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ABOUT THIS MANUAL

Introduction

This manual contains information about the Texas Instruments Natural
Language Menu system, which is designed to operate on the Explorer
system.

Purpose

The intent of this manual is to provide substantial reference information
on the utilities that comprise the Natural Language Menu (NLMenu)
system.

This document is intended for application designers who will use the
Explorer system and the NLMenu software to create and maintain natural
language interfaces to specific application packages. The individuals who
use the interfaces created by the designer are referred to in this manual as
interface users. However, it is the nature of the NLMenu software system
that interface users can themselves become designers of their own
interfaces or tailor existing interfaces to meet changing needs.

Scope

The scope of this manual assumes that you:

B Are familiar with computers and computer languages, and with Lisp or
Lisp machines

®m Have read the Explorer Technical Summary and the Explorer Oper-
ations Guide

B Have access to an installed and working Explorer system

Knowledge of linguistic concepts is not assumed, and familiarity with
context-free grammars is very much to the reader’s advantage.

Contents of
This Manual

This manual includes an index and a glossary and is organized into the
following sections.

Section 1: Overview — Describes an interface-user view of a natural lan-
guage interface and the main components of the NLMenu toolkit that the
application designer uses to create such interfaces.

Section 2: Using Natural Language Menu — Discusses the default compo-
nents of the NLMenu system; describes the operation of a natural language
interface from the application designer’s perspective and highlights the
steps taken by the designer in developing natural language interfaces.
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Section 3: Creating Natural Language Menu Sentences — Explains how to
devise a grammar that produces all and only the set of sentences that are
allowed in the interface language.

Section 4: Application Designer Inputs to NLMenu — Explains the format
of NLMenu grammar and lexicon files; describes the process whereby a
natural language input sentence is translated into the language of the
application and provides examples of how the application designer
develops translations; also explains developing screen configuration
descriptions and implementing experts.

Section 5: Natural Language Menu Grammar-Testing Tools — Describes
the tools that the application designer can use to automatically test and
debug an NLMenu grammar.

Section 6: Natural Language Menu Lexicographer — Describes the
NLMenu utility that assists the application designer in the development or
modification of lexicon files and the construction of selection windows.

Section 7: Database Interface — Describes how application designers can
use the NLMenu database interface to generate NLMenu interfaces to data-
base applications automatically.

Suggestions
for Using This
Manual

For an overview of the NLMenu system and natural language technology,
all should read the first two sections. Section 3 introduces the fundamen-
tals of grammar writing. Experienced linguists may choose to skim this
section, but since NLMenu interfaces are grammar-driven, an understand-
ing of these principles can help the novice linguist create more efficient
grammars. Section 4 discusses the various types of input that the applica-
tion designer must supply to the NLMenu system to create an interface.
These are 1) a grammar file, 2) a iexicon fiie, and 3} a screen description.
The sections dealing with the grammar-testing tools (Section 5) and the
lexicographer (Section 6) are of general interest. These tools can help the
application designer test and debug the grammar and complete the lexi-
con. Section 7 is of interest to anyone intending to use the NLMenu system
with database applications. It details the process of automatically generat-
ing interfaces to database applications. The glossary contains linguistic
terms that are unique to this member of the Explorer software document
set.

viii
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Notational
Conventions

Keystroke
Sequences

This manual uses certain notations to indicate the keystroke seguences
used to invoke a command, the process of using the mouse, and portions of
Lisp code. The following paragraphs describe the notational conventions

used in this manual.

Many of the commands used with the Explorer are executed by a combi-
nation or sequence of keystrokes. Keys that should be pressed at the same

key. Keys that should be pressed in a particular sequence are listed with a
space separating the name of each key. The following table illustrates the
conventions used in this manual to describe keystroke sequences.

Keystroke Sequence

META-CTRL-D

o rorme

CTRL-X CTRL-F

META-X Find File

TERM - SUPER-HELP

Interpretation

Hold the META and CTRL keys while pressing
the D key.

roOrTe

and release the HELP key.

Hold the CTRL key and press the X key,
release the X key, and then press the F key.
Alternatively, press CTRL-X, release both
keys, and press CTRL-F.

Hold the META key while pressing the X key,
release the keys, type the letters F, i, n, d,
space, F, i, 1, e, and then press the RETURN
key.

Press the TERM key and release it, press the -
key and release it, then press and hold the
SUPER key while pressing the HELP key.

NLMenu User’s Guide
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Mouse Clicks

Lisp Code

The optical mouse features three buttons that enable you to execute oper-
ations from the mouse without returning your hand to the keyboard.
Pressing and releasing a button is called clicking. The following table
illustrates the abbreviations used online to describe clicking the mouse.

Abbreviation Action

L Click the left button (press the left button once
and release it).

M Click the middle button (press the middle but-
ton once and release it).

R Click the right button (press the right button
once and release it).

L2 Click the specified button twice quickly. (Press

M2 the button, release it, then press it again

R2 quickly.) Alternatively, you can press and hold
the CTRL key while you click the specified
button.

LHOLD Click the specified button and hold it down.

MHOLD (Press and hold the specified button.)

RHOLD

Three fonts are used in this manual to denote Lisp code:

B System-defined words and symbols are in boldface. System-defined
words and symbols include names of functions, variables, macros,
flavors, methods, packages, and so on—any word or symbol that
appears in the system source code.

@ Examples of programs and output are in a special monowidth font. Sys-
tem-defined words in an example are also in this font.

B Sample names are in ifalics. Names in italics can be any name you
choose to substitute. (Italics are also used for emphasis and to introduce
new terms.)

For example, the following sentence contains the word setq in boldface
because setq is defined by the system:

The purpose of the setq special form is to assign a value to a variable.

x About This Manual
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Some function and method names are very long—for example, get-ucode-
version-from-comment. When the function is first discussed, the function
name is given followed by a list of arguments. Within the text, long func-
tion names may be split over two lines due to typographical constraints, as
in the following example:

For this reason, you can use either get-ucode-version-from-
comment or get-ucode-version-of-band to obtain the version of the
loaded microcode.

When you type the function name get-ucode-version-from-comment,
however, you should not split it or include any spaces within it.

Within each example of actual Lisp code, all names are shown in the
monowidth font. For instance:

(setg x 1y 2) => 2
+ xy) =3

The form (setq x 1 y 2) sets the variables x and y to integer values;
then, the next form (+ x y) adds them together.

In this example of Lisp code with its explanation, setq appears in the
monowidth font because it is part of a specific example.

Words for which you can substitute another value are shown in italics, as
in the following example:

The variables vars contained in the lambda list of some function foo
are bound to the argument values of the function invocation.

Occasionally, in examples where you could substitute a specific value, the
boldface and italics fonts are used together.

NLMenu User’s Guide
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Natural
Language
Menu Toolkit

1.1 The Texas Instruments Natural Language Menu (NLMenu) system
enables you to design a natural language interface for a computer user
with little or no programming background. You can use the NLMenu tools
to produce a series of windows and menus from which the interface user
can select an option, consisting of a natural language word or phrase, to
perform some task or to construct input sentences. You can tailor options
to the requirements of specific interface users.

Using the NLMenu software, you also control the nature and relationships
of words or phrases selected by the interface user during sentence
construction. The menu system guides the interface user so that he forms
only valid sentences. The scope and limitations of the system become
immediately clear to the interface user. This ease of use alleviates the
interface user’s anxiety about dealing with a new technology, and also
saves him time by eliminating error checks and the need to reformulate
sentences. The software translates interface-user input into the target lan-
guage of the application and passes the input to the computer system or
application program.

This simplifies the interface and increases both interface-user and system
productivity.

NLMenu User’s Guide
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An Interface
User’s View
of NLMenu
Interfaces

Interface
Screen and Windows

1.2 The following paragraphs describe the interface user’s view: of a nat-
ural language interface that you, the application designer, can create using
the NLMenu tools.

1.2.1 The interface screen is made up of several windows that contain
lists of items, or menus, that the interface user can select. These windows
can contain the following types of items:

B The name of the natural language interface

W The items the interface user can select to build sentences

B The options that can be applied to sentences the interface user builds
B A display of the sentence as it is being built

W A display of any results or messages once the sentence is completed and
sent to the application program for processing

When the interface user makes a selection from one of the menus, the
windows containing the next valid choices are automatically highlighted.
The interface user can make selections only from highlighted, or active,
menus. Highlighted items are displayed in black on a white background.
Highlighting and the use of menus provide visual cues that guide the
interface user during each step of the sentence-building process. In
addition, only the items that are appropriate choices in the existing
context are displayed in the highlighted menu. Items that might otherwise
appear in the menu but that are inappropriate in the present context are
not displayed. As a result, the interface user cannot build invalid
sentences. Grammar mistakes, punctuation omissions, lexical errors,
unusual paraphrases, and simple typing errors are not possible. Moreover,
inputs not within the scope of the application are not possible, so the
conceptual limits of the system are immediately apparent.

The interface used in the following series of illustrations is the Austin
Restaurants Interface. It is an interface to an RTMS (Relational Table
Management System) database containing information about various res-
taurants in the Austin, Texas area. The interface was constructed automat-
ically with the database interface generator.

Figure 1-1 is an example of an interface screen during a typical sentence-
building process. The numbers in the sample screen correspond to the
explanatory notes below.

1-4 Overview
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Figure 1-1 Austin Restaurants Interface Screen
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(D This window contains the name you, the application designer, give to
the natural language interface.

(2) Each of the selection windows contains a list of items (a menu) that the
interface user can choose when buiiding sentences. The interface high-
lights menus as the words or phrases in that menu become eligible for
selection. Only the highlighted items can be chosen. This ensures that
each completed sentence has the correct format. If there are more
items in the menu than can fit in the selection window, the interface
user can move through the item list. The process of moving, or
scrolling, items into view is described below.

(3 This window (System Commands window) displays the operations that
the interface user can choose to apply to a sentence at any stage in the
building process. The Execute command appears only when the inter-
face user’s sentence is complete and indicates that the sentence can be
sent to the application program for processing.
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Building a Sentence

Moving
Items Into View

| Selecting an Item

(@) This window (Input window) displays the interface user’s sentence as it
is built.

(5) An application program can produce certain results or send certain
messages when it processes the interface user’s sentence. This window
displays these results or messages. The phrases Beginning-of-Output
and End-of-Output appear at the appropriate positions in the display. If
there is more output than can be contained within the size limits of the
window, the interface user can move additional portions of the output
into view. The phrases More Above and More Below appear to indi-
cate the current position within the output display. The process of
moving, or scrolling, items into view is described below.

(6) Additional windows appear, as needed, to provide help information, or
to request filenames, dates, and so forth. These are called pop-up win-
dows, and they are superimposed over the interface screen.

1.2.2  To build a sentence, the interface user places the mouse cursor on
the desired word or phrase in a highlighted menu and clicks left once with
the mouse. The chosen item is added to the display of the developing
sentence in the Input window, and highlighting indicates the next valid
menu item(s). The interface user repeats this selection process until the
sentence is complete. The following paragraphs describe in greater detail
the individual aspects of building a sentence.

1.2.2.1 When a window contains more menu items or output than can
be displayed within the window, the interface user can move the remain-
ing items into view by bumping the mouse cursor against the appropriate
edge of the window (depending on the present position of the window in
the list, there can be more items above, below, or both above and below
the present window position).

1.2.2.2 To select a menu item, the interface user moves the mouse cur-
sor to the desired item and clicks left once on the mouse. Figure 1-2 pre-
sents a sample screen as the interface user is about to make a selection.

1-6 Overview
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Figure 1-2 Before Selecting the Restaurants Item
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Each time the interface user makes a selection:

M The word or phrase chosen is added to the display of the developing
sentence.

B Highlighting indicates the new menu(s) with valid choices.
In the following sample screen (Figure 1-3), the interface user has now

made a selection. Note how the window displaying the interface user’s sen-
tence and the selection windows have changed.
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Figure 1-3 After Selecting the Restaurants Item
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Entering 1.2.2.3

Specific Information

USER: Keyboard

Some sentences that the interface user wants to build can
require specific information such as a filename, a date, and so on. The
interface requests this information from the interface user by superimpos-
ing a pop-up window (see Figure 1-4) over the interface screen. There are
several types of pop-up windows, and the different types require different
responses from the interface user. Some pop-up windows require the inter-
face user to type the information requested and then press the RETURN
key. Other pop-up windows are exclusively for entering numerical data.
These windows function like handheld calculators. The interface user
selects numerical values from the window with the mouse. The pop-up
window shown in Figure 1-4 limits the selection options to a set of default
values. To select items in this type of pop-up window, the interface user
places the mouse cursor over a desired item and clicks left once on the
mouse.

1-8 Overview
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Figure 1-4 Selecting Food Types Via a Pop-Up Window
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Changing a Sentence 1.2.2.4 If the interface user wants to change a sentence after making a
selection or after building a complete sentence (but before submitting the
sentence for processing by the application program), it is possible to
reverse the selection process either partially or totally:

B To back up one selection at a time, either move the mouse cursor to the
Rubout option in the System Commands window and click right once on
the mouse or press the equivalent keystroke (see the mouse-documen-
tation line).

B To erase the entire sentence and start the selection process over from
the beginning, either move the mouse cursor to the Restart option in the
System Commands window and click right once on the mouse or press
the equivalent keystroke {see the mouse-documentation line).
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Sendinga 1.2.3 When the input sentence is complete, the interface visually cues
Sentence to the the interface user. The interface user then sends the sentence to the appli-
Application Program cation program by moving the mouse cursor to the Execute option in the
System Commands window and clicking left once with the mouse. In some
instances, the interface user can either submit the sentence as it stands or
continue adding items to the sentence until it is again complete. If the
interface user’s sentence is complete and no possibility for further expan-
sion exists, none of the selection menus are highlighted, and the Execute
command appears in the System Commands window. If the sentence is
complete but can still be expanded, the Execute command appears, and
selection menus representing valid next choices are highlighted. Figures
1-5 and 1-6 contrast these two situations:

Figure 1-5 A Complete, But Expandable Information Request
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Note in Figure 1-5 that the interface user has executed the query and
obtained results in the Output window. This does not prevent the user
from continuing to expand the query.
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Figure 1-6 A Complete, Nonexpandable Information Request

NLMENU Interface Austin Restaurants :
Commands Mouns  ~ ewperts = " THodifiers 0 ]
Find restaurants <specific map locations> whose map location is
Delete <specific restaurants> <specific names> whose name is
AT iDntes <a new restaurant> <specific addresss> whose address is
a bar chart [ {specific teiephones> whose telephone is
a line graph <specific kinds of food> whose Kkind of food is
a pie chart <specific reviews> whose review is
a histogram (specific qualities of foods)> whose quality of food is
a scatter plot {specific prices> whose price is
a surface graph <specific credit cards> whose credit cards are
N <specific number> whose distance from ut in miles is
quality of food with a minimum slice size of
price . . - . . . with'grid on -
oredit cards with horizontal grid
between with vertical grid
greater than with <nd divisions
less than
greater than or equal to
less than or equal to
equal to =

distance from ut in miles
name
address
telephone
Kind of food
review

onnectors
and draw a map of them
the number of
for
of
and

Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute Save Output

[Find restaurants whose kind of food i= HERICAN or CHINESE and draw a nap of then

Beginning -of-output

Nimenu Display Window Rustin Restaurants

83702/85 11:53:46AM LINN USER: Keyboard

As the user makes selections from the menu, the interface translates the
input into the language of the application program. When the user selects
the Execute command, this translation is sent to the application, and any
results, instructions, or messages produced when the application processes
the sentence are displayed on the video monitor. Figures 1-7, 1-8, and 1-9
illustrate various results that the interface user can obtain by submitting
the query shown in Figure 1-6.
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Figure 1-7 The Application Draws the Requested Map
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Figure 1.9 Getting Specific Restaurant Information
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Description of
the NLMenu
System

Creating an
NLMenu Interface

1.3  The following paragraphs contain brief overviews of the key
NLMenu components, features, operations, and required input from you,
the application designer.

1.3.1 To determine which windows are active and what data items are
displayed in each active window, you must provide the following three
types of input to the NLMenu system:

® A grammar that defines the valid combinations of words and phrases in
a selected natural language, the order of such words and phrases, and
the appropriate mapping of these words and phrases into the target lan-
guage of the application

B A [exicon that provides translations of the words or phrases used in the
mapping

B A screen description that tells the system where to place windows and
what words or phrases to insert in them

These three elements enable you to create and test NLMenu interface files.
Other NLMenu utilities use these files for interaction with your particular
application. Figure 1-10 shows how the NLMenu software —linked with the
application—accepts natural language input from an interface user, trans-
lates that input into a target string, and sends it to the application.

Figure 1-10

NLMenu Interface
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.. L . - . L
iexicon l »| interface nlel
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NLMenu Loop 1.3.2 The NLMenu loop is the main input loop of the NLMenu system,
controlling the interaction of other system components. The overall flow

of control is shown in Figure 1-11.

Figure 1-11 NLMenu Driver Input Loop
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The input to the loop forms a complete specification of an NLMenu

interface and consists of the following:
B Semantic grammar
W Lexicon

B Set of experts (handlers for specific information)

B Set of commands
B Target software system

Each of these types of input is described in detail in a subsequent section.
The basic cycle of the loop is as follows:

1. An array of menus is displayed to the interface user.

2. The interface user selects a menu item (a word or phrase of a
sentence).

3. The choice is parsed.

4. Using a reachability matrix and the new parser state, the set of next
legal grammar terminals is predicted.

5. The screen is refreshed to display the next legal choices, ready for the
interface user’s next input.

Grammar Formalism 1.3.3 The grammars used in the NLMenu system define the allowable
sentences in the interface language. Sentences and sentence fragments are
defined by rules that indicate the components of the sentence or fragment
and the proper arrangement(s) of the component parts. These rules can
contain the standard abbreviatory conventions used by linguists for col-
lapsing (combining) grammar rules. In addition to word order information,
the grammar formalism also contains information that determines the
meaning of each input sentence. A lexicon containing an entry for each
terminal in the grammar is part of the formalism, and there is a translation
associated with every entry in the lexicon. Associated with each grammar
rule is a rule that specifies how to combine translations associated with its
constituents.
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Parser 1.3.4 The parser keeps track of selections and determines the next valid
choices. The parser used in the NLMenu system is enhanced to enable
parsing of one word at a time and to predict the set of next possible words
in a sentence, given the input that has come before. This increases the per-
ceived speed of the parser because the parser works as the interface user is
entering input. The NLMenu parser also features a rubout facility, which
eliminates previous choices in reverse order of selection.

Grammar Compiler 1.3.5 The grammar compiler converts the external form of a grammar
into an internal form that is convenient for the parser. The component of a
grammar rule that determines valid word order is converted to list
representation, and the rule is compiled into an internal format. The
grammar compiler also creates rules that indicate how to combine the
meaning contributed by each rule component to produce the meaning of
the sentence or sentence fragment that the rule defines. Compiled gram-
mars are automatically saved and reused provided you have made no
changes to the source grammar and lexicon since compilation took place.

NLMenu Tools 1.3.6 The NLMenu tools are a complete set of interface development
tools. These tools help you, the application designer, to produce and pack-
age a high-level interface that accepts simple, natural language words and
phrases as input. In creating a natural language interface, you must supply
information regarding the structure and content of sentences, and
descriptions of how a screen will look. The NLMenu tools help you write a
grammar and build the lexicon and screen descriptions that govern
interface-user input.

Grammar Tests 1,381 The NLMenu grammar tests provide you with an automated
means of debugging and testing a handwritten grammar. Section 5
describes in detail the various grammar tests available to you. The tests
are automatically loaded when the NLMenu development system is
loaded.
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Lexicographer/ 1.2.6.2 The lexicographer offers

ge 1
Screen-Builder ment of the lexicon and the screen description:

® The Specify New Lexical Items option prompts you for each lexical
entry required by that grammar and then automatically saves the
lexicon.

®m The Modify Existing Lexical Items option lets you change various
entries in the lexicon, and the updated lexicon is automatically saved.

® The View Selection Window option provides you with a means to
examine the size and contents of any selection menu based on the cur-
rent state of the lexicon.

W The Build Screen option automatically constructs a screen description
based on the current state of the lexicon. This description usually is opti-
mal, so you need to be concerned only with grammar and lexicon devel-
opment. In situations where you want to provide your own screen
description, the description produced by the screen-builder is extremely
useful in suggesting a final layout; you can obtain specific window
geometries directly from the View Selection Window option.
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Introduction

2.1 This section outlines the Natural Language Menu (NLMenu) interface
development procedure and provides starter-kit descriptions, instructions
for invoking an interface, and a functional overview of the system. Details
concerning the development of particular interface components are con-
tained in subsequent sections.

Functional
Overview of the
NLMenu System

Invoking an
NLMenu Interface

2.2 The following paragraphs describe:

B instructions for invoking an NLMenu interface—either the starter kit
interface (see paragraph 2.4 for information about the starter kits) or an
interface with user-supplied parameters

® Components of the NLMenu screen that appear after invoking the
interface

B Operations that you can carry out on natural language sentences built
using the interface

2.2.1 To invoke an NLMenu interface, you either select the NLMenu
option from the System menu or press SYSTEM N. Invoking NLMenu typi-
cally brings up another menu that you use to select an NLMenu System
menu. The NLMenu System menu lists available interfaces and various sys-
tem commands. The precise form of the NLMenu System menu depends
on whether the Relational Table Management System (RTMS) toolkit is
available.

NOTE: If the RTMS toolkit is available and the NLMenu System menu is
being managed by the interface management tools described in Section 7,
an active database must reside in memory before the NLMenu System
menu can be created.

NLMenu User’s Guide

Using Natural Language Menu ~ 2-3



Selecting an NLMenu 2.2.1.1  After you invoke the NLMenu system by either selecting the
System Menu NLMenu option from the System menu or pressing SYSTEM N, the menu

shown in Figure 2-1 appears if the RTMS toolkit is available. If the RTMS
toolkit is not installed, the nondatabase-dependent NLMenu System menu
described in paragraph 2.2.1.2 appears immediately.

Figure 2-1 Menu for Choosing an NLMenu System Menu

>

Lisp:

ERROR - There is currently no active database List Menus
Please either restore a saved database or define a new one Help

Menu Tools

Lisp Listener |

Lisp Expressions
Suggestions Menus Off

Basic Meru

Clear Screen
Start Input Over
Forward
Backward
Foruward Word
Backward Hord
Beginning of Line

Choose an NLHMenu Sustem Menu End of Line

Get non-database-dependent NLMenu System Menu Rubout Last Char

Delete Character

Load database and get databas-dependent NHLMenu System Menyl Retrieve Input Typed Las

Retrieve Last Kiltl

The options available in this menu allow you to select the NLMenu System
menu appropriate for your needs.

If you select the first option, NLMenu displays the nondatabase-dependent
NLMenu System menu that is described in paragraph 2.2.1.2. You are not
able to access the automatic interface generator described in Section 7 if
you select this option.

If you select the second option, you are asked to load a database from a
menu. That menu is shown in Figure 2-2.
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| DY, Y, S | GIPU T PO o ) NPIGRpIPN 72RUEPS N P 728 . V. preuens
rigure 4~ va abase Parameters Choose-Variable-Values Menu
> Lisp:
ERROR - There is currently no active database List Menus
Please either restore a saved database or define a new one Help
tenu Tools

Lisp Expressions
Suggestions Menus Off

Basic Mena

Clear Screen
Start Input Over
Forward
Backward
Forward Word
Backward Word
Beginning of Line

End of Line
Database Parameters Rubout Last Char
Database:; [KHAME-UF-TIHTHEASE ! Delete Character
Directory: sys:n]menu—rtns-fnterface; Retrieve Input Typed Las
Do it O foort O Retrieve Last Kiil

Lisp Listener |
A: Bring up the System Menu.

84,27/85 ©B6:42:37AM LINN Keyboard « L11: KARI; BAR.TXTH? BZ 8

Your response to the database prompt is the name of the database to be
loaded. This database should contain the NLMenu-interfaces and the
interface-grants relations. In response to the directory prompt, enter the
name of the directory where the database resides.

When you have entered the required information in the Database Parame-
ters choose-variable-values menu, select either the Do It or the Abort
option. If you select the Abort option, you are returned to the Lisp Listener
and the Explorer system displays a message that you aborted entry to
NLMenu. If you select the Do It option, the database is loaded and an
NLMenu System menu similar to that described in paragraph 2.2.1.3
appears. Note that access to the automatic interface generator described in
Section 7 is available from this NLMenu System menu.
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NLMenu System 2.2.1.2 If RTMS is not installed or if you select the nondatabase-
Menu Without dependent NLMenu System menu, you are presented with an NLMenu Sys-
Database Interface tem menu that is similar to the one shown in Figure 2-3.

Figure 2.3 Typical NLMenu System Menu — Without RTMS

»kx*%Running NLMenu...

Thoose or Build an NLMENU Interface

System Commands:
EXIT NLMENU SYSTEMN
BUILD NEW INTERFACE
DELETE INTERFACE

Sample Interfaces:

Parts—and—Suppliers X

User-Created interfaces:

Test999 KOLTS seL 3712s,85 88:25:01
Test444 KOLTS SoL 3/88/85 60:87:19
1288 KOLTS SoL 11,89784 17:41:46
Ilee KOLTS sQL 11783784 16:51:31
Date’s Supplier-Parts KOLTS saL 1178984 16:27:68

+ = Loaded Interface

TEXAS INSTRUMENTS INCORPORATED

Lisp Listener 1
Suggestions Menus On System Menu Help

08371585 85:29:00AM LINN USER: Keyboard

To build an interface with starter-kit values for all components, select the
Parts-and-Suppliers sample interface. This loads the compiled parts-and-
suppliers grammar and a corresponding NLMenu constraint window is
created and displayed.

Initially, there are no user-created interfaces available. The Build New
Interface option adds such interfaces. Selecting this option displays a
choose-variable-values menu from which you can select various interface
inputs. This window is shown in Figure 2-4. Subsequent invocations of
NLMenu include the new interface on the NLMenu System menu, pre-
ceded by a plus sign (+) if the interface is loaded. There is no limit to the
number of interfaces that can be loaded.
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Figure 2-4 Interface Parameters Choose-Variabie-Vaiues Menu

¥¥¥¥*¥RUNNING NLMenu. ..

Lisp Listener 1

Interface Parameters

Interface Name: Sample-Interface

Grammar : [Bus:nTmenu;parts—and-suppliers.qramnan
Lexicon: sg§;n\nenu;pafts-and—suppl1ersalexicen
Root: S

Test the grammar?: Yes No

Use lexicographersscreen-builder?: Yes No

Panes Description: DEFRULT-PANES

Constraints Description: DEFRULT-CONSTRAINTS

Experts File: NIL

Target Language: SoL

Exit O

83715/85 85:37:27AM LINN

Suggestions Menus On

System Menu Help

NLM: Choose

The input parameters shown in the Interface Parameters choose-variable-
values menu are as follows:

B Interface Name — This name appears in the logo window and under the

user-created interfaces column on the NLMenu System menu. Type the
name of an interface, and press the RETURN key. There are no restric-
tions on the length of the interface name; although, for purposes of sav-
ing and/or retrieving user-created sentences or queries for a particular
interface, only the first four characters of the interface name are signifi-
cant. The NLMenu System menu is arranged to handle interface names
of up to 25 characters without truncation.

m Grammar — Specify the pathname for the source grammar. To specify

the starter-kit grammar name, type SYS:NLMENU;PARTS—-AND-
SUPPLIERS.GRAMMAR.

NLMenu User’s Guide

Using Natural Language Menu  2-7




B Lexicon — Specify the pathname for the source lexicon. To specify the
starter-kit lexicon name, type SYS:NLMENU; PARTS-AND-
SUPPLIERS.LEXICON.

W Root — Respond with the start symbol of the source grammar. In many
instances, this is the symbol s, which is the default value.

W Test the grammar? — Selecting yes causes the Grammar Test menu (see
Figure 2-5) to appear after all input parameters have been collected. The
menu is centered on the current position of the mouse. The default
value is no, which is initially highlighted. You can also invoke the
Grammar Tool menu directly with the function nlm:get-
grammar-tools. In this case, first call the function nlm:reset-
grammar-tool-interface to specify the name of the grammar to be
tested. Otherwise, nlm:get-grammar-tools builds a Grammar Tool
interface to the sample grammar. Section 5 discusses the various
grammar tests in detail.

Figure 2.5 Grammar Test Menu

> {(nTm:get-grammar-tools)

The following rules have expansion conflicts:
None

Semantic consistency test succeeded:
A11 expansions of rules have matching semantic parts.
A11 semantic parts of rules have matching expansions.

Test Grammar: sys:nimenu;parts-and-suppliers grammar
GRAMMAR TEST STATUS
Format Test Runs when grammar is loaded
Static Weli-Formedness Not yet run
X Succeeded
Semantic Consistency Succeeded
Cucle Check Not yet run
Sentence Generator Not yet run
Abort

Lisp Listener 1
Suggestions Menus On System Menu Help

083716,85 ©86:40:34AM LINN USER: Menu choose FILE serving C8
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B Use lexicographer/screenbuilder? — Selecting yes causes the Lexicog-
rapher/Screen-builder menu (see Figure 2-6) to appear after ail input
parameters have been collected. The menu is centered on the current
position of the mouse. The default value is no, which is initially high-
lighted. You can also invoke the lexicographer/screen-builder directly
with the function nlm:get-lexicographer. However, first call the
function nim:reset-grammar-tool-interface to specify the name of the
lexicon. Section 6 describes the various options available in the
lexicographer.

Figure 2-6 Lexicographer/Screen-Builder Menu

****kRunning NLMenu...

*kxx%Start reading a grammar from disk
Done - reading a grammar from disk completed in 9.567 seconds.

x¥kkkStart reading a lexicon from disk
Done - reading a lexicon from disk completed in 7.567 seconds.

Lisp Listener 1

Test Lexicon: sys:nlmenu;parts-and-suppliers lexicon

Specify Neuw Lexical Items

[ X___Modify Existing Lexical ltems ]

View Selection Windouws

Build Screen

Abort

Suggestions Menus On System Menu Help

93/15/85 ©85:49:13RM LINN USER: Keyboard
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B Panes Description — Use this parameter to control the arrangement of
the selection menus in the NLMenu constraint window. There are four
choices, documented in the who-line.

If you select nil, the system builds one row of panes with n columns,
where n is the number of unique menus referenced in the lexicon (see
paragraph 4.5). Long entries are truncated. This option can be suffi-
cient for an interface still under development that will eventually
require a nondefault pane arrangement.

The Default-Panes option causes the system to load a predefined set
of window panes (see paragraph 7.2.4). Note that the lexicographer/
screen-builder includes an option to assist in creating pane descrip-
tions based on the current state of the lexicon.

You can select the third option, Screen-Builder-Panes, if you have run
the Build Screen option of this utility (see paragraph 6.3.4).

You use the fourth option to designate a pathname for a file in which
a panes description is stored. For information on creating a panes
description, see paragraph 6.3.4.

m Constraints Description — With this parameter, you control the
arrangement of the entire constraint window. The same four options
described for the Panes Description parameter are available. For infor-
mation on creating a constraint-window description, see paragraph
6.3.4.

® Experts File — Specify a pathname for a file in which any special-
purpose experts are stored, or nil if there are none. For information
concerning the creation of experts, see paragraph 4.9.

W Target Language — Specify the language into which natural language
inputs are to be translated.

Items in the Interface Parameters choose-variable-values menu are mouse-
sensitive, and documentation on each appears in the who-line. A default
choice is always given. If both a default and a nondefault choice are
displayed, the default is highlighted in boldface. If you select the
nondefault, the highlighting changes to reflect your selection. If only a
default value is displayed, changing the default involves the following gen-
eral steps:

1. Click on the item. The default value disappears.

2. Type the desired value.

3. Press the RETURN key to record the change.
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When you have specified all parameters, click on the Do It option. If you
instead wish to abort, selecting the Abort option returns you to the
NLMenu System menu. If you select Do It, the system checks whether the
grammar you specified is already compiled. If it is, the compiled grammar
is loaded. If the grammar is not compiled, the system calls the grammar
compiler, compiles the grammar and lexicon, and saves the compiled ver-
sion to disk. This saved version is automatically used on the next invoca-
tion of any interface using the same grammar, unless either the source
grammar or lexicon files have changed since the grammar was last
compiled.

Once grammar compilation and loading are complete, the system makes
the NLMenu constraint window. Then it creates window items, based on
the lexicon, for the selection menus. When these processes are complete, a
record containing the parameters that specify the new interface is
appended to the file SYS:NLMENU;NLMENU-INTERFACES (the file is auto-
matically created if it does not exist). Subsequent invocations of NLMenu
include the new interface on the NLMenu System menu, preceded by a
plus sign (+) if the interface is loaded. Finally, the NLMenu constraint win-
dow appears, and you can use the interface.

To remove an interface from the NLMenu System menu, select the Delete
Interface option from the NLMenu System menu (see Figure 2-3), or use
the editor to delete its defining entry in the file SYS:NLMENU;NLMENU-
INTERFACES.
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NLMenu 2.2.1.3 When you select the database-dependent NLMenu System menu
System Menu With and designate the database to be loaded, the system displays the NLMenu
Database Interface System menu which has the appearance shown in Figure 2-7.

Figure 2-7 Typical NLMenu System Menu — With RTMS

*¥x¥*Running NLMenu...

Thoose an NLMENU Interface

System Commands:
EXIT NLMENU SYSTEN

User-owned Interfaces:
None

Interfaces Granted to the User:
None

Public Interfaces:

Basebal | THOMPSON {A-RTHMS) 12-26-82 13:37:81
Courses THOMPSON (A-RTHS) B87-17-84 15:22:19
Courses THOHPSON (A-SQL) 2,/15/85 18:33:89
Parts—and-Suppliers THOMPSON {A-RTNS) B6-26-84 16:28:15
Parts—and-Suppliers THONMPSON {A-SQL) 12-16-83 1B:56:39
Austin Restaurants Kolts {A-RTHS) 382,85 11:38:57

+ = lLoaded interface

M = Manually generated, A = Automatically generated
RATMS = Relational Table Manager System translations
SQL = SQL translations

TEXAS INSTRUMENTS INCORPORATED

Lisp Listener 1
Suggestions Menus On System Menu Help

B83/082/85 11:47:08AM LINN USER: Keyboard

This menu gives you access to NLMenu interfaces that you have pre-
viously created or have been granted access to by other users. The inter-
face management scheme that controls the presentation of NLMenu

interfaces on the NLMenu System menu is discussed in detail in paragraph
7.2.2.
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When you select an interface, the system first determines whether you
have specified a portabie spec file (specifying a set of categories containing
all the domain-dependent information necessary for a complete user-inter-
face grammar and lexicon) in the tuple entry (row of an interface database
table) for the selected interface. This tuple is in the NLMENU-INTERFACES
relation (database table) of the currently active RTMS database (see para-
graph 7.2.2.2). If you have specified a portable spec file, and if the
grammar-file and lexicon-file entries are nil in the NLMENU-INTERFACES
relation, the system does the following:

m Examines the VERSION entry in the NLMENU-INTERFACES relation
B Generates a grammar and lexicon of the appropriate type

Currently supported types of database interfaces are Structured Query
Language (SQL) and RTMS. In the latter case, natural language input is
translated to the RTMS query language that is executable on the Explorer.
The automatically generated source grammar and lexicon are then saved
to disk. The tuple entry for the interface is updated to refiect that a
grammar and lexicon are now available. The pathnames of the source
grammar and lexicon are stored in the grammar-file and lexicon-file
entries. The string grammar generated is stored in the portable-spec-file
entry. The modified NLMENU-INTERFACES relation is not automatically
saved. If grammar regeneration is not required, you can save the modified
relation with the call (rtms:save-relation* nlmenu-interfaces).
From this point, the process is similar to what occurs when the RTMS
toolkit is not available:

B The grammar is compiled if necessary.

B The compiled grammar is written to disk.
B The NLMenu constraint window is created.
B Menu items are filled in.

B The constraint window is exposed.

Appropriate messages appear on the video display informing you of the
progression of these processes.
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Invoking NLMenu 2.2.2 To invoke the NLMenu system from an application program, you
From an Application must call the nlm:nlmenu-driver function. A description of the syntax
and the parameters of this function follows.

nlm:nlmenu-driver interface-name grammar-file lexicon-file root Function
&optional panes constraints experts owner version

Arguments:

interface-name — This parameter specifies the name of the interface to be
invoked by the NLMenu system.

grammar-file — This parameter specifies the pathname for the source
grammar. Supply the value as a string in double quotes.

lexicon-file — This parameter specifies the pathname for the source lexi-
con. Supply the value as a string in double quotes.

root — This parameter specifies the start symbol of the source grammar.

panes — This parameter specifies the panes description for the interface.
Its value is one of the following:

B A string in double quotes representing the pathname of the file contain-
ing the panes description

® A symbol bound to the panes description
& nil

Specifying a value for this parameter is optional. If no value is provided,
the NLMenu system uses defaults that are appropriate for many interfaces.

constraints — This parameter specifies the constraints description for the
interface. Its value is one of the following:

B A string in double quotes representing the pathname of the file contain-
ing the constraints description

B A symbol bound to the constraints description
M nil

Specifying a value for this parameter is optional. If no value is provided,
the NLMenu system uses defaults that are appropriate for many interfaces.

experts — The value of this parameter is a double-quoted string that desig-
nates the pathname of a file containing special-purpose experts. This is an
optional parameter.
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Screen
Appearance and
Sentence Building

owner — The value of this parameter is a double-quoted string that

appears on the NLMenu System menu to indicate who created the inter-
face. This is an optional parameter.

version — The value of this parameter is a symbol designating the type of
interface; for example, SQL or RTMS are possible values. This is an
optional parameter.

2.2.3 The following paragraphs describe how NLMenu guides you (or
the user of your interface) in composing sentences that are guaranteed to
be understood by the system. After you examine the NLMenu System
menu and select or build an interface, the NLMenu screen for that inter-
face appears. This screen consists of the following five windows (unless
you have built your own special-purpose constraint window, see para-
graph 6.3.4):

m Logo window

B Selection window

B System Commands window
® [nput window

W Display window

Figure 2-8 illustrates an NLMenu screen for the Parts-and-Suppliers
interface.
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Figure 2-8 Parts-and-Suppliers Interface Screen

NLMENU Interface Parts-and-Suppliers
Commands ____  [Houns ____ — — Jewperts ____ iodirters |
Find Draw suppliers parts e a e whose part city is
Delete Insert shipments <specific suppliers> e 2 whose part color is
<specific parts>  <specific shipments> : a ame whose part name is
- <a new supplier> <a new part> e 3 art# whose part part# is
<a new shipment> a bar chart e e e whose supplier city is
a line graph a pie chart e er name whose supplier name is
a histogram a scatter plot e e whose supplier supplier# is
a surface graph e e art# whose shipment part# is
e e e whose shipment supplier# is
whose supplier status is
whose part weight is
whose shipment quantity is
which are shipments of
which were shipped by
whe ship
who supply
which are supplied by
with a minimum slice size of
with grid on
with horizontal grid

Connectors

and with vertical grid
or with <n> divisions
System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute - Save Output

Find nane and city of suppliers who ship shipnents whase shipnent quantity is greater than or equal
to 366

More Above
(RTMS:RETRIEVE ’SUPPLIER
YPROJECT-LIST
? (SUPPLIER# NRME CITY)
' WHERE
* (MEM ’EQU-DB SUPPLIER# * (22
(RTMS:RETRIEVE ’SHIPMENT
*PROJECT-LIST

*SUPPLIER#®
*WHERE
‘(>= QUANTITY 308)
*TUPLES
nn
*WIDE
NIL
*STREAM

Nimenu Display Window Parts And Suppliers

More Below
Any button to select choice.
]

84,27/85 B1:89:09AM KOLTS NLM: Keyboard « C20: PRINTER; IMAGE-KOLTS.IMAGEN#2 777 83448

The following discussion assumes that this is the selected interface, and
that the translations generated by the system are in the RTMS query
language.

Interface Screen 2.2.3.1 The interface screen is a constraint frame made up of several
and Windows windows, some of which contain lists of items, or menus, for selection. The
following paragraphs describe these windows in more detail.

Logo Window The logo window (see Figure 2-9) is where the interface
name appears.
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Figure 2-9 Parts-and-Suppliers Logo Window

NLMENU Interface Parts-and-Suppliers
Commands  — _ MNouns _ — =~ fewperts ___ hodiflers
Find Draw suppliers parts <specific part cities)> whose part city is
Delete Insert shipments <specific suppliers> <specific part colors> s whose part color is
{specific parts> <specific shipments> <specific part names) whose part name is

<a new supplier> <a new part> <specific part part#s> whose part part# is
<a new shipment> a bar chart (specific supphier cities)> whose supplier city is
a line graph a pie chart <specific supplier names> whose supplier name is
a histogram a scatter plot <specific supplier supplier #s> whose supplier supplier# is
a surface graph <specific shipment part#s> whose shipment part# is
{specific shipment supplier #5> whose shipment supplier# is
<specific number> whose supplier status is
whose part weight is
whose shipment quantity is
which are shipments of
i eTwee ' which were shipped by
eate who ship
who supply
which are supplied by
with a minimum sfice size of
with grid on
with horizontal grid
with verticat grid
with <n> divisions

Connectors

and
or

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute © Save Output

Find name and city of suppliers who ship shipments whose shipnent quantity is greater than or equal
to 308

— More Above
(RTMS:RETRIEVE °*SUPPLIER
*PROJECT-LIST
* {SUPPLIER# NAME CITY)
*WHERE
*(MEM ’EQU-DB SUPPLIER# * (22
(RTMS:RETRIEVE ’SHIPMENT
*PROJECT-LIST

*SUPPLIER®
*WHERE
?{>= QUANTITY 3088)
*TUPLES
N
*WIDE
NIL
* STREAM

Nimenu Display Window Parts And Suppliers
More Below

Any bution to select choice.

84,27/85 81:83:99AM KOL1S NLM: Keyboard "~ « C2@: PRINTER; IMAGE-KOLTS.IMAGEN#2 772 83348

Seleciion Window  The selection window (see Figure 2-10) consists of
several panes. The total number of panes depends on the panes descrip-
tion, which in turn depends on the underlying grammar and lexicon. Each
pane has a label corresponding to a menu referenced in one or more lexi-
cal entries (see paragraph 4.5). Typically, this label names a grammatical
category. Within each pane is a list of items, each of which corresponds to
a possible input word or phrase. You can scroll the selection panes by
bumping the mouse cursor against the left border of the window until the
mouse cursor is transformed into a thick double arrow and a scroll bar
appears. Instructions in the who-line documentation specify procedures for
scrolling in various directions.
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Figure 2-10 Parts-and-Suppliers Selection Window

NLMENU Interface Parts-and-Suppliers
4R Corma Nouns

d Dra suppliers parts

Delete e shipments <specific suppliers>
— - {specific parts>  <{specific shipments)
<a new supplier> <a new part>
<a new shipment> a bar chart

a line graph a pie chart

a histogram a scatter plot
a surface graph

<specific part cities)>

<specific part colors>

<specific part names>

<specific part part#s>
fic supplier cities)>

<specific shipment part#s>
{specific shipment supplier #s>
<specific number>

<
between
greater than
less than
greater than or equal to
less than or equal to

whose part city is
whose part color is
whose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier # is
whose shipment part# is
whose shipment supplier# is
whose supplier status is
whose part weight is
whose shipment quantity is
which are shipments of
which were shipped by
who ship

who supply
which are supplied by
with a minirum slice size of

+ equal to

with grid on
with horizontal grid
with vertical grid
with <n) divisions

Connectors

System Commands
Restart Refresh Rubout
Delete Inputs Play Input Show Translation

Exit System Save Input
Show Parse Tree Execute

Retrieve Input
Save Output

Find name and city of suppliers who ship shipnents whose shipment quantity is greater than or equal
to 368

More Adove
(RTMS:RETRIEVE °SUPPLIER
?PROJECT-LIST
* (SUPPLIER# NAME CITY)
*WHERE
*(MEM ’EQU-DB SUPPLIER#® ’ (2%
(RTMS:RETRIEVE *SHIPMENT
*PROJECT-LIST

*SUPPLIER#
*WHERE
’{>= QUANTITY 3@8)
*TUPLES
mn»n

*WIDE

NIL

’STREAM

Nimenu Display Window Parts And Suppliers
More Below

Any button to select choice.

84,27,85 01:03:09AM KOLTS NLM: Keyboard « C20: PRINTER; IMAGE-KOLTS.IMRGEN®#2 772 83448

Some items that you select invoke interaction experts. These items are
typically enclosed in angle brackets. Experts allow variable input to be
entered by means of a special-purpose interactive display. When an expert
pane item is selected, a pop-up window or menu (see Figure 2-11) appears
where you can enter or select a desired value. Code to invoke experts is
incorporated in the underlying lexicon. Experts are individually pro-
grammable in the NLMenu system; each type of expert is a specialized
piece of code. For example, one type of expert is the calculator expert. It
works like a hand-held calculator. Each item in the calculator expert pop-
up window is mouse-sensitive. For more details about experts, see para-
graph 4.9.
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Figure 2-11 Parts-and-Suppliers Calculator Expert

Find Draw suppliers <specific number>
Delete Insert shipments <specific suppliers>
~ {specific parts>  <specific shipments>
<a new supplier> <a new part>
A <a new shiprent> a bar chart
quantity a line graph a pie chart
city a histogr:
color a surface g
name
part#
supplier #
status

whose part city is
whose color is
whose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier# is
whose shipment part# is
whose shipment supplier# is
whose supplier status is
whose part weight is
whose shipment quantity is

which are shipments of
which were shipped by
who ship

Comparisons
BURIWOLS
greater than
less than
greater than or equal to
less than or equal to

who supply
which are supplied by
with a minimum slice size of

equal to with grid on
Connectors with horizontal grid
the number of with vertical grid
the average with <n> divisions
the total

the minimum
the maximum

Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input
Find nane and city of suppliers who ship shipmnents ushose shipnent gquantity is greater than or equal
to
More Adove
Nimenu Display Window Parts And Suppliers
Erd-of-outpat

83/02,85 12:13:00AM LINN USER: Buffer empty

Selection panes change as you make selections (see Figure 2-12), allowing
you to make only meaningful choices. Active panes, from which you can
make selections, appear with menu items listed against a white back-
ground. Inactive panes appear in reverse video. As you make selections,
the active/inactive status of windows changes. The window items them-
selves, and whether they are selectable, also change dynamicaily. The
parser parses each meaning unit as it encounters it. The parser pursues
each possible parse path and, on the basis of this search, determines which
selections are valid as the next element. Based on this determination, the
NLMenu system activates only those window panes and only those win-
dow pane items that are valid next selections.
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Figure 2-12 Parts-and-Suppliers Active/Inactive Panes

NLMENU Interface Parts-and- lier
Commands _— |RENG :
Find Draw suppliers ose pa
Delete insert parts pe 0 ose colo
: shipments p pa ose pa
Attributes <specific suppliers> a pa
city <specific parts> p pp 0 PP
color <specific shipments> p PP a pp a
name * e pe pphe ppher ¥ e pp
part# pe pment pa pa
' pe p e ppher ¥ 105€ p e ppler #
status he be ose supplie
quantity ose shipment qua
or equal to 0
qual to Connectors th horioontal arid
the number of o arid
the average divisio
the total
the minimum
the maximum
[Susten tommands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input
[Find
More Adove
Nimenu Disptay Hindow Parts And Suppliers
End-of-output

Fubout the last menu item chosen (RUBOUT)
]

837062/85 12:149:27RM LINN USER: Keyboard

There are no restrictions on the grammar with respect to ambiguity. If the
system detects multiple parses (interpretations) of your input sentence, a
pop-up window appears with a listing of the various interpretations. These
parses are arranged according to probability of intent. From this pop-up
window, you select the parse that corresponds to your intent.

System Commands Window The System Commands window (see
Figure 2-13) contains commands for building new inputs or performing
operations on existing inputs. Refer to paragraph 2.2.4 for more detailed
information on these commands. Documentation on these commands is
also available on the who-line. The list of available commands depends on
the state of the input sentence you are constructing. For instance, the Exe-
cute command only becomes available when you have constructed a
complete input sentence.

NLmenu User’s Guide
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Figure 2-13 Parts-and-Suppliers System Commands Window

NLHENU Interface Parts-and-Suppliers
—
Draw i parts {specific part cities> whose part city is

<{specific suppliers> part colors> . . whose part color is
& <specific shipments> part names> whose part name is
i <a new part> <specific part part#s> whose part part# is

<a new shipment> a bar chart <specific supplier cities> whose supplier city is
a line graph a pie chart <specific supplier names> whose supplier name is
a histogram a scatter plot <specific supplier supplier #s> whose supplier supplier# is
a surface graph <specific shipment part#s> whose shipment part# is
<specific shipment supplier ¢s> whose shipment supplier # is
<specific nurber> whose supplier status is
whose part weight is
whose shipment quantity is
which are shipments of
which were shipped by
who ship
who supply
which are suppfied by
with a minimum sfice size of
with grid on
onnectors with horizontal grid
with vertical grid
with <n> divisions

ystem Commands

*(MEM ’EQU-DB SUPPLIER# * (27
(RTMS:RETRIEVE *SHIPMENT
*PROJECT-LIST

’SUPPLIER#
*WHERE
*{>= QUANTITY 388)
*TUPLES
TN

*WIDE

NIL

*STREAM

Nimenu Display Hindow Parts find Suppliers
More Below

Any button to select choice.

@84,27,85 01:89:89AM KOLTS NLM: Keyboard « C28: PRINTER; IMAGE-KOLTS.IMAGEN#2 777 83448

Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute © Save Output
Find name and city of suppliers who ship shipnents whose shipnent quantity is greater than or equal
to 398
More Above
(RTHS:RETRIEVE 'SUPPLIER
PROJECT-LIST
* (SUPPLIER# NAME CITY)
*HHERE
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Input Window The input window (see Figure 2-14) is where the natural
language sentence appears as you build it. This window expands dynami-
cally, allowing you to construct lengthy, involved input sentences.

Figure 2-14 Parts-and-Suppliers Input Window

NLHENU Interface Parts-and-Su
Comnands _____ [Nouns

d Ora suppliers parts pe pa e ose p
ete e shiprnents (specific suppliers> pe pa olo ose pa olo
<specific parts>  <specific shipments)) pe pa ame ose pa
(ap:-lew sut?;lier) P(a new p::te) pe part part# ose part pa
€19 <a new shipment> a bar chart pe pplie e ose supp
a line graph a pie chart pe pplier name ose supplier na
a histogram a scatter plot pe pplie pplie ose supplie PP
a surface graph pe praent part# ose shipment p

liers

Connectors orizo arid
and
or d 0
System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute * Save Output

{F-'ind name and city of suppliers who ship shipments whose shipnent quantity is greater than or egual
to 300

More Adove
(RTMS:RETRIEVE *SUPPLIER
*PROJECT-LIST
* {SUPPLIER# NAME CITY)
*WHERE
’(MEM *EQU-DB SUPPLIER# ’ (727
(RTMS:RETRIEVE ’SHIPMENT
*PROJECT-LIST

*SUPPLIER#
’ WHERE
> (>= QUANTITY 360)
>TUPLES
102}
*WIDE
NIL

seTACOM
SR

NImenu Display Window Parts And Suppliers

More Below
Any button to select choice.

84/27,85 01:989:@3AM KOLTS NLM: Keyboard « £28: PRINTER; IMAGE-KOLTS.IMAGEN#2 777 83448

Display Window The display window (see Figure 2-15) presents the
results of executing the various system commands.
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Figure 2-15 Parts-and-Suppliers Display Window

NLHENU Interface Parts-and-Suppliers
[Commands ——  JNeuns __ ~~ — Jewperts ______  [hodifiers

Find Draw suppliers parts <{specific part cities> whose part city is
Delete Insert shipments <specific suppliers)> <specific part colors> whose part color is
<specific parts> <specific shipments> (speciflc part names> . whose part name is
welgh( <a new supplier> <a new part> (specific part part#s> whose part part# is
_ <a new shipment> a bar chart <specific supplier cities> ! whose supplier city is
quantity a line graph a pie chart <specific supplier names> whose supplier name is
city a histogram a scatter plot <specific supplier supplier #s> whose supplier supplier # is
color a surface graph <specific shipment part#s> whose shipment part# is
nam: <specific shipment supplier #s> whose shipment supplier# is
lra';iter# <specific number> whose supplier status is
suppl whose part weight is
whose shipment quantity is
. which are shipments.of
between which were shipped by
greater than who ship
less than who supply
greater than or equal to which are supplied by
less than or equal to with a minimum slice size of
equal to with grid on
with horizontal grid
with vertical grid
with <n) divisions

Connectors

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute - Save Output

Find namne and city of suppliers who ship shipnents whose shipment quantity is greater than or equal
to 380

More Above
{RTMS:RETRIEVE 'SUPPLIER
PROJECT-LIST
* (SUPPLIER# NAME CITY)
*WHERE
*{MEM ’EQU-DB SUPPLIER# ’(27
(RTMS:RETRIEVE °*SHIPMENT
*PROJECT-LIST

» *SUPPLIER#
D * UHERE

i *(>= QUANTITY 388)

| *TUPLES

i N

! *WIDE

| NIL

! *STREAN

NTmenu Display Window Parts And Suppliers
| More Below

o Any button to select choice.

084/27,85 B81:89:05AM KOLTS NLM: Keyboard « C2B8: PRINTER; IMAGE-KOLTS.IMRGEN&2 772 83448

For example, any output that your application produces in response to
your input sentence is displayed in this window. The display window can
be scrolled both up and down. The labels Beginning-of-Gutput and End-of-
Output appear as appropriate in the output display. An output display can
contain more information than will fit into the physical dimensions of the
window. You can move unseen output into the display window either a
page at a time or on a line-by-iine basis. To scroll a new page of infor-
mation into the display window, bump the mouse cursor against the left
side of the window until it becomes boldface, with arrows pointing both up
and down. The information in the mouse documentation line tells you
what options are then available to you with the various mouse clicks (left,
right, or middie). To move new information into the window on a line-by-
line basis, bump the mouse cursor against the appropriate end of the win-
dow. Depending on the current window position, there can be more
information above, below, or both above and below the present location.
The messages More Above and More Below appear as appropriate to
indicate your position.
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Moving Around the 2.2.3.2 Usually, you use the mouse to move around the interface screen
Interface Screen (from item to item and from menu to menu) as you make your selections.
You can also use keystrokes to move around the screen. Use the arrow
keys to move from item to item within a selection menu, and use the CTRL

key with the arrow keys to move from menu to menu.

NLMenu 2.2.3.3 The NLMenu system provides a help facility for either individual
Help Facilities items in a selection menu or for selection menus as a whole.

To obtain item help, move the mouse cursor so that it boxes the item for
which you desire help. Then either press the HELP key or click once on
the middle mouse button. A pop-up window appears containing the fol-
lowing information:

B A description of the item and its menu

W The help message for the item

B The consequences of selecting the item (that is, what menu(s) and
item(s) would become active next)

The help message is taken from the NLMenu lexicon for the interface. The
process of designating help messages is described in Section 4.

Figure 2-16 presents an example of help information for an item in an
active menu.
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Figure 2-16 Active Menu Item Help Information

NLMENU Interface Parts-and-Suppliers
[Commands ~ ~~  [Nouns

~ |Move mouse away from this window when done.

Help on the "or® item in the CONNECTORS menu:
This item has no help message in the lexicon.
After you select this item,

Items in the MODIFIERS menu:
whose supplier city is
whose supplier name is
whose supplier supplier# is

< whose shinment part# is

whose shipment suppliier# is
whose supplier status is
whose shipment quantity is
which are shipments of
which were shipped by

who ship

who supply

items in the OPERATORS menu:
(

System Commands

you will be able to choose from:

ors

whose part city is
whose color is
whaose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier# is
whose shipment part# is
whose shipment supplier# is
whose supplier status is
whose part weight is
whose shipment quantity is
sehich.are shipments. of
which were shipped by
who ship
who supply
which are supplied by
with a minimum slice size of
with grid on
with horizontal grid
with vertical grid
with <n> divisions

Refresh
Play Input

Restart
Delete Inputs

Rubout

Show Translation

Exit System
Show Parse Tree

Save Input
Execute

- Retrieve Input
Save Output

to 368

[Find nane and city of suppliers who ship shipnents whose shipment quantity is greater than or equal

|

|
}N1menu Display Windouw Parts And Suppliers
|

83782,85 12:18:16AM LINN USER:

Menu choose

More Adove

End-of-output

You can obtain help on any item within a selection menu, regardless of
whether that menu is currently active. However, if you seek help on an
item in an inactive menu, you receive only a description of the item and its
menu and the help message for the item. Since the item is inactive, it is
impossible to select and, therefore, there are no selection consequences to
report. Figure 2-17 is an example of help information for an item in an
inactive menu.

NLMenu User’s Guide

Using Natural Language Menu

2-25



Figure 2-17 Inactive Menu Item Help Information

NLNENU Interface Parts-and-Suppli ers
Houns
Find DOraw parts <specific part citys>
Delete Insert <specific parts> (speclflc colors>
o <specif fnames>
<specific ;::: part#s> whose part part# is
(specific supplier citys> whose supplier city is
<specific supplier names> whose supplier name is
Cspecific supplier supplier #s> whose supplier supplier# is
<specific shipment part#s> whose shipment part# is
shipment supplier#s> whose shipment supplier# is
<specific number> whose supplier status is
whose part weight is

TS
Comparisons Move mouse away from this window when done.

betw
gre;ter.fnmn Help on the “{specific part part#s>" item in the EXPERTS menu:

fess than
greater than or equal to This item has no help message in the lexicon.
less than or equal to

equal to Connectors

with horizontal grid
with vertical grid
with <n> divisions

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input

Find weight of

Beginning -of-output

Nimenu Display Window Parts And Suppliers

End-of-output

When finished with the help message, move the mouse cursor out of the
pop-up window, and the window disappears.

If you seek help on some item in a window other than a selection menu
(for example, the logo window or the display window), the video display
flashes, indicating that such an operation is invalid.

If you seek menu help, do the following:

1. Move the mouse cursor so that it is in the menu for which you desire
help.

2. Either press CTRL-HELP, META-HELP, or click right once on the
mouse.
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B The name of the menu

W The help message associated with the menu (If you are working with the
default screen layout, you get the description of the menu as the second

item.)

Figure 2-18 is an approximate example of help information for a menu.

Figure 2-18 Menu Help Information

NLMENU Interface Parts-and-Suppliers

Commands — |AENGS
Find suppliers
parts
<specific suppliers>
<specific parts>

Spec supphie
specific ship

Move mouse auay from this window when done.

You are asking for help on the NOUNS menu.

This menu has no help message uet.

between
greater than
less than
greater than or equal to
less than or equal to
equal to

whose part city is
whose color is
whose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier# is
whose shipment part# is
whose shipment supplier # is
whose supplier status is
whose part weight is
whose shipment quantity is
which are shipments of
which were shipped by
who ship

who
which are supplied by
with a minimum stice size of
with grid on

with horizontal grid
with vertical grid
with <n) divisions

[Fustem commancs . 0 e R,
tem Commanas

3

Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input

Find name of

More Above

|
|
‘Nimenu Display Window Parts RAnd Suppliers
i End-of-output

R: Bring up the System Menu

B3/82,85 12:24:25AM LINN USER: Menu choose

When you are finished with the help message, move the mouse cursor out
of the pop-up window.

If you attempt to seek help in some window other than a selection menu,
the video display flashes.
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Description
of Commands

Restart Command

Refresh Command

2.2.4 The following paragraphs present brief descriptions of the options
that appear in the System Commands window of an NLMenu interface.
You can select these options by clicking left once on the mouse. If you pre-
fer, you can use keystrokes to enter your selection. The keystroke equiva-
lents for these options appear in the who-line documentation on the
screen.

2.2.4.1 The Restart command clears the current parse without saving it
and restarts the parsing process. Any contents of the input window are
erased when this command option is exercised.

2.2.4.2 The Refresh command clears the display window but maintains
the current state of the parse. You can restore the display by scrolling
backward.

2.2.4.3 The Rubout command backs up the parse one element at a time,
erasing as many elements as you select from the input window.

2.2.4.4 Select the Exit System command to leave the interface and
return to the NLMenu System menu. The system maintains the current
state of the interface window. To return to the Lisp Listener, select the Exit
NLMenu System option in the NLMenu System menu.

2.2.4.5 The Save Input command saves the current sentence to a file. A
pop-up text window (see Figure 2-19) appears with a descriptive message
at the top and tells you where it is saving the input sentence.

Rubout Command
Exit System
Command
Save Input
Command
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Figure 2-19 Save Input Command Pop-Up Text Window

Storing your gquery in file
*sys:nimenu; JIMK-Part.SAYQ". od e

) whose part city is
olo whose color
ame whose part name is
part# whose part part# is
fie whose supplier city is
whose supplier name is
whose supplier supplier # is
whose shipment part# is
whose shipment supplier# is
whose supplier status is
whose part weight is
whose shipment quantity is
Comparisons” s which are shipments of
between which were shipped by
greater than who ship
less than who supply
greater than or equal to which are supplied by
less than or equal to with a minimum slice size of
equal to with grid on
tonnectors with horizontat grid
with vertical grid
with <n> divisions

Name to store this query under
(ABORT terminates the SAVE INPUT command):
Query 1

Pop Up Text Window 5

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute Save Output

Find nane of parts whose part weight is greater than 12 and whose color is BLUE or GREEN

Beginning-of-output

Nimenu Display Window Parts And Suppliers

End-of-output
Save the current input in file <{dir><owner>-<interface>.savq (CTRL-S)

B2/27,85 ©5:34:87AM KOLTS USER: Keyboard FILE serving C8

The name of the file has the following format:
SYS: dir; owner-interface.SAVQ

where:
SYS is the logical name for some machine.
dir is the directory name.

owner is the login name truncated to four characters.

Example: SYS:NLMENU;USER-SAMP.SAVQ
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In response to the prompt, designate the name under which the system is
to save the sentence. If the file does not currently exist, the system
automatically creates the file and gives it the appropriate extension.
Otherwise, the saved input sentence is appended to an existing file.

To exit the window without saving the input sentence, press the ABORT
key. Also, if you do not give the input sentence a name, the NLMenu sys-
tem does not save the sentence (that is, it does not write it to the desig-
nated file).

Retrieve Input 2.2.4.6 The Retrieve Input command allows you to recall a previously
Command saved sentence. Once the sentence is retrieved, you can apply any of the
options from the System Commands window to it. The input is taken from
a file that the system automatically created previously when you selected

the Save Input command.

When you select the Retrieve Input command, a pop-up window (see
Figure 2-20) appears containing the names of saved input sentences.

Figure 2-20 Retrieve Input Command Pop-Up Window

NLMENU Interface Parts-and-Suppliers
onnands

Find Draw supphers parts <specific part citys)> whose part city is
Delete Insert shipments <specific supphiers)> <specific colors) whose color is
TTribUtes {specific parts>  <{specific shipments> {specific part names> whose part name is
— <a new supplier> <a new part> <specific part part#s> whose part part# is
weight <a new shipment> a bar chart <specific supplier citys> whose supplier city is
Quantity LY X e Nichoose a sentence Lific supplier names> whose supplier name is
a histogral (from file sysmimena;JIMX-Part SAVG :ig supplier supplier #s> whose supplier supplier# is
a surface grd ific shipment part#s)> whose shipment part# is
querys ¢ shipment supplier #s> whose shipment supplier # is
queryd specific number> whose suppfier status is
whose part weight is
x whose shipment quantity is
Comparisons query! which are shipments of
which were shipped by
q who ship
1655 Uil who supply
greater than or equal to which are supplied by
gs5 than o equal to irransitcestze
equal to

with horizontal grid
with vertical grid
with <n> divisions

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute Save Output

Drauw a pie chart of the total guantity by supplier® for shipments whose shipment quantity is greater
than 188

MMore Above

Nimenu Display Window Parts And Suppliers

End-of-output
Draw a bar chart with horizontal grid of the quantity by part# for shipments

837/16,85 ©89:41:26AM LINN USER: No selected window FILE serving C8

2-30 Using Natural Language Menu NLMenu User’s Guide



The items in this menu are mouse-sensitive. Position the mouse cursor
over the name of a saved sentence to display that sentence on the who-
iine. Position the mouse cursor and click ieft once on the mouse to make a
selection. The Abort option is also present, allowing you to exit the pop-up
window and terminate this option.

Delete Inputs 2.2.4.7 The Delete Inputs command enables you to delete previously
Command saved input. A pop-up window (see Figure 2-21) appears containing the
names of all saved input sentences.

Figure 2-21 Delete Inputs Command Pop-Up Window

NLMENU Interface Parts-and-Suppliers:

Cornands :
Find Draw pplie pa pe pa whose part city is .
Delete nsert pre pe pplie pe olo whose color is

pe ha e proe e pa armne whose part name is
. pplie ew pa pe part part# whose part part# is
welg[lt nine a ba a pe ipphie whose supplier city is
qua{mty a e grap a pie ne pplie ame whaose supplier name is
city a ogra a scatter plo pe pplier supplier # whose supplier supplier# is
e grap pe shipment part? whose shipment part# is
pe pre pplier # whose shipment supplier # is
Choose a_sentence whose supplier status is
whose part weight is

Attributes

supplier #

with horizontal grid

status (from file sysmmimenu;JIMX-PertSAVQY) hose shipment quantity is
ompa 0 which are shipments of
" querys which were shipped by
fueryd] x :
greate a who ship
query3
€ ; query2 _ who supply
greate an or equa queryl which are supplied by
e an or equa with a minimum slice size of
equal to ABORT with grid on

ber o 0 with vertical grid
0 d with <n> divisions

Sustenm Connaﬁds
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input

More Adove

Nimenu Display Window Parts And Suppliers

Erd-of-omtpai

Find parts whose part weight is greater than 12

83/16,85 09:34:57AM LINN USER: No selected window FILE serving C8

The items in this menu are mouse-sensitive. Position the mouse cursor
over the name of a saved sentence to display that sentence on the who-
line. Position the mouse cursor and click left once on the mouse to select
an input for deletion. To terminate this option without making a deletion,
select the Abort option from the menu.
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Play Input Command

2.2.4.8 The Play Input command enables you to retrieve an input and
play it (that is, watch the NLMenu system automatically go through the
selection process) in slow motion. Position the mouse over the name of a
saved sentence to display that sentence on the who-line. In a pop-up win-
dow (represented in Figure 2-22) containing a mouse-sensitive list of saved
inputs plus the Abort option, you position the mouse cursor and click left
once on the mouse to make a selection. Or, if you want to play all saved
queries, select the Play All Queries option.

Figure 2-22 Play Input Command Pop Up Window

Modif lers
Find Oraw suppliers parts <specific part citys> whose shipment part# is
Delete Insert shipments <specific suppliers> <specific colors> ! whose shipment supplier # is

<specific parts> (specific shipments)| <specific part names> whose shipment quantity is
Attributes <a new supplier> ifi

quantity
city
color a surface
Choose a sentence

(from file sys:inlmenru;JIME-Part SAVQ )

x [Eueryy
query4
query3
query2
queryl

Play all queries
ABORT

System Commands

<a new shipment> a bar chart <specific supplier citys> which were shipped by
a line graph a pie chart <specific supplier names>
a histogram a scatter plot {specific supplier supplier #s>

<a new part> <specific part part#s> i which are shipments of

graph <specific shipment part#s>
<specific shipment supplier #s>
<specific number>

between
greater than
less than
ater than or equal to
:ss than or equal to

equal to Connectors

Delete Inputs Play

Restart Refresh Rubout Exit System Save Input Retrieve Input

Input Show Translation Show Parse Tree Execute Save Output

Draw a bar chart with horizontal grid of the quantity by part# for shipnents

Nimenu Display Window Parts And Suppliers

NMore Adove

End-of-output

Find parts whose part weight is greater than 12 and whose color is BLUE or GREEN

837/16,85 89:47:20RM LINN

Show Translation
Command

USER: No selected window FILE serving C8

2.2.4.9 The Show Translation command displays the target language
translation of an input sentence. When you select this command, the trans-
lation appears in the display window. The Show Translation command
also indicates the number of parses. This command asks you to choose a
particular parse when the parser encounters ambiguity. The screen
appears approximately as follows (see Figure 2-23) when you select this
command.
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Figure 2.23 Show Translation Command Output

NLMENU Interface Parts-and-Suppliers

Find Draw suppliers parts
Delete Insert shipments <specific suppliers>
{specific parts> (specific shipments>
HttrlbUtes_ (aspnew suf)piier) p(a new part)>
weight <a new shipment> a bar chart
quantity a line graph a pie chart
city a histogram a scatter plot

color
a surface gra
name graph

<specific part citys>
<specific colors>
<specific part naines>
part part#s>
<specific supplier citys>
ific supplier names>
(specific supplier supplier#s>
<specific shipment part#s>
<specific shipment supplier #s>

Commands

whose part city is
whose color is
whose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier# is
whose shipment part# is
whose shipment supplier# is

p":# . <specific number> whose supplier status is
prter s part gt s
whose shipment quantity is
which are shipments of
between which were shipped by
greater than . who ship
less than who supply
greater than or equal to which are supplied by
less than or equal to with a minimum slice size of
equal to Connectors wit:[llxth .Q"dt:l" arid
with vertical grid
with <n) divisions

:Sgsten Commands
Restart Refresh Rubout
Delete Inputs Play Input Show Translation

Exit System Save Input
Show Parse Tree Execute

Retrieve Input
Save Output

Find name and city of suppliers who ship shipments whose shipnent quantity is greater than or equal
to 368

More Adove

(RTMS:RETRIEVE °NLM:SUPPLIER
’NLM:PROJECT-LIST
*(NLM:NAME NLM:CITY)
*NLM: HHERE
*(MEM “NLM:EQU-DB NLM:SUPPLIER# *(NLM:22
; {(RTMS:RETRIEVE °NLM:SHIPMENT
i *NLM:PROJECT-LIST

H
’(>= NLM:QUANTITY 308)
*NLM:TUPLES
LB2))
*NLM:KIDE
T

Nimenu Display Hindow Parts And Suppliers
More Below

Any button to scroll one page.
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Show Parse Tree 2.2.4.10 Choosing the Show Parse Tree command displays the parse of
Command an input sentence in tree form in a tree editor window. The screen appears
approximately as follows (see Figure 2-24) when you select the Fill Win-

dow command.

Figure 2-24 Show Parse Tree Command Output

MATN MENU DiSPLAY SCREEN OPTIONS

New Tree Move Up
Redraw Move Doun
Edit Parameters Move Left
Exit Move Right
Zoom In
Zoom Out

Fi11 Window
Recenter

FIND-THE-PART| [PART-AT TR-CONSTR

PRRT-ATTR

PART-TP

[RGDIF IABLE-PART-NP]

[PARTS| [PART-N0OD-CONSTRUCT]

PART-NMOD-AND
I

[ |
[PART-TIOD-BASE] [S-AND] PART-MOD-AND

Fhd PART-NOD-BASE
[——%———_ILIHDSE—PHR “UETGAT-TS r——‘_|conpnmson—|>ksn [——‘—ﬂnunmc—sxpa PART-MOD

l | 1
[GREATER-THAN] !-_LNUHBER—-EX_—PERT] [UHOSE-PART-COLOR- 15| [PART-COLOR-EXPERT]

End-of-output

Fill window with tree.

83,82,85 12:46:29AM LINN USER: Keyboard

You can execute standard tree display commands (other than the New
Tree command). The who-line provides some documentation to guide you
through the selection process but not enough for the novice. For more
detailed information on tree display commands and how to execute them,
see Part 3 of the Explorer Graphics Toolkit User’s Guide.

Clicking on Exit returns you to the NLMenu window. The Show Parse Tree
command also lists ambiguous parses and asks you to choose a particular
parse.

Execute Command 2.2.4.11 Selecting the Execute command causes evaluation of the cur-
rently completed input. Any output is displayed in the output window.
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Save Output 2.2.4.12 The Save Output command saves the contents of the display
Command window to a file. Everything in the display window, not just the results of
query execution is saved; this inciudes items not currently visible. A pop-
up window (see Figure 2-25) appears in which you designate the name
under which the system is to save the output. The system automatically
creates the file and gives it the appropriate extension. A message appears

in the Display window when this operation is completed.

Figure 2-25 Save Qutput Command Pop-Up Window

firite output in Nimenu Dispiay Window to tile
(default: sys:nimenu;nimenu-display-window.output):

whose part city is

Pop Up Text Window 4

<a new suppuer> <a new part>
<a new shipment> a bar chart <specific supplier cities>
a line graph a pie chart <specific supplier names>
a histogram a scatter plot <specific supplier supplier#s>
a surface graph <specific shipment part#¥s>
<specific shipment supplier #s>
<specific number>

— <SPECITIC part part#s>
weight P part. p

quantity
city
color
name
part#

whose part color is
whose part name is
whose part part# is
whose supplier city is
whose supplier name is
whose supplier supplier# is
whose shipment part# is
whose shipment supplier # is
whose supplier status is

supplier #

wh ar ight
status ose part weight is

whose shipment quantity is
which are shipments of
between which were shipped by
greater than who ship
less than . who supply
greater than er equal to which are supplied by
less than or equal to with a minimum slice size of
equal to with grid on
with herizontal grid
with vertical grid
with <n> divisions

Connectors

System Commands
Restart Refresh Rubout Exit System Save Input Retrieve Input
Delete Inputs Play Input Show Translation Show Parse Tree Execute Save Output

Find parts whose part weight is greater than 12

More ddove
Executing
QUERY: Find parts whose part weight is greater than 12
Rejation : “*PART" Database : "NLMENU* Cardinality : 5

|PART # |NAME |COLOR INEIGHT [CITY t
|P#4  |SCREHW |RED 114 |LONDON |
|P#3  |SCREW |BLUE 117 |ROME |
|P#2  |BOLT |GREEN 117 |PARIS |

Execution Completed.

Nimenu Display Window Parts And Suppliers

End-of-outpui

£: Bring up the System Menu.

B4,27/85 12:49:01AM KOLTS NLM: Keyboard
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Exitingan 2.2.5 There are two ways to exit an interface and return to the Lisp
NLMenu Interface Listener:

B Use the mouse to select the Exit System option from the System Com-
mands window of the interface.

® Press the END key, which is equivalent to selecting the Exit System
option with the mouse.

To return to an NLMenu window from the Lisp Listener, select the
NLMenu option from the System menu.

Interface 2.3 Before examining the various NLMenu utilities that are used in

Development developing a natural language interface and the detailed steps involved in
developing each interface component, it is appropriate to provide a frame-
work for these later discussions by briefly listing the steps involved in the
development of an interface. A typical interface development procedure is
as follows (assuming the development does not merely involve the auto-
matic generation of an SQL or RTMS database interface as described in
Section 7):

1. Create a set of English sentences. Study the application and determine
the sentences that best represent the capabilities of the application.
Refer to Section 3 for guidelines.

2. Write a context-free grammar that defines the set of English sentences
created in step 1. Refer to paragraph 3.2 for detailed examples of
writing a grammar for the NLMenu software.

3. Develop grammar translation information. Such translation infor-
mation becomes part of the lexicon. Using the formats in Section 4,
develop the translation information for the grammar created in step 2.
Keep a list of the terminals that occur in your grammar. With each
element in this list, include the appropriate translation. You will use
this list during the lexicon building procedure. Refer to the sample lexi-
con in Section 4 for examples of an SQL translation scheme.

4. Use the Zmacs editor to create and save a grammar file. Refer to the
sample grammar in Section 4 for grammar file format and to Section 3
for grammar-writing guidance.

5. Call the grammar tests that examine the grammar for format errors
and test it for cycles. See Section 5 for more information about these
tests.

6. Build the lexicon. Enter your own lexicon file using Zmacs, or call the
lexicographer. The lexicographer assists you by identifying the
terminals of the grammar and prompting you for appropriate transla-
tion information. Refer to Section 6 for details.
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apphcatlons the default screen description (see paragraph 7.2.4) may
be appropriate. You can also delay final screen configuration definition
until after you prototype an interface by specifying nil for the panes
and constraints description when an interface is invoked (see para-
graph 2.2.1.2). If you do not accept the default screen description, you
can use the appropriate options of the lexicographer or develop the
screen configuration definition from scratch and include it in a file.
Refer to Section 6 for guidance in using the lexicographer or to para-
graph 4.8 for information concerning developing the screen from
scratch.

8. Test the grammar. You can access the grammar tool interface either
during interface invocation by specifying yes for the Test the
grammar? option (see paragraph 2.2.1.2) or by calling the function
nlm:get-grammar-tools. Refer to Section 5 for details concerning the
various grammar tests.

9. The NLMenu system builds the interface automatically from pa-
rameters you specify {see paragraph 2.2.1.2). Use the Build New Inter-
face option on the NLMenu System menu to add and load the new
interface.

10. Test the translations. Attempt to construct queries that the interface
should handle. Construct various random queries to determine if the
interface is accepting some queries that were not intended to be
handled.

11. Revise the grammar and lexicon based on the results obtained from
step 10.

Starter Kits

2.4 A starter kit containing a grammar, lexicon, screen description, and
set of experts is inciuded in the core NLMenu software to permit easy fami-
liarization with the system. You can easily construct a sample interface
using these default components (see paragraph 2.2.1.2). This sample inter-
face is an application that allows you to formulate queries in English to run
against a database. The NLMenu system then translates these inputs into a
database retrieval language, in this case, Structured Query Language.
(Software to execute SQL gueries is not included.) If you have the Rela-
tional Table Management System, a second starter kit is also available. In
addition to appropriate grammars, lexicons, screen descriptions, and
experts, this kit contains provisions for generating a sample Explorer
RTMS database. The RTMS starter kit also contains NLMenu interfaces to
the sample database that were automatically generated with tools in the
NLMenu-RTMS-Interface toolkit. The RTMS query language is the target
language of these interfaces. The RTMS starter kit also includes methods
for query execution. The two starter kits are discussed more fully in the
following paragraphs.

NLMenu User’s Guide
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Core NLMenu 2.4.1 The core NLMenu starter kit includes an interface to the sample
Starter Kit Parts-and-Suppliers database. The sample database is reproduced in Figure

2-26.

Figure 2-26 Parts-and-Suppliers Database*

S SP

SH Sname Status City S# P# Qty
S1 Smith 20 London : S1 P1 300
se2 Jones 10 Paris $1 P2 200
$3 | Blake 30 Paris s1 P3 400
S4 | Clark 20 London $1 P& 200
S5 | Adams 30 Athens s1 P5 100

S1 P6 100

P S2 P1 300
P# Pname Color Weight City S2 p2 400
P1 | nut red 12 London S3 P2 200
P2 | bolt green 17 Paris S4 P2 200
P3 | screw blue 17 Rome S4 P4 300
P4 | screw red 14 London S4 PS5 400
P5 | cam blue 12 Paris

P6 cog red 19 London

Figure 2-26 shows three tables or relations. The supplier relation, S, lists a
unique supplier number (S#) for each supplier and also the supplier name,
status, and city. The part relation, P, lists a unique part number (P#) for
each part and also the part name, color, weight, and the city where the
part is located. The shipment relation, SP, describes the quantity of parts
shipped by suppliers.

* C.J. Date, INTRODUCTION TO DATABASE SYSTEMS, © 1981, Addison-Wesley, Reading,
Massachusetts. Pg 92, Fig. 4.7. Reprinted with permission.
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formulate a query in English and find the proper paraphrase by making
appropriate selections from the selection menus (for additional guidance,
refer to paragraph 2.2.1.2). For instance, to get a list of all the parts and the
location of the warehouse where they are stored, you can quickly deter-
mine that the proper paraphrase is Find city and name of parts. If you can-
not find an appropriate paraphrase, you can generally conclude that the
query is outside the conceptual range of the database.

ding this interface, all that you do tc gquery the database is

You can find the grammar used in the implementation of this interface in the
file SYS:NLMENU:PARTS-AND-SUPPLIERS.GRAMMAR, while the corre-
sponding lexicon is in the file SYS:NLMENU;PARTS-AND-SUPPLIERS.
LEXICON. To fully describe the screen, the NLMenu system binds the
appropriate descriptions to the variables nlm:*nl-default-panes* and
nlm:*nl-default-constraints*. These bindings appear in the file
SYS:NLMENU;NLMENU.LISP.

NLMenu-RTMS- 2.4.2 The NLMenu-RTMS-Interface starter kit includes a university-
Interface Starter Kit courses database, a baseball-statistics database, and the Parts-and-
Suppliers database, as well as appropriate grammars, lexicons, screen
descriptions, and experts to allow the generation of interfaces to these
databases. A portion of the courses database appears in Figure 2-27, and

Figure 2-28 shows a portion of the baseball database.




Figure 2-27 Courses Database

Relation Course--(number of rows 69)

Department}Course#{Title | Credits
CsS 1410. Business Oriented Programming | 3.

cS 1510. Intro to Computer Science 4,

/ /

1 v

Relation Section-(number of rows 86)

Department|Course#| Section#|Start-Hour}End-Hour|Days|Room| Instructor
CS 1410. 6006. 6.3 7.45 TH 6110| Rodda

csS 3150. 6019. 6.0 7.45 TH G232| Govewatson
“ /

1 | 1

Relation Instructor--(number of rows 53)

Name Spouse Rank Campus-Address |Extension
Aiken Chris ASSOC AS EXTS
Amann ? GTA 108SC 4147,
/ /

{ 1

Relation Prerequisite--(number of rows 95)

Department|Course#|Department2|Course#2

) 2510. cs 1510.
cs 3150. |M 2860.

Etc CF

Relation Interests--(number of rows 61)

B

Name Interest
Aiken CAI
Aiken Formal Languages
/

A\

Etc ﬁ(

2-40 Using Natural Language Menu NLMenu User’s Guide




Figure 2-28 Baseball Database

SAMPLE DATA FOR THE BASEBALL STATISTICS DATABASE

Relation Team--(number of rows 26)

IName : Atlanta '
League : N (N = National, A = American)
Average : 0.256
Games_Played : 162.
At_Bats : 5507.
Runs : 739.
Hits : 1411,
Doubles = 215.
Triples : 22.
Homeruns : 146,
Steals : 151,
Shut_OQut_By_Others: 10.
ERA : 3.82
Complete_Games : 15.
Innings_Pitched : 1463,
Hits_Given_Up : 1484,
Runs_Given_Up . 702.
Walks : 502.
Strikeouts : 813.
Shutouts 11,
Saves = 51.

Relation Pitcher--(number of rows 389)

Name : Boitano
League A
Team : Texas
Wins : 0.
Losses : 0.
ERA : 5.34
Games_Pitched : 19.
Complete_Games : 0.
Innings_Pitched : 30.
Hits_Given_Up : 33,
Watks : 13,
Strikeouts : 28.
Shutouts : 0.
Saves : 0.

Relation Batter--(number of rows 40)

Name : Ashby
League : N
Team : Houston
Average : 0.257
Games_Played : 100.
At_Bats s 339.
Runs : 40,
Hits : 87.
Doubles : 14,
Triples 2.
Homeruns : 12,
RBIS : 49,
Steals : 2.

(V]

[



The courses database contains the following relations:

W A course relation lists the department, title, credit hours, and unique
course number for each course.

W A section relation lists the department, course number, starting hour,
ending hour, days, room, instructor, and unique section number for
each section.

B An instructor relation lists for each instructor a unique name, that
instructor’s spouse, rank, campus address, and telephone extension.

W A prerequisite relation lists for various department-course number pairs
other department-course number pairs that are prerequisites for the first
pair.

B An interests relation lists instructor-special interest pairs.

The baseball database includes the following relations:

B A team relation lists for each team its league, unique name, and also
various team statistics, such as total hits.

@ A batter relation lists for each hitter his unique name, team, and league,
and also various individual statistics, such as home runs.

B A pitcher relation lists for each pitcher his unique name, team, league,
and also various individual statistics, such as games won.
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To use this starter kit, you first generate an RTMS database from the

sample data. This procedure is fully described in paragraph 7.2.3. You
then need to insert entries for each NLMenu-RTMS interface into the data-
base. The necessary interface management techniques are discussed in
paragraph 7.2.2. The grammars, lexicons, and spec files used to generate
the grammars and lexicons (see paragraph 7.2.1), and sample data items
are contained in the following files:

B SYS:NLMENU-RTMS-INTERFACE;COURSES.SPEC

B SYS:NLMENU-RTMS-INTERFACE;COURSES-RTMS.GRAMMAR

# SYS:NLMENU-RTMS-INTERFACE;COURSES-RTMS.LEXICON

® SYS:NLMENU-RTMS-INTERFACE;BASEBALL.SPEC

B SYS:NLMENU-RTMS-INTERFACE;BASEBALL-RTMS.GRAMMAR

B SYS:NLMENU-RTMS-INTERFACE;BASEBALL-RTMS.LEXICON

B SYS:NLMENU-RTMS-INTERFACE;S-P.SPEC

B SYS:NLMENU-RTMS-INTERFACE;S-P-RTMS.GRAMMAR

B SYS:NLMENU-RTMS-INTERFACE;S-P-RTMS.LEXICON

B SYS:NLMENU-RTMS-INTERFACE;SAMPLE-DATABASE.LISP

Tladem e AF —gocen P ¥ o e e s A
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CREATING NATURAL LANGUAGE
MENU SENTENCES

Highlights of B Grammar Writing
This Section

a Introduction (terminology and underlying principles)

a Formalism of NLMenu grammar

m Sentence generation

m Abbreviatory conventions in grammar writing
= Parentheses convention
= Braces convention
» Square brackets convention
= Improper use of abbreviatory elements

m How to write a grammar
= Simple sentences
» Sentences with complex noun phrases
= Sentences with recursion

Ambiguous sentences

]
w

» Sentences with relative clauses

W Summary of grammar writing hints

4
ot
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Introduction

3.1 This section shows you how to create a set of Natural Language
Menu (NLMenu) sentences. You base your NLMenu grammar on the sen-
tences the interface user can create. Before you begin to create sentences,
you must become familiar with the concept of grammar writing. This sec-
tion begins with a review of linguistic terminology (see the Glossary as
well), an explanation of context-free grammars, and several examples of
grammar writing for a number of different applications.

Grammar
Writing

Terminology

3.2 The following paragraphs attempt to demystify the process of
writing grammars for your application interface. The topics covered
include:

B Terminology

B NLMenu grammar formalism (what grammar rules look like)

®m Sentence generation (how grammar rules are used)

B Abbreviatory conventions (how to optimize grammar rules by effi-
ciently combining them)

m Example grammars (progressing from the simple to the complex)

3.2.1 A language is defined as a (possibly infinite) set of strings
(sentences) formed from a vocabulary of symbols. In a natural language
such as English, the symbols are words. A sentence is defined as a
sequence of one or more words in a language, but not all sequences of
words are permissible in a language. For example, the sequence the why
house come or is not an English sentence because English speakers do not
understand the meaning of this sequence of words. Therefore, you need a
grammar that states explicitly, by means of rules, how words are put
together to form the legal sentences of a language.

Grammars have a syntactic and a sernantic component.

W The syntactic component, or syntax, defines the appearance of legal
sentences in the language. The syniax is a set of construction ruies, with
words or categories of words serving as the building blocks.

® The semantic component of the grammar determines the meaning of
legal sentences. At the center of this second component is the lexicon, a
collection of words in the language.

A grammar must account for the language structure by means of some
finite set of syntactic and semantic (lexical) rules. From the grammar, it
should be possible to generate any sentence from the set of legal sen-
tences. In practice, writing a grammar for the complete set of legal sen-
tences in any natural language is a monumental undertaking. The task is

NLMenu User’s Guide

Creating Natura! Language Menu Sentences  3-3



much more manageable, however, when the goal is to generate some sub-
set of the set of legal sentences. It then becomes possible to limit the syn-
tactic and semantic structures for which the grammar must account. When
you use the NLMenu system to design application interfaces, you will need
to describe some such subset. The complexity of your grammars depends
on the total number of sentences for which you must account and the
extent to which you allow variation in the way such sentences are
expressed. Note here that a grammar describing one language cannot
describe other languages because each language has its own way of
combining words to form sentences.

Grammar writing is better taught through the presentation and description
of examples than by means of theoretical discussion. You also need to
do some experimenting on your own. Before studying the starter-kit
examples (in Section 4), familiarize yourself with the formalism (symbolic
language) in which grammar rules are written.

Formalismof 3.2.2 The following set of grammar rules describe a particular language,
NLMenu Grammar where the symbols a, b, and c represent words of the language as follows:

la S —™Ab
b. A —a ¢

NOTE: You observe here the convention that is followed throughout this
section when discussing some arbitrary set of grammar rules or sentences.
The sets are numbered consecutively throughout the section, and the indi-
vidual rules or sentences within each set are referenced by an alphabetic
character.

This grammar is in context-free grammar notation, which you will use
throughout the following paragraphs. Context-free or Backus-Normal-
Form (BNF) grammars describe the structure of sentences by means of a
finite set of rules called productions. The format shown in the preceding
example is a common grammar writing convention. Each rule in the
grammar has a single symbol on the left-hand side connected by an arrow
to one or more symbols on the right-hand side. The symbol S stands for
sentence, and the arrow, also known as the production symbol, is equiva-
lent to the English phrase can consist of or can be. The preceding rules
read as follows:

A sentence S can consist of A followed by b, and A can consist of a fol-
lowed by c.
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Each symbol in a rule is called a rule element. Thus, the symbols S, A, b, a,
and c are rule elements. There are two categories of symbols:

m Terminal symbols — Symbols of the language alphabet (words of the
language). These cannot produce other symbols and appear in BNF
productions only on the right-hand side. In this manual, they appear in
lowercase.

m Nonterminal symbols — Intermediate symbols that can be expanded
into something else. In this manual, they are in uppercase. They can
appear on the right-hand side of productions or, singly, on the left-hand
side.

According to the definition, symbols a, b, and ¢ are terminal symbols since
they do not appear on the left-hand side of any rule, while the symbols A
and S are nonterminal symbols. In addition, there is a special kind of non-
terminal symbol called the start symbol, which is the root (origin) of all
sentences in the language. In this example, Sis the start symbol.

To relate this discussion to your experience with natural languages,
consider the following subset grammar of English:

SENTENCE — NOUN-PHRASE VERB-PHRASE
NOUN-PHRASE —> the NOUN

NOUN = system

VERB-PHRASE = crashes

In this subset the start symbol is SENTENCE; the nonterminal symbols are
SENTENCE, NOUN-PHRASE, VERB-PHRASE, and NOUN; and the terminal
symbols are the, system, and crashes.

The NLMenu lexicon is a sort of dictionary that contains entries in one
language often referred to as the source language, and translations for

+hA
those entries in a second xau5u35\,, \,uuuu(‘;nly called the '""get !G,"Eg""g"

Each word or phrase in the lexicon has precisely one translation, and that
translation is used regardless of the context in which the word or phrase
might actually appear in some sentence.

Rules for combining translations to form sentences must also be provided.
These rules, part of the semantic component of the NLMenu grammar,
indicate the order in which the translations of the symbols on the right-
hand side of the arrow of a context-free rule are to be combined. The
NLMenu system takes the approach that the meaning of a sentence is a
function of the meaning of its parts and the manner in which they are
combined.

NLMenu User’s Guide
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Sentence Generation 3.2.3 The following discussion concerns how to generate sentences
from the following set of grammar rules for a language:

2a S —ABC
b. A —a C
c. B—b
d C —c¢

The following explanation of Derivation 1 (illustrated below) demonstrates
the generation of sentences from this set of rules:

1. Write the symbol S.

2. Below that, write the sequence of symbols that appears on the right-
hand side of the S rule 2a. If the grammar had more than one rule with
S on the left-hand side, you could pick any Srule.

3. Form a third line by replacing one of the nonterminal symbols in the
second line with the sequence of symbols that appears on the right-
hand side of the replaced symbol in one of the rules. To form the third
line @ C B Cin the following derivation, replace the symbol A with the
sequence of symbols a C that appears on the right-hand side of the A
rule 2b.

4. Repeat this procedure until there are no more rules to apply, or in
other words, until all of the symbols are terminal symbols.

Derivation 1

S

ABC if you apply rule 2a
aCBC if you apply rule 2b
aCb<C if you apply rule 2¢
acbec if you apply rule 2d twice

When all symbols in a sentence are terminal, that sentence has been
generated by the grammar. Frequently, you can rewrite more than one
symbol in a given line to create the next line. In the preceding example,
there are three nonterminal symbols A4, B, and C on the second line. Which
symbol you choose to expand in such situations has no effect on the ulti-
mate outcome. Compare the following derivation with Derivation 1.

Derivation 2

S

ABC if you apply rule 2a
AbC if you apply rule 2¢
Abc if you apply rule 2d
aChbec if you apply rule 2b
achbc if you apply rule 2d
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If there is more than one rule in the grammar that can apply to a particular
symbol, the ultimate outcome depends upon which rule you choose. For
example, if you add a rule to the grammar, it is possible to generate either

sentence shown in the following two derivations.

3a S —ABC
b. A —™a C
c. B—b
d C —c¢
e. A—a8B

Derivation 1

if you apply rule 3a
C if you apply rule 3b +—
C if you apply rule 3c
c if you apply rule 3d twice

S I N7
cOOw
TT WO

Derivation 2

if you apply rule 3a

if you apply rule 3e +—
if you apply rule 3¢

if you apply rule 3d twice

B W
T T wmw®w
To WO
No¥e

A tree structure best represents sentence generation. This structure
symbolizes the parse of the sentence. Figure 3-1 illustrates the generation
of the sentences from the preceding derivations. In the natural language
example developed in Section 4, you will see how a parse tree captures
both the underlying syntactic and semantic structure of a sentence.

NLMenu User’s Guide
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Figure 3-1

Abbreviatory
Conventions in
Grammar Writing

Sentence Derivation Trees

Derivation 1: S
/A\ B C
a C b c
c
Derivation 2: S
A B
a b [d

The tree develops by starting with the start symbol S as the root. Below
that write the sequence of symbols that appears on the right-hand side of
some rule that has S as its root and draw branches back to the root. Con-

Hirmaia in thic uraxr ta Avaur hrannhnae fram avrave cuomhanl that Aan avnand A
LHIUT I LIHO ¥WAY LU WAy UIAHILLILY LI VI LVl y Oy I1IUUVL LHUL LAl LAapdiid. M
tree is complete when each branch ends in a terminal symbol. The string
formed by the terminal symbols is the generated sentence, for example,

the generated sentence for Derivation 2 in Figure 3-1isa b bc.

3.2.4 These paragraphs contain three abbreviatory conventions that
grammar writers use for collapsing (combining) partially similar rules and
a brief theoretical justification for those conventions. The three conven-
tions are:

m Parentheses convention

B Braces convention

B Square brackets convention

The NLMenu system supports all three abbreviatory conventions.

3-8 Creating Natural Language Menu Sentences

NLMenu User’s Guide




Parentheses
Convention

Braces Convention

Square Brackets
Convention

3.2.4.1 If two grammar rules are identical except that one contains a
symbol or a sequence of symbols that the other does not, you can collapse
the two rules into one by writing out the longer rule and enclosing in
parentheses the symbol or the sequence of symbols not contained in the
shorter rule. For example, consider the following pair of rules:

4a A—CDB
b. A—CB

The first rule differs from the second in that it contains one additional
symbol. Hence, the condition for applying the parentheses convention is
met. Collapse these two rules into one by putting the additional element in
parentheses:

4c¢c. A—CD)B
This rule reads as follows:

The nonterminal symbol A can consist of C followed by an optional ele-
ment D followed by B.

3.2.4.2 The braces convention uses braces to indicate either/or options
in the selection of elements when there is a rule that can expand in more
than one way. The following examples illustrate this:

5a S —AB
b. S —AC
c. S —AD

The preceding rules say that a sentence can consist of A followed by B or C
or D. You can collapse these three rules into one by using the braces
convention:

5d S— A{BCD}

3.2.4.3 The square brackets convention defines groups and can be used
efficiently inside braces. Suppose a grammar has the following two rules:

6 A—BCD

a.
b. A—BEF

Collapse these two rules into one using braces:
6c A B{CD EF}

To show that rule elements C and D constitute one group and that £ and F
constitute another group, you must use square brackets:

6d A— B{ [CD] [EF] }
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As a further example, you can rewrite a rule such as
S— A{@B)C E}

as 6e below using the square brackets because the sequence (B) C consti-
tutes one group:

6e S—™A{ [B)C E }

These abbreviatory conventions are more than just a convenient short-
hand for stating rules. They express an important generalization that
would otherwise be overlooked. However, you must be very careful when
applying them. Suppose the grammar has the following two rules:

6f S —ABCD

g. S —AECF

The preceding rules say that either B or E follows A, and either D or F fol-
lows C. At first glance, it appears that braces can be used here to form the
following rule:

6 h. S—™ A{BE}C{DF}

It you do this, however, when you expand S again, you not only generate
the two original rules, but also rules 6i and 6j which are not in the

grammar:

6f S —ABCD
g S —AECF
i. S —ABCF
i, S —AECD

This is an undesirable result because the grammar should generate all and
only those sentences in the set of valid sentences in the language. The cor-
rect way to combine rules 6f and 6g is:

6 k. S™A{ [BCD] [ECF] }
Improper Use of 3.2.4.4 You can nest abbreviatory elements, but be careful when doing
Abbreviatory so. Some constructs may result in meaningless rule expansions or ineffi-
Elements cient use of elements. Some examples of this are:
W Inefficient use of elements — You can simplify the rule
A B(O){D)(E)

with no loss of meaning to

A — B(O)D)(E)
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How to
Write a Grammar

Simple Sentences

W Meaningless expansions — The braces mean that you must choose one
of the enclosed items. If any choices are in parentheses, such as in a rule
of the form

A — B{C)..X}

then one of the possible rule expansions has no elements within the
braces chosen. This will not pass the syntax check. Any time that the
grammar writer wishes to include the possibility of choosing no ele-

ment, parentheses should be the outermost symbol. In this case, rewrit-
ing the rule as follows

A — B({C..X})
or as the following group of rules

A— B@©)
Z—C

Z— X
would be appropriate.

The grammar syntax checking utility flags these incorrect constructs as
errors.

3.2.5 These paragraphs show you how to write a grammar that gener-
ates all the grammatical sentences and only the grammatical sentences for
a particular subset of a language. In this manual this set of sentences is
referred to as all and only the grammatical sentences.

3.2.5.1 Assume that you have the following set of sentences defined for

a database interface language and that you are writing a grammar for

a. Find workers.
b. Findjobcards.

c. Find orders.

d. Find operations.

The informal description of these sentences is:

A sentence has as its first element the word find. This can be followed by
the words workers, jobcards, orders, or operations.
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The following context-free grammar (Grammar 1) suggests itself from this
informal description:

Grammar 1

S = find workers

S = find jobcards
S = find orders

S = find operations

The sentence symbol S is the only nonterminal symbol in Grammar 1. The
rest of the words are terminal symbols. Grammar 1 works fine if you have
only four sentences to describe. But consider having thousands of different
sentences defined for the interface language. You do not want thousands
of S rules in the grammar that simply indicate a particular sentence
consists of a specific sequence of individual words. Although Grammar 1
looks like a grammar, it is nothing more than a list of sentences. A
grammar should reveal the patterns or regularities of sentences in the lan-
guage. Look at sentence set 7 again and see whether you can find some
regularities. All four words, workers, jobcards, orders, and operations,
appear after the word find. You can write the following intermediate
grammar rule to represent this fact:

S = find X
At appropriate points during this presentation on grammar writing, useful

concepts will be highlighted as follows as a Grammar Writing Hint. A
collection of these hints is provided at the conclusion of this section.

Grammar Writing Hint: Do not merely list valid sentences; use
meaningful categories to capture regularities.
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The words workers, jobcards, orders, and operations belong to a category
of words called nouns. For the present, use NOUN as the name of the cate-
gory to which the words workers, jobcards, orders, and operations belong.
When you select more meaningful category names, such as NOUN, your
grammar better reflects the syntactic and/or semantic structure of the
language. Linguists refer to such grammars as being more revealing. The
concept is similar to that of using more meaningful identifier names when
writing computer programs. As you follow the process of developing this
example grammar, you will observe that revealing grammars have highly
abstract S rules that are expanded to an ever greater degree of specificity
as each element of the S rule(s) is defined. Using this category, NOUN, you
can rewrite Grammar 1 as Grammar 2:

Grammar 2

S = find NOUN
NOUN — workers
NOUN =™ jobcards
NOUN = orders
NOUN =™ operations

This new grammar generates all and only those sentences in set 7. Unlike
Grammar 1, Grammar 2 reveals a pattern in the sentences, namely, that all
sentences in this language consist of a terminal element find followed by
one of the words from the category NOUN. Note that categories are more
than just convenient groupings of words. The real significance of catego-
ries lies in the fact that by defining certain categories, you can begin to
construct a precise and revealing description of a language.

You can also assign a category name VERB to the word find and write a
grammar (Grammar 3) in the following way:

Grammar 3

S = VERB NOUN
VERB — find
NOUN = workers
NOUN — jobcards
NOUN — orders
NOUN = operations
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Although this grammar is more revealing than Grammar 2 (by indicating
the underlying structure more abstractly), it is not necessary to introduce a
new category name since find is the only verb known in the language so
far. There is one more reason for not choosing Grammar 3. One of the
principles in grammar writing is that if two grammars generate exactly the
same sentences, then prefer the grammar with fewer rules. Grammar 2 is
also better from a computational point of view. Having fewer rules means
that the parser has fewer rules to consider at any given time, thus saving
the parser time and space.

Grammar Writing Hint: Do not introduce unnecessary categories.

Sentences 3.2.5.2 Grammar writing involves the following:
With Complex
Noun Phrases m Constrain the power of the grammar.

W Assign the proper lexical categories to groups of individual words to
generate all and only the grammatical sentences.

W Use the notational conventions with the grammar rules to show
generalizations that exist in the language.

W Assign the proper grammatical categories to the sequences of words to
show the basic structure of the language.

W Evaluate the grammar in terms of power and efficiency.

Grammar Power The natural language interface to an application
might contain the following two sets of sentences:

7 a. Find workers.
b. Find jobcards.
c. Find orders.
d. Find operations.
8 a. Find the name of workers.
b. Find the hours of jobcards.
c. Find the price of orders.
d. Find the descriptions of operations.

All the sentences in set 8 have as their first element the word find, fol-
lowed by the word the, followed by the word name, hours, price, or
descriptions, followed by of, followed by a word that belongs to the cate-
gory NOUN as defined in Grammar 2 in the preceding paragraphs. An
intermediate form of the grammar that represents this is:

S = find the X of NOUN
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Since the words name, hours, price, and descriptions are also nouns, you
can use the same category name for them. You can now write the fol-
lowing grammar (Grammar 4) to generate the sentences in set 8:

Grammar 4

S ™ find the NOUN of NOUN
NOUN — workers

NOUN — jobcards

NOUN — orders

NOUN — operations

NOUN =™ name

NOUN — hours

NOUN = price

NOUN — descriptions

You can now generate all of the following sentences:

Find the name of workers.
*Find the name of jobcards.
*Find the name of orders.
*Find the name of operations.

Find the hours of jobcards.
*Find the hours of workers.
*Find the hours of orders.
*Find the hours of operations.

Find the price of orders.
*Find the price of workers.
*Find the price of jobcards.
*Find the price of operations.

Find the descriptions of operations.
*Find the descriptions of workers.
*Find the descriptions of jobcards.
*Find the descriptions of orders.

*Find the workers of name.
*Find the workers of hours.
*Find the workers of price.
*Find the workers of descriptions.

*Find the orders of name.
*Find the orders of hours.
*Find the orders of price.
*Find the orders of descriptions.
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*Find the jobcards of name.
*Find the jobcards of hours.
*Find the jobcards of price.
*Find the jobcards of descriptions.

*Find the operations of name.
*Find the operations of hours.
*Find the operations of price.
*Find the operations of descriptions.

Not only does Grammar 4 generate all the sentences in set 8, it also
generates a long list of sentences (marked with an asterisk) that are not
grammatical because they are not in the original list of sentences con-
tained in set 8. A grammar should be powerful enough to generate all the
well-formed sentences of a language but should be sufficiently restricted so
that it does not generate any sentences that are not allowed in that lan-
guage. Grammar 4 is too powerful. The problem is that the same category
name is used for two groups that, even though they are both made up of
nouns, function differently in these sentences. Therefore, you should
assign different category names to these two groups of words.

Grammar Writing Hint: Do not make the grammar too powerful.
Suggestions on limiting the power of grammars follow.

Assigning Lexical Categories Before you decide on category names,
determine the characteristics of each group of words. The words name,

hniire nvriro and Adocrrvintinne in tha nhracac tho namo af mnvbove tho
FEUUI Sy ULl QU UCOL/ (uitunty 1l LU0 P AOCY (il 1l Ut wurnlro, i

hours of jobcards, the price of orders, and the descriptions of operations
are the attributes of the nouns that follow them. So, you can use ATTRI-
BUTE as a new category name and rewrite Grammar 4 as Grammar 5:

Grammar 5

S = find the ATTRIBUTE of NOUN
NOUN — workers

NOUN — jobcards

NOUN — orders

NOUN — operations

ATTRIBUTE — name
ATTRIBUTE = hours
ATTRIBUTE = price
ATTRIBUTE — descriptions
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Grammar 5 does not generate sentences like:

*Find the workers of (name, hours, price, descriptions).
*Find the orders of (name, hours, price, descriptions).
*Find the jobcards of (name, hours, price, descriptions).
*Find the operations of (name, hours, price, descriptions).

-

However, Grammar 5 still generates the following ungrammatical
sentences:

*Find the name of (jobcards, orders, operations).
*Find the hours of (workers, orders, operations).
*Find the price of (workers, jobcards, operations).
*Find the descriptions of (workers, jobcards, orders).

Grammar 5 ignores the fact that each word has its own attributes. This
becomes clearer when you look at the following additional sentences that
are allowed in the interface language:

8 Find the employee number of workers.
Find the birthdate of workers.

Find the wage rate of workers.

=S W

Find the date filled of orders.
Find the date received of orders.
Find the quantity of orders.

e e
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Find the job date of jobcards.
. Find the piece done of jobcards.

B!"‘?\"

n. Find the rejects of operations.
Find the piece number of operations.
p. Find the operation number of operations.

e

You can solve this problem by assigning different category names to the
different attributes. This gives the following grammar (Grammar 6):

Grammar 6

S = find the WORKER-ATTRIBUTE of NOUN
S = find the JOBCARD-ATTRIBUTE = of NOUN
S = find the ORDER-ATTRIBUTE of NOUN
S = find the OPERATION-ATTRIBUTE of NOUN
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WORKER-ATTRIBUTE =~ — name
JOBCARD-ATTRIBUTE  — hours
ORDER-ATTRIBUTE — price
OPERATION-ATTRIBUTE — descriptions

NOUN — workers
NOUN = jobcards
NOUN — orders
NOUN = operations

Grammar 6 is still not restrictive enough and generates the following
ungrammatical sentences:

*Find the name of (jobcards, orders, operations).

*Find the hours of (workers, orders, operations).

*Find the price of (workers, jobcards, operations).

*Find the descriptions of (workers, jobcards, orders).

To make Grammar 6 more restrictive, replace the category NOUN with a
set of new categories, each containing an element from the old NOUN
category. By using a different category for each noun, you finally get

Grammar 7, which generates all and only the grammatical sentences
shown in set 8.

Grammar Writing Hint: Incorporate semantic detail in the grammar if
necessary to constrain its power and disambiguate it.

Grammar 7

S = find the WORKER-ATTRIBUTE of WORKER-NOUN

S = find the JOBCARD-ATTRIBUTE = of JOBCARD-NOUN

S = find the ORDER-ATTRIBUTE of ORDER-NOUN

S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN

WORKER-ATTRIBUTE = name
JOBCARD-ATTRIBUTE = hours
ORDER-ATTRIBUTE = price
OPERATION-ATTRIBUTE —> descriptions

WORKER-NOUN —> workers
JOBCARD-NOUN — jobcards
ORDER-NOUN —> orders
OPERATION-NOUN = operations
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If you want Grammar 7 to generate the sentences 8e through 8p, a 1

following rules to Grammar 7:

WORKER-ATTRIBUTE — employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE = wage-rate

JOBCARD-ATTRIBUTE = piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE —* quantity

OPERATION-ATTRIBUTE — rejects
OPERATION-ATTRIBUTE —™ operation-number
OPERATION-ATTRIBUTE — piece-number

NOTE: The hyphenated terminal elements in the preceding set of rules
are compound elements. The hyphen indicates that, although composed of
multiple elements, these terminals are functionally single units.

Now Grammar 2 generates the sentences in set 7, and Grammar 7 gener-
ates the sentences in set 8. But you do not want two different grammars
generating two basically similar sets of sentences in the same language.
You need to combine Grammar 2 and Grammar 7 so that the resulting
grammar generates all and only those sentences in both sets—the simple
ones in set 7 and the slightly more complex ones in set 8. Here are
Grammars 2 and 7 again for you to compare:

Grammar 2

S = find NOUN
NOUN — workers
NOUN — jobcards
NOUN — orders
NOUN — operations

Grammar 7

S = find the WORKER-ATTRIBUTE of WORKER-NOUN

S = find the JOBCARD-ATTRIBUTE  of JOBCARD-NOUN

S = find the ORDER-ATTRIBUTE of ORDER-NOUN

S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN
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WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE =™ employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE = hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE = quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE — rejects
OPERATION-ATTRIBUTE — operation-number
OPERATION-ATTRIBUTE = piece-number

WORKER-NOUN — workers
JOBCARD-NOUN — jobcards
ORDER-NOUN = orders
OPERATION-NOUN = operations

Grammar Writing Hint: Do not write one grammar for simple
sentences and another for more complex sentences. Devise a grammar
that generates both.

To make one grammar, you cannot just add Grammar 7 to Grammar 2
because a grammar should not have two different nonterminal symbols
that expand to the same terminal symbols since such a situation often
leads to ambiguity:

Grammar 2
S = find NOUN

NOUN — workers
NOUN — jobcards
NOUN — orders
NOUN — operations
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Grammar 7

S = find the WORKER-ATTRIBUTE of WORKER-NOUN

S = find the JOBCARD-ATTRIBUTE  of JOBCARD-NOUN

S = find the ORDER-ATTRIBUTE of ORDER-NOUN

S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN

WORKER-NOUN —> workers
JOBCARD-NOUN — jobcards
ORDER-NOUN — orders
OPERATION-NOUN — operations

The goal in writing a grammar is to exhibit the most revealing structure of
the language as possible. Doing so greatly simplifies modifications and
additions to the grammar. Also, the practice of allowing several non-
terminals to expand to the same terminal increases the complexity of the
lexicon, thus increasing the difficulty of specifying translations. Each non-
terminal mapping to terminal f introduces a new constraint on ¢, and the
set of constraints is not guaranteed to be consistent.

You can combine these two grammars in two ways:

M Replace the single S rule in Grammar 2 with four new S rules and add
those four new rules to Grammar 7. In each of these new rules, you
replace the category NOUN with one of the four categories, WORKER-
NOUN, JOBCARD-NOUN, ORDER-NOUN, and OPERATION-NOUN. The
four NOUN rules of Grammar 2 are not added to Grammar 7 to form
Grammar 8.

B Keep the single S rule of Grammar 2 but change the NOUN rules as
shown in Grammar 9.

Grammar 8

S = find WORKER-NOUN

S = find JOBCARD-NOUN

S = find ORDER-NOUN

S = find OPERATION-NOUN

S = find the WORKER-ATTRIBUTE of WORKER-NOUN

S = find the JOBCARD-ATTRIBUTE  of JOBCARD-NOUN

S = find the ORDER-ATTRIBUTE of ORDER-NOUN

S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN

WORKER-ATTRIBUTE = name

WORKER-ATTRIBUTE — employee
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate
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JOBCARD-ATTRIBUTE — hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE = quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE — rejects
OPERATION-ATTRIBUTE = operation-number
OPERATION-ATTRIBUTE — piece-number

WORKER-NOUN - workers

JOBCARD-NOUN ~— jobcards
ORDER-NOUN — orders
OPERATION-NOUN — operations
Grammar 9

S = find NOUN

S = find the WORKER-ATTRIBUTE of WORKER-NOUN

S = find the JOBCARD-ATTRIBUTE  of JOBCARD-NOUN

S = find the ORDER-ATTRIBUTE of ORDER-NOUN

S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN

WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE = employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE — hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE = order-number
JOBCARD-ATTRIBUTE = job-date

ORDER-ATTRIBUTE = price
ORDER-ATTRIBUTE —* date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE — quantity

OPERATION-ATTRIBUTE = descriptions
OPERATION-ATTRIBUTE — rejects
OPERATION-ATTRIBUTE = operation-number
OPERATION-ATTRIBUTE = piece-number
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NOUN —™ WORKER-NOUN
NOUN — JOBCARD-NOUN
NOUN — ORDER-NOUN
NOUN — OPERATION-NOUN

WORKER-NOUN —> workers
JOBCARD-NOUN —> jobcards
ORDER-NOUN — orders
OPERATION-NOUN = operations

Although Grammar 9 has one more rule than Grammar 8, it is still
preferable because Grammar 9 has only five S rules while Grammar 8 has
eight. ‘

Grammar Writing Hint: Make the Srule(s) as simple as possible.

Capturing Generalizations Now determine whether one grammar is
better than the other in expressing generalizations of the language.
Grammar 8 has as many S rules as there are sentences. All that you have
done so far by restricting the grammar is assign the proper categories to
the words in the sentence:

7 a. Find workers.
S = find WORKER-NOUN

b. Find jobcards.
S = find JOBCARD-NOUN

c. Find orders.
S = find ORDER-NOUN

d. Find operations.
S = find OPERATION-NOUN

8 a. Find the name of workers.
S = find the WORKER-ATTRIBUTE of WORKER-NOUN

b. Find the hours of jobcards.
S = find the JOBCARD-ATTRIBUTE of JOBCARD-NOUN

¢. Find the price of orders.
S = find the ORDER-ATTRIBUTE of ORDER-NOUN

d. Find the descriptions of operations.
S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN
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Grammar Writing Hint: When evaluating alternative grammars,
consider which one best captures the regularities of the language.

Assigning Grammatical Categories Grammar 8 is not a good
grammar because it does not show regularities or generalizations that
exist in the language. Use the abbreviatory conventions discussed in pre-
vious paragraphs to collapse some of the rules in Grammar 8. The fol-
lowing sets of S rules can be collapsed into one rule by using the
parentheses convention:

(A) S 7 find WORKER-NOUN
S = find the WORKER-ATTRIBUTE of WORKER-NOUN

(B) S = find JOBCARD-NOUN
S = find the JOBCARD-ATTRIBUTE of JOBCARD-NOUN

(C) S — find ORDER-NOUN
S = find the ORDER-ATTRIBUTE of ORDER-NOUN

(D) S = find OPERATION-NOUN
S = find the OPERATION-ATTRIBUTE of OPERATION-NOUN

}

(Ay S = find (the WORKER-ATTRIBUTE of) WORKER-NOUN
(By S = find (the JOBCARD-ATTRIBUTE of)  JOBCARD-NOUN
(Cy S = find (the ORDER-ATTRIBUTE of) ORDER-NOUN

(Dy S — find (the OPERATION-ATTRIBUTE of) OPERATION-NOUN

The new § rules (A) through (D) show you that a sequence like (the
WORKER-ATTRIBUTE of) WORKER-NOUN behaves as a unit. You can
assign category names to these new units. Grammatically, these new units
are noun phrases, abbreviated as NP:

WORKER-NP — (the WORKER-ATTRIBUTE of) WORKER-NOUN
JOBCARD-NP = (the JOBCARD-ATTRIBUTE of) JOBCARD-NOUN
ORDER-NP — (the ORDER-ATTRIBUTE of) ORDER-NOUN
OPERATION-NP — (the OPERATION-ATTRIBUTE of) OPERATION-NOUN

You can now rewrite Grammar 8 by rewriting the S rules to form
Grammar 10:

Grammar 10

S = find WORKER-NP

S = find JOBCARD-NP

S = find ORDER-NP

S = find OPERATION-NP
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WORKER-NP —

(the WORKER-ATTRIBUTE of) WORKER-NOUN
JOBCARD-NP —

(the JOBCARD-ATTRIBUTE of) JOBCARD-NOUN
ORDER-NP —

(the ORDER-ATTRIBUTE of) ORDER-NOUN
OPERATION-NP —

(the OPERATION-ATTRIBUTE of) OPERATION-NOUN

WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE = empioyee number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE — name
JOBCARD-ATTRIBUTE = piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE —* date-received
ORDER-ATTRIBUTE = quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE = rejects
OPERATION-ATTRIBUTE — operation-number
OPERATION-ATTRIBUTE — piece-number

WORKER-NOUN = workers
JOBCARD-NOUN — jobcards
ORDER-NOUN —> orders
OPERATION-NOUN = operations

Grammar Writing Hint: Simplify the grammar by using abbreviatory
conventions when possible.

Collapse the four S rules in Grammar 10 into one rule by using the brace
convention:

S = find {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}
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Then introduce another category to make a more revealing grammar
(Grammar 11):

Grammar 11
S = find NP
NP — {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}

WORKER-NP —

(the WORKER-ATTRIBUTE of) WORKER-NOUN
JOBCARD-NP — ‘

(the JOBCARD-ATTRIBUTE of) JOBCARD-NOUN
ORDER-NP —

(the ORDER-ATTRIBUTE of) ORDER-NOUN
OPERATION-NP —

(the OPERATION-ATTRIBUTE of) OPERATION-NOUN

WORKER-ATTRIBUTE — name
WORKER-ATTRIBUTE — employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE = hours
JOBCARD-ATTRIBUTE = piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE = price
ORDER-ATTRIBUTE = date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE —™ quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE — rejects
OPERATION-ATTRIBUTE — operation-number
OPERATION-ATTRIBUTE — piece-number

WORKER-NOUN — workers

JOBCARD-NOUN ~— jobcards
ORDER-NOUN — orders
OPERATION-NOUN = operations

Grammar 11 reads as follows:

A sentence can consist of the terminal symbol find followed by NP (noun
phrase). NP can consist of WORKER-NP, JOBCARD-NP, ORDER-NP, or
OPERATION-NP. WORKER-NP can consist of an optional element of the
WORKER-ATTRIBUTE of followed by WORKER-NOUN and so on.
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GCrammar 11 shows the basic structure of the ahhrarria

tory conventions and by introducing new broader Categories \such as NP,
WORKER-NP, JOBCARD-NP, ORDER-NP, and OPERATION-NP) into the
grammar. These new categories, called syntactic categories, differ from the
previous categories, called lexical categories. Syntactic categories define a
sequence of words. Lexical categories define only groups of individual
words (for example, WORKER-ATTRIBUTE, JOBCARD-ATTRIBUTE,
WORKER-NOUN, and JOBCARD-NOUN).

Grammar Writing Hint: Introduce higher-level categories when
necessary to make the grammar more revealing.

Figure 3-2 illustrates the distinction between lexical and syntactic
categories for the sentence find the name of workers.

Figure 3-2

Lexical and Syntactic Category Distinction

/\

find
(syntactlc)

A

WORKER-ATTRIBUTE of WORKER-NOUN
(iexicai) (lexicai)

name workers

Evaluating Grammars You can now revise Grammar 9 using gram-
matical categories and compare the resulting Grammar 12 with Grammar
11:

Grammar 12

S — find {NOUN NP}
NP — {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}

NLMenu User’s Guide

Creating Natural Language Menu Sentences ~ 3-27



WORKER-NP — the WORKER-ATTRIBUTE of WORKER-NOUN
JOBCARD-NP — the JOBCARD-ATTRIBUTE of JOBCARD-NOUN
ORDER-NP — the ORDER-ATTRIBUTE of ORDER-NOUN
OPERATION-NP — the OPERATION-ATTRIBUTE of OPERATION-NOUN

WORKER-ATTRIBUTE — name
WORKER-ATTRIBUTE = employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE — hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE —™ order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE = price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE — quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE = rejects
OPERATION-ATTRIBUTE =™ operation-number
OPERATION-ATTRIBUTE — piece-number

NOUN — WORKER-NOUN
NOUN — JOBCARD-NOUN
NOUN — ORDER-NOUN
NOUN — OPERATION-NOUN

WORKER-NOUN — workers
JOBCARD-NOUN = jobcards
ORDER-NOUN — orders
OPERATION-NOUN ~— operations

Since Grammar 11 has 14 rules and Grammar 12 has 18 rules, Grammar 11
is preferable to Grammar 12.

Grammar Writing Hint: When two grammars are equally expressive,
select the one that contains fewer rules.

3-28 Creating Natural Language Menu Sentences NLMenu User’s Guide



Sentences 3.2.5.3 Grammar writing also involves handling sentences in which
With Recursion repeated occurrences of some category are present. Consider the foi-
lowing sets of sentences and note that Grammar 11 can generate every
sentence up to and including 9a, but not sentences 9b through 9d.
7 a. Find workers.
b. Find jobcards.
¢. Find orders.
d. Find operations.
8 a. Findthe name of workers.
b. Find the hours of jobcards.
c. Find the price of orders.
d. Find the descriptions of operations.
9 a. Find the name of workers.
b. Find the name and birthdate of workers.
¢. Find the name and birthdate and wage rate of workers.
d. Find the name and birthdate and wage rate and employee number
of workers.
Reread sentences 9a through 9d, noting the emerging pattern. Figure 3-3
illustrates this pattern, where the symbol A stands for the category
WORKER-ATTRIBUTE.
Figure 3-3 Repeated Elements Pattern
A
A and A
A and A and A
A and A and A and A
A and A and A and A and A
This is an example of recursion, and the repeated sequence of symbols is
called the recursive element. The best way to write a grammar rule to
handle recursion is as follows:

1. Find the recursive element, which in sentence set 9 is and WORKER-
ATTRIBUTE.

2. Introduce a grammatical category that is one level higher than the
basic element. Since WORKER-ATTRIBUTE is the basic element in the
above instance, use WORKER-ATTRIBUTE-NP as the new category.

3. Write a rule where this new category appears on the left-hand side.
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The first element on the right-hand side of this rule must be the basic ele-
ment. The recursive element with the higher category comes next and is
enclosed in parentheses to indicate that it is optional. This rule calls itself
as many times as required:

basic element recursive part
(allows for more expansion)

WORKER-ATTRIBUTE-NP =™ WORKER-ATTRIBUTE (and WORKER-ATTRIBUTE-NP)

Figure 3-4 shows the partial tree diagram for the phrase the name and
birthdate of workers.

Figure 3-4

Tree Diagram With Recursion

WORKER-NP (syntactic)
the WORKER-ATTRIBUTE-NP of WORKER-NOUN

(syntactic) (lexical)

workers

WORKER-ATTRIBUTE and WORKER-ATTRIBUTE-NP

(lexical) (syntactic)
name WORKER-ATTRIBUTE
(Iexical)
birthdate

Replace the nonterminal symbol WORKER-ATTRIBUTE in the WORKER-
NP rule with the new nonterminal symbol WORKER-ATTRIBUTE-NP:

WORKER-NP = (the WORKER-ATTRIBUTE-NP of) WORKER-NOUN
Since sentences of this type can also occur with the words orders, jobcards,
and operations, you need to write the same type of rules for them, too.
Now, the grammar (Grammar 13)is as follows:

Grammar 13

S — find NP

NP — {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}
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(the WORKER-ATTRIBUTE-NP of) WORKER-NOUN
JOBCARD-NP —

(the JOBCARD-ATTRIBUTE-NP of) JOBCARD-NOUN
ORDER-NP —

(the ORDER-ATTRIBUTE-NP of) ORDER-NOUN
OPERATION-NP —

(the OPERATION-ATTRIBUTE-NP of) OPERATION-NOUN

WORKER-ATTRIBUTE-NP —

WORKER-ATTRIBUTE (and WORKER-ATTRIBUTE-NP)
JOBCARD-ATTRIBUTE-NP —

JOBCARD-ATTRIBUTE (and JOBCARD-ATTRIBUTE-NP)
ORDER-ATTRIBUTE-NP —

ORDER-ATTRIBUTE (and ORDER-ATTRIBUTE-NP)
OPERATION-ATTRIBUTE-NP —

OPERATION-ATTRIBUTE (and OPERATION-ATTRIBUTE-NP)

WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE =™ employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE = hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE = order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE = price
ORDER-ATTRIBUTE —> date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE = quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE — rejects

OPERATION-ATTRIBUTE — operatlon -number
OPERATION-ATTRIBUTE — piece-number

WORKER-NOUN — workers

JOBCARD-NOUN — jobcards
JOBCARD-NOUN — orders
JOBCARD-NOUN — operations

Ambiguous 3.2.5.4 If a sentence is subject to more than one interpretation—if it can
Sentences be generated in more than one way—then that sentence and its grammar
are ambiguous. The following hypothetical statement is ambiguous:

IF A=B THENIF C=D THEN CALL F ELSE CALL G.

According to the definition of conditional statements, the ELSE branch
could be associated with either the inner or the outer IF statement.

NIMenu Us
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In natural languages, there are two types of ambiguities:
B Lexical ambiguity

8 Surface structure ambiguity

Consider the following two sentences:

10 a. The man is standing near the bank.
b. Steve or Sam and Bob will come.

Sentence 10a is ambiguous because the word bank can mean either river
bank or financial institution. Lexical ambiguity can be resolved by assign-
ing two different lexical categories to the word bank. In natural languages,
the context of a sentence tends to resolve lexical ambiguity. A clue to the
lexical category of bank in sentence 10a would probably be found in some
preceding or subsequent sentence. Because they deal with limited,
context-free subsets of a language, NLMenu users can avoid this kind of
ambiguity. For instance, the designer can require that river bank, not bank
alone, be specified when that is the intention.

Sentence 10b is ambiguous because you cannot be sure who will come.
Perhaps, Bob will come and either Steve or Sam will come. Or perhaps
Steve will come or Sam and Bob will come. This type of ambiguity is called
surface structure ambiguity because the surface appearance of the
sentence itself causes ambiguity. Figure 3-5 shows trees that illustrate the
underlying structure of each interpretation and that illustrate the ambi-
guity more clearly.
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Figure 3-5 Parse Trees of Superficially Ambiguous Seniences
Parse 1:
S
will come
and Bob
Steve or Sam
Parse 2:
S
will come
Steve or
Sam and Bob
NLMenu User’s Guide
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To resolve this surface structure ambiguity, you can use parentheses to
indicate different interpretations (10c or 10d):

10 c¢. Steve or (Sam and Bob) will come.
d. (Steve or Sam) and Bob will come.

e. Find the jobcards that list operations whose operation number is
equal to 50 and whose order number is greater than 100.

Sentence 10e also illustrates surface structure ambiguity. The sentence
could be the natural language equivalent of a query to a database. The
query indicates that the database contains a JOBCARD table and an
OPERATION table, but the structure is ambiguous. If both the JOBCARD
table and the OPERATION table have a field ORDER NUMBER, then the
referent of the phrase whose order number is greater than 100 is unclear.
The referent can be either jobcard order number or operation order
number. If you rewrite sentence 10e to read like either 10f or 10g, this
ambiguity disappears:

10 f. Find jobcards that list operations whose operation number is equal
to 50 and whose jobcard order number is greater than 100.

g. Find jobcards that list operations whose operation number is equal
to 50 and whose operation order number is greater than 100.

Further examples of this type of sentence are as follows:

10 h. Find workers who have jobcards whose jobcard order number is
20 and whose worker employee number is 150.

i. Find workers who have jobcards whose jobcard order number is
20 and whose jobcard employee number is 150.

j. Find operations that are listed on jobcards whose jobcard hours are
10 and whose operation piece number is 200.

k. Find operations that are listed on jobcards whose jobcard hours are
10 and whose jobcard piece number is 200.

Although some of the preceding sentences may seem awkward, they are
actually just very explicit. In normal spoken or written usage, the context
of a sentence helps to disambiguate the underlying meaning. When taken
out of context, this seemingly awkward explicitness is needed to avoid
potential ambiguity.

A grammar should be able to resolve these ambiguities. However, if the
grammar you write allows multiple interpretations of some input sentence,
the NLMenu parser indicates that there is more than one parse for the
input sentence. The parser lists the various parses according to its determi-
nation of the probability of intent. The interface user can then indicate
which parse corresponds to his intent. If such ambiguities are found, you
can use the NLMenu grammar tools to refine the grammar and/or lexicon.
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Sentences With 3.2.5.5 The following discussion concerns how to revise the evolving
Relative Clauses grammar of previous paragraphs to generate more complicated sentences,

such as the foliowing:
B Find workers whose name is equal to < specific name >.

B Find jobcards whose order number is not equal to < specific order
number >.

B Find orders whose price is greater than < specific price >.

B Find operations whose operation number is less than < specific
operation number >.

B Find workers whose wage rate is greater than or equal to < specific
wage rate>.

B Find orders whose quantity is less than or equal to < specific quantity >.

These sentences have additional clauses introduced by whose. This clause
describes and limits the NOUN element preceding it. The output of such a
query is then modified to include only those elements which meet the
description or restriction given in the whose clause. MODIFIER is, then, a
good identifying label for such constructions. MODIFIERs occur with ele-
ments of the NOUN category.

In the development of the grammar, you saw the need to incorporate a
semantic or meaning factor into the grammar by splitting a general cate-
gory into the more specific categories. If this is not done, the grammar can
be too powerful and can generate sentences beyond the scope of the lan-
guage or language subset. For similar reasons, it is necessary to split the
MODIFIER category and, from it, create the new categories: WORKER-
MOD, JOBCARD-MOD, ORDER-MOD, and OPERATION-MOD.

Within the whose clause, you see two addtional new constructions:
m Comparison predicates — Natural language expressions that correspond
to the set of comparison operators (=, #, <, >, <, and =) used in the

field of logic

B Open slots — Constructions that enable the grammar to handle specific
numeric or other constant values

NLMenu User’s Guide
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Since there is an infinite number of possible numeric or constant values, it
is unreasonable to attempt to write a grammar to generate all possibilities.
Therefore, the NLMenu system provides the expert window facility that
allows you to designate such open slots, or experts. The types of experts
and their uses are as follows:

B Type-in experts — For entering a specific alphanumeric value
B Range experts — For entering a value within some range
B Calculator experts — For entering numeric values

B Default experts — For choosing a value from a menu or, by moving the
mouse away from this menu, automatically setting some predetermined
value (choosing the default value)

Refer to paragraph 4.9 for more information on experts.

The following revision of Grammar 13 (Grammar 14) generates sentences
with constructions involving comparison operators. A new category
COMPARISON-PRED is introduced to represent such constructions.

Grammar 14
S — find NP
NP — {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}

WORKER-NP —

(the WORKER-ATTRIBUTE-NP of) WORKER-NOUN (WORKER-MOD)
JOBCARD-NP —

(the JOBCARD-ATTRIBUTE-NP of) JOBCARD-NOUN (JOBCARD-MOD)
ORDER-NP —

(the ORDER-ATTRIBUTE-NP of) ORDER-NOUN (ORDER-MOD)
OPERATION-NP —

(the OPERATION-ATTRIBUTE-NP of) OPERATION-NOUN

(OPERATION-MOD)

WORKER-ATTRIBUTE-NP —

WORKER-ATTRIBUTE (and WORKER-ATTRIBUTE-NP)
JOBCARD-ATTRIBUTE-NP —

JOBCARD-ATTRIBUTE (and JOBCARD-ATTRIBUTE-NP)
ORDER-ATTRIBUTE-NP —

ORDER-ATTRIBUTE (and ORDER-ATTRIBUTE-NP)
OPERATION-ATTRIBUTE-NP —

OPERATION-ATTRIBUTE (and OPERATION-ATTRIBUTE-NP)

WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE =™ employee-number
WORKER-ATTRIBUTE = birthdate
WORKER-ATTRIBUTE — wage-rate
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JOBCARD-ATTRIBUTE — hours
JOBCARD-ATTRIBUTE = piece-doriie
JOBCARD-ATTRIBUTE ™ order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE = date-received
ORDER-ATTRIBUTE =™ quantity

OPERATION-ATTRIBUTE — descriptions
OPERATION-ATTRIBUTE = rejects
OPERATION-ATTRIBUTE = operation-number
OPERATION-ATTRIBUTE =™ piece-number

WORKER-NOUN — workers

JOBCARD-NOUN — jobcards
ORDER-NOUN — orders
OPERATION-NOUN — operations

COMPARISON-PRED =™ equal-to
COMPARISON-PRED = not-equal-to
COMPARISON-PRED =™ greater-than
COMPARISON-PRED = less-than
COMPARISON-PRED = greater-than-or-equal-to
COMPARISON-PRED = less-than-or-equal-to

WORKER-MOD — whose-worker-name-is COMPARISON-PRED
worker-name-expert

WORKER-MOD — whose-worker-employee-number-is
COMPARISON-PRED worker-employee-number-expert

WORKER-MOD = whose-worker-birthdate-is COMPARISON-PRED
worker-birthdate-expert

WORKER-MOD = whose-worker-wage-rate-is COMPARISON-PRED
worker-wage-rate-expert

JOBCARD-MOD — whose-jobcard-hours-are COMPARISON-PRED
jobcard-hours-expert

JOBCARD-MOD — whose-jobcard-piece-done-is COMPARISON-PRED
jobcard-piece-done-expert

JOBCARD-MOD — whose-jobcard-order-number-is COMPARISON-PRED
jobcard-order-number-expert

JOBCARD-MOD — whose-jobcard-job-date-is COMPARISON-PRED
jobcard-job-date-expert

ORDER-MOD —™ whose-order-price-is COMPARISON-PRED
order-price-expert

ORDER-MOD — whose-order-date-filled-is COMPARISON-PRED
order-date-filled-expert

ORDER-MOD —™ whose-order-date-received-is COMPARISON-PRED
order-date-received-expert
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ORDER-MOD = whose-order-quantity-is COMPARISON-PRED
order-quantity-expert

OPERATION-MOD — whose-operation-descriptions-are
COMPARISON-PRED operation-description-
expert

OPERATION-MOD — whose-operation-rejects-are
COMPARISON-PRED operation-rejects-expert

OPERATION-MOD — whose-operation-operation-number-is
COMPARISON-PRED operation-operation-
number-expert

OPERATION-MOD — whose-operation-piece-number-is
COMPARISON-PRED operation-piece-number-
expert

The various MODIFIER categories treat each entire whose-clause as a ter-
minal and as a unit, rather than further subdividing them. There is a
practical reason for foregoing such subdivision. The number of selection
window panes that the interface must present to the end user increases as
the number of grammatical categories increases. In this instance, the
underlying function and meaning of the whose-clause is better captured by
treating it as a unit. And, from a practical standpoint, the interface is not
unduly complicated because only one new window pane is added.

To make this grammar more complete, add the capability of recursively
generating MODIFIERs. Introduce a new syntactic category one level
above the MODIFIER type presented in Grammar 14. Label this MOD-
CONSTR. Define this new category in terms of the MOD construction,
using MOD as the basic element and and MOD-CONSTR as the recursive
element. A generic version of the rule is:

MOD-CONSTR — MOD (and MOD-CONSTR)

Grammar 15 incorporates this latest feature into the grammar design:
Grammar 15

S — find NP

NP — {WORKER-NP JOBCARD-NP ORDER-NP OPERATION-NP}

WORKER-NP —
(the WORKER-ATTRIBUTE-NP of) WORKER-NOUN
(WORKER-MOD-CONSTR)

JOBCARD-NP —
(the JOBCARD-ATTRIBUTE-NP of) JOBCARD-NOUN
(JOBCARD-MOD-CONSTR)

ORDER-NP —
(the ORDER-ATTRIBUTE-NP of) ORDER-NOUN
(ORDER-MOD-CONSTR)
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OPERATION-NP —
(the OPERATION-ATTRIBUTE-NP of) OPERATION-NOUN
(OPERATION-MOD-CONSTR)

WORKER-ATTRIBUTE-NP —

WORKER-ATTRIBUTE (and WORKER-ATTRIBUTE-NP)
JOBCARD-ATTRIBUTE-NP —

JOBCARD-ATTRIBUTE (and JOBCARD-ATTRIBUTE-NP)
ORDER-ATTRIBUTE-NP —

ORDER-ATTRIBUTE (and ORDER-ATTRIBUTE-NP)
OPERATION-ATTRIBUTE-NP —

OPERATION-ATTRIBUTE (and OPERATION-ATTRIBUTE-NP)

WORKER-MOD-CONSTR —

WORKER-MOD (and WORKER-MOD-CONSTR)
JOBCARD-MOD-CONSTR —

JOBCARD-MOD (and JOBCARD-MOD-CONSTR)
ORDER-MOD-CONSTR —

ORDER-MOD (and ORDER-MOD-CONSTR)
OPERATION-MOD-CONSTR —

OPERATION-MOD (and OPERATION-MOD-CONSTR)

WORKER-ATTRIBUTE = name
WORKER-ATTRIBUTE = employee-number
WORKER-ATTRIBUTE — birthdate
WORKER-ATTRIBUTE — wage-rate

JOBCARD-ATTRIBUTE — hours
JOBCARD-ATTRIBUTE — piece-done
JOBCARD-ATTRIBUTE — order-number
JOBCARD-ATTRIBUTE — job-date

ORDER-ATTRIBUTE — price
ORDER-ATTRIBUTE — date-filled
ORDER-ATTRIBUTE — date-received
ORDER-ATTRIBUTE — quantity

OPERATION-ATTRIBUTE = descriptions
OPERATION-ATTRIBUTE = rejects
OPERATION-ATTRIBUTE — opertion-number
OPERATION-ATTRIBUTE = piece-number

WORKER-NOUN — workers

JOBCARD-NOUN — jobcards
ORDER-NOUN — orders
OPERATION-NOUN = operations

COMPARISON-PRED — equal-to
COMPARISON-PRED — not-equal-to
COMPARISON-PRED — greater-than
COMPARISON-PRED — less-than
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COMPARISON-PRED — greater-than-or-equal-to
COMPARISON-PRED — less-than-or-equal-to

WORKER-MOD =™ whose-worker-name-is
COMPARISON-PRED worker-name-expert
WORKER-MOD = whose-worker-employee-number-is
COMPARISON-PRED worker-employee-number-
expert
WORKER-MOD — whose-worker-birthdate-is
COMPARISON-PRED worker-birthdate-expert
WORKER-MOD —™ whose-worker-wage-rate-is
COMPARISON-PRED worker-wage-rate-expert

JOBCARD-MOD — whose-jobcard-hours-are

COMPARISON-PRED jobcard-hours-expert
JOBCARD-MOD — whose-jobcard-piece-done-is

COMPARISON-PRED jobcard-piece-done-expert
JOBCARD-MOD — whose-jobcard-order-number-is

COMPARISON-PRED jobcard-order-number-expert
JOBCARD-MOD — whose-jobcard-job-date-is

COMPARISON-PRED jobcard-job-date-expert

ORDER-MOD — whose-order-price-is

COMPARISON-PRED order-price-expert
ORDER-MOD — whose-order-date-filled-is

COMPARISON-PRED order-date-filled-expert
ORDER-MOD — whose-order-date-received-is

COMPARISON-PRED order-date-received-expert
ORDER-MOD — whose-order-quantity-is

COMPARISON-PRED order-quantity-expert

wiiose-operailon-descriptions-are
COMPARISON-PRED operation-description-
expert
OPERATION-MOD = whose-operation-rejects-are
COMPARISON-PRED operation-rejects-expert
OPERATION-MOD — whose-operation-operation-number-is
COMPARISON-PRED operation-operation-
number-expert
OPERATION-MOD — whose-operation-piece-number-is
COMPARISON-PRED operation-piece-number-
expert

This limited sketch of grammar development demonstrates the steps and
considerations involved in grammar writing. Section 4 describes the for-
mat in which you enter the grammar and lexicon files.
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Summary

3.3 Asaway to review this section, consider again the grammar writing
hints that were discussed during the development of the example
grammar.

m Do not merely list valid sentences; use meaningful categories to capture
regularities.

® Do not introduce unnecessary categories.
® Do not make the grammar too powerful.

® Incorporate semantic information in the grammar to constrain its power
by further disambiguating the grammar.

m Do not write one grammar for simple sentences and another for more
complex sentences. Devise a grammar that generates both.

B Make the Srule as simple as possible.

m When evaluating alternative grammars, consider which one best cap-
tures the regularities of the language.

m Simplify the grammar by using abbreviatory conventions when
possible.

® Introduce higher-level categories when necessary to make the grammar
more revealing.

m When two grammars are equally expressive, select the one that con-
tains fewer rules.

Following this presentation of the fundamentals of grammar writing, it is
appropriate to point out that there will be no single correct grammar for a
particular interface. Nor should you expect to write a completely unambi-
guous grammar on your first attempt. However, do not be intimidated by
the process. The NLMenu system contains a number of tools to assist in
grammar writing and interface development. The subsequent sections
treat these tools in detail, in roughly the same order in which the interface

designer would employ them.
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APPLICATION
DESIGNER INPUT TO NLMENU

Highlights of ™ How Natural Language Menu uses the grammar and lexicon
This Section:
B Grammar format
W Translation lists
B Grammar file |
m Grammar file example
m Grammar file discussion
@ Lexicon file
m Lexicon file example
m Lexicon file discussion
m Translation process
m liiustrations of the transiation process
m Summary of translator algorithm
B Developing translations
m Dow Jones™ example
m Choosing an appropriate translation scheme

W Developing screen configuration descriptions

® Implementation of experts

Dow Jones is a trademark of Dow Jones & Company, Inc.
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How Natural
Language Menu
Uses the
Grammar and
Lexicon

4.1 You provide the Natural Language Menu (NLMenu) system with
three types of input to create a natural language interface:

B A grammar that defines the valid combinations of words and phrases in
a selected natural language, the order of such words and phrases, and
the appropriate mapping of these words and phrases into the target
language of the application

B A lexicon that provides translations of the words or phrases used in the
mapping and establishes the relationship between the grammar’s
terminals and the target language

M A screen description that tells the system where to place windows and
what words or phrases to insert into them

The NLMenu tools help you create an NLMenu interface by automating
much of the grammar and lexicon testing and by providing an interactive
lexicon building utility.

The parser and translator use the grammar and lexicon to control the
screen display and the translation into the target language. The parser is
responsible for not only constructing the parse tree, but also for
determining the set of next legal choices given the current item selection.
The parser must use information in both the grammar and the lexicon to
perform this task. The translator takes the parse tree built by the parser
and, by referencing the grammar and lexicon, develops the target string.
Understanding how the translator builds the target string is important in
developing NLMenu grammar and lexicon files. The translation process is
presented after a discussion of the grammar format and lexicon content.
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Grammar 4.2 You need to modify the basic format of your grammar before the
Format NLMenu system can process it. These modifications entail recasting each
grammar rule in a Lisp format that is described in detail below.

The NLMenu system does not support a number of grammar components.
It takes as input a context-free semantic grammar, with the following
restrictions:

B No null terminals — No grammatical category can have nil as its expan-
sion; for example, the rule

WORKER-NP — nil
is not allowed.

B No cycles — Derivations that can produce an infinitely looping path are
not allowed; for example, the following sequence of rules would violate
the restriction since the final rule introduces a cycle back to the first:

S —™AB
A —a
B —bS

NOTE: Most standard abbreviatory conventions are permitted, although
Kleene star (unlimited repetition of an element) is not supported. An
example of Kleene star is the following: A --> B* c.

An example of an NLMenu grammar rule follows:

("S --> change change-suppliers (SUPPLIER-MOD-CONSTRUCT)
so-that SUPPLIER-UPDATES"
(1 25) (12456253 (12345

You write each individual grammar rule as a Lisp list. The entire grammar
is one long list, comprising lists of rules written in the following format:

(“mother = left-corner daughter?2...daughterN”
(translation-function 1 expansion-listl)...
(translation-functionM expansion-listM))
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where:
mother () is the single element on the left-hand side of the rule.

left-corner (change) is the first element (that is, daughter) on the right-
hand side of the rule. This must be a grammatical category.

daughterN (change-suppliers, (SUPPLIER-MOD-CONSTRUCT), so-that,
and SUPPLIER-UPDATES) is a remaining element on the right-hand side
(it any) of the rule. It must be a grammatical category and can include
the use of any of the abbreviatory symbols.

translation-functionM ((1 2 5) and (4 2 5 3))is a Lisp expression
where numbers correspond to the position of the left corner or daugh-
ters in the grammar rule. Begin numbering by assigning the value 1 to
the left corner and assign sequentially increasing values to any other
elements on the right-hand side. Analysis of a translation function pro-
ceeds from left to right unless overridden by parentheses. For example,
if a translation function reads (1 2 5), the translation portion of the
lexical entry for element] (right-hand side) is applied with the trans-
lation portion of the lexical entry for element? (right-hand side) as its
argument. That result then becomes the function that is applied with the
translation portion of the lexical entry for element5 (right-hand side) as
its argument.

NOTE: The translation portion of the lexical entry is always either a
lambda expression with one argument or an atomic element. Application
of a lambda expression to an argument can produce another lambda
expression (as in points 1 and 2 directly above) or an atomic element. In
general, to combine n atomic elements together, a lambda expression with
n — I occurrences of lambda in its body is required.

If, however, the translation function reads (4 (1 2)), the translation
portion of the lexical entry for element] is applied to that of element2,
and that result then becomes the argument of the function given in the
translation portion of the iexical entry for element4.
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expansion-listM ((1 2 4 5) and (1 2 3 4 5))is a listing of the num-
bers corresponding to the position of all the left corner or daughter ele-
ments of the rule associated with translation-functionM. The expansion
list resolves ambiguity regarding which translation list corresponds to
which expansion of a rule when abbreviatory conventions occur in the
rule. If no ambiguity is possible, you need not include the expansion list.
Rules without abbreviatory elements never need to contain expansion
lists. For example, the preceding S rule has the following two
expansions:

(1) S --> change change-suppliers so-that supplier-updates
1 2 4 5

(2) S --> change change-suppliers supplier-mod-construct
1 2 3

so-that supplier-updates
5

Expansion 1 has (1 2 4 5) as its expansion list, while Expansion 2 has
an expansion list of (1 2 3 4 5).

Thus, the representation of the syntactic component of an NLMenu
grammar corresponds to the standard notations used by linguists for
context-free grammars. The translation functions and expansion lists
represent the semantic component of the grammar. For example, a rule
with syntactic component

X-->ABC

is written as
("X --> A B C'" ((translation-function) (expansion-list)))

Translation functions and expansion lists are discussed in more detail later
in this section.

Rule elements must be grammatical categories, and you delimit them by
one or more spaces or carriage returns. A grammatical category is either a
terminal (appears only on the right-hand side of the rule} or nonterminal
(appears on either side of the rule) in the grammar.

Abbreviatory elements allow you to collapse rules that share the same
mother and left corner into a single rule. Refer to Section 3 for detailed
information on the various abbreviatory elements and development of the
syntactic portion of an NLMenu grammar.
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Translation
Lists

4.3 A translation list consists of a series of translation functions and their
corresponding expansion lists. The expansion list lets the translator know
which expansion of the rule the parser used, while the translation function
indicates how to go about building the target string. To establish which
expansion was used, the system first assigns each grammatical category in
the rule an integer, starting with the value 1 at the left corner and incre-
menting by one for each succeeding category. For example, the rule

X --> A {[B C] [D E1} F
is assigned the values

X --> A {[B C] [D EI} F
1 23 45 6

The relevant expansion lists are (1 2 3 6) for the expansion
X -->ABCF

and (1 4 5 6) for the expansion

X -->ADEF

The resulting translation list will thus have the form:

((x1 ... xM) (123 6)) ((y1 ... yN) 1 45 6))
translation expansion translation expansion
functionl list1 function2 list2

If the first expansion of the rule was used by the parser, translation
function1 is used to indicate how to combine the translations associated
with each grammar rule component. This means that the translation of x1
is taken as a lambda expression or function and applied to the translation
of x2 as its argument. The resulting new translation is then taken as a
function and applied to the translation of x3 as its argument, and so forth.
In general, the translation of the leftmost element of the translation func-
tion applies to the translation of the element to its right as the argument.
This process continues until there are no more arguments. Examples of the
translation process are included in paragraph 4.6. An example of a
grammar rule and its associated translation functions and expansion lists
follows:

("S --> change change-suppliers (SUPPLIER-MOD-CONSTRUCT)
so-that SUPPLIER-UPDATES"
(125 (12450046253 (123 45)))
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It is not necessary for all grammatical categories used in a given rule
expansion to appear in the translation function. The only integers that
need appear are those the translator uses to build the target string.

Nesting is allowed in the translation function. To do this, simply use an
additional set of parentheses. For example, the translation list

(2 31 6) (12360

tells the translator to first apply the lambda expression representing the
translation of daughter3 to the expression representing the translation of
daughter]. The lambda expression representing the translation of
daughter2 is then applied to this result, producing another lambda expres-
sion that is subsequently applied to the expression representing the trans-
lation of daughter6.
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Grammar File

4.4 The following is a sample NLMenu grammar for a natural language
interface to the sample Parts-and-Suppliers database. (This is the default
grammar mentioned in paragraph 2.2. The grammar is similar to but more
complex than an extended version of the one developed in Section 3 and is
written in the format described in paragraph 4.2.) This grammar allows
you to build sentences to change, insert, or delete records in the Parts-and-
Suppliers database. It contains built-in mechanisms that allow more com-
putational/numerical constructs and instance-specific, or expert, values as
input. This grammar contains many examples of recursive rules and of the
introduction of higher-level categories to make the grammar more reveal-
ing (see paragraph 3.2.5.2). Notice also that the second set of integers in
many of these rules, the expansion list, is missing because the transilation
function itself is sufficient to determine which rule expansion corresponds
to it.

(

("S --> change change-suppliers (SUPPLIER-MOD-CONSTRUCT)
so-that SUPPLIER-UPDATES"
(125 (1 245)0s253) (12345

("S --> change change-parts (PART-MOD-CONSTRUCT)
so-that PART-UPDATES"
((125) (12 45))(6253) (12345

('S --> change change-shipments (SHIPMENT-MOD-CONSTRUCT)
so-that SHIPMENT-UPDATES"
((125) (124504253 (123 45)

("S --> insert TUPLES"
1 2)»

('"S --> delete-rel SUPPLIER-NP"
2 1))

frees ~ R S ™~ AT Y1
\""o T=~7 geiLete~rer FARITNF

2 1)

('"'S --> delete-rel SHIPMENT-NP"
2 1N

("s --> find-rel SUPPLIER-NP"
(2 1M

("S --> find-rel PART-NP"
(2 13

("S -=> find-rel SHIPMENT-NP"
(2 1N

NLMenu User’s Guide

Application Designer Input to NLMenu 4-9



("s --> find-attr-rel SUPPLIER-ATTR-CONSTR for SUPPLIER-NP"
(6 (1.2)) (123 46

("Ss --> find-attr-rel PART-ATTR-CONSTR for PART-NP"
(46 (1. 2)) (123 4)))

("S --> find-attr-rel SHIPMENT-ATTR-CONSTR for SHIPMENT-NP"
(6 (1 2)) (123 4)))

("S --> find-comp {NUMBER-NP COMPUTABLE-NP}"
(2> (1 2)) (3 (1 3>

(""SUPPLIER-MOD-CONSTRUCT --> SUPPLIER-MOD-AND
(s-or SUPPLIER-MOD-CONSTRUCT)"
(€132 1 3)))

(""PART-MOD-CONSTRUCT --> PART-MOD-AND
(s-or PART-MOD-CONSTRUCT)"
((1¢2 1 3

(""SHIPMENT-MOD-CONSTRUCT --> SHIPMENT-MOD-AND
(s-or SHIPMENT-MOD-CONSTRUCT)"
()XY 1 3))

(""SUPPLIER-MOD-AND --> SUPPLIER-MOD-BASE
(s-and SUPPLIER-MOD-AND)"
(12 1 3))

("'"PART-MOD-AND --> PART-MOD-BASE (s-and PART-MOD-AND)"
((1))¢2 1 3))

(""SHIPMENT-MOD-AND --> SHIPMENT-MOD-BASE
(s—and SHIPMENT-MOD-AND)"
(1)) 2 1 3)))

(''SUPPLIER-MOD-BASE --> left-bracket
SUPPLIER-MOD-CONSTRUCT right-bracket"
(2) (1230

(""PART-MOD-BASE --> left-bracket PART-MOD-CONSTRUCT
right-bracket"
(2> 123N

("SHIPMENT-MOD-BASE --> left-bracket
SHIPMENT-MOD-CONSTRUCT right-bracket"
(2> (1.2 3

("'SUPPLIER-MOD-BASE --> SUPPLIER-MOD"
«1y»

(""PART-MOD-BASE --> PART-MOD"
€13
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(""SHIPMENT-MOD-RASE --> SHIPMENT-MOD"
«n»

("PART-MOD --> whose-part-city-is part-city-expert"
1220

("PART-MOD --> whose-part-color-is part-color-expert"
1 2N

("PART-MOD --> whose—-part-name-is part—name-expert"
1 22N

("PART-MOD --> whose-part-part#-is part-part#-expert"
«K1 20

("SUPPLIER-MOD --> whose-supplier-city-is
supplier-city-expert"
1 22N

("SUPPLIER-MOD --> whose-supplier-name-is
supplier—-name-expert"
1 22N

("SUPPLIER-MOD --> whose-supplier-supplier#-is
supplier-supplier#-expert"
1 220N

("SHIPMENT-MOD --> whose-shipment-part#-is
shipment-part#-expert"
1 2))

(""SHIPMENT-MOD --> whose-shipment-supplier#-is
shipment-supplier#-expert"
1 22N

("SUPPLIER-MOD --> whose-supplier-status-is
{[COMPARISON-PRED

SUPPLIER-STATUS-NUMERIC-EXPR]

[between SUPPLIER-STATUS-NUMERIC-EXPR between-and
SUPPLIER-STATUS-NUMERIC-EXPRI}"

(123001 4 65 7))

{"PART-MOD --> whose-supplier—status-is
{[COMPARISON-PRED PART-WEIGHT-NUMERIC-EXPR]
[between PART-WEIGHT-NUMERIC-EXPR
between—and PART-WEIGHT-NUMERIC-EXPRIZ}"

(1 23001 & (65 7))

("SHIPMENT-MOD --> whose-shipment-status-is
{ICOMPARISON-PRED SHIPMENT-QUANTITY-NUMERIC-EXPR]
[between SHIPMENT-QUANTITY-NUMERIC-EXPR
between-and SHIPMENT-QUANTITY-NUMERIC-EXPRI}"

(1 23001 4 (65 7))
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("SHIPMENT-MOD --> shipment-which are shipments of-part

PART-NP"
o2 1H»

(""'SHIPMENT-MOD --> shipment-which were shipped

by-supplier SUPPLIER-NP"
2 1M

(""'SUPPLIER-MOD --> supplier-who ship-shipment SHIPMENT-NP"

(2 1N

("SUPPLIER-MOD --> who supply-shipment-supplier-part

PART-EMBEDDED-NP'"
(2 1N

(""PART-MOD --> which are supplied by-shipment-part-supplier

SUPPLIER-EMBEDDED-NP'
(2 1N

(""COMPARISON-PRED -—>
(1»

('""COMPARISON-PRED -->
€13

(""COMPARISON-PRED -->
i

('"COMPARISON-PRED -->
«1O»

(""COMPARISON-PRED -->
13

('"COMPARISON-PRED -->

(1))

{**SUPPLIER-S
(BDD

((

(""SUPPLIER-STATUS-NUMERIC-EXPR
1

(""SUPPLIER-STATUS-NUMERIC-EXPR
13

(""PART-WEIGHT~-NUMERIC-EXPR -=->
(1)

(""PART-WEIGHT-NUMERIC-EXPR -->
1

(""PART-WEIGHT-NUMERIC-EXPR -->
1

equal-to"

greater—-than”

less-than"

greater—-than-or-equal-to"

less-than-or-equal-to"

not-equal-to"

--> supplier-status-expert"
-=-> NUMBER-NP"

--> COMPUTABLE-NP"
part-weight-expert"

NUMBER-NP"

COMPUTABLE-NP"
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("SHIPMENT-QUANTITY-NUMERIC~EXPR —-->
shipment-quantity-expert"

&R RD
\\Ni1/777

("SHIPMENT-QUANTITY-NUMERIC-EXPR --> NUMBER-NP"
133

(""SHIPMENT-QUANTITY-NUMERIC-EXPR --> COMPUTABLE-NP"
1))

(""SUPPLIER-NP --> MODIFIABLE-SUPPLIER-NP"
(M

(""PART-NP --> MODIFIABLE-PART-NP"
(1 :

(""SHIPMENT-NP --> MODIFIABLE-SHIPMENT-NP"
(1N

(""MODIFIABLE-SUPPLIER-NP --> suppliers'
«1»

(""MODIFIABLE-PART-NP --> parts"
[ CGDDD]

(''"MODIFIABLE-SHIPMENT-NP --> shipments"
«m»

(""MODIFIABLE-SUPPLIER-NP --> where-suppliers
SUPPLIER-MOD-CONSTRUCT"
1 2)»

(''"MODIFIABLE-PART-NP --> where-parts PART-MOD-CONSTRUCT"
1 2>

(""MODIFIABLE-SHIPMENT-NP --> where-shipments
SHIPMENT-MOD-CONSTRUCT"
1 2N

(""SUPPLIER-EMBEDDED-NP --> MODIFIABLE-SUPPLIER-EMBEDDED-NP"
(1))

(""PART-EMBEDDED-NP --> MODIFIABLE-PART-EMBEDDED-NP"
(»

("MODIFIABLE-SUPPLIER-EMBEDDED-NP --> embedded-suppliers"
«n»N

('""MODIFIABLE-PART-EMBEDDED-NP --> embedded-parts'"
(1))

("MODIFIABLE~SUPPLIER-EMBEDDED-NP —-->
embedded-where-suppliers
SUPPLIER-MOD-CONSTRUCT"

1 2)N
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(""MODIFIABLE-PART-EMBEDDED-NP --> embedded-where-parts
PART-MOD-CONSTRUCT"
1 20

("PART-UPDATES --> the-new-city-is part-city-expert
(update-and PART-UPDATES)"
(1 2903 1 2) 4)))

(""PART-UPDATES --> the-new-color-is
part-color-expert (update-and PARTS-UPDATES)"
(1 2003 (1 2 4

("PART-UPDATES --> the-new-name-is part-name-expert
(update-and PART-UPDATES)"
(1 203 (1 2) 4))»

("PART-UPDATES --> the-new-part#-is
part-part#-expert (update-and PART-UPDATES)"
(1 2003 1 2) 4

("SUPPLIER-UPDATES --> the-new-city-is
supplier-city-expert (update-and SUPPLIER-UPDATES)"
(1 203 (1 2) 4

("SUPPLIER-UPDATES --> the-new-name-is
supplier-name-expert (update-and SUPPLIER-UPDATES)"
(1 23 (1 2) &)

(""SUPPLIER-UPDATES --> the-new-supplier#-is
supplier-supplier#-expert (update-and SUPPLIER-UPDATES)"
(1 2003 (1 2) 8))»

("SHIPMENT-UPDATES --> the-new-part#-is
shipment-part#-expert (update-and SHIPMENT-UPDATES)"
1 203 (1 2) 8))»

("'SHIPMENT-UPDATES --> the-new-supplier#-is
shipment-supplierf-expert (update—and SHIPMENT-UPDAT
(1 2003 (1 2) 4)))

("SUPPLIER-UPDATES =--> the-new-status-is
supplier-status-expert (update-and SUPPLIER-UPDATES)"
(1 2003 1 2) 4)))

("PART-UPDATES -~> the-new-weight-is
part-weight-expert (update-and PART-UPDATES)"
(12203 (1 2) 4

("'SHIPMENT-UPDATES --> the-new-quantity-is
shipment-quantity-expert (update-and SHIPMENT-UPDATES)"
(1 203 1 2) 4
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("TUPLES --> new-supplier-tuple (tuple-and TUPLES)"
(12 1 3N

("TUPLES —-> new-part-tuple (tuple-and TUPLES)"
(1) 2 1 3

("TUPLES --> new-shipment-tuple (tuple-and TUPLES)"
((1))2 1 3 :

(""'SUPPLIER-ATTR-CONSTR —-> SUPPLIER-ATTR
(attr-and SUPPLIER-ATTR-CONSTR)"
()32 1 3

(""PART-ATTR-CONSTR --> PART-ATTR (attr-and
PART-ATTR-CONSTR)"
(1) 2 13

("'SHIPMENT-ATTR-CONSTR --> SHIPMENT-ATTR
(attr-and SHIPMENT-ATTR-CONSTR)"
(12 1 3>

(""PART-ATTR --> city"
«1O»

(''PART-ATTR --> color"
1))

("PART-ATTR --> name"
(M)

(""PART-ATTR --> part#"

{((13))

(""SUPPLIER-ATTR --> city"
(1N

(''SUPPLIER-ATTR --> name"
1

(""'SUPPLIER-ATTR --> supplier#"
(1))

("SHIPMENT-ATTR --> part#"
(1)

("SHIPMENT-ATTR --> supplier#"
«(nH»

("SUPPLIER-ATTR --> status"
«((H»
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(""PART-ATTR --> weight"
«1»

(""SHIPMENT-ATTR --> quantity"
«n»

(""NUMBER-NP --> the-number-of SUPPLIER-NP"
2 1N

(""NUMBER-NP --> the-number-of PART-NP"
2 1N '

(""NUMBER-NP --> the-number-of SHIPMENT-NP"
2 1N

(""COMPUTABLE-NP —-> COMPUTATIONS part-weight-computable
num-of PART-NP'"
(G (1 2)) (123 4)))

(""COMPUTABLE-NP —--> COMPUTATIONS
shipment-quantity-computable num-of SHIPMENT-NP"
(6 (1 2)) (123 4)))

(""COMPUTATIONS --> the-average"
13

('""COMPUTATIONS --> the-sum'
13

(""COMPUTATIONS --> the-minimum"
C»n

(""COMPUTATIONS --> the-maximum'
MmN
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Lexicon File

4.5 You can build the lexicon file using either the NLMenu lexicographer
or the Zmacs editor. The lexicon defines the items listed on the screen and
relates them to items in the grammar. It also contains information on the
target language meaning of the screen items, thus allowing the translator
to transform the screen sentence to a string in the target language.

The lexicon should contain one entry for each terminal in the grammar.
The specific information required for each lexical entry is:

B Category in the grammar — Terminals generated automatically if the
Specify New Lexical Items option of the lexicographer is selected

B ltem — The natural language form of input as it appears in the selection
menu

B Source menu — The window pane in the selection screen to which the
lexical item is mapped

® Translation — A lambda or atomic expression that the translator uses in
building the target string. (See paragraph 4.6 for information on how to
determine the contents of this field.)

B Help message — An optional description of the item

For more information on interactive construction of the lexicon, refer to
Section 6.
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The following is a sample lexicon file for a natural language interface to
the Parts-and-Suppliers database. Each lexical entry is a list, and the entire
lexicon is thus a list of lists. Notice that the items slot for each lexical entry
must be a string. In this example, the translations also happen to be strings,
although the precise format of the translations depends on the target
language. Although the prompt for string experts is quoted while that for
number experts is not, this is not an inconsistency because a string
evaluates to itself in Lisp, while quoting a string also evaluates to the
string. Finally, note that the translations are of two forms:

W Atomic translations have values that are passed up the parse tree and
usually combined with other elements by means of a lambda
expression.

B Lambda expressions serve to combine atomic expressions and other
lambda expressions to produce the target string.

(

(SUPPLIERS ‘'suppliers' NOUNS
"lambda m m SUPPLIER)')

(PARTS 'parts' NOUNS
"lambda m m PART)')

(SHIPMENTS ‘'"'shipments' NOUNS
“"Llambda m m SHIPMENT)')

(WHERE-SUPPLIERS ‘"suppliers' NOUNS
"lambda n lLambda o o SUPPLIER where n)')

(WHERE-PARTS '"'parts'" NOUNS
"lambda n lambda o o PART where n)')

(WHERE-SHIPMENTS "shipments'' NOUNS
""lambda n lambda o o SHIPMENT where n)'")

(CHANGE-SUPPLIERS ''suppliers' NOUNS
"SUPPLIER'")

(CHANGE-PARTS ''parts’ NOUNS
"PART™)

(CHANGE-SHIPMENTS ''shipments' NOUNS
"SHIPMENT')

(WHOSE-PART-CITY-IS '"whose part city is'" MODIFIERS
"lambda a CITY in (a)'")

(WHOSE-PART-COLOR~IS '"whose color is" MODIFIERS
"lambda a COLOR in (a)")

(WHOSE-PART-NAME-IS '"whose part name is'' MODIFIERS
""lambda a NAME in (a)')
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(WHOSE~PART~PART#-1S "whose part part# is'" MODIFIERS
""lambda a PART# in (a)'™)

(WHOSE-SUPPLIER-CITY-IS '"whose supplier city is' MODIFIERS
"lambda a CITY in (a)'")

(WHOSE-SUPPLIER-NAME-IS ''whose supplier name is'" MODIFIERS
""lambda a NAME in (a)'")

(WHOSE-SUPPLIER-SUPPLIER#-IS
"whose supplier supplier# is'" MODIFIERS
"lambda a SUPPLIER# in (a)™

(WHOSE-SHIPMENT-PART#-IS "whose shipment part# is'" MODIFIERS
""lambda a PART# in (a)'")

(WHOSE-SHIPMENT-SUPPLIER#-IS
"whose shipment supplier# is'' MODIFIERS
""lambda a SUPPLIER# in (a)'™)

(PART-CITY-EXPERT ‘''<specific part cities>" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT
(QUOTE "Input CITY of PART'M))))

(PART-COLOR-EXPERT '"'<specific colors>" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT
(QUOTE "Input COLOR of PART'"))))

(PART-NAME-EXPERT ''<specific part names>" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT
(QUOTE "Input NAME of PART'™)))

(PART-PARTH#-EXPERT ‘' <specific part part#s>" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT
(QUOTE "Input PART# of PART'))))

(SUPPLIER-CITY-EXPERT
"<specific supplier cities>" ATTRIBUTES

(EYDERT (TYDE—ANV_-CTDTNC-EYDEDT
NCAFERT N CTANT T InaINGT EA

rend

(QUOTE "Input CITY of SUPPLIER'))))

(SUPPLIER-NAME-EXPERT

"<specific supplier names>'" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT

(QUOTE "Input NAME of SUPPLIER'™)))

(SUPPLIER-SUPPLIER#-EXPERT

"<specific supplier supplier#s>" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT

(QUOTE "Input SUPPLIER# of SUPPLIER'"))))
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(SHIPMENT-PARTH#-EXPERT

"<specific shipment part#s>'" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING-EXPERT

(QUOTE "Input PART# of SHIPMENT'™))))

(SHIPMENT-SUPPLIER#-EXPERT

"<specific shipment supplier#s>'" ATTRIBUTES
(EXPERT (TYPE-ANY-STRING—-EXPERT

(QUOTE "Input SUPPLIER# of SHIPMENT'))))

(SUPPLIER-STATUS-EXPERT

"<specific supplier status>'" ATTRIBUTES
(EXPERT (TYPE-ANY-NUMBER-EXPERT

"Input STATUS of SUPPLIER'™)))

(WHOSE-SUPPLIER-STATUS-IS
""whose supplier status is'" MODIFIERS
""lambda b lambda ¢ STATUS b c¢')

(PART-WEIGHT-EXPERT ''<specific part weight>'" ATTRIBUTES
(EXPERT (TYPE-ANY-NUMBER-EXPERT "Input WEIGHT of PART')))

(WHOSE-PART-WEIGHT-IS '"whose part weight is'" MODIFIERS
"lambda b lambda ¢ WEIGHT b c¢™)

(SHIPMENT-QUANTITY-EXPERT

"<specific shipment quantity>'" ATTRIBUTES
(EXPERT (TYPE-ANY-NUMBER-EXPERT

"Input QUANTITY of SHIPMENT')))

(WHOSE-SHIPMENT-QUANTITY-IS
"whose shipment quantity is'" MODIFIERS
"lambda b lambda ¢ QUANTITY b c¢')

(PART-WEIGHT-COMPUTABLE '"weight' FEATURES
"WEIGHT')

(SHIPMENT-QUANTITY-COMPUTABLE '‘quantity'" FEATURES
"QUANTITY'")

(CITY ‘'city" FEATURES
HCITY'™)

(COLOR '"color'" FEATURES
"COLOR™)

(NAME '"'name' FEATURES
"NAME'")

(PART# 'part# FEATURES
"PARTH")

(SUPPLIER# ‘'"supplier# FEATURES
"SUPPLIER#'")
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(STATUS '"status' FEATURES

SsLtalius LA =T IV 3 39

"STATUS'")

(WEIGHT ''weight'™ FEATURES
"WEIGHT')

(QUANTITY ‘'"quantity' FEATURES
"QUANTITY'™)

(THE-NEW-CITY-IS "the new city is'"" MODIFIERS
"lambda z CITY = 2'Y)

(THE-NEW-COLOR-IS ''the new color is" MODIFIERS
"lambda z COLOR = z'")

(THE-NEW-NAME-IS ''the new name is'" MODIFIERS
""lambda z NAME = 2z'")

(THE-NEW-PART#-IS "the new part# is'" MODIFIERS
""Lambda z PART# = z')

(THE-NEW-SUPPLIER#-IS ''the new supplier# is'" MODIFIERS
""lambda z SUPPLIER# = z'")

(THE-NEW-STATUS~IS 'the new status is" MODIFIERS
""lambda z STATUS = z'V)

(THE-NEW-WEIGHT-IS '"the new weight is'" MODIFIERS
"lambda z WEIGHT = z')

(THE-NEW-QUANTITY-IS "the new quantity is'" MODIFIERS
""lambda z QUANTITY = 2z')

(SHIPMENT-which are shipments
of-PART '"which are shipments of'" MODIFIERS
"PART# in (select PART# from'")

(SHIPMENT-which were shipped
by-SUPPLIER ''which were shipped by" MODIFIERS
"'SUPPLIER# in (select SUPPLIER# from")

(SUPPLIER-who ship-SHIPMENT "who ship' MODIFIERS
""SUPPLIER# in (select SUPPLIER# from')

(who supply-SHIPMENT-SUPPLIER-PART '"who supply" MODIFIERS
""SUPPLIER# in (select SUPPLIER# from SHIPMENT where PART# in
(select PARTH# from'™

(which are supplied by-SHIPMENT-PART-SUPPLIER
"which are supplied by' MODIFIERS

"PART# in

(select PART# from SHIPMENT where SUPPLIER# in
(select SUPPLIER# from')
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(EMBEDDED-SUPPLIERS 'suppliers' NOUNS
"lambda x x SUPPLIER))'")

(EMBEDDED-PARTS ‘'"parts'" NOUNS
"lambda x x PART))')

(EMBEDDED-WHERE-SUPPLIERS ''suppliers' NOUNS
"lambda y lambda z z SUPPLIER where y))'")

(EMBEDDED-WHERE-PARTS 'parts' NOUNS
""lambda y lambda z z PARTS where y))>'"

(TUPLE-AND ''and' OPERATORS
"lambda ¢ lambda d c;d'")

(ATTR-AND '"and'" OPERATORS
"lambda f lambda g f,g")

(S-AND "and'" OPERATORS
"lambda h lambda i (h and i)')

(UPDATE-AND '"and' OPERATORS
"lambda x lambda y x, y'")

(S-0R '"or' OPERATORS
"Lambda j lambda k (j or k)'")

(LEFT-BRACKET "('" OPERATORS
NIL)

(RIGHT BRACKET '")'" OPERATORS
NIL)

(BETWEEN-AND '"and'' OPERATORS
"lambda z lLambda y z and y'")

(BETWEEN '"'between'" COMPARISONS
"between'')

(GREATER-THAN ''greater than' COMPARISONS
ll>ll)

(LESS-THAN '"less than'" COMPARISONS
II<II)

(GREATER-OR-EQUAL-TO ''‘greater than or equal to' COMPARISONS
ny =)

(LESS-THAN-OR-EQUAL-TO '"less than or equal to'" COMPARISONS
ng=t)

(EQUAL-TO '"equal to'" COMPARISONS

n=t)
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(NOT-EQUAL-TO 'not equal to' COMPARISONS

£y
= J

(FOR '"of'" OPERATORS
NIL

(THE-AVERAGE ''the average' OPERATORS
"lambda p (select avg(p) from')

(THE-SUM '"'the total'' OPERATORS
""lambda g (select sum(q) from")

(THE-MAXIMUM '"the maximum'' OPERATORS
“"lambda r (select max(r) from')

(THE-MINIMUM ''the minimum' OPERATORS
"lambda s (select min(s) from'™)

(NUM-OF "of' OPERATORS
NIDL

(FIND-REL "Find'" ACTIONS
"(Select * from')

(FIND-ATTR-REL '"Find'" ACTIONS
"lambda | (Select L from')

(FIND-COMP "Find'" ACTIONS
NIL)

(THE-NUMBER-OF '"'the number of' OPERATORS
"(select count(*) from')

(INSERT '"Insert' ACTIONS
"lambda L (L)'")

(NEW-SUPPLIER-TUPLE '<a new supplier>'" NOUNS
(EXPERT (SQL-INSERTION-EXPERT (QUOTE SUPPLIER))))

(NEW-PART-TUPLE "<a new part>'" NOUNS
(EXPERT (SQL-INSERTION-EXPERT (QUOTE PART))))

(NEW-SHIPMENT-TUPLE ''<a new shipment>' NOUNS
(EXPERT (SQL-INSERTION-EXPERT (QUOTE SHIPMENT))))

(DELETE-REL '"Delete' ACTIONS
"(Delete from')

(CHANGE ''Change' ACTIONS
""lambda x lambda y (Update x set y)'")

(SO-THAT 'so that'" OPERATORS
"lambda x Llambda y lambda z (Update x set y where 2)'")
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Translation
Process

4.6 Once you build a sentence and ask the system to begin executing,
the translator takes the parse tree built by the parser and constructs the
target string using the information in the grammar and lexicon.

The translation process works as follows:

1.

The translator traverses the parse tree, finding the innermost subtree.
This subtree consists of a mother and one or more terminal daughters.

The translator then gets the translation list for the rule expansion rep-
resented by this subtree. For example, if the rule

("A -=> B (C D" ((1)) (21 3N

produces the subtree

/1N

B C D

A

the translator determines that the proper transiation list for this expan-
sionis ((2 1 3)).

The translator gets the translations for B, C, and D from their corre-
sponding lexical entries, applies the lambda expression representing
C’s translation to B’s translation to produce a new lambda expression,
and then applies that new expression to D’s translation. The resulting
expression represents A’s translation and is passed up the tree as this
process is repeated. For example, possible translations are:

Category Category No. Translation

B 1 “wheels”

C 2 “lambda x lambda y x,y”
D 3 “axles”
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The lambda expressions used in NLMenu translations are actuaily

lambda calculus functions in which the first variabie following the
occurrence of a lambda is a formal parameter, and the rest of the
expression represents the body of the function. Applying a function to
an argument produces the body of the function with the argument or
actual parameter substituted for all occurrences of the formal param-
eter. Thus the translation function (2 1 3) produces

>N

(“lambda x lambda y x,y” “wheels” “axles”)
or (applying 2to 1)
(“lambda y wheels,y” “axles”)

or (applying the result to 3)
“wheels,axles”
which serves as A’s translation.

5. The translator moves up the tree to find the mother of the root of the
current subtree.

6. The translator repeats steps 2 through 4 until it processes the root of
the parse tree.

Some special cases that can appear in an application need explanation:
m If at any time the mother of a subtree has subtrees under it that the

translator has not yet processed, they are worked on before that mother
is processed. For example, if the subtree with A for a mother is

A

4

/

B

AN

\

D

C

:
then the subtree with C for a mother is processed before the whole.

B A translation list of length 1 always has an atomic translation that is

simply passed up the tree unchanged. The translation list in such an
instance is ((1)).
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Examples of the 4.6.1 The following examples show the translation process for the natu-
Translation Process ral language query:

Change shipments so that the new quantity is 300.
The applicable grammar rules are:

1. (“S = change change-shipments
(SHIPMENT-MOD-CONSTRUCT) so-that SHIPMENT-UPDATES”
((125)(1245)((4253)(12345))

2. (“SHIPMENT-UPDATES — the-new-quantity-is
shipment-quantity-expert (update-and SHIPMENT-UPDATES)”
(12)BQaA2)4)

The applicable lexicon entries are:

1. (CHANGE *change” ACTIONS
“lambda x lambda y (Update x set y)”)

o

(CHANGE-SHIPMENTS “shipments” NOUNS “shipment”)

3. (SO-THAT *“so that” OPERATORS
“lambda x lambda y lambda z (Update x set y where z)")

4. (THE-NEW-QUANTITY-IS “the new quantity is” MODIFIERS
“lambda z QUANTITY = z")

5. (SHIPMENT-QUANTITY-EXPERT
“< specific shipment quantity> "
ATTRIBUTES (EXPERT (TYPE-ANY-NUMBER-EXPERT
“Input QUANTITY of SHIPMENT")))

Figure 4-1 shows the semantic parse tree for the query. The translation
portion of the lexical entries for the terminals is included as well as the
appropriate translation functions.
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Figure 4-1 Semantic Parse Treel

change

“change”

“lambda x lambda y
(update x set y)”

change-shipments

“shipments”’

“shipments”

so-that

‘“‘so that”

‘“lamnbda x lambda y lambda z
(update x set y where z)”’

shipment-updates

the-new-quantity-is

‘“the new quantity is”’

“lambda z quantity =z"

shipment-quantity-expert

“ < specific shipment quantity >’

expert (type-any-number-expert
“input quantity of shipment”)

300




The translation proceeds as follows:

1. The innermost subtree is determined to be the subtree with the
shipment-updates node as root. This subtree is shown in Figure 4-2.

Figure 4-2 Partial Semantic Parse Treel

shipment-updates

/\

the-new-quantity-is _ shipment-quantity-expert
“the new quantity is” “ < specific shipment quantity >
‘“lambda z quantity=2" expert (type-any-number-expert
“input quantity of shipment”)

300

2. This subtree represents an application of rule 2, so the appropriate
translation function is identified as (1 2) since the optional element in
rule 2 is not used in producing the parse.

3. The following translations are then extracted from the lexicon:

Category
Category Number Transglation
THE-NEW-QUANTITY-IS 1 “lambda z QUANTITY = z”
SHIPMENT-QUANTITY- 2 “300”
EXPERT

Observe that the translation for the SHIPMENT-QUANTITY-EXPERT is
the value resulting from invocation of the expert when you formulate
the input. Thus, the transiation function (1 2) produces

(“lambda z QUANTITY = z” “300”)
or (applying 1 to 2)

“QUANTITY = 300"
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4. The translator now moves up the tree to find the mother of the root of
this subtree. This yields a new subtree, in this case the original parse
tree of Figure 4-1. The result obtained in step 3 is used as the trans-
lation for the rightmost daughter of this new subtree.

5. Steps 2 through 4 are now repeated for the new subtree. As the new
subtree represents an application of rule 1 without the optional
element, the appropriate translation functionis (1 2 5).

6. The following translations are now used:

Category
Category ‘ Number Translation
CHANGE 1 “lambda x lambda y
(Update x set y)”
CHANGE-SHIPMENTS 2 “shipment”
SHIPMENT-UPDATES 5 “QUANTITY = 300"

Observe that the last entry in this table represents the result obtained
in step 3. The translation function (1 2 5) produces

(“lambda x lambda y (Update x set y)”
“shipment” “QUANTITY = 300")

or (applying 1 to 2)
(“lambda y (Update shipment set y)” “QUANTITY = 3007)

or (applying the result to 5)

date shipment set QUANTITY = 300)".

When the final output of the translator is a string, the system does some
postprocessing by removing the double quotes and outer parentheses and
appending a semicolon to the end of the translation. This results in the
following SQL query that is the translation of the original natural language

query:
Update shipment set QUANTITY = 300;

Consider the more complex process to produce the translation for the
following natural language query:

Find city and name of parts.
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The applicable grammar rules are:

1.

(“S — find-attr-rel PART-ATTR-CONSTR for PART-NP”
4(12)1234)

(‘PART-ATTR-CONSTR — PART-ATTR (attr-and
PART-ATTR-CONSTR)”

@) @E13))

(“PART-NP — MODIFIABLE-PART-NP”
(W)

(“MODIFIABLE-PART-NP — parts”
@y

(“PART-ATTR — city”
(@)

(“PART-ATTR — name”
()

The applicable lexicon entries are:

1.

2.

5.

6.

(PARTS “parts” NOUNS “lambda m m PART)")

(CITY “city” FEATURES “city”)

(NAME “name” FEATURES “name”)

(ATTR-AND “and” OPERATORS “lambda f lambda g f,g")
(FOR “of” OPERATORS nil)

(FIND-ATTR-REL “find” ACTIONS “lambda | (Select | from”)

Figure 4-3 shows the semantic parse tree for the query. The translation
portion of lexical entries for the terminals are included as well as the
appropriate translation functions.
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Figure 4-3 Semantic Parse TreeZ

S
@ 12)
1) (2) 3) 4)
find-attr-rel PART-ATTR-CONSTR for PART-NP
- (@13 (@
“lambda 1 MODIFIABLE-PART-NP
(select 1 from” (n)
(1) 2 3)
PART-ATTR attr-and PART-ATTR-CONSTR parts
(8)) ()
City “lambda f Name “lambda m
lambda g f,g” m PART)
S‘city” “nanle”

The translation process proceeds as follows:

1. The innermost subtree is determined to be the subtree with the PART-
ATTR-CONSTR node asroot and ((2 1 3)) as its translation function.
Figure 4-4 shows this subtree.
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Figure 4-4 Partial Semantic Parse Tree2

@)
PART-ATTR-CONSTR
(z213)
(1) td)
PART-ATTR attr-and
(1
City “lambda f
lambda g f,g”
“City”

B3)
PART-ATTR-CONSTR
)

Name

“name”

2. This subtree represents an application of rule 2, so the appropriate
translation function is identified as (2 1 3 ) since the optional ele-
ments in rule 2 are used in producing the parse.

3. The following translations are then extracted from the lexicon:

Name

The translation function (2 1 3) produces

Category
Number

1

3

(“lambda f lambda g f,g” “city” “name”)
or (applying 2 to 1)
(“lambda g city,g” “name”)

or (applying the result to 3)

“city,name”

Translation
‘ .Ci t y (3]

“lambda f lambda g
f.g”

unamen

4-32  Application Designer Input to NLMenu

NLMenu User’s Guide




PRI ¥ Lo

4. The translator now moves up the tree to find the mother of the root of

this subtree. This yields a new subtree, in this case the original parse
tree of Figure 4-3. The result obtained in step 3 is used as the trans-
lation for the second daughter of this new subtree.

Steps 2 through 4 are now repeated for the new subtree. Because the
new subtree represents an application of rule 1, the translation func-
tionis (4 (1 2)).

The following translations are then used:

Category
Category Number Translation
find-attr-rel 1 “lambda l
(Select 1 from”
PART-ATTR-CONSTR 2 “city,name”
for 3 nil
PART-NP 4 “lambda m

m PART)”

Observe that the second entry in the preceding table represents the
result obtained in step 3. The translation function (1 2) produces:

(“lambda I (Select | from” “city,name”)
or (applying 1 to 2)
“(Select city,name from”

That out 1en
function (4 (1 2)) and produces

(“lambda m m PART)” “Select city,name from”)
or (applying 4 to the result)

“(Select city,name from PART)”.

When the final output of the translator is a string, the system does some
postprocessing by removing the double quotes and outer parentheses and
appending a semicolon to the end of the translation. This results in the
following SQL query that is the translation of the original natural language

query:

Select city, name from PART,;
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Summary of 4.6.2 The translation process follows these steps:

Translator
Algorithm 1. Find the lowest, rightmost subtree in the parse tree.

2. The rule expansion that this subtree represents has a corresponding
translation list. Perform the text substitution as prescribed in the
semantic substitution list. (If it contains an unprocessed subtree, per-
form text substitution on the unprocessed subtree before the whole.)

3. Move up the tree one rule. The root of this subtree is the mother of the
previous root.

4. Repeat steps 2-4 until the entire subtree is processed.

Examples of 4.7 These paragraphs contain examples of how you use a set of natural
Developing language sentences and their target language translations. The examples
Translations focus on developing the translation functions for an already established

grammar and lexicon. In each example, there are several ways to develop
the translations, and these are examined in detail.

In the following discussion, the grammar and lexicon are repeated as the
translation information evolves. Entries that change in each are flagged by
the symbol > > >.
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Example 1 4.7.1 In the first example, the source language is English; the target
language is the Dow Jones News/Retrieval® query language.

During this example, you want to ask the following questions:

Target

Sentence String

1. What is the current quote STA
for Company A?

2. What is the current quote STB
for Company B?

3. What is the current quote ,ISTA
for Company A on the New York exchange?

4. What is the current quote STA STB
for Company A and Company B?

5. What are the headlines STA 01
concerning Company A?

6. What are the headlines //WSJ

in the Wall Street Journal®?

STA and STB, which appear in the target strings, are the stock symbols for
the companies Company A and Company B. Assume the grammar to be as
follows:

S = current-quote STOCK

S = headlines HEAD-LIST

STOCK — STOCK and STOCK

STOCK — NY-COMPANY

STOCK = NY-COMPANY ny-exchange

NY-COMPANY — company-a

NY-COMPANY — company-b

HEAD-LIST = in-wsj

HEAD-LIST = concerning-the-company NY-COMPANY

Dow Jones News/Retrieval and the Wall Street Journal are registered trademarks of Dow Jones &
Company, Inc.
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Although this grammar produces sentences in addition to those listed
above, all sentences are within the scope of the application. This example
develops the translation information based on the six sentences. The
terminals in the grammar, and thus the list of entries required in the
lexicon, are in lowercase; the nonterminals are all in uppercase. This is
merely for clarity and not required by the system. A first pass at
construction of the lexicon might be:

Terminal Item Menu  Translation
(
(current-quote  “What is the current quote for” menul nil)
(headlines “What are the headlines” menul nil)
(ny-exchange “on the New York exchange”  menu3 nil)
(company-a “Company A” menu2 nil)
(company-b “Company B” menu2 nil)
(in-wsj “in the Wall Street Journal” menu4  nil)
(concerning-

the-company “concerning the company” menud nil)
(and “and” menub  nil)

)

The translation field for all lexical entries is now nil, but you fill in trans-
lations as the example proceeds.

Now you must begin work on the translation lists for the grammar and the
translations for the lexicon. It is helpful at this point to draw a parse tree of
the query on which you are working. Start with sentence 1. What is the
current quote for Company A? The parse tree is

/\

current-quote STOCK

NY-COMPANY

company-a

while the target string is
STA

Whenever you ask about current quotes, the query is preceded by a
comma followed by the company’s stock symbol. To start construction of
translation lists and lexicon translations, assign, to be the translation in the
lexicon for current-quote, and the company’s stock symbol STA to
company-a.
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You can see where all the pieces of the target string come from; now you
must put them together to form the whole. It is obvious that what you need
to do is pass STA up the tree to be combined finally with the comma. The
way to pass an item up the tree with no modification is to have a trans-
lation function consisting of the single integer (¢1)). Now you can add
translation functions to a few of the grammar rules (they have been re-
formatted to conform with input grammar format), leaving empty the
translation lists not yet treated. Observe that expansion lists are now
appended to each rule, using the simple ordering implied.

(
(“S = current-quote STOCK” () (1 2))
(“S =™ headlines HEAD-LIST” () (1 2))
(“STOCK — STOCK and STOCK” ()(1 2 3))
>>> (“STOCK =™ NY-COMPANY” ((1)))
(“STOCK = NY-COMPANY ny-exchange” () (1 2))
> > > (“NY-COMPANY — company-a” ((1)))
(“NY-COMPANY — company-b” () (1))
(“HEAD-LIST = in-wsj” () (1))
(*HEAD-LIST = concerning-the-company NY-COMPANY” () (1 2))
)

Now that you have passed the values for current-quote and STOCK up the
parse tree, you must next concatenate the two strings that you have to
work with: , and STA. Accomplish this by transforming one string into a
lambda calculus function that can be applied to the other string. The best
choice would be to convert the comma to a lambda expression.

Define the translation as follows:
1. The value added to/inserted into another is always atomic.

2. The value to which you add something else has a lambda expression as
its translation. The body of the lambda expression depends on the

number of items to be added to the element. In this instance, there is
only one. The lambda expression should be as follows:

lambda x ,x

3. The translation function in the grammar must take the lambda
expression and apply it to the atomic expression as its argument. Since
evaluation takes place left to right unless overridden by parentheses,
the translation function in this example is (1 2).

4. When applied, the result of this translation function is as follows:

(“lambda x ,x” “STA”) = ,STA

NLMenu User’s Guide

Application Designer Input to NLMenu  4-37



Since the translation function for the root rule should be (1 2), the lexicon
now looks like:

Terminal Item Menu Translation

(

(current-quote  “What is the current quote for” menul “lambda x

X7)
(headlines “What are the headlines” menul nil)
(ny-exchange “on the New York exchange”  menu3 nil)
(company-a “Company A” menu2 “STA”)
(company-b “Company B” menu2 nil)
(in-wsj “in the Wall Street Journal” menu4 nil)
(concerning-
the-company *“concerning the company” menu4  nil)
(and “and” menud  nil)

)

Now move on to the second sentence: What is the current quote for
Company B? Since it is nearly identical to the first, add the same trans-
lation function to the grammar rule

NY-COMPANY — company-b
as you used for
NY-COMPANY = company-a

and insert Company B’s stock symbol in the translation field for its lexical
entry. You now have the following grammar:

“S = current-quote STOCK” ((1 2)))

“S = headlines HEAD-LIST” () (1 2))

“STOCK — STOCK and STOCK” () (12 3))

“STOCK =™ NY-COMPANY” ((1)))

“STOCK —™ NY-COMPANY ny-exchange” () (1 2))
“NY-COMPANY — company-a” (1))

“NY-COMPANY = company-b” ((1)))

“HEAD-LIST = in-wsj” () (1))

“HEAD-LIST = concerning-the-company NY-COMPANY” () (1 2))

\%
\%
\

>>>

e o p— p— p— p— po— p— p—
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and the following lexicon:

Terminal Item Menu  Translation

(

(current-quote  “What is the current quote for” menul “lambda x

X

(headlines “What are the headlines” menul nil)
(ny-exchange “on the New York exchange” menu3 nil)
(company-a “Company A” menu2 “STA”)
(company-b “Company B” menu2 “STB”)
(in-ws;j “in the Wall Street Journal” menu4 nil)
(concerning-

the-company “concerning the company” menu4 nil)
(and “and” menud nil)

)

Now on to the third sentence: What is the current quote for Company A on
the New York Exchange? The target string is

,ISTA

and here is the parse tree:

S
current-quote STOCK
NY-COMPANY ny-exchange
company-a

Focusing on the rightmost subtree, you need to be able to concatenate /
and STA at the mother node STOCK. Since it wouid not be good to modify
the translation for company-a, transform I to a lambda expression. For the
translation function of the grammar rule, the lambda expression is
daughter2, its argument is daughter1, and so the rule is: (2 1). The lexical
translation for daughter1 is atomic, while that for daughter2 is the lambda
expression:

“lambda x 1x”.
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Updating the grammar, you now have:

(
(“S = current-quote STOCK” ((1 2)))
(“S = headlines HEAD-LIST” () (1 2))
(“STOCK — STOCK and STOCK” () (1 2 3))
(“STOCK — NY-COMPANY” ((1))
> > > (“STOCK =™ NY-COMPANY ny-exchange” ((2 1))
(“*NY-COMPANY — company-a” ((1)))
(“NY-COMPANY — company-b” ((1)))
(“HEAD-LIST = in-wsj” () (1))
(“*HEAD-LIST — concerning-the-company NY-COMPANY” () (1 2))
)

and the following lexicon:

Terminal Item Menu  Translation

(

(current-quote  “What is the current quote for” menul “lambda x
X)

(headlines “What are the headlines” menul nil)

(ny-exchange “on the New York exchange” menu3 “lambda x
lxii)

(company-a “Company A” menu2 “STA”)

(company-b “Company B” menu2 “STB”)

(in-ws;j “in the Wall Street Journal” menu4 nil)

(concerning-

the-company “concerning the company” menu4  nil)
{(and “and” menu5 nil)

)

Here is the parse tree for sentence 4, What is the current quote for
Company A and Company B?.

S
current-quote STOCK

/1N

STOCK and STOCK

company-a company-b
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One way to implement it is:

(
(S = current-quote STOCK” ((1 2)))
(“S = headlines HEAD-LIST” () (1 2))
>>> (“STOCK — STOCK and STOCK” ({2 1 3))
(“STOCK — NY-COMPANY” ((1))
(“STOCK =™ NY-COMPANY ny-exchange” ((2 1))
(“NY-COMPANY — company-a” (1))
(“NY-COMPANY — company-b” {{1)})
(“HEAD-LIST = in-wsj” () (1))
(“HEAD-LIST = concerning-the-company NY-COMPANY” () (1 2))
)

with the following lexicon:

Terminal Item Menu Translation

(

(current-quote  “What is the current quote for” menul “lambda x

X")

(headlines “What are the headlines” menul nil)

(ny-exchange “on the New York exchange”  menu3 “lambda x
1x”)

(company-a “Company A” menu2 “STA")

(company-b “Company B” menu2 “STB”)

(in-wsj “in the Wall Street Journal” menu4 nil)

(concerning-

the-company “concerning the company” menu4 nil)

(and “and” menu5 “lambda x
lambda y
XYy’)

)

In sentences 5 and 6, building translations is a little different. When asking
about headline information, there is ne common prefix such as the comma
for current quotes. This signifies that the lexicon translation field for head-
lines should be empty, that is, nil. Therefore, all construction of the target
string should be done at a lower level of the parse trees and merely passed
up at the root node. If implemented this way, sentence 6 becomes quite
easy to work with: assign the atom //WSJ to the lexical translation of the
terminal in in-wsj and pass it up via single integer translation lists. The
parse tree for sentence 6, What are the headlines in the Wall Street
Journal?, is:

S
/ \\
headlines HEAD-LIST

nil in-wsj
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The target string for sentence 6 is:
//WSJ

Now work with sentence 5: What are the headlines concerning Company
A?. The parse tree is

headlines HEAD-LIST

/\

concerning-the company NY-COMPANY

company-a
and the target string is
STA 01

You already have worked with the lower rightmost subtree; assume that it
stands as is. You have also already assigned a translation list for the
uppermost subtree, which is simply to pass up the string from
HEAD-LIST’s subtree. So, you must create a function for the terminal
concerning-the-company which will allow inserting the stock symbol into
the appropriate place. That lexical entry for concerning the company is:

“lambda x (.x 01)”

The translation function for the grammar for the second HEAD-LIST rule is
a 2.

The final grammar for the set of example sentences is:

(
(“S = current-quote STOCK” ((1 2)))

>>> (“S = headlines HEAD-LIST” ((2) (1 2)))
(“STOCK — STOCK and STOCK” ((2 1 3)))
(“STOCK =™ NY-COMPANY™ ((1)))
(“STOCK = NY-COMPANY ny-exchange” ((2 1))
(“NY-COMPANY — company-a” ((1)))
(“NY-COMPANY — company-b” ((1)))

> > > (“HEAD-LIST = in-wsj” ((1)))

> > > (“HEAD-LIST = concerning-the-company NY-COMPANY” ((1 2)))
)
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with the following lexicon:

Terminal Item Menu  Transiation
(
(current-quote  “What is the current quote for” menul “lambda x
X")
(headlines “What are the headlines” menul nil)
(ny-exchange “on the New York exchange” menu3d “lambda x
lX”)
(company-a “Company A” menu2 “STA”)
(company-b “Company B” menuZ2 “STB”)
(in-ws;j “in the Wall Street Journal” menud “//WSJ”)
(concerning-
the-company “concerning the company” menu4 “lambda x
x017)
(and “and” menu5 “lambda x
lambda y
Xy”)

)

Now consider how alternate transiation schemes affect the translation
process. You could have made alternate decisions with the rules defining
NY-COMPANY. Since those rules are used in the parse of several
sentences, the choice could either resolve problems or cause them,
depending on its interaction with other items. For example, when working
on the first sentence, you might choose to build a lambda expression
around the stock symbol (STA, STB, and so on). Such a function would
read:

lambda x x STA

However, similar but separate functions would be necessary for STB and
any other stock symbol. Therefore, your choice would complicate the
translation process. Consider further how such a choice would impact
another type of sentence that refers to a stock symbol. Queries about stock
company headlines could not use the stock symbol rule as redefined here.
There would be no way to construct the translations for headline queries
using the expressions

“lambda x x STA”
or
“lambda x x STB”

previously defined for stock symbols A and B, respectively. Ambiguity
arises if you allow any item to have more than one entry in the lexicon.
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To resolve this dilemma, you would have to rewrite the grammar in an ad
hoc manner to differentiate a stock symbol in one context from a stock
symbol in another context. Even then, you would not eliminate the need
for separate versions of the ad hoc function for each possible stock symbol
in the target language. Note then the following guideline:

Lexicon Writing Hint: When faced with a choice of translation
schemes, you usually convert the terminal’s translation that is involved in
the fewest parses to the lambda expression.

Deciding which translations should be lambda expressions can be crucial.
For example, if you want to modify the sentences to allow the interface
user to type in a given stock symbol, change the grammar to read as
follows:

> >> (“S =™ current-quote STOCK” ((2 1)))

“S = headlines HEAD-LIST” ((2) (1 2)))

“STOCK — STOCK and STOCK” ({2 1 3)))

“STOCK = NY-COMPANY” (1))

“STOCK — NY-COMPANY ny-exchange” ((2 1)))
(“NY-COMPANY — company-a” ((1)))
(“NY-COMPANY — company-b” ((1)))

>>> (“NY-COMPANY — <stock expert>" ((1)))
(“HEAD-LIST = in-wsj” (1))

(“HEAD-LIST = concerning-the-company NY-COMPANY” ((1 2)))
)
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with the following lexicon:

Terminal Item Menu  Translation
(
(current-quote  “What is the current quote for” menul ")
(headlines “What are the headlines” menul nil)
(ny-exchange “on the New York exchange”  menu3 “lambda x
1x”)
(company-a “Company A” menu2 “lambda x
xSTA”)
(company-b “Company B” menu2 “lambda x
' xSTB")
(< stock expert > “<stock expert>" menu2  eEREEERkRE
(in-wsj “in the Wall Street Journal” menud *//WSJ”)
(concerning-
the-company “concerning the company” menu4 “lambda x
x017)
(and “and” menu5 “lambda x
lambda y
Xy")

)

This version of the grammar and lexicon allows the interface user to ask
questions such as:

What is the current quote for < stock-expert>?
What are the headlines concerning the company < stock-expert>?

You would, however, run into translation difficulties by converting the
strings for Company A and Company B into lambda expressions. Such a
conversion also forces you to change the translation for current-quote to
an atomic symbol. Because the translations produced by invoking experts
are also atomic, the translations produced by currentqucfe and the
< stock-expert> cannot be combined, and, thus, the preceding query can-
not be expressed. For example, the parse tree for the sentence What is the

current quote for < stock-expert> follows:
S

current-quote STOCK

NY-COMPANY

< stock-expert> (atoutset,
translation is nil)
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Starting at the rightmost subtree, the translation for the lexical entry
< stock-expert> is nil. The translator will take the string you have typed
and use that for the translation. The typed string is passed up the tree to
the nonterminal STOCK, giving
S
current-quote STOCK (at this point, translation is a
typed string)

NY-COMPANY

< stock-expert> (atoutset,
translation is nil)

Remember that the translation in the lexicon for current-quote is now ,
because you made the translations for Company A and Company B
lambda expressions. You then change the translation list for the root rule
accordingly because the second daughter would contain a lambda expres-
sion translation rather than the first. When the translator comes to the root
rule, it expects the translation of daughter2 to be a lambda expression and
fails.

Choosingan 4.7.2 As discussed earlier, the translation process allows for different

Appropriate constructions of the target string. You can experiment with the example

Translation Scheme and produce a different scheme than above. Which one is better? Here are
points to consider when evaluating competing schemes:

*Which scheme is more general?

When you expanded the list of sentences to include an expert, one
implementation caused you to recreate the translation information for a
portion of the grammar and lexicon, and one implementation did not; the
one that did not is more general. As in any application program, the
maintainability of the grammar and lexicon in an NLMenu system is an
important consideration.

*Which scheme is simpler?
One way to implement the translation information for sentence 6, What

are the headlines in the Wall Street Journal?, is to use the following frag-
ments of grammar and lexicon:

(“S = headlines HEAD-LIST ((1 2)))
("HEAD-LIST = in-wsj (1))
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Terminal Item Menu Translation

(headlines “What are the headlines” menul “lambda x
XH)

(in-wsj “in the Wall Street Journal” menu4 “//WSJ”)

)

While this translation scheme would produce a valid translation, it is not as
simple as the scheme used in the example in paragraph 4.7.1. Another
processing step is involved for the translator, and more storage is used in
recording the necessary information.

Meeting both criteria may be impossible in some instances. You must
weigh the options and use the translation scheme that best meets the
needs of the application.

Developing
Screen
Configuration
Descriptions

4.8 The NLMenu window is implemented as a constraint frame, a
window divided into subwindows using the hierarchical structure of the
window system. The subwindows are called panes. Constraint frames
adjust the shape of their panes automatically as their own shape changes.

To make a constraint frame, specify the configuration of panes within the
frame by means of a list structure to represent the layout. The format of
this list structure is the constraint language described in detail in the
Explorer Window System Reference. Note that you can specify panes to
occupy a certain percentage of the available space within a row or column
in the constraint frame. This approach is used in the default screen configu-
ration as shown in Figure 4-5.
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Figure 4-5 Default Screen Configuration

(defvar *nl-default-panesx*

((actions tv:kbd-command-menu-pane

:label "Commands' :item-Llist (')
(nouns tv:kbd-command-menu-pane

:label "Nouns' :item-Llist (')
(modifiers tv:kbd-command-menu-pane

:label "Modifiers" :item-List ('"'))
(attributes tv:kbd-command-menu-pane

:label "Experts'" :item-list ('""))
(comparisons tv:kbd-command-menu-pane

:label "Comparisons' :item-list ('''))
(features tv:kbd-command-menu-pane

:label "Attributes'" :item=-list (''''))
(operators tv:kbd-command-menu-pane

:label "Connectors'" :item—Llist ('"'))
(commands tv:kbd-command-menu-pane

:label "System Commands'" :item-list (*''))
(input sensitive-window-pane :label nil)
(logo tv:window-pane :label nil)
(display scrollable-output-window

:label "Nlmenu Display Window')))

(defvar *nl-default-constraints+*
((main . ((logo menu-strip commands input display)
((logo .025)
(menu-strip :horizontal (.49)

((first-strip :vertical (.17)
(actions features)
((actions .14)
(features .86)))
(second-strip :vertical (.26)

I'4 ‘ < b)
\NouUns Comparisons,

({(nouns .5)
(comparisons .5)))
(third-strip :vertical (.25

(Cattributes .75)
(operators .25)))
(modifiers .32)))
(commands .075)
(input .08)
(display .33))))))

(first-strip second-strip third-strip modifiers)

(attributes operators)

4-48 Application Designer Input to NLMenu

NLMenu User’s Guide



Two lists are provided—one indicating which panes are to be part of the
constraint frame and a second indicating what constraints are tc be
imposed on the panes. In the default screen configuration, each pane entry
is of the form:

CTEEANY

{panename pane-flavor :1abel pane-iabel :item-list ()

The pane flavor is the flavor of the particular pane. For instance, the flavor
of the actions pane in Figure 4-5is tv: kbd-command-menu-pane, which is

appears at the top of each pane. The optional item list for selection panes is
added later by the system, which accesses the appropriate menu associa-
tion lists to obtain the necessary information.

The complete description of how to construct constraint frames (see Figure
4-5) using the full capabilities of the constraint frame language is rather
complicated. Refer to the Explorer Window System Reference for details.
As an example, however, consider the default screen configuration. It con-
tains just one window configuration, called MAIN. In this configuration,
five panes appear from top to bottom:

® LOGO

m MENU-STRIP
® COMMANDS
w /NPUT

m DISPLAY

The LOGO pane consumes 2.5 percent of the available space, the MENU-
STRIP pane consumes 49 percent of the remaining space, and so on. The

AATIAIIT DTN e

VIENU-STRIP pane is horizontally subdivided into four columns:
= FIRST-STRIP

B SECOND-STRIP

B THIRD-STRIP

® MODIFIERS.

Notice the use of dummy names (for example, FIRST-STRIP) to name a
pane that is to be further subdivided into panes mentioned in the panes
description. Finally, three of these columns are vertically subdivided into
rows. For instance, the FIRST-STRIP pane consists of an ACTIONS pane,
consuming 14 percent of the column, on top of a FEATURES pane that
consumes the remainder of the column.
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Implementation
of Experts

4.9 The NLMenu system uses coded interaction experts to avoid lexical
ambiguity when specific input parameters are to appear in a sentence or
query. This eliminates the need for storing all values of parameters in the
lexicon. Moreover, you can use experts as support in specifying legal
ranges of values for specific parameters.

In the NLMenu system, you specify experts in the lexicon as segments of
code that the system executes as you are constructing the input sentence
or query. Lexical entries that invoke experts have translations of a special
form (expert (code)), thatis, a list beginning with a special tag and fol-
lowed by some code, where code consists of an expert-type code and the
expert window title. A simple type-in expert might appear in the lexical
entry for the term <specific supplier city> as follows:

(supplier-city-expert '"<specific supplier city>" NOUNS
(EXPERT (typein-expert "Type a supplier city:'"))
optional-help-text)

Note that lexical entries have the form
(category item source-menu translation optional-help-text)
and are discussed in detail in paragraph 4.5.

During parsing, when you select a non-expert lexical item from some
menu, the item and its translation are added to the parse verbatim. For
experts, however, the system executes the code specified in the trans-
lation, often popping up an interaction window or menu designed to allow
you to specify one or more values. In the example above, when you select
the item <specific supplier city>, the code (typein-expert

HTvrna
LA %A

a supplier city:") pops up a type-in window to allow you to
specify a city, for instance New York. New York is then used as the next
phrase in the input sentence and is also treated as the translation of

<specific supplier city>.

In general, experts obey certain conventions. First, since it is possible to
rub out expert values, expert code should not have any irreversible side-
effects. Second, experts typically support an Abort option as well as value
selection so that you can escape from experts without successful termina-
tion. Most importantly, experts return either nil, indicating that the expert
was aborted, or a two-element list of the form ¢ phrase translation ),
where phrase is the value obtained from interaction with you and
translation is the value used by the parser as the translation for the expert.
This allows transformations of your inputs (for example, you may want the
system to convert your input into a string). For instance, the supplier-city-
expert lexical item might return the list (New York 'New York'). The
NLMenu system relies on experts returning two-element lists with the
semantics just described.
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Typically, experts have a standard structure consisting of two parts, a
target-language independent interaction specification and an outer shell
specific to a target language. The interaction component pops up the inter-
action window or menu, returning nil or a value of the form just described.
Outer shelis are of the form:

(defun expertname-expert (parameters)
(setq value (expertname-expert-interaction parameters))
(if (abortedp value)
nil
(list (expertname-make-lexical-item value)
(expertname-make-target-language-specific-translation

value))))

The outer shell handles aborted interactions and also translates values
returned by the interaction function into lexical items for display in the
input window and for addition to the parse. This structure for experts
allows separation of the interaction from the value returned, as suggested
above, so that different outer shells corresponding to different target lan-
guages can use the same interaction. For instance, a multi-item interaction
expert might pop up a menu of items and return a list as its phrase. An SQL
translation of the list might be (v, v, ...); an RTMS translation might be
(v v ...); an English translation might be v, v, ... or v; a French phrasing
mightbe v, v, ... ou v.

Several generic experts are included in the core NLMenu system, and
some additional such experts ideal for interfacing NLMenu to databases
are included in the NLMenu-RTMS-Interface portion of the system. The
former are described in paragraph 6.3 and also appear in the file
SYS:NLMENU;EXPERTS-BASIC-ONES.LISP, while the latter appear in the
file SYS:NLMENU-RTMS-INTERFACE;GENERIC-EXPERTS.LISP and are
referenced in the lexicons that the database interface can automatically
generate. To include additional special-purpose experts in a particular
NLMenu interface, develop the experts in accordance with the description
above and include them in an experts file. You then specify the experts file
to the interface builder when you add a new interface to the system as
described in paragraph 2.2.1.2.
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NATURAL LANGUAGE MENU
GRAMMER-TESTING TOOLS

Highlights of B Grammar-tool interface
This Section
B Format test
m Static well-formedness test
B Conflict checker
B Semantic consistency test
B Cycle checker

B Sentence generator

m Changing test grammars
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Grammar-Tool
Interface

5.1 The Natural Language Menu (NLMenu) grammar-testing tools pro-
vide you with an automated means of debugging and testing your gram-
mar. These tools can be useful during grammar development. The
grammar-tool interface provides access to six grammar tests:

B Format test

B Static well-formedness test

® Conflict checker

M Semantic consistency test

B Cycle checker

B Sentence generator

You can invoke the interface in two different ways:

1. During NLMenu interface construction (see paragraph 2.2.1.2), select
yes for the value of Test the grammar?.

2. Invoke the function nlm:get-grammar-tools.

In either instance, the current source grammar is read in from disk, and a
structured grammar is constructed. This structured grammar is an aggre-
gate consisting of various representations of each source grammar rule.
These representations can be used by one or more of the grammar tests.
The representations are also accessed by the grammar compiler if the
structure is created prior to grammar compilation. Once the structure is
created, the individual grammar tests proceed quite rapidly.

After grammar loading and the creation of the siructured grammar
(appropriate messages appear on the video display to indicate the
progression of these events), a multicolumn menu appears on the screen.
Figure 5-1 shows this menu, the grammar-tool interface screen.
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Figure 5-1 Grammar Test Menu

(nim:get-grammar-toois)

Test Grammar: sys:nlmenu;parts-and-suppliers grammar
GRAMMAR TEST STATUS
Format Test Runs when grammar is locaded
Static Well-Formedness Not yet run
Conflict Check Succeeded
Semantic Consistency Succeeded
Cycle Check Not yet run
Sentence Generator Not yet run
Rbort

Lisp Listener 1

Suggestions Menus On System Menu Heip
Che Or Tules With Gonunon expansions.
@2/27/85 086:19:449AM KOLTS USER: Menu choose FILE serving C8
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Column ! of the menu contains a list of the various tests that are available.
Each item in this column is mouse-sensitive, and clicking left on an item
runs the test, processes the results, and redisplays the menu. To exit the
grammar-tool interface, select the Abort option or move the mouse cursor
out of the menu. Column 2 lists a brief indication of the status of each test
for the grammar under consideration. The status entry has one of the fol-
lowing values:

m Not yet run — The grammar test in question has not yet been applied.
B Succeeded — The grammar test in question has successfully completed.

W Failed — The grammar test in question is complete, and at least one
error was found.

® N sentences generated — This applies only to the sentence generator
and indicates how many sample sentences were generated during the
most recent application of this test.

® Runs when grammar is loaded — This applies only to the format test,
which is automatically applied each time a source grammar is compiled.

The status entries are dynamically updated as various tests are performed.

The various tests are independent of each other but, in some instances,
require that a lexicon be present. When a particular test is run, you can
choose (by means of a choose-variable-values menu) where to route the
results. By default, all results go to the video display, but if a pathname is
selected, the output is appended to the current file contents, if any. Tests
that require other input parameters (for example, the sentence generator)
also get their input from a choose-variable-values menu.

The following paragraphs provide detailed descriptions of each test.
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Format Test 5.2 The format test checks the grammar for unbalanced delimiters and
is automatically run when a grammar is compiled. Recognized delimiters
include braces, square brackets, and parentheses. The error handler traps
unbalanced parentheses if you attempt to load a source grammar in such a
state. However, other unbalanced delimiters are trapped at grammar-
compile time. The format test is applied at this time because it requires a
modified form of the rule generated by the grammar compiler. All other
grammar tests can proceed on a grammar that would fail the format test. If
an error is detected, an explanatory message containing the failed rule is
printed on the video display.

A trap is then generated to the error handler. This allows the grammar
writer to return to the editor, make the necessary correction, and con-
tinue. For example, if the bad grammar rule is S = A {B C D, the error
message generated includes (({B € D )) inits failed rule slot (that is, a list
form of the portion of the offending rule beginning with the unmatched
delimiter).

5-6 Natural Language Menu Grammer-Testing Tools NLMenu User’s Guide



Static Well-
Formedness
Test

5.3 The static well-formedness test checks:

B Whether all left-hand sides of the grammar rules are reachable (other
than the root category)

M Whether all terminals in the grammar have corresponding lexical
entries

appear as terminals in the grammar)

m Whether the lexicon has redundant entries (that is, entries that appear
as nonterminals in the grammar)

In general, errors of one type do not affect other parts of the well-formed-
ness test. The last three of these conditions involve the lexicon, which is
loaded if necessary when the test is run. The static well-formedness test
reports the following types of results:

B Unreachable left-hand sides of grammar rules (no right-hand side refers
to them, and they are not the root)

B Undefined lexical items (items appearing as terminals in the grammar
without corresponding entries in the lexicon)

B Unused lexical items (items appearing as entries in the lexicon that are
not terminals in the grammar)

#® Redundant lexical items (items appearing in the lexicon that appear as
nonterminals in the grammar)
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NOTE: Because the Explorer system is not case-sensitive, the standard
practice of designating nonterminal elements with uppercase letters and
terminal elements with lowercase letters must be amended. In the follow-
ing example, uppercase letters from the beginning of the alphabet desig-
nate nonterminal, while uppercase letters from the end of the alphabet
represent terminal elements.

For a simple grammar containing only the following syntactic components

S --=>AB
S-->DY
B-—>C (AO0D
A-->U
C-->W

D -=> X

G -—->AC

and a corresponding lexicon of

y "string 1" MENU1 translationl)
W “string 2" MENU2 translation2)
X “"string 3" MENU1 translation3)
(@4 “string 4" MENU1 translationé)
(B "string 5" MENUZ2 translation5)

the static well-formedness test would generate the following messages:

Unreachable left-hand sides of grammar rules (no right-hand
side refers to them, and they are not the root):
(G)

Undefined texical items {items appearing as terminals in the
grammar without corresponding entries in the lexicon)r
49

Unused lexical items (items appearing as entries in the
lexicon that are not terminals in the grammar):
(z B

Redundant lexical items (items appearing in the lexicon that
appear as non-terminals in the grammar):
(B)
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Conflict 5.4 The conflict checker checks for rules with common expansions, that

Checker is, rules that, when all abbreviatory symbols are simplified, generate
exactly the same path. Redundant rules generate such paths and are un-
desirable because they unnecessarily increase the size of the grammar.
For instance, the following rules, when expanded, have an unabbreviated
rule in common:

RuleA: S—™ A {BC} {(DE}
which expands to:

1.S— ABD

2.5 ABE

3.S— ACD

4.5 — ACE

RuleB: S—A {QC} {DF}
which expands to:

1.5

2.5 AQF

3.5 = ACD Same as Rule A, Expansion 3
4.5 — ACF

The results reported by the conflict checker indicate the rules that have
expansion conflicts.

For example, for a grammar containing rules with syntactic components

S-->A B (C) D E

and
aiiu

the following message would be generated by the conflict checker:

The following rules have expansion conflicts:
S -—> A B (C) DE and S --> A B C D E conflict at:
ABCDE
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Semantic 5.5 In NLMenu grammars, a rule is considered to be semantically consis-

Consistency tent if the number of its expansions and the number of its semantic compo-

Test nents are equivalent. That is, each rule expansion (path through the
grammar rule) must have a matching semantic component (translation
list). If there are too many or too few translation lists, the grammar is in
error. To illustrate:

Element numbers

1 23 45
S—A {BC} {(DE} (124 (124) (125 (125) )

The expansions S~ A B D and S=™ A B E have translation lists; the
expansions S—> A C D and S~ A C E do not. You must correct missing
or extra translation list errors before you can build an NLMenu interface.
The semantic consistency test reports the following messages:

If successful:

Semantic consistency test succeeded.
All expansions of rules have matching semantic parts.
All semantic parts of rules have matching expansions.

If unsuccessful, the problem is due to one of the following possible causes:
m The expansions of a rule have no matching semantic parts.

m The expansions of a rule have more than one matching semantic part.
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For example, for a grammar containing the following rules

("A --> B (C A"
(1N

("A -=> D (C A"
(112 1 3351 2 3)))

("A -=> E (C A"
(Y2 1 3002 1 6

the semantic consistency test would generate the following messages:

These expansions of rule A --> B (C A) have no matching

semantic parts:
B CA

These expansions of rule A --> D (C A) have more than one
matching semantic part:
DCA

These semantic parts of rule A --> E (C A) have no matching
expansions:

21 4

The problem with the second rule in the example could be interpreted in
two ways:

B There is an extra semantic part.
B There are two semantic parts that match the expansion A = D C A.

As the example illustrates, the semantic consistency test uses the second
interpretation since the extra semantic part is a potentially valid one.
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Cycle Checker

5.6 The cycle checker reports an error if any set of rules in the grammar
produces an infinitely looping path. Consider the following example:

B C

OOWW >0V
[ |
U
v Vv
PEEO®>

The path from A to B to C and back to A is an infinite loop. The test also
detects problems of the following sort:

S-->ABC
A-->BU
B-->VA
C-->W

This grammar cannot generate sentences because of the rules that have A
and B as mothers. There is no termination of that path (from A to B back to
A, and so forth). If the test completes with a successful result, the cycle
checker reports the following message:

There are no cycles in the grammar.

If the test completes without a successful result, a message containing the
cycle is displayed.

NOTE: NLMenu permits left-recursive rules (rules where the recursive, or
expanding, element appears on the left-hand side of the grammar rule) and
does not consider them to be cyclic.

Because this test does not require a lexicon file, you should run your gram-
mar through the cycle checker before building the lexicon.
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Sentence
Generator

5.7 The sentence generator provides you with a means of generating a
specified number of representative sentences from the grammar. Exami-
nation of the test sentences often reveals whether the grammar is too
weak (certain types of desired sentences are not covered) or too strong
(certain types of sentences not intended to be covered can be generated).
You can also specify the complexity level of the sentences generated. The
complexity level is a parameter representing the number of grammar rules
that are applied before convergence begins (that is, before no more recur-
sive rules are selected). A level in the range of 3 to 6 gives a set of sen-
tences of sufficient complexity. You select values for the number of
sentences to be generated, the complexity level, and the destination of the
output from a choose-variable-values menu (see Figure 5-2) that pops up
when you select the sentence generator test from the Grammar-Tool
menu. Default values are 50, 4, and the video display.

Figure 5-2 Sentence Generator Choose-Variable-Values Menu

(nim:get-grammar-tools)

**kxxStart reading a lexicon from disk
Done - reading a lexicon from disk completed in 11.57 seconds.

Default Input Parameters for Sentence Generator

Number of sentences to be generated: 58
Complexity level:

Output stream or filename: #:TERMINAL-10~SYN-STREAM

9

Exit O

Lisp Listener 1

82/27/85 B6:24:00AM KOLTS

Suggestions Menus On

System Menu Help

NLM: Choose FILE serving C8
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Changing 5.8 You can test more than one grammar during a machine session and

Test Grammars  switch from one grammar to another at any time since a list of grammar-
tool interfaces is maintained. This list keeps track of the structured
grammar for each test grammar as well as the current state of each
grammar test for that test grammar. To change grammars, exit from the
current Grammar-Tool menu and call the function nlm:reset-grammar-
tool-interface. A choose-variable-values menu (see Figure 5-3) pops up,
allowing you to specify a new test grammar and corresponding lexicon.
You can then invoke the new grammar-tool interface with a call to the
function nlm:get-grammar-tools.

Figure 5-3 Grammar Tool Interface Reset Menu

Grammar to be Tested
Grammar start symbol: S

Name of grammar to be tested: sys:nlmenu;parts-and-suppliers.grammar

Name of corresponding lexicon: sys:nlimenu;parts-and-suppliers.lexicon
Exit O
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NATURAL LANGUAGE MENU
LEXICOGRAPHER

Highlights of B Lexicographer functionality
This Section
B Lexicographer interface
W Lexicographer options
m Specify new lexical items
m Modify existing lexical items
m View selection windows

m Build screen

m Abort
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Introduction 6.1 The Natural Language Menu (NLMenu) lexicographer assists you in
the completion or modification of your lexicon file, in laying out the
individual windows that contain the selection items, and in building the
selection screens that are composed of the various windows.

To use the NLMenu lexicographer, you must first have a grammar and a
lexicon file (the lexicon file can be empty). The NLMenu lexicographer first
reads the lexicon file and then presents a menu listing the various
iexicographer options. For most options, an uncompiled grammar is
loaded upon selection. The grammar is then saved and reused if other
options are later selected so that it is never loaded more than once during
a session. Options that change the lexicon (Specify New Lexical Items or
Modify Existing Lexical Items) first find all terminal categories in the
grammar and then construct templates of the following form for each
terminal category:

(category word-or-phrase menu translation)

The NLMenu system uses information already present in the lexicon for
the remaining three slots in each template, if possible, or else leaves the
slots empty (that is, setting them to nil). Templates of the form

(category nill nil2 nil3)

represent items that you can insert into the lexicon, while all other
templates represent items that you can modify. Template building can
occur only once per session and provides a specification of what items are
required in the lexicon based on the current state of the grammar.

The first two options of the NLMenu lexicographer (Specify New Lexical
Items and Modify Existing Lexical Items) form an automated tool to com-
plete the lexicon file. You can, however, create your own lexicon file using
the Zmacs editor. For specifics on lexicon file format, refer to Section 4.
The remaining options are useful in laying out the final NLMenu screen.
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Lexicographer
Interface

6.2 There are two ways to invoke the lexicographer. First, when the
NLMenu system is initially loaded without the starter kit values, the
NLMenu system asks if you would like to use the lexicographer. If the
NLMenu system is already loaded, you can access the lexicographer from
a Lisp Listener by entering:

(nim:get-lexicographer)
The following prompt appears on the video display:
Reset the lexicon (y/n)?

If you respond n, the system uses the latest version of the lexicon file in
memory. If you respond y, the system loads a new source lexicon. Depend-
ing on the state of the lexicon file, a menu appears containing either one

choice (Specify New Lexical Items)or a list of four choices (see Figure
6-1).

Figure 6-1 Lexicographer/Screen-Builder Menu

*#*xx*Running NLMenu...

Lisp Listener 1

#*xx¥xStart reading a grammar from disk
Done - reading a grammar from disk completed in 9.567 seconds.

#**x*xxStart reading a lexicon from disk
Done - reading a lexicon from disk completed in 7.567 seconds.

Test Lexicon: sys:nimenu;parts-and-suppliers lexicon '

Specify New Lexical Items

[T X Todify Existing Lexical ltems ]

View Selection Windows

Build Screen

Abort

Suggestions Menus On

8371585 ©5:48:33RM LINN

ange e ng e e lexico

System Menu Help

USER: Keyboard
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Lexicographer
Options

Specify New
Lexical Items

6.3 A detailed discussion of each Lexicographer/Screen-Builder menu
option follows.

6.3.1 To add new entries for lexical items to the lexicon, select the Spe-
cify New Lexical Items option. The lexicographer loops through the list of
lexical templates. If it does not encounter a template with three nil values,
it prints a message that the lexicon is complete. However, if the lexico-
grapher encounters such a template, it displays the template in the follow-
ing way:

(a nil1 nil2 nil3)
where:

a is the lexical category.

ni L1 is a slot for the word or phrase to appear in the selection menus.

nil2 is a slot for the menu in which the word or phrase is to occur.

nil3 is a slot for the translation for the word or phrase.

NOTE: The second item (word or phrase) must be a string. You must
enclose string values in double quotes.

The lexicographer then prompts you for the pieces of information it needs
to complete the lexical entry:

Enter word or phrase to appear in selection menus:

Your response must be a string. After your response is entered, another
prompt appears:

Enter selection menu in which this phrase should appear:

Respond with the name of the menu in the selection screen to which the
lexical item maps.

NLMenu User’s Guide
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The next prompt is:

Will translation be an Expert (yes/no)?:

You can enter a single letter or the entire word in either uppercase or
lowercase. If you indicate the item is not an expert, the system prompts
you for the desired translation:

Enter translation for this phrase:

In response, enter either a lambda expression or an atomic expression.
The system then displays the added item.

If you move the cursor out of this menu without making a selection, the
system sets the translation to nil.

On the other hand, if you indicate the translation is an expert item,
another menu pops up. Appearing at the top is the prompt:

Select an Expert type:

In the menu beneath the prompt is a list of all current generic expert types.
These are:

B Type-in — This is the expert for entering any character string without
restrictions.

B Calculator — This is a pop-up calculator for entering integer or real
numbers.

B Range — This expert requires numeric input within a specified range
(for exampile, 0 through 100).

B Default — This expert pops up a menu of nondefault options so that you
can select one of them or select nothing (by moving the mouse out of
the menu). If you select nothing, a prespecified default value is selected.
The default value is displayed at the top of the menu.

If you designate the lexical item status as a calculator expert, the
lexicographer automatically constructs a suitable expert translation. If,
instead, you designate the lexical item as a type-in expert, the
lexicographer requires a prompt before it can process the translation of
the lexical item. The NLMenu lexicographer queries you as follows:

Indicate prompt for type-in window
(prompt will be converted into a string):

The NLMenu lexicographer converts your response into a string, so it is
not necessary to enter it in double quotes. You must enter a response to
this prompt. You are not able to leave the window until you do so,
although you can type ABORT, in which case nil is returned as the prompt.
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As with the type-in expert, designation of the lexical item as a range or
default expert requires you to provide additional information before the
expert translation can be automatically generated. For the range expert,

you are queried as follows:

Indicate lower bound of range (e.g., 0):

Indicate upper bound of range (e.g., 100):

For the default expert, the query is:

Input list of values with default value first
(e.g., (def-val val2 val3 ....)):

After you provide the translation for a lexical item, the lexicographer
issues the following prompt:

Do you wish to add more items (yes/no)?:

If you do add more items, the process described above is repeated.
Eventually, you either respond that you no longer wish to continue adding
items, or the lexicographer finds no more templates that require
completion.

While you are using the lexicographer to insert items into the lexicon, the
system maintains and updates a copy of the lexicon in the Lisp environ-
ment. When you leave the lexicographer, whether by choice or when all
templates are completed, the system writes the latest version of the lexi-
con to disk, issuing a message to that effect.
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Modify Existing 6.3.2 To change the content of an existing lexical entry, use the Modify
Lexical Items Existing Lexical Items option of the lexicographer interface. The lexicog-
rapher skips over entries of the form (a nil1 nil2 nil3). You cannot

modify these entries because they contain no previous information.

When you select this option, a menu (see Figure 6-2) appears.

Figure 6-2 Modify Existing Lexical ltems Menu

(nim:get-lexicographer)

Reset the lexicon (ysn)? n

Lexicon completed

Select a modification mode:

Individual

Sequential

Lisp Listener 1

Suggestions Menus On System Menu Help
Change a particular e ! e lexico

083/02,85 81:82:57PM LINN USER: Menu choose

You are prompted to indicate a modification mode. Your response options
are two: sequential or individual.

If you move the cursor out of this window rather than clicking on a

particular mode, the system defaults to individual mode (see details
below).
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Modification Mode

Individual
Modification Mode

o291 H
6.3.2.1 If you choose sequential mode, the

] o v
the lexicon and sequentially displays entries eligible fo
NLMenu system prints out the prompt:

Item to be modified is: lexical entry

The existing template then appears with the following prompts in
succession:

Enter word or phrase to appear in selection menus:

Your response must be a string. After your response is entered, another
prompt appears:

Enter selection menu in which this phrase should appear:

Respond with the name of the menu in the selection screen to which the
lexical item maps.

The next prompt is:

Will translation be an Expert (yes/no)?:

The response to this prompt and the system reaction are described for the
corresponding prompt in the preceding paragraph on the addition of lexi-
cal items. Note that if you change only one component of the lexical entry,
you still need to respond to all other prompts by reentering the values that
you want to retain.

When you have responded to all the prompts, the system displays the
template of the changed item and then inquires whether you want to see
more entries for modification or terminate the looping process:

Do you wish to change more entries (yes/no)?:

If you decline to see more, the system writes the new lexicon to disk and
issues a message that the process is in progress.

6.3.2.2 To change a single lexical item, select individual mode, and a
menu (see Figure 6-3) appears:

NLMenu User’s Guide
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Figure 6-3 Individual Mode Menu

{nim:get-lexicographer)

Reset the lexicon {(ys/n)? n

Lexicon completed

Input item to be changed (e.g., part):

Lisp Listener 1

Suggestions Menus On

B:. Bring up the istem_Men

83/682,85 B1:84:35PM LINN

System Menu Help

USER: Keyboard

In response, enter the lexical category of the entry you want to change.
You need not enter this value as a string. The same four prompts

Item to be modified is: lexical entry

Enter word or phrase to appear in selection menus:
Enter selection menu in which this phrase should appear:

Will translation be an Expert (yes/no)?:

are displayed, and you respond to them in turn. Once again, you must
enter either a new value or reenter an existing value that you want to
retain. To confirm the change(s), the NLMenu system displays the modified
template. At this point you are asked whether you want to modify another
entry in individual mode. When you ultimately decide not to exercise this
option, the lexicon is written to disk. The difference between individual
mode and sequential mode is that you control the items called up for
modification.
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View Selection

6.3.3 To see all the items that appear in a particular selection window,

Windows select the View Selection Windows option. The resulting menu has all the
items in the lexicon that currently map to that menu. Consequently, if the

1

exicon changes, the content of the window also changes.

To begin this process, click once on the View Selection Windows option of
the lexicographer interface, and a menu (see Figure 6-4) appears.

Figure 6-4 View Selection Windows Menu

> (NLM:GET-LERICOGRAPHER]

Reset the lexicon,
Y

loading the latest version of L18: NLMENU; PRARTS-AND-SUPPLIERS.LEXICON (y/n)?

#**¥xStart reading a lexicon from disk
Done - reading a lexicon from disk completed in 6.917 seconds.

Lisp Listener 1

RTTRIBUTES

NOUNS
MODIFIERS

ACTI0NS

Help

Suggestions Menus On

895/04,85 87:51:43AM GRENINGER

System Menu

UBER: Menu choose

In it are the names of all menus (without repetition) specified in the lexi-
con. The currently loaded lexicon in this instance is the Parts-and-
Suppliers lexicon. You can view any one of these menus. To do so, position
the mouse cursor over a menu name and click left once. For instance, if

NLMenu User’s Guide
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Figure 6-5 Menu Items Display

(nim:get-Texicographer)

Reset the lexicon (ysn)?
n

FERTURES
PRRT-WEIGHT-COMPUTRBLE
SHIPMENT-QUANTITY-COMPUTRBLE
CITY

COLOR
NAME
PART#
SUPPLIER#
STATUS
WEIGHT
QUANTITY

Lisp Listener 1

Suggestions Menus On Sustem Menu ' Help
L1: Return geometry of this window

637682/85 01:10:89PM LINN USER: Menu choose

All lexical items that map to the menu appear in the window when you
select the View Selection Windows option of the lexicographer interface.
The information supplied by this option is useful for screen layout. The
data items assist you by indicating the size of the window and by providing
a quick way to determine all the items that map to a particular window.

6-12 NLMenu Lexicographer NLMenu User’s Guide




In addition, all the items that the NLMenu system displays in a selected
window, (for example, FEATURES), are mouse-sensitive. If you click on any
one of them, the NLMenu system provides the current geometry, that is,
the precise dimensions, of the window. The geometry displayed for the
FEATURES window is (1 10 224 130 nil nil). These dimensions are
displayed to the screen as a list of six features:

W Number of columns in the window

B Number of rows in the window

m Inside width of the window in pixels or nil
® Inside height of the window in pixels or nil
B Maximum width in pixels

B Maximum height in pixels

The first four items determine how the window is constructed and are
most relevant as you lay out your own windows. The last two items are
constraints whose likely values are nil. They are essentially meaningless
to you unless you want to specify the geometry of the window you are
constructing. For more information on the construction of windows, refer
to the operations :geometry and :current-geometry in the Explorer
Window System Reference.

After presenting this list of window dimensions, the NLMenu system
redisplays the Lexicographer Interface menu. If you do not want to
examine the window geometry, move the mouse cursor out of the menu
items display. The display disappears, and the Lexicographer Interface
menu reappears.
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Build Screen

Abort

6.3.4 To view the layout of your interface screen, select the Build Screen
option of the lexicographer. The NLMenu system can construct reasonably
optimal screen descriptions. This automates the task of providing
descriptions of the panes and constraints (see paragraph 4.8) or, at least,
suggests possible layouts if you want to specify your own description.
Clicking left on the Build Screen option of the lexicographer interface thus
constructs descriptions of the panes and constraints in the constraint-frame
language as defined in the Explorer Window System Reference. The panes
description is bound to the global variable nlm: *screen-builder-panes*,
and the constraints description is bound to nlm:*screen-builder-
constraints*. This permits easy viewing of the descriptions produced (for
example, try: (grind-top-level nlm:*screen-builder-constraintss)).
To view the screen specified by the description produced by the screen-
builder, select the Build New Interface command (see paragraph 2.2.1.2)
from the NLMenu System menu.

The screen-builder uses various heuristics to determine screen layout. The
first window, placed in the upper left-hand corner of the screen, is gener-
ally active initially, and contains items from the grammatical category
from which interface users are most likely to make their first selections.
From this configuration, an optimal number of rows and columns is deter-
mined, and additional menus are positioned by various techniques, such as
matching their sizes with the amount of space remaining. Backtracking
occurs as needed until a valid description is produced.

A quick, nonoptimal screen description is also available. This screen
description simply produces one row of menus with each menu getting an
equal amount of space. Overly long items are truncated. However, this
description is still useful during grammar development as a quick way to
see which lexical items map to which menus. Although it is not a separate
lexicographer option, you can invoke it by responding with nil to both the
panes and constraints description options when you select the Build New
Interface command (see paragraph 2.2.1.2) from the NLMenu System
menu.

6.3.5 To return to the Lisp Listener, select the Abort option from the
Lexicographer Interface menu.
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Introduction

7.1 The database interface allows you or the user of your application to
generate Natural Language Menu (NLMenu) interfaces to database applica-
tions automatically. In contrast to more conventional natural language
interface generators, automatically-generated NLMenu interfaces are
immediately usable without a long, empirical lexicon acquisition phase. In
particular, while certain other systems support automatic interface genera-
tion to new applications, such interfaces require a relatively lengthy,
empirical tuning phase. During this tuning phase, you (or an experienced
user of your interface) must develop a large lexicon that is application-
specific and not portable to new domains. However, when you (or your
interface user) generate an NLMenu interface, the lengthy tuning phase is
unnecessary because the selection menus provide direct guidance to use of
the language of the interface. Thus, the NLMenu database interface sup-
ports a greater degree of portability across database applications than typi-
cal interface generators.

NLMenu
Interface
Generation

Portable Spec

7.2  Automatic NLMenu interface generation requires some means of
identifying appropriate application and domain-specific information. The
interface generator combines such information with a core grammar and
lexicon in such a way as to allow the usual NLMenu look-ahead strategy.
With this strategy, individual words or phrases are parsed as they are
input. The required information is elicited in the form of a portable spec.
Portable-spec creation requires no knowledge of grammars, lexicons or
the target query language—only an elementary knowledge of tables, keys,
and joins. Thus, a large class of users can build their own interfaces.
Portable-spec creation is described in paragraph 7.2.1. Additionally, the
ability to build new natural language interfaces creates a need to manage
those interfaces. NLMenu interfaces are treated as a new type of database
object, a sort of composite application view of a user’s data. In particular,
two dedicated relations in a Relational Table Management System (RTMS)
database contain information required to manage NLMenu interfaces.
Appropriate updating of these relations is described in paragraph 7.2.2.

Database creation is described in paragraph 7.2.3.

7.2.1 A portable spec is a specification of a set of categories containing
all the domain-dependent information necessary to specify a complete
user-interface grammar and lexicon. A representative portable spec,
illustrating the sort of information required by the interface generator, is
shown in Figure 7-1.
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Figure 7-1 Portable Spec Used to Generate Parts-and-Suppliers Interface

((SUPPLIER PART SHIPMENT) ; covered tables
(SUPPLIER PART SHIPMENT) . access rights—retrieval relations
(SUPPLIER PART SHIPMENT) ; access rights—insertion relations
(SUPPLIER PART SHIPMENT) ; access rights— deletion relations
(SUPPLIER PART SHIPMENT) ; access rights— modification relations
((PART CITY COLOR NAME PARTH#) ; non-numeric attributes

(SUPPLIER CITY NAME SUPPLIER#)

(SHIPMENT PART# SUPPLIER#))

((SUPPLIER STATUS)) . numeric attributes
((PART WEIGHT)
(SHIPMENT QUANTITY))

((SUPPLIER SUPPLIER# NAME) V ; identifying attributes

(PART PART# NAME)

; computable attributes

(SHIPMENT SUPPLIER# PARTH#))
((USE "which are shipments of' AND ; two-table joins

NIL

TO JOIN (SHIPMENT PART#) AND (PART PARTH#))
(USE "which were shipped by' AND

"who ship"

TO JOIN (SHIPMENT SUPPLIER#) AND (SUPPLIER SUPPLIER#)))
((USE "who supply' AND ; three-table joins

"which are supplied by"

TO JOIN (SUPPLIER SUPPLIER#) AND (SHIPMENT SUPPLIER#)

AND TO JOIN (SHIPMENT PARTH) AND (PART PART#)))

NIL ; user-supplied relation experts

NIL ; user-supplied relation-attribute
; experts

((ATTRIBUTES "'<specific part colors>" ; edited items

""<specific colors>"
(MODIFIERS '"whose part color is"
"whose color is')))

Portable Spec
Categories

The example corresponds to the sample Parts-and-Suppliers interface, as
discussed in paragraph 2.2. The spec describes a database containing the
following three relations:

SUPPLIER (supplier # name city status)
PART (part# name city color weight)
SHIPMENT (supplier # part# quantity)

7.2.1.1 The following discussion explains portable spec categories, such
as those shown in Figure 7-1. Note that each category is written as a list.

Covered Tables All the relations that the interface covers are specified
in this slot of the spec.

Access Rights The retrieval, insertion, deletion, and modification rela-
tions all specify access rights on selected covered tables. For instance,
listing the supplier relation in the insertion relation slot indicates to the
interface generator that it should create appropriate grammar rules and
lexicon entries to allow the addition of new suppliers to the database.
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Attribute Classifications Nonnumeric attributes, numeric attributes,
and computable attributes classify database attributes according to type.
These categories are disjoint, and you must specify each database atiribute
in at most one category. Thus, you need not specify all attributes in this
part of the spec. This permits hiding surrogate attributes that can result
from normalizing relations and whose main purpose is to serve as internal
tuple (row) identifiers. Computable attributes are numeric attributes upon
which various mathematical operations can be performed. For instance, in
the spec shown in Figure 7-1, the status attribute of the supplier relation is
specified as a numeric attribute because performing algebraic operations
on status numbers is not meaningful. However, such operations are mean-
ingful when applied to the weight attribute of the part relation and the
quantity attribute of the shipment relation. These attributes are specified
as computable. Each attribute classification is written as a list of lists, with
sublists that contain the relation name followed by the appropriate attri-
butes of that relation. This allows attributes of the same name to appear in
various relations.

Identifying Attributes These are typically relation keys—sets of attri-
butes within a relation that the system uses to identify tuples uniquely. The
identifying attributes slot can include nonkey attributes if they better iden-
tify tuples. These can even include less than a full key if you seek to iden-
tify sets of rows together.

Two-Table Joins This category specifies supported join paths between
relations. A bridging relative clause that appears in the selection menus is
included. For instance, the first two-table join specification shown in Figure
7-1 permits construction of the following sort of sentence:

Find shipments WHICH ARE SHIPMENTS OF parts ...
but blocks construction of the sort:

Find parts relative clause shipments ...

In other words, the first bridging relative clause connects shipments and
parts, while the second such phrase, which is nil in this example, connects
parts and shipments. The connections are not, in general, symmetric but
are tied to word order in the sentences that you construct.

The second two-table join specification in Figure 7-1 permits construction
of sentences of the following sorts:

Find shipments WHICH WERE SHIPPED BY suppliers ...
Find suppliers WHO SHIP shipments ...

You also specify which two relations to join by providing a list that
includes the relation name followed by one or more attributes common to
each relation being joined. Thus, returning to the first entry in the two-
table join slot, the entries (SHIPMENT PART#) and (PART PART#) indicate
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that you can join the shipment and part relations over the common attri-
bute part number (part#).

Three-Table Joins This category specifies supported binary relation-
ships (in the entity-relationship data model sense) where one relation
relates to two others. As with two-table joins, you specify which bridging
relative clauses appear in the selection menus. For instance, the shipment
relation relates to both the supplier relation through the common attribute
supplier number (supplier#) and the part relation through the common
attribute part number (part#). This provides a path from a supplier entity
to a part entity to another (perhaps different) supplier entity (there is also a
part-supplier-part route). In other words, a supplier can supply many parts,
each of which can have many suppliers. The three-table join specification
shown in Figure 7-1 permits the type of expression and enables you to
construct the following types of sentences:

Find suppliers WHO SUPPLY parts WHICH ARE SUPPLIED BY suppliers . ..
Find parts WHICH ARE SUPPLIED BY suppliers WHO SUPPLY parts . ..

User-Supplied Experts The next two slots define special-purpose, user-
supplied experts to replace system-generated defaults:

m New-rel (new-relation) experts are referenced in the translation slot of
lexicon entries. These entries are reached by means of certain rules that
allow construction of queries that refer to specific tuples. For instance,
the following contain new-relation experts:

Find specific tuples in specific relation . . .
Delete specific tuples in specific relation . . .
Find average weight of specific tuples in PART relation . . .

B New-rel-attr (new-relation-attribute) experts support references to spe-
cific attribute qualifications. For instance, the following contain new-
relation-attribute experts:

Find tuples in specific relation with attribute qualification . . .

Find parts whose color is red.

Find suppliers whose city is Paris.
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The system-generated default experts for RTMS interfaces are functions
that pop up multiple menus when you select an expert item. The items
appearing on the menu are determined by means of an appropriate
retrieve operation embedded within the expert code. You can select any
number of items from the pop-up menu. In building up the query, these
items are ored together. For interfaces to non-RTMS databases, these
experts behave somewhat differently. For instance, the default experts for
interfaces to SQL databases present you with a type-in menu for specifying
the value of a particular attribute. In contrast, RTMS interface experts
examine the database in constructing the expert menu.

In the sample spec of Figure 7-1, there are no special-purpose, user-
supplied experts. However, to replace a default expert, you would provide
a list of the following form in the appropriate slot of the spec:

(relation means-of-invoking-expert)

or

(relation attribute means-of-invoking-expert)

where the means of invoking the expert is of the form:
(new-expert-function parameter-1...parameter-n)

Your definition of the new expert function is saved in a file of your
choosing. You must store the pathname in a tuple in the NLMenu-inter-
faces relation (see paragraph 7.2.2.2). The file is then loaded at interface-
construction time. For example, in a restaurant database that included a
credit-card attribute indicating which credit cards a restaurant accepted,
the various credit card types might be stored as a string (for example, AE
MC Visa . . . ). However, you might want the interface user to see a menu
that contains entries for each possible type of credit card. This would
require an expert function that does more than retrieve entries from the
credit-card attribute in the database. The following entry in the New-Rel-
Attr slot of the spec would be suitable:

(RESTAURANT CREDIT-CARD (credit-card-exp ‘'restaurant
'credit-cards))

NOTE: Every type of database interface includes lexicon entries that call
certain invariant experts, such as the calculator expert (see paragraph
3.2.5.5). You do not need to take special action to ensure that such experts
are included in the interface.
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Integrity Constraints

Managing
NLMenu Interfaces

NLMenu
System Menu

Edited Items This category includes old and new values for menu
phrases so that you can replace automatically generated menu items with
phrasings specifically customized for an application. The required format
for an entry in the edited item slot is:

(I

(menu “old-phrase” “new-phrase”)

The old-phrase is the automatically generated phrase. Automatically gen-
erated phrases that reference database attributes typically include the rela-
tion name. This avoids ambiguity when several identical attributes coexist
in more than one relation in the database. However, this sometimes leads
to awkward phrasings (for example, whose restaurant telephone number)
that you can eliminate if there is no ambiguity in a particular case. In
general, any sort of customization is permitted. For instance, in the sample
spec of Figure 7-1, the first edited item involves removing a reference to
the part relation since the color attribute occurs nowhere else in the data-
base. Menu, in this case the Attributes menu, refers to the menu in the
default constraint window to which the phrase maps. Paragraph 7.2.4
includes indications of what sorts of phrases map to which menus.

7.2.1.2  Certain relationships must hold among the portable-spec catego-
ries. These integrity constraints are summarized below:

B The union of the retrieval, insertion, deletion, and modification relations
must be a subset of the covered-tables category. The union is a proper
subset if some binary relationship table, which is otherwise hidden, is
needed in a three-way join.

B The union of the relations mentioned in the attribute classification
category (nonnumeric, numeric, and computable attribute lists) must be
a subset of the covered-tables category. Not all attributes of all relations
must appear in these lists; you can hide atiributes so that they do not
occur in the natural language interface.

B The nonnumeric, numeric, and computable attribute lists must be
disjoint.
B The relations and attributes mentioned in the spec must conform pre-

cisely with actual database objects.

Violation of any of these integrity constraints results in error messages
during interface generation. You must correct such errors before interface
generation can proceed.

7.2.2 Interface generation requires a scheme for managing newly
created interfaces. This scheme is discussed in the following paragraphs.

7.2.2.1 When you select NLMenu from the System menu with a suitable
RTMS database loaded into memory, the system presents you with a menu
of available interfaces. This menu is called the NLMenu System menu. An
approximate NLMenu System menu appears in Figure 7-2.
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Figure 7-2 Sample NLMenu System Menu

*x¥**¥Running NLMenu...

Choose an NLMENU Interface

System Commands:
[EXIT NLMENU SYSTEH X |

User-owned Interfaces:
+ Austin Restavrants Kol ts (A-RTMS) 3/15/85 15:88:52

Interfaces Granted to the User:
None

Public Interfaces:

Parts—-and-Suppliers THOMPSON (A-S0OL) 12-16-83 18:56:38
Parts—and-Suppliers THOMPSON {A-RTMS)} B6-26-84 16:28:15
Courses THOMPSON {A-S0L) 12-28-83 14:22:34
Courses THOMPSON (A-RTHS) B87-17-84 15:22:19
Basebal | THOMPSON (A-RTHS) 12-26-82 13:37:81

+ = loaded interface

M = Manually generated, A = Automatically generated

RTMS = Relational Table Manager System translations

SQL = SQL translations

TEXAS INSTRUMENTS INCORPORATED

Lisp Listener 1
Suggestions Menus On System Menu Help

83715785 B4:37:44PM KOLTS USER: Keyboard 2 Active Servers

NLMenu interfaces are partitioned not only by application but by owner-
ship as well. Architecturally, having several natural language interfaces
owned by or granted to different users highlights the notion that natural
language interfaces can be shared like other database objects (views and
tables). Selective grant and revoke operations, described in paragraph
7.2.2.3, support interface sharing.

An alternative architecture for natural language interfaces might try to
cover all of the applications of a user community simultaneously. That
architecture would have the advantage of masking transitions into and out
of different natural language interfaces. However, partitioning interfaces
has the important advantage of keeping grammars relatively small, localiz-
ing application maintenance, and easily supporting customization of par-
ticular interfaces.

As can be seen from Figure 7-2, the NLMenu System menu presents you
with choices among system-owned interfaces, user-owned interfaces
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(those that the interface user created), interfaces granted to the user, and
interfaces granted to the public (all users). Different interface users see dif-
ferent menus according to their access rights to various NLMenu inter-
faces. Two system-owned relations govern which interfaces users own and
which interfaces they have access rights to. These relations also contain
information for fully specifying a particular NLMenu interface.

7.2.2.2 The NLMenu-interfaces relation contains 11 attributes. Each
tuple in the relation describes one NLMenu interface. The tuple describing
the parts-and-suppliers database discussed above is shown in Figure 7-3.

Figure 7-3

NLMenu-Interfaces Relation for Parts-and-Suppliers Database

(1) C("THOMPSON"
"parts—-and-suppliers"
RTMS
nil
"grammar generated"
"sys:nlmenu-rtms—-interface;s-p-rtms.grammar"
"sys:nlmenu-rtms-interface;s-p-rtms.lexicon"
s
default-panes

default-constraints

SECNONONONONONONORC,

"04-24-84 14:20:15')

The attributes of this relation are:
(1) Owner — The owner or creator of the interface.

(2) Interface-Name — A string indicating the name of the interface to
appear in the logo window.

(3) Version — The target database. Currently-valid target databases are
SQL and RTMS. This file controls what types of grammar and lexicon
are generated.

(4) Experts-File — The pathname of the file containing any special-pur-
pose experts specified in the portable spec (see paragraph 7.2.1). If
there are no special-purpose experts, a nil should appear in this field.

(5) Portable-Spec-File — The pathname of the portable-spec file you
created, or a special token string. The pathnames of the generated
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grammar and lexicon are derived from this name. By convention, an
extension of SPEC is typically assigned to portable-spec files. The
token string grammar generaied in this siot indicates to the system that
the grammar and lexicon are already generated. If an actual spec path-
name is stored in this slot and the grammar-file and lexicon-file slots
contain nil, the system generates a new grammar and lexicon when
an interface is loaded. Fach occurrence of grammar generation
includes a call that modifies this attribute and the grammar-file and
lexicon-file attributes accordingly. Subsequent invocations of the inter-
face can then load a compiled version of the previously generated
grammar. To regenerate a grammar and lexicon, use the modify-
interface function described in paragraph 7.2.2.4 to update the tuple
describing the interface in the NLMenu-Interfaces relation. Then
reselect the interface from the NLMenu System menu.

Grammar-File — The pathname of the source grammar or nil if no
grammar has yet been generated.

Lexicon-File — The pathname of the source lexicon or nil if no lexicon
has yet been generated.

Root — The root or grammar start symbol. SQL and RTMS interfaces
both use S (sentence).

Panes — A variable bound to a pane description or a pathname
for a file containing a pane description. SQL and RTMS interfaces use
the default-pane description provided with the system. Relerences
to menus in generated lexicons refer to panes in the default-pane
description.

Constraints — A variable bound to a constraint description or a
pathname for a file containing a constraint description. Database inter-
faces typically use the default-constraint description provided with the
system, although this is not necessary. For instance, customization of
the Command menu might necessitate use of an alternate constraint-
description.

Creation-Date — The time and date of interface creation, as formatted
by the function time:print-current-time. This field is displayed on the
NLMenu System menu but is not otherwise used.

7.2.2.3 The interface-grants relation contains tuples indicating that an
owner of an interface has granted interface access rights to another user.
The attributes of this relation are:

Owner — The owner who is granting access rights to the interface. The
system can also own an interface. This is designated by placing SYSTEM
in this field. In this case the interface becomes a System command on
the NLMenu System menu.
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B Interface-Name — A string specifying the name of the interface to which
access is granted.

B User — The name of the user to whom access is granted. One valid user
is PUBLIC, in which case all system users have access rights, and the
interface appears under Public Iltems on the NLMenu System menu.

7.2.2.4 When you complete a portable spec and are ready to build a
new interface, you should call the function nlm:create-interface to insert
suitable tuples into the NLMenu-interfaces relation (it may also be desir-
able to call the nlm:grant-interface function, see paragraph 7.2.2.5). Call
this function with seven arguments:

(nlm:create-interface interface-name version experts-file
portable-spec-file root panes constraints)

For instance, the tuple for the sample Parts-and-Suppliers interface is
inserted with the call:

(nlm:create-interface '"Parts—-and-Suppliers"
'RTMS
nil
"sys:nlmenu-rtms-interface;s-p.spec'
's
'nlm:default-panes
'nlm:default-constraints)

The currently logged-in user name is inserted into the owner field of the
tuple, nils are inserted into the grammar-file and lexicon-file fields (indicat-
ing to the system that the grammar and lexicon need to be generated), and
a date and time (in the format mentioned in paragraph 7.2.2) are automati-
cally added to the creation-date field.

You can use the function nlm:modify-interface to change fields in a tuple
in the NLMenu-interfaces relation (you can also do this by using the
rtmsmodify or modify* functions directly). The function nlm:modify-
interface takes keyword arguments and modifies only those fields of the
tuple for which you provide arguments. Tuples are uniquely identified by a
combination of their owner, interface-name, and version fields, although
you can change any field by calling this function. The calling syntax is:

(nlm:modify-interface owner interface-name version keywords)
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(the creation-date field is automatically updated each time nlm:modify-
interface is called). For instance, to regenerate an RTMS grammar and lexi-
con for the sample Parts-and-Suppliers interface, the appropriate call is:

(nlm:modify-interface "Thompson'
"Parts-and-Suppliers"
'RTMS
:portable-spec-file
"sys:nlmenu-rtms-interface;s-p.spec'
:grammar-file nil
:lexicon-file nil)

where "Thompson'*is the interface owner.

The function nlm:drop-interface allows you to remove owned and
granted interfaces from the database. Suitable tuples in the NLMenu-
interfaces and interface-grants relations are deleted. (Again, interfaces are
uniquely identified by a combination of their owner, interface-name, and
version fields.) For instance, to drop the Parts-and-Suppiiers interface from
the NLMenu System menu, the appropriate calling syntax is:
(nlm:drop-interface "Thompson'' '"Parts—and-Suppliers' 'RTMS)
or

(nim:drop-interface ‘Thompson 'Parts—and-Suppliers'" 'RTMS)

NOTE: Commands for creating, modifying, and dropping an interface
will appear on the NLMenu System menu in a future release.

7.2.2.,5 The function nlm:grant-interface inserts a tuple into the
interface-grants relation. You could also do this by using the rtmsinsert or
insert* function directly. However, in these cases, you must also destroy
the temprel relation, a temporary relation created by joining the NLMenu-
interfaces and the interface-grants relations when the NLMenu System
menu is built. The calling syntax is:

(nlm:grant-interface owner interface-name user)

The function nlm:revoke-interface deletes a tuple from the interface-
grants relation (you could also do this by using the rtmsdelete-tuples or
delete* functions). The calling syntax is:

{nlm:revoke-interface owner interface-name user)

At present, these interface granting and revoking procedures support one-
level sharing. That is, they do not allow you to give grant-privileges to
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other users so that they can share interfaces that they have access to but
do not own with still other users.

NOTE: Commands for granting and revoking interfaces will appear on
the NLMenu System menu in a future release.

7.2.3 The following discussion steps through the generation of a sample
RTMS database. Note that an already-generated version of the database
described below is included as part of the NLMenu RTMS Interface starter
kit. All portable specs, as well as already generated source grammars and
lexicons used in the database creation, are included with the system soft-
ware. In addition, sample data items, as described in paragraph 2.4.2, are
included in the file SYS:NLMENU-RTMS-INTERFACE;SAMPLE-DATA.LISP.
For a more complete description of the various RTMS functions mentioned
below, see the Explorer Relational Table Management System User’s
Guide.

1. Transfer to the NLM package. Do this by typing either of the following:

(pkg-goto "nlm')
(pkg-goto 'nim)

2. Create a database environment where the database system storage
structure is a heap, system implementation is a list form, relation
implementation is a list-heap form, all RTMS-generated messages are
turned off, and a directory is specified where RTMS saves the environ-
ment and database. The function caii is as foliows:

(rtms:define-environment 'nlmenu-env
'sys-sto '""heap"
'sys—imp "list"
'‘rel-imp "list"
'rel-sto '""heap"
'status nil
‘errors nil
'warnings nil
'validity nil
'dir "sys:nlmenu-rtms-interface;')

3. Save the environment:

(rtms:save-environment 'nlmenu-env)

4. Define the database, named NLMenu, so that the value of env matches
the environment name chosen when you defined the environment:

(rtms:defdb* nlmenu (dir "sys:nlmenu-rtms-interface;"
doc '""NLMenu database directory"
env nlmenu-env))
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5. Define the two relations necessary for interface management
{(definitions of these relations are included in the file SYS:NLMENU-
RTMS-INTERFACE;SAMPLE-DATABASE.LISP):

(rtms:defrel* nlmenu-interfaces (owner
interface-name
version
experts-file
portable-spec-file
grammar-file
lexicon-file
root
panes
constraints
creation-date)

(key Cowner interface-name version)

tuple-format (14 26 10 30 30 30 30 8 15 15 17)))

(rtms:defrel* interface—-grants (owner
interface-name
user)

(key Cowner interface-name user)
tuple-format (14 26 14)))

6. Define other desired relations.

The file SYS:NLMENU-RTMS-INTERFACE;SAMPLE-DATABASE.LISP in-
cludes relations to build the parts-and-suppliers database, a baseball statis-
tics database, and a university-courses database. The relations constituting
these three, logically distinct, databases are all defined in one actual
database, the NLMenu database. This facilitates rapid switching of NLMenu
interfaces, since you need not delete an old database from memory and
load a new one into memory with each context switch. Once a relation is
defined with defrel*, you can insert tuples as follows:

(rtms:insert* relation-name tuples
(tuple-1 ... tupie-n))

Loading the SYS:NLMENU-RTMS-INTERFACE;SAMPLE-DATABASE.LISP
file defines all the relations for the sample database and also inserts sample
data. Next, save the database on disk:

(rtms:save-database ‘nimenu
'(dir "sys:nlmenu-rtms-interface;'))

If you change some tuples in a particular relation, you can save that
relation with the call:

(rtms:save-relation relation)

You need not resave the entire database.
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Once you have created and saved the database, you can restore it to
memory in future Explorer sessions as follows:

(rtms: load-database* 'nlmenu
'(dir "sys:nlmenu-rtms-interface;'))

Because individual relations (other than the system relations) are demand-
loaded, you usually request preloading of the relations in the NLMenu
interface(s) with which you are currently working. A good way to do this
is:

(mapcar #'rtms:load-relation '(nlmenu-interfaces
interface-grants
relation-3

relation-n)
(circular-list '(dir "sys:nlmenu-rtms—-interface;'")))

This technique speeds up the initial access to a particular relation.

7.2.4 A default screen configuration suitable for creating NLMenu con-
straint windows for typical database interfaces is included with the system
and is shown in Figure 7-4.
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Figure 7-4 Default Screen Configuration

(defvar *nl-default-panesx*
((actions tv:kbd-command-menu-pane

:label "Commands'" :item-list ("))
(nouns tv:kbd-command-menu-pane

:label "Nouns' :item-list ("))
(modifiers tv:kbd-command-menu-pane

:label "Modifiers'" :item-list (')
(attributes tv:kbd-command-menu-pane

:label "Experts' :item-list ('"'"))
(comparisons tv:kbd-command-menu-pane

:label "Comparisons' :item-list (''"))
(features tv:kbd-command-menu-pane

:label "Attributes' :item-List ("))
(operators tv:kbd-command-menu-pane

:label '"Connectors' :item-Llist ('''"))
(commands tv:kbd-command-menu-pane

:label "System Commands' :item-List (')
(input sensitive-window-pane :label nil)
(logo tv:window-pane :label nil)
(disptay scroilable-output-window

:label "Nlmenu Display Window'")))

(defvar *nl-default-constraintsx*
((main . ((logo menu-strip commands input display)
((logo .025)
(menu-strip :horizontal (.49)
(first-strip second-strip third-strip modifiers)
((first-strip :vertical (.17)
(actions features)
((actions .14)
(features .86)))
(second-strip :vertical (.26)
(nouns comparisons)
((nouns .5)
(comparisons .5)))
(third-strip :vertical (.25)
(attributes operators)
((attributes .75)
(operators .25)))
(modifiers .32)))
(commands .075)
(input .08)
(display .33))3)))

The pane description is bound to the variable nlm:*nl-default-panes*,
and the constraint description is bound to nlm: *nl-default-constraints*.
The specific menus established in the default screen configuration are as
follows

NLMenu User’s Guide Database Interface  T-17



Formal Ideas
Underlying Database
Interface Generation
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Menu-Name  Label

Actions Commands
Nouns Nouns
Modifiers Modifiers
Attributes Experts

-

Comparisons  Comparisons

Features Attributes

Operators Connectors

Function

Imperatives, such as find, change, insert,
modify, and draw, are typically mapped to
this menu.

Relation names and experts that involve
an entire relation tuple are typically
mapped to this menu. For instance, the
phrases parts and < a specific part >
might appear as items on this menu.

This menu generally contains modifying
phrases based on database attributes. For
instance, the phrases whose color s,
which are shipments of, and the new city is
might appear as items on this menu.

Experts that involve specific database
attributes typically appear on this menu.
For instance, the phrases < specific
colors> and < specific part* > might
appear.

This menu is reserved for comparison
predicates such as less than and between.

Database attributes such as weight,
supplier*, and status typically appear on
this menu. .

Database operaiors or English connecting
phrases are typically mapped to this
menu. For instance, the phrases and, or,
the total, (, and the number of might
appear.

An introductory discussion of screen configuration development appears
in paragraph 4.8. For a more detailed account of the full constraint frame
language, refer to the Explorer Window System Reference.

7.2.5 These paragraphs describe the formal ideas behind the make-
semantic-grammar-version and make-semantic-lexicon-version methods.

7.2.5.1 Figure 7-5 illustrates a fragment of an RTMS semantic grammar
(minus translation lists) for the parts-and-suppliers example.
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Figure 7-5 Partial RTMS Semantic Grammar

s -=>
s =-=>
s —==>
s -->

PART-np -->

PART-mod -->

PART-mod -->
PART-mod -->

PART-mod -->

PART-tuples -->
PART-attr-constr —--> PART-attr (attr—-and PART-attr-constr)
PART-attr -->

Find-PART PART-np
Find-the-PART PART-attr-constr for PART-np
Delete-PART PART-np
" Insert—-PART PART-tuples
new-PART-tuple (tuple~and PART-tuples)

{PART# NAME COLOR CITY WEIGHT}
{modifiable-PART-np PART-expertl}

modifiable-PART-np --> PARTs (PART-mod-constr)

PART-mod-construct --> PART-mod-and (s-or PART-mod-constr)
PART-mod-and -->
PART-mod-base -->

PART-mod-base (s—and PART-mod-and)
{[left-bracket PART-mod-constr right-bracket]
PART-mod}

{[{whose-PART-PART#-is PART-PART#-expert]
[whose-PART-NAME-is PART-NAME-expert]
[whose-PART-CITY-is PART-CITY-expert]
[whose-PART-COLOR-is PART-COLOR-expertl}

whose-PART-WEIGHT-is comparison-pred

numeric-expr

with-PART-WEIGHT between numeric-expr

between—-and numeric-expr

Iwhich-are-supplied-by-SHIPMENT-PART-SUPPLIER|

SUPPLIER-np

A formal description of the technique for structurally embedding the
application-specific semantics into grammar rules can be given in terms of
a W-grammar. A W-grammar uses two levels of rules, hyperrules and
metarules. The hyperrules are templates that can be expanded into an infi-
nite set of context-free rules. The metarules provide the slot fillers that
instantiate these templates a finite number of times. In the NLMenu inter-
face generator, a core grammar is a set of hyperrules, together with meta-
rule constraints on how the substitutions occur. The portable-spec
categories provide actual values for the metarules. For example, one of
the core grammar hyperrules can be stated as:

rei-mod —> whose-rei-atir-is rel-attr-expert
rel-attr is an element of the nonnumeric-attributes category.

Assuming a corresponding metarule, taken from the portable spec of
Figure 7-1,

Non-numeric-attributes =
((part city) (part color) (part name) (part part#)
(supplier city) (supplier name) (supplier supplier#)
(shipment part#) (shipment supplier#))
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nine instantiated grammar rules result from the substitutions—one for
each (rel attr) pair in the nonnumeric-attributes category. For example,
when rel equals part and attr equals city, the following instantiated
grammar rule results from the substitution:

part-mod = whose-part-city-is part-city-expert

Thus, for the NLMenu-RTMS-interface system, semantic grammars are just
W-grammars where the binding time of semantic information to the
application-independent core grammar is at interface-generation time,
before any parsing begins.

7.2.5.2 Semantic lexicon generation proceeds in a manner analogous to
grammar generation. Each lexicon entry schema, when instantiated with
slot fillers from the portable spec, results in a lexical entry consisting of a
4-tuple with fields (category menu-item menu translation). An example of
an instantiated RTMS lexical entry for the parts-and-suppliers database is:

(whose-PART-CITY-is ''whose part city is'" MODIFIERS
lambda '(mem 'equ-db) city 'y))

In this example, the nonnumeric-attributes pair PART CITY was substituted
into a lexical entrv schema with slots for rel and attr. Using the value of the
nonnumeric-attributes category mentioned in paragraph 7.2.5.1, nine lexi-
cal entries would result from the substitution.

In addition to acting as substitutions, portable-spec categories can act as
existence constraints. Thus, if the portable-spec category insertion rela-
tions is empty, no lexical entry for Insert is present in the generated lexi-
con, and you see no Insert choice in the NLMenu selection windows, in
accordance with the intent of the spec.

While the core grammar and lexicon are relatively small (on the order of
30 grammar rules and 45 lexical entries), the size of the resulting semantic
grammars and lexicons is typically much larger, depending on the por-
table spec, which reflects the number of database relations and attributes
covered in the interface. Instantiating the core grammar and lexicon with
the portable-spec categories that describe the three relations in the parts-
and-suppliers database results in 118 semantic grammar rules and 111
lexical entries.
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GLOSSARY

A

abbreviatory
conventions

abbreviatory symbol

The rules concerning the use of abbreviatory symbols (see abbreviatory
symbol) within grammar rules. The abbreviatory conventions enable
grammar writers to collapse partially similar grammar rules into one rule
and thereby increase the efficiency of the grammar.

One of the three types of symbols used to collapse a number of rules into a
single rule. The abbreviatory symbols used by Natural Language Menu
(NLMenu) grammars are parentheses (for optional elements), braces (for
alternative expansions), and square brackets (for groupings within braces).

C

category

context-free
grammar

context-free
semantic grammar

See grammatical category.

A grammar where every rule has the form:
A—X

where
A is a single nonterminal symbol
— corresponds to English can be or becomnes

X is a non-null string of elements that can include terminal and/or non-
terminal symbols. :

Neither null terminals nor cyclical rules are allowed in the context-free
grammars handled by the NLMenu system.

A context-free grammar where each rule is augmented by a semantic
component, which is the translation function.
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D

daughter

depth-first
backtracking parser

depth-first
backtracking parser
with !IMORE feature

All grammatical categories that appear on the right-hand side of a rule.

A parser whose control structure applies rules to produce new states until
either a parse is found or no rules apply. In either case, such a parser then
backs through all choice points until all parses are found.

A parser with a normal depth-first backtracking control structure, except
that backtracking begins when no rules apply and the special token /MORE
is encountered. This feature enables the parser to leave a parse path
before it is finished and pursue another. The parser takes up the original
path later from the point at which it was left. This technique allows parsing
to begin given only a subset of the input string. The NLMenu parser utilizes
a control structure of this sort.

E

expansion list

expert

A grammar rule component that lists numbers corresponding to the posi-
tion of all left-corner or daughter elements of a rule associated with a given
translation function. The expansion list resolves ambiguity regarding
which translation list corresponds to which expansion of a rule when
abbreviatory conventions occur in the rule. Unambiguous rules and rules
without abbreviatory elements never need to contain expansion lists.

A routine that handles a specific task, such as input and validation of literal
values. Experts can be technically regarded as metalinguistic categories.

G

grammar

grammar compiler

grammatical
category

A set of rules that defines how words can be put together to form sen-
tences in a language.

The NLMenu system component that converts the external form of a
grammar into an internal form that is convenient for the parser.

Any symbol in a grammar rule besides the abbreviatory symbols. Each
terminal category also appears as the first part of some entry in the
lexicon.
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item

The second part of a lexical entry. It is the natural language form of the
input as it appears in a selection menu. The interface user constructs an
input sentence by selecting such items from a series of menus.

L

left corner

left-corner
parsing algorithm

lexicon

The first element on the right-hand side of a grammar rule.

See NBT parsing algorithm.

The dictionary of the NLMenu system. It relates each terminal category of
the grammar to a particular natural language phrase, its location on the
screen, and some translation in the target language. The four parts
of a lexical entry are the category, the item, the source menu, and the

translation.

M

mother

The category on the left-hand side of a grammar rule.

N

nonselective
bottom-to-top
(NBT) algorithm

nonterminal

A parsing algorithm that uses several push-down stacks. When some
reserved token, such as END, appears on the top of each stack, the string is
recognized. In its simplest form, the NBT algorithm begins with the lexical
categories of the words to be parsed on one stack and the start symbol on
another stack. It then applies rules in a bottom-up manner, with the ulti-
mate goal of constructing on the first stack a tree that has at its top the
symbol END followed by whatever start symbol was on the second stack.
This algorithm does not eliminate bad parse paths before trying them. (See
SBT algorithm.)

A category in a grammar that appears only singly on the left-hand, and
also without restriction on the right-hand, sides of grammar rules.

NiMenu User’s Guide

Glossary 3



P

parse (n)

parse (V)

parser

parse tree

portable spec

predictive parsing

The representation of the structure and meaning of a sentence that results
from the act of parsing (see parse (v)). This representation often is a tree
structure (see parse tree).

To resolve a sentence into its syntactic and lexical components; that is, to
analyze the structure and meaning of a sentence.

The NLMenu lexical analyzer. By using the grammar and lexical rules of
the language, it can examine input sentences for meaning and validity.

A graphic representation of a parse of a sentence. Each rule used in the
parse is depicted as a subtree that has the mother as the root node and the
daughters as the child nodes. The root of the parse tree is the start symbol
of the grammar, and the leaf nodes (those nodes with no children) are the
terminals in the sentences.

A specification of a set of categories containing all the domain-dependent
information necessary to specify a complete user-interface grammar and
lexicon.

A parsing technique to predict the set of possible nth words of a sentence,
given the first (n— I) words. The parser accomplishes this by looking at the
immediate goal of the parse state. To determine the words that can come
next, the parser determines the set of all nodes reachable from that node
as a left daughter. Then the parser finds the subset of such nodes that can
dominate (be the origin of) lexical material.

R

reachability matrix

root rule

rule element

A matrix that indicates whether each nonterminal node in the grammar
can dominate each terminal or nonterminal category in the grammar
where that terminal or nonterminal is on the leftmost branch. By means of
a reachability matrix, bad parse paths can be selectively eliminated with-
out being pursued.

Any grammar rule that has the start symbol of the grammar as its left-hand
side.

Any grammatical category occurring in a grammar rule.
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S

screen

screen description

selective bottom-to-
top (SBT) algorithm

semantics

source menu

syntax

A collection of windows.

A form containing all the information necessary for the NLMenu system to
draw and manipulate a collection of windows.

A parsing algorithm that is similar to the NBT algorithm. However, the
SBT algorithm employs a reachability matrix to eliminate bad parse paths
before trying them. The algorithm used by the NLMenu parser is of this
sort.

The rules that govern what constitutes a meaningful statement in a lan-
guage. Semantic rules determine whether sentences, while syntactically
correct, are nonsensical in meaning.

The window pane to which a lexical item maps.

The set of rules that govern the legal order of words within a language.

T

target language

terminal

translation

translation function

The language that is used by an application that has a natural language
front end (interface) created by means of the NLMenu system. A front end
is a package that acts as a buffer between the interface user and an appli-
cation program. The data manipulation language of a database is an
example of a target language.

A category that appears only on the right-hand side of some rule(s) in the
grammar.

An expression used by the translator in building a target string. A transla-
tion is part of every NLMenu lexical entry.

A rule associated with each NLMenu contexi-free rule indicating the order
in which the translations of the symbols on the right-hand side of the arrow
symbol of a context-free rule are to be combined. When a translation func-
tion appears in a rule containing abbreviatory elements, it can optionally
include a number list indicating which expansion of the rule is to be asso-
ciated with it.
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w

well-formed
grammar

window

word-at-a-time
parsing

A grammar that is free of syntactic and semantic errors.

A region of the screen. Typically, distinct programs can coexist by being
run in separate windows.

A parsing technique that enables the parser, given a word, to go as far as it
can in analyzing the current input and also in predicting the set of next
possible inputs. This technique increases the perceived speed of the parser
because parsing continues while the user is entering input.
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