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Abstract. Document drafting|an important problem-solving task of

professionals in a wide variety of elds|typi es a design task requiring
complex adaptation for case reuse. This paper proposes a framework for
document reuse based on an explicit representation of the illocutionary
and rhetorical structure underlying documents. Explicit representation
of this structure facilitates (1) interpretation of previous documents by
enabling them to \explain themselves," (2) construction of documents by
enabling document drafters to issue goal-based speci cations and rapidly
retrieve documents with similar intentional structure, and (3) maintenance of multi-generation documents.

1 Introduction
Documents play an increasingly important role in all sectors of society. Legal
documents precisely stipulate complex relationships between parties government documents set forth regulatory requirements and procedures and software
documentation provides both specications and usage recommendations. Because of the ubiquity of complex, formal documents, document interpretation
and maintenance has become an issue of signicant economic and legal import.
Complex documents are typically created by modifying previous documents.
For example, adaptation and reuse of previous documents is an almost universal
practice in U.S. law rms. Document reuse is benecial because it promotes
stylistic and substantive consistency and reduces drafting time.
However, document reuse requires access to the original intentions underlying the document, which may not be readily apparent from the document's
?
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surface text. For example, when both parties to a contract agree that modications should be made, the assumptions behind the original contract must
be reconstructed to determine the precise textual changes required. Thus, complex documents suer from many of the same problems as legacy software: as
the context for which a document was created changes, the document becomes
outdated and requires revision. Problems of document maintenance are exacerbated by the frequent personnel changes that characterize large institutions,
where many documents are created. Without access to a document's authors,
the intent behind particular clauses may be lost, impeding interpretation and
modication.
To address these problems, we propose a self-explaining documents framework. We say that a document containing a given discourse is \self-explaining" if
it contains an explicit representation of the illocutionary and rhetorical structure
underlying the discourse. Because self-explaining documents record intentional
knowledge, they oer signicant potential for the interpretation and maintenance of complex, multi-generation documents. In particular, they can explain
why a particular clause was included, suggest how an existing document should
be modied to apply to slightly dierent circumstances, and present arguments
for the pros and cons of alternative clauses.
This paper presents a framework for the use of justication structures for document reuse. Section 2 describes three document management tasks that require
self-explaining documents. Section 3 proposes a dual justication structure that
combines illocutionary and rhetorical structures to represent document intent.
Section 4 presents a computational architecture for interactive self-explaining
document systems that assist users in constructing and querying documents,
and Section 5 illustrates the envisioned behavior of the system when applied to
the domain of will drafting. We are currently exploring the self-explaining document framework in the context of routine judicial orders. Section 6 describes
the implementation plans for this work, and Section 7 outlines related work.

2 Applications of Self-Explaining Documents
Three tasks can be distinguished requiring knowledge of the illocutionary and
rhetorical structure of texts: document drafting, document analysis, and document maintenance. Given a set of specications|the formality of document
specications can range from formal, quasi-legal descriptions to sketchy, informal notes|the task of document drafting is to prepare a document that satises
both the illocutionary goals of the specications and the genre-specic rhetorical
conventions. Document drafters typically operate in an iterative fashion, gradually rening the document until it satises the constraints noted above and,
perhaps, meets with the approval of a client.
As stated above, drafting of complex documents is typically performed by
modifying existing documents. The task of drafting by means of document reuse
can be summarized as follows:

Given:
{
{

A set of goals to be accomplished by the document to be drafted.
A library of existing documents.

Do:
{
{
{

Retrieval. Find the existing document(s) (or combination of document components) that best satisfy the current goals.
Comparison. Display the dierences, if any, between, the goals achieved by
the retrieved document(s) and the current goals.
Adaptation. Remove the portions of text whose only purpose is to satisfy
goals that aren't present in the current situation (excision), and add text to
satisfy any of the current goals not satised by the retrieved text (augmentation).

While document drafting is primarily a synthetic task, document analysis
centers around interpretation. Here, the goal is to ascertain the intent of particular clauses, to identify documents that are similar, and to perform comparative
analyses. In the course of conducting an analysis, users must be able to quickly
locate relevant documents and precisely establish illocutionary analogies between
statements in a given document and those in archival documents.
Document maintenance is concerned with revision. Because the overriding
goal of maintenance operations is to revise an existing document to reect new
specications, this task typically combines elements of both drafting and analysis. Existing versions of documents must be interpreted in light of new circumstances, and new sections or clauses are created to address the new context.
Because drafting, analysis, and maintenance are tightly interleaved in practice, an eective self-explaining document systems should oer a uniform communication mechanism that (1) employs a single representational vocabulary for
specifying and querying documents, and (2) enables users to interleave specication and querying operations with ease.
A complete document management system3 should enable users to pose four
classes of queries:
{
{
{
{

3

Intentional Identication: Why was a given segment of a document included?
Intentional Achievement: What types of document segments in a given genre
will achieve a given goal?
Intentional Exemplication: What are some examples of archival document
segments that achieve a given goal?
Intentional Comparison: To what segments of archival documents is a given
document segment most similar? What are the intentional similarities and
dierences between two documents (at the most specic abstraction level at
which they dier)?

We use \document management" as the super-ordinate concept for document drafting, document analysis, and document maintenance.

As users engage in document-building and document-querying dialogues,
they should be able to shift eortlessly between discussions of abstract document
features (e.g., the predicates employed in illocutionary and rhetorical structures)
and specic segments of particular documents (both documents under construction and archival documents).
The next section describes the representation requirements for the document
drafting, analysis, and maintenance tasks.

3 Representational Requirements
The primary emphasis of most work in discourse analysis and generation has
been on texts having communicative goals. However, documents are often intended to accomplish various other illocutionary goals, including eliciting information, persuading, memorializing events such as reciprocal communications,
or accomplishing performative goals, such as creating or revoking legal, social,
or institutional relationships. Self-explaining documents therefore require a rich
vocabulary of illocutionary goals.
However, the illocutionary goal structure of a document is not per se sucient
to completely determine the selection and conguration of text. In general, the
illocutionary goal structure leaves unspecied rhetorical features such as (1) the
order of the textual elements that satisfy various illocutionary subgoals, and
(2) textual elements and stylistic constraints imposed by the particular genre
of the text. Accordingly, self-explaining documents must include the rhetorical
structure of documents as well in order to answer intentional identication and
comparison queries.
The minimum representational requirements for self-explaining documents
therefore include the following:
{ A taxonomy of illocutionary goals suciently expressive to permit retrieval of
documents, comparison of documents, and explanation of document components. The necessary granularity of the leaf nodes of this taxonomy depends
on the requirements of the particular document genre and the pragmatics of
the user's application.
{ A taxonomy of rhetorical goals.
{ A representation of templates at a level of granularity corresponding to the
leaf nodes of the illocutionary goals. The substitutable elements of text templates should be tagged with a data-type so that entire documents, or document components, can be viewed either as uninstantiated templates or as
fully instantiated texts.
{ A set of link annotations, e.g., annotations providing the legal authority
under which a given legal goal is satised by a given set of performative
subgoals, and annotations explaining why a given rhetorical goal is satised
by a particular set of subgoals in a given document genre.
To illustrate, a simplied representation of the illocutionary structure of a
will is shown in Figure 1. The root illocutionary goal is to make a bequest.

Make bequest
I, MIKE JONES, resident in Laramie, Albany County, Wyoming
declare this instrument to be my last Will and revoke all of my
former wills and codicils.
I am presently unmarried.
I appoint DAWN SMITH of Tucson, Arizona as the executor
of my estate ...

identify
testator
appoint executor
appoint out-of-state
executor
appoint local
co-executor
establish
competency

I appoint John Davis of Cheyenne, Wyoming as co-executor ...
I give my real property located at 4000 Sage Drive, Laramie, Wyoming
in equal shares to my brother Mark Jones and my sister Mary Jones ...

testator is > 18
mentally
competent
no duress

I give the rest of my property which I may own at my death, real and
personal, including, but not limited to, stocks, cash, autombiles, personal
effects and real property to my closest friend Dawn Smith, if she survives
me.

dispose of
property
real
personal

DEFINITIONS AND RULES OF CONSTRUCTION
A. "Survives me" is to be construed to mean that the person referred to must

residuary
execute instrument

I, MIKE JONES, the testator, sign my name to this instrument this __ day of
____...
... I am an adult person, of sound mind, and under no constraint or duress

witness execution

We ___,___,and ___, the witnesses, sign our names to this instrument, being
first duly sworn, and do hereby declare to the undersigned authority ...

Fig. 1.

A simplied representation of the illocutionary structure of a will.

Achieving this goal requires the operators displayed as children of the root:
identify the testator, appoint an executor, etc. Each leaf illocutionary goal is
connected to a text segment intended to achieve that goal. Not shown are the
annotations explaining why (i.e., citing the legal authority under which) making
a bequest has the requirements shown.
A simplied representation of the rhetorical structure of the will is shown
in Figure 2. Unlike the illocutionary structure, the rhetorical structure is closely
connected to the surface text of the document. Together, the annotated illocutionary and rhetorical goal structures constitute the justication structure of a
document.

Will

I, MIKE JONES, resident in Laramie, Albany County, Wyoming
declare this instrument to be my last Will and revoke all of my
former wills and codicils.

Prologue
Family
description
Appointment
of executor

I am presently unmarried.
I appoint DAWN SMITH of Tucson, Arizona as the executor
of my estate ... I appoint John Davis of Cheyenne, Wyoming as
co-executor...
I give my real property located at 4000 Sage Drive, Laramie, Wyoming
in equal shares to my brother Mark Jones and my sister Mary Jones ...

Disposition of
Personal and Real
Property
Definitions
Affidavit

I give the rest of my property which I may own at my death, real and
personal, including, but not limited to, stocks, cash, autombiles, personal
effects and real property to my closest friend Dawn Smith, if she survives
me.
DEFINITIONS AND RULES OF CONSTRUCTION
A. "Survives me" is to be construed to mean that the person referred to must
...

I, MIKE JONES, the testator, sign my name to this instrument this __ day of
____...
... I am an adult person, of sound mind, and under no constraint or duress
We ___,___,and ___, the witnesses, sign our names to this instrument, being
first duly sworn, and do hereby declare to the undersigned authority ...

Fig. 2.

The rhetorical structure of the will.

4 An Architecture for Self-Explaining Document
Management
The previous sections described the tasks of document analysis, reuse, and maintenance, and argued that self-explaining documents, that is, documents containing explicit justication structures, are important for these tasks. This section
proposes a justication-based framework for self-explaining document management. It uses the justication structures described in Section 3 as the basis for
all transactions|both between the user and the system, and between all components within the system.
All communication between users and the document system transpires within
the document studio , a workspace cum dialogue system in which specications
are constructed, new documents are edited, and retrieved archival documents
are displayed. For each document currently under construction, the document
studio maintains a document object, which consists of the evolving justication
structure, the surface text, and the mapping between them. Before the document
is complete, the surface text may be only partially reied.

Document
Retriever

Docubase

Document
Document

Installer

Studio

Document
Compiler

Consistency
Checker

Document
Planning
Operator
Library

Fig. 3.

An architecture for self-explaining document management.

When the user issues a request to create a new document, he or she is
prompted for the document genre (e.g., contracts) and sub-genre(s) (e.g., employment contracts). Users may then pursue one of two construction modes:
ab initio or adaptive. If they opt for ab initio, the system will engage them
in a specications-gathering dialogue. First, it will use the genre and sub-genre
types to identify the operators in the document planning operator library that
are relevant to the construction task at hand. Next, it will employ a hierarchical
planning technique to decompose the root illocutionary goals and root rhetorical
goals by querying the user. As users respond to questions about the illocutionary
goals to be achieved, subsumptive operators are identied and their predicates
are instantiated with user-specied values. This process bottoms out for leaf
goals, which are entity and relationship variables that are instantiated with the
specics of the current document specication.
When users select the adaptive construction mode, the system engages them
in a similarity-identication dialogue. In an iterative renement process, it will
request users to characterize the illocutionary and/or rhetorical goals to be
achieved. The document studio will pass these to the document retriever, which
will use them to locate similar documents in the docubase, the library of archival
documents. The docubase employs justication indices that map illocutionary

and rhetorical goals to document objects that achieve these goals. As a consequence, the document retriever can quickly identify archival documents whose
intent is similar to that desired by a user. These documents are then presented
in the document studio, and the user either deems them acceptable or annotates
individual segments as being desirable or undesirable. This feedback, along with
rened specications at the goal level, is used to obtain archival documents that
more closely meet the user's needs.
Once the most relevant archival documents have been located, the user adapts
them to his or her current needs. Adaptation is performed by comparing the justication structure of the retrieved text to the current illocutionary and rhetorical
goals. Text segments whose only purpose is to satisfy goals absent from the current situation are excised, i.e., identied and removed. If the user has goals that
are not satised by the retrieved text, retrieval is performed on other documents
to nd text segments that can satisfy that goal. Retrieved text segments are
abstracted and reinstantiated with values appropriate for the user's goals.
Adaptive construction oers two benets over ab initio construction. First,
it can provide signicant eciency gains, particularly if intentionally similar
documents can be located. Second, adaptation conserves justication structures
across documents. This property is critical for document drafting tasks in which
(1) complex large-scale (perhaps multi-volume) documents must achieve a global
consistency, (2) multi-generation documents must retain a semantic (as opposed
to merely a syntactic) similarity across generations, or (3) \hyper-formal" documents must make declarations that achieve complicated illocutionary goals
while simultaneously adhering to strict legal or regulatory rules and attending
to baroque stylistic conventions.
To permit maximum expressiveness, at any time users may compose and
insert their own text segments. Though critical, this capability is problematic
for inference unless the system constructs a justication (sub-)structure for the
user's text. It must therefore either infer the justication structure of the newly
entered text or engage in a dialogue with the user in which the illocutionary
and rhetorical structure are interactively ascertained. Given the limitations of
NLP, the latter alternative is adopted. Accordingly, the system integrates the
new text into the justication structure by engaging in a text characterization
dialogue in which the user is asked to categorize the text with the appropriate
illocutionary and rhetorical representational vocabulary.
When users wish to see the eects of their specications, they request a
document compilation. Upon request, the document studio passes the justication structure developed up to this point|note that depending on the stage
of completion, it may or may not be completely instantiated|to the document
compiler, which employs a top-down planning mechanism to construct as much
of the justication structure as the current information will permit. This structure is then passed to the consistency checker, which inspects the structure for
constraint violations with respect to the selected genre and sub-genres. The resulting surface text, together with formatting specications and the constraint
violations, are then passed to the document studio, which displays the properly

formatted document and reports any constraint violations.
At any time, users can highlight specic regions of a document and request
that rationale behind the segment be explained. The document studio will inspect the justication structure associated with the document object to identify
the sub-trees of the illocutionary and rhetorical structures that are associated
with the specied segment. It will then display the justications, both in tree
form and in textualized form. Users may also highlight a region of the document
and request to view similar text segments of archival documents. The document
studio will extract the selected sub-trees of the justication structure and pass
these to the document retriever, which will identify analogous segments in the
docubase. Finally, users may view a document's entire justication structure.
They can specify for it to be displayed in either an abstracted mode, where
the variables remain uninstantiated, in an instantiated mode, where all bindings
are displayed, or in a juxtaposed mode, where the justication structure and its
mapping to the surface text are displayed side by side.

5 Example: Use of Self-Explaining Documents
Suppose that an attorney, Clarice Darrow, a general practitioner, wishes to draft
a will for a client, Mary Baker, who desires to devise her home to husband, John
Baker, and to provide for the guardianship for her minor children, Sally and Bill,
if her husband should predecease them. Suppose that Clarice wishes to nd an
existing will to adapt to meet her current goals. The attorney's interaction with
the system might consist of the following steps:
1. Retrieval: nding an existing document that can be adapted for the current
situation.
(a) Illocutionary goal identication. Darrow rst identies the illocutionary
goals that she wishes the document to achieve. The system's interface
may include a check-sheet, interviewing procedure, or domain-specic
expert system to elicit goals from the user in a process of iterative renement. The system should be able to infer any necessary subgoals of
the specied goals. A simplied illocutionary goal tree is shown in Figure 4. This goal tree shows, e.g., that in order to make a bequest, it is
necessary for the testator to establish competency, and this in turn requires establishing three subgoals: age mental competency and absence
of duress.
(b) Indexing. The most closely matching existing documents under a usermodiable similarity metric are then located and retrieved. Suppose that
the will shown in Figure 1 is one of the documents retrieved.
2. Comparison. The user, Clarice, must now determine how the retrieved document should be modied to apply to the current situation. This requires
comparing the illocutionary goal tree for the current situation, shown in
Figure 4, with the goal tree for the retrieved document. This comparison is
shown in Figure 5. This comparison indicates that the retrieved document

Make bequest
identify
testator
appoint executor
appoint local
executor
establish
competency
testator is > 18
mentally
competent
no duress
dispose of
property
real
personal
residuary
execute instrument
witness execution
provide for
minor children
Fig. 4.

An illocutionary goal hierarchy.

diers in that (1) it achieves the appointment of an executor by appointing
an out-of-state executor together with a local co-executor, whereas the current goal tree satises this goal by appointing a local executor, and (2) the
retrieved document doesn't provide for minor children.
3. Adaptation: modifying the retrieved document to satisfy the current illocutionary goals.
(a) Excision. Text whose only purpose is to satisfy goals that aren't present
in the current situation should be identied and removed. For example,
text whose purpose is to appoint a local co-executor is not necessary in
the current situation and is removed.
(b) Augmentation. For each goal that does not appear in the retrieved text
(such as provide for minor children), present the user with examples of text from other documents that can satisfy that goal. This requires
retrieval not at the level of granularity of the entire document, but at a
much ner granularity. In this case, just those portions of several previous wills that provide for guardianship are retrieved. For example one
retrieved segment might be the following portion from the will of Eleanor
Silver: \In the event that my wife, Eleanor Silver, should predecease me

Current goal hierarchy

Goal hierarchy of retrieved document

Make bequest
identify
testator
appoint executor
appoint local
executor
establish
competency
testator is > 18
mentally
competent

Make bequest
identify
testator
appoint executor
appoint out-of-state
executor
appoint local
co-executor
establish
competency
testator is > 18
mentally
competent

no duress
dispose of
property

no duress
dispose of
property

real
personal
residuary

real
personal
residuary

execute instrument
execute instrument
witness execution
provide for
minor children

witness execution

A comparison of the given goals with the illocutionary structure of the
retrieved document.
Fig. 5.

before my children, Sarah and Martha achieve their majority, I appoint
my brother, Elmer Goldsmith, to be guardian . . . " The user can view
these test segments and select the most appropriate segment in view of
(1) the illocutionary structure of the text segment itself, (2) any annotations attached to the text segment at the time of their creation, or (3)
stylistic preferences of the user.
(c) Substitution. Since substitutable elements of all items in the docubase
are tagged with type labels using standard template techniques, retrieved
segments can be abstracted and reinstantiated. In the current example
situation <testator: Mary Baker> to be substituted for corresponding
values in the retrieved text, e.g., <testator: Eleanor Silver>. The result
of the substitution is a self-explaining document that satised the current
set of illocutionary goals.
4. Storage. The nal document, which may embody components from multiple
previous documents, is added to the document library indexed by illocutionary and rhetorical goal structure.

6 Implementation Plans
We are currently exploring the application of justication structures to document
reuse in the context of Colorado Court of Appeals show-cause orders. Jurisdictional show-cause orders are issued during jurisdictional screening, a process of
determining whether the requirements for an appeal have been satised. If there
appears to be a jurisdictional defect, a sta attorney drafts a show-cause order that sets forth the apparent defect and orders the appellant to rebut the
defect within a xed time period or face dismissal of the appeal. Show-cause
orders are produced in relatively high volume (several hundred per year), are
complex enough to require drafting by an attorney, but have sucient stylistic
and substantive consistency to facilitate reuse.
Our research agenda is as follows. We are currently engaged in developing
the domain theory for show-cause orders (the objects and predicates that dene
the illocutionary and rhetorical structures). When this process is complete, we
will undertake the construction of each component of the architecture. To supply a uniform representation for all of the knowledge structures, all illocutionary
structures, rhetorical structures, and planning operators will be implemented
in a unication-based constraint system Elh91]. As a result of the single representation, all adaptation procedures (document compilation and consistency
checking) will be performed with a single mechanism: constraint propagation.
Although this brings with it an initial development overhead, we expect to witness signicant software engineering benets in the form of rapid extensions to
the domain theory. Finally, once the system for show-cause orders is complete,
we will run extensive empirical evaluations to measure the gains in eciency and
correctness.

7 Related Work
Indexing and adaptation are central to any case-based approach to problem
solving. Early case-based reasoning systems, e.g., Kol84, SW86, PBH90], typically addressed tasks, such as classication, that require little or no adaptation. By contrast, more recent CBR research has often addressed tasks such
as design, planning, or conguration, that require complex adaptation, e.g.,
Vel92, BS95, SK95, BA95]. Document drafting typies a design task requiring complex adaptation for case reuse. The research described in this paper is
intended to formalize the knowledge required for document reuse, just as the
projects cited above identied knowledge required for reuse of other types of
design, planning, and conguration cases.
Our model of document justication structures draws on four dierent lines of
research: discourse structure analysis the theory of argumentation explanation
generation and automated document drafting. The primary focus of research
in discourse structure has been accounting for the coherence of expository or
other communicative text through hierarchical structures of rhetorical and other
discourse relations, e.g., GS86, Hob79]. The formalization of inter-sentential

discourse relations is a key requirement for the development of self-explaining
documents.
The most directly relevant portion of research in discourse structure is speech
act theory. Initiated by J.L. Austin, who was primarily concerned with explicit
performatives Aus62], speech act theory addresses the illocutionary content of
discourse, that is, the goals that a speaker intends to accomplish through that
discourse Gri75, Sea69]. Illocutionary analysis is essential for self-explaining
documents because few documents have an exclusively communicative purpose.
Instead, as emphasized above, documents are often intended to elicit information,
persuade, memorialize events, or to accomplish performative goals.
The theory of argumentation addresses texts intended to persuade, establish, or prove. For example, Toulmin Tou58] analyzed argumentative texts in
terms of the concepts of warrant, ground, conclusion, backing, and qualication.
This model has been widely applied to the analysis Mar89, ZS95] and creation
BCS95] of legal documents. Argument structure, like other forms of illocutionary goal structure but unlike rhetorical structure, does not directly address the
\surface" form of texts. This line of research is particularly relevant to the analysis of the illocutionary structure of persuasive or dispositive documents such
legal briefs and judicial decisions Bra93].
The explanation community has extensively studied the process of planning
and realizing text given a set of discourse specications. Over the past decade,
their work research on discourse planning McK85, Par88, Hov90, Hov93, Caw92,
Sut93, Moo95, LP96] has produced a variety of techniques for determining the
content and organization of many genres of text. Perhaps because of the necessity of coping with the myriad underlying rhetorical, illocutionary, and argument
structures in discourse generation, this work has yielded a variety of mechanisms
for determining the content and organization of multi-sentential text, a key capability of self-explaining documents.
Automated document drafting research is the fourth relevant research area.
Two important areas of automated document drafting research are automated
legal drafting and automated report generation. A large number of automated
legal drafting systems have been developed in recent years, but most involve
creation of text templates that are then instantiated to create particular documents Lau92]. Some progress has been made in exploiting explicit representations of the relationship between generic documents and document instances and
of constraints among document components DS95]. However, there is a growing
recognition in the Law and AI community that a declarative representation of
the knowledge underlying the selection and conguration of textual elements is
essential for the development of tools that embody the expertise of legal drafting
experts Gor89, Lau93].
The automated report generation community has addressed another form of
text production from an underlying domain structure: the derivation of technical
documentation from program traces generated during software development or
use MRK95, KMR93]

8 Summary
Document drafting typies a design task requiring complex adaptation for case
reuse. This paper has proposed a self-explaining document framework that uses
explicit knowledge of the document's illocutionary and rhetorical structure for
indexing and adapation. We are currently instantiating the framework in the
context of judicial show-cause orders. It is our hypothesis that, by equipping
documents with a justication structure that includes both illocutionary and
rhetorical components, self-explaining document systems can assist document
designers with constructing, maintaining, and interpreting complex documents.
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