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Abstract

Controllable story generation is a challenging
task in the field of NLP, which has attracted in-
creasing research interest in recent years. How-
ever, most existing works generate a whole
story conditioned on the appointed keywords or
emotions, ignoring the psychological changes
of the protagonist‡. Inspired by psychology
theories, we introduce global psychological
state chains, which include the needs and emo-
tions of the protagonists, to help a story gen-
eration system create more controllable and
well-planned stories. In this paper, we propose
a Psychology-guIded Controllable Story Gen-
eration System (PICS) to generate stories that
adhere to the given leading context and desired
psychological state chains for the protagonist.
Specifically, psychological state trackers are
employed to memorize the protagonist’s local
psychological states to capture their inner tem-
poral relationships. In addition, psychological
state planners are adopted to gain the protago-
nist’s global psychological states for story plan-
ning. Eventually, a psychology controller is de-
signed to integrate the local and global psycho-
logical states into the story context representa-
tion for composing psychology-guided stories.
Automatic and manual evaluations demonstrate
that PICS outperforms baselines, and each part
of PICS shows effectiveness for writing stories
with more consistent psychological changes.

1 Introduction

Controllable Story Generation (CSG) is an impor-
tant task in natural language processing (NLP) (Por-
teous and Cavazza, 2009; Peng et al., 2018; Alab-
dulkarim et al., 2021). It has also become one of
the test methods for progress in artificial intelli-
gence (AI). Most existing state-of-the-art works
(Kong et al., 2021; Rashkin et al., 2020; Paul and

†Corresponding author.
‡In this work, we define the protagonist as the most fre-

quently occurring character in a story (Morrow, 1985).

Mike complained to the server, 
then Tory comforted him.

The server apologized with a gift
and Mike replied with a smile.
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The service was slow 
and Mike began to feel uncomfortable.

Mike delightedly went on a date 
with his girlfriend Tory.

Mike was hungry and 
they went to a restaurant.

Figure 1: Example of psychology-guided controllable
story generation conditioned on dotted frames (global
psychological state chains, i.e., need/emotion, as well
as leading context). Each psychological state and its
corresponding tokens are highlighted in the same color.

Frank, 2021; Xu et al., 2020b) generate a story con-
ditioned by the appointed keywords or emotions,
with the help of remarkable pre-trained language
models (PLM), like GPT-2 (Radford et al., 2019)
and BART (Lewis et al., 2020). While most of
these systems have been able to generate fluent
stories, CSG still has many issues to be explored.

In daily life, humans tend to create events driven
by their needs (cause) and receive emotions (effect)
after the events. Similarly, needs (Ricoeur, 1984)
and emotions (Vonnegut, 1981) play the central
roles in creating reasonable stories in storytelling.
Recently, several works have begun developing
CSG systems based on people’s expected emo-
tional keywords or scores, such as (Brahman and
Chaturvedi, 2020) and (Xu et al., 2020a). Although
these approaches can generate stories appointing
the desired emotional signals, they are unable to
control the storytelling as the protagonist’s psy-
chological state changes. Another problem is that
these methods only consider the current/previous
emotions without global planning, which plays an
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important role in composing a story.

To address the aforementioned problems, we
focus on taking the protagonist’s global psycho-
logical state chains into account in controllable
story generation. Researches in cognitive psychol-
ogy have shown that readers closely monitor the
protagonist’s needs (Ricoeur, 1984) and emotions
(Vonnegut, 1981) while reading narratives. At any
point in a story, we represent the protagonist’s psy-
chological state using multiple needs and emotions
common in psychological theories. Hierarchy of
needs of Maslow has five categories (i.e., physiolog-
ical need, stability, love and belonging, esteem and
self-actualization) for describing human needs of
a person. Wheel of emotions of Plutchik proposes
eight basic emotions (includes joy, trust, anger, sur-
prise, sadness, disgust, fear and anticipation) to
adequately portray a person. Motivated by this, we
define the psychological state chains as a sequence
of five human needs and eight basic emotions that
describe psychological states of a protagonist.

Given the protagonist’s name and psychologi-
cal state chains as well as the leading context, our
goal is to generate a story about the leading context
that adheres to the protagonist’s psychological state
chains. As exemplified in Figure 1, the protagonist
(Mike) takes part in each story event controlled by
given psychological state chains. Note that, none
represents that Mike has no need or emotion. Each
psychological state and its corresponding tokens
are in the same color. For example, in the second
story event, Mike was hungry and went to a restau-
rant obviously embody the physiologic need of
Mike. Another example, as shown in the fourth
story event, complain action reflects Mike’s anger
emotion. From a global perspective, intuitively,
the anterior and hereafter psychological states sep-
arately provide the background and guidance for
composing stories. As illustrated in the third story
event, anterior physiologic need leads to Mike’s
feeling uncomfortable due to hungry, and hereafter
anger emotion guides the setting of slow service
plot suspense.

To generate stories that adhere to the given lead-
ing context and the desired protagonist’s global
psychological state chains, we propose PICS
(Psychology-guIded Controllable Story Genera-
tion System), a Transformer-based (Vaswani et al.,
2017) architecture. Specifically, psychological
state trackers are employed to memorize the local
psychological states for capturing temporal rela-

tionships among psychological states. And, psy-
chological state planners are adopted to gain the
protagonist’s global psychological states for plan-
ning the storytelling. In the end, a psychology con-
troller is designed to integrate the local and global
psychological states into the story context repre-
sentation for composing psychology-guided stories.
Based on the extracted data from publicly available
Story Commonsense (Rashkin et al., 2018) dataset,
experimental results demonstrate that PICS outper-
forms baselines, and the psychological state track-
ers, planners as well as the psychology controller
are important for generating stories with more con-
sistent psychological changes.

2 Related Work

Early story generation systems relied on symbolic
planning (Pérez and Sharples, 2001; Porteous and
Cavazza, 2009; Riedl and Young, 2010), which
had domain restriction and massive cost of feature
engineering. Recent seq2seq storytelling models
(Roemmele, 2016; Jain et al., 2017) had partially
alleviated these problems, most of which focused
on learning better representation for a story (Martin
et al., 2018; Xu et al., 2018; Fan et al., 2018b, 2019;
Yao et al., 2019).

To introduce semantic knowledge into story gen-
eration, many methods also employed large-scale
pre-trained language models (LM) based on Trans-
former (Vaswani et al., 2017), like GPT-2 (Radford
et al., 2019) and BART (Lewis et al., 2020). After
in-domain training, these models can generate flu-
ent and coherent text, which can be used in story
generation (Qin et al., 2019; Guan et al., 2020; Xie
et al., 2022b) and dialogue systems (Budzianowski
and Vulić, 2019; Wolf et al., 2019). However, they
lacked the ability of controllable generation, such
as expressing specific goals.

Further, aiming at controllable story generation,
works had been introduced to control different at-
tributes of the generated text, such as keyword (Fan
et al., 2018a), style (Wang et al., 2017) and length
(Kikuchi et al., 2016). For example, Tambwekar
et al. 2019 introduced reinforcement learning to
generate a goal-driven storyline, which is a se-
quence of event tuples. PPLM (Dathathri et al.,
2020) used attribute classifiers to guide text gen-
eration without further training of LM. PLOTMA-
CHINES (Rashkin et al., 2020) transformed an
outline into a coherent story by tracking the dy-
namic plot states. Kong et al. 2021 first planned
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the stylized keywords and then generated the whole
story with the guidance of the keywords. And many
works considered commonsense knowledge as an
attribute for CSG. Ammanabrolu et al. 2021 per-
formed story generation using soft causal relations,
which automatically extracted from existing natu-
ral language plot summaries. Paul and Frank 2021
used the contextualized commonsense inference
rules generated by COMET (Bosselut et al., 2019)
based model to produce a coherent story ending.

Most related to this work, many methods gen-
erated text with a specific sentiment or emotion
(Zhou et al., 2018; Huang et al., 2018; Zhou and
Wang, 2018; Song et al., 2019). Rashkin et al. 2018
present an annotation framework specifically de-
signed to examine the mental states of characters
in commonsense based stories. There are some
limitations to incorporating sentiment, emotion or
psychological state for story generation. Previous
work modeled characters but not sentiment (Clark
et al., 2018; Liu et al., 2020). Peng et al. 2018 and
Luo et al. 2019 controlled the overall sentiment
for story ending generation. Weber et al. 2020 in-
corporated sentiment trajectory by a new task that
“filling in” a story. Brahman and Chaturvedi 2020
modeled the emotional trajectory of the protagonist
for story generation. Xu et al. 2020a generated a
story with multiple emotional changes of protago-
nists based on the given characters and the corre-
sponding psychological state lines. These works
are limited to the guiding of emotion scores or to-
kens or/and target the ending sentence. Lately, Xie
et al. 2022a modeling the relationship among mo-
tivations, actions and emotions based on human
activities (i.e. story events), which lacks consid-
eration of the global changes in a story. Different
from the above methods, we respectively model the
local and global psychological state changes of the
protagonist as the story progresses, which is more
central to storytelling than the emotion trajectory.

3 Task Definition

We formulate our psychology-oriented controllable
story generation task in the following. Note that,
the length of the whole story is 5 in this paper, and
the output story event is in the m-th time point.
Table 1 shows an example of our task.

Input The context X = (X1,X2, . . . ,Xm−1)
to the current story event with m − 1 events,
where the i-th event Xi = (x1i , x

2
i , . . . , x

k
i ) con-

sists of k words. The name of protagonist P =

Protagonist Donald, He, Donald, He, He
Need Chain esteem, esteem, esteem, esteem, esteem

Emotion Chain joy, sadness, sadness, sadness, joy
Leading Context Donald was a senator.

Event Y2 He ran as an indie candidate.
Event Y3 Donald wanted better implementation of his policies.
Event Y4 He decided to run in the next term as a Republican.
Event Y5 He won again, and is now in a better position.

Table 1: An example of our task.

(p1, p2, . . . , pm) to indicate the expected partici-
pant of the generated story event, the elements are
the same in P in our setting. The protagonist’s
global psychological state chains, including the
need chain AN = (n1, n2, . . . , n5) and the emo-
tion chain AE = (e1, e2, . . . , e5). The protago-
nist’s local psychological states from AN and AE,
including the need history N = (n1, n2, . . . , nm)
and the emotion history E = (e1, e2, . . . , em). ni

and ei represent the protagonist’s need and emotion
for the i-th story event, where i ∈ [1,m].

Output Ym = (y1, y2, . . . , yr) (also Xm in the
next time step) stands for the current story event
that consists of r words, based on the protagonist’s
name P, the need history N, the emotion history
E, the need chain AN and the emotion chain AE,
where yi is the i-th word.

4 Methodology

The overall architecture of our proposed PICS sys-
tem is illustrated in Figure 3. In the following, we
will describe each component in more detail.

4.1 Contextual Encoder (Step 1)

In order to capture the contextual semantic informa-
tion for the story context and the protagonist’s his-
torical psychological states, we reconstruct the in-
put of the embedding layer in the backbone BART
(Lewis et al., 2020) model.

⟨pgt⟩⟨emo⟩⟨ned⟩ nm em pm ⟨cxt⟩ Xm⟨s⟩ ⟨/s⟩

Figure 2: Reconstructed input of the word embedding
layer in BART for m-th event.

As illustrated in Figure 2, we employ new spe-
cial {⟨ned⟩, ⟨emo⟩, ⟨pgt⟩} tokens to delimit each
protagonist’s need, emotion and name grounded in
the story context. In addition, we utilize a spe-
cial ⟨cxt⟩ token to delimit each story event of the
context:

bm = Emb(n1, e1, p1, X1, . . . , nm, em, pm) (1)
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<latexit sha1_base64="DLE7x7lBH4HTbeocLJwpBjpp0AE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxojGBZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmy+C5oKKq66e4KEsG1cd13J7e0vLK6ll8vbGxube8Ud/dudZwqhk0Wi1i1A6pRcIlNw43AdqKQRoHAVjC6mPmtO1Sax/LGjBP0IzqQPOSMGitdY++0Vyy5ZXcO8pd4GSlBhkav+NbtxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k/mpU3JklT4JY2VLGjJXv09MaKT1OApsZ0TNUP/2ZuJ/Xic14bk/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYE7+v3mkW1kpGa9xnC7UnZOytXrtxS3c3iyMMBHMIxeFCFOlxCA5rAYAD38AhPjnAenGfnZdGac7KZffgB5/UDE3yN3Q==</latexit>e3
<latexit sha1_base64="N7WHHiO1jFKseGHoDlbOGsmg/Ac=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QjLkFvHiMaB6QLGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEkW3wUNRVU33V1BLLg2rvvurKyurW9s5rby2zu7e/uFg8OWjhLFsMkiEalOQDUKLrFpuBHYiRXSMBDYDiaXc799h0rzSN6aaYx+SEeSDzmjxko32C/3C0W35C5A/hIvI0XI0OgX3nqDiCUhSsME1brrubHxU6oMZwJn+V6iMaZsQkfYtVTSELWfLk6dkVOrDMgwUrakIQv1+0RKQ62nYWA7Q2rG+rc3F//zuokZXvgpl3FiULLlomEiiInI/G8y4AqZEVNLKFPc3krYmCrKjE0nb0Pwvn6vWVQrGal5nyG0yiXvvFS5dot1N4sjB8dwAmfgQRXqcAUNaAKDEdzDIzw5wnlwnp2XZeuKk80cwQ84rx8R+I3c</latexit>e2

<latexit sha1_base64="ZVTpD0+hIuXLznaX5oNHupGlHQ8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yRZfBc0FFXddHcFseDauO67k1tZXVvfyG8WtrZ3dveK+wctHSWKYZNFIlKdgGoUXGLTcCOwEyukYSCwHUwu5377DpXmkbw10xj9kI4kH3JGjZVusF/pF0tu2V2A/CVeRkqQodEvvvUGEUtClIYJqnXXc2Pjp1QZzgTOCr1EY0zZhI6wa6mkIWo/XZw6IydWGZBhpGxJQxbq94mUhlpPw8B2htSM9W9vLv7ndRMzvPBTLuPEoGTLRcNEEBOR+d9kwBUyI6aWUKa4vZWwMVWUGZtOwYbgff1es6hWMlLzPkNonZW983Ll2i3V3SyOPBzBMZyCB1WowxU0oAkMRnAPj/DkCOfBeXZelq05J5s5hB9wXj8AFQCN3g==</latexit>e4
<latexit sha1_base64="7lrN3pyilNczS0Xj3xzTtxkJEzk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGnMLePEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZIsvgsaiqpuuruCRHBtXPfdyS0tr6yu5dcLG5tb2zvF3b2mjlPFsMFiEat2QDUKLrFhuBHYThTSKBDYCkaXM791h0rzWN6acYJ+RAeSh5xRY6Ub7J31iiW37M5B/hIvIyXIUO8V37r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj91So6s0idhrGxJQ+bq94kJjbQeR4HtjKgZ6t/eTPzP66QmvPAnXCapQckWi8JUEBOT2d+kzxUyI8aWUKa4vZWwIVWUGZtOwYbgff1etaicZqTqfYbQPCl75+XTa7dUc7M48nAAh3AMHlSgBldQhwYwGMA9PMKTI5wH59l5WbTmnGxmH37Aef0AFoSN3w==</latexit>e5

<latexit sha1_base64="tI0scpJFUQ+eA0M3ZGlBoVctNJU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGnMLePEY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZIsvgsaiqpuuruCRAqDrvvu5JaWV1bX8uuFjc2t7Z3i7l7TxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6nPmtO66NiNUtjhPuR3SgRCgYRSvdqN5Zr1hyy+4c5C/xMlKCDPVe8a3bj1kacYVMUmM6npugP6EaBZN8WuimhieUjeiAdyxVNOLGn8xPnZIjq/RJGGtbCslc/T4xoZEx4yiwnRHFofntzcT/vE6K4YU/ESpJkSu2WBSmkmBMZn+TvtCcoRxbQpkW9lbChlRThjadgg3B+/q9alE5zUjV+wyheVL2zsun126p5mZx5OEADuEYPKhADa6gDg1gMIB7eIQnRzoPzrPzsmjNOdnMPvyA8/oBJDqN6A==</latexit>n5
<latexit sha1_base64="g5ZZvf/exWyniYKbG6Jm5OkUuew=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yRZfBc0FFXddHcFsRQGXffdya2srq1v5DcLW9s7u3vF/YOWiRLNeJNFMtKdgBouheJNFCh5J9achoHk7WByOffbd1wbEalbnMbcD+lIiaFgFK10o/qVfrHklt0FyF/iZaQEGRr94ltvELEk5AqZpMZ0PTdGP6UaBZN8VuglhseUTeiIdy1VNOTGTxenzsiJVQZkGGlbCslC/T6R0tCYaRjYzpDi2Pz25uJ/XjfB4YWfChUnyBVbLhomkmBE5n+TgdCcoZxaQpkW9lbCxlRThjadgg3B+/q9ZlGtZKTmfYbQOit75+XKtVuqu1kceTiCYzgFD6pQhytoQBMYjOAeHuHJkc6D8+y8LFtzTjZzCD/gvH4AIraN5w==</latexit>n4

<latexit sha1_base64="LjQ8tfGJKC4vCSrVO7JHtx/1RB0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxojGBZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmy+C5oKKq66e4KEikMuu67k1taXlldy68XNja3tneKu3u3Jk41400Wy1i3A2q4FIo3UaDk7URzGgWSt4LRxcxv3XFtRKxucJxwP6IDJULBKFrpWvVOe8WSW3bnIH+Jl5ESZGj0im/dfszSiCtkkhrT8dwE/QnVKJjk00I3NTyhbEQHvGOpohE3/mR+6pQcWaVPwljbUkjm6veJCY2MGUeB7YwoDs1vbyb+53VSDM/9iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3tfvNYtqJSM17zOE25Oyd1auXLmlupvFkYcDOIRj8KAKdbiEBjSBwQDu4RGeHOk8OM/Oy6I152Qz+/ADzusHITKN5g==</latexit>n3
<latexit sha1_base64="iDpta3Ow3PeqlFJh8A+j2Kt1eiI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QjLkFvHiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEkW3wUNRVU33V1BLIVB1313VlbX1jc2c1v57Z3dvf3CwWHLRIlmvMkiGelOQA2XQvEmCpS8E2tOw0DydjC5nPvtO66NiNQtTmPuh3SkxFAwila6Uf1yv1B0S+4C5C/xMlKEDI1+4a03iFgScoVMUmO6nhujn1KNgkk+y/cSw2PKJnTEu5YqGnLjp4tTZ+TUKgMyjLQthWShfp9IaWjMNAxsZ0hxbH57c/E/r5vg8MJPhYoT5IotFw0TSTAi87/JQGjOUE4toUwLeythY6opQ5tO3obgff1es6hWMlLzPkNolUveealy7RbrbhZHDo7hBM7AgyrU4Qoa0AQGI7iHR3hypPPgPDsvy9YVJ5s5gh9wXj8AH66N5Q==</latexit>n2

<latexit sha1_base64="blA7cST6RNxAPfqBzzA+1uAAWro=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QjLkFvHiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEkW3wUNRVU33V1BLIVB1313VlbX1jc2c1v57Z3dvf3CwWHLRIlmvMkiGelOQA2XQvEmCpS8E2tOw0DydjC5nPvtO66NiNQtTmPuh3SkxFAwila6ifvlfqHoltwFyF/iZaQIGRr9wltvELEk5AqZpMZ0PTdGP6UaBZN8lu8lhseUTeiIdy1VNOTGTxenzsipVQZkGGlbCslC/T6R0tCYaRjYzpDi2Pz25uJ/XjfB4YWfChUnyBVbLhomkmBE5n+TgdCcoZxaQpkW9lbCxlRThjadvA3B+/q9ZlGtZKTmfYbQKpe881Ll2i3W3SyOHBzDCZyBB1WowxU0oAkMRnAPj/DkSOfBeXZelq0rTjZzBD/gvH4AIrqN5w==</latexit>p2
<latexit sha1_base64="p+Wilsg2JHSyXJXRNhzEuoTUe3Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxojGBZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmy+C5oKKq66e4KEsG1cd13J7e0vLK6ll8vbGxube8Ud/dudZwqhk0Wi1i1A6pRcIlNw43AdqKQRoHAVjC6mPmtO1Sax/LGjBP0IzqQPOSMGitdJ73TXrHklt05yF/iZaQEGRq94lu3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+anTsmRVfokjJUtachc/T4xoZHW4yiwnRE1Q/3bm4n/eZ3UhOf+hMskNSjZYlGYCmJiMvub9LlCZsTYEsoUt7cSNqSKMmPTKdgQvK/faxbVSkZq3mcItydl76xcuXJLdTeLIw8HcAjH4EEV6nAJDWgCgwHcwyM8OcJ5cJ6dl0Vrzslm9uEHnNcPJD6N6A==</latexit>p3

<latexit sha1_base64="YlqqF/m1h/LEqGuaKbEMy9vJ7LA=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgQcKuBGNuAS8eI5gHJEuYnfQmQ2Znl5leIYR8hBcPinj1e7z5N06SxXdBQ1HVTXdXkEhh0HXfndzK6tr6Rn6zsLW9s7tX3D9omTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxhfzf32HWgjYnWLkwT8iA2VCAVnaKV2LwBkfa9fLLlldwH6l3gZKZEMjX7xrTeIeRqBQi6ZMV3PTdCfMo2CS5gVeqmBhPExG0LXUsUiMP50ce6MnlhlQMNY21JIF+r3iSmLjJlEge2MGI7Mb28u/ud1Uwwv/alQSYqg+HJRmEqKMZ3/TgdCA0c5sYRxLeytlI+YZhxtQgUbgvf1e82iWslIzfsMoXVe9i7KlRu3VD/L4siTI3JMTolHqqROrkmDNAknY3JPHsmTkzgPzrPzsmzNOdnMIfkB5/UDDN+Pkg==</latexit>

�1
<latexit sha1_base64="SslK2CI+F1oet5K8oCKLPCzkxvY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8SNgNwZhbwIvHCOYByRJmJ7PJkNnZZaZXCCEf4cWDIl79Hm/+jZNk8V3QUFR1090VJFIYdN13Z2V1bX1jM7eV397Z3dsvHBy2TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjq7nfvuPaiFjd4iThfkSHSoSCUbRSuxdwpP1yv1B0S+4C5C/xMlKEDI1+4a03iFkacYVMUmO6npugP6UaBZN8lu+lhieUjemQdy1VNOLGny7OnZFTqwxIGGtbCslC/T4xpZExkyiwnRHFkfntzcX/vG6K4aU/FSpJkSu2XBSmkmBM5r+TgdCcoZxYQpkW9lbCRlRThjahvA3B+/q9ZlGtZKTmfYbQKpe8i1Llxi3Wz7M4cnAMJ3AGHlShDtfQgCYwGMM9PMKTkzgPzrPzsmxdcbKZI/gB5/UDDmOPkw==</latexit>

�2

<latexit sha1_base64="rMVVncvIrrgXFYgzTRHJ+jsD9pU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGHMLePEYwTwgWZbZSScZMju7zMwKYclHePGgiFe/x5t/4yRZfBc0FFXddHeFieDauO67U1hZXVvfKG6WtrZ3dvfK+wdtHaeKYYvFIlbdkGoUXGLLcCOwmyikUSiwE06u5n7nDpXmsbw10wT9iI4kH3JGjZU64yDDwJsF5YpbdRcgf4mXkwrkaAblt/4gZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni3Nn5MQqAzKMlS1pyEL9PpHRSOtpFNrOiJqx/u3Nxf+8XmqGl37GZZIalGy5aJgKYmIy/50MuEJmxNQSyhS3txI2pooyYxMq2RC8r9/rFrXznNS9zxDaZ1Xvonp+41Yabh5HEY7gGE7Bgxo04Bqa0AIGE7iHR3hyEufBeXZelq0FJ585hB9wXj8AUPWPwg==</latexit>

he1

<latexit sha1_base64="gl4irMSnAzkn0yNWddEDfUDAQag=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSlWHsrePFYwX5AG8JmO2mXbjZhdyOU0B/hxYMiXv093vw3btvg94OBx3szzMwLEs6Udpx3q7C2vrG5Vdwu7ezu7R+UD4+6Kk4lxQ6NeSz7AVHImcCOZppjP5FIooBjL5heLfzeHUrFYnGrZwl6ERkLFjJKtJF6Ez9Dvzb3yxWn6ixh/yVuTiqQo+2X34ajmKYRCk05UWrgOon2MiI1oxznpWGqMCF0SsY4MFSQCJWXLc+d22dGGdlhLE0JbS/V7xMZiZSaRYHpjIieqN/eQvzPG6Q6vPQyJpJUo6CrRWHKbR3bi9/tEZNINZ8ZQqhk5labTogkVJuESiYE9+v3pkGjnpOm+xlCt1Z1L6r1G6fScvI4inACp3AOLjSgBdfQhg5QmMI9PMKTlVgP1rP1smotWPnMMfyA9foBUnqPww==</latexit>

he2

<latexit sha1_base64="uHBrWXjkII/ODIZp9+i9ImUgJRQ=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4CjMajLkFvHiMYBZIhqGnU5M06Vno7hHCkI/w4kERr36PN//GTjK4Pyh4vFdFVT0/EVxp2363Ciura+sbxc3S1vbO7l55/6Cj4lQybLNYxLLnU4WCR9jWXAvsJRJp6Avs+pOrud+9Q6l4HN3qaYJuSEcRDzij2kjdsZehdz7zyhW7ai9A/hInJxXI0fLKb4NhzNIQI80EVarv2Il2Myo1ZwJnpUGqMKFsQkfYNzSiISo3W5w7IydGGZIglqYiTRbq94mMhkpNQ990hlSP1W9vLv7n9VMdXLoZj5JUY8SWi4JUEB2T+e9kyCUyLaaGUCa5uZWwMZWUaZNQyYTgfP3eMKjXctJwPkPonFWdi2rtxq407TyOIhzBMZyCA3VowjW0oA0MJnAPj/BkJdaD9Wy9LFsLVj5zCD9gvX4AU/+PxA==</latexit>

he3

<latexit sha1_base64="8EnEjCfRnPBSjf3JSW5LukDevik=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxgnlAsiyzk9lkyOzsMDMrhCUf4cWDIl79Hm/+jZNk8V3QUFR1090VSs60cd13p7Cyura+UdwsbW3v7O6V9w86OkkVoW2S8ET1QqwpZ4K2DTOc9qSiOA457YaTq7nfvaNKs0TcmqmkfoxHgkWMYGOl7jjIZHA+C8oVt+ougP4SLycVyNEKym+DYULSmApDONa677nS+BlWhhFOZ6VBqqnEZIJHtG+pwDHVfrY4d4ZOrDJEUaJsCYMW6veJDMdaT+PQdsbYjPVvby7+5/VTE136GRMyNVSQ5aIo5cgkaP47GjJFieFTSzBRzN6KyBgrTIxNqGRD8L5+b1jUazlpeJ8hdM6q3kW1duNWmm4eRxGO4BhOwYM6NOEaWtAGAhO4h0d4cqTz4Dw7L8vWgpPPHMIPOK8fZMyPzw==</latexit>

hp3

<latexit sha1_base64="jdp2fr2nCsGUJyyyhsvAGWQSXdU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGYMwt4MVjBPOAZFlmJ7PJkNnZYWZWCEs+wosHRbz6Pd78GyfJ4rugoajqprsrlJxp47rvTmFtfWNzq7hd2tnd2z8oHx51dZIqQjsk4Ynqh1hTzgTtGGY47UtFcRxy2gunVwu/d0eVZom4NTNJ/RiPBYsYwcZKvUmQyaA2D8oVt+ougf4SLycVyNEOym/DUULSmApDONZ64LnS+BlWhhFO56VhqqnEZIrHdGCpwDHVfrY8d47OrDJCUaJsCYOW6veJDMdaz+LQdsbYTPRvbyH+5w1SE136GRMyNVSQ1aIo5cgkaPE7GjFFieEzSzBRzN6KyAQrTIxNqGRD8L5+b1o06jlpep8hdGtV76Jav3ErLTePowgncArn4EEDWnANbegAgSncwyM8OdJ5cJ6dl1VrwclnjuEHnNcPY0ePzg==</latexit>

hp2

<latexit sha1_base64="lMdGhkP+RLTvDaikEJzAYubXV2s=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKSMwt4MVjBPOAZFlmJ7PJkNnZYWZWCEs+wosHRbz6Pd78GyfJ4rugoajqprsrlJxp47rvTmFtfWNzq7hd2tnd2z8oHx51dZIqQjsk4Ynqh1hTzgTtGGY47UtFcRxy2gunVwu/d0eVZom4NTNJ/RiPBYsYwcZKvUmQycCbB+WKW3WXQH+Jl5MK5GgH5bfhKCFpTIUhHGs98Fxp/Awrwwin89Iw1VRiMsVjOrBU4JhqP1ueO0dnVhmhKFG2hEFL9ftEhmOtZ3FoO2NsJvq3txD/8wapiS79jAmZGirIalGUcmQStPgdjZiixPCZJZgoZm9FZIIVJsYmVLIheF+/Ny0atZw0vc8QuhdVr16t3biVlpvHUYQTOIVz8KABLbiGNnSAwBTu4RGeHOk8OM/Oy6q14OQzx/ADzusHYcKPzQ==</latexit>

hp1

<latexit sha1_base64="coWuAfVfAk8V+NgNV7jA/GDdC7c=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlWLsruHFZwT6gDWUynbRDJ5M4MymU0O9w40IRt36MO//GSRt8Hxg4nHMv98zxY86Udpx3q7C2vrG5Vdwu7ezu7R/Yh0cdFSWS0DaJeCR7PlaUM0HbmmlOe7GkOPQ57frTq8zvzqhULBK3eh5TL8RjwQJGsDaSNwixnhDM095iWB3aZafiLIH+EjcnZcjRGtpvg1FEkpAKTThWqu86sfZSLDUjnC5Kg0TRGJMpHtO+oQKHVHnpMvQCnRllhIJImic0WqrfN1IcKjUPfTOZhVS/vUz8z+snOrj0UibiRFNBVoeChCMdoawBNGKSEs3nhmAimcmKyARLTLTpqWRKcL/+3jCo13LScD9L6FQr7kWlduOUm05eRxFO4BTOwYU6NOEaWtAGAndwD4/wZM2sB+vZelmNFqx85xh+wHr9AOQnkmE=</latexit>X2

<latexit sha1_base64="wMpM58nBD7d4MfwLvGmwVZSEMZk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGHMLePEYwTwgWZbZySQZMju7zPQKYclHePGgiFe/x5t/4yRZfBc0FFXddHeFiRQGXffdKaysrq1vFDdLW9s7u3vl/YO2iVPNeIvFMtbdkBouheItFCh5N9GcRqHknXByNfc7d1wbEatbnCbcj+hIiaFgFK3UGQeZCrxZUK64VXcB8pd4OalAjmZQfusPYpZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLcGTmxyoAMY21LIVmo3ycyGhkzjULbGVEcm9/eXPzP66U4vPQzoZIUuWLLRcNUEozJ/HcyEJozlFNLKNPC3krYmGrK0CZUsiF4X7/XLWrnOal7nyG0z6reRfX8xq003DyOIhzBMZyCBzVowDU0oQUMJnAPj/DkJM6D8+y8LFsLTj5zCD/gvH4AXrSPyw==</latexit>

hn1

<latexit sha1_base64="L02KVp3XBs48UCkJN+OJm4ui+q4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yRZfBc0FFXddHcFseDauO67k1tZXVvfyG8WtrZ3dveK+wctHSWKYZNFIlKdgGoUXGLTcCOwEyukYSCwHUwu5377DpXmkbw10xj9kI4kH3JGjZVuxn3WL5bcsrsA+Uu8jJQgQ6NffOsNIpaEKA0TVOuu58bGT6kynAmcFXqJxpiyCR1h11JJQ9R+ujh1Rk6sMiDDSNmShizU7xMpDbWehoHtDKkZ69/eXPzP6yZmeOGnXMaJQcmWi4aJICYi87/JgCtkRkwtoUxxeythY6ooMzadgg3B+/q9ZlGtZKTmfYbQOit75+XKtVuqu1kceTiCYzgFD6pQhytoQBMYjOAeHuHJEc6D8+y8LFtzTjZzCD/gvH4AYM6OEA==</latexit>

hc

<latexit sha1_base64="Ds7qwnZHmKXOqt2Z2zAga0zzATc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPoKexKMOYW8OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlk8V3QUFR1090VxJxp47rvTmFldW19o7hZ2tre2d0r7x90dJQoQtsk4pHqBVhTziRtG2Y47cWKYhFw2g2mV5nfvaNKs0jemllMfYHHkoWMYJNJk9MhGZYrbtVdAP0lXk4qkKM1LL8NRhFJBJWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LJRZU++ni1jk6scoIhZGyJQ1aqN8nUiy0nonAdgpsJvq3l4n/ef3EhJd+ymScGCrJclGYcGQilD2ORkxRYvjMEkwUs7ciMsEKE2PjKdkQvK/fGxb1Wk4a3mcInfOqd1Gt3biVppvHUYQjOIYz8KAOTbiGFrSBwATu4RGeHOE8OM/Oy7K14OQzh/ADzusHwYiOQQ==</latexit>

h0
c

<latexit sha1_base64="UQWXRcbxnaHEPQ3Z0AW2/6vTCqk=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSKIi5JosXZXcOOygn1AG8NkOmmHTmbCzI1QQj7DjQtF3Po17vwbp23wfeDC4Zx7ufeeIOZMg+O8W4Wl5ZXVteJ6aWNza3unvLvX0TJRhLaJ5FL1AqwpZ4K2gQGnvVhRHAWcdoPJ5czv3lGlmRQ3MI2pF+GRYCEjGIzUH9+mJ5mfCv8s88sVp+rMYf8lbk4qKEfLL78NhpIkERVAONa67zoxeClWwAinWWmQaBpjMsEj2jdU4IhqL52fnNlHRhnaoVSmBNhz9ftEiiOtp1FgOiMMY/3bm4n/ef0EwgsvZSJOgAqyWBQm3AZpz/63h0xRAnxqCCaKmVttMsYKEzAplUwI7tfvDYN6LScN9zOEzmnVPa/Wrp1K08njKKIDdIiOkYvqqImuUAu1EUES3aNH9GSB9WA9Wy+L1oKVz+yjH7BePwBIkZF1</latexit>

h⇤
n3

<latexit sha1_base64="Kpo2NEA9XC53xSoIs+0jpwsMm90=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSKIi5JosXZXcOOygn1AG8NkOmmHTmbCzI1QQj7DjQtF3Po17vwbp23wfeDC4Zx7ufeeIOZMg+O8W4Wl5ZXVteJ6aWNza3unvLvX0TJRhLaJ5FL1AqwpZ4K2gQGnvVhRHAWcdoPJ5czv3lGlmRQ3MI2pF+GRYCEjGIzUH9+mJ5mfUv8s88sVp+rMYf8lbk4qKEfLL78NhpIkERVAONa67zoxeClWwAinWWmQaBpjMsEj2jdU4IhqL52fnNlHRhnaoVSmBNhz9ftEiiOtp1FgOiMMY/3bm4n/ef0EwgsvZSJOgAqyWBQm3AZpz/63h0xRAnxqCCaKmVttMsYKEzAplUwI7tfvDYN6LScN9zOEzmnVPa/Wrp1K08njKKIDdIiOkYvqqImuUAu1EUES3aNH9GSB9WA9Wy+L1oKVz+yjH7BePwA60pFs</latexit>

h⇤
e3

<latexit sha1_base64="+AkRcXXZ/s0W7siJIokJr+E00vk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZyWwyZHZ2mekVQsgnePGgiFe/yJt/4yRZfBc0FFXddHcFiRQGXffdya2srq1v5DcLW9s7u3vF/YOWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8Offbd1wbEatbnCTcj+hQiVAwila6UX2vXyy5ZXcB8pd4GSlBhka/+NYbxCyNuEImqTFdz03Qn1KNgkk+K/RSwxPKxnTIu5YqGnHjTxenzsiJVQYkjLUthWShfp+Y0siYSRTYzojiyPz25uJ/XjfF8MKfCpWkyBVbLgpTSTAm87/JQGjOUE4soUwLeythI6opQ5tOwYbgff1es6hWMlLzPkNonZW983Ll2i3V3SyOPBzBMZyCB1WowxU0oAkMhnAPj/DkSOfBeXZelq05J5s5hB9wXj8AHiqN5A==</latexit>n1
<latexit sha1_base64="LjQ8tfGJKC4vCSrVO7JHtx/1RB0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxojGBZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmy+C5oKKq66e4KEikMuu67k1taXlldy68XNja3tneKu3u3Jk41400Wy1i3A2q4FIo3UaDk7URzGgWSt4LRxcxv3XFtRKxucJxwP6IDJULBKFrpWvVOe8WSW3bnIH+Jl5ESZGj0im/dfszSiCtkkhrT8dwE/QnVKJjk00I3NTyhbEQHvGOpohE3/mR+6pQcWaVPwljbUkjm6veJCY2MGUeB7YwoDs1vbyb+53VSDM/9iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3tfvNYtqJSM17zOE25Oyd1auXLmlupvFkYcDOIRj8KAKdbiEBjSBwQDu4RGeHOk8OM/Oy6I152Qz+/ADzusHITKN5g==</latexit>n3

<latexit sha1_base64="iDpta3Ow3PeqlFJh8A+j2Kt1eiI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QjLkFvHiMaB6QLGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEkW3wUNRVU33V1BLIVB1313VlbX1jc2c1v57Z3dvf3CwWHLRIlmvMkiGelOQA2XQvEmCpS8E2tOw0DydjC5nPvtO66NiNQtTmPuh3SkxFAwila6Uf1yv1B0S+4C5C/xMlKEDI1+4a03iFgScoVMUmO6nhujn1KNgkk+y/cSw2PKJnTEu5YqGnLjp4tTZ+TUKgMyjLQthWShfp9IaWjMNAxsZ0hxbH57c/E/r5vg8MJPhYoT5IotFw0TSTAi87/JQGjOUE4toUwLeythY6opQ5tO3obgff1es6hWMlLzPkNolUveealy7RbrbhZHDo7hBM7AgyrU4Qoa0AQGI7iHR3hypPPgPDsvy9YVJ5s5gh9wXj8AH66N5Q==</latexit>n2
<latexit sha1_base64="Hs1edCCSB0WAmppoWWs20xDg66A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yRZfBc0FFXddHcFieDauO67k1tZXVvfyG8WtrZ3dveK+wctHaeKYZPFIladgGoUXGLTcCOwkyikUSCwHYwv5377DpXmsbw1kwT9iA4lDzmjxko32Pf6xZJbdhcgf4mXkRJkaPSLb71BzNIIpWGCat313MT4U6oMZwJnhV6qMaFsTIfYtVTSCLU/XZw6IydWGZAwVrakIQv1+8SURlpPosB2RtSM9G9vLv7ndVMTXvhTLpPUoGTLRWEqiInJ/G8y4AqZERNLKFPc3krYiCrKjE2nYEPwvn6vWVQrGal5nyG0zsreebly7ZbqbhZHHo7gGE7BgyrU4Qoa0AQGQ7iHR3hyhPPgPDsvy9ack80cwg84rx8QdI3b</latexit>e1

<latexit sha1_base64="DLE7x7lBH4HTbeocLJwpBjpp0AE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxojGBZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmy+C5oKKq66e4KEsG1cd13J7e0vLK6ll8vbGxube8Ud/dudZwqhk0Wi1i1A6pRcIlNw43AdqKQRoHAVjC6mPmtO1Sax/LGjBP0IzqQPOSMGitdY++0Vyy5ZXcO8pd4GSlBhkav+NbtxyyNUBomqNYdz02MP6HKcCZwWuimGhPKRnSAHUsljVD7k/mpU3JklT4JY2VLGjJXv09MaKT1OApsZ0TNUP/2ZuJ/Xic14bk/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYE7+v3mkW1kpGa9xnC7UnZOytXrtxS3c3iyMMBHMIxeFCFOlxCA5rAYAD38AhPjnAenGfnZdGac7KZffgB5/UDE3yN3Q==</latexit>e3
<latexit sha1_base64="N7WHHiO1jFKseGHoDlbOGsmg/Ac=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QjLkFvHiMaB6QLGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEkW3wUNRVU33V1BLLg2rvvurKyurW9s5rby2zu7e/uFg8OWjhLFsMkiEalOQDUKLrFpuBHYiRXSMBDYDiaXc799h0rzSN6aaYx+SEeSDzmjxko32C/3C0W35C5A/hIvI0XI0OgX3nqDiCUhSsME1brrubHxU6oMZwJn+V6iMaZsQkfYtVTSELWfLk6dkVOrDMgwUrakIQv1+0RKQ62nYWA7Q2rG+rc3F//zuokZXvgpl3FiULLlomEiiInI/G8y4AqZEVNLKFPc3krYmCrKjE0nb0Pwvn6vWVQrGal5nyG0yiXvvFS5dot1N4sjB8dwAmfgQRXqcAUNaAKDEdzDIzw5wnlwnp2XZeuKk80cwQ84rx8R+I3c</latexit>e2

<latexit sha1_base64="L02KVp3XBs48UCkJN+OJm4ui+q4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKMOYW8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yRZfBc0FFXddHcFseDauO67k1tZXVvfyG8WtrZ3dveK+wctHSWKYZNFIlKdgGoUXGLTcCOwEyukYSCwHUwu5377DpXmkbw10xj9kI4kH3JGjZVuxn3WL5bcsrsA+Uu8jJQgQ6NffOsNIpaEKA0TVOuu58bGT6kynAmcFXqJxpiyCR1h11JJQ9R+ujh1Rk6sMiDDSNmShizU7xMpDbWehoHtDKkZ69/eXPzP6yZmeOGnXMaJQcmWi4aJICYi87/JgCtkRkwtoUxxeythY6ooMzadgg3B+/q9ZlGtZKTmfYbQOit75+XKtVuqu1kceTiCYzgFD6pQhytoQBMYjOAeHuHJEc6D8+y8LFtzTjZzCD/gvH4AYM6OEA==</latexit>

hc

<latexit sha1_base64="Vx+H90eja+sjqfR7zs8TgDk37IU=">AAAB73icbVDLSsNAFL2pr1pfUZduBovoqiRarN0V3LisYB/QhjCZTtqhk0mcmQgl9CfcuFDErb/jzr9x2gbfBy4czrmXe+8JEs6Udpx3q7C0vLK6VlwvbWxube/Yu3ttFaeS0BaJeSy7AVaUM0FbmmlOu4mkOAo47QTjy5nfuaNSsVjc6ElCvQgPBQsZwdpI3dGxnyX+2dS3y07FmQP9JW5OypCj6dtv/UFM0ogKTThWquc6ifYyLDUjnE5L/VTRBJMxHtKeoQJHVHnZ/N4pOjLKAIWxNCU0mqvfJzIcKTWJAtMZYT1Sv72Z+J/XS3V44WVMJKmmgiwWhSlHOkaz59GASUo0nxiCiWTmVkRGWGKiTUQlE4L79XvdoFbNSd39DKF9WnHPK9Vrp9xw8jiKcACHcAIu1KABV9CEFhDgcA+P8GTdWg/Ws/WyaC1Y+cw+/ID1+gHGKpAA</latexit>

h0
p3

<latexit sha1_base64="4aFjQDOCOJhI6pq/EkdzlQL1vYM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRYu2u4KbLCvYBbQiT6aQdOnkwMxFqyJe4caGIWz/FnX/jpA2+DwwczrmXe+Z4MWdSWda7UVpb39jcKm9Xdnb39qvmwWFfRokgtEciHomhhyXlLKQ9xRSnw1hQHHicDrz5Ve4PbqmQLApv1CKmToCnIfMZwUpLrlkdB1jNCOZpJ3NTkrlmzapbS6C/xC5IDQp0XfNtPIlIEtBQEY6lHNlWrJwUC8UIp1llnEgaYzLHUzrSNMQBlU66DJ6hU61MkB8J/UKFlur3jRQHUi4CT0/mMeVvLxf/80aJ8i+dlIVxomhIVof8hCMVobwFNGGCEsUXmmAimM6KyAwLTJTuqqJLsL/+3tJoNgrSsj9L6J/X7Yt649qqta2ijjIcwwmcgQ1NaEMHutADAgncwyM8GXfGg/FsvKxGS0axcwQ/YLx+AFq6k78=</latexit>Hc
<latexit sha1_base64="MjOEWjQdvoq6U6ORCQnCjSaGx0w=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIsXZXcOOygn1IO5RMmmlDM8mQZIQy9DPcuFDErV/jzr8x0w6+DwQO59xLzj1BzJk2rvvuFFZW19Y3ipulre2d3b3y/kFHy0QR2iaSS9ULsKacCdo2zHDaixXFUcBpN5heZn73jirNpLgxs5j6ER4LFjKCjZX6gwibCcE8vZ0PyxW36i6A/hIvJxXI0RqW3wYjSZKICkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUCR1T76SLyHJ1YZYRCqewTBi3U7xspjrSeRYGdzCLq314m/uf1ExNe+CkTcWKoIMuPwoQjI1F2PxoxRYnhM0swUcxmRWSCFSbGtlSyJXhftzcs6rWcNLzPEjpnVe+8Wrt2K003r6MIR3AMp+BBHZpwBS1oAwEJ9/AIT45xHpxn52U5WnDynUP4Aef1A7Z8kb0=</latexit>Y

<latexit sha1_base64="0Po/VASVzWVB+SAB9ht2agr3Vww=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBoPgKeyGYMwt4MVjBPOAZFlmJ7PJkNnZZWZWCEs+wosHRbz6Pd78GyfJ4rugoajqprsrSATXxnHeUWFtfWNzq7hd2tnd2z8oHx51dZwqyjo0FrHqB0QzwSXrGG4E6yeKkSgQrBdMrxZ+744pzWN5a2YJ8yIyljzklBgr9SZ+Jv3a3C9XnKqzBP5L3JxUIEfbL78NRzFNIyYNFUTrgeskxsuIMpwKNi8NU80SQqdkzAaWShIx7WXLc+f4zCojHMbKljR4qX6fyEik9SwKbGdEzET/9hbif94gNeGll3GZpIZJuloUpgKbGC9+xyOuGDViZgmhittbMZ0QRaixCZVsCO7X702LRj0nTfczhG6t6l5U6zdOpeXkcRThBE7hHFxoQAuuoQ0doDCFe3iEJ5SgB/SMXlatBZTPHMMPoNcPYDmPzA==</latexit>

hn2

<latexit sha1_base64="kI5dJTLGGdb6gRyJdr2KgoRZTTo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxgnlAsiyzk9lkyMzsMjMrhCUf4cWDIl79Hm/+jZNk8V3QUFR1090VJpxp47rvTmFldW19o7hZ2tre2d0r7x90dJwqQtsk5rHqhVhTziRtG2Y47SWKYhFy2g0nV3O/e0eVZrG8NdOE+gKPJIsYwcZK3XGQyeB8FpQrbtVdAP0lXk4qkKMVlN8Gw5ikgkpDONa677mJ8TOsDCOczkqDVNMEkwke0b6lEguq/Wxx7gydWGWIoljZkgYt1O8TGRZaT0VoOwU2Y/3bm4v/ef3URJd+xmSSGirJclGUcmRiNP8dDZmixPCpJZgoZm9FZIwVJsYmVLIheF+/NyzqtZw0vM8QOmdV76Jau3ErTTePowhHcAyn4EEdmnANLWgDgQncwyM8OYnz4Dw7L8vWgpPPHMIPOK8fYb6PzQ==</latexit>

hn3

<latexit sha1_base64="wMpM58nBD7d4MfwLvGmwVZSEMZk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGHMLePEYwTwgWZbZySQZMju7zPQKYclHePGgiFe/x5t/4yRZfBc0FFXddHeFiRQGXffdKaysrq1vFDdLW9s7u3vl/YO2iVPNeIvFMtbdkBouheItFCh5N9GcRqHknXByNfc7d1wbEatbnCbcj+hIiaFgFK3UGQeZCrxZUK64VXcB8pd4OalAjmZQfusPYpZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLcGTmxyoAMY21LIVmo3ycyGhkzjULbGVEcm9/eXPzP66U4vPQzoZIUuWLLRcNUEozJ/HcyEJozlFNLKNPC3krYmGrK0CZUsiF4X7/XLWrnOal7nyG0z6reRfX8xq003DyOIhzBMZyCBzVowDU0oQUMJnAPj/DkJM6D8+y8LFsLTj5zCD/gvH4AXrSPyw==</latexit>

hn1

<latexit sha1_base64="sSnG+lo9WM7hG5GL6Q3bPeHQt0U=">AAAB73icbVDLSsNAFL2pr1pfUZduBovoqiRarN0V3LisYB/QhjCZTtqhk0mcmQgl9CfcuFDErb/jzr9x2gbfBy4czrmXe+8JEs6Udpx3q7C0vLK6VlwvbWxube/Yu3ttFaeS0BaJeSy7AVaUM0FbmmlOu4mkOAo47QTjy5nfuaNSsVjc6ElCvQgPBQsZwdpI3dGxnwn/bOrbZafizIH+EjcnZcjR9O23/iAmaUSFJhwr1XOdRHsZlpoRTqelfqpogskYD2nPUIEjqrxsfu8UHRllgMJYmhIazdXvExmOlJpEgemMsB6p395M/M/rpTq88DImklRTQRaLwpQjHaPZ82jAJCWaTwzBRDJzKyIjLDHRJqKSCcH9+r1uUKvmpO5+htA+rbjnleq1U244eRxFOIBDOAEXatCAK2hCCwhwuIdHeLJurQfr2XpZtBasfGYffsB6/QDDHI/+</latexit>

h0
n3

<latexit sha1_base64="0Po/VASVzWVB+SAB9ht2agr3Vww=">AAAB7nicbVDLSgNBEOyJrxhfUY9eBoPgKeyGYMwt4MVjBPOAZFlmJ7PJkNnZZWZWCEs+wosHRbz6Pd78GyfJ4rugoajqprsrSATXxnHeUWFtfWNzq7hd2tnd2z8oHx51dZwqyjo0FrHqB0QzwSXrGG4E6yeKkSgQrBdMrxZ+744pzWN5a2YJ8yIyljzklBgr9SZ+Jv3a3C9XnKqzBP5L3JxUIEfbL78NRzFNIyYNFUTrgeskxsuIMpwKNi8NU80SQqdkzAaWShIx7WXLc+f4zCojHMbKljR4qX6fyEik9SwKbGdEzET/9hbif94gNeGll3GZpIZJuloUpgKbGC9+xyOuGDViZgmhittbMZ0QRaixCZVsCO7X702LRj0nTfczhG6t6l5U6zdOpeXkcRThBE7hHFxoQAuuoQ0doDCFe3iEJ5SgB/SMXlatBZTPHMMPoNcPYDmPzA==</latexit>

hn2

<latexit sha1_base64="kI5dJTLGGdb6gRyJdr2KgoRZTTo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqMOYW8OIxgnlAsiyzk9lkyMzsMjMrhCUf4cWDIl79Hm/+jZNk8V3QUFR1090VJpxp47rvTmFldW19o7hZ2tre2d0r7x90dJwqQtsk5rHqhVhTziRtG2Y47SWKYhFy2g0nV3O/e0eVZrG8NdOE+gKPJIsYwcZK3XGQyeB8FpQrbtVdAP0lXk4qkKMVlN8Gw5ikgkpDONa677mJ8TOsDCOczkqDVNMEkwke0b6lEguq/Wxx7gydWGWIoljZkgYt1O8TGRZaT0VoOwU2Y/3bm4v/ef3URJd+xmSSGirJclGUcmRiNP8dDZmixPCpJZgoZm9FZIwVJsYmVLIheF+/NyzqtZw0vM8QOmdV76Jau3ErTTePowhHcAyn4EEdmnANLWgDgQncwyM8OYnz4Dw7L8vWgpPPHMIPOK8fYb6PzQ==</latexit>

hn3

<latexit sha1_base64="wMpM58nBD7d4MfwLvGmwVZSEMZk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGHMLePEYwTwgWZbZySQZMju7zPQKYclHePGgiFe/x5t/4yRZfBc0FFXddHeFiRQGXffdKaysrq1vFDdLW9s7u3vl/YO2iVPNeIvFMtbdkBouheItFCh5N9GcRqHknXByNfc7d1wbEatbnCbcj+hIiaFgFK3UGQeZCrxZUK64VXcB8pd4OalAjmZQfusPYpZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLcGTmxyoAMY21LIVmo3ycyGhkzjULbGVEcm9/eXPzP66U4vPQzoZIUuWLLRcNUEozJ/HcyEJozlFNLKNPC3krYmGrK0CZUsiF4X7/XLWrnOal7nyG0z6reRfX8xq003DyOIhzBMZyCBzVowDU0oQUMJnAPj/DkJM6D8+y8LFsLTj5zCD/gvH4AXrSPyw==</latexit>

hn1

<latexit sha1_base64="rMVVncvIrrgXFYgzTRHJ+jsD9pU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKGHMLePEYwTwgWZbZSScZMju7zMwKYclHePGgiFe/x5t/4yRZfBc0FFXddHeFieDauO67U1hZXVvfKG6WtrZ3dvfK+wdtHaeKYYvFIlbdkGoUXGLLcCOwmyikUSiwE06u5n7nDpXmsbw10wT9iI4kH3JGjZU64yDDwJsF5YpbdRcgf4mXkwrkaAblt/4gZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni3Nn5MQqAzKMlS1pyEL9PpHRSOtpFNrOiJqx/u3Nxf+8XmqGl37GZZIalGy5aJgKYmIy/50MuEJmxNQSyhS3txI2pooyYxMq2RC8r9/rFrXznNS9zxDaZ1Xvonp+41Yabh5HEY7gGE7Bgxo04Bqa0AIGE7iHR3hyEufBeXZelq0FJ585hB9wXj8AUPWPwg==</latexit>

he1
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Figure 3: Overview of PICS with time point m=3 (Step 1-4). In step 1, contextual encoder converts input into
contextual representation (§ 4.1). In step 2, we design psychological state trackers to capture temporal relations for
the protagonist’s character information, local need and emotion (§ 4.2). In step 3, two psychological state planners
output the global psychological state through modeling the completed need and emotion chains (§ 4.3). In step 4,
conditioned on the protagonist’s local and global psychological states, the decoder generates psychology-guided
stories with a psychology controller (A&B) (§ 4.4).
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Figure 4: Details of Memory Units in Psychological
State Trackers for need and emotion states.

Then, we acquire representations of i-th psycho-
logical states hni , hei , hpi by extracting the hidden
states of special {⟨ned⟩, ⟨emo⟩, ⟨pgt⟩} tokens on
the top of encoder.

Similarly, story context representation is corre-
sponding to the hidden state of (m− 1)-th special
⟨cxt⟩ token.

4.2 Psychological State Trackers (Step 2)

For the purpose of remembering and updating the
protagonist’s psychological states that have been
mentioned, we design psychological state trackers
for the protagonist’s character information§, needs
and emotions.

§In this paper, we regard the representation of the protago-
nist’s name as his/her character information.

Protagonist’s Character Information Based on
several story events, humans can easily guess the
protagonist’s character information. We argue that
the resulting representation can stand for the pro-
tagonist’s character information via pooling hidden
states of the protagonist’s name which is grounded
in story events.

h′p = Pooling({hpi}mi=1) (2)

In this work, Pooling is Mean-Pooling and is
used as a tracker for pi to conclude the moderate
representation of the protagonist’s character infor-
mation.

Protagonist’s Needs To remember and update
the mentioned protagonist’s needs and emotions,
we design trackers (memory block in Figure 3) as
follows:

h′n = Memory(N) (3)

As shown in Figure 4, for memorizing mentioned
needs, the memory unit Mni is updated using hni−1

and Mni−1 , the output contextual needs representa-
tion:

ĥni−1 = tanh(W1Mni−1 +W2hni−1) (4)

Futher, we use a gating mechanism, g, to allow the
model to learn to flexibly control how much each
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cell in memory is updated, as below:

gni = sigmoid(W3Mni−1 +W4hni−1) (5)

Mni = gni ĥni−1 + (1− gni)Mni−1 (6)

h′nm
= Mnm (7)

where Mn0 is randomly initialized and all W∗ are
trainable parameters.

Protagonist’s Emotions In the same way with
need, for historical emotions:

h′em = Memory(E) = Mem (8)

In summary, we can obtain sequential psycho-
logical state changes through the above operations.

4.3 Psychological State Planner (Step 3)

Different from psychological state trackers, we ob-
tain the global psychological states by encoding
the global needs chain and emotions chain for story
planning. As shown in Figure 3 (step 3), psycholog-
ical state trackers use a BiGRU (Cho et al., 2014)
architecture.

Global Need Planner In the global need planner,
the global need representations:

[t1n, t
2
n, . . . , t

5
n] = BiGRU(AN) (9)

h∗nj
= tjn (10)

where j represents the j-th need for generate next
story event and j-th need in the global need chain.

Global Emotion Planner Similarly, computing
global emotion representations are as below:

h∗ej = BiGRU(AE)[j] = tie (11)

note that, AN and AE are initialized by GloVe (Pen-
nington et al., 2014) embedding.

After obtaining global need and emotion repre-
sentations, we feed them into the following step as
a planning signal for guiding the story generation.

4.4 Psychology-guided Decoder (Step 4)

Conditioned on the protagonist’s local and global
psychological states, the decoder generates a
psychology-guided story event by the following
modules.

4.4.1 Psychology Controller
In order to control the story generation by protag-
onist’s psychological states, we respectively inte-
grate local and global psychological states (Peng
et al., 2022; Zhang et al., 2022) into the story con-
text representation.

Local Control With the goal to integrate local
psychological control information into the repre-
sentation of story context hc, a psychology con-
troller is used to compute the interaction between
hc and local psychological states (including h′p, h′n,
h′e). First, h′p guides the model with the protago-
nist’s character information for generating the next
story event, which uses a BiGRU (Cho et al., 2014)
architecture:

h̃c = BiGRU(hc, h
′
p)[0] (12)

where we extract the hidden state h̃c as the story
context representation considering character infor-
mation. Then, we employ an attention mecha-
nism to integrate local psychological states (need
and emotion) into the story context representation.
Firstly, need guided attention NGA is defined as
follows:

hnc = NGA(h̃c, {hni}mi=1) =
m∑
i=1

αihni (13)

{αi}mi=1 = softmax({h̃chTni
/
√

dim1}mi=1) (14)

ĥnc = Fus.N(h′n, h
n
c ) = MLP([h′n, h

n
c ]) (15)

where dim1 equals to the dimension of hnc . Simi-
larly, EGA and Fus.E has the same operation as
the above equations:

ĥec = Fus.E(EGA(ĥnc , {hei}mi=1)) (16)

h′c = ĥec + h̃c (17)

Global Control Aiming at further control com-
posing stories with the global planning signal, this
part is designed to dynamically integrate global
psychological states. In specific, a query vector q
is introduced to fuse psychology-blended context
representations and global psychological states by
attention mechanism as below:

sn, se =
q[h′c, h

∗
ni
]T√

dim2
,
q[h′c, h

∗
ei ]

T

√
dim2

(18)

β1, β2 = softmax(sn, se) (19)
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Hc = MLP(β1[h
′
c, h

∗
ni
] + β2[h

′
c, h

∗
ei ]) (20)

where q is the query and [h′c, h
∗
ni
], [h′c, h

∗
ei ] are the

keys for attention. [·] denotes the concatenation op-
eration. dim2 equals to the dimension of [h′c, h

∗
ni
].

So that the model can adaptively choose the most
important global psychological state for generating
well-planned stories.

4.4.2 Story Decoder
We employ a left-to-right BART decoder to gen-
erate a story conditioned upon all input elements.
Each layer of the decoder additionally performs
cross-attention over the concatenation of the final
hidden layer of the BART encoder and Hc.

P (yt|X,P,N,E,AN,AE, y<t) = softmax(Wsst)
(21)

st = Dec(y<t,Enc(bm),Hc) (22)

where Enc(bm) is the final hidden layer of the
BART encoder.

4.4.3 Training
The training objective is to minimize the negative
log-likelihood L of the ground truth story event:

L = −
r∑

t=1

logP (yt | X,P,N,E,AN,AE, y<t)

(23)
Aiming to obtain the completed story, we iteratively
generate the m-th story events Ym with the forecast
generated Y1, ...,Ym−1.

5 Experiment

5.1 Data
We choose a Story Commonsense (Rashkin et al.,
2018) that has been annotated with a similar set-
ting to us. Story Commonsense is a large-scale
dataset as a resource for training and evaluating the
mental state tracking of characters in short com-
monsense stories. This dataset contains over 300k
low-level annotations for character motivations and
emotional reactions. Story Commonsense was pro-
posed for studying need/emotion tracking. Each
sentence is annotated for all characters, and there
are 3 crowd-workers voting for each need/emotion.
If the characters have no need or emotion, the psy-
chological state will be labeled ‘none’.

Based on our task definition, we extract the
story with a protagonist (occurs in more than 4
sentences) and the corresponding need/emotion
chains from Story Commonsense. Note that, we

select the Top-1 need/emotion label, based on an-
notators’ voting scores to make up the psycho-
logical chains in our data set. If several labels
have the best score of all, we will choose a low-
level need label of Maslow’s needs or a random
emotion label. Following the 8:1:1 splitting ra-
tio, we obtain 2,570/321/321 five-sentence stories
for train/dev/test sets. In our psychology-guided
CSG task, we generate a story event based on the
story context, protagonist’s name, need chain, and
emotion chain. Therefore, each story will be re-
formed into 4 samples following our setting (i.e.
10,280/1283/1283 samples).

5.2 Implement Details

For a fair comparison, we train our proposed mod-
els and the baselines with the same input (leading
context and global need/emotion chains) that are
automatically extracted from Story Commonsense
(Rashkin et al., 2018). Our proposed models fol-
low the setting of BART large (Lewis et al., 2020)
model with 12 layers in each of the encoder and
decoder and a hidden size of 1024. The stories
are encoded using BPE with a vocabulary size of
50,257. We set the maximum sequence length to
100 tokens, as it is large enough to contain all in-
puts. We use Adam optimization with an initial
learning rate of 0.00001. All models were trained
until there was no improvement in the validation
set performance. During training, we use a label
smoothed cross-entropy loss, with the smoothing
parameter set to 0.1. At inference time, we set
beam size as 5, and remove duplicated trigrams
in beam search. We use the HuggingFace ¶ (Wolf
et al., 2020) PyTorch (Paszke et al., 2019) imple-
mentation|| on Tesla V100 GPU.

5.3 Evaluation Metrics

Automatic Metrics We use the following met-
rics for automatic evaluation: (1) Perplexity (PPL)
is an indicator of fluency. A smaller value is bet-
ter. (2) BLEU (Papineni et al., 2002) is used for
evaluating the overall quality of the generated story.
We use n=1, 2. (3) Rouge (Lin, 2004) with n=1,
2, L is used to measure the similarity between au-
tomatically generated and reference results. (4)
Need/Emotion Consistency (NC/EC) It is a learn-
able automatic metric. We fine-tune a RoBERTa

¶https://github.com/huggingface/transformers
||We will make our dataset and code publicly available at

https://github.com/IndexFziQ/PICS.

https://github.com/IndexFziQ/PICS


6486

Models PPL ↓ BLEU-1 ↑ BLEU-2 ↑ Rouge-1 ↑ Rouge-2 ↑ Rouge-L ↑ NC ↑ EC ↑
Fusion 25.68 19.83 2.89 5.81 1.66 8.64 0.19 0.16
Plan&Write 19.43 20.15 3.56 6.23 1.85 8.81 0.31 0.19
PPLM - 18.42 4.39 8.73 2.13 9.29 0.45 0.41
GPT-2 FT 18.21 22.67 6.42 9.97 2.25 9.98 0.34 0.37
BART FT 17.85 21.84 6.03 9.32 2.51 9.56 0.36 0.32

PICS 16.73 23.51 6.89 12.43 3.83 11.28 0.64 0.45

Table 2: The results of automatic evaluation on test set considering common-used metrics and the designed metric
(NC/EC) to test the psychological state consistency of stories. ↓/↑ indicates the lower/higher, the better.

NC EC
Accuracy F1-Score Accuracy F1-Score

64.6 64.8 56.8 59.2

Table 3: Accuracy and F1-Score of RoBERTa classifier
for need/emotion on dev set, respectively.

(Liu et al., 2019) large model on the Story Com-
monsense (Rashkin et al., 2018) train set as a clas-
sifier to distinguish whether a story event is corre-
sponding to a Top-1 need/emotion. Table 3 shows
results of NC/EC.

Manual Metrics We also conduct a manual eval-
uation of generated psychology-guided stories. Fol-
lowing Song et al. (2019), crowd-workers are re-
quired to evaluate actions on a 0-3 scale (3 being
very good) from two different perspectives:

(1) Content Quality to indicate whether the gen-
erated story is fluent. (2) Content Rationality to
assess whether it follows the given needs and emo-
tions which is reasonable and consistent.

During the manual evaluation, we display the in-
put (leading context and global need/emotion arc)
and two stories generated by the two models be-
ing compared. To avoid prejudice, we randomly
changed the order in which the stories in the two
models were displayed to the crowd-workers. We
provided crowd-workers with instructions to ex-
plain the annotations and provided examples. Fol-
lowing this process, each pair of stories is annotated
by three crowd-workers.

5.4 Experimental Results

5.4.1 Baselines
For a fair comparison, we train PICS and the base-
lines with the same input (leading context and
global need/emotion chains).

We compare our base storytelling model, PICS,
with following state-of-the-art models:

1. Fusion (Fan et al., 2018b), a storytelling
model that first pre-trains a convolutional
seq2seq model, then fixes the trained model
and passes it to the second clone model with
fusion mechanism.

2. Plan&Write (Yao et al., 2019), another sto-
rytelling model first generates a plot as a se-
quence of keywords with the given leading
context and then conditioned on the plot it
generates the text of the story.

3. PPLM (Dathathri et al., 2020), which can be
extended to accept psychological state chains
for controlling story generation. We use psy-
chological state chains as the skeleton.

4. GPT-2 FT (Radford et al., 2019) is a pre-
trained generative LM. We use a medium-size
version. We fine-tuned GPT-2 on our dataset
following (Guan et al., 2020) with leading
context and global need/emotion chains.

5. BART FT (Lewis et al., 2020) is a encoder-
decoder architecture. We fine-tuned BART
on our dataset following (Lewis et al., 2020)
with leading context and global need/emotion
chains.

All of these models are trained, validated and tested
on the same data splits described in §5.1. In spe-
cific, we add emotion/need labels as additional in-
put tokens to baseline models alongside the tokens
for each story sentence. And, global emotion/need
chains that concatenated with the story context are
given to baseline models at each time step.

5.4.2 Automatic Evaluation
The results of the automatic evaluation are shown
in Table 2. Our model outperforms the variants of
GPT-2 in terms of perplexity, and has higher BLEU
and Rouge scores than all the baselines, indicating
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Model Quality ↑ Rationality ↑
Fluency Coherence Need Emotion

PPLM 2.56 1.62 1.05 1.27
GPT-2 FT 2.87 1.58 1.73 1.82
BART FT 2.72 1.79 1.69 1.98

PICS 2.83 1.68 2.16 2.34

Table 4: Manual Evaluation in terms of content quality
and content rationality about the generated stories.

Model AVG-B ↑ AVG-R ↑ NC ↑ EC ↑
PICS 15.89 8.65 0.64 0.45
w/o PST 15.41 8.45 0.53 0.46
w/o PSP 15.24 8.47 0.56 0.43
w/o PC 15.34 8.24 0.55 0.42
w/o Need 15.71 8.53 0.42 0.39
w/o Emotion 15.64 8.44 0.51 0.35

Table 5: Ablation study of PICS model and global
need/emotion chains on dev set. PST: psychological
state tracker. PSP: psychological state planner. PC: psy-
chology controller.

better fluency and more overlaps with the reference
stories. Besides, in the view of NC and EC scores,
the stories generated by PICS are more consistent
with the desired psychological state chains, either
need or emotion.

5.4.3 Manual Evaluation
We perform a manual evaluation between our
model and baselines. We randomly generate 100
stories from the test set. For each story, we hire
three annotators to give a score in terms of content
quality (fluency&coherence) and content rational-
ity (need&emotion). For each aspect, we use an
average of the three annotations. We adopt major-
ity voting to make the final decisions among the
annotators. As shown in Table 4, all the results
show that our model outperforms baselines signif-
icantly in fluency, coherence, and psychological
state consistency.

6 Discussion and Analysis

6.1 Ablation Study

An ablation study is conducted on the Story Com-
monsense dataset to examine the impact of each
module separately. We train the model each time
by excluding one of our model’s modules. And,
we summarize the results in Table 5. The results
illustrate the harms that the elimination of each
of the proposed modules from PICS architecture

PICS v.s. Win Loss Tie κ

PPLM 54.6% 18.5% 26.9% 30.2
GPT-2 FT 53.2% 19.5% 27.3% 30.4
BART FT 52.3% 18.4% 29.3% 27.9

Table 6: Human A/B Test of PICS. Results show that
PICS performs baseline models sufficiently. κ denotes
Fleiss’ kappa (all are fair agreement or moderate agree-
ment). The p-value of scores < 0.05 in sign test.

could cause. This attests to the effectiveness of all
proposed approaches in the generation of higher
controllable stories and subsequently resulting in
more accurate evaluation metrics. As this table
demonstrates, the NC/EC accuracy drops the most
by ablating the psychological state planner and the
psychology controller, which shows that they have
the most significant role in composing high-quality
psychology-guided stories and consequently accu-
rate evaluation metrics. Besides, psychological
state chains (need/emotion chains) all contributed
to the high-quality psychology-guided stories.

6.2 Human A/B Test
We try to compare our model with other baselines
by conducting a Human A/B test. Particularly, we
randomly sample 100 examples each for our model
and baseline models. Three annotators are given
generated responses from either our model or base-
lines in random order and are required to choose
a better option. They can either choose one of the
responses or select “Tie” when the quality of pro-
vided options is hard to access. Results in Table
6 confirm that the responses from PICS are more
preferred by human judges.

6.3 Case Study
In this section, we present some generated exam-
ples in Table 7. We select need-related keywords
and emotion-related keywords (based on our obser-
vation), which are highlighted in corresponding col-
ors, respectively. From the third block, PICS can
generate more natural and reasonable psychology-
guided stories than baselines. Since the proposed
models can generate stories conditioned on the pro-
tagonist’s psychological state chains, they can be
used to unfold a story in diverse situations. We
demonstrate this capability in the last 4 blocks of
Table 7 which perform counterfactual transforma-
tions on need/emotion chains. It shows two exam-
ples where for the same leading context, our model
can generate stories that follow the counterfactual
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Pgt.
Ned.
Emo.
Cxt.

Tory
Stab. → Love → Love → Love → Love
Fear →Fear → Joy → Joy →Joy
Tory had doubts about getting married.

Golden She talked to her fiance about their decision. The groom
reassured her that he loved her. She remembered how
much she loved him too. The wedding went forward
without anymore problems.

GPT-2 She called her husband. She got the answer and laugh.
She go to shopping then. She bought so many clothes
she like.

BART She talked to her boyfriend about their relationship. Her
boyfriend loved her and gave her a kiss. She was very
happy then. They went on the date outside for fun.

PICS Tory is afraid about their marriage. Her boyfriend gave
a gift as a blessing. Tory was happy about the gift, and
reply him with a kiss. Tory went home to prepare a
surprise for him.

Ned.-CF Stab. → Love → Love →Phys. → Phys.

PICS She talked to her husband about their marriage. Her
husband loved her and take her to the romantic dinner.
It is time for them to have a dinner. She was happy with
the delicious dinner.

Emo.-CF Fear →Fear →Anger →Anger →Anger

PICS She and her husband talked about their marriage. Her
husband was angry at her doubts. She rushed and fought
with his husband. She gave him a slap and broke up
unhappy.

Table 7: Generated stories by different models with need
and emotion chains. Each psychological state and its
corresponding tokens are highlighted in the same color.
CF represents performing counterfactual transformation
on need chains or emotion chains.

psychological state chains of the protagonist.

6.4 Error Analysis

Although the proposed model outperforms the state-
of-the-art baselines, it needs to be noted that there
are still many unreasonable stories losing to other
models in human evaluation. Therefore, we an-
alyzed error types by manually checking all lost
stories in pairwise comparisons between our model
and two strong baselines including GPT-2 and
BART to reveal the factors that affect the perfor-
mance. The numbers of stories which lost to our
model are 56/64 of 100/100 in total for GPT-2 and
BART, respectively. And there are 61 stories of 200
generated by PICS losing to these two baselines.

We conclude three main types of error from the
lost stories: repetition (repeating the same actions
about the need/emotion), conflicting psychologi-
cal state (wrong causal relation about psychologi-
cal state), and ambiguous psychological state (dif-
ficult to understand the psychological state). The
distribution of different error types is shown in
Figure 5. We can observe that conflicting and am-

0%

8%

15%

23%

30%

Repetition Conflicting Ambigious

1.8%

14.4%

1.2%

5.4%

22.5%

5.6%
4.3%

21.2%

6.4%

GPT-2
BART
Ours

Figure 5: Distribution of error types for PICS (ours) and
baseline models (GPT-2 and BART).

Error Type Cases
Repetition I went to a friends house for a party last weekend.

I was so excited to go. We played a lot of games
that night. I was so excited to go. We also had a
lot of food to eat.

Conflicting Zack wanted to vote in the election. Unfortunately
Zack was traveling during the election. Zack went
to the school for taking class. Zack then voted
again. Zack was happy to have voted.

Ambiguous Alice made a cake for her mother. The cake is so
sweet that her mother disliked it. But her mother
was very happy and encouraged Alice. Alice was
sad because of the failed cooking. They hugged
and smiled in the end.

Table 8: Cases of different typical errors. Italic words
denote the error story events.

biguous psychological state make up most of the
errors for all the models. Compared with GPT-2
and BART, PICS reduces chaotic scenes effectively
but still suffers from severe repetition, as shown in
Table 8. However, the analysis result illustrates that
generating a reasonable psychology-guided story
is a challenging task.

7 Conclusion and Future Work

In this paper, we propose a PICS system to gener-
ate controllable stories that adhere to the story con-
text and protagonist’s psychological state chains.
Specifically, we model and integrate local and
global psychological states of the protagonist as
the story progress. Experiments demonstrate that
PICS significantly outperforms baselines and each
part shows effectiveness. In future work, it is im-
portant to build a large-scale dataset for developing
psychology-guided controllable story generation,
regarding aspects of multilingual and long text. Be-
sides, our methodology can be generalized to a
wide range of areas, such as automatic storytelling
systems and intelligent education agents.
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