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Abstract The authoring of fictional stories is considered a creative
process. 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. Computational story
generation systems are more limited than human authors in the space of
narratives that can be considered because it is often the case that story
generation systems are constrained to operate within a fixed representa-
tion of the story world. These limitations can impact whether a story
generation system is considered creative or not. In this paper, we de-
scribe a story planning system, Fabulist. Fabulist however is constrained
by the world model input by the system user. We present two algorithms
that enable story planning systems such as Fabulist to break outside the
bounds of the initial world model in order to search a larger space of
narratives.
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81 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 evidence that
suggests that we, as humans, build cognitive structures that represent the real
events in our lives using models similar to the ones used for narrative in order to
better understand the world around us®. This narrative intelligence'® is central
in the cognitive processes that we employ across a range of experiences, from
entertainment contexts to active learning. The ability to generate narrative, that
is, to create and structure novel event sequences so that they can be understood
as elements of a story, is of importance to systems that wish to effectively use
story for entertainment, training, or education. Consequently, there is value 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, furthermore, can this computational process of
generating stories be considered creative?

Boden® provides a taxonomy of creative systems that distinguishes be-
tween exploratory creativity and transformational creativity. Concepts are loca-
tions 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 rules. Transformational creativity is
the process of transforming the rules and thus identifying a new sub-space. In
this framework, media creation such as story authoring is largely exploratory

3018 The purpose of most story authoring is not to invent a new style

creativity
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

2 This implies structure to the sequence such

subject and constitutes a whole
as causal relationships between events and a general sense of completeness. A
story is a narrative that has additional structure that conforms to audience ex-
pectations. Examples of structure 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
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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 presen-
tation. The work presented here addresses the generation of story content with
the assumption that any story content that is generated can be told effectively
to an audience. In this work, we consider story generation as a process of finding
a sequence of events that can occur in a fictional story world that is considered
satisfying to an audience.

The constrained nature of narrative space makes it appealing for search-
based story generation. However, computational story generation systems are
further constrained by limitations inherent in the representation of the story
world in which the story is set. Typically, the system user provides the repre-
sentation of the world — what the world looks like, what characters are situated
in the world, etc. — as a collection of initialization parameters. 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 generation systems. We then discuss
planning as a technology for story generation, how it can be extended to search
a larger space of stories with greater potential for finding “good” story plans,
and how story plan search relates to Boden’s 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 discusses how
a story planner can relax the constraints imposed on it by the human author’s
given model of the story world dynamics. Finally, we make some observations
that suggest that our extensions do increase the perception of story generation

systems as creative.

§2 Related Work

Tale-Spin'™ 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'” uses planning to generate story frag-
ments that do achieve the author’s goals. However, Universe emphasizes causal

coherence without explicitly addressing other important aspects such as char-
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acter intentionality. Other techniques for story generation have been utilized
as well. Sgouros®™ uses a first-order predicate representation to encode rules
and social norms and rules. A theorem-proving technique is used to sequence
actions into a narrative based on dramatic principles. IDtension® is a system
that uses dramatic principles of conflict and conflict resolution to generate a
sequence of dilemmas to be overcome. This system can be run in interactive and
non-interactive modes.

Case-based reasoning (CBR) techniques have also been applied to story
generation. CBR is considered one possible model of computational creativity
capable of transformational creativity. Minstrel® takes a problem-solving CBR
approach, transforming cases from other domains to story situations. Diaz-
Agudo et al.” and Peinado et al.'"® use knowledge-intensive CBR to compare
instances of fairy tales based on the grammar of Russian fairy tales developed
by Propp*®. Mexica®" uses a computational theory of creative writing based on
alternating phases of engagement and reflection. During engagement, new ideas
are discovered using a case-based approach. During reflection, existing ideas are
refined and organized using a planning-like approach.

User interactivity is often employed as a technique to introduce novelty
to an otherwise scripted linear or branching narrative. Interactive storytelling
systems®” 19401 yge a variety of techniques to merge narrative with an in-
teractive user to achieve a novel story experience. The Mimesis system>>*"
in particular uses the non-interactive story planning technique described in the
next section to determine all possible stories that can be told in an interactive
context™. The remainder of the paper will not specifically address the issue of

interactivity further.

83 Story Planning

Dehn® 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
(hypothetical) author. One way to ensure that a story reflects the intentions of
the author is to insist that a specific outcome occurs. Planning is one technology
for generating the content of a story that achieves a specific outcome in the form

of a goal state.

*I Riedl and Young®” found that iteratively applying a plan-based non-interactive story
generation technique is functionally equivalent to generating all possible stories that can
be told in an interactive context.
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Young*” suggests that planning has many benefits as a model of narra-
tive. The first benefit is that plans are comprised of partially ordered steps. If
the plan steps represent 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 desired 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
authoring that treats authoring as problem solving. The problem 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®® 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 ensures 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 description, (b) an appropriate library of
operations that story world characters/agents can perform, and (¢) a method of
trans-forming a plan into written or spoken discourse® or visual discourse'".

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 planners such as UCPOP>” 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
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Table 1 An action schema.

(define (action shoot)
:parameters (7attacker ?victim ?weapon 7place)
:precondition ((character 7attacker) (character ?victim)
(weapon ?weapon) (location 7place)
(at ?attacker ?place) (at ?victim ?place)
(has 7attacker 7weapon) (violent 7attacker))
reffect ((not (alive ?victim))))

the action. Table 1 shows an example of a discrete action schema.

The planning process begins with an empty plan. Planning is the process
of identifying and non-deterministically repairing flaws in a candidate plan. Ini-
tially, each sentence in the goal statement is an open condition flaw that must be
satisfied. Each open condition flaw is addressed by non-deterministically select-
ing an existing action or instantiating a new action from the library of operators.
A causal link connects two steps s; and so via condition e, written s; —¢ so,
when s; establishes condition e in the world needed by subsequent action ss in
order for ss to execute. When a new action is instantiated in the plan, its pre-
conditions are designated open condition flaws that must also be satisfied. The
process iterates by backward chaining until there are no more flaws in the can-
didate 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.

3.1 Story Planning for Character Believability

There is more, however, to story generation than causal coherence 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”. Specifically, the
actions of believable characters should appear intentional — to be motivated by
that character’s internal beliefs, desires, and goals. Story generation systems
based on conventional planning algorithms have traditionally been unable to

*_ For example, the narrative

generate narratives with character believability
plan in Figure 1 does not address the issue of why Aladdin chooses to help the
King.

Fabulist* is a story generation system that uses planning technology.

Specifically, Fabulist uses the Intent-driven Partial Order Causal Link (IPOCL)
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[ Initial Step |

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

(at Dragon mount.) (at Aladdin mount.)

| Slay (Aladdin, Dragon, mountain) I

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) |

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

l

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

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

(married King Princess)
Goal Step I

Fig. 1 A narrative plan generated by a conventional planner.

planner to generate narratives in which character actions appear causally coher-
ent and intentional®*”**. The IPOCL algorithm addresses the character believ-
ability limitation of conventional planning as a technique 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 the intentions that each character
might have and (2) motivates through story actions why those characters have
the intentions that they do.

IPOCL breaks a narrative plan down into sequences of character inten-

tionality — called intervals of intentionality — such that all character actions
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Initial Step |

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

(intends Aladdin (has King lamp))

(at Aladdin castle) \‘
H | Travel (Aladdin, castle, mountain) I \\‘
i :
! '
: '
H (at Dragon mount.) (at Aladdin mount.) E
E | Slay (Aladdin, Dragon, mountain) I '
]
i :
! '
: '
! (has Dragon lamp) —(alive Dragon) (at Aladdin mount.) 1
'
E | Pillage (Aladdin, Dragon, lamp, mount.) | i
]
l
! :
'
i (at Aladdin mount.) !
1]
! | Travel (Aladdin, mount., castle) | E
; :
! '
H ]
| (at King castle) (has Aladdin lamp) (at Aladdin castle) )
'
\\ [ Give (Aladdin, King, lamp, castle) J K

(has King lamp)

| Summon (King, Genie, lamp, castle) I

]

Fig. 2 Part of a narrative plan with intentionality.

must be part of some sequence. 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 plan-
ner attempts to add the action to an existing interval of intentionality for that
character.

IPOCL also motivates why a character might have an internal goal and



Story Planning as Exploratory Creativity 9

consequently why that character has an interval 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 Aladdin have this goal? TPOCL 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 portion 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 co-
herent and character believable with the assumption that those narratives are
more likely to be regarded as “good” by an audience. The question, however,
is whether IPOCL as a story generator is considered creative? If not, how can
TPOCL specifically, and story planners in general, be extended to be considered

creative?

3.2 Story Planning and Creativity
Wiggins®**” formalizes Boden’s description of creativity. The formal-
ization includes the following elements:
e U — The space of all possible concepts relevant to a given domain.
e L — A language from which to define rules.
e [[.]]— A function generator that maps a set of rules in £ to a subset of a
conceptual space.
e ({.,.)) — A search engine for traversing a conceptual space given a set of
rules in L.
e TR — A set of constraints in £ that defines a “relevant subset” of U.
e 7T — A set of rules in £ that defines a search strategy.
o & — A set of rules in £ that is used to evaluation of concepts.
Let U be the space of all narratives, both partial and complete. Let C = [[R]](I)
be a conceptual space that contains the set of “reasonable narratives” for a given

domain. 7 is a set of rules encoding a search engine that allows the traversal of
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C such that
civ1 = ((R, T))(ci). (1)

Furthermore if L is the empty concept and © is an iterator function such

that F(X) = ) F"(X) then
n=0

(R, T))*({L}) 2)
defines a subset of U that can be traversed by an exploratory creative system.

Wiggins®” defines an aberration A as follows:

A= (R, T))*{LH\[RIH) (3)
An aberration is a set of concepts that can be generated by the exploratory
creative system but are unexpected solutions, e.g. outside the defined conceptual
space. Exploratory creativity can be thought of as the process of finding aberrant
solutions that are valuable, that is, the set
Va = [[E]](A). (4)
A story generator must traverse many overlapping conceptual spaces including
causal coherence, character motivations, themes, and world knowledge®. Let
C = [[R])(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 particular
set of characters in a particular setting. Confounding the issue, story generators
operate necessarily within finite computational approximations of story worlds
R; C R such that C; = [[Ry]](U) is a subset of C. In terms of story planning,
T typically encodes a planner such that any narrative € ((Ry,7))°({L})
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 Y. For a system to be creative, it must break the boundaries established
by the given initial representation'®.

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
describes two extensions to the IPOCL narrative planning algorithm that allows

TPOCL to violate the constraints of the initial story world representation and
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generate aberrant solutions. 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.

84 Escaping the Constraints of the Initial World
Description

Story planners such as IPOCL**** and Universe'” model the story gen-
eration 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 ef-
fect on the audience. IPOCL, like most planners, requires a predefined world
description 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 character actions into the desired outcome.
It is also possible that the story planner can find a solution plan, but the solution
plan is strangely structured because the planner must work around limitations
of the initial state description, resulting in a narrative that is rejected by the
audience. Wiggins®” 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 Revision (ISR)
— is a form of open world planning where a portion of the story world is left

undetermined by the human author®*>®.

Instead of using sensing actions to
determine the true state of the world before instantiating character actions, an
initial state revision 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 contains two
principal characters: a secret agent and an international terrorist mastermind.
The mastermind lives in a fortress, which is heavily guarded. The mastermind
is alive in the initial world state and the outcome that the human author desires

is a world where the mastermind is no longer alive. Furthermore, suppose the
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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 absolutely. Suppose the human author initially places
the only gun at the secret agent’s starting position, outside the fortress.

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 solution plans. The human author would have to have a mental model of
the planning algorithm to realize the problem beforehand or to understand the
cause of failure afterward. That is, due to generative uninspiration of the story
planner, the human author is forced to debug the story world description. In this
case, the human author must correct a determination 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 description. Since the universe of
discourse that describes any world is potentially infinite, the closed world as-
sumption (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
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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®®.

In ISR planning, we define the initial world state as consisting of sen-
tences 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*®** and UCPOP>?,
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
preceding step. The base case of flaw revision process establishes an unsatisfied
precondition on a plan step by extending a causal link from the initial step, sq,
whose effects define the initial state of the world. No step can precede the initial
step.

Initial State Revision planning modifies the planning algorithm by allow-
ing 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 plan-
ner makes a commitment to the description of the initial story world state above
and beyond what the human author considered. When the initial state is re-
vised, the set of possible worlds that the story is told in is reduced because one
source of indeterminism is removed. The initial story world state is considered
to have always been defined as such. This does not introduce 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.

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

*2 Under the modified CWA, the known-false set of sentences is as
(universe of discourse) \ (known-true-set U undetermined-set).
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Known-True set (partial) Undetermined set -
(character secret-agent) (at gunl HQ) Of_rlcie
(character mastermind) (at gunl courtyard) ¢
(weapon gunl) (at gunl lobby)
(place HQ) (at gunl cache)
(place lobby) (at gunl office)
(place office) i
(place cache)
L Headquarters Courtyard Lobby Cache
(at scret-agent HQ) < > < P < >
(at mastermind office)

- et

Fig. 3 Diagram of the secret agent world.

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 placel)
is true, then (at object place2) and (at object place3) and so on cannot
be true. Mutual exclusivity is not an issue in conventional planners because
mutual exclusivity 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 simultaneously 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
mastermind starts at the office. 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, guni, is known to exist but the location of the gun
is specified as undetermined.

The human author declares the outcome to be a world state in which
the mastermind is not alive specifies the outcome of the story. 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
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the mastermind with gunl. 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 location of the
gun is undetermined. Consequently, an initial state revision occurs, determining
that gunl must have been in the cache to begin with. The sentences in the un-
determined set are mutually exclusive, so when (at gunl 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 determining
a sequence of actions where the secret agent enters the fortress, proceeds to the

cache, picks up the gun, and assassinates the terrorist mastermind.

85 Relaxing the Constraints of the Story World
Model

Another way to escape the conceptual space defined by the human au-
thor 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 constrains 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 operands. Table 1 shows the schema
for an action in which one character shoots another with a weapon. The terms
?attacker and ?victim are variables that are bound to objects 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 charac-
ters. The precondition (violent 7attacker) constrains the world such that
only characters that have the violent attribute associated with them can per-
form the Shoot action. Other preconditions constrain the dynamic state of
the world. Preconditions such as (at 7attacker ?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.

*3 Any of the three locations within the fortress would have been acceptable.
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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**. 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 charac-
ter personality is an important part of how the audience actively evaluates and
predicts future outcomes of a story®. We assume that the audience makes attri-
butions 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
characters 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 personality attributes is that
it allows the planner to consider narrative 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 sanctioned according to their traits®". Nar-
ratives in which characters act “out of character” due to duress are considered
more dramatic. An example of an operator with character trait recommenda-
tions is shown in Table 2.

It is possible that the story planner will choose to ignore all recommen-
dations. We provide heuristic functions that favor plans in which more recom-
mendations 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
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Table 2 An action schema that recommends character traits.

(define (action shoot)

:parameters (7attacker ?victim ?weapon 7place)

:precondition ((character 7attacker) (character ?victim)
(weapon ?weapon) (location 7place)
(at ?attacker ?place) (at ?victim ?place)
(has 7attacker 7weapon))

:recommendation ((violent ?attacker))

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

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 rec-
ommendations can be combined with ISR planning. Character personality traits
can be left undetermined in the initial story world state; the fact that action
schemata recommend traits instead of require (via preconditions) traits does not
fundamentally change the way planning occurs. Recommending undetermined
conditions, however, does result in an expanded search space. In the case that a
newly instantiated action recommends a particular character trait and that char-
acter trait is undetermined, 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 straightforward. The third is required for algo-

rithm completeness due to the possibility that actions in the story world can

conceivably cause a character’s traits to change. The planner must consider

the possibility that even though the recommendation of character trait matches

the initial world description (after initial state revision), something can hap-

pen in the interval that causes the character to express the opposite trait and
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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 coherence is an important part of the understandability of a nar-
rative 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 omissions in a story to “fill

78 Again, heuristic functions should be provided to discourage the

in the gaps
planner’s abuse of recommendations so that recommendations are only ignored
when the effect on the audience will be favorable or when the story planner

cannot find a solution without violating a constraint.

§6 Toward Evaluation of the Creativity of Nar-
rative Planning

A study® of the Fabulist*” narrative generation system compared the
output of the IPOCL story planner algorithm to comparable output from a
conventional planner. The evaluation instantiated two versions of the Fabulist
system with identical input parameters. One version of Fabulist substituted a
conventional partial-order planner for the story generation component. The sec-
ond version of Fabulist was the one described in Section 3.1, using the IPOCL
story planning algorithm. The study used a question-answering protocol® to
compare the cognitive models of story understanding that results from subjects
reading narratives generated from one of the versions of Fabulist to expected
cognitive models. The narratives generated by the conventional planner and
IPOCL used in the study are shown in Tables 3 and 4, respectively. These
narratives are equivalent to the narrative plans shown in Figures 1 and 2, re-
spectively. The natural language text was produced through the application of
a simplistic template-matching natural-language generator. The results showed
that subjects that read narratives generated by IPOCL had cognitive models

of story understanding more consistent with an exemplar cognitive model than
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subjects that read narratives generated by a conventional planner. The con-
clusion of the study is that the element of enforced character intentionality is a
critical aspect of understandable stories and that the IPOCL algorithm supports
readers’ acquisition of understanding of character intentionality.

The study described above is not an evaluation of creativity; it is an ob-
jective evaluation of readers’ story understanding and does not directly address
whether the computational story planning techniques described in this article
can be creative or not™*. However, the study can be interpreted to suggest some
conclusions about creativity. Ritchie®” discusses some of the issues relevant
to assessing the creativity of computational systems, identifying two important
properties for the output of any computational system that are critical for de-
termining the computational system’s creativity: nowvelty and quality. Novelty
is the extent to which the produced artifact is dissimilar to existing examples
of a particular genre. Novelty here is taken to correspond to Boden’s notion
of P-creativity — the production of an artifact which is original relative to the
creator (e.g. the computational system) relative to it’s initial state of knowledge.
Quality is the extent to which a produced artifact is a high-quality example of a
particular genre. An evaluation of quality can involve the rating of a produced
artifact along several weighted dimensions.

The TPOCL algorithm is an extension over conventional planners for
story generation because it has a greater branching factor, meaning it is capable
of searching a larger space of narratives (concepts). But does this mean TPOCL
is creative? This question has not been directly assessed, but the results of the
study strongly suggest that the narratives produced by IPOCL are more under-
standable to readers than those produced by conventional planners. This means
that the IPOCL algorithm prunes out narratives that are without one particular
dimension of narrative quality: understandability of character intentionality™’.
That is not, however, to say that all narratives produced are high-quality ex-
amples of narratives. We merely suggest that the output of the system is more
likely to fall in the valued set (See Wiggins’ formulation®”) of the narrative con-
ceptual space. That is, the algorithm is more selective about what it considers
a candidate solution.

Assessing the novelty of narrative planners is more problematic. Plan-

*4 Peinado and Gervés'® discuss issues related to subjective evaluation of the creativity of
a story generation system.

*3 Loyall'® enumerates some of the attributes required for believable characters in story-
telling systems.
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Table 3 Narrative generated by a conventional planner.

There is a woman named Jasmine. There is a king named Mamoud. This is a story
about how King Mamoud becomes married to Jasmine. There is a magic genie. This is also
a story about how the genie dies. There is a magic lamp. There is a dragon. The dragon
has the magic lamp. The genie is confined within the magic lamp.

There is a brave knight named Aladdin. Aladdin travels from the castle to the moun-
tains. Aladdin slays the dragon. The dragon is dead. Aladdin takes the magic lamp from
the dead body of the dragon. Aladdin travels from the mountains to the castle. Aladdin
hands the magic lamp to King Mamoud. The genie is in the magic lamp. King Mamoud
rubs the magic lamp and summons the genie out of it. The genie is not confined within the
magic lamp. The genie casts a spell on Jasmine making her fall in love with King Mamoud.
Jasmine is madly in love with King Mamoud. Aladdin slays the genie. King Mamoud is
not married. Jasmine is very beautiful. King Mamoud sees Jasmine and instantly falls in
love with her. King Mamoud and Jasmine wed in an extravagant ceremony.

The genie is dead. King Mamoud and Jasmine are married. The end.

Table 4 Narrative generated by IPOCL.

There is a woman named Jasmine. There is a king named Mamoud. This is a story
about how King Mamoud becomes married to Jasmine. There is a magic genie. This is also
a story about how the genie dies. There is a magic lamp. There is a dragon. The dragon
has the magic lamp. The genie is confined within the magic lamp.

King Mamoud is not married. Jasmine is very beautiful. King Mamoud sees Jasmine
and instantly falls in love with her. King Mamoud wants to marry Jasmine. There is
a brave knight named Aladdin. Aladdin is loyal to the death to King Mamoud. King
Mamoud orders Aladdin to get the magic lamp for him. Aladdin wants King Mamoud to
have the magic lamp. Aladdin travels from the castle to the mountains. Aladdin slays
the dragon. The dragon is dead. Aladdin takes the magic lamp from the dead body of
the dragon. Aladdin travels from the mountains to the castle. Aladdin hands the magic
lamp to King Mamoud. The genie is in the magic lamp. King Mamoud rubs the magic
lamp and summons the genie out of it. The genie is not confined within the magic lamp.
King Mamoud controls the genie with the magic lamp. King Mamoud uses the magic
lamp to command the genie to make Jasmine love him. The genie wants Jasmine to be in
love with King Mamoud. The genie casts a spell on Jasmine making her fall in love with
King Mamoud. Jasmine is madly in love with King Mamoud. Jasmine wants to marry
King Mamoud. The genie has a frightening appearance. The genie appears threatening
to Aladdin. Aladdin wants the genie to die. Aladdin slays the genie. King Mamoud and
Jasmine wed in an extravagant ceremony.

The genie is dead. King Mamoud and Jasmine are married. The end.
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ners, including Fabulist, do not typically remember their own output from run
to run, meaning that given the same input parameters, they will produce the
same plans. Fabulist can be induced to return all complete narrative plans*® in
its search space. Fabulist considers the first complete narrative it finds to be
optimal based on a heuristic ranking function provided as one of the input pa-
rameters (this heuristic does not necessarily conform to a human reader’s notion
of optimality or goodness). All later narratives are less optimal according to
the given heuristic. In this mode, every narrative plan generated is structurally
distinct from any other narrative plan generated. However, experience with the
system shows us that the structural distance between any two generated narra-
tive plans may be small and distinctions may be lost during rendering to surface
text so that produced narratives appear to be the same. Since appearances are
the important factor in the determining of a computational system’s creativity,
we can conclusively say that not all narratives produced from a single set of in-
put parameters are novel. However, as Fabulist continues to return all complete
narrative plans in it’s search space, later narratives tend to be more and more
distinct from the first, “optimal” solution. If allowed to run long enough, later
narratives can be quite surprising, even to those familiar with the input param-
eters and planning algorithm and thus most likely to be able to predict system
output. Note that there appears to be a trade-off between quality and novelty
in planning systems; if the heuristic function used by the planning system is a
relatively accurate model of human perception of quality examples of narratives
then later narrative plans will be of lower quality.

In this article, we present two techniques for expanding the narrative
search space, based on the assumption that reducing a system’s reliance on a hu-
man author’s input parameters will make a system appear more creative. These
two techniques, (a) Initial State Revision and (b) recommendation planning,
were not present in the original study of Fabulist and were also not evaluated.
The motivation for these technological advancements is slightly different for the
motivation for augmenting planners with character intentionality. The motiva-
tion for these enhancements is to increase the apparent creativity of narrative
planning systems by making the planner less reliant on constraints intentionally
or unintentionally imposed by the human author — the human that defines the

input parameters for the creative system, the initial world description and the

*6 For Fabulist, complete plans are those that are sound, meaning that they are guaranteed
to achieve all goal/outcome propositions in the absence of indeterministic execution and
that all character actions are motivated by individual character goals.
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story world model. These planning enhancements both increase the branching
factor of the planning search space, meaning the planner can search a larger
narrative conceptual space. However, unlike the enhancements of the IPOCL
algorithm, Initial State Revision planning and recommendation planning do not
prune the search space based on understandability or any other principle of nar-
rative quality. That is, these techniques favor canvasing a larger conceptual
search space in order to try to capture a larger portion of the valued concept
set, V4, at the expense of also allowing more solutions that are not in the valued
set. Any relaxation of constraints — intentional or otherwise — imposed by the
human author is likely to result in a narrative that is unexpected to the human
author, and thus be considered an aberration. If the aberration is valuable, it
will be regarded as creative. To know whether an aberration is valuable, these
techniques rely on heuristic ranking functions to dis-favor solutions that are not
quality examples of narratives. The definition of computational heuristics that
capture human perception of quality narratives, however, may be more difficult

in creating algorithms for the production of quality narratives®®.

87 Conclusion

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 expecta-
tions. IPOCL expands the search space of conventional planners to account for
two critical components of story, causal coherence and character believability,
which are considered important aspects of meaningful and understandable sto-
ries. 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 planning 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. These
techniques give leverage to a story planner by allowing it to search a greater
search space, one that includes determinations opposite of those provided by the
human author. While no formal evaluation has been performed to determine

whether this in fact increases the perception of creativity of the story planner,
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preliminary experience and analysis is encouraging.
There are many types of creativity”. Story generation seems to be a

process that more often than not falls within the bounds of exploratory creativ-

36)18)

ity . Story generation systems — especially story planners — are constrained

by a provided story world representation and this appears to have an impact on
whether story generators are considered creative or not. As such the creative
aspect of generating fictional stories comes from expanding conceptual space to

defy the expectations of the intended audience.
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