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Abstract

We discuss the costs and benefits of using
natural-language (NL) generation technology
to produce documentation and on-line help
messages, and propose some ‘intermediate’
generation techniques that provide many (al-
though not all) of the benefits of more princi-
pled ‘deep’ generation techniques but at a sig-
nificantly lower cost.

1 Introduction

Most research on natural-language (NL) generation has
stressed what might be called ‘deep’ techniques, where
text is generated in a principled way from comprehensive
knowledge bases that describe the domain, the user, and
the context. In many circumstances, however, construct-
ing such knowledge bases can be prohibitively expensive,
and the benefits gained by using deep NL generation
techniques may therefore be outweighed by the cost of
constructing the necessary knowledge bases. There are
also situations where constructing the text in a princi-
pled way would require a prohibitive amount of computer
time; and situations where not enough is known about a
particular generation task to enable a principled gener-
ation system to be built.

One alternative to ‘deep’ generation is to use what
might be called ‘intermediate’ techniques, which sacrifice
some of the benefits of deep generation in order to lower
the cost of creating the necessary knowledge bases, re-
duce the amount of computation time required, or work
around poorly understood areas of the generation pro-
cess. Intermediate techniques can be characterized by
listing, on the one hand, what benefits of deep genera-
tion are foregone by using the intermediate techniques,
and what domain or environmental constraints must be
met in order for the techniques to be applicable; and on
the other hand, what improvements they bring over deep
generation in terms of reduced authoring cost, reduced
computation requirements, etc. Whether a particular
intermediate technique is useful in a particular applica-
tion then depends on how closely the costs and benefits
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of the technique match the goals and resources of the |

application.

The goal of this paper is to present a general cost- d

benefit framework which can be used to analyze inter-
mediate techniques, and to illustrate this framework by
discussing and analyzing some of the specific techniques
used in the IDAS NL generation system being developed
at Edinburgh [Reiter et al., 1992]. Our hope is that
this will encourage other researchers and developers to
similarly describe the techniques they have developed in
terms of costs and benefits; perhaps at some stage it
will then be possible to construct a catalogue of differ-
ent techniques, with their associated costs and benefits,
that application builders will be able to consult.

The discussion of costs and benefits in this paper will
be qualitative, not quantitative. It is difficult (and ex-
pensive) to measure the types of costs and benefits we
are most interested in (e.g., the time and effort required
to create the relevant knowledge bases, or the total life-
cycle cost of maintaining a document) in a realistic and
controlled manner. The only numerical data that we
have collected so far comes from user-effectiveness tri-
als, and while user-effectiveness is important (and the
data from our trials is encouraging), it is only a small
part of the overall cost/benefit analysis. The qualitative
framework and analysis given here is in some sense less
desirable than a rigorous quantitative analysis, but we
believe that it can still be useful as a way of presenting
and discussing some of the engineering issues involved in
building NL generation systems.

2 Costs and Benefits of NL Generation

In this section we examine some of the main costs and
benefits of using natural-language generation to produce
documentation or help messages from a knowledge base
(KB). This is the goal of IDAS, and has also been the
goal of many other projects, including cOMET [McKe-
own et al., 1990], wip [Wahlster et al., 1991}, EUROHELP
[Breuker, 1990], TAILOR [Paris, 1988], and JoycE [Ram-
bow and Korelsky, 1992].

2.1 Benefits

Some of the benefits that natural-language generation
potentially offers over canned documentation and help
messages are:




Conteztual Tailoring: The output texts can be tai-
lored to the user’s expertise level [Paris, 1988; McCoy,
1988), the task she is attempting to perform [Wilensky et
al., 1988; Breuker, 1990], and the current discourse con-
text [McKeown, 1985]; tailoring can be done on both the
informational content of a text and on the way this in-
formation is expressed in language [Reiter et al., 1992].
The benefits of tailoring are perhaps most obvious for
help systems, but it also would be very useful if the
different types of documents needed for a complex sys-
tem (user manual, maintenance guide, design descrip-
tion, etc.) could be generated from a single integrated
domain KB.

Multimodal documents: Generation systems can au-
tomatically produce pictures as well as texts from a
domain knowledge base [Feiner and McKeown, 1990;
Wahlster et al., 1991], and can embed mousable hyper-
text links in the textual portion of a message [Stock,
1991; Reiter et al., 1992].

Multilingual Generation: An NL generation system
can in principle generate texts in multiple languages from
the same domain knowledge base [Hovy et al., 1992].
IDAS, for example, can generate texts in French as well
as English, if the domain knowledge base has been cre-
ated in a language-independent manner [Bellos, 1992].

Maintainability: NL generation technology can make
it significantly easier to maintain documentation as the
machine or program being documented is upgraded or
released in new configurations.

Enhanced maintainability is of great interest to in-
dustrialists, but has not been much discussed in the aca-
demic literature, so it is perhaps worth elaborating on
this. As with software, the biggest portion of a doc-
ument’s life-cycle costs is maintenance, not initial cre-
ation. This is especially true when the document de-
scribes a machine or program that is being constantly
upgraded to enhance its functionality and use new tech-
nology, or is being sold in an ever-increasing number of
different configurations. Updating paper manuals to be
consistent with upgrades or new configurations is an ex-
pensive and time-consuming task, largely because the
changes need to be made in many places in many docu-
ments. In some cases, however, it is possible to express
an upgrade or configuration change fairly concisely in a
domain knowledge base, and NL generation then allows
the relevant documentation to be automatically modi-
fied to take account of these changes. For example, if
the name of a command is changed in a program, it is
easier to make this change once in a domain knowledge
base and have it automatically propagated to all relevant
pieces of documentation, than to search for and manu-
ally modify every place in the documentation where the
command is mentioned.

' Enforcement of Style and Content Rules: NL Genera-
tion systems can generate text that is guaranteed to meet
externally imposed writing rules (e.g.,, AECMA Simpli-

fied English [AECMA, 1986]) and content requirements
(e.g., the UK Army Equipment Support Publications
rules). Guaranteed conformance to such rules is again a
topic that has not been discussed much in the academic
literature, but that seems to be of interest to many in-
dustrialists.

Automatic Document Creation: Many documents
are essentially just design descriptions, and a signifi-
cant proportion of these documents could in principle
be automatically produced from an appropriate CAD
(Computer-Aided Design) database, especially if these
documents are intended to be read by domain experts,
not by naive end-users. The JOYCE system [Rambow
and Korelsky, 1992] represents a step in this direction.

Contextual tailoring and multimodal document gen-
eration are beneficial because they make documenta-
tion more useful and effective; multilingual generation,
enforcement of style/content rules, enhanced maintain-
ability, and automatic document creation are beneficial
because they reduce the total life-cycle cost of a doc-
ument (i.e., editing for conformance to style and con-
tent rules, translation, and maintenance as well as ini-
tial creation). In our experience, many, perhaps most,
academic researchers focus on benefits of the first kind,
i.e., they view NL generation as a way of improving docu-
ment quality. Industrialists, on the other hand, are often
most interested in benefits of the second kind, i.e., they
are looking for ways to cut the high costs of producing,
maintaining, and translating documentation, and are in-
terested in NLG techniques in so far as they provide a
way to do this.

2.2 Costs

In our experience in the IDAS project, the single biggest
cost of producing documentation with NL generation
techniques is setting up the requisite knowledge bases
for the generation system to generate text from. Cre-
ating a domain knowledge base generally requires more
work than writing canned-text documentation or help
messages (unless it is possible to automatically derive
part of the KB from a CAD system), and the generation
approach also requires user, linguistic, and contextual
models. Thus, generating documentation and help mes-
sages from a knowledge base is only useful from a prac-
tical perspective if (a) creating the necessary knowledge
bases is not much more difficult than entering canned-
text documentation and (b) the generation system offers
significant benefits over canned-text documentation.

In some cases the computational cost of generating
documentation or help messages may also be a significant
factor; on-line help systems, in particular, are not of
much use unless they can produce responses within a
few seconds. The effort to write the generation software
must also be taken into account, although this hopefully
can be amortized over many applications.

A perhaps related problem with generating text from
a knowledge base is that the state-of-the-art in NL gener-
ation is such that it is not known how to perform certain
generation tasks in an adequate way, even given sufficient
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resources in terms of domain knowledge and computa-
tion time. For example, although a substantial amount
of research has been done on the problem of combining
clauses into coherent sentences and sentences into coher-
ent paragraphs, very little work has been done on com-
bining paragraphs into coherent sections, chapters, and
documents, and thus not enough is known about this
problem to make it possible to construct higher-order
structures in a principled way (unless the document in
question is expected to have a very stereotypical format
and content).

The cost of building the necessary knowledge bases,
and performing the necessary computations, is a prob-
lem in many NL (and Al) applications, not just generat-
ing documents from a knowledge base. In the machine
translation field, for example, the TAUM-AVIATION fol-
lowup project to the very successful METEO system was
canceled because an analysis showed that the necessary
domain and linguistic knowledge bases would be too ex-
pensive to construct in TAUM-AVIATION’s domain of air-
craft manuals [Isabelle and Bourbeau, 1985). Creating
appropriate domain and linguistic models can also be a
significant problem for users of NL database interfaces
[Walker et al., 1992)].

The costs of using NL generation will probably de-
cline with time. Computers will almost certainly con-
tinue to get faster and cheaper, and the research fron-
tier will undoubtably expand to cover many of the areas
that are poorly understood today. The per-application
cost of building the necessary linguistic knowledge bases
should decrease as linguistic KB’s are built that can be
shared by many applications; indeed, shared grammars
and lexicons are already beginning to appear, such as
the ALVEY toolkit [Grover et al., 1989). The increas-
ing computerization of the design process should also
make it more feasible to automatically derive part of the
documentation KB from CAD databases. Eventually it
should be possible to integrate documentation KB build-
ing into the design process, instead of leaving it as a
separate task; this will reduce the effort required to con-
struct the documentation KB, and may have the added
advantage of helping the designer detect design errors at
a relatively early stage. These developments will make
it more practical to use deep techniques in generation
systems, or at least ‘deeper’ intermediate techniques.

3 Intermediate Approaches in IDAS

The 1DAS system generates on-line documentation and
help messages for users of complex physical machinery,
using a domain knowledge base constructed for this pur-
pose and user-task, user-expertise, contextual, and lin-
guistic models. The system being documented in the
first version of 1DAS is an ATE (Automatic Test Equip-
ment), a complex device made by Racal Instruments to
test potentially faulty electronic devices.

From a benefit perspective, IDAS’s goals include en-
hanced maintainability, automatic creation of hypertext
links, and some degree of user tailoring. Multilingual
generation, obeying stylistic or content rules, and auto-
matic document generation from a CAD database are
not primary goals of IDAS. From a cost perspective, one
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of IDAS’s goals is to allow the necessary KB’s to be built
primarily by domain experts or technical writers, with

as little intervention by AI experts as possible; hence

KB authorability is a primary concern. Computational
efficiency is also of some importance, since IDAS will be
used to generate texts in an interactive environment.

In this section we shall examine two intermediate tech- |

niques used in IDAS to decrease authoring costs, namely
hybrid action representations and rule-based content de-
termination. Our goal is not just to present these partic-
ular techniques, but also to show how intermediate tech-

niques can be analyzed and justified from a cost-benefit

perspective.

In addition to the above techniques which are aimed
at reducing authoring costs, IDAS also uses intermedi-
ate techniques to reduce computation time and ‘work
around’ poorly understood NL generation tasks. Per-
haps the best example of a technique that reduces com-
putation time is IDAS’s referring-expression generation
model, which is described in detail in [Reiter and Dale,

1992]. This model was largely motivately by a compu-

tational analysis that showed that some of the models

proposed for generating referring-expressions in previous

work made the generation task NP-Hard; one of the most

interesting things about it is that the ‘fast and simple’

algorithm developed for generating referring expression

in IDAS seems to be a much closer approximation to what

human speakers do than some of the more complex algo-
rithms proposed in previous research. But perhaps this

should not be a surprise; evolution, after all, is all about

finding engineering solutions that maximize cost-benefit
tradeoffs in particular environments, so it is perhaps to

be expected that human speakers might also use ‘inter-

mediate’ techniques in some circumstances.
A good example of an intermediate technique whose

aim is to sidestep a poorly-understood NLG task is

IDAS’s use of hypertext mechanisms to obviate the need
to perform high-level text structuring (e.g., assembling

paragraphs into documents); this work is discussed in |
more detail in [Reiter et al., 1992] and [Levine et al., |
1991]. The basic idea is to use hypertext mechanisms to

enable users to dynamically select the paragraphs they

wish to read, and therefore in essence perform their own

high-level text-planning. In other words, IDAS avoids the
need to perform high-level text-structuring by getting
the user to do this task.

3.1 Hybrid Action Representations

One of IDAS’s tasks is to tell the user how to perform ac-
tions. IDAS can perform this in a ‘deep’ manner by gener-
ating text from a case-frame representation of the action
to be performed; it is, however, impractical to expect do-

main experts or technical authors, who in general have

minimal experience with AI techniques, to create such
case frames by hand. Such authors find writing text eas-

ier than building case frames, so the ideal solution would

be to have the authors write text and then convert this
text into case frames with an NL understanding system.
Given the state of the art in NL understanding, it is dif-
ficult to reliably and unambiguously translate arbitrary
texts into IDAS’s internal case-frame notation, but some



processing can certainly be done. This has led to the no-
tion of ‘hybrid’ action representations which mix proper
knowledge-base structures with canned-text fragments;
the former represent pieces of the input text that the
analysis system can confidently analyze, while the latter
are used for unanalyzable portions of the text.

More specifically, we support two hybrid representa-
tions: canned text with embedded KB references (EKR),
and case frames with textual case fillers (TCF). In the
EKR representation, references to machine components
and other KB entities can be embedded in a canned-text
action representation; the generation system then gen-
erates appropriate referring expressions for these refer-
ences when it processes the EKR form. In the TCF rep-
resentation, the IDAS case-frame representation is used,
but case fillers are allowed to be canned text; these are

~ then inserted into the generated sentences in appropriate
- positions. Examples of these representations are:

- Canned-text: Remove any connections to the board

- EKR: Carefully slide [Board] out along its guides

TCF: REMOVE(actor=User, actee=Board,
source=Instrument-Rack, manner="gently")

Case-frame: PUT(actor=User, actee=Board,
destination=Faulty-Board-Tray)

EKR representations can be created by scanning a
text file and searching for references to domain entities;
TCF representations are constructed by running the in-
put text through a simple parser, and leaving any portion
of the text that cannot be unambiguously processed as
a canned-text filler. Together with our industrial collab-
orators, we have written authoring tools that perform

. both of these tasks (e.g., [Marshall, 1992]), with some

support for graphical entry of information as well. The

. EKR authoring tool can process all texts (and simply

returns pure canned-text if it cannot detect any compre-

~ hensible references to domain entities), while the TCF
. tool cannot at present deal with some constructions, such
. as conjunctions (e.g., it could not process Remove and
~ clean the plate). Both tools greatly reduce the authoring
. cost of actions, since they can now be entered in textual
. form by domain experts and technical authors.

With regard to the benefits described in Section 2.1,

- both EKR and TCF allow some tailoring to be done

according to the user and discourse model, particularly

~ with regard to the ways in which objects are described.
- For example, under either representation a reference to
" DMM-Board can be realized as the DMM, the digital mul-
~ timeter, or the board in slot 6 of the instrument rack,
~ depending on the user’s expertise and the discourse con-
- text. The TCF representation also allows some tailoring
. to be done with verb lexicalizations, such as the gen-
~ eration of Buzz out the cable instead of Test the cable
* with the connectivity checker (buzz out is a term used
" by maintenance experts for the action of testing with a

connectivity tester). Both EKR and TCEF also allow hy-

- pertext links to be automatically added from component

mentions to more detailed descriptions of the compo-
nents; this is a multimodal benefit of generation. Main-
tainability is supported primarily by allowing actions to
be specified at a high-level in the object IS-A hierarchy

and inherited by lower objects; for example, a How-To-
Remove-Action can be stated for the general class VXI-
Chassis-Board, and inherited by specific boards including
the digital multimeter, the counter-timer, the frequency
generator, etc.

On the other hand, EKR and TCF do not support
either multilingual generation or strict enforcement of
style rules; if these benefits are important in the appli-
cation, then EKR and TCF should not be used.

In summary, while the ‘deep’ case-frame representa-
tion has the most benefits, it is unrealistic to expect
technical authors to directly create such representations,
and natural language understanding technology is prob-
ably not capable of reliably and unambiguously gen-
erating case-frames from human-authored texts. It is,
however, fairly straightforward to do some processing of
human-authored texts and produce the EKR or TCF in-
termediate forms; this course of action has a much lower
cost than requiring authors to create case-frames, but
also loses some of the potential benefits of a case-frame
representation (e.g., multilingual generation). The in-
termediate forms do have significant benefits over pure
canned-text documentation, however, since they allow
the generation system to do some user and contextual
tailoring, and also allow it to automatically add hyper-
text followup links to component mentions. EKR and
TCF thus provide substantial benefits over canned text
at a much lower authoring cost than required by case-
frames, and may be appropriate in applications such as
IDAS that do not emphasize multilingual issues, or the
need to obey stylistic rules.

3.2 Rule-Based Content Determination

Content determination is the problem of determining
what information should be communicated in order to
adequately respond to the user’s queries. Much research
has been done on using planning techniques to accom-
plish this task; EUROHELP [Breuker, 1990], for example,
first infers the user’s goal by using plan-recognition tech-
niques, and then creates a plan to satisfy this goal. Un-
fortunately, while planning-based content-determination
techniques permit responses to be precisely tailored
towards the user’s task and goals, they also have a
very high cost, since building a comprehensive plan li-
brary that supports planning and plan recognition in a
realistically-sized domain is a major endeavour, and one
that probably must be done by Al experts, not domain
experts or technical authors. Planning and plan recog-
nition can also be extremely expensive in computational
terms unless heuristics are used to control the plan search
process (as they are in EUROHELP); these heuristics can
limit the generality and robustness of the planning and
plan recognition process, however, and hence make the
systems less likely to respond appropriately in unusual
situations, which is one of the main benefits of using the
planning approach in the first place.

Given IDAS’s authorability constraints, and also wor-
ries about the required amount of computation time, the
decision was made to go for a less ambitious ‘intermedi-
ate’ approach based on content-determination rules. Es-
sentially, the domain KB author enters a series of rules
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Potential Benefit Hybrid Action Rep

Content Rules IDAS Goals

Tailoring canned portion cannot be tailored
Multimodal OK

Multilingual not possible

Style/Content rules cannot enforce style rules
Maintainability OK

Automatic Creation OK

Domain and Environment Restrictions:
Number of tasks no restriction
Interaction type no restriction

fine-grained content-tailoring is difficult 1mportant
OK hypertext
OK

OK

OK important
OK

should be small small
better if interactive interactive

Table 1: What Benefits are Given up with Intermediate Techniques?

that say ‘if the user asks question Q about a compo-
nent of type C in the context of task T, then convey to
him the following information about the component’; an
example of a content rule is ‘if the user asks a WHAT
question about a MACHINE in the context of an OP-
ERATIONS task, inform him of the machine’s manufac-
turer, model number, and colour’. There are a limited
number of questions and tasks! in IDAS, and inheritance
can be used to define the applicability of a rule (i.e., a
rule can apply to all Maintenance tasks or only to the
Repair-Part task, and to all machines or just to instru-
ments), so the number of rules that need to be authored
is not over-large. Given the relatively small number of
rules, it may be reasonable to expect them to be cre-
ated by specialists with some AI expertise; one of the
IDAS authoring tools is also being modified to allow nor-
mal authors to enter this information with a menu-based
interface.

The rule-based content-determination system has a
much lower authoring cost than a plan-based system.
It also has a lower computational cost, since the system
simply has to find and execute the rule that matches the
current situation; there is no need to perform the sub-
stantial amounts of inferencing required by both plan-
ning and plan-recognition.

With regard to the benefits of Section 2.1, rule-based
content determination allows some amount of tailoring
according to the user’s task, but not as much as is al-
lowed by the plan-based approach (unless there is a large
number of rules and tasks, which leads to authoring
problems). It does allow for the enforcement of exter-
nally imposed content requirements, which exist in some
domains (e.g., to meet IEEE standards), and also sup-
ports multilingual output, since the rules are phrased at
a conceptual level. Perhaps most significantly for IDAS, it
supports enhanced maintainability; if the machine being
documented is upgraded or reconfigured by changing one
of its components (e.g., installing a more sensitive digital
multimeter in the ATE), the documentation maintainer
can simply enter the specifications for the new compo-
nent, and the relevant IDAS output texts will automat-
ically be updated. The rule-based approach may also

'IDAs does not use plan recognition techniques to infer the
user’s task; it simply asks her (when she starts the system)
which task she will be performing.
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support some degree of automatic document creation, if
the documents in question follow rigid formats, but we
have not investigated this in detail.

The rule-based approach will only work in some do-
mains, however. In particular, it works best when the
number of tasks the user might potentially perform is
small and fairly predictable; a large number of tasks
would make rule authoring more expensive, and it also
would be difficult to build an appropriate set of rules
if it was not known ahead of time what tasks the user
was likely to want to perform. Another important point
is that an IDAS user can always ask followup or clarifi-
cation questions if she is unsatisfied with the response
to her query, which means that the cost of generating
an occasional inappropriate response is fairly low; rule-
based techniques might be less appropriate in applica- |
tions where even infrequent inappropriate responses were
unacceptable. ‘

Rule-based content-determination thus has a much
lower authoring and computational cost than plan-based
techniques, at the price of producing responses that are
not as well tailored to the user’s task and other con-
textual parameters; the technique also requires a do-
main with a limited number of tasks, and an interactive
medium that allows followup questions. If the domain
and medium is appropriate, and the loss of tailorability
is acceptable, rule-based content determination can be a
valuable technique for the application builder.

Table 1 summarizes which of the potential NL Gener-
ation benefits mentioned in Section 2.1 are preserved by
the intermediate approaches described above. We have
shown IDAS’s goals and domain parameters in the table,
and the reader can see that there is a reasonably good
match between them and the situations where hybrid
action representation and rule-based content determina-
tion are most useful; this is not surprising, since IDAS’s
requirements motivated our search for appropriate in-
termediate generation techniques. Researchers and de-
velopers who are working on applications with different
goals and domains will no doubt find that other inter-
mediate techniques are most useful for them.



4 Conclusion

Natural-language generation needs to be analyzed from
an engineering perspective if it is to get out of the
research lab and into real applications. This requires
evaluating the costs and benefits of different techniques
for performing generation tasks, and in many situations
choosing techniques that are ‘sub-optimal’ in principle,
but offer the best cost-benefit tradeoff for the applica-
tion under consideration. We have presented in this
paper some ‘intermediate’ (i.e., somewhere in between
simple templates and principled deep generation) tech-
niques that we have found useful in our IDAS project.
Our hope is that these techniques may in themselves be
of some interest to application developers, and, perhaps
more importantly, that our cost-benefit analysis of these
techniques can be used as a model for similar analyses
of other generation techniques.
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