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Abstract

The authoring of fictional stories is considered a
creative process. The purpose of most story au-
thoring is not to invent a new style or genre of
story that will be accepted by the population but to
invent a single narrative that is novel enough to be
tellable. Computational story generation systems
are more limited in the space of narratives than
human authors because it is often the case that a
story generation system is constrained to operate
within a fixed representation of the story world.
These limitations can impact whether a story gen-
eration system is considered creative or not. In this
paper, we describe a story planning system, Fabu-
list. Fabulist however is constrained by the world
model input by the system user. We present two
algorithms that enable story planning system such
as Fabulist to break outside the bounds of the initial
world model in order to search a larger space of
narratives.

1 Introduction

Narrative as entertainment, in the form of oral, written, or
visual stories, plays a central role in our social and leisure
lives. The act of storytelling is commonplace, whether the
story is autobiographical — relating something that happened
earlier in the day — or fictional. The ability to create and to
tell a story is an important and innate skill in humans.
There is value then in building computational systems that
can create and tell stories. The authoring of fictional stories
is considered a creative process. The issue of building story
generation systems is twofold: can we build a system that
generates stories that are considered “good” and, further-
more, can this computational process of generating stories
be considered creative?

Boden [1990] provides a taxonomy of creative systems
that distinguishes between exploratory creativity and trans-
formational creativity. Concepts are locations in conceptual
space and creativity is the act of identifying new locations
within this space. Exploratory creativity is the process of
searching an area of conceptual space governed by certain
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rules. Transformational creativity is the process of trans-
forming the rules and thus identifying a new sub-space. In
this framework, media creation such as story authoring is
largely exploratory creativity [Turner, 1995; Peinado et al.,
2004]. The purpose of most story authoring is not to invent
a new style or genre of story that will be accepted by the
population but to invent a single narrative that is novel
enough to be tellable.

Narrative is the recounting of a sequence of events that
has a continuant subject and constitutes a whole [Prince,
1987]. This implies structure to the sequence such as causal
relationships between events and a general sense of com-
pleteness. A story is a narrative that has additional structure
that conforms to audience expectations. Examples of struc-
ture include dramatic arc and authorial intent (the point of
the story). The conventions of story structure significantly
constrain the space of narratives that are considered tellable.
On top of the issue of the content of the story and how it is
structured, there is the issue of narration — the telling of a
story to an audience through natural language or cinematic
presentation. The work presented here addresses the gen-
eration of story content with the assumption that any story
content that is generated can be told effectively to an audi-
ence. In this work, we consider story generation as a proc-
ess of finding a sequence of events that can occur in a fic-
tional story world that is considered satisfying to an audi-
ence.

The constrained nature of narrative space makes it ap-
pealing for search-based story generation. However, com-
putational story generation systems are further constrained
by limitations inherent in the representation of the story
world in which the story is set. Typically, the representation
of the world — what the world looks like, what characters are
situated in the world, etc. — is provided as initialization pa-
rameters by the system user. We refer to the user of a story
generation system as the human author.

The remainder of the paper is structured as follows. First,
we introduce some related work in computational story gen-
eration systems. We then discuss planning as a technology
for story generation, how it can be extended to search a lar-
ger space of stories with greater potential for finding “good”
story plans, and how story plan search relates to Boden’s
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conceptualization of creativity. This discussion raises some
issues as to how creative a story planning system can be.
The next two sections describe extensions to story planning
that enable a story planner to violate the constraints imposed
by a human author. The first discusses how a story planner
can assume creative control over the description of the story
world in which a fictional story is told. The second dis-
cusses how a story planner can relax the constraints imposed
on it by the human author’s given model of the story world
dynamics.

2 Related Work

Tale-Spin [Meehan, 1976] is a story generation system that
uses an inference engine to determine how individual story
world characters will react given the environment and an
initial condition. Tale-Spin does not necessarily take into
consideration the author’s goals. The Universe system [Le-
bowitz, 1985] uses planning to generate story fragments that
do achieve the author’s goals. However, Universe empha-
sizes causal coherence without explicitly addressing other
important aspects such as character intentionality.

Case-based reasoning (CBR) techniques have also been
applied to story generation. CBR is considered one possible
model of computational creativity capable of transforma-
tional creativity. Minstrel [Turner, 1994] takes a problem-
solving CBR approach, transforming cases from other do-
mains to story situations.  Diaz-Agudo et al. [2004] and
Peinado et al. [2004] use knowledge-intensive CBR to com-
pare instances of fairy tales based on the grammar of Rus-
sian fairy tales developed by Propp [1968].

3 Story Planning

Dehn [1981] argues that a story — an amalgamation of all the
events that happen in the story world — must be satisfying or
meaningful to the audience and that one way to achieve this
is to have the story reflect the intentions of the (hypotheti-
cal) author. One way to ensure that a story reflects the in-
tentions of the author is to insist that a specific outcome
occurs. Planning is one technology for generating the con-
tent of a story that achieves a specific outcome in the form
of a goal state.

Young [1999] suggests that planning has many benefits
as a model of narrative. The first benefit is that plans are
comprised of partially ordered steps. If the plan steps repre-
sent actions that are performed by characters in the story
world, then a plan makes a good model of a story fabula —
the chronological enumeration of events that occur in the
story world between the time the story begins and the time
the story ends.

The second benefit is that planning algorithms themselves
are general problem solvers that attempt to find a sequence
of operations that transform an initial world state into a de-
sired goal state. If the initial state of the planning problem
represents the state of the story world before the story be-
gins and the goal state of the planning problem is a partial
description of the state the story world after the story is
complete, then a planning algorithm is model of story au-

thoring that treats authoring as problem solving. The prob-
lem is to find a story that can be told in a given story world
that results in a given outcome — the goal.

Finally, planners such as UCPOP [Penberthy and Weld,
1992] construct plans based on causal dependencies. Plan
steps have preconditions — propositions that must be true in
the world for a step to execute successfully — and effects —
propositions about the world that are changed by successful
completion of the step. Causal dependency planning en-
sures that all character actions are part of a causal chain of
events that lead to the outcome of the story, resulting in a
coherent story structure.

Given this argument, any partial order planner can be a
story generator given (a) an appropriate world state descrip-
tion, (b) an appropriate library of operations that story world
characters/agents can perform, and (c) a method of trans-
forming a plan into written or spoken discourse (e.g. [Cal-
laway and Lester, 2002]) or visual discourse (e.g. [Jhala,
2004)).

Given that a plan shares many of the same properties as a
narrative, any plan that is generated by a planner and then
narrated can be considered a narrative. Partial order plan-
ners such as UCPOP [Penberthy and Weld, 1992] generate
plans by searching the space of partial and complete plans.
A partial order planner is given a description of the initial
world state, a goal (in the case of story planning, an out-
come), and a library of operators that can be executed by
story world characters in order to change the world. Plan
operators are discrete actions, represented as a precondition
and an effect. The precondition of an action describes all
the facts about the world that must be true for an action to
be performed. The effect of an action describes how the
world is changed by successful execution of the action.
Table 1 shows an example of a discrete action schema.

The planning process begins with an empty plan. Plan-
ning is the process of identifying and non-deterministically
repairing flaws in a candidate plan. Initially, each sentence
in the goal statement is an open condition flaw that must be
satisfied. Each open condition flaw is addressed by non-
deterministically selecting an existing action or instantiating
a new action from the library of operators. A causal link
connects two steps s; and s, via condition e, written
s;—=—s,, when s, establishes condition e in the world
needed by subsequent action s, in order for s, to execute.
When a new action is instantiated in the plan, its precondi-
tions are designated open condition flaws that must also be
satisfied. The process iterates by backward chaining until
there are no more flaws in the candidate plan. In a complete
plan, each precondition of each action is supported by the
effects of a previous action or by the initial world state.

Table 1: An action schemata.

(define (action shoot)

:parameters (?attacker ?victim ?weapon ?place)
:precondition ((character ?attacker) (character ?victim)
weapon ?weapon) (location ?place)

at ?attacker ?place) (at ?victim ?place)
has ?attacker ?weapon)

violent ?attacker))

:effect ((not (alive ?victim))))

(
(
(
(




Initial Step |

(at Aladdin castle)
|Travel (Aladdin, castle, mountain)l

(at Dragon mount.) (at Aladdin mount.)
|Slay (Aladdin, Dragon, mountain)l

(has Dragon lamp) —(alive Dragon) (at Aladdin mount.)
| Pillage (Aladdin, Dragon, lamp, mount.)I

(at Aladdin mount.)
| Travel (Aladdin, mount., castle) |

(at King castle) (has Aladdin lamp) (at Aladdin castle)
|Give (Aladdin, King, lamp, castle)l

(in Genie lamp) (has King lamp)
|Summon (King, Genie, lamp, castle)l

—(confined Genie) (controlled-by Genie King)
Love-Spell (Genie, Princess, King)I

(loves King Princess) (loves Princess King)
|Marry (King, Princess, castle)l

(married King Princess)
Goal Step I

Figure 1: A narrative plan generated by a conventional
planner.

The causal links ensure that causal coherence is main-
tained throughout the plan. That is, each action in the narra-
tive plan enables future actions in the plan to be possible
and nothing can happen without apparent cause. Figure 1
shows a narrative plan generated by a planner to “solve” the
problem of having a King marry a Princess with the help of
Aladdin and a Genie in a magic lamp.

3.1 Story Planning for Character Believability

There is more, however, to story generation than causal co-
herence of action. Stories also have character believability.
Character believability refers to the numerous elements that
allow a character to achieve the “illusion of life,” including,
but not limited to, personality and intentionality [Bates,
1994]. Specifically, the actions of believable characters
should appear intentional — to be motivated by that charac-
ter’s internal beliefs, desires, and goals. Story generation
systems based on conventional planning algorithms have
traditionally been unable to generate narratives with charac-
ter believability [Riedl, 2004]. For example, the narrative
plan in Figure 1 does not address the issue of why Aladdin
chooses to help the King.

Fabulist [Riedl, 2004] is a story generation system that
uses planning technology. Specifically, Fabulist uses the
Intent-driven Partial Order Causal Link (IPOCL) planner to

generate narratives in which character actions appear caus-
ally coherent and intentional [Riedl & Young, 2004; Riedl,
2004]. The IPOCL algorithm addresses the character be-
lievability limitation of conventional planning as a tech-
nique for story generation by decoupling the characters’
intentions from the author’s intentions. IPOCL does not
assume that the story world characters intend the outcome
(goal state) of the story. Instead, IPOCL (1) searches for the
intentions that each character might have and (2) motivates
through story events why those characters have the inten-
tions that they do.

IPOCL breaks a narrative plan down into sequences of
character intentionality — called intervals of intentionality —
such that all character actions must be part of some se-
quence. Each sequence achieves an internal goal held by a
story world character. An action that is part of an interval of
intentionality is considered intentional and all actions must
be intentional or the narrative plan is considered flawed.
When a newly instantiated action is instantiated into the
plan, the planner reasons about why the designated character
would perform that action. The action can either (a) achieve
some internal character goal or (b) causally support another
action that achieves an internal character goal. In the first
case, the planner non-deterministically chooses an effect of
the action as the goal of a new interval of intentionality. In
the second case, the planner attempts to add the action to an
existing interval of intentionality for that character.

IPOCL also motivates why a character might have an in-
ternal goal and consequently why that character has an in-
terval of intentionality. Each sequence of intentionality
must be motivated by the effect of a story-world action. In
the previous example, Aladdin might be considered to have
the goal that the King possesses the lamp. Why does Alad-
din have this goal? IPOCL addresses this flaw by inserting
a new motivating action in the plan that causes the character
to have a goal. In the example, this could be an action in the
beginning of the narrative plan in which the King orders
Aladdin to acquire the lamp for him. Figure 2 shows a por-
tion of a narrative plan with intentionality represented. The
dashed enclosure distinguishes from the rest of the plan (not
shown) the Aladdin character’s sequence to achieve the goal
that the King has the magic lamp. Note that this sequence
itself has a precondition — that Aladdin has an intention —
which needs to be satisfied.

The extensions to conventional planning enable IPOCL to
search a larger space of narrative plans to find candidate
solutions that are both causally coherent and character be-
lievable with the assumption that those narratives are more
likely to be regarded as “good” by an audience. The ques-
tion, however, is whether IPOCL as a story generator is
considered creative? If not, how can IPOCL specifically,
and story planners in general, be extended to be considered
creative?

3.2 Story Planning and Creativity

Wiggins [2001; 2003] formalizes Boden’s description of
creativity. The formalization includes the following ele-
ments:



| Initial Step |

(loyal-to Aladdin King)
| Order (King, Aladdin, (has King lamp)) I

(at Aladdin castle) \\
|Trave| (Aladdin, castle, mountain)I

(at Dragon mount.) (at Aladdin mount.)
|Slay (Aladdin, Dragon, mountain)l

| Pillage (Aladdin, Dragon, lamp, mount.)I

(at Aladdin mount.)
| Travel (Aladdin, mount., castle) I

1
1
1
1
1
| (has Dragon lamp) —(alive Dragon) (at Aladdin mount.)
:
1
1
1
1
1

(at King castle) (has Aladdin lamp) (at Aladdin castle)
) [Give (Aladdin, King, lamp, castle)] /

|
]

(has King lamp)
|Summon (King, Genie, lamp, castle)l

! !

Figure 2: Part of a narrative plan with intentionality.

e ‘U — The space of all possible concepts relevant to a
given domain.

e [ — Alanguage from which to define rules.

e [[.]] - A function generator that maps a set of rules in
L to a subset of a conceptual space.

e ({,.)) — A search engine for traversing a conceptual
space given a set of rules in L.

e R — A set of constraints in L that defines a “relevant
subset” of “U.

e T — Asetofrules in £ that defines a search strategy.

o T — A set of rules in L that is used for evaluation of
concepts.

Let ‘U be the space of all narratives, both partial and com-

plete. Let C = [[R]](‘U) be a conceptual space that con-

tains the set of “reasonable narratives” for a given domain.

T is a set of rules encoding a search engine that allows the

traversal of C such that

cirr= (R, TH)(c). @)
Furthermore if L is the empty concept and ° is an iterator
function such that F°(X) :§ F"(x) then

n=0

(R, TH({L) @

defines a subset of ‘U that can be traversed by an explora-
tory creative system. Wiggins (2003) defines an aberration
A as follows:

A =R, TYH({L) \ [RI(W) )

An aberration is a set of concepts that can be generated by
the exploratory creative system but are unexpected solu-
tions, e.g. outside the defined conceptual space. Explora-
tory creativity can be thought of as the process of finding
aberrant solutions that are valuable, that is, the set

V., =[[E]A). (4)

A story generator must traverse many overlapping con-
ceptual spaces including causal coherence, character moti-
vations, themes, and world knowledge (Boden, 1990). Let
C =[[R]I('U) be the intersection of these conceptual spaces
— a specific space that defines a particular type of story —
e.g. a story set in a particular fictional story world. C is
therefore the set of all stories that can be told with a particu-
lar set of characters in a particular setting. Confounding the
issue, story generators operate necessarily within finite
computational approximations of story worlds Ry c R such
that Cr = [[Rg]](U) is a subset of C. In terms of story
planning, T typically encodes a planner such that any narra-
tive x € ((Ryg, T)Y)°({L1}) that is not in Cy is automatically
rejected whether complete or not. That is, a planner that
generates narrative plans can produce novel narratives
within a given conceptual space but cannot transgress into
new, albeit nearby, conceptual spaces in ‘U. For a system to
be creative, it must break the boundaries established by the
given initial representation [Haase, 1995].

The initial representation given to a story planner is a
model of the story world, consisting of an initial world state
description, outcome, and operations that can be performed
in the world by characters. The work presented here de-
scribes two extensions to the IPOCL narrative planning al-
gorithm that allows IPOCL to violate the constraints of the
initial story world representation and generate aberrant solu-
tions. Whether or not the aberrant narratives are valuable is
an open question as the evaluation criteria, e.g. £, is not
generally known or knowable in the domain of storytelling.

4 Escaping the Constraints of the Initial
World Description

Story planners such as IPOCL [Riedl and Young, 2004;
Riedl, 2004] and Universe [Lebowitz, 1985] model the story
generation process as the search for a plot — a sequence of
character actions or events that alter the story world in a
way that achieves some goal or some effect on the audience.
IPOCL, like most planners, requires a predefined world de-
scription as input. The task of creating the world in which a
story is set in is already accomplished by an external agency
and a story planner only has to find a plot that can be per-
formed in the story world. We define a human author as the
user of a story generation system that specifies a description
of the initial state of the story world and the outcome — a
partial description of the state of the story world after the
story concludes.

It is possible for the human author to describe a story
world initial state that cannot be transformed through char-
acter actions into the desired outcome. It is also possible



that the story planner can find a solution plan, but the solu-
tion plan is strangely structured because the planner must
work around limitations of the initial state description, re-
sulting in a narrative that is rejected by the audience. Wig-
gins [2003] refers to these cases as generative uninspiration.
But in these cases, failure can be attributed to the human
author.

The technique described in this section — Initial State Re-
vision (ISR) — is a form of open world planning where a
portion of the story world is left undetermined by the human
author [Riedl 2004; Riedl and Young 2005]. Instead of us-
ing sensing actions to determine the true state of the world
before instantiating character actions, an initial state revi-
sion planner can choose the true state of the world so as to
facilitate the story planning process.

4.1 Motivating Example

Suppose the story world provided by the human author con-
tains two principal characters: a secret agent and an interna-
tional terrorist mastermind. The mastermind lives in a for-
tress which is heavily guarded. The mastermind is alive in
the initial world state and the outcome that the human au-
thor desires is a world where the mastermind is no longer
alive. Furthermore, suppose the human author specifies the
story world such that no lethal weapons are allowed to enter
the fortress by the guards. The human author may not have
a strong disposition about the exact location of the gun, but
is forced to declare every detail of the story world abso-
lutely. Suppose the human author initially places the only
gun at the secret agent’s starting position, outside the for-
tress.

The given description of the story world disallows any
story that involves the secret agent entering the fortress and
assassinating the terrorist, for the secret agent will be unable
to carry a weapon past the guards. Furthermore, suppose
the story planner implements an algorithm such as IPOCL
and cannot find a plan in which the mastermind would want
to leave the fortress (indeed the mastermind is motivated not
to leave the fortress). In this case the story planner can find
no complete story plan for this story world.

To circumvent problems caused by the way in which the
story world was specified, the human author must reason
about the impact the description of the world has on the plan
search space with regard to the quality and existence of so-
lution plans. The human author would have to have a men-
tal model of the planning algorithm to realize the problem
beforehand or to understand the cause of failure afterwards.
That is, due to generative uninspiration of the story planner,
the human author is forced to debug the story world descrip-
tion. In this case, the human author must correct a determi-
nation of a detail she made — the location of the gun — which
she did not necessarily have a strong commitment to in the
first place.

4.2 Indeterminism in the Story World

The solution to the example problem above is to decouple
the story planner’s reliance on the initial world state descrip-
tion. Since the universe of discourse that describes any

world is potentially infinite, the closed world assumption
(CWA) is the assumption that every fact about the world
that is not declared true is, by default, not true. However, it
is reasonable that there may be certain facts about a story
world that a human author does not wish to commit to being
true or false. Instead, the planner is given the authority to
determine the truth of these facts as it sees fit. Such an in-
determinate world state defines a set of possible worlds,
each world in the set differing on their truth assignments to
the undetermined sentences describing the initial state of the
world.

From the perspective of the audience, the story can take
place in any one of a universe of possible worlds. Given the
audience’s uncertainty about the story (which differs from
the indeterminate world state representation of the planner,
if at all), the audience can consider the actual story world to
be one of a set of possible worlds until a fact is revealed in
the story that they were once ignorant of. Over time, the set
of possible worlds that the audience believes the story is set
in converges on the possible world that the author intends,
assuming the narration is reliable [Ryan, 1991].

In ISR planning, we define the initial world state as con-
sisting of sentences about the world state that are (a) known
true, (b) known false, and (c) undetermined'.

4.3 Initial State Revision Planning

In partial order plans such as those created by IPOCL [Riedl
and Young, 2004; Riedl, 2004] and UCPOP [Penberthy and
Weld, 1992], causal links represent the causal relationship
between actions in a plan. Each precondition on each action
in a narrative plan is satisfied by a causal link from a pre-
ceding step. The base case of flaw revision process estab-
lishes an unsatisfied precondition on a plan step by extend-
ing a causal link from the initial step, sy, whose effects de-
fine the initial state of the world. No step can precede the
initial step.

Initial State Revision planning modifies the planning al-
gorithm by allowing certain sentences in the initial step to
be indeterminate. When a precondition of an action can be
satisfied by an undetermined sentence or the negation of an
undetermined sentence in the initial step, the initial world
state is revised to make that undetermined sentence known-
true or known-false. Thus, the planner makes a commit-
ment to the description of the initial story world state above
and beyond what the human author considered. When the
initial state is revised, the set of possible worlds that the
story is told in is reduced because one source of indetermi-
nism is removed. The initial story world state is considered
to have always been defined as such. This does not intro-
duce inconsistencies because no other step has referenced
this particular fact in the initial step. If an inconsistency
arises somewhere down the line, the planner backtracks and
considers a different alternative way of resolving the flaw.

! Under the modified CWA, the known-false set of sentences is
defined as (universe of discourse) \ (known-true set U undeter-
mined set).



Known-True set (partial) Undetermined set

(character secret-agent) (at gunl HQ)
(character mastermind) (at gunl courtyard)
(weapon gunl) (at gunl lobby)
(place HOQ) (at gunl cache)
(place lobby) (at gunl office)
(place office)
(place cache)

Headquarters
(at scret-agent HQ) <
(at mastermind office)

\ 4

\ 4
ﬁ Lobby Cache

P »
<« ﬁ

Courtyard

Figure 3: Diagram of the secret agent world.

While initial state revision allows the planner to deter-
mine the initial world state that best suites the process of
story authoring, it also introduces the potential of logical
and semantic inconsistency to the world description. It is
often the case that sentences in the initial world state are
mutually exclusive, meaning that if one is true than the other
cannot be true. For example, an object cannot be in more
than one place at a time. So if (at object place,) is
true, then (at object place,) and (at object
place;) and so on cannot be true. Mutual exclusivity is
not an issue in conventional planners because mutual exclu-
sivity is implicitly enforced by the plan operators. While
this is also true in ISR planning, the undetermined set can
contain atomic sentences that should never be simultane-
ously true in the initial state of the world. To prevent this
situation from arising, ISR utilizes mutual exclusion sets
(also called mutex sets). A mutex set is a set of sentences
such that no two sentences can both be true in the initial
state. If a sentence in a mutex set is determined to be true,
then all other sentences in the mutex set are simultaneously
determined to be false.

4.4 Example of ISR Planning

To illustrate the ISR planning algorithm, consider the story
world with the secret agent and the international terrorist
mastermind. A diagram of the world is shown in Figure 3.
The secret agent starts at the headquarters and the mas-
termind starts at the of fice. The secret agent is prohibited
from traversing from the courtyard to the lobby while
holding a weapon. The human author has specified that a
weapon, gunl, is known to exist but the location of the gun
is specified as undetermined.

The outcome of the story is specified by the human au-
thor to be a world state in which the mastermind is not alive.
The following is a trace of a single path through the plan
search space. The planner non-deterministically satisfies
the goal condition by having the secret agent shoot the mas-
termind with gun1. In order to shoot the gun, the secret
agent must have the gun. The planner considers all the
places the secret agent could pick up the gun. Suppose the
planner non-deterministically chooses that the secret agent
pick the weapon up in the cache location’. However, the

2 Any of the three locations inside the fortress would have been
acceptable.

location of the gun is undetermined. Consequently, an ini-
tial state revision occurs, determining that gun1l must have
been in the cache to begin with. The sentences in the unde-
termined set are mutually exclusive, so when (at gunil
cache) is made true, all other sentences are made false to
ensure that the gun cannot be in more than one place at a
time. From this point, the planner has no problem determin-
ing a sequence of actions where the secret agent enters the
fortress, proceeds to the cache, picks up the gun, and assas-
sinates the terrorist mastermind.

5 Relaxing the Constraints of the Story
World Model

Another way to escape the conceptual space defined by the
human author as inputs into a story planner is to relax the
constraints imposed by the library of operations that story
world characters can perform. The library of operators con-
strains the way in which the story world can be transformed
from one state to another through actions performed by the
characters. Specifically, the preconditions of an operator
constrain when and how that operator can be used.

Conceptually there are two types of preconditions. Some
preconditions constrain the non-changing attributes of oper-
ands. Table 1 shows the schema for an action in which one
character shoots another with a weapon. The terms 2at-
tacker and ?victim are variables that are bound to ob-
jects in the story world when the operation is instantiated in
the narrative plan. In this case, the preconditions require
that these variables be bound to story world characters. The
precondition (violent ?attacker) constrains the world
such that only characters that have the violent attribute
associated with them can perform the Shoot action. Other
preconditions constrain the dynamic state of the world. Pre-
conditions such as (at ?attacker ?place) and (at
?victim ?place) specify that the attacker and victim
must be simultaneously in the same location. This class of
preconditions models the physics of the world and should be
expected to correspond with the audience’s understanding of
how the world works.

Instead of using preconditions to specify the attributes of
operands, we provide these attributes as recommendations.
Recommendations are identical to preconditions except the
planner can choose whether to satisfy the condition or not
[Riedl, 2004]. When a recommendation is considered, the
planner divides the search space into n + 1 branches where



there are n ways of satisfying the condition plus one branch
in which the condition is left unsatisfied. When the planner
chooses to ignore a recommendation, then the planner is
intentionally using an object — possibly a character — in a
way that is contrary to the model held by the human author
and presumably the same as the model of the world held by
the audience.

5.1 Acting “Out of Character”

We have used this particular relaxation of constraints to
implement a character personality model for the IPOCL
story planner. Perception of character personality is an im-
portant part of how the audience actively evaluates and pre-
dicts future outcomes of a story [Gerrig, 1993]. We assume
that the audience makes attributions of broad personality
traits to story world characters based on behaviors they ob-
serve. The human author can designate personality traits —
descriptive terms about consistent behavioral tendencies
such as “violent” — to each story world character. The story
planner will then attempt to choose actions for those charac-
ters that are consistent with those attributions, within reason.

Character personality attributes are encoded in the initial
world state and operators recommend which personality
traits the character operands should have to perform those
actions in the story world. The advantage of using recom-
mendations instead of preconditions for character personal-
ity attributes is that it allows the planner to consider narra-
tive plans in which characters act “out of character.” When
an action uses preconditions to encode character traits, it
reduces the space of narrative plans that can be found to be
only those in which characters perform actions that are sanc-
tioned according to their traits [Rizzo et al., 1999]. Narra-
tives in which characters act “out of character” due to duress
are considered more dramatic. An example of an operator
with character trait recommendations is shown in Table 2.

It is possible that the story planner will choose to ignore
all recommendations. We provide heuristic functions that
favor plans in which more recommendations are satisfied
because these are less likely to violate the expectations of
the audience. With this heuristic rule, the planner will
choose plans in which characters act “out of character” only
when absolutely necessary to continue the plot. This comes
from the notion that people act consistently except when
circumstances require otherwise.

Declarations of character personality traits by the human
author, of course, limit the flexibility of the story planner.
Fortunately, character trait recommendations can be com-
bined with ISR planning. Character personality traits can be
left undetermined in the initial story world state; the fact

Table 2: An action schemata that recommends character
traits.

(define (action shoot)

:parameters (?attacker ?victim ?weapon ?place)

:precondition ((character ?attacker) (character ?victim)
(weapon ?weapon) (location ?place)
(at ?attacker ?place) (at ?victim ?place)
(has ?attacker ?weapon))

:recommendation ((violent ?attacker)

:effect ((not (alive ?victim))))

that action schemata recommend traits instead of require
(via preconditions) traits does not fundamentally change the
way planning occurs. Recommending undetermined condi-
tions, however, does result in an expanded search space. In
the case that a newly instantiated action recommends a par-
ticular character trait and that character trait is undeter-
mined, the planner non-deterministically chooses between
three possibilities:

e The recommendation is satisfied and the character trait
is determined through initial state revision to be known
true.

e The recommendation is not satisfied and the character
trait is determined through initial state revision to be
known false.

e The recommendation is not satisfied and the character
trait is determined through initial state revision to be
known true.

The first two possibilities are straight-forward. The third
is required for algorithm completeness due to the possibility
that actions in the story world can conceivably cause a char-
acter’s traits to change. The planner must consider the pos-
sibility that even though the recommendation of character
trait matches the initial world description (after initial state
revision), something can happen in the interval that causes
the character to express the opposite trait and consequently
act “out of character.”

5.2 Further Constraint Relaxation

A story planner can use recommendations to further relax
the constraints of preconditions that model the physical
model of the story world. For example, the Shoot action
schema can recommend that the attacker and the victim be
collocated. In this case, the story planner is explicitly
choosing to ignore the causal relationships between actions
that make a narrative causally coherent. Since causal coher-
ence is an important part of the understandability of a narra-
tive and therefore likely to be expected (or even required)
by the audience, violating these preconditions will lead to
aberrations that are likely to not be considered “good.”
However, It has been noted that audience members are, to a
certain degree, willing to infer what happens during omis-
sions in a story to “fill in the gaps” [Gerrig, 1993]. Again,
heuristic functions should be provided to discourage the
planner’s abuse of recommendations so that recommenda-
tions are only ignored when the effect on the audience will
be favorable or when the story planner cannot find a solu-
tion without violating a constraint.

6 Conclusions

The ability of a story planner to generate satisfactory stories
is largely dependent on its ability to search the large space
of narratives for those that contain the structural features
that most closely conform to audience expectations. IPOCL
expands the search space of conventional planners to ac-
count for two critical components of story, causal coherence
and character believability, which are considered important
aspects of meaningful and understandable stories. However,



to be considered creative, a story generation system cannot
be completely constrained by the story world representation
given by the human author.

We present two additional enhancements to story plan-
ning technology that lessens the implicit constraints of the
initial world representation. Initial State Revision planning
enables a story planner to assume creative control over the
definition of the initial story world state. Recommendation
planning enables a story planner to assume control over the
representation of actions.

There are many types of creativity [Boden, 1990]. Story
generation seems to be a process that more often than not
falls within the bounds of exploratory creativity [Turner,
1995; Peinado et al., 2004]. Story generation systems —
especially story planners — are constrained by a provided
story world representation and this appears to have an im-
pact on whether story generators are considered creative or
not. As such the creative aspect of generating fictional sto-
ries comes from expanding conceptual space to defy the
expectations of the intended audience.
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