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PREFACE

The Information Autcraation project at USC/Information Sciences Institute is
currently developing methods to automate various information handling tasks, with
particular emphasis on message processing for military command, control, and
communications [1,2] The project, sponsored by ARPA, is an integral part f the

client’s and ISI’s overall program to explore the use of computer technology and
methodology in milit- y environments.

This study is one of a planned collection of reports that describes the current
status and plans of the Information Automation project. This report describes the
major interface components of the military message processing service. In
particular three modules are discussed: the Command Language Processor, the
Input Interface and the Screen Control Module.

For a brief overview, one may read the Summary alone. For a fuller picture,
one should read Part 1: Introduction and Part 2: The Service Components and How
They Are Connected. For a good picture of the services provided by the
Command Language Processor, Part 4 is recommended. Readers interested in

more detailed functional specifications of the three subject modules are referred
to Part 3.

The Information Automation project includes an investigation into the effect of
various command languages on user populations. For that reason the military
message service is designed with a number of different command languages. Part
5 of this report describes how those command languages are specified.

Most of the work reported in this study and its accompanying documents
reflects an oriertation which applies to other services besides the message

service. Part 5 of this docun.ent also discusses how an arbitrary service may be
connected to the service framewark developed. :
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SUMMARY

- The Informatio~ Automation Project’s military message processing service is a
prototype computer service. |Its goal is to provide computer-naive users with
simple, direct and intelligible access to computing power. One may view an
interactive computer service as consisting of two major components: the user and
the service’s Functional Modules [3] The goal of the message service is to
simplify the user’s access to the Functional Modules. To achieve this goal the
service is designed with a single, two-way, special services interface which
represents the user to the Functional Modules and the Functional Modules to the
user.

The interface is called the Agent. It consists of a number of components: The
Command Language Processor (CLP), the Input Interface to the CLP, the output
interface or the Screen Control Module, the User Monitor [4] and the Tutor [5).
Each of these components contributes to making the user and the service
Functional Modules mutually intelligible. In effect, the Agent is a soft and
forgiving buffer between the precise formality required by the Functional Modules
and the flexiole imprecision needed by uncertain human users. (See figure below.)

Flexible protocols Strict protocols
>

User Agent P Functional

¢ Modules

User-oriented format Fixed format

The Agent provides a flexikle interface between the user and the

service functional modules. It interprets each to the other,

This document provides functional descriptions for the CLP, the !nput Interface and
the Screen Control Module. The latter two are described briefly. The main
emphasis is on the CLP and its interfaces. Central to tha translation between the
user’s informality and the formal requirements of the Functional Modules, the CLP

has as its main job the deveicpment and maintenance of a formal analysis of the
user’s interactions.

Preceding page blank
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SUMMARY

The following paragraphs summarize the main contents of this report.

Part 1 presents an overview of the techniques, services and facilities
embodied by the Agent. The basic mechanism may be summar.zed by noting that
the entire message service executes in a syntax-directed manner through a single
interpreter (the CLP). The CLP analyzes and executes a single dynamically
modified string resulting from and reflecting the dialogue between the user and
the Agent.

Part 2 provides a brief overview of the various service components and
interfaces. It takes the reader on a guided tour of the information flow paths
through the entire service. There are three major components and two
interfaces. The components are the user, the Agent and the Functional Modules;
the interfaces are those between the user and Agent and between the Agent and
Functional Modules.

The Agent consists of the CLP, the Tutor and the User Monitor. The CLP is
the single language processor in the service. All other modules use its language
analyses. The Tutor is the central and sole source of tutorial assistance in the
service. If the user needs operational information, the Tutor supplies it. The
User Monitor supervises the user and suggests additional ways for the Tutor to be
helpful.

The Input Interface and the Screen Control Module provide, respectively, the
input and output interfaces linking the user and Agent. The Input Interface
provides a uniform and omnipresent input and editing medium for the user, while
the Screen Control Module performs a similar function for the Agent (and hence
the entire service).

This part also traces the various possible information flow paths through these
modules and indicates how each component and interface makes its contribution.

Part 3 provides more detail or the three modules which are the primary
subject of this report. The Input Interface is a simple but complete editor. It
includes commands to move the cursor, to insert, delete and replace text. Its
editing facilitins are defined to be straightforward, intuitive and valuable,
especially for the small-scale editing of text.

The Screen Control Module provides facilities for service components to
communicate with the user. It permits the cefinition of multiple viewing windows.
Each window is described by a number of window components programmable for
the benefit of the service Functional Modules. Yet they are display-oriented and
do not require device-like coding. At this point, the specifications of the Input
Interface and the Screen Control Modules are concluded.




SUMMARY

The CLP is a general, rule-driven interpreter. Unlike most language
processors, however, it operates on a dynamic input string and an ever-changing
parse tree rather than on a static string and fixed parse tree. The CLP operates
with a dialogue grammar which reflects the entire dialogue between the user and
Agent. The CLP is always in the state of advancing its parse of the expanding
user/Agent interaction.

Part 4 presents details of the control structures which govern a terminal
session. The rules of the dialogue grammar are divided into groups called
contexts which perform two main functions. First, they disambiguate dialogue
fragments; second, they provide a structure to the dialogue.

In this part are described the various services CLP offers the user:
o The CLP provides situation-dependent PROMPTs when the user requests them.
o The user may request the CLP to ABORT one or more of his activities.
o Likewise, the user may request that the CLP UNDO some action.

o If asked, the CLP will REVIEW the session with the user and respond to
WHERE-AM-I with a comforting blanket of context.

o The CLP permits EXECUTION FROM A FILE, including command programs with
parameters accepted from the terminal.

0 The CLP naintains a LEXICON with which it provides facilities for automatic
ABBREVIAVION, argument and command RECOGNITION, and display of the USER
NAME SPACE and subSPACES.

0 In conjunction with the Tutor and User Monitor, the CLP distinguishes between
commands known to the user and other commands.

o The CLP permits the definition of MACROs. From an example of its use, the
CLP generates the intended macro. Computer-naive users should have no
trouble with this heretofor programmer-like operation.

4 o The user is permitted to make PRONCMINAL REFERENCES. The CLP finds the
1 antecedent.

o Facilities are provided for the user to continue work from one terminal session
to another as if there had been no interruption. Whether or not the user
takes advantage of that particular device, the more the user interacts with the
CLP, the better service he will receive.

x
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SUMMARY

Part 5 discusses two interfaces: one between the Functional Modules and the
Agent; the other, the methodology for defining the command languages.

A Functional Module is defined to the CLP in terms of functions grouped into
contexts. Each function is defined via a function descriptor. Each context has a
context descriptor.

From these function descriptors, and taking into account the particular needs
of the user audience, a language designer creates commands. A command may be
in any one of four command forms: functional positional notation, functional
keyword nctation, simple English or function key form. The language designer
chooses a language form to create commands.

In the crealion of commands, the language designer specifies the command
vocabulary and the argument characteristics. For each argument the designer has
a choice of various default and visibility options. Through the careful use of
these options the language designer tailors the commands tu a particular user

group.

The language designer also has the option of making the entire interaction
either CLP-driven or user-driven. |f CLP-driven, the CLP prompts the user with
command frames in a fill-in-the-blanks format.

The language designer is free to map the commands and the Functional Module
functions together on a one-to-one, one-to-many or many-to-one basis.

In conclusion, the primary aim of the message service is to provide
comutation and data pre.essing services to users who have little knowledge of
computers and data processing. This document describes some of the major
components of the message processing service and shows how the CLP, the Input
Interface and the Screen Control Module help achieve this important goal.




1.  INTRODUCTION

The Information Automation project’s military message processing service is a
prototype of a class of computer services in which computer-naive users are provided
with simple, direct and intelligible access to computing power. Different services in this
class provide the user with varying sorts of computational capabilities. The military
message service takes message processing as its demonstration vehicle. One may view
an interactive computer service as consisting of two major components: the user and
the service’s Furctional Modules [3). A goal of the military message service is to
simplify the user’s access to Functional Modules. To achieve this goal the service is
designed with a single, two-way, special services interface, which represents the user
to the Funciional Modules and the Functional Modules to the user.

The interface is called the Agent. It consists of a number of components: The
Command Language Processor (CLP), the Input interface to the CLP, the output interface
or the Screen Control Module , the User Monitor [4] and the Tutor [5] Each of these
components contributes to making the user and the service Functional Modules mutually
intelligible. In effect, the Agent is a soft and forgiving buffer between the precise
formality required by the Functional Modules and the flexible imprecision needed by
uncertain human users. (See Fig. 1)

Flexible protocols Strict protocols
User P Agent & -9 Functional
Modules

— User-oriented format Fixed format

Figure 1.  The Agent provides a flexible interface between the user and the
service functional modules. It interprets each to the other.

This document provides functional descriptions for the CLP, the input Interface and
the Screen Control Module. The latter two are described briefly. The main emphasis is
on the CLP and its interactions with the other components of the service. Central to
the translation between the user’s informality and the formal requirements of the
Functional Modules, the CLP has as its main job the development ard maintenance of a
formal analysis of the user’s interactions. Here we provide a brief overview of the
CLP’s approach.
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OVERVIEW OF TIIE COMMAND LANGUAGE PROCESSOR (CLP)

The CLP is in fact a language processor. It operates with a grammar and provides a
formal parse of the user’s input characters. It differs from most computer language
processors in that the input string that it parses is not fixed. The CLP parses the
entire interaction between the user and agent as a single entity.

The Diclogue Grammar

The CLP produces its analysis through the use of a dialogue grammar. A dialogue
grammar provides a formal framework for expressing the syntactic and semantic
structure of an interactive dialogue in the same way that a standard grammar provides a
formal framework for expressing the syntactic and semantic structure of a computer
language. The CLP’s dialogue grammar has as its domain an entire terminal session. (In
some cases--see Part 4, Session-to-session Continuity--more than one terminal session
is included in a single parse tree.) Thus the complete interaction between the user and
Agent is included as part of the context for each successive analysis of the user’s input.

The Session String

The CLP uses the dialogue grammar to parse the user’s input. However, unlike the
parse of a program by a compiler, which can complete its parse before deciding on the
well-formedness of the input, the CLP must interact with the user during the parse. As
the interaction progresses, the parse proceeds further. The user and the CLP
collaborate to build a partial parse tree of their interaction to date as analyzed by the
dialogue grammar. One path through this parse tree from left to right is called the
session string.

The session string represents the highest level of the parse so far. That is, at the
far left of the session string there is a single element representing the entire log-on
procedure. Other elements represent other completed contexts of interaction. Toward
the right-hand side of the session string, elements represent more detailed components
of the interaction. One finds individual commands which the user has given in his
current interaction context. There are subcommands shown if the user is currently
working on the subcommands of a given command. Even individual arguments appear in
the session string if the CLP and the user are currently working together on the
specification of a command.

The session string represents the CLP’s record of the user’s view of the session.
That is, the user is most concerned with the specific details of his current and recent
activities. He remembers, probably, only mora generally, his activities at the start of
the session. The details of those activities are available elsewhere in the parse tree
but they are not in the session string.
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Whenever the user types new input, that input is concatenated to the session string
on the right. As the parse prcaresses and the input is analyzed, the session string
rises in the parse tree.

The session string often serves for the CLP as a scratch pad for interacting with the
user. The real scratch-pad-like facility is the terminal screen, The CLP and the user
communicate with each other through it. But the CLP uses the session string as its
record of those communications. As far as the CLP is concerned, the action really
occurs in the session string, and the terminal screen is used as a way of communicating
that action to the user. Both t'ie user and the CLP modify the session string. The user
adds to the session string whenever he types additional characters. The CLP changes
the session string in two ways. First, each time a dialogue grammar rule applies
successfully, the session string changes to reflect that rule application. Second,
whenever the Agent produces an interactive response to the user, that response is
recorded by one or more elements added to the session string. Thus the session string
truly reflects the interaction between the user and the CLP (see Fig. 2).

Summary

In language processing, a parse tree represents an analysis of some language
sample. Unfortunately, that analysis is static; a language processor works on an input
string and produces (or fails to produce) a parse. Even interactive pro~-ssors
eventually fail or succeed to parse the input. The dialogue grammar and session string
method approaches the problem of language analysis from a new direction. The
analysis is not only interactive but also dynamic, ongoing rather than a cingle event.
This ongoingness relieves both the user and the CLP of many burdens and
simultaneously provides many attractive advantages. Some of these are discussed
below and throughout the remainder of this report.

SERVICE-WIDE CONSISTENCIES

The Agent framework, session string and dialogue grammar permit the military
message service to previde the single, consistent, user-oriented interface which is its
goal. The entire service operates in a syntax-driven manner from the session string.
So all the Functional Modules have the same general feel to the user. This methodology
allows a number of other service-wide consistencies.

The Input Interface

At his terminal, the user always has available to him a simple, small, but complete
set of editing commands supplied by the Input interface. No matter what the user is
typing or when he is typing it, these same editing facilities are available to him.

e Ak B g & 2R
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A Anticipated syntactic units

®  Analyzed syntactic units
-— Parse tree anticipated structure
Parse tree campleted structure

S
mmmemm  Sessian string

Figure 2. A partial parse tree and sessian string

Help, Undo, Abort and Tutor

The message service provides a number of ways for the user to ask for assistance
or to modify his current activities. The Tutor, through the Help command, provides
assistance; and the CLP’s Abort and Undo ccmmands permit the user to modify his
current actions. These too are alway< gvailable to him. Since they operate with
respect to the session string, they are provided to the user at the level of specificity
which he wants. The consistent flavor and ubiquity of these services are a comfort,

especially to the naive user.
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Context Mechanism

A context mechanism unites the dialogue grammar with the structure of the
Functional Modules. !t defines a control structure for the interaction in much the same
way that sequentiality, hierarchies and subroutines do for programming languages.
However, the context structure is not rigid as are subroutines. The CLP is able to move
up and down and back and forth within the user’s ccntext hierarchy as the user jumps,
with relative freedom, from context to context. This structure, with freedom, is also
consistently available to the user.

Pronouns

Because the session string records commands, argument data types and contexts,
the CLP is able to find the antecedents of pronouns. The user may make pronominal
references both explicitly and by default.

LANCUACE FEATURES
The CLP’s linguistic framework is designed to provide four other important features.

Multiple Language Forms M Interaction

One goal of the message service is to provide language form variation to increase
user efficiency and effectiveness. The User Monitor and the Tutor are mainly
responsible for discovering needed improvements. They collaborate to suggest
language form changes to the user. The CLP’s structure permits the introduction of a
number of different interaction language forms without a major reorganization,

Macros

The CLP operates in a linguistic universe in which lexical items are identified by
data type. Taking full advantage of this framework, the CLP allows the user great
freedom to refine and enlarge his own command language through the use of macros.
The user has the power to define a macro simply by giving an example of its use.

Sympathetic Parsing

The CLP is built to parse forgivingly. A pattern recognizer is built into the analysis
routines which attempts to match the user input even when it does not fit the expected
language form exactly. This can be done because the CLP knows more about the
expected dialogue than just a parse specification.

st amiocaid i
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The CLP's Service Improves with Use

The CLP maintains a lexicon for each user. It contains the user’s vocabulary
identified by data type. The CLP uses this lexicon to recognize incompletely spelied
and abbreviated words thus szving the more experienced user much typing. The
macros defined by the user are also stored. In conjunction with the User Monitor and
the Tutor, records are kept of the commands known to the user and those with which
he has trouble. The more interaction there is between z user and the CLP, the more
information it has about his vocabulary and style and the better it is able to serve him.

In summary, the CLP provides a consist.nt, syntax-directed, user-oriented interface
between the user and the rest of the message service.




2.  THE SERVICE COMPONENTS AND HOW THEY ARE CONNECTED

The CLP, the central exchange and data base, is a! the heart of the information flow
paths of the military message service. The message processing service consists of the
following components.

USER

The user at his termir al is, of course, the service’s client.

USER/AGENT INTERFACE
Input Interface (1)

The Input Interface is the module directly responsive to the user’s keystrokes. It
provides immediate feedback to the user and allows input error correction.

Output Interface or Screen Control Module (SCM)

The Screen Control Module controls the content and format of the user’s terminal

screen. It provides subscreens or windows which other modules may use to present
results to the user.

AGCENT
Commanrd Language Processor (CLP)

The CLP interprets the user’s requests to the rest of the service. It also provides
assistance to the user about language forms, commands available, current status and
other linguistic and structural matters.

Tutor

The Tutor inslrucis the user. |t provides more detailed assistance about tne
command language. It also teaches about the services provided by the Functional
Modules. It provides explanations, examples and exercises.

|
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SERVICE COMPONENTS

User Monitor (UM)

The User Monitor has two tasks. First, through an analysis of the user’s
preliminary profile, the User Monitor determines an initial command language form.
Then, while the user is using the service, the User Monitor analyzes the user’s
performanrce and, through the Tutor, suggests ways for the user to refine his command
language to help. The User Monitor also records various users’ degroes of success
with differing command language straotegies.

AGENT /FUNCTIONS INTERFACE
Function Definitions

There is a specific, well-defined form in which the functions are expected to
describe to the Ageni the inputs they expect and the services they perform.

Execution Interface

The CLP in conjunction with the message service Executive [6] activates Functional
Modules to perform functions in response to user requests.

FUNCTIONAL MODULES

The Functional Modtiies do the message processing work of the service.

The remainde: of this section first takes a tour of the information paths through the
service. Then. each of the separate CLP modules is described in more detail. Figure 3
shows how tha modules are interconnected along an information flow grid.

The normal path of information flow for one command is:

User /Il / CLP / FM / CLP / SCM / User

The user types a command; the Input Interface permits the user to edit it, then
passes it on to the CLP; the CLP interprets it for the Functional Modules; the Functional
Modules execute it and pass the resuits back to the CLP; the CLP records the resuits
and passes them on to the Screen Control Module; the Szreen Con‘rol Module shows
them to the user. Then the user types another command.

There «. e a number of subcycles, detours and eddies which interpose themseives
along the rzin flow. This section discusses the path in more detail, both the main route
and the winding subpaths.
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Figure 3. Information flow paths
USER

The user is assumed to be seated at the terminal. Before him, the terminal screen
contains information resulting from his previous interactions. The terminal has a cursor

on the screen. The cursor is positioned in such a way that the user sees the context in
which he is currently working.

USER/ACENT INTERF /ICE

There are two components to the user/Agent interface: one each for input and
output.

User/Input Interface Loop: Input Correctinn

Perhaps while entering his command the user mistypes one or more characters. Or,
perhaps, he simply decides to change the command after entering part of it. Facilities
are available to him to change his input. The Input Interface is an editor with a small,
straightforward set of editing operations. Through thesz, the user has the ability to
modify and edit his input. He may move the cursor around in the text, overtype
mistyped characters, delete portions which he no longer wants, or in<ert new text. The
commands supported by the Input Interface are a subset of those provided by the main
service editor [7]. The details of the Input Interface differ from terminal to terminal.
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SERVICE COMPONENTS

The Screen Control Module

The information flow path between the user and the Input Interface alluded to above
was not completely described. Omitted was any discussion of how the Input Interface
communicates with the user. In fact, a communication from the service to the user is
controlled by the Screen Control Module.

Whenever a service component wishes to send information to e user it does so
through. a window on the user’s terminal display maintained by the Screen Cortraol
Mcdule. All such service components request windows from the Screen Contro} vodule,
and the Screen Control Module is responsible tor displaying the information contained in
thosa windows onto the user’s screen.

The user and the Input Interface communicate through a special window cailed the
user input window. This window is the only one into which the user types. Characters
typed by the user and correction functions performed by the Input Interface are
disiayed as corrected text in this user input window. Thus the user/I cycle is in fact
a user/ll/SCM cycle.

Whenever another service component of the service wishes to communicate with the
user, it too requests a window from the Screen Control Module. Often it is important to
display a context into which the user is to enter data. The Screen Control Module
provides a mechanism to show the user as typing into a display wincow, still keeping
the Input Intertace correctioral facilities available.

AGENT

The Agent itself consists of three components: the CLP to do the linguistic work; the
Tutor to provide direct assistance to the user; and the User Monitor to evaluate the
user’s performance and make suggestions on that basis.

The CLP: Entering a Command

The CLP processes the user’s (Input Interface corrected) input and attempts to
recognize it as a command. The CLP works with the user, if necessary, to elicit an
executable command. There are a number of services which the CLP provides to the
user toward this end. The CLP can review the terminal session to date with the user to
help him get his bearings. The review is not a recital of all commands executed, but a
statement of the interaction contexts through which the user has passed. In reviewing
the current context, the CLP provides the user with more details as to his current
status.

In addition, the CLP helps the user with particulars about the current command. If
the user is lost about what commands he may enter, the CLP can display the commands
directly available, considering his recent inputs. Or, if the user is attempting to enter a
command and is having ditficulty, the CLP provides assistance.

10
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It is possible that the user typed what he intended (or through a user/Ill cycle
corrected the keystroke errors he made), but that the command he typed was not
compiete. Perhaps he left out a required parameter. In tiis case the CLP cannot pass
the command on to the Functional Module, but must return to the user and request the
unspecified argument. The CLP has a strong facility for aiding a user to build a
command. The CLP is buiit to interact with the user in terms familiar to him. If, for
example, the user leaves out the name of the racipient in a command such as "Send
document ABC" (to Captain Smith), the CLP would request the user to "please enter the
recipient (a person)".

The CLP may be run in a mode in which it prompts the user for every new input.
In this mode, the user is fed a menu of possible inputs ur input descriptions. Whenever
he gets stuck, the CLP prompts him again with the next set of possibilities. Even when
the user has completed a command or set of commands, the CLP keeps up with the
context in which he is working and car. prompt him on which commands are available
and which directions his session can take next.

Ouring each of the interaction subcycles between the user and the CLP, the user
has the Input Interface correction facilities available to him. Thus the cycle is
user/ll/CLP/SCM.

Besides assisting the user when he does not know what is wanted of him, the CLP
also analyzes the user’s input to see that it is in the desired form. If one of the
arguments of a command should be a date, but the user does not type a recognizable
date (or a date reference such as now, today, this morning, etc.) the CLP reminds the
user of what is needed. To say that an argument must be a certain type of entity such
as a date is to say that the argument is of a particular data type. The appendix lists
and describes the initial set of data types supported by the CLP.

The Tutor: When the User Knows He Needs Help

The powerful, sympathetic and understanding assistance available through the CLP
notwithstanding, it is still possible that the user may need more help. In that case, he
may request a tutorial session from the Tutor component.

The user has the faciit, 'c ask tor help by pressing a special key, or simply by
typing "help." When he doac -0, the Tutor surveys the user’s recent transactions and
tries to provide him with more detailed assistance than was available through the CLP.
The Tutor might, for example, explain the function of a command; it might describe the
meanings of the various arguments reguired by the comraand and the effect of altering
them. The Tutor might set up an exercise for the user allowing him to experiment
safely before attempting a command on his actual data. The exercise would be
executed by the CLP and the Functional Modules in a special mode. It would operate on
real data (so that the user has a real experience) but the execution would be protected
so that the user does not do anything untoward.
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The user’s interactions with the Tutor all p ass through the Input Interface and hence
have the Input !aterface correction features available. They also pass through the CLP.
The CLP parses the user’s input for the Tutor. Thus all the power of the CLP language
recognizer is available to aid the user/Tutor interaction. The output, as usual, goes
from the Tutor to the user through a window supplied by the Screen Control Module.
The learning interaction . ycle, then, becomes user/Il/CLP/Tutor /SCM,

T'he User Monitor (UM ): When the User Doesn’t Know He Needs Help

There may be situations when it weuld be good for the user to have a session with
the Tutor, but when the user does not request help. Perhaps he does not know, or has
forgotten, that help is available; perhaps he is just confused or lost. Alternativ ely,
perhaps he is doing inefficiently a task which could be performed far more efficient! « if
onlv he knew how. It is the job of the User Monitor, in conjunction with the CLP, to
recognize such situations and suggest a tutorial session to the user.

There are three distinct functions performed by the User Monitor. The first two
are performed off line. When the user is not in execution, the User Monitor makes a
statistical analysis of the user’s dialogue looking for (a) inefficient dialogue and (b)
recurrent dialogue sequerces. The User Monitor selects a remedial strategy if any
instances of either are found. |i requests that the Tutor propose that the user
implement that strategy the next time he logs back onto the service. The third User
Monitor service is performed on line. If the CLP has tried all its tricks with the user
and the communication is still garbled, the CLP activates the User Monitor. The User
Monitor in turn makes note of the situation and then preposes to the Tutor that it
provide help to the user. If the user accepts the Tutor’s offer of help, the two then
interact in much the same way as described in the preceding section.

In this case the interaction cycle is User /Il/CLP/UM/Tutor/SCM.

AGENT/SERVICE FUNCTIONS INTERFACE

There are two levels on which the Agent and the Functional Modules interface. The
Agent must have a static, a priori definition of the functions in order to perform its
basic task of providing an interface to the functions for the user. Second, during
executicn, the Agent interfaces dynamically with the Functional Modules as it directs the
execution of the user’s commands.

Function Definitions

The function definitions permit the CLP to transform the user’s input inta executable
function calls to the services. These are discussed in more detail in Part 5.
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Execution Interface

Functional Execution.  Presumably the user will tire of playing with the Input
Interface, the CLP and the Tutor and will produce an executable demand. At that time,

the CLP passes the command on to the appropriate Functional Module(s) and makes
notes to itself that a command is in execution.

The CLP is still available to the user. The user may, within the bounds of the
:strictions noted in the next paragraph, initiate one Functional Module after another
and the CLP keeps coming back for more. There is never any time when the CLP wili

not respond to the user. Thus the service is always alive to the user and able to
interact.

There are, of course, restrictions. The Functional Modules themselves may not
permit more than one command to be executing at one time. Commands to the editor
are often strictly sequential. However, imagine the situation in which the user enters a
command to a service which takes a long time to execute. Rather than waiting for
completion, the user might wish to construct the commands to ‘ollow the one executing.
The CLP is available and the user may interact with the CLP just as if the executing
command had completed (as long as he doesn’t need to refer to the data from the
executing command). The CLP interacts with the user to produce well formed
commands. When the Functional Module is free, the CLP feeds it the commands already
generated by the user. The user, then, is not unduly restricted by a slowly executing

command. If these follow-up commands are to new Functional Modules, then they may
execute in parallel.

Whenever a Functional Module completes its execution of a command, it returns its
results to the CLP via a window specification. I appropriate, the CLP passes that
window on to the Screen Control Module for display to the user. In some cases,
discussed next, the Functional Module response is not passed along directly to the user.

sttt ettt e m e

If the Functional Module is unable or unwilling to complete execution of the command
because the command was misspecified at a level invisible to the CLP, the Functional
Module would return the command to the CLP requesting clarification. Suppose, for
example, an argument was of the appropriate data type and satisfied all the semantic
tests available to the CLP, but still was not appropriate for the command. The
Functional Module returns to the CLP, and the CLP notifies the User Monitor, which in
turn notifies the Tutor of the error. The Tutor explains the problem to the user who
may decide to enter a modified argument or, pethaps, to try a different command. In
this case the cycle is user/Il/CLP/FM/CLP/UM/Tutor /SCM.

If the Functional Module encounters an error condition, it informs the CLP of the
difficulty. The CLP again informs the User Monitor, which activates the Tutor for an

13
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appropriate explanation of the error. The user is told of the problem and has the
option of attempting to fix it (if that is within his power) or of going on to other work.
The interaction cycle is the same as directly above.

The user will sometimes enter an executable command which the Functional Module
wiii complete and which results in data for the user. In that case (really, the most
common case) the cyc'e is user /Il/CLP/FM/CLP/SCM.

In some cases, the command that the user enters is, In reality, a macro command.
(The macro may te vefined by the user or the service language designer or as a result
of a suggestion from the User Monitor.) Then the CLP analyzes the command and causes
the Functionai Modules involved to execute the primitive subcommands which compose

the macro command. In these situations there may be numerous CLP/FM/CLP
interactions before the result is sent out to the user.

Data Base. The CLP keeps a data base of session-level data. In many cases, the
CLP passes that data to sarvice Functional Modules for them to process. In some
situations, the service Functional Mcdules return data to the CLP for continued storage.
Sometimes, the service Functional Modules work on the data in the CLP’s memory space.

All service Functional Modules are welcome to do likewise. A function is especially
encouraged to use the CLP’s data base for storage of its own data when that
information is something about which the user may know how to ask. Thus, rather than
requiring the CLP to reactivate the service to respond to a user’s question concerning
the current value of some variable, the CLP can look up the answer directly.

FUNCTIONAL MODULES

The Functional Modules do the data processing, data transmission and computational
work of the service. Each Functional Module has its own specification.

14
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3. COMPONENT FUNCTIONAL DESCRIPTIONS

In the previous section we visited the various components of the service and saw
Lriefly what each could do. Here we provide a more detailed functional description of
three of them: The Input Interface, Screen Control Module, and CLP.

INPUT INTERF/CE (1)

The Input Interface has the triple job of 1) echoing the user’s keystrokes, 2) editing
his input string and 3) passing along the completed input string to the CLP.

Echoing

The Input Interface has facilities to operate in either half duplex or full duplex mode.
In half duplex mode, the Input Interface is activated only when the user types a key
which requires either a) an Input Interface editing response or b) that the Input
Interface pass the input string along to the CLP. In half duplex mode it is assumed that
the terminal displays to the user the keys which he has typed.

In full duplex mode the Input Interface echoes every character in addition to
peforming its editing and the CLP-intermediary jobs.

Editing

The Input Interrace’s editing commands are all activated by single keystrokes.
There are two classes of editing commands. The main class involves cursor motion and
variations on cursor motion. The second class of commands provides keystrokes to
delimit new text.

Cursor Motion. Each time the user hits one of the cursor motion keys, the cursor
moves one unit. With the simple motion commands, the user has easy access to any
part of his input text. The actual commands are discussed below.

Text Modijication. Once the user has moved the cursor to the position in the text
where he wishes to make a change, he needs facilities actually to change the text.

0 Text Rep'acement
If the user types new text over old, the new text replaces the old on a
character-by-character basis. This facility is most useful for mistyped characters.
The user simply types the correct character over the wreng one. If the user
mistypes a word, he may back up to the start of the word with one cursor step.

15
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Then he may costinue typing from that word as if the error never occurred.
Successive characters will eliminate the incorrect word,

For the user to eliminate an extra character typed by mistake, he need only step
the cursor over it in the erase riode and the character is deleted.

o Text Insertion
Sometimes the user wishes to insert new text into already existing text. There are
two control keys which do that for him:

Begin Text Insertion
Encd Text Insertion

Any text typed between these two keys is inserted at the current cursor position
for insertion into a previously entered character string.

Cursor Motion Commands

There a-e control keystrokes to move the cursor either backwards or forwards in
the current input character string. It is possible to move the cursor by larger or
smaller steps. It is possible to have the cursor erase or not erase text it passes over.

In effect, there are three orthogonal modes which characterize the way the cursor
can move,

Step unit.  The unit of motion may be
0 a character

o alexical unit, (i.e,, up to the next punctuation
character sequence or space)

o aline.

Direction of motion.  The cursor might be moved backwards or forwards in the
text.

Erase or Do not erase. The cursor passes over text. In the erase mode, that text
is erased; out of the erase mode, it is kept. The erase mode is fleeting. It is
maintained for only one cursor movement. The user is protected from accidentally
erasing correct text after entering the erase mode to erase an error.

The actual reys assigned to specific functions are determined by the physical
terminal used. Thus the function keys are named but not assigned specific character
codes in the table below.

16
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KEY FUNCTION
erase Enter the erase mode. (Enter non-erase mode after the next action.)
reverse Enter backward mode. This is the base mode. The Input Interface is

in backward mode at the start of each new input.
forward Enter forward mode.

move Step the cursor in the mode direction by one character (and erase
that character if in erase mode).

move word Step the cursor by one word, i.e., to the next punctuation character
sequence in the mode direction (and erase all characters passed
over if in erase mode).

move line Step the cursor to the end of the current line in the mode direction
(and erase all characters passed over if in erase mode). |If the
cursor is at the end of the current line, step, in the mode direction,
to the end of the next line.

+ The Input Interface editing functions are a subset of those provided by the main
message processing service editor. The editor and all other text manipulation services
are upward-compatible from the Input Interface. This service-wide consistency
provides uniformity and ease of use throughout.

THE SCREEN CONTROIL MODULE (SCM)

The Screen Control Module provides no services directly to the user. It is invisible
to the user, but it provides essential services to other components of the service. As
the Input Interface helps the user put his communication together to send to the CLP,
the Screen Control Mod:le provides facilities for service components to put their
communication together tc send to the user.

The Screen Control Module has sole and complete responsibility for everything
displayed by the service on the user’s terminal screen. When a service component
wishes to display something to the user it requests a subscreen, or window, from the
Screen Control Module. The service component writes into that window through text
manipulation facililies provided by the Screen Control Module. The Screen Control
Module displays the window to the user Even the Input Interface communicates with
the user through a Screen Control Module window.

17

ety




COMPONENT FUNCTIONAL DESCRIPTIONS

Window Specification

18
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A window as defined by the Screen Control Module has the following elements:

Heading

A text string always displayed at the top of the window. The heading may be
null.

Footing

A text string always disnlayed at the bottom of the window. The footing may
be null,

Window Type

There are two window tyses: fixed-sized and scrolling. A fixec-size window
displays a fixed number of text lines. A scrolling window displays as many text
lines as space permits, and allow user-controlled scrolling of additional text.

Window Size

The number of text lines to be displayed (the minimum number if the window is
scrolling).

Priority
The priority of this window with respect to other windows. If there is not

enough room on the screen to display all windows simultaneously, those with
the highest priority are displayed.

Window-ID
An identification for reference to the window.

Text

A string of character codes and special function codes. The character codes
include formatting characters; the function codes indicate pseudo-~cursor
positions and pseudo-macro calls.

Text Pointer
A pointer into the text.

Brightness
The level of brightness at which the window is displayed.

Blinking
On/Off. If on, the window is made to blink.

Current Pseudo-Cursor

A pointer into a text string indicating which is the current pseudo-cursor
position.
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Overlay

A window ID. The named window, if any, is overlaid at the current
pseudo-cursor position.

The Text Strir.; and Use of the Pseudo-Cursor

The text string element of a window has special functional qualities of its own. It
may include special characters to mark pseudo-cursor positions. These are used to aid
interactions between the module defining the window and the user. 't is possible for a
module to request that a certain window be displayed over its own window at indicated
pseudo-cursor positions. When the overlaid window is the user input window, the user

is given the impression that he is typing directly into the window of the underlying
module.

Imagine a service with a form for the user to fill out. The service displays the form
on the screen through a window, instructs the user to enter the first element, and
through the pseudo-cursor mechanism, asks the Screen Control Module to display the
user’s input at the appropriate place in the form. The user will see the real cursor
blinking at the spot indicated by the pseudo-cursor.

The user types the form element. He has full use of the Input Interface correctional
features. When he completes his entry, the service inspects it. If valid, the service
writes it into the same position on the fo.m where the user typed it. The service then
requests that the user input window be displayed at the next form entry point.

Window Manipulation Facilities

The preceding alluded to the Screen Control Module commands to manipulate
windows. These commands are used by other components of the service in
manipulating windows. They are not used by the user. All commands return a value
and/or a success/failure indicator.

The Set commands
For each element of the window, there is a command to define or redefine it.

Create window
This command creates a window and returns its ID.

Delete window
This command deletes a window ]

Advance pseudo-cursor

Change the pseudo-cursor indicator to point to the next pseudo-cursor position
in the text.

|
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Text editing commands

All the Input Interface editing commands are available. They operate on the
text pointer as cursor.

Other text editing commands
Other text editing commands are available as needed.

Overlay window
This command causes the indicated window to be overlaid at the current

pseudo-cursor position in the base window, and hence displayed there to the
user.

The Pseudo-Macros

One other very important feature provided by the Screen Control Module permits
the other modules to communicate with the user in the user’s own terms.

The Screen Control Module provides a limited text pseudo-macro expansion facility
«~hich it applies to text in windows. That facility permits other modules to specify data
in a canonical form; the Screen Control Module will expand that canonical form to fit the
input/output language form in use at the time by the user. See Part 5 for more
discussior of language forms.

COMMAND LANGUAGE PROCESSOR (CLP)

The CLP transforms the user’s input into executable commands. Thus its basic job
is that of a language processor.

The CLP is able to recognize a number of different language forms. It transforms
those language forms into canonical function calls. Part 5 discusses these forms more
fully.

The CLP is also at = to deal with a number of predefined data types. The appendix
lists these data types.

The CLP provides a number of special services to the user. Part 4 discusses these
services in more detail.

It is the goal of this subsection to provide a functional uverview of the CLP’s
operations.

The Dialogue Grammar

The CLP interacts with the user by parsing his input with respect to a dialogue
grammar. Imagine a grammar with a start symbol, or distinguished symbol (i.e., data
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type) of <terminal session> and witn a production rule:
<termina! session> := <log-on><interactions><log-off>

Each of these is further broken down until an entire dialogue is specifiable. Such a
grammar, if used to generate a dialogue, would produce the contributions of both
members of the dialogue--not just those of one speaker. The grammar includes the
CLP’s interactions as well as the user’s. The CLP operates by analyzing the user’s
input with respect to such a grammar. Some of ihe rules of the grammar have semantic
components.  Of these, some have effects internal to the CLP. Some of them activate
Functional Modules. Some provide direct aid to the user and some activata the Tutor
for more detailed help. In effect, the entire service is syntax-driven from the CLP.

The Session String

The CLP keeps track of the current state of the parse in a syntax graph. The path
through the syntax graph from the starting point to the current input which is at the
highest level in the parse structure is called the session string. The session string is
the CLP’s record of the user’s sequence of actions. There is no complete parse of the
input string until the user logs out. Yet, even though there is no complete parse, there
are actions. Some of the rules which apply have semantic components which execute
when they apply. These rules, of course, are relatively high-level rules and apply only
when the input has been sufficiently clear. This execution mechanism is a valuable
generalization of that of looking only at small segments of the input--i.e., "the
commands”--and executirg them when analyzable.

Not all the rules in the CLP’s dialogue grammar are context-free. The session string
therefore changes from time to time. As in a general production system, some rules
use the session string as a scratch pad. This scratch pad feature is particulariy useful

to closely interactive subservices such as the Tutor and the CLP’s command completion
aids.

The session string is not composed of impenetrable, atomic symbols (such as the
symbols used in formal production systems). Instead, the elements of the session string
are blocks called syntactic units. They are identified by data type to the session string.
They have general attribute/value storage mechanisms. Thus, as a command is
analyzed, the block representing the command contains pointers to lower-level blocks
representing arguments to the command.

An Example

Here is an example of how the CLP uses the session string to aid the user. The
example arbitrarily uses a particular language form, ie., positional functional notation.
In general, comments from the CLP and the Tutor are in the same language form as that
in use at tha moment by the user. When a section of the session string is shown
(indicated with an * at the far left), each symbol represents one syntactic unit in all
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cases but one. The "menu" syntactic unit consists of everything delimited by the
angles. The dJata type of that syntactic unit is menu; the other information in that
syntactic unit is stcred as attribute value pairs.
Suppose the user types
f(a,?
The CLP interprets that input (the question mark, in particular) as asking for a list

(menu) of possible second arguments.

There is a menu rule which is activated by the ? symbol. That rule looks back in
the string io determine what the user is currently doing. Then it:

o deletes the ? from the string;

makes note (for the User Monitor) that the
user requested a menu at this point;

presents a menu to the user;
inserts the menu into the string.

Assume that the possible second arguments are XXX, YYY and 2ZZ. After
application of the menu rule, the session string would appear

* f( a, <menu, 1 XXX, 2 YYY, 3 222>

At the same time, the semantic component of the rule sends a message to the user.
It reflects the new state of the session string, but is put in terms the user understands.
On the screen the message displays the menu and instructs the user to make a
selection. To the user the message appears

MENU
1. XXX
2. YYY
3. 22Z
Pleace type 1, 2, or 3 to make your selection.

Perhaps the user types a 2. Then the string becomes

* f( a, <menu, 1 XXX, 2 YYY, 3 222> 2
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The next rule to apply is the menu selection rule. It is activated by the menu
slement and it picks the second choice on the menu as the user has asked. The rule
then deletes the menu from the string, which now appears

% f(a, YYY,

The user may continue.

CLP Activations

The CLP is event-driven. Whenever {he user completes an input, the Input
3 Interface passes it on to the CLP. That action causes the CLP to resume execution.
The CLP appends that new input to the session string. It then continues its parsing
algorithm on the newly expanded session string.

. Whenever an active Functional Madule completes its current task, the CLP is also
e~ notified. It resumes execution, and in this case modifies the session string according to
the results produced by the Functional Module.

The CLP routes the results of Functional Module activations to differing destinations.
In the standard case, the CLP passes the results on to the user. If, on the other hand,
the Functional Module signals an abnormal result, the CLP notifies the User Monitor
which, in turn, activates the Tutor to explain the abnormality to the user.

If the Functional Module execution had been performed as an exercise proposed by
the Tutor, the CLP passes the results back to the Tutor for display to the user and
whatever further explanation the Tutor determines is appropriate.

Contexts

Having examined {he possible information flows for a single command, it is
worthwhile to consider briefly how the CLP deals with interactions on a longer time s

scale.
g

The CLP supports a context mechanism which organizes commands into related i
groups. The contex! notions are explained in more detail in Section 4.

o Through the use of contexts the user may communicate with the Agent in an
abbreviated manner. It is not always necessary to express a command in complete
deiail; the context makes meaningful what might otherwise be a meaningless partial
command.

0 Contexts are structured both horizontally and vertically. The user is free to
move in any direction. He may move from one context to an adjacent context. He may 3

23 ;




COMPONENT FUNCTIGNAL DESCRIPTIONS

also skip over contexts. The user switches contexts by entering a command which is
not in his current context. The CLP searches out the closest context which does
contain that command. When the user does jump a number of contexts, the CLP in
effect inserts dummy commands which take the flow of the interaction through those

contexts. Thus the user has all the advantages of structured interaction without the
disadvantages of excessive detail.

o Contexts permits the CLP to provide a pronominal reference service. Pronouns
do not refer back into contexts which have been completed [8]. Thus contexts which
the user has left are not examined during the search for pronoun antecedents.

o Contexts permit the CLP to prompt the user intelligently about his open options.

They also allow the CLP to review the user’s status with him. The Tutor uses the
contexts for similar purposes.

P, ' Summary

The CLP is an event-driven language processor which interacts with the user in
accordance with a dialogue grammar. The grammar includes the notion of interaction
contexts which permit more natural and free-flowing activities by the user.



4. SESSION CONTROL STRUCTURES AND CLP SERVICES

The CLP provides a number of aids to the user. Before describing the specific user
assistance features, further discussion of the CLP context mechanism is presented.

CONTEXTS

During a terminal session, the user is always operating in some interaction context.
As he performs various operations, he moves from context to context. The context
feature permits the command language to be much simpler than it might otherwise be if
each command had to be completely self-contained. On the other hand, th. -ontexts do
not compartmentalize the various subcomponents of the service as is the case with most
vertically structured services.

A context is simply a collection of commands. A context has a name and some
descriptive material attached to it. The main function of a context is to group
commands together and show how they relate to other commands.

Each context is made of of a) pointers to the commands it contains and b) pointers
to other contexts. Besides contexts having links from one to another, commands too
may have links from themselves to contexts. Commands are linked to contexts in two
ways and contexts are linked to each other in three ways. Here we inention the types k
of links available between contexts considered as collections of commands. These links '

grow out of the links between groups of Functional Module functions discussed in
Part 5.

Command /Context Links

Command link type 1. Each command is linked to the context in which it is found.
That is, a context points to all the commands which it contains, and

Command link type 2. Some commands create subcontexts. Each command which
creates a subcontext has a pointer to that context.

¢ For example, some Tutor commands create contexts in which the user is expected to
respond. Each such command points to the context which has the rules to deal with
that expected response.

25

T




SESSICN CONTROL STRUCTURES AND CLP SERVICES

Context.”Context Links

Context link type 1. Each context which is a subcontext in the sense of command
link 2 is linked to the context containing the command which activates it as a subcontext.
That is, each context links to its supercontext.

Context links types 2 and 3. In some cases, interaction with the user moves step
by step from context to context in some well-defined, finite state manner. Contexts
may have forward and backward links which point from themselves as a current context
to a next context and from the current context back to a previous context. The log-on
commands are a context which refer to the general Agent commands as a forward
context. The general Agent commands refer to the log-off rules as a forward context.

The CLP uses the context mechanism to recognize user commands. The user is
always in some current context. From that starting point, the CLP cycles through
related ccntexts searching for command formats which match the user input. When a
command is fcund which matches, the search is terminated. If no command is found, the
CLP fails in its search and takes appropriate action.

This context mechanism provides a formal structure to interactions without trapping
the user in stacks and pushdown stores. The pushdown mechanism is available if the
user chooses to make use of it. But if he wishes to switch context, he is completely
free to do so, just as long as the vehicle he uses is not meaningful in a context closer to
his current one than he had intended. The mechanism also allows different contexts to
use the same commands to mean different things. Since the CLP stops at the first
successful match, the problem of ambiguity does not arise. The only constraint imposed
is that each context must be internally free from ambiguity.

SERVICES PROVIDED BY TIHE CLP

The CLP provides a number of services to the user.

Prompts

When the prompt mode is enabled, the CLP will respond to the user’s raquest for a
prompt by indicating what possibilities are available next. Again, the form of the CLP’s
response is dependent upon the particular language form currently in use. Depending
upon the immediately preceding input, there are a number of different types of next
inputs.

o |If the user is in the middle of entering a command, the CLP prompts the user with
the name and description of the next command component expected. [f the
argument has associated with it a short list of possible values, the CLP displays that
list.
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If the user has just completed a command and is in a specific interaction context, the
CLP prompts the user with the names and descriptions of other commands available
in that context.

If the user is in a position to switch from one interaction context to another, the CLP
prompts the user with the names and descriptions of other interaction contexts.
The CLP also lists the main commands in each of the contexts mentioned.

If the user is in need of more help, the CLP shows the user how he can ask for more
detailed aid either from the CLP or from the Tutor.

Often, the CLP responds to a prompt request with information from more than one
of these categories.

Aborts

The user may request that the current line of pursuit be abandoned. As in the
situation with prompts, the CLP’s response depends on the user’s current needs.

The user has the option of specifying the scope of the abort. Some such are:
current command, previous command, current context. If he does provide the explicit
specification, the CLP aborts as requested and resumes interaction in the previous
context. If the user does not specify the abort argument, the CLP makes a guess and
then requests a confirmation from the user.

The CLP’s guess is also context-dependent. If the user had just completed a
command before entering the abort request, the CLP guesses that the abort applies to
that command. If the user is in the midst of entering a command when he requests an
abort, the CLP guesses that the abort applies to the ~urrently incomplete command.

Whenever the user requests an abort of one of his commands which has begun but
not finished execution, the CLP passes that request along to the executing Functional

Module. It is the job of the Functional Module to accept abort requests and to abort
cleanly.

Undo

The user may request that a previous operation on his part be undone. Undoc may

apply to a command or it may apply to his entry of a command argument during an
interaction with the CLP,

If the user requests that a command argument specification be undone, the CLP
simply deletes that specification from the command under construction.
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The Functional Modules in the military message service ae corstructed in such a
way that they can undo commands to the greatest extent possible. When the user
requests that a command be undone, the CLP passes that request along to the
Functional Module which executed the command. It is up to the Functional Module
actually to perform the undo. The CLP passes the Functional Modules’ response back to
the user after translating it into terms familiar to the user.

Part of the description defining Functional Module functions to the CLP is the Undo
flag (see Part 5). It indicates whether or not the Functional Module is capable of
undoing the function. When the user requests a function which the Functional Module
cannot undo, the CLP may warn the user and request a special confirmation from the
user before executing tlie ‘unction,

W here-Amm-1 and Review

At any point, the user may request a summary of his current command and
interaction context. When the user asks the CLP "Where Am 12" the CLP reviews with
the user his current hierarchy of open contexts. In addition, if the user is entering a
command, the CLP also displays that command, to the extent to which it is defined.

The user may also request that the CLP review with him the work that he has done.
For a general review, the CLP reports to the user all commands executed in the highest,
i.e., the general Agent, context plus other commands in currently open contexts. If any
of those commands initiated some interaction in a closed, lower-level context, the CLP
reports the fact of that lower-level interaction, but does not automatically review it. In
effect, the CLP translates and displays the session string to the user.

The user may, however, request a review of his activities in any of the lower-level
contexts mentioned above. In that case, the CLP reviews his actions there and reports,
but again does not give details, of any still lower-level contexts entered. Through this
mechanism, the user has the means to see any of the work he has done. At the same
time, he is not overwhelmed with unwanted detail.

Execution from a File

The CLP has facilities to accept input from a file. When operating in th s mode, the
CLP assumes that there is a user at the terminal. If there are any prublems
encountered in the file material, the CLP requests clarification from the user at the
terminal.

Thus the CLP accepts input from the file, but interacts with the user at the terminal.
It is possible, then, to write a program (i.e., sequence of commands), store it on a file,
then execute it while accepting input from the terminal. The CLP has defined a special
data type <terminal-input> which can be used in file programs whenever it is desired to
accept a parameter from the terminal,
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The terminal user is never locked out. The CLP is always open to accepting input
from the terminal. Anything the user types at the terminal takes precedence over
commands from the file. It is possible, of course, for the terminal user to request that
execution from the file terminate. Normally, the CLP displays the file to the user. He
can watch the program as it executes and stop it whenever he chooses.

The editor acts as intermediary when the CLP is executing from a file. When the
user gives a command to execute from a file, he specifies where in the file execution
should begin. The CLP passes on that specification to the editor, which in turn feeds
the CLP text from the file. The user may be editing the file at the time. In that case a
command such as execute from here (the current pointer position into the file) ma!.zs
sense to the editor. In any event, whatever the specification, it is a text specification.
The user already knows how to express these to the editor. The editor need not
perform any operations on the file as it is passed to the CLP. Any corrector functions

entered by the user will already have been performed before the text was stored in
the file.

Identifier Lexicon, Abbreviations,and Recognition

The Lexicon. For each user, the CLP mantains an individual lexicon of identifiers.
Whenever the user issues a command, the parameters used in that command are stored
in that user’s identifier lexicon.

The lexicon records how and when each identifier was used. Each time an identifier
is used, the data type of the parameter for which it was used is stored along with the
date of that use. A count is kept of the number of times an identifier is used as a
particular data type. The most recent date of use is the one date maintained for each
data type usage.

The CLP uses this lexicon to aid its command recognition algorithm. When the user
first enters the service, his personal name space is unfamiliar to the CLP. As he uses
the service, however, the CLP gathers a collection of the names which he uses and the
ways in which he uses them. These lexicon entries do not restrict the user from using
a name in new or in multiple ways; the CLP does not regu.ire that the user conform to
his previous usage. Rather, the CLP uses the lexicon to he.p produce an initial analysis
of the user’s input command and so to respond faster to the user.

Abbreviations.  The CLP permits the user to abbreviate identifiers. The user may
terminate a word-sized unit by a special abbreviation character. The CLP then
attempts to find an identifier from the identifier lexicon which abbreviates to those
characters. Using the simplest abbreviation algorithm, the CLP looks for identifiers
which begin wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>