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1C  Foreword

IC1  This paper is a temm project for Phil, 245

(Psycholinguistics), Spring Qtr, 1968, The Foreword discusses the
origin and history of the thoughts presented later, The paper
then loosely describes the practical, architectural goals of the
NLS (On-Line System). The currently implemented NLS is
subsequently analyzed from a more general, formal viewpoint, The
notion of "intellectual augmentation" is discussed, A general
strategy is offered for testing, evaluating and designing system

features, Finally, two possible experiments are outlined,

1CZ The impetus to write a paper such as this grew out of three

strong, personal feelings,

1C2A  The AHI Center is supposed to  "Augment Human

Intelligence" but no one can give a precise explanation of what
that means, There is, therefore, no measure of success and

this results in a personal feeling of through frustation,

1C2B  Research in the AHI Center is at a standstill, and the

rut is impossible to get out of unless a fresh approach is




taken to NLS.

1C2C After all the work that has gone into building a flexible
system, I want to see the flexibility used to truly improve the
system. There is a wealth of potential, It can be exploited
only if we understand the potential, the process being

augmented, and the interconnection,

1C3  The relationship of this to psycholinguistics will be seen
later. NLS is apposed to be a system that augments its user's
capacity to organize and remember information. Language plays two
roles, so important that they led me to Phil, 245 in search of

ideas.

1C3A  The user must talk to the computer., No matter what he
does, he is using some form of language, even though the

language may be trivial,

1C3B Part of the information which the user manipulates and
organizes will be stored in natural language.

Psycholinguistics bears heavily on determining what the user
does or accomplishes through the transcription and manipulation

of the information.,

1C4  The paper grew in the following way:

1C4A During November 1967 I happened on some of Piaget's work




concerning groupements, I became very excited and tried to
relate his work to NLS. A temm paper for CS225 summed up these
results--it was a complete disaster. The vagueness of the then
NLS framework coupled with my rudimentary understanding of

Piaget resulted in groping thoughts and nothing concrete,

1C4B To try and get some direction I talked with Colby, and
discussed the possibility to doing some kind of testing with
the current system, I then felt that only through some sort of
empirical study could new, fresh thought come forth, Colby
suggested that I look at an experiment designed to discover the
way small children index limited, self-contained fields of
information., The idea was appealing but it was not tied to the
formework of the project. Slwoly I developed the attitude that

there was no adaquate framework to couch an experiment in,

1C4C  In early May Suppes convinced me that empirical testing
must be done in parallel with clinical work, This made some
problems very clear, for statistical studies require a concrete
task, or problem domain, and I could not conceive of one that
was related to the overall goals of NLS, What was needed was
an explicit fommalism that NLS could be put into, Statistics

could then test statements about the formalism.

1C4D  This paper now began to take formm. The notions of

Separating the control language from the forma (defined below)




were laid out,

1C4E  In mid May I had two meetings with Bill Ward, These led
to the inclusion of associatve structures as a basic facet of

the structural component of the forma,

2 Goals and Constraints

2A The one unifying, pragmatic mandate from the sponsers charges the
AHI center with building the AHI Super Screen, It is a large
collection of electrical and mechanical devices connected to a
computer., The elusive ground rules for construction and guide lines
for development have often made progress slow, No one knows what is
being augmented, but everyone has firm ideas about features needed in
the system. This characterization attempts to isolate and bound a

single problem area from the many of the Center.

ZA1  The tool is, like many tools, and artifact and an extension
of man's basic senses, Not totally unlike paper, pencils, chalk,
and blackboards, it is an infommation storage, retrieval, and

manipulation device. Simply, it is a dynamic memory extension.

2A2 (information structure) The tool works on documents, or
files, This paper was written exclusively with the current
prototype of the eventual tool, The documents are called
information structures to emphasize the point that they are blocks

of textual and graphical infommation organized into hierarchical




and associative structures, The total information content is in

the structure as well as the blocks, a point many automated

textual systems ignore (as do many writers).

2A3  Language, symbolic reasoning, and problem solving also serve
as tools [Bru66:37]., The Super Screen might someday have a
similar role. It is not inconceivable that the tool could take on
currently unknown features that would give its user a power of
thought only realizable through the artifact, much as the power of
language is reasiable only through speech, and numerical analysis

through the computer and its ability to do the computations,

2A4 The unique feature of the Super Screen, over other
rudimentary passive tools 1like paper, is that it is not only
responsive but can stimulate the user while he works, In
[Bru67:56] the analysis of human implement systems discusses
motor, sensory, and ratiocinative capacity amplifers. The

threefold amplification is found in the Super Screen,

2A4A It makes huge volumes of information availabe for viewing

and manipulation through minute keystrokes.

2A4B In a way that is becoming common with computer-controled
devices, the Super Screen reacts instaneously to user commands,
The commands, moreover, could be given in structurally complex

languages, something impossible with simpler controlling




devices,

2MAC  Unlike any previous devices, the Super Screen adds a new
dimension to ratiocinative implements, for it observes the
operation of the user, his information structures, and his
habits, These observations may then be used to provoke thought

and stimulate the use of different structures.

2B Emphasis has been placed on the personal nature of the tool not
from disregard of the problem of communication among fellow workers
but out of caution, The development thus far could easily assimilate

many arears of computer science. Further constraints, necessary to

bring the problems down to practical levels, are best set by

conjunctive disassociation rather than extension of the original

premise, especially since the constraints are necessarily artificial.

2B1 Unfortunately, we must not attempt to radically change,
through research and development, already existing cognitive tools

of the Super Screen user.

2B1A  Increased efficency in personal habits may readily be
expected of a Super Screen user, just as increased typing speed

could be expected of one using a typewriter,

2B1B  [Bru66:56] states that "any implement system to be
effective must produce an appropiate internal counterpart, an

appropriate skill necessary for organizing sensorimotor acts,




for organizing percepts, and for organizing our thoughts in a
way that matches them to the requirements of implement

systems,"

2B1B1 However, we consider it outside the scope of this
project to research and make significant contributions

toward accelerating the evolution of these skills,

2B1B2 The tool is designed for use in tasks so ill-defined
that there are no measures of success or concrete working
rules, No one knows of universal rules for taking notes or
wrting papers; finding such rules is a project of different

orientation,

2BIC Neither are we modeling the person or his thoughts, The
aim is to find a mutually agreeable class of models which the
user and the computer can easily work on in wunison, The
ultimate desire is that the infommation structures enhance the
memory of the user beyond the capacity of more conventional

artifacts,

2B2 The most difficult criterion to set is an idea of
usefulness. The more a feature or aspect of the tool amplifies or
stimulates the cognitive or organizational capacity of the user,
the more useful it is, A measure of usefullness is untimately a

function of the things being augmented. This is discussed in more




detail after the nature of the tool itself is described.

2B2A This definition is more restrictive than the one
generally pursued in the AHI Center, where smoothness of the

system and application to specific problems often takes

priority.

2B2B This does not leave features open to testing. If
usefulness is to ever have a well-defined measure, it must be

related to a strong, restricted thesis,

2B3 Finally, we make the strong requirement that the services
offered to a Super Screen user be limited to state-of-the-art
computer science, This avoids the great hangups of natural

language and artifical intelligence,

3 Forma and Model

3A The computer and the Super Screen user converse in an artifical
language about specific information structures. For the user to
realize the full potential of the tool he must have abstract notions

of how the structures are built, connected, and manipulated,

3A1 (forma) This set of rules, from which the user can derive
specific models of the structures in the computer, is called the

forma of the system. The '"forma" is in no way related to the

programming techniques used within the software of the system., It




is a formalism used to characterize all possible allowable

information structures.

3A2 The idea of a forma is similar to two more common notions.

3A2A An analogy can be drawn with logic, where axiom schema

are given from which all possible formulas in the system are

derivable.

3A2B The forma is loosely related to the "schema' of Piaget,

[F1a63:54] considers a schema to be "a kind of concept,

category, or underlying strategy which subsumes a whole

collection of distinct but similar action sequences." Thus

the

forma is both a mathematical characterization of possible

structures and a general knowledge of how the structures
built and manipulated. The forma should properly include
user heuristics for the problem at hand, but they

deliberately left out.

3A3 A forma has three components:

are

the

are

3A3A  (lexical) The 1lexical component of an information

structure is the content of the nodes of the structure.

3A3A1 In the prototype systems, the structures are blocks

of text and pictures combined in a graph structure, Each

numbered string of text in this paper is such a block.

The




rules which describe the possible configurations of text and
lines in such a block are the lexical component of the

forma,

3A3A2 More precisely, any node in the current system may
be a string of characters. The character set has 96 common
characters and the maximum length of any such string is 3000
characters, Line drawing is just being implemented and its

rules are much more restrictive,

3A3A3 Factors which limit the usefulness of the prototype
systems are rarely concerned with the lexical component,
Occasionally the need arises for a special character or
font, but in general this has little bearing on forma

design,

3A3B (structural) The structural component of a forma is the
nature of the connections and relations that can be imposed on
the nodes of the lexical compontent, [Wh65:215] suggests that
the structure of adult mental processes has an associative,
fast-acting level and a slower-acting, information-processing
cognitive level, If we take (as in [Bru66:48]) the hypothesis
that "experience is organized to correspond in some measure to
the structure of language," a forma must have both hierarchical

and associative aspects.

3A3B1 (hierarchical) A structure is a means of implying

10




information missing in the nodes of the structure. When the

. information is supplied purely through the structure, and is

independent of the content of the nodes, it is a

hierarchical structure,

3A3B1A The tree structure or outline form of this paper
is a hierarchical structure, This widely used format has
a curious relation to the concrete operation of Piaget
[F1a63:164-196], If information is categorized or put
into class heirarchies, any of the groupments and
operations can be handled within the tree even though it

is not as general as a directed graph,

3A3B1B The utility of the tree suggests that it is
. adequate for currently conceivable formas. It may even
be too general., Natural language is highly restrictive
in its structure. The hypothesis mentioned above implies
that is the case; one of the experiments outlined below

is designed to test it,

3A3B2  (associative) When the information supplied by the
structure is simply the fact that nodes are related because

of common content, the structure is associative.
3A3B2ZA  All of the attempts to permit the user of

prototype systems the facility of associative structures

seem to miss something, Techniques such as naming nodes

11




(putting a word in parentheses at fhe front) and |
@ embedding the names as references in other statements E
coupled with commands to move the viewing window to a |
node by pointing at its name have been the extent of

user aids for associative structures,

3A3B2B This work has neglected two important aspects of

the associative level of mental processes,

3A3B2B1 [Wh65:189-194] finds that associations are made
by subjects and 1lost for further use in fractions of
seconds, This means that, if the associations are to be
communicated to the computer, the process must be
instanteous, Typing in names takes seconds, not

l.. fractions of seconds,

[ 3A3B2B2 Secondly, nodes are associatively related if
they have a common concept. Previous work within the
Center cast associations and linkages in the framework of
reference and referent (pointer and name). A more
realistic associative scheme would 1link nodes through
common terms or concepts, on the order of inverted files

used in information retrieval,

} 3A3C (dynamic) The dynamic component is the nature of the way
things can be changed. It describes the vast variety of ways

the text, pictures, hierarchies, and associations can be

12




manipulated, This aspect of the fomma is the abstract way the

abstract fomma is manipul ated, It is not the languages or

commands used for the actual manipulations of information

structures,

3A3C1  The trend in prototype systems has been to include
everything one can think of so that no user will ever feel

constrained,

3A3C2 When this is done, however, care must be take to make
consistent definitions and conventions, Obscure
manipulative features often lead to misunderstandings of the

system,

3A4 The most important characteristic of a forma is that the user
understand it, An exceedingly complicated scheme which no one can
use is not a tool; it is burden, The simplicity of the formas of

the prototype systems is one of their best virtues,

3B (model) It seems at times like a trivial point, but a useful
distinction can be made between the infommation structure in the
coumpter, the way a person thinks of the structure, and what he sees

as he looks at the Super Screen,

3B1 A model is a specific representation of a specific document
or information structure, Thus, "information structure" refers to

the actual information, as it is stored in the computer. 'Model,"

13




on the other hand, refers to the way the user thinks of his

structure in terms of the forma of the system.

382 The actual, physical representation of the model is on the
Super Screen and is different from the model and the information
structure. The user sees characters laid out in a square format;
he thinks of the information as being in a tree; and it is really

stored using a fancy free-storage technique.

3C (special purpose) In all of the prototype systems there have
been a great many special purpose features., These have included the
ability to scan every node for textual content and perform arithmetic
on lists of specially tagged numbers, and special formatting
conventions for tables, Schemes have been proposed for allowing the
user to view the structure implicit in highly structured data, in

both the lexical and the structural component.

3C1 The features are difficult to discuss relative to the forma.
They are aids more closely aligned to motor and sensory capacity

amplifiers than to ratiocinative amplifiers.

3C2 They certainly make the systems smoother to use, and they
have been invaluable in well defined tasks. They are, however, ad
hoc, and have nothing to do with the problem area attacked by the

notion of formas.

4 The Communication Language




AN The user communicates with the machine about models by using an

artificial dialogue language€e. This is not the natural language of

the lexical component of the forma, It is the language used to
direct the machine in its editing, organizational, and retrieval
tasks as well as the language used 1O inform the machine about

structural relations and associations.

4A1  Obviously the nature of the language€ will dictate certain
user habits. How this affects the capacity amplification of the
system cannot be understood until the amplification itself is

determined.

4A2 The dialogue language 1s nonreflexive. The user currently
strikes keys, pushes buttons, and 7rolls a cursor-positioning

device with his hand. The computer responds via the CRT.

4A3 This language€ plays a vital part in the system. Its
flexibility and power crucially detemmine the success of system
features. Stealing the linguistic approach to language analysis
and perverting the terms “phoneme," "morpheme," and "structure"

leads to rich insights about the contemporary dialogue language€e.
48 (phoneme) The phonetics of the dialogue language€ is the set of
basic units of communication between the user and the machine, and

vice versa.

4B1 There is a strange imbalance between the dialogue language

15




and natural languages,

4B1IA There are about 100 Kkeys in the user's half of the
dialogue language. This 1is more than twice the number of
phonemes in English, yet the artificial language is much more

restricted.

4B1B This difference would seem reasonable if the
communication speed using keys were faster then speech, but it

isn't,

4B2 The dialogue language is reflexive only on the phoneme
level, The characters displayed on the screen and the ones struck

on the keyboard are the same,

4C (morpheme) The morphemes of the dialogue language are the basic
units of discourse about the models. The morphemes need not
correspond to the atomic units in the structural, lexical, or dynamic

components of the forma.

4C1 This is a very important point, for it means that models can
exist separately from the language used to manipulate them, In
practice this is true even though it has not been previously
recognized, When someone is taught about the system, terminology
is used which is not in the dialogue language. Users continue to

think about the models with these concepts, yet they are not

16
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realized in the language,

4C2  Awareness of this means that the morphemes can vary without
changing the fommas, Historically, the morphemes of the dialogue
language have been considered the forma, The results of designing
without consideration of this feature can be seen in the prototype

systems,

4C3 Two striking observations can be made when the user's

dialogue language is compared to natural language,

4C3A  The morphemes are almost identical with the phonemes,
This explains the large number of phonemes. But the utility of

this feature, even if it is only speed, is still untested.

4C3B The 1lack of symbolism or abstractness is a glaring
deficiency in the language, All the words are concrete, They
are always in reference to a specific action about a specific

entity in the model,

4D (syntax) The Structural or syntactic malysis of the dialogue

corresponds precisely to similar analyses of natural language,

4n1 I know of no Structurally complex man-machine interactive
language, From job-control languages to highly interactive
control languages, the structure is always that of a simple

linear grammar, The so-called high-level languages of programming

17




do not apply here, They are used to describe algorithms to a
' computer program specifically designed to translate the algorithm
to another language, These language are not interactive; writing

in them takes a good deal of time,

4D1A  Except for a few possible queries about the computer's
Status, the dialogue language is strictly imperative, It
always tells the machine to do something, to change the portion
under view, to modify a parameter, etc. This could explain the
sufficiency of simple structure, for even in natural language

imperative statements tend to be short and structurally simple,

4DIB A more adequate explanation seems to be that structural
complexity is closely connected to semantic complexity. Simple
. concrete semantics, such as a forma, do not need structurally

complex languages to describe the allowable operations.

4D2 Just as with morphemes, the syntax of the dialogue language

has been confused with the dynamic component of the forma.

4E The  common analysis methods applied to the study of speed and

redundancy of natural language do not apply to the dialogue language,

4E1 In all of the prototype systems, the semantic complexity of
the forma is so trivial that single, short commands have been used
to implement the user's entire command language, With the current

system, the number of commands is becoming larger than the number
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of available keys, We do not, however, have anywhere to look for

guidance in studing the problem. All work oriented toward the

speed and redundancy of artifical language tends to be concerned

with communication on the bit and hardware level,

4E2 The computer, through the display screen, can transmit
information so fast that the problems again shift back to the user
and his ability to read and follow the computer, Observations
about response speed in time-sharing systems do not apply to the
theoretical level of this discussion, The output channels from
the computer handle information much faster than people can
assimilate it, The slowness of the input channel is mainly due to
the inadequate dialogue 1language, The computeér can certainly
handle informaton faster than people, and the limitation on input
speed is neither human dexterity nor hardware capability but

rather the capability of the control language. .,

Augmentation

SA Through the notions of forma and dialogue language we have
attempted to bring the concept of the Super Screen into the arena of
rational discussion, The next, and more difficult, problem concerns
the ultimate goal--augmentation of intellectual processes, We do not

solve this problem; we only offer notes for further thought,

5B The Super Screen, viewed as a capacity amplifier, augments only

one portion of the user's intellect--his performance in the task of

19




information organization on a personal memory level.

SB1 The problem, then, reduces to the overwhelming task of
discovering a theory behind the processes of the user as he does
the organization, and relating these processes to specific
features of the forma or the dialogue language., With such a

relationship, we could make hypotheses and test them.

5B2 The notion of performance must not be restricted to the
current user task, The availability of the Super Screen may well
mean that the user could undertake organizational task which would

otherwise be prohibitively difficult,

5B3 The user processes must be restricted if a theory is to be

found, This can be done in two ways,

SB3A The first is the task the user is performing. This would
be things such as writing a specific kind of paper or computer

program, or taking notes while reading a book.

SB3B The other restriction defines a motivation of the user.
There are three motivations that appear to lend them themselves

to theory.

SB3B1 The Super Screen user could be using the system as a

means of personal recall, NLS becomes an extension of his

meémory. Within it he can store facts, relations among the




5C

of

facts, and structural information about both the facts and

the relations,

5B3B2 The Super Screen can be used as a device to
communicate with other Super Screen users., Entirely new
approaches can be taken to paper organization if reading
will always be through the system. If the intent of the
user is communication, the structural devices are standard

enough to hypothesize on, and maybe even to test,

SB3B3  Finally, the user may be attempting to correlate
information, The process of fomming associations,
relations, and concepts has been highly studied, If users
were set to this task, various current psychological
theories could be used as the basis of test concerning both

the forma and the dialogue language.

5B4 A serious problem is that individual user ability,
independent of the Super Screen, overshadows the results of being

augmented,

There is a tendency to view the whole project as the construction

a big text editor,

5C1  This is done both by outsiders when the program is explained

to them and implicity by insiders when they think about expansion
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and new user features,

5C2 This seems to happen for two reasons:

SCZA  The text-editing problem is well defined., With simple
manipulation of text, graphs, and structure the features and
use are already laid out. Authors and editors feel that they

know what they want,

5C2B It is very easy to get a big gain in paper production
with such a system, Dozens of rough draft copies, all neatly
formated, right justified, numbered, etc, accumulate in piles
on the desk of the system users. This is fun, but it is also
dangerous. The increase in output is often viewed as an
intellectual or quality-performance gain--this is a big

mistake,

5C3 It is becoming clear that text editing, even with the Super
Screen, augments intellect in only a trivial way [Bru63:298-301],
The notions of the Whorfian and Neo-Whorfian [Eng62:24] hypotheses

are just not enough,

6 Research Strategy

6A This has little to do with psycholinguistice; it is deliberately

left out of the term paper. (It is also a cop-out because I did
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finish it.)

6B introspective development

6C technical development

6D empirical research

Two Experiments

7A The Value of Restricted Hierarchies

7A1 This is a set of experiments instead of just one, The
purpose is to study the effect of structure, as used in NLS, on

the process of communication,

7A2 The general idea would be to take a paper or article, and
transcribe in into the system in various versions with a variety

of structures encompassing a spectrum of complexity,

7A2A The simplest format is the standard paragraph format.

7A2B A next step could be multi-sentence structure, breaking

the paragraphs into related units, each unit composed of one or

more sentences,

7A2C A final form might have at most a sentence, and
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complicated sentences might be broken down further.

7A3 Various hypotheses could then be made about the way users
prefer to read using the Super Screen, These could be tested by
observing the commands used to move the viewing window over the
parts of the document when subjects are asked to figure out what

it says.

7A4 Another set of hypotheses could be made concerning the best
way to structure the document to convey its contents to a reader
[Ronco:19-21], Subjects could then be asked to read the file, and
use the system to make notes. We would test for comprehension and

rentention of material,

7AdA The idea that the minimum structure necessary for good

comprehension and rentention is a candidate for testing.

7A4B Another candidate is the idea that complicated structures
can convey considerable information, provided the user is aware
of the meaning of the structure, Here, various structures
could be explained before the subjects read the file, Only
selected structures would actually be used in the file, The
results of the test afterward could give clues abut the utility

of the forma in its present form,

7B Kinds of Concepts in Associations
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7B1 The motive behind this experiment is to get some clue,

however small, about the use of associations in concept

formations, the speed at which they occur, how they are eventually
used in hierarchicaly concept formation, and what kinds of
features could be added to the Super Screen to allow users to

record them and retrieve them,

7B2 The experiment is basically clinical, The idea is merely to
interview children about a specific topic, I recognize all the
problems connected with children, but I see no other place to
Sstart. The interviews would merely probe the child for all the
information he has about a small number of highly related objects,
The hope is that close analysis of the transcribed interviews will
lead to ideas about indexing, associations, and the transformation

of associations into structural concepts,

7B2A  The area of personal relatives is well defined,
Questions concerning the location of individuls, such as
grandmother, and of sets, such as mother's parents, might
initially be answered thourgh associations, As the questioning
procedes, and the child's thoughts stabilize, the associations
may progress to structures, To observe such a change and to
see the origins of a structure could lend a lot to further

refinement of the forma.

8 Summary
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8A I feel this paper has made progress if two very simple things

have been accomplished,

8A1 If the idea of the Super Screen has become firm enough to
recieve meangingful criticism. In the past there have only been
three kinds of comments: approval through head nodding,
suggestions for generally kludgey special purpose features, and
the advice that we are all wasting our time, This quickly becomes
discouraging, I want to make the global concepts we work with

clear enough to be understood and critized by others,

8A2 I also want the global view to be extendable to research
Strategy and experimental verification, The experiments must
directly relate to the forma, dialogue language, and augmentation

process if they are to mean anything,

8B I realize that the discussion of augmentation is lacking., It
needs much more thought, and I need a lot more readi g, However, I
also feel that the experiments outlined above could be started., The
results would assist in solidifying the ideas about augmentation as
well as clearing up more points about the forma and dialogue language

by putting them into pratise,

References

9A [Bru66] Jerome S. Bruner, Rose R, Olver, Patricia M Greenfield,

26




et al, "Studies in Cognitive Growth," John Wiley & Sons, Inc,, 1966,

9B [Eng62] D. C. Engelbart, "Augmenting Human Intellect: A
Conceptual Framework," Summary Report, Contract AF 49(638)-1024, SRI
Project 3578, Stanford Recearch Institute, Menlo Park, California

(October 1962),

9C [Fla63] John H. Flavell, "The Developmental Psychology of Jean

Piaget," D. Van Nostrand Co., Inc,, 1963,

9D [Ronco] Paul G, Ronco, et al, "Characteristics of Technical
Reports that affect Reader Behavior: A Review of the Literature,"

Institute for Psychological Research, Tufts University, Medford Mass,

9E [Wh65] Sheldon H, White, "Evidence for a Hierarchical Arrangement
of Learning Processes,” in '"Advances in Child Development and
Behavior" Vol, 2, pp. 187-220, ed. by Lipsitt § Spiker, Academic

Press, 1965,

27




0

/NETPL, 09/11/68 1719:29 DGC ; JNBL=2; .PLO=1; .DPR=0;

Abstracs

This paper vrepresents JFR's and JDH's current views on how the NET
problems should be attacked. The problems covered are those local to
the 940 Monitoxr and NLS.

These two areas, NLS and the Monitor, bring out most of the low-level
NET communication problems, and we hope that a general NET solution
can evolve from these ideas.,

This paper is currently for AHI commumnication, but we would like to
pass it out at the next NET meeting in llitah, so we need responses in

time to resolve difficulties.




General Notions

Ain of Paper
This paper gives a fairly detailed explanation of an IMP-940
Monitor implementation scheme that we feel would make the whole
nmess work,
It attacks the single problem area of interactive display
terminals, and does not get into complex interactive programming
running., Interaction Dbetween user prograns can easily be
accomodated within our proposal,
This is a two-pass paper. One may not expect all new concepts to
be introduced before they are needed.
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the process of receiving bulk transfers,

When a user progran is ready to accept a packet of
bits it calls on the nmonitor with a BRS., The monitor
nust first prepare the URC and comnmand table, after
making sure they are not in use.

It nust then notify the IMP that it can send the
nessage, but it nust be sure that it gets the message
for the right user, This information is sent over the
reserved Teletype line,

When the transfer is complete the IMP, through the
controller, interrupts the 940, The monitor notes the
fact, and the user may be fired up again when he comes

‘ up in the queue,

All the information about the IMP, the NET, and the 940
is also sent on this 1line. This includes infomation
about the loads, wp status, and anything else not related
to, requested by, or sent by users. FEverything on a user
line goes to a user, and nothing is gobbled up in a
secret way by the lMonitor, I!MP, or anything else.

Initial Sign-On
-~

When someone wants to log onto the 940 system, a request of

some kind will eventually reach the local IMP, This request

| would probably be initiated on the user's machine and sent to
the renote IMP via the control line.

When the request finally reaches the local IMB," it " (the

. local IMP) must seek a Teletype line to connect the remote

user with the local host, Once the line is found, it
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AHT User Progran - NET Commmication
Definition of a User Program
For our purposes a user program is a piece of code that runs in
user memory,  protected from others,' from itself, and £rom
executing I/0 instructions,
Iser programs make their requests for I/0, as well as other systen
operations, through a special system call known as a BRS,
The Monitor in the 940 will do a minimm amount of work to mun the
NET. A1l it will do is buffer enough characters to bridge the gap
between swaps and provide control for bulk transfers. Everything
else is done by user prograns.
NLS is a user program, Special NET work for NLS will be done
Utility routines

the user level when they are written. They will be swappe!

like everything else, and s

o

not put any more burden on the

onitor that other kinds of Executive request.,

eletype Input
user program running from the IMP would not noxmally know that
it originated on a device other than a Teletype., The commands to
read and write characters will operate in exactly the same way,
BRS's Needed
The BRS's necessary to operate the I f£rom a user progran are
milar to those necessary to read and write files, In fact a
user program can think of the IMP as two files.
A BRS would be needed to open the IMP for reading, and another for

These would worlk
g nese would work

like the file-opening BRS'S and return
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an associated file mmber that would be used in all future data
transfers,
In addition, there would be a standard block read/write BRS. One
would put the file mumber, the starting location, and the mumber
of words to transfer in the three registers and issue the BRS,
The file number detemines the read or write mode.
At this point the nonitor would go through all the usual
routines for block transfers, If the starting location at and

» the page could be

the nunber of words match page boundaries
frozen and the transfer done directly into user nemory. If
things are at odd locations a buffer . could be used, as it is
for dnum transfers.

' The data would not be sorted by the IMP, and so each user
program must ¢do its own sorting. A "read" to the IMP means to
read the next N words as they were received by the IMP,

It is expected that some control information about bulk
transfers will be sent over the Teletype lines. For example,
the Teletype lines would send a character stream that the user
program would interpret as a signal that a block of a certain
ize was being sent. The user program would then issue the
read to the Monitor, The Monitor would synchronize with the

IMP and get the message. The user program would then be

started up again. It is likely that for files, this first bulk
nessage will be conrol information about a coming series of

even larger hulk messages.,
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NET Standard Translators
Universal Hardware Language
To mininize the numer of translators needed to nap any facility's
user codes to any other facility, there is a universal hardware
language.
This language is simply a large, syntactically simple language in
which statements can be made about any hardware device in the NET.
The language may never be used in transmission, however., Its
primary use is as a set of specifications for the coding of the
NSTs at each user site.
Introduction to the NST
Suppose that a user at a remote site, say UCSB, is entered in the
“B AllT system and wants to run NLS.
The first step is to enter NLS in the normal way. At that time
the UCSB system will request a symbolic program from NLS,
This program is written in an algebraic, parsing-oriented
hybrid language., It is called the NLS Incode Translation
Progran.
The progran accepts input in the NET hardware language and
translates it to a form usable by NLS,
It may pack characters in a buffer, and also do some local
feedback,
When the program is received at UCSB it is compiled and loaded to
be run in conjunction with a standaxd library,
All input from the UCSB console first goes to the NST. It is
9

processed, parsed, blocked, translated, etc. When the NST

receives a character appropriate to its state it may finally




initiate transfers to the 940, The bits transferred are in a fom
acceptable to the 940, and maybe in a standard fom so that the
NLS need not differentiate between UCSB and other NET users.
Information sent to UCSB from NLS must go through a similar
process.
NLS will request a symbolic program from UCSB. This progran
maps standaxd NET hardware language into packs specifically
made up for the UCSB machine., It is known as the NLS Decode
Translation Progran,
This progran is compiled and run along with NLS. It operates
out of user memory just as NLS does, and does not affect the
Monitor,
Function of NST
Advantages of Dual Translation
After each node has implemented the library part of the NST, it
need only write one progran for each subsystem, namely the
symbolic file it sends to each user that maps the NET hardware
language into its own special language. FEach wuser must also
write a decode translation program for the new subsystem. The
e progran should normally be rather small compared to the
rest of the worries of using a remote systenm,
This is the minimm programming that can he expected if each
console is used to its fullest extent.
Since the NST which runs the encode translation is coded at
the user site, it can take advantage of hardware at its

consoles to the fullest extent, It can also add or remove

hardware features without requiring new or different




translation tables from the host.

Local users are also kept up to date on any changes in the
system offered at the host site. As new features are added,
the host programmers change the symbolic encode program.
When this new program is compiled and used at the user site,
the new features are automatically included.

™

he advantages of having the encode translation programs

transferred symbolically should be obvious, FEach site can
translate any way it sees fit, Thus machine code for each site

can be produced to fit that site; faster run times and greater
code density will be the result,

It is expected that when there is matching hardvare, the

grans will take this into account and avoid any

unnecessary computing,

(nst) The NST library is the set of programs necessarv to mesh

efficiently with the code compiled at the user sites from t
encode translation it receives,

Universal Ihmk of Bits

The 'miversal Station
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particularly suited to that machine,
It may pack to breal characters, map nultiple characters to
single characters and vice versa, do character translation, and
give immediate feedback to the user.
(1dn) Immediate feedback from the encode translator first goes to
local display management, where it is napped from the NET standard
to the local display hardware.
A wide range of echo output may come from the encode
translator., Simple character echoes would be a nminim 1, While
cormand and machine-state feedback will be common,
It is reasonable to expect control and feedback functions not
even done at the host user stations to be done in local display
control, For example, people with high-speed displays may want
to selectively clear curves on a Culler display, a function
possible on a storage tube.
Output £from the encode translator for the host goes to the
invisible IMP, is broken into appropriate sizes and labeled by the
encode translator, and then goes to the NET-to-lhost translator,
Output from the user may be more than on-line input, It may be

les

[*H

larger items such as computer-generated data, or £

generated and used exclusively at the host site but stored at
the user site,

Information of this kind may avoid translation,
already in hest format, or it may mndergo  yet another kind of

translation if it is a block of data.

(hrt) It finally gets to the host, and must then go through the

m 1
‘

host reception translator,

This maps and reoxders the standard
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transmission-style packets of bits sent by various Encode prograns
into codes acceptable by the host subsystem in use. This part may
not even exist if things work out,[>tif(net node) (nif(encode)]
Host-to-lsexr Transnission
(decode) Output from the host initially goes through decode, a
translation map similar to, and perhaps more complicated than, the
encode map, [>nif(urt)>tif(imp ctrl)<{tif(net node)]
This map at least fommats display output into a simplified
logical-entity output stream, of which meaningful pieces may be
dealt with in various ways at the user site.
The Decode program was sent to the host machine at the sanme
time that the Encode program was sent to the user nachine.
The program is initially in symbolic form and is compiled
for efficient mumning at the host machine,
Lines of characters should be logically identified so that
different line widths can be handled at the user site,
Some form of logical line identification nust also me made.
For example, if a straight line is to be drawn across the
display this fact should be transmitted, rather than a
series of 500 short vectors.
As things firm up, more and nore complicated structural
display information (in the manner of LEAP) should be sent
and accomodated at user sites so that the responsibility for
real-time display manipulation may shift closer to tlhe user.
(imp ctrl) The host may also want to send control information

to IMPs. Formatting of this information is done by the host




decoder. [Dtif(urt) <(tif(decode)]
The other control information supplied by the host decoder is
message break up and identification so that proper assembly and
sorting can be done at the user site.
From the host decoder, information goes to the invisible IMP, and
directly to the NET-to-user translator. The only operation done
on the messages is that they may be shuffled,
(urt) The user reception translator accepts nessages from the
user-site IMP and fixes them up for user-site display. [Dnif(d
ctrl)d>tif(prgn ctrl){tif(imp ctrl) {nif(decode)]
The minimal action is a reordering of the message pieces.
(d ctrl) For display output, however, more needs be done. The
NET logical display information must be put in the format of
the user site, Dispay control does this job., Since it
coordinates between (encode) and (decode) it is able to offer
features of display nanagement local to the user
site. [>nif(display) nif(urt))

(prgm ctrl) Another action may be the selective translation and

1o

routing of information to particular user-site subsystems,
[>tif(d ctrl)<{tif(urt)]
For example, blocks of floating-point information may be
converted to user-style words and sent, in block form, to a
subsysten for processing or storage.
The styles and translation of this information may well be a
compact binary format suitable for quick translation, rather

than a print-image-oriented format,

(display) is the output to the user. [<nif(d ctrl)]
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e SCTMLOes a8 method of extending the AHI-NLS

from 1/£ L0 3Z consoles.
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izl study of 940-NLS opersting characteristics centered
he goal of operating |2 work stations with response

e

nt Lo the 6§ curriently operating.

ienecks in the 940 system are connected with core space and

ing.

rrertly, displays are stored in 940 core. Each user has his

n bufferse and a new 940 core page is frozer as each user
ers

the systemn. For S or 6 users this is not too bady but
than 7 or 8 it is totally unreasonsable.

e immediat e reedback that NLS gives to each user is
gnificant ly more complicated than that which can be offered

hreuch conventional echo tables.

Consequently, each NLS user must be immedistely activated
fori each character or button push.

Statistics on NLS usage indicate thati if ithe display buffers
are removed from Y40 memory., approximately 10 to 12 work
stations can be serviced before the swapping reaches a

eriit ical point, and response significantly declines.

see({LOADS +Conclusions}

ost :direct solutiiecn for the l2-station system is simply a
core for display buffers. This approach has already Deen
ssed in a current proposal to RADC for system expansion.

ical observat ions indicate that the 940 could serve
ly 32 NLS usersy if users interacted iwitk the 940 on a
t basis instead of a single-characten basis. see
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more than 12 work stations are considereds the
e-character ‘inrteraction with the time—=sharing system and user
ars completely overloads Lthe system.

t criterion for any expansion is:thati it be extendabie to
inits of the 940.

econd is that the system closely resemble iore that may De
deble to even larger service, say 100 consoles.

ch expansion is flexible and modular in its design and
are coupling, then alternative programmings schedul ings and

»ing tecmiques may be triled. The problems :of much larger

ms may be incisively studied and the soluticns tested through

mentalion.




‘) that collaborations in its many forms, must be
1 & C o Qaes are =
ylay- ) sharilings where different logical parts of a
er's current display picture may be viewed by a set of users
t= ce flexibilityy where many people may sit around a
€y @ach Wwith his oun handsel and mouses 10r users remote
f e ac other can drive one another®s displays
iuidio icammunications which takes two formss
C ylele vo ice suwitchings, so that any number of "“conf erence
calls™ coulo be estavlished between the work—-statiion users
Computer—generated sounds used as feedback to a single user
or @ group of users 1n collaboration.
) t 5 € ealtures can eventually be implemented totally
irel thin he framework of the 940. However, the curirent
< e/ softuware approach imposes severe limications in two ways.
< O NI X In the 940 time-sharing system is cramped for
. ace. is means thalt the extensive tables necessary for
i ul—-idevice interchangeability will not fites and limited,
costly schemes would have to be implemented.
e aadit ion of hardware devices 1Is governed by the
avialiability of special-purpose controller and poliing devices.
ach of Lhese operates a fixed number of -each kind of
cevicCce.
e would prefer a scheme that allows new 'devices ‘to be added
and interchanged freely and in small increments.
::;A er veiwvic >
t about the printer?
e ight want to move our printer to a3 small machine.
¢t 1abtout icro=film cutput?
2 icht want (o drive a microfilm machine from a small
t a@bout odel 37 TTYs?
. at atout the NET?
1e 1cdea is that the big core might serve as a8 buf fer for

N




i1 Wall untlil more is known :about ‘the IMP before

a here | nalt small machine could handle many NIC users
dicCaled Informalion—-retrieval/editing system.

3 1] achines Could Be a@ single user on the 940, again
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TI-MINI-MACHINE APPROACH

f 16-bit words. Most of. it is used to store

display buffers. Some is used Lo store queues

associalbling users and inpul devicess and

e Code.

is a bank of small machines (4K 16-bit
tion times). They are used as input-device
ive code executers for comgplex feedbacke, and

“
it
he display channels.
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than meet the minimal time requirements.

s its own small core memory. 1€, %% 7is
structure and determining feedback actions,
reter for reentrant code which resides in the

to the code hich is compiled from the
anguages (SPLs) for the current NLS.

lgorithmically complicated. Each 1input

only a few logical deciisior and table
ver, may involve reference Lo the user's ring
+ and the few hundred Wworgcs necessary to
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E = i§ 11s large amount of information that causes the

7~ 1 ) 3 QLN
overioad in the 940.

Néving all of this information immediately accessible (in
Core ractner than on drunm)y a small slow machine is more than

Small machines uwere chosen over fewer faster ones because
cculd De manipulated and added in small increments.

UL ldevicess along with the controlling processorsy, can be
dUiCed a few atl a Linme as different experiments arise.

C Lhe logic Or (he feedback is in the big core, it may be
o 3 d t two o even four time the orginal estimate. Thus
the small machines will not be cramped for sSpace.

Sf S can be modified as
information 1Is gained on the nature of display collaboration.
-~ ' h

is would ever De possibDle if the display icentroller were
U1 1L LiIL0 Y iXed nardware
o €S dare prepared to perform the same tasks some
5 1 ueuing and access methods result in better machine
tdizelion and small changes in system performarce as users are

ine Queues are alli in the big core. There are two basic kinds:

r

5 ICfaracilers conme in to the dedicated iinput—controller
acnines, (hey are assoclated with logical users and
CeRPosiied on 1nputl queues.

nen Lhey are frees the feedback machines poll these quewes.

fen characlers are foundsy they are processed.

Sometimes the 940 must be requested to intercede and
complet a task. When this 1s soes the logical user is
PUL 1n a slate of limbo as far as the feedback processors
ére concerneds and the task is queued :for the 940.
5 le i tementation of the "Dijkstra Flag® keeps two
Priocesisors from sinultaneously modifying a data structure.
ll thesmall machines share a single access line to the big
<ore. Thus only one can be doing a read or write on a
N ~vye 1l o
eire are nowevers Lhree modes of memory access= read,
rite nd Di jkstra read. In the latter a word is read fronm
emory and sent to the small machine. During the write-back

in itfe big cores houevers the top bit is :cleared.




Suppose that @ word in the big core is aipcinter to a queue
: 3 i the Lop DIl is ons, the queue is frees otherwise
@ processor is wmoerking on the gquque.

If @ processor Dijkstra-reads the pointer and  the queue
is free, it 'then has control of the .queiLe as well as the

pointer -to it.
If the queue is in use, houwevery, the processor is
intformed of this.

94C must have tuc kinds of control over the small machines.

interrupt line.
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ermits the small machine to notify:the 940 that there
is something on a3 gueue.

its the 940 to interrupt the small machine ‘and
req uest, 1l resident programs, sufficient
intermation Lo run a real-time debugging package.

Ity is also necessary for the 940 to exercise complete control

al certaein Lt imes (e.g9. system startup or'a locping small
achin e). o do t:his the 940 must be able to operate the

console suwilches, 1and read most of the consdle lignts.
> re two alternative methods of driving the displays on the

sma 11 acnine could drive Lhe display directly. This uwould
requlilre tihe machine Lt o output a word to the display every IS ‘usece.
0 y 1Lhe fFasleslt (and most expensive) of the swmall computers are
capablle of doing ‘Lhis . Even then they barely make ite and cutting

oitTer gpproach is o have a data channel which can be loaded
and activated by ‘the small machine. In this way the small machine
..... inLerprets the ring structure and thus maintains the

1:01lity Lhere. Using channelss the small machine can be
recialiively silow and sitill drive the displays at full capacity.

Two auxilary: ideas are necessary to make this clear.

iNnsS an address register and a word
0 contain an address—register
X

(2]
(o]
C
r
'

s the channel is driving the display from the workimg
registersy the small machine can be lcacing the buf fer
regisiers.

idben £ he channel is donesy it issues an interrupt to the
spall machine. As soon as the machine has figQured out




rupl came froms il can pulse the channel.
then iransfer the buffer registers to the
and begin driving the displays again.

1me Delueen buffers from 60 usec to under

an still have problems keeping up with
l if the buffers are :displayed faster than

searched in the big core.

this, the small machine only searches a ring
ged. As it searches asimple list of

S in made it the small machine local

ne nexltl channel address and word count are
lable within the immediate addressing

small machine.

S can keep close walch over their time
San 5

M®

n
N

O

le verloading of a display causes
thal console; an extensive ring structure
consoles displaying fircm it and in

which now propagate from

a source of l6—-bit code. Howevers
used. Each device will look the

e its existence and type will be

hich can be set up anc modified by the

for ares

.y

produces an 8—-bit code

ns, although we will start witihh only 8

equires two 10-bii numbers as coordinates,
ake two words (one coordinate in each).

devices will have a special polling
in the following uway.

started and stopped by the small machine.
In operaltions, it operates continuously
ihis will probably be set so that each
1

east once every S to IS5 as.

ampled, its contents are read into a core

-
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eyboards howevery ithe core location
he strobe is on.

hen inspect the i1list in core at a
30 mss, and notice any changes.

input rates for each device. While

“es Wwill operate at maximum rate for

.9. one second)y we must plan for at
maximum transfer rates.

it is usually sufficient to update

r every 30 ms. The coordinates must
{ they can be .compared in the input

as not changed position Lthe

ted with a logical user nor are the

board i1s slightly ‘under 100 ms per
are polied as fast as the mouse.

the core of the small machine is

be is on. Thus the small machine has
and process any character. Every

ed with a logical user and deposited
n the big corey along with the time

Every 30 ms,
When any

Just like the mousc¢.
ved by the input machine.

ion is required.

he mouses ‘the up or douwn a@ction must
er and deposited on a queue in big

le and the mouse position.

Lhe handset, changes are ORed together
irn to the UP status.

The chord is
e user and put onithe queue along
ouse position.

peed outpul devices.

aded from a small machine and

19 core to 6 displays. GEtach channel
ters @ 16-bit word count, 'and an
small machine. The interrupt is
goes (o Zero.

is viewed as a big switching matsrix
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voice lines and all the tone

1s fed in as three !separate lines of

Lrix go directly to the speakers or

d at a ms rate wuhen the tones are in

{hem much more pleasant to listen to).

rates for the two devices. These
Lty of leeway must ibe allowed.

aére running they do not ef fect the
Cimes which concern the small
time il takes to .lcad a channel and
{0 prcecess a@a buffer once the channel

Lo wrile a character in 7 usecs SO
fer a word from big core to the

word long., and thus be
T Ys» howuevers they are no
hich takes S6 usec.
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INNINg Wide opens the small machines

{ Lo minimize the :time to load a

eme discussed eariliers this time can

USeCe.

Sy the buffers will be the
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1l be stored in the big core.

3 e
o< wi 1
Lhnese wlili

1achine will have to iook at tie
the 940, take it apart cnaracter by
the display with:the individual

Des lake about 100 usec to write a
will not overloac the small machines
upy almost all of .its time.

s low process. Tone decays howevere
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Jo eppropriate amplitude switching fon computer—generated
scund decays remove processed entries (from queue.

Cat e/Time Queues
of the small machine will devote almost all of their tiame ito

arching the ring structures and driving the display channels.
Gel :dispglay channel interrupt.

Lse local list with update when ring changese as discussed

e entries In local memory., Jjust put 1t up.

Changes are flaggeds: and require a block itransfer of newu

2 ¢est :0f the small machines will be devoting all of their time
prioces:sing Lt he inpult queues prepared by ithe input machinese
iat ing display bufferss and preparing queues for the 940. The
T utl g 1 ir duties uas used to estimate the

e
rocessing capacity necessary for the job.

eck or work to ide.
Locsle non-empty logical-user task quewe.
Get IfM control for logical user.
Inpul icharaclter for processing.
Cet wse state.
Begin execution of interpretive code.
Cet character from queue.

Gel inpul—queue control for logical user.
Cel characler off queue.

Give up input—queue control.

Updat e appropriate display buffers.

his done if ue have long buffers? Is thecre a
display Dijkstra flag?

ihere is also the problem of writing in the mouse
cocorcdinates while they are being changed.
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riant role in both 'the Progranming and the

Togramming po.int of vieuws everylhing can be done on the

Lterpreler Tor the small machine can be coupled uwith go od
give ©ebugging alds far beyond those 'that could be
LCec Dy Lhe small machine itself.
- Only can checkoul begin before the harduare is readys but

/F4dms cam. De changed and debugged while the hardware is in

v ers 1@ stem of the 940 is available to the 940
inilerpireler and DDTsy so no new file system has to be Created.

adso has the abilit L0 operate the console suwitches of
e 11 chine. This will be used in at least three wayss
Durin inifial startup the 90 can bootlstrap~ioad the machines.

. i le ithe ichines are running, they can be |ldebugged from the

) - ¢ o Lime Lhe small machine can be stoppeds examined,
started N a usec basis. The 940 can then take the
icn ands using symbol tables from assemblies and
i v Provide a monitor and debugging service.

Fdie SLaliscics may be gathered about the operation of the
te. WIiLh control of the consoless the 940 could even

: Lings of the instruction-counter contentss, some thing
1L 1S crrmaily Qulite q-.'."icult-
11 ogr ‘g Tor Whne small machine will be done in a Machine
similiar to the one in use on the 940 (MOL940).
i - ill be “itten in Tree Meta., and shouid present no
ter et er DDT or th seall machines will be written in
L ¥ on ¢t h 240 . Since the DDT is executing through
Ler y SfXCy iealures can be addeds, such as operand
e 0 i 3 SeMory rererence breakpoints, automatic timing
stat & e elCe ne ill be two modes of operation for the DDT.

S iLie normal mode of executing the code :with the interpreter.

L % is the SYSdebug modes where a live, running machine is
3 i1 LNls case many of the fancy features may not work
' \moXe acmory reference breakpoint while in run mocde).
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AHI DATA STRUCTURE

A.M. 276 CLASS NOTES

1. _DATA_STRUCTURE

The AHI data structure has as its basic unit the “"statement."
The statement is the smallest textual unit defined, and is simply
a textual string. The file (i.e., collection of statements) is
hierarchically oriented in a tree structure, each statement being
a node in the tree. The reasons for this hierarchical structure
will be discussed later. The file, however, can be viewed in
other ways different from the sequential tree structure. For
instance, associational trails can be drawn throughout the file
and followed. Thus the AHI file is capable of modeling Bush'si-
network of associational trails as well as a sequential hierarch-
ical text.

A. Statements

B. Vectors

C. Keywords

These three types of entities are stored in statement data
blocks (SDB's), vector blocks, and keyword blocks, respectively.
In addition, the hierarchical structure of the text is stored in
ring blocks. We will only discuss the statement data blocks and
ring blocks and their relation to the main file; the access and
storage of vectors and keywords is very similar and so do not
need to be discussed separately. (In the present version of the
system, the only types of vectors that can be stored are straignt
lines, and no sketching facility exists other than defining the
straight 1line by its endpoints. There is no rubberbanding. A
sketching facility is planned for a future version.)

INTERNAL DISTRIBUTION ONLY 3




‘ AHI DATA STRUCTURE

A.M. 276 CLASS NOTES

1.2_STATUS_TABLES ol ctutes Glloc are i Hog f%Q;f::iéi;_(LJ”J<‘”)

Associated with each set of blocks (there are four sets of
blocks: the ring blocks, the statement data blocks, the vector
blocks, and the keyword blocks) there is a small status table
which has an entry for each block of its kind. Thus there is a
ring status table, a statement status table, a vector status
table, and a keyword status table. The entry for each block in
the status table simply points to a "global" random file status
table block, which gives the location of each block, whether in
core or on drum. (See Fig. 1)

Random File Status Block

= Pts. to actual location
of block.
Ring Status
Table Statement S.T. Vector S.T. Keyword S.T.

Each entfry in
R.S.T. corresponds
to a ring block
(each block contains  Each éntry

many ring elements, in S,S.T. el
1 element/statement). corresponds
to a state-
ment data block.
' FIG, 1 Status Tables
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AHI DATA STRUCTURE

A.M. 276 CLASS NOTES

1.3 _RANDOM FILE STATUS_TABLE_ BLOCK

The random file status table block is a block that contains an
entry for every block of every type in the system (actually,
there is an RFSTB for each (active) file). Each entry tells
whether the block is in core or not, or whether it is unallocated
(L.e., not being used at the present time and can be allocated
when a file is expanded through edltlng). The entry also gives
the information on where the block is located, on the drum or in
core. It is through the RFSTB that each desited block is located
by the system:

As we saw in 1.2, each ring block is mapped into an entry in
the ring status table, each statement data block is mapped into
an eatry in the statement status table, etc. Then each entry in
each status table points to an entry in the bigger RFSTB (at
present there are a maximum of 64 blocks in the RFSTB), one
containing pointers to the actual location of each different
block in the file. This double-table method of location of each
block is to facilitate control of the allocated and umallocated
area on drum, and for garbage collection; furthermore, this
central location mechanism allows blocks to be moved in the
system, without internal pointers having to be modified.

2 pS L6l

The RFSTB contains information other than justoa,pointer to
the block, whether in core or on drum. One area of the RFSTB, if
it is less than zero, indicates the block is on the drum. If the
number in this area is negatxve, it is the number of free_  words
in that block. This is to prevent needless retrieval of the
block for additions if there is not enough room on it for ‘the
desired update. If this area is greater thanm zero, the block is
in core and the number is the core address of the block. There
is another area in which an indicator (at prdsent 3-2) says free
space is too small to consider going there. This is computed
from the average lengths of the statements. = !

The ring status table at present has (;ﬁi entrxes, one for
each of four ring blocks. This number is expandable, and is an

assembly _time variable. There are probably twice or three times

as many B*s and therefore the statement status table is
correspond;ngly bigger.
9

, 55 gﬂ”’““‘}\\i

1.4 _STRUCTURE_OF THE_RING_BLOCK

Each statement 1is represented in the data structure both by
its associated text (see SDB's) and by a ring element, that is,
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ring that contains the hierarchical tree
structure of the file and points to the text associated with each
node (statement) in the tree. The ring is brokem into ring
blocks, each of which is 1024 words lomng. Each ring block has a
header and then is composed of ring elements, each four words
long, one ring element per statement (See Pig. 2):

by an element of a

RING
r " =
[T
3// ,.:z;',.-,DILR///// :
L
RING ELEMENT 5
words )
=0 J =
RING BLOCK (1 K words) RING ELEMENT
eI 9
i FLAGS PTR —— To text of
SgggEg(S)OR i fgt}}BTO T il 4
=~
— - SUB [H|T\ Sue
. NAME HASH l;"l“\’ ¥ i
/QNIUSIEID'//// —> To vectors

PTR

FIG, 2 Ring Block Elements
(PSDOR)
Pointer (PTR): the internal pointer to the statement text in
a statement data block (SDB). (The structure of an internal
pointer (symbolized by *'P') will be discussed in Section 1.6.)

/xu a Mauqp
2
2

o
73 \S‘E Flags: tell,/tﬁé levg;//(in hierarchy), etc., and thus help
n - » - P . . - . -

3 (73 vxthlgj}tézlng/so as to minimize drum I/0, i.e., if vwe want only
Ny to 1loO0k at ~file abofe the thifd level of hierarchy and this
~ Qgi§ ¥~ st emeng/is in thg/féutth level, there is no need'lto retrieve
2NN the text of this statement. (+his uﬁh%('?ﬁW%ar;M+hm Hu onbive ving

RSN Quarts StvuweX uve (L\;z«,us/,g)

$ Successor: a pointer to the ring element (anywhere in the
< 3 ring) of the next Succeeding statement on the same level.

SV

Q\f- Sub: a pointer to the ring element of the first statement in
‘TT*f the level directly below the current statement.

The sub and successor pointers define-the hierarchical tree

structure.

S ? ' 2 . LU?',{ .~ Vo gubd‘ru(hwe
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L=

couvee. (up 1 Lwel)

T: the last successor on each level points to the _head of
that level, thus providing a back pointer. The T bit is set when
; it is the last successor.

Name hash: this is a 24-bit hash of the (optional) statement
name. Thus when jumping by name, we need only scan each ring
element sequentialy to get correct statement. This may be done
sequentially since each file generally consists of only about 300

statements. J / ; 770
ho (@ L)uug(c«( rel g ¢(';ML4»L[; :-V'FL'L" e 5‘buc1 r”w} L‘ZL‘(!/( Rt /IL’J:QJ Zﬂ;’:’?‘fﬂ“(k

V. jfnu [{Ld — Pn,k"&.‘t{'} tp Ly Y /:‘alk'&?/.g M %e‘ L)Leék L&td”t N
1.5 _STATEMENT DATA_BLOCK_(SDB)

The statement data blocks (SDB's) are simply areas in which to
store the statement text. No structure or hierarchy is part of
the SDB's since that is taken care of by the ring blocks. The
system tries to put all sequential statements in the same block
to save on drum I/O. The process of initial generation and
placement of statements in the SDB's will be discussed in section
2. (See Fig. 3)

-

| °  STATEMENT DATA BLOCK

) /U' CKSUM 4 N o + i e
N ieader for ; Back ptr. to Ring J(PSI’Q .
1K block Flags| _ Length S~ & vora
Text ./ / g Header for
Block ¥/ 2 Individual
of 1K £ LA TEXT Statement
Words P T

oae ] Laeth |
V7777 J;MI?J -

Broken into Individual
Statements

. [‘-’J'WG«L O JIV_(f LL\&(/L vuf h nawg =
y G FIG, 3 Statement Data Block Elemen

CKSUM: this is a checksum to check against hardware 1I/0
errors in reading the statement data block from drum. Before
writing out on drum, the system adds up all words in the SDB and
stores the sum in CKSOM. On read-in, it re-adds the words and
checks to see if the sum is the same.

A” /l'k }‘(J 17[01/(( ot (‘,Luc,‘»’f()lnbulo( e -{t\‘(; u.nkj
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AHI DATA STRUCTURE

A.M. 276 CLASS NOTES

Header: this contains the initials, date, and time of last
user and change, fields which can be used as a later means of
retrieval.

QQ Back pointer to ring: this is an internal pointer (of type

'P') to the ring element representing this statement in the text
hierarchy, i.e., the ring element which points to this statement.

Flags: the first bit indicates whether this SDB element is
garbage, and 1is used wvhen compacting the SDB. Other bits
indicate whether it is difficult to format the statement on the
display, that is, if the statement contains things like underlin-
ing or flicker. If it is difficult to format, the low speed
scanning/formatting routine is used. Othervise the high-speed
routine is used. This saves up to 50% on time. (Other bits for
other things.)

Text: the text is stored in the statement data block as
follows: there are two kinds of characters, (1) 8 bit character,
with the high order bit off, and (2) 16 bit characters. If the
high order bit is on, this signals that the character is a 16 bit
character. The seven next high bits signify font, etc., of the
character represented in the second eight bits. The different
qualities of each character are underline, blinking, italics,
boldface, etc. The user can make up his own special characters
and the system will insert it. This is done by giving the
special character a number. It takes less than 10 msec. to

reformat a display. (T/0 et ﬁz&ui&ﬂ)

1.6.1 Mapping Statements to _Ring Block Elements Through the
Internal Name (Pointer) P

When statements are created, they are assigned by the freelist
allocator to open positions in a ring block (to a ring element)
and assigned to statement data blocks according to the "garbage
bits"™; they are also assigned an internal (position related) name
in the ring block denoted by 'P'. All ring block vacancies are
kept on the freelist. The internal name P in the ring block is
thus assigned by getting it off the freelist (creating a map from
statement name position to internal name, and from internal name

‘to block position) as described below:

INTERNAL DISTRIBUTION ONLY 8
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Say that we want to retrieve statement P, an internal naame
(pointer) of the type found in the successor and sub fields of
the ring element. It is listed in the file header where it gives
the point in the ring where the file starts, i.e., it points to
the ring element representing the first statement in the file.

To get statement P (ib bits) we look at P*4, which is 12 bits
long (See Pig. 4). The upper 2 bits are an index on the -entry
ring status table (RST). The entry in the RST points to an entcy
in the random file status table block (RFSTB). This entry in the
RFSTB tells us whether the ring block containg the desired ring
element is in core or not, or whether it is unallocated (in which
case an error condition exists). The ring block is brought into
core if necessary. The lower 1§ bits of P*4 then form an index
relative to the start of the ring block that bring us to the
appropriate ring element. Thus from the internal name of the
statement we retrieve the desired ring element.

l
i /
; 3 Ty
} 7 oy \\/ 3 ’ f
! RELATING / :
g @DEX to START 2
N % of RUNNING/ & Ring Element| P
~ \BLOCK ’ . .
INDEX = BLOCK ID <¥ entries/ _ : '
«adikv 1 block it S
RING STATUS TABLE" ~ RING BL
controls blocks RANDOM FILE i
STATUS TABLE BLOCK
1 < locates block t
|
| ) ———
2 10 |
One of 4 blocks i
addressing 1K block .

whose address is in RFSTB

FIG, 4 Structure and Mapping of Internal
Pointer 'p!
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Notes on the file header: this contains pointers to all
status tables and their lengths, and information on the virtual
memory map. It also contains bibliographic information which may
be used as a means of retrieval: last time writtemn into,
username, initials of last user, jump delimiters (these are the
marks that delineate a Jjump, and in the present version are
general parentheses), average length of statement (determined by
how much activity over periods of time). This information is all
contained in the first 1K words. An interesting feature is that
the TS system will accept any amount extendable to 1K without
using excess drum space. 26 worl clivntes , T beliont

The first ring element at the start is 'dummy'; and is the
start of the file. When the system rewrites the file on draum
after use, it searches to the first semicolon and puts in place
of what is there the file description: username, initials, date
and time, etc. of last use. S el

1.6.2 Mapping From_the Ring Element to the Text of the Statement
(See Fig._ _5)

PTR to STATEMENT
v :
—— Ve Y header
indc relative :
O = ITvIdua]
f SDB . A
i A 3 “Jletatement
RING ELEMENT STATEMENT y
STATUS TABLE STATEMENT

RFSTB DATA BLOCK

FIG. 5 ' Mapping from Ring Element
to Text

Now that we have the appropriate ring element relating to
statement P (see Fig. 2) for the structure of ring element, we
can retrieve the statement-text for filter/format/display. The
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AHI DATA STRUCTURE

A.M. 276 CLASS NOTES

System takes the "pointer to text™ in the first word of the ring
element, This pointer is of the same Structure with respect to
the statement in the Statement data block as P*4 is to the ring
element of the ring block. Thus the high bits are an index on
the statement status table. The entry in the SST points to an
entry in the RFSTB, which in turn points to the location of the
appropriate SDB in which the desired Statement is located. Once
#e have the appropriate SDB, the 10 low order bits of the
original pointer point to the desired Statement, relative to the
start of the SDB. (See Fig. 3)

1.6.3 Generating a Sequence_of Statement

—_—

Given the appropriate individual statement P (see Fig. 3 for
Structure of the statement entity), the sequence generator now
takes the statement text for filtering/formating/display, as
described in Section 3.

Which statement is taken next depends on the Sequence being
followed by the Sequence generator. If the Sequence generator is
following the basic hierarchical tree structure, it will look at
the ptr-to-sub field in the ring element (Fig. 2), and use that
pointer as it used p above. (However, if a filter is set for a
specific level and statement P wvas on that 1level, the sequence
generator will ignore the sub field and take the ptr-to-successor
field. T erator Can—tell the tevel —of the

“Statement P -by the flag sot—the~tn‘th3“rinq—e}eleq%.)hgs&~hwl4kltv{
4N (vl & Wy Bauk J

The sequence generator, however, may be following an associa-
tional trail. If this is the case, the content analyzer will
Scan the statement-text P for the appropriate trail marker. If
it finds the appropriate trail marker in the Statement-text, it
will hash the name in the trail marker, and scan the name hashes
of the ring elements until it finds the correct ring element, and
continue generating statements fronm there. If the appropriate
trail marker is not found, it will follow the tree structure as

able. - DyVﬁ‘VuVWY vl & GAA\VQQQN wk‘““i\
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2. _DATA STRUCTURE MODIFICATION

The data structure is modified through the basic editing
comnmands (delete, insert, replace, move, COpY, break/join) which
are described briefly below in Section 4. System features and
facilities are described more completely in the "NLS User's
Guide" (a SRI publicationm).

We will describe how the data structure is modified for an
insert: the other types of edit-modifications are all similar.
If the edit is an insert, it is an insert in the middle of a
statement. By system definition, all editing is based on the
statement. The user types in the appropriate insert command,
hits the point of insert with the mouse, and types in the insert.
The insert typed appears on the screemn in the literal type-in
area. If the user decides the insert is complete, he hits the
command-accept button. The system then makes the modification of
the data structure as follows:

The system computes the new length of the statement by taking
the old 1length of the statement in the statement data block aad
adding the length of the insert. The system then finds a free
area on one of the statement data blocks of sufficient length to
put the new statement. It tries to put the updated statement on
the same SDB. If the edited statement does not fit in that SDB,
the system tries to compact the block. If that would not give
enough space, the system goes to the previous ring element and
sees what SDB that statement is stored on and tries to fit the
newly updated statement on that block. If it doesn't fit there,
the system looks through the SDBST to find any free area and fits
it in anyplace.

Now that the appropriate space is allocated, the updated
statement is constructed. This is done by copying the header of
the original statement and the text up to the insert point,
adding to this the literal type-in, and copying the rest of the
text of the statement. Then the "ptr-to-text" in the associated
ring element is changed to point to the new statement, and the
garbage bit is set in the original statement.

When any statement is edited, the systen checks to see if
there is a statement name, or label. If there is, it is rehashed
and replaced in the ring element. Thus labels are always
updated.
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3. __REDUCING THE DATA STRUCTURE TO A SCREEN DISPLAY

The process of scanning the data structure to retrieve and
display the desired text has four basic parts: (1) the sequence
generator (as discussed briefly in Section 1.6.3), (2) filtering,
(3) formatting, and (4) display.

3.1 _SEQUENCE_GENERATOR

The sequence generator is the routine that actually scans the
data structure and gemerates the sequential text. Basically it
generates a 1list of statements. There are three types of
sequences that can be generated:

3.1.1 Tree.

This is the default hierarchical structure that is generated
and is simply the sequential text of the main associational trail
of the text, ordered in a hierarchy of statements.

3.1.2 Trails

The trail feature is used to set up statements in such a way
that only a particular set of statements will be displayed and in
a particular order. The set of Statements is called a trail, and
is an associational trail that criss-crosses the default (main)
trail; it provides a manner other than the normal sequence in
which to read the text. A trail nmacker is set up for a
particular trail of statements; the pattern for this marker «can
be a complex syntactical form and is followed by the content
analyzer (described in an SRI publication).

Trail markers are thus used to mark turning points from the
normal sequence of Statements, as a signpost to the next
statement in the trail. Each time a marker appears in a
Statements it is followed by a statement name in parentheses that
is the name of the next statement. Between trail markers
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Statements are displayed in normal sequence. The trails can be
followed only in the forward direction:; there is no capability
for inverting the trail when moving backwards through the text.
(SRI claims that with the complex content-analyzer, this is
unnecessary.)

3.1.3_Keywords

The keyword system permits a user to construct a specially
formatted catalog file containing references to other files aad
capable of being reordered automatically according to some chosen
set of weighted keywords. When reordered, the file lists
references in order of relevance, according to the choice and
weighting of keywords.

The keywords are attached to a statement. The system keeps a
list of the keywords containing for each keyword a short
description of the keyword, and the labels of statements tagged
with this keyword. This list is visible to the user and can be
changed by him. The system also keeps a list of the file-
reference entries, that is, a file of any statement name tagged
with a keyword, and a list of the keywords it is tagged with
following it. Thus one keyword can be attached to any number of
statements, and one statement may have any number of keywords
attached to it.

The keyword system is used mainly as a retrieval-by-keyword
system. The user selects desired keywords and weights then
according to importance. A negative weight can also be used to
blackball any keywords. According to SRI,the weights on the
keywords allow more flexibility than straight Boolean retrieval
functions on keywords; after the user has selected keywords and
weights, the system goes to the list of keywords and picks out
all statements tagged with the selected keywords. For each
statement selected the system computes the weights of keywords
attached to it, and displays the names of the statements in order
of highest total weight. Statements with a negative total weight
are not displayed. The user may then access the referenced files
by using the jump command on the statement names.

3.2 _FILTERING

Facilities included are: 1level specification, branch only,
subfile, content analyzer, trail flags, literals, search for
trail flags and literal text, etc.
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After the main structure is generated and filtered, it is
formatted.

3.3 FORMATTING

The formatting sets the following, and other, variables of
display:

Statements numbers: the number of lines of each statement to
be displayed is variable; headers, time/initials/labels can be
on/off.

View change: character size, page size and dimensions, etc.

————————

After the statements have been filtered out, they are dis-
played. The main display of the generated/filtered/formatted
structure is in the file area of the screen. There are a number
of one-dimensional registers used for man/machine interaction:

: [P Echo register. This displays the last six characters
typed by the user, for feedback.

2. Command display line. This is a line which says what
command is in the process of being executed.

. g Name register. Displays user's name (this is on a
multi-terminal systenm).

4. View specification areas. There are three view spec
areas, and these are set according to the formatting variables
described in Sec. 4.28.

5. Message area. An area for system messages to the user,
such as error messages.

6. Literal type-in area. When the wuser is typing in an
insert or delineating a command, the characters typed are
displayed in this area.

There is, in addition to the file area, another two-
dimensional area, the freeze area. This freeze area is used to
"freeze" statements designated by the user so that they remain
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unchanged above the file area, with the file being then displayed
in the file area. The freezed statements remain unchanged
despite any text manipulations or file searching that goes on in
the file area. (In a future version, the freeze area will be
done away with, and instead the user will be able to multi-window
any number of windows. Each window will be a full file area,
with all one-dimensional registers in each window. They can be
any shape or size any place on the Screen. With multistations, a
window can be assigned to a station, giving the users at two
different terminals the ability to decide who holds the chalk and
who holds the eraser in each window.)
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4. SYSTEM FEATURES AND FACILITIES

4.1 EDITING

The basic editing commands are delete, insert, replace,

set, and break/join. All

Copy.,
and break/join.
font on any

text string. The

italic, roman, boldface, no boldface,
The break and join commands

underline, no underline.
user to break a statement into

adds a text string onto another statement.
only commands
All the other editing commands are specialized:

commands are the
boundaries.
example, the insert commands are
insert text, insert invisible,
The specialized commands make it
the edits; the rationale for
have to type the command in you

economies in

The set commands allow the user

move,
are self explanatory, except set
to change the
fonts are: capital, lower case,
flickering, non-flickering,
allow the
tvo statements; the join command
The break and join
that operate across statement
for
insert character, insert word,
insert statement, insert branch.
easier for the system to make
specialization is that since you
may as well specialize, and

data structure manipulation may be achieved (e.g.,

moving an entire branch of the tree) .

4.2_OTHER_FEATURES

4.2.1 Invisibles

When editing, invisibles such

displayed by marks, and thus can

4.2.2 Labels

as spaces and tabs can be

be deleted.

Labels are statement names and are used for retrieval purposes

by Jjumps, links, and keywords.
text, that is, with an insert
variable-length character string
a__statement _in_parentheses.

command. A

They are inserted as part of the
label is simply a
that appears at_the beginning_of

These labels can be chaﬁagd_SE

deleted as if they were regular text.

17
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Duplicate labels can be created. A jump to a label results in
a jump to the first occurrence of that label, since the system
sequentially scans the name-hash field of the ring elements. A
feature contemplated for incorporation in the system is a "look
for next occurrence of this label" jump to resolve duplicate
labels.

—— e . e . . e . e .

A link is an association to another statement, i.e., it is a
jump to another statement that can be taken at the option of the
user. The link can be in the current file or in another file.
There are four parameters to a link: three (the user nanme,
filename, and label) define the point linked to. The fourth is
the view specifications on the text linked to. This is an
interesting feature: that view specifications can be changed on
all links.

The 1link structure is a regular text string inserted in the
text as if part of it, and is in parentheses in a syntactic form.
Like labels, the link is just regular text until it is used. It
can be edited at any time. When the user decides to take a link,
he hits a character with the bug. The system scans forward with
the content-analyzer until it picks up the nearest link structure
in that statement, and jumps to the label. The link is taken by
use of a jump command.

4.2.4 Intrafile Return Ring

Whenever any jump is made within the file, a new entry is made
in a list called the intrafile ring. Each of these entries gives
a display start and a set of viewspecs. A pointer indicates the
current view on the list., Each time a jump is executed, the new
information is written ahead of the pointer and the pointer is
moved forward. On a jump return or jump ahead, the pointer 1is
simply moved backward or forward and no new entries are made or
any deleted. The list holds a maximum of six entries, and 1is

circular.
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4.2.5 Interfile Return Stack

This works much 1like the intrafile stack except that it is
concerned with jumps between files. The differences with the
intrafile stack are: (1) the length of the list is variable, and
depends on the amount of information in the links used, (2) the
list is not circular, a new entry is made on the stack whenever
any interfile jump is taken or whenever a new file is loaded with
a load file command. (See section on multifiles for more
details.)

There are no backpointers from a link, the same as with trail
markers. Thus if a label that is linked to is deleted, there is
no user notification that a link has been made inoperable. Also,
since link structures are entered as simple text, the label in a
link structure does not necessarily exist. A link or jump to a
non-existent label results in an error condition.

The jump command brings the desired statement to the top of
the display.

There are four basic types of jumps: (1) jumps to a specified
label name, (2) jumps to 1links, (3) jumps through the tree
structure, and (4) jumps among different files.

In case 1, the label or statement name to be jumped to can be
specified by either a word-selection via the mouse or a literal
entry from the keyboard.

In case 2, the statement defined by the specified 1link is
placed at the top of the display. More detail is given in
section 4.2.3.

The case 3 commands allow jumps to the next substatement, the
next successor, the statement of which the selected statement is
a substatement, the previous Statement, the head of the file, the
end of the file, the end of branches, and many other links on the
basis of tree and file structure. For more details see the "NLS

User's Guide.™

BLB2 The case U commands allow the user to load a4 number of files
(‘ into the system and to jump freely among thenm. These will be
discussed in Section 4.2.9.
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There 1is one other type of jump, the jump-ahead/retura.
Whenever any type of jump within the current file is executed,
the sytem keeps track of it, and a ring is maintained keeping a
sequential track of all views that have been used. These
commands allow the user to return to a previous view or to move
forward after a jump return to the latest view. (See Section
4.2.3 on links for a description of this intrafile ring.)

A special feature of jumps is that almost all jumps allow the
user to change the view specifications of the area jumped to from
those of the curreat text. In addition, each Jjump saves the
viewspecs of the area jumped from in the intrafile ring, so that
on a jump return the text is viewed as before.

4.2.7 Pointers

Pointers make it possible to select entities that are not on
the display. The entity has a pointer fixed on it while it is on
the screen of not more than three characters. To select the
entity at any time, a mouse button is depressed and the name of
the pointer is entered from the keyboard. This is exactly
equivalent to making a direct bug selection of the character that
has the pointer on it.

The list of pointers can be displayed and one may use it to
jump to the individual pointers.

4.2.8 View Specifications

The view specifications (viewspecs) are parameters that con-
trol the way in which statements are displayed. The parameters
are: indenting on/off; names on/off; display file as tree/normal
text; keyword reordering on/off; display of statement signatures
on/off; branch-only on/off; content analyzer on/off; trail fea-
ture on/off; pointer display on/off; number of lines displayed;
number of levels of statements displayed and a few others. These
can be set in three ways: with the view set command, from the
special keyset, or during certain commands such as jump.

These parameters are always displayed in the upper left corner
of the screen with a single letter denoting each. When they are
capable of being changed by the user, they are displayed with
larger letters.
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There is a relative level control, which allows changes to the
level parameter set by the user to be interpreted relative to the
level of the first statement in the display. The user can also
change other viewing parameters. These include the type of mark
the cursor leaves, the number of characters in a line of text,
the number of spaces indented for each level, the number of lines
in the text area, the spacing between lines, size of characters,

etc.

ShG 4.2.9 Multi-files

When a file is 1loaded or Jjumped to, it is "opened" and
displayed; no copy is created, rather the file is viewed directly
from the disk. For reasons of file protection, if any changes
are made, it becomes impossible to continue direct viewing, so
the system creates a working copy when an edit is made. In fact,
this working copy is not created until all core is filled and not
necessarily on the first edit. In this way the system does not
make a working copy until it definitely has to. When the systenm

‘ creates the working copy it copies the displayed file to. it,

~ closes the displayed file, and from then on all work is done in
the working copy. No working copy is created when the user 1is
just browsing. This is done since most users just look at files
and do no editing.

Files are loaded by the load command or by an interfile jump
command. Entries are made in the interfile stack as files are
loaded (see Section 4.2.5). The working copy and the checkpoint
file are never entered in the stack.

one feature of the multi-files is that the user can create a
checkpoint file at any time. This writes the present working
copy out on the drum under the nane checkpoint.

The interfile stack can be used like the intrafile stack to go
back and forth among views on different files. Only one working
copy at a time can be created, and can be looked at any tinme,
even if a file other than the one of which a working copy was
made has been currently loaded.

—— e . ————— ——— —— —

‘. The freeze feature freezes a single statement with the present
: view. The frozen statement will appear at the top of the screen
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wvhenever frozen statements are being shown, with the main text
display on the under part of the screen. A fixed number of
statements can be frozen, and are displayed in the freeze area in
the chronological order frozen.

4.2.11 _Tree-display Feature

This allows the user to see the file as a tree structure, or
in the hierarchy form, instead of normal text. The tree
structure shows the relationships of statements in the file to
each other. This is done by indenting the differing levels of
the tree to different depths, much like an outline form. This
can be turned on or off by the view specifications.

4.2.12 Statement Numbering

The system numbers each statement Dewey Decimal fashion
according to the tree structure. This numbering is computed at
display time. The numbering can be turned off by the view
specifications.

4.2.13 Vectors

The vector package allows the user to create simple line
drawings, with 1labels for Jjumps. The vector is drawn Dby
specifying the endpoints with the mouse. Either endpoint of a
line can be translated, and the entire drawing and any label can
be translated. These vector labels can be used as jumps to that
statement name.
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5. FUTURE_FEATURES

5.1 MULTIWINDOWS

This may have been inspired by our multiwindows. Theirs,
however, is fancier in conception. This would allow any size and
shape windows to be defined, and each window to be a self-
contained viewing area with all the parameters as described for
the single screen display. Their multiwindow facility could also
assign different windows to different users. This assignment 1is
done by the time sharing system, though; the only programming
problem is the protocol: who holds the eraser in each window.

5.2 VARIABLE_SYMBOLS

’ This would allow the user to define a variable symbol for
text, links, etc. The symbol would be filled in with text at
display time, 1like an assembly tinme variable. Alternately, the
variable symbol could simply be permanently defined at a later
time.

5.3 WEIERSTRASS ALGORITHM

Currently the system uses a display map technique for detect-
ing bug hits. A future plan is to use the Weierstrass Algorithnm
of continually subdividing the screen to find the line closest to
the bug mark, which would be the line hit.
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6.__A_FEW_IMPRESSIONS

The hierarchical structure allows the text to be set out in a
tree form very easily. The question of advantage of this over
traditional text was discussed with Engelbart. He said that the
hierarchical statement-oriented structure was selected just as a
starting point and empirically has proven to be more helpful to
users in terms of visualizing the text. He insisted there is no
premeditated reason toward this structure, nor need it be imposed
on the user.

The statement oriented quality 1limits the flexibility of
editing somevhat. From our point of view, there is no editing
across statement boundaries, for instance. Jeff said that this
limitation is of no real importance since as users gain fami-
liarity with the statement oriented system, they learn to make
statements complete thoughts, and so editing across statement
boundaries is not really necessary; the limitation is only on

‘ traditional thinking with traditional text. This 1is the same
reason Engelbart stated for using hierarchy: the user quickly
adapts to the structure provided hinm.

One advantage of the statement oriented structure is that to
move a branch or a statement requires no actual movement of text,
but just the changing of a few pointers.

There is great effort not to let the user hurt himself when he
cannot see the entire tree structure due to filters. For
example, a user cannot delete an entire statement. There might
be substatements below that are filtered out that he might
inadvertently delete: he must give a delete-branch command and
delete the entire branch.
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THE USE OF LANGUAGE
DGC 7/15/69

This file consists of notes about the nature of language as relevant
to AHI's problems in communicating ideas, The emphasis is on the
problems of internal communications.

Formal Technical Languages and AHI

The classical AHI approach to language problems has been an attempt
to create a special subset of English which is fully controlled ---
i.e. in which all definitions are clearly understood and in which
there are no serious ambiguities; this subset would be created by the
promulgation of "official" definitions and (this part is less clear)
of rules for constructing sentences and arguments.

This approach seems to have arisen from a feeling that our
language problems are problems of definition and style, which can
be attacked by prescribing a uniform system of usage,

It seems very clear to me that such an approach will not work,

In my view, it is a sad fact that some ideas are simply difficult
to express; one attacks the problem of expressing them by applying
ingenuity, instinct, and a lot of hard work cutting and trying.

The classic approach -- establishing a special sublanguage of

kG English -- is inspired by the practices of mathematical language
and (to a varying extent) the physical sciences, These
disciplines have developed very successful formal technical
languages, which are almost universally understood by the people
involved and without which progress and communication would be
almost impossible, Before trying to adopt the methods of these
disciplines, however, certain things must be noted.

The most successful formal technical languages are found in the
most mathematical disciplines -- disciplines in which the
relationships among concepts are very clear at least locally,
disciplines which lend themselves to abstract, axiomatic
methods,

In physics, for example, we have the special words "mass'",
"acceleration", and "force'". The local relationships of
these terms are completely expressed by the very simple
mathematical construct f=ma,

Moreover, any one of these temms can be defined -- well
enough for short-term purposes, at least -- in a fairly
short English statement consisting mostly of familiar
English words used in their everyday senses,

If we arrange disciplines along some sort of scale which shows




how much abstraction can be applied in each discipline, we will
have mathematics at one end and something else (God knows what)
at the other,

Near mathematics we have physics, chemistry, and related "hard,
quantitative'" sciences; then come less quantitative, less
precise ones like geology and biology; then we begin to move
into areas where abstraction is more and more speculative --
psychology and the social sciences; and so forth.

Obviously this scale is not really linear; obviously there are
many other things wrong with it; but we can agree that
psychology, for example, allows less abstraction than physics,
and furthermore that the abstractions of physics are much more
generally respected than those of psychology.

We may also observe that the special language of psychology is
wildly disunified, in spite of vigorous attempts by some
psychologists to standardize it, It is a subject of constant
disagreement among psychologists, and a source of either high
frustration or low comedy to non-psychologists,

Much the same situation obtains, in greater or lesser
degree, among the social sciences,

It is my feeling, shared widely by others in the sciences and the
liberal arts, that it is a serious mistake to try to set up a
rigorously defined special technical language unless you have a
discipline that is rigorously comprehensible in abstract form.

A "jargon" might be defined as a formal technical language that
doesn't make it, Jargon is bad jazz, and I want to devise ways of
having good jazz, Before I go into that I will make some
observations about English,

About the English Language

Millions of words of garbage have been written about the English
language., I might as well contribute my own share, since everyone
else does.

Most of what I have to say about English applies (as far as I know)
to most other natural languages. English has one very special
distinction, namely the size of its vocabulary,

I don't have the numbers on hand, but English has something like
three or four times as many words as (say) Spanish,

The reason is that English is far more mixed than any other major
language; for each Germanic or Latin root-word, there are closely
related words taken from Celtic languages and from later
developments of Germmanic and Latin such as French, Norse, Flemish,
etc.




There is also a second-order effect -- the huge vocabulary is an
environment which favors the free coinage of still more words, by
combination, by folk-etymology, by pure invention, etc.

This effect may be explained by the simple fact that the size
of the vocabulary places it beyond intuitive comprehension by
any normal individual, Since no one knows all of English,
everyone is free to play games with vocabulary,

The same fact explains the characteristic fluidity of English
definitions. FEnglish usage changes more rapidly and more
unpredictably than that of any other language that is left to its
own devices, and consequently the formal (dictionary) definitions
are also fluid -- they lag behind usage but do follow it,

(Some languages change very rapidly by means of imposed reforms
-- Danish, for example, has changed more in the last century
than English has since Chaucer. But English does not respond
to imposed reform, a very important point that I will come back
to.)

Finally, the historically very high literacy of the
English-speaking peoples has meant that English usage goes into
print in vast quantities, and the print is read, saved, and
re-read later on, The changes in English, therefore, do not as a
rule take the form of replacement -- very little of the language
gets '"lost'" from one century to another. Instead, it keeps
growing and the relationships in the vocabulary keep getting more
complex, Simultaneously, the individual word-meanings get more
complex, and up at a higher level whole clusters of words (idioms)
take on special meanings that evolve fluidly with time,

Thus English is a monstrously complex structure and a monstrously
extensive one. Any natural language is vastly complex; English is
simply more complex than most,

In any natural language, all that complexity is highly dynamic, If
you poke the structure at one point (by redefining a word, for
example) the entire structure may reverberate, The waves may damp
out quickly, but on the other hand they may build, reflect, and come

roaring back. Quite frequently the echoes will shift the whole
linguistic structure surrounding the original stimulus,

In other words, if you make a local change in the language, you
must be prepared for the entire language to react in such a way
that other changes happen in the same locality as well as at
distant points. It is a tricky business,
My own favorite metaphor for the language is that it is a living
organism, Moreover it is a conscious, reactive, intelligent organism
which, although it is of course a part of the people who speak it,
may act as if it were quite independent of the conscious behavior of
individuals or even large groups of people.




Like other organisms, it seeks to preserve its own integrity -- an
integrity which individuals do not understand because of the size
and complexity.

For example, dozens of careful, powerful, well-coordinated
attempts have been made to reform English spelling. All have
failed, They have been based on the premise that English spelling
is arbitrary and illogical, when in fact it is neither.

It is possible to formulate rules which cover the spelling of 90%
of English; the rules are useless to people because they are too
complicated and require all sorts of esoteric input such as
history of usage, etymology, and history of pronunciation, which
nomal people can't cope with,

But the rules do exist, they are very nearly perfect and complete,
and the English language "understands' them, It vigorously
resists attempts to change it from the "outside'", while constantly
going through its own organic changes,

It should be far easier to control some subset of the language,
however, than it is to control the whole thing, Indeed, this seems
to be true: the successful formal technical languages of the 'hard"
sciences prove that it can be done. But it seems to me that there
are two special problenms,

The first problem is controlling the size of your subset, You
can't have a truly closed subset of English, because the
associational connections hetween words are so strong; if you
define a vocabulary, the words in it keep pulling in other words,
If the process gets out of control, pretty soon your subset is so
big that you might as well be trying to control all of English.

The second is knowing just what you want to express with your
formal technical language, before you have a formal technical
language to use for defining the problem, The obvious answer is
that you start small and bootstrap, but now the first problem
really gets critical,

Again, I think, we must note that the disciplines which have good
formal technical languages going are ones with good, sound
abstractive structures which are expressible (at least to some
extent) in mathematical notation, The math notation acts as a
parallel language on which to fall back when problems arise in the
English expression of a concept.

I have a distinct impression that mathematical and physical and
chemical English have been hootstrapped from a nucleus of
intricately mixed mathematical and English expressions,
Another factor has been extensive parallel use of other natural
languages, notably German and French, which are radically

different from English,




The point of this whole discussion about English is that a program of
trying to impose special meanings upon English constructs is not
going to work very well for AHI. Augmentation may someday be a
discipline with the underlying structure needed to support a special
sublanguage, but it isn't there yet, I am afraid that if we try to
set up a formal technical language we will wind up with a jargon
instead, and a jargon is a bad communication block. :

Needless to say, we must have some degree of control over some part
of the language., It's a question of how much, and I think the answer
is "not very much',

Fortunately, there is an alternate approach. The small amount of
control that we can use will be enough if we accept the idea that
expression of augmentation concepts is difficult, resolve to work
hard at it, and focus attention on how to talk rather than on what
language to use,

Footnote on the Whorfian Hypothesis

It is certainly true within AHI that our conceptual thinkifig is
limited by our language, But "our language" has been an embryonic
formal language that meets with resistance, not the whole of
Elish, I guarantee that English, if used flexibly,
experimentally, cratively, has easily the resources to express the
AHI ideas with a minimum of imposed definition.

Slang and "Lab Slang"

£

I've been discussing "straight English'", formal technical languages,
and jargon. There is also something which I call "lab slang".

As noted above, English is highly fluid and encourages rapid
improvisation., A slang (in the general sense) is simply as special
sublanguage belonging to some special group of people who are united
by common concerns and common knowledge; its distinguishing features
include the following:

o
(1) A slang uses only a small part of the substance and structhre
of the base language, but it always uses the full creative force
of the language as a whole, Fnglish proliferates slang at a great
rate because of its improvising tendency.

(2) A slang is never designed; it always evolves by direct
response to immediate communication needs. In this respect it is
like the base language but even more so,

(3) A slang is even more fluid than the base language. Thus a
white man may study ghetto sl4ang and write down what he learns,
but by the time he tries to teach other white men the slang, his
knowledge is already out of date,

(4) A slang has special communicative functions:




(a) It provides special terminology for jdentifying and
manipulating ideas and experiences in a situation with the
following characteristics:

The ideas are not yet rigorously formulated nor
unambiguously related, and are subject to modification in
the course of discussion.

This diffentiates slang from technical language.
The ideas are peculiar to the group.

The ideas are about equally well understood by all or most
members of the group.

This diffentiates slang from jargon.
(b) It promotes group solidarity.

(c) It promotes communication in the group by making speech a
StTOng person-to-person contact.

A slang language typically makes it difficult or impossible
to separate jdea-communication from
personality-cmmication.

It constantly reaffirms the common orientation of the
speakers,

It employs poetic technique to heighten emotional impact and
to display the emotional content lying behind
idea-communication.

It forces creative verbalization simply because it uses
limited resources (small vocabulary, simplified grammar) .

Creative verbalization communicates personality, because
creative improvisation of any kind is largely determined
by individual personality.

Lab Slang and Formal Technical Languages

A 1lab slang is a_special case where the group using the slang
consists of people working in a research discipline,

Lab slang is found most characteristically at the intellectual
frontiers, where there is not enough agreed-upon structure to
support a formal technical language, and in applied disciplines
(such as much of engineering) where the effort involved in setting
up rigorous linguistic conventions is not considered to be
cost-effective.

It is worth noting that such disciplines tend to have either




slang or jargon, but not both; also that slang often exists in
parallel with a formal technical language, but jargon does not
(because jargon is a formal language gone bad).

Lab slang evolves because it is an excellent solution to the
severe problems of communicating exploratory ideas in the absence
of a lot of supporting structure,

The ideas involved are in a state of flux, so that a highly
flexible language is needed; slang is the most flexible mode of
verbalization.

Verbal improvisation is time-consuming if normal linguistic
materials are used; slang is by nature compact in expression --
so where improvisation is necessary, slang is used,

Slang is inherently nonrigorous; it is suited to fast-moving
and exploratory environments where rigor may be deceptive and
certainly tends to slow the necessary intuitive thinking.

When technical language and slang coexist they do not influence
each other directly because they deal with different domains of
the discipline,

The cross-influences certainly exist, of course; but they seem
to be subtle, There is not, for example, a process of direct
incorporation of terms from slang into formal language, nor
does the reverse seem to go on,

The strong relationship between the two kinds of language is an
indirect and complicated one; the following is only a very
rough outline of the interactions.

The slang is used for carrying on necessary detailed
communication while people are working to set up enough
framework to incorporate new ideas into the formal language.

At the same time, formal-language constructs are translated
into slang in an attempt to discover possible extensions of
existing ideas into the new domains,

When enough theoretical framework has been set up, concepts
which have only been loosely expressed in slang are
re-expressed (not translated) in formal lnguage.

Throughout the process, of course, use is made of any
abstract symbolisms (such as math) that may be available.

Lab Slang as a Model for AHI Internal Communication

AHI doesn't yet have a real lab slang, and I am arguing that one
should be encouraged to develop.




We do use the slang mode at the computer-system level, but that
isn't really AHI slang -- it's computermen's slang with a local
dialect superimposed.

Where we have problems is in talking about augmentation itself,
and about bootstrapping and evolution. In these regions we use
the slang mode only very sporadically, because we are all uptight
about the ideas involved,

The approaches to language that I suggest are intended,
essentially, to promote a loose, improvisational, slang mode of
discourse for our own use,

Promoting such a mode is a matter of letting go -- not a
negative approach at all, though it involves abandonment of
some ideas that we have been treating as basics.

I would like to abandon the idea of controlling language,
and push the idea of experimenting with language.

If a formal technical language depends on the existence of a
commonly understood framework, and we don't have one, then
we must give up on developing a technical language for the
moment,

In order to keep talking while we build the framework, we
need slang, which depends only on the existence of a few

commonly understood concepts and experiences, but not on

a commonly understood system of relationships.

This, I think, is how to bootstrap a general understanding and
clear formulation of the underlying conceptual framework of
AHI. It is difficult and time-consuming to proceed this way,
but it works. We must have mutually intelligible conversation
among ourselves on the subject of augmentation, and the only
way I can see of achieving it is to let go on language.

Language and Personality

(This section is only a brief supporting note, and derives from
Perls, Hefferline, and Goodman, Gestalt Therapy, Vol. II, Ch. VII,
"Verbalizing and Poetry". Dave Evans has the book, and the chapter
has been Xeroxed and placed on the DSS Shelf.)

An individual's linguistic habits are a primary expression of his
personality; it follows that changes in linguistic patterns will
affect personality (though likely not in a linear, one-to-one
fashion),

Although not everyone recognizes this fact explicitly, everyone
feels its impact on an intuitive level,

What this means to AHI, bluntly, is that if a program of language




control were attempted there would be no cooperation,

’ Language control in any domain where emotions and personalities
and beliefs are involved is instinctively perceived as thought
control, Language habits are SO intricately involved with

personality that an attempt to control them for abstract reasons
is emotional dynamite,

Even the few sporadic efforts that have already been made to
control AHI language have resulted in serious strains and
drastic blockages of communication.

To encourage loose, improvisational, jam-session language, On the
other hand, is to encourage full commmication of individual
personality in the "professional" domain, Community, anyone?

How to Make Good Jazz

This proposal is quite limited -- it doesn't consider Journal
problems or long-Trange developments.

The basic idea is that if language is like an animal, you can either
try to drive it or try to ride it. I've argued that it can't be
driven very well, and so I think we should try to ride it, This
involves three basic things:

The first is just to loosen up generally -- determine less and
improvise more.

For example, the Glossary that is currently under discussion
should be small and nonrigorous, with an explicit understanding
that it will stay that way for the time being.

The second is to work with language at a much higher level than
word-definitions, Definition of terms is the lowest level of all;
we should be working with metaphor and image.

We all do this all the time in informal conversation; it's just
a matter of developing the self-assurance to talk informally
when we're talking in depth, If we did that, we would have the
beginning of a viable, evolving lab-slang.

The third is to develop a willingness to abandon -- <immediately,
in real time -- verbal constructs that turn out to be
uncommunicative,

This turns out to be a skill that can be developed with
practice, It results in vastly improved communication and
expanded understanding of one's own ideas, Translation into
another language has always been one of the best ways to
achieve understanding of any verbal construct.

I will be developing these ideas in detail in the future, but let me
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note that the program they aim at is as follows (in no particular
order) :

(1) Have a glossary with a SMALL number of terms in it, all
subject to ruthless modification and NOT constrained to be
logically consistent.

The '"definitions'" might be more like encyclopedia articles than
definitions,

(2) Improvise constantly.

If you throw a light beam at a three-dimensional object, you
only learn a little bit about it from the shadow; but if you
keep illuminating it from different angles, you eventually find
out what shape it is, If the shape of the object keeps
changing with time, you have to keep on taking new shadowgrams,
This is hard work, but better than determining the shape from
theory and leaving the object in the dark.

(3) Make stationary targets out of ideas, instead of words, Words
just won't hold still,

I don't know just what it means to make a stationary target of
an idea. At any rate, though, vou have to have faith in the
people who are shooting at the target.

(4) Eliminate semantic hangups by taking the permanence and awe
and glory away from verbal constructs and lodging them in visions,
where they belong,

The Zen Buddhists have a technique for this, which is just a
studied disrespect for all verbal constructs, This technique
may be a little too heavy for us, right now, It is very easy
to overdo Zen by making a destructive game out of it.

(5) Make it impossible for people to use words as intellectual
bludgeons, which many people here do all the time,

Again a matter of downgrading the importance of words.

(6) Let our working language evolve, with only a carefully limited
set of controls gnd constraints,

I mean hands-off evolution, not guided development.
(7) Not worry too much, for now, about comprehensibility to the

outside world -- internal communication is a far more urgent
problem,
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