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OBJECTIVE

Investigate the technological capabilities demonstrated by LADDER. Provide insights
into advanced concepts contributing to the enhancement of query systems in general.

RESULTS

1. Maintaining large lists of proper names in a grammar is unnecessary and wasteful
because of the specificity of operational contexts. It is more logical to base the placement of
identifiers in the grammar on user-system interactions, supporting particular contexts as
required.

2. Adaptation of grammatical constructs and internal views of data base structure

can be developed to reflect user-oriented contexts. Interactive and automatic generation of
profiles for information retrieval tasks can assist the user by anticipating his information
requirements.

3. Development of software to profile an individual’s capabilities and approaches
for solving problems in specific tasks can further assist the user. Such software can provide
a “‘user friendly” environment — one that is tailored to each individual — in which to per-
form those tasks.

4. Taken together, these conclusions form the basis for conceptualization of
“intelligent™ query systems or “intelligent assistants™ that can delineate the scope of an in-
formation retrieval task, can perform routine, preliminary footwork to establish situation
contexts for the user, and can provide assistance to user interactions and query processing
through intelligent guidance and organization of information.

RECOMMENDATIONS

1. Use LADDER as a tool to investigate these concepts in experiments with
actual users.

2. Conduct such investigations to validate the theoretical foundation for these

concepts and to examine resulting effects on performance of information retrieval tasks.
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INTRODUCTION

During FY 78, the LADDER (language access to distributed data with error re-
covery) natural language query system was evaluated in the Advanced Command and
Control Architectural Testbed (ACCAT) facility at NOSC San Diego. The operational
utility of LADDER with respect to command and control applications was assessed in an
experiment using Navy officers as subjects (ref 1). A second eftort, the subject of this
report,considered the technological capabilities demonstrated by LADDER and provided
insights into advanced concepts contributing to the enhancement of query systems in
general.

The use of natural language for querying data bases has been a widely researched
issue for a number of years (see natural language bibliography). Although several experi-
mental systems have resulted from this research (ref 2-4), few have been applied to the
operational needs of specific users. One exception is the LADDER (language access to
distributed data with error recovery) system, which was developed as a management aid
to Navy decision makers by SRI International (ref 5).

Underlying capabilities of LADDER, however, exhibit a range of application much
broader than it was designed tor. LADDER is therefore useful for the evaluation of query
system features in general as well as natural language systems.

NOSC. San Dicgo, performed rather extensive test and evaluation of the LADDER
system during FY 78 as part of the ACCAT project, jointly funded by DARPA and
NAVELEX. The evaluation progressed along two mutually supportive assessments: (1) the
operational utility of LADDER with respect to its interactions with Navy users, and (2)
current and advanced capabilities of LADDER deemed appropriate to Navy command con-
trol systems. The first assessment (ret” 1) provided valuable insights into the utility of a
natural language system and indicated unexpected eccentricities in the man-computer
diatogue. This report focuses on the second assessment. It addresses a number of issues
that could ultimately enhance the operational use of LADDER. In fact, many features
discussed herein are not restricted to LADDER, or even to natural-language-based systems.
Concepts of particular interest deal with user interactions, certain grammatical constructs,
and data access techniques. These concepts imply a query system design which emphasizes
user supportive responsibilities of the query system and of the data base management
system.

1. NOSC Code 8321 [tr rpt, Performance of a Natural Language Query System in a Simulated Com-
mand Control Environment, by HG Miller, RL Hershman, and RT Kelly, May 1978,

2. REQUEST: A Natural Language Question-Answering System, by WJ Plath: 17 i Journal of Research
and Development, vol 20, July 1976, p 326-335.

3. An English Language Question Answering System for a Large Relational Database, by DL Waltz:
Communications of the ACM, vol 21 no 7, July 1978, p 526-539.

4. BBN Report 2378, The Lunar Sciences Natural Language Information System: Final Report, by
WA Woods, RA Kaplan, and B Nash-Webber: Bolt, Beranek and Newman, inc, Cambridge MA,
1972,

N

. Final Technical Report, Project 4763, Mechanical Intelligence: Research and Applications, by ED
Sacerdoti (ed); SRI International, Menlo Park CA, December 1977,




This report is conceptual and is not to be construed as a preliminary statement of
functional specifications tor a Navy query system. However, a fundamental goal of
ACCAT is to “shape and influence the research and development of appropriate
information processing technology such that it is potentially transterable to the Navy
for command control applications™ (ref 6). Opinions of the operational community
need to be shared with researchers throughout the evaluation process. This report is
one attempt to fill that need.

LADDER has been established as an extremely flexible tool for the investigation
of query system features. It will be used in future experiments with operational personnel
to test alternatives to a purely natural language front end. Nearly all of the features and en-
hancements described herein are considered to be within the state of the art in artificial
intelligence and information processing and could conceivably be demonstrated by using the
LADDER system. (As will be explained, some of these features have already been demon-
strated.) Much of LADDER’S evolutionary growth has been in response to experimental
results and observations from NOSC analysts. illustrating that interaction between research
and operational communities in the early stages of system development can prove
beneficial.

INTELLIGENT INTERPRETATION OF USER INPUTS

A natural language system such as LADDER faces a much greater chatlenge in cor-
rectly interpreting user inputs than do the menu select, function key or structured Fnglish
approaches, in which the range of input is generally well-detined and can be readily antici-
pated by the system. The inherent flexibility of natural language prohibits the syvstem from
Knowing what to expect when a user imitially interacts with the system og as he proceeds
from one query to the next. Even though LADDER is concerned with a specific conceptual
domain - Navy command and control -~ and thereby limits query context somewhat, the
structure of user inputs is secemingly endless, varying from simplistic ““unnatural™ queries
(“WHAT NATION PECOS™) to more complicated structures (“WHAT SHIPS WITHIN
500 MILES OF THE PECOS HAVE A DOCTOR ABOARD™) (ref 1). LADDER developers
attempted to overcome this problem by providing (1) a reasonable coverage of user syntax
with respect to the given context (semantically-oriented grammar (ref 5)) and (2) the capa-
bility for grammar expansion, to incorporate specific user-idiosyncratic constructs. These
two provisions together provide the user with total syntactic coverage. although for complex
structures he must have considerable knowledge of the generative methodology tor the
grammar. (In such cases personnel responsible tor system maintenance generally are called
upon for assistance.) Maximum syntactic coverage can best be provided through extensive
system testing at operational command and control centers, where users interact with the
system in their own jargon and task-related terms. Grammatical modifications would then
reflect user-specitic requirements. Although it would be desirable tfor such testing to be done
in simulated command and control centers in the NOSC ACCAT facility. there is no way
to duplicate the variety of situations and information retrieval requests that occur in the
actual environment.

One implementation issue tacing LADDER as well as other query systems (particu-
larly those providing some form of automatic validation of user input) is the inclusion of
proper names (ships, ports, aircraft types, surface tracks, ete) or identification codes in the
grammar itself. Specification of unique identifiers serves a number of useful purposes.
Examples:

Incorrect spellings often can be recognized and corrected.

6. NOSC Code 8321 Itr rpt, Advanced Command and Control Architectural Testbed Concept of
Operations Plan, vol 1, July 1977,




The context of the query can be deduced by recognizing the classification or
category to which the identifier belongs.

Implicit assignment of context based on the interpretation of identifiers enhances data re-
trieval by supporting the translation of user input to commands understood by the data base
management system. The context designates what files are to be accessed and what attributes
or fields are to be retrieved. For example, although the attribute, MAXIMUM SPEED., is ap-
plicable to both ships and aircraft, each file might have its own name (eg MAXSPEED in the
aircraft file, MCSF in the ship file). Recognition of the object provides the appropriate con-
text from which the data base query can be generated. Without this information, the query
system would be forced to search several files for the specified identifier. If the grammar is
to recognize identifiers, however, it must maintain lists containing potentially thousands of
such items. This places a tremendous burden on the system developers and the computing
resources. Moreover, provision must be made for the updating of dynamic elements (flights,
surface tracks, air tracks, etc) either through direct interaction with the data base manage-
ment system, in response to the presence of certain “alert™ criteria, or through operator
action based on other sources of information or on operator knowledge of values stored in
the data base. The latter method places considerable burden on the user and increases the
likelihood that inconsistencies could arise between the data base and the grammar’s
knowledge.

An apparent dichotomy exists: the grammar should be smart enough to recognize
and understand (ie determine the context for) proper names of static and dynamic objects.
but should not have to maintain gigantic lists of such names, that is. to remember what the ob-
jects are and what they are called. A partial resolution of this problem is suggested by con-
sidering the user environment in which LADDER or some other query system might be
employed. Very simply. no operator will require information on al/l objects in the data base
at any one time (if ever). Instead. cach command and control center is concerned with a
specific area of interest and with a limited subset of information contained in the data base.
Suppose, then, that the query system has no a priori knowledge of object identifiers but will
learn them through interaction with the user. For example, an operator may ask, “"WHERE
IS THE CONSTELLATION?" In LADDER, the query cannot be parsed unless the name is
in the grammar. More appropriately. the query system could respond as follows:

THE IDENTIFIER, CONSTELLATION, IS NOT
RECOGNIZED BY THE SYSTEM.
DOES IT DEFINE A

A. SHIP?

B. PORT?

C.  AIR TRACK?

D. SURFACE TRACK?

The user then specifies the intended interpretation, whereupon the system can properly
categorize the name and formulate data retrieval commands for processing by the data base
management system. The identifier would become a permanent element in the grammar
(at least for the duration of the current transaction), available tfor use in subsequent queries
without further specification.




Query responses also contain information relating to the user’s context. It an oper-
ator asks “WHAT SHIPS ARE WITHIN S00 MILES OF NAPLES?™ he is obviously indicating
some interest in the ship names which will be returned. This list of names can be intercepted
briefly by the query system, to incorporate these names into the grammar, then passed on to
the user. By these two methods — interacting with a user to provide interpretation of un-
known object names and presuming that response information reflects the user’s scope of
imterest — a contextual tramework s generated within the grammer for that particular trans-
action. This modified grammar will be referred to as a “contextual™™ grammar. Instead of
the grammar’s having to be so general as to require no human assistance in understanding
queries, the system becomes adaptive, responding to the needs of specific users or classes of
users. Once defined, a contextual grammar can be preserved for later reference. A com-
mand and control center could conceivably possess a library of such grammuars, cach ap-
propriate to specific tasks of individual users (eg routine reports or briefings) or to overall
missions assigned to a staff of users (eg transit planning, scarch and rescue operations, ¢te)
Contextual grammars are fundamental to the concept of mission profiles, to be discussed
later in this section.

Some problems are anticipated in implementing an adaptive grammatical scheme as
introduced above. First, the specified name in a query (eg "CONSTELLATION™) might not
be a valid name in the data base. To illustrate this situation, suppose a user inquires about
the carrier JOHN F. KENNEDY . although the name stored in the data base is really
“KENNEDY JF" oreven “JFK.” The data base management system would be unable to
find any data for the “JOHN F. KENNEDY.™ A possible solution is to create a list of trans-
lations from “‘synonyms’ to proper data base values. Although this list of associated names
could conceivably become quite large — in contrast to the grammar it may be desirable to
create just one such file for all names — its relative stability would permit etficient structur-
ing of the data tor rapid access of any record. Uncommon, user-specitic synonyms such as
“MYBOAT™ tfor "CONSTELLATION™ could be detined in the grammar itself (LADDER
has this capability). so that an initial translation to a common name can occur when the
query is parsed. Morever. tollowing interaction with the data base management system, the
actual data base value could be substituted for the common name. providing a one-step trans-
lation to a value consistent with the data. This procedure would preserve the stability of the
tile of associated names. would save query processing time for future references to that name,
and would contribute to the concept of grammatical adaptation to the user’s specitic needs.

A second problem involves the definition of appropriate query syntaxes that would
incorporate unknown or indefinite patterns. When the input is parsed. the presence of these
patterns would cause the system to initiate interaction with the user to determine the proper
interpretation of unknown identifiers. Investigations at NOSC/ACCAT have demonstrated
the feasibility of this approach through definition of a top-level pattern in LADDER:

(WHAT) (BEY (ATTRIBUTE)Y COFY INDEF.NAMI)
where INDEF.NAME can be matched by a variety of words or phrases. such as
(1) a known (ic already listed in the grammar) ship. port. track. flight. ete

(2) VESSEL name
FLIGHT number
TRACK NUMBER identitier
(Here, the name or identifier is qualified by an explicit descriptor. It the name
is not known to the grammar, it is automatically added to the appropriate list)

(3) an arbitrary word or phrase




In item (1) no interaction with the user is necessary: the object name has been defined pre-
viously. In item (2) the same is true if the object name is known to the grammar: otherwise,
the system may want to ask for confirmation from the user (in case of spelling error) before
placing the name into its proper category. To handle item (3). the system interacts with the
user in a manner similar to that shown ea:¥er. Grammatical modifications used to perform
these actions are given in appendix A.

The same principle applies to an indefinite name that occurs in the interior of a
query (eg “HOW FAR IS XYZ FROM HONOLULU?"). In LADDER, the parser would be
unable to continue past the word “XYZ," assuming it is not part of the grammiar. At that
point, it may be possible to present the query tail “*XYZ FROM HONOLULU™ to the operator,
to ask him to enter the word (or phrase) he intended to use as the object name, to ask for
definition (categorization) of the object name, to enter the name into the appropriate cate-
gory, to remove the word(s) from the left end of the tail, then to proceed with the parsing.
Although the programming details are not trivial, this approach appears feasible. Top-level
syntaxes (at least in a LADDER-like system) would become more general, with context-
specific patterns (eg (SHIP) and (PORT)) replaced by (INDEF.NAME) productions. In this
respect, the grammar may become easier to modify and maintain.

In the above discussion, it was contended that recognition of context facilitates trans-
lation of user input into the language of the data base management system. In LADDER,
user queries are actually translated to an intermediate language. called the IDA (Intelligent
Data Access) query language. which is then used by the IDA subsystem to generate Data-
language (ref 5. 7. 8). Unless the context is recognized. the query “WHAT IS THE SPEED
OF XYZ?" is difficult to translate. If XYZ is a known ship, for example, the query should be
translated to the IDA query

(? PTS) (NAM EQ *XYZ").

To obtain the answer, the resulting Datalanguage would calculate the join of the SHIP and
TRACKHIST relations by using the common attribute of UIC (Unit Identification Code) or
VCN (Vessel Control Number). If XYZ is an air track identifier, on the other hand, a second-
ary translation of attribute PTS (the only grammatical translation of the word “SPEED”) is
necessary to access attribute SPEED of the AIRTRACK relation. Thus, although IDA may
receive the query

(? PTS) (ATRACK EQ ‘XYZ").

it (currently) will not generate correct Datalanguage. even though IDA knows that SPEED
is the synonym for PTS in the AIRTRACK relation. If the front-end grammar were to be-
come more aware of the context, the problem could be avoided completely by issuing the
proper query

(? SPEED) (ATRACK EQ ‘XYZ")

to IDA, explicitly indicating what file to access to obtain the response.

Ambiguity resolution clearly represents one of the most difficult problem areas in a
natural language system. Given a query satisfying more than one interpretation, LADDER
does have the capability of displaying possible interpretations to the user, who can there-
upon select the correct one for processing. LADDER does not normally operate in this mode.
however, since determination of all possible interpretations is time-consuming. Morcover, it

7. Datacomputer Version 5 User Manual: Computer Corporation of America, Cambridge MA. July
1978.

8. The Datacomputer — A Network Data Utility, by T Marill and D Stern: AFIPS Conference
Proceedings, vol 44, May 1975, p 389-395.
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is assumed that the incorrect response will encourage the user to rephrase his question less
ambiguously. By and large. the first interpretation generated by the system is the best anyway .
presumably ., little would be gained by the extra processing time of the alternate mode. This
trade-oft is unavoidable, at least until the natural language query system has better under-
standing of context and nuances of meaning. Since this discussion is primarily concerned

with modifications to LADDER that involve moderate effort but are hoped to result in sub-
stantial improvements in operational utility, ambiguity resolution remains an open issue

Although a natural language system cannot in general anticipate user queries., there
are circumstances for which it can. Fooexample. an operator may ask "WHA'T SHIPS ARI
WITHIN 500 MILES OF THE PECOS?™ To determine the response. the system finds first
the position of the PECOS, then the positions of all other ships. For each ship. the distance
to the PECOS is calculated. Those within SQO miles are stored in the response list. Since. in
this case, the data base management system has to access ship positions in the TRACKHISI
file. there 1s hittle cost (ie time) involved in also retrieving auxiliary information such as
course and speed trom that file. Furthermore. the SHIP relation was also accessed to deter-
mine ship names trom the positional information. (TRACKHIST uses ship UIC and VCN. not
the ship name perse.) Theretore data trom that tile could be added to the auxiliary butter
(such as ship class, nationality and type). The extra attributes are part of the tuples already
located tor the essential information: no extra searching time is necessary to find these values.
When the user is presented with the requested data. such as simply a list of ship names in the
above example. the system could ask DO YOU CARFE TO SEE MORE INFORMATION?™
It the user answers “yes.” the system would display the amplifying information immediately
without having to pass a new IDA query to the data base management system for processing.
For general queries. the system would have to be much more selective to ensure (1) that the
amplifying information does not repeat data contained in the query response (except for
identification of the objects in question) and (2) that the additional data relate to the cor-
rect objects (those contained in the response ) rather than to intermediate values used to
calculate or quality the result. For example. it the user asks “WHAT SHIPS ARE FASTER
THAN THE FASTEST US SUB?™. no amplitying information should be retrieved for the
“FASTEST US SUB.™

LADDER has the capability to refer to a previous query to resolve pronominal refer-
ences and elliptical. or incomplete. queries. Additionally. a previous query. numbered by the
INTERLISP system. can be reentered and processed by using the REDO command. specity-
ing the query number or range of query numbers to be “redone.™ (See ref 9 for a description
of the REDO command.) For this capability to be truly usetul, the operator would need to
preserve earlier portions of his transaction on hard copy to refer to those numbers. Fre-
quently used queries or a complicated series of questions can be defined as a single query by
using the macro-paraphrase feature of LADDER. For example, the following questions
might commonly be asked in a search and rescue operation in which PECOS is assumed to
be the name of a distressed vessel:

WHAT SHIPS ARE WITHIN 500 MILES OF THE PECOS?

WHAT IS THEIR READINESS? v

WHICH OF THESE SHIPS HAVE A DOCTOR ABOARD?

HOW LONG WOULD IT TAKE THESE SHIPS TO REACH THE PECOS?

The simple statement “SARSITUATION AROUND PECOS™ can be defined as a paraphrase
of the given series of questions. Morcover. the question is not restricted to the PECOS: if

9. INTERLISP Reference Manual, by W Teitelman: Xerox Palo Alto Research Center. Palo Alto CA.
December 1975.




3
any other ship name is used, LADDER will make the appropriate substitutions. This capa- 1
bility is analogous to the stored query capability of the operational NWSS (Naval WWMCCS 8
Software Standardization) Query Module (ref 10). In that system, queries composed in 1

fixed format can be placed into a Stored Query File for future use. When recalled, the
queries may be modified and/or passed to the Query Module for processing. In each of the
above requests, LADDER recomputes the distances from all ships to the PECOS to satisfy
the pronominal references to “SHIPS WITHIN 500 MILES OF THE PECOS.” It would be
more efficient for the query system to place the actual ship names satisfying the given qual-
ification into its memory and to use that list to determine the responses to subsequent
references.

The features just discussed comprise the ability of the query system to remember
prior interactions and to provide recall so as to simplify operator composition of new or
repeated queries. Elliptical and pronominal references represent an immediate recall of the
user’s inputs: macro-expansions (ie stored queries in the Query Module context) are a more
permanent recollection of the user’s information retrieval needs. When elliptical and pro-
nominal references are used in conjunction with the grammatical modifications discussed
previously, a query system can be envisioned that would no longer be a passive recipient of
user requests but an active, intelligent assistant that aids the user in the performance of his
duties. Based on a given task. an appropriate grammar would be selected. either automatic-
ally or by the user, to profile the user’s information requests. Such a mission profile would
be defined by the contextual grammar and by stored macro-expansions. The latter would
allow the user to easily obtain general, task-oriented information typically of import to the
given mission. Additionally, amplifying information would be stored for the user’s attention
should he desire to view it. The grammar itself would further adapt to the relevant context
throughout the interaction by determining what ships or aircraft are involved, what sensor
data are necessary, what tracks are pertinent, etc. In short. the query system would provide
the environment, or mission profile, by which the user could easily and efficiently accomp-
lish his information retrieval tasks. The user would retain the option of asking ad hoc queries
in order to obtain further insight into the given situation, to retrieve data unrelated to the
current context, or to establish a new context altogether. With the traits of adaptability. con-
textual awareness, and flexibility thus incorporated, the query system becomes responsive to
the user’s needs, thereby providing the intelligent interpretation of his requests essential to
effective utilization of the system.

INTELLIGENT DATA ACCESS

Beyond having the “intelligence” to comprehend user inputs, a query system
can exercise some degree of judgment in the actual access and retrieval of data. Data
discrimination (providing only what is asked for) and optional response amplification. as 4
introduced in the preceding section, are two examples of such judgment. The IDA subsys- 3
tems of LADDER have been found to be adequate for a number of applications, but some- “?
what difficult to use when applied to the Navy data base resident in the NOSC/ACCAT
system. This became apparent during efforts at NOSC/ACCAT to expand both the front-end |
grammar and the IDA schema (IDA’s notional model of the data base structure) from the ,
limited view supported by the Bluefile data base (ref 11) to a more complete Navy context 'S

10. NAVCOSSACT Document 07A001A UM-04, Navy WWMCCS Software Standardization: Book 3
Query Module User Manual; Naval Command Systems Support Activity, May 1976.

11. NOSC Code 8321 Itr rpt, The Relational Model for the Bluefile Data Base (Revised), November 1976.
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represented by an at-sea command and control center data base (ref 12). The problems
encountered during those efforts will be discussed in this section. Furthermore, possible
approaches to data access to solve these problems will be suggested.

Currently, IDA contains a very straightforward algorithm for determining what files

(ie relations) are to be used to obtain the data requested in a query. (As discussed previously,

the user’s query is translated to IDA query format by the front-end grammar.) At each iter-
ation of the algorithm, the system possesses a list of relations already chosen (empty in the
first iteration) and a list of fields in the query which have not yet been covered by chosen
relations, ie that cannot be found in the attribute lists of the relations already selected. The
next uncovered field in the query is selected, and the algorithm attempts to find a relation
that

(1) covers the selected field,

(2) has a direct link (via a common attribute) to a relation already chosen (if one
exists), and

(3) covers as many uncovered fields as possible.

IDA processes the query from left to right, attempting to minimize the number of relations
which will need to be accessed. For example, given the relations (and associated attributes)

SHIP: (NAME CLASS TYPE PTP TPD CONVOY)
SHIPCLASS: (CLASS TYPE LGH DRAFT)

IDA accesses only the SHIPCLASS relation to determine
(? LGH) (CLASS EQ ‘BELKNAP")

(ie WHAT IS THE LENGTH OF BELKNAP CLASS SHIPS?), since both LGH and CLASS
are found in that file. For the IDA query

(? LGH) (NAME EQ ‘FOX")
(ie WHAT IS THE LENGTH OF THE FOX?), IDA generates two retrieval requests to
the data base, for simplicity also shown in IDA query language format, of the form

IN SHIP RELATION: (NAME EQ ‘FOX") (? CLASS)
IN SHIPCLASS RELATION: (? LGH) (CLASS EQ ‘BELKNAP’),

where (CLASS EQ "BELKNAP’) was the response to the initial query. In this example, IDA
builds a reference to both the SHIP and SHIPCLASS relations, essentially generating the join
of these two relations over the common attribute CLASS. This file linkage information is
also contained in the structural schema known to IDA. In actual system testing. however, it
was found that IDA does not always consider files having direct linkage to ones already
chosen, but simply selects any file connected to the chosen file and containing the requested
field. The current IDA does not determine the shortest path to use for data retrieval, but
instead selects whatever path it finds first (whether it is a direct path or an indirect one
through several intermediate nodes). Although an optimization procedure in such a case may
be time-consuming, processing time spent for that purpose may be considerably less than the
data retrieval time that results from a long access path in which the values of intermediate
links must also be found in the data.

The source of this problem relates to problems discussed in the previous section.
When the front-end grammar is given the request “WHAT IS THE SPEED OF XYZ?" the
attribute “SPEED™ is translated to a specific field name used in the data base. For example,

12. NOSC Code 8321 Itr rpt, Expanded Relational Models for the Fleet Command Center and At-Sea
Commander’s Databases, March 1977.
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if XYZ is a ship, the current speed of XYZ is found in attribute PTS of the TRACKHIS'
relation. (The examples to follow will refer to a modified Bluefile data base structure
created at NOSC/ACCAT.) Without a context-dependent translation, the grammar makes
the same translation for SPEED (ie to attribute PTS) if XYZ is an aircraft type or a flight
number. Context-specific patterns, on the other hand, would ensure that aircraft attribute
names would be associated with aircraft, flight attributes with flights, ship attributes with
ships, and so on. The trade-off is in the simplicity of a generalized grammar, as compared to
problems of development and maintenance of a context-specific grammar. One attempt at
a compromise is exhibited by reconsidering the above example. If XYZ has been interpreted
as an aircraft type, IDA is given the query

(? PTS) (AIRNAME EQ ‘XYZ").

In the IDA schema, PTS is defined as an attribute belonging to relations TRACKHIST and
AIRCRAFT, but having a synonym of, say, MAXSPEED in the AIRCRAFT relation. This
| allows IDA to make the necessary translation to the context-specific attribute. Operation-
: ally, however, IDA has been found to be in error in similar situations, incorrectly answer-
ing the query

(? PTS) (NAM EQ ‘XYZ")

(when XYZ is a ship) by accessing the AIRCRAFT file for PTS. Since the attribute PTS is
not found in the SHIP relation, the first relation found to cover the field is selected, rather
than the first relation directly linked to the one containing the specified field. If the order
of the query is changed to

(NAM EQ ‘XYZ") (? PTS)

it will be processed correctly, suggesting a modification to the algorithm whereby relations
covering qualified fields are selected first, relations linked to those selected by a common
attribute are next checked for uncovered fields, then relations indirectly linked through one
or more intermediate relations are checked for remaining uncovered attributes. By
appropriate search procedures, it may be possible to actually determine the shortest access
paths to the required data in terms of the number of relations accessed, including intermediate
relations.
If the context is recognized by the grammar (eg a specified aircraft name is associated
& to “AIRNAME™ in the IDA query), the simplest solution may still be to perform the neces-
5 sary translation of the attribute category (eg SPEED) to specific attribute labels associated
' with the identified context. The translation could occur before or after IDA is called to
process the IDA query language translation of the user’s input. Nonetheless. the above dis-
cussion covers a more general situation: no matter how well the query context is specified,
multiple file accesses through one or more intermediate relations will always be a possibility.
Efficient determination of the shortest access paths would enhance system operation in all
cases.

m———

A

Grammatical adaptation to user context, as proposed in the previous section, leads to
consideration of the possibility of dynamic data base conformity to user requirements. At
; least, the query system’s “‘view” of the data base structure could adapt to context by con-
g centrating strictly on those access paths recognized as satisfying the user™: information needs.
3 By restricting the number of relations used. shortest path determination« become considerably
more efficient, particularly when the total number of relations in the data base is large. Fur-
thermore, the data base remains unchanged: only the internal model of the data base
structure changes. In the IDA context, the system would construct a data submodel on the
basis of user queries, gradually shifting from the total structural model to the submodel as

§
¢
3

11

e i




the latter becomes more capable of covering all fields of the user’s requests. Using a modi-
fied covering algorithm, as discussed above, undefined links or attributes encountered during
processing would signal an incomplete representation of the structure in the submodel,
whereby the total model would be used to determine the response. Links, relations, and
attributes in the total model used to generate the query response but not yet incorporated
into the submodel would then be added to the submodel, providing a broader coverage for
subsequent queries.  The resultant structure would support the specific information retrieval
task defined by the user. As with contextual grammars, context-specific submodels of the
data base structure provide tfundamental building blocks of the mission profile concept.

An even more ambitious goal is to create a context-specitic partition of the data base
itselt  either a physically separate substructure or a collection of pointers that allow rapid
and direct access to portions of the data base of interest to the user. The first alternative
requires creation of substantial updating features to ensure the integrity of data in the sepa-
rate partition. This is similar to the update problem for a network of distributed data bases,
many of which have certain data elements in common. Maintaining data integrity and cur-
rency i a distributed data base is a nontrivial problem. The Query 3 system, which is a
structured English query system.* creates a “snapshot™ of a portion of the data base by
copying entire tuples of a relation as specitied by the user. No attempt is made to keep
the values of those elements current with the main data base, however. The second alterna-
tive demands a great deal of knowledge on the part of the query system, specifically with
regard to the physical location of data in the machine, and requires a detailed interface with
the data base management system. The advantage, ot course, is that although data are not
changed or copied, explicit access paths to the data of interest are created, greatly reducing
the long search and retrieval times which can occur for large files. Implementation details
for such a scheme are beyond the scope of thas paper, particularly with regard to specifica-
tion of necessary interactions between i this case - LADDER and Datacomputer. The
concept does appear worthy ot investigation prior to defining firm query system requirements
tor Navy command and control use.

INTELLIGENT SUPPORT OF USER INTERACTIONS

The previous two sections have discussed three methods by which a query system
can assist a user semantically: by correctly interpreting the meaning of his inputs, by facili-
tating the retrieval of desired data, and by creating an environment to fulfill specific mission
or task-related information requirements. The discussions dealt with how the system is to
process queries, thereby focusing on the internal tunctions of the query system. In this sec-
tion, the emphasis shifts to the system “front end,” the user-system interaction itselt,
although the presentation does not address the physical man-machine interface (ic how
the user interacts with the terminal). How thie system interacts with a user is of primary
concern since it determines how ““comfortable™ the user will be with respect to his
emotional and mental state of mind. Many features can be incorporated to create a
user-friendly environment, such as prompting, tutorial assistance, user-specificd formats
for output responses, meaningful and precise error diagnostics, protection against
system failure, auxihary terminal activity during long querny processing and retrieval

*A version of Query 3 is resident on the University of Southern California lnformation Sciences
Institute System I DEC KL 20/40 (ARPA node 116); on-line documentation is available on
that system.




delays, and so on. Since combinations of such features can be found in nearly any user-
interactive system, the implication exists that making the environment more benign enhances
system utility. This contention is not argued here: it is accepted as intuitively obvious.

Conceivably, the user-system interaction could become even more friendly if it
could characterize the capabilities of each user in some way and, on the basis of this charac-
terization, could provide a level of assistance and guidance commensurate with the preceived

abilities and limitations of the user. The characterization, or “‘profile’ (hence, *“‘user profile™).
would be generated from previous interactions with the user. Evaluation criteria could be
defined to assess the user’s capabilities with respect to various aspects of system operation
and his knowledge of system features. Using this model of the user’s capabilities, the system
would control certain portions of the user-system interaction, such as prompting, tutoriai
assistance. and other areas for which the system knows that the user requires aid. The
profile, therefore. would not only reflect specific features desired by and for the user in the
traditional sense. but would also contain the system’s understanding of the user’s current
level of proficiency. frequency of use (to determine whether a refresher course is warranted
after a long period of inactivity) and other characteristics.

The user profile is clearly distinct from the concept of mission profile in that the
former characterizes the user and his preferences and abilities, whereas the latter character-
izes the user’s areas of concern, data access paths, and query grammer appropriate to specific
missions and retrieval tasks. The user profile concept may be expanded even further: it
may be possible for the system to generate a model of the conceptual approach to a prob-
lem as exhibited by a user, particularly with regard to specific types of missions or tasks
performed frequently by the user. Repetition of tasks provides a statistical base from which
to generate the profile. By observing the user’s problem-solving methodology and by creating
a model of these processes. the system would become an intelligent assistant in subsequent
tasks, prompting for information or automatically presenting data in the logical sequence
appropriate to that user’s conceptual outlook. Together with mission profiles, then, the
system would contain personalized problem-solving approaches for the accomplishment of
specific tasks, adapting to changes in the user’s domain of interest as well as to modifications
of the user’s analytical approach.

The achievement of mission and user profiles, as described herein, certainly faces
more rigid constraints than the reaches of one’s imagination. The nature of those
constraints, however, has not yet been determined. At present, implementation of mission
and user profile concepts, at least on a preliminary level, is considered to be within
current computing capabilities. Within an experimental environment, such as that provided
by the ACCAT facility, the utility of such applications of artificial intelligence to query
processing in a Navy command and control environment can be measured and evaluated,
thereby supporting the generation of functional requirements for future systems.

CONCLUSIONS

LADDER has been found to be an extremely useful tool both in determining the
utility of natural language query systems for information retrieval in a command and con-
trol environment and for studying user-supportive features which may enhance the utility
of any query system. These features induce the concept of an intelligent assistant: a query
system which actively aids the information retrieval process by (1) delineating the scope of
the problem, (2) performing the routine, preliminary footwork that establishes the context
for the user, and (3) assisting the user’s interactions and query processing through intelligent
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gurdance and organization ot mntormation. LADDER provides an effective tramework from
which the teasibility ot such concepts can be proven, both trom a theoretical standpoint
and with respect to actual user interactions in command and control situations

RECOMMENDATIONS

| Modity LADDER to incorporate user profile and mission profile concepts
desenbed heremn.

P Conduct experiments with operational users to examine the effects of these
concepts on performance ot the query system
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APPENDIX A: MODIFICATIONS FOR DEMONSTRATING FEASIBILITY
OF ADAPTIVE GRAMMAR CONCEPTS

This appendix shows the modifications made to the LADDER grammar to demon-
strate the feasibility of the adaptive grammar concepts. No attempt is made to describe
precisely how the modifications accomplish the desired effects, since this would require
substaniial discussion of the organizational structure of the grammar as well as the process-
ing logic performed by LADDER. For details of the mechanics of these operations, see

LADDER documentation* or contact NOSC/ACCAT analysts familiar with these
procedures.

*Hendrix GG, Technical Note 138, the LIFER Manual: A Guide for Building Practical Natural Language
Interfaces: SRI Artificial Intelligence Center, Menlo Park CA, February 1977.

Final Technical Report, Project 4763, Mechanical Intelligence: Research and Applications, by ED
Sacerdoti (ed); SRI International, Menlo Park CA, December 1977.
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PROCEDURES

(LISTQUOTE
CLAMBDA (L)
(ENQUCTE (SUESTRING (MKSTRING L)
2 =71)

(TAIL.END
CLAMBDA (X)
(SETQ X LIFER.RFMAINING.INPUT)
(SETQ LIFFR.REMAINING.INPUT NIL)
(SETQ LYFSR.MULTI-WCR" Y1)

(CHECYWITHUSER
CLAMBDA (X)
(PRCG (V)
(S5ETQ Y (AMB.PESOLUTION X))
(RETURN (WANT.EGC (COR Y)
(CAR ¥2)

; (AMB.RESOLUTION
; CLAMBDA (X)
(SELECTQ TASYUSFR 30 (QUOTE N)
(TONCAT (MXATOM (SUPSTRYNC X 2 -2))

" IS NOT RECOSNISED AS B VAT TR NAME,
IS IT TNTENDED TO RE:
A« SHIP
Be POKT
f. AIRFIFLD
D. ATRCRAFT
Fe AIR TRACK

g

Fo. SQUADRON
e« FLIGHT
He SURFACL TPACK

1 T« SENSOR
‘ J. COMMUNICATION QEVICE
f. WFAFCN
L. WEMTHER RRER
Ne NONE NOF THE ABOVE
(ENTER THE LETTER CORPESPONCING TC THEF CLSIFED INTERPRETATION OF “
1 (MKATCY (SURSTRING X 2 =-2))

ENTER AN °N° TF NONF OF THE ABOVE APPLY.)
")
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e

(RTOTE ((A ".  SHTEW)
(B “, A0RTY)
(T ™. AIRFIFLD")
(N ",  ATRCREFT")

(E ATR TRACY™)

(e SQUADRON')

(G . FLIGHTY)

(R e SURFACE TPRARCK")

(r %, SENSCR")

(J ". COMMUNICATICN DEVICE"™)
(K “. AFAPCN")

(L ", YEATHEP ADREAN)
(N "ONE OF THESFW™)
(& (SPCLSCTU™ ¥ (QUOTe N&V)
(GUCTT <CBIC.NAMED)
(AMOTE <NANVED)))
(2 (SPCLSETIJP X (QUAT: PLRP)
(GUCTE <UNQR.PORT>)
(GUCTE <ECRT1D)))
(T (FYELRSETUP X (QU3TET FLDNANF)
(QUNTF CAFTELDS>)))
(D (TIELNSFTU® X (QUCTF ATRNANMF)
(PUOTY <CATOCZRAFT.MAMESD)))
(E (FIELDSSTUP X (QUNTE ATRACY)
(QUOTE <ATKRTRECKSD)))
(F (FITLDSETUP X (QUCTS AIRUIC)
(QUATE <SQUADTINS>)))
G (FIELCSFTUP X (QUITS FLTNC)
(QUNTE <CFLIGHTNDY)))
(% (TIFLTSFTUP X (QUGCTF TRACKNC)
(QUOTF <TRACXHISTY)))
(I (FIGSLDSFTU? X (QUDTE SENSMAME)
(NJOTFE <¢SENSCPNAYFESY)))
(J (FTELDSFTUP X (QUOTF ~OMMNAVE)
(CUDTE <TD4MNANESD)))
(¥ (FIELDSFTU? X (QUCTE WEPSNAME)
(QUCTE <WSNNAVESD)))
(L (FYELNSFTUE X (QUDTE WeXAFERY)
(QUCTE <WAREAS>)))

(PROG NIL
(PPINT "FLFASE ToV THE QUTCY AGATIN..."™ NIL)
(RETFROM (CUOTE PARSE)
NTL T1)

(FIFLDEFTUP
CLAMBDA (NAYE FLD SYMP)
(PROGL (CONS (LISTQUOTE NAME)
£LM)
(COND
((S2F (COUNT NAMF)

1)
(MS SYMB NAYF)) |
(T (FP NAME (M¥ATOM (SUBSTRING NAME 2 -2)) ;
5YMF]) }
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(USERSPECIFIED
CLAMBDA (SYMB X)
(SELECTQ (ASKUSER 30 (QUOTE N)
(CONCAT "THE SPFCIFIED NAME, ™
(SUBSTRING (MKSTRING X)

2 -2)
" , IS NOT CONTAINED IN THE SST CF NAVES
n
[LPROG NIL
(COND

((NTULL SYMB)
(RETURN "FOR THTS ORJECT"))
(T (RETURN (MKSTRING SYMB)

IF YOU WANT THE SPECIFIED NAME PUT INTO TKYS SeT FOR TATER USE, ENTES A\ Y
(FOR °“YES~*). CTHERWISE, ENTER AN N (FJR “NC7).
| *)
NTL)
(Y X)
(PROG NIL
(PRINT "FLYASE TRY THF QUERY AGAIN..." NIL)
(RETFROM (QUOTE PARSE)
NTL T3)

(SINGLE/MULTIPLE.WIOKDJNAME
‘ CLAMBDA (X SING MULT)
s (PROGN CCOND
((EQP (CDUNT X)
)
(USERSP=CIFILL SIRC Y)
(¥S SIFS X))
€T (USERSPECIRTEN MULT X)
(COND
((OR (EGQUAL MULT (CUITE <KNAYE)>))
(EQUML MULT (QUOTE <PFCPT1>)))
(*F X CLLSTYINTE X)
/ULT))
(T (FP X (MYATOM (SUSSTSIRG ¥ 2 =2))
MILT )
(LISTQUOTE X])

(F0201
CLAMBDA NTL
(YANT.EC (QUOTFE TRACKNG)
(SINCLF/MULTTPLE.WORT (NAME CTNDFEINITEY> (QUOTE KTRRCKHTISTS)
(CUCTE <TRACKXHIST>1)

(F0202
CTAMRDA NTL
(WANT.EG (SUCTE ATRACY)
(STNGLF/VULTIPLE.WORD.NAME CTNDEFINITEY (QUOTE CKAIRTRACKSY)
(QUOTe <ATRTRACKS>])




PRODUCTIONS

CCICFTY> (((CATRTRAST.LAMESD)
; (LISTQERTE (LYST <ATRCRART . NAMELSY)))
((CATRCRYFTY CATRCPAFT.NAMESH)
(LISTIUCTE (LTST <CATIRCRAFT.NAYZS>)))
((CATRCRAFT> CTNDEFINYTED)
(STUCLE/EVLTIPLE.RCEDNAME CYNYTEINITF> (QUCTF
CATRCRAFT.NAYESY)
(QUOTE <ATRCRAST.NAMESD>)]

CCATRFISLEY (((<CFTICLDERPENY ZAFTFING))
(LYSTQUOTE (LYST <CAFIFLPS)>)))
((<FIELDSPET> <INDEFINITF>)
(SINCLE/MULTIPLF.YOFRUNEMF CINCEFINTTE> (QUCTE <AFIFLNSY)
(QPOTz CAFTELDS>)))
C(<RFIELDS)>)
(LISTQUOTE (LIST <CASTELDSH?

CCCOMMONEVICEY (((KCOMMSPETY CTOMMNAMESD)
(LISTIUNTE (LTST <CAOMMNAYES>)))
((<CAMMERECD> CTNDEFINITED)
(SINCLE/MULTIPLF . WOPO NANE CINDFFINTITEY> (QUOTT <COMMN2MESD)
(GUCTE COMMNAMFS)))
((CCOAMUNAMESD)
(LISTQUTT® (LTET CCCMMNAMESD]

CCFLYIGHTY (((KFLYGHT MDY <FLIGHTROD)
CLISTRUBTE CLEYST CELIGETHEY )
C(CFLYCR™NO> CTINDEFTNTTED)
(SINCLZ/YULTIPLR.WORSSNAMY CTURFFINTTF> (QUCTFE <FLIGHTNO>)
(ACTE CFLISHUTND>)))
C(CFLIGHTHDD)
(LISTRUPTE (LYST < FLIGHTND>»D
(CBCRTPNTOY (((<PCRRISFETY> ¢EIRTL)
CPCRTLI>)
((CFCRTSFETY> CTHNFETVITEY)
(SINCLE/MULTIPLE ,YORTNAME CTENDFFINTTEY> (QUOTFE <UNQLPCORTY>)
(QUOTE <KPCETI>)))

L . e SO - 2 Ry S S T S

((ZECRTIN)
CFURT1I)))
CCSTRSURY (((CSENSURSFESY CSENSORNAVESD)
(LISTGURTE (LTST <SENSPRNAVES>)))
CSTNSUNSPECY CTNLEFINTITED) ‘
(E“'VG:E/%"LTTPLF.kC°ﬂ.N&“F FTEDEFINTTF> (QUCTF CSFNSCRNAMESY)
; (AOTE <SENSCRNAMES>)))

((<SENSORNAMESD)
(LISTROPTF (LYST <SFNSCRNAMFSS]




(<SHIPENTR> (((<SBIPSPEC> <NAMED)
<NAMED)
((CSRIPSPECY> <INDEFINITED>)
(SINGLE/MULTIPLE.YORD.NAME <CTMDEFTNITE> (QUOTF <UNQR.KAMED)

(QUOTE <FAVE>)))
((KNAMF)>)

CNAMED)))

L<SGUADRCN> (((<SCUADTIDED)
(LISTQUOTE (LIST <SQUAUTINS>)))
((<SRDRN> <SGUADTISD)
(LISTQUOTE {LYST <¢SQUADTIS>)))
((<SQODRN> <INDEFINITE>) ‘
(3INGLE/MULTIPLE.WOPD.NAME CINDEFINITE> (QUCTE <SQUADIRSS)
(QUOTE <SQUANIDNSH>]

CCTRACY JNTM> (C(CSURFTRACYD CTRACKHTSTY)
(“ANT.FC (QUOTE TRACKNO)
(LTSTQUOTE (LIST <TRAC¥HIST>?
((CSURFTRACKS CTNDFFINITED)
(F0201))
C(<ATRTRY> <CATIRTRACYS)>)
(WANT.zQ (QUOTE ATRACK)
(LTISTQMCTE (LYIST CATRTRACKS>]
((CAIRTPKD> CTINPREFINITED)
(FN0202))
C(<TRACKHTIST>)
(WANT.EG (QU'OTE TRACKNC)
CLTSTRROTE (LTST <TRACKHIST)
((KATRTKRACKS>)
(WANT.EQ (QUOTE ATRACK)
(LYSTQUOTE (LTST <ATRTRACKS>)
CCWEATHERAREAD (((KYEXSPECYD <¥AREARSY)
(LISTAUNTF (LIST <WAREAS>)))
((<WAKEASD)
(LISTQUOTE (LYST <wPRF2S>)))
((CWEXSPEC> CTINDEFTINTITED)
(SINCLE/MULTIPLF.XORDLNAME CINDEFINITF> (QUDTF <WAREAS>)
(QUCTE <KWAREHNSDD
CCWEN> (((KWPNSPECY CWPNNAMTCED)
(LTSTQUOTE (LTST <WPNNAMES>)))
((<KWPNSPFC> <INDFFTINITE)>)
(SINGLE/MULTIPLF.WORD.NAME <INDFFTYNTYTE> (QUCTE <WPNNAVMESD)

(QUOTE <¥WPNNAMES>)))
((KWPNNAMESD>)

(LISTAUOTE (LTST <WPNNANMESD)
(<Z71> (((CWHAT> <35> CPTTRTIRMTED COF> <CINDSF.NAMFY)
(NCONC (MAPTN 2 <ATTRYRUTED)
CINDEF.NAMED>))
((PRINTQUERY <ZZ1>)
LIFFP.TCP.GRAMMAR)))




CCTYNDYF.NAMED (((<CDETY> ¢TNDFF.MAMED)
<CINDEFNAYED)
((<KACFT>)
(WANT.EQ (QUOT® ATRNAMF)
CACETD))
((<SQUADRCHNY)
(WANT.EQ (QUOTE ATRUIC)
CSQTRIROND))
((<FLYGH™>)
(WANT.ER (QUOTE FLTND)
KFLIGAT>))
((CSENECFD)
(“ANT.EQ (QUOTE SENSNAME)
<S¥NSAR>))

((<WPH>)
(UANT.EG (GUOTZ WEPENIYR)
CWPNS))
((KCOMM.DIVICE>)
(WANT.EQ (QUOTe COMMEANE)
COTMY . MEVITED))
((<SUTPPFT®>)
(YANT.FQ (QUOTE NEW)
CSHIPPNTED))
((CECRTPNTPY)
(¥ANT.EQ (QUDT:= PTEF)
<PORTPETR>))
((CATRFIFLDD)
(WANT.TO (QUOTE FLONAYE)
CATRFTELDS))
((<KTATHERARTA>)
(¥ANT.EQ (QUOTE WEXARER)
CATATHEDEDFAS))
((CTTACK.NYS)
CTRACKNUM>)
((CINDEFINTTED)
(THFOKWTTHICSER CTNDFETNTTE) ]
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FIXED PHRASES

(<AIRCKAFT> ((AIR CHRAFI))
(CATR PLANED))

(<AIRTRK> (CAIR TRACK)))

(<COMMSPEC> ((CJMM DEVICE))
(CCUMMUNICATIUNS DEVICE )))

(<FIELDSPEC> ((AIR FIELD))
CCATREBASE ) ))

(<PARTSPEC> ((PORT UF CALL)Y)
((PUKRT JF))
(CHARBOKR UF)))

(<SADRN>  (CSAADIRUN NUABER))
(CSQUADRUN #)))

(<SYRFIRACK> ((SUYRFACE [RaACK)I )

(<WEXSPEC> ((AEATHIER AREAN)))

(<HPHSPEC> ((WEAPUN [£YPE)))




SETS

(<ALIRCRAFL> (AIRCRAFL AIZPLANE))

(<CUMMSPEC> (COYMMUNICATIUHS RADIU RECEIVEH TRANSHITTER DEVICE))
(<FIELDSPEC> (AIRSASE AIRFIFL) bASE FIELW))

(<ELELGH i 0> (FLEGHL Y)

(<PIARTSPEC> (HARRUR PIT PURI-0F=-CALL))

(<SENSUKDPEC® (SEASLR ))

C<SHIPSREC> (PLATFORY SHIP VESSEL ))

C<SAIRN> (SAIAD L INY)

(<SHRFTRACK> (L2AC4))

(<WEXSPEC> (AREA SEALLHERY)

(<P ASPEC> (BUEB MISSILE UPDMNAMCE 2UCKEL aBA2uUN))

PREDICATES

CSIMOEFIHITE>  CR1L.EH)
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