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Abstract. In interactive plan-based narrative environments, user's ac-
tions must be monitored to ensure that conditions necessary for the ex-
ecution of narrative plans are not compromised. In the Mimesis system,
management of user actions is performed on a reactionary basis by a
process called mediation. In this paper, we describe an extension to this
approach, proactive mediation, which calculates responses to user input
in an anticipatory manner. A proactive mediation module accepts as in-
put a plan describing the actions being performed by the user (generated
by a plan recognition system) and identi�es portions of that plan that
jeopardize the causal structure of the overall narrative. Once these por-
tions are identi�ed, proactive mediation generates modi�cations to the
narrative plan structure that avoid the unwanted interaction between
user and story. This extension to the original mediation algorithm pro-
vides more responses to a user's actions and generates responses that are
tailored to the user's actions.

1 Introduction

Recently, a number of interactive applications, including computer games, train-
ing simulations, and intelligent tutoring software involve a human user interact-
ing with one or more embedded agents acting in a virtual environment. These
applications often require the agents, in concert with the user, to perform co-
ordinated sequences of novel actions structured as an unfolding story or narra-
tive. One approach used to address the coordination of the actions within these
story-based systems is the use of a centralized planning system, in which a single
planner de�nes the actions of all agents in a narrative plan [1{3].

If the user in such plan-based systems is allowed a signi�cant amount of
autonomy, careful attention must be paid to guarantee that she does not al-
ter the environment such that those actions speci�ed by the planning system
cannot be performed. A previously de�ned process called reactive mediation [4]
addresses this issue by pre-determining responses to destructive user behavior.
One noteworthy limitation of reactive mediation is that user behavior is exam-
ined on a per action basis. That is, mediation responses are taken only at the
point where the harmful action is performed. While preserving the validity of
the plan's causal structure, this approach fails to take into account the larger
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context of the user's actions. Often, a user performs a sequence of actions leading
to some desired result, in which one or more of those actions may be harmful to
the global plan.

In this paper, an extension to reactive mediation, a process called proactive
mediation, is described. Rather than examining single user actions, the proac-
tive mediation module examines a proposed plan (provided by an external plan
recognition component) that the user is performing in the context of a larger
story. Having knowledge about hypothetical future actions that the user may
execute allows the proactive mediation module to generate a wider variety of
responses to potential harmful user activity, as well as to shape those responses
to better integrate with the overall course of the narrative.

2 Background

Generating responses to unanticipated change in an environment has been ad-
dressed by a number of research e�orts. Firby's Reactive Action Packages de�ne
various action sequences that a robot can perform for a given task in case of
failure [5]. Gordon and Iuppa [6] introduce storyline adaptation strategies which
de�ne the ways that a story can change in response to unanticipated user action
at choice points in a story. Steve, an animated pedagogical agent, monitors user
activity and appropriately responds if a user interrupts the current task being
demonstrated [7]. While these approaches deal with the generation of responses
to unexpected behavior as it arises, none of these systems exploit expectations
about likely future events to alter the unfolding action.

In contrast, work by Magerko and Laird [8] incorporates hypothesized future
user behavior in the Interactive Drama Architecture (IDA) system. IDA uses a
rule-based user model to predict world state changes between prede�ned plot
points in a narrative. Their model is used to determine if a user's expected ac-
tions are likely to satisfy the preconditions of any plot points and to adapt their
execution environment accordingly to further advance the story. While their ap-
proach detects and reacts to anticipated inconsistencies in the story, the system
responds to expected user actions only at the end of the simulation created by
their rule-base. In contrast, the process we de�ne below uses an explicit plan rep-
resentation to describe hypothesized user behavior. This representation not only
allows for planning responses to user actions, but also identi�es speci�c harmful
actions and the conditions they require for execution. The resulting system can
preemptively alter the world state and the actions the system will execute in
order to prevent the user from performing some harmful action.

The following section contains a brief overview of Mimesis, the system in
which our approach is implemented. For a more detailed description, see [3].

2.1 Mimesis Architecture

The Mimesis system architecture is a distributed, service-oriented approach to
the generation and execution of interactive narratives within virtual environ-



ments. Components of the system communicate via XML across the internet to
reason about high-level narrative structure.

Two of these components are central to the discussion here: a story planning
system based on the Longbow planning system [9] and the component that
serves as the virtual world interface between a user and the rest of Mimesis.
This component, called the MWorld, contains logic for translating declarative
descriptions of the narrative produced by the planning system into function calls
that execute directly in the user's virtual environment.

The planning component of Mimesis is used to generate the story structure
executed by the characters within the story world. Before an interactive session
begins, the planning system builds a story plan which represents the actions
of all the agents in the story world, including those of the user. Longbow plan
structures are similar to those used in partial-order, causal link and HTN-style
planning systems [10, 11]. The plans contain annotations that explicitly mark the
temporal relationships between all actions in the story plan, de�ning a partial
order indicating the steps' order of execution. Other annotations, called causal
links, mark all causal relationships between the actions in the plan as well. A
causal link connects plan steps s1 and s2 via condition e, written s1 !e s2 when
s1 establishes the condition e needed by subsequent action s2 to execute.

Once the planning system has generated a plan for a story, a scheduler com-
ponent called the execution manager translates the plan structure into a directed
acyclic graph (DAG) representing the temporal dependencies between the steps
in the plan. As steps in the DAG are ready to execute, the manager sends com-
mands to the MWorld invoking the corresponding function calls. The MWorld
provides updates to the execution manager regarding the status of each func-
tion's execution; as each function call completes, the manager updates the tem-
poral dependencies within the execution DAG and sends commands to execute
the next set of plan actions.

2.2 Reactive Mediation

As described above, Mimesis drives the action within its story world based on
the structure of a plan produced by a narrative planner. Plan execution is com-
plicated, however, because users are relatively unconstrained with respect to the
actions that they can perform in the world as the plan is being executed. The
plans used by Mimesis are dependent upon user actions, both because some user
actions are required for the plans to progress and because the consequences of
user actions may inadvertently interfere with the world state on which the plan
structure depends. As users issue commands for their characters to perform ac-
tions within the story world, these actions must be checked against the narrative
plan to determine how they �t with the plan's structure. This process, called
reactive mediation, is described in detail in [4]. We provide a summary of the
process below as background for the extension to mediation that is the main
contribution of this paper.



Characterizing User Actions. As the user performs an action, Mimesis must
characterize the act with respect to the story's requirements; actions that the
story is depending upon must be identi�ed in order for the story to progress,
while actions that interfere with the story's structure must be identi�ed so that
the damage that they might cause to the narrative can be avoided or minimized.
By comparing each action executed by the user to the structure of the story
world plan, Mimesis automatically characterizes user actions into one of three
categories: constituent, consistent, and exceptional.

A constituent action is one that maps directly to a step in the story world
plan. The action's type, arguments and temporal and causal structure all match
the corresponding constraints on a step speci�ed for user execution.

A consistent action is one that is not constituent and whose e�ects do not
alter the virtual world in a way that interferes with the successful execution of
the story world plan. Speci�cally, an action a is consistent just when it is not
constituent and, for each of its e�ects e, there is no causal link in the story world
plan that spans the point in time where a is being executed and that is labeled
:e. In practice, most user actions fall into this category.

An exceptional action is neither constituent nor consistent, that is, at least
one of the e�ects of the action threatens a causal link in the narrative plan.
Formally, action a with e�ect :e threatens causal link s1 !

e s2 when a is
performed after s1 and before s2. Exceptional actions, if allowed to execute,
break the causal dependencies on which a story plan is based, making the plan
impossible to execute.

Responding to Exceptional Actions. When exceptional actions are initi-
ated by the user, their execution changes the state of the story world in such a
way that the story plan is no longer executable. In order to prevent this con-
sequence, the Mimesis execution manager monitors each command sent by the
user to the virtual world, characterizing it immediately as consistent, constituent
or exceptional. When an exception is detected, the system determines an appro-
priate response before the user's command is queued for execution. The Mimesis
execution manager responds to each exception either by preventing the excep-
tion's threatening e�ect to be established or by adjusting the narrative such
that the action's performance poses no threat. These outcomes are achieved by
accommodation or intervention, described brie
y below.

When an exceptional action is accommodated, it is allowed to execute, and
the remaining plan is restructured so that no causal links are threatened. This re-
structuring can often be slight, such as selecting a di�erent character to perform
a task. However, in certain cases, the revised narrative plan may be substantially
di�erent from the original, requiring signi�cant computation on the part of the
planner. Further discussion of this re-planning process is beyond the scope of
this paper.

When an exceptional action is handled by intervention, an alternative action
is executed in its place. This alternative action, instantiated from a set of pre-



de�ned failure modes, is similar in appearance and function to the exceptional
action, but has a di�erent set of preconditions and e�ects.

Policy Tables. The process of revising plans and �nding suitable failure modes
is complex, and cannot reliably execute in an acceptable amount of time if per-
formed when the exception occurs. In order to provide satisfactory response time
when an exception does occur, accommodations and interventions are generated
in advance, and held in the mediation policy table.

After generating a narrative plan but prior to its execution, Mimesis ex-
amines the plan's causal structure and identi�es which user actions can cause
exceptions at every point in the plan where a user may act. For every possible
exception, a queue of appropriate responses (interventions and accommodations)
is computed. This action/response queue pair is inserted as an entry into a me-
diation policy table, along with the interval in the narrative plan during when
the action can be performed. The queue of responses is sorted by a heuristic
function which determines a qualitative measure of the responses' e�ectiveness.

3 Extending Mediation

One signi�cant limitation of reactive mediation is that it responds to user ac-
tivity at the last possible moment. While this approach localizes the point in a
story where a user's agency may need to be restricted, intervention and accom-
modation at the point of an exception can be problematic. Consider a scenario
in which the user executes a long series of actions that clearly lead to an ex-
ceptional action, for instance, besieging the castle of a story's central character,
capturing him and then attempting to kill him. If the system allows the user
to spend the time and resources to capture the nobleman, but then intervenes
repeatedly as the user swings his sword, the user will not only be frustrated with
his apparent inability to hit his target but also with the failure of the system to
have guided the story more e�ectively. The user has put in signi�cant e�ort in
pursuit of a particular course of action, and yet the system has done nothing to
deter the user until the action sequence's very end.

This problem is addressed by proactive mediation, which preemptively re-
structures the narrative plan to better account for anticipated user activity.
Rather than monitoring the user's activity only as it occurs, a proactive media-
tor also examines the user's anticipated plan of action provided by an external
plan recognition component (e.g., [12, 13]). Steps in the user's anticipated plan1

are characterized as constituent, consistent, or exceptional, just as individual ac-
tions are categorized under reactive mediation. Proactive mediation extends the

1 Here, it is appropriate to make the distinction between a step and an action. A
step refers to a data structure which describes an event in the virtual world. A plan
contains a set of steps, whose referent events,, at the time of planning, have not
yet occurred. An action refers to an event which is occurring at the present time,
regardless of whether or not it is described in a plan.



notions of intervention and accommodation to avoid threats from exceptional
steps that have not yet occurred. While the basic objectives of reactive and
proactive mediation are the same, a proactive mediator's knowledge of expected
future steps is utilized to allow a wider range of responses to user activity.

3.1 Proactive Mediation Input

As described above, Mimesis uses a plan representation to describe story events
in a virtual environment. Proactive mediation uses the same plan representation
to describe likely future event sequences that the user may perform. This plan
is supplied by a plan recognition component which, upon recognizing a user's
plan, submits it to the proactive mediator. A plan is de�ned formally below.

Plan: A plan is a tuple < S;B;O;L > where S is the set of steps, B is the
set of binding constraints on the steps in S, O is the set of ordering constraints
between steps in S, and L is the set of causal links between steps in S. The
proactive mediator takes as input a narrative plan, a recognized plan and an
operator library, de�ned formally below:

Narrative plan: A narrative plan is a plan N :< SN ; BN ; ON ; LN > gener-
ated by the Mimesis system which describes all of the steps to be performed by
the characters in a story, including those of the user. We say that a step s is a
narrative step just when s 2 SN .

Recognized plan: A recognized plan is a plan R :< SR; BR; OR; LR > that
is proposed by a plan recognition system. This plan hypothesizes the sequence
of steps that the user intends to perform, and that the user expects to occur.
We say that a step s is a recognized step just when s 2 SR.

Operator library: An operator library is a collection of operators charac-
terizing the actions available for the given story world domain, instantiated as
steps. An operator is a tuple < P;E > where P is a set of preconditions that
must hold true before the step is executed, and E is a set of e�ects that are
true after the step is executed. Each step in either the narrative plan or the
recognized plan can be a system step (any action executed by system resources,
characters, etc) or a user step (one initiated by the user and performed by the
user's character) and is identi�ed by a unique ID. The set of system steps is de-
noted SSY S , where SSY S 2 (SN [ SR). The set of user steps is denoted SUSER,
where SUSER 2 (SN [ SR).

3.2 Generating the Mediated Plan and Identifying Steps

The �rst step in the proactive mediation process is the creation of a working
plan that encapsulates the actions of both input plans. This new plan, called the
mediated plan, is formed by merging the narrative and recognized plans in the
following manner. To simplify the current discussion, a step in the narrative plan
and a step in the recognized plan whose IDs are identical are assumed to refer to
the same event. The mediated plan is thus a tuple M =< SM ; BM ; OM ; LM >
where SM = SR [ SN , BM = BR [BN , OM = OR [ON and LM = LR [ LN .



Once the mediated plan is created, the steps in the recognized plan are then
categorized as inclusive or exclusive. Inclusive steps occur in both plans (i.e., N
and R), while exclusive steps only occur in the recognized plan. Inclusive steps
may be either user steps or system steps, while exclusive steps are assumed to
be only performed by the user. That is, it is assumed that the user will not plan
for system steps to occur which are not actually part of the narrative plan.

A step s is an inclusive step just when s 2 SR\SN . The set of inclusive steps
is denoted SIN . A step s is an exclusive step just when s 2 SR and s =2 SN . The
set of exclusive steps is denoted SEXL.

User steps can be constituent, consistent, or exceptional, just as user actions.
The de�nitions of these steps are similar to their action counterparts, with the
understanding that the steps refer to future events. The one deviation is the def-
inition of an exceptional step, which can be described as a potential exceptional
action given the ordering constraints of the mediated plan. All inclusive steps
that are performed by the user are identi�ed as constituent, and all exclusive
steps are identi�ed as either consistent or exceptional.

Constituent Step: A step s is constituent just when s 2 SIN \ SUSER.
Exceptional Step: A step s with e�ect :e is exceptional just when a)

s 2 SUSER, b) 9s1 !e s2 2 LN , and c) s is not required to come before s1 or
after s2, based on the transitive closure of the ordering constraints within OM .
The set of exceptional steps is denoted SEXP .

Consistent Step: A step s is consistent just when s 2 SEXL � SEXP .

3.3 Handling Exceptional Steps

Once the steps in the mediated plan have been characterized, the mediator then
determines how to respond to each exceptional step. We say that an exceptional
step is avoided when the mediator alters the narrative plan in a manner that
deals with the harmful e�ects of the exceptional step. For each exceptional step
sx 2 SM with e�ect :e that threatens some causal link s1 !e s2 2 LM , sx can
be avoided by:

{ Proactive Intervention: Stopping the user from performing step sx in the
mediated plan.

{ Proactive Accommodation: Eliminating the need for the causal link s1 !e s2
in the mediated plan.

{ Proactive Reordering : Enforcing orderings such that sx cannot occur between
s1 and s2.

Proactive Intervention. The purpose of intervention is to prevent the ex-
ception's threatening condition from being established. Reactive intervention
achieves this by replacing the execution of the exceptional action with the exe-
cution one of its failure modes that does not have the threatening condition as
an e�ect. This solution is also possible under proactive intervention. However,
since an exception considered by the proactive mediator has not yet occurred,



additional action can be taken by the system to make one or more precondi-
tions of the exception false, thus making the action itself un-executable. This
can be achieved by executing a system step which makes a condition false, or by
removing a step that causally leads to the exception.

Proactive intervention prevents the user from performing some exceptional
step sx in question. This can be done by stopping the execution of sx itself, or
any step that contributes to sx.

A step s1 contributes to sx just when 9s1 !e sx 2 LM or some other step s2
contributes to sx and 9s1 !e s2 2 LM . The execution of each contributory or
exceptional step s in the mediated plan can be avoided via intervention by one
of the following measures:

Substitution: Prevent the exceptional step from establishing the threaten-
ing condition by replacing s with one of its failure modes s�. If s is contributory,
s� must be selected so that at least one of the conditions established by s and
used in a contributory causal link is not asserted by s�. If s is exceptional, the
e�ects of the failure mode must not threaten any causal link in the narrative
plan. If the substituted failure mode has any preconditions which are not in the
original step, those preconditions are considered open, and appropriate 
aws are
added to the plan. Fixing these 
aws requires additional plan construction in
order to make the resulting plan complete.

Aversion: Prevent the execution of s by making one or more preconditions
of s false at the point immediately prior to its execution. This is achieved by
inserting a system step si, called an inversion step, into the plan. Step si has
an e�ect :f , where f is a precondition of s. Additional ordering constraints are
added such that si must come before s, and si must come after all steps which
establish f , including the original source of the causal link. If the resulting plan's
ordering constraints are inconsistent, aversion using si cannot be performed.

Although the inversion step si is ordered before s, there is no guarantee that
the condition :f will be established before s is executed by the user. A race
condition exists between the system's execution of si and the user's execution
of s; if s appears early in the recognized plan, or if a long sequence of steps is
required to establish :f , then s could be executed �rst. This race condition is
avoided by the system "instantaneously" executing the aversion steps, uncon-
strained by rules in the virtual world such as animation times or physics . For
instance, the system can programmatically shut and lock a door without requir-
ing that a character perform the act. This approach will work, however, only if
a) the user does not already know the status of any aversion e�ects, and b) the
user cannot directly observe the state changing from these actions.

Disablement: Remove a contributory inclusive step s from the mediated
plan. This prevents s from establishing causal links which contribute to an ex-
ceptional step. Once s has been removed (along with all causal links, variable
bindings and step orderings relating to s), conditions in the narrative plan that
were satis�ed by s are no longer satis�ed, and some re-planning will be required
to reestablish those conditions.



Proactive Accommodation. Proactive accommodation allows the user to
perform the exceptional step sx; in response, the system re-plans the narrative
to reestablish any causal links threatened by sx's e�ects. In this regard, there
is no di�erence between proactive accommodation and reactive accommodation,
and the basic mechanism does not di�er between the two. The fundamental dif-
ference between proactive accommodation and reactive accommodation is that
proactive accommodation can alter the narrative steps which occur prior to s1.
By modifying steps prior to s1, proactive accommodation can eliminate extrane-
ous steps from being executed to establish the original causal link, resulting in a
narrative plan that is potentially more coherent. Further, plans generated with
proactive accommodation can use e�ects of exclusive steps in the recognized plan
to satisfy any open preconditions, potentially giving the user a stronger sense of
participation in the story line.

Proactive Reordering. Proactive Reordering introduces additional orderings
to the narrative plan that make it temporally impossible for sx to be executed
between s1 and s2. Conceptually, there are two ways to enforce this: add the
ordering sx < s1, or add the ordering s2 < sx. Both of these options e�ectively
reorder the steps to prevent sx from being executed between s1 and s2, but
neither option is particularly viable.

If the ordering sx < s1 is introduced into the mediated plan, Mimesis would
wait for the user to perform sx before executing s1. This rigid requirement can
easily stall the entire narrative if the plan recognition component proposed an
inaccurate plan, or if the user simply changed her mind about performing sx.

Enforcing the ordering s2 < sx can be problematic as well, for the simple
reason that sx is to be performed by the user. Stopping the user from executing
sx if attempted before s2 is already accomplished by reactive intervention.

There is a case, however, in which system steps can be reordered such that
sx can only be executed after s2. If 9sc 2 SIN \ SSY S and sc is ordered before
sx, adding the ordering s2 < sc, implicitly ensures that sx cannot occur before
s2 (assuming that the ordering is consistent with the mediated plan).

3.4 Re-planning

A number of mediation strategies described above involve removing elements of
the mediated plan and �lling in the resulting gaps with alternative plan structure.
The re-planning process used to �ll in the missing plan structure is similar to
the plan generation process we use, with one notable di�erence: no ordering link
sn < se can be added to the plan, where sn is a narrative step and se is an
exclusive user performed step. This restriction is in place because the system
has no direct control over when se will be performed, since its execution is left
up to the user. As a result, se's execution cannot be guaranteed to follow that
ordering. Ordering links and causal links are, however, allowed from exclusive
steps to narrative steps, which can act to further involve the user in the narrative
by e�ectively making exclusive actions inclusive.



3.5 Mediation Algorithm

A single mediated plan can potentially contain multiple exceptions, which must
all be avoided before the plan can become the active storyline and begin exe-
cution. The mediation algorithm used to avoid all of the exceptions is similar
in many respects to our planning algorithm, which can be characterized as a
re�nement search through a plan space graph [14]. A node in the graph repre-
sents a partial plan, and a node's children are re�nements of a speci�c 
aw in
the parent. Similarly, the mediation algorithm is a re�nement search through a
mediation space graph, where a node represents a plan and its corresponding
policy table, and a node's children are responses to a speci�c exception. Search
through this mediation space is guided by an author-de�ned heuristic, which is
used to qualitatively evaluate each plan/policy table pair. This heuristic could
be derived from the same planning heuristic used to generate the original story
plan, so that proactive responses that coincide with the author's intended story
are favored.

While expanding the mediation space tree, choosing an exception to avoid
is not completely arbitrary. Avoiding an earlier exception can (in the case of
intervention) implicitly avoid any exceptions that are causally dependent on the
former, so only candidate exceptions that have no contributory exceptions are
chosen.

4 Example

The following is an example of a mediated plan just after the narrative plan
and recognized plan have been merged and the steps identi�ed. The original
narrative plan describes the events in a single chapter of a larger story, in which
a secret agent played by the user is attempting to acquire secret documents by
posing as an employee of a corporation. The chapter ends with the user being
caught in her boss's o�ce looking for the documents. The scenario begins with
the user being given a master key to the building by a collaborator on the inside
(spy), and then walking to her boss's o�ce and using the master key to enter.
At the same time, the boss arrives in his car, takes the elevator to the seventh

oor, and then enters his o�ce. This narrative corresponds to steps 0-8 in the
merged plan depicted in Figure 1.

The clever user, knowing that the boss rides the elevator every morning,
decides to sabotage the elevator so that she will not be caught. This threatens the
narrative plan, as the goal of this portion of the story is for the user to be caught.
Speci�cally, Move (Step 9) is identi�ed as exceptional because one of its e�ects,
:At(user; hallway), threatens the causal link between the InitialState (Step
0) and Move (Step 4). Similarly, Sabotage (Step 11) is identi�ed as exceptional
because one of its e�ects, :Working(elevator), threatens the causal link between
the InitialState (Step 0) and RideElevator (Step 3).

The �rst exceptional step, Move (Step 9), must be allowed to execute, be-
cause no failure modes have been de�ned forMove, and no inversion steps exists



Fig. 1. An example of a merged plan, with all steps identi�ed: the rounded nodes indi-
cate narrative steps, the gray nodes indicate recognized steps, the box nodes indicate
exclusive steps, and the dashed nodes indicate exceptional steps. Solid arrows represent
causal links, dashed arrows represent ordering constraints.

which can move the user to a di�erent location (she must do this on her own).
The only viable option is accommodation, which in this case can remove Move
(Step 4) and all associated causal links and ordering constraints. This does not
introduce any new 
aws to plan because Move (Step 13) also establishes the
condition At(user; officeDoor) which was originally established byMove (Step
4).

Substitution can be used to stop the user from sabotaging the elevator, by
replacing Sabotage (Step 11) with a failure mode, or by replacing any exclusive
contributory step (Steps 9 or 10) with a failure mode. Performing a substitution
on the Sabotage step is handled by reactive mediation (since that single action is
exceptional), and in this world no failure modes have been de�ned for the Move
operator. The Enter operator, however, does have a failure mode de�ned, which
is called JammedDoor. This failure mode results in the door not opening and
the user not being in the power room.

Aversion can also be used to mediate this plan by inserting a Move step
followed by an inversion step: StandWatch, which moves the seventh 
oor's secu-
rity guard to watch over the power room. This has an e�ect of
:Unguarded(powerRoom), which prevents the user's character from sabotag-
ing the elevator. Note that the animations for walking the security guard to the
power room do not need to play out if the user is not in the area (the action



is not observable). The system can simply make the e�ects of the step true, in
e�ect"warping" the guard to his new post.

The third form of intervention, disablement, can be applied to Give (Step
1), because it is the only inclusive step that contributes to Sabotage (Step 11).
After removing the step from the mediated plan, two preconditions are left
open (in Steps 10 and 7). Some additional planning is required to reestablish
Has(user; ?key-7) with the additional constraint that Has(user; ?key-10) is not
reestablished. In this particular world, the spy has a second key which only opens
the boss's door, so one alternate plan replaces Give (Step 1) with a di�erent
Give, in which this second key is given to the user.

Accommodation allows the user to sabotage the elevator, planning around the
Working(elevator) causal link between the InitialState (Step 0) and
RideElevator (Step 3). Alternate plans can include a repairman �xing the ele-
vator, or the boss taking the stairs instead.

The Sabotage step can also be allowed if it occurs after the boss is on the
seventh 
oor. This can be achieved by adding the ordering constraint 3 < 1 to
the plan, which waits for the boss to be on the seventh 
oor before the spy gives
the user the master key.

5 Conclusions

In many interactive environments, a human user is permitted to manipulate the
environment in a variety of ways. In a plan-based narrative environment, this
manipulation may disrupt the actions of other agents or even the actions that the
system intends the user to perform. Proactive mediation expands upon reactive
mediation to generate a variety of responses to a user's proposed sequence of
actions in the environment. Having a hypothesis about future user actions allows
proactive mediation to generate a broader range of responses to user actions that
can be temporally distributed over the course of a plan.

There are, however, additional factors to consider in evaluating our approach.
Proactive mediation relies on e�ective plan recognition and can be sensitive to
the frequency of change in input from the plan recognition component. In ad-
dition, planning is computationally complex; in cases where many proactive re-
sponses require re-planning, there is no guarantee that an appropriate response
can be generated within a reasonable amount of time. However, our prelimi-
nary consideration indicates that plans containing potential exceptions occur
relatively rarely compared to the number of actions a user is, in practice, likely
to perform at any given moment within a story. Most user actions are consis-
tent or constituent; it is the e�ects of exceptions on the coherence of the story
rather than their frequency that motivates the need to address them. While
computation performed by proactive mediation can be costly in some cases, the
approach we outline is readily implemented as an anytime algorithm: should
proactive mediation fail to generate a response in time to address an exception,
reactive mediation can still be used. Similarly, should reactive mediation fail to



generate an accommodation in time, intervention (which typically amounts to a
straightforward look-up) can be invoked.

Finally, restructuring the narrative plan may result in system-controlled
agents performing actions that are not clearly motivated. Our current work in-
cludes integration of the proactive mediation component with an intent-driven
planner [15] that generates plans where agents' actions can be understood in
terms of their own beliefs, desires, and intentions.
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