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LOCAL-AREA
NETWORKS FOR

THE IBM PC
BY J. SCOTT HAUGDAHL

Be sure of your networking goals and needs
before you invest in expensive technology

THERE ARE 40 OEMs (original equip-
ment manufacturers) of personal com-
puter local networks in the industry;
18 (not including third-party OEMs) of
these are basically only for the IBM
PC. None of these systems is fully com-
patible with any of the others. Most
were introduced in 1983, and many
are from ''me-too'" vendors that have
jumped on the IBM PC local-area-
network (LAN) bandwagon. Table I in-
dicates the wide variety of local net-
works available for the IBM PC.

Every vendor usually claims that it
has the best technology, the best
idea, the best implementation; clear-
ly, this cannot be true for all of them.
Manufacturers would like you to
believe in the idea of the turnkey
system, the kind of information source
or utility that you simply plug your
computer into and it works beautifully.
No system is really as turnkey as we'd
like it to be, mainly because the tech-
nology is so new. The oldest personal
computer LAN vendors are three to
four years old.

As everyone should be aware of by
now, a revolution has taken place over
the past 10 years in silicon and inte-

grated circuit technology. The result
is that the cost of a central process-
ing unit is really a small fraction of the
cost of a whole system. The real cost
is in the electromechanical peripheral
devices connected to a system-disk
drives, printers, etc., and the neces-
sary support circuitry it takes to drive
them. Thus, with LANs you want to
preserve the benefits of stand-alone
microcomputers, namely, use of your
favorite software and peripherals and
having a machine all to yourself, as
well as adding new benefits from net-
working. Besides sharing expensive
peripherals, you can add electronic
mail, multiuser databases, high-speed
communications between personal
computers, minicomputers, and main-
frames, and a slew of multiuser ap-
plications such as accounting and in-
ventory control.
.......................................
J. Scott Haugdahl is a systems specialist at
Architecture Technology Corp. (POB 24344,
Minneapolis, MN 55424), a consulting firm
that specializes in computer architecture, in-
cluding local-area networking systems. He is
coauthor of the company's "Personal Com-
puter Local Network" seminar series.

An interesting technological issue
often ignored by manufacturers is the
concept of open versus closed sys-
tems. Open systems are basically sys-
tems that are built to a published
specification-either standardized or
designed in a nonproprietary way.
With open systems, all the design
details of the implementation are
published; closed systems are com-
pletely proprietary. Most systems that
follow de facto standards, such as
Ethernet or Arcnet, and those that
follow "committee" standards, such as
IEEE-802 or those of the National
Bureau of Standards, tend to be open
systems. Open systems that follow
standards also typically allow the user
to buy equipment that will work on
a specific network from more than
one vendor. Most of the microcom-
puter local networks, however, tend to
be highly proprietary, leaving the end
user at the mercy of the vendor.

Unfortunately, there are still some
technical drawbacks to microcom-
puter LANs. The worst problem is the
need LANs create for very complex
and specialized software to handle

(continued)
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the communication that will take
place over the network. Also, when
you are working with a complete sys-
tem that is going to be spread out
over thousands of feet, something
may fail and it may be difficult to find
out exactly what has failed and where.
In the past, with the stand-alone per-
sonal computer, if you couldn't read
a disk drive you had a pretty good
idea that something was wrong with
either the disk drive or the disk.

Unique expertise is usually needed
in day-to-day operations to maintain

and administer these systems. Also,
the manufacturer should provide
diagnostic tools to help you maintain
the network. These are typically soft-
ware programs that do a variety of
tests, such as testing the network or
the network interface in a particular
computer. You should also be able to
diagnose and repair problems con-
current with the normal operation of
the network. For instance, if you have
a computer that fails, you should be
able to take the computer off the net-
work and fix it and then put it back

on without having to interrupt the
normal use of the network.

The cost of the transmitting cable
is probably one of the most deceiv-
ing things about LANs. Many vendors
tout "low cost" when describing this
item, whether it be coaxial cable or
twisted-pair wire. The real cost is not
the cable itself but how much it costs
per foot to install it in a system. A
number of companies have actually
paid as much as $1000 per foot for
installation.

(continued)

Table I: A survey of local-area networks that support the IBM PC and their features.

VENDOR NETWORK

ADDRESSABLE LINK SERVER TYPES OS OTHER
MEDIUM DATA RATE NODES • PROTOCOL DISTANCE '' SUPPORTED SUPPORT PCs'"

AST Research PCnet II T 800K 64K CS 10 D,P M
Christain Rovsing X-Net T 1.8M 64K + P 22 32 M
Corvus Omninet T 1 M 64 CS 10 D M.P,C Y
Davong Multilink C 2.5M 255 A 22 DP M,P,C
Fox Research 10-Net T 1M 255 CS F,P.32 M
Great Lakes Computer Great Net C 5M 64 P M
Gateway

Communications G-Net C 1.43M 256 CS 10 F,P.32,G M
IBM Cluster C 375K 64 CS 10 D M
IBM PC Network C 2M 64 CS 2 F,P,32,G M
3M LAN/I C 2.5M 255 A 22+ G M
Nestar PLAN 4000 C 2.5M 64K+ A 22 D,P,32,G M,P Y
NCR DecisionNet T 1 M 64 CS 10 F M.C Y
Novell NetWare/X C 1.43M 256 CS 10 F,P M
Novell NetWare/S T 500K 24 P 2 F,P M,C Y
Orchid PCnet C 880K 64K CS 10 D,P M
Percom Data PerComNet C 1M 256 TP 10 D M,C
Proteon proNET T,C.F 10M 256 TP 10 F,P M
Standard Data STANDARDNET C 3M 256 CS 2 D,F,P M
Tecmar Elan C 10M 64K+ E 10 D M
3Com Corporation Ethernet C,F 10M 64K+ E 10 D,P M
Ungermann-Bass Net/One PC C,F 1OM 64K+ E 10 D,P,32.G M

Baseband

Ungermann-Bass Net/One PC T 5M 64K+ CS 22+ D,P,32,G M
Broadband

VLSI Networks Inc. 1553-Net C 3M 256 CS 2 D M Y
XCOMP XNET T 25M 256 CS 10 F,P M

Theoretical maximum number (see text of article)

Repeaters may be necessary to achieve the distance indicated

Other than the IBM PC

LEGEND

MEDIUM
T = twisted-pair
C = coax
F = fiber

DATA RATE
K = kilobits per second
M = megabits per second

LINK PROTOCOL
A = Arcnet
E = Ethernet

CS = CSMA
TP = token passing
P = proprietary

DISTANCE SERVERS OPERATING SYSTEM SUPPORT
2 = less than 2000 feet D = disk M = MS-DOS

10 = less than 10,000 feet F = file C = CP/M-86
22 = less than 22.000 feet P = print P = p-System

22+ = 22.000 feet or more 32 = 3270
G = gateway
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IBM " & ACP
Circle 30 on inquiry card.

HARDWARE
COMPUTER SYSTEMS

IBM
PC w/256K 2 DS/DD Disk Drives ..... $ Call
PC w/256K 1-360K Drive

1-10MB Hard Disk ....... $ Call
COMPAQ
w/256K 2 DS/DD Disk Drives ........ $ Call

COMMUNICATION PRODUCTS
HAYES
Smartmodem 300 ................ $ 209
Smartmodem 1200 ............... $ 489
Smartmodem 1200B w/Smartcom II .. $ 419
Smartmodem-to-IBM 6 ft. Cable ..... $ 25
Smartcom II ..................... $ 99
TAC
Irma (Emulates 3278 Terminal) ......$ Call
Irma Line (For Remote Emulation) ... $ Call

FLOPPY & HARD DISK DRIVES
CONTROL DATA
Full Size 320K DS/DD .... ........ $ 199
Half-Height 320K DS/DD w/Bracket ... $ 169
DAVONG
10 MB to 41 MB Hard Disk Int./Ext.... $ Call
IOMEGA
Bernoulli Box (10 or 20MB) ......... $ Call
TALLGRASS
12-70 MB Hard Disk w/Tape Backup. . $ Call
TEAC
Half-Height 320K DS/DD w/Bracket ... $ 159
Half-Height 640K DS/DD w/Bracket ... $ 215
MAYNARD ELECTRONICS
10MB Hard Disk WS-1 (XT Lookalike).. $ 899
10MB Hard Disk WS-2 (XT Lookalike).. $1049

EXPANSION BOARDS
MAYNARD ELECTRONICS
Modular Memory Brd. w/64K to 576K. $ 219
Modular Multifunction Board ........ $ 95
AST RESEARCH
(All AST boards include SuperDrive, SuperSpool
and 1 year warranty)
SixPack Plus w/64K to 384K ........ $ 269
MegaPlus II w/64K to 512K ......... $ 269
Memory Board II w/64K to 384K ..... $ 239
I/O Plus II ....................... $ 139
MegaPack w/128K or w/256K ....... $ Call
Parallel, Serial, Game Options ....... $ 35
ORCHID TECHNOLOGY
Blossom w/64K to 384K ........... $ 249
TECMAR
Captain w/64K to 384K w/Software ... $ 269

EXPANSION BOARDS CONT.

QUADRAM
Quadboard w/64K to 384K..........$ 279

C. ITOH
Starwriter Letter Quality 40 cps ...... $ 999
Printmaster Letter Quality 55 cps .... $ Call
Cut Sheet Feeder (Feeds 200 sheets) .. $ 395
EPSON
(All Printers include GRAPHTRAX-Plus)
RX-80 (120 cps, 80 cols) ........... $ Call
RX-80 F/T (120 cps, 80 cols) ........ $ Call
RX-100 F/T (100 cps, 132 cols) ...... $ Call
FX-80 F/T (160 cps, 80 cols) ........ $ Call
FX-100 F/T (160 cps, 132 cols) ...... $ Call
Epson-IBM Cable ................. $ 30
HEWLETT PACKARD
HP-7470A Two Pen Plotter ......... $ Call
HP-7475 Six Pen Plotter ........... $ Call
HP-IBM Cable (works w/Lotus 1-2-3). . $ 50
NEC
NEC 3550 Letter Quality 35 cps......$1599
NEC 2050 Letter Quality 18 cps ...... $ 799
Bi-Directional Tractor .............. $ 235
Cut Sheet Feeder (Feeds 200 Sheets). . $ 299
NEC-IBM Cable .................. $ 30
OKIDATA
Microline 83A (120 cps, 132 cols) . Best Price
Microline 92 (160 cps, 80 cols) ... Best Price
Microline 93 (160 cps, 132 cols) . . Best Price
Microline 84 (200 cps, 132 cols). . Best Price
Plug n' Play .................. Best Price
Okidata-IBM Cable ................ $ 30
SILVER-REED
EXP 550 (20 cps, 132 cols) ......... $ 595

VIDEO-MONITOR BOARDS
HERCULES Graphics Card . . $ 359

Color Card ..... $ 179
PC COMPONENTS Bi-Graphix I .... $ Call
PARADISE SYSTEMS Multidisplay .... $ 339
PC+ PRODUCTS Colorplus ...... $ 419
STB Graphix Plus ... $ 359
QUADRAM Quadcolor I .... $ 199
TECMAR Graphics Master $ 499

I 1'

AMDEK
Video 300 Green Screen ........... $ 140
Video 300A Amber Screen ......... $ Call
Video 310A IBM Monochrome in

Amber ....................... $ 170
PRINCETON GRAPHICS
HX-12 RGB Hi Resolution Color ...... $ 499
Max-12 IBM Monochrome in Amber . . $ Call
SR-12 Hi Resolution Color .......... $ Call

WE'

LL GIVE

n GIVE

YOU

n

$1

+0n 0o and refer to$10.00 reference number with your order
and receive $10.00 credit t toward your

next
next purchase.'

'Minimum order $100.00. Limit one credit per customer

IBM PC LANs

You probably won't see the trans-
mitting cable cost in an IBM PC LAN
cost estimate because these systems
tend to be broadband types installed
in metropolitan high rises with previ-
ously installed cable. On the other
hand, cable cost can still be a cost fac-
tor in these IBM PC networks, espe-
cially if there are a lot of nodes on the
system. They call for a lot of wire, and
the environment may require union
people or an electrical staff to install
the system. All of these cost factors
are important.

The way a vendor has designed the
network interface board that connects
the IBM PC to the network varies
dramatically from vendor to vendor.
Unfortunately, most end users don't
really take a look at the hardware;
they care more about the functionali-
ty at the application level.

This is unfortunate because the per-
formance of these systems has to do
with how intelligent the network inter-
face board is. Does it use very-large-
scale integration (VLSI) data-link con-
trollers and/or dedicated central pro-
cessors? Or does it use a lot of basic
building blocks, such as small-scale in-
tegration (SSI)? Does it support direct
memory access (DMA)? How about
interrupts? Does it require a lot of pro-
cessor time, for example, from the
IBM PC's 8088 processor to service
the card? Or can the IBM PC go off
and do its own thing and be inter-
rupted, for example, if a packet has
been received? In some systems you
can send a packet of data to the
network-controller board and go away
to perform another task. The con-
troller will form the packet (add
headers, addressing, checksums, etc.),
sense when the network is free (or
wait for a free token), and send the
packet to the receiving node, all
without any intervention from the IBM
PC. On the other hand, some systems
require constant attention from the
host central processor, adding a
tremendous amount of overhead to
the system to support the network. In
addition, intelligent controllers re-
quire less software to support the
network-software that has to be de-
signed, debugged, maintained, etc.-



IBM PC LANs

which leaves more memory in the
IBM PC for the individual user.

Most LAN data-link protocols in use
today were derived from one of two
general schemes known as carrier-
sense multiple-access (CSMA) and
token passing. The Xerox-developed
Ethernet uses the best-known imple-
mentation of a carrier-sense multiple-
access protocol; Ethernet assumes
that its nodes will be connected in a
bus-type layout and adds collision
detection (so the protocol is called
CSMA/CD). On the other hand, Data-
point Corporation used token passing
over a bus layout in designing its
popular Arcnet protocol. Several semi-
conductor houses are offering or will
soon offer special chips for handling
these and other protocols, but some
local networks, such as Omninet from
Corvus and Netware/X from Novell,
rely on a dedicated microprocessor.

SERVERS
Let's take a look at servers, since they
are key to supporting LANs. A server
could be an IBM PC or a specialized
"black box" that performs some func-
tion at the request of a client.

In general, how can you compare
two or more servers? There are a few
questions you might ask. What is the
capacity of the server? In the case of
a file server, how many megabytes of
storage can it support? In the case of
a print server, how many printers can
it support? Can it print concurrently
on more than one printer? Does it use
virtual printing, spooled printing, or
a combination of both? Can you have
more than one of a certain type of
server on the network?

Because all these servers support
multiple users, you're going to need
some sort of password protection
scheme, as well as some means of
protecting the data of one user from
another. Also, because large amounts
of disk storage are typically handled
by a file server, it should support
some form of backup, such as a
streaming-tape drive. Some servers
support other functions, such as a
network-wide real-time clock/calendar,
and synchronization of processes on

(continued)
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DISK CONTROLLERS
MAYNARD ELECTRONICS
Standard Disk Controller ........... $ 115

with Parallel Port ............... $ 165
with Serial Port ................. $ 175

Sandstar Modular Disk Controller .... $ 209
All Sandstar Modular Options Avail. .. $ Call

SOFTWARE
ASHTON TATE
dBasell ........................$ 285
dBase III ........................ $ Call
Framework ...................... $ Call
FOX & GELLER
Quickcode II or III ................ $ 169
dGraph (Requires Graphics Card) .... $ Call
dUtil (Utilities For dBase II or III) ..... $ Call
FUNK-Sideways .................. $ 49
HAYES-Smartcom II ............. $ 99
IMSI-4 Point Graphics (Rated #1) ... $ 89
(Inhance Lotus Graphics)

INDIVIDUAL SOFTWARE
Tutorial Set (IBM PC/XT and DOS) .... $ 79
Typing Instructor ................. $ 39
INFOCOM-Zork I, II, III ........... $ 29
All games available ............... $ Call

INFORMATION UNLIMITED SOFTWARE
EasyWriter II System .............. $ 195
Accounts Receivable .............. $ 299
Accounts Payable ................. $ 299
General Ledger ................... $ 299
Payroll .........................$ 369

LATTICE
C-Compiler ...................... $ 299
C-Food Smorgasboard ............. $ 110

LIFETREE
Volkswriter Deluxe w/TextMerge ..... $ 169

LOTUS DEVELOPMENT
Lotus 1-2-3 (Version 1A) ........... $ Call
Symphony ......................$ Call
Symphony Upgrade ............... $ Call

MICRO DATA BASE SYSTEMS
Knowledgeman .................. $ 299

MICROPRO
Wordstar w/Tutorial on Disk ......... $ 229
ProPack (Wordstar/MailMerge/

CorrectStar/Starlndex) ........... $ 329
ProfessionalPlus (ProPack plus

TelMerge Electronic Mail System
Mailing List Management and
Business Letters) ............... $ 369

MICRORIM
R.base 4000 ....................$ 299
Clout ..........................$ 139
Extended Report Writer ............ $ Call

MICROSOFT
C-Compiler ...................... $ 349
Flight Simulator ... ............. $ 35
Multiplan (New Version). . .......... $ 149
Project (Project Manager) .......... $ 180
Chart ..........................$ 180
Word ..........................$ 239
Word w/Mouse ................... $ 299
Mouse w/Software................ $ 159

• No Credit Card Surcharge
• Special Corporate Accounts Division
• Company P. O. Accepted
• Training
• Equipment Maintenance
• Next Day Shipping

MICROSTUF
Crosstalk XVI (for Hayes

Smartmodem) ................. $ 99
MORGAN COMPUTING
Trace 86 (Assembly Language Debug) $ 99
Ted (Program Editor) .............. $ 79
Professional Basic (170K Work Space
w/8087 Support) ................$ 235

MULTIMATE INTERNATIONAL
Multimate ...................... $ 269
PETER NORTON
Norton Utilities ................... $ 55
ROSESOFT
Prokey (Newest Version) ........... $ 95
SATELLITE SOFTWARE INTERNATIONAL
Word Perfect (includes Speller) ...... $ 269
SOFTWARE PRODUCTS
Open Access ....................$ 299
SOFTWARE PUBLISHING
PFS/Access .....................$ 65
PFS/File ........................$ 89
PFS/Graph ......................$ 89
PFS/Report .....................$ 79
PFS/Write .......................$ 79

WANG PUBLICATION
Random House Proof Reader (50K) ..$ 45

WORDTECH SYSTEMS
dB/Compiler (True dBase II

Compiler) ..................... $ Call

OUR POLICY
• We accept VISA, MasterCard, Money
Orders, Certified Checks, Cashiers Checks,
Personal Checks, Wired Funds • We do not
charge your card until we ship • No sur-
charge added on VISA and MasterCard
Allow one week for personal and company
checks to clear • COD maximum $500 Cash
or Certified check on delivery • Please use
local phone number for order status inquiries
• Prices subject to change without notice
Returns may be subject to restocking fee.

SHIPPING (U.S.). For monitors, and hard
disk drives add 2% to all orders. Blue label
and Next Day Air available. For all other
items add $4. Most orders shipped next day.

When you need competitive prices,
prompt service and complete sup-
port, call us . Circle 31 on inquiry card.

APPLIED COMPUTER
PRODUCTS INC.

1916 Welsh Road #6, Philadelphia, PA 19115
215-934-6990 Telex 756876 UD

1-800-223-3860
*IBM is a registered trademark of
International Business Machines.



DATA EXCHANGE/64K
SPOOLER

DATA EXCHANGE/64K

The disadvantage
of dedicated file servers
is cost, because they
can no longer be used
as workstations.

- -- -- --►

The ADS-8212 DATA EXCHANGE/64K is a computer independent
interface converter and print spooler. It can be installed between
virtually any computer and any peripheral.

Data can be input in either serial or parallel, stored in its 64K
bytes of RAM, and output serial or parallel. Serial ports support baud
rates from 50 to 19 200 and both hardware and software hand-
shaking. The input and output ports are completely independent;
input data with one protocol and baud rate and output it with a
different protocol and baud rate. Selections are dip switch
selectable.

A unique feature is its ability to make unlimited numbers of
copies. Hitting the copy button will send another copy to the
printer. When done making copies, hit the reset button to clear the
memory.

Included with the DATA EXCHANGE/64K are two 4 foot
output cables, one parallel cable with standard
Centronics type connector and one serial
cable with standard DB 25 connector.
Standard plugs are supplied for
input ports.

Suggested list price: $339.00

Dealer inquiries welcome.

INPUT

RS-232
1111111110

50 TO 19.2K BAUD

PARALLEL

IBM PC LANs

the network by semaphores (flags that
are typically implemented by subrou-
tine calls to the network operating
system) or lock tables.

Let's look at dedicated versus non-
dedicated file servers. Clearly, with a
dedicated machine, you might hope
to provide high performance through
dedication. The server doesn't have to
worry about anything except servic-
ing requests and is probably more
secure than the nondedicated
machine; if nothing else, you can lock
it up in a back room somewhere and
make it physically secure. It is also
more secure in the sense that a user
program cannot interfere with the
server and crash it (as can happen
with a nondedicated server).

The disadvantage of dedicated file
servers is cost, because they can no
longer be used as workstations. How-
ever, costs can more than be re-
covered because response times will
be better, thus saving people's time.

I am beginning to see more and
more nondedicated servers, par-
ticularly in some of the "low-cost" net-
works that bill themselves as being
"easy to afford and easy to install:"
Basically, this means that the user and
server processor can coexist in a
single machine, so users, for example,
can have PC XTT and share their hard
disks with other users on the network
at the same time they are running a
spreadsheet program. These nonded-
icated servers clearly have the cost
advantage because you don't have to
buy a dedicated machine.

They have some disadvantages, too.
Nondedicated servers require a multi-
process operating system, which will
generally degrade performance. An
example of this degradation can be
seen on the IBM PC. Every time you

(continued)

-- 11

IVV

RS-232 HANDSHAKING:
RDY/BSY (DTR)
Xon/Xoff
ETX/ACK

OUTPUT

RS-232

50 TO 19.2K BAUD

64K BUFFER

Available at your local dealer or contact

PARALLEL

ANTEX DATA SYSTEMS
A Division of International Antex Inc,
2630 California Street

Mountain View, California 94040 n Phone: (415) 941-7914
Telex: 704 969 INTERAX UD
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press a key on the keyboard, you
generate a high-priority interrupt. If
your nondedicated server machine is
used by a typist, you may see the per-
formance of the file server that hap-
pens to coexist in the same machine
degrade to intolerable levels. Likewise,
if suddenly 10 stations on the network
try to share your disk, it may take a

very long time to recalculate your
spreadsheet program.

There is also the issue of security:
a programmer may be able to make
direct calls to the BIOS (basic input/
output system) and circumvent the
server's security mechanism, gaining
access to files and passwords.

Another trade-off is centralized ver-

Graphics Takes A
Quantum Leap Forward!

WLi ^'iiiiiiiiiiin'iiiiiiiiiiii n̂ iii^^
THE INOVION PERSONAL
GRAPHICS SYSTEM FEATURES:
• The most advanced color mapping

capabilities available.
• 250,000 simultaneously displayable

colors.
• A palette of 2.1 million colors.
• Frame Grabber/ Digitizer to capture

TV, VCR or Video Camera pictures.
• Quality three dimensional texture

capabilities.
• Built in Icon/Menu software.
• Completely Mouse/Trackball driven
• Fonts, Brushes, Microscope, Pat-

terns, and Rotations.

• A complete stand alone system.
• A 19" enhanced color monitor.
• 780K Graphics Memory.
• 512 x 480 pixel display with 24 bits

per pixel.
• RS232C port allows access to all

system functions and memory.
• NTSC composite video and NTSC

RGB signal.
• 1 year warranty on graphics genera-

tor and 90 day warranty on
enhanced monitor.

• Special introductory 30 day satis-
faction guarantee.

• ONLY $3,495 complete'.

sus decentralized file service. A cen-
tralized file service means there is one
file server on the network, controlling
the resources and simplifying man-
agement, so that you don't have the
problem of multiple file copies exist-
ing in widely distributed places (as
with decentralized file services). You
may be able to take advantage of the
economies of scale here: instead of
buying 10 IBM PCs with 10 small hard
disks, you might be able to buy one
centralized file server with a large
hard disk that can be shared.

However, the server is a potential
bottleneck, particularly if you don't go
with a high-performance processor. A
lot of users on the network can try to
access the file server simultaneously.
Clearly, if that server should ever fail,
all the disks that are on the network
are going to be down. The server then
becomes a central point of failure.

Most of these centralized networks
use off-the-shelf IBM PC XTs as
servers. Often, PC XTs that were pur-
chased before networking was con-
sidered can be used. If something
goes wrong with the PC XT, another
one can often be swapped in. On the
other hand, high-performance servers,
such as Nestar's PLAN 4000 server
(based on multibus architecture and
using a 68000 processor from
Motorola), can offer substantially bet-
ter network disk-sharing performance.

Finally, there is a real difference be-
tween file and disk servers. The terms
are often used interchangeably, but
most vendors' "file" servers are really
disk servers.

Disk servers service users' requests
for disk I/O (input/ouput) at a low level.
This requires a low-level modification
of the users' workstations to intercept
BIOS requests for reading and writing
disk sectors. Thus the server is really
a disk "volume" server, and file I/O is
handled directly by the operating sys-
tem in the PC.

File servers service users' requests
for disk I/O at a higher level. This high-
level modification to users' worksta-
tions is performed at a level that in-
tercepts DOS requests for file opera-
tions, such as opening, reading, and

(continued)
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closing. The server then has control
over files and can enforce automatic
file locking to prevent a file from be-
ing written to by two or more users
simultaneously. Another advantage of
file servers is that disk space for in-
dividual users does not have to be
preallocated. A user's storage space
can grow dynamically as space is
needed.

IBM PC LOCAL NETWORKS
Note that while the systems in table
I are designed for the IBM PC, some
may work as well with compatibles.
Since more than 30 microcomputers
are reasonably compatible with the
IBM PC, there are more than 500
combinations of PC-compatibles and
LAN systems. It is often up to the user
to find out what works together and
what doesn't. You should also note
that all of the vendors listed plan to
support the PC AT as well.

3COM ETHERSERIES

3Com, a privately held company that
went public this spring, has a number
of Ethernet products, one of which is
the EtherSeries line for the IBM PC.
3Com got its start designing and sell-
ing Ethernet components, trans-
ceivers. cables, and some board-level
products. In December 1982 it intro-
duced the first Ethernet board for the
IBM PC, based on the VLSI data-link
controller from Seeq Technology. At
that time, the board was really just a
hardware product with some crude
software, but now with the Ether-
Series, 3Com has a systems-level
product. To no one's surprise, the
EtherSeries product is beginning to
dominate 3Com's sales and now ac-
counts for about 50 percent of the
company's revenue.

EtherSeries is a complete Ethernet
system for the IBM PC. The file server
(actually a disk server) can be either
a PC XT, an IBM PC made to look like
a PC XT or a 3Com machine. IBM PCs
require the 3Com EtherShare soft-
ware package and one EtherLink in-
terface card. Alternatively, you can
buy the higher-performance 3Com
server that is based on the Altos 586
workstation, which uses a high-speed

8086 processor. The IBM PC version
does not require dedication. Both ver-
sions can download the disk
operating system (DOS) to diskless
IBM PCs (which contain an optional
boot ROM (read-only memory) on the
network interface card).

EtherShare manages virtual disks at
the volume level. Passwords are re-
quired to "log on;' and optional pass-
words can be placed on volumes.
Volumes can be made private for in-
dividual use only, public for use by
several users in a read-only fashion,
and shared for multiple read/write ac-
cess. However, there is nothing im-
plied in EtherShare that protects
multiple writers from corrupting each
other's data by writing to the same
disk area at the same time. The ap-
plication software must take advan-
tage of semaphores and locks that are
provided by EtherShare.

EtherShare can provide other server
functions such as spooled virtual
printing (EtherPrint) and electronic
mail (EtherMail). An interesting fea-
ture of the print server is that you can
have multiple users spooling data
simultaneously without interfering
with each other. The server maintains
buffer spool files on the disk, and the
first file to "close" (or time out while
waiting for more print data from the
network) starts printing. EtherMail
runs on top of EtherShare, as does
EtherPrint, so that you can have
EtherMail, EtherShare, and EtherPrint
all running on the same machine.
EtherMail provides electronic mail for
all the users on the system, sets up
mailboxes for them on the file server,
and can find other users mailboxes on
other EtherShares in the network. So
EtherShare really becomes a multi-
purpose server.

IBM CLUSTER

CONTROL PROGRAM
IBM gave its "stamp of approval" to
IBM PC local networks on March I,
1984, at the same time it announced
the IBM Portable PC.

IBM's Cluster Control Program is de-
signed to be a low-cost, entry-level
system, as you will see when you look
at the technical specs. (The Cluster

Control Program name is somewhat
deceiving; "program" refers to the en-
tire system, not to a piece of software.)
Compared to other more sophisti-
cated, more mature networks that are
available today, I see this system as
primitive at best. IBM wanted to
design a simple system that could be
used by the "average" end user. The
company didn't call it a LAN because
it didn't want it compared with high-
performance LANs.

The Cluster runs at a modest 375K
bps (bits per second) and uses a
carrier-sense multiple-access protocol
with collision avoidance (CSMA/CA).
It uses 75-52 (ohm) CATV-type coaxial
cable. You can run the main bus con-
nection as far as 1000 meters instead
of the typical 1000 feet, partly
because of the modest data rate. The
addressing structure allows as many
as 64 users per cluster. In practice that
number would be far less, depending
on the applications and the kind of
things you do.

The Cluster supports the IBM PC, PC
XT. PC Portable, and the PCjr. There
are two different versions of the
adapter, one for the PCjr and one for
all the other machines. The PCjr
adapter plugs into the side of the
machine, which, at least in the initial
shipments, contains a power supply
that is inadequate to power more than
the PCjr and the adapter. In order to
have the Cluster adapter and a disk
drive, printer adapter card, or internal
modem plugged in, you must have
the power-expansion adapter, which
was announced this summer.

The network software requires DOS
2.1 and supports station-to-station
communication; you can send files or
messages back and forth between
users. The package also has some
diagnostics to help identify problems
(for example, the network card) and
it includes disk-server capabilities for
the PC XT.

The disk server, like the hardware
itself, also supports the IBM micro-
computers previously mentioned. It
requires a PC XT or a PC made to
work like an XT. As an option, the IPL
(initial program load) allows you to

(continued)
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download the DOS 2.1 operating sys-
tem from the PC XT right into your
workstation; in fact, the PCjr is sup-
ported in this way because it does not
have a disk drive when it is on the
network.

The disk server supports sharing at
the volume level and supports only
two volumes at one time per user. You
can mount only two virtual disk
volumes at one time, one of which
can be a public volume shared by all
users on the system (read only), and
the other a user's private volume.
However, you'll start seeing more and
more sophisticated software to sup-
port the system as third-party soft-
ware vendors jump on the band-
wagon.

IBM PC NETWORK
In mid-August of this year, IBM an-
nounced its first "real LAN;' the IBM
PC Network. The PC Network is based
on broadband technology developed
by Sytek Inc. Sytek supplies the PC
Network Adapter Card and the Net-
work Translator Unit, or head end, to
IBM. The Network Translator comes
with a connector assembly for attach-
ing as many as 8 IBM PCs within a
radius of 200 feet. A cabling compo-
nent, consisting of cable segments, a
network-base expander, and various
network distance kits, is used to in-
crease the number of networked IBM
PCs from 8 to 72. In addition, IBM is
an OEM of Sytek for LocalNet/IBM PC
protocols, modified Sytek LocalNet 20
protocols that are used in the Adapter

Card for higher-level protocol imple-
mentation.

The IBM PC Network operates at 2
megabytes per second on one chan-
nel of a midsplit broadband system
for distances up to 1000 feet. With the
components that are available from
IBM, the maximum number of IBM
PCs supported on the network is 72.
These limitations, however, appear to
be due to IBM marketing decisions
and are not inherent in the design.

The PC Network is designed for the
IBM PC, PC XT, Portable PC, and the
new PC AT. Unlike the Cluster, it will
not support the PCjr. It is being pro-
moted as offering highly reliable,
maintenance-free operation and has
extensive self-test and diagnostic
capabilities.

The Adapter Card for the PC Net-
work uses an Intel 82586 Ethernet
data-link controller chip to provide ac-
cess control. An Intel 80188 micropro-
cessor running at 6 MHz and 16K by
8 RAM (random-access read/write
memory) data buffers are used for
protocol processing, packet assembly/
disassembly, and other control func-
tions. A custom VLSI chip, jointly de-
veloped by IBM and Sytek, is used to
implement protocols up to Level 5,
the session level. Up to 16 active
aliases and 32 active sessions are
allowed per IBM PC. Release 3.1 of
DOS will be required to support PCs
on the network.

IBM representatives have stated
that the PC Network Adapter Card will
work on third-party installed networks.

Certainly Sytek will help anyone who
wants to install IBM PCs on its Local-
Net 20, anyone who wants to install
more than 72 nodes, or anyone who
wants to develop large integrated
local networks. IBM appears to be
targeting small businesses, the mass
market, and large non-IBM accounts
with this product. The Network
Adapter Card is currently available,
but the network software (DOS 3.1)
will not be available until early next
year.

IBM has also stated its intention to
interconnect the PC Network to its
token-ring network (announced, but
not commercially deliverable for an-
other two years), and that all PC Net-
work software will also run on IBM
PCs directly attached to the token
ring. Thus, software developed for the
PC Network will not become obsolete
when IBM begins to implement its
token-passing ring network. However,
it is not clear how the Cluster fits into
IBM's overall LAN strategy, if at all.
One nice application for the broad-
band IBM PC network would be to
support several "subnetworks" of
Cluster systems.

ORCHID TECHNOLOGY'S PCNET
Orchid Technology's PCnet is available
from a number of different vendors
in addition to Orchid. AST's PCnet,
Santa Clara Systems' PCnet, and
IDEAssociates' IDEAnet are all
basically the same system.

PCnet is a CSMA-type system that
(continued)
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IBM PC LANs

uses coaxial cable as a transport
medium. It also supports collision
detection and is software-intensive.
The network board has no VLSI or
central processor. It requires constant
attention from the PC's processor to
support all the data-link functions to
form the packet, ship it, watch for col-
lisions, etc. Benchmarks for PCnet are
beginning to run slower than other
systems, due in part to overhead to
support the networking function, as
well as orchid's proprietary multi-
process operating system. Again, the
network board provides only a physi-
cal interface between the IBM PC and
the network. It also turns out that
PCnet really runs at the raw data rate
of 880K bps-not I megabit per sec-
ond, as stated in Orchid's brochures.

PCnet uses 75-52 CATV-type coaxial
cable. It can run as long as 3000 or
7000 feet, depending on the cable
type.

PCnet is available with a number of
options. You can get a multifunction
memory board, some ports, and a
diskless board that allows you to boot
from the network, eliminating the
need for floppy-disk drives at the
workstation.

Like most of the other systems,
PCnet does not require a dedicated
disk server. You can have two different
types of workstations: user PCs and
shared PCs. User PCs cannot share
their peripherals (with the exception
of a printer) with other users on the
network. On the other hand, you can
make your peripherals, such as a hard
disk on a PC XT available to other
users.

PCnet supports a distributed sema-
phore system. The semaphore table
is maintained at each and every
machine in the system. This also adds
overhead to the system because
tables at all PCs must be updated
when they change. One of the more
interesting features on the system is
the remote execution command,
which allows you, for example, to
compile a Pascal program on a
remote machine in the network.

You must be careful when sharing
peripherals in PCnet. It is possible to
mix output on a printer being shared

by more than one person because
there is no implied semaphore lock-
ing: either you have to build a network
print utility that uses the distributed
semaphore system or you have to
have everyone who wants to use a
shared printer use a procedure that
says, "Try to lock the printer by enter-
ing a semaphore lock command from
the keyboard before you try to print.
If it's in use, try later. Unlock the
semaphore when done."

AST now has a lower-cost version of
PCnet available called PCnet 11, which
runs at 800 bps, uses a collision-
avoidance scheme, and is software-
compatible with PCnet. AST has also
developed its own more efficient soft-
ware for PCnet II.

UNGERMANN -BASS NET/ONE
PERSONAL CONNECTION
Ungermann-Bass has built a reputa-
tion with its Ethernet products, which
make up the Net/One product line.
These products are basically intelli-
gent boxes that enable you to con-
nect any computer, mainframe, or per-
sonal computer to Ethernet. The first
products supported terminals in main-
frame environments connected via
Ethernet, which allowed users to
establish virtual terminal connections
with a host.

The newest Net/One product is the
Net/One Personal Connection for the
IBM PC, introduced at the end of last
year. This product puts Ungermann-
Bass head to head with 3Com: it is ag-
gressively priced as well. It is a true
Ethernet system and employs the
high-level Xerox Network Systems
(XNS) protocols. It is also the first true
LAN for PCs to offer a broadband
option.

Like most of the other systems
based on the IBM PC, the servers are
all designed around the PC XT. They
are available as a file server, a print
server, and an SNA (Systems Network
Architecture) Gateway. Multiple
servers of the same or a different type
are allowed on the same network and
do not have to be dedicated.

The network-interface card is called
the Network Interface Unit (NIU), a

(continued)

160 BYT E • DECEMBER 1984



IBM PC LANs

board that contains an on-board,
high-performance VLSI Ethernet data-
link controller from Intel. It also has
an on-board, high-performance Intel
80186 microprocessor, 8K bytes of
ROM, and 128K bytes of RAM. It re-
quires an external Ethernet trans-
ceiver (3Com offers a built-in trans-
ceiver). The network interface card is
a complete microcomputer on a
board, dedicated to handling the XNS
protocols and the data-link function.
It turns out that this card is more
powerful than the IBM PC itself! A
less-powerful, less-expensive version
is available; it lacks the 80186 and its
support RAM and ROM.

A broadband version of the Net/
One Personal Connection is totally
software-compatible with the base-
band Net/One and can also run on
existing CATV installations. It runs at
5 megabytes per second and consists
of an RF (radio frequency) modem
board that plugs into a slot on the
IBM PC with a jumper to the base-
band board.

Ungermann-Bass entered into an
agreement with Davong, through
which Ungermann-Bass acquired
sorely needed network software to
make its system work. Davong has
developed a stable networking prod-
uct called Multilink (also for the IBM
PC), which has excellent software to
go with it. This will also enable the
Net/One Personal Connection to sup-
port CP/M-86 and the UCSD p-System,
as well as MS-DOS.

MIXING IBM PCs
WITH OTHER MACHINES

Let's take a look at two systems that
support not only more than one type
of personal computer but also more
than one type of operating system. So
far, all of the systems we've looked at
work only with the IBM PC (and some
compatibles) and only support the
MS-DOS operating system (with the
exception of Net/One).

CORVUS

Corvus started by selling the first
51/4-inch add-on Winchester drives for
personal computers. The first net-
working product from Corvus was

called the Multiplexer, but it was not
a true LAN. It was simply a device that
allowed you to share a hard disk by
partitions. Along came Omninet, a
true LAN. Omninet uses CSMA with
positive acknowledgment (often
called CSMA/PA); hence, Omninet can
ensure reliable packet transmission
and reception by waiting a brief in-
stant for an acknowledgment from a
receiving node after sending a packet.
This improves network performance
substantially.

Omninet supports more kinds of
personal computers than any other
network; it has versions for the IBM
PC, Apple II, Corvus Concept, TI Pro-
fessional, DEC Rainbow, and S-100
systems. In addition, a number of
other manufacturers are offering it as
an option with their personal
computers.

The Omninet's address limitation is
63 nodes; once again, the number
would be less in actual practice,
depending on the applications. And
it runs at I megabit per second over
twisted-pair wire. The total cable can-
not exceed 1000 feet without re-
peaters (an active junction box); up to
4000 feet is possible with repeaters.

The network interface board, called
a transporter, contains an on-board
6801 microprocessor to handle the
network communication details. It
supports DMA as well as interrupts.

Omninet uses a disk server that is
actually a single-board Z80-based
microcomputer with a built-in network
interface. The server is available as a
stand-alone box that connects to an
external Corvus drive or is built into
a 5V4-inch Winchester disk assembly.
Corvus is actually the first vendor to
integrate a network controller into a
disk drive. As many as eight drives
with the built-in Omninet interface can
be attached to the network.

The software to support networking
is called Constellation. The early ver-
sion was called Constellation I and
supported only the Apple II. Con-
stellation II is for IBM and for all the
other types of microcomputers. It
supports not only different types of
PCs but different operating systems as
well. On the Apple, you can run Apple

Pascal, DOS 3.3, and CP/M; on the
IBM PC, you can run DOS 1.1, 2.0,
CP/M-86, or the UCSD p-System.

Security on Omninet is minimal. A
user name and password are required
to boot up a personal computer on
the network. Once users are on the
network, they must also have access
to the volumes they want to use (a
"system manager" decides who can
access what volumes).

Corvus supplies a Spool utility that
enables you to spool files to printers
as well as other (compatible or non-
compatible) personal computers.
Users with the same personal com-
puters can, of course, share the same
volumes directly. Again, nothing
prevents users from writing to the
same file at the same time and cor-
rupting data, but semaphores are
available for users or programmers.

Corvus was one of the first compan-
ies in the microcomputer network
business to recognize a need to back
up data. Two years ago it introduced
a product called Mirror, which lets you
dump a mirror image of a Corvus
hard disk to a standard videotape
recorder. Corvus also has a product
called The Bank, a high-capacity
(200-megabyte) tape-cartridge drive
that interfaces directly to Omninet.
The Bank can be used as a backup to
the disk server and can also be direct-
ly accessed by workstations in the
manner of a slow disk server.

One of the more interesting Omni-
net products is the SNA Gateway. The
Gateway allows workstations to run
terminal-emulation software and
establish a virtual connection with a
remote host. More than one user can
use the Gateway at the same time. It
supports 3270 terminal protocols as
well as SNA/SDLC (synchronous data-
link control) communications pro-
tocols to the host.

NESTAR
Nestar was the first third-party vendor
to produce a true personal computer
LAN. It was called the Cluster/One
Model A for Apple computers, and it
made its debut in 1980. The Cluster/
One is not being sold anymore, now
that Nestar is pushing its PLAN 4000
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system. PLAN 4000 is based on the
Arcnet token-passing protocol with
XNS protocols at a higher level; it is
about four to five times faster than the
Cluster/One in end-to-end throughput.
In addition, it now supports the IBM
PC.

As for the Datapoint Arcnet speci-
fications, the PLAN 4000 network
communicates at the raw data rate of
2.5 megabits per second over RG-62
(3270-type) coaxial cable. A VLSI
data-link controller (from Standard
Microsystems) handles this low-level
communication. IBM PCs in this sys-
tem can be up to 22,000 feet (approx-
imately 4 miles) apart. Active re-
peaters (equivalent to the Datapoint
HUBs), which also connect the work-
stations to the network, are required
every 2000 feet. Each PLAN 4000 can
support as many as 2 54 workstations,
but again, a more practical number is
lower.

Nestar has preserved a lot of appli-
cation and server software developed
for the Cluster/One and transported
it to the PLAN 4000. Because of its
early development, Nestar has more
servers than any other vendor. These
servers include file (actually a disk
server), print, 3270, 3278, SNA, telex,
file transfer, and gateway (between
PLAN systems).

The file server is a high-performance
server machine that uses the
Motorola 68000 processor and is
based on a multibus design. It has a
built-in streaming-tape drive for back-
up, disk capacity of more then 500
megabytes, and a built-in modem port
for remote diagnostics. Passwords are
supported at the directory and
volume levels (the file server supports
a tree-like hierarchy of directories and
volumes). PC-DOS 2.0 and the UCSD
p-System operating systems are sup-
ported. With Apple Its or Ills, Apple
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Pascal, DOS 3.3, and CP/M are sup-
ported.

Unfortunately, this "Mercedes" of
file servers is rather expensive:
$20,000 for 60 megabytes of hard-
disk memory. A lower-cost version,
the PLAN 3000, supports only one
disk of up to 60 megabytes. The
PLAN 2000 is for OEMs and is essen-
tially a board-level product that in-
cludes software for a disk server
based on the PC XT.

The gateway server is currently
unique to Nestar among the personal
computer network vendors. It allows
real-time communication between
two PLAN 4000 networks. For exam-
ple, they might be on two different
floors. You can actually transfer data
at 2.5 megabits per second between
systems; in fact, if you had two PLAN
4000 systems with a gateway server,
you could establish virtual connec-
tions with disks on other network file
servers and use them as if they were
local. Nestar overcomes the address-
ing limitation by assigning each net-
work interface card that ships out of
the factory a unique Ethernet address
(Ethernet has a 48-bit address space,
so each manufacturer can have its
own portion of it). This address is
used by the gateway. So you can ac-
tually have two stations on two dif-
ferent networks with the same Arcnet
address, differentiated by their
Ethernet address. The gateway does
support the connection of more than
two systems.

SOFTWARE
Personal computer LANs have some
interesting capabilities that tend to
not make software manufacturers
happy. If you take your application
and load it onto a hard disk or a
shared disk, everybody on the net-
work can run it. Manufacturers, at
least until now, have licensed their
software to run on a single central
processor.

As LANs become more prevalent
you will begin to see software manu-
facturers offering network-wide licens-
ing strategies. Rather than charging
the price of 10 copies of VisiCalc to

(continued)
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use it on a 10-node network, the com-
pany can charge you for two or three
copies and give you a network-wide
license. 3Com, for example, already
offers network licenses of VisiCalc
and VisiFile. Application vendors are
also coming up with schemes (some-
times in concert with vendors of
LANs) to control the number of
copies of one program running at one
time.

OPERATING SYSTEMS

A number of software houses are be-
ginning to offer network-operating
systems that will operate on a number
of different personal computer local
networks. These vendors include
Softech (Liaison), Novell (NetWare/
OS), Digital Research (DR Net), Ap-
plied Intelligence (PC/NOS), and
Phoenix Software (PAXNET).

Let's take a closer look at Digital
Research's DR Net and Novell's Net-
Ware/OS.

DIGITAL RESEARCH DR NET
DR Net (available by the time this ar-
ticle is published) is going to preserve
compatibility, at least at some level,
with all the CP/M operating systems.

APPLICATION

NDOS

The various operating systems are go-
ing to have different roles to play in
the DR Net system. As with the other
network-operating-system vendors,
Digital Research would like to see an
operating system for a wide variety of
networks with a user interface that re-
mains unchanged, so users don't
really care which network they are on.

Because Digital Research preserved
compatibility among all versions of
CP/M, 8- and 16-bit systems can in fact
share the same files on the same
network.

The basic idea of DR Net is illus-
trated in figure 1. The NDOS, a cap
on top of the operating system, per-
forms as a true file server rather than
a disk server. NDOS takes a look at
each DOS request that comes
through. If it's for a local peripheral,
the request is passed down to the
local operating sytem and through the
local I/O system. When it's a request
for a virtual peripheral, it's shipped
over to the network I/O system and
straight out to the network hardware.
From there it goes out to a server,
comes back to the requester, and
passes back to the application. As
many as 16 users can be supported

NIOS

2

LOCAL O S

i CONCURRENT
WITH SOFT/NET

x1os

COMPUTER HARDWARE NETWORK HARDWARE

Figure I: The structure of DR Net, in which NDOS is a true file server.

at a server simultaneously. And
because it's a file server, users are
able to put password protection on in-
dividual files.

Digital Research did, in fact, put
record-locking facilities into some of
its earlier operating systems, par-
ticularly MP/M. And it has included
those on the CP/M-86 and Concurrent
CP/M-86 products. So you can have
multiuser file sharing with record lock-
ing. And because this is built into the
operating system, the application pro-
grams don't necessarily have to use
a semaphore scheme to support a
multiuser application.

Some of the operating systems, par-
ticularly the more primitive ones, can
only be requesters. For instance,
CP/M-80 and CP/M-86 are basically
only requester operating systems,
MP/M, on the other hand, whether
8-bit or 16-bit, actually was designed
to provide file sharing to CP/M sys-
tems.

NOVELL NETWARE/OS

Novell NetWare/OS software is por-
table across a number of different net-
works. Novell currently has eight dif-
ferent versions of NetWare, applying
to different network hardware. The
versions are NetWare/D for Davong's
Multilink, NetWare/E for 3Com's
EtherLink board, NetWare/G for Gate-
way's G-NET (also referred to as the
Novell NetWare/X system), NetWare/N
for Nestar's PLAN 2000, NetWare/O
for the Omninet transporter, NetWare/
P for Proteon's proNET token-ring sys-
tem, NetWare/PC for Orchid's PCnet,
and NetWare/S for Novell's NetWare/S
system. All of these systems use the
PC XT (with the exception of NetWare/
S, which uses a 68000-based file
server) as a (true) file server.

One thing to keep in mind is that
you cannot mix and match NetWare
with the other vendors' server prod-
ucts and have them communicate
with each other. Although one of the
nicest file servers around, NetWare is
a highly proprietary, closed system.
The search for a system that
integrates everyone's networking
hardware and software goes on.

(continued)
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Its unfortunate that all
of the IBM PC LANs
are incompatible with
each other.

Let's take a look at some of the
capabilities of the NetWare/OS file
server. NetWare puts a cap on top of
DOS, much like DR Net. NetWare im-
plements a number of functions in the
server to increase its performance. For
instance, it dedicates a large portion
of memory as a disk cache and per-
forms elevator-seeking on the hard
disk. You can queue up requests, and
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TIMER
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Figure 2 : Novell's own multiprocess operating system in NetWare/OS.

INFORMATION RELAY PACKETS BACK
TO NETWORK WORKSTATIONS

DISK
PROCESS

as they process, they will move the
heads on the hard disk like an
elevator so that the heads won't be
thrashing back and forth. The heads
move by processing pending requests
in an order that minimizes disk-head
movement. Currently, only one server
is supported per network, but it can
be used in a dedicated or nondedi-
cated mode.

On the PC XT server Novell put in
its own multiprocess operating sys-
tem, as illustrated in figure 2. A lot of
processes are taking place at one
time. For instance, server processes
are provided so that six pending re-
quests are possible. NetWare/OS has
a disk read/write process that
manages the cache. It also writes out

INFORMATION REQUEST PACKETS
IN FROM NETWORK

MUX PROCESS

SIX PACKET SERVICER PROCESS

BACKGROUND
DISK
WRITE
PROCESS

DISK
INTERRUPT
HANDLER

FIVE PRINTER SPOOLING PR
CONSOLE
COMMAND
PROCESS

blocks that have been modified and
are sitting in the cache. Print spool-
ing is a background task that can sup-
port as many as three printers at the
server (PC XT). NetWare/OS also has
a console-handling process that sup-
ports a wide variety of commands
that you can enter from the console
at the server itself. All these processes
interact to form the NetWare/OS file
(and print) server.

Because NetWare/OS is a true file
server, a file can be automatically
locked while it's open so that the
server won't let somebody else open
the same file. Another interesting
feature is a broadcast command that
can be entered at the console or
user's personal computer. This lets a
user send a one-line message to the
other active stations on the network;
it will appear on the twenty-fifth line
of the personal computer's display.

CONCLUSIONS
It's unfortunate that all of the IBM PC
LANs are incompatible with each
other and that many use highly pro-
prietary software. Eventually, there is
going to be a shakeout, and survival
for some vendors may mean revamp-
ing their product lines or building
gateways to the more "accepted" per-
sonal computer LANs. It's also unfor-
tunate that so many vendors have a
lot of hype in their advertising and
marketing. And users may find that,
in the long run, inexpensive systems
actually cost more in terms of lost
productivity due to poor response
times when several personal com-
puters are involved.

There are still several missing pieces
to IBM PC local networks (which can
be found in mainframe systems), such
as system accounting functions, per-
formance monitoring, and manage-
ment tools. And standards are lack-
ing at all levels, although more and
more vendors are implementing de
facto standards.

I'd like to conclude with six cautions.
First, be leery of vendors' perfor-
mance claims. Raw data rates of the
network can be deceiving if the sys-
tem has poor hardware and complex

(continued)
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The Quick Silver FoxTM
Jumps Over The Big Blue Dog.

We really hate to pick on the
big guys but compared to the
Silver Fox your basic IBM-PCTM
is an overpriced dog.

256k RAM
Why? Well, for starters, your

basic Silver Fox comes with 256k
of RAM which acts like a disk
drive so that more of your soft-
ware is accessed at the speed of
light rather than the speed of a
mechanical drive head.

1.6 Megabytes
You also have more than twice

as much software to access be-
cause the Silver Fox comes with
dual 800k disk drives for a total
of 1.6 Megabytes . Yet the Silver
Fox can read and write to all
popular PC formats.

13 Free Programs
1. MS-DOS TM
2. HAGEN-DOS
3. M-DISK
4. WordStarTM
5. EasyWriter
6. DataStar
7. ReportStar
8. FILEBASE
9. CalcStar

10. Color Graphics Basic
11. MailMerge
12. SpellStar
13. 25 Games , graphics

and utilities
The best free software bundle

in the business , and the Fox will
run some programs written for
the IBM -PC like dBase II and
Multiplan , and programs written
for Sanyo 's new MBC-550 series.

Reliability
Because the Silver Fox is

born on a totally automated
production line in Japan it is
inherently more reliable than
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systems built by hand . The Fox
is burned and tested for 14 days
in Japan , and further tested after
final assembly here in the good
old U.S.ofA.

One Year Warranty
The Silver Fox is built better

so we can back it with a limited,
one-year warranty , four times
longer than IBM. We're Scotts-
dale Systems and since 1980
we've shipped over $ 10,000,000
of microcomputer equipment
directly to microcomputer users.

Because we deal directly with
users, we think we have a better
idea of what you want. So the
Silver Fox includes graphics
with twice IBM's resolution, a
printer port , a keyboard with a
big return key, and a 12", high-
resolution monitor as standard
equipment.

Of course , you could spend
$4729 at Computerland for an
IBM-PC that will perform almost
as well as a Silver Fox . But why
bother when you can call

1-800-FOR-A-FOX
and get your

S1398
to perform like $4729?

For additional information call 1-800-367-2369 , or in AZ,
AK, or HI call (602)941 -5856 . Or write Silver Fox Computers,
617 N. Scottsdale Road MB , Scottsdale . AZ 85257.

IBM-PC price is based on a phone quote from the
Mesa . Az Computerland on July 30. 1984. Price included
256k RAM . dual 360K drives ( BOOK ' s weren 't available),
software , and a graphics monitor.

Trademarks : Silver Fox and Hagen - DOS. Scottsdale
Systems Ltd . IBM-PC . International Business Machines
Corporation . Wordstar . Calcstar . Mailmerge , Spellstar.
and Infostar . Micropro International - MS-DOS , Multiplan.
Microsoft Corporation . Filebase , EWDP Software. Inc.
dBASE II, Ashton-Tate.

Ordering Telemarketing only, Silver Fox price is for
cash . F.O.B. Scottsdale . price subject to change , product
subject to limited supply. Visa, Mastercard add 3%. AZ
residents add 6% . Returned merchandise subject to a
20% restocking fee. Personal /company checkstake upto
3 weeks to clear . No C.O . D.'s or A.P.O.'s,

software to support it.
Second, beware of the "low" cost:

$500 to $800 per connection may not
be the dominant cost when you con-
sider that every networking system
will have at least one shared " hard
disk, which is typically a $6000 PC XT.
And recall that installation of the
cable typically costs far more than the
cable itself.

Third, watch out for software integri-
ty. Some networks introduced a year
or so ago still have bugs. Also, the
more "distributed" types of systems
(sharing any personal computer's
resources anywhere on the network)
tend to be shaky because of the com-
plexity of the multitasking networking
software. And these systems typical-
ly require 64K to 128K more bytes of
RAM for every personal computer
than the "nondistributed" types.

Fourth, don't be surprised if your
favorite stand-alone software package
doesn't run on a local network. These
packages are designed for stand-
alone personal computers, are often
copy-protected, often make assump-
tions about the local environment,
and are clearly not designed for multi-
user environments. However, most
software that uses standard BIOS calls
works satisfactorily when used in a
network, provided that users aren't
manipulating the same files.

Fifth, watch out for conflicts be-
tween the network board and other
add-on boards. There are only a few
DMA and interrupt channels in the
IBM PC, and many third-party vendors
use them. So don't be surprised if you
have to remove your favorite hard-
ware board as well!

Finally, no system available today is
truly turnkey. For example, the ven-
dors don't tell you about the hidden
costs in a system such as personnel
costs. Somebody has to install that
network. People have to be trained.
Someone has to maintain and
manage the system. n

This article is based on the upcoming Ar-
chitecture Technology " Personal Computer
Local Networks Report ;' which will be
available at the time of this printing.


	19841201 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86
	page 87
	page 88
	page 89
	page 90
	page 91
	page 92
	page 93
	page 94
	page 95
	page 96
	page 97
	page 98
	page 99
	page 100
	page 101
	page 102

	19841202 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86
	page 87
	page 88
	page 89
	page 90
	page 91
	page 92
	page 93
	page 94
	page 95
	page 96
	page 97
	page 98
	page 99
	page 100

	19841203 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86
	page 87
	page 88
	page 89
	page 90
	page 91
	page 92
	page 93
	page 94
	page 95
	page 96
	page 97
	page 98

	19841204 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86
	page 87
	page 88
	page 89
	page 90
	page 91
	page 92
	page 93
	page 94
	page 95
	page 96

	19841205 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64

	19841206 Byte
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82




