
AD-A158 155 CREF: AN EDITING FAlCILITY FOR MNANGING STRUCTURED TEXT t/I

(U) MRSSACHUSETTS INST OF TECH CAMBRIDGE ARTIFICIRL
INTELLIGENCE LAB K M PITMAN FEB 85 RI-M-829

UNCLASSIFIED N69114-80-C-15B5 F/G 5/8 NLEEEEEEEl~mE.EE
I-EEEEEEEEEEll



3-53

N:- 22 ~2

IL! ! °

l- 111 1 -,o

*4*4 -* 6

NATIONAL BUREAU OF STANDARDS
MICROCOPY RESOLUTION TEST CHART

0!

- -. -- -- . . . .3- : ] :



UNCLASS IFI ED
S E 4,SS' ,,AC& ON O

r 
T .%S DAGE e(W%.n Des Entered)

PAGE READ INSTRUCTIONS
REPORT DOCUMENTATION BEFORE COMPLETING FORM

I REPOqT N2. GO'T ACCESSION NO. 3. 'RECIPIENT'S CATALOG NUMSER

AIM 829

ST I T L E (and Subttrle) S. TYPE OF REPORT & PERIOD COVERED

CREF: An Editing Facility for Managing Structured
in Text
Ln Tx. PERFO4MING ORG. REPORT NUMIER

. UT04OR(e) 6. CONTRACT OR GRANT NUmBER(e)

Kent M. Pitman N00014-80-C-0505
00Ln

PEARFOUMNG ORGANIZATION NAME ANO ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
Artificial Intelligence Lab. AREA --ORKUNTNUMERS

545 Technology Sq.

Cambridge, MA 02139

I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Advanced Research Projects Agency February, 1985

1400 Wilson Blvd. 13. NUMER Of PAGES

Arlington, VA 22209 23
A MONITORING AGENCY NAME 6 AOORESSSI different item Contrelling Offle) I1. SECURITY CLASS. fat Ohio report)

Office of Naval Research UNCLASSIFIED

Information Systems
Arlington, VA 22217 15.. OEC-ASSIFICATION/OOWNGRADINGSCHEDULE[

16 DISTRIBUTION STATEMENT (of thiE Report)

Distribution is Unlimited rc P-";>- --

* 17~~IT DISTRIBUTION STATEMENT (of life abstt onlt~d In Plot& 20, it diferent boag Repori) e(__

II. SUIIPLEMENTARY NOTES

None

1S. KEY WORDS (C Ilntue an reverew side I no*ear7 MW Idmlir bly bileek f nbD)

Browsing Knowledge Engineering Structured Text
;- Document Preparation Mail Reading Text Editing

_Z.... Editing Enviorments Non-Linear Text
-'I- Information Management Protocol Parsing

20. ABSTRACT (Contlnte an everwee Wlo It neeeeiy md Odenitp by •|e riainbmov)

This paper reorts work in progress on an experimental text editor called

SCREF, the Cross Referenced Editing Facility.

CREF deals with chunks of text, called segments,which may have associated

features such as keywords or various kinds of links to other segments. Text in

CREF is organized into linear collections for normal browsing. The use of

summary and cross-reference links in CREF allows the imposition of an auxillary

network structure upon the text which can be useful for "zooming in and out" or

"non-local transitions."

DD 1473 EDITION OF I NOV 61 IS OBSOLETE UNCLASS I FI ED
S/N O!02O14- 6601

SECURITY CLASSIFICATION OF THIS PAGE (ften Dea Entwec

61-



Massachusetts Institute of Technology
Artificial Intelligence Laboratory

A.I. Memo No. 829 Fei ruary, 1985

CREF: An Editing Facility for Managing Structured Text

Kent N1. Pitman

MIT Artificial Intelligence Laboratory Human Cognition Research Laboratory
545 Technology Square Thc Open University
Cambridge, MA 02139 Milton Keynes, England MK7 6A.A

Abstract
This pa-:cr reports work in progress on an experimental text editor called CREF, the Cross Referenced
Editing Facility.
ChEF dzals wAith clumks of text. called scgments. -,hich im;jy have associated features such -is keywvi ds
or %ari( LIS kinds of links to other segments. Text in CREF is organized into linear co'lections for

& 0normal browsing. The use of summary and cross-reference links in CREF allows tie imposition of an
auxiliary net\ ork structure upon the text which can be useful for "zooming in and out" o- "non-local
transitions."

/%lthough it was designed as a tool for use in complex protocol analysis by a "Knowledge Engineer's
Assistni.- CREF has many interesting features which should make it suitable for a widz variety of
applications, including browsing, program editing, document preparation, and mail readin&:

KevAords: lBro-ssing. Document Preparation. Editing Environments, Information Managem ent, Know-
ledge FEngineering. Mail Reading, Non-L-inear Text, Protocol Parsing, Structurel] Text, Text
Editine.

This paper descrihes work done at the Human Cognition Research Laboratory of the Open Univc rsity (Milton
Ke~necs. Lngliind) and the Artificial Iruellieence Laboratory of the Massacliuseus institute of Techrology (Cam-
bridge. NIA, USA). SupporL kir work at the Open University was protided in pan bi Alvel. R'each Grant
lK14S/034 ;ind SERC GjR/C/9918.l. Support for work at the MIT Al Lab was pro~ided in part h . the Advanced
Resea-ft Projects Accncy of the IDepartment of Defense under Office of Naval Research contract N'000l4-S0-C-
0505. in p,,r.t h National Science Foutidation grants MCS-7912179 and MCS-8117633. and in part by the IBM
ComTora!ion.

The \iQVS in.d cinclJUWi)n' contai6ned in this document are those of the author. and should not be interpreted as
represenriino the p)o!,cts. epc'cdor implied, of any of the aforementioned organizations.

This document i, ;Jso ciiljble ais Technic:al Repoit 14 from the hluman Cognition Research Luixinitory of the
Open t-ntvcrsii\. Milton Ke e.NlK7 6AA, Eniglad

(c) Kent M. Pitman. 1985



I. Introduction

In this paper, we piesent the origins and current status of CREF, a Cross Referenced Ed ting Facility
for managing structured text.

We begin with a look at the KEA (Knowledge Engineer's Assistant), which motivated CREF's original
design. 'he key ideas behind that design are presented, followed by a description (f a running
protot.pe of CREF. In order to put things in perspective, we compare CREF's design to hat of other
editing facilities like it. We then close with a critical look at some of CREF's shortcomings and some
suggestions for future work.

It is important to understand that the purpose of this document is not to assert the correctness of
some particular set of details: rather. it is to document what has been done in an xperimental
implementation, and to inspire interest in the ongoing development of CREF and systems like it.

11. Historical Perspective

This section provides some background about the Knowledge Engineer's Assistant [KEk 84], which
ga% e CREF its original raison d'etre. This background will serve to motivate the major aspects of CREF's
design.

The Kuouiledge Engineer's Assistant

The KA project began with a program called TRACKER, developed by Pollard and Chuich at British
lelecon (MT). The TRACKER system, which runs in PROLOG [Kowalski 83] on micr3-computers,
provides online assistance to people doing hardware fault diagnosis of circuit boards.

The m:thodology used b% the BT researchers to identify rules which might be of use by TRACKER is
Sto study inter% iews with someone who is an expert at repairing a particular kind of board. The expert

is allowed to speak in a relatively unstructured manner about whatever topics seem relevant to him.
The conversation is recorded and later transcribed. Working under the hypothesis that such experts
primarily use pre-conipiled algorithms rather than general problem solving in their day-to-day repairs,
the BI researchers then study the resulting transcripts and attempt to construct PROLOG rule-bases
which capture the expert's understanding of his own behavior.

On t,,o occassions, transcripts were studied without mechanical aid and on both occass ons, the BT
researchers haxe succeeded in obtaining a satsifactory set of PROLOG rules. However, in both cases
the process was painstakingly slow. It required several months of leafing back and forth between
pages. dcxeloping indexes, underlining and highlighting, performing searches, making notes in margins,
drawing diagrams. and writing code - all of this done primarily by hand.

The goal of the KEA project is to identify which aspects of this task can be mechanized, and to
implement such mechanization.

Design Criteria for CREF

Iwo important capabilities which have been identified as essential to a KEA are the abilijy to support
protocol analysis (or perhaps knowledge elicitation in general) and the ability to represent and manipulate
theories.

[he CRlEF sstem prm ides a first approximation to a KEA by providing tools for editing, annotating,
and cross-retercn imp information. Exen in its current state. it provides a great deal of le-crage in the
arca of pr( tool :.)l.is. It also pro\ ides some support which relates to the creation and manipulation
of th;tric hott i.k domains. but this aspect is not as well fleshed out and should te a focus of
aitcolitn in Lare ,Ik.r development efforts.
(RF itelf i,, not h knowledee-hased utilit%, but it does provide stnctures and Fncticnality which

should prose to he an appropriatc foundation for further work on the knowledge-based aspects of the
F projct. I h merhodolog.\ applied in (REF's design was to study what the BI res.-archers had
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been doing by hand and then to assure that CREF could provide fornal analogs of the structures and
actions they were accustomed to using.

This approach was important for several reasons. It meant the researchers (some of whom were not
computer users) would not feel like they were being coerced into using some new methodology. They
could continue to apply techniques with which they were familiar, usually relying on existing intuitions
about what needed to be done and in what order. The primary effect of having the machine present
was to speed up those techniques.

Also. this approach will make it possible to provide a control situation for productivity measurements
after the later introduction of knowledge-based tools, since any speed-up due to simply having moved
to a mechani/ed approach could be measured in this initial s)stem and usefully taken into account.
If knowledge-based tools Nkere added at the same time as the initial mechanization of rote tasks was
introduced, then it would be hard to tell whether any apparent speed-up caused by the automated
system came from its knowledge-based nature or simply from the fact that machines are much faster
and more reliable at many mechanical tasks.

Empirical Basis for CREF

The rest of this section itemizes the techniques the BT researchers were observed to use during their
work prior to CREF.
Editing/Reision. A pre-pass was typically made over initial protocols (transcriptions of conversations
with experts) to remoxe irrelevant text that did not relate to the domain being studied. A second
document was then produccd which was slightly smaller and less prone to be interrupted by irrelevancies.
No further revisions were likely to be made, however, because of the tedious nature of copying
the document and the fact that after that point there was a significant build-up of annotation and
cross-reference information which might be lost in such a revision.

One researcher noted that she never threw out any notes that she ever made because she never knew
what she might want to refer back to at a later time.

Segmentation. Protocols were divided into numbered segments so that cross-reference could be done
at a finer grain than per-page. Segment boundaries wcre drawn each time speakers alternated in the
conversation (approximately every paragraph or two).

Indexing. Additional pages were added to the protocols containing ke words or phrases and numbers
corresponding to segments where information about these keys could be found.

Highlighting. Highlighting and underlining were used to annotate key ideas within segments. In the
case of highlighting, the color was sometimes varied in order to conve) additional infonnation.

Margin Notes. Notes were written in the margins, usually clarifying wording or noting how several
contiguous segments were related.

Pictures. Many kinds of pictures were created during repeated passes over the text in an attempt to
form models of relations alluded to by the text (e.g.. class hierarchies, part hierarchies, causal chains,
decision flow charts, physical descriptions of objects, and logical descriptions of objects).

In the next section. we il see how each of these items had direct influence upon the design of CREF.

.. .. " * ,,,, m ' k, nn ................................-.



I1. O .enieA of CREF

This section describes the essential concepts and structures which make CREF interesting. Some of
these features ma. change in later designs, but it is important to define clearly what exists now so that
it may be studied critically later.

Segments

A segment is a block of text which is treated as a unit by CREF. Local editing operations are possible
,Aithin a segment, but a segment is atomic in the sense that most CREF operations work at the level of
segments or more complex structures: rarely is the textual part of a segment examined '-y the CPFF
system.

The choice of segment siue is arbitrary: a segment may contain a word, a sentence, a pAragraph, or
even many paragraphs. Ihe decision about how to break up the text being edited into segments is left
to the iAscr and maN sar. \idely depending upon the application. In our experimentation, however, a
segment typically refers to a paragraph or two of text, a program definition, or some sort of table.

Opcratons are prox ided in CREF for splitting one segment into several segments and for jo ning several
seements into one. This means that any decision about granularity found to be inappropriite for some
applica:ion can be changed straightforwardly at any time.
A useful metaphor which has been used in the CREF system for visualizing segments is tiat of index
cards. I- ach segment corresponds conceptually to an index card. Many CREF operations are most easily
visualized by appealing to this metaphor.

Collections

A colkction is a possibly ordered set of segments. Collections are one of several way; that CREF
impueC, structure or, segments.

An abstract collection is described by a predicate which, given a segment, returns true if and only
if the segment is part of the collection.' Elements of an abstract collection need not be emembered
explicitly since they can always he recomputed. If some CREF command operates on the segments in
an abstract collection, the order in which the segments in that collection are touched is net defined.

A static collection is defined by a membership list (which is mutable). Static collections typically begin
as abstract collections, which are then modified or frozen so that their exact contents and ordering can
be retrieved at a later time.'

In practice, collections are used in a manner similar to the way buffers or files are used in conventional
text editors (e.g.. EMNACS [Stallman 811). They partition the space of available data so that it doesn't
ha'e to be worked with all at once. CREF always has a selected collection, the contents of which can
he edited using essentially conventional editing techniques.

Some readers ma recogni/e that the CREF notion of collection was derived from the idea -f "surveys"
in the IIABYl. mail reader [Ciccarelli] and "collections" in the ZMAIL mail reader [Handel 83]. CREF's
collectimns differ from these in that it presents all the segments belonging to a collection for editing
'it the same tune rather than offering a menu and allowing the user to select segmet ts one at a
time. Hence. the presentation style is more visually similar to that used by CONVERSE, the interactive
te',sag,, handling facility used on the Lisp Machine.

'An ahruoi celleToiu, i, similar in a -view" in conventional data base terminology [Gray 771.
A wi;c t(ollecon i, ,miul;ar to a "copy" in data b;L'e terminology.

3



Keywords

CREF allows the user to attribute one or more features to a segment b) associating ke~sords with the
segment.

The keyword facility provides information similar to that provided by an index in a hardcopy document.
It provides the ability to select collections based on boolean combinations of kcywords. Keywords have
been used for a long time to annotate messages in mail reading systems (e.g., MM IMcMahon], BABYL,
and ZMAIL), but have no analog in conventional text editors.

It is also possible in CREF to select a collection of segments which match a given search string, but
such matching is often less fruitful than keyword matching. This is because users tend to associate
semantic content with their keywords while search strings are necessarilN purely syntactic.'

Relational Links between Segments

Segments in CREF may be annotated by links to other segments to express various kinds of relations.
Most traditional text editors have no analog to this because they offer little or no way to treat regions
of text as first class object which could be pointed to by such links.

Currently, CREF uses the following link types:

REFERENCES links are used to point to segments which may provide related information that is
possibly not of general interest or which is somewhat off the subject. The way in which reference links
are used can 'ary widely depending on the application. For example, in a document they might point
to footnotes or references, but in code they might point to comments, justifications, or proofs.

SUMMAR I Z E S links are used to impose a hierarchy upon a given set of segments. A "summary" is just
a piece of text (i.e., a segment) which has a summary link to one or more other segments. A segment
may have more than one summary, and summaries may themselves have summaries.

SUPERSEDES links are used to implement versioning. When a user "freezes" a copy of an individual
segment, a copy of it is made which he continues to edit. The original copy is kept (and is pointed
to bN this link) in case he wishes to return to it later. All keyword information and most of the link
information are copied from the original segment, and segments which pointed to the original segment
are updated to point to the new version.

PRECEDES links record information about ordering. In general. this information is not used to control
presentation order. Rather, it is used in situations where the presentation order violates some other
more important order. For example, when editing code with CREF, there may be several collections
each editing the same set of functions, each with its own presentation order. Yet there may be only
one ordering which will assure the correctness of the code when it is time to compile or execute it.
PRECEDES links are intended to record such additional ordering information.

Diagrams

In addition to providing ways to manipulate information as text, CREF also provides facilities for
manipulating information pictorially through the use of diagrams, which allow the user to record and
use certain kinds of domain-specific knowlcdge in graphical form.

This diagram facility is integrated with CREF's indexing capabilities. Using a mouse'. the user can give
commands that relate to designated areas of a diagram. For example. by pointing with the mouse.
the user can ask to see a collection containing segments related to a desigmnted rcgion of the selected
diagram. or he can ask to see a menu of other diagrams which might be rclated to the designated
region.

'The pi hlem %kith search strings being " ntactic' is that the soielimnc , nlich un\ l \i or lii, semantical"
rclacd text which "as not in the proper Iiirni to be matched s%ntactically,

4The mouse is the pnmarx,, pointing deutce used by the Lip Mathine.

.. -.. - " . .. - .-.. - ' .i.--- ' -' - -. ---- ' . - - . . . - . . . -



D~omains

In an editing systeTn. it is necessary to partition the workspace so that if a user is work ng on two
unrelated projects at the same time. the artifacts of one project do not get mixed up with t iose of the
other. In CREF. we call such partitioned workspaces domains.

Theories
Within a given domain, it may be interesting to instantiate different organizational patterr s for some
shared initial information. For example, two workers independently assigned the same t:anscript to
analyze might want to share the transcript but any additional data or organizational sinicture they
created might want to be kept partitioned. CREF allows domains to be subdivided into theorics f.

this purpose.5

In general, when people speak of having a theory of something, they usually mean they havy organized
their thoughts about one topic using one or more formal representation schemas such ai diagiaris.
graphs. ables. constraint relations, logical assertions, equations, or procedures.

:\ theor,' in CREF is similar. It is a set of collections, segments, diagrams, and keywords which work
together to form an organizational structure. The theory being actively used at any given time is -allcd
the selected theory.
Only objects (segments, diagrams. keywords, etc.) which belong to the selected theory are active. For
example. if the user asks to edit all of the segments in some abstract collection, the segrrents uhich
wAill be considered for editing are only those which are in the selected theory. Some objects mne -
explicitl; marked inactise even though they are part of the selected theory. This keeps them from
being considered in references to abstract collections without requiring them to be flushed from the
thcory. For example, segments which have been superseded are typically marked inactive.

Of course. if two users wanted to work together on a project. they could simply agree to work wiCiin the some
thcor .



IV. Using CREF

In this section, we present a few simple examples of CREF to help illustrate some of its key features
and how they manifest themselves in practice using the current implementation of CREF for tie lisp
Machine.

The CREF Frame

In its initial configuration, the CREF screen is divided into several parts.

Taking up most of the top of the screen is the Edit Area. In this area. collections of segments are
displayed for editing.

Taking up most of the bottom of the screen is the Graph Area. In this area, the user can construct
useful diagrams to complement the information available in the Edit Area. Along the bottom of the
Graph Area is a special purpose menu for manipulating the presentation of graphs which are too large
to be displayed in the Graph Area all at once.

Along the edge of each of these two main areas is a menu containing useful commands for the area.
In the case of the Edit Area, there are actually three possible menus, only one of which (the one called
"Col lection Commands" in this case) is offered at any given time.

Separating the two main areas is a thin menu of useful operations which relate to CREF as a whole.

There are no **q.nents. I

*olieetIon Commands

,Create Collection

.. .. Colletion

Na Colecio



Getting Started

Thc CREF user can begin his work in three ways:
Loading a Saved Workspace. The user can re-enter a saved workspace (domain and theo~yli hy Uin
the Load command (wxhich appears oii a menu in the middle of the screen).
Segmenting Raw Text Files. The user can have a raw file of text (such as a transcribcd p~
broken into segments (at paragraph boundaries) and use those segments to "seed" his he( ry
In the illustration below, the user has selected the "Create Domain" menu item from 1',Q~r i
commands at right. He has specified a domain name, "Tracker." from the keyboard. ill fkt
system. noticing that there is a protocol (text file) associated with that domain name has auito- ,k~
segmented that file (at paragraph boundaries) so that it will be available for perusal, ann,'taii ,.
revision
Creating- a New~ Workspace. If a protocol file or saved workspace does not already exist.! ci-
enter ar, empty domain (or a new theory within some domain) and build up the complete conci:! of
the domain (or theory) from the keyboard. By typing Hype r-16, he can create a new s ~gmcn 'md
have it placed in the collcct'on he is editing.

P asing CJ:OZ:P.LEfOISTRCKER.TEX .1 .

Sav adLto d Porfcnvn ionleSitn Control kat eys seonmot moellpt k~irs

iv~cd scp~irarcl or tog~ether to modif kevstrokes. Hence. Control -x. Super-Y. Hyper -Cont ol 7. it
Hyper-Super-Meta-Control -X are examplesof possible "keystrokes"'(sometimnes called hr.
to the pliinr of a niu!,ical instrument).
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That oat cp the is.absr'irelv not but Mn
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Selecting Collections

Once kev~ords have becn attached to some or all of the segments in a given theory, it s possiblec to
select a collection of segments hav ing (or not having) some given keyword(s).

In the illustration below, the user has clicked Mouse-Left-I on "by Conjoined Keywords,"
which requests that CREF select a collection containing only segments which have all of igi%-cn set of
keywords. The set of keywords to use for this selection is being chosen from a menu of all ke) words
active in the current context (domain and theory).

9tti tIa 9, cat b,-i t, ansf or,er.

I"na- sae to e o wn to 100 v'olts doesn't Cau.se y'ou.

D 1 1 Shr 13 G, o 1 Cont ast

lo. p IrM 'A 0 M~enu Choose

Having selected a collection in this w~ay, it is possible to change its contents. For exanple. if the
user hiss selccted segments Aith kc~words "153 Card" and "100 Volt Input" and iler dis,,Lvcis
that he would like to see a slightly different set of segments instead, he can refine the colliccti- s

contcnt , using the 'Add-."and "Remove ."options on the menu at right. For example by clicking
Mouse'-M iddl e-1I on "f rom Search- and giving the suring "153" he Could add all segmecnts "hci
haive the string "153" an~whcre in them.

9



Diagrams as a Selection Dei ice

In addition to their obvious use as an organizational tool for helping the user think about the
relationships between concepts in his problem domain, diagrams serve a very important function as an
indexing device within CREF.
The user may, by simply pointing at a region of a diagram, designate which segments he would like
selected. In the case below, the user has pointed at "Card" (and its inferiors), so CREF no,, selected a
collection containing cxclusiiei segments which had either the "Card" kcyword or the "153 Card"
keyword.

ill e oe P'OUce a,, ,ore of this tDe so the problen as it stands Is

-th thc.le that a, e there work - T Ihe newer ones such as the Farnel) I,,, Men
s far cr ,e e CorCer.ed for lIi.ng things, Are far the best.

s',tlt. C,, eve, .'thr. Rnd of course the Gresha Lion and Farrell are M ti ('mnands
,CsrL. Su hea. ihe 153, I don't cr.. ho, true It Is, was designed by
ert. bo~r't yet re ., -. the orilY dlferehce to the later ores is that

e Ies,,eJ it jejed to s.,e the 10t VQ9 Uolts Into the unit wheres
, iher o "e I ts I ret . I s atraiqht onto the noaules.

IDes that ? Ital, ;t eme, keepe ir-
9

t down to l0 b .olts give you nore

Class Hierarchy I

Afn inportan: adsantage (of this mechanism is that the user need not explicitly label thing-, "Card" in
ordcr it) he ihle to rcfcrcncc thcm as such later lie can Libel thurgs as '153 Card" it tic arc onl

,.0' .' ,1t th, kijd ,f ,aid and then iiidcpci:dcntl. is, .i (tlhr li th di.grii. facility the
in:rilrriltu U;t a 153 cird i, kind of 'ard,

to
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Diagrams as Points of View

It might happen. in fact, that there are competing views on how keyword implication coull .oik. for

* example, the keyword "Card" might seem to imply one thing in the context of the class I icratch: or,

the previous page and yet another thing in the terms of the part hierarchy shown below.

CREF always uses the selected diagram to provide the appropriate advice about keyword -p: ..
In the example below, the user has again asked to select a collection based on the "Carl" k.,. rc

but this time the set of inferiors are not the same as they were when last that collectic %,as scICCuX!.

The system has detected a conflict and informs the user by asking the user what name (c, :, (if,, '  Q

of "Ca rd") for the specified collection.

The implication mechanism used in these selection examples is quite general, allowing , . ,

diagram to define its own implication behavior. As CREF considers each segment for ind iso- ,X

set of things to be selected, it uses a message passing protocol to simply tell the diagram w h t kc, t...crds

are explicitly attributed to a given segment and ask whether the given keywords imply t'e .f:<;,'

keywori. For example, an "and/or tree" might behave very differently than a "hierarchy" .

to implication.

'. ill ne'.e, pr-duce ar- more of this ty~pe so the Problem, as it stands is
,'tt .,h those that are there working. lhe neuer ones such as the Fernell

s, as ar as we 're concerned for fi.ing things, are far the best.

"s,,.S illty ard ,uerything. fnd of course the Gresham Lion and Farnell are
.. neat iV so hear,. The 153, 1 don't know how true It Is. was designed by
, -rodent. won't rt ne urong, the only difference to the later ones is that
,.ever desi9ned il decded to make the input 1go olots into the unit '&hsreOs
the othe- uones its direct nains straight onto the nodules.

' Does that 2-st.,ge problem, keeping it doun to 19 volts give you nore
.-t I ens

7

.. ..l-ect'on named 'Card' exists. use vhat nane instead (or type Return to suprsede):

Part Ilderarchy

f -re I u, p r, t,• I

I/ '. 1 St, 1 4 0 ,

%~
f.



Commands That Manipulate More Than One Segment
Sometimes there is an operation we would like to do to several segments in a collection. For examnple,
the join command, Hype r'-J, will replace several segments with a single segment containing tho joined
text of all those segments. Another command, Hype r-S, allows thc user to create a squmeni wkhich
summarizes a designated set of segments so that he can go back an(, .'-th between shor: and long
versions of the text in those segments.
In order for the commands like these to know which segments they are opcrating on. there are
mechanisms for pointing at a number of segments at the same time. One such wa,, is to usc the
command Hyper-Cont rol -Space8 co individually mark each relevant segment as hcinc an drztjrent
to the next command. In the illustration below, Segment 1 through Segment 4 ha'e been, marked
using this command.

7I Do you do the ,hole of Monarch repairs?

32: Evt hing - We do the canon cards for the Region because waive got
the men raind we do everything else for Leeds and Bradford. Used to do it Olle(lion cominandso

ortewhole Region but they have set up Repair Centres of their own at
, h.fl, f lewcastle. HuladuMiddlesborough. Wie were the original. These
.....ther pidces ar pouts ru s11h Seanent 2r iredi

I Have yo'u learnt as vou have gone or ht
SSaet 3 (Marked)
.2Mr rless - yes. Fo begin with the documntation was nil and the

.t.,ngs uere c on Ing in with urgent requests to repair because they had
stomer, off.

Iemn 4 Marked)
the. will never produceeany ,more ofithis type so the problem as it stands i'st uith those that ae there orking. The newer ones such as the FarnellI
"e, as for asw r oncerned for fixing things, are far the best.a ccessibiliy and euerything. And of course the Gresham, Lion and Farnell are
..t nearly so heavy-. The 153, 1 don't know how true it is, was designed by
student. Don't get ne wrong, the only difference to the later ones Is that

-toever designed it decided to make the input lee Volts Into the unit whereas
the other wones its direct mimis straight onto the nodules.

* ~ Seanent 5
* I1 Does that 2-stage problem, keeping it down to 189 volts give you miore

iob l ens'

Pert Hierarchy

F 1'.e I to6,, ~ ea I
13 F'r 0 St. i. Cu,65

;1(18 1.:34:00 il USE. yi

'This name would be mnemonic to users of ZNIACS or ENIACS since it is anala-uus to1 Con trolI -Space,
which als has the effect of "making a mark."
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Creating a Summary
If the user t~pcs Hyper-S, he is placed in a collection containing one new segment ani all of the
segments he has just marked. The new segment, which has a generated name such as 'Stimmary I"
is empty and he must initialize it with some text that summarizes the contents of the othe: segments.

In the example shown below, the user has given a very short summary of the marked nqles and has
typed Hype r-N to name the current summary "Background" instead of "Sumary L"

le. I ate I4 (Su1'atlor' andbacanrun

Do, v,, do the mo)e of Monarch repairs?
ishl9nn WW~i I n ed) T 7
I e. r.t4 11 ide do t he connon cards for the Region because we've got

",& ne..-a" d ec do ite ' thin!,else for Leeds and Gradford. Used to do it Cef#rlelo
the ,-hc~e Peg,-n but they aestu Repair Centres of their own, at

'-'ileld. rievcast )e, H.11 and Tiddlesaboraugh. We we.-. the original. These
.- piaces are scrouts froh us.

Hae . learnt as vou have gone or what? dtT10o

5 q c .n t 4.. id,,red

0f to ioi e 
1 1, ,,i H

r,,.are~ Shrni reyConras

InNmd0IEto

I13iv eget

.................................................... .~mn,

....................... *.**%***~fro Menu. . ----. ,-**.'

. . . .. . . . . . . . . . . . . . . . . . . .h



Summarizing and Expanding

Having created a summary, the user can return to the previous collection where (as illustrated below)
he will see that the segments he had marked have been replaced by the summary he just created.
At any time, if he wishes more detail, he may place his editing cursor within the summary segment
and type Hyper-D to expand the summary (replacing it with the nodes it summarizes) and Hyper-U
to contract the summary back. The "D" and "U" being mnemonic for a sense of "down" and "up" in
the hierarchy that summaries impose upon segments.

bect states his o.lifications and background.
SRaeka..nd - Sunaprvlh I never produce any more of this type so the problem as It stands is

just with those that are there working. The newer ones such as the Farnell ollertloe Commands
, e. as V as ue *re concerned for fixing things, are f the best. l

H~cessibily and everythin 9 . And of course the Gresham Lion and Farnell are
.-t nearly so heavy.
Ihe 153, 1 don't know how true it is, was designed by
, Student. Don't get ne wrong, the only difference to the later ones is that
..hoever designed it decided to make the input 109 Volts into the unit whereas

the other uones Its direct mains straight onto the modules.

F: Does that 
2

-stage Oroblen, keeping it d to i6 o give you sore
"oblens

par of the circuit, absolutely not but there again that is the
.he,e the weight is with a great big transformer.

l I stage to get you down to I volts doen t cause you

no.

1so whr r he main problems, in which of the P sos

PArt Si*1nren-

9lie I Gr a . Area I
Shink 1 Grow 1 Contrast

T 1 3 :01:10 OP yi
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V. Applications and Related Work

In1 this wcc on. 'AC , 5:l s cr ka ;i nimhcr of' text editing jpphcalions. comparing CREF's f inctionality
% ith that of other intcrestnr program,. thatt address thc same issues.

Text Vditing

Other ediune .eia id~este same issues as ('RFF addressces. although the specific mechanisms
pro~ ded! b% such " 'tcrns i dek . %lost notable among these "alternate" systmns arc ML1. [Engelbart
6S,.701, 1 F X\ L U i i 41 j in JimI -R Id i Sesa 841.

NLS allo~m' text to 1,Ci accpd in a hierairchs and then prosides tools for vicwing and iranipulating
that s A I:a.~ r of NLS which is neglected in cons entional text ed tovs is that

o dcpti ! .O>, pos',iC icoICep[ill\ "1.001 in and out" of tetby writin , t wpc
s~~~~!)I hiP lct .C:II ' ttio shouli ignork: \ arious levkels of detail. CREF provic cs a similar

teat~~~irC, ItJIWC'. O Ing co)nnlm:inds for the creaition of'segmeints which Summarize others
and Co Oif i 'An hrp Cc seTcnts ".ith thir summ.iries And %ice versa.

It A1\ I 'K sturcrd miodel of text. It uses t\u kinds of nodes. "chunks- (text nodes)
and , to .hc (1! nt \khich have no text part). Chunks correspond to segmen s in CREF,
hut tL,), J\C c'- r. :TC,[ 111.0l. A user of' CREF would just use a collection of summa-y nodes to
reprc-.ci !n olithn ir i t&!, oif kwntents: there is no special pL1ipose data structure expltcit-y for doing
idc'o't. I 1A I \ 1 I id,- fe or three basic kinds of mo ernent. through text: "horiitontal, '"verical,"

and P n Iil~ .pprxtiiidte ciirt co Uiese in (.UEF are scrolling through collectons.
":,: :1mm11ricS. "Ind traicin'o cross-ret.circtnce links, respectively.

7-,!JR r'p as trctured miode) of text, Nit a complete programming philosophy to
.~'::~" k: ( 1MF thaIn NSLS or I EXfNE'. but has somefl Interesting features n comon
1!i I it- t in (it a -boX Of dA tas at sort Of Lini vrsal container able to contain otner

to: p: :;ilk e ,t uch as text. Both BOXER and CREF suggcest the need to move away
ILtoH 1, ,,: tiL ti"! T.o toe;!M MMLstucure in (asor offriore conplex structures which can *point into"

onctiCnk dher.

R~cher 1),m' hncari,'ioe tcst for presentation. as is done in ('REF. NIS and TEXTNET, tho display of
BOXER kjt P, in1\ hL 'be itdIII two (different dimensions according to the stnlctire imposed
b- the Alth oct i!, so d!cgy :or piesenitational abbreviation is. miuch difterent than that used
hs theN', 'Sr1iC ts'c hr, 'm Ai-, the ,ame: the screen cii he made to contain a hiehe; density of
usefCul inft a tot' a' heLcjt 01k NS brc\;,tion is, done by filteine out levels of detail rather tian simply
per!0or:1 i l enLt' t a ll [n.iC:ff1 MIn hcli is the oniY mi bo fl abis at as ailahie in most cons entional
text ediors.

Rros~sing
A~ ithI it i: ~ :lsh.eat text, expalnd o; WWonuCc summaries. and trace cross-reference links.

('KU i l . d ri k'. ; . ant cot hro. I ' o. li ii ct it,, originail purpose \kas to provide knowledge
Cn IgICC ,, .Ot' 1( 15 itPt SC structure~ ont text for the pur'pose of browsing,

\Many ), I 11 t hro'11 :cir mc ver inspired bs the INFO progiam [Stallman]. From i iside INFO,
it is, po\"ibie I0 acL'.cs' [h(, 10itChaniTn of' EMUX S. 'aut IN1- H; o not try to take .he place of
a !cncr I m c' 'nci1 N ),lo 1TS toer i ie a document as if it were! a directed
gr~lph " i S. 11: !'le 11. smaller uiti nmici S~ ha e tddresvked b namte for the purpo. eOf jumps.
I he idc 2i S 2 'i IS ind Pt I E REVCES hnks in (REF \kas suggested partly by cxpi-rience with
menasW rIJ thl AI, X, IM tic ] C Itm.



Mail Reading

In most contemporary computer systems, separate programs are provided for reading/sending mail and
for editing text. If a piece of of code or a correction to a document is receixcd in mail, it typically
cannot be directly accessed from the editing system. The normal procedure in such a case is to copy
the message text to a temporarily location (such as a file or a "kill ring"). iinoxe to the text editor and
yank the text back. Most text editors do not provide for files which "point into" other files.
Since most of the usefi features pro% ided by mailrcaders such as 4MN. BABYL and ZMAIL have been
incorporated into CREF. there is no longer a good reason to separate the notion of "mil reading" from
general "text editing." The normal text editing data stnictures in ('REF lend themselhes so directly to
mail reading that a separate program for mail reading should not be necessar.' In addition, segments
received in mail could usefully contain code or commentary about code wAithout having to be moved
from the mail file.

Editing Code

The encouraged style for editing code in the lisp Machine's ZMIACS editor is relatively non-linear in
character, though the structure of the text itself is strictly linear. lhcre is a command which allows
the user to zo directly to the definition of any function without the user ha\ ii to name the buffer in
which the definition resides. This is especially important in situations such as those arising with the
ZETALISP fla\ or system (or any linguistic constructs that allow for definitional inheritance) because the
user may ih, know \,herc an inherited method definition was defined.

ZWAEI. the undcruiis subroutine base upon vshich ZNIACS is built, offers the capability of imposing
a hierarchical node struc'ure on a set of lines in a buffer, but the capability is somewhat limited.
The relations it allows arc restricted to be strict hierarchies rather than general directed graphs. Also,
because the node structure is not intended to be explicitly manipulated by the user, there is no visible
marker which % iLwl'] separates the nodcs and hence no reliable way for the user to detect which node
he is modifying. Since the CREF user's sense of focus is controlled by which set of segments is selected
at any given time, it is important that he be able to tell which segment is being modified at any given
time.
By appropriate manipulation of collections. CREF users can not only go directly to the text for a
particular definition (as they could in ZMACS). but can also view definitions in a \ariet of different
arrangement., For example, Lisp Machine users have from time to time complained that the linear
nature of files is irksome when editing flavor definitions because sometimes the\ want to see all the
method definitions of a certain flasor together, but other times they want to see all of tie definitions for
a certain method name together (regardless of the "owning" flavor). In practicc, users of conventional
text editors mt.lt decide on exactly one presentation for their programs, but CRI.' could allow multiple,
orthogonal presentations through its collection mechanism.
Another problem with unstructured text files is that comments are not separated from code. Since
the common convcntion in contemporary systems is to determine whether a file needs recompilation
by noting when it was last modified, programmers are discouraged from editing comments in files
which are heasily depended upon by other files since such editing may later force large amounts of
unnecessary reconilation. An editor like CREF, which has enough structure to provide a natural
partition bctcen comments and code. could retain per-segment modification information so that a
change to a comment would not force rccompilation.
Also. because the comment is not part of the code, no special characters would be required to identify
it as a comment. In conentional text editors, the normal commands for justi.sing text or indenting
code frequentFl do not ,ork on comments because those commands ini; he coinffscd by the column
(if semicolons dowhn the left margin. Since the status of a piec otf text ,s a comment in an editor
like (REF is not a result of the text making it up. the text of a c ,mmcnit could take on any desired
shape and the nonnal commands for justification and indcntationm equirC no s;pecial understanding Of
comments in order to work correctly. In fact. since esen the command to create a comment for a
segment would work in a commc;a. meta-leel timncns nilight thic quite Limnon.

"The designcrs ,t the BOXFR s.stem make a similar claim.
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I)ocument Preparation

Anothcr interesting area uo explore would be general text editing and document preparition. Since
this actt, requMn s 1rcgiuclt eorg;mi/ation of text in a structured fashion. CREF's ability to adjust
its Tocus,' manipulate logical chunks as a unit, and to maintain multiple presentation )rders could
probably be quite useful.

Hoiender, as the author discovered during an abortive attempt to produce this paper usirg CREF, the
vkriting of papers is a much trickier business than the wvriting of machine-readable docuMinntation or
code. While CRFI- pro% ides man, gross editing operations that are of use in paper writing , more work
on the finer areas of layout (e.g.. font control) \kould considerably enhance its usefulness in document
preparation.

interfa -es

One A * i establish an interface between an application program and the user is to exteniJ the normal
text edi , interticc so that normal editor commands can act as a communication channel between the
user av J the s~stem being developed.

Ior example. in the Programmer's Apprentice (PA) [Pitman 83]. the user may request that certain
kno k l dgc-besd editing commands be performed upon the program definition which h( is currently
editing. lhe "apprentice" (a softAare module) must then parse the buffer to determine what region is
being eferred to. act upon the relevant data, and perhaps add some new definitions or .hange some
existin., definitions in the buffer.

This sort of facility t.pically involves a great deal of special purpose string manipulation (for detecting
"hat rarts of the hufler being edited are relevant to the current command). Though not n interesting
part th ie ine.. ii is a necessary part because the granularit at which the editor deals with data
hutffci) and the gram larit. at which the PA deals with data (program definitions, comments about

dclinitons) are not tie same.

Interf'aing expert s',stems like the PA to CREF would be considerably easier than interfa.ing them to
ZMAC,i because the interface could work at the lexel of segments, in many cases ignoring the textual
structure IHor example, rather than parse the buffer to find \here a comment for a function might be
inserted, the PA could just create a REFERENCES link from the segment for a definition to a segment
the PA had created for the comment. Also. if the PA wanted to modify the definition cf a function,
it vould supersede the previous definition (using a SUPERSEDES relation) at the abstraction level of
segments rather than at the abstraction level of unstructured text.

VI. Directions for Future Work

In u1,iue (RE:. . numher of issues hae been raised which are not adequately solved in the current
implcmenititnn. In rhis ecti,n we survey those issues on the assumption that information about
CR[-FF,, "cik points will be as important as information about its .trong points to desigrers of future
sxstcns like (*RFF.

('oniniand Set

(RE. .ia, a rich cnnecLixc structure and many useful commands for manipulating that stricture. Since
it ha, ,o far had no "real users," its command set is certainly not optimal. Careful study must be done
a.i it c,!,\e, t, that all operations "hich are logically possible and useful given the available
strucnt 1rce p,, c pe:frm. and that commonly needed operations have a pleasant i iterface. The
Lcn! : n,111d ,, is ,pi ni/cd tor manipulation of already-A ritten protocols and mi , need more

%.rk in mdc h,,l t pod" fir other applications.
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Presentation Issues

Segments are currently presented in a "rectangular" style. That is, each segment is displayed as
some integral number of lines of text. No line of text is ever shared betgecn two segments. Each
segment is followed by a banner line which identifies the segment b\ name and which may contain
useful information about the segment (such as an indication of the fact that it is a summary or that
cross-references are asailable). Banner lines also provide the useful function of visually separating
segments from one another so that segment boundaries arc always clear.

The banner lines separating segments occasionally seem visually intrusive and al~ays cost vertical space
on the screen. At a later time, it would probably be worth experimenting Aith alternate presentation
styles, including those which insolhe modified ideas about the nature of segmentation (such as allowing
segments to be non-rectangular or permitting segments to overlap and share text).

Diagrams vs Segments

There is a distinction in CREF between diagrams and other segments. Text is broken into segments
and placed in collections. )iagrams are handled in a separate window, independently of segments. An
examination of the notes made by the BT researchers in their work shows that diagrams may occur
interspersed with text.

In looking back at CREF's design, it seems clear that the design of ZWEI, which contains only very
limited ici:ries for mixing graphics (and "mouse sensitivity") Awith text had been a substantial influence
on the desig:i process which led us away from thinking of diagrams as "just another kind of segment."

If diagrams were just ordinary segments. then a CREF frame configuration with a diagram in one half
and text in the other wouId be like "two "indow mode" in EMACS (\%here two butlers can be selected
at the same ume, each using a differeut part of the screen). Unfortunatel, a general facility for multiple
windos is not easy to set up in tle current CREF implementation because the underlying ZWEI data
structures store segment connectivity information in the "node" (segment) rather than making it a
propert5 of' the display area, forcing segments to always have a unique next and previous. To fix this
problem would require either a substantial change to ZWEI or a decision to separate CREF from ZWEI
altogether.

Diagram Types

CREF could use a great deal of work on its facilities for constructing graphic images such as diagrams.
Experience with even the limited diagram facilities now available suggest that this is a rich and primarily
untapped resource for augmenting the representation capabilities of the system.

For example. the only defined diagram types in the current implementation of CREF are CHAIN,
HIERARCHY, and AND/OR-TREE. This set should obviously be extended.

Extensibility of [ink Types

The set of link t% pes used by CREF is easily extensible internally, but no user interface has been created
for adding new link types (and commands to manipulate them).

With such extensibility will come issues of whether extended link types must be entered in some central
registry so *hat different users do not use the same link name to mean different different things, or
whether some notion of locality can adequately address that issue.

Diagram "Implications"

When filtering segzmnents based on what keywords they have, a message passing protocol is used to
querk the selected diagram about whether a given set of explicit kevxsords for a egment imply the
desired set of kcvords, F ch digram type may provide its own stratc's tor how to answer this query;
"hierarchies" may use simple siibsumption. while "and/or trees" max use a more elaborate strategy.
An illustrated example of this technique (using hierarchies) was gixen in Section IV.

In fact. h(w'e% r. pittturcu arce oiuls one a, that uth ifflIL,.,It,, us u:WhI be dfilicd. The user might
pret'er to \ rite hgic rule,, or code. I he system should later be extended to allow greater flexibility in
how these impications are expressed.
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Domains and Theories

There is some question about whether a domain and a theory are just instantiations of th. same data
structure at differcnt levcls. If that Aerc so, thcn one might want to just make a general "context tree."

The current implementation uses a form of context tree but there are differences in how the levels are
treated. We have described "domains" and "theories" as different kinds of things (rather than as the
same kind of thing instantiated at different levels) to match the implementation.

For example, in CREF as it stands now, one may never select a domain without also selectng a theory
in that domain. With careful thought (and some reimplementation), this restriction might usefully be
removed.

The Orler of Segments in an Abstract Collection

When te user names an abstract collection to be selected. a static collection is composed with the
appropiiate segments. The ordering of that collection is initially fairly arbitrary (related to the order
in which the segments were created). It might be reasonable to use the PRECEDES relation to
initially order such collections during such a selection (or to introduce some new ordering relation for
presenution purposes).

Mutability of Collections vs Collection Names

Some operations in CREF create new collections, while others modify existing collections. For example,
the command for tracing a reference link is Hype r-R; when it is typed, CREF selects a new collection
containing the current node and its references. On the other hand. the command to trace a summary
link. Hyper-S. will modify the current collection, replacing the current segment (which must be a
summaiy) with the nodes it summarizes.

An unfortunate effect of this is that if a collection named "Overview" contains a number of segments
which are summaries and those summaries are then expanded, the collection will still be called
"Overview" excn though the name may no longer be appropriate. The alternative would be to create
a nev collection called "Overview (Expanded)" or some such. But the problem is that expansion
and contraction of summaries is a common operation and this would mean that the number of named
collections would increase drastically.

In this sort of system. there is a never-ending tension between trying to name everything (in which
case, the number of named things may grow quickly and the set may become quickly unmanageable)
or to name as little as possible (in which case, things that took a lot of trouble to construct may be
hard to retrieve if one accidentally drops the pointers to them).

Locality Issues

Editing fetures such as font maps and editor modes which are commonly associated with a buffer or
file in EM.ACS or ZM1ACS do not have an obvious "home" in the non-linear model of text connectivity
emplo),.,d hN CREF.

Ior example. the,, might be associated with collections. In that way. a certain segment might be edited
in text mode in one context and lisp mode in another context. It would be more probable to suppose
that such information should be maintained at the segment level. This could mean a potentially large
amount of mode information would need to be carried with each segment.

A hybrid solution might say that there should be some kind of object which could serv: as a mode
descriptor for sets of segments (in some structure orthogonal to collection structure). A user might
designaw, a default descriptor for new segments and could later modify either the default or the
descriptor pointer for a node.

Only more experiments will say which solution is correct, hut this problem is representative of the sort
of issues that begin to crop up in a system which diverges from the traditional, linear, ";ingle view"
model of text.

.. .... ... ..



Lack of Constraint in Connectivity
Another problem that relates to the expansion of summaries is illustrated by the following scenario:
A user summarizes segments A, B, and C with a summary segment Si. [hen he selects a collection
by some match on the keyword. K. Suppose the selected collection happens to contain A and B but
not C. 'then if the user notices that A has a summary, he may run the command to replace A (and,
incidentally, B) with S1. This is fine, but if he later expands S1, he will find that the buffer contains
A, 8, and C.
There is more than one approach to solving this. We might allow the summary contraction facility to
only show summaries for nodes which have all their summarized nodes present in the current collection.
Alternatively, we might provide daemons which do consistency checking on known constraints (such
as that all things in the collection we just described should have the keyword K) and took some
appropriate action to achieve the constraint or warn of its violation.
Bidirectionality of Link Types
CREF actually internally maintains link types REFERENCED-BY, SUMMARIZED-BY, SUPERSEDED-BY
and PRECEDED-BY in order to provide backpointer information for its four primary link types (ie.,
REFERENCES, SUMMARIZES. SUPERSEDES), and PRECEDES).

The user may usefully think of links as simply bidirectional, although in fact forward and backward
links are not always maintained in exactly one-to-one correspondence when superseding occurs. For
example, if segment A summarizes segment B and segment B becomes superseded by B', the resulting
links will be:

A summarizes B'
B summarized-by A
B' summarized-by 'A
B' supersedes B
B superseded-by B'

Garbage Collection
In the current umplementation of CREF, segments can be modified destructively. In order to save
"back versions" of a segment, a command can be used to "freeze" a segment. The frozen segment is
copied and a SUPERSEDES link is created to point from the copy to the original segment, which is
then marked inactive.
Since pointers are retained from active structures to inactive ones. the process of garbage collection
is complicated. 'he normal lisp garbage collection mechanisms will not in general understand when
inactive segments can be reclaimed. In some cases. this is desirable because the saved versions of
segments ma\ pro\ ide important historical information. Because of segmentaton, the cost of retaining
hack versions is greatly reduced, but it still may he undesirable or impractical to retain all such back
versions. Strategies for automatic garbage collection or tools for editing the pool of accessible objects
is an area which deserves attention during the course of later work.
Kno ledge Representation

Clearl. there is much room for expansion of CREF to improve its usefulness as part of a KEA.
'he hulk of CRIfTs facilities have thus far been directed toward the task of perusing bulk textual
information ith the aim of turning it into structured information. in the future, much more work
needs to be directed at the problem of creating and manipulating structured knowledge bases such
as those used h, these other kno"ledge engineering systems. I-or example. the 1l1 researchers have
expressed a desire for facilitics that notice "gaps" in their models of an expert behisior (where perhaps
the expert has not been queried about a certain situation or component). [his sori of capability is not
currenily supported b CREF. bUt is clearly essential to the broader goals of a KEA.
One interesting area is that of semantic networks. Much %ork has been done in relating arbitrary nodes
in a graph using semantic networks. 'Fhe network-like structure ot CRIF calls for interconnections of a
haractcr similar to those used in semantic networks k:xpermenittion ne(ds to he done to assure that

the right kinds of relational structures hase been chosen for desu ibuig the intcrconnections of CREF
%gments.
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Cooperating Workstations for Distributed Projects

Another unexplored area, hut one which certainly presents itself as ripe for investigation, is .he question
of how, ,okers on to dillerent xmrktanonls (either timesharing or with hardware-level concurrency)
could usefully \kork together on the same workspace at the same time. There are man, aspects of
CRLF's structure shich bear strong resemblance to things found in conventional database theory, so it
is reasonabie to assume tLat database theory has something to teach CREF about process :nterlocking,
etc. 1hOAeVer, the ke.\ question for investigation would be what shape the interface would -iced to take
so that users \kould not become bogged down in unnecessary protocol.

VIII. Summary

We haxe desciibcd CREF. a "cross referenced" editing facility which runs on the Lisp Ma.chine.

(REF de. .s \ith chunks of text called segments which may have associated features such as keywords
(,r \,iwu( kinds ot links to other segments.

I ext in CREF is organiied into linear collections for normal browsing. The use of summary and
cro,,s-rcierence links in (REF allows the imposition of an auxiliary network structure upon the text
A hi:h can be useful for ".eooming in and out" or "non-local transitions" (e.g., to footnotes).
(REF also takes good ad'antage of modern graphical presentation and input technology by allowing
aerS t, Lreate diagrams vkhich express various kinds of semantic relationships between objects in a
Cl\ en application domain and then to use such diagrams to influence aspects of CREF's behavior.

\lthouiwh original. designed as a tool for protocol analysis in the KEA, the CREF editor is a general
purposet Ij, lt\ %shich \kould be suitable for a number of other text editing tasks including editing code
,trd docunicn! preparation. .as \Nell as some tasks not traditionally thought to be primitively supporcd

:text editois, such as mail reading and documentation browsing.
.Althouh (RF.F offers many capabilities not available in earlier text editors such as EMACS and ZMACS,
it ha, a number of unusual problems that are artifacts of those extended capabilities. Those problems
include issues of presentation. extensibility, constraint, and garbage collection.

[ here ha'e been a tow other text editors like (-REF which manipulate "structured text," most notably
NIS. TEXUNET. and BOXER. In spite of their interesting functionality, none of these projects has
caught on and become the "editor of choice" for any significant community.
I he point of this paper has not been to convince the reader that CREF should be the "editor ofchoice":
:: has h'ccn to inspire people to at least consider how facilities such as those provided by CREF could
Lhi ie the O h.ir,cier of their routine (and not-so-routine) editing - hopefully for the better. Perhaps
ro-; N, thoight ;%ill come change.
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