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Weird, Wacky, and Wonderful �
Life's never boring in computing, and it's about 

to get a whole lot more interesting. 

IID
very few years, the comput­
er indust ry ex periences a 
collective madness in which 
N orthern Califo rnia civility 

gives way to a mentality more typical 
of Chicago commodities pit bulls. It's 
shaping up to be one of those years. 

Those of us who buy and use com­
pu ter techn o logy are confronted by a 
horde of shouting, shoving vendors, a ll 
vying for our business. Our whole world 
is being shaken up. And that's p robably 
a good thing. 

After all , it' s been relatively calm fo r 
a few years. It used to be you bought a 
N ovell LAN, Windows or the Mac OS, 
so mebody's Unix relational database 
management system (RDBMS), maybe 
PowerBuilder if you wanted to be real­
ly cool, and voila!-a mainstream cl i­
ent/server computing architectu re. 

T hen thi s weird techn ology call ed 
the Web ki cked in. Build in fo rmati on 
systems around plain-ASCII text ? Pro­
gram in scripting languages? Sounded 
pretty primitive compared to database 
manage rs, SQL, and C++ . But so me­
where along the line, the sharpest in for­
mati on-tec hn o logy (IT) people go t a 
gleam in their eye. This Web technology 
seemed to address a whole host of prob­
lems that client/server computing just 
hadn ' t delivered on: portability, fl exi­
bility, and location independence. 

Remember how cli ent/server co m­
puting was supposed to let yo u shift 
work between client and server as need­
ed ? N o MIPS would go unused. H ow­
ever, nearly a decade after client/server 
first debuted, few tools exist that allow 
anything like a dynamic repartitioning 
of an application; none that I know of 
does it in real time or automatically. And 
even the best application splitters work 
onl y within their own confines. Try tak­
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ing a complex application system devel­
oped in C++, PowerBuilder, and Visu­
al Basic and start shifting fu nctio ns 
around . Can ' t get there from here, as 
they say in Maine. 

The wacky part is, this new Webbed 
world can get you at least partway there. 
Start with a plain-vanilla browser. It' ll 
ru n on th e thinnest cl ient plat for ms, 
even the much-heralded Web PC. Need 
a fa tte r one? Add plug-ins, Java, or Ac­
tiveX applets. Want a totally obese cli ­
ent ? Put Windows 95 underneath. 

T he wonderful part is, you can figure 
out all this fo r yourself. The whole fa t­
server/ fat- client debate has gone fro m 
a strategic one to a tactical one. There's 
no one right way to divide the work be­
tween server and client, despi te the mar­
ketectu ral pretensions of our software 
pit-bull traders. 

The whole fat-server/fat-client debate has gone 
from a strategic one to a tactical one. 

computing, replaces monolithic blocks 
of code with many smaller objects that 
cooperate to fo rm a working ap pli ca­
tion. T he objects can move around and 
be moved around by an intelligent net­
wo rked OS. 

Will emb rac ing thi s fl ex ibility and 
di ve rsity bring you closer to that ho ly 
gra il o f application systems that auto­
maticall y reconfigures itself fo r maxi­
mum perfo rmance and balanced capac­
ity utilization ? N o; the best you can do 
is achieve a static load balance with this 
new toolkit o f architectures. 

For now, that's as good as it's going to 
get. If we can just avo id getting sucked 
into a whirlpoo l o f fal se p ro nounce­
ments that a particular p rogramming 
paradigm is the right one, we now have 
the tools to get halfway toward that holy 
grail. 

When do we get to the fin ish line? 
Ironi call y, we' ll have to wait un til cl i­
ent/server computing withers away. Its 
emerging successor, distributed object 

If it works (and that's a big if), it will 
be a big step forward . M eanwhil e, the 
newfound fl exibili ty of browser cli ents, 
server farms, and components that are 
their own middleware should keep us 
busy learning and marveling for the next 
few yea rs. 

Mark Schlack, Editor in Chief 
msch lack@bix.com 

Help us tailorBYTE to yourneeds. Ifyou're 
a subscriber, please fill out and return the 
questionnaire in this issue. (You'll find it 
on the Reader Service inquiry reply cards.) 
Thanks. 
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1Vendors Eye 
Internet 
Telephony 
Standard 
The best things in life are free, and, for 
now, so is making phone calls over the 
Internet. More than a dozen companies, 
with a lm ost as many proprie tary tech›
nologies, are producing Internet tele›
phony programs for perso nal comput›
ers. However, analysts believe this free 
ride may not last. 

An immediate threat comes from the 
America’s Carriers Telecommunications 
Associa tion (ACTA), a trade association of 
long-distance carriers. ACTA has peti ›
tioned the FCC (http: //www.fcc.gov) to 
remove from th e market products like 
VocalTec’s (http ://www.vocaltec.com/) 
Interne t Ph one, Quarterdeck’s (http: 
//www. qdeck.com) Web Talk, NetSpeak’s 
WebPhone (http ://www. netspeak.com), 
and Third Planet Publishing’s (http ://www 
. planeteers.com/) DigiPhone. 

The ACTA petition, wh ich has met wi th 
strong resis tance from the Voice on the 
Net (VON) Coa lition (http://www.von 
.org/) of telephony software businesses, 
is widely ex pected to be denied by th e 
FCC. After all , the FCC is in the carrier reg›
ulation business, not software regulation. 
Says Nate Ze lnick, senior ana lyst for 
Mecklermedia (Westport, CT), which is 
a trade show producer and publisher of 
Internet-focused titl es, "The Telecomm 
Reform Act of 1995 deregulated the tele›
communications industry. It didn’t put it 
in a straitjacket." 

Thatsaid, Zelnick doesn’t expect Inter›
net t elep hony to play a major role in 
most people’s lives. "The big problem with 
Net telephony is that a $10 device called a 
phone already lets you make long-distance 
calls. You can use a computer, voice card, 
and software; but then your ’ free’ phone 
service must be paid for up front, instead 
of on a usage basis." But he also says that 
for businesses that make many long-dis›
tance calls, especially to branch offices, 
" Internet telep hony makes a great deal 
of sense." 

H arley Ungar, an analyst and consul›
tant for the New York City-based research 
and consulting firm Jupiter Communica›
tions, believes that interoperability among 
different vendors’ products will be a key 

requirement for wide acceptance oflnter ›
net telephony. "Ultimately, there must be 
an interoperability standard, but I don ’t 
see this ha ppening until the Internet 
becomes a mass market." Ungar predicts 
that this won’ t occur until the "turn of the 
century, when a thi rd of the population 
will be using the Net." 

Lee McKnight, principal research asso ›
ciate for MIT’s Internet Telephony Inter›
operability Project (http ://rpcp.mit.edu 
/- itel/) , is working to ensure that Inter ›
net telephony interoperabili ty standards 
arrive long before the year 2001. H e is 
he lping to pull toget her th e proposed 
Internet Telephony Interoperability Con›
sortium (ITIC). This industry and educa›
tion group wil l promote open standards 
that will be issued via either the Internet 
Engineer in g Task Fo rc e (I ETF) or th e 
WWW Consortium fo r the benefit of com›
panies and users al ike. With telephony and 
computer powerhouses like AT&T, M i›
crosoft, MCI, and Netscape, plus Inter›
net telephony companies, attend ing the 
first organizing meeting of the ITI C, open 
standards seem poss ible. Without stan›
dards, McKnight says, "None of this will 
go anywhere." 

McKnight is not interested in just the 
technology. For him, the real questions 
are: How will the technology be deployed, 
managed, regulated, and paid for? The last 
is critical. For now, there’s no charge, be›
yond the init ial investment and monthly 
Intern et access fees, fo r voice over th e 
Internet. H owever, McKnight says this 
will change. 

"No one has a good idea right now what 
the financi al model w ill be," McKnight 
says. "But economic analyses ofvoice ser ›
vices over the Internet, including cost eval›
uation, pricing, and yie ld management 
models, will produce a viable model. " 

McKnight also says that while ACTA’s 
petition will fa il, "There’s a risk or chance 
that in the futu re, the FCC may attempt 
to regulate the Internet. I don’t expect it 
to happen soon, but the risk is there an d 
grows as commercial traffic such as real›
time voice services grows." Still, he be›
lieves that the future of Internet telephony 
is bright. According to McKnight, we will 
see "a whole new range of Net/telephony 
services. There will be new applications that 
we can’t dream of today. By the twenty›
first century, we’ll be looking at the first 
or second ge neration of standardized 
products and services that combine the 
Internet and telephony." 

-Steven J. Vaughan-Nichols 

; yeah, but... 
i . 

Inconsistent availability of ISDN pre­
vents this useful technology from ever 
becoming as popular in the U.S. as it 
is in Europe. 

Yeah, but the ISDN situation continues 
to improve to the point that companies 
such asJetStream ((408) 777-4300) have 
released ISDN hubs and communications 
suites specifically for telecommuters who 
want the features and power of a compa›
ny’s PBX extended to the home office. Tel›
oquent ((800) 468-6434) also uses ISDN 
for its Distributed Call Center and Video 
Call Center. Although Teloquent officials 
say limited ISDN deployment in the U.S. has 
resulted in a smaller potential customer 
base, that situation is improving. 

ISDN is just an interim step on the way 
to asynchronous transfer mode (ATM), 
ADSL, or cable modems. 

Yeah, but those services are still imma›
ture in many ways. ATM will likely succeed 
in the long term. But ISDN will also satisfy 
an immediate need for midrange data 
access and a wide variety of services, in›
cluding videoconferencing, branch-office 
interconnection, and Internet access, espe›
cially as telephone companies improve their 
ISDN service and support. 
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Even free notebooks may be possible 
in the future. Imagine a device, smaller 
than a laptop, that when unfo lded is 8 
by 11 inches, half o f it a color display, half 
a keyboard, and that through the mira­
cle of radi o fr equency ce lls co nnects 
yo u to th e Internet fro m anywher e . 
Although such a notebook isn't available 
today, the wire less aspect is, at least in cer­
tain parts of the country. M etricom (Los 
Gatos, CA) has installed a wireless net­
work that allows connection to the Inter­
net from anywhere in the San Francisco 
Bay area over a 28 .8-Kbps modem. Met­
rico m is also op erating in Sea ttl e and 
Washington, D.C. Don Wood, executive 
vice president of M etricom, says that it 
is solving th e low-cost wire less access 
problem (connect ra tes start at $29.95 a 
month, $40 with a modem) . Says Wood, 
" If there were a less expensive portable 
dev ice ava il able, the market fo r these 
wire less services would be a much larger 
segment of the population." 

Ma lco lm Bird , chi ef execut ive of 
Aco rn 's Network Comput ing Division 
(Cambridge, U.K.), questions how many 
fea tures consumers are willing to sacri­
fice in exchange for a low-cost mobile 
device give n today's LCD scree ns and 
o th er no tebook com ponents. H e says 
such a mobile unit may be viable in the 
future. " But I thin k the real solution may 
be that netwo rk computers beco me so 
ubiquitous that wherever you tu rn, there 
is a network access device." Whether it's 
a notebook or a PC, your free network 
co mputer will no t ho ld personal da ta; 
instead , it po ints you to storage where 
your personal information is kept secure. 

Compani es suc h as Sure Find (http: 
//www.surefi nd .com) , XactLabs (http: 
//www. xact labs.com), and Conn ected 
(http://www.connected. com) have pro­
vided the techn ology for private secure 
data storage on the Internet. Unlike with 
your hard drive today, you wo n' t worry 
about losing your data or running out of 
space wi th these storage services, because 
your da ta is stored in at least two secure 
mi rrore d sites that p rovide unli mited 
space and tools to help manage your data. 
When you need printed output, co py 
shops like Kinkos will offer low-cost local 
printing serv ices. From any public PC 
phone, a fr iend's PC, or a free PC that you 
just picked up at the store, you will com­
pute without worrying about losing your 
data or running out of storage space . 

-Gary W. Tripp 

34 BYTE AUGUST 1996 

Book Review& �
In fact, once the right people were involvedUnpredictable Discoveries 

and the money was there, the Internet seems 
Because new technology seems to com › inevitable. It may be true that all failed 
bine with a blase attitude to produce for› research projects are the same, but each 
getfulness, it’s probably not a bad idea to successful one is successful in its own way, 
look back from time to time, if only to be and this one’s success involved a lot of peo›
reminded of how things got started after all. ple. The number and variety are staggering›
A good place to start along these lines is theorists, engineers, administrators, pro›
with the birth, if you will, of the Internet. Katie grammers, engineers, graduate students, 
Hafner and Matthew Lyon describe it in and the employees of Bolt Beranekand New›
Where Wizards Stay Up Late: The Origins man, the Cambridge consulting firm that 
of the Internet. This is an account of the engi › oversaw the installation of ARPANET’s first 
neering and programming required to set computers. 
up ARPANET, which, of course, is the Homo J. C. R. Licklider stands out. He was one 
erectus of modern networking. of those gifted and endlessly curious men 

The truth is often a surprise. What, after who had the knack of attacking what seemed 
all, could be less cool, more fuddy-duddy, to be widely different problems. If nothing 
and even vaguely hemorrhoidal else, he was a visionary when it 
than Dwight D. Eisenhower and came to the possibilities of 
his pal Neil Mc Elroy, the Sultan computing. In the Pleistocene 
of Soap, who ran Procter & Epoch (aka 1960), Licklider, 
Gamble? Well , the next time you who wrote a paper called the 
send a piece of e-mail, you "Man-Computer Symbiosis;� 
might take a moment to realize foresaw a "massive network" in 
that some of what they did was which "home computer con›
not so bad after all . soles" (not then invented) 

Eisenhower and McElroy, would be linked. 
who served as Secretary of The truth is, though, there 
Defense, had a belief in science were many others: Vint Cerf, a 
and technology. McElroy, in particular, California computer scientist who came up 
thought that pure research, if left to its own with such notions as a routing computer to 
devices, would be able to justify its exis› connect networks. Or Larry Roberts , who 
tence. But it ’s not enough to believe. You deserves a lot of the credit for AR PAN ET, 
also have to put beliefs into action, and to and who, from the beginning, had an instinct 
this end, Eisenhower and McElroy managed for networking computers. 
to set up ARPA. The critical thing was the The writing of Where Wizards Stay Up 
atmosphere that was established in the Late could be better than it is. At best, it is 
agency right from the beginning. ARPA saw comfortably readable; at worst , it has the 
itself, as the authors point out, as a "group aspect of too much research ground through 
that would take on really advanced �tar-out’ a word processor. Its biggest flaw is that the 
research:’ authors never allow you any sense of the per›

So, after setting up a place that had the sonalities of the people involved. Sometimes 
right attitude, Eisenhower, and then John F. characters are given an identifying tick (one 
Kennedy, produced the rocket fuel that tech› is cold hearted, another is friendly), but even 
nological research requires. They turned on the authors seem to forget such identifica›
the money faucet.The effect of this setup was tion after a while. 
obvious. For instance, in 1966, Bob Taylor Nevertheless, the book makes good read›
wanted to do something about hooking dif› ing for anyone interested in where the Inter›
ferent computers together. Taylor, a Texan, net came from, and how policy decisions, 
had made the jump from psychoacoustics particularly where research is concerned, 
to computing and was director of the Pen› affect the outcome. 
tagon ’s Information Processing Techniques -Craig Nova is the author ofeight novels and 

Office. He went to see the director of ARPA, the recipientofmany awards and prizes, including 

Charles Herzfeld. In 20 minutes,Taylor walked an award in literature from the American Academy 

away with the money, a million dollars to start and Institute of Arts and Letters. You can reach 

studying the problem. him on the Internet at nova@sover.net. 

WHERE WIZARDS STAY UP LATE �
The Origins of the Internet �

by Katie Hafner and Matthew Lyon; Simon & Schuster; ISBN 0-684-81201-0; $24 �





Windows95 
Stymies Blind 
Users 
Despite promises to make Windows 95 
mo re accessible to developers who cre­
ate adaptive technology fo r the blind , 
much-awaited technology rema ins in 
Microsoft's labs and is still mo nths away. 
Blind computer users who want to use 
Win 95 a ppli ca ti o ns or th e Inte rn et 
require a screen reader, which is assistive 
so ftware that translates standard video 
mo ni tor output into the spoken word or 
braille alphabet. Unfortunately, not all 
software and OSes work well with screen 
readers and other forms ofadaptive tech­
no logy. Because developers o f screen­
reader applicati ons can't always deter­
mine what's displayed on the screen of 
a Win 95 ap pli cati o n, these p rograms 
do n't work as well as they could, which 
costs the disability community jobs and 
oppo rtunities. 

When advocates in the disability com­
munity, including the National Council 
on Disability (Washington, D.C. ), com­
plained to Microsoft abo ut th e lack of 
e mb edd ed syste m hoo ks in Win 3 .x, 
Mic roso ft said it wo uld make Win 95 
more compatible with screen readers and 
adaptive equipment in general. But fea­
tures to assist the blind have fa llen behind 
schedul e. They include an o ff- scree n 
model that will keep a record of all infor­
mati on written to the scree n, letting a 
blind use r accurately read what is o n 
th e scree n using special softwa re. Ac­
co rding to Microsoft, th e o ff- scree n 
model is still under development and not 
even ready fo r alpha release. 

Trying to make the best o f th e situa­
ti o n, adaptive so ftwa re deve lo pers are 
rolling out new screen readers fo r Win 
95 . Witho ut the o ff-screen model, how­
ever, the job is difficult. Nevertheless, 
Auto matic Scree n Access fo r Windows 
(MicroTa lk, (903 ) 832-3471 ), th e latest 
entry in this category, supports both Win 
95 a nd Win 3 .x. Bio link' s (( 604) 98 4­
4099 ) ProTalk 32 scree n rea der sup­
ports Win 95 and NT. 

But adaptive technology specialists say 
computers wo uld be more accessible if 
so ftw are develo pers wo rked with the 
disability community to create products 
everyone can use. -Joseph J. Lazzaro 
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Datapro Report 

How to Create a Network Security Policy 

As businesses increasingly rely on computers and networks, the potential for damage from 

electronic theft or sabotage also increases. A network security policy can make your business 

less vulnerable to data loss caused by theft, computer viruses, or hard drive failure . Besides 

establishing policies for personnel in an organization, a network security policy helps a com­

pany avoid claims of arbitrary enforcement when disciplinary action becomes necessary. 

A network security policy should work with the overall information systems and 

telecommunications security policy and your disaster recovery plan. A good way to start 

on the network policy is with a quick look by a small working group. This doesn't require 

much staff time and resources, and it can save you from implementing preconceived 

notions as to where security is good or bad. An excellent way to determine where security 

needs improvement is through surveys of information management and the end users in a 

business. By surveying both groups, you get diametrically opposed perspectives on the 

network. Because people who live with the system, day in and day out, get to know it well, 

a survey of the user community is useful. 

However, assembling a questionnaire is an art. To encourage honesty, don't ask for 

names unless respondents wish to supply them voluntarily. To encourage widespread par­

ticipation, make it easy for employees to complete the survey. One way to do this is to 

automate the survey: Put it on a log-in screen and save the results into a file. It will make 

the survey visible, and the cost for the entire survey will be minimal. 

Ask people which systems they use, but do not be so specific that you can identify the 

individual. Ask users if they have noticed ways to gain system entry through unexpected 

paths, privileges in excess of those really needed, unusual events that might imply tam­

pering, virus-like symptoms, laxness in controlling physical access, vulnerable systems, 

and servers or applications that are insecure yet whose absence could damage the organi­

zation. It is also important not to convey a sense of the kind of answer you would like. "Is 

system security satisfactory?" is a poor question because the user reads it in the context 

of the requester and a yes or no answer is possible. Instead, ask questions that provide 

even-numbered, not odd, graduated responses. These force the user to take a position. 

Checkoff items on the survey are fine, but the survey should ask for measured, 

thoughtful responses. Indicate that you will use the survey results in a security evaluation, 

and that users' responses are appreciated and will be used. If it is possible to conduct per­

sonal interviews, do so. You must also poll network and computer professionals. 

Once you have reduced the collected survey data into tabular form, the working group 

should arrive at one of three conclusions: Nothing but minor changes are needed. Changes 

are required, but don't call for an organization-wide effort. A full-scale review plus sub­

stantial changes are required. In the last case, you need to make a formal presentation to 

management. If a task force is approved, it should represent every element of the organiza­

tion in developing appropriate controlled access to hardware, data, and applications. 

The task force or working group should review such areas as physical security, access 

control, whether media such as wireless communications are properly encrypted, person­

nel policies, audits, external media such as shareware programs and floppy disks, backups, 

employee awareness, training, and administrative policies. The hardest part of a network 

security policy is its execution, and it is much easier to add new encryption to a WAN than 

it is to change people's behavior. Old habits die hard, and replacing them takes time. 

Often, a year will pass before the new policies take hold. However, with persistence, man­

agers can reduce or eliminate the threats to important business data. 

-Fred Simonds is the author of Network S ecurity: Data and Voice Communications 

(McGraw-Hill, (800) 262-4729 or http://www.books.McGraw·Hill.com; 

e-mail, customer service@McGraw-Hill.com). For more information on 

Datapro Information Services reports, call (800) 328-2776 or (609) 764-0100. 









Bla&t& irom MOLAP, ROLAP, Overlap
the Pa&t 

Jeff Stamen, senior vice president of Oracle's OLAP division, discusses 

the convergence of multidimensional and relational OLAP databases. 

Years ago in BYTE 

BYTE devoted almost the entire issue to 
Smalltalk, Smalltalk-BO, and other object­
oriented-programming topics. In one arti­
cle, Apple's Larry Tesler said, " You can 
write almost any program better in a lan­
guage you know well than in one you know 
poorly. But if languages are compared from 
a viewpoint broader than that of a narrow 
expert, each language stands out above 
the others when used for the purpose for 
which it was designed:' Hold that thought. 

Years ago in BYTE 

We covered object-oriented programming 
again, only this time we talked about sev­
eral languages, including object-oriented 
Pascal, Forth, and 
c++. Ironically, many 
programmers' ob­
ject-oriented lan­
guage of choice is 
C++ today, because 
its object-oriented 
extensions are built 
on a language that 
many already know well. In fact, designers 
of Java have told BYTE editors that they 
made the new language similar to C++ 
because of the latter's extensive use in the 
programming community. 

Years ago in BYTE 

Smalltalk appears again, but not this time 
as a cover story. In an article that simulta­
neously looked back and ahead, authors 
Adele Goldberg and L. Peter Deutsch 
wrote that they hope that in 2001 objects 
will be boring (i.e., no longer radical ideas). 
However, as Microsoft and Netscape duke 
it out over who will set the next Internet pro­
gramming standards, objects will be any­
thing but boring. 

BYTE: Where does Oracle stand on the 
debate between multidimensional OLAP 
versus relational OLAP? 

Stamen: I think the term OLAP [on-line 
analytical processing] has been overly 
exploited. People have lost sight of 
what it really is: data anal ysis that 
includes data navigation, query, model­
ing, what-if, forecasting, and data min­
ing. The way some people have been 
using the term, if anything has any kind 
of multidimensional reporting or drill 
down, they cal l it OLAP. I don't vi ew 
these as OLAP products. I view these as 
products that have extensions to their 
reporting capabiliti es. That said, in the 
OLAP world, there has been a debate as 
to whether you can do real OLAP as l 
describe it, directly on relational data, or 
whether you're required to have a mul­
tidimensional database. 

A lot of people have said, " Well who 
cares about that? We care more about the 
results, and whether it's a multidimen­
sional database or going directly against 
a relational database is secondary." That's 
basically true.That should be secondary, 
but it's not irrelevant. There are a lot of 
issues in loading, managing, and deal­
ing with data. All things being even 
close to equal, why not keep the data in 
the relational database, which everybody 
knows how to deal with, manage, oper­
ate, maintain, and enhance. Our view is 
you can do much of what you need to 

do directly against relational databases, 
generally called ROLAP. 

BYTE: When would you want your data 
in one versus the other? 

Stamen: If you're dealing with lots of 
data, tens or hundreds of gigabytes, it's 
not realistic to have to take that data and 
keep updating multidimensional data­
bases with it. That's an expensive and 
time-consuming proposition. What 
you'd like to do is go up against that data 
directly. On the other hand, if I'm [creat­
ing] complex multidimensional models 
or what-if scenarios (what-if meaning 
simulations, projections, forecasts, and 
so on), then I'm dealing with very com­
pli cated calculations that cannot be ex­
pressed in SQL. In that case, it's not real­
istic to do most of my work against a 
relational database. You need to do it in a 
multidimensional cache. It's the old 80/20 
rule: For 80 percent of the data, you 
never have to leave the database. For the 
20 percent of data created from higher­
level aggregations, stage it in a multidi­
mensional cache. 

BYTE: What benefits can users expect 
from a relational database engine that 
integrates multidimensional analysis? 

Stamen: Long term, and we're talking 
abouta two-year time frame, we're going 
to be offering one engine that integrates 
multidim ensional data with relational 
data in the same engine. So you could 
think of it very much like a data blade for 
multidimensional data in the Oracle 
engine itself. With this future program, 
instead of having just SQL AP !s, you'l l 
have both a SQL and a multidimensional 
AP!. And the multidimensional AP! w ill be 
the same Express [Oracle's current mul­
tidimensional database program] API that 
we have today. Everything you run today 
wi ll still run, except that when it actuall y 
accesses data, it will get it via the Oracle 
engine. Performance will be terrif ic, 
because we're actually going to have a 
multidimensional access method right in 
the Oracle database. But the main bene­
fit is much less support overhead. The 
benefits are you have one data manager, 
one set of database administration utili­
ties, and one data dictionary. 
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NT Workstation 

With a new Intel chip set, AST's Bravo MS-T 6200 is a high-end 
PC with a low-end price. By Selinda Chiquoine 

Mainstreaming Pentium Pro 

ou can buy a 200-MHz Pen­
t ium Pro NT workstation 
now for $3000 less than you 
could six months ago. Take 

the AST Bravo MS-T 6200 we review here; 
it starts at $3335 with 32 MB of RAM, a 
2.5-GB hard drive, and an 8x CD-ROM 
drive. Some of that lower cost is due to 
Intel 's new 440FX PC! three-chip set, 
which effectively replaces Intel's eight­
chip 450KX and GX Orion PClsets in new 
single-and dual-CPU systems. 

T he 440FX PC!set , code-named 
Natoma, represents a savings in silicon 
and system board space-and as our test­
ing reveals, wit hout sacrificing perfor­
mance. The Bravo's SYSmark NT score 
compares favorably to those of earli er 
systems we' ve tested. However, the 
Orion chi p sets w ill continue to be a bet­
ter fit for quad-processor designs because 
they support fo ur memory controll ers 
and two PC! bridges. 

The 440FX PClsetsupporrs up to 1GB 
ofextended data out (EDO) DRAM, burst bus cycles. The 440FX is PCI 2.1-compli­ mandCenter, a group of uti li ries; as well 
EDO DRAM, or fast page-mode DRAM, ant and also supports the Universal Ser­ as a disk-making utility, NetCom's Net­
and it all ows concurrent PC!. It also com­ ial Bus (USB). Cruiser, Netscape Navigator, Internet 
plements the Pentium Pro's split -trans­ Although the Bravo MS-T 6200 sup­ Factory's Communications Build er, 
action bus, enabling more efficient use of ports ECC and parity memory, it comes and SoftQuad's HoTMetaLLight2.0 (an 

standard with nonparity memory (64 MB HTML editor). 
of 60-ns EDO RAM in the system that we 

RATINGStested), which could be a rel iability con­�
cern wit h some large-memory applica­ TECHNOLOGY * * * * �
ti ons. Maximum capacity is 128 MB IMPLEMENTATION * * * �
divided across fo ur memory banks, in 16­

PERFORMANCE * * * 
MB SIMMS. A 5200-rpm 2.5-GB EIDE 
hard drive , 8x IDE CD-ROM drive, 2- AST claims to di stinguish itself with 
MB Matrox MGA Millenni um graphics high-quality components and construc­
card, and 16-bit audio w ith microphone tion, aptly chosen software, excell ent 
are standard. Our test system came w ith documentation, and a reasonable price. 
4 MB of Window RAM (WRAM) on the W ith some exceptions l ike nonparity 
graphics card and a 17-inch AST monitor. memory and lack of built-in networking, 
Although there are plenty of available we agree that this system is well suited for 
slots, SCSI and networking are not inte­ corporate computing. llJ 
grated into this system. 

Software installed on the Bravo MS­ Selinda Chiquoine is a former BYTE technical 
T 6200 includes Windows NT; AST-Com- editor. You can reach herat selinda @bix.com. 

AST's 200-MHz Bravo, ordered with parity or ECC memory, 

is well suited for corporate computing. 

NT Performance 
AST's Bravo is much faster than the 
200·MHz Dell we tested six months ago, 
thanks to improved NT graphics card 
drivers. HP's Orion·based Vectra (shown for 
comparison) is faster due to its 7200-rpm 
SCSI drive. 

HP Vectra 
XU 6/200 

AST Bravo 
MS-T6200 

Dell XPS Pro200 
(six months ago) 

0 200 400 600 800 
SYSmarl< NT 1.0 score 
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Web Browser 

Netscape throws everything but the kitchen sink into the new 
upgrade of the Web's premier browser. By Rex Baldazo 

Navigator Turns 3.0 
• ••• � e've barely had time to digest 

the new features (and risks) 
of Navigator 2.0 and-l ook 
out-herecomes version 3.0. 

But don't panic: While you'll find new 
multimedia plug-ins and Java enhance­
ments, as well as some improvements to 
existing features, there's nothing about 
Navigator 3.0 that makes it a must buy. 

By comparison, the 1.0-to-2.0 up­
grade was substantial, bringing innova­
tions such as the now-ubiquitous Java, 
as well as a very good mail reader and 
newsreader. Version 2.0 also introduced 
Netscape Plug-Ins, which let developers 
offer unique functions that run inside a 
Navigator window. 

Beyond the new Plug-Ins for audio, 
video, and 3-D Virtual Reality Modeling 
Language (VRML), Navigator 3.0's big­
gest changes are the extensions to Java­
Script, Netscape's scripting language for 
browsers and servers. Scripts can now 
detect installed Plug-Ins, and there's a 
built-in Array object. A new feature call ed with Java applets loaded in the browser. duce interesting bugs. Unlike the infa­
LiveConnect lets your scripts interact JavaScripts now have the abilit y to load mous invisibl e/Greek font problems in 

images dynamically as needed, depend­ Navigator 2.0, the bugs introduced in 3.0 
ing on specific events or user interacti on. 

RATINGSTECH FOCUS Hypertext Markup Language (HTML) 
editing capabiliti es are also improved. TECHNOLOGY * * * * 

Where Plug-Ins Connect Finally, the company that helped popu­ IMPLEMENTATION * * * 
Navigator's new LiveConnect feature en­ larize HTML tables offers an editor that 
ables Java, JavaScript, and Navigator Plug­ can handle them. Unfortunately, the pro­ seem lik ely to be fixed in the final ver­

Ins to interact. The following calls are al­ cess is still not close to being WYSIWYG. sion. They'd better be: The one we en­

lowed: 1) to Java methods from Plug-Ins; The text in our table was centered and countered most often was a crash under 

2) to native methods implemented in Plug- in boldface when we viewed it in the Windows NT 4.0. It occurred whenever 

Ins from Java; 3) to Java methods from edit window, but it was left-aligned and we tried to vi ew Netscape's Media Show­

JavaScript; and in normal face when we displayed it in case, which highlights the multimedia �

4) to JavaScript the browser window. capabiliti es of 3.0's Plug-Ins. �

from Java meth­ N etscape has finally fixed the Back All this is a lot to consider when decid­�

ods. JavaScript button so that it now works the way you ing whether to switch from 2.0. We'll �

and the Naviga­ expect it to in a frame environment. In move to 3.0 because the Back button fi­�

tor Plug-Ins have Navigator 2.0, clicking on the Back but­ nally works the way it should. m �
to communicate ton would take you off the current frame­�
with each other s et entirely. With 3.0, it navigates you Rex Baldazo is BYTE's technical editor for soft­�

1...---------' through Java. back through the just-viewed frames. ware reviews. You can reach him at rbaldazo 
N etscape stil l knows how to pro- @bix.com 

o experience the integrated features ofLive3D, Li.veAudio and LiveVideo on this pag 

o get started place your cursor in the VRML frame at the left. Click and release your 
enu will appear. Under •Options: select �~�a�v�i�g�a�t�i �o �n� Bar" . A navigation console will 

·, �~� " 

Besides bundling new Plug-Ins for audio, video, and 3-D VRML, �

Navigator 3.0 retains its predecessor's occasional color glitches. �
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You never give your HP printer a second thought. You just know it's going to work. Now that 

same HP performance can be found in a line of PCs designed specifically for the demands of 

small business. TheHPVectra500PCs. They all arrive ready to work. Some are HP/Microsoft-® 

Small Business Centers-they're armed with Microsoft Office for Windows®95 Professional 

Edition. And to make everything a littl e more manageable, every Vectra 500 comes with 

Designed fo r free online service and support. Dealers include: Intelligent 

�:�:�:�~�~�=�:�a� Electronics, Cornputerland, Datago, MicroAge, Inacom and::::==• ...... iii!
• ... ,. .. iii! ............. . � CompUSA Corporate. For more information, call 1-800-322-HPPC,
Microsoft· �
Windows'95 Ext. 1557.' And see what a good family name can do for you. �

11n Canada, call 1-800-387-3867. "Average U.S. street price for Pentium!. processor-based HP Verna 510 5{15 PC. Moi:r.o· not rncluded. HP Vectra 500 PCs come with Microsoft Windows 95 prcinstalled. 
1Standard on 133 and 166 MCx models, optional on all other models. 10tl1er capacities available. 1Standard on CO, MC and MCx models. 'Multimedia models only. 5Qn-site, second-day business service. 
Microsoft and Windows are U.S. registered trademarks of Microsoft Corporation. Pentium and the Intel Inside logo are reg mred trademarks of Imai Corporation. © 1996 Hewlen-Packard Company PPG429 

HP PCs For Small Business 

FRO M $1389' 
' 

Minitower or Desktop models: 

•Intel 100, 120, 133, 150 or166 MHz 

Pentium processor 

·8 or 16MB EDD Memory 

(128MB max) 

•256KB cac he memory' 

•64-b it PCI video 

•2.5GB hard drive' 

•4X, 6X or 8X EIDE CD-ROM Drive' 

•28.8 fax/data modem with 

telephone answering machine' 

•16-bit Sound Blaster audio' 

•Hands-free headset with microphone' 

•1 -yea r on-si te warranty' 

•1-year free phone support for hard­

ware, 90-day free software support 

rj,/j9 HEWLETT ® 
11!/.!a PACKA R D 



ALL �
THE MUSCLE. �

NONE �
OF THE FAT. �

' ' INTRODUCING THE POWERFUL NEW �P�O�R�T�E�G�E �~� 
Far small er than a standard notebook, the new Portege offers exceptional performance 

and power. The Portege features a blazing 133MHz Pentium· processor with �?�.�' �. �~�! �1�1�]� 

PC! architecture, a gigantic 1.3 bill ion byte hard drive and up to 80MB of :::;: DJ. 
fast EDO memory. You'll also find fu ll -motion video and stereo sound ro �~ �: �~�;�~�: �, �?�~�~ �·� 

give your mult imedia presentations a lot more punch. It 's the best 

yet from Toshiba's award-winning Portege line. Pound for pound, 

no other notebook can touch it. For more information, visit the 

Toshiba website at http://computers.toshiba.com, or for a dealer 

�P�.�~�f�!�\�i�H�I�J�T� near you, call 1-800-457-7777. 

PORTEGE" 
650CT 

• Supports two Type II or one
• 11 .3' color active-matrix TFT Type 11116-bit PC Cards. ZV

display, 800 x600 resolution Cards or32·bit CardBusCards 
• 133MHz (2.9v) Pentium• processor. • 4.81bs.

256KB L2 cache 
• Optional Desk Station VPlus:

• PCI syslem·busarchitecture PCI architecture, SelectBay"
• 16MB of EOO ORAM expandable PCl/ISA and PC Card slots 

to BOMB • Optional NoteOock" II 
• 1.3 billion byte �(�~ �1�.�2�6�G�B �)� hard drive Enhanced Port Replicator 
• Built-in 28.8Kbps voice/fax modem • Windows • 95 or Windows 9 

• HiOVideo· PCI graphics cont roller lorWorkgroupsincluded 
• 16·bit Sound Blaster' Pro • 3·yearlimited warranty 

compatible audio system • Toll·free technical support-
with speaker and microphone 7daysaweek. 24hoursaday 

• Lithium Ionbattery 



FULL -MOTION VIDEO �
With Toshiba's Zoomed Video technology �
and a ZV PC Card, you get full-screen, �
full-motion video and MPEG supportPENTIUM" PROCESSOR 

without sacrificing system performance.How's this for computing 
brawn? 133MHz processing 
power and lightning-quick /

PC/ architecture. 

BUILT-IN 28.8Kbps MODEM 

�~ �- �- �-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
BIGGER KEYBOARD �

At your fingertips is the newly �
designed Portege keyboard. Keys are �
now larger and more ergonomically �

shaped to fit your fingertips. �

In Touch with Tomorrow 

TOSHIBA 

I 

�!� 
I 

�~� 
: 1 �3�' �~l_ ..: . dla. 

800 x 600 RESOLUTION 
Considering its small size, 

the Portl!ge has a large 
11.3' screen with brilliant 

active-matrix color. 

POWERFUL DOCKING �
For the ultimate desktop computer, �

combine the powerful Portl!gl! with the �
optional Desk Station VPlus. You 'll get �

stereo speakers, hot docking and �
Se/ectBay' with optional 6X CD-ROM. �

The World's Best Selling Portable Computers. 
© 996 Toshiba Amer ica lnlorma!ion Systems. Inc. All specil icanons and availabili1y are subject lo change. All products indica ted by 1rademark sym bo ls 

are trademarked and/or reg iste red by their resp eciive co mpan es. Intel Insi de and Penuum Processor Logos are trademarks of Intel Corpor ation. 

Ci rc le 1 34 on Inqu iry Card. 



t Central Data, serial communications is not a side 
business. It's our only business. This dedication has 
inspired a collection of "originals" for UNIX' and 
Windows NT'" not found anywhere else. If we don't 

have exactly what you need, send us your specs. We specialize 
in OEM and custom solutions. 

Our high-speed scsiTerminal Servers'" and 
EtherLite'" Port Servers allow you to add from 
two to hundreds of real !not pseudo) serial 
ports. Without network configuration hassles. 
And without using any card slots. 

Adding modems? Reduce the normal cabling mess with our 
streamlined SCSI and EtherLite Modem Servers. They connect 
up to 16 PCMCIA modems in a single box. 

If you're looking for PC! boards, try our new 4- and 8-port 
senal cards. They're our lowest-cost solutions ever. 

To fully appreciate our Serial Port Originals, 
evaluate one FREE for up to 30 days. Call 
1-800-482-0397. Or view our website at 
http://www.cd.com/ See how Central 
Data has turned UNIX and NT connectivity 
into a work of art. 

Email c-info@cdcom • WWW http://www.cd.com/ • 1602 Newton Drive • Champaign. IL 61821-1098 • 217-359-8010 • 800-482-0397 • Pax 217-359-6904 
<01996 Central Data Corporatoon Al t nghls reserved Cenual Data product names are 1radema11t.s of Centra l Oa:a Corooret!Oll Other traaemarks are ine p1ope1ty or their respective owners 

C irc le 140 on Inquiry Card. 



Subnotebook 

IBM's new ThinkPad 560 packs a lot of features and power into its 
sleek frame-but not without compromise. By Dave Andrews 

ThinkPad Proves You Can Be Too Thin 
BM's thin newThinkPad 560 
packs a ton of features into 
its 4.1-pound package, but 
not enough to match those of 

standard notebooks. While this afford­
able machine doesn't address everyone's 
portable-computing needs, it wi ll be very 
attracti ve to mobil e workers who want 
to combine portability with an easy-typ­
ing keyboard and a big, bright screen. 

The ThinkPad 5 60's 12.1-inch active­
matrix screen and expansiv e keyboard 
wi ll make you forget many of the horrors 
thatsubnotebooks infli cted upon us two 
years ago. T he system also has an 810-MB 
standard hard drive (1.08 GB is an op­
tion), a choice of 100-, 120- or 133-MHz 
Pentium CPU, and memory expandabil­
ity up to 40 MB . On the other hand, the 
fl oppy drive is external, and there's not 
yet a way to fit a CD-ROM drive into a 
notebook that measures only 1.2 inches 
thick. 

The ThinkPad 560's deli ghtful 800-by 
600-pixel screen gives you about the same 
vi ewing real estate as a 14-inch desktop 
monitor (you can also get a less expensive 

"' "' "' 

± 
CL 

a: " C!l 

§
:c 
CL 

The thin ThinkPad 560 and the thick �

ThinkPad 760CD. �

100-MHz configuration with an 11.3-inch 
passive-matrix screen).The screen is such 
a dominating component in the new thin 
form factor that IBM had to use an espe-

The ThinkPad 560's 12.1-inch active-matrix screen and expansive 

keyboard will make you forget the horrors of subnotebooks past. 

cially ri gid hinge with a stiff action to 
keep the screen propped open. The com­
pany also put the heavier elements of the 
4.1-pound notebook, such as the hard 
drive and lithium battery pack, near the 
front to counter the weight of the display 
and to keep the notebook from toppling 
over while in operation. 

Another big benefit is the unit's full­
size keyboard (11 inches from the Caps 
Lock to the Enter key). We found it easy 
to type on, compared to the cramped lay­
outs of sub notebooks of past years. 

IBM has eliminated many of the com­
promises associated wi th small note­
books, bur not all. The most noticeable 
lack is internal drive options.There's no 
internal CD-ROM or fl oppy drive. If you 
need to ger data off a floppy disk, you 
have to use an included external 1.44­
inch drive that cables to a special port. 
(At least you don't have to turn off the 
unit when you attach the external flop­

py dr iv e.) For reading CD-ROMs, you 
have to invest in a third-party device. Fur­
thermore, IBM 's resurrected subnote­
book lacks an integrated modem. 

Nor does the ThinkPad 560 deliver 
other multimedia extras, such as a video-

RATINGS 

TECHNOLOGY * * * * * 
IMPLEMENTATION * * * * 

in port or built-in stereo speakers. For 
video-in, you have to use a PC Card so­
lution (the 560 has two Type II PC Card 
slots). The system's tinny speaker is un­
derneath the keyboard and offers only a 
modicum of multimedia support. 

Still , this ThinkPad goes just about 
anywhere that paper goes. And it doesn't 
weigh a whole lot more. liJ 

Dave Andrews is a BYTE news editor. You can 
reach him at dave.news@bix.com. 
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Power Mac Clone 

Power Computing's 180-MHz Mac clone reveals 
the power of RISC. By Tom Thompson 

Move Aside, Mac 
s the first Mac OS l icensee, 
Power Computing must stay 
nimble to grab market share. 
So far, so good. As Apple ships 

i ts 150-MHz Power Mac 9500, Power 
Computing counters with its 180-MHz 
Mac-compatible Power Tower. 

A standard Power Tower 180 includes 
a 180-MHz PowerPC 604 RISC processor, 
512 KB of L2 cache memory, 32 MB of 
RAM, a 2-GB SCSI hard drive, a bui lt-i n 
vi deo subsystem wi th 2 MB of video 
memory, and two Ethernet connectors 
(lOBase-T and Apple's attachment uni t 
interface (AUI]) - enough to satisfy the 
most demanding power user. T he price 
isn't bad either: $4195 as reviewed.The 
PowerTower's mini-tower chassis pro­
vides three 5!4-inch storage bays (a stan­
dard quad-speed CD-ROM drive occu­
pies one bay) and three PC! expansion 
slots. 

The Power Tower 180 employs Apple 
Power Mac 7200 AS!Cs, which provide 
only a 64-bit data path, while the Power 
Mac 9500 ASICs have a 128-bit data path 
wi th memory interleaving. Power Com­
puting chose the 7200 ASICs because they 
can operate at 60 MHz (a good 3x match 
fora 180-MHzCPU), whilethe9500ASICs 
top out at 50 MHz. 

T he PowerTower 180 arrived with 

BYTEMark 2.0 �
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point 11111111111111ii
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Fast file and image manipulat ion make the �

Power Tower 180 a multimedia author's dream machine. �

Apple's System 7.5.3 and a generous 
selection of software, including Claris­
Works 4.0, Now Util i t ies 6.0, ln tuit 's 
Quicken SE, and other appli cations. (We 
disabled the bundled Connectix Speed 
Doubler software accelerator to prop­
erl y assess system throughput.) Several 
weeks of heavy use with a wide assort­
ment of Mac software proved the sys­
tem's Mac compatibili ty. 

Running Mac software at 180 MH z is 
intoxicating. Mul titasking Claris's Mac­
Write Pro and Netscape's 2.0 browser 
whil e downloading fi les with Aladdin's 
S!Tcomm telecommunications program 
proved quick and smooth. We had no 
network problems using TCP/IP appli­
cations through either a corporate DHCP 
server connecti on or by a dial-up con­
nection using FreePPP 2.5. 

Editing compl icated 3-D graphics in 
Adobe Dimensions 2.0 was effortl ess, and 
operations in Adobe Phoroshop 3.0.4 

simply flew. W here a Power M ac 9500/ 
132 might slow to a crawl managing fi le­
fi ll ed fo lders, the PowerTower ran the 
Mac Fi le Manager's emul ated 680x0 
code effortl essly. 

RATINGS 

TECHNOLOGY * * * * 
IMPLEMENTATION * * * * 
PERFORMANCE . * * * * * 

Even though the PowerPC 604 trail s 
a 200-MHz Pentium Pro by 20 MHz, it 
posted far better integer performance 
and similar floating-point performance. 
Its combined fi le- and image-manipula­
tion capabil ities make the Power Tower a 
multim edia author's dream machine. Ill 

Tom Thompson is a BYTE senior technical edi­
tor at large and author ofThe Power PC Pro­
gramming Kit (Hayden Books, 1996). You can 
reach him at tom_thompson@bix.com. 

* * ***Outstanding ****Very Good ***Good ** Fair *Poor 
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Just because your 
•work 15 complex 

doesn't mean 

it h as to be di ff icu l t 

To get your work done. you've always needed CAD. But then 

Amoco is saving 5% per 
along co mes Visio® Technical , a Windows-ba sed drawing 

projeCI or 11p ro 20 111illio11 

dollars by using \/isio ro 
program that's actually easy to learn and use. Our SmartShapes® 

plan a11d 11w1wge 

rheir oil explo­
technology lets you create 2-D technical drawings and schematics 

rarion. Orher 

companies use ir 
that are both intuitive and intelligent. You can fini sh drawings 

lo sal'e 1i111e or 

increase pmductivity. 
faste r, make changes easi ly, work with AutoCAD file s and even 

You' II .find lots of compa ­

nies hcn·e adopted Visio: 
create custom solutions through OLE Automation . Make things 

Chrysler, National 

Se111ico11d11ctor a11d Fluor 
ea sy on yourself for a change Call 800-24-VISIO, ext. E27 or 

Daniel. for example. 

visi t www.visio .com . For corporate eva luation call 800-VISI0-07 . 

Visua lize your business'" 

¢1 1996 Vmo Corpora11on V1s10. V1s10 Technica l and SmartShapes are registered trademarks ot V1 s10 Corpornt1on All other trademarks are held by their respective companies 
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SERVERS• WORKSTATIONS• LANS •RAID• STORAGE �
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February 20, 1996 February 20, 1996 
SAG STF 166 Pentium SAG STF 150 Pentium 

"SAG is the clear leader in 0 111· 

price/pe1.fimna11ce scale. Both 
.1y.1·tems were top notch pe1form­
ers t11mi11g i11 the /Jest Wi11sto11e 
96, Graphics Winmark 96 and 
Disk Winmark. Both are loaded 
with powe1.fi d componel//.( 
PCMaga:im' 

M 

Internet Server SFT Alpha 

''This system takes 
top honors based 
on its pe1forma11ce, 
expandability, and 
low price wg'.' 
BYTE 

BEST OVERALL 

PENTIUM 120 
�~�-�~�~�~ �'�<�o�o�<� 

BVTE/NSTL REPORT 

120MHz Pen ti um STC 120 

''SAG is the clear choice 
for power users. In fact, 
SAG 120Mhz Pentium 
fin ished with higher 
overall pe1fo rmance 
ratings than other 
133Mhz systems'.' 
IJYTE 
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PC Computing rates SAG, "one of the top direct 
vendors in the US." January 1996. 

High Quali ty Custom-Configured 
Systems At Off-The-ShelfPrices 
Do vou want a custom svstcm'!- Unti l SAG, that meant �
higl;- priced VA Rs and otl;er cos tl y consultant s. �
Do you want lo save some money?- Unti l SAG, your only �
opti ons were pre-configured systems and their many limit ations. �
Precision-Engineered Power Systems- Now you can have �
custom quality without compromise. All SAG fi le servers are �
precision-built and packed with features. We off er multip le �
processing, di sk mirroring, RAID 5 fault tolerance and more �
storage capacity at prices far below the industry standard. �
For affordable disk arrays, tape backup solu ti ons and RAID 5 �
technology, SAG Electronics is the acknowledged " /-li gh-End �
Solutions Company." �
Compatibi lit y and �E�~ �p �c �r�t� Serl'icC (;uarantccd- All our �
systems are guaranteed to work wit h your opera ting software. �

M O RE SERVER POWER , FOR LESS 
Circle 1 53 on Inquiry Card. 

AT&T on.sit e and 4 year extended warranti es arc nvailablc. Lease oplions 
available. Returns may be subj ect to restockin g fee. RMA # must be acquired. 
Some devices have not been approved by the Federal Communications Commi ssion. 

DUAL PRO 
200MHZ SMP 
PRO 1SO & 180 AVAILABLE 

BUILT·IN EXPANDABILI TY WITH 
SMP NATOMA CHIPSET 

1 INTEL PENTIUM® PRO 200 PRoc:ESSOR 

32MB OF 60 NOS EDO RAM ExPANO"LE TO IGB 
Imagi ne 128 Serles ti 4 MB VRAM 

SLOTS' (4) PCI. (5) ISA 

ADAPTEC 2940 ULTRA WIDE CONTROLLER 

2. IGB ULTRA WIOE SCSI HD IB.SMSI 

BX CD·ROM 

KEYBOARD, FLOPPY. MOUSE 

TOWER CASE 300 WATI 

$3213 
QUAD PRO 
200MHz 
2 INTEL PENTIUM PRO PROCES SORS 
EXPANDABLE TO 4 �

64MB Of ECC 4 WAY INTERLEAVED �
MEMORY TO IGB �
SLOTS (6) PCI , 14) EISA 
2940 uw 
B.7GB 7200RPM ULTRA WIDEHD 

DUAL GRAPHICS 
ULTRA STATION 
200MHZ 
IMAGINE 128, FASTEST GRAPHICS, DRIVE, 
AND MOTHERBOARD 
UPGRADABL.£ TO 2 CPUS 
I 200MHz PENTIUM® PROCESSOR 
512K PIPELINE SRAM 
TRITON 11 CHIPSET 
16MB OF 60 NOS EDD RAM 
EXPANDABLE TO 512MB 
SLOTS' 141 PCI. (5) ISA 
BX CD·ROM I MOUSE I FLOPPY 
Imagine 128 Serles II 128 Bit 
"30 !! 4 MB VRAM Video 
2940 uw 
2.1GB Ultra SC SI 
Wide HD (8.SMS) 
AWE SOUND 2GB IDE 
TOWER CASE 300 WATI 

52499$2799 
PRO 180MHZ 
I INTEL PENTIUM® PRO 180 

32MB OF 60 NOS EDO RAM 

#9 64 BIT "30" 2MB EDO 

2. IGB 5400 RPM IDE HD (IOMSI 

Bx CD·ROM 

16 SIT SOUND CARD 

Bx CD·ROM 
#9 2MB DRAM VIOEO 

MAG DX I7T MONITOR 
OUAD PCI ETHERNET 10/100 

FLOPPY. KEYBOARD AND MOUSE 

.....�-�f�i�l�l�~� FLOPPY, MOUSE, KEYBOARD 

WINDOWS 95 

12 BAY TOWER 450 WATI POWER MlDTOWER 

WE ONLY BU ILD CUSTOM SOLUTIONS! 

1.800.989. �

DUAL 200 MHZ SMP 
RAID 5 SERVER 
1 INTEL PENTIUM® 200MHz PROCESSOR, 

UPGRADABLE TO 2 CPUS 

512K PIPELINE CACHE 

32MB Of 60 NOS EDO RAM 

3 4GB 7200RPM REMOVABLE HD {STl 51 SON) 

BX CD·ROM 

RAID 5 CONTROLLER 

SLOTS: t41 PC\, l4l ISA 

12 BAY TOWER, 300 Wm 

REDUN DANT POWER SUPPLIES 

KEYBOARD, MOUSE 

$6799 
ALPHA 433 
POWER SYSTEM 
256 BIT Bus 

IMB SRAM CACHE 

I DEC 433MHz ALPHA CPU 

64MB RAM TO IGB 

6X CD·ROM 

4MB VRAM VIOEO 

4GB 7200 RPM SCSI WIOE HD 

SLOTS (3) PCI, (2) ISA, I I ) SHAREO 

TOWER 300 WAIT 

PRICES CHANGE-

475 
PLEASE CALL I 

These devices arc no!. and may nol be. offered for s;tle or lease. or sold or lc:ised until 1hc SAG ELECTRONICS • 451 ANDOVER STREET• NORTH ANDOVER, MA 0 1845 • 508·682·0055 
approval of the FCC has been obwincd. FAX 508·689·0180 �

HouRs , a ,30AM·B,OOPM. MONDAY·FR1DAv WE SERVE YOUR E NTIRE LAN NEEDS, �
GSA SCHEDULE #GS·35F·3 I 030 FROM SERV ER TO N O DES.�WEB ADDRESS HTTP://SAGELEC.COM 
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