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COMPUTATIONAL NARRATOLOGY

tale
• preliminaries
• quest
• homecoming
• reckoning

Moreover, we model the 
"causalities" implicit in 
genre conventions as 
operations in Planning (i.e., 
operators with pre and post-
conditions).

ch go place
preconditions: ch is alive, ch is not kidnapped by someone, ...
effects: ch is at place

ch1 try_to_kidnap ch2
preconditions: ch1 is alive, ch2 is alive, strength of ch1 is 

greater than strength of ch2, ...
effects: “ch2 kidnapped and ch2 is very sad”  or “ch2 not 

kidnapped”  or  “ch2 is not alive”

Our idea: to visit Vladimir Propp (1895-1970), a Russian 
folklorist
He proposed that fairy tales use 31 functions and 7 characters
We change the role of the princess into the victim. Also, we 
generalize and propose to organize the functions in 4 stages.

Characters
• villain
• donor
• helper
• victim

• dispatcher
• hero
• false hero
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caption

panel

gutter

SFX

speech
balloon

Video-based Interactive Storytelling

Interactive Comics

3D Games

Paper&Pencil

Augmented Reality
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GENERALIZING QUESTS

S0

G1

G2 G3

G5G4 G6

E1

A branch Ei is a planning problem.
That is, given a initial state, a goal, and operators, we generate a sequence of events: 
e1, e2, e3.

𝑃𝑃1Ψ: storyline created by a player 𝑃𝑃1 transversing the branching quest Ψ.

A Preference Model indicates that the player 𝑃𝑃1 will follow the branches 𝐸𝐸1 + 𝐸𝐸2 + 𝐸𝐸3
We can use a Neural Network at each bifurcation as the Preference Model. The input 
of the NN is the Personality Traits of 𝑃𝑃1 (OCEAN). 

e1
e2
e3

Braching Quest  Ψ
𝑃𝑃1Ψ

Operators have pre, post-conditions, and tension (+ , −, =)
tension determines how the operator affects the overall tension of the quest’s 
narrative. For example, the operator steal increases tension.

E2 E3

E4

E5

E6 We define a desired story arc for the whole story and represent it as a sequence 
of tension symbols, e.g.: 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎 = +, +, +,− is the well-known 3-act story arc. 
Then we convert 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎 into a numeric representation (we start with zero, and add 
1, subtract 1 or do nothing if the symbol is +, −, or = respectively): 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎 =
1,2,3,2 . The storyline created by the player has an arc that changes as the 

story goes on, e.g.: 𝑃𝑃1Ψ𝑎𝑎𝑎𝑎𝑎𝑎 = +, +, =, +, +, =, +, =,−,−, =,−,− , that is:
𝑃𝑃1Ψ𝑎𝑎𝑎𝑎𝑎𝑎 = 1,2,2,3,4,4,5,5,4,3,3,2,1 .

E.S. Lima, B. Feijó and A.L. Furtado. 
Adaptive branching quests based 
on automated planning and story 
arcs. In Proc. SBGames 2021,
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THE 3-ACT STORY ARC

time

Climax

introduction

rising action
falling action

Incident

Plot Point

Setup Confrontation Resolution

crisis

tension

tension

s1 s2 s3 s4

time
Setup Confrontation Resolution

1

2
3 Piecewise linear story arc
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THE FALL AND RISE OF THE GRAIL HERO

Preparation 1

Failed mediation

Apotheosis 1

Mediation

Errance

Preparation 2

Quest

Apotheosis 2

Unknown crisis
(a)

Revelation 1
(b1)

Revelation 2
(b2)

Misery,
Stagnation

Ecstasy

time

8

1

2

3

4

5

6

7

Denouement
9

Lima, E. S., Furtado, A. L., Feijó, B., Casanova, M. A.: Towards 
Reactive Failure-Recovery Gameplaying: The Fall and Rise of the 
Grail Hero. Proceedings of the XV Brazilian Sympo-sium on 
Computer Games and Digital Entertainment, pp. 262–271 (2016).

The grail-based narrative that encompasses 
old chivalry romance masterpieces and 
some modern adventure videogames (e.g. 
Zelda, The Witcher, …)
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KURT VONNEGUT 
FIRST AND REAGAN ET 
AL. LATER

The shapes of stories: Kurt 
Vonnegut’s  rejected Master’s 
thesis in anthropology (that he 
called his prettiest contribution 
to his culture). 

Reagan et al. (2016), 
https://doi.org/10.1140/epjds/s
13688-016-0093-1 

7

rise fall

fall-rise
rise-fall

rise-fall-rise

fall-rise-fall
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GENERALIZING QUESTS

Braching Quest  Ψ We have to normalize the arcs 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎 = 1,2,3,2 and 𝑃𝑃1Ψ𝑎𝑎𝑎𝑎𝑎𝑎 =
1,2,2,3,4,4,5,5,4,3,3,2,1 because they have different time and tension scales:

𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎 = 0.3, 0.3, 0.6, 0.6, 0.6, 1.0, 1.0, 0.6, 0.6, 0.6
𝑃𝑃1Ψ𝑎𝑎𝑎𝑎𝑎𝑎 = 0.2, 0.4, 0.6, 0.8, 0.8, 1.0, 0.8, 0.6, 0.4, 0.2

So, we can compare at any time t:
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑡𝑡, 𝑝𝑝𝑡𝑡 = 𝑑𝑑𝑡𝑡 − 𝑝𝑝𝑡𝑡 2

And we can compare the entire arcs:

𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑, 𝑝𝑝 =
1
𝑛𝑛�
𝑡𝑡=1

𝑛𝑛

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑡𝑡, 𝑝𝑝𝑡𝑡

After performing each event, new extra events may occur, e.g., P1 meets an 
enemy or P1 may decide to interact with some character needing help (what may 
start a new side-quest Ψ2, such as the character requests P1 to find a magic 
potion). The extra events also insert tensions, and if diff is beyond a certain limit, 
an adaptation library is evoked to increase or decrease tension to follow the 
desired story arc d. The library may cause changes in goals Gi and/or changes in 
the current world state. These changes, consequently, cause a new cycle of 
planning (for all branches).

PS: the branching quest Ψ may be created by a human designer or by a genetic 
algorithm.

diff beyond limit

new extra
events

𝒅𝒅𝒂𝒂𝒂𝒂𝒂𝒂 P1Ψarc
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EMOTION MODELS AND EMOTION SPACES

Plutchik’s Wheel of Emotions
Robert Plutchik (1927-2006)

Primary bipolar emotions (e.g. joy-sadness, …) in different intensities
Emotions intensify as they move from the outside to the center of the wheel, which is also indicated by the color

Primary Dyads are obtained by combining adjacent emotions, e.g., Joy + Trust = Love. The Secondary Dyads are 
obtained by combining emotions that are two axes distant, for example, Joy + Fear = guilt. Three axes distant are 
Tertiary Dyads (e.g. Joy + Surprise = delight). OBS: dyad (pronuncia-se “daiad”) significa par, dois.

ICAD/VisionLab Emotion Model
Models of emotions (including Ekman model) have received severe criticism. See, 
e.g., https://journals.sagepub.com/doi/pdf/10.1177/0049124109335790 

→
𝑥𝑥𝑠𝑠

Multidimensional
Vector
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AROUSAL - VALENCE MODEL
Independent and linear dimensions
AROUSAL: intensity level from sleepy to excited
VALENCE: pleasantness level from misery to pleasure
How pleasant one is feeling gives no information about how calm or activated one feels.

sleepy

calm

excited

sad relaxed VALENCE

AROUSAL

Russell, J.A. (1980). A circumplex model of affect. Journal 
of Personality and Social Psychology, 39, 1161–78.

𝑥𝑥𝑠𝑠: scene emotion level
happyangry

depressed peaceful
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EVENTS ARE ASSOCIATED TO EMOTIONS

sleepy

sad

excited

excited

calm

angry

happy

relaxed

Light trills
Fast arpeggios
Major tonality

Pitch climbing

Light texture
Strings

… or from the arousal-valence values we can apply the method by Amaral et al. with DL
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PERSONALITY AND PREFERENCES IN THE LARGE

12

iθj

Coefficient of empathy
(also denoted by eij):

OCEAN (Big Five): 

ℴ

ℰ
A
N

C
∈ 0,1

𝑥𝑥𝑠𝑠

𝑥𝑥𝑖𝑖Emotional 
Preference 
Space:

i

The objective function:

utility functions (quadratic or Gaussian):

SOCIAL INTERACTION 𝑥𝑥𝑖𝑖 𝜋𝜋∗ = 𝑠𝑠0,⋯ , 𝑠𝑠𝑘𝑘
∗

maximum 
expected
utility
U(s)
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spring forces Fij
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SOCIAL INTERACTION (OBTAINING xi)
The objective function:

The original 
distance 
between 
individuals

Lij is a constraint that 
represents how the 
empathy level eij
influences the individual i
to approach individual j.

Quadratic utility function to represent spring forces

Or Gaussian formulation (where 
openness defines the kurtosis):
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SOLVING THE SYSTEM The spring model is nonlinear (use cannot use a linear solver to 
obtain the optimal solution). We use a meta-heuristic approach 
based on simulated annealing to obtain a good approximate 
solution (a good solution near the global optimum).
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