
A bold new approach to storing data could sweep
away many difficulties users face.

by Theodor H. Nelson
The fish does not see the water. And we
computer people, even the savants, whiz­
zes, and frontiersmen among us, generally
fail to see the most oppressive and devastat­
ing aspect of our working lives. I refer to
the file, and the conceptual structure of the
storage methods it forces us to deal with.
Chaotic and fragmented, the world of com­
puter files presents an enormous barrier
to the creation of the clean systems of
tomorrow.

We tell beginners, “It must be this
way.” But I believe there has to be a funda­
mental redesign of the way we use comput­
ers, undoing this harm and difficulty. A
clean new interface to our worlds of infor­
mation could sweep away a vast amount of
the difficulty that people have with
computers.

Indeed, what the world needs is a
generalized form of storage that will grow
and adapt and hold data for every type of
application; that may be shared among all
applications, yet does not slant or gerry­
mander those data in any particular way;
that creates a common, clarifying, and uni­
versal system of storage.

Computer use is principally con­
cerned with maintaining order in a growing
jumble of files. Some files stand alone, some
must be managed in clusters, but typically
they are all piled together on disk with ar­
chival copies and backups in an ever more
confusing tangle.

Having to keep track of files is an
endlessly complex and exasperating chore.
You have to name each one. You have to
rename them. You have to keep copies.
You have to move them by copying and
then deleting one of the survivors. (Delet­
ing the correct file in a jungle of similar
names is roughly like holding your baby
and your garbage over the incinerator and
letting go of one, 10 times a day.) Then
there are the endless problems of making
backups and finding space for them (often
in dark crannies of the disk), the escalating
annoyance of disk volumes filling to capaci­
ty, and the emergency transfers and dele­
tions that must be made.

Typically, from time to time, some­
body just throws it all away and starts 
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afresh, or just puts the whole mess in stor­
age somewhere and starts over, or does a
sweeping reorganization of files during
which a great deal of data is lost.

Attempts have been made to orga­
nize these chores according to various
schemes, the most popular of which is the
hierarchical file structure. With catalogs
and directories, this structure originally
seemed an improvement because it provid­
ed more places to put things and because it
seemed to match well the structure of cer­
tain applications.

Some people think hierarchically
and that’s fine, but those who don’t should
not be forced to do so. There are those who
imagine that forcing a problem into a hier­
archical structure promotes clear and rig­
orous thinking. But that is, to use the
politest possible term, malarkey; mapping
any set of ideas to any other may present
interesting exercises to the mind, but there
is little point if the two sets do not match
well.

Unfortunately, the hierarchical
model imposes intricate, fixed pathways
that we must commit to and memorize and
which are quite hard to change. Yet the
way we think of our work is constantly
changing at the highest level. (Lucky are
they whose ideas are fixed and unchang­
ing.) Unfortunately, existing file methods
stick us forever with the groupings that we
start with—those divisions and hierarchies
that seemed appropriate at the beginning—
unless we do the elaborate reorganizations
that nobody has time for anyway.

Many sets of data need to be divided
into separate files even though they are re­
lated to each other, but the connections,
not being represented, tend to evaporate.
Cross-references between them, the inter­
connections of shared material, commonal­
ity and parallels—all these become easily
lost because they are not easily represented.

There are ad hoc programs we can
build to cope with what is not built into the
storage system. These include programs for
comparing files, indexing programs that
mark points in text, delta list programs to
manage the history of changes, and soft­
ware configuration management programs,
which produce different versions of the
same programs from a common library.

But I insist that if we had proper storage,
all these functions would be handled in the
data structure as a common reference sys­
tem, available to all software.

SOFTWARE Most software based on
AFFRONTS mo<^e^ affronts

the user with tedious for­
malities of opening and

closing. Since files, their names, and ver­
sions constitute the surface structure of this
universe, selecting and opening them is a
level of annoyance that makes firing up an
application as tedious as opening a bank ac­
count. Such unnecessary distraction and
formalism wear you out before you even
start and they forbid acting on inspiration.
The situation is comparable to having to
deal with a desk clerk in order to make
love. (Programs like Sidekick from Borland
International help in this regard, but the
elaborate formalities are still necessary to
put files away when the user is done.)

We should be able to work on nu­
merous things at once, Ping-Pong style,
never having to deal consciously with the
formalisms of opening and closing files and
applications. Many would say you could
escape some of these annoyances by con­
ventional methods. Today’s windowing
packages are a start, but they just disguise
underlying conventional file methods that
must be grappled with as usual when the
day is done.

There are subtler problems to be
solved. I would argue that the conventions
of files as we know them put pressure on
software design to take certain oversimpli­
fied forms. For instance, we are familiar
with the database model, in which sepa­
rately coded items, or records, may be
searched according to various criteria. We
are also familiar with the word processing
model, where sequential text may be
scanned, revised, and printed. But why
can’t these approaches be combined? What
if one wants to provide categorical codes
for sections of text inside their documents,
to flag them for reference by another appli­
cation? Today’s software does not permit
that. (A partial exception is the software
product Dayflo from Dayflo Corp., Irvine,
Calif.) You might also like to search for the
coded pieces and sort them like database
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Some people think hierarchically, and that’s fine, but
those who don’t should not be forced to do so.

items, yet see them in their living contexts
at the same time. While these functions are
possible to program, the conventions of
files strongly pressure the programmer to
oversimplify both the data and their uses.

What we need, I submit, is a world
without files. By that I mean a world where
the user sees his or her latest work in its
preferred appearance and format while still
being able easily to trace interconnections
and compare versions. Each application
should be like a door to a world: the user
opens doors into applications, with multi­
ple views of materials, each a different con­
text or way of working on it. We need
multiple pathways to the same material at
the user level. Whole environments—appli­
cation programs and their open files—
should easily be snapshot (frozen and put
away so that they can be brought back to
life quickly without reopening files one
by one). This has been the intent of many
integrated software packages, notably Lo­
tus’s Symphony, which tries to make avail­
able several different views of common
materials.

Often the same pieces of text or,
more common in the future, graphics, need
to be worked on in several different con­
texts. As a result, different versions of the
materials develop, growing apart in differ­
ent ways. It should be possible, however^
gradually to change and separate different
versions, yet keep their commonalities
traced back to the original version. This
does not exist in any well-known system.

DIFFERENT What I propose requires
STORAGE a different approach to
APPROACH storage- It is best ex­

plained by degrees, start­
ing with the case of text storage and
expanding toward a generalized structure.
We called the old units files. Let us choose
a new name for units that can link and
overlap. I propose the term document,
since text documents are often intercon­
nected in the way we plan to permit. The
purpose of a document is the same as that
of a file—it is a useful collection of data—
but it offers additional advantages.

Let us begin by collecting all text
into a pool of dated bytes. Each byte knows
when it was created. A document is a list of
pointers into this pool. Conversely, each
byte knows the origin and location of its
corresponding pointers. (This is related to
the “piece table” approach of such word
processors as Samna from Samna Corp, of
Atlanta.) Different documents may point
into the same text pool, using the same ma­
terials in different ways. As the documents
get modified they depart from one another,
and their pointer lists change.

This data structure may be imple­
mented for a variety of different functions
to go to an arbitrary part of any document;
to find what documents use a given string
or byte, and where it falls in each; to find
out whether two specific documents share a
piece of text; to see the same text as it ap­
pears in two different documents. While
this has certain unusual speed advantages,
it also allows rapid jumps to arbitrary posi­
tions in text, since the program steps
through pointers instead of text.

This facility would permit a user to
reuse and rework the same materials re­
peatedly in different ways and for different
purposes, unconfused as to their origin but
always able to identify which sections are
common between what documents and ver­
sions. Multiple documents and users could
share material without redundant storage.
This would be especially useful for boiler­
plate applications, where the same ma­
terials are often reworked for different
documents.

Even for the lone user, this ap­
proach could bring clarification. It would
be easy to keep track of the parallel mainte­
nance of different versions, the continuing.
connections to the origins of each part, and
differences between all working versions.
Note also that the storage overhead from
maintaining many documents (and saving
back versions) would be reduced in propor­
tion to the amount of overlapping material.

The payoff could be even greater in
a file server for many users who are sharing
material. The data would stay in place,
they could participate in many documents
of different kinds, and each document
could evolve separately, but connections
would be continually traced among them.
Where the same materials and boilerplate
are repeatedly used, as in law offices, such
facilities can be vital.

The text pool, by the way, should
contain only “pure” text, uncluttered with
information about paragraphs, fonts, and
the like. Such information will be different
for different users and thus must be purged
from the text to assure that only a clean
base of shareable materials is in the com­
mon pool. Therefore, a separate set of for­
mat pointers is needed, isolating the
formatting information from the “raw”
data. Formats become sets of pointers into
this pool.

MARKING This same approach may
DATA FROM be deeply generalized.
OUTSIDE What we have found is a

way to mark the data
from outside, so that those applications
that need to share data and the markers
may do so freely, but the markers do not 

clutter the data for apnlicati„
they’re not wanted. We really Where
more general facility, one permta " mUch !
trary markings in a pool of dSa ,k8 arbi' I
be used for different purposes by I
users of these data, but that do not ok* I
or encumber the data for users whn T*'’
want them. This can be acrn? ,dont i
through a generalization of the forma?? I
ing system. 1 Cod* I

We would like to mark and link -
data for many purposes. Markers can u
used to point at specific items, to hold a
place somewhere in a text or other docu
ment, and to indicate items or sections of a
certain type. We may also want links be­
tween different parts of our data to show
comments, to show structural interconnec­
tions, to show corresponding parts (e.g.,
between code and documentation), and so
forth.

We will want to move markers and
links out of the data but keep them where
different users can use them for different
purposes. Each of the different types of
links and markers would therefore be kept
in a separate, individual pool.

These markers and links may be of
many types, but by pooling them we gain
numerous advantages: we can find which
ones attach to any given section of data; we
can search them by type, by time of entry,
by owner, and so on. Let’s consider how
this will work in a text system for the stor­
age and maintenance of linked materia s
and arbitrary forms of annotation. Eacn
document can be read in sequence, every
use of a piece can be traced to t e 0
documents to which it has migrate ,
overlapping pieces can be code in n
ous ways without obstructing

0P"“ wL we o.l. here

used for database-type cod*ng, aonlica-
data structure easily suppor s ofelocu­
tion described earlier: coding P may
ments and searching for them contexts-
be seen in their living docum jjcations
Word processing and databa. PP^, lhey
map data to existing file s‘ rogranin>er
grow toward each other as thc pro-
continues to add features In co”'
cess become increasing y f w°u
trast, suitable storage king inte^
reflect a deeper structure;
diate applications easier data structu
unnecessary. This sty . apPlicat/°?ob'
exerts no pressure to deslgheStylesofPrf d
given way and so escapes the > jf,
lem analysis and d*^
solutions that are fos e
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storage paradigm with

84 DATAMATION



^^^TSlA!
n Ssaidf0f/eef I

it Bill Lowe after rescue.

. WorldCom created a super­
efficient network ***••:*’<■
14 U.S. locations and Japan
Tokyo headquarters

This network
includes cus­
tomized commu- .
nications soft- ‘
ware, plus ITTs i
sophisticated I
Worldbridge™ i
family of net-1
working, office i

automation and I
electronic mes- L

Ss ivS'S ’Bin r sh,pshane” lai,edhis

' forep?/s°ne"a„fT?e s«PPi»S

/ --I ^rans^
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Using software based on today’s file model is
comparable to having to deal with a desk clerk in
order to make love.

cations. I believe it is a unification that can
exactly represent the intrinsic structure of
all data. Though it is not generally recog­
nized, this representation is needed in all
fields and applications, not simply comput­
ing. Engineering, law, medicine, computer
science, art history, entomology, and intel­
ligence work have the same need to repre­

sent linkage and origins of data, common­
ality between documents, and historical
backtrack. This is true for all types of data,
including text, graphics, business data, and
scientific data. Without these facilities, I
submit, there is no way to build the kinds of
features that the true paperless office will
require, eliminating the debris of loose and
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