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1C Foreword 

1 CI This paper is a term project for Phil. 245 

(Psycholinguistics), Spring Qtr. 1968. The Foreword discusses the 

origin and history of the thoughts presented later. Hie 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. 

1C2 The impetus to write a paper such as this grew out of three 

strong, personal feelings. 

1C2A The AMI 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 
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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 supposed 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 term 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 foimalism that NLS could be put into. Statistics 

could then test statements about the formalism. 

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

separating the control language from the forma (defined below) 
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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. 

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. 

2A1 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 information 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 information 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 like 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 
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devices. 

2A4C 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. 

2B1C 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 unison. The 

ultimate desire is that the information 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 
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detail after the nature of the tool itself is described. 

2B2A This definition is more restrictive than the one 

generally pursued in the AMI 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 
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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. 

[Fla63:54] 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 are 

built and manipulated. The forma should properly include the 

user heuristics for the problem at hand, but they are 

deliberately left out. 

3A3 A forma has three components: 

3A3A (lexical) The lexical 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 
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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 
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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 

[Fla63;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. 

3A3B2A 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 
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(putting a word in parentheses at tie front) and 

embedding the names as references in other statements 

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 lost 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 

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 link 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 
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manipulated. This aspect of the forma is the abstract way the 

abstract forma is manipulated. 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 infoimation 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," 
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on the other hand, refers to the way the user thinks of his 

structure in terms of the forma of the system. 

3B2 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. 

Hie Communication Language 
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nmmunicates with the machine about models by using an 
4A The user communicates 

artificial dialogue language. This Is not the natural language of 

the lexical component of the forma. It is the languag 

u- • <1-* editing organizational, and retrieval 
direct the machine in its editing, or, 

CD, tn inform the machine about 
tasks as well as the language used 

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 he understood until the amplification itself is 

determined. 

4A2 The dialogue language is nonreflexive. The user currently 

strikes keys, pushes buttons, and rolls a cursor-positioning 

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

• a. i in the svstem. Its 
4 A3 This language plays a vital pa 

flexibility and power crucially dete^ine the success of system 

features. Stealing the linguistic approach to language analysis 

and perverting the tems "phoneme," "morpheme," and "stature, 

leads to rich insights about the contemporary dialogue language. 

4B (phoneme) The phonetics of the dialogue language is the set 

•.wo ucer and the machine, and 
basic units of communication between the user an 

vice versa. 

4Bl There is a strange imbalance between the dialogue language 
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and natural languages. 

4B1A There are about 100 keys in the user's half of the 

dialogue language. This is 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 
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realized in the language 

4C2 Awareness of this means that the morphemes can vary without 

changing the formas. 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 lack 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 aialysis of the dialogue 

corresponds precisely to similar analyses of natural language. 

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 
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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. 

401B 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. 

402 dust 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 language. The computer 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 

5A 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 
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information organization on a personal memory level, 

5B1 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. 

5B3A 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. 

5B3B The other restriction defines a motivation of the user. 

There are three motivations that appear to lend them themselves 

to theory. 

5B3B1 The Super Screen user could be using the system as a 

means of personal recall. NLS becomes an extension of his 

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

5B3B3 Finally, the user may be attempting to correlate 

information. The process of forming 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. 

5C There is a tendency to view the whole project as the construction 

of 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: 

5C2A 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. 

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 foimat 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. 

7 A3 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. 

7A4A 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 hierarchical 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 

start. 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. 

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. 
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Abstract 

This paper represents .TFR's and JDH's current views on how the NET 

problens should be attacked. The problem covered are those local to 

the 940 Monitor and NLS. 

These two areas, NLS and the Monitor, bring out most of the low-level 

NET conraunication problems, and we hope that a general NET solution 

can evolve from these ideas. 

This paper is currently for AHI communication, but we would like to 

pass it out at the next NET meeting in I It ah, so we need responses in 

tine 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 

mess work. 

It attacks the single problem area of interactive display 

terminals, and does not get into complex interactive programming 

running. Interaction between user programs 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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ARPA Specifications for the IMPs 

Results from Meetings 
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Not much else, a lot of hardware talk 

NET vs. Data Connunications 

Hake full use of host computer 

Real-time on-line consoles need it 

Large number of different machines 

Using Your Console 

Expect, no console degeneracy 

Even expect extra features at times 

Division of Labor 

Host shoud not be av.'are of actual console at user site except in 

very general ways, 

User's own computer can tackle most of the formatting and 

translation problem. 

Extra TIioughts on Ceneral Notions 

0)  



AHI MONITOR - IMP Communication 

INTRODUCTION 

AHI NET Controler 

71,6 A"1 940 has a nm,,in2 to the Project Genie <,40 at 

Berkeley. Viewed from the .Mil machine, the link is a specialj 

home-halt controller connected to two 2400 l>it/s duplex data 

Hnea. The duplex feature is currently ignored. Paring the 

KTCC these lines will he used for the tronsnisson of all the 

information necessary to run an All! console, except the video. 

"is controller will he the one used for the IMP control as 

" 11,0 RUNIE » «P-«es nuch like Ae other 

special-purpose hardware devices. 

In the 040 resident, writable, core memory there is a user 

reference cell (NRC) reserved for the NUT controller. This 

cell contains the absolute core address, using the full core 

memory space and no fancy relabeling, of the NET command 

table. 

Ihe command table contains a contiguous list of double word 

entries. Each entry does the following: 

•oints to another absolute core address 

bpecifi.es a transfer size in words. 

Ihere is a single 040 instruction rrran instruction (hwrl) associated with the 

NET oilier.When the instruction is executed the 

controller goes to the URC, gets its address, and begins 

stepping through the list of transform -in e-i transters in tlie command table. 

Ibe single interrupt uhich the NET controller can issue is 

msed to signal IM. OF MESSAGE when the orders in the conm.and 



table have been completed. 

Kinds of Control Needed 

From many programming points of view, the IMP may be considered 

a peripheral input/output device. It sends and receives 

control information and blocks of data, much like a tape drive, 

"lie expected transmission of a huge number of single-character 

messages, however, requires special consideration. If an 

excessive "call and response" syndrome develops between the IMP 

and the 940, the time used for interrupt interpretation, 

message preparation and acknowledgment, and other kinds of 

overhead will severely restrict the service of the TSS. 

There are only three kinds of information flow between the IMP 

and and 940 Monitor. 

The first is control information for the IMP itself. This 

nay be timing informaton for the block "race problem," 

dynamic status of the 940 or the IMP, or table indices, 

•his should not be a large volume of information and should 

not require particularly high transfer rates. 

The user-host and host-user control information and 

single-character messages, although they may be only a few 

bits, possibly require the bulk of service from the 940 

Monitor. They should, therefore, be sent and received with 

a minimum of interrupts and translation. 

Large, bulk, bit transfers such as files and data bases make 

up the third kind of data transfer. The 940 Monitor is 

unconcerned with the bits themselves. User programs will 

leceive the blocks directly from the IMP, and must do anv 
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translation or sorting they see fit. 

NLT Users as Ordinary Users 

At sone of the meetings and in the nemos Elmer has written 

there appears to be apprehension about the number and kind of 

users that will be serviced by a host at one tine. 

If each individual person at a remote console is treated as a 

standard user within the 940 TSS, nothing special is needed to 

service as nany different users as the system will normally 

bear. 

Making each NET user a regular 940 user, with an internal job 

number and fork structure, has all the added benefits of 

inter job protection, file storage, and minimization of 

programming effort. 

At first, user names nay be site names to avoid overflowing our 

job tables. 

Using Teletype Lines 

Interrupts and Character Transfer 

The following hardware configuration for connections between 

o^e 940 and the I.!P fits well into the above considerations. 

w;e IMP would have eight ""eletype lines connected directly to 

our general Teletype patch-panel. These lines will operate 

exactly like standard Teletypes as far as the 940 Monitor is 

concerned. The figure eight is determined by the expected 

Monitor size and the number of total Teletypes that the system 

will be assembled to be plugged into. 

The Imp would go through the already existing 940 NET 

controller tor its bulk transfers. The control and 
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synchronization o£ the transfers is discussed below. Hie bits 

transferred are ultimately controlled by the URC and command 

table. 

Teletype Line Usage 

Hie eight Teletype lines would be divided into two sets: one of 

seven devoted to user use, and the last line devoted 

exclusively to IP IP—940 Monitox comsunicnt ion • 

To the 940 Monitor, the seven user lines would appear exactly 

like standard Teletype lines. Characters coming over the lines 

would be packed in the Teletype buffers in the noimal way. 

They would then be passed off to the executive or the user 

program. This character stream could contain information about 

bulk transfers for a user program, but this is of no concern to 

the Monitor. 

The last Teletype line is used exclusively by the Monitor for 

IMP control. It would have a fixed number, say 16. No user 

could ever log in on Teletype 16. 

If a line were not devoted to control, characters would have 

to be taken out of the set used for user messages. This 

approach opens a Pandora's box which should stay closed. 

With the entire range of characters open to user host, the 

standard set will never be changed, programs will not be 

affected by changes in the Monitor-IMP relationship, and 

everyone will be happy. 

Hiis line is currently conceived of as serving two purposes. 

Suppose that there are a number of users curren tly 

running under the TSS from the IIP. Hiey may all be in 
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the process of receiving bulk transfers. 

When a user program is ready to accept a packet of 

bits it calls on the monitor with a BRS. The monitor 

must first prepare the 1JRC and command table, after 

making sure they are not in use. 

It must then notify the IMP that it can send the 

message, but it must 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. 'Hie monitor notes the 

fact, and the user may be fired up again when he cones 

up in the queue. 

All the information about the IMP, the NET, and the 940 

is also sent on this line. This includes information 

about the loads, up status, and anything else not related 

to, requested by, or sent by users. Everything on a user 

line goes to a user, and nothing is gobbled up in a 

secret way by the Monitor, IMP, 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 remote IMP via the control line. 

When the request finally reaches the local IMP, it (the 

local I'!P) must seek a Teletype line to connect the remote 

user with the local host. Once the line is found, it 



8 

remains constant and may not be changed or used by another 

user until LOGOUT. 

After the line lias been found, the IMP nay send 

acknowledgement back to the user site. It must also send a 

rubout to the 940 on the newly established line. 

Log-In 

1/hen the 940 gets a rubout from a teletype line, whatever it 

is attached to it goes into its normal log-in procedure. 

It first sends back a short line of text with the current 

system name, date and time, a few carriage returns and 

line feeds, and the word HNTIiR. 

The user must then enter a user name, and lie is off and 

running on the HXKC level in the TSS. 

Rubout Conventions 

The 940 Monitor has some very special conventions about rubout 

characters that come in on Teletype lines. 

A user program that is allowed executivity can request rubout 

control if it wishes, or leave the control up to the monitor. 

If it requests control, then rubouts are sent to the program 

just as any normal character would be. 

If control is not requested, and a rubout comes in, the Monitor 

wipes out the lowest-level fork in the structure connected to 

the teletype. This provides a way out of loops. 

In any event, if two rubouts come through in less than half a 

second, the Monitor wipes out the lowest fork, no matter what the 

user requested. This is the ultimate breakout, and a necessary 
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feature in the Tf»S. 

Somehow, this feature must be handled by the IMPs in the NHT. TVo 

different solutions are immediately obvious. 

The IMP could keep track of the time between characters and not 

lose the timings during the transfer. This does not appear to 

be a good approach. 

Alternatively, the IMPs could send double rubouts as special 

control information between themselves and decode this 

information to local conventions at the host sites. In our 

case it would be two fast rubouts; somewhere else it night be a 

special interrupt. 
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AHI Iiser Program - NET Communication 

definition of a User Program 

-or our purposes a user program is a piece of code that runs in 

user memory, protected from others, from itself, and from 

executing I/O instructions. 

User programs make their requests for I/O, as well as other system 

operations, through a special system call known as a BUS. 

The Monitor in the 940 will do a minimum amount of work to run tlie 

NET. All 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 programs. 

NLS is a user program. Special NET work for NLS will be done 

by NLS. 

Utility routines, such as file transfers, will also operate on 

the user level when they are written. They will be swapped 

like everything else, and should not put any more burden on the 

Monitor that other kinds of Executive request. 

Teletype Input 

A user program running from the IMP would not normally know that 

j.t 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 IMP from a user program are 

similar to those necessary to read and write files. In fact a 

user program can think of the IMP as two files. 

A BUS would be needed to open the IMP *or reading, and another for 

writing. These would work like the file-opening BUS'S and return 
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an associated file number that would be used in all future data 

transfers. 

In addition, there would be a standard block read/write RRS. One 

would put the file nunber, the starting location, and the nunber 

of words to transfer in the three registers and issue the RRS. 

The file nunber deternines the read or write node. 

At this point the nonitor would go through all the usual 

routines for block transfers. If the starting location at and 

tiie nunber of words natch page boundaries, the page could be 

Jrozen and the transfer done directly into user nenory. If 

things are at odd locations a buffer could be used, as it is 

for drun transfers. 

The data would not be sorted by the IMP, and so each user 

program nust do its own sorting. A "read" to the IMP neans to 

read the next N words as they were received by the IfII'. 

It is expected that sone control information about bulk 

transfers will be sent over the Teletype lines. For exanple, 

the 'eletype lines would send a character strean that the user 

program would interpret as a signal that a block of a certain 

size was being sent. The user program would then issue the 

read to the Monitor, The Monitor would synchronize with the 

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

started up again. It is likely that for files, this first bulk 

message will be conrol information about a coming series of 

even larger bulk messages. 



NET Standard Translators 

Universal Hardware Language 

To nini"ize the nuner 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 sinple language in 

which statements can be made about any hardware device in the NET. 

The language nay never lie 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 

AH I system and wants to run NLS. 

Tie first step is to enter NLS in the normal way. At that time 

the UCSB system will request a symbolic program -^rom NLS. 

This program is written in an algebraic, parsing-oriented 

hybrid language. It is called the NLS Encode Translation 

Program. 

The program accepts input in the NET hardware language and 

translates it to a form usable by NLS. 

It nay pach 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 standard library. 

All input from the UCSB console first goes to the NST. It is 

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

receives a character appropriate to its state it nay finally 
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initiate transfers to the 940. The bits transferred are in a form 

acceptable to the 940, and maybe in a standard form so that the 

NLS need not differentiate between 1JCSB and other NET users, 

.information sent to 1JCSB from NhS must go through a similar 

process. 

NLS will request a symbolic program from IJCSH. IT is program 

maps standard NET hardware language into packs specifically 

made up for the UCSB machine. It is knovm as the NLS Decode 

Translation Program. 

Tliis program is compiled and run along with NLS. It operates 

out or 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 program for each subsystem, namely the 

symbolic file it sends to each user that maps the NET hardware 

language into its own special language. Each user must also 

write a decode translation program for the new subsystem. The 

decode program should normally be rather small compared to the 

rest of the worries of using a remote system. 

This is the minimum programming that can be expected if each 

console is used to its fullest extent. 

•>ince the NSi 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 
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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. 

The advantages of having the encode translation programs 

transferred symbolically should be obvious. Each 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 hardware, the 

symbolic programs will take this into account and avoid any 

unnecessary computing. 

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

efficiently with the code compiled at the user sites from the 

encode translation it receives. 

Universal Hunk of Bits 

The Universal Station 
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AIII HLS - User Console Communication 

Block Diagram 

Tie right side of tlie picture represents functions done at the 

user's main computer; the left side represents those done at the 

host computer. 

Bach label in the picture corresponds to a statement with the 

same name. 

-.e.,e aie our trails associated with this picture. The first 

links (in a forward direction) the labels which are concerned 

only with network information. The second links the total 

information flow (again in a forward direction). The last two 

are equivalent to the first two but in a backward direction. 

They may be set with pointers tl through t4 respectively. 

[">tif<] OR [">nif"]; ["<tif'j OR ["<nif"]; 

bser-to-IIost Transmission 

(keyboard) is the set of input devices at the user's console. 

Input bits from stations, after drifting through levels of monitor 

and interrupt handlers, eventually come to the encode translator. 

[>nif(encode)] 

(encode) translator naps the semi-raw Input hits into an input 

stream in a fom suited to the host subsystem which will process 

the input. [>nif(hrt)<nif (heyboard) 1 

The Encode prolan was supplied by the host suhsystem when the 

subsystem was first requested. It is sent to the user machine 

in symbolic form and is compiled at the user machine into code 
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particularly suited to that machine. 

It may pack to break characters, map multiple characters to 

single characters and vice versa, do character translation, and 

give immediate feedback to the user. 

(Idn) Immediate feedback from the encode translator first goes to 

local display management, where it is mapped from the NI'T standard 

to the local display hardware. 

A wide range of echo output may come from the encode 

translator. Simple character echoes would be a minimum, while 

command 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, -or example, people with high-speed displays may want, 

to selectively clear curves on a Culler display, a function 

which is impossible 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 NHT-to-liost translator. 

Output from the user may be more than on-line input. It may be 

larger items such as computer-generated data, or files 

generated and used exclusively at the host site but stored at 

the user site. 

Information of this kind may avoid translation, if it is 

already in host format, or it may undergo yet another kind of 

translation if it is a block of data. 

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

host reception translator. This maps and reorders the standard 
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transmission-style packets of bits sent by various Encode programs 

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-User Transmission 

(decode) Output from the host initially goes through decode, a 

translation map similar to, and perhaps more complicated than, the 

encode nap.[>nif(urt)>tif(imp Ctrl)<tif(net mode)] 

This map at least formats 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 same 

time that the Encode program was sent to the user machine. 

The program is initially in symbolic form and is compiled 

for efficient running 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 must also ne made, 

"or 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 more 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 the user, 

(imp ctrl) Hie host may also want to send control information 

to IflPs. Formatting of this information is done by the host 
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decoder. [>tif(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. 

Rron the host decoder, information goes to the invisible IMP, and 

directly to the NHT-to-user translator. The only operation done 

on the messages is that they may be shuffled. 

(urt) The user reception translator accepts messages from the 

user-site IMP and fixes them up for user-site display. [>nif(d 

Ctrl)>tif(prgm 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 

MKT 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 management local to the user 

site.[>nif(display)<nif(urt)] 

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

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 

subsystem 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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User-to-Host Indirect Transmission 

(net mode) This is the node where a remote user can link to a node 

indirectly through another node. [>tit(decode) <Ctif(hrt) ] 



SRI Usage of Other Stations 

UCSB 

UCLA 

Utah 
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Implementation Procedure 

NST 

Universal Hardware Language 

The first step is the specification of the nniversai hardwar 

-W. This should not he too difficult. ^ language ca 

- syntactically straightforward; probably a left-liner gra»a: 

'•HI suffice. The only wony is providing for expansion in tlx 

language so that any new device nay he easily accomodated. 

should begin as soon a, possible. The maa-hours reguirod 

Should not be excessive, say a week fron each site. However 

the elapsed tine could easily grow because of the counication 
problems. 

Specifications and Compiler for bncode/becode hanguage 

only way to design the bncode/hecode hanguage is to trv and 

an Hncode piogran. Maybe DIA and .m, shoul trv this for 

written up other sites could ^dertake a similar task. After 

even-one ha, tried once, we could ail get together .and work out 
the details. 

NST Library 

The compiler and the library must be worked out at the same 

tme. but after the syntax has settled do™ a bit 
;s 

As specified above, changes tc TSK .are net very great. It may be 

«« "an until more is known about the I,IPs before much 
serious work is done on TSS. 

NLS 



Fix lip Display 

Encode Package 

High-Speed Tubes 

Storage Tubes 
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A n d r e w s *  i S i l i  P a x t c n *  a n d  J e f f  R u l i f s o n  i n  s o f t w a r e .  

i  i  
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G O  A L S  

T h e  l i m i t  i a l  s t u d y  o f  9 4 0 - N L S  o p e r a t i n g  c h a r a c t e r i s t i c s  c e n t e r e d  
a r o u n d  t  h e  g o a l  o f  o p e r a t i n g  1 2  w o r x  s t a t i o n s  w i t h  r e s p o n s e  
e q u i v a l e n t  t o  t h e  6  c u r r e n t l y  o p e r a t i n g .  

B o L t  l i e r e c k s  i n  t h e  9 4 0  s y s t e m  a r e  c o n n e c t e d  w i t h  c o r e  s p a c e  a n d  
s w a p p  i n g .  

C u r r e n t  l y i  d i s p l a y s  a r e  s t o r e d  i n  9 4 0  c o r e .  E a c h  u s e r  h a s  h i s  
o w n  b u i f f e r s *  a n d  a i  n e w  9 4 0  c o r e  p a g e  i s  f r o z e r  a s  e a c h  u s e r  
e n t e r s  t h e  s y s t e m .  F o r  5  o r  6  u s e r s  t h i s  i s  n o t  t o o  b a d *  b u t  
f o r  m o r e  t h a n  7  o r  8  i t  i s  t o t a l l y  u n r e a s o n a b l e .  
s  e  e ( L C  A O S . C o n e  1  u s  i o n s )  

T h e  i m m e d i a t e  f e e d b a c k  t h a t  N L S  g i v e s  t o  e a c h  u s  e r  i s  
s  i  g n i  f i c a n t l y  m o r e  c o m p l i c a t e d  t h a n  t h a t  w h i c h  c a n  b e  o f f e r e d  
t h r o u s h  c o n v e n t i o n a l  e c h o  t a b l e s .  

C  o n  s e q u e n  1 1  y »  e a c h  N L S  u s e r  m u s t  b e  i m m e d i a t e l y  a c t i v a t e d  
!  f o r  e a c h  c h a r a c t e r  o r  b u t t o n  p u s h .  

S t a t i s t i c s  o n  M L S  u s a g e  i n d i c a t e  t h a t ,  i  f  i t h e  d i s p l a y  b u f f e r s  
a r e  r e m o v e d  f r o m  9 4 0  m e r n o r y .  a p p r o x i m a t e l y  1 0  t o  1 2  w o r k  
s t a i t i o r . s  c a n  b e  s e r v i c e d  b e f o r e  t h e  s w a p p i r g  r e a c h e s  a  
c r i t i c a l  p o i n t *  a n a  r e s p o n s e  s i g n i f i c a n t l y  d e c l i n e s ,  
s  e e .  (  L O A D S  , C  o n e  1  u s i  o n s  )  

T i  e  m o s t  . d i r e c t  s o l u t . i c n  f o r  t h e  1 2 - s t a t i o n  s y s t e m  i s  s i m p l y  a  
b . u l k  c o r e  f o r  d i s p l a y  b u f f e r s .  T h i s  a p p r o a c h  h a s  a l r e a d y  b e e n  
d e s c u s s e c .  i n  a  c u r r e n t  p r o p o s a l  t o  R A D C  f o r  s y s t e m  e x p a n s i o n .  

O u r  s c a t  i s t i c a i  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  9 4 0  c o u l d  s e r v e  
a p p r o . x i m  a t  e i  y  3 2  N L S  u s e r s *  i f  u s e r s  i n t e r a c t e d  . w i t h  t h e  9 4 0  o n  a  
w o r k — i T e q l u e s t  b a s i s  i n s t e a d  o f  a  s i n g l e - c h a r a c t e r ,  b a s i s ,  s e e  
( L O A D S - . U s a g e )  

W.ben more than 12 work stations are considered* the 
s i o g i  e i c r a r e c t e r  i r t e r a c t i o n  w i t h  t h e  t i m e  — s h a r i r g  s y s t e m  a n d  u s e r  
p r o g r a m s  . c o m p l e t e l y  o v e r l o a d s  t h e  s y s t e m .  

T  e  f i r s t  c r i t e r i o n  f o r  a n y  e x p a n s i o n  i s  t h a t ,  i t  b e  e x t e n d a b l e  t o  
t h e  l i m i t s  o f  t h e  9 4 0 .  

Tae second is that the system closely resemble .ore that may oe 
e x p a n d a b l e  t o  e v e n  l a r g e r  s e r v i c e *  s a y  1 0 0  c o n s o l e s .  

I ;  s u c h  e x p a n s i o n  i s  f l e x i b l e  a n d  m o d u l a r  i n  i t s  d e s i g n  a n d  
h ; . r d u  a r e  . c o u p l i n g *  t h . e r  a l t e r n a t i v e  p r o g r a m m i n g *  s c h e d u l i n g *  a n d  
q u e u e  i r g  t e c h n i q u e s  m a y  b e  t r i e d .  T h e  p r o b l e m s  - o f  m u c h  l a r g e r  
s y s t e m s  m a y  b e  i n c i s i v e l y  s t u d i e d  a n d  t h e  s o l u t i o n s  t e s t e d  t h r o u g h  
i  zap l e . m e n t  a t  i o n .  

1 
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I t  . .  b e c o m e  a p p a r e n t  t h a t  c  o  1 1  a b o r a  t i  o n ,  i n  i t s  m a n y  f o r m s ,  m u s t  b e  
i m p l e m e n t e d  l i n  N L S  .  

Tiaree possible modes are: 

D i s p l a y - f r a r a e  s h a n i r g ,  w h e r e  d i f f e r e n t  l o g i c a l  p a r t s  o f  a  
u s e r ' s  c u r r e n t  d i s p l a y  p i c t u r e  m a y  b e  v i e w e d  b y  a  s e t  o f  u s e r s  

I  n  p i  t - l d e v  i c e  f l e x i b i l i t y ,  w h e r e  m a n y  p e o p l e  m a y  s i t  a r o u n d  a  
t a b l e ,  e a c h  w i t h  h i s  o w n  h a n d s e t  a n d  m o u s e ;  o r  u s e r s  r e m o t e  
f r  0 1 1 1  e a c h  o t h e r  c a n  d r i v e  o n e  a n o t h e r ' s  d i s p l a y s  

. A u i d i o  i c c m  m u n  i c  a  t  i  o  n ,  w h i c h  t a k e s  t w o  f o r m s :  

C o m p l e t e  v o i c e  s w i t c h i n g ,  s o  t h a t  a n y  n u m b e r  o f  " c o n f e r e n c e  
c a l l s "  c o u l d  b e  e s t a b l i s h e d  b e t w e e n  t h e  u o r k - s  t a  t b  o n  u s e r s  

C o  m p  u t  e r - g e  n e r a  t  e d  s o u n d ,  u s e d  a s  f e e d b a c k  t o  a  s i n g l e  u s e r  
o r  a  g r o u p  o f  u s e r s  i n  c o  1 1  a b  o r  a  t  i o n .  

M a n y  . - o f  t h e s e  f e a t u r e s  c a n  e v e n t u a l l y  b e  i m p l e m e n t e d  t o t a l l y  
e n t i r e l y  . w i t h i n  t h e  f  r a m e w o r k  o f  t h e  9 4 0 .  H o w e v e r ,  t h e  c u r r e n t  
h f c l u  a r  e /  s o f t w a r e  a p p r o a c h  i m p o s e s  s e v e r e  l i m i t a t i o n s  i n  t w o  w a y s .  

T h e  M O N I T O R  i n  t h e  9 4 0  t i m e — s h a r i n g  s y s t e m  i s  c r a m p e d  f o r  
s p a c e .  T h i s  m e a n s  t h a t  t h e  e x t e n s i v e  t a b l e s  n e c e s s a r y  f o r  
i n  p u  t - . d  t v  i c  e  i  n t e r c h a n g e a b  i l i  t y  w i l l  n o t -  f i t ,  a n d  l i m i t e d ,  
c o s t l y  s c h e m e s  w o u l d  h a v e  t o  b e  i m p l e m e n t e d .  

T h e  a c i d i t i o n  o f  h a r d w a r e  d e v i c e s  i s  g o v e r n e d  b y  t h e  
a v > a i  i a i b  i  l i t y  o f  s p  e c i a l - p u r p o s e  c o n t r o l l e r  a n d  p o l l i n g  d e v i c e s .  

E a c h  o f  t h e s e  o p e r a t e s  a  f i x e d  n u m b e r  o f  - e a c h  k i n d  o f  
:  c e v  i c e .  

W e  w o u l d  p r e f e r  a  s c h e m e  t h a t  a l l o w s  n e w  d e v i c e s  t o  b e  a d d e d  
a n a  i n t e r c h a n g e d  f r e e l y  a n d  i n  s m a l l  i n c r e m e n t s .  

O t h e r  D e » v i c e s  

W t s a t  a b o u t  t h e  p r i n t e r ?  

W e  m i g h t  w a n t  t o  m o v e  o u r  p r i n  t e r  t o  a  s m a l l  m a c h i n e .  

W h a t  i a t o u t  m i c r o - f i l m  o u t p u t ?  

W e  m i g h t  w a n t  t o  d r i v e  a  m i c r o f i l m  m a c h i n e  f r o m  a  s m a l l  
maic bine. 

W h a t  . a b o u t  M o d e l  3 7  T T Y s ?  

W~hat about the NET? 

T h e  i d e a  i s  t h a t  t h e  b i g  c o r e  m i g h t  s e r v e  a s  a  b u f f e r  f o r  
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m e s s a g e s  f r o m  t h e  I M P .  

n o l u c v e r ,  j e  w i l l  w a i t  u n t i l  m o r e  i s  k n o w n  a b o u t  t h e  I M P  b e f o r e  
w e  c o  a n y  p l a n n i n g .  

W n a t  a b o u t  t h e  N I C ?  

T h e  : o e a  h e r e  i s  t h a t  s m a l l  m a c h i n e  c o u l d  h a n d l e  m a n y  N I C  u s e r s  
^  h e  y  r a n  a  d e d i c a t e d  i n f  o r m a t  i o n - r e  t r  i e  v a l / e d  i t  i n g  s y s t e m ,  

i h e  s m a l l  m a c h i n e s  c o u l d  b e  a  s i n g l e  u s e r  o n  t h e  9 4 0 ,  a g a i n  
r e d u c i n g  t h e  s w a p p i n g  e f f o r t  w h i l e  m a i n t a i n i n g  h i g n — s p e e d  
r  e  spons e.  

W h a t  a b o u t  s t o r a g e  t u b e s ?  

W h a t  . a b o u t  a n  o n — l i n e  D u r a ?  

3 
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G e n e r j l  I c e d  

T n o r e i  i s  a  b i g  c o r e  o f  1 6 - b i t  w o r d s .  M o s t  o f .  i t  i s  u s e d  t o  s t o r e  
t i t u  r i n g  o f  a l l  t h e  d i s p l a y  b u f f e r s .  S o m e  i s  u s e o  t o  s t o r e  q u e u e s  
o f  t a s k s *  c a b l e s  f o r  a s s o c i a t i n g  u s e r s  a n d  i n p u t  d e v i c e s *  a n d  
r e e n t r a n t )  i n t e r p r e t i v e  c o d e .  

C . ;  . i n e . c t  e d  t o  t h e  c o r e ,  i s  a  b a n k  o f  s m a l l  m a c h i n e s  (  4 K  1 6 - b i t  
w a r d s *  4  u s e e  i n s t r u c t i o n  t i m e s ) .  T h e y  a r e  u s e d  a s  i n p u t - d e v i c e  
c c . i t r ; o  1 1 e r s *  I n t e r p r e t i v e  c o d e  e x e c u t e r s  f o r  c o m p l e x  f e e d b a c k *  a n d  
c i u n n e l  d r i v e r s ,  f o r  t h e  d i s p l a y  c h a n n e l s .  

G r a s s  •  V i e w  

I N P U T  
D E V I C E  S  

S M A L L  
M A C H I N E S  

" ~ M 1  

M 2  

M 3  

M N  

S D S  9 4 0  

I B  I G  C O R E  
1 

I  
D I S P L A Y  

1 C  H A N N E L S  

T h e  s . r a a l  1  . c o m p u t e r s  m o r e  t h a n  m e e t  t h e  m i n i m a l ,  t i m e  r e q u i r e m e n t s .  

£ . _ c h  s m a l l  m a c h i n e  h a s  i t s  o u  n  s m a l l  c o r e  m e m o r y .  I f  i  t  i s  
o p e r a i t i n g i  o n  t h e  r i n g  s t r u c t u r e  a n d  d e t e r m i n i n g  f e e d b a c x  a c t i o n s *  
i t  c o n t a i n s  a n  i n t e r p r e t e r  f o r  r e e n t r a n t  c o d e  w h i c h  r e s i d e s  i n  t h e  
b a g  c  o r  e .  

T h i s  c o d e  i s  c l o s e  t o  t h e  c o d e  w h i c h  i s  c o m p i l e d  f r o m  t h e  
S ?  e c i a l - P u r p o s e  L a n g u a g e s  I S P L s )  f o r  t h e  c u r r e n t  N L S .  

T h e  c o d e  i s  n o t  a  I  g o r i  t h m i  c a  I  1  y  c o m p l i c a t e d .  E a c h  i n p u t  
c h a r a c t e r  i n v o l v e s  o n l y  a  f e w  l o g i c a l  d e c i i s i o r .  a n d  t a b l e  
c h a r g e s .  

T h e  d e c i s o n s  »  h o w e v e r ,  m a y  i n v o l v e  r e f e r e n c e  t o  t h e  u s e r ' s  r i n g  
o f :  c i s p l a y  b u f f e r s *  a n d  t h e  f e w  h u n d r e d  w o r d s  n e c e s s a r y  t o  
d e i f i n e i  h i s  c u r r e n t -  s t a t u s .  
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c  i s  t h i s  l a r g e  a m o u n t  o f  i n f o r m a t i o n  t h a t  c a u s e s  t h e  
s w a p p i n g  o v e r l o a d  i n  t h e  9 4 0 .  

3 y  h a v i n g  a l l  o f  t h i s  i n f o r m a t i o n  i m m e d i a t e l y  a c c e s s i D l e  ( i n  
c o r e  r a t  n e r  t h a n  o n  d r u m ) *  a  s m a l l  s l o w  m a c h i n e  i s  m o r e  t h a n  
a d e  q u a t e .  

*  —  s m a l l  m a c h i n e s  w e r e  c h o s e n  o v e r  f e w e r  f a s t e r  o n e s  b e c a u s e  
L A i e y  c o u l d  b e  m a n i p u l a t e d  a n d  a d d e d  i n  s m a l l  i n c r e m e n t s .  

I n p u t  i d e v i c e s *  a l o n g  u i t h  t h e  c o n t r o l l i n g  p r o c e s s o r s *  c a n  b e  
a b i d e d  a  f e w  a t  a  L i m e  a s  d i f f e r e n t  e x p e r i m e n t s  a r i s e .  

S  i  n c  e  i  t  h e  l o g i c  * o r  t h e  f e e d o a c k  i s  i n  t h e  b i g  c o r  e *  i t  m a y  b e  
e x p a n o e c  t o  t w o  o r  e v e n  f o u r  t i m e  t h e  o r g i n s l  e s t i m a t e .  T h u s  
t h e  s m a l l  m a c h i n e s  w i l l  n o t  b e  c r a m p e d  f o r  s p a c e .  

T h e  s t r u c t u r e  o f  t h e  d i s p l a y  r i n g s  c a n  D e  m o d i f i e d  a s  
i n f o r m a t i o n  i s  g a i n e d  o n  t h e  n a t u r e  o f  d i s p l a y  c  o l  l a o o r a  t i  o n .  
T h i s  w o u l d  n e v e r  b e  p o s s i b l e  i f  t h e  d i s p l a y  i c c n t r o i l e r  w e r e  
b u i l t  l i r t o  f i x e d  h a r d w a r e .  

I  . f  m a t n y  m a c h i n e s  a r e  p r e p a r e d  t o  p e r f o r m  t h e  s a m e  t a s k *  s o m e  
s  . p i  e  q u e u i n g  a n d  a c c e s s  m e t h o d s  r e s u l t  i n  b e t t e r  m a c h i n e  
u t i l i z a t i o n  a n d  s m a l l  c h a n g e s  i n  s y s t e m  p e r f o r m a n c e  a s  u s e r s  a r e  
a d d e d .  

; h e  q u e u e s  a r e  a l i i  i n  t h e  b i g  c o r e -  T h e r e  a r e  t w o  o a s i c  k i n d s :  

,5s jc farad ers come in to the dedicated input-contro 11 er 
m a c h i n e s *  t h e y  a r e  a s s o c i a t e d  u i t h  l o g i c a l  u s e r s  a n d  
d e p o s i t e d  o n  i n p u t  q u e u e s .  

W h e n  t  h e y  a r e  f r e e *  t h e  f e e d b a c k  m a c h i n e s  p o l l  t h e s e  q u e . u e s .  

i W f e n  c h a r a c t e r s  a r e  f o u n d *  t h e y  a r e  p r o c e s s e d .  

S o m e t i m e s  t h e  9 4 0  m u s t  b e  r e q u e s t e d  t o  i n t e r c e d e  a n d  
i c c m p i e t e  a  t a s k .  W h e n  t h i s  i s  s o *  t h e  l o g i c a l  u s e r  i s  
p u t  i n  a  s t a t e  o f  l i m b o  a s  f a r  a s  t h e  f e e d b a c k  p r o c e s s o r s  
are cone erne ds and the task is  queued fcr the 940. 

A isir .pil  e implement at i  on of the "Dijkstra Flag" keeps two 
p r o c e s s o r s  f r o m  s i m u l t a n e o u s l y  m o d i f y i n g  a  d a t a  s t r u c t u r e .  

A i l  t h e  s m a l l  m a c h i n e s  s h a r e  a  s i n g l e  a c c e s s  l i n e  t o  t h e  b i g  
>  c o r e .  T h u s  o n l y  o n e  c a n  b e  d o i n g  a  r e a d  o r  w r i t e  o n  a  

s i n  g l e  c y c l  e .  

•  : n e i r e  a r e *  h o w e v e r *  t h r e e  m o d e s  o f '  m e m o r y  a c c e s s :  r e a d *  
w r i t e *  a n d  D i j k s t r a  r e a d .  I n  t h e  l a t t e r  a  w o r d  i s  r e a d  f r o m  
m e m o r y  a n d  s e n t  t o  t h e  s m a l l  m a c h i n e .  D u r i n g  t h e  u r i t e - b a c k  

j  i n  i t  h e  b i g  c o r e *  h o w e v e r *  t h e  t o p  b i t  i s  : c  i e a r e d .  

5 



— 

K  J  L I  I - M J  ; j  I M A C H I N E  

v® S u p p o s e  t h a t  a  w o r d  i n  t h e  b i g  c o r e  i s  a  i p c i n t e r  t o  a  q u e u e  
s n c  t h a t  i f  t h e  t o p  b i t  i s  o n .  t h e  q u e u e  i s  f r e e ;  o t h e r w i s e  
a  p r o c e s s o r  i s  . w o r k i n g  o n  t h e  q u q u e .  

I f  a  p r o c e s s o r  D  i  j  k s  t r a - r e  a d  s  t h e  p o i n t e r  a n d  t h e  q u e u e  
i s  f r e e ,  i t  t h e n  h a s  c o n t r o l  o f  t h e  q u e u e  a s  w e l l  a s  t h e  

s p o i n t e r  t o  i t .  

I f  t h e  q u e u e  i s  i n  u s e .  h o w e v e r ,  t h e  p r o c e s s o r  i s  
i n f o r m e d  o f  t h i s .  

.  e  9 4 C  m u s t  h a v e  t w o  k i n d s  o f  c o n t r o l  o v e r  t h e  s m a l l  m a c h i n e s .  

T h e r e  i s  a  t w o - w a y *  i n t e r r u p t  l i n e .  

T h i s  p e r m i t s  t h e  s m a l l  m a c h i n e  t o  n o t i f y  ' t h e  9 4 0  t h a t  t n  e r e  
1  i s  s o m e t h i n g  o n  a  q u e u e .  

o 

I t  a l s o  p e r m i t s  t h e  9 4 0  t o  i n t e r r u p t  t h e  s m a l l  m a c h i n e  a n d  
r e q u e s t ,  f r o m  a  s m a l l  r e s i d e n t  p r o g r a m ,  s u f f i c i e n t  

i  i n f o r m a t i o n  t o  r u n  a  r e a l - t i m e  d e b u g g i n g  p a c k a g e .  

I t i  i s  a l s o  n e c e s s a r y  f o r  t h e  9 4 0  t o  e x e r c i s e  c o m p l e t e  c o n t r o l  
a t  c e r t a i n  t  i n  e s  ( e . g .  s y s t e m  s t a r t u p  o r  a  l o o p i n g  s m a l l  
m a c h i n e ) .  T o  d o  t . h i s  t h e  9 4 0  m u s t  b e  a b l e  t o  o p e r a t e  t h e  
c o n s o l e  s w i t c h e s ,  i a r . d  r e a d  m o s t  o f  t h e  c o n s o i l e  l i g n t s .  

!  h e r j e  a r  e  t w o  a l t e r n a t i v e  m e t h o d s  o f  d r i v i n g  t h e  d i s p l a y s  o n  t h e  
s y s  t e m .  

A  s m a l l  m a c h i n e  c o u l d  d r i v e  t h e  d i s p l a y  d i r e c t l y .  T h i s  w o u l d  
r e q u i i r c  t l h e  m a c h i n e  t o  o u t p u t  a  w o r d  t o  t h e  d i s p l a y  e v e r y  1 5  u s e e .  
0  . 1  y  i t h e  f a s t e s t  ( a n d  m o s t  e x p e n s i v e )  o f  t h e  s m a l l  c o m p u t e r s  a r e  
c c p a b l l e  o f  d o i n g  t h i s .  E v e n  t h e n  t h e y  b a r e l y  m a k e  i t ,  a n d  c u t t i n g  
i t  t h i s  c  l o s e  s  e e  m s  i n a d v i s a b l e .  

T h e  o i t h e r  a p p r o a c h  i s  t o  h a v e  a  d a t a  c h a n n e l  . w h i c h  c a n  b e  l o a d e d  
a n d  a c t i v a t e d  b y  t h e  s m a l l  m a c h i n e .  I n  t h i s  w a y  t h e  s m a l l  m a c h i n e  
s l z  l l i  i n t e r p r e t s  t h e  r i n g  s t r u c t u r e  a n d  t h u s  m a i n t a i n s  t h e  
f i l s x i i b i  1  i . t y  t h e r e ' -  U . s i n g  c h a n n e l s ,  t h e  s m a l l  m a c h i n e  c a n  b e  
r e l a t i v e l y  s l o w  a n d  s t i l l  d r i v e  t h e  d i s p l a y s  a t  f u l l  c a p a c i t y .  

T w o  a u i x i l a r y  i d e a s  a r e  n e c e s s a r y  t o  m a k e  t . h i s  c l e a r .  

A  c h a n n e l  n o r m a l l y  c o n t a i n s  a n  a d d r e s s  r e g i s t e r  a n d  a  w o r d  
*  c o u n t .  T h e s e  c h a n n e l s  a l s o  c o n t a i n  a n  a d d r e s s - r e g i s t e r  

b u f  f e r  a n d  a  w o r d - c o u n t  b u f f e r .  

A s  t h e  c h a n n e l  i s  d r i v i n g  t h e  d i s p l a y  f r o m  t h e  w o r k i n g  
r e g i s t e r s ,  t h e  s m a l l  m a c h i n e  c a n  b e  l c a c i n g  t h e  b u f f e r  
r e g i s t  e r  s  .  

i W h e n  t h e  c h a n n e l  i s  d o n e ,  i t  i s s u e s  a n  i n t e r r u p t  t o  t h e  
s m a l l  m a c h i n e -  A s  s o o n  a s  t h e  m a c h i n e  h a s  f i g u r e d  o u t  
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; w h e r e  t h e  i n t e r r u p t  c a m e  f r o m ,  i t  c a n  p u l s e  t h e  c h a n n e l .  
i  i  r e  c h a n n e l  c a n  t h e n  t r a n s f e r  t h e  b u f f e r  r e g i s t e r s  t o  t h e  
w o r k i n g  r e g i s t e r  a n d  b e g i n  d r i v i n g  t h e  d i s p l a y s  a g a i n .  

i T r i s  c u t s  t h e  t i m e  b e t w e e n  b u f f e r s  f r o m  6 0  u s e e  t o  u n d e r  
2 0  u s e e .  

T h e  s f R o i l  m a c h i n e  c a n  s t i l l  h a v e  p r o b l e m s  k e e p i n g  u p  w i  L h  
t h e  d i s p l a y  c h a n n e l  i f  t h e  b u f f e r s  a r e  d i s p l a y e d  f a s t e r  t h a n  
t h e  r i n g  c a n  b e  s e a r c h e d  i n  t h e  b i g  c o r e .  

l o  o v e r c o m e  t h i s ,  t h e  s m a l l  m a c h i n e  o n l y  s e a r c h e s  a  r i n g  
i w h e n  i t  i s  c h a n g e d .  A s  i t  s e a r c h e s  a i s i m p l e  l i s t  o f  
I n o e e s s a r y  b u f f e r s  i n  m a d e  i t  t h e  s m a l l  i r a c h i n e  l o c a l  
m e m o r y .  T h u s  t h e  n e x t  c h a n n e l  a d d r e s s  a n d  w o r d  c o u n t  a r e  
r e a d i l y  a v a i  l a b l e  w i t h i n  t h e  i m m e d i a t e  a d d r e s s i n g  
s t r u c t u r e  o f  t h e  s m a l l  m a c h i n e .  

i T h e s e  m a c h i n e s  c a n  k e e p  c l o s e  w a t c h  o v e r  t h e i r  t i m e  
a l l o c a t i o n .  S i n g l e  o v e r l o a d i n g  o f  a  d i s p l a y  c a u s e s  
f l i c k e r  o n l y  o n  t h a t  c o n s o l e ;  a n  e x t e n s i v e  r i n g  s t r u c t u r e  

• a f f e c t s  o n l y  t h e  c o n s o l e s  d i s p l a y i n g  f i r c m  i t ;  a n d  i n  
g e n e r a l ,  b a d  s i d e  e f f e c t s  w h i c h  n o w  p r o p a g a t e  f r o m  
c o n s o l e  t o  c o n s o l e  a r e  c o n f i n e d .  

I n p u t  D & v i c e s  

S p e c i a l  I n p u t  D e v i c e s  

E d i c t :  o e v i c e  w i l l  b e  r e a d  a s  a  s o u r c e  o f  1 6 - b i t  c o d e .  H o w e v e r ,  
t h e  f u l l  1 6  b i t s  w i l l  n o t  b e  u s e d .  E a c h  d e v i c e  w i l l  l o o k  t h e  
s a m e  t o  t h e  i n p u t  m a c h i n e ;  i t s  e x i s t e n c e  a n d  t y p e  w i l l  b e  
c i e i f r n e d  t h r o u g h  t a b l e s  w h i c h  c a n  b e  s e t  u p  a n o  m o d i f i e d  b y  t h e  
9 4 0 .  

T h e  d e i v i c e s  p l a n n e d  f o r  a r e :  

A  k e y b o a r d  w h i c h  p r o d u c e s  a n  8 - b i t  c o d e  

L >  t o  1 6  p u s h b u t t o n s ,  a l t h o u g h  w e  w i l l  s t a r t  w i t h  o n l y  8 

T h e  m o u s e ,  w h i c h  r e q u i r e s  t w o  1 0 - b i t  n u m b e r s  a s  c o o r d i n a t e s ,  
a n c  w n l  t h u s  t a k e  t w o  w o r d s  ( o n e  c o o r d i n a t e  i n  e a c h ) .  

c a . c r  c , r  c u p  o f  2 4  i n p u t  d e v i c e s  w i l l  h a v e  a  S p e c i a l  p o l l i n g  
m e < c h a n  i s m  w h i c h  w o r k s  i n  t h e  f o l l o w i n g  w a y .  

T h e  p o l l i n g  m a y  b e  s t a r t e d  a n d  s t o p p e d  b y  t h e  s m u a l l  m a c h i n e .  

- h e n  t h e  p o l l i n g  i s  i n  o p e r a t i o n ,  i t  o p e r a t e s  c o n t i n u o u s l y  
a t  i t s  o w n  r a t e -  T h i s  w i l l  p r o b a b l y  b e  s e t  s o  t h a t  e a c h  

:  cevice is  sampled at  least  once every 5 to 15 ms.  

A s  e a c h  d e v i c e  i s  s a m p l e d ,  i t s  c o n t e n t s  a r e  r e a d  i n t o  a  c o r e  
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l o c a t i o n  i n  t h e  s m a l l  m a c h i n e .  

: I  f  t h e  d e v i c e  i s  a  k e y b o a r d ,  h o w e v e r ,  i t f c e  c o r e  l o c a t i o n  
i s  c h a n g e d  o n l y  i f  t h e  s t r o b e  i s  o n .  

T h e  i n p u t  m a c h i n e  m a y  t h e n  i n s p e c t  t h e  i l i s t  i n  c o r e  a t  a  
s l o w e r  r a t e ,  s a y  e v e r y  3 0  m s ,  a n d  n o t i c e  a n y  c h a n g e s .  

S a e  f ; o l l c i w i n g  < a r  e  t h e  m a x i m u m  i n p u t  r a t e s  f o r  e a c h  d e v i c e .  W h i l e  
i c  i s  u n l i k e l y  t h a t  a l l  d e v i c e s  w i l l  o p e r a t e  a t  m a x i m u m  r a t e  f o r  
a n  - e x l t e n c e c  p e r i o d  o f  t i m e  ( e . g .  o n e  s e c o n d ) , '  u e  m u s t  o p  l a n  f o r  a t  
l e a s t )  h a l f - s e c o n d  p e r i o d s  o f  m a x i m u m  t r a n s f e r  r a t e s .  

U a e n  a  m o u s e  i s  i n  m o t i o n ,  i t  i s  u s u a l l y  s u f f i c i e n t  t o  u p d a t e  
t h e  t r a c k i n g  d i s p L a y  b u f f e r  e v e r y  3 0  m s .  T h e  c o o r d i n a t e s  m u s t  
b e  o b s e r v e d  a t  t h i s  r a t e ,  b u t  t h e y  c a n  b e  c o m p a r e d  i n  t h e  i n p u t  
m a i c h i n  e «  a n d  i f  t h e  m o u s e  h a s  n o t  c h a n g e d  p o s i t i o n  t h e  
c o o r d i n a t e s  a r e  n o t  a s s o c i a t e d  w i t h  a  l o g i c a l  u s e r  n o r  a r e  t h e  
d i s p l a y  b u f f e r s  c h a n g e d .  

T h e  m a i x i m u r a  r a t e  f . o r  a  k e y b o a r d  i s  s l i g h t l y  u n d e r  J 0 0  m s  p e a ­
c h  a r a c t e r .  T h e  k e y b o a r d s  a r e  p o l l e d  a s  f a s t  a s  t h e  m o u s e .  
H o l w c v e r ,  t h e  c h a r a c t e r  i n  t h e  c o r e  o f  t h e  s m a l l  m a c h i n e  i s  
c h a n g e d  o n l y  w h e n  J t h e  s t r o b e  i s  o n .  T h u s  t h e  s m a l l  m a c h i n e  h a s  
a t :  l e a s t  5 0  m s  .  t o i  n o t i c e  a n d  p r o c e s s  a n y  c h a r a c t e r .  E v e r y  
c h a r a c t e r  m u s t  b e  a s s o c i a t e d  w i t h  a  L o g i c a l  u s e r  a n d  d e p o s i t e d  
o n  t h e  a p p r o p r i a t e  q u e u e  i n  t h e  b i g  c o r e ,  a l o n g  w i t i h  t h e  t i m e  
a n  d  i t h e  m o u s e  p o s i  t i o n .  

T h e  p u s h b u t t o n s  a r e  p o l l e d  j u s t  l i k e  t h e  m o u s e .  E v e r y  3 0  m s ,  
t h e  c o n t e n t s  m u s t  b e  o b s e r v e d  b y  t h e  i n p u t  m a c h i n e .  W h e n  a n y  
c h a n g e ,  i s  n o t e d ,  e x t r a  a c t i o n  i s  r e q u i r e d .  

J 

I . "  i t  h e  b u t t o n s  a r e  o n  t h e  m o u s e ,  t h e  u p .  o r  d o w n  ^ a c t i o n  m u s t  
c e  a s s o c i a t e d  w i t h  a  u s e r  a n d  d e p o s i t e d  o n  a  q u e u e  i n  b i - g  
c o r e  a l o n g  u i t h  t h e  t i m e  a n d  t h e  m o u s e  p o s i t i o n .  

I f  i t  h e  b u t t o n s  a r e  o n  t h e  h a n d s e t ,  c h a n g e s  a r e  O R e d  t o g e t h e r  
u n t i l  a l l  s w i t c h e s  r e t u r n  t o  t h e  U P  s t a t u s .  T h e  c h o r d  i s  
t h e n  a s s o c i a t e d  w i t h  t h e  u s e r  a n d  p u t  o n i t h e  q u e u e  a l o n g  
w i t h  t h e  t i m e  a n d  t h e  m o u s e  p o s i t i o n .  

Q u t p u i  D ; e v i c e s  

T - e r e  w i l l  b e  o n l y  t w o  h i g h - s p e e d  o u t p u t  d e v i c e s .  

E a i c h  d i s p l a y  c h a n n e l  i s  l o a d e d  f r o m  a  s m a l l  m a c h i n e  a n d  
i r  c n s f e r s  w o r d s  f r o m  t h e  D i g  c o r e  t o  6  d i s p l a y s .  t a c h  c h a n n e l  
h a s  a  2 C - b i t  a d d r e s s  r e g i s t e r ,  a  1 6 - b i t  w o r d  c o u n t ,  a n d  a n  
i n t e r r u p t  l i n e  b a c k  t o  t h e  s m a l l  m a c h i n e .  T h e  i n t e r r u p t  i s  
r a i s e d  w h e n  t h e  w o r d  c o u n t  g o e s  t o  z e r o .  

T h e  a u d i o  s w i t c h i n g  s y s t e m  i s  v i e u e d  a s  a  b i g  s w i t c h i n g  m a t r i x  
f r  o r a  t  h e  s m a  l i  m a c  h i n e .  
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•  . n e i  i n p u t s  a r e  : a l l  t h e  v o i c e  l i n e s  a n d  a l l  t h e  t o n e  
s e n e a t o r s -  E a c h  t o n e  i s  f e d  i n  a s  t h r e e  s e p a r a t e  l i n e s  o f  
ampii itudes I, 2 and 4. 

T h e ;  o u t p u t s  f r o m  t h e  m a t r i x  g o  d i r e c t l y  t o  t h e  s p e a k e r s  © r  
. eanphones. 

•  T h e  a u d i o  s y s t e m  i s  u s e d  a t  a  m s  r a t e  w h e n  t h e  t o n e s  a r e  i n  
a  o  e c a y  s t a t e  ( m a k i n g  t h e m  m u c h  m o r e  p l e a s a n t  t o  l i s t e n  t o ) .  

i  e  .  o l l o i u i n g  a r e  t h e  m a x i m u m  r a t e s  f o r  t h e  t w o  d e v i c e s .  T h e s e  
r _ c e s  m a y i  f c e  c o m m o n ,  . a n d  p l e n t y  o f  l e e w a y  m u s t  i b e  a l l o w e d .  

W h e n  t h e  d i s p l a y  c h a n n e l s  a r e  r u n n i n g  t h e y  d o  n o t  e f f e c t  t h e  
s m a l l  m a c h i n e s .  T h u s  t h e  t i m e s  w h i c h  c o n c e r n  t h e  s m a l l  
m a i c J u n e s  a r e  t h e  l e n g t h  o f  t i m e  i t  t a k e s  t o  . l o a d  a  c h a n n e l  a m d  
_ n e  a v e r a g e  l e n g t h  o f  t i m e  t o  p r o c e s s  a  b u f f e r  o n c e  t h e  c h a n n e l  
h a s  d c  e n  s t a r t e d .  

U e  e x p e c t  t h e  d i s p l a y s  t o  w r i t e  a  c h a r a c t e r  i n  7  u s e e ,  s o  
t h e  c h a n n e l s  w i l l  t r a n s f e r  a  w o r d  f r o m  b i g  c o r e  t o  t h e  

:  c i s p l a y s  e v e r y  1 4  u s e e .  

a u f . f e r s  c a n  b e  a  m i n i m u m  o f  1  w o r d  l o n g ,  a n d  t h u s  b e  
P i  o . c e s s e d  i n  i 4  u s e e .  N o r m a l l y ,  h o w e v e r , ;  t h e y  a r e  n o  
s h o r t e r  t h a n  4  i w c r d s ,  w h i c h  t a k e s  5 6  u s e e .  

. o  . k e e p  t h e  d i s p l a y s  r u n n i n g  w i d e  o p e n ,  t l h c  s m a l l  m a c h i n e s  
-  s h o u l d  m a k e  e v e r y  e f f o r t  t o  m i n i m i z e  t h e  t i m e  t o  l o a d  a  

s u f f e r .  U s i n g  t h e  s c h e m e  d i s c u s s e d  e a r l i e r ,  t h i s  t i m e  c a n  
i  t e  c u t  t o  l e s s  i t h a n  2 0  u s e e .  

I f  i t  h e  d i s p l a y s  a r e  s t o r a g e  t u b e s ,  t h e  b u f f e r s  w i l l  b e  t h e  
•  c h a r a c t e r  s t r o k e s ,  a n d  t h e s e  w i l l  b e  s t o r e d  i n  t h e  b i g  c o r e .  

. I n  c h i  s  c a s e  t h e  s m a l l  m a c h i n e  w i l l  h a v e  t o  . l o o k  a t  t « h e  
b u f f e r  g e n e r a t e d  b y  t h e  9 4 0 ,  t a k e  i t  a p a r t  c h a r a c t e r  b y  

i c h a r a c  t e r ,  a n d  d r i v e  t h e  d i s p l a y  w i t h  i t h e  i n d i v i d u a l  
i c h a r a c t e r  b u f f e r s .  

S i n c e  t h e  s t o r a g e  t u b e s  t a i c e  a b o u t  1 0 0  u s e e  t o  w r i t e  a  
f u l l  c h a r a c t e r ,  t h i s  w i l l  n o t  o v e r l o a c  t h e  s m a l l  m a c h i n e ,  
a l t h o u g h  i t  w i l l  o c c u p y  a l m o s t  a l l  o f  i t s  t i m e .  

u o i c e  s w i c c h i n g  m a y  b e  a  s l o w  p r o c e s s .  T o n e  d e c a y ,  h o w e v e r ,  
m u s t  b e  r a o i - d .  

E x t r a  I J  0  , D e .  v i c e s  

Cur a? 

Sitoraige T ubes? . 

P a  t  L e r  P r .  1  n t  e r " ? ;  

9 



I- MUCH IN£ 

J e l  3 7  . 7 T V s ?  

."iicroif lira Output?? 

S t e p ; ;  f c  r  T o t a l  I n p u t  7  F e e d b a c k  S e r v i c e  

*  2  f . o l l o i w i n g  i s  a n  o u t l i n e  o f  t h e  s t e p s  a n  i n p u t  m a c h i n e  w i l l  g o  
l  . . .  o u  g f  a s  i t  g e t s  c h a r a c t e r s  f r o m  t h e  i n p u t  d e v i c e s  a n d  p u t s  t h e  
i a t i o  . ' t h e  - a p p r o p r  i a  t e  q u e u e s  i n  t h e  b i g  c o r e .  T h i s  o u t l i n e  u a s  
u s e d  t o  e s t i m a t e  t h e  t o t a l  p r o c e s s i n g  c a p a c i t y  n e c e s s a r y  i n  t h e  
i n p u t  m a c h i n e s .  

C h e c k  q u e u e  f o r  t r a n s f e r s  t o  b i g  c o r e .  

G e t  c h a r a c t e r  f , r o t n  i n t e r n a l  q u e u e .  

f a k e  c c r e s p o n d e n c e  b e t w e e n  h a r d w a r e  d e v i c e  a n d  l o g i c a l  
u s e r .  

G e t  q u e u e  c o n t r o l  f o r  l o g i c a l  u s e r .  

h u t  c h a r a c t e r  o n  l o g i c a l  u s e r  i n  b i g  c o r e .  

/ a K e  u p  a p p r o p r i a t e ,  i n t e r n a l  a u d i o  q u e u e  f r o m  l o g i c a l  u s e r  
i  i n f o r m a t i o n ;  i n  b i g  c o r e .  

G i v e  u p  q u e u e  c o n t r o l  f o r  l o g i c a l  u s e r .  

G e  t  c l o c k  i n t e r r u p t .  

G o  i d o w n  i n p u t  c h a r a c t e r  b u f f e r .  

I f  s a m e  a s  l a s t  i n t e r r u p t  d o  n o t h i n g .  

• 0 ther raise 

I f  k e y b o a r d ?  n o t e  t i m e  a n d  m o u s e  p o s i t i o n ?  p u t  o n  
q u e u e  t o  i g o  t o  b i g  c o r e .  

I f  p u s h b u t t o n s ,  d e c i d e  w h i c h s  

I f  m o u s e ,  n o t e  t i m e  a n d  p o s i t i o n ,  p u t  o n  q u e u e  t o  
g o  t o  b i g  c o r e .  

I f .  h a n d s e t ,  t h e n  

I f  a l l  a r e  u p ,  t h i s  i s  a  c h a r a c t e r  e n d  s o  n o t e  
t i m e  a n d  p o s i t i o n  a n d  d e s p o i t  o n  q u e u e  f o r  o i  g  
c o r  e .  

O t h e r w i s e ,  b u i l d  u p  c h o r d  b y  O f l i n g  i n  n e w  d o < u n  
b u t  t o n s .  

l u d i o  ( Q u e u e s  

1  0  



HUL MACHINE 

D o  a p p r o p r i a t e  a m p l i t u d e  s w i t c h i n g  f o n  c o r a p u t e r - g e n e r a t e d  
i s c u r . d  d e c a y ,  r e m o v e  p r o c e s s e d  e n t r i e s  f r o m  q u e u e .  

D a t e / T i m e  Q u e u e s  

S a . e  : Q  f  t h e  s m a l l  m a c h i n e  w i l l  d e v o t e  a l m o s t  a l l  o f  t h e i r  t i m e  t o  
s e a r c h i n g  t h e  r i n g  s t r u c t u r e s  a n d  d r i v i n g  t h e  d i s p l a y  c h a n n e l s .  

G e t  d i s p l a y  c h a n n e l  i n t e r r u p t .  

U s e  l o c a l  l i s t  w i t h  u p d a t e  w h e n  r i n g  c h a n g e s ,  a s  d i s c u s s e d  
a b o v e .  

H a v e  a l l  t h e  e n t r i e s  i n  l o c a l  m e m o r y ,  j u s t  p u t  i t  u p .  

C h a n g e s  a r e  f l a g g e d ,  a n d  r e q u i r e  a  b l o c k  t r a n s f  e r  o f  n e w  
p o i  n t e r s .  

T h e  r e s t  o f  t h e  s m a l l  m a c h i n e s  w i l l  b e  d e v o t i n g  a l l  o f  t h e i r  t i m e  
t o  p r o c e s s i n g  t h e  i n p u t  q u e u e s  p r e p a r e d  b y  t h e  i n p u t  m a c h i n e s ,  
u p d a t i n g  i d i s p l a y  b u f f e r s ,  a n d  p r e p a r i n g  q u e u e s  f o r  t h e  9 4 0 .  T h e  
f  o  i n g i  o u t l i n e  o f  t h e i r  d u t i e s  w a s  u s e d  t o  e s t i m a t e  t h e  
p r o c e s s i n g  c a p a c i t y  n e c e s s a r y  f o r  t h e  j o b .  

Chieck .for work.- to tdc. 

L o c a t e  n o n - e m p t y  l o g i c a l - u s e r  t a s k  q u e u e .  

G e t  I f M  c o n t r o l  f o r  l o g i c a l  u s e r .  

I n p u t  i c l a r a c t e r  f o r  p r o c e s s i n g .  

G e t  u s e *  s t a t e .  

. B e g i n  e x e c u t i o n  o f  i n t e r p r e t i v e  c o d e .  

. G e t  c h a r a c t e r  f r o m  q u e u e .  

G e t  i n p u t - q u e u e  c o n t r o l  f o r  l o g i c a l  u s e r .  

G e t  c h a r a c t e r  o f f  q u e u e .  

G i v e  u p  i n p u t - q u e u e  c o n t r o l .  

Step through main c o n t r o l .  

U p d a t e  a p p r o p r i a t e  d i s p l a y  b u f f e r s .  

H o w  i s  t h i s  d o n e  i f  w e  n a v e  l o n g  b u f f e r s ?  I s  t h e r e  a  
d i s p l a y  D i j k s t r a  f l a g ?  

T h e r e  i s  a l s o  t h e  p r o b l  e m  o f  w r i t i n g  i n  t h e  m o u s e  
c o o r d i n a t e s  w h i l e  t h e y  a r e  b e i n g  c h a n g e d .  

1  1  
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m  i C o n t i n u e *  u n t i l  e i t h e r  

Q u e u e -  i s  e m p t y : .  

P u t  h i  r a  t o  s l e e p .  

O r  ; l 9 4 0  i s .  n e e d e d :  

P u t  n i  u  o n  9 4 0  q u e u e .  

S e t  f l a 9  f o r  9 4 0  i n t e r r u p t .  

U p d a t e  d a t e  a n d  t i m e  

G i . v c  u p  I F M  c o n t r o l  f o r  l o g i c a l  u s e r  

i n i t e r r u p t  t h e  9 4 0  i f  n e c e s s a r y  

m 
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MULT I - t  . :x i -  UCHil l lE 

PROPOSED H A R D W A R E  

Data i  io u 

I n t err-up t 1 i:n es 

{pgbl  Put-Get  Box 

(adr)  Address register .  20 b i ts  

i tcr)  Transfer  register .  16 b i ts  

t ic)  Funct ion code 

Re:ac 

Wr.  i  te 

Di ' jkstra test  ;  

Au to ma.t  ic  in  cr  em en t  

(ch> Channel  

{c^dr D)  Channel  address-register  buffer ,  2D b i ts  

{e._cb )  Channel  uord-count buffer .  16 bi ts  

fcedr )  Address register ,  20 bits 

(cucl  Word count ,  16 .b i ts  

(cci  Gor e  control ler  

T^o—.u:ay channel  

(cs 5 Con sale switches using the NOVA as an example 

T._-o i  6 -bi t  NOVA readout registers—data and PC 

Si .xte.en bi ts  of  input-  switches 

Readout of  extra minor-cycle console l ights? 

SAngi  e  carry b i t  

Eight  een funct ions to select  

1 3  



M U L T  I - U .i I L - M A C F U K E  

P R O G R A M M I N G  T E C H N I Q U E  

0  p l a y s  a n  i m p o r t a n t  r o l e  i n  b o t h  t h e  p r o g r a m m i n g  a n d  t h e  
r u n n i n g  ; o f  t h e  s m a l l  m a c h i n e s .  

o n  a  p r o g r a m m i n g  p o i n t  o f  v i e w ,  e v e r y t h i n g  c a n  b e  d o m e  o n  t h e  

I n  e  i n t e r p r e t e r  f o r  t h e  s m a l l  m a c h i n e  c a n  b e  c o u p l e d  w i t h  g o o d  
D D . T  t o  g i v e  d e b u g g i n g  a i d s  f a r  b e y o n d  t h o s e  t h a t  c o u l d  b e  
p r . o v i c e b  b y  t h e  s m a l l  m a c h i n e  i t s e l f .  

r . o  t  o n  i y  c a n  c h e c k o u t  b e g i n  b e f o r e  t h e  h a r d w a r e  i s  r e a d y ,  b u t  
p r o g r a m s  c a n .  b e  c h a n g e d  a n d  d e b u g g e d  w h i l e  t l h e  h a r d w a r e  i s  i n  
u s e .  

M o r e o v e r ,  t h e  f i l e  s y s t e m  o f  t h e  9 4 0  i s  a v a i l a b l e  t o  t h e  9 4 - 0  
i n l t e r p i r e t e r  a n d  D D T ,  s o  n o  n e w  f i l e  s y s t e m  h a s  t o  b e  c r e a t e d .  

9  V F L  a  ̂ s o  h a s  t h e  a b i l i t y  t o  o p e r a t e  t h e  c o n s o l e  s w i t c h e s  o f  
e ~  . .  s m a l l  m a c h i n e .  T h i s  w i l l  b e  u s e d  i n  a t  l e a s t  t h r e e  w a y s -

D u . r i . n g i  i n i t i a l  s t a r t u p  t h e  9 4 0  c a n  b  o o t s  t r  a p - l o a d  t h e  m a c h i n e s .  

W h i l e  . t h e  m a c h i n e s  a r e  r u n n i n g ,  t h e y  c a n  b e  i d e b u g g e d  f r o m  t i h e  
3 4 - . 0 -  - A t  a n y  t i m e  i t  h e  s m a l l  m a c h i n e  c a n  b e  s t o p p e d ,  e x a m i n e d ,  
a n d  r e s t a r t e d  o n  a  u s e e  b a s i s .  T h e  9 4 0  c a n  t h e n  t a k e  t h e  
i n  J  o r  m  a t  i o n  a n d ,  u s i n g  s y m b o l  t a b l e s  f r o m  a s s e m b l i e s  a n d  
c o  m p i  i . a t i o n s ,  - p r o v  i d e  a  m o n i t o r  a n d  d e b u g g i n g  s e r v i c e .  

A c  c u r a t e  s t a  t i  s t  i c  s  m a y  b e  g a t h e r e d  a b o u t  t h e  o p er a t i o n  o f  t h e  
m a c h i n e .  W i t h  c o n t r o l  o f  t h e  c o n s o l e s ,  t h e  9 4 0  c o u l d  e v e n  
g a - t h e r  s a m p l i n g s  o f  t h e  i n s t r u c t i o n - c o u n t e r  c o n t e n t s ,  s o m e t h i n g  
w h i c h  i s  n o r m a l l y  q u i t e  d i f f i c u l t .  

A l l  t a e  p r o g r a m m i n g  f o r  i t  h e  s m a l l  m a c h i n e  w i l l  b e  d o n e  i n  a  M a c h i n e  
u r : e . : : e d  L a n g u a g e  s i  m i  l i a r  t o  t h e  o n e  i n  u s e  o n  t h e  9 4 0  ( M G L 9 4 0 ) .  
T h e  c o m p i l e r  w i l l  b e  w r i t t e n  i n  T r e e  M e t a ,  a n d  s h o u l d  p r e s e n t  n o  
s p e c i a l  > d i f  i  c u i t i i  e s  .  

7.*eJJ?te'rpreltir a;r3d DDJ for the srnail machines will be written in -
M u L $ . _ - - j s  a n a  o p e r a t i c  o n  t h e  9 4 0 .  S i n c e  t h e  D D T  i s  e x e c u t i n g  t h r o u g h  
a n  . e r p r e t e r ,  m a n y  f a r c c y  f e a t u r e s  c a n  b e  a d d e d ,  s u c h  a s  o p e r a n d  
f  e t c t a  b r  e a k p .  o i n t s ,  m  e m o r  y  r e f e r e n c e  b r e a k p o i n t s ,  a u t o m a t i c  t i m i n g  
s t a t c s t i - c s ,  e t c .  T h e r e  i w i l l  b e  t w o  m o d e s  o f  o p e r a t i o n  f o r  t h e  D D T .  

O n e  i s  i t h e  n o r t a l  m o d e  o f  e x e c u t i n g  t h e  c o d e  w i t h  t h e  i n t e r p r e t e r .  

. o. j. •. o. i is the S i Sd ebug mode, where a live, r urn i ng .mac hi ne i s 
ck .. ug.g. . in this case many of the fancy features may not uorlc 
( L „ . k e  m e m o r y  r e f e r e n c e  b r e a k p o i n t  w h i l e  i n  r u n  m o d e ) .  
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OTHER APPROACHES 

Only big. core 

sflngl e character interaction problem 

Single large, external machine 

s~ fi cien tly large core comes only with big cpu*s» it fact too » 

bi>g-

no fail s:a fe features 

feuer faster mini-machines 

grout h comes in too l;arge increments 

h-ifing tlhe speed does not seem to double the capacity 

Ail .machines using single core 

P_.or acdressing structure of small machines for huge memory 

considered memory map it tradition of .ATLAS-.-too m^any core 
cy ci es 

simple relabeling cause trouble in display rings 

requires .too many memory ports to keep small machine running 

efficiently 
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AHI DATA STRUCTURE 

A.M. 276 CLASS NOTES 

] B >  ( a y  

1- DATA_STR(JCTOHE 

The AHI data structu 
The statement is the si 
a textual string. Th 
hierarchically oriented 
a node in the tree. Th 
will be discussed la 
other ways different fr 
instance, associationa 
and followed. Thus the 
network of associationa 
ical text. 

re has as 
allest tex 
e file (i. 
in a tree 
e reasons 
ter. The 
om the se 
1 trails 
AHI file 
1 trails a 

its basic unit the "statement." 
tual unit defined, and is simply 
e., collection of statements) is 
structure, each statement being 
for this hierarchical structure 
file, however, can be viewed in 
quential tree structure. For 
can be drawn throughout the file 
is capable of modeling Bush's* 
s well as a sequential hierarcn-

O 1-!_THREE_TYPES_0F_BASIC_ENTITIES 

A. Statements 

B. Vectors 
I !" J 

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. He 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 line by its endpoints. There is no rubberbanding. a 
sketching facility is planned for a future version.) 

D 
1. v. Bush, "As We May Think", Atlantic Monthly, July 45. 
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----------------- _a(/cMu5 -&U* +U -f& 
ZA 

%-A 

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 

Each entry in 
R.S.T. corresponds 
to a ring block 
(each block contains 
many ring elements, 
1 element/statement). 

Each entry 
in S.S.T. 
corresponds 
to a state­
ment data block. 

etc, 

FIG. 1 Status Tables 
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AHI  DATA STRUCTURE 

A .M.  276  C LA SS  N O TES 

1 .3_RAN DOM  FIL E  STATUS TABLE BLOCK 

The  r andom f i l e  s t a t u s  t ab l e  b lock  i s  a  b lock  t ha t  con t a in s  an  
en t ry  f o r  eve ry  b lock  o f  eve ry  t ype  i n  t he  sy s t em ( ac t ua l l y ,  
t he r e  i s  an  SFSTB f o r  each  ( a c t i ve )  f i l e ) .  Each  en t ry  t e l i s  
whe the r  t h e  b lock  i s  i n  co re  o r  no t ,  o r  whe the r  i t  i s  una l l oca t ed  
( i . e . ,  no t  be ing  u s ed  a t  t he  p r e sen t  t ime  and  can  be  a l l oc a t e d  
wh e n  a  f i l e  i s  expanded  t h rough  ed i t i ng ) .  The  en t r y  a l s o  g ive s  
t h e  i n fo rma t ion  on  whe re  t he  b lock  i s  loca t ed ,  on  t he  d rum o r  i n  
co re .  I t  i s  th rough  t he  HFSTB t ha t  e a c h  de s i r e d  b lock  i s  loca t ed  
by  t he  s y s t em:  

As  we  s aw  i n  1 . 2 ,  e a c h  r i ng  b lock  i s  mapped  i n t o  an  en t ry  i n  
t he  r i ng  s t a t u s  t ab l e ,  e ach  s t a t e me n t  da t a  b l ock  i s  ma ppe d  i n to  
an  en t ry  i n  t he  s t a t eme n t  s t a t u s  t ab l e ,  e t c .  Then  each  en t ry  i n  
each  s t a t u s  t ab l e  po in t s  t o  an  en t ry  i n  t he  b igge r  RFSTB  ( a t  
p r e sen t  t he r e  a r e  a  m ax im u m  o f  64  b locks  i n  t he  HFSTB) ,  one  
con t a in ing  po in t e r s  t o  t he  a c tua l  l oca t i on  o f  e ach  d i f f e r en t  
b loc k  i n  t he  f i l e .  Th i s  doub l e - t ab l e  me thod  o f  l o ca t i on  o f  e ach  
block is to facilitate control of the allocated and uinia.llQ.cated 
a r ea  on  d rum,  and  f o r  ga rbage  co l l e c t i on ;  f u r t he rmore ,  t h i s  
c en t r a l  l oca t i on  mechan i sm  a l l o ws  b locks  t o  b e  moved  i n  t he  
sy s t em ,  w i thou t  i n t e rna l  po i n t e r s  h av in g  t o  be  mod i f i ed .  

a  pspewGUp 
The  R FSTB  con t a in s  i n fo rma t ion  o the r  t han  j u s t j ua (  p o in t e r  t o  

t h e  b lock ,  whe the r  i n  co re  o r  on  d rum.  One  a r ea  o f  t he  RF S TB,  i f  
i t  i s  l e s s  t han  ze ro ,  i nd i ca t e s  t he  b lock  i s  on  t he  d rum.  I f  t he  
number  i n  t h i s  a r ea  i s  nega t i ve ,  i t  i s  the  number  o f  f r e e  words  
i n  t ha t  b loc k .  Th i s  i s  t o  p r even t  need l e s s  r e t r i eva l  o f  t h e  
b lo ck  f o r  add i t i ons  i f  t he r e  i s  no t  enough  room on  i t  fo r  t he  
de s i r ed  upda t e .  I f  t h i s  a r ea  i s  g r ea t e r  t han  ze ro ,  t he  b loc k  i s  
i n  co re  and  t he  number  i s  t he  co re  add r e s s  o f  t h e  b l ock .  The re  
is another area in which an indicator (at pxeisent a-2) says free^ 
space  i s  t oo  sma l l  t o  cons ide r  go ing  t he r e .  \ Th i s  i s  compu ted  
f rom t he  a ve ra ge  l eng th s  o f  t he  s t a t emen t s .  1  

The  r i ng  s t a t u s  t ab l e  a t  p r e sen t  ha s  fo ju r  en t r i e s ,  one  f o r  
each  o f  , £ o u r  r i ng  b locks .  Th i s  number  i s  expandab l e ,  and  i s  an  
a s semb ly  t ime  va r i ab l e .  The re  a r e  p robab ly  tw ice  o r  t h r ee  t imes  
a s  many  S IUJ , r s  and  t he r e f o r e  t he  s t a t emen t  s t a t u s  t ab l e  i s  
co r r e spond ing ly  b igge r .  

• w 5s 
1 .4  STRUCTURE OF  THE RING BLOCK 

Each  s t a t emen t  i s  r ep r e s en t ed  i n  t he  da t a  s t r uc tu r e  bo th  by  
i t s  a s s oc i a t ed  t e x t  ( s e e  SD B ' s )  and  by  a  r i n g  e l emen t ,  t h a t  i s .  

INTERNAL DISTRIBUTION ONLY 5  
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'A4A/ 

; A L frl. 

stcurJnr?!! n 2*i f1"9- contains the hierarchical tree 
structure of the file and points to the text associated with each 
node (statement) in the tree. The ring is broken into rinq 

heade?'andatL?f-WfaiCh iS *1022 W°rdS long" Each rin^ bloc* has a header and then is composed of ring elements, each four words 
long, one ring element per statement (See Fig. 2) : 

RING 

[//HEADER'///// 

RING ELEMENT 
(4 words) 

RING BLOCK (l K words) / RING ELEMENT 

/ FLAGS 
ysv--^ 

PTR 
PTR TO M 

/ SUCCESSOR n 
JTR TO 
SUB * 

NAME HASH 

. V TR 

G To text of 
statement 

SQB jrilr\ -Sue] 

^ To vectors 

i 
Or 
s 

2 Ring Block Elements 

S r\ 

V> VJ \k 

• P *  

PIG. 
( P^ON?) 

Pointer (PTR): the internal pointer to the statement text in 
a statement data Week (5DB). (fhe structure i „ 
pointer (symbolized by -p.) will be discussed in Section 1.6?) 

Flags 
, and thus heJLp 

Only 

t 

in 

U 

£ 
The sub 

structure. 

IMV 
c 

and successor pointers define the hierarchical tree 

po\\C@i; ~C& -fb'6 hV "MA* i£ 
' 7 ' INTER) 

no Cubfiy-ucixir̂ e. 
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imize drum^r/O, i.e., Lf^we want/f>hly 

. f _> ^  ̂^L7 T^ uLu>t*tt the third level of ̂ hierarchy and this 
^>7$ 4$ th5^urth level, there is no need to retrieve 
^ SkT* textr of this .statement, (fliic, ldouM rajuiit Uu s?>-tftVe ^/Vu* tJLfei 
>. ^ JImJax.4 <£-fvnx Jr OV--C civavvTc) 7 

^ri»»rSSHt: l pointer to **« ""9 element (anywhere in the 
ring) of the next succeeding statement on the same level. 

i.LpS]pj i a p°inter to the ring element of the first statement 
the level directly below the current statement. 
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SU*>W2- l ̂ l) 

T: the last successor on each level points to the Jtezctf 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 seguentialy to get correct statement. This may be done 
sequentially since each file generally consists of only about 300 
statements. „ / n ^ u 

Vigil: n\c, f''1 X* \olioK i^C liUktJ; >V rile, JJ&WCWXi 1 '•— /"-I - ZJ j "J 

ted - f> biitZhr Icy * ppt Ufov >h UUck l&ac&t. 

' , K 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 pact 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 

Broken into Individual 
Statements 

LP Irjf ciiO/C Vl4~ /L VvdLV̂ £ 

FIG. 3 Statement Data Block Elemen 

/' . CKSUM 

Text 
Block. 
of IK 
Words 

ieader for 
IK block 

^ X +U/cue 

$ Word 
Header for 
Individual 
Statement 

CKSUM: this is a checksum to check against hardware I/O 
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 CKSUM. On read-in, it re-adds the words and 
checks to see if the sum is the same. 

f\l I 4-k [ th UrCtHt CM- ,K Hu S LCJO-Ĉ  
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Header: this contains the initials,  date, and time of last 
user and change, f ields which can be used as a later means of 
retrieval.  

Yf Back pointer to ring: this is  an internal pointer (of type 
V ,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 is  used when compacting the SDB. Other bits 
indicate whether i t  is difficult to format the statement on the 
display, that is,  if  the statement contains things l ike underlin­

ing or flicker. If i t  is difficult to format, the low speed 
scanning/formatting routine is  used. Otherwise the high-speed 

1  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.  ̂iJUltcf) 

1.6 LOCATING STATEMENTS IN THE DATA STRaCTORE 

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 name 
(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. 

i t - -  -  • •  ^  To get statement P (bits) we look at P*4, which is 12 bits 
long (See Pig, 4). The upper ̂  bits are an index on theQ-entry 
ring status table (RST). The entry in the EST points to an entry 
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 10 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. 

/ 

P 
INDEX I 

' to START 
V of RUNNING' 
\BLOCK 

INDEX = BLOCK ID 

ling Element 

4 entries/ 
<:£ngUW 1 blOCk 
RING STATUS TABLE 

controls blocks 

nr i 
—-——1 

RANDOM PILE 
STATUS TABLE BLOCK 

locates block 

RING BLOCK 

2 10 
One of 4 blocks 
addressing IK block 
whose address is in RFSTB 

PIG. 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 written into, 
username, initials of last user, jump delimiters (these are tne 
marks that delineate a jump, 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 IK without 
using excess drum space. 

The first ring element at the start is •dummy1; and is the 
start of the file. When the system rewrites the file on drum 
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. -H 

1.6.2 Mapping From the Ring Element to the Text of the Statement 
(See Fig. 5f 

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/forraat/display. The 
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e l e i " t t 4 k "?Mi e  " P ? i ° t e r . t °  i n  t he  f i r s t  wor d  o f  t he  r i ng  
t he  s t a t emen t  i n  

en t ry  i n  t hp  bp i t s  u l : _ t  -  ,  .  SST  po in t s  t o  a n  
app rop r i a t e  SDB i n  w h i  r -K  J t u rn  po in t s  t o  t he  l oca t i on  o f  t h e  
weh i l t f u l  t h e  d e s i r e d  s t a t emen t  i s  l oca t ed .  Once  ssrs k-Z1;::-?-"" -5-si.-ss.8r-- a 

t i nq_a_Seg  uence  o f  S t a t emen t s  

>.hv* 

( 0  

j p t  

Given  t he  ap p ro p r i a t e  i nd iv idu a l  s t a t emen t  P  f s ee  F i a  i  f r t r  

t ake s  t he  s t a r  3 t \ t e " e "  «" "*» .  t h .  s eq^ce  ' g^e r . t ^ r  nal 
desc r i bed  i n  Sec t i on  3 .  £ <~  " I t e r i ng / fo r ma t i ^ /d i sp l ay , ^  

Which  s t a t emen t  i s  t aken  ne x t  depend  
o l l owe d  by  t he  s equence  gene ra to r .  I f  

f o l l owing  t he  ba s i c  h i e r a r ch i ca l  t r e e  
t he  p t r - t o - su b  f i e l d  i n  t he  r i ng  e l emen  
po i n t e r  a s  i t  used  p  above .  (Howeve r  
s pec i f i c  l eve l  and  s t a t emen t  P  was  on  t  
gene ra to r  w i l l  i gno re  t he  sub  f i e l d  an d  

ld* —sequence—generator can 
~~stateireirt-p-hy- the flag 

s  on  t he  s equence  be ing  
t he  s equence  ge ne ra to r  i s  

s t r uc tu r e ,  i t  w i l l  l o o k  a t  
t  (F ig .  2 ) ,  and  u se  t ha t  
»  i f  a  f i l t e r  i s  s e t  f o r  a  
ha t  l eve l ,  t he  s equence  

t a ke  t he  p t r —to —su cces so r  
tire level—of the 

The  s equence  gene ra to r ,  howeve r ,  may  
t i ona l  t r a i l .  i f  t h i s  i s  t he  ca se ,  
s c a n  t he  s t a t em en t - t e x t  P  f o r  t he  app r o  
i t  f i nds  t he  ap p ro p r i a t e  t r a i l  marke r  
w i l l  ha sh  t he  name  i n  t he  t r a i l  m a rke r ,  
o f  t h e  r i ng  e l em en t s  un t i l  i t  f i nds  t he  
con t i nue  gene ra t i ng  s t a t e me n t s  f rom 
t r a i l  marke r  i s  no t  f ound ,  i t  w i l l  f o i l  
ab l e .  '  

_ ) Ko-s th- Y^J- AW Uwl 
1 VW VvvOc W t\u^ J ',t 

b e  f o l l owing  an  a s so c i a -
t he  con t en t  a n a ly z e r  w i l l  

p r i a t e  t r a i l  m arke r .  I f  
i n  t he  s t a t emen t - t ex t ,  i t  
an d  s can  t he  name  ha shes  
co r r ec t  r i ng  e l emen t ,  and  

t he r e .  I f  t he  a pp rop r i a t e  
r  -  '  - -  the  t r e e  s t r uc tu r e  a s  
^ „.VA k 

0 
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2.  DATA STRUCTURE MODIFICATION 

The data structure is modified through the basic editing 
commands {delete,  insert ,  replace, move, copy, break/join) which 
are described briefly below in Section 4. System features and 
facili t ies are described more completely in the "NLS User 's 
Guide" {a SRI publication).  

»e will  describe how the data structure is  modified for an 
insert;  the other types of edit-modif ications are all  similar.  
If  the edit  is  an insert ,  i t  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 screen in the l i teral 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 length of the statement in the statement data block and 
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.  I t  tries to put the updated statement on 
the same SDB. If  ths edited statement does not f i t  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 f i t  tne 
newly updated statement on that block. If  i t  doesn't  f i t  there, 
the system looks through the SDBST to find any free area and f i ts 
i t  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 l i teral 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 system checks to see if  
there is a statement name, or label.  If  there is ,  i t  is rehashed 
and replaced in the ring element.  Thus labels are always 
updated. 

INTERNAL DISTRIBUTION ONLY 12 
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4 —-—^lSy.ClNG_THE DATA STRUCTORE 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) filterina 
(3) formatting, and (4) display. 

4fil 3.1 SEQUENCE GENERATOR 

The sequence generator is the routine that actually scans the 
f data structure and generates the sequential text. Basically it 

generates a list of statements. There are three types of 
sequences that can be generated: 

'• 3, 1. 1 Tree. 

anaT^iS -1Si t5f default hierarchical structure that is generated 
^ " !'f1111?1/ the sequential text of the main associational trail 

or the text, ordered in a hierarchy of statements. 

• ifi Z iils.iL.Hails 

i-v, ?he *rail 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) 
It' I Provides a manner other than the normal sequence in 
-hich to read the text. A trail marker 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). 

n 7 i Trail markers are thus used to mark turning points from tne 
normal sequence of statements, as a signpost to the next 
statement in the trail. Each time a marker appears in a 

v# 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. 
(SHI 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 and 
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 
l ist of the keywords containing for each keyword a short 
description of the keyword, and the labels of statements tagged 
with this keyword. This l ist is visible to the user and can be 
changed by him. The system also keeps a l ist of the file-
reference entries, that is,  a file of any statement name tagged 
with a keyword, and a l ist 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 them 
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 l ist 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: level specification, branch only, 
subfile, content analyzer, trail flags, literals, search for 1 -»/•« ~ A 1 Z i.,v 1 j A- _ « trail flags and literal text, etc. 
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Af t e r  t he  m a in  s t r uc tu r e  i s  gene r a t ed  and  f i l t e r ed ,  i t  i s  
fo rma t t ed .  

I i l _ FOHMATTING 

The  f o r ma t t i ng  s e t s  t he  f o l l owing ,  and  o t h e r ,  va r i ab l e s  o f  
d i sp l ay :  

S t a t emen t s  number s :  t h e  n u mb er  o f  l i n e s  o f  e ach  s t a t em en t  t o  
be  d i s p l a ye d  i s  va r i a b l e ;  heade r s ,  t ime / i n i t i a l s / l abe l s  c a n  be  
on /o f f .  

V iew  change :  c ha r a c t e r  s i z e ,  page  s i z e  an d  d imens ions ,  e t c .  

3 . 4  DISPLAY 

Af t e r  t he  s t a t emen t s  have  been  f i l t e r ed  ou t ,  t hey  a r e  d i s -
W  played .  Th e  ma i n  d i sp l ay  o f  t he  gene ra t ed / f i l t e r ed / fo rma t t ed  

s t r uc tu r e  i s  i n  t he  f i l e  a r ea  o f  t h e  s c r een .  The re  a r e  a  number  
o f  one—dimens iona l  r eg i s t e r s  u s ed  f o r  man /mach ine  i n t e r ac t i on :  

1 .  Ec ho  r eg i s t e r .  Th i s  d i sp l ays  t he  l a s t  s i x  c ha r ac t e r s  
t yped  by  t he  u se r ,  f o r  f eedback .  

2 .  Command  d i sp l ay  l i ne .  T h i s  i s  a  l i ne  wh i c h  s ays  wha t  
co mman d  i s  i n  t h e  p roce s s  o f  be ing  execu t ed .  

3 .  Na me  r eg i s t e r .  D i sp l ays  u s e r ' s  name  ( t h i s  i s  on  a  
mu l t i - t e rmina l  s y s t em) .  

V iew  s pe c i f i c a t i on  a r ea s .  The re  a r e  t h r ee  v i ew  spec  
a r ea s ,  an d  t he se  a r e  s e t  acco rd ing  t o  t he  fo rma t t i ng  va r i ab l e s  
de sc r i bed  i n  Sec .  4 . 28 .  

5 ,  Message  a r ea .  An  a r ea  f o r  sy s t em m essages  t o  t he  u se r ,  
such  a s  e r ro r  messages .  

6 .  L i t e r a l  t ype—in  a r ea .  When  t h e  u se r  i s  typ ing  i n  a n  
i n se r t  o r  de l i nea t i ng  a  command ,  t h e  cha r ac t e r s  t yped  a r e  
d i s p l ayed  i n  t h i s  a r ea .  

The re  i s ,  i n  add i t i o n  t o  t he  f i l e  a r ea ,  ano the r  two— 
^  dimens iona l  a r ea ,  t he  f r e eze  a r ea .  Th i s  f r e eze  a r ea  i s  us ed  t o  

" f r eeze"  s t a t e me n t s  de s igna t e d  by  t he  u s e r  so  t ha t  t hey  r ema in  
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?! r? area' With the file bein<? then displayed 
file area. The freezed statements remain unchanged 

fhf 3117 manipulations or file searching that goes on in 
the file area (in a future version, the freeze area will le 

fnvS nWaJ Wlthl and "Stead 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 oe 

windo^^an17 h1Z6 dny Pl^CS °" thS screen- with multistations, a 
diff^Ln? f * assigned to a station, giving the users at two 
w f ^hfIBina 

ab4ltr to decide who holds the chalk and 
who holds the eraser in each window.) 
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Us. SY STEM FE AT URE S AND FACILITIES  

4 . 1  EDI TI NG 

The  ba s i c  ed i t i ng  commands  a r e  de l e t e ,  i n s e r t ,  r ep l ace ,  move ,  
C ° l> y £  s f t »  a n d  b reak / j o i n .  A l l  a r e  s e l f  exp l ana to ry ,  excep t  s e t  
a nd  b r eak / j o in .  The  s e t  commands  a l l ow  t he  u se r  t o  change  t h e  
f on t  on  any  t ex t  s t r i ng .  Th e  f on t s  a r e :  c ap i t a l ,  l ower  c a se ,  
i t a l i c ,  roman ,  bo ld f ace ,  no  bo ld f ace ,  f l i c ke r i ng ,  non - f l i cke r i ng ,  
unde r l i ne ,  no  unde r l i ne .  The  b r eak  an d  j o in  commands  a l l o w  t he  
u s e r  t o  b r eak  a  s t a t eme n t  i n to  two  s t a t emen t s ;  t h e  j o in  c ommand  
adds  a  t ex t  s t r i ng  on to  a no the r  s t a t emen t .  Th e  b r e a k  and  j o in  
commands  a r e  t he  on ly  commands  t h a t  ope ra t e  a c r o s s  s t a t emen t  
bounda r i e s .  A l l  t h e  o the r  ed i t i ng  commands  a r e  spec i a l i z ed :  f o r  
example ,  t h e  i n se r t  commands  a r e  i n se r t  cha r ac t e r ,  i n s e r t  wo rd ,  
i n s e r t  t ex t ,  i n s e r t  i nv i s i b l e ,  i n s e r t  s t a t e me n t ,  i n s e r t  b r anch .  
The  s pec i a l i z ed  co mman d s  m ake  i t  e a s i e r  f o r  t he  sy s t em t o  make  

a  the  ed i t s ;  t h e  r a t i o na l e  fo r  sp ec i a l i z a t i o n  i s  t ha t  s i nce  y o u  
ha ve  t o  t ype  t h e  command  i n  you  m a y  a s  we l l  s pec i a l i z e ,  and  
e c onomies  i n  d a t a  s t r uc tu r e  man ipu l a t i on  m ay  be  ach i eved  ( e . q  
m o v in g  an  en t i r e  b r anch  o f  t he  t r e e ) .  

4 . 2  OTHER FEATURES 

4 . 2 . 1  I nv i s i b l e s  

W h en  e d i t i ng ,  i nv i s i b l e s  s uch  a s  space s  and  t a b s  can  be  
d i sp l ayed  b y  ma rks ,  and  t h u s  can  be  de l e t ed .  

4 . 2 . 2  Lab e l s  

Labe l s  a r e  s t a t e me n t  nam es  an d  a r e  used  f o r  r e t r i eva l  p u rpose s  
by  j umps ,  l i nk s ,  and  keywords .  T he y  a r e  i n se r t ed  a s  p a r t  o f  t . he  
t ex t ,  t ha t  i s ,  w i th  an  i n se r t  command .  A l abe l  i s  s imp ly  a  
va r i ab l e - l eng th  c ha r a c t e r  s t r i n g  t ha t  appea r s  a t  t he  beg inn ing  o f  
|  §ta|emen t__ in__pa ren the se s .  These  l abe l s  can  be  ch lng i d  

de l e t ed  a s  i f  t hey  w e re  r egu l a r  t ex t .  
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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 f ield 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.  

h. 2.3 Links 

A l ink 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 l ink can be in the current f i le or in another f i le.  
There are four parameters to a l ink: three (the user name, 
fi lename, 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 chanqed on 
all  links. 

The l ink 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 l ink is  just regular text until  i t  is used. It  
can be edited at any time. When the user decides to take a l ink, 
he hits a character with the bug. The system scans forward with 
the content-analyzer until  it  picks up the nearest l ink structure 
in that statement, and jumps to the label.  The l ink is taken by 
use of a jump command. 

M»2.4 Intrafile Return Ring 

whenever any jump is  made within the f i le,  a new entry is  made 
in a l ist 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 l ist.  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 is  
simply moved backward or forward and no new entries are made or 
any deleted. The l ist holds a maximum of six entries,  and is  
circular. 
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i i j . 2 .  5 _ I n t e r f  i l e  R e t u r n  S t a c k  

T h i s  w o r k s  m u c h  l i k e  t h e  i n t r a f i l e  s t a c k  e x c e p t  t h a t  i t  i s  
c o n c e r n e d  w i t h  j u m p s  b e t w e e n  f i l e s .  T h e  d i f f e r e n c e s  w i t h  t h e  

S t ^ u  a r e :  ( 1 )  t h e  l e n 9 t h  o f  t h e  l i s t  i s  v a r i a b l e ,  a n d  
d e p e n d s  o n  t h e  a m o u n t  o f  i n f o r m a t i o n  i n  t h e  l i n k s  u s e d ,  ( 2 )  t n e  
l i s t  i s  n o t  c i r c u l a r ,  a  n e w  e n t r y  i s  m a d e  o n  t h e  s t a c k  w h e n e v e r  
a n y  i n t e r f i l e  j u m p  i s  t a k e n  o r  w h e n e v e r  a  n e w  f i l e  i s  l o a d e d  w i t h  
d e t a i l s  )  c o m m a n d .  ( S e e  s e c t i o n  o n  m u l t i f i l e s  f o r  m o r e  

T h e r e  a r e  n o  b a c k p o i n t e r s  f r o m  a  l i n k ,  t h e  s a m e  a s  w i t h  t r a i l  
m a r k e r s .  T h u s  i f  a  l a b e l  t h a t  i s  l i n k e d  t o  i s  d e l e t e d ,  t h e r e  i s  
n o  u s e r  n o t i f i c a t i o n  t h a t  a  l i n k  h a s  b e e n  m a d e  i n o p e r a b l e .  A l s o ,  
s i n c e  l i n k  s t r u c t u r e s  a r e  e n t e r e d  a s  s i m p l e  t e x t ,  t h e  l a b e l  i n  a  
l i n k  s t r u c t u r e  d o e s  n o t  n e c e s s a r i l y  e x i s t .  A  l i n k  o r  j u m p  t o  a  
n o n - e x i s t e n t  l a b e l  r e s u l t s  i n  a n  e r r o r  c o n d i t i o n .  

4 .  2 .  6  J u m p  

T h e  j u m p  c o m m a n d  b r i n g s  t h e  d e s i r e d  s t a t e m e n t  t o  t h e  t o p  o f  
t h e  d i s p l a y .  ^  

T h e r e  a r e  f o u r  b a s i c  t y p e s  o f  j u m p s :  ( 1 )  j u m p s  t o  a  s p e c i f i e d  
n a m e '  < 2 )  j u m p s  t o  l i n k s ,  ( 3 )  j u m p s  t h r o u g h  t h e  t r e e  

s t r u c t u r e ,  a n d  ( 4 )  j u m p s  a m o n g  d i f f e r e n t  f i l e s .  

I n  c a s e  1 ,  t h e  l a b e l  o r  s t a t e m e n t  n a m e  t o  b e  j u m p e d  t o  c a n  b e  
s p e c i f i e d  b y  e i t h e r  a  w o r d - s e l e c t i o n  v i a  t h e  m o u s e  o r  a  l i t e r a l  
e n t r y  f r o m  t h e  k e y b o a r d .  

r  • .  I n  c a s e  2 '  t b e  s t a t e m e n t  d e f i n e d  b y  t h e  s p e c i f i e d  l i n k  i s  
s e c t i o n  4 %  3 ^  t 0 ?  ° f  ^  d i s p l a y -  M o r e  d e t a i l  i s  g i v e n  i n  

g .  T h e  c a s e  3  c o m m a n d s  a l l o w  j u m p s  t o  t h e  n e x t  s u b s t a t e m e n t ,  t h e  
0 6  K f u ^ c e s s o r »  t h e  s t a t e m e n t  o f  w h i c h  t h e  s e l e c t e d  s t a t e m e n t  i s  
a  s u b s t a t e m e n t ,  t h e  p r e v i o u s  s t a t e m e n t ,  t h e  h e a d  o f  t h e  f i l e ,  t h e  
e n d  o f  t h e  f i l e ,  t h e  e n d  o f  b r a n c h e s ,  a n d  m a n y  o t h e r  l i n k s  o n  t h e  
b a s i s  o f  t r e e  a n d  f i l e  s t r u c t u r e .  F o r  m o r e  d e t a i l s  s e e  t h e  " N L S  
U s e r ' s  G u i d e . "  

f  •  T i i e  c a s e  4  c o m m a n d s  a l l o w  t h e  u s e r  t o  l o a d  a  n u m b e r  o f  f i l e s  
W  i n t o  t h e  s y s t e m  a n d  t o  j u m p  f r e e l y  a m o n g  t h e m .  T h e s e  w i l l  b e  

d i s c u s s e d  i n  S e c t i o n  4 . 2 . 9 .  
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There is  one other type of jump, the jump-ahead/return. 
Whenever any type of jump within the current f i le is executed, 
the sytem keeps track of i t ,  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 l inks 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 current text.  In addition, each jump saves the 
viewspecs of the area jumped from in the intrafile ring, so that 
on a jump return the text is  viewed as before. 

Sf r  4.2.7 Pointers 

Pointers make i t  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 .  

I B  
The l ist 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-
6/7 trol the way in which statements are displayed. The parameters 

are: indenting on/off; names on/off; display fi le 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 l ines 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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T h e r e  i s  a  r e l a t i v e  l e v e l  c o n t r o l ,  w h i c h  a l l o w s  c h a n g e s  t o  t h e  

l e v e l  p a r a m e t e r  s e t  b y  t h e  u s e r  t o  b e  i n t e r p r e t e d  r e l a t i v e  t o  t h e  
l e v e l  o f  t h e  f i r s t  s t a t e m e n t  i n  t h e  d i s p l a y .  T h e  u s e r  c a n  a l s o  
c h a n g e  o t h e r  v i e w i n g  p a r a m e t e r s .  T h e s e  i n c l u d e  t h e  t y p e  o f  m a r k  
t h e  c u r s o r  l e a v e s ,  t h e  n u m b e r  o f  c h a r a c t e r s  i n  a  l i n e  o f  t e x t ,  
t h e  n u m b e r  o f  s p a c e s  i n d e n t e d  f o r  e a c h  l e v e l ,  t h e  n u m b e r  o f  l i n e s  
i n  t h e  t e x t  a r e a ,  t h e  s p a c i n g  b e t w e e n  l i n e s ,  s i z e  o f  c h a r a c t e r s ,  
e t c .  

9 . 2 . 9  M u l t i - f i l e s  

W h e n  a  f i l e  i s  l o a d e d  o r  j u m p e d  t o ,  i t  i s  " o p e n e d "  a n d  
d i s p l a y e d ;  n o  c o p y  i s  c r e a t e d ,  r a t h e r  t h e  f i l e  i s  v i e w e d  d i r e c t l y  
f r o m  t h e  d i s k .  F o r  r e a s o n s  o f  f i l e  p r o t e c t i o n ,  i f  a n y  c h a n g e s  
a r e  m a d e ,  i t  b e c o m e s  i m p o s s i b l e  t o  c o n t i n u e  d i r e c t  v i e w i n g ,  s o  
t h e  s y s t e m  c r e a t e s  a  w o r k i n g  c o p y  w h e n  a n  e d i t  i s  m a d e .  I n  f a c t ,  
t h i s  w o r k i n g  c o p y  i s  n o t  c r e a t e d  u n t i l  a l l  c o r e  i s  f i l l e d  a n d  n o t  
n e c e s s a r i l y  o n  t h e  f i r s t  e d i t .  I n  t h i s  w a y  t h e  s y s t e m  d o e s  n o t  
m a k e  a  w o r k i n g  c o p y  u n t i l  i t  d e f i n i t e l y  h a s  t o .  W h e n  t h e  s y s t e m  

^  c r e a t e s  t h e  w o r k i n g  c o p y  i t  c o p i e s  t h e  d i s p l a y e d  f i l e  t o  i t ,  
c l o s e s  t h e  d i s p l a y e d  f i l e ,  a n d  f r o m  t h e n  o n  a l l  w o r k  i s  d o n e  i n  
t h e  w o r k i n g  c o p y .  N o  w o r k i n g  c o p y  i s  c r e a t e d  w h e n  t h e  u s e r  i s  
j u s t  b r o w s i n g .  T h i s  i s  d o n e  s i n c e  m o s t  u s e r s  j u s t  l o o k  a t  f i l e s  
a n d  d o  n o  e d i t i n g .  

F i l e s  a r e  l o a d e d  b y  t h e  l o a d  c o m m a n d  o r  b y  a n  i n t e r f i l e  j u m p  
c o m m a n d .  E n t r i e s  a r e  m a d e  i n  t h e  i n t e r f i l e  s t a c k  a s  f i l e s  a r e  
l o a d e d  ( s e e  S e c t i o n  9 . 2 . 5 ) .  T h e  w o r k i n g  c o p y  a n d  t h e  c h e c k p o i n t  
f i l e  a r e  n e v e r  e n t e r e d  i n  t h e  s t a c k .  

O n e  f e a t u r e  o f  t h e  m u l t i - f i l e s  i s  t h a t  t h e  u s e r  c a n  c r e a t e  a  
c h e c k p o i n t  f i l e  a t  a n y  t i m e .  T h i s  w r i t e s  t h e  p r e s e n t  w o r k i n g  
c o p y  o u t  o n  t h e  d r u m  u n d e r  t h e  n a m e  c h e c k p o i n t .  

T h e  i n t e r f i l e  s t a c k  c a n  b e  u s e d  l i k e  t h e  i n t r a f i l e  s t a c k  t o  g o  
b a c k  a n d  f o r t h  a m o n g  v i e w s  o n  d i f f e r e n t  f i l e s .  O n l y  o n e  w o r k i n g  
c o p y  a t  a  t i m e  c a n  b e  c r e a t e d ,  a n d  c a n  b e  l o o k e d  a t  a n y  t i m e ,  
e v e n  i f  a  f i l e  o t h e r  t h a n  t h e  o n e  o f  w h i c h  a  w o r k i n g  c o p y  w a s  
m a d e  h a s  b e e n  c u r r e n t l y  l o a d e d .  

9 . 2 . 1 0  F r e e z e  

I  T h e  f r e e z e  f e a t u r e  f r e e z e s  a  s i n g l e  s t a t e m e n t  w i t h  t h e  p r e s e n t  
v i e w .  T h e  f r o z e n  s t a t e m e n t  w i l l  a p p e a r  a t  t h e  t o p  o f  t h e  s c r e e n  
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whenever frozen statements are 
display on the under part of the 
statements can be frozen, and are 
the chronological order frozen. 

being shown, with the main text 
screen. A fixed number of 

displayed in the freeze area in 

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. 

5 f 4.2.13 Vectors 

The vector package allows the user to create simple line 
drawings, with labels for jumps. The vector is drawn by 
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 .  F U T U R E  F E A T U R E S  

5 . 1  M U L T I W I N D O W S  

T h i s  m a y  h a v e  b e e n  i n s p i r e d  b y  o u r  m u l t i w i n d o w s .  T h e i r s ,  
h o w e v e r ,  i s  f a n c i e r  i n  c o n c e p t i o n .  T h i s  w o u l d  a l l o w  a n y  s i z e  a n d  
s h a p e  w i n d o w s  t o  b e  d e f i n e d ,  a n d  e a c h  w i n d o w  t o  b e  a  s e l f -
c o n t a i n e d  v i e w i n g  a r e a  w i t h  a l l  t h e  p a r a m e t e r s  a s  d e s c r i b e d  f o r  
t h e  s i n g l e  s c r e e n  d i s p l a y .  T h e i r  m u l t i w i n d o w  f a c i l i t y  c o u l d  a l s o  
a s s i g n  d i f f e r e n t  w i n d o w s  t o  d i f f e r e n t  u s e r s .  T h i s  a s s i g n m e n t  i s  
d o n e  b y  t h e  t i m e  s h a r i n g  s y s t e m ,  t h o u g h ;  t h e  o n l y  p r o g r a m m i n g  
p r o b l e m  i s  t h e  p r o t o c o l :  w h o  h o l d s  t h e  e r a s e r  i n  e a c h  w i n d o w .  

5 . 2  V A R I A B L E  S Y M B O L S  

T h i s  w o u l d  a l l o w  t h e  u s e r  t o  d e f i n e  a  v a r i a b l e  s y m b o l  f o r  
t e x t ,  l i n k s ,  e t c .  T h e  s y m b o l  w o u l d  b e  f i l l e d  i n  w i t h  t e x t  a t  
d i s p l a y  t i m e ,  l i k e  a n  a s s e m b l y  t i m e  v a r i a b l e .  A l t e r n a t e l y ,  t h e  
v a r i a b l e  s y m b o l  c o u l d  s i m p l y  b e  p e r m a n e n t l y  d e f i n e d  a t  a  l a t e r  
t i m e .  

5 . 3  W E I E R S T R A S S  A L G O R I T H M  

C u r r e n t l y  t h e  s y s t e m  u s e s  a  d i s p l a y  m a p  t e c h n i q u e  f o r  d e t e c t  
i n g  b u g  h i t s .  A  f u t u r e  p l a n  i s  t o  u s e  t h e  W e i e r s t r a s s  A l g o r i t h m  
o f  c o n t i n u a l l y  s u b d i v i d i n g  t h e  s c r e e n  t o  f i n d  t h e  l i n e  c l o s e s t  t o  
t h e  b u g  m a r k ,  w h i c h  w o u l d  b e  t h e  l i n e  h i t .  
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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 l imits the flexibility of 
editing somewhat. 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 l imitation is only on 
traditional thinking with traditional text.  This is  the same 
reason Engelbart stated for using hierarchy: the user quickly 
adapts to the structure provided him. 

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 fi lters.  For 
example, a user cannot delete an entire statement. There might 
be substatements below that are fi ltered out that he might 
inadvertently delete: he must give a delete-branch command and 
delete the entire branch. 

INTERNAL DISTRIBUTION ONLY 24 



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. 

£^1wSSiC,*P?r°afh r establishing a special sublanguage of 
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 terms 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 

s\ 
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how much abstraction can be applied in each discipline, we will 
have mathematics at one end and something else (God knows what) 
a t  t h e  o t h e r .  & . "  

\ 

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 ray 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 tiroes 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 Germanic and Latin such as French, Norse, Flemish, 
etc. 
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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. English 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 cane 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 grotips of people. 
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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 
normal 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 problems. 

The first problem is controlling the size of your subset. You 
can't have a truly closed subset of English, because the 
associational connections between 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 bootstrapped from a nucleus of 
intricately mixed mathematical and English expressions. 
Another factor has been extensive parallel use of other natural 
languages, notably Herman and French, which are radically 
different from English. 
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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, 
f 
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 thinking 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: 

• 

(1) A slang uses only a small part of the substance and structure 
of the base language, but it always uses the full creative force 
of the language as a whole. English 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 siiing 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 identifying and 
manipulating ideas and experiences m 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 
strong person-to-person contact. 

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

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, 1 
creative improvisation of any kind is large y e e 
by individual personality. 

b Slang and Formal Technical Languages 

A lab slang is a.spocial case where the the slan|! 

consists of people working in a research disciplm . 

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 1^"®i 
(S£h as much of engineering) where the effort involved in setting 
up rigorous linguistic conventions is not considered to be 
cost-effective. 

Tr is worth noting that such disciplines tend to have either 
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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 nnly 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 node at the computer-system level, but that 
isn't really AMI 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. 

d-
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, Mefferline, and Goodman, Gestalt Therapy, Vol. II, Ch. VII, 
"Verbalizing and Poetry". Dave Kvans has tne 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 
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control were attempted there would be no cooperation. 

is emotional dynamite. 

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

To encourage loose, improvisational, jam-session:^dividual" ^ 
other hand, is to encourage fu l l c o™,mication ofindtvtdual^ 
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-range developments. 

The basic idea is that if language is like an «"her 

try to drive it or try to ride it. I've argued that it can t he 
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 
should be small and nonrigorous, with an explicit understandi g 
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 leve 
we should be working with metaphor and image. 

We all do this all the time in informal conve*s*?10"j. V;'jUSt 

a matter of developing the self-assurance to talk 
when we're talking in depth. If we did that, we wool 
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 ana 
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, you 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 tise 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 and 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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