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Hypertext 
I magine, if you will, walking into 

the New York Public Library and 
picking up a book on Mozart. You 
begin to read and learn that Mozart 

was an Austrian composer in the late 
1700s. You wonder what else was hap-
pening in Austria then, so you go to the 
card catalog, find a book on Austrian 
history, go to the stacks, locate the vol-
ume (if it's not checked out), and read it 
before you continue. 

In this book, you find a reference to 
old Salzburg, and you wonder what it 
looked like. Back to the card catalog, and 
the stacks, to find a book with images 
from that time. Finally, you get back to 
Mozart and read of a piano concerto 
you've never heard. This time you head 
for the library's record collection and lis-
tening room. 

This process continues until you have 
either satisfied your desire for knowl-
edge on the subject or worn yourself out 
searching for it, whichever comes first. 

Now imagine sitting at your computer 
and bringing up a hypertext system on 
music. You begin to read about Mozart. 
When ·you wonder about Austrian his-
tory, you simply highlight the text and 
request more information with a mouse 
click or a few keystrokes . To find images 
of old Salzburg, you use the same pro-
cess. And to hear the piano concerto? 
The same. 

Sounds a lot simpler, doesn't it? The 
only restriction to this seemingly endless 
fountain of knowledge is that the author 
of the hypertext system had to establish 
the connections for you to follow and 
provide the additional knowledge for you 
to retrieve. 

In the article "A Grand Vision," Janet 
Fiderio delves into the mysteries of hy-
pertext: where it came from (Ted Nel-
son's Xanadu and Douglas Engelhart's 
NLS), where it is now (Guide and Hyper-

Card for microcomputers), and where 
it's going (CD-ROM). Janet describes its 
form and various functions, such as 
browsing, nodes, and links-aspects that 
separate hypertext systems from normal 
databases-as well as the two main di-
rections of recent hypertext research. 

One of these directions, using hyper-
text for great libraries of information, is 
the thrust of the article "From Text to 
Hypertext" by Mark Frisse. To organize 
large volumes of textual material, you 
must convert and structure quantities of 
(hopefully) on-line text into hypertext 
format. Mark deals with this process and 
its attendant problems. 

The other research direction is using 
hypertext as an aid to problem resolution. 
In their article "The Right Tool for the 
Job," Michael L . Begeman and Jeff 
Conklin describe the giBIS system's ap-
proach to system analysis. This system 
provides a framework within which to 
present issues, take positions on those 
issues, and argue with those positions-a 
framework for constructive discussion. 

Finally, in "Hyper Activity," we pro-
vide a variety of resources, including 
some current hypertext products, various 
educational institutions involved in hy-
pertext research, and a short, noninclu-
sive reading list. 

As the mass of knowledge we all must 
assimilate in this multifaceted world of 
ours continues to grow, from Mozart to 
microcomputers, the future of hypertext 
systems looks bright indeed. 

-Jane Morrill Tazelaar 
Senior Technical Editor, In Depth 
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HYPERTEXT 

A Grand Vision 
Hypertext mimics the brain's ability to access information 

quickly and intuitively by reference 

F or 1945, the vision 
was a grand one: an 
on-line text and re-
trieval system that 

contained not only post-war 
scientific literature but also 
sketches , photographs, and 
personal notes . The machine, 
called a memex, would let you 
browse and make associative 
links between any two points 
in the library. You could then 
record and traverse them at 
will. 

Vannevar Bush, President 
Roosevelt's science advisor 
and overseer of all wartime 
research, including the Man-
hattan Project , envisioned, 
yet never created, the mecha-
nism. It became the founda-
tion for all hypertext systems . 
(See the text box "The Pio-
neer Spirit" on page 238 .) 
Now, 43 years later, hyper-
text applications are finding 
their way out of the research 
laboratories and into the market. 

What Is Hypertext? 
Hypertext, at its most basic level, is a 
DBMS that lets you connect screens of 
information using associative links. At 
its most sophisticated level, hypertext is a 
software environment for collaborative 
work, communication, and knowledge 
acquisition. Hypertext products mimic 
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Janet Fiderio 

the brain 's ability to store and retrieve in-
formation by referential links for quick 
and intuitive access. 

Current hypertext programs don't use 
typical database record and file struc-
tures; their databases usually consist of 
screen-size work spaces called nodes. 
You can fill these computer index cards 
with text, graphics, images, and audio 
and video data. Most hypertext imple-

mentations link nodes in 
either a hierarchical or non-
hierarchical fashion; some 
support both structures. 

Early designers envisioned 
hypertext either as an envi-
ronment for interconnected 
writing and literature storage 
or as a sophisticated, multi-
purpose research environ-
ment that encouraged cooper-
ative thinking on shared 
projects . Product develop-
ment now proceeds on several 
fronts. Universities, includ-
ing Brown, Carnegie-Mellon, 
and the University of North 
Carolina at Chapel Hill, are 
experimenting with hypertext 
systems as multiuser teach-
ing, library-reference, and 
writing environments. Com-
mercial hypertext applica-
tions-like on-line reference 
manuals and documentation, 
public information systems , 
authoring systems, coopera-

tive work systems, and personal organi-
zation tools-are either available or in 
development. 

Hypertext programs, and the free-
flowing databases that are their trade-
mark, have been adapted for electronic 
publishing, project management, sys-
tems analysis, software development, 
and CAD. You can also find software 

continued 
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The Pioneer Spirit 
V annevar Bush designed a simple 

machine by tdday's standards. It 
used microfilm and photocells to store 
its data. But Bush, who was President 
Roosevelt's science advisor, dreamed 
up an information organization and re-
trieval scheme bold enough to influence 
two hypertext pioneers 20 years after 
the fact. 

The first researcher influenced by 
Bush's concepts of associative links and 
browsing was Douglas Engelhart. His 
research at the Stanford Research Insti-
tute in the early 1960s centered around 
using computers to augment human in-
tellect. At that time, he began develop-
ing the On-Line System, or NLS, now 
called Augment and used internally for 
several projects at McDonnell-Douglas. 

Augment is an on-line work environ-
ment. In its original form, it served as a 
storage receptacle for memos, research 
notes, and documentation; as a commu-
nication network, since on-line confer-
encing was possible; and as a shared 
work space where researchers could 
plan and design projects. 

Still running on a DEC 20, Augment 
stores information in a sophisticated hi-
erarchical structure allowing nonhier-
archical branching. Since speed was 
important , Engelhart invented the 
mouse as an input device. He also came 
up with the concept of viewing filters. 
Via filters, you can view a shortened 
version of the statement or file, which 
lets you move quickly through a hyper-
text database, scanning for only perti-
nent data. In fact, Engelhart was the 
first to use an FlO context-dependent 
Help system, an integrated mail system, 
multiple windows, and a shared screen. 

While these developments helped 
researchers deal with complex multi-
dimensional problems, Ted Nelson took 
Bush's concept a step further. Nelson 
envisions hypertext as an on-line net-
work holding the world's literary trea-
sures under one roof. Xanadu is his ver-

(e.g. , outline processors, teleconferenc-
ing systems, and windowing products) 
that borrow some, but not all, hypertext 
techniques . 

In Many Flavors 
Hypertext systems come in many flavors 
and support varying tasks . Typical hy-
pertext software consists of a text editor, 
graphics editor, database, and browsing 
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sion of the publishing utility of the 
future. It is , perhaps, the most well-
known hypertext system. It was Ted 
Nelson, in fact, who originally coined 
the word hypertext over 23 years ago to 
mean nonsequential writing. 

As designed, Xanadu will be an ever-
expanding publishing environment that 
millions of people could use to create, 
interact, and interconnect with linked 
electronic documents and other forms 
of hypermedia, such as movies, audio, 
and graphics. It 's designed to run in 
parallel on many networks of servers . 
On a basic level, a storage manager lets 
you create links between like topics and 
then keeps track of the origins , varia-
tions , and interconnections of the text. 

Xanadu documents consist of native 
bytes, the original document and inclu-
sions , information originally found in 
other documents, and hidden pointers . 
Links are attached to bytes. You can ask 
the system to tell you where bytes came 
from, and you can ask to see them in 
their original form. 

Since the number of documents 
created via Xanadu's system can be im-
mense, the system tracks documents 
using a four-part designator that can lo-
cate the server, user, document, and 
contents. (For a detailed explanation of 
the tracking scheme, see "Managing 
Immense Storage" in the January 
BYTE.) Xanadu is more than just an on-
line reference system, however. It's also 
an interactive writing and conferencing 
environment. 

One of the most radical points about 
Xanadu is that existing programs won't 
operate under it. New applications will 
need to be developed for it to gain wide-
spread acceptance. 

A Xanadu prototype is now up and 
running on a Unix-based Sun worksta-
tion. Nelson claims that products based 
on the Xanadu hypertext concept will 
ship sometime in 1989 (see the item in 
Microbytes in the July BYTE) . 

tool for three-dimensional viewing. (The 
browser is usually a graphic that you use 
to become oriented within a database 
filled with many nodes.) Bit-mapped 
displays, a mouse, windows, icons, and 
pull-down menus are all standard hyper-
text tools . 

The various systems have one under-
lying database, and so far there's no 
DBMS standard. Current products use 

everything from home-grown to rela-
tional databases . Some products let you 
distribute the database across a number 
of networked file servers to create a col-
laborative hypertext environment. 

When you use a hypertext application 
that you didn ' t help to author, you really 
see only the front-end of the program-
the user interface. The machinations of 
the back-end, the database, are hidden. 
Depending on the application, some sys-
tems feature highly developed front-
ends , like those in CAl systems, or com-
plex back-ends, like those in research 
and cooperative work environments . 

As a system user, you have access to a 
number of indexing capabilities. You can 
create inverted files of words, phrases, 
or keywords in context and perform word 
or Boolean searches. Some programs let 
you create hierarchical indexes, like 
tables of contents , while others let you 
create content-based indexes, like the-
sauri . Some systems let you create both. 

If you write applications or use a sys-
tem that doesn't delineate between au-
thor and user, you have access to hyper-
text's editing, linking, and development 
tools . You can author both simple and 
complex applications, depending on the 
hypertext system you use. In addition , 
many products let you invoke programs 
from your application at the touch of a 
mouse . These programs can be short and 
macro-like or large conventional pro-
grams that you would normally run from 
the operating system. 

Not surprisingly, the only thing stan-
dard about hypertext systems is that there 
are no standards. It' s a new technology 
with creative new implementations. One 
emerging standard, the Standard General 
Markup Language (SGML), lets hyper-
text authors create links across various 
applications . Although you usually hear 
SGML described as an electronic-pub-
lishing standard indicating type sizes and 
formats , it also features useful docu-
ment-structure cross-referencing and in-
dexing commands. Most text editors can 
read links created with SGML. 

A Discrete Affair 
To use a hypertext system, you must get 
used to parsing your information into 
small discrete units, or nodes, which 
consist of a single concept or idea. In 
theory, nodes are both semantically and 
syntactically discrete. The information 
contained in a node can usually be dis-
played on one computer screen. In situa-
tions where you need more space, some 
programs let you create longer nodes that 
scroll up from the bottom of the screen. 

Nodes can come in two varieties: 









typed and untyped. An untyped node is a 
box for information. It has no label or de-
scriptor, so you can fill it with anything. 
A typed node is labeled, and the descrip-
tor helps you determine the style of infor-
mation contained in the node. Types help 
you to classify nodes or define special-
ized operations. They are also helpful 
when you 're browsing through a database 
looking for a particular area of interest. 

One system that uses typed nodes is 
giBIS, the Graphical Issue-Based Infor-
mation System from MCC (Microelec-
tronic s and Computer Technology 
Corp.) . It 's a prototype designed for sys-
tems analysis of complex problems. It 
lets you create three basic types of nodes: 
issue nodes, describing an issue you wish 
to discuss with your work group; position 
nodes , describing an assertion that re-
solves an issue; and argument nodes, 
containing your objection or support for 
a position node. Organizing nodes in this 
manner helps giBIS users navigate easily 
through a complex hypertext network. 
(For more details, see the article "The 
Right Tool for the Job" on page 255 .) 

You can also combine nodes to form 
composite nodes . These are composed of 
related subnodes that can be handled as a 
single object or broken out into individ-
ual elements. You can create icons to re-
flect the contents of a composite node for 
easy access . You can also rearrange sub-
nodes if needed. 

Depending on the hypertext product 
you use, nodes can be displayed on the 
screen one at a time, as in Apple 's Hy-
perCard, or in groups, as in NoteCards 
from Xerox Palo Alto Research Center 
(PAR C) , a system designed for idea pro-
cessing (see figure 1). 

The Missing Link 
In general , links are used to connect the 
nodes. A hypertext link is like an elec-
tronic footnote, an endnote, or a paren-
thetical phrase. That is, just as footnotes 
and parenthetical phrases direct readers 
of printed material to related points or 
further topics for research, hypertext 
links connect you to associated text or 
ancillary information. 

Link s, therefore , are the mode of 
transportation in a hypertext network. 
You follow them to move about between 
various nodes . You can usually embed 
them in text and then edit and review 
them to ensure that they are valid. You 
can also create, delete, or change link 
attributes. 

Links must have two qualities : Your 
computer must be able to trace or follow 
them, and they must be able to transport 
you quickly from one node to another. 
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Usually one or two keystrokes or the tap 
of a mouse button is all you need to trans-
port you from one node to the next. The 
total time required to traverse a link is 
small , usually only a second or less . 

While it ' s normally up to you to create 
links between nodes, some products can 
create links automatically; this ability 
may be useful for systems that need to 
cross-reference large text databases. Sys-
tems such as NoteCards also let you 
"type" links. A typed link specifies a 
particular relationship between two 
nodes, one that you define. 

Links can do more than just connect 
two nodes , however. Depending on the 
hypertext system, links can connect an-
notations to a document (including notes 
and comments, like electronic Post-its) 
and provide organizational information, 
such as where the text fits in a table of 
contents or where it originated. There-
fore, links can help define the node's re-
lationship to other nodes within the data-
base. Links may also clarify the contents 
of charts and graphics by connecting the 
graphics to explanatory information like 
longer descriptions . 

Links usually originate at a single 
point, like a sentence, called a link refer-
ence. Their destination, called a link ref 

E ven th o u g h the weapons in q u es t ion 
replace o lder weap o n s ( the Persh ing 
lA and the Vu lcan b omber), b o th are 
capab le of m ore d e s truc t ion fas ter 
than th e ir p r edecessors. T his is the 
resul t o f new r adar guidance 
systems, with new levels of accur acy. 
A lso haye suff icient range to make 
vu lnerabl e insta lla t ion s and c ities In 
th e Wes tern U SSR , in t h e case of the 
P 2, within a ma tte r of m inutes. 
(p. 37"1) See I Guidance of Per shing tt I 
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erent, is usually a node , a chunk or re-
gion of text. 

Points and Buttons 
A point is a single character, token, or 
icon that "points out" a link in a docu-
ment. It's usually identified by either the 
name ofthe destination node, the link, or 
an arbitrary string, and by whether it' s a 
source or destination point. 

HyperCard and Guide (from OWL In-
ternational) refer to points as buttons . 
Buttons can trigger the display of addi-
tional information, traverse a link, or 
activate a program. They can be repre-
sented by text or icons, or, as in Hyper-
Card' s case, they can even be invisible. 
(For more information on these two pop-
ular microcomputer hypertext systems, 
see the text box "What about Micros?" 
on page 242.) 

A Bird's-Eye View 
Hypertext systems are designed to let you 
browse through or quickly peruse associ-
ated nodes. While this feature is impor-
tant, it can also be a problem, because in 
large hypertext databases, you can forget 
how or why you got to where you are. To 
alleviate this problem of disorientation, 

continued 
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ac tua l p os it io n wi th p r·ogr a rn rned course 

and correct course.D Computer is 
des igned to a llow miss ile to follow a 
zig-zag course at a lti tudes as low as 1 5 

Figure 1: NoteCards' display of multiple nodes. Note that the lower two nodes 
further clarify the topic introduced in the upper left node. (Graphics courtesy of 
Frank Halasz from MCC.) 
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many systems provide a tool called a 
graphical browser. 

The graphical browser is a node that 
contains a structural diagram of a net-
work of nodes. Browsers usually supply 
a global or "zoom lens" map of the net-
work. You can use the browser to orient 
yourself or to move directly to an area 
you're interested in by selecting that 
point on the screen with a mouse (see fig-
ure 2) . While not all systems provide a 
graphical browser, most attempt to pro-
vide some type of overview system that 
helps you stay oriented in the network 
and visualize how information is linked. 
In large hypertext environments consist-
ing of hundreds of nodes, browsing tools 
are especially important because it's so 
easy to get lost. 

A browser can also help you decide on 
your next action. For example, Sym-
bolics' Document Examiner, an on-line 
hypertext documentation system for 
Symbolics' Lisp machines, uses its 
browser, the Show Overview command, 
to help you quickly locate information. 
The command displays a tree-structured 
view of related nodes called records. By 
repeatedly using this command, you can 
get a feel for the context of the surround-
ing subject area and familiarize yourself 
with an area of interest. 
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A Variety of Tools 
Depending on the particular product you 
use, commands and features may vary. 
Some hypertext products use a path to 
help you find your way through a net-
work. Paths are default routes through 
a database; they guide or direct you 
through an ordered list of nodes . 

When you follow a path, you are really 
letting the original author guide you to 
the next logical node, which relieves you 
of navigational duties. An example of a 
system that used paths is Textnet, created 
by Xerox PARC researcher Randall 
Trigg. It was designed as a multiuser lit-
erary-exchange system for the scientific 
community. 

A viewing filter is another interesting 
hypertext tool. Basically, a filter does 
exactly what you'd think it would-it 
suppresses detail. By filtering the lower 
level of a node's contents, you can scan 
quickly through a network for the infor-
mation you need. 

Where the Products Are 
The availability of windowing products 
and low-cost workstations with high-res-
olution graphics and storage options like 
CD-ROM have made the development of 
hypertext products more attractive. Fif-
teen or more systems are now used in 

NATO TNf Modernlu tion Pl.an I sovie t Ruction to Deployment Plan I 
!Perception or Need for Modcrniz.a tion I 

I INF Negotiations I 
; 11 I 
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Figure 2: NoteCards' displays can hold a significant amount of information. In 
this screen shot, a graphical browser (lower left) takes up much of the display space; 
a contents node, a topics node, and an index node are also displayed; and pages of 
relevant information are shown at the lower right. (Graphics courtesy of Frank 
Halasz from MCC.) 
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universities and in research centers such 
as MCC and Xerox PARC, and commer-
cial products are in development. 

Hypertext systems vary significantly, 
depending on the applications and users 
they address. They are designed for 
either single-user or multiuser applica-
tions and are most commonly run on 
workstations, although more and more 
microcomputer applications are becom-
ing available. HyperCard and Guide are 
perhaps the best known of the microcom-
puter products . 

Typically, you'll find four types of hy-
pertext systems: problem-resolution sys-
tems, on-line browsing systems, library 
or literary-exchange systems, and multi-
purpose systems. Depending on the type 
of system, the tools available may differ. 

Systems designed primarily for prob-
lem resolution and network creation fea-
ture tools that help you define and ana-
lyze data through structured types of 
links and nodes . These systems help you 
organize elements in unstructured prob-
lems and feature commands that let you 
create and modify internal links between 
concepts quickly. 

Most importantly, the tools can usu-
ally suppress details through viewing fil-
ters similar to those in Douglas Engel-
bart's On-Line System (NLS). (NLS is 
now used as a prototype for several col-
laborative-work projects at McDonnell-
Douglas under the name Augment.) Such 
products might be used for systems an-
alysis , idea processing, or authoring new 
applications. Augment and giBIS are ex-
amples of systems designed to be prob-
lem-resolution work environments. 

Just Browsing 
Hypertext systems created primarily for 
browsing, such as CAl programs or on-
line reference manuals, have fewer user 
tools for editing or link creation. These 
systems feature clear, understandable 
screen displays for presenting informa-
tion and easy-to-operate browsing com-
mands for perusing it. For example, the 
Document Examiner features a clean, 
book-like user interface and heuristic on-
line string and keyword searches. You 
use these features to browse through the 
documentation, sometimes viewing in-
formation in several levels of detail. 

Like many other browsing systems, 
the Document Examiner won't let you 
modify a reference manual, but you can 
keep a chronological record of recent 
searches or information of interest using 
the Bookmarks Pane. You can save per-
sonalized bookmarks and use a mouse to 
call bookmarks for fast retrieval. And 

continued 
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What about Micros? 
W ant to test the hypertext waters 

and see what all the hoopla is 
about? Well, if you don't have a work-
station handy, two of your primary op-
tions for microcomputer hypertext envi-
ronments are OWL International's 
Guide and Apple's HyperCard. 

Guide 
Guide, which runs on both the Macin-
tosh systems and the IBM PC AT and 
compatibles running Microsoft Win-
dows, is a general-purpose hypertext 
tool (see "Guide" by William Hershey 
in the October 1987 BYTE). A few of 
the applications you can develop with it 
include on-line documentation, story-
boards, E-mail, and CAl courseware. 

Guide lets you create dynamic lay-
ered documents. The "guideline" net-
work is organized in both a hierarchical 
and a nonhierarchical manner. To move 
about hierarchically, you use replace-
ment buttons, which follow embedded 
menus. You can also use note buttons to 
bring up complementary information, 
such as a definition of a word or phrase. 
An inquiry button, which reveals the 
other buttons at your disposal, is also 
available. 

To follow nonhierarchicallinks, you 
use the reference button, which will 
jump you to a new document or a differ-
ent section of the document you're in. 

Guide 2.0 uses an internal script lan-
guage to let you execute external pro-
grams from your Guide document. You 
can also access and control videodisk 
players and modems via the serial port. 

you can display a piece of documentation 
in an editor window while you write pro-
gram code in another part of the screen. 

The Document Examiner is particu-
larly interesting because it's integrated 
into the software-development environ-
ment that it supports . It lets you scroll 
through the entire Symbolics software-
development product documentation. 
The hypertext implementation of this 
documentation has an estimated ll ,000 
nodes and 23,000 links. 

Another system designed for struc-
tured browsing by a large user base is 
ZOG, developed in 1972 at Carnegie-
Mellon University and installed in 1982 
as a computer-assisted information-man-
agement system on the USS Carl Vinson, 
a nuclear-powered aircraft carrier. Its 
applications included an on-line policy 
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Last, but not least, a version called 
CD-Guide lets you create CD-ROM ap-
plications. OWL also markets a devel-
oper's toolkit so software developers 
can use Guide as a frame for an on-line 
help system. 

HyperCard 
HyperCard, available for the Mac II, 
the Mac Plus, and the Mac SE, is a per-
sonal organization tool and a simple 
database manager (see "HyperCard" 
by Gregg Williams in the December 
1987 BYTE). It is also a commercial 
software developer's tool and is in use 
in some corporations as a front-end to 
the mainframe database. 

This system uses screen-size cards 
(or window-size cards on the Mac II) 
organized into topic-related stacks to 
create simple databases . One card is 
displayed at a time. Touching your 
mouse cursor to a button on a card exe-
cutes a script written in HyperTalk, 
HyperCard's programming language. 

You can browse through already-
created stacks (stackware), paint and 
type, author new cards and stacks, and 
write and edit HyperTalk scripts. (It's 
fairly easy to write scripts with Hyper-
Talk because of its English-like syntax.) 

HyperCard applications have been 
developed in many areas. Much stack-
ware is available in the public domain. 

Editor's note: An assortment of public 
domain stacks can be found on BIX in 
the "stackware" area of the listings con-
ference. See page 3 for more details. 

manual and an on-line maintenance 
manual with a videodisk attachment. 

The commercial version of ZOG is 
KMS (Knowledge Management System) 
from Knowledge Systems. ZOG/KMS 
uses frames instead of nodes; frames are 
connected by two kinds of links, hierar-
chical and cross-referential. To help you 
navigate through a network, frames are 
formatted with a name, a title, a body, 
tree items linked to lower-level links, 
and special and command items. For 
simplicity and speed, ZOG and KMS use 
neither overlapping windows nor a 
graphical browser. The developers fo-
cused, instead, on fast text-search capa-
bilities, multiuser support, and a mini-
mal system-response time. 

CD-ROM is particularly well suited as 
a database for hypertext browsing sys-

terns. One such system, being beta tested 
by Boeing for Knowledgeset Corp., is an 
on-line maintenance manual for the 
Boeing757. 

On-Line Libraries 
Systems envisioned to support mammoth 
on-line libraries, documents, and docu-
ment creation and critiquing, such as Ted 
Nelson's Xanadu, are the third major 
application group of current hypertext 
systems. These systems will probably 
feature complex, multiple structured 
back-ends, or databases, that can store 
everything from collaborative notes and 
research to E-mail, documents, and 
whole libraries. 

Unfortunately, these systems will be 
difficult to implement because of the 
complexity and size of the task. Before 
such systems can become a reality, we 
must develop a standard user interface 
and a central storage system. In addition, 
we must be able to maintain the network 
such that all links are legitimate, copy-
rights and royalty issues are addressed, 
and the systems are fast enough to meet 
the needs of the general public. 

Significant research in this area has 
been completed. Ted Nelson and his col-
leagues have worked on Xanadu for 
years. Randall Trigg's system, Textnet, 
let users store archival documents, mak-
ing time-consuming research unneces-
sary. The system allowed collaborative 
writing and the critiquing of new docu-
ments . It featured two types of nodes-
those containing text and those contain-
ing tables of contents of other nodes. The 
system defines over 80 types oflinks. 

While many of the designs for the 
original on-line library systems had to be 
implemented from scratch, researchers 
at Bellcore are working on a hypertext-
like front-end to connect existing on-line 
encyclopedias, libraries, and wire ser-
vices. When completed, Telesophy, as 
the design is called, will let you access 
CD-ROM, recorded speech, and image 
archives. (Putting existing text onto a hy-
pertext system is a challenge in itself. 
See the article "From Text to Hyper-
text" onpage247.) 

Several well-known hypertext prod-
ucts function as general-purpose sys-
tems. You can customize these products 
to fit your application or simply to ex-
periment with hypertext itself. Note-
Cards, HyperCard, and Guide are three 
such systems . 

In the Driver's Seat 
Regardless of the application, to use a hy-
pertext system correctly, you must real-

continued 
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A GRAND VISION 

Some 
hypertext systems 

give you control when 
you may need 

guidance. 

ize that you are in the driver's seat. Hy-
pertext products won't think for you. 
They have no artificial intelligence. 
They might help you clarify and manage 
your thoughts or speed you through your 
research, but you are in control. Your 
value judgments determine what to in-
clude in the database, what type of links 
to create, and how to organize topics. 

If you use an on-line hypertext docu-
mentation system, you decide which 
nodes to access and which links to fol-
low. If you follow obscure paths, you 
may find it hard to locate information. 
Likewise, if your associative powers are 
weak and you create meaningless links, 
you may well end up with a worthless 
database. To put it simply, branching 
documents, like hypertext, require 
greater attention from both the system's 
users and its authors. 

The Problem with Hypertext 
Hypertext is an immature technology 
with many problems yet to resolve. Per-
haps the most difficult part of creating a 
hypertext system is not building the user 
interface but creating sound underlying 
data models that can be maintained. 

Since hypertext systems need to be 
maintained, systems designers should 
watch for uncontrolled linkages, which 
will become maintenance problems. Just 
as large software programs with many 
patches can turn into "spaghetti" code, 
so a hypertext system can turn into a 
morass of meaningless, obscure connec-
tions and references. Hypertext systems, 
therefore, must let you edit and delete 
links and nodes easily. 

Another problem for some users is that 
some hypertext systems give you control 
when, in fact, you may need guidance. 
You may, for example, get lost following 
obscure links before you have a firm grip 
on the basics of the subject area you're 
trying to research. 

When you're reading printed text, a 
good author will guide you through a net-
work of interrelated, relevant points. 
With hypertext, you guide yourself and 
make your own associations-at the risk 
of taking the wrong turn and getting lost. 

Even experienced hypertext users can get 
lost in large hypertext networks. While 
graphical browsers may help, the lack of 
visual and spacial cues can still be disori-
enting. One of the valuable attributes of 
printed copy is that it has such cues . 

Another issue is the difficulty of 
breaking a thought or a segment of infor-
mation into a node. Themes in a docu-
ment or thought can be very tightly inter-
woven, so much so that breaking the 
information into discrete nodes would be 
detrimental. Therefore, not all literature 
is suited for a hypertext literary system. 

On a similar note, even though infor-
mation may have discrete components, 
you may not be at the level where you 
perceive these units when you are con-
structing a hypertext application. In such 
cases, you might break information into 
nodes prematurely and at a later time re-
alize that your logic was skewed. Then 
you would need to edit, rearrange, or re-
title the information. 

Unfortunately, such changes are not 
well-supported by all hypertext systems 
at this time. Virtual structures-nodes, 
links, or composites-would be useful in 
this situation. They would change dy-
namically when you add or delete nodes 
and links, depending on their descrip-
tions . Virtual structures are similar to 
relational database views. 

One last concern is that many hyper-
text systems are really only suited for 
new application development. Convert-
ing existing applications to hypertext is a 
difficult task because the file structures 
are so different. 

Tremendous Potential 
Augmenting human intellect with the 
help of hypertext is a grand vision in-
deed, one worth exploring. Hypertext 
applications, including interconnected 
writing, on-line libraries, and collabora-
tive work environments, have tremen-
dous potential. Current products are just 
the forerunners of more sophisticated ap-
plications, and we will probably see 
many hypertext features in mainstream 
software packages. 

But hypertext is still in its infancy; im-
plementation and design problems and 
standards issues must be resolved. Just as 
it takes a writer time to shape and mold a 
good short story, it takes time for the 
structure of new concepts to gel and for 
practical applications to emerge. But the 
concepts that underlie hypertext, wheth-
er they go by that name or another, will 
be with us for a long time to come. • 

Janet Fiderio is a BYTE technical editor. 
She can be reached on BIX as "jfiderio. " 
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From Text 
to Hypertext 

Traditional tools like outline processors already incorporate 
many of hypertext's lessons 

0 ne reason hyper-
text is attracting 
so much attention 
these days is that 

more and more people are 
communicating via electronic 
media . Equipped with a 
modem and a microcomputer, 
you can spend a good bit of 
time reading electronic bulle-
tin boards, composing elec-
tronic mail messages, con-
tributing to group databases , 
and preparing large docu-
ments for printing and dis-
tribution. 

However, communicating 
through these channels means 
that you often have to inte-
grate fragments of text into 
your personal computer ar-
chives. You can do this by 
placing text items as separate 
entries into a file system, 
which works as long as you 
don't have too many interde-
pendent files to manage. Hy-
pertext programs provide another alter-
native for information storage. 

But hypertext can be used for more 
than creating simple databases of 3 by 5 
cards. You can also use these programs 
to convert on-line versions of a printed 
document, such as a book, into hierar-
chical hypertext skeletons amenable to 
complex user-specified interactions. The 
examples included in this article come 
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from converting part of a manuscript for 
a medical textbook into an experimental 
hypertext handbook using Xerox's Note-
Cards. You can follow them to learn 
some of the tips you 'II need to turn text 
into hypertext. 

Setting Up the Cards 
Hypertext lets you rearrange text. In the 
early systems described by Theodor Nel-

son and Douglas Engelhart, 
the basic unit of text is a single 
character. New documents 
are created by linking charac-
ters from different docu-
ments. For instance, charac-
ter strings from Romeo and 
Juliet could be merged with 
those from Julius Caesar to 
create a new play entitled 
Caesar and Juliet. 

While this approach is ex-
citing, it isn't widely adopted 
in hypertext design. A second 
approach, which is advocated 
by developers of systems such 
as Xerox's NoteCards and 
Apple's HyperCard, speci-
fies a nondecomposable data 
structure, often called a card. 
You define cards both in 
terms of the types of data 
structures they support (e.g. , 
text, bit-mapped graphics, 
and video) and the operations 
that can be performed on the 
data structures (e.g., text in-

sertion and deletion). 
To map a flat-text file onto a set of hy-

pertext cards, you first decide how much 
text you want to place in each card and 
then create a program that will perform 
this transfer with minimal intervention. 
If your text file consists of a series of E-
mail items, addresses , or telephone con-
versation summaries, you can easily fit 

continued 
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each item from the text file into a sepa-
rate card. If an essay or other lengthy text 
file is not divided into logical sections, 
you usually must place an arbitrary num-
ber of paragraphs onto a card. You can 
write sentences into scrolling text fields, 
but this approach can detract from the 
power of the card metaphor. 

But the organization of some flat-text 
files can't be characterized as eith.er a 
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series of discrete, unrelated paragraphs 
or a single lengthy text file . The medical-
handbook text files used in these exam-
ples are hierarchically structured docu-
ments . A specific set of identifiers-
either Roman numerals , uppercase let-
ters, integers, or lowercase letters-pin-
points each level of the hierarchy (see 
figure 1). Because the text between the 
identifiers consists of only a few sen-

11. Pathophysiologic mechanisms. Respiratory failure can be separated into oxy-
genation failure and ventilation failure. While the two may occur together, it is 
useful to separate them to understand their pathophysiology and management. 
In addition, critical tissue hypoxia may result from nonpulmonary factors that 
influence oxygen delivery, and these must also be considered in comprehen-
sive treatment. 

A. Oxygenation failure. The transfer of oxygen from alveolar air to pulmonary 
capillary blood is affected by the partial pressure of oxygen in the alveolus 
(PA02), the diffusion of oxygen across the alveolar-capillary membrane, and 
the matching of alveolar ventilation to capillary perfusion. The five mecha-
nisms that may lead to a low arterial oxygen tension (Pa02) are low inspired 
oxygen tension, alveolar hypoventilation, diffusion impairment, mismatch of 
ventilation to perfusion, and right-to-left shunt. The goal of oxygen therapy is to 
relieve critical hypoxemia. Although clinical criteria are important, serial ABGs 
are crucial to plan and evaluate treatment. 

1. Response to oxygen administration depends on the underlying patho-
physiology (see sec. II.A). Three patterns are common. 

a. Hypoxemia caused by mild to moderate lung disorders. This pattern is 
typical of flu and asthma. 

b. Hypoxemia caused by severe lung disorders is more refractory to sup-
plemental oxygen, and potentially toxic concentrations are often typical 
of severe disorders. 

Figure 1: A representative section of a medical handbook. The identifiers are (in 
order) Roman numerals, uppercase letters, integers, and lowercase letters. 

S1.11. PHYSIOLOGIC MECHANISMS 

II. Physiologic mechanisms. Respiratory failure can be separated into oxygenation 
failure and ventilation failure. While the two may occur together, it is useful to separate 
them to understand their pathophysiology and management. In addition, critical tis-
sue hypoxia may result from nonpulmonary factors that influence oxygen delivery, 
and these must also be considered in comprehensive treatment. 

S1 .11.A. OXYGENATION FAILURE. THE TRANSFER OF OXYGEN I 
S1.11.B. VENTILATION FAILURE IS PRESENT WHEN THE I 
S1.11.C. OXYGEN DELIVERY AND TISSUE OXYGENATION 

S1.11.D. INSPIRATORY MUSCLE FATIGUE OCCURS WHEN THE 

Figure 2: A hypertext card from the same section of the medical handbook. The 
card contains only the text delimited by the identifier II and the identifier A. The 
titles of other child cards denoted by uppercase B, C, and D are visible on the 
hypertext card but not on the page displayed in figure 1. 
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tences or paragraphs each, it's appropri-
ate to use these identifiers as card delim-
iters (see figure 2). In text files with 
many sentences between delimiters, you 
might have to obtain a line or paragraph 
count to decide when to start a new card. 

Making the Connections 
Hypertext's power resides in the links 
that weave isolated cards into a unique 
graph-structured fabric. When you 
transform a flat-text file into hypertext, 
you must recognize two distinct classes 
of links. The first , structural links , en-
forces the mapping between the conven-
tional document and the hypertext skele-
ton. These links must be generated by 
programs, text parsers, that convert con-
ventional text into hypertext. The second 
class, user-defined links, lets you create 
new, nonsequential paths through text. 

Each collection of cards in a hypertext 
document has some underlying order 
maintained by structural links (see fig-
ure 3). The order of cards in a random-
file hypertext database (e.g ., recipes, 
phone numbers, and so on) can be arbi-
trary and quickly modified through stan-
dard sorting techniques. The order of 
cards representing a lengthy essay is se-
quential and usually static. E-mail 
stacks can be ordered by topic, and, 
within a topic, by date of receipt. In a 
hierarchically structured document like 
the medical handbook, card order resem-
bles a tree. In this case, the limbs of the 
tree declare the structural relationships 
between cards. 

A text-parsing program converts flat-
text files into hypertext documents. The 
underlying structure of the flat-text file 
determines the text parser's complexity 
and function . 

For example, database parsers can 
look for new record identifiers . These 
identifiers signal the system to create a 
new card and to copy the new record' s 
contents to the new card. Parsers for es-
says can simply allocate to each card in 
turn as many paragraphs of text as will 
conveniently fit on each card. Parsers for 
mail systems, on the other hand, might 
require a list of acceptable identifiers 
and, for each topic, a pointer to the last 
card filed under the identifier. Parsers 
for hierarchical documents can use an 
ordered list of identifiers to create a hier-
archical hypertext consisting only of 
cards and structural links. 

For each possible set of identifiers, 
there exists only a limited number of 
"acceptable" tokens that lead to creation 
of a new card and appropriate links. For 
example, if you were placing text from a 
section labeled "V.C.2.a." into a card, 
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the acceptable identifiers would be any 
member of the set VI, D, 3, b (see figure 
4). If the identifier read was D, the cur-
rent subtree "C.2.a." would be popped, 
a new card oflevel "VI. D." would be in-
stantiated, and a structural link between 
card "VI." and card "VI. D." would be 
created. Defining card identifiers appro-
priately is critical for simple, rapid pars-
ing of hierarchical documents . 

Although most flat-text file parsers 
employ ad hoc grammars, the parsing 
process will be simplified if document-
definition language standards become 
more widespread. One of these, the Stan-
dard Generalized Markup Language 
(SGML), appears particularly promis-
ing. SGML emphasizes document struc-
ture over document appearance. For ex-
ample, the standard might identify a 
string as a "section heading," but it 
would not make any statements about the 
section heading's font or size. 

SGML also lets individuals or groups 
define logical structures for new docu-
ment types. This flexibility increases the 
likelihood for standards in specialized 
and highly technical publishing niches. 
Finally, the interest shown in SGML by 
the federal government has encouraged 
the development of a number of tools for 
authoring, revision, and document pars-
ing. Conceivably, these tools can be used 
to simplify the conversion of text already 
in electronic form into personal or com-
munity hypertext. 

Finding the Right Card 
Creating a hypertext from a flat-text file 
is rather simple. You exploit document 
identifiers to parse the file and create the 
new data structure. Developing the soft-
ware that lets you access appropriate por-
tions of a hypertext document is much 
more difficult. Most hypertexts let you 
access cards through several methods. 

First, the initial cards in many hyper-
text documents contain a brief table of 
contents . This method provides you with 
an overview of the overall organization of 
the hypertext document. Browsers are 
another way you can find a card. They 
are useful when you want to peruse small 
lists or card networks. String pattern-
matching is the third card-access meth-
od. It's useful when you think that the 
search will retrieve a small number of 
useful cards and very few, if any, useless 
cards. 

Unfortunately, there are many situa-
tions where these methods are inade-
quate. The table of contents method fails 
when a card can be filed under any one of 
several categories, which requires you to 

continued 

An unstructured hypertext (3 by 5 cards) 

Do 
D DoD 
Drao D 

A sequential hypertext (essay) 

DDDDDD 
A structured hypertext for mail 

A hierarchical hypertext 

Figure 3: Hypertext file-card arrangements. Some applications, like unsorted 
recipes or telephone logs, require only a random ordering. Long essays generally 
require a sequential ordering. Mail files resemble trees with a strong sequential 
component. Complex documents in outline format require hierarchical data 
structures. 
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search many categories to find desired 
information. Browsing can be laborious 
if there are many cards to peruse, and 
pattern matching fails ifthe desired card 
uses a synonym (poor recall) or if there 
are many unwanted cards containing the 
same search string (poor precision). 
Therefore, you need alternative methods 
for both card indexing and card retrieval. 

Hypertext Indexing 
You can, however, exploit two powerful 
document-indexing techniques in hyper-
text. The first , indexing using a con-
trolled vocabulary, classifies each docu-
ment by one or more members of a finite 
set of descriptor terms. The National Li-
brary of Medicine's Medical Subject 
Headings (MeSH) system is one of the 
best examples of this approach. 

This 15,000-term hierarchical vocab-
ulary is used to classify most of the 
world's medical literature. Its principal 
advantage is that it is a widely agreed-
upon vocabulary implemented by ex-
perts in the field of medical classifica-
tion. This ensures that properly trained 

IN DEPTH 

TEXT TO HYPERTEXT 

users , and effective programs, retrieve 
equivalent queries. 

Unfortunately, there are two major 
shortcomings to indexing small hyper-
text documents with controlled-vocabu-
lary terms that are developed for larger 
documents . First, you must create the 
vocabulary so that each card is classified 
by at least one term, and you must have a 
relatively uniform distribution of classi-
fication terms among all hypertext 
cards . Both criteria are difficult to 
achieve . Second, the contents of the 
cards using the index terms must be clas-
sified manually, a prohibitive expense 
for most hypertext authors . 

You can use a second powerful docu-
ment-indexing technique, classification 
with an uncontrolled vocabulary, when a 
structured body of index terms is not 
available or when cost factors prohibit 
the controlled-vocabulary method. The 
uncontrolled-vocabulary method creates 
inverted indexes by eliminating stop 
words (e.g. , the, are , a), removing suf-
fixes (e.g., -s, -ing, -ed), and retaining 
word roots as indexes into the text file . 

Figure 4: The characters preceding each section of the handbook serve both as 
delimiters to assigning text to a card and as identifiers to control the parsing and 
creation of links between cards. The leftmost tree is a part of the subtree present 
when the active card is V. C.2.a. The arrows depict each possible new card 
identifier. The rightmost trees depict the trees that would result from the detection 
of each legal identifier. 
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For example, the sentence "The lungs 
are inflated" creates the index terms 
"lung" and "inflate." In general, the 
index file will be about one half the size 
of the text file . Proponents of this ap-
proach argue that, for most domains, it is 
as effective to retrieve information this 
way as it is via controlled vocabularies. 
Moreover, the software needed to create 
these indexes is readily available. But for 
many applications, the space required by 
the indexes and the problems that occur 
because of misspellings and synonyms 
offset the benefits of indexing with an 
uncontrolled vocabulary. 

Making the Best Match 
Adding information-retrieval approaches 
commonly used for larger documents 
could make hypertext systems more 
powerful and responsive. How you im-
plement these approaches depends on the 
structure of the underlying hypertext. In 
unstructured, highly modular hypertext 
(e .g., unrelated cards with significant 
amounts of free text on each card), the 
hypertext is really just a "folder" con-
taining many tiny documents. In these 
settings, you don't need to enhance tradi-
tional free-text document-retrieval tech-
niques . If, on the other hand, you have 
created a highly structured hypertext, 
you must exploit retrieval techniques. 

In the hypertext medical handbook 
prototype, the power of uncontrolled-
vocabulary indexing techniques that 
measure card content was combined with 
heuristic card-weight propagation func-
tions that reflect card context. This was 
done so that the user could identify the 
"best" set of cards for browsing about a 
requested topic. The system doesn't try 
to identify a card with " the answer" to 
the query. 

For example, if a hierarchically struc-
tured hypertext contains several poten-
tially useful sibling cards whose parent 
doesn't contain text relevant to the query , 
you could design the system so it presents 
you with a sequential list of the sibling 
cards (see figure 5). As an alternative, it 
could just show you the parent card and 
provide a note on the card saying several 
of the children appear to contain useful 
information (see figure 6). 

The good point about the second op-
tion-seeing the parent card-is that it 
conveys additional information concern-
ing the context in which the various child 
cards are stored. This means you can bet-
ter judge their relevance. 

There are three basic steps to imple-
menting this approach. First, define a 
utility function that calculates a card's 
intrinsic "utility" based on the query 
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Figure 5: This graph displays only the intrinsic card utilities resulting from a 
query. Cards with positive values contain one or more terms in common with the 
query terms. Cards with a value ofO do not contain any of the query terms. 
The graph displays only structural/inks between cards. 
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Figure 6: Here, a graph displays the total card weights, which are the sum of the 
intrinsic card utilities based on card content and the propagated weights based on 
card context. Even in this simulation, the propagation of weights has a marked 
impact on the ranking of cards and suggests that the lower subtree might prove to be 
a good candidate for browsing. 

terms and card contents. Then, identify a 
method that propagates these weights to 
neighboring cards so that cards with con-
textual information are recognized. Fi-
nally, use both the intrinsic utility and 
the propagated weights to identify which 
cards should be considered candidates 
for graphical browsing. Let's analyze 
each ofthese steps in greater detail. 

Weights and Measures 
A card's utility is due in part to the corre-
spondence between terms within the card 
and the query terms stipulated by the 

user. This component of card utility is 
called the intrinsic weight, and the value 
can be calculated using a modification of 
Salton's well-known algorithm. 

This algorithm assigns term weights 
to cards as a function both of the fre-
quency of occurrence of the term in the 
entire search space and of the number of 
cards containing the term. The algorithm 
assigns a higher weight to cards contain-
ing infrequently used terms and also to 
cards containing several occurrences of a 
term that is not found in many other 

continued 

Circle 5 on Reader Service Card 

The best 

Modula-2 
compilers for PCs and 

compatibles 

Taylor Modula-2 
The professional high-performance compilerJor_PCs: the fas-
test compiler in the world! - · 

• unrivalled speed of compilation 
7,000-10,000 lines per minute (80286, 8 MHz). 

• excellent code 
Mini-computer standard global optimisation. Code per-
forms 1580 Dhrystone tests per second! (80286,8 MHz) 

• ultra-compact 
high code density and 3. library of unrivalled compactness 
(23 modules in a total of 13K!) 

ard implementation 
standard for Modula-2. BIOS indepen-
DOS exclusively. 

interface. Comprehensive documen-
grammers. · 

rt 

$900 
$10 

$99 

OCTOBER 1988 • BYTE 251 















IN DEPTH 

TEXT TO HYPERTEXT 

cards . The formula is as follows: 

weightu = k X freq,1 X (log(n) 
- log(docfreq1) + 1) 

where weightii is the weight component 
of card i due to term j; k is a constant; 
freq,1 is the number of occurrences of 
term} in card i; n is the number of cards 
in the collection; and docfreq1 is the 
number of cards containing the termj. 

A card' s utility also depends on its re-
lationship to other cards. The term ex-
trinsic weight describes the component of 
a card's total weight contributed by prop-
agation from neighboring cards. In the 
hypertext medical handbook, a card's 
extrinsic-weight component depends on 
the weights of its immediate descendant 
cards. The following formula represents 
this dependency: 

totalweight1 = I; weightii 
j 

+ !. I; totalweightd 
y d 

where y is the number of immediate de-
scendants of card i, and dis an immedi-
ate descendant of card i. 

This propagation function is called re-
cursively from the leaf cards to the root 
card. A graphical display of the search 
subtree and card weights (see figure 6) 
serves as a road map for browsing. 

Term-weight assignment and propaga-
tion allow for cards to be ranked on the 
basis of an estimate of their utility to the 
user. In general, you hope for a ranking 
that will produce a short list of cards that 
are distributed throughout the hypertext. 
In this situation, you can quickly explore 
various subtrees, jumping from one loca-
tion to another. You can, however, re-
trieve more aberrant lists. Consider, for 
example, the common case where the 
second-highest-ranking card is the par-
ent of the highest-ranking card. 

Presenting both cards on the browsing 
candidate list may suggest that the cards 
represent two markedly different ave-
nues for browsing rather than the actual 
state of term-weight predominance in a 
single subtree. As an alternative, you 
could remove the highest-ranking child 
card and display only the parent, under 
the assumption that the increased context 
provided by the latter outweighs the de-
crease in weight due to card content. 
However, if this process is applied recur-
sively, you ultimately will arrive at a 
card list containing only the root of the 
tree. You can apply several heuristics to 
manage these aberrant cases. One of the 
most useful heuristics halts the replace-
ment process when the replacing parent 

card is of some fractional weight of the 
original highest-ranking card. 

In addition to the obvious traditional 
problems associated with uncontrolled 
indexing vocabularies and full-text 
document retrieval, the approach used 
throughout this article is limited in many 
other ways. First, the propagation func-
tion does not take into account graphs, 
cycles, and link types with different se-
mantics. Second, the current approach 
can't exploit user feedback in any mean-
ingful way. 

It would be desirable to update card 
weights dynamically on the basis of user 
responses to the card's contents. Unfor-
tunately, most alternative approaches to 
this problem (e.g., Bayesian updating or 
Connectionism) appear too impractical 
for routine use. 

Learning Its Lessons 
Many points about creating and using 
hypertext are already clear. First, you 
have to distinguish hypertext programs 
from hypertext documents . You can use 
hypertext programs for tasks ranging 
from replicating mundane 3-by-5 card 
files to creating complex hypertext docu-
ments consisting of multiple interrelated 
cards and links. This distinction is cru-
cial, since only card content is important 
for simple 3-by-5 card files, but both 
content and context are important when 
creating true hypertext. 

Second, it's easy to build hypertexts 
and add links incrementally, but it ' s dif-
ficult to use hypertext effectively. Even 
with extensive search capabilities and 
graphical browsers, it's not always possi-
ble to retrieve desired information or to 
avoid getting lost in a hypertext graph. 

Third, the computational complexity 
of information-retrieval algorithms sug-
gests that alternative computer architec-
tures might be more useful. 

Finally, it's clear that many problems 
in the field are unresolved. Will effective 
updating and revisions require that links 
be bidirectional? Can we arrive at a stan-
dardized set of hypertext card types 
(e.g., text, graphics, sound, and video)? 
Will hypertext systems provide a true ad-
vantage over other media? 

Traditional tools like outline proces-
sors have already incorporated many of 
hypertext's lessons. Similar innovations 
will affect E-mail, collaborative work 
tools, and others in the future. • 

Mark Frisse is an assistant professor of 
medicine and medical informatics at the 
Washington University School of Medi-
cine in St. Louis, Missouri. He can be 
reached on BIX as "editors. " 
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HYPERTEXT 

The Right Tool 
for tlie Job 

Even the systems design process falls within the realm 
of hypertext 

Michael L. Begeman and Jeff Conklin 

H. ypertext is an 
ideal model for 
the systems de-
sign process. We 

have been working on a hy-
pertext project, the Design 
Journal, to provide a systems 
design team with a medium in 
which all of their work can be 
computer-mediated and sup-
ported. This includes such 
traditional documents as re-
quirements, specifications, 
high-level design, and the de-
sign document itself; it also 
includes scenarios, design re-
views, interviews with users, 
designers' early notes and 
sketches, design decisions 
and rationale, internal design 
constraints, meeting minutes, 
and soon. 

The Design Journal places 
particular emphasis on cap-
turing the design rationale as 
the center around which to in-
tegrate all the other documen-
tation. This rationale includes design 
problems, alternative resolutions (in-
cluding those later rejected), trade-off 
analyses among these alternatives, and a 
record of the tentative and firm commit-
ments made during problem resolution. 
We have built a running prototype of the 
Design Journal; it's based on the Issue-
Based Information Systems (IBIS) meth-
od and is called giBIS (graphical IBIS). 

ILLUSTRATION: ROBERT TINNEY © 1988 

The IBIS Method 
The IBIS method was developed by Horst 
Rittel (see reference 1) and is based on 
the principle that the design process for 
complex problems is fundamentally a 
conversation among the stakeholders 
(i.e., designers, customers, and imple-
menters) in which they pool their respec-
tive expertise and viewpoints to resolve 
design issues. Any problem, concern, or 

question can be an issue and 
may require discussion (if not 
agreement) for the design to 
proceed. In the IBIS model, 
this argumentation consti-
tutes the design process. 

IBIS focuses on articulat-
ing the key Issues in the de-
sign problem. Each Issue can 
have many Positions. A Posi-
tion is a statement or assertion 
that responds to the Issue. 
Often Positions are mutually 
exclusive, but they needn't 
be. Each Position, in turn, 
can have one or more Argu-
ments to support or object to 
it. Thus, each separate Issue 
is the root of a (possibly 
empty) tree; its children are 
Positions, and their children 
are Arguments. 

There are nine kinds of 
links in IBIS. For example, a 
Position Responds-to an 
Issue, and this is the only 
place you can use the Re-

sponds-to link. An Argument either Sup-
ports or Objects-to its Position. Issues 
can Generalize or Specialize other 
Issues, and they can also Question or be 
Suggested-by other Issues, Positions, and 
Arguments. (The remaining two links 
are Replaces and Other.) 

A typical IBIS discussion begins when 
someone posts an Issue node containing 

continued 
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a question such as "How should we do 
X? " That person can also post a Position 
node proposing one way to do X, as well 
as some Argument nodes to support that 
Position. Someone else can post a com-
peting Position responding to the Issue 
and can support the Position with Argu-
ments, and so on. New Issues that the 
discussion raises can also be posted and 
linked into the nodes that most directly 
suggested them. 

There is no stopping rule, nor is there 
a particular way of registering Issue reso-
lution by agreeing on some Position. The 
goal of the discussion is for each stake-
holder to try to understand the elements 
of the others ' proposals, and perhaps to 
change the others' minds. The method 
inhibits unconstructive rhetorical moves, 
such as argument by repetition and name 
calling, and supports more constructive 
moves, such as seeking the central issue, 
asking questions and giving answers, and 
being specific in supporting your own 
viewpoint. 

In implementing giBIS, some changes 
and extensions have been made to allow 
needed flexibility , but the method has 
been changed as little as possible. The 
extensions to IBIS in the current giBIS 
tool are three: an additional Other type 
for nodes and links, as an escape mecha-
nism when you can't find a way to ex-
press a thought within the IBIS frame-
work; an additional External type for 
nodes that contain non-IBIS material, 
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such as requirements, documents , design 
sketches, or code; and the ability to let 
Positions specialize or generalize other 
Positions, and to let Arguments special-
ize or generalize other Arguments . 

The giBIS Tool 
Three technological themes guided our 
design of giBIS. First, we wanted to ex-
plore the capture of the rationale behind 

The browser 
lets you see the IBIS 
graph structure, its 

nodes, and their 
interconnecting links. 

the design. Second, we wanted to sup-
port computer-mediated teamwork, par-
ticularly the kinds of design conversa-
tions that might be held over networked 
computers, electronic mail , or news (see 
references 2 and 3). Third, we needed an 
application with an information base 
large enough to allow us to investigate 
the navigation (searching and browsing) 
of very large information spaces. 

Photo 1: The g/B/S interface. Note the graphical browser (left) , the structured 
index (upper right) , the control panel below the index window, and the inspection 
window (lower right) . 
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The pattern of giBIS usage falls into 
two categories: Some people use the tool 
primarily as an isolated hypertext tool 
for structured thinking and design, while 
others use it primarily as a vehicle for 
structured communication. 

The basic giBIS interface is divided 
into four windows (see photo 1): a graph-
ical browser on the left, a structured 
index into the nodes on the top right, a 
control panel below the index window, 
and an inspection window in which to 
view the attributes and contents of nodes 
and links . This interface is somewhat un-
usual among hypertext systems: To view 
the contents of a node or link, you must 
select it, and the contents will display in 
the inspection window. 

The Browser 
The browser lets you see the IBIS graph 
structure, its nodes, and their intercon-
necting links. Most of it is dedicated to a 
local view of the network: a zoomed-in 
view of the current area of interest, with 
nodes and links in full detail. The lower-
right portion of the browser contains a 
global overview: a zoomed-out view of 
the entire network without node labels, 
link-type icons , and secondary links. A 
rectangular overlay indicates the scope 
and position of the current local view . 

You can scroll the browser window by 
using traditional scroll bars or by "snap 
scrolling" (clicking the mouse anywhere 
within the local view to center that loca-
tion in the window). This method lets 
you fine-tune the position of the display 
and scroll diagonally without having to 
reposition two independent scroll bars. 
You can also scroll to an area outside the 
local view by repositioning the local-
view indicator in the global-view win-
dow. You simply drag the rectangle to a 
new area within the global view to up-
date the local view. 

The browser supports a direct-ma-
nipulation-style interface (see reference 
4) to the display objects (nodes and 
links). You select a display object by 
clicking on it with the left button of your 
three-button mouse. The browser high-
lights and boxes it, puts its contents in the 
inspection window (see photo 1), and 
scrolls its index line to the top of the 
index window. A right-button mouse 
click displays context-sensitive menus 
that let you create, edit, delete, and move 
objects. 

For example, if you press the menu 
button without selecting an object, a 
menu appears indicating that the only 
legal operation you can perform is Issue 
creation (i.e., the beginning of a new 

continued 





IBIS structure). By contrast, if you select 
an Issue node, the menu changes to re-
flect the legal operations on Issues. If 
you create a follow-up Position node, it is 
placed next to the Issue and linked to it 
with a Responds-to link. Then, the in-
spection window divides in half and a 
Node Creation window preloaded with a 
structured template appears beneath it. 

You fill in the template's structured 
fields (e.g., Subject, Keywords, and so 
forth) and provide an optional descrip-
tion of the node's topic (i.e., an unstruc-
tured node body) . When the node is com-
plete, you push the Submit button in the 
control panel (which appears only during 
Node Creation and Editing); the node is 
then parsed and stored, and the browser 
and index windows are updated to in-
clude it. 

When you follow the "Link to another 
node" menu item, you can choose from 
the set of legal outgoing link types for the 
current node, and the new link appears 
stretching between the source node and 
the current mouse position. You move the 
mouse to the destination node (by "rub-
ber banding") and then drop the end of 
the link there . 

You can also select canonical IBIS 
subnets (i.e . , a single Issue followed by 
its Positions, and their Argument nodes) 
as a single entity. The giBIS tool sup-
ports the movement and automatic layout 
of these subnets as wholes . Further, it 
lets you gather a subnet into a single com-
posite Issue-Position-Argument (IPA) 
node; this node provides additional 
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structure to analyze competing Positions 
and commit to one of them (Issue res-
olution). 

While it has a structure and body all 
its own, the IPA node by default inherits 
its label, subject, and keywords from the 
root Issue of the underlying subnet. Se-
lecting the composite means traversing 
the underlying subnet and composing an 
"inherited" body, which is shown in the 

T he node-
index window provides 

an ordered, hierarchical 
view of the nodes in the 

current network. 

inspection window along with any com-
posite-specific text (see figure 2) . Since 
the inherited body can become quite long 
with a large subnet, a function key lets 
you suppress (or reveal) it in the inspec-
tion window. 

The Node-Index Window 
The node-index window provides an or-
dered , hierarchical view of the nodes in 
the current network. To traverse the net-
work, you follow Primary links in depth-

first order starting from each Issue. The 
Issues, Positions, and Arguments are 
given sequence numbers like you might 
find in an outline editor (see reference 
5). For example, the Subject line for 
Issue 8 is 1.8; it has no children, so that's 
all there is . The Subject line for Issue 9 is 
I. 9; its first Position node (P. 9 .1) has 
two Argument nodes (A. 9 .1.1 and 
A.9.1.2), and so forth . Issues are or-
dered by creation date. The view-config-
uration panel lets you tailor the index to 
reflect by Subject, Author, Keyword, or 
node Label. 

You can select nodes through the index 
as well as the browser. Clicking on a 
node's index line makes that node cur-
rent: Its icon is highlighted in the brows-
er, the window is scrolled, if necessary , 
to bring it into the local view, and its con-
tents appear in the inspection window. 
This browsing method provides a linear, 
compressed view of the data in the net-
work. 

The Control Panel 
The control panel is composed of a set of 
buttons that extend giBIS's functionality 
beyond simple node and link creation. 
Each button hides a menu that extends or 
tailors its basic function. The Next but-
ton, for example, normally records that 
you have read the current node before it 
displays the next one. But if you press the 
right-hand mouse button while over the 
Next button, the hidden menu will ap-
pear. This is a slight extension of basic 
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Problems in Paradise 
0 ne common but subtle difficulty in 

hypertext systems is that some-
times it's unnatural to break your 
thoughts into discrete units, particularly 
if you don't understand the problem 
well and those thoughts are vague, con-
fused, and shifting. With giBIS, this ef-
fect is pronounced, because the IBIS 
method imposes on you a rather austere 
selection of node and link types; giBIS 
makes you think within a particular 
framework (i.e. , you focus on Issues 
without necessarily resolving them), 
and this can be disruptive. 

The early phase of considering a 
writing or design problem is critical and 
fragile and must be allowed to proceed 
in a vague, contradictory, and incom-
plete form for as long as necessary (see 
references 1 and 2). However, any in-
sights should be captured, and giBIS 
should support the emergence of a co-
herent structure as it develops. 

Design conversations often feature 
commitments like "Let's try X-it has 
advantage Y. " This is a Position and a 
supporting Argument, but no Issue is 
mentioned. Since you don't always see 
the Issue or Position immediately, it 
would be nice to have a "proto-node" in 
which to record ideas, snippets of text, 
and perhaps graphical sketches before 
having to structure them. 

Ultimately, of course, it's valuable to 
have separated these elements into 
Issues, Positions, and Arguments . But 
when you're struggling to solve a prob-
lem, the mental effort required to sepa-
rate it into discrete thoughts , identify 
their types, label them, and link them 
can be prohibitive. 

Finding the Right Answer 
In the IBIS method, you resolve an Issue 
by selecting one of the Positions that re-
spond to it as being "the right answer," 
or at least "the Position we are commit-
ting to for now." You could mark the 
Position node as Selected and display it 
by marking such nodes distinctively in 
the browser, perhaps with a somewhat 
different color. 

We have recently added an Issue reso-
lution feature to giBIS. It combines in- · 
dicating resolution with the aggregation 
into Issue-Position-Argument nodes; 
once an Issue is part of an IPA node, you 
can resolve it. At the moment, you 
change the value of the Resolved field to 
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True and indicate which Position holds 
the resolution. 

The rationale for adopting a particu-
lar conclusion may require more expla-
nation; for instance, perhaps all the ar-
gumentation didn't occur within giBIS. 
Sometimes, resolving an Issue tran-
scends the original options. Such reso-
lutions may combine elements of the 
original options and abandon prior as-
sumptions or presuppositions. Some-
times , when a breakthrough occurs, it's 
clearly the right solution. 

The giBIS tool needs to allow such 
leaps in argumentation and not force the 
Issue to a well-structured resolution. 
This may be as simple as providing the 
free-text annotation of an IPA tree or the 
marking of some discussions as "irrele-
vant in light of Position X." 

Getting the Whole Picture 
Using hypermedia for cooperative work 
has its problems as well. Sometimes, an 
unexpected problem can emerge when 
several users work cooperatively in a 
shared Issue group. Unless each author 
writes clearly and completely , while 
you might understand the individual 
nodes, it's hard to follow the thread of 
thoughts as it winds through several 
dozen nodes. That is, the hypertext tool 
forces the author to express ideas in a 
fined-grained, separated manner, and 
this obscures the larger idea being 
developed. 

This is a familiar problem common to 
many systems: The freedom 
of choice inherent in branching docu-
ments requires greater care from both 
the author and the reader. The separa-
tion of Position and Argument in IBIS 
(i.e., an idea and its justification) could 
also be another factor. 

However, there may be a more subtle 
issue here: Traditional linear text pro-
vides a continuous, unwinding context 
thread as ideas are proposed and dis-
cussed-a context that the writer con-
structs to guide you to the salient points 
and away from the irrelevant ones . In-
deed, a good writer anticipates ques-
tions and confusions that you may en-
counter and carefully crafts the text to 
prevent them. 

The hypertext (or at least the giBIS) 
author, however, is encouraged to make 
discrete points and separate them from 
their context. Sometimes, the giBIS au-

thor, in a hurry to capture a design Issue 
and its analysis, may write only the bare 
minimum necessary to record the es-
sence of the Issue, Positions, and Argu-
ments. Even the careful author, how-
ever, may not anticipate all the routes to 
a given node, and so may fail to develop 
the context sufficiently to clarify its 
contents. 

Using a path may linearize a net-
work's segments sufficiently to provide 
context (see references 3 and 4). And 
there are higher-level constructs that ag-
gregate a set of nodes . The new IPA-
node type combines all of an IBIS sub-
tree ' s nodes (an Issue, its Positions, and 
their Arguments) into a single node and 
Jets you append additional IPA-specific 
text as well . This linearizes the discus-
sions of individual Issues and reduces 
the sense of fragmentation you some-
times have when reading a giBIS net-
work, but it's probably not sufficient to 
restore the context in which those nodes 
were created. 

Finally, part of the context is the rela-
tive importance of the points presented, 
and we need to incorporate an "impor-
tance" meter into giBIS nodes . One 
possibility would be to incorporate one 
of three keywords , HI IMPORTANCE, 
MED IMPORTANCE, or LO IMPOR-
TANCE, into each node at creation. 
This would guide you to the most salient 
points first (see also reference 5); it 
could also be used to control the level of 
clutter in the browser display. 

Staying on Track 
It's common in conversations to "go 
meta" and make a comment on the pro-
cess (as opposed to the content) of the 
discussion (i. e., "But that isn't the issue 
here" ). Similarly, in IBIS discussions, 
sometimes you need a meta-discussion 
when one person in an Issue group feels 
that another has misused the IBIS struc-
ture to present ideas . For example, if B 
feels that A's Issue node is actually two 
Issues and a Position, B needs a way to 
express this and to initiate a discussion 
about it. 

There are three levels of collaborative 
work: substantive (the content of the 
work) , annotative (comments about 
substance) , and procedural (comments 
about procedures and conventions) (see 
reference 4). In IBIS, you can theoreti-
cally treat all three levels as Issues . For 













example, B could post an Issue, con-
nected by a Questions link to A's Issue, 
asking "Isn't this really two Issues and 
a Position?" While this is a valid move, 
it has drawbacks. 

B's Issue is by its nature meta-sub-
stantive, although whether it's annota-
tive or procedural is unclear. But by 
placing it in the network, B creates an 
Issue that adds complexity to the brows-
er display without shedding any light on 
the problem being discussed; B also ini-
tiates a discussion that may change the 
network, after which this meta-discus-
sion will have only historical interest. 

This problem has several resolutions . 
You could have special meta-level Issue, 
Position, and Argument nodes to distin-
guish them from substantive ones. Or 
you could label nodes as "only of his-
torical interest." Such nodes could be 
archived or have their display sup-
pressed so they wouldn't normally be 
visible. You could also give each node 
its own meta-layer (only displayed on re-
quest) for such discussions . In a simple 
version of this option, you can append a 
meta-line at the end of any giBIS node 
and then begin an annotative or proce-
dural discussion there. The node's au-
thor might append a response or revise 
the network to correct the structural 
error. 

Lost and Found 
A hot issue in hypertext research is how 
to use a graphical browser effectively to 
navigate networks with more than a few 
dozen nodes. This is part of the more 
general problem of disorientation, par-
ticularly its visual and spatial aspects in 
a large data space. Although giBIS has 
addressed this problem with its global-
view and query mechanisms, many hy-
pertext systems have not. 

Keeping Current 
Any database must be able to manage 
changes to its data . Often, a versioning 
scheme that allows older versions of the 
data to be marked and archived is used. 
In giBIS, the issue of change is of un-
usual importance, because the very na-
ture of an "Issue base" is its use for 
evolving discussions in which older ma-
terial may be accurate and highly im-
portant, inaccurate and of only histori-
cal interest, or anything in between. For 
example, the original form in which an 
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Issue is framed may be biased toward a 
particular Position, or it may contain a 
presupposition that is later made explicit 
and rejected. How can you handle this 
"outdated" form of the Issue? 

Sometimes, the Issue and its discus-
sion subnet may be isolated and wrong; 
then it's easy to decide to archive that 
subnet and delete it. But more often, 
par'ts of the subnet will be wrong, mis-
leading, or irrelevant, while others are 
still relevant or important and part of an 
active region of the network. How do 
you prevent these partially invalid seg-
ments from poisoning the network? ' 

Perhaps you could systematically 
indicate the age and relevance of net-
work material by, say, displaying older 
nodes as yellowed or frayed (unless they 
have been recently visited and updated). 
Like importance, salience, and confi-
dence, age and relevance are somewhat 
subjective measures and can be only 
partially automated. Another possibil-
ity for managing change is completely 
human: As Issue networks grow in size 
and importance, organizations should 
have people whose job is to maintain the 
currency and consistency of the Issue 
base. 
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functionality and leaves the current node 
marked unread. 

For those functions with no exten-
sions, the menu provides a longer expla-
nation of the button's functionality. For 
example, the Goto button loads a particu-
lar Issue group's data into the browser; it 
hides a Help menu that tells you to "enter 
an Issue group name and push this but-
ton ." 

The Mise button hides a grab bag of 
functionality. For instance, the Tool 
Config item lets you tailor particular as-
pects of the interface. If you select it, a 
new window appears that contains the 
giBIS configuration parameters, their 
current settings, and any constraints on 
their legal settings. These parameters are 
divided according to whether they affect 
the index, the browser, or the inspection 
window. 

Primary and Secondary Links 
When a node is created, it's usually auto-
matically linked into the existing net-
work of nodes. This automatic first link 
is its primary link. Later, you may con-
nect that node to others in the network, 
but all subsequent links are secondary 
and differ from the primary one both vi-
sually and navigationally. 

Filtering out the secondary links from 
a canonical IBIS subnet results in a hier-
archy that becomes the basis of the index 
window's structured listing. For exam-
ple, let's say that three Positions respond 
to an Issue, and two of them have sup-
porting Arguments. The Positions are 
mutually exclusive, so each Argument 
also objects to the other Positions; hence, 
secondary links make these connections 
explicit. 

It's easier to understand the IBIS net-
work if, on first pass, the browser dis-
plays only the primary links and "turns 
off' the secondary links. The Next but-
ton leads you through the network in the 
canonical IBIS order (the same sequence 
as the index window). The primary-link 
view shows clearly how the current node 
relates to the surrounding conversational 
structure. After the first pass, you can 
make the secondary links visible, if you 
wish, to see the cross-relationships en-
coded in the network. (In keeping with 
the design philosophy of tightly coupled 
windows, selecting a node with the Next 
button causes the same scrolling and 
highlighting as selection via the browser 
or index window.) 

The Use of Color 
We designed giBIS for use on Sun work-
stations with color monitors. Thus, color 
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is used to indicate node- and link-type in-
formation , as well as such special node 
states as "currently selected" and 
"matches the current query." You can 
also configure giBIS to customize the 
color mapping . 

This flexibility caused some trouble at 
first , and we quickly added a set of stan-
dardized color mappings. Having col-
ored nodes and links turns out to be one 
of the most compelling aspects of giBIS. 
You can quickly learn the type mappings 
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for the most commonly used nodes and 
links, and type identification then be-
comes a rapid, reflexive activity. While 
you may occasionally change your map-
pings with the Tool Config panel for spe-
cial purposes (like making some links 
invisible for presentations), most users 
commonly set up their colors and leave 
them alone. 

If you have a monochrome monitor, 
the information encoded by color is du-
plicated with icons. While giBIS by de-
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• One Year Warranty • Malh Slol 
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Wilh Monochrome I MGA + 20 Meg 

IEEE 
$1395 

IEEE 
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ducti No COD's. 15% restocking ft'C on unauthorized rctums. IBM XT/AT are trade· 
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Super Turbo XT - 10 MHz 
• 10 MHz PC·XT Computer 
• AT Style Case 11ith Key Lock. Turbo. Power and 

Hard Drive LEOs • 4.77 I 10 MHz Motherboard 
• Kcytron ics 10 1 Enh anced Keyboard 
• 256K Ram Sind. Expandable 10 640K 
• Serial I Para llel & Game Pon • 150 Wall Power Supply 
• 360 Floppy • Floppy Controller & Cable 
• Hercules Comparable Graphics Card 
• One Year Warranty • Complete Opera1ions Manual 
Wilh 12" High Resolulion $625 
Monochrome Monilor .. ...... Only 

Wilh Seagale ST·225 20 Meg .......... $935 
To Order, Call: 

1-214-931-3777 
ieee, inc. 1712UDa llas Parkway 

Suilc 212 • Dall as. Texas 7524X 
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fault presents both color and icons, both 
can also be suppressed. Usually, the 
color-monitor user suppresses the link 
icons to make the browser view appear 
less cluttered. 

Using color presents its own set of 
problems, however. For one, you must 
have a color display. And you are limited 
to a small number of color mappings . 
The giBIS tool contains nine link types 
and is probably near the limit of people's 
ability to reliably perform the mapping. 
By adding the link-type icons, the map-
ping complexity drops, and more link 
types could be safely added. 

More surprising, however, is the large 
machine-to-machine variation among 
color monitors in overall brightness, 
convergence, and RGB-gun saturation. 
This variation has eliminated the possi-
bility of using a single, standardized set 
of color mappings for all machines. The 
color settings that produce bright, highly 
defined images on one screen can be 
dark, muddy, and indistinct on another. 
To address this, the four sliders at the 
bottom of the Tool Config window let 
you fine-tune the color map to your 
machine. 

Search and Query 
Another control-panel feature is the 
Query button. Pressing it brings up a 
small query-construction window. It 
contains a small control panel and a 
specification section for "query by ex-
ample ," which lets you create a proto-
node against which the nodes in the cur-
rent IBIS net will be matched. When you 
press the Execute button, the query is 
parsed and evaluated, and its results dis-
played in both the browser (selected 
nodes turn a bright yellow in both the 
local and global views) and the index 
window (the window shows only the in-
dex lines for those nodes satisfying the 
query) . 

You can then examine those nodes 
using standard navigation techniques. 
Pressing the Help button reveals another 
window (obscuring the browser win-
dow) , which contains instructions on 
how to formulate queries, their appropri-
ate grammar, and a number of examples . 

This query-specification technique 
lets you formulate node-content searches 
based on the logical AND of predicates 
over node attributes. The grammar could 
be extended to allow full Boolean ex-
pressions over the predicates, but there 
has been little demand for it. These more 
sophisticated queries may be required 
when the networks become very large, 
but the simple query engine in giBIS is 

continued 



TRY THE NEW GENERATION FOR $30 

KNOWLEDGEPRO 
KnowledgePro uses Top 
Topics can contain data, 
rules, lists and pictures. 

Q. Who's using it? 

HYPERTEXT 
Hypertext can be a powerful tool for 
organizing text, graphics and data, but 
without an underlying structure the user 
becomes lost in a maze of information. 
KnowledgePro adds structure, control and 
intelligence to create an exciting new 
teaching medium. 

II never go back to your shell! 

A. Engineers, Educators, Lawyers, Scientists, Managers, Authors, Bankers, Software Developers, Expert System 
Developers, Computer VARs and VADs, Trainers, Consultants, Experts in Agriculture, Manufacturing, Insurance, 
Petroleum, Government and many many more. 
Q. What are they doing with it? 
A. Intelligent tutorials, smart manuals, procedure guides, rule books, computer aided instruction, sales and promo-
tion, data analysis, non-linear documents, text analysis, diagnostics, software front-ends, expert systems, training and 
education, hypertext authoring, case studies, insurance claim determination, investment analysis, intelligent forms-
there seems to be no limit to the diversity of applications. 
Q. What can I do with the demo system? 
A. The KnowledgePro demonstration system comes with a 100 page manual and lots of examples to get you started. 
You can create and save small working knowledge bases. The only commands that you can't use are those for 
handling external files or chaining knowledge bases. We even credit your $30 toward the cost of the full system. 
Q. How much is the full development system? 
A. KnowledgePro costs $495 and there are no run-time charges, so you don't have to pay more when you distribute 
your applications. The Database Toolkit (for access to dBASE and Lotus 123 files) costs $49 and the Graphics Toolkit 
(for access to PC Paintbrush pictures) costs $89. Our KnowledgeMaker induction system (for creating rules from data) 
costs $99. KnowledgePro runs on IBM PC, AT and PS/2 compatible machines with 640K memory. 

TO ORDER Call 518-766-3000 (Amex, Visa, M/C accepted) or send $30 + $5 shipping & 
handling for the demo ($38 total foreign) or $495 + $8 shipping & handling for the full system ($553 total foreign) to 
Knowledge Garden, Inc., 473A Malden Bridge Road, Nassau, NY 12123. In NY State please add 7% sales tax. 

Knowledge Pro® 
By Bev & Bill Thompson 

The first Knowledge Processor. 
published 

by 
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In 
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with 

KnowledgePro is a registered trademark of Knowledge Garden, Inc., Lotus 123 is a registered trademark of Lotus Development Corp. , dBASE is a trademark of Ashton Tate. IBM is a registered 
trademark of International Business Machines Inc., KnowledgeM aker is a trademark of Knowledge Gard en Inc. Photo Tcherevkoff © 
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sufficient for searching moderately sized 
networks. 

A Time Saver 
Choosing a relational DBMS as a storage 
manager for giBIS provides concurrency 
control, record-level locking, reliable 
data storage, fast access methods, and a 
reasonable search engine. In addition, 
the one we used includes an uninterpreted 
data type (a field for long text passages, 
digitized voice, graphics bit maps, or 
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whatever). Thus, you can store the body 
of a node as part of a database record. In 
retrospect, implementing giBIS on top of 
an existing DBMS allowed us to focus on 
the task at hand and saved us many 
months. 

Unfortunately, the DBMS doesn't ad-
equately notify you when a table or set of 
records is modified (e.g., when a new 
node is added to an Issue group). To 
overcome this, we added a notification 
layer that keeps track of the status of the 
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database for each individual user. When 
the database is modified so that it 
changes your view of the data, you are 
notified and your view is updated appro-
priately. 

Using a DBMS presents one major 
drawback, however: It closes the system. 
In essence, all the objects that the Issue 
networks reference must reside within 
the database. Unfortunately, many ob-
jects that instigate Issue-based discus-
sions, like requirements or architecture 
documents, as well as those objects re-
sulting from these networks, such as 
code and documentation, are external to 
the database. A special surrogate type of 
node lets giBIS reference external ob-
jects, such as text, graphics, or spread-
sheets, in a "blind faith" sort of way. 

A surrogate has two parts: a pointer to 
the external object (usually a fully quali-
fied path name) and the name of an op-
tional display program that giBIS should 
invoke to display the object. If you don't 
specify a program name, the default 
display program assumes that the exter-
nal object is a text file and loads it into 
the standard inspection window. If you 
specify a display program, giBIS in-
vokes it and passes it the external path 
name as an argument. 

A Useful Structure 
IBIS is a powerful method for research 
thinking and design deliberation. If 
you're working alone, the Issue-Position-
Argument framework helps to focus 
your thinking on the hard, critical parts 
of a problem and to detect incomplete-
ness and inconsistency in your thinking. 
If you're collaborating in an Issue group, 
the structure giBIS imposes on discus-
sions is useful and exposes axe grinding, 
hand waving, and clever rhetoric. It has a 
tendency to make assumptions and defi-
nitions explicit. 

You can trace some of these advan-
tages to the semi-structured nature of 
IBIS networks (see reference 6). The 
writer can structure a complete message 
without any constraints on what is said, 
while the reader has a recurrent structure 
in the text that aids search and compre-
hension. The explicit rhetorical structure 
of IBIS reveals at least the general struc-
ture of an unfolding discussion. Indeed, a 
distinct advantage stems from the partic-
ular structure that IBIS provides. That is, 
a good match exists between some of the 
cognitive structures and processes of de-
sign and the three node types and nine 
link types that compose IBIS. 

However, we have found some major 
shortcomings in giBIS. There is no spe-
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cific node type for goals and require-
ments. There is no particular support for 
making a decision (or reaching a consen-
sus) among the various Positions of an 
Issue, and no way to indicate that such a 
decision has been made. Design deci-
sions usually result in adding solution 
elements to the design itself (e.g. , code, 
module structure, and so on), but these 
elements are not supported by giBIS and 
must be stored externally. (For further 
discussion of these and other shortcom-
ings, see the text box "Problems in Para-
dise" on page 260.) 

A Synergy of Tool and Method 
The noncomputerized IBIS method is 
cumbersome and would not have reached 
the popularity that it has here in our lab 
without the giBIS tool to support it. Al-
though giBIS is not the only hypertext 
system available in our environment, it 
has achieved wider and more prolonged 
usage in a much shorter time than has 
PlaneText, the other system (see refer-
ence 7). We speculate that this is due to a 
particularly good match between the re-
quirements of the IBIS method and the 
hypertext facilities ofthe giBIS tool. 

The centerpiece of the Ayspeed 
Collection is st./ exp, the brainchild 
of our resident Westinghouse Science 
Talent Search winner and Caltech 
alumnus, Thomas Fly . (Charles 
Townes, a Caltech alumnus from 
neighboring Greenville , SC, won the 
Nobel Prize for the laser. In the 1930s, 
another Caltech alumnus invented 
xerography, which , combined with the 
laser, put that laser printer in your of-
fice-if you're wondering why all the 
laser printing engines are made in 
Japan , ask an alumnus of the 
Harvard-genre of American business 
schools.) 

Even on your 5-year-old IBM PC 
(that runs Borland's Turbo Ughtning at 
an astounding 8 words per second) , 
st/ exp compresses text files at rates of 
over 500 wps (1000 wps for expan-
sion) , typically to 30% or less of their 
originaf size, allowing faster modem 
communications and more efficient 
data storage . 

Other FlySpeed programs include: 
Typing Demon. Named after Max-
well 's Demon from thermodynamics, it 
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For example, one clear success has 
been in using color to indicate the types 
of the IBIS nodes and links. Perhaps this 
is partly because there are only a few dis-
tinct node and link types in IBIS, and 
each has reasonably well-defined seman-
tics, so the browser display can use bright 
primary colors that, after a while, be-
come strongly associated with their 
meanings. Despite its narrow design and 
rigid functionality, giBIS provides facil-
ities that are easy to learn and quite help-
ful with ill-defined design problems. • 
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HYPERTEXT PRODUCTS 

Business File Vision ..... . . $395 
Macintosh 
Marvelin Corp. 
3420 Ocean Park Blvd. 
Suite 3020 
Santa Monica, CA 90405 
(213) 450-6813 
Inquiry 958. 

Document Examiner 
Feature of Genera software 
environment that comes bundled 
with Symbolics workstations 
Symbolics, Inc. 
11 Cambridge Center 
Cambridge, MA 02142 
(617) 621-7500 
Inquiry 957. 

Graphic KRS (Knowledge 
Retrieval System) .... .......... $400 
Workstations 
Text KRS .. . . .... .. .. .. .. .. .. . $300 
Workstations 
Hyper KRS ................. $3000 
(includes 1 Hyper Indexer and 
10 Hyper KRS) 
Additional workstation 
copies ............................ $125 
Knowledgeset Corp. 
60 Garden Court, Building A 
Monterey , CA 93940 
(415) 968-9888 
Inquiry 963. 

Guide 
Mac .. . ... . ... . ... ... . . .... ... $199 .95 
IBM PC, AT, PS/2s . .. .. ... . .. . $275 
IBMXT . . .. . .. . ............ .. .. . . $300 
Owl International, Inc . 
14218 Northeast 21st St. 
Bellevue, WA 98007 
(800) 344-9737 
(206) 747-3203 
Inquiry 959. 

HyperCard ... . ... . . .. ... .. . .... $49 
Mac Plus, SE, and II 
Apple Computer, Inc. 
20525 Mariani Ave. 
Cupertino, CA 95014 
(408) 996-1010 
An assortment of public domain 
stacks for HyperCard is available 
on BIXin the "stackware " area 
of the "listings" conference. 
Inquiry 960. 

KMS (Knowledge Management 
System) .. ... .... . ..... . . . ...... . $1995 
Sun 3, 386i, and 4 workstations; 
Apollo DN 3000 and DN 4000 
workstations 
Scribe Systems , Inc. 
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Hyper Activity 
HYPERTEXT RESEARCH AND DEVELOPMENT 

Commerce Court, Suite 240 
4 Station Square 
Pittsburgh, PA 15219 
(412) 281-5959 
Inquiry 961. 

Knowledge Pro, a knowledge 
processor . ... . ..... .... ... . .... . . $495 
IBM PC, XT, AT, and PS/2s 
under MS-DOS 
Knowledge Garden, Inc. 
473A Malden Bridge Rd. 
Nassau, NY 12123 
(518) 766-3000 
Inquiry 962. 

MacSMARTS ........ . .. .. . .. $195 
Mac 512 or higher 
MacSMARTS 
Professional .... . ... ... . .. . ... $495 
Mac 512 or higher 
Cognition Technology Corp. 
55 Wheeler St. 
Cambridge, MA 02138 
(617) 492-0246 
Inquiry 964. 

Marcon, a DBMS with 
hypertext-like indexes .... .. ... $495 
IBM AT or higher 
Marcon Plus ........ .. .. .. ... $795 
IBM AT or higher 
AIRS (Automated Information 
Reference Systems), Inc. 
335 Paint Branch Dr. 
College Park, MD 20742 
(301) 454-2022 
Inquiry 965. 

RECOMMENDED READING 

Bell Communications Research 
(Bellcore) 
435 South St. 
Morristown, NJ 07962 
(201) 829-2000 
Superbook, a text browser 
Telesophy, on-line literary 
system 
Thoth II, a system that embeds 
semantics into hypertext 

Brown University 
Institute of Research in 

Information and Scholarship 
P.O. Box 1946 
Providence, RI 02912 
(401) 863-2001 
lntermedia, an interactive 
teaching and learning environment 
(in development) 

Carnegie-Mellon University 
Computer Science and English 

Departments 
Pittsburgh, PA 15213 
(412) 268-2565 
Notes, a hypertext writer's tool 
(in development) 
ZOG, a multiuser hypertext 
system (in development) 

MAD Intelligent Systems 
55 Wheeler St. 
Cambridge, MA 02138 
(617) 492-1982 
Developing hypertext through 
machine-generated links. 
Common Lisp software that runs 
on a Mac II and Unix machines. 
Prototype in use by the New 
York Stock Exchange. 

Conklin, Jeff. "A Survey of Hypertext." IEEE Computer, September 
1987. 

Halasz, Frank. "Reflections on Notecards: Seven Issues for the Next 
Generation of Hypermedia Systems." Communications of the ACM, 
July 1988. 

Hypermedia: The guide to interactive media production (premier 
issue from MIX Publications, 6400 Hollis St. , #12, Emeryville, CA 
94608, (415) 653-3307). 

Hypertext '87 Conference Proceedings. University of North Carolina at 
Chapel Hill, Department of Computer Science (CB #3175 , Sitterson 
Hall , Chapel Hill, NC 27599). 

Nelson, Theodor H. "Managing Immense Storage." BYTE, January 
1988. 

Salton, G., and M. J. McGill. Introduction to Modern Information 
Retrieval. New York: McGraw-Hill, 1983. 

MCC (Microelectronics and 
Computer Technology Corp.) 

Software Technology Program 
3500 West Balcones Center Dr. 
Austin, TX 78759 
(512) 343-0978 
giBIS, a problem-analysis tool 
that runs on Sun workstations (in 
development) 
PlaneText, a Unix-based, 
general-purpose system (in 
development) 

University of Maryland 
Department of Computer Science 
Human Computer Interaction 

Laboratory and Institute for 
Advanced Computer Studies 

College Park, MD 20742 
(301) 454-4255 
Hyperties, an instructional, 
interactive encyclopedia system (in 
development) 

University of North Carolina 
at Chapel Hill 

Department of Computer Science 
CB #3175 
Sitterson Hall 
Chapel Hill, NC 27599 
(919) 962-1792 
WE, an interactive writing 
environment 

University of Southern 
California 

Computer Science Department 
Los Angeles, CA 90089 
(213) 743-2311 
DIF, a hypertext system with 
software engineering tools (in 
development) 

The Xanadu Operating Co. 
8480 Fredericksburg, Suite 138 
San Antonio, TX 78229 
(512) 927-6073 
Xanadu, a worldwide hypertext 
library (in prototype for Sun 
workstations) 

Xerox Palo Alto Research Center 
Intelligent Systems Laboratory 
3333 Coyote Hill Rd . 
Palo Alto , CA 94304 
(415) 494-4000 
NoteCards, an information 
analyst 's support tool 

CONFERENCE 

Hyper Expo Boston 
World Trade Center 
Boston, Massachusetts 
October 15-16, 1988 
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