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CHAPTER. 1
MOTIVATION. AND NEEDS FOR A NEW. EDITOR AT KSU.

1.1 INTRODUCTION

A screen editor (also called a display editor) displays a
section of an edited file on an interactive display. Editing can
be done on any currently displayed part of the file. The cursor
is moved to locate the current working position in the file, and
changes to the file cause immediate changes  to the displayed
section. A multiple window screen editor has a screen which can
be divided into more than one editing area, showing either
different parts of the same file or different files. Each editing
area is referred to as a "window."

This paper describes the design and implementation at Kansas
State University of a multi-window screen editor with a simple,
modular command language. This editor allows multi-window access
to a single file, or to several files. Instead of a myriad of
specialized commands, it has a fairly minimal command set and
facilities to expand the commands.

This editor is useful both as a simple editor for beginners
and as a tool for editor experimentation, since the code is
available for alteration and recombination. Since it is designed
top-down and implemented bottom-up, basic editing operations are
defined by procedures and functions. Recombining them into a new
editor, if desired, would simply require writing a new driver
routine, The C programming language provides the structures
needed for the code to be both well structured and fairly

efficient.



The term "function" is frequently used in this paper, both in
the context "editing function" and to distinguish a procedure with
a returned value. An "editing function" 1is not necessarily a
nondestructive subroutine with a return value; the meaning

intended is "something you would do while editing."

1.2 GENERAL DISCUSSION OF EDITING, FACILITIES., AND POSSIBILITIES.

— i T —— T —— T —— O —— T — i — — T S A G S S S S e e e S A S G S S S S ———

According to Adams <2>, "Visualization is an important
thinking mode which is especially useful in solving problems where
shapes, forms, or patterns are used." Certainly programming in a
structured language uses patterns; many types of documents also
follow patterns. An editor which uses a display capability which
helps the user visualize these patterns should be helpful. It can
also serve as a form of graphic imagery, which is (according to
<2>) able to "aid in one's own process of thinking or to aid in
communication with others." Shneiderman <21> discusses the
syntactic/semantic model of thought. This may be a model for
understanding part of the superiority of a display editor : the
programmer immediately remembers about seven "chunks" of
information about the program; the display of the editor serves as
an extended immediate memory, since one need only look at it.
Also, displaying larger areas may permit a better grasp of the
underlying semantic objects of the program when they spread over
more than one or a few lines.

Shneiderman <22> goes into more detail concerning the
relation of the syntactic/semantic model and screen editing. The

immediate feedback allows a more correct internal model of the



semantic object being built in the file, and allows the user to be
sure that he is correct about the actions of a given command.
Syntactic confusion from moving between editors may be lessened by
overlapping their syntaxes; if the user can do such syntactic
changes on the editor himself, he may be able to significantly
improve his performance by tailoring his command names to his own
preferences and understandings.

Screen {or display) editing 1is put forward as being better
than line editing in a number of sources, at least as early as
1979 <11>. Shneiderman €22> recommends them £for better
performance and learning time, citing as advantages the display of
context, cursor as visible editing position, intuitive movement in
the file, immediate display of results of user actions, and ease
of reversing commands (changes, being visible, can be easily
changed back). Jong <12>, MacDonald <14>, Finseth <10> and Fraser
<11> agree that display editing is superior to line editing, for
much the same reasons as well as empirical tests of speed and
accuracy. Bates <5> discusses the advantages of a
display-oriented format in a data entry system. Badre <4> points
out that retention is improved when items presented in a visual
format are related; presumably, the context of a program section
has sufficient relationships that using a screen editor may help
retention of the program or document's details.

A number of features are also cited as being of interest by
various authors. Among the items included in the current editor,
or which could be built up on it as it stands, are (from <10>, a

list of functions compiled from comments by many users at MIT) :



editing a copy instead of the actual file; writing out to a new
file name; writing the file out to disk (with the same or a
different name) without ending the current edit session; editing
large files without the user being aware of the memory and disk
space management; editing in multiple windows; mnemonic commands;
commands appropriate to the item being edited (i.e., commands for
movement by procedures in programs, and by paragraphs in documents
-- possible with macros); inserting as well as overwriting
commands (an overwrite command is a very simple macro);
modifiability. From <12> , in addition : a status window to show
current activity status; procedural prompts in commands (i.e.
ngearch for what pattern?"); assignment of keys to commands for
discernible reasons, for instance assigning the movement keys
mnemonically (UDLR for Up, Down, Left, Right), by physical analogy
(WzAS for up, down, left, right, because of their keyboard
positions), or by symbolic analogy (V for down, < for left, etc.).

Some of the desirable functions in <10> would require further
work to support on this editor, especially : use of control
characters instead of normal characters for commands (would
require changing a few characters in the command interpreter
routine); recovery commands from deletes; and saving the current
editing state (although you can write out the current version of
the file to a different name). Some of the functions listed in
<12> are also not currently supported, specifically : display of
special characters; word wrapping (moving entire words that cross
the end of 1line down to next line); reformatting below changes

(actually. formatting is not supported much at all); use of



function keys; retention of deletions, and the ability to reverse
them.

Several guiding principles of editor design are stated in
<12>, The need for user memorization should be minimized.
Operations should be efficient. and engineered for errors. The
system should respond to any user input. The system should be
simple and responsive with immediate, unambiguous feedback to the
user. The user should initiate all actions, and be able to quit
at any time. The user should be able to customize the editor to
suit his own preferences, or different types of text (document
versus program). Interface design, for data entry in a screen
oriented fashion, is discussed in <5>, and the design of the Star
computer's graphic-icon and display editing interface is explained
in <23». The use of metaphor in teaching and learniné about a new
system is discussed in <7> (i.e., a terminal with a screen editor
is like a blackboard, or 1like a typewriter, etc. to illustrate
basic concepts).

In <7>, Carroll and Thomas also discuss ways that command
language design affects ease of learning. Commands that form
natural pairs should use command words that are natural pairs (for
instance, Up and Down, not Up and Forward (with D as delete!).
Commands should be formed in similar ways in all areas of the
interface (hierarchical consistency), to minimize structural
confusion.

Formation of keywords to use in an editor (or other command
system) has a growing body of research., Eastman <9> notes that

the most successful keyword choices seem to be words formed in



ways that new words in English are formed; (i.e., by phrases
becoming words, as have "goto" and "motorcar," or by abbreviations
such as "TV," "CRT," "proc" and "var"). The research of Benbasat
and Wand indicates that people find truncation of commands the
most natural form of abbreviation. As noted above, Jong in <12>
promotes discernible reasons for command word and key choices, and
Finseth <10> agrees that command choices should be mnemonic.
Landauer et al <13> surveyed the used vocabulary of typists and
found that the terms used in most editors are not from this
vocabulary. They then compared the typists' performance with
editors that use command words from that vocabulary and editors
that use arbitrary words for activities. The results did not show
an advantage for keywords from the typists'-vocabularies, possibly
because the nuances of meaning were different, possibly because
the study was very limited in scope. Further such research may be
interesting,

Aside from the gquestion of what sort of fact the editor
should present, there are also many ideas about different basic
functions., Denning <8> writes about "smart editors" which have
knowledge about program or document structure. Such editors would
include the Cornell Program Synthesizer <25>, and systems
described in <15>, <17», and <26>. Work toward generalized syntax
analysis, to allow such editors to be generated more easily, is
described in 18> and <19>. The current editor and its basic
functions could be used as a tool in the development of such a
structure editor. One promising course would be to use a file

parallel to the edited text, and altered in tandem, to maintain



the structure information. Even if the text file is abolished
altogether and the program is kept in parse tree form, as in <15>
and <25>, the basic display functions may be useful.

The current set of editing functions would also be most
useful in a system designed to document programming as it is done,
such as are described in <1>, <17», <26> and <27>. The systems in
<1> and <17> basically use a linear refinement of natural langquage
plans to code; use of parallel windows as the description is
changed and developed might allow greater ease of use, especially
where the context of an activity could significantly change the
best approach to it. BAll of these systems basically take a
descriptioﬁ, put it into a formal structure, and use the formal
rules of that structure to refine the description. All could be
implemented as one or more windows with the current editing
functions. Possibly several versions of the refinement could be
displayed in tandem, to allow comparison of varying solutions to
the same problem.

The current functions, however, may be too slow for a
production system. In particular, the scrolling system is slow.
However, they are also useful for developing prototypes of a final
system. The ability to rapidly prototype a new system is very
valuable. Smith <23» points out that there is almost always a
version of any significant new system thrown away. The
availability of convenient components allows the observation of
prototype behavior without a massive programming investment in the

prototype.



1.3 NEED.FOR A NEW EDITOR AT KSU

— - ————— T —————— —— ——— - -

There is a clear need for a reconfiqurable and easily
alterable editor., The ability both to create new editing commands
and to mask off o0ld ones would be useful in a number of areas, as
would the ability to add entirely new capabilities without having
to redesign the overall editor or reprogram the basic editing
functions.

One such area of usefulness is a minimal editor with which to
teach the basic concepts of editing a file. Chris Rutkowski has
shown <20> that a "seven function word processor" can be as useful
for this as a four function calculator is for teaching the basics
of using a pocket calculator.

Another possible use is comparative studies of different
configurations. For example, what command words are easiest to
understand and remember? Do people work better with long mnemonic
commands or single-~key commands? Such questions are amenable to
direct experiment. but such comparison experiments would require a
large number of slightly different editors, The obvious course is
to use one basic editor, and re-configure it to act in different
ways. It would also be possible to experiment with truly novel
editing formats and ideas without having to re-invent the entire
editing system. 1Indeed, the motivating factor for this work was a
desire to observe the possible usefulness of a command added to
the editor VI, and learning that it was virtually impossible for
us to unsnarl that system enough to do significant work on it.

Another use would occur in the development of new
capabilities for editing., They could be easily added to an editor
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designed to be easily changed, and evaluated in context with other
editing commands. New and specialized instruction sets could be
easily generated. These could be either for common dissemination
or for private use; they could easily be needed only for a single
job, and thus far too unimportant to justify the programmer cost
of adding them to an ordinary, established editor.

Creation of such an experimental editor would require
provision of both an extensive macro-command system and access to
the source code. The macro system would provide the capability
for individual users to tailor the editor to their personal
requirements. The accessible code would allow experimenters to
alter both the actual editing capabilities available and the ways
that the user can access these capabilities. It would be
necessary for the code to be entirely modular, with all input to
and output from each_command and subroutine clearly marked. Also,
the editor would need to have been designed for such
experimentation.

There is no such editor at KSU. There are several line and
screen editors, but none have the code accessibility and design
versatility needed to be a good experimental editor. For these
reasons, it was decided to implement such an experimental editor

at Kansas State University.

1.4 REQUIREMENTS DEFINITION. FOR THE EDITOR

An experimental editor should be simple, easy to learn and
use, Although simple, it need not lack significant power;

sufficient commands should be included to make it a useful tool.



It should include wuseful and significant capabilities, such as
multiple windowing, multi-file access, and editing of arbitrary
size files; and, it should be easy to add further capabilities to
it, as and when they are needed, imagined and developed. It
should be very easy to alter and extend on a short-term basis by
users, so they can adapt its behavior to their individual tastes.
It should also be modifiable on a long-term basis, by changing the
code, so that an apparently completely different editor can be
provided without significant reprogramming effort to provide the
basic editing £functions. Such modifiable attributes should
include the way that editing functions are invoked by the user.
the way that the user can extend his personal command set if such
a function is made available, and additions to, deletions from, or
alterations to the set of editing functions available.

To be easy to learn and use, an editor needs to have a small
set of easily learned commands and an easy way to build new
commands. A vast welter of slightly varying commands can confuse
even an experienced computer user. A well-chosen set of commands
can provide all the basic functions needed. With provision for
building new commands from this basic set of "building blocks,”
all the power needed in an editor is made available; yet, the user
is not overwhelmed with a problem in selection and memorization
before he can start solving the problem for which he needed the

editor.

The editor should have significant capabilities, and be easy
to add more capabilities to. It won't be possible to test the

effects of new or interesting capabilities if they cannot be put
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into the editor. The basic functions of editing ~-- adding and
deleting text, moving within a file, saving the edited file --
must be present, of course. More advanced functions, such as
editing two or more files, showing several windows at once, or
extracting text for addition at other places, should either exist
or be easy to add. This 1is another argqument for a design by
functional decomposition, and for modularization of data into
formally passed parameters, so that no analysis of variable
inheritance or non-obvious data interaction is needed.

To build new commands, there should be provision for users to
make small changes and create commands when they run the program,
to accommodate their individual tastes and needs. It should also
be easy to access the code and make radical changes in the way the
editor appears to the user. This implies both a macro-command
definition system, and a top-down design taking into consideration
the usefulness of each design level's components -- a functional
decomposition.

Overall, an editor designed not for immediate efficiency, but
for flexibility as an experimental tool, should have an
unconfusing but complete set of basic functions, an easy way to
expand those functions on both a temporary and a permanent basis,
an easy way to radically change the way those functions are
invoked, and a design that makes it easy to add to the editor. It
should include advanced capabilities, since experiments cannot be
designed around such capabilities if they are not available; and,

it should be easy to add further capabilities as the need occurs.
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CHAPTER 2
DESIGN OF THE EDITOR

2.1 DESIGN DECISIONS

—————— ——— T — T —— - —

To design the experimental editor, we had to choose the
minimal set of commands to include. We decided to include text
addition and line deletion, even though these can be constructed
from character insert and delete,, because they are extremely
common actions. We decided not to include a text extract and
reinsert command, for reasons of time. They wduld certainly be
worthwhile additions, and would be difficult to add using the
current set of commands, A full 1list of basic commands included
in the editor is given in appendix 3.

The macro system design was very severely constrained by
available time. A more extensive system would be a definite
bonus. The system as implemented only includes sequencing of
commands, repetition, and some primitive logic and comparison
functions. The ideal would be almost a language of its own; some
possible steps in that direction are presented in appendix 2.

The editor is designed to operate within editing windows.
For this purpose, it uses the "curses" package developed by Arnold
<3> to define areas of the screen and work in them on a higher
conceptual level -- that is, it allows actions such as "print to
window" and "clear window" instead of forcing the program to keep
character-by-character track of what is done.

One decision that must be made is whether to truncate lines
that are longer than the window's width, or to wrap them around to
the next line. While wrapping around allows the entire line to be

12



viewed, it can also make indentation intended to show a program's
structure virtually meaningless. It was decided to provide both,
and allow the decision to be made by the user (or program) at the
time the affected functions are called.

The editor is designed in a very modular fashion. This
allows easy use of functions by each other, and also allows easy
replacement of one part without affecting any others, Each
editing command is implemented by a function. There are also some
"helper" functions. These fall into two types, One type
implements a basic function not typically called directly. For
example, the "roll" function implements rolling the window up or
down a given number of lines. This is usually part of a movement
or line add/delete command. The other type of function
accomplishes a part of a task. For instance, the insert and
delete functions each have sub-functions which are specific for
truncating or wrapping-around windows. This allows the basic
"insert" function to be implemented by the same function call,

whether the window truncates or wraps around with lines that are

too long.

2.2 DESCRIPTION OF THE HIERARCHY OF CODE AND DATA STRUCTURES.

———— — ———— —— ——— - T — — —— S S S T S S S S S S S S o S S S e e

The code and data structures are broken down hierarchically.
for ease of understanding and modification. The main sections
are : the driver, command processor and macro translator; the
window functions; the editing functions themselves, and their
helper functions; the array simulators (explained below); and the

actual disk file management functions. These are described
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separately below; figure 1 shows their interrelationships.
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figure 1
Block diagram of the software system

KEY :
| A |-——=>| B | : A :===>: B :
s | [ f oo nlk PO
Procedure A Data structure A gives
calls procedure B. data to procedure B.
: original call parameéérs :
[
\/
| dr1ver routine |-—->| macro expander [<==: macro.&;t;.
| — ‘-“L“-_‘--“-I'(-_-[ - i ! :-t.o..o.'c--
| |
l l - i 2 2 0 & % 8 e
| [ | wxndow functions | : input
| | ====>] pre-defined package |<==: from
| | & addltlonal functlons | : user
I I — I =.|Ucc--
\I/ ‘ /l\ /}\ 1\|
| basic | I I : ‘window data in :
| ed1t1ng functlons | =>=—- | : FRAME data :
f __m e == - | : structure )
| ] /\ ] =...lIl-‘|....‘.I:
| | [ |
l l II | ® 0 % s 8 S 8 8 0880 e
| \i/ \============ ======1 concaptual .
| et N : array in :
| | helplng (== : FRAME (via :
| | editor functions | : ED_TEX) :
I I —— T — l<========:oo--loco110l=
| |
A/ \I/
| conceptual array |-——>T actual file |
| handllng functlon | | handling functlons |
| - | | |
/\
|1
:'disk file (access :
: via ED_TEX) H
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2.2.1 DISCUSSION OF THE BLOCK DIAGRAM

The driver routine establishes the editing system from the
parameters the program was invoked with. It then establishes the
editing window, and gets further input through the window
functions. If an input is not recognized, it is sent to the macro
translator to be broken into basic commands. The basic commands
are implemented as program functions and procedures. Some of
these call helping procedures or functions extracted for reasons
of clarity and readability. Both the editing functibns and their
helping functions access the editing window via the window
functions. Both also access the editing text and line lengths in
array format, via a conceptual (or VIRTUAL) array. Most of the
editing text is actually stored on disk. This virtual array is
provided by functions whose return values are the same as the
array contents at that point would be, The file management is
abstracted to file management functions, called by both array
functions, which keeps track of what lines are currently in
memory, and which lines are in the file. These functions, in
turn, calls several helping functions of their own. This code
structure is described in appendix 1, and the code listed in
appendix 6 is shown in order of this structure. Appendix 5 is a

discussion of how to use the functions in building a new editor.
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2.3.DESCRIPTION OF THE DESIGN IN DETAILI

The code sections and data structures sketched above are

described in greater detail. and their relationships shown.

2.3.1 procedures and functions

———— — — — T ——— —— S —— - ———— —

2.3.1.1. THE COMMAND SET

The editor has a small, almost minimal set of basic editing
instructions and a "macro® system for expanding the command set,
The commands chosen are those which accomplish the basic editing
functions of movement, altering the text, accommodating more than
one file and more than one window (that is, altering the user's
view of the edited material), and either saving the changed text
or re-instating the old version,

As mentioned earlier. text addition and line deletion were
implemented as basic functions, in addition to character addition
and deletion. In the case of text addition, this 1is a
convenience, done because text addition 1is such a common action.
What is referred to here is addition until a terminating
character. such as <escape>, 1is entered. It can consist of the
addition of any number of lines. Addition of new lines is
incorporated into the character addition routine when a new-line

character is entered.

Line deletion is implemented as a basic function in addition
to simple character deletion, rather than having the last
character delete on a line delete the line. This preserves the

conceptual distinction between deleting the last character from a
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line (leaving an empty line), and deleting the 1line itself
(closing up the hole in the text).

One command which cannot be built from other commands is a
pattern search command. The current pattern search uses an
extremely simple pattern matching algorithm.

all the 1lower 1level functions, éspecially the helping
functions, assume that reasonable parameters have been given to
them, For this reason,. the higher 1level functions must check
their input values before committing to an action. For instance,
if the scrolling functions are called on to scroll to a negative
line, they will scroll whatever garbage appears before the editing
text in memory onto the screen. This forces the upper level
movement routines to check £for edge-of-text conditions. RNote,.
however, that the lower level functions will also extend lines and
generate new lines if told to move the current editing position
beyond the end of the current 1line, or of the file, This allows
the higher level functions to decide whether the areas beyond the
already-entered text are not accessible without explicitly
entering new characters, or whether they are considered defined as
blank areas by default.

The chosen commands are now listed. For movement : up,
down, left, right, search, absolute goto. For altering the text :
character insert, character delete, text insert. line delete., For
altering the user's view of the edited material : create window,
close window, redraw window, edit new file. For ending editing
session : save new version, kill new version. They are described

in more detail in appendix 3.
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