems Technology 
Laboratory, Boca Raton, Florida. 
Since joining IBM in 1982, he has 
developed firmware for IBM per
sonal computers and PS/2 sys
tems. Richard has achieved the 
Tenth Level Invention Plateau. He 
also is the recipient of an Out
standing Innovation Award and 
an Entry Systems Division Excel
lence Award. At Florida Atlantic 
University, he earned a BS in 
mathematics, MS in computer 
science, and PhD in computer 
engineering. 
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Little Solutions 

We invite you to share your "little solutions" in 
this column. Send them to us in care of the editor. 

What is DIRCMD? 

J ~st what is DI RC_MD? DI RCMD is a 
httle known environment vari
able that can be used to set a 

default list of flags normally used 
with the DIR command. Remember 
when the only flags for DIR were / p 

and /W ? For some time now, there 
has been a growing list of flags that 
enable DIR to return all sorts of infor
mation and give several options for 
sorts and included files. Many of 

/W Wide display 

IP Paged mode 

IF Full path name 

fN HPFS-like FAT display 

/A Controls attributes 

Figure 1. OS/2 2.0 DIR Command Flags 

these flags apply to both DOS and 
OS/2, but this article is limited to OS/2 
2.0. Look in the Command Reference 
for DOS or OS/2 l .X or use the 
online help to see what is available. 

Who really takes the time to look at 
the manual for improvements or addi
tions to the lowly DIR command? 
Not many of us. So let's take a look 
at what is available and then we will 
come back to the OIRCMD environ
ment variable. 

Description 

/0 Ordered list 

IS List subdirectories 

/B Basic display 

/L List is in lowercase 

/R FAT long file names 
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There are now ten flags that can be 
used either individually or in com
bination with the DIR command, as 
shown in Figure l. Two flags have 
additional options as well. 

Let's take a look at what the different 
flags can do . The /W (wide) and the 
/P (page mode) flags have been 
around the longest. The /W flag lists 
all files (in the directory or subdirec
tory) in multiple columns on the dis
play. This view enables you to see 
more items on a single screen than 
the normal DI R command, but does 
not display the size or the date and 
time that the file was last modified. 
The / P flag presents any of DI R' s list 
formats one page (screen) at a time. 
This becomes really useful when 
using one of the new high-performance 
machines that can scroll a directory 
with hundreds of entries in the blink 
of an eye. 

The / F and / N flags were available 
in OS/2 1.3. The / F flag lists a fully 
qualified path name of each file in a 
directory. No other information is dis
played, including any heading data. 
The / N flag causes DIR to display the 
list of files on a FAT drive with the 
High-Performance File System 
(HPFS) format. Using/Non an HPFS 
drive has no effect. The four flags 
described above have been around 
for awhile and perhaps are not the 
most exciting features of the o IR 
command. Four of the next six flags 
offer some interesting functionality. 
You can decide about the last two. 

The / A flag enables you to include or 
exclude files based on their attributes. 
For example, entering DI R /ASH on 
the command line will display only 
those files that are "hidden" or 
"system files." The options for the / A 

flag are shown in Figure 2. 



Since the flags can be used in com
bination, so can the options to those 
flags as I've done in the command 
DIR /AHS. 

The next flag is the / O ( order) flag, 
which will modify the sorted order of 
a list of files. Files on HPFS drives 
are automatically displayed in ascend
ing alphanumeric order when the DIR 
command is issued. Files on FAT 
drives are displayed in the order in 
which the DI R command found them 
- not always a logical order. This 
flag can be used to override the 
natural order for HPFS drives and to 
impose an order on FAT drives. Fig
ure 3 shows the options. Try DIR 
/OGS and you will see that the sub
directories will be displayed first, 
followed by the files sorted by their 
size, smallest first. 

There is finally a way to list files in 
all subdirectories. DIR / S will li st all 
files in the current directory and all 
of its subdirectories. To list all exe
cutable files on a drive or partition, 
type DIR*. EXE /S. To list all files 
first (including hidden and system 
files), then subdirectories, in reverse 
order of their extension, in all sub
directories on the drive, and one page 
(screen) at a time, use the following: 

DIR /OG - E /A /S /P 

Two of the last three are rather 
simple and control how various list
ings are displayed. The / L flag will 
force all DI R command formats to 
display file names and subdirectories 
in lowercase format. The / B flag lists 
just the file and subdirectory names 
with no other data. Also, there is no 
header information or summary in
cluded. The last flag, / R, is not yet 
operational. However, it is intended 
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H Hidden files -D No directories, files only 

-H Files that are not hidden A Files changed since last backup 
----

s System files -A Unchanged files 

-S Files that are not system files R Read-only files 

D Directories -R Files that are not read-only 

Figure 2. Options for the /A Flag 

, I 

N Alphabetic by names, ascending -D Date and time, latest first 

-N Alphabetic by names, descending S Size, ascending ______ __J 

E Alphabetic by extension, -S Size, descending 
ascending 

-E Alphabetic by extension, G Directories before files 
descending 

D Date and time, earliest first -G Directories after files 

Figure 3. Options for the /0 Flag 

to display the original file name after 
a file has been copied from a system 
that supports long file names (HPFS) 
to a file system that does not support 
long file names (FAT). For example, 
if a file exists on an HPFS drive with 
the name Long Fi 1 e Name. Text and 
it is copied to a FAT drive, the name 
would be truncated and converted to a 
legal 8.3 FAT format. Something like 
LONG_ FI L. TEX would result. How
ever, the actual long file name would 
be stored in the file's Extended Attri
butes (EAs). DIR / R wi II retrieve the 
original file name from the EAs and 
display both. 

Now it is time to get back to DIRCMD 
and explain where it fits. The new 
functionality of the DIR command is 
a powerful and welcome addition. 
Setting an environment variable with 
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your favorite flags for DIR would 
make that same functionality more 
convenient. So place the following 
line in your CON FIG. SYS file, and 
each time you type DIR, you will get 
a list of directories followed by a list 
of files, both sorted alphabetically. 
All hidden and system files will be 
included. The list will be formatted 
in the HPFS style and will be in 
lowercase. Try it! 

SET DIRCMD=/OGN /A /N /L 

For more information, type HELP DIR 
on the command line or read the 
entire description in the on line 
Command Reference. 

-Larry Pol/is, IBM Corporation, 
Dallas, Texas 
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