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Connecting 
Personal 
Computers: The 
Major Options 

Ken Goosens 
Capital PC User Group 
Washington, DC 

The great advantage of connect­
ing computers is that more than 
one user can access the same re­
source at the same time. This can 
increase productivity, lower costs, 
and allow new types of applica­
tions. But it also makes applica­
tions interdependent, increases 
the risk of disaster, and requires 
more overhead to manage. 

Connecting personal computers 
(PCs) is therefore not a panacea 
and may even be undesirable. One 
of the greatest advantages of PCs 
is that they provide a dedicated 
and complete computer system 
that people can use with little or 
no support or supervision from 
data processing professionals. 
Applications can be quickly de­
veloped and put into production 
by the people who will use them . 
They can use powerful pack-
ages, and no third parties need 
be involved . 
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Once PCs are connected and 
resources shared, however, their 
use must be coordinated and con­
trolled; security and access be­
comes more of an issue; and all 
parties must be consulted to deter­
mine who will be affected by new 
changes. Connecting PCs to­
gether can be counterproductive 
because it lessens their indepen­
dence and re-institutes third party 
overhead. It is justified only when 
the inherent costs and disadvan­
tages are outweighed by cost re­
ductions and increases in 
productivity. 

The three main advantages of 
connecting PCs are: 
( l) Applications that have to 

access the same resource, 
such as a data base, can be run 
concurrently rather than in 
sequence. 

(2) Fewer peripherals (e.g., 
modems, plotters, printers) 
need to be purchased, because 
those that you have are busier 
and need not be duplicated on 
multiple systems. 

(3) Applications become pos­
sible that depend on simultane­
ously accessing distributed 
resources on different com­
puters, such as data on dif­
ferent systems; also, more than· 
one computer can simultane­
ously use the same resource, 
such as a single 
hard disk. 

-.> 

Deciding How to Connect PCs 
There is no one best way to con­
nect PCs. PCs might be used by a 
few secretaries doing word pro­
cessing, by several service advis­
ers in an automobile repair shop, 
by 15 real estate agents in an of­
fice, or by a diverse group of pro­
grammers and analysts in a large 
business with mainframe com­
puters and 200 people in data 
processing . The right answer 
depends on how many PCs are to 
be connected, how they are to be 
used, what computing resources 
are already available, what the or­
ganization can afford, what level 
of internal support can be given, 
what skills the users have, and 
how work is currently organized. 



To be warranted , connecting the 
PCs not only has to be affordable 
but has to increase productivity. 
This requires that the system 
mesh with the ski ll s and sty le of 
an organization . 

The best we can do in this article, 
wi thout knowing the particular re­
sources and type of work in an or­
ganization , is to compare how PCs 
cou ld be connected . You will have 
to evaluate the different options 
against your own requirements. 

Multi-User Problems 
A multi-user system has problems 
for which there are no counter­
parts in a si ngle-user system . 
These technical problems must be 
solved if the multi-user system is 
to work reasonably. Only an oper­
ating system that was designed to 
be multi-user will automatically 
solve them , which means that 
good multi-user systems must 
provide their own special solu­
tions when added to single-user 
operating systems such as IBM 
PC DOS. 

Every system that allows re­
sources to be shared must deal 
with the fact that requests can 
conflict. Some devices , such as 
printers, plotters and most modems, 
can service only one user at a 
time. These resources must be 
managed so that only one of the 
many users who have access to 
them actually use them at any 
given time. The system must be 
able to detect that a device is busy 
and then either deny others use of 
it or else queue the request , stor­
ing it for execution after the de­
vice becomes free . 
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The system must solve simulta­
neous requests for the same re­
source, and the processing of 
service requests must be consi st­
ent. One possible problem is that 
the same space on a hard disk is 
all ocated to two different users. 
When a request for more space is 
received, the system typically 
checks to see what is free. But if a 
second request comes in before 
the information is revised , the 
system may erroneously think that 
the space is free when it is in fact 
allocated, so that the files of two 
users get intertwined and whole 
segments of data of one or more 
users get lost. 

When two users load a copy of 
the same file and make different 
changes, the last one who writes 
back may destroy the changes 
made by the other. A multi-user 
system must have some way to 
lock data that one user is updating 
so that others cannot update the 
same data. 

To be warranted, 
connecting the PCs not 

only has to be affordable 
but has to increase 

productivity. 

Splitting the Processor 
An unusual way of connecting 
PCs is first to " split" one PC into 
several . The PC 's central proces­
sor rapidly cycles between users, 
alternatively giving them process­
ing time . Each user has a key­
board and "dumb" terminal 
attached to the shared computer. 
Most mainframe and minicompu­
ters work this way ; most micro­
computers do not. To split a PC, 

three major technical problems 
have to be overcome: (I) there has 
to be a way to attach more than 
one terminal and keyboard ; (2) 
there must be a program that 
switches the processor between 
users and separates the input and 
output of each; and (3) the proces­
sor has to be powerful enough to 
support more than one user. 

The IBM personal computer 
family was never designed to sup­
port additional terminals. Third 
parties have nevertheless tried to 
retrofit such a technology, with 
rather poor results. These systems 
have been plagued by slow perfor­
mance, incompatibility with stan­
dard IBM programs, unreliability 
and fai lure to solve the multi-
user problem . 

Shared Bus 
Splitting a processor among users 
means that each user has to con­
tend for processing time, which 
necessarily must degrade the per­
formance of the system for other 
users. An alternative approach is 
to give each user a separate dedi­
cated processor, but to attach each 
computer to a common " bus" 
which shares its attached devices. 
Response time is better because 
the users are not contending for a 
single processor. A "bus" is like 
a slot or channel . Each IBM PC 
contains a private bus to which ex­
pansion cards are attached. Periph­
erals are shared by attaching them 
to a public bus or by making the 
computer's private bus sharable . 

There are two types of shared 
bus systems, which differ as to 
how a processor is provided. One 
system provides just the common 
bus for peripherals; an exi sting 
PC is connected to it by adding an 
interface card to the PC 's private 
bus and connecting the two . Only 



peripherals with a special control­
ler will work on this bus, but it 
does support hard disks and tapes. 
The system locks out a tape drive 
to others when in use, and the 
hard disk has limited multi-user 
protection at the drive level, based 
on a hardware setting on the inter­
face card. Only about four PCs 
can be effectively supported on 
the bus, and the cost of the inter­
face is about as much as the net­
work card . 

A second type involves a slave 
processor on a card . The user 
provides a terminal with a built-in 
keyboard that is attached to the 
processor via a serial port. The 
advantage is that you do not have 
to buy a stand-alone computer to 
expand the system, but only a 
cheaper expansion card with the 
processor built into it. One diffi­
culty with this approach , how­
ever, is getting a terminal that has 
the same keys as the IBM key­
board , and one that will support 
graphics . 

The ancestor of the modern 
shared bus system was a multi­
plexer, which allowed several PCs 
to be cabled into it , and which in 
turn was cabled to a hard disk. 
Multiplexers, however, gave no 
multi-user protection . 

Network 
A network consists of computers 
wired together plus attached de­
vices that the computers can 
share. Each computer has some 
sort of network interface card , 
and each public device has to have 
an intelligent server which proc­
esses requests to it. Most older 
and larger networks built the 
server into the device, which 
makes the device independent of 
the computers attached to the net-
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work but limits the number of de­
vices that work on the network. 
Most networks designed for mi­
crocomputers put a server proces­
sor on the computer interface 
card , so that devices on the PC 
have to be shared. This lowers the 
cost to network PCs, since addi­
tional devices do not have to be 
purchased just to share on the net­
work. But it makes the network 
dependent on having that PC run­
ning on it. Some networks sup­
port "diskless" systems which 
have only a processor, keyboard, 
and terminal. 

A nother strategy 
for joining PCs is to tie 

independent PCs into 
another computer as a 

''workstation." 

Networks for personal com­
puters are not a mature technol­
ogy. All allow a hard disk to be 
shared, most support a printer, 
few will share a modem or plotter, 
and none yet will share a 9-track 
tape drive. The multi-user prob­
lem is not fully solved. Most net­
works support file and record 
locking only with specially modi­
fied network versions of software, 
rather than passively locking out 
all software at the network level. 
Security to limit access to files is 
weak on most networks . Finally, 
no widely accepted standard for 
networks exists. 

If you are seriously considering 
a network: 
• Look for the ability to share 

many devices that are attached 
to PCs. 

• Make sure you can share all the 
drives on a hard disk . 

• Look for support for your exist­
ing equipment rather than spe­
cial or proprietary equipment. 

• Find out whether multiple users 
can write to different files at the 
same time on the same drive. 

• Ask what happens when two 
users with write access to the 
same file both attempt to use it 
simultaneously. 

• Look for a system with a pas­
sive lockout system that does 
not require the user to lock files 
or single user software to be 
modified. 

• Demand a security system that 
will distinguish among users as 
well as groups of files. 

• Ask whether there is special 
networking software that sup­
ports electronic mail, print 
spooling, multi-user calendar­
ing, and especially data bases 
with record locking. 

• Get a list of known software that 
runs on stand-alone PCs that 
will not run on the network. 

• Check whether there are gate­
ways to other networks, and 
whether one PC directly wired 
to a second computer can act as 
a kind of " cluster controller" 
and service other computers 
on the network, allowing them 
access to the other computer. 
Some networks will support 
the Personal Computer AT and 
3270 PC as well as the standard 
IBM PC. 

Workstations 
Another strategy for joining PCs 
is to tie otherwise independent 
PCs into another computer as a 
"workstation'. ' The PC is used 
like a dumb terminal in that the 
other computer runs jobs based 
on the input of the PC. The other 
computer is a " host" for the PC, 
and PCs share through the host. 



The host is usually a multi-user, 
multi-tasking mainframe or mini­
computer, and the microcomputer 
either uses a modem to dial into 
the host or is directly wired to the 
host. In some cases the PC must 
"emulate" a special type of termi­
nal that the host expects, and a 
special hardware board may or 
may not be needed. By putting 
special software on the host and 
PC, the two systems can exchange 
data. 

The amount of integration be­
tween the host and the PC work­
station varies enormously. At one 
extreme, a program running on 
the PC can transparently access 
and use data on the host. The very 
same program can run on both the 
PC and the host, allowing appli ­
cations to be developed on one 
computer and transferred to the 
other. The exchange of applica­
tions makes it easier to train users 
and support both computers, as 
well as provide PC applications 
with the option to run on more 
powerful computers, or main­
frame applications to be offloaded 
to PCs. 

The multi-user problem has 
been well solved on minicompu­
ters and mainframes, so that join­
ing PCs through them should give 
the necessary multi-user protec­
tion. Consider how easy and inex­
pensive it is to cable PCs directly 
to the larger computer and to ex­
change data. Cabling a PC to an 
IBM mainframe can cost up to 
$1000 per machine, whereas other 
computers can be directly cabled 
to the PC's serial port with very 
little trouble or expense. Do not 
overlook the need to install soft­
ware to support data exchange. 

The workstation approach can 
be very attractive to organizations 
that already have heavy invest­
ments in existing computer sys-
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terns. PCs can tie into existing 
data bases and production sys­
tems ; corporate data can be 
shared without bypassing existing 
security; existing structures can 
support the PC; and no radically 
different equipment need be pur­
chased just to join PCs. 

Using the PC as a workstation 
is also an excellent way to join 
together a large number of PCs, 
especially when combined with 
software that runs on both systems. 

Comparison of Alternatives 
If you have a PC and just want 
other people to be able to work on 
it at the same time, the split proc­
essor approach is attractive. Sim­
ply load up one PC with a hard 
disk that is big and fast, a modem , 
a plotter, a letter quality printer 
and a fast dot matrix printer. The 
disadvantages are that current 
split processors usually cannot be 
expanded beyond four users , and 
each added user degrades the sys­
tem's performance. 

Don't get a processorless sys­
tem unless your PC can support 
more users. The key question is 
whether the bottleneck in your 
processing is the processor itself 
rather than the time it takes to ac­
cess data on a floppy diskette, or 
the printer speed, or how fast you 
can type. Applications that are 
computationally bound (continu­
ously running the processor) will 
take as much or more time when 
run on a processorless system as 
when run on an independent PC. 
If you sit waiting for your com­
puter to do its calculations, adding 
more dumb terminals will only 
make performance worse. The ap­
proach of adding processorless 
terminal banks on a PC is based 
on the fact that most of the time 
the processor sits waiting . If most 
of your processing is interactive, 
such as word processing , keying 

in data , and working with small 
spreadsheets, and the processor 
spends most of its time just wait­
ing for the user or peripheral re­
sponse, your PC can productively 
handle more than one user. 

If performance is an issue or 
you need to connect more than 
four PCs, consider the slave proc­
essor approach. However, if you 
find having different keyboards 
confusing , or need graphics on 
every terminal , or need to share 
peripherals on different machines, 
you need to join full PCs, not just 
slave processors. Shared bus sys­
tems usually have the disadvan­
tage that the cable connecting 
the PC to the shared system can 
only be a few feet long , so that 
the PCs have to be physically 
near each other. 

If you need to join more than 
five PCs, or full PC systems, or 
have various groups of PCs that 
need to work together and share 
distributed resources, consider 
selecting a local area network 
designed to join PCs. But be 
ready to take on additional data 
processing functions. Be cautious 
about trying to join more than 20 
PCs, because of limitations on the 
amount of information the con­
necting medium can support as 
well as increased complexity. 

If you already have an office 
automation network, consider 
adding PCs as another device . If 
you want a comprehensive office 
automation syslem that can sup­
port word processing , electronic 
mail and calendaring , as well as 
traditional data processing , with 
shared devices like tape drives , 
laser printers, copy machines, 
and hard disks , don't go for net­
works that just join PCs together. 
Look for an office automation net­
work or a minicomputer system. 

If you have many PCs used for 



production systems, consider 
linking them together as work­
stations on a more powerful 
computer and integrating the 
processing using software that 
runs on each system. This gives 
you the option to run the same ap­
plications on the more powerful 
computer. But you had better have 
some money to spend and a small 
data processing department to run 
the system. 

If you already have more pow­
erful computer systems and many 
scattered PCs, explore how the 
PCs can be used as workstations. 
But beware saddling the con-

The IBM PC 
Network: 
An Overview 
Fred Williams 
North Texas IBM PC Users Group 
Arlington, Texas 

The IBM PC Network is a two­
megabit Carrier Sense Multiple 
Access/Collision Detect (CSMA/ 
CD) broadband network. It uses 
standard 75-ohm coax cable 
(compatible with cable TV) and 
standard broadband components . 

(The above paragraph is intend­
ed to contain the most technical 
information in this article. Anyone 
who wants to know the bits, bytes 
and buzzwords is encouraged to 
purchase the PC Network Technical 
Reference manual.) 
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nected PCs with the traditional 
third party overhead associated 
with mainframes. Look for com­
mon software systems that can run 
the same system on both and ex­
change not only data but applica­
tions as well. Remember that 
programs with a mainframe his­
tory are usually not nearly as easy 
to use as most PC software. And 
don't force users to centralize 
their data storage unless their ap­
plications really need it. 

Final Cautions 
Personal computers were not ini­
tially designed to share resources 

The network requires all net­
worked PCs to use PC DOS 3.10. 
Older model PCs require a ROM 
BIOS upgrade. (The IBM PCjr 
cannot participate in a PC 
Network.) 

Any PC that functions as a re­
source server on the network must 
have a fixed disk , and therefo~e 

among multiple users , and most 
of the technologies discussed in 
this paper are still developing . 
Conventional wisdom is that pio­
neers get killed. If that general­
ization were completely true, no 
new system would ever get started , 
but it is still good advice. Expect 
frustrations, because you won't be 
able to do everything you want. 
Don't just take the word of 
vendors-talk to other people who 
are using the system, and try it out 
before implementing. If you are 
using computer systems to run a 
business or do your job, don't be 
first-just be right. 

must be either a PC with Expan­
sion Unit , PC XT, or Personal 
Computer AT. The network sup­
ports a Remote Program Load 
(RPL) feature that allows diskless 
PCs to exist as workstations on 
the network, as long as at least 
one file server is present on the 
network. 



Number of Nodes and Distances 
As announced, the IBM PC Net­
work supports a maximum of 72 
nodes within a 1000-foot radius of 
the Network Translator Unit. (A 
node is network terminology for 
an intelligent device, normally a 
computer, attached to the network). 
The Network Translator Unit is 
described in the IBM literature as 
a low-cost single channel unit that 
is required for each network . 

The IBM PC Network design 
is based on Sytek broadband tech­
nology, and Sytek has indicated 
there is a very high level of compat­
ibility between the two. IBM Net­
work literature mentions several 
times that the Network may be fur­
ther expanded through the use of an 
OEM broadband network that uses 
standard broadband components. 

Any node may be located up to 
200 feet from the IBM Network 
Translator Unit through the use of 
standard 75-ohm coax cable. The 
maximum radius of 1000 feet re­
quires the use of special IBM PC 
Network Cable Kits to extend the 
capabilities of the IBM Network 
Translator Unit. These cabling 
components also are used to in­
crease the maximum number of 
attached nodes from 8 to 72 . The 
IBM literature mentions a 256 
node maximum for the IBM Net­
work Translator Unit. 

Use of OEM components al­
lows the network to be expanded 
to 1000 nodes connected within a 
five-kilometer (3 + mile) radius 
of the OEM network translator 
unit. Sytek network literature in­
cludes case studies of operational 
3000 + node networks spread 
much farther than 5 miles. 
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Remember in all discussions of 
the network radius , the measure­
ment is as the crow flies, not nec­
essari ly as the coax runs. So the 
standard 200-foot radius can get 
eaten up rather quickly. If offices 
to be networked are not immedi­
ately adjacent to the translator 
unit, extender kits most likely will 
be necessary. 

PC Network Adapter 
Not only does it provide the phys­
ical link to the PC Network, but 
more importantly it provides the 
network intelligence. 

The heart of the IBM PC Net­
work is the IBM PC Network 
Adapter, a special expansion card 
required to connect a personal 
computer to the PC Network. The 
PC Network Adapter requires one 
long expansion bus slot and must 
be located in the main System 
Unit, not an Expansion Unit. (As 
mentioned earlier, this adapter 
does not work in the PCjr.) Each 
PC may have a maximum of two 
PC Network Adapters installed. 

J would venture to say 
it (PC Network Adapter) 

has more on-board 
horsepower than most 

of the PCs it is 
designed to plug into. 

The IBM PC Network Adapter 
provides network interface ser­
vices up through and including 
the " session layer" as defined in 
the ISO Reference Model . (An 
explanation of the ISO Reference 
Model, a widely accepted interna­
tional standard for " layered " de-

sign of computer-based networks, 
is beyond the scope of this article). 
This is accomplished by a rather 
high level of intelligence provid­
ed by the combination of the 
adapter's hardware and its on-board 
NETBIOS (NETwork Basic Input/ 
Output System) ROM . 

By implementing the network 
connection from the lower ISO 
layers up through the session layer, 
the PC Network Adapter offers 
a high level of network connectivity, 
yet does not adversely affect the 
operating-system-dependent, ISO­
defined presentation layer, which 
is the next layer above the session 
layer. This network implementa­
tion allows for the easiest link 
between a diverse number of work­
station operating systems. Also, the 
PC's hardware and software are 
freed of both the overhead and re­
sponsibilities of implementing the 
network connection. This greatly 
reduces the PC system hardware 
and software requirements directly 
related to the network . Finally, 
this design gives PC-resident appli­
cations software an almost trans­
parent level of interface to the 
PC Network. 

The PC Network Adapter has 
an on-board 6MHz Intel 80188 
processor, 6MHz Intel 82586 
Communications Controller, 
14MHz Sytek Serial Interface 
Controller, 32K x 8 Network Pro­
tocol ROM , 16K x 8 Network 
RAM , 32K x 8 Node ID PROM , 
PC Interface Controller, 8K x 8 
NETBIOS ROM , and an RF 
Modem . (You could say it is a full 
card.) Although it is a dedicated 
function subsystem, I would ven­
ture to say it has more on-board 
horsepower than most of the PCs 
it is designed to plug into . 



PC Network Translator Unit 
As mentioned earlier, each PC 
Network requires one Network 
Translator Unit. In broadband 
network terminology, the IBM PC 
Network Translator Unit acts as a 
headend unit , which translates 
and balances the send and receive 
channels of the network stations. 
This translating and balancing is 
necessary for proper broadband 
network operation. 

One thing worth mentioning 
about the IBM PC Network 
Translator Unit is a statement 
made by IBM in the announce­
ment literature. This statement is 
as much related to the PC Net­
work Adapter as it is to the Net­
work Translator Unit. I will quote 
it directly and you, too, can let 
your mind wander into the blue sky: 

The spectral purity and 
signal quality of the 
translator does not support 
cable amplifiers , multiple 
channels or video. Note, 
however, that this is not a 
statement of the IBM PC 
Network Adapter which 
does permit active networks 
with multiple channels 
and video. 

PC Network Program 
Let's move on to the IBM PC 
Network software implementa­
tion. Software is what provides the 
user-apparent flavor of the actual 
network. The physical network 
determines the speed and data 
integrity of the network implemen­
tation , and the network software 
features establish the network's 
usability and productivity. 

7 

Most operating systems should 
be able to access the network capa­
bilities in much the same way and 
as easily as they handle other input/ 
output devices. This will greatly 
simplify the actual implementa­
tion of the network link. 
If a programmer can successfully 
utilize the PC system's local disk 
storage, the task of using the net­
work link should prove to be no 
more complicated. 

he IBM PC 
Network appears to be 

a very appealing 
product. 

To reduce the effort and time 
required in implementing some of 
the more generic and appealing 
features of a newly installed 
network, IBM has developed the 
IBM PC Network Program, li­
censed on a per-PC basis. 

The IBM PC Network Program 
provides three levels of support to 
the PC user. These include, and I 
quote: "a full screen menu-oriented 
operator interface using function 
keys , help screens and non-tech­
nical vocabulary; a DOS-like 
command line interface for faster 
operation and batch file processing ; 
and a program interface with low­
level sharing control and network 
status for application developers '.' 

Also provided as a part of the 
PC Network Program are file/ 
print server drivers that can run 
in the background on a PC. As 
mentioned earlier, the server com­
puter must have a hard disk and 
also must have a minimum of 
256KB of memory. 

Any computer that wishes to 
use the services of a network­
resident file /print server directly 
will need to have the PC Network 
Program " redirector" module. 
This module redirects all local file 
1/0 and print 110 requests over 
the network to the server. This 
makes the remote system's re­
sources appear local to the redirected 
computer. Any PC wishing to use 
the redirection feature of the IBM 
PC Network Program must have 
a minimum of 128KB of memory and 
one double-sided diskette drive. 

Multiple file /print servers may 
be active on a network. The file / 
print servers run in the back­
ground on the host PC system, 
allowing the PC to run user appli­
cations simultaneously with the 
server operation . This means that 
a server computer may be used as 
if it were not operating as a net­
work server. 

One feature of the IBM-supplied 
print server is the ability to share 
up to three IBM-compatible print 
devices on the network. The print 
queue may contain up to JOO print 
files concurrently. The server's 
operator can examine and modify 
the print queue and control the 
operation of the related print de­
vices. Remote users of the print 
server also may use special func­
tions to examine the status of their 
print files in the print queue . 

The IBM PC Network Program 
also allows stand-alone single­
session versions of the print/ 
file server. This feature permits 
individual users to share files, 
but it does not run in the back­
ground and does not allow con­
current operation of any other 
user application. 



Additionally, the IBM PC 
Network Program provides two 
different modes of message transfer 
between network users. One mode 
uses the full-screen operator 
interface and allows the user to 
edit , send , receive, save, and re­
call messages. The other mode 
allows the receipt of messages 
directly to the screen , printer 
or disk file , and permits sending 
messages from the DOS com­
mand line. 

DOS3.10 
The major changes to DOS in re­
lease 3.10 are for support of the 
IBM PC Network . New features 
include multitasking and file shar­
ing support. Multitasking allows 
your PC to run more than one ap­
plication at a time . This permits a 
network resource server to run 
concurrently with other user ap­
plications on the same PC. The 
file sharing features assist the sys­
tem designer in ensuring the data 
integrity of a data file that is being 
accessed by more than one user 
application at a time. 

Summary of PC Network 
As announced , the IBM PC Net­
work appears to be a very appeal­
ing product. The broadband 
technology provides a very flexi­
ble network design medium 
which allows the implementation 
of networks ranging in sizes from 
3 to 1000 nodes. These nodes may 
physically be located anywhere 
within an eight-mile circle. The 
smaller networks are designed to 
be user- installable. All network 
components for up to a 72-node 
network, including cabling , are 
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avai lable preassembled from 
IBM. Installation amounts to no 
more than unpacking , locating 
and cabling the network compo­
nents together. After some initial 
testing, the network should be 
ready to go . 

As mentioned by IBM in its 
network announcement literature, 
the IBM PC Network may be ex­
panded further through the use of 
third-party OEM broadband net­
work products. Several third­
party PC product suppliers have 
announced support of the IBM PC 
Network. 

With the ability to expand the 
backbone network cable system 
using Sytek components (there 
are Sytek-based networks in­
stalled and running with 3000 + 
nodes), and with the seemingly 
endless supply of third-party 
equipment becoming PC Network­
compatible, networking choices 
are becoming unlimited. 

One additional major advan­
tage of the IBM (Sytek) system is 
its complete lack of dependence 
on a network " host" system . The 
network is made up totally of 
" peer" nodes without depen­
dence on any one node for net­
work control. The way this is 
done is highly technical, rather 
ingenious and beyond the scope of 
this article. 

Network Cabling 
I was at first skeptical of the pure 
coax-based network scheme, but 
fo r all the wrong reasons. At first , 
coax is more expensive per foot 
than twisted pair, and coax instal­
lation is more technically de­
manding than the old twisted pair. 
However, the percentage of in­
stalled base of twisted pairs will 
decline rapidly in the near future . 

I say this based on the assumption 
that an ever-increasing amount of 
all forms of data-digital , visual 
and audio - will flow into and 
out of the average business office . 
This will require a multitude of 
baseband carrier circuits, either 
forever-multiplying, multiple 
twisted pairs, or (more effec­
tively) a single broadband circuit 
based on common coax. If you 
doubt my theory, ask for a tour of 
your company's current PBX 
system. 

Also, the major cost involved in 
installing any cabling system is 
not the cost of the cable per foot. 
The greatest costs are the salaries 
of construction personnel and the 
physical requirements of the in­
stallation in order to meet local 
fire codes. Both of these factors 
vary from location to location . 

Building Your Own PC Network 
By using off-the-shelf IBM PC 
Network components, it will be 
quite possible to build a three­
station network with laser printer 
(from a third party) output for un­
der $20,000. By using IBM 's pre­
assembled cable kits , the system 
is user-installable. Also, use of 
the IBM PC Network Program 
file/print server software elimi­
nates the need for any special pro­
gramming effort. 

The nice thing about the PC 
Network is that it may be ex­
panded to include 1000 (perhaps 
more) nodes, plus carry voice and 
video over many miles of net­
work. It truly is mind-boggling . 



The IBM 
Personal 
Computer 
Network 
(Part 1) 

John Warnock 
IBM Corporation 

(Editor 's note: This is the first 
part of an article about the IBM 
Personal Computer Network, pro­
viding an overview of the hard­
ware and a description of the 
network architecture. Part 2, to be 
published next month, covers the 
IBM Personal Computer Network 
Program. This article is adapted 
from the IBM Personal Computer 
Seminar Proceedings.) 

The IBM PC Network is a 
low-cost , broadband local area 
network designed for the IBM 
Personal Computer family. Its ad­
vanced technology provides a 
highly reliable, low-maintenance 
network using standard cable tele­
vision (CATV) coaxial cable and 
connection hardware. 

Networking Fundamentals 
Broadband networks differ in a 
number of ways from the more 
familiar baseband networks. In a 
baseband network, the data is 
directly modulated on the cable 
using all of its bandwidth. In a 
broadband network, the data is 
modulated on a carrier frequency 
that uses only a small portion of 
the cable bandwidth . This makes 
other channels on the cable avail­
able for other uses, for example 
audio and video signals. 
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The IBM PC Network uses fre­
quency modulation (FM). FM is 
immune to most noise, whereas 
amplitude modulation (AM), an­
other method of signal transmjs­
sion , is susceptible to noise . Just 
as lightning has little effect on an 
FM radio, noise has little effect 
on FM data. Once a carrier signal 
is available to the receiver, noise 
has very little effect , because the 
information is encoded into a 
frequency, not an amplitude. 

Each personal computer (node) 
in the network has a Network 
Adapter card that handles communi­
cations. Each card follows the rules 
of Carrier Sense Multiple Access/ 
Collision Detect (CSMA/CD) pro­
tocol to avoid chaos and confusion . 

In the CSMA/CD protocol , 
Carrier Sense means that each 
IBM PC Network Adapter contin­
uously monitors traffic on the 
data channel. Multiple Access 
means that any network adapter 
can begin transmitting when there 
is a pause on the channel. If only 

one network adapter begins trans­
mitting during a pause, it gains 
control of the channel and trans­
mits its message without interrup­
tion. If two or more network 
adapters begin transmitting dur­
ing the same pause, their signals 
collide. Collision Detection 
means that the receivers detect the 
collision of their signals. Using a 
random backoff-and-retry algo­
rithm , each adapter will attempt 
a re-transmission at a later time. 

The CSMA/CD protocol can 
be supported by baseband and 
broadband networks. The two 
kinds of networks support the 
CSMA/CD protocol in two differ­
ent ways. 

On baseband networks, the 
signal delivered to the receiver is 
affected by the distance from the 
transmitter. The greater the dis­
tance, the weaker the signal. In 
order to detect collisions, the re­
ceiver must be able to detect a 



small signal from a distant trans­
mitter in the presence of a large 
signal from a close transmitter. 

On a broadband network, in 
order to detect a collision, the dif­
ference in signal strength between 
any two transmitters must be kept 
small at the receiver. This require­
ment led to the development of 
balanced networks. A balanced 
network is a network in which the 
signal strength from any transmit­
ter to any receiver is the same. 

A balanced network is designed 
in two parts. One part is designed 
so that the signal strength from 
any transmitter to one centrally 
located receiver is the same. A 
second part is designed so that the 
signal strength from a centrally 
located transmitter to each re­
ceiver is the same. The central lo­
cation is called the head end. The 
device that moves the data from 
the centrally located receiver to 
the centrally located transmitter is 
called a translator. 

Since broadband networks 
have unused cable bandwidth, the 
two networks actually can be on 
the same cable at different fre­
quencies . In this case, and in the 
case of the IBM PC Network, the 
translator "translates" and amp­
lifies the signal received at the 
centrally located receiver (the 
adapter's transmit frequency) to 
the frequency of the centrally lo­
cated transmitter (the adapter's 
receiver frequency). 

In any network there must 
be some connection between the 
hardware (wires , signals , trans­
mitters, receivers , frequencies) 
and the software (programs, mes­
sages , information , status). Many 
networks use a layered approach 
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Figure 1. Protocol Layers 

in which each layer performs 
translation between the preceding 
and following layers as well as 
error detection . Moving the in­
formation between the network 
(hardware) and the application 
(software) requires several layers 
of protocol , as shown in Figure I. 

Each layer has its own specific 
set of tasks. The physical and link 
layers are performed by the hard­
ware ; they insure a good connec­
tion and error-free transmission 
between the various members of 
the network. 

The network layer prepares and 
packages data to be sent with error 
checking characters. It strips in­
coming messages of these char­
acters and checks for errors as data 
is received. 

The transport and session lay­
ers of the network are concerned 
with finding and maintaining 
communications with the right 
partner in the network. The net-

work layer is responsible for data 
routing. The session layer keeps 
track of whom your personal 
computer is talking with , and who 
spoke last. This is important 
because you could have several 
sessions going on at the same 
time . You could be talking with a 
host computer while your payroll 
program is transferring informa­
tion to the general ledger running 
on another personal computer. 

IBM PC Network Objectives 
Several key objectives influenced 
the overall design of the IBM PC 
Network. 
• The network should be open to 

the industry, and key interfaces 
should be published. 

• The network should be 
expandable . 

• The network should require no 
host of any type ; a peer-to-peer 
network is essential . 



• Network firmware should con­
form to industry standards , if 
possible, and be layered into 
protocol layers. 

• Network function should be 
executed on the adapter card 
and should off-load the Per­
sonal Computer from low-level 
network interaction . 

• All network function below 
the adapter interface should be 
implemented in read-only mem­
ory. This allows loading programs 
remotely and requires no mem­
ory or diskettes in the IBM 
Personal Computer. 

A session layer adapter inter­
face was the design choice for 
several reasons. The presentation 
service layer is dependent on the 
operating system and therefore 
differs for various systems. The 
session layer also is the best layer 
for introducing the concept of 
names instead of addresses . 

IBM PC Network Concepts 
Some concepts designed into the 
IBM PC Network are: 
• Peer Network. In a peer net­

work, each member is treated 
equally on a first-come , first­
served basis. There is no ' host' 
concept as in telecommunica­
tion operations. There are no 
required centralized facilities of 
any type on the network other 
than the hardware Translator 
Unit. Peernodescan be connect­
ed with a reliable, point-to-point 
connection called a virtual circuit. 

• Name Service. A name can be 
given to each member that is 
physically connected to the net­
work . Names can be general , 
such as ' John' , instead of spe­
cialized names or numbers. 
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If numbers were used, each 
adapter would have one fixed 
address on the network. By 
using names, the IBM Personal 
Computer Network Program 
may add up to 16 names for var­
ious programs running in the 
IBM Personal Computer. Each 
name may have associated ses­
sions or commands which are 
separate from other names. 

An example of the use of 
names is: the IBM PC Network 
Program may be loaded into the 
IBM Personal Computer. Once 
this is done, devices or files 
may be shared across the net­
work by name . If a file server 
adds the name SERVER 1, a 
number of users , (i.e. , John , 
Mary, Bill, .. . ) may add their 
names to their IBM Personal 
Computers and access the file 
server. Once the original IBM 
Personal Computer is turned 
off, John , Mary and Bill may 
move to any other IBM Personal 
Computers on the network and 
add their names; there is no 
dependency on physical address­
ing and no required centralized 
directory of names . 

Names also may be clus­
tered into logical groups on the 
network. If a number of users 
add a group name, then a mes­
sage sent to that group may be 
received by all. An example 
might be that a number of 
people add a name such as 
DEPTXYZ . Then any mes­
sages sent to DEPTXYZ may 
be received by everyone with 
that name. Names must be used 
for both Session Services and 
Datagram Services. 

• Session Services. After the 
names for each member are 
specified, two of the members 
may communicate with each 

other in a mode called a ses­
sion . Sessions are similar to a 
telecommunication-reliable, 
point-to-point, two-way con­
nection. For the IBM PC Net­
work, a session also can be 
referred to as a virtual circuit. 

• Datagram Service. The IBM 
PC Network supports messages 
called datagrams. Datagram 
services do not provide a reli­
able point-to-point connection . 
The datagrams are sent only 
once, and must be received im­
mediately. The most common 
type is the broadcast datagram. 

The adapter supports all net­
work and protocol functions to 
assure that messages and data are 
sent from one computer to 
another on the network. It also 
provides the mechanism for 
returning command status to the 
IBM Personal Computer follow­
ing command execution . 

In conjunction with the IBM 
Personal Computer Network 
Program and DOS 3.10, these 
hardware components allow con­
nected Personal Computers to share 
files and printers and to pass pro­
grams, data and messages to other 
Personal Computers in the net­
work. Figure 2 shows how the 
components are connected in a 
typical network. 

IBM PC Network Hardware 
Components 
The IBM Personal Computer 
Network has three basic hardware 
components : 
• The IBM PC Network Adapter, 

which plugs into an expansion 
slot in the Personal Computer 
system unit 
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Figure 2. IBM PC Network Components 

• The IBM PC Network Transla­
tor Unit, which provides the 
network signal and frequency 
translation 

• The IBM PC Network Cable 
Kits, which connect the Network 
Adapters to the Translator Unit 

IBM PC Network 
Translator Unit 
The IBM PC Network Translator 
Unit forms the center of the IBM 
PC Network. It is a single-channel 
device that provides broadband 
frequency translation from the re­
turn channel to the forward chan­
nel. The Translator Unit is supplied 
with a separately packaged AC 
power transformer that plugs 
into a standard electrical outlet 
and powers the unit. 

The unit also is supplied with a 
connector assembly for attaching 
up to eight IBM Personal Com­
puter stations within a radius of 
200 feet (cable segments pur­
chased separately). This assembly 
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also has an expansion port for at­
taching the IBM PC Network Base 
Expander Kit. 

In conjunction with the IBM 
PC Network Cable Kits, the 
Translator Unit supports up to 72 
stations within a 1000-foot radius. 
With a custom cable installation 
(not offered by IBM), the Transla­
tor Unit supports up to 256 sta­
tions within a 1000-fout radius. 

IBM PC Network Adapter 
The key to providing the network 
connection is the IBM PC Net­
work Adapter card, which plugs 
into one expansion slot of an IBM 
Personal Computer, IBM Per­
sonal Computer XT, IBM Porta­
ble Personal Computer or IBM 
Personal Computer AT. (The PC 
Network Adapter is not supported 
on the IBM PCjr or the IBM Per­
sonal Computer Expansion Unit.) 

Each IBM Personal Computer 
in the network requires its own 
PC Network Adapter card. Each 
card is supplied with a three­
meter attachment cable. This ca-

ble can be connected directly-or 
with up to 200 feet of additional 
cable-to the IBM PC Network 
Translator Unit or to an IBM PC 
Network Short, Medium or Long 
Distance Kit. 

With the adapter installed in an 
IBM Personal Computer, a user 
has the ability to communicate and 
share resources with any other node 
on the network. 

The adapter card has its own in­
telligence. It contains an Intel 
80188 microprocessor; an Intel 
82586 Local Area Network 
(LAN) controller; a single fre­
quency RF modem; two VLSI 
gate arrays; 40KB of Read-Only 
Memory (ROM) and 16KB of 
Random Access Memory (RAM). 
These components allow the 
adapter to perform all networking 
functions , including protocol pro­
cessing through the session layer, 
and free the IBM Personal Com­
puter from having to perform 
these functions . 

The PC Network Adapter card 
features: 
• Fixed-frequency assignment for 

midsplit broadband 
• Extensive self-test and diagnos-

tic capabilities 
• An on-card auxiliary processor 
• Session layer protocol support 
• A unique 48-bit network 

identifier 
• Direct memory access data 

transfer 
• Station bootstrap across net­

work support 

The IBM PC Network Adapter 
supports the five layers of data 
transfer protocols shown in Fig­
ure 1. Each layer comprises one 
or more protocol services, and 
each layer communicates only 
with the layer immediately above 
or below it. This structure allows 
a modular design of the protocol s. 



The physical layer is imple­
mented using the RF modem on 
the adapter and the interface logic 
to the Intel 82586 Communica­
tions Controller. 

The link layer is implemented 
primarily in hardware by using 
the Intel 82586. 

The other three layers (net­
work, transport and session) are 
implemented using the Intel 80188 
processor and ROMs on the 
adapter. Also, the layers provide a 
reliable virtual connection ser­
vice, a name support facility and a 
low-overhead datagram service. 

IBM PC Network Cable Kits 
The IBM PC Network Cable Kits 
are designed to extend the func­
tional capabilities of the IBM PC 
Network Translator Unit. These 
cable kits can be used to increase 
the maximum number of attached 
stations from eight to 72, and to 
increase the maximum distance of 
coverage from a radius of200 feet 
to a radius of 1000 feet. 

The product offering includes 
a Base Expander, three Distance 
Kits and four cable segments, which 
are preassembled from standard 
CATV components. All products 
are designed with industry-standard 
'F' connectors for ease of installa­
tion. The cable kits include all com­
ponents and cable segments required 
for end-to-end connection. 
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The network cabling compo­
nents are: 
• The IBM PC Network Base Ex­

pander Kit. This unit is required 
to expand the IBM PC Network 
to more than eight stations or 
more than 200 feet. It is a pre­
requisite for the attachment of 
the Short, Medium or Long 
Distance Kits described below. 
The Base Expander Kit can sup­
port up to eight Short, Medium 
or Long Distance Kits in any 
combination. 

• The IBM PC Network Short 
Distance Kit. The Short Dis­
tance Kit attaches directly to the 
Base Expander Kit and allows 
up to eight stations to connect to 
the network within a 200-foot 
radius of the Short Distance Kit. 

• The IBM PC Network Medium 
Distance Kit. The Medium Dis­
tance Kit , with two 200-foot 
cables, attaches to the Base 
Expander Kit. It allows up to 
eight stations to connect to the 
network, within a 200-foot ra­
dius from the Medium Distance 
Kit, for up to a maximum of 
600 feet from the Network 
Translator Unit. 

• The IBM PC Network Long 
Distance Kit. The Long Dis­
tance Kit, with four 200-foot 
cables, attaches to the Base Ex­
pander Kit. It allows up to eight 
stations to connect to the net­
work, within a 200-foot radius 
from the Long Distance Kit, for 
up to a maximum of 1000 feet 
from the Network Translator Unit. 

The network cabling segments 
come in four lengths: 25 feet, 50 
feet, 100 feet and 200 feet. These 
cabling segments can be used in 
the following ways: 
• To attach a Network Adapter 

to the Network Translator Unit 
connector assembly at a dis­
tance of up to 200 feet. 

• To attach the Medium or 
Long Distance Kit to the Base 
Expander Kit at the specified 
distance . 

• To attach a Network Adapter to 
a Short, Medium or Long Dis­
tance Kit at a distance of up to 
200 feet. 

You may also provide or sub­
contract from CATV vendors 
your own wiring and frequency 
translation. On this basis , you 
may increase the distance and 
number of personal computers 
supported. With a commercial 
translator you may support a net­
work of 1,000 personal computers 
for a radius of 5,000 meters , and 
provide video and multiple chan­
nel capabilities too. 

Network Basic Input/Output 
System (NETBIOS) 
The IBM PC Network Adapter 
contains the Network Basic Input/ 
Output System (NETBIOS) in its 
read-only memory. The NETBIOS 
is a software interface between 
the adapter and IBM Personal 



Computer programs. The NETBIOS 
places the unique features of a local 
area network into a standard format. 

The NETBIOS functions and 
interfaces provide the basis for all 
program control of the network. 
They are layered into five levels 
of protocol (described earlier), 
and are derived from contingency 
work in international standards. 
The highest layer of support on 
the IBM PC Network Adapter is 
commonly called the " session" layer. 

The NETBIOS includes four 
major groups of functions acces­
sible by interrupt X'5C The four 
groups are: 
• Session control, to create a ses­

sion and interchange informa­
tion with another user (name) 
on the network 

• Datagram functions , to send 
and receive one-to-one or 
broadcast datagrams 

• Name control, to define multi­
ple users within a node 

• Network adapter status and 
control 

The significance of these high­
level interfaces in NETBIOS is: 
• They offer an interface for cod­

ing network programs condu­
cive to programmer productivity. 

• They permit network applica­
tion programs to be smaller and 
use less storage. 

• They make it possible for 
multiple operating systems and 
application programs from any 
source to use the network with 
consistent protocol . 
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• They execute on the adapter 
card , and thus free the system 
processor for execution of ap­
plication code . 

An important feature of the 
NETBIOS is the concept of user­
assignable names. There can be 
multiple names associated with 
each adapter card , and the names 
are globally known on the net­
work. This makes it easier to dy­
namically configure the network 
under operator or application con­
trol. The NETBIOS supports up 
to 32 concurrent full-duplex ses­
sions on each adapter card. 

The NETBIOS on the adapter 
presents a high-level interface to 
the programmer, eliminating the 
need to know network protocol 
details. This high-level interface 
improves system performance by 
off-loading network programs 
onto the adapter. Also, this off­
loading feature saves memory be­
cause the network programs are in 
the adapter's memory and not in 
the personal computer's memory. 

Network security is not built 
into the NETBIOS. Instead , it is 
the responsibility of the operating 
system or application program to 
make certain that data or devices 
are secure on the network . 

Programming the IBM PC 
Network Adapter 
The following section outlines 
basic concepts of how to program 
your adapter using the NETBIOS 
and its interface to the IBM Per­
sonal Computer. Although the 
network is composed of many 
layers, the NETBIOS presents a 
consistent interface to the IBM 
Personal Computer operating sys­
tem and should always be used . 

Data Transfer 
Two basic types of data transfer 
are supported . Data transfer un­
der session support makes sure 
that a message is received . If the 
line to another system drops or is 
lost, the NETBIOS returns an 
error code . 

Data transferred using data­
gram support goes directly to the 
link layer. This type of transfer 
does not contain the features 
found in the session layer. 

Name Support 
You must communicate on the 
network by using names. Each 
adapter can hold up to 16 names 
and one permanent node name. 
Each has a length of 16 charac­
ters , and all 16 characters are 
always used in a name. 

Using the Network 
In order to communicate on 
the network , a few simple steps 
are required. 
1. Add your name to the table of 

names on the adapter. This is 
the name that you are known by 
on the network. 

2. Establish a session with 
another name on the network. 
This gives you a logical con­
nection with another name. 
The other name can be in your 
name table or in a name table 
of another adapter. 

3. Send and receive messages 
using that session. 



Network Control Block 
Commands 
The Network Control Block 
(NCB) is used to issue commands 
to the adapter from the IBM Per­
sonal Computer memory. The 
command block is invoked by in­
terrupting the adapter and point­
ing to the command block. When 
the command completes, the IBM 
Personal Computer is interrupted 
and status is returned. Data trans­
fer from the IBM Personal Com­
puter to the adapter is primarily 
via direct memory access . 

NCB commands control an 
adapter on the network . The 
commands are divided into four 
categories: 
• General 
• Name support 
• Session support 
• Datagram support 

Within each category, the 
commands are further divided 
into wait and no-wait options. The 
wait option means that when you 
issue the command, the processor 
waits until the command is com­
pleted before returning to the next 
instruction. The no-wait option 
means that the processor returns 
immediately after issuing the 
command and is interrupted at the 
post address when the command 
is completed. 

Name Support Commands 
Name support commands allow 
your IBM Personal Computer to 
be known by a name on the net­
work. The commands are Add 
Name, Add Group Name, and 
Delete Name. A name can be a 
umque name or a group name on 
the network . For Add Name, the 
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adapter checks to see if a name is 
unique, and returns an error if 
anyone else is using the name you 
want to add. When using Add 
Group Name, the same name can 
be added by many adapters on 
the network. 

The adapter can have up to 16 
names in the local name table. A 
permanent node name is always 
present ; it consists of ten bytes of 
binary zero followed by the unique 
adapter unit ID number. This per­
manent node name also is unique 
on the network . 

Session Support Commands 
Session support commands allow 
you to establish a logical connec­
tion (session) on the network, 
send and receive messages, end 
sessions, and read session status. 
More than one command can be 
outstanding because the connec­
tion is in a two-way simultaneous 
transmission mode. 

Sessions are established 
between any two names on the 
network. These names can be on 
your adapter or any other adapter. 
Names are used to establish ses­
sions, but after the sessions are 
established, a one-byte number is 
used to refer to each session. A 
maximum of32 sessions is al­
lowed. The same name pair can 
be used to establish more than 
one session. 

Session support gives you reli­
able data transfer and receipt of a 
message . Messages can range from 
0 to 65,535 characters in length . 

Datagram Support Commands 
Datagram support commands 
allow you to send a message to a 
name, a group name, or to broad­
cast a message to everyone. These 
commands also allow you to re­
ceive a datagram message from a 

name, a group name, or from any­
one on the network . Datagram 
support differs from session sup­
port in several ways. The message 
is never acknowledged by the re­
ceiver's adapter, so it is up to the 
sender and receiver to agree on 
their own network protocols. 
Messages can range from 0 to 512 
bytes in length. 

Datagrams are smaller than 
session SENDs, and require ad­
ditional protocol interaction for 
reliable data transmissions. For 
reliable transmissions, session 
SENDs always should be used. 

Remote Program Load 
(RPL) Feature 
The NETBIOS on the IBM PC 
Network Adapter provides the 
capability to boot a computer from 
the IBM PC Network . The IBM 
PC Network NETBIOS redirects 
the initial diskette read requests to 
the network if there are no other 
drives enabled and the RPL jumper 
on the adapter is removed. The boot 
request goes to a special IBM name on 
the network called IBMNETBOOT. 
The IBMNETBOOT name must be 
active, and it must handle the boot 
request from remote IBM Personal 
Computers. This function does not 
depend on the operating system and 
can operate with any system that 
uses diskette I/O during bootstrap. 
The main restriction is that the 
operating system must use Inter­
rupt 13 requests, and not try to use 
the diskette hardware directly. 



Performance Considerations 
There are a number of steps that 
may be taken to optimize the per­
formance of each adapter. The 
major consideration when using 
the adapter should be to send data 
in as large a block as possible . 
This reduces network overhead 
and maximizes throughput. Data 
also should be sent using sessions, 
since this allows reliable data 
transfer and maximum perfor­
mance. Issuing multiple receive 
requests also is helpful in some 
environments, since it allows 
overlap of network activity and 
local 1/0 activity on the IBM Per­
sonal Computer. 

In a single point-to-point ses­
sion, multiple sends of large data 
blocks on one adapter and multi­
ple receives on the other end will 
maximize throughput. Using the 
reset command to configure the 
adapter to the smallest number of 
sessions and outstanding com­
mands also is worthwhile, since 
the memory on the adapter 
is limited . 

After space is set aside for ses­
sion entries and command blocks, 
the remainder is used for buffers. 
The packet transmitted on the net­
work is equal to or less than the 
size of the transmission buffer. 
Therefore, the fewer configured 
sessions, the larger the packet 
transmitted on the network. 

In order to take advantage of 
the PC Network Adapter features: 
• Use session support, not data­

gram support 
• Send data in large blocks when­

ever possible 
• Issue multiple commands 
• Overlap network requests with 

other Personal Computer 110 
• Configure the adapter to only 

the number of sessions and 
commands you need 
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The IBM PC Network Techni­
cal Reference manual contains 
further information about the 
meaning of each command. It 
also contains pseudo code that de­
scribes the network action when 
each command is issued; the 
NETBIOS assembly listing; and 
the packet formats on the net­
work. The manual includes two 
sample programs to help you get 
started using the adapter. 

* * * 
This article continues next month 
with a description of the IBM Per­
sonal Computer Network Program. 

Let's Hear 
FromYoul 

As an IBM Personal Computer 
user, you have viewpointi about 
IBM's products and serv· 
a reader of Exclrange, you luiYe 
opinions about this news~. 
as well as ideas about wbat )'OU 
would like it to contain. 

Your comments are important to 
us. We welcome you to send us 
your comments (please include 
your name, user group and ad• 
dress). Each month we ll print 
selected letters. 

Please send your commen to: 

Editor, Exchange 
IBM Corporation (2900) 
P.O. Box 3022 
Boca Raton FL 33431-0922 

Let's hear from you! 



Top View 

Michael Engelberg 
IBM Corporation 

Top View provides a multitasking 
and windowing environment for 
software applications that run on 
an IBM Personal Computer AT, 
IBM Portable Personal Computer, 
IBM Personal Computer XT or 
IBM Personal Computer. 
Top View lets you run more than 
one program at the same time, 
and view screens from more than 
one program on your display de­
vice. Top View also lets you trans­
fer data between the programs you 
are running. 

In the TopView environment, 
you can run different applications, 
or you may choose to run multiple 
copies of certain programs. 
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Top View lets you switch between 
applications, so that you can work 
within one application while oth­
ers are running. 

All of Top View's facilities are 
available to applications that are 
specifically designed to run with 
TopView, i.e., programmed using 
the TopView applications pro­
gramming interface. In general , 
you can take advantage of only a 
subset of Top View facilities when 
running existing applications. At 
a minimum, the facility of switch­
ing from one application to an­
other is supported for existing 
applications. 

Software 

Top View comes with an on-line 
tutorial that teaches you how to 
use it. In addition , a series of on­
line Help screens offers additional 
assistance . 

Top View requires DOS 2.00, 
2 .10, 3.00 or 3.10. 

TopView Operating 
Environment and 
Programmer's ToolKit 
Top View consists of two separately 
priced products. The first is the 
Top View operating environment 
itself. The second is the TopView 
Programmer's ToolKit, contain­
ing the system interfaces and pro­
gramming tools for developing 
applications that will take full ad­
vantage of Top View features. 

This article has three parts. Part 
l, which runs this month , is about 
the Top View operating environ­
ment (hereafter called Top View). 
Part 2 features the Top View Pro­
grammer's ToolKit. Part 3 covers 
writing TopView-compatible 
applications. 

Productivity Enhancements 
Top View enhances your produc­
tivity by: 
• Letting you control the flow of 

work you give your Personal 
Computer 

• Making interruptions easier to 
handle 

• Eliminating the need to end 
one application before starting 
another 

• Producing more total work in a 
period of time by running over­
lapped applications 



Major Features of 
Top View 

Major features of Top View are: 
• Window-Oriented: A window is 

a rectangular area that an appli­
cation uses on the display 
screen. A window can oc­
cupy the entire screen or 
a portion of the screen as 
small as a single character. ..J...i...£j 

Therefore the screen can dis-
play several application win-
dows at the same time. 

Most existing application 
programs that run in the 
Top View environment were de-

signed to run as stand-alone 
programs rather than as part of 
a multitasking environment. 
Therefore most existing appli ­
cations have a single window 
that covers the entire screen. 
However, if an application fol­
lows certain guidelines for be­
havior, and it does not write 
directly to the video buffer, then 
Top View can perform window­
ing operations such as moving 
and sizing (described later). 

• Menu-Driven : A menu is a list 
of items, contained in a win­
dow, from which you can make 
selections. TopView uses pop­
up menus that provide access to 
all Top View functions. After a 
menu pops up on the screen , 
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you can select from the menu 
with the help of a pointing de­
vice such as the keyboard or a 
mouse. After you make your 
selection, the pop-up menu 
disappears. 

Most pop-up menus are un­
der user control-you decide 
whether to make a menu ap­
pear. Some pop-up menus are 
controlled by TopView, and ap­
pear when TopView needs addi­
tional information or wants to 
pass information on to you. 

When a pop-up menu appears, 
its window occupies only a por­
tion of the screen, temporarily 
overlaying, but not destroying, 
the previous contents of that 
portion of the screen. When a 
pop-up menu disappears, the 
previous contents, which had 
been overlaid by the pop-up 
window, once again appear. 

• Multitasking: In the TopView 
environment, under the control 
of a single user, several applica­
tion programs can run at the 
same time. Top View accom­
plishes this using a technique 
known as time slicing. With 
time slicing, Top View switches 
rapidly from one program to an­
other so that it seems as if each 
program is running in the com­
puter by itself. 

To permit multitasking while 
letting you interact with the 
computer, TopView uses the 
concept of a foreground and a 
background. 

At any given time, only one 
application program is running 
in the foreground. The fore­
ground program is the only one 
that you can interact with. 
Within the window of the fore­
ground application you can do 
things such as entering data, 
selecting items, windowing 
and editing. 

One or more additional pro­
grams may be executing simul­
taneously in the background. 
However, you cannot interact 
with background applications. 

In the Top View environment 
you can manage as many appli­
cation programs as will fit in 
your computer's memory. 

The windows of all applica­
tions that are running concur­
rently are updated as directed 
by the applications, even when 
the applications are running in 
the background. 

You can switch between 
foreground and background ap­
plications by either making se­
lections from a pop-up menu or 
quickly pressing the keyboard 
or mouse buttons twice to cycle 
from one application to the next. 

The window of the fore­
ground application has a double­
line border. The windows of all 
background applications (unless 
hidden or suspended) have 
single-line borders. However, 
when an application uses the 
full screen, its border does not 
appear. 

Windows can overlay other 
windows without destroying the 
contents of the overlaid windows. 

Note: Some existing 
software applications 
cannot run in the 
background. 

• DOS Services: Many Disk 
Operating System (DOS) com­
mands can be executed within 
Top View by selecting the DOS 
Services program. 

DOS Services uses multiple 
pop-up menus from which you 
can select and perform the more 
frequently used DOS commands: 



Copy, Print, Type, Rename and 
Erase. With DOS Services you 
also can list directories or por­
tions of directories, and sort 
them by name, extension, size 
and date/time. 

Because you can perform the 
DOS commands supported un­
der DOS Services without exit­
ing Top View, the other programs 
you have started can continue to 
run in the background. 

DOS Services also provides 
a way to perform additional 
DOS commands. By selecting 
the DOS Services Other option, 
you can specify DOS commands 
other than those listed above. 
Some of the additional com­
mands are called "external" 
commands, and they require ac­
cess to the DOS command files. 

The complete list of DOS 
functions that Top View can per­
form is shown in Table 1. To use 
the external commands (those 
marked with an asterisk), you 
should use the DOS PATH com­
mand to specify the location of 
the DOS command files before 
you start Top View. 

Table 1. DOS Commands That Top View 
Can Perform 

*COMP ERASE TIME 
COPY *FIND *TREE 
DATE MKDIR TYPE 
DIR PRINT VER 

*DISKCOMP RENAME VOL 
*DISKCOPY *SYS 

TopView Terminology 

Here is some terminology 
associated with TopView: 
• Cursor: The cursor is the blink­

ing underscore character that ap­
pears inside the window of the 
foreground application . The cur-
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sor usually marks the location 
where you enter information. 

• Pointer: The pointer is the solid 
square character used by Top View 
itself. (In graphics mode, dis­
cussed later, the pointer is an 
arrow.) You use the pointer to 
perform Top View functions 
such as selecting from a pop-up 
menu, moving and sizing win­
dows, and marking information 
to be transferred. 

• Pointing Device: A pointing de­
vice is any device that can be 
used to control the pointer on 
the screen. All pointing devices 
in TopView are interrupt-driven; 
they require interrupt handlers 
to tell the system what they are 
doing. Top View handles point­
ing device interrupts using pro­
grams called pointing device 
drivers. In addition to handling 
interrupts, each pointing device 
driver also translates the unique 
characteristics of its pointing 
device into a standard format 
usable by TopView. 

TopView provides pointing 
device drivers for the keyboard 
and for the customer-supplied 
mice listed under the topic 
"Mouse" below. 

You may want to use other 
types of pointing devices, such 
as a graphics tablet, touch­
sensitive display, joystick, track 
ball, touch pad, or cursor key­
pad. Perhaps you may want to 
design your own pointing de­
vice. You can use any pointing 
device as long as a TopView­
compatible pointing device 
driver program exists for the de­
vice. You may write a pointing 
device driver program using the 
guidelines in the TopView Pro­
grammer's ToolKit reference 
manual. 

When you initially set up 
your Top View system , you tell 
Top View which pointing device 
you are using. You can then use 
only that pointing device. If you 
have a mouse, you cannot use 
the arrow keys on the keyboard 
to move the pointer; however, 
you can still use the arrow keys 
to move the cursor (if one ex­
ists), and you can use other key­
board keys to enter data. 

To change from one pointing 
device to another, you will have 
to set up your Top View system 
again. 

• Mouse: A mouse is a pointing 
device that controls movement 
of the pointer. Moving the mouse 
on a flat surface such as a desk 
will move the pointer in the 
same direction on the screen. 
You can move the mouse, and 
therefore the pointer, in any di­
rection. 

TopView supports four spe­
cific customer-supplied mice: 
-Microsoft Mouse for IBM 

Personal Computers™ 
(Parallel Interface), 
part number 037-099 

-Microsoft Mouse for IBM 
Personal Computers™ 
(Serial Interface), 
part number 039-099 

-PC Mouse by Mouse Sys­
tems,™ Inc., part number 
900120-214 (serial interface) 

-Visi On Mouse by VisiCorp,™ 
Inc., part number 69910-1011 
(serial interface) 

IBM has tested the use of these 
devices with TopView functions 
as of the date of announcement of 
TopView. However, IBM does not 
endorse or recommend one non­
IBM product over another, and 
does not warrant these devices in 
any way. 



The use of a mouse is optional. 
The functions of the buttons on a 
mouse also are available on the 
keyboard by using the Ctr I, Home 
(button 1), PgUp (button 2), Alt 
(button 3), and cursor control keys. 

Top View Menus 
The first menu you see after the 
welcome window is the Start-a­
Program Menu, referred to as the 
Start Menu in this article. 

The Start Menu lists the names 
of application programs that you 
have chosen to include in your 
Top View environment. You con­
trol the choices that appear in this 
menu (except that DOS Services 
is already listed). 

Topview places a solid square 
in front of all program names that 
you can select from the Start 
Menu . (In all Topview menus, a 
solid square appears in front of 
the items you can select.) 

You can start any program 
listed in the Start Menu by select­
ing it with the pointer. 

To add the name of a program 
to the Start Menu, you select the 
option called "Add a Program to 
Menu '.' Also, to delete the name 
of a program from the Start Menu , 
you select the option called " De­
lete a Program from Menu'. ' The 
Add Menu and the Delete Menu 
will be discussed later. 

The main TopView menu has 
not yet appeared. You can see the 
main menu at any time by press­
ing either the Alt key on the key­
board , buttons 1 and 2 together on 
a two-button mouse, or button 3 on 
a three-button mouse. 

The main menu , called the 
Top View Menu, allows you to se­
lect any of the TopView functions. 
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The functions available in the 
TopView Menu are: 
• Scroll: You can use the Scroll 

function to see the portion of the 
application's data that is outside 
the window. Within certain ex­
isting applications, by invoking 
Scroll and moving the pointer, 
you can display any portion of 
the application's data that has 
been written to the window. 

• Window: You can do several 
things to a window. When you 
select the Window function, an­
other pop-up menu , called the 
Window Menu , appears. Inside 
the Window Menu are these 
choices: 
-Move: You can move a win­

dow to any convenient place 
on the display screen. 

- Size: You can increase or de­
crease the size of a window. 
The normal size window for 
an application is the full 
screen, but the window can 
be reduced to any usable size. 

- Z.Oom: A window that has 
been reduced in size can be 
expanded to its full size by us­
ing the Zoom function. 

-Unzoom: After you have 
zoomed a window, you can 
restore it to its reduced size 
by using the Unzoom 
function . 

- Hide: You can remove a win­
dow from the screen by using 
the Hide function. When you 
hide a window, you do not 
stop the processing being 
done by the application. To 
bring back the window you 
have hidden , you must bring 
up the main Top View Menu 
and switch to the application 
in the hidden window. The 
window will then come back 
to the screen as the fore­
ground application. 

Note: If the application you are 
hiding has multiple windows, 
all windows belonging to that 
application are hidden . 

You would likely use the 
Hide function if you have sev­
eral applications running con­
currently and you do not need to 
see them all on the screen. 

• Scissors: The Scissors function 
lets you transfer information 
between or within application 
windows. To use Scissors you 
choose from these functions: 
-Copy: With the Copy func-

tion , you can copy informa­
tion from the foreground 
window to a storage buffer 
maintained by TopView, 
while retaining the informa­
tion in the foreground 
application. 

-Cut: The Cut function is 
similar to Copy, except that 
the original information in 
the foreground application is 
deleted. 

- Paste: After a Copy or Cut 
has placed some information 
into the storage buffer, Paste 
brings that information out of 
the buffer and into the current 
foreground application. 

The Copy function is available 
in all non-graphics applications. 
The Cut function is available in 
applications that support block 
delete operations. 

To use Cut or Paste in an 
existing application, that applica­
tion must have a Filter Table (de­
scribed later) . 



• Help: You can bring up the 
TopView Menu and select Help 
when it is available. TopView 
and the Top View Programmer's 
ToolKit have a comprehensive 
set of help screens. When you 
select Help, TopView will dis­
play the particular help screen 
that you need. You are now able 
to bring up additional help 
screens, or to quit from the help 
screens and return to your 
application. 

Table 2 lists the Help screens 
available in Top View. Part 2 of this 
article will carry a table listing the 
Help screens available in the 
TopView Programmer's ToolKit. 

• Suspend: The Suspend function 
temporarily halts the processing 
of an application, and it re­
moves that application's win­
dow from the screen. To resume 
processing later, you will have 
to bring up the main Top View 
Menu once again, and switch to 
the suspended application , 
which then becomes the fore­
ground application. 

• Quit: The Quit function lets you 
stop running an application. 
When you quit an application, 
that application's name is re­
moved from the Switch Menu 
(described next). To resume that 
application later, you will have 
to bring up the Start Menu and 
select that application. 

• Switch: The Switch function 
lets you move from program to 
program. The Switch Menu 
contains the list of programs 
that were started in your current 
Top View work session . When 
you select a program from the 
Switch Menu , it immediately 
becomes the foreground 
application. 
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Table 2. Help Screens in Top View 

Programs 
Start a Program 
Add a Program to the Start-a-Program 

Menu (5 Help screens) 
Delete a Program from the Start-a­

Program Menu (2 screens) 
Change Program In formation (3 screens) 

DOS Services 
Copy (2 screens) 
Print (2 screens) 
Type 
Rename (2 screens) 
Erase (2 screens) 
Other (2 screens) 
Print from Other (2 screens) 
Directory 
Scroll 
Sort By 

Note: You do not need to use 
the Switch Menu to move 
from program to program . 
You also can cycle between 
programs by pressing twice, 
in rapid succession, the but­
ton(s) you use to access the 
TopView main menu. The 
order in which you cycle 
through programs is deter­
mined by their order in the 
Switch Menu. 

From the Switch Menu you 
can determine if a program is 
running , hidden or suspended. 
In the menu , a hidden program 
is preceded by a dash and a sus­
pended program is preceded by 
an asterisk . 

• Programs: When you select the 
Programs function, the Start 
Menu once again appears . You 
can now start a program or use 
the Add a Program to Menu , 
Delete a Program from Menu, 
and Change Program Informa­
tion functions. (These functions 
will be discussed following the 
explanation of how Top View 
manages applications.) 

Alarm Clock 
Set Time 
Set Date 
Set Alarm 

Calculator 
Correspondence between calculator 

and keyboard keys 
Display Window 
Memory Window 
Tape Window 
Change Sign (+ /-) Key 
Clear (CLR) Key 
Exchange (EXC) Key 
Percent (%) Key 
Recall (RCL) Key 
Store (STO) Key 
Sum (SUM) Key 

• Exit: With the Exit function , 
you exit Top View and return 
control to DOS. You can exit 
only after you have quit all ap­
plications that you have been 
running. 

How Top View Manages 
Applications 
To manage the application pro­
grams that run in its environment , 
TopView maintains information 
about the unique operating char­
acteristics of each application. 
Top View maintains this program 
information in its Consolidated 
Program Information File, Pro­
gram Information Index Fi le, 
and application Filter Tables 
(optional) . 
• Consolidated Program Informa­

tion File: Many existing IBM 
Personal Computer software ap­
plication products can run in the 
Top View environment. Pro­
gram information for these sup­
ported applications is contained 
in the Top View Consolidated 
Program Information File 
(CPIF) . Its file name is TV.PIF. 



Each record in the CPIF con­
tains information about one ap­
plication . This information 
consists of: 
- Program title 
- Full pathname of the pro-

gram's start-up file (either a 
.COM or .EXE file) 

- Program parameters 
-Location of data files (default 

drive and directory) 
-Memory requirements (mini­

mum , maximum and system) 
-Type of display screen, e.g., 

80 x 25 color 
-Number of screen pages the 

application uses 
-Window size and offsets 
-Shared program information 
-Range of swapped software 

interrupt vectors 
- Program behavior 

characteristics 
• Program Information Index 

File: To reduce access to the 
larger CPIF, Top View uses a 
Program Information Index 
(PII) File . Its file name is 
TV. PII. There is a one-to-one 
correspondence between re­
cords in the CPIF and records 
in the PII File. For each appli­
cation the PII File contains the 
name of the program file and its 
minimum and system memory 
requirements. 

Top View uses the minimum 
and system memory require­
ments in the PIT File to deter­
mine whether there is sufficient 
memory available to start a pro­
gram. If enough memory is 
available, Top View places a 
solid square in front of the pro­
gram's name in the Start Menu . 
The solid square tells the user 
that a program can be selected . 
The PII File is used in building 
the Start and Add Menus. 
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• Filters: Application Filter Ta­
bles, in conjunction with the 
Top View Filter Program, let 
you use the Scissors function to 
move information within a win­
dow or to transfer information 
from one window (the sending 
window) to another (the receiv­
ing window). 

You must first use either the 
Copy or Cut option to mark the 
data to be transferred. Top View 
then transfers the data from the 
sending window into an internal 
buffer. To put the data into the 
receiving window, you switch to 
the receiving application , select 
the Scissors feature, select the 
Paste option , move the pointer 
to where you want to place the 
data , and press button I on the 
pointing device. Top View then 
writes the information from its 
internal buffer to the receiving 
application's keyboard buffer. 
By creating these keystrokes , 
Top View enters data into the re­
ceiving application just as 
though you had used the key­
board to enter the data in insert 
mode . 

If an application was not pro­
grammed to handle Scissoring , 
then in order to handle it the ap­
plication will need a Filter Ta­
ble that supports scissoring . 

Included on the Top View 
diskette are Filter Tables for 
some existing IBM software 
products. If you intend to add 
applications other than these to 
your Top View environment , 
and you want your applications 
to perform function s that re-

quire filtering , you will have to 
supply your own Filter Table for 
each such application . Applica­
tion developers should include 
Filter Tables in their products . 
(Guidelines for writing applica­
tion Filter Tables are given in 
the TopView Programmer's 
ToolKit reference manual .) 

Adding a Program 
Let 's assume that a Program In­
formation File has been created 
for an application you wish to run 
in the TopView environment. Be­
fore you can run that application , 
you must add its name to the 
Start Menu . 

You do this by displaying the 
main TopView Menu and select­
ing " Add a Program to Menu. " 
Top View then displays the Add 
Menu , which contains the names 
of the existing IBM Personal 
Computer software products that 
can run in the TopView environ­
ment. (If an application runs with 
Top View but is not listed in the 
Add Menu, TopView gives you a 
way to add that application as well.) 

When you select an application 
that is listed in the Add Menu, the 
name of that application is added 
to the Start Menu . For a listed 
program , Top View already knows 
the name of the program file itself 
(e .g ., for Personal Editor it is 
PE.EXE). Also, TopView already 
has a record for that program in 
both its Consolidated Program In­
formation File, TV.PIP, and its 
Program Information Index File, 
TV.PH . However, TopView has to 
ask you where it can find the pro­
gram file. After you respond with 
a complete path to your program 
file , Top View places your infor­
mation into the program informa­
tion record. 



A program not listed in the 
Add Menu can be added by using 
the Other option in the Add 
Menu. When you select Other, 
these things happen: 
• Top View asks you for the loca­

tion of your program file. After 
you respond, TopView goes to 
that location on diskette or 
fixed disk. 

• Top View searches for all Pro­
gram Information Files that ex­
ist at the location you specified. 
(A Program Information File 
must have an extension of .PIF.) 

• Top View puts together a menu 
consisting of the names of the 
programs found in the Program 
Information Files. You then se­
lect which program(s) you want 
to add to the Start Menu . 

• After you select the program(s) 
you want to add, TopView adds 
the corresponding Program In­
formation Files as records in the 
files TV.PIP and TV.PU. 

(This is the process TopView 
uses to add the programs from 
the Top View Programmer's 
ToolKit diskettes. You need 
only tell TopView the location 
of the ToolKit programs. Top­
View then finds six Program In­
formation Files from diskette 
#1 (or two from diskette #2) , 
builds a menu consisting of 
their names, and lets you select 
the program(s) you want to add 
to your Top View environment.) 

• If Top View finds no Program 
Information File at the location 
you specify, then TopView 
builds its own program informa­
tion by asking you to supply the 
name of the program file and 
the minimum amount of mem­
ory it requires. 
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However, the Program Infor­
mation File record needs more 
information than TopView asks 
you for. The remaining infor­
mation is default information 
furnished by TopView itself. 
You can review and change the 
contents of the Program Infor­
mation File record by going to 
the Start Menu, selecting 
Change Program Information , 
and selecting the name of the 
program whose information you 
want to change . 

Deleting a Program 
If you no longer want to have 
an application program in your 
TopView environment , you can 
delete it from the Start Menu . 

To do this , bring up the Start 
Menu , choose the " Delete a Pro­
gram from Menu" option, then 
choose the name of the pro-
gram you want to delete . Before 
Top View does the deletion , it 
asks you for confirmation of your 
request. 

If the deleted program was 
originally listed in the Add Menu , 
Top View retains the program's in­
formation in TV.PIP and TV.PH . 
However, if the deleted program 
was not listed in the Add Menu , 
Top View also deletes the program 
information in TV.PIP and TV.PII. 

Changing Program Information 
At any time you can change the 
information that Top View main­
tains for your application program . 
To change program information , 
bring up the Start Menu , select the 
Change Program Information op­
tion , then select the name of the pro­
gram whose information you want 
to change . 

You will then see a full screen 
of information about your pro­
gram . You can step through the 
screen, make any changes you 

wish , and then tell TopView either 
to save your changes or to ignore 
them. (You would select the ignore 
option if you know you have made 
errors in your new information.) 

Some of the more frequent rea­
sons for changing program infor­
mation are: 
• Changing the location where 

Top View can find your program 
file . You will change the loca­
tion if you acquire an additional 
diskette drive or fixed disk drive, 
or if you create new subdirec­
tories on your fixed disk that must 
now be included in the path that 
points to the program file. 

• Changing the specified memory 
requirements. You may need to 
increase or decrease the mini­
mum memory requirement for 
your application . 

If you added a program that 
was not listed in the Add Menu 
and you did not know how much 
memory it needs, TopView gave 
that program a default mini­
mum memory of 52KB. If this 
is not enough memory, you will 
have to increase the minimum. 

On the other hand , if you are 
running many applications at 
once, and you are uncertain 
whether you can start another 
app lication , you may wish to re­
duce (if possible) the minimum 
memory required by one or 
more applications. 

Check your application's doc­
umentation for the minimum 
amount of memory required to 
run the application. If no infor­
mation is available, an iterative 
process, during wh ich you try 
several values, may help you 
determine the actual minimum 
memory required . However, an 
inaccurate minimum memory 
requirement may inhibit your 
application's performance. 



Graphics Mode 
Top View supports graphics appli­
cations. Both medium-resolution 
color (320 x 200 4-color pixels) 
and higher-resolution black-and­
white (640 x 200 2-color pixel s) 
video modes can be used for 
graphics applications. 

Most graphics applications 
write directly into display adapter 
memory, so they can run only in 
the foreground with a full-screen 
window. You can start several 
graphics applications at one time, 
but they will not run as back­
ground tasks. Also, graphics ap­
plications cannot be windowed ; 
however, a graphics application 
may be able to be windowed while 
it is in text mode . 

Two Useful Programs 
Top View comes with two simple 
but useful application programs, 
Alarm Clock and Calculator. 
These programs were created as 
samples to illustrate the functions 
of Top View. You can add them to 
your Start Menu and start them as 
you would any other application. 

The Alarm Clock program al­
lows you to set the date, time, and 
up to five alarms. After you set an 
alarm , the computer beeps when 
the alarm time occurs. 

The Calculator program lets you 
add , subtract , multiply, divide, and 
find percentages and square roots 
of numbers. It also provides a work­
sheet that displays your calculations, 
and memory that stores them . 

Both of these programs come 
with a set of Help screens that 
teach you how to use them . 

Top View On-Line Tutorial 
The Top View package comes with 
a tutorial diskette. You should 
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take this on-line tutorial after you 
see the welcome window and be­
fore you use Top View. 

The tutorial covers these 
subjects: 

Top View terminology 
Getting help when you need it 
Adding applications to your 

Top View environment 
Starting your applications 
Switching between applications 

that have been started 
Windowing 
Scissoring 
Ending an application 
Using DOS commands 

Existing Software that Runs 
With TopView 
Software products supported 
by TopView are listed in two 
TopView Application Guides, 
one for IBM software and one for 
software available from non-
IBM sources. The application 
guides are available free of charge 
to registered licensees. They also 
are distributed to Authorized IBM 
Personal Computer Dealers and 
IBM marketing representatives . 

Top View Product Contents 
The Top View product comes 
with : 
• One program diskette 
• One on-line tutorial diskette 
• TopView User's Guide 
• Top View Quick Reference Card 
• TopView Regi stration Card 

Top View Hardware 
Requirements 
Following is a list of the computer 
hardware necessary to accommo­
date the Top View environment. 
• An IBM Personal Computer 

AT, IBM Portable Personal 
Computer, IBM Personal 
Computer XT or IBM Personal 
Computer. 

• A minimum of256KB or Ran­
dom Access Memory (RAM) . 

This minimum memory config­
uration will allow TopView to 
run a program that requires up 
to 80KB for its execution when 
used outside TopView and with 
DOS 2.00 or 2.10 (68KB with 
DOS 3.00 or 3.10). 

• Two double-sided diskette 
drives , or one double-sided 
diskette drive and a fixed disk. 

• An 80-column display and its 
corresponding adapter card. 
The IBM Monochrome Display 
requires the Monochrome Dis­
play and Printer Adapter or the 
Enhanced Graphics Adapter. 
The IBM Color Display, or a 
compatible monitor, requires 
the Color/Graphics Adapter or 
the Enhanced Graphics Adapter. 
The IBM Enhanced Color Display 
requires the Color/Graphics 
Adapter or Enhanced Graphics 
Adapter. The IBM Professional 
Graphics Display requires the 
Professional Graphics Adapter 
running in emulator mode. 

Note : TopView supports the 
Enhanced Graphics Adapter 
and the Professional Graph­
ics Adapter only when they 
are configured to run in 
compatibility mode. The ex­
tended graphics modes of 
both the Enhanced Graphics 
Adapter and the Profes­
sional Graphics Adapter are 
not supported by TopView. 

When you use the IBM 
Professional Graphics 
Adapter, you must configure 
Top View to use the keyboard 
or the parallel mouse point­
ing device . Top View does 
not support the serial mouse 
with the Professional Graph­
ics Adapter. 



The above list constitutes the 
basic hardware requirements for 
Top View.However, the following 
hardware is recommended for op­
timal performance and usability: 
• A Personal Computer AT or XT 

that has a fixed disk and one 
double-sided diskette drive. 
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• As much as 640KB of memory. 
Larger memory is necessary in 
order to run several large pro­
grams at the same time; to run 
programs that have several win­
dows; and to copy or cut a large 
block of text using the TopView 
Scissors function. 

• An IBM Graphics Printer or 
other compatible printer, and a 
Printer Adapter. 

* * * 
Part 2 of this article, appearing 
next month,features the Top View 
Programmer's Too/Kit. 



Case Conversion 
in BASIC 

Brad Whitlock 
Raleigh Personal Computer Club 
Research Triangle Park, 

North Carolina 

I wrote a quiz program in BASIC 
which contained a long character 
string (specifically, a Bible verse). 
I wanted to maintain the correct 
capitalization in the data file so 
that it would display correctly, but 
I didn't want to require the person 
taking the quiz to type in the cor­
rect capitalization . Therefore, 
before I could compare the per­
son's entered answer with the cor­
rect answer, I had to convert them 
both to all upper (or lower) case. 

Initially I coded this conversion 
in BASIC, with a loop going 
through both strings one character 
at a time, testing for a lower case 
letter, and replacing it with the 
corresponding upper case letter. 
Waiting seven or eight seconds for 
all this to happen may not seem 
long, but this is the age of instant 
results. Such a simple function 
seemed to be an ideal introduction 
to 8088 machine language. I took 
out my 8088 book, and came up 
with the USR function in Figure 1. 

The BASIC program that 
includes this USR function is 
shown in Figure 2. 

Notice that , because of the way 
integers are stored in low/high 
form, each of the byte pairs in the 
DATA statements is transposed 
when assembled. For example, 
the first instruction is entered 
as the number &H033C (which 
equals 828), but it is assembled 
as 3C03. 
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CSEG 
CONVERT 

SEGMENT BYTE PUBLIC "CODE" 
PROC FAR 
ASSUME CS: CSEG 
CMP AL,03 

JNE 

MOY 

CMP 

OUT 

SI.DX 

BYTE PTR [SI],O 

OUT 

CL,O[SI] 

CH,O 

SI 

SI,O[SI] 

; is the parameter 
; a string? 
; no, then don't do 
; anything 
; copy address of 
; string descriptor 
; is the string nuU 
; (length O)? 
; yes, then no con­
; version needed 
; put string length 
; in C register 
; (clear high order 
; half) 
; bump to address 
; of string 
; point SI to the 
; string 

NEXT: 

JE 

MOY 

MOY 

INC 

MOY 

CMP 

JL 

CMP 

JG 

BYTE PTR [SI] ,061H 

SKIP IT 

; compare against 
; "a" 
: don't convert if 
; lower 

BYTE PTR [SI],07AH 

SKIP IT 

; compare against 
; "z" 
; don't convert if 
; higher 

SKIP IT: 

AND 

INC 

BYTE PTR [SI],ODFH 

SI 

; convert to upper 
; by turning off x'20 ' 
; look at the next 
character until 

OUT: 
CONVERT 
CSEG 

LOOP 

RET 
ENDP 
ENDS 
END 

Figure 1. USR Function 

NEXT 

I have indicated what changes 
are needed to cause conversion to 
lower case instead of upper. In the 
assembly code, this corresponds 
to checking for the range A-Zand 
turning on the X'20' bit with an 
OR instruction if the character is 
in the range. Finally, note that thi s 
is not a well-behaved function. 
Besides returning the function 
result of an all upper case string, 
it also changes the original string 
to all upper case. If you need to 
keep a mixed-case copy of the 
string , make a copy before invok­
ing this function. I suppose it 

; all characters are 
; looked at 
; go home 

more properly should be a 
CALLed subroutine, but the USR 
interface looked much simpler to 
code around. 

While debugging this code, I 
was reminded of just how unfor­
giving computers can be. I had 
heard many times that it is impor­
tant to use the VARPfR function 
immediately before you need the 
value, si nce variables move 
around. The code I had was: 

100 DEF SEG 
110 DEF USRO = VARPTR (S %(0)) 
120 UPPERCASE$ = USRO(MlXED­
CASE$) 

' ., 



27 

100' Reserve space and set up the subroutine. 
110' 
120 DIM S%(17) 
130 FOR I=O TO 17 
140 READ S %(1) 
150NEXT I 
160 , 
170 ' 
180 ' Make sure we are pointing to BASIC 's data space. 
190 ' 
200DEF SEG 
210 ' 
220 ' 
230 ' Get a string to convert the case of. Then print the 
240 ' original string , the results of the user function call , 
250' and the original (altered) string after the function call . 
260 ' 
270 INPUT " Give me a string ('quit' to stop) " ;S$ 
280 PRINT "Before the case conversion - > ";S$ 
290 DEF USRO=VARPTR(S %(0)) 
300 PRINT " Result of the function call - > " ; USRO(S$) 
310 PRINT " After the case conversion - > ";S$ 
320 PRINT 
330' 
340 ' 
350 ' See if we were just told to stop. Ifnot, go back for more. 
360 ' 
370 IFS$<> " QUIT" THEN GOID 270 
380END 
390 ' 
400 , 
410 ' Here is the machine language code, waiting to be read into 
420 ' an integer array. Note the four values to change to select 
430 ' conversion to upper case vs. conversion to lower case . 
440, 
450 DATA &H033C, &HIE75, &HF28B, &H3C80, &H7400 
460 DATA &H8A17, &HB50C, &H4600, &H348B, &H3C80 
470 DATA &H7C61 : 'use &H7C41 for lower case, &H7C61 for upper. 
480 DATA &H8008 
490 DATA &H7 A3C : ' use &H5A3C for lower case, &H7 A3C for upper. 
500 DATA &H037F 
510 DATA &H2480 : ' use &HOC80 for lower case, &H2480 for upper. 
520 DATA &H46DF : ' use &H4620 for lower case, &H46DF for upper. 
530 DATA &HFOE2 . &HOOCB 

Figure 2. BASIC Program 

This code kept hanging my PC. 
But, when I defined UPPER­
CASE$ before statement 110, 
everything worked well. I had 
been assuming that the function 
would be evaluated before the vari­
able was allocated , but such is 
not the case. It allocated UPPER­
CASE$ before calling my USR 
function, which made my fu nc­
tion move to a different place than 
it was when I got the VARPTR 

address. When BASIC went to 
execute my subroutine, it fo und 
gobbledegook. 

The lesson is, don't even think 
about any new variables between 
gett ing the address and getting 
back from the subroutine. 
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W hat's New in DOS 3.00 
and BASIC 3.00 

John Warnock 
IBM Corporation 

DOS 3.00 
The IBM Personal Computer DOS 3.00 is a powerful 
extension of earlier versions of DOS. Its new func­
tions make the Personal Computer more versatile and 
functional. 

DOS version 3.00 features improved protection of 
files against unauthorized access. It also gives you 
more control over your PC environment by letting 
you specify more about attached devices, keyboards , 
and language support. 

DOS version 3.00 is designed to support the IBM 
Personal Computer AT, IBM Personal Computer XT 
and IBM Personal Computer. DOS 3.00 accommo­
dates up to 3MB of memory, treating anything below 
640KB as regular memory and anything above !MB 
as a virtual disk. DOS 3.00 also supports L.2MB 
diskettes and 20MB disks along with the 16-bit chan­
nel and the higher speeds of the 80286 processor and 
80287 Math Co-processor. 

DOS 3.00 and BASIC 3.00 provide all the function 
and capabilities of earlier versions. DOS 3.00 requires 
36K of memory compared to 24K for 2 .10 and 2 .00 
and 12K for DOS 1.00 and 1.10. 

DOS 3.00 includes the following enhancements: 
• File sharing and protection on a file-by-file basis. 

File sharing is accomplished with two new DOS 
commands, SHARE and ATTRIB. Along with 
revised DOS calls, these commands allow you to 
set up an environment for sharing files between 
concurrent applications. 

In addition to loading the file sharing routines , 
the SHARE command establishes the number of 
files and sector locks allowed . When SHARE is 
loaded , all read and write requests are 
validated against the file sha:ing ~ 1 
code . The command format 1s: ( :- -: :- · ·: 

( :' ::·~ .... ) 

----~ ~) 
~--1 1 o 0 

I ( 

I I 

I 

[d :][path] SHARE [/F:filspace][/L:locks] 

where 

[d:][path] is the drive and path where the 
SHARE command file is located. 

[/F :filspace] allocates memory in bytes to hold 
the sharing information on each file . The 
default is 2048. Each open file requires 11 bytes 
in addition to the length of the file name. 

[IL: locks] describes the number of sector locks 
you wish to allocate space for. The default is 20. 
Sector locks prevent two programs from simul­
taneously trying to change the same informa­
tion in the same file. 

To give your system special features , you 
can use the CONFIG.SYS file and special com­
mands to define them. One of the things you 
can determine is the number of file control 
blocks (FCBs) that are available to the com­
puter. One file may have several FCBs open if 
several programs are using it. 

When you limit the number of FCBs availa­
ble to DOS, you limit the amount of file activity 
it can do at any given time. When sharing is 
active, the number of file control blocks is 
strictly limited to the number specified in the 
FCBS statement in the CONFIG.SYS file (see 
the discussion of the FCBS command later) . 
DOS will automatically attempt to re-use as 
many FCBs as possible. 

An attribute is a characteristic of a file. 
While DOS automatically sets most file charac­
teristics , you can set the access attribute your­
self. 

The ATTRIB command lets you set or 
remove a read-only protection on an individual 
file , or display its attribute . The command for­
mat is : 

[d:][path] ATTRIB [ + Rl - R] [d :][path] 
filename [.ext] 

where 

[d :] and [path] are used to specify drive and 
path of the ATTRIB command file . 
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+ R sets the attribute of the file to read-only. 

-R removes the read-only protect ion . 

[d :][path] filename [. ext] tells DOS which file 
you want to check or set the attribute for. 

For example, to set the file SAMPLE. TXT to read­
only, you would type: 

A> attrib + r sample. txt 

If you then type: 

A> attrib sample. txt 

the result is 

RA : ISAMPLE.TXT 

The " R" indicates that the file is read-only. 

To remove the read-only protection , you would type: 

A> attrib -r sample. txt 

If you then type : 

A> attrib sample. txt 

the result is 

A: ISAMPLE.TXT 

The R is no longer present when read-only protection 
is removed. 
• Background printing enhancements . You can now 

specify the drive and path for the PRINT command 
fi le when initiating the command. You also can 
specify a device and other additional system para­
meters when starting the command. The PRINT 
command now looks like thi s: 

[d :][path] PRINT [/D:dev ice][IB:buffsiz] 
[/U :busytick] [IM :maxtick] [IS:timeslice] 
[/Q:quesiz][/C] [/T][IP] [[d :][path] 
[filename] [.ext] .. . ] 

where 

[d :][path] tells DOS which drive and directory 
contains the PRINT command fil e. 

[ID: device] allows you to specify the output 
device, where device is PRN, LPTI , LPT2 , 
LPT3, COM!, COM2, AUX , etc. 

[IB:buffsiz] is the internal buffer size. The 
default is 512 . 

[IU:busytick] specifies the number of clock 
ticks that pass before PRINT says the print 
device is unavai lable. Then PRINT gives up its 
timeslice. The default is l. 

[IM:maxtick] allows you to spec ify from I to 
255 clock ticks for PRINT to use each time it 
prints characters on the print device. The 
defaul t is 2 . 

[IS:timeslice] lets you set the timeslice value 
from I to 255. The default is 8. 

[/Q:quesiz] determines how many files can be 
in the pri nt queue. 10 is the default. You may 
select from l to 32. 

[IC] allows you to cancel any number of 
specified print files. The next IP terminates the 
command . 

[IT] terminates all queued print fil es and stops 
the file currently being printed. 

[IP] lets you print any number of specified print 
fil es. The next IC terminates the command. 

• Enhanced error recovery and additional error 
reporting facilities. DOS 3.00 checks for file con­
trol block ava ilabi lity, and reports exceptions when 
file sharing is active. 

DOS also checks to see if a file is in a locked 
condition, or if a sector could not be found. 

Sharing violations and write violations are also 
reported when they occur. 

• Additional hardware support for l.2MB diskette 
drives , non-volatile timer, and 20MB fixed disks . 
DOS 3.00 supports the new high capacity ( l.2MB) 
diskette drive along with the 20MB fixed disk and 
the CMOS clock of the Personal Computer AT. 



30 

The single-sided, double-sided and high­
capacity diskette drives are supported by DOS 3.00. 
While the single- and double-sided diskettes hold 
40 tracks with 8 or 9 sectors per track, the high­
capacity diskettes hold 80 tracks at 15 sectors per 
track. 

The FORMAT command has been expanded to 
allow you to format single-and double-sided disk­
ettes on a high-capacity drive. If no parameters are 
specified, FORMAT defaults to the maximum 
capacity of the drive. I l continues to work for 
single-sided diskettes in double-sided or high­
capacity drives. For formatting double-sided disk­
ettes in a high- capacity drive, you would use the 
statement: 

FORMAT A :/4 

where 

A: is the drive where the diskette is located . 

14 describes a double-sided diskette . 

Note : If you format or write single- or double­
sided diskettes using a high capacity drive, you 
may not be able to read the diskettes on single­
or double-sided drives . 

DOS version 3.00 also supports a 20MB fixed 
disk. The major change to provide this support was 
to increase the size of the entries in the File Alloca­
tion Table from 12 to 16 bits for disks with more 
than 4086 file clusters. DOS counts the number of 
clusters on the disk in order to determine what size 
the disk is . You should use the DOS function calls 
rather than interpret the File Allocation Table 
yourself. 

• Screen dump facility improved to add support 
for additional display and printer interfaces. The 
GRAPHICS command now lets you specify the 
type of printer that the display copy will go to. This 
allows color print screen capability as well as print-
outs from graphics displays. The improved GRAPHICS 
command uses the following format: 

[d:][path] GRAPHICS [printer type][/R][/B] 

where 

[d:][path] specifies the drive and path where the 
GRAPHICS command file is located . 

[printer type] defaults to GRAPHICS if not 
specified, otherwise it should be one of the 
following: 

COLOR! for a color printer with a black 
ribbon 

COLOR4 for a color printer with a red, 
green, blue, and black ribbon 

COLOR8 for a color printer with a cyan, 
magenta , yellow, and black ribbon 

COMPACT for the IBM Compact Printer 

GRAPHICS for the IBM Graphics Printer 

JR reverses the value of white to print black , 
otherwise black prints as black and white prints 
as white. 

IB tells printer types COLOR4 and COLOR8 to 
print the background color as well , otherwise it 
is omitted. 

Graphics also has been improved under DOS 
3.00 with the GRAFTABL command. This com­
mand loads a table of the upper 128 ASCII charac­
ters into memory for use by the Color/Graphics 
Adapter. It is useful for special , foreign and box 
graphic characters. The command uses this format: 

[d:][path] GRAFTABL 

where 

[d :][path] specifies the drive and path where the 
GRAFTBL command file is found. 

• Linker program enhanced to support up to l MB 
of memory. The Linker (LINK) program can now 
produce a load module up to I MB in size. Program 
segments and groups may be combined into classes 
as large as 1 MB. The practical limit is 640 KB be­
cause DOS uses upper memory for display addressing 
and other features. 

.. 
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• VDISK RAM disk added to allow system memory 
to be allocated for a virtual disk. If your system has 
more memory than needed to run a program , you 
can tell the computer to use the excess memory as 
if it were an extra disk drive. This is called a virtual 
disk-it isn' t really a disk , but to the system it looks 
like one. 

You access this feature through the DEVICE 
configuration statement in your CONFIG.SYS file . 
You must also have the VDISK .SYS file on your 
DOS diskette. The file contains the device driver 
that simulates a diskette drive usi ng computer 
memory. Because it is in memory, a virtual disk 
operates much faster than either a disk or diskette. 

You can specify up to 24 virtual disks (less the 
number of your actual diskettes or disks) by provid­
ing a device statement for each virtual disk. 

Each virtual disk uses the amount of memory 
you specify, from lK to the available memory of 
your machine. Each virtual disk also increases the 
size of DOS by 720 bytes, plus any disk buffers you 
may have . Virtual disks normally reside in low 
memory, but can be placed in the extended mem­
ory (above the lMB boundary) of the Personal 
Computer AT. 

You can install a virtual disk by placing a state­
ment similar to the following in your CON­
FIG.SYS file: 

DEVICE=[d :][path] VDISK .SYS 
[bbb] [SSS] [ ddd] [/E] 

where 

[d:][path] is the drive and directory path where 
the VDISK.SYS file is located . 

[bbb] is the (decimal) di sk size in KB. The 
default is 64 KB. You can specify any value 
from 1 to the size of your system. VDISK will 
automatically reduce the size of the virtual disk 
to allow at least 64 KB of working memory in 
your system , and defaults to 64 KB if you spec­
ify more memory than your system has 
available. 

[sss] is the sector size- 128, 256, or 512 bytes . 
If not defined , or incorrectly stated , it defaults 
to 128. 

[ddd] is the number of directory entries, rang­
ing from 2 to 512. If incorrectly stated , or left 
off, the default is 64. One of the directory 
entries is used as a volume label for your disk. 
The rest are used for file names. VDISK will 
round the number of entries up to fill the near­
est logical sector boundary. If your directory 
entries and File Allocation Table are larger than 
your virtual disk , then VDISK will automati­
ca lly begin reducing your directory a sector at a 
time until it fits on the virtual disk . 

IE tells VDISK to use the extended memory of 
the Personal Computer AT. The device driver 
will reside in low memory. The virtual disk and 
each succeeding virtual disk will start at the 
1 MB boundary and go higher. 

For example, to set up a 320KB drive with 256-
byte sectors and enough entries for 30 files , you 
could use: 

DEVICE= VDISK.SYS 320 256 31 

VDISK uses one of the directory entries as a vol­
ume label , and rounds up the number of entries to 
the next sector boundary. 

• Additional configuration statements for CONFIG. SYS 
file. In addition to the SHARE command and the 
enhanced DEVICE configuration statement , DOS 
3.00 has other commands and configuration state­
ments to expand your system configuration. 

COUNTRY lets you specify the date and time for­
mat for the country you desire . It also changes the 
currency sy mbol and decimal separator to match. 
The command format is: 

COUNTRY= xxx 

where 
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xxx is a three-digit country code. The default , 
001, is the United States. 14 other countries are 
supported . The country command does not 
translate DOS messages into other languages, 
however. 

The FCBS configuration statement tells DOS 
how many file control blocks can be open concur­
rently. (File control blocks are used by some appli­
cations to read , write, create and delete files .) This 
is different from the number of files allowed, 
because one file may have several file control 
blocks associated with it when it is shared by more 
than one program. 

The statement format is: 

FCBS = m,n 

where 

m is the total number of files opened by file 
control blocks. It can be any number from l to 
255. The default is 4. If a program tries to open 
more than this number of files while sharing is 
active, DOS looks for the least recently used 
file, closes it , and re-uses its FCB. 

n is the number of file control blocks protected 
from automatic reclamation by DOS. The first n 
files cannot be reused by DOS unless they are 
closed by their applications. 

LASTDRIVE sets the maximum number of 
drives you may access . The format is 

LASTDRIVE = x 

where 

x represents the letter (A-Z) of the last valid 
drive letter DOS may accept. It may not be less 
than the highest drive on your system . 

• The BACKUP and RESTORE commands have 
been enhanced . You can now back up a diskette to 
another diskette, a diskette to a disk , and a disk to 
another disk, as well as a disk to diskettes. RESTORE 
supports these same combinations. 

< 
I 

~l 

• User-selected keyboard type and date/time for­
mats . KEYBxx loads special country support pro­
grams which replace the keyboard support resident 
in ROM BIOS. Each program uses about 2KB of 
memory. The command format is : 

[d :][path] KEYBxx 

where 

[d:][path] specifies the drive and path where the 
keyboard support program is located. 

xx represents one of five countries : 

FR= France 
GR= Germany 
IT= Italy 
SP= Spain 
UK= United Kingdom 

Only one keyboard program should be loaded at a 
time. It resides in memory, and can be removed 
only by rebooting the system . Each new keyboard 
program takes control from the previous one. 

Pressing Ctrl-Alt-F 1 returns control to the USA 
keyboard format resident in DOS. Ctrl-Alt-F2 
switches control back to the country support key­
board program . 

SELECT, like the COUNTRY and KEYBxx com­
mands, allows you to select the keyboard layout 
and the date and time format. This command 
builds new CONFIG.SYS and AUTOEXEC.BAT 
files that contain the correct KEYBxx and COUN­
TRY commands . 

) 
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The format is: 

[d :][path] SELECT xxx yy 

where 

[d :][path] is the drive and path where the 
SELECT command file is located. 

xxx specifies the three-digit country code for 
the COUNTRY command . 

yy is the two-letter keyboard code for the 
KE YB xx command. 

Acceptable values are: 

Country Keyboard 
Country Code (xxx) Code (yy) 
United States 001 us 
France 033 FR 
Spain 034 SP 
Italy 039 IT 
United Kingdom 044 UK 
Germany 049 GR 

• Greater user control of disk volume labels. LABEL 
lets you create, change or delete a disk volume 
label on a formatted disk without reformatting the 
disk . It allows for up to 11 characters like the IV 
option of the FORMAT command. 

The LABEL format looks like this: 

[d :][path] LABEL [d:][volume label] 

where 

[d :][path] specifies the drive and path where the 
LABEL command file is located . If the second 
[d:] is not specified , the default drive is assumed. 

[volume label] is the II-character volume label. 
If you leave it blank, you will be prompted for 
it. If you leave it blank again , the volume label 
is deleted. Previously, the volume label could 
only be changed by the FORMAT command . 

• New DOS function calls. To accommodate these 
new commands, new DOS function calls have been 
added, old calls have been changed, and file infor­
mation has been changed . 

Byte II of each file's directory entry contains its 
attribute . If that value is OIH, any attempt to open 
the file as output (3DH) will result in an error. 

Several function calls are changed or added to 
take advantage of the new features of DOS 3.00. 
The list of new and changed function calls is: 

Call 

38H 

3DH 

44H 

45H * 
59H * 
5AH * 

5BH * 
SCH * 

62H * 

Description (* indicates new call) 

To get current country or set a new country. 
Allows you to set month/day /year format , time 
format , currency separators and date separators. 
Open a file . Now includes sharing and inheri­
tance flags. Inheritance means the file is passed 
to another program by the calling program. 
1/0 device control . You can set the count of 
retries for sharing . 
Duplicate a file handle . 
Get extended error. 
Create temporary file . Uses extended 
error codes. 
Create a new file . Uses extended error codes. 
Lock/unlock file access. Prevents other pro­
grams from accessing a file . 
Get Program Segment Prefix address. 
Returns segment address of currently executing 
program . 

• BASIC 3.00 interpreter provides better access to 
DOS and device drivers through new commands 
and support of new hardware . BASIC now sup­
ports the l.2MB diskette drive and the 20MB fixed 
disk drive. BASIC also allows you to execute DOS 
commands and other programs from within a 
BASIC program. 

Four new reserved words allow you to access 
unique device drivers specified by your CON­
FIG.SYS file. 

• DOS 3.10 support planned in development of DOS 
3.00. DOS 3.00 has been designed with the memory 
requirements of DOS 3.10 in mind . Therefore, mem­
ory size should not be a consideration in upgrading 
from DOS 3.00 to DOS 3.10. 
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Besides these enhancements, DOS 3.00 is repack­
aged to include an Application Setup Guide which 
aids users in installing additional applications on 
their system. Like DOS 2.10, DOS 3.00 comes with a 
User's Guide and a Reference Manual. The Technical 
Reference Manual is available separately. It contains 
new information not contained in the DOS 2.10 Tech­
nical Reference Manual, such as the new DOS calls, 
file attributes, and file sharing. 

Each DOS 3.00 package comes with: 
• A DOS 3.10 Upgrade Kit offer 
• A BASIC 3.00 Upgrade Package Order form 
• An Important Information sheet 

To use DOS 3.00, your system must have one 
double-sided diskette drive and 96KB of memory. If 
you have a fixed disk , 128KB of memory is recom­
mended. DOS 3.00 automatically loads from the A or 
C drive if present , and is a prerequisite for BASIC 
3.00 Disk and Advanced versions. DOS also provides 
the 1/0 for the Pascal, FORTRAN, COBOL, and 
BASIC compilers and the assembly language pro­
grams they generate. 

Compatibility 
Many programs can be migrated to DOS 3.00 from 
earlier versions of DOS. They must not use reserved 
or unpublished DOS or BIOS addresses. Due to 
machine performance differences, they should not 
use loops for timing. They are relocatable and must 
not use absolute addresses. 

BASIC3.00 
The IBM Personal Computer BASIC 3.00 is a more 
powerful version of earlier forms of the language. 
You can now exercise direct control over non­
standard peripherals through device drivers. BASIC 
3.00 gives you more information about hardware 
problems. It also gives you the ability to call DOS, 
procedures, and other programs from within BASIC. 
You can even pass information to those programs and 
procedures. 

Major improvements in BASIC 3.00 include: 
• Additional access to device drivers and DOS 
• Changes to support Personal Computer AT 

hardware 
• New commands to access DOS and device errors 

from within BASIC 

Programs written under BASIC versions 1.00, 1.10, 
2.00 and 2.10 are upward compatible with BASIC 
version 3.00. However, due to the increased memory 
requirements of DOS 3.00, you may need additional 
memory to continue to run some older BASIC 
programs. 

Under BASIC 3.00, these additional commands 
are available: 
• SHELL, which allows you to execute DOS com­

mands and programs from within a BASIC pro­
gram. When BASIC executes a SHELL command , 
it loads a second copy of COMMAND.COM into 
memory. It then executes the commands following 
the SHELL command. Control returns to the 
BASIC statement following the SHELL command . 

The procedure or program called by BASIC 
becomes a "child " of the program that called it. 
You can use the ENVIRON statement to pass 
parameters to the child. (See description of ENVI­
RON statement later.) 

For example, if you wrote a program to create a 
file called ONE, and then wanted to sort it into a 
file called TWO, you would type: 

180 SHELL " SORT< ONE > TWO " 

W;th BASIC 3.00, you can now 
exercise direct control over non-standard 

peripherals through device drivers. 

Your computer would then execute the sort, and 
automatically return to execute the statement at line 
190 when the sort ended . 

Another example would be to suspend BASIC, 
or interrupt your program to check for which ver­
sion of DOS you were using. You might include the 
instruction : 

560 SHELL "COMMAND.COM " 

or 
560 SHELL 

You will see the DOS prompt , and can type any 
DOS command except BASIC or BASICA . Type: 

>ver 



35 

When you are finished using DOS you must type: 

>exit 

in order to resume your BASIC program. 

You can also run BATch files from your program 
just as you would from DOS. To do this, you would 
say: 

575 SHELL "AUTOEXEC.BAT" 

Your BATch file could look like this: 

DATE 
TIME 
EXIT 

EXIT must always be the last command in the 
BATch file in order to return control to your 
BASIC program. 

You also can go to DOS from within a BASIC 
session by simply typing: 

SHELL 

Your DOS session could look like this: 

>dir 
> exit 

Immediately after the SHELL command, you 
should also issue a SCREEN statement followed by 
a CLS statement in order to restore the display. 

Caution: Be sure to close any files that might be 
used by the chi ld process, and reopen those files 
when the process ends. Otherwise, unexpected 
results may occur. 

• IOCTL statement and IOCTL$ function, which 
a llow BASIC to send control data to a device driver 
and to read input from the device. Device drivers 
reside within DOS. They provide the instructions 
that make a device (such as the printer) work . 
Drivers for displays, printers, communications 
lines, disks, and diskettes are included in DOS. 
You need not be aware of them. 

Sometimes you may want to connect a device to 
your Personal Computer that DOS does not sup­
port, such as a clock card or tape drive. DOS 
allows you to write your own device driver to con­
trol that machine, and to include the driver in DOS 

when you start your computer. You can even give 
that driver the name of an existing driver such as 
LPTl. Your LPTl will then take precedence over 
the LPT 1 that comes with DOS. In your BASIC 
program you open it like any other file. 

N ow you can 
use the ERDEV and ERDEV$ variables 

to get more information about 
hardware problems. 

The IOCTL statement lets you send control 
information to any device driver you may have cre­
ated. The form that the control information takes 
depends on the device driver you use. The format 
1s: 

IOCTL [#]filenum, string[; string] ... 

where 

[#]filenum is the number of the device driver 
used in the OPEN statement. 

string is the character expression containing the 
control information . A string cannot be longer 
than 255 characters. Multiple commands within 
the character expression can be separated by a 
semicolon. 

The IOCTL$ function will read a data string from 
a device driver. You can use it to get device status 
information, or to make sure of configuration infor­
mation . Its format is: 

v$ = IOCTL$([#]filenum) 

where 

v$ is the name of the variable you want the infor­
mation stored in . 

[#]filenum is the number of the device driver used in 
the OPEN statement. 
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• ERDEV and ERDEV$, new device error variables 
that allow you to read INT24 error codes. DOS 
3.00 provides more information about device 
errors. BASIC lets you use the ERR and ERL vari­
ables to get information about the BASIC errors 
you encounter, but it won't tell you about DOS 
error messages or conditions. Now you can use the 
ERDEV and ERDEV$ variables to get more infor­
mation about hardware problems. 

ERDEV is a read-only variable. Like ERR, it 
contains an error number, except it refers to DOS 
errors instead of BASIC errors. You can access it 
via any one of the following instructions: 

120 PRINT "Error: ";ERDEV 

or 

120 V = ERDEV: PRINT V 

ERDEV is 16 bits long . It holds the DOS inter­
rupt 24 error code in the lower 8 bits, and the 
attribute word of the device header block in the 
upper 8. You can use the DOS Technical Reference 
manual to determine something about the error and 
the device that caused it. 

Like ERDEV, ERDEV$ is a read-only variable. 
Unlike ERDEV, ERR, and ERL, it is a string vari­
able and contains the name of the device that 
caused the error. You may display the device name 
with any one of the following statements: 

120 PRINT " Device: ";ERDEV$ 

or 

120 V$ = ERDEV$: PRINT V$ 

ERDEV and ERDEV$ are best used within 
error recovery statements like ERR and ERL. (You 
must still interpret them via the DOS Technical 
Reference manual to get the most use out of them.) 

• ENVIRON statement and ENVIRON$ function let 
you modify and retrieve parameters from BASIC's 
environment table. BASIC 3.00 lets you call DOS, 
programs and BATch files from within a BASIC 
program . ENVIRON lets you set the stage before 
invoking child processes. 

For example, you might be running a program 
that resides in a directory called PROGRAMS, and 

want to leave BASIC and list directory of your C 
disk. You would use the statements: 

lOOENVIRON " PATH =C:\" 
110 SHELL " DIR" 

You might also want to remove the path setting 
completely when you are done. To do thi s you 
would say: 

120 ENVIRON "PATH=;" 

The semicolon removes PATH from the BASIC 
environment table and compresses the space . 

Just as ENVIRON will let you modify the envi­
ronment table, ENVIRON$ will let you examine 
the values inside the environment table . ENVI­
RON$ will let you look at the environment table by 
parameter name or by number. The formats are: 

v$ = ENVIRON$(parm$) 

or 

v$ = ENVIRON$(n) 

where 

parm$ is the name of the parameter as a string 
variable or character stri ng you want to see 

n is the number of the parameter you want to see 

Besides these additional commands, the BASIC 
3.00 Reference manual has new documentation for 
interfacing machine language subroutines with the 
BASIC language interpreter. The book discusses and 
provides numerous examples of special code to 
include in assembly language routines for the 
BLOAD command. There are also several examples 
of simple short cuts for assembly language routines. 

The BASIC 3.00 Reference manual has been reor­
ganized for greater ease of use and clarity. It now 
consists of a handbook which describes general 
information on BASIC, a Reference detailing the spe­
cific commands used by BASIC, and a Quick Refer­
ence card. The BASIC Reference manual is shipped 
with the Personal Computer AT System Unit. It will 
be phased in with the other system units. The PCjr 
has its own reference manual. 
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XOR (Exclusive Or) and 
Pixel Color Manipulation 

John Schnell 
New York Personal Computer, Inc. 
New York, New York 

One of the most interesting uses of XOR is in manip­
ulating graphic pixels when using the PUT com­
mand . Many people who experiment with graphics 
are mystified by how the XOR option works. Perhaps 
a demonstration program and some binary tables can 
clarify the mechanics of this exotic operation. 

Remember that any boolean operation works on 
the bit level , combining ones and zeros according to 
the rule of the chosen boolean operator. The result of 
any co·mbination can be looked up in the appropriate 
logic truth table in your BASIC manual. 

Let's look at the boolean table for binary XOR 
operation (Table l), which is set up with T IF and 1 /0 
arguments. Notice when A and B are the same, the 
result is FALSE or 0. When A and B are different, 
the result is TRUE. 

Table I 

A B AXORB A B AXORB 
F F F 0 0 0 
F T T 0 1 I 
T F T 1 0 1 
T T F I 1 0 

(false/true) (zeros/ones) 

Next , let's look at how color is represented on the 
medium-resolution screen . A single pixel is repre­
sented by two bits. This gives us the four possible 
color combinations shown in Table 2. 

Table2 

Binary 
Decimal Bits Color 

0 00 background 
1 01 green or cyan 
2 JO red or magenta 
3 11 yellow or white 

Note: We can disregard the fact that there are 
two palettes, since the screen pixel-bit map is 
the same for both . Palette 1 colors are the same 
as palette 0 colors, with blue added. 

We want to know what new Pixel color is gener­
ated when we combine two old pixel colors using 
XOR. We break the operation down into bits and 
XOR each bit. We then recombine the resulting bits 
to derive the resulting color. 

Here is an example. We want to take a red pixel , 
XOR it with a yellow pixel , and see what resulting 
color will be . First: 

red = binary 10 (decimal 2). 
yellow = binary 11 (decimal 3) . 

Next, combine the left side bits according to the 
XOR table : 

red yellow result 
lx XOR lx = Ox 

Next, combine the right side bits according to the 
XOR table: 

red yellow result 
xO XOR xl = xl 

Finally, recombine the resulting bits into a two-bit 
value: 

Ox+ xl = 01 

What color is 01 ? Green! So if we XOR red with 
yellow, the resulting color will always be green. 
That's how simple it is. 

Table 3 shows PUT XOR operations. It lists all 
combinations of two source colors and the boolean 
results, which may be used to anticipate XOR­
generated colors. 

If you want to do animation , it is important to note 
that the color combinations are totally reciprocal. 
This makes it possible to animate multi-color figures 
using GET and PUT with the XOR option, drawing 
and erasing an image over a complex background in a 
totally non-destructive manner. 
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Table3 

(binary) (decimal) 
A XOR B =C A XOR 
00 00 00 0 
00 01 01 0 
00 10 10 0 
00 11 11 0 
0 1 00 01 1 
0 1 01 00 1 
0 1 10 11 1 
01 11 10 1 
10 00 10 2 
10 01 II 2 
10 10 00 2 
10 11 01 2 
11 00 11 3 
11 01 10 3 
11 10 01 3 
11 II 00 3 

A = original color 
B = color on screen which is XORed with A 
C = result color from the XOR operation 

B 
0 
1 
2 
3 
0 
I 
2 
3 
0 
I 
2 
3 
0 
1 
2 
3 

=C 

0 
I 
2 
3 
1 
0 
3 
2 
2 
3 
0 
1 
3 
2 
1 
0 

The program in Figure 1 sets up a simple table of 
color boxes onto which skulls are systematically 
drawn in three colors using the DRAW statement and 
the PUT XOR statement to demonstrate the boolean 
operation at work . 

100 'XORDEMO.BAS - John Schnell - Nov 1984 
110 'Demonstrates how PUT command changes colors 

in XOR mode 
120 DIM BKGND(800) :DIM SKULL(lOO) 
130 CLS 
140 SCREEN 1 : CLS 
150 LINE ( 16,0)-(31 ,15) ,1,BF 'create cyan bkgnd box 
160 LINE (32 ,0)-(47,15) ,2 ,BF 'create magenta bkgnd 

box 
170 LINE (48,0)-(63,15) ,3,BF 'create white bkgnd box 
180 GET (0,0)-(63,16),BKGND 'capture four bkgnd 

boxes 
190 PUT (0,0) ,BKGND 'erase from corner 
200 PUT (100,10) ,BKGND 'display bkgnd boxes in three 
210 PUT (100,34) ,BKGND 'horizontal rows. 
220 PUT (100,58),BKGND 
230 , 
240 LOCATE 1 ,14: PRINT " O I 2 3'' ; 'labels for four 

bkgnd colors 
250 LOCATE 11 ,14: PRINT " XOR test"; 'display test 

title 
260 CLR = 1 : X = 10 : GOSUB 510 'draw cyan skulls 
270 CLR = 2 : X = 34 : GOSUB 510 'draw magenta 

skull s 
280 CLR = 3 : X = 58 : GOSUB 510 'draw white skulls 
290 PUT (O,Q) , SKULL ' erase skull up in left corner 
300 LOCATE 3,2 : PRINT " l "; ' list pixel draw colors 
310 LOCATE 6,12 : PRINT " 2"; 
320 LOCATE9,12 : PRINT ' '3 "; 
330 LOCATE 20, 1 : END 
340 ' 
500 ' Subroutine to draw skull and PUT XOR it over four 

backgrounds 
510 DRAW " C = CLR;" 'create skull in current color 
520 DRAW " BM3,IR9F2D7L2D2G2L5H2U2L2U7E2 " 
530 DRAW ''BM4,5R1Fl L3DlR3Gl LI " 'skull draw 

instructions 
540DRAW " BMI0.5RIFIL3DIR3GILI " 
550 ORA W " BM7,IORIBM + 1, + 2L3 " 
560 GET (0,0)-(15,15) ,SKULL 'get skull into array 
570 PUT (100,X),SKULL,XOR 'put skull over bkgnd 
580 PUT ( 116,X) ,SKULL,XOR 'put skull over cyan 
590 PUT ( 132,X) ,SKULL,XOR ' put skull over magenta 
600 PUT (148,X) ,SKULL,XOR 'put skull over white 
610 RETURN 

Figure 1. Drawing Skulls in Three Colors 



How Compilers 
Work: An 
Overview 

Lou Morgan 
Madison IBM-PC User's Group 
Madison, Wisconsin 

What are compilers and how do 
they work? Many computer users 
ask this question after the pro­
gramming bug has bitten them. To 
most people, a compiler appears 
to be a "black box program" that 
translates source code written in a 
high-level language (such as 
FORTRAN , BASIC, Pascal or C) 
into a language the computer can 
understand and execute. 

Compilers vs. 
Interpreters 
Computers cannot understand 
English words and grammar. 
They also cannot understand the 
highly structured words and sen­
tences of programming lan­
guages. These languages must be 
translated by a compiler or inter­
preter before a computer can 
understand them. 

A compiler or interpreter is a 
program that looks up each 
"word" of your programming 
language in a kind of dictionary 
(or lexicon) and, in a series of 
steps, translates into machine 
code. 

An interpreter translates 
one line of source code at 
a time into machine code, 
then executes it. Debug­
ging and testing is 
relatively fast and 
easy in interpreted 
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code, since the entire program 
doesn't have to be reprocessed 
each time a change is made . 

The BASIC.COM and 
BASICA.COM programs are 
interpreters. Interpreted pro­
grams run much slower than com­
piled programs, because they 
must be translated every time 
they are run. Programmers often 
test and debug their programs 
using an interpreter and then 
compile them for production use . 

How Compilers Work 
Compilers translate source code 
into virtual machine language. In 
the IBM PC, this virtual language 
is 8088 machine code. 

Most compilers convert pro­
grams in three steps. Each step is 
called a pass. A particular com­
piler may have one program per 
pass, or may combine two or 
three steps in a single program. 
For a very complex language, a 
step may be so difficult to per­
form that it is broken up into 
many smaller steps. Regardless of 
how many passes or programs are 
required, the compiler performs 

only three main functions­
lexical analysis, syntax analysis 
and code generation. During each 
pass of the compiler, the source 
code moves closer to becoming 
virtual machine language (or 
whatever language the compiler is 
designed to generate). 

Lexical Analysis 
In the first pass of a compiler, the 
source code is passed through a 
lexical analyzer, which converts 
the source code to a set of tokens. 
A token generally a number rep­
resenting some keyword in the 
language. A compiler has a 
unique number for each keyword 
(e.g., IF, WHILE, END), and 
each arithmetic or logical opera­
tor (e.g.+,-,*, AND, OR) . 
Numbers are represented by a 
token which indicates that the 
next thing should be interpreted as 
a number. The tokens put the pro­
gramming language into a form 
that can be checked for proper 
structure and order. 

The other important task of the 
lexical analyzer is to build a 

symbol table. This is 
a table of all the 



ident ifiers (variable names, pro­
cedures and constants) used in the 
program. When an identifier is 
firs t recognized by the analyzer, it 
is inserted into the symbol table, 
along with information about its 
type, where it is to be stored , and 
so forth. This information is used 
in subsequent passes of the 
compiler. 

Syntax Analysis 
After the lexical analyzer trans­
lates a program into tokens of 
keywords, variables, constants, 
symbols and logical operators, the 
compiler makes its next pass. To 
describe what happens during this 
fu nction, I wi ll briefly explain 
grammars, parsi ng and semantic 
routines. 

Like any language, program­
ming languages have a set of rules 
governing the structu re of the pro­
gram. Each computer language 
has its own grammar that makes it 
unique. Some grammars are com­
plex (e.g., PL/I) and others are 
relatively easy (e .g . , Pascal). The 
programmer must observe al l the 
structu ral rules of a language to 
make logical sense to the 
computer. 

Next come the parsing rou­
tines, which check to see that the 
program obeys the language rules. 
The parser reads in the tokens 
generated by the lexical analyzer 
and compares them to the set 
grammar of the programming lan­
guage. If the program has fo l­
lowed the rules of the language, it 
is syntactically correct. However, 
when the parser encounters an 
error, it issues a warn ing or error 
message and tries to continue . 
Some parsers try to correct a 
fau lty program; others do not. 
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When the parser reaches the end 
of the token stream , it will tell the 
compiler that either the program 
is grammatically correct and com­
piling can continue or the pro­
gram contains too many errors 
and compiling must be aborted. If 
the program is grammatically cor­
rect, the parser will call for 
semantic routines. 

For gramatically correct pro­
grams, the next functions-the 
semantic routines-perform two 
tasks: checking to ensure that 
each series of tokens will be 
understood by the computer when 
it is fully translated to machine 
code, and converting the series of 
tokens one step closer to machine 
code . The first task takes a series 
of tokens, called a production, 
and checks it to see if it makes 
sense. For example, a production 
may be correct as far as the parser 
is concerned, but the semantic 
routines check whether the varia­
bles have been declared, and are 
of the right type, etc. If the pro­
duction makes sense, the semantic 
routine reduces the production for 
the next phase of compilation , 
code generation . Most of the code 
in the compiler is in the semantic 
routines , which take up the major­
ity of the compilation time. 

To summarize: two major 
routines-the parsing routine and 
the semantic routine-comprise 
syntax analysis. The parser 
checks for the correct order of the 
tokens and then calls the semantic 
routines to check whether the 
series of tokens (a production) 
will make sense to the computer. 
The semantic routine reduces the 
production another step toward 
complete translation to machine 
code . 

Code Generation 
The code generation process 
determines how fast the code will 

run and how large it will be . The 
first part of code generation 
involves optimization , and the 
second involves actual machine 
code generation. 

In the optimization step, the 
compiler tries to make the inter­
mediate code generated by the 
semantic routines more efficient. 
This process can be very slow and 
may not be able to improve the 
code much. Because of this, many 
compilers don't include optimi­
zers, and , if they do, they look 
only for areas that are easy to 
optimize. 

The machine code generation 
process takes the intermediate 
code produced by the optimizer 
(or semantic routines if the com­
piler has no optimizer) and gener­
ates virtual machine code, which 
in our case is 8088 machine code . 
It is this part of the compilation 
phase that is machine-dependent. 
Each type of computer has an 
operating system that processes 
virtual machine code differently ; 
therefore, the code generator is 
designed specifically for the com­
puter and operating system that 
the final code will run on. Based 
on the computer's operating sys­
tem, at this point the compiler 
chooses instructions that will 
yield the fastest execution and 
smallest code size . 

If the program is free from syn­
tactical errors, code generation 
should take place with no prob­
lem . When the code generator is 
finished , the code produced will 
be 8088 machine code, but the 
format of the code is not yet exe­
cutable. It is in a format (an .OBJ 
file in our case) that is ready to go 
to a linker, which creates an exe­
cutable *.EXE or * .COM file 
from the machine code generated 
by the compiler. 
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The Mechanics of 
Assembly Language 
(Part 2) 

Is Hexadecimal Hexing You? 

David Betts 
San Francisco PC Users Group 
San Francisco, California 

(Editor's note: David Betts ' initial article, "The 
Mechanics of Assembly Language: Dead Languages 
and Machine Language," appeared in the March 
1985 diskette issue of Exchange.) 

In this article, we will consider what "hexadecimal" 
numbers are and how to do arithmetic with them . 
First, some definitions are in order. 

The word "hexadecimal" is a "put together" word 
that means a number in base 16. So, what is base 16? 

A counting system (such as the decimal system we 
use every day) is built around a "base" or basic unit. 
The base for our decimal system is the number 10. 
Thus, we move around in base 10 numbers by powers 
of ten (i.e., ten multiplied by itself some number of 
times). For example, consider: 

12 ,345 
10 

Note the subscript "10" below the 12,345. This indi­
cates the base for this quantity is 10. 

This quantity-usually written without the sub­
script 10-is a universally accepted base 10 shorthand 
for the expanded expression: 

(lxl0"4) + (2xl0"3) + (3xl0"2) + (4xl0"1) 
+ (5xl0"0) 

where 10"4 = LO x LO x 10 x 10; 10"3 = LO x LO x 10; 
etc. 

Another important property of the base is that it is 
also the number of different symbols or numerals 
needed to express quantities in that base. The sym­
bols we use in the decimal system are the familiar 
numerals: 

0, L, 2, 3, 4, 5, 6, 7, 8, 9 

The hexadecimal system works precisely the same 
way as the decimal system, except the base is now the 
number 16. This brings up a problem. How do we 

count to 16, if we only have ten symbols? We need six 
extra symbols or numerals in BASE 16 to stand for 
the decimal values 10, 11 , 12, 13, 14 and 15. Of 
course, any arbitrary symbols would do, though for 
practical reasons they should be familiar to us and 
easy to produce . 

IBM set the precedent long ago with the IBM 
System/360. This mainframe was the first computer 
to make use of base 16, also called hexadecimal. At 
that time, IBM chose to use the letters A through F to 
stand for the extra numbers , and these have been uni­
versally accepted since. Thus, to count to the decimal 
value 16 in hex , we go 1, 2, 3, 4, 5, 6, 7, 8, 9, A , B ,C, 
D, E, F, 10, where" 10" is a one in the "sixteens" 
place . 

It should now be evident why we need to identify 
quantities from different bases with a subscript. 
Clearly: 

10 = I x 10 and LO = 1 x 16 
10 L6 

are not the same thing . For this reason, most docu­
mentation containing hexadecimal numbers is very 
specific about what base it refers to . 

The usefulness of base 16 becomes clearer if we 
consider how computers manipulate numbers. 

At the machine level are binary, or base 2, quanti­
ties. From our previous discussion , it should be evi­
dent that base 2 has only two symbols, 0 and I. These 
symbols correspond exactly with the way computers 
work mechanically, i.e. , as millions of very fast 
switches that are either on or off. But this limited 
repertoire of symbols means that the only way to 
express all of a computer's quantities and characters 
is to use lots of 1 'sand O's. For example, suppose we 
have just a four-place binary number: 

xx xx 
2 

How many different things, like letters of the 
alphabet or numbers , can these four places repre­
sent? By counting up from zero, adding a one each 
time, we can see all the possible values of a four­
place binary number : 

0000 = 0 
0001 =I 
00 lO = 2 (we " carried") 
OOL L = 3 
0100 = 4 

1111=15 
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This makes a total of 16 numbers or things we 
could represent. Not many. However, this scheme 
can continue by simply adding binary digits or 
places. Thus, eight places are sufficient to represent 
up to 256 different characters, enough for the whole 
alphabet (both upper and lower case), the numerals, 
and other symbols. Sixteen places are sufficient to 
represent any unique location in 65,536 memory 
locations, and twenty places can uniquely locate any 
place in the approximately one million memory loca­
tions in the IBM PC. 

The difficulty is that strings of twenty l's and O's 
get unwieldy to write or to work with for humans. 
This is where the hexadecimal notation is advanta­
geous . Remember that a four-place binary number 
allowed us to count up to 16. So does a one-place hex­
adecimal number. Using hexadecimal numbers, we 
can shorten our notation by three-fourths, and our 
twenty-digit binary number can be reduced to five 
hex digits. 

Let 's do some simple arithmetic with both binary 
and hexadecimal numbers. To simplify the discus­
sion , I will refer to hexadecimal numbers as simply 
HEX , decimal as DEC and binary as BIN. 

Converting numbers from one base to another is a 
must for this kind of work. Several handy tools are 
available to do this , like the DEC/HEX/BIN conver­
sion feature of SIDEKICK's calculator program 
(SIDEKICK is a trademark of Borland International), 
or the special hex calculators for programmers. Those 
of you without access to these items may find the pro­
gram in Figure 1 useful. It is a Microsoft BASIC 
program that generates and prints a table for HEX to 
DEC conversion. 

10 'Print a hex to decimal conversion table 
20 'Change LPRINTs to PRINTs for screen 

output 
30 COUNT = 0 : LPRINT SPC(5); 
40FOR 1% = OTO 15 
50 LPRINT HEX$(1 %); SPC(3); 
60 NEXT I % : LP RI NT : LPRINT 
70 FOR 1% = 0 TO 15: LPRINT 

HEX$(1%); SPC(l ); 
80 FOR 1% = OTO 15 
90 LPRINT USING " ####"; COUNT; 

100 COUNT = COUNT + l 
110 NEXT J %: LPRINT 
120 NEXT 1% 

Figure 1. HEX to DEC Conversion Program 

Type in and run the program. This will give you a 
way to check hex arithmetic as we proceed. 

Both BIN and HEX numbers behave according to 
the same rules we are familiar with in DEC numbers­
carrying and borrowing. All we have to do is get used 
to working with these four problems: 

a) HEX add, 11 c) HEX subtract, 24 
no carry : + 13 no borrow: -13 

24 11 

b) HEX add with 3E d) HEX subtract ED 
carry: +AF with borrow: -AF 

ED 3E 

Operations in BIN are even easier, though some­
what tedious to write down. Only two symbols are 
involved , as the following problems illustrate: 

e) BIN add, 100 001 101 JOO 
no carry : + 10 011 

I 100 001 111 111 

f) BIN add with 000 IOI 111 111 
carry: + IO I IO 

I 000 I IO 010 IOI 

g) BIN subtract, I 100 001 111 111 
no borrow: -I 100 001 101 100 

IO 011 

h) BIN subtract, I 000 IOI 111 111 
with borrow: - I 000 110 010 I IO 

IO 110 

Inside the IBM PC, all arithmetic is done in binary 
in a part of the Intel 8086 or 8088 called the Arithmetic 
Logic Unit (ALU) . The 8086 or -8 CPU chips also 
have the advantage of " hardwired " multiply and 
divide instructions. This means the arithmetic of mul­
tiplication (which a computer carries out as a series of 
additions) and division (carried out as a series of sub­
tractions) can be done without the need for instructions 
that tell the ALU how to proceed. This, in turn , allows 
the 8086 or -8 to do multiplication and division 
much faster than its predecessors, although still not 
nearly as fast as the 8087 arithmetic co-processor. 

The way a silicon chip adds and subtracts is a little 
different from the way we do it on paper. There are 
several important limitations and shortcuts that we 
need to be familiar with to program effectively. 
These will be the topic of the third and final part of 
this article. 



Commonly Used 
Extensions For PC 
File Names 

Mike Hannah 
Sandia Computing Newsletter 
Albuquerque, New Mexico 

The microcomputer is truly a 
" personal" computer. As such, 
any file names you wish to create 
are limited only by the number of 
characters possible and your own 
creativity. 

It is not necessary to append an 
extension (e.g., .TXT, .INP) to a 
file name. However, an applica­
tion software product may assume 
that a certain filename extension 
represents a particular type of 
fi le . 

Some of you have requested a 
list of these commonly-used file 
extension names. The list in Table 
1 is by no means exhaustive, but it 
can be a helpful guide. 
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Table 1. Commonly-Used File Extension Names 

.ASC 

.ASM 

.BAK 

.BAS 

.BAT 

.CFG 

.CMD 

.CNF 

.COB 

.COD 

.COM 

.DAT 

.DBF 

.DIF 

.DLB 

.DOC 

.DRY 

.ENG 

.EV 

.EXE 

.FMT 

.FON 

.FOR 

.FRM 

.GLY 

.HEX 

.HLP 

.LIB 

.LST 

.MAC 

.MAP 

.MEM 

.NDX 

.OBJ 

.OVL 

.OVR 

.PAS 

.PAT 

.PIC 

.PRO 

.PRF 

.PRG 

.PRN 

.PRO 

.REL 

.SAT 

.SET 

.SRC 

.STY 

.SYS 

.TMP 

.TOC 

.TUT 

.TXT 

.UH 

.vc 

.WKS 

.$$$ 

- Standard DOS ASCII data file 
- Assembler source file 
- Backup copy of another file 
- BASIC language source file 
- DOS Batch procedure file 
- WordMARC configuration file 
- dBASE II command program file 
- LOTUS configuration file 
- COBOL language source file 
- Object-listing file of program code 
- DOS binary program file 
- Data file, usually input to a program 
- dBASE II database file 
- Data interchange format file 
- LOTUS device library 
- Document or documentation file 
- LOTUS hardware driver parameter file 
- WordMARC English language prompt file 
- Execu Vision data file 
- DOS binary program file 
- dBASE II format file 
- LOTUS character font definition file 
- FORTRAN language source file 
- dBASE II report form definition file 
- Microsoft WORD glossary file 
- Hexadecimal machine code file 
- Listable (printable) file of help information 
- Library file of binary programs 
- Listable (printable) output file 
- MACRO assembler source file 
- Linker memory map file 
- dBASE II memory save file 
- dBASE II index file 
- Relocatable object file 
- Binary program overlay file 
- Binary program overlay file 
- Pascal language source file 
- MultiMate printer action table 
- Graphics encoded picture file 
- Microsoft WORD printer definition file 
- IBM Professional Editor profile file 
- dBASE II command program file 
- Printable (listable) output file 
- ProKey keyboard macro definition file 
- Relocatable object file 
- MultiMate sheet feeder action table 
- VTERM setup parameters file 
- WordMARC parameters source file 
- MicroSoft WORD style definition file 
- DOS system parameter file 
- Temporary file of any kind 
- ExecuVision table of contents 
- LOTUS tutorial data file 
- Data text file 
- MultiMate dictionary file 
- VisiCalc worksheet file 
- LOTUS worksheet file 
- DOS temporary file 
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Troubleshooting Your 
IBM PC 

Jerry Schneider 
Capital PC User Group 
Washington, DC 

The IBM Personal Computer family comes complete 
with built-in diagnostic procedures to assist you in 
identifying many problems that may occur with any 
of your computer's components. These diagnostic 
procedures include: 
• A Power-On Self-Test (POST) that is performed 

whenever a PC is powered on. 
• General diagnostic testing that you can perform 

using the Diagnostic Diskette and accompanying 
Problem Determination Procedures (PDPs) out­
lined in the Guide to Operations manual for each 
system. 

• Optional advanced diagnostic testing that you can 
perform using the Advanced Diagnostic Diskette 
and procedures provided in the Hardware Mainte­
nance and Service manual. 

Power-On Self-Test (POST) 
Whenever you start up your computer, a series of 
tests are automatically performed, checking various 
components in your system . This Power-On Self-Test 
(POST) provides error or warning messages when­
ever it encounters a faulty component. The POST 
provides two types of messages: audio codes and dis­
play messages or codes. 

Audio codes consist of variations of sounds or 
beeps that identify the faulty component. If your 
computer is functioning normally, you will hear one 
short beep when the system is powered on. If the 
POST detects a problem ; it sounds a different series 
of audio codes. These audio codes and their corres­
ponding problem areas are shown in Table 1. 

On the Portable PC, Personal Computer XT and 
Personal Computer AT, the POST displays system 
memory as it is read. The last number displayed 
(640KB, for example) should be the total amount of 
memory in your system , including system board 
memory and any expansion memory. 

Table 1. 

Audio Code Problem Area 
No beep, continuous beep, or Power Supply 
series of short beeps 

I long beep and 1 short beep System Board 

l long beep and 2 short beeps, Monitor adapter card 
or 1 short beep and blank or and/or monitor cable 
incorrect display 

I short beep and either the red Drive and/or drive 
drive LED staying on or adapter card 
Personal Computer BASIC 
statement 

During the POST, error messages or numeric 
codes are displayed whenever it detects a problem. 
In most cases, the error code is a three-or four-digit 
number. Checking this error code number against 
the list in Table 2 will identify the malfunctioning 
component. 

General Diagnostics Testing 
Each IBM Personal Computer comes with a Guide to 
Operations (GTO) manual. The GTO includes a diag­
nostic diskette to assist you in identifying problems 
your Personal Computer may have . 

The diagnostics diskette and corresponding prob­
lem determination procedures (PDPs) section of the 
GTO manual provide step-by-step instructions to test 
the various parts of your personal computer system , 
including the system unit with installed options, 
expansion unit , keyboard, display, and printer. You 
should perform these tests when you first install your 
system, at periodic times during the lifetime of the 
system for precautionary purposes, and whenever 
errant behavior is detected or suspected in your 
system. 

To run the diagnostics tests, place a backup copy of 
the diagnostics diskette in your A: drive and power 
on your system; or, ifthe system is already on, press 
the Ctrl-Alt-Del keys simultaneously to reboot the 
system. The main diagnostics menu will be displayed 
with options similar to the following: 

0-SYSTEM CHECKOUT 
1 - FORMAT DISKETTE 
2 - COPY DISKETTE 
3 - PREPARE SYSTEM FOR MOVING 
4 - SETUP [AT only] 
9 - END DIAGNOSTICS 
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Table 2. 

Code Description 

Olx Undetermined problem errors . key 73, the Pg Up key, has 610 Diskette initialization 
02x Power supply errors. failed (49 hex = 73 failed. 
lxx System board errors. decimal) . 611 Timeout - diskette status 

101 System board error - 302 User-indicated error from returned. 
Interrupt failure. the keyboard test , or AT 612 Bad NEC - diskette status 

102 System board error - Timer keylock is locked . returned. 
failure. 303 Keyboard or system unit 613 Bad DMA - diskette status 

103 System board error - Timer error. returned. 
interrupt failure . 304 Keyboard or system unit 621 Bad seek - diskette status 

104 System board error - error; CMOS does not returned. 
Protected mode failure. match system . 622 Bad CRC - diskette status 

105 System board error - Last 4xx Monochrome monitor errors. returned . 
8042 command not 401 Monochrome memory test , 623 Record not found - diskette 
accepted . horizontal sync frequency status returned . 

106 System board error - test , or video test failed 624 Bad address mark - diskette 
Converting logic test. 408 User-indicated display status returned. 

107 System board error - Hot attributes failure . 625 Bad NEC seek - diskette 
NMI test . 416 User-indicated character status rctu med . 

108 System board error - Timer set failure . 626 Diskette data compare error. 
bus test. 424 User-indicated 80 X 25 7xx 8087 or 80287 math 

109 Direct memory access test mode failure. coprocessor errors. 
error. 432 Parallel port test failed 9xx Parallel printer adapter 

121 Unexpected hardware (monochrome adapter) . errors. 
interrupts occurred. 5xx Color monitor errors. 901 Parallel printer adapter 

131 Cassette wrap test failed . 501 Color memory test failed , test failed. 
152 horizontal sync frequency lOxx Reserved for parallel printer 
161 System Options Error-(Run test, or video test adapter. 

SETUP) [Battery failure] . failed . llxx Asynchronous communications 
162 System options not set 508 User-indicated display adapter errors. 

correctly-(Run SETUP). attribute failure. 1101 Asynchronous communications 
163 Time and date not set-(Run 516 User-indicated character set adapter test failed. 

SETUP) . failure . 12xx Alternate asynchronous 
164 Memory size error-(Run 524 User-indicated 80 X 25 communications adapter 

SETUP). mode failure . errors. 
199 User-indicated configuration 532 User-indicated 40 X 25 1201 Alternate asynchronous 

not correct. mode failure. communications adapter 
2xx Memory (RAM) errors. 540 User-indicated 320 X 200 test failed. 

201 Memory test failed. graphics mode failure . 13xx Game control adapter errors. 
202 Memory address error. 548 User-indicated 640 X 200 1301 Game control adapter test 
203 Memory address error. graphics mode failure. failed. 

3xx Keyboard errors. 6xx Diskette drive errors. 1302 Joystick test failed . 
301 Keyboard did not respond to 601 Diskette power-on 14xx Printer errors. 

software reset correctly, diagnostics test failed . 1401 Printer test failed . 
or a stuck key failure was 602 Diskette test failed ; boot 1404 Matrix printer failed. 
detected . If a stuck key record is not valid. 15xx Synchronous data link control 
was detected , the scan 606 Diskette verify function (SDLC) communications 
code for the key is dis- failed. adapter errors. 
played in hexadecimal. 607 Write-protected diskette . 1510 8255 port B failure. 
For example, the error 608 Bad command diskette status 1511 8255 port A failure. 
code 49 301 indicates that returned . 1512 8255 port C failure . 
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Table 2. (cont.) 

1513 8253 timer 1 did not reach 1790 Fixed disk 0 error. failed . 
terminal count . 1791 Fixed disk 1 error. 2024 8251 transmit ready did not 

1514 8253 timer 1 stuck on. 18xx IIO expansion unit errors. come on. 
1515 8253 timer 0 did not reach 1801 I/O expansion unit POST 2025 8251 receive ready did not 

terminal count. error. come on. 
1516 8253 timer 0 stuck on . 1810 Enable/Disable failure. 2026 8251 could not force 
1517 8253 timer 2 did not reach 1811 Extender card warp test "overrun" error status. 

terminal count. failed (disabled). 2027 fnterrupt failure - no timer 
1518 8253 timer 2 stuck on. 1812 High order address lines interrupt. 
1519 8273 port B error. failure (disabled). 2028 Interrupt failure -
1520 8273 port A error. 1813 Wait state failure transmit , replace card or 
1521 8273 command/read (disabled). planar. 

timeout. 1814 Enable/Disable could not be 2029 Interrupt failure -
1522 Interrupt level 4 failure . set on. transmit, replace card. 
1523 Ring Indicate stuck on. 1815 Wait state failure 2030 Interrupt failure - receive, 
1524 Receive clock stuck on. (disabled). replace card or planar. 
1525 Transmit clock stuck on. 1816 Extender card warp test 2031 Interrupt failure - receive, 
1526 Test indicate stuck on. failed (enabled). replace card. 
1527 Ring indicate not on . 1817 High order address lines 2033 Ring indicate stuck on. 
1528 Receive clock not on. failure (enabled). 2034 Receive clock stuck on . 
1529 Transmit clock not on . 1818 Disable not functioning . 2035 Transmit clock stuck on. 
1530 Test indicate not on. 1819 Wait request switch not set 2036 Test indicate stuck on. 
1531 Data set ready not on. correctly. 2037 Ring indicate stuck on. 
1532 Carrier detect not on . 1820 Receiver card wrap test 2038 Receive clock not on . 
1533 Clear to send not on. failure. 2039 Transmit clock not on. 
1534 Data set ready stuck on . 1821 Receiver high order address 2040 Test indicate not on . 
1536 Clear to send stuck on. lines failure. 2041 Data set ready not on. 
1537 Level 3 interrupt failure . 19xx 3270 PC attachment card 2042 Carrier detect not on 
1538 Receive interrupt results errors. 2043 Clear to send not on. 

error. 20xx Binary synchronous 2044 Data set ready stuck on. 
1539 Wrap data miscompare . communications (BSC) 2045 Carrier detect stuck on. 
1540 OMA channel I error. adapter errors. 2046 Clear to send stuck on. 
1541 OMA channel 1 error. 2010 8255 port A failure . 2047 Unexpected transmit 
1542 Error in 8273 error checking 2011 8255 port B failure. interrupt. 

or status reporting. 2012 8255 port C failure. 2048 Unexpected receive 
1547 Stray interrupt level 4. 2013 8253 timer I did not reach interrupt. 
1548 Stray interrupt level 3. terminal count. 2049 Transmit data did not equal 
1549 Interrupt presentation 2014 8253 timer 1 stuck on . receive data. 

sequence timeout. 2016 8253 timer 2 did not reach 2050 8251 detected overrun error. 
16xx Display emulation errors terminal count, or timer 2151 Lost data set ready during 

(327x, 5520, 525x) . 2 stuck on. data wrap. 
17xx Fixed disk errors. 2017 8251 Data set ready failed 2152 Receive timeout during data 

1701 Fixed disk POST error. to come on. wrap. 
1702 Fixed disk adapter error. 2018 8251 Clear to send not 22xx Cluster adapter errors. 
1703 Fixed disk drive error. sensed . 24xx Enhanced graphics adapter 
1704 Fixed disk adapter or drive 2019 8251 Data set ready stuck errors. 

error. on . 29xx Color matrix printer errors. 
1780 Fixed disk 0 failure. 2020 8251 Clear to send stuck on. 2901 
1781 Fixed disk I failure. 2021 8251 hardware reset failed. 2902 
1782 Fixed disk controller 2022 8251 software reset failed. 2904 

failure . 2023 8251 software " error reset" 33xx Compact printer errors. 
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Options 0, 1 and 2 are part of the diagnostics pro­
cedures. Option 3, " Prepare System For Moving;' is 
used to " park" or secure the heads on a hard disk so 
that the system unit can be safely moved without 
damaging the disk or its contents. Option 4 is used 
with the AT to identify installed options when you 
first set up your system: 

When running the diagnostics procedures, use 
options 1 and 2 to check the operation of your floppy 
diskette drives or to prepare a diskette for use without 
having to reload DOS. Select option 0, " System 
Checkout;' for general testing. Option 0 displays a 
list of installed options you may want to verify, and 
then provides a secondary menu of choices similar to 
the following: 

0 - RUN TESTS ONE TIME 
1 - RUN TESTS MULTIPLE TIMES 
2 - LOG UTILITIES 
3 - END SYSTEM CHECKOUT 

Both Option 0 and 1 walk you through a series of 
tests that check each component in the system . Dur­
ing system testing, a three-or four-digit error code 
will be generated for each component tested . If no 
problem is found , the last two digits will be 00, for 
example 300, 900, or 1700. Table 2 lists many of the 
error codes that may be generated during diagnostics 
testing. 

If an error is detected when running Option 0, 
select the Log Utilities Option (2) to list any errors to 
disk or printer, and then select Option 1, Run Tests 
Multiple Times. This will determine whether the 
problem is consistent or intermittent. 

While the GTO diagnostics do an excellent job of 
identifying specific problem areas or problem com­
ponents, they provide only limited assistance as to 
how you correct the errors. In fact , the advice most 
frequent ly provided is to "Have your system unit [or 
problem device] serviced '.' 

Advanced Diagnostics Testing 
If you are the more adventuresome type, you can pur­
chase the IBM Hardware Maintenance and Service 
(HMS) manual for your particular unit. While the 
Guide to Operations manual assists you in identifying 
a problem component , the HMS manual provides 
you with information to both isolate and repair any 
failure of a "Field Replaceable Unit (FRU)':.._any 
part or component that has interchangeable replace­
ment parts that are stocked by IBM or the Original 
Equipment Manufacturer. 

The HMS includes an advanced diagnostics disk­
ette and accompanying Problem Isolation Codes 
(PICs) instructions to isolate and identify problem 
components. 

To run the Advanced Diagnostics tests , follow the 
same procedures detailed in the previous section for 
General Diagnostics testing. 

The tests performed by the advanced diagnostics 
diskette are far more detailed and precise than those 
of the general diagnostics diskette in the GTO. In 
addition to identifying the problem component , the 
advanced diagnostics tests further attempt to identify 
the specific part of the device that is malfunctioning . 

Once you identify a problem , the HMS provides 
detailed instructions as to how you adjust , remove or 
replace the affected part. The manual includes com­
prehensive hardware design information and parts 
lists , which specify replacement part numbers and 
internal design specifications. 



IBM Personal Computer XT 
Models 068 and 078 
Two new model s of the IBM Personal 
Computer XT, Model 068 and Model 
078, are now available . Both new models 
use the IBM PC XT planar, power supply. 
keyboard , frame and cover. 

The IBM Personal Computer XT 
Model 068 has 256 KB of memory and 
one 360KB diskette drive. A field­
instal lable IOMB fixed disk and adapter, a 
second 360KB diskette drive, and an 
Asynchronous Communications Adapter 
are ava il able options fo r Model 068. 

The IBM Personal Computer XT 
Model 078 comes wi th 256KB of mem­
ory and two 360KB diskette drives. One 
d iskette drive can be replaced with an 
optional IOMB fixed disk and adapter. 
The Asynchronous Communicat ions 
Adapter also is avai lable as an option for 
Model 078. 

Mainframe 
Communication Assistant 
Mainframe Communication Assistant is a 
full-function communications program 
that allows you to connect any member of 
the IBM PC family to an IBM host sys­
tem. 

Through asynchronous communica­
tion , you can connect an IBM Personal 
Computer to an IBM host system as 
though the PC were a 3101 terminal in 
e ither block o r character mode, with the 
abi lity to upload and download fil es. By 
using data stream converters on the host 
system (such as the YM /370 Pass-through 
Virtual Machine (PYM) or the Series/ I 
Yale ASCII !UP), the Personal Compute r 
can appear to the host as an IBM 3277 
terminal. Or, by using the IBM 3278179 
Emul ation Adapter (avai lable only for the 
IBM Personal Computer and IBM Per­
sonal Computer XT) , you can connect 
your PC directly to a host system as 
though the PC were a 3278179 termi nal. 

Host support programs supplied with 
IBM Mainframe Communicat ion Assist­
ant provide full transfer capabi lities 
(upload and download) for both YM 
CMS and MYS TSO environments. This 
function is further enhanced by the ability 
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to upload "changes only" to previously 
transmitted text files. Checksum and 
sequence checki ng is done to ensure data 
integrity, and the program automatically 
retransmits any data in e rror. 
Files can be ASC!l , XASCII or binary, 
allow ing you to transfer both data and 
programs. 

Mainframe Communication Assistant's 
"hot key" support permits DOS applica­
tions to run concurrently wi th file transfer 
operations. The screen recall function lets 
you save host sess ion screen images (up 
to 30) , which you can then selectively 
recall or delete . The split screen mode 
lets you maintain a live host session at the 
bottom of the sc reen while select ively 
recalling previously saved screen images 
at the top of the screen. 

Mainframe Communication Ass istant 
can run in the Top View environ ment with 
full window ing capability. 

As a member of the Assistant Series of 
programs, Mainframe Commu nication 
Ass istant lets you download mainframe 
data directly into IBM Filing Assistant 
fi les . Any Assistant Series program 
(Writing, Graphing , Reporting, Plan­
ning) can then use the data in creating 
other documents. Mainframe Communi ­
cations Assistant also prov ides the capa­
bility of downloading QMF and TIF data 
to a PC in either YC or DIF fo rmat. (DIF 
is a trademark of Software Arts , Inc.) 
DIF information can then be read into 
IBM Graphing Ass istant and IBM Pl an­
ning Assistant to create graphs and 
spreadsheets without re-entry. 

Mainframe Communication Assistant 
can connect to any full-duplex or half­
duplex communication service such as 
THE SOURCE, Dow Jones, Compu­
Serve, etc. (THE SOURCE, America's 
Information Utility is a serv ice mark of 
Telecomputing Corporation, a subsidiary 
of Reader's Digest Association , Inc. Dow 
Jones ews/Retrieval is a registered 
trademark of Dow Jones and Company 
Inc. CompuServe is a service mark of 
CompuServe, Inc.) 

The program supports facilities for 
user-written ex its and extensions fo r auto­
matic logon and access, or for data 

extraction from a database fac ility. It also 
permits stored commands to operate a 
communications session with responses 
to both the host communications and the 
Personal Computer. 

Mainframe Communication Assistant 
comes with three diskettes (one with IBM 
PC programs, one with Host programs 
and installation procedures, and one with 
sa mple programs and applicat ions) , 
User's Guide, Quick Reference Card , and 
Registration Card . 

Mainframe Communication Assistant 
runs on all members of the IBM Personal 
Computer fam ily. It requires a minimum 
of 128 KB of memory (256K B of memory 
for Top View or " hot key" support); one 
double-sided diskette drive; and e ither an 
IBM Monochrome Display or IBM Color 
Display with the appropriate adapter. 

IBM Document 
Retrieval Assistant 
IBM Document Retrieval Assistant is a 
version of IBM 's Office Correspondence 
Retrieval System (OCRS) modified for 
the IBM Assistant Series . 

Document Retrieval Assistant lets you 
sea rch for and retrieve documents , 
graphs, reports, spreadsheets and other 
data by describing the content of fil es in 
which the data is stored. 

In Document Retrieval Assistant, the 
abstraction and retrieval processes search 
ex isting files for keywords, a much easier 
and more productive process than having 
to remember DOS file specifications. 

In the abstraction process, you sel ect a 
data file or fil es to be summarized. Docu­
ment Retrieval Assistant then c reates an 
abstract , called a document summary, by 
scanning the document for keywords 
(date, sender, recipient , subject , etc). The 
summary file is then stored for use in the 
retrieval process, allow ing you to sto re 
the orig inal document elsewhere on disk­
ette or hardcopy while still being able to 
" find " the document during a search. 
Document Retrieval Assistant lets you 
add keywords to the summary file to sup­
plement those it found in the original 
document. 

The retrieval process features a flexible 



query des ign. To retrieve a document , 
you desc ribe the content of des ired docu­
ment(s) usi ng e ither random keywords or 
compl ete English sentences . Document 
Retrieval Ass istant automatically scans 
your description to fi nd key-words to use 
as the bas is fo r the search. T his fl ex ibili ty 
e lim inates the need to learn a special 
que ry language . 

O nce the description is entered , Docu­
ment Retrieval Assistant searches the 
summary data base fo r fil es that match 
key words in the desc ription. In its 
retrieval process, Document Retr ieval 
Ass istant looks up your keywords in a 
synonym dictionary. This enables docu­
ments to be retrieved even though the key­
words did not match exactly. (The 
synonym dictionary requires Document 
Retrieval Assistant to be installed on a 
fi xed di sk. ) Document Retrieval Ass istant 
g ives you a li st o f data fil es in the o rde r o f 
most probable match . 

The default data format for Document 
Retrieval Assistant is the Writing Assist­
ant data stream. The other data streams 
supported are: 
• Revisable Form Text Document Con­

tent Architecture (RFTDC A, also 
known as level 3 DCA) , available in 
Displ ay Write I, Display Write 2, Dis­
pl ay Write 3, and PCWrite r 

• EasyWriter 
• ASCII , ava ilable in Peachtext, Home­

Word , Personal Edito r, etc. 
• Wordstar (Wordstar is a reg iste red 

trademark of Mic roPro International) 
IBM Document Retrieval Ass istant can 

run in the Top View envi ronment and on 
the IBM PC Network . 

IBM Document Retrieval Assistant 
runs on all members of the Pe rsonal 
Computer family. It requires a minimum 
of 128KB ( 192KB including DOS) and 
one 360KB doub le-sided diskette dri ve. 
Two double-s ided diskette d rives and 
256KB of memory fo r Top View and PC 
Network are recommended . 

IBM Planning 
Assistant Solutions 
IBM Planning Ass istant Solutions is a 
set o f predefined spreadsheets and for­
mul as that enhance the IBM Ass istant 
Se ries . The spread-sheets and fo rmulas 
can use fil es c reated with IBM Filing 
Ass istant , can be graphed with IBM 
G raphing Assistant and can be merged 
in to documents printed with IBM Writing 
Ass istant. 

The predefined spreadsheets and built­
in mathematical fo rmulas provide fi nan­
c ial pl anning and accounting information 
fo r the home user o r offi ce profess ional. 
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Planning Assistant Solutions de rives 
answers to such questions as " What is my 
net worth? " and "What wi ll be the pay­
ment if I put down this much money?" 

IBM Planni ng Ass istant Solutions 
spreadsheets for the home include: 
• Home Budget - Aids in pl anning a 

monthly family budget. This spread­
sheet a llows entry of both budgeted and 
actual amounts and calcu lates the 
monthly and annual var iance between 
the two . 

• Cash Flow Statement - Provides a sum­
mary of income and expenses for a spe­
ci fi e period of time, showing what is 
ava ilable for savings and investment. 

• Loan Calculation - Calcul ates the per i­
odic payment required to repay a mort­
gage o r installment loan in equal 
installments. The Mortgage Loan View 
calcul ates the monthly mortgage pay­
ment , including property taxes, hazard 
insurance, flood insurance and other 
expenses. The Installment Loan View 
also calculates the monthly payment for 
an installment loan. 

• Loan Amortization - Calculates the 
periodic payment required to repay a 
loa n in equal amounts. This spread­
sheet sepa rates the principal and inter­
est portions of each payment for a 
twelve-month pe riod , and keeps year­
to-date amounts fo r both princ ipal and 
interest. 

• Net Worth Statement - Records infor­
mation concerning assets and liabilities 
and determines net worth . 

• Stock Po rt fo lio Analys is - Aids in man­
aging stock po rtfolios. As stocks a re 
bought and sold, thi s spreadsheet cal­
cul ates gains and losses . 

• Real Estate Analys is - Calculates the 
appra ised value o f rea l estate. All pur­
chase in fo rmation can be recorded fo r 
future refe rence. Prospective properties 
can be evaluated and compared . 

• Income Prope rty Cash Flow - Provides 
a way of testing and projecting cash 
flows for a typical income property. 
This spreadsheet gives spec ial attention 
to fin ancial cash fl ow, mortgage debt 
and taxes. 

IBM Pl anning Assistant Solut ions 
spreadsheets fo r the small busi ness 
inc lude: 
• Travel Expense Fo rm - Records 

expenses incurred while traveling. 
• F inancial Statement Worksheet -

Records a chart of accounts and adj ust­
ing entries. The Balance Sheet and 
Income Statement are computed using 
the Planning Assistant VIEW 
com mand . 

• Time Accounting (Pe rsonal and Busi­
ness) - Compares hours actually 
worked with budgeted hours and dis­
plays variances . 

• Accelerated Cost Recovery System 
(ACRS) - Calculates the depreciation 
value fo r all prope rties acquired since 
1980 that qua lify fo r ACRS. 

• Straight Line and Doubl e Declining 
Balance - Conta ins fo rmul as fo r calcu­
lating deprec iation under both Stra ight 
Line and Double Declining Balance 
methods . 

• Sum Of The Years - Ca lculates depreci­
ation expense based on the Sum Of The 
Years method . 

• Monthly Overhead Analysis - Com­
bines a typical itemized cost statement 
with an accumul ated percentages cost 
statement . Information from thi s 
spreadsheet can be consolidated with 
the Yearly Overhead Analys is usi ng 
IBM Planning Assistant functions. 

• Yearly Overhead Analys is - Evaluates 
yea rly business costs and profits, the 
cumulative percent of overhead cost, 
and cumulative yea rly net profits. This 
spreadsheet is consolidated with the 
Monthly Overhead Analys is using IBM 
Pl anni ng Assistant functions. 

• Forecasting - Calcul ates the projections 
of busi ness revenues and expenses 
without historical data on which to base 
the analys is. Applications can be made 
fo r fo recasting short- o r long-range 
product sales and margins. The resu lt­
ing amounts are compounded annually 
by the specific rate prov ided. 

IBM Planning Assistant Solutions runs 
on all members of the Personal Computer 
family. It requires a minimum of 128KB 
of memory, DOS 2 .00 or later, one 
doubl e-s ided diskette dr ive, and e ithe r an 
IBM Monochrome Display, IBM Color 
Displ ay or othe r 80-eolumn colo r moni ­
tor, with the appropriate adapte r. 

IBM PC Storyboard 
IBM PC Storyboa rd is a set of four mod­
ules that make it easy to create vivid pre­
sentations with color, spec ial effects and 
graphics, e lim inating many of the time­
consumi ng and costly tasks associated 
with other media. You can eas ily mod ify 
pictures and sto ries created with PC 
Story board , and you can create new pre­
sentati ons using parts of ex isting stories. 

Presentations created with PC Story­
board may be shown d irectly on an IBM 
PC Color Display, on a TV /compos ite 
monitor, o r projected wi th a video projec­
tor. Bl ac k/white and color hardcopy, each 
wi th an extended range of shades or col-



ors, also are available. 
The four modules comprising PC 

Storyboard are Picture Taker, Picture 
Maker, Story Ed itor and Story Teller. 

The Picture Taker module compiles a 
set of pictures from many different 
sou rces for inclusion in a presentation. 
Picture Taker co-resides in memory with 
the program that creates the pictures on 
the screen . The pictures can be saved for 
later use with the Picture Maker, Story 
Editor and Story Teller modules 
(described below) . 

Screens created by many PC DOS 
programs can be saved on disk . Screen 
formats can be IBM monochrome mode, 
40- or 80-column color text mode, 
medium-resol ution graphics mode (320 X 
200, four-color) and high-resolution 
graphics mode (640 X 200, two-color) . 

The Picture Maker module lets you 
c reate original pictures by using text and 
figure c reation functions . By taking 
advantage of the "cut-and-paste" and 
copy functions , you also can modify and 
include pictures previously made with 
Picture Maker or saved with Picture 
Taker. You can " cut" pieces of previously 
saved pictures and combine them with 
text or figures to create new pictures. 
These new pictures can be saved for later 
use with Picture Maker, Story Editor, or 
Story Teller. Saved pictures also are 
access ible by BASIC programs. PC 
Storyboard comes with a symbol library 
containing symbols that you can cut and 
paste. All pictures created o r modified by 
Picture Maker are in medium-resolution 
graphics mode (320 X 200, four-color) . 

You can create text using any of four 
provided type styles (each in five sizes) , 
or you can create custom type styles and 
size variations. All text can appear in dif­
ferent colors, with an option to outline the 
letters in another color. In add ition , shad­
owi ng in eight directions can be added in 
still another color. Text can be placed 
anywhere on the picture being created , 
and an easy-to-use function lets you itali­
c ize any text. 

With figure creation commands, you 
can draw unique figu res and shapes and 
c reate circles, rectangles and lines. Fig­
ures can be "fi lled" with any one of four 
colors or with program-provided or user­
created patterns . A number of half-tone 
patterns significantly extends the color 
poss ibilities. The fill process lets you try 
all possible fill options by depressing a 
key to see the figure filled with the next 
color/pattern option . Figures can also use 
the shadow options. 

A special Composite mode cont rols 
and improves pictures created using Pic­
ture Maker fo r use with a TV /composite 
monitor. You create pictures using com­
posite patterns that display up to 16 
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simultaneous colors when shown on a 
composite/TV monitor. This mode can 
also be used fo r pictures intended for 
output to a Video Cassette Recorder. 

The print function lets you specify 
seven gradations from black to white for 
printing on an IBM Graphics Printer. You 
can ass ign any of seven black/gray/white 
print patterns to all colors/patterns dis­
pl ayed. For an IBM Color Printe r, you 
can select 16 colors from a possible 91. 

The Story Editor modu le o rganizes pic­
tures into presentation sequence and dis­
plays the pictures usi ng varied special 
effects. Sophisticated dissolve/display 
techniques make transitions from picture 
to picture and make partial transitions 
within pictures. Ten dissolve techniques, 
combi ned with varyi ng picture-change 
speeds, give you more than 50 different 
effects. You also can add run-time colo r 
changes to change colors once o r continu­
ously through a broad spectrum. 

You can manipulate and display com­
plete pictures or partial pictures in any 
sequence. The editing process is interac­
tive, letting you make changes while 
reviewing the sto ry. You can include 
subroutines, loops, and menus. Labels 
for presentation-time branching are 
supported . 

The Story Teller module presents the 
stories you create with the Story Editor. It 
lets you control the time it takes a picture 
to appear, as well as the pause time 
between pictures . You can select a time 
range ofO.l seconds to 5 minutes on a 
picture-by-picture bas is, or, to give a con­
tinuous showing, you can override the set 
time range by pressi ng a designated key. 

This stand-alone modu le can be on the 
same diskette as the story and its pictures. 
Run-time branching and pauses a re ava il ­
able . The presentation can start and stop 
at any point , branch to a key-entered 
label, or branch on any key or on spec ific 
va lue entered , depending on the run-t ime 
flexibility you have built into the story. 
Presente r menu options g ive an even 
greater fl ex ibility to your presentations. 

The program lets the presenter back up 
in the story and then return to the current 
place . The show chaini ng capability 
allows continuous running, or unlimited 
length presentations . 

IBM PC Storyboard runs on any mem ­
ber of the Personal Computer family, 
including the PC XT/370 and IBM 3270 
PC (Picture Taker does not run with the 
3270 PC control program). The amount 
of memory required to run the va rious 
modules of PC Storyboard depends on 
the vers ion of DOS: 

PC Storyboard also requires one 
double-sided diskette drive ; and an IBM 
Color Display or compatibl e 80-column 
color monitor with the appropriate 

adapter (Story Teller does not require a 
color monitor) . 

Learning DOS 
Learning DOS is a Private Tutor version 
2 .00 course that teaches how to use the 
IBM Personal Compute r Disk Operating 
System (DOS). The course is ideal for 
reviewing and practic ing DOS com­
mands, or for beginning computer users 
who want to learn the fundamentals of 
operating the IBM Personal Computer. 
The program explains the commands 
found in DOS 2.00, 2. 10, 3.00 and 3.10. 
The ten lessons cover start-up, fi le and 
diskette commands, the EDLIN editor, 
DOS commands, fil e operations, batch 
fil es, directories and fixed disk file 
capabilities. 

Learning DOS includes support for the 
IBM PCjr and IBM Personal Computer 
AT. It runs on any member of the Per­
sonal Computer family with a minimum 
of 128KB of memory and requires one 
double-s ided diskette drive; a monitor o r 
TV; DOS 2.00 or later; and the IBM PC 
Pri vate Tutor version 2.00 diskette. 

DOS Technical Reference 
The new IBM PC Disk Operating System 
(DOS) Technical Reference manual con­
tains detailed techn ical information not 
included in the DOS manual s. It replaces 
the ex ist ing DOS 2 .10 and DOS 3.00 
Technical Reference manual s. 

Intended for the more experienced 
DOS users, application developers and 
system programmers, the new Technical 
Reference manual significa ntly improves 
the in fo rmation in the DOS 2 .10 Techni­
cal Reference manual and includes infor­
mation ahout the features and capabilities 
of DOS 3. 10, the IBM Personal Compute r 
AT, and the IBM PC Network . 

The IBM PC DOS Technical Reference 
manual includes the Update Information 
Service, which enables registered manual 
owners to receive update packages with 
corrections and timely in fo rmation . 

IBM PC DOS Technical Reference 
Tradeup 
Owners of the DOS 2. IO Technical Refer­
ence manual or the DOS 3.00 Technical 
Reference manual may obtai n the new 
DOS Technical Reference manual at a 
reduced price. Order forms are ava ilable 
from Authorized fBM Personal Computer 
Dealers and Authorized IBM Personal 
Computer Software Deale rs. To take 
advantage of the tradeup, owners should 
submit a signed o rde r form , a check made 
payable to IBM , and the front cover of 
their DOS 2 . IO or 3.00 Technical Refer­
ence manual (but not the binder) as proof 
of ownership. This tradeup offer expires 
December 31, 1985. 
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Ask IBM 

(Editor's note: Exchange will publish technical ques­
tions and answers from time to time. We are able to 
respond to only a small number of technical ques­
tions, and will publish questions and answers of gen­
eral interest. If you have a technical question of 
limited interest, or if you need an immediate answer, 
we encourage you to ask members of your user group 
or your Authorized IBM Personal Computer Dealer.) 

0: I am having difficulties saving functions in APL 
using the full-screen editor. Occasionally, all of 
the changes I made during an editing session 
were not saved. 

A: A function cannot be saved when the SI (State 
Indicator) contains an error. If you forget to clear 
the SI and you enter a number of changes in a 
function using the full-screen editor, you cannot 
save the changes and can exit the editor only via 
the Quit function key. 

0 : How can I use the EDITFILE primitive in Logo 
to create a new file? 

A: The EDITFILE primitive cannot automatically 
create a new file. To create a new file , you should 
first open the fi le with the OPEN primitive, then 
close it using the CLOSE primitive. 

0: When I use the various compiler options, how 
much extra code does the BASIC Compiler 
generate? 

A: Table I shows the amount of code generated for 
each compiler option. 

The choice of option depends on the length of 
the program, the use of many or few multiple­
statement lines, and the needs of the program . A 
detailed explanation of the options appears in the 
BASIC Compiler manual. 

Table 1. 

BASIC 
Compiler Bytes per Bytes per 

Option Statement Line 

IE 4 

IX 4 

/V 1 

/W l 

The Special Code Parameters (options IA, IC, 
ID, IN, IR, IS and 10) are used for the special 
situations shown in Table 2. 

Table2. 

Usual Impact on Size 
Option Use of Code Generated 

IA Generates complete None 
object code listing 

IC Allows you to set None (but affects 
COM buffe r size avai lable memory) 

ID Allows debugging, Increases 
TRON/TROFF usage. 
error handling 

IN Relaxing of line Decreases 
numbering constra ints 

/R Array storage ordering 
(row-column major) 

IS String storage - Decreases code 
writes strings > 4 generated during 
bytes to disk during compilation. May 
compilation increase size of 

running program 

10 Allows program to run Increases 
without BASRUN. EXE. 
License is requi red 
for programs marketed 
using BASRUN.EXE 

0 : DOS How much memory does the DOS PRINT 
command use? 

A: The DOS 2 .0012 .10 PRINT command uses 3200 
bytes of memory. The DOS 3.0013.10 PRINT 
command lets you set the buffer size when you 
initially execute the PRINT command . 



A New Look 
for Exchange 

During the past year, the IBM PC 
User Group Support Department 
has published the monthly disk­
ette newsletter Exchange of IBM 
PC Information , and has sent a 
copy to every registered IBM Per­
sonal Computer user group. The 
user group made the diskette 
Exchange available to its mem­
bers, usually in the group's soft­
ware library. 

Each month the diskette 
Exchange contained several artic­
les that we selected from the 
many user group newsletters sent 
to us. It also contained informa­
tion from IBM, such as new prod­
uct announcements and User 
Group Support Department news. 

We believe Exchange has been 
valuable in several ways. Exchange 
encourages user group members 
to write good articles for their own 
group newsletters and for poten­
tial publication in Exchange. It 
offers all user group members the 
opportunity to obtain and use 
information from their fellow PC 
users. Finally, it gives IBM a way 
to increase the level of PC knowl­
edge among users and to enhance 
user productivity. 

Because of these positive fac­
tors, we intend not only to con­
tinue distributing Exchange to 
user groups, but to make it an 
even better product. 
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Editor's Comments 

Beginning with this issue, 
Exchange takes on a new appear­
ance, adds new content, and 
increases its circulation. 

The obvious change is that we 
have converted Exchange to a 
printed publication in news journal 
format. Now that it is printed , you 
can read Exchange at your leisure. 
Program code formerly available 
on the diskette will now be placed 
on the User Group Support 
Department's bulletin board sys­
tem data base for downloading . 

We have significantly enhanced 
the content of Exchange by add­
ing IBM-written articles. Now 
Exchange contains the usual good 
user-written articles you have 
come to expect, as well as IBM­
written technical articles about 
IBM PC hardware and software. 
This combination is intended to 
make Exchange a well-rounded 
publication offering additional 
perspectives and increased value. 

We are now sending each regis­
tered PC user group a sufficient 
number of copies for all of its reg­
ularly active members. As in the 
past , there is no charge to user 
groups for Exchange. 

To accomplish our goals, we 
have increased our staff. I will 
edit the newsletter as well as write 
some of the IBM-written articles. 
Bernard Penney, editor of the 
diskette Exchange, is now the 
User Group Editor, responsible 
for developing the user-written 
portions of Exchange. Karen Por­
terfield , John Warnock , Steve 

Mahlum and others will contrib­
ute articles as well as provide 
design and production assistance. 

Even though our staff has 
grown, we still rely heavily on 
you , our readers, to contribute to 
the exchange of technical infor­
mation about the IBM Personal 
Computer. We encourage you to 
maintain active involvement in 
your user group, write good artic­
les for your group's newsletter, 
and (as a result) see your articles 
published in Exchange . 

We hope you enjoy and benefit 
from the new Exchange. We look 
forward to serving your needs and 
publishing your PC information 
for the benefit of all IBM PC user 
group members. 

Michael Engelberg 
Editor 
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CompuServe is a trademark of Compu­
Serve, Incorporated. 

CP/M is a registered trademark of Digital 
Research , Incorporated. 

CP/M-86 is a trademark of Digital 
Research. Incorporated. 

Data Encoder and its associated docu­
mentation are under the U.S. Department 
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Teletype is a trademark of Teletype 
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rights in the Rocky. Bumble, Juggles and 
Gertrude characters and their names as 
trademarks under copyright law. Rocky 's 
Boots, Bumble Games, Bumble Plot , Jug­
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Company are trademarks of The Learn­
ing Company. 

THE SOURCE is a serv ice mark of 
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subsidiary of The Reader's Digest Asso­
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Time Manager is a trademark of The 
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cal are trademarks of the Regents of the 
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Another strategy for joining 
PCs is to tie independent PCs 
into another computer as a 
"workstation '.' (Page 3) 

.. 
--.- With BASIC 3.00, now you can 
exercise direct control over non-
standard peripherals through 
device drivers . (Page 34) 

To be warranted , connecting 
the PCs not only has to be afford-
able but has to increase productiv­
ity. (Pa e 2) 

I would venture to say it (PC 
Network Adaptor) has more on-
board horsepower than most of 
the PCs it is designed to plug into . 
(Page 6) 

The IBM PC Network appears 
to be a very appealing product. 
(Page 7) 

The IBM Personal Computer DOS 3.00 is a 
powerful extension of earlier versions of DOS. Its 
new functions make the Personal Computer more 
versatile and functional. (Page 28) 

...LL 

Now you can use the ERDEV and ERDEV$ 
variables to get more information about hardware 
problems. (Page 35) 

-


