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Abstract

Emotion-cause pair extraction aims to extract
all emotion clauses coupled with their cause
clauses from a given document. Previous work
employs two-step approaches, in which the
first step extracts emotion clauses and cause
clauses separately, and the second step trains a
classifier to filter out negative pairs. However,
such pipeline-style system for emotion-cause
pair extraction is suboptimal because it suffers
from error propagation and the two steps may
not adapt to each other well. In this paper,
we tackle emotion-cause pair extraction from
a ranking perspective, i.e., ranking clause pair
candidates in a document, and propose a one-
step neural approach which emphasizes inter-
clause modeling to perform end-to-end extrac-
tion. It models the interrelations between the
clauses in a document to learn clause repre-
sentations with graph attention, and enhances
clause pair representations with kernel-based
relative position embedding for effective rank-
ing. Experimental results show that our ap-
proach significantly outperforms the current
two-step systems, especially in the condition
of extracting multiple pairs in one document.

1 Introduction

Emotion cause analysis has attracted increasing re-
search attention in sentiment analysis and text min-
ing community in recent years (Lee et al., 2010a;
Russo et al., 2011; Neviarouskaya and Aono, 2013;
Ghazi et al., 2015; Gui et al., 2016). Its goal is
to detect causes or stimuli for a certain emotion
expressed in text. Understanding why an emotion
occurs has broad applications such as consumer
review mining and public opinion monitoring.

Previous studies mostly focus on emotion cause
extraction task which aims to identify cause(s) for
a given emotion. Xia and Ding (2019) pointed out
that this setting ignores the mutual indication of
emotions and causes, and the need of emotion anno-

tation in advance restricts the range of applications.
To overcome such limitations, they put forward a
new research task named emotion-cause pair ex-
traction, aiming to extract all emotion expression
clauses coupled with their causes from a given doc-
ument. As shown in the following example, an emo-
tion clause c3 and its corresponding cause clause
c2 construct an emotion-cause pair (c3, c2):
Example. He told us that since his illness (c1),
his classmates and advisors have given him much
help about the schoolwork (c2). He has been
touched (c3), and said that he will repay them (c4).

Compared with emotion cause extraction,
emotion-cause pair extraction is a more challeng-
ing task, because we need a comprehensive under-
standing of document content and structure to per-
form emotion-cause co-extraction and discriminate
emotion-cause clause pairs from negative ones.

Xia and Ding (2019) proposed to tackle emotion-
cause pair extraction using a two-step solution. At
the first step, a multi-task LSTM network extracts
emotion clauses and cause clauses separately. Then
at the second step, a binary classifier is used to
filter out negative pairs from all possible pairs. Al-
though the two-step solution has shown its effec-
tiveness, such pipeline-style system is suboptimal
for emotion-cause pair extraction, because it is con-
fronted with error propagation, and the two steps
may not adapt to each other well.

Coherent document has an underlying struc-
ture (Mann and Thompson, 1988; Marcu, 2000)
and there is a causal relationship between the two
clauses of an emotion-cause pair, which distin-
guishes it from other non-emotion-cause pairs in
the document. Thus, knowledge about the interre-
lations between the clauses in a document is bene-
ficial for extracting potential emotion-cause pairs.
Further, according to the cohesion and coherence
of discourse (De Beaugrande and Dressler, 1981),
the probability of two distant clauses containing
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causal relationship is relatively small. Thus, rela-
tive position information between two clauses of a
clause pair can be considered as an effective feature
for emotion-cause pair extraction.

Based on the above two considerations, in this
paper, we tackle emotion-cause pair extraction
from a ranking perspective, i.e., ranking clause
pair candidates in a given document, and propose a
one-step approach which emphasizes inter-clause
modeling to perform end-to-end extraction. Our
approach first models the inter-clause relationships
via exploiting graph attention to learn clause repre-
sentations, facilitating pair extraction through cap-
turing the latent relationship between two clauses.
It then learns clause pair representations and rank
these pairs to extract emotion-cause pairs. A kernel-
based relative position embedding scheme is pro-
posed to model the mutual impact among relative
positions and enhance clause pair representations
for effective ranking. We integrate the two compo-
nents into a unified neural network, which is op-
timized end-to-end. Unlike the previous two-step
solution, our approach can directly extract emotion-
cause pairs from documents.

The main contributions of this work are summa-
rized as follows.

• To our knowledge, we propose the first end-to-
end approach for emotion-cause pair extrac-
tion, which is a unified model to tackle this
task from a ranking perspective.

• Our approach emphasizes inter-clause mod-
eling by integrating inter-clause relationship
modeling and kernel-based relative position
enhanced clause pair ranking.

• Experimental results demonstrate that our one-
step approach significantly outperforms the
current best-performing systems, especially in
the condition of extracting multiple pairs in
one document.

2 Problem Formulation

Given a document D = (c1, c2, . . . , c|D|) where
|D| is the number of clauses and the i-th clause
ci = (wi

1, w
i
2, . . . , w

i
|ci|) is a word sequence, our

goal is to extract all emotion-cause pairs in D:

P = {(cemo1 , ccau1), (cemo2 , ccau2), . . .} , (1)

where (cemoj , ccauj) is the j-th pair, cemoj ∈ D is
an emotion clause, and ccauj ∈ D is the correspond-
ing cause clause. Note that an emotion may have

more than one cause, and the same cause may also
become the stimulus of multiple emotions.

3 Proposed Approach

We propose a one-step approach named RANKCP,
which ranks clause pair candidates in a document
to extract emotion-cause pairs. The overall archi-
tecture is shown in Fig. 1, which consists of three
components. The first component learns vector
representations of clauses in a given document.
The second component models the relationships
between clauses to obtain better clause representa-
tions. The third component learns clause pair rep-
resentations enhanced with relative position mod-
eling, and ranks clause pair candidates to extract
emotion-cause pairs.

3.1 Document Encoding
Given a document D = (c1, c2, . . . , c|D|) com-
posed of |D| clauses, we use a hierarchical recur-
rent neural network (Hierarchical RNN) to encode
textual content and learn clause representations.1

For each clause ci = (wi
1, w

i
2, . . . , w

i
|ci|), we

use a word-level bidirectional RNN to encode its
content information and obtain the clause’s hid-
den state sequence (hi

1,h
i
2, . . . ,h

i
|ci|). An atten-

tion layer is adopted to combine them and return
a state vector hi =

∑|ci|
j=1 αjh

i
j for the clause ci,

where αj = Softmax
(
w>a tanh(Wah

i
j + ba)

)

is the attention weight of the j-th word in clause
ci, with a multilayer perceptron (MLP) parameter-
ized by Wa, ba and wa. Then the document D’s
clause state sequence (h1,h2, . . . ,h|D|) is fed into
a clause-level bidirectional RNN to produce clause
representations, denoted as (c1, c2, . . . , c|D|).

3.2 Modeling Inter-Clause Relationships
with Graph Attention Network

Knowledge about inter-clause relationships is use-
ful for extracting emotion-cause pairs. After learn-
ing clause representations of a document, to en-
hance the interactions between clauses in the docu-
ment, we regard the document structure as a fully-
connected clause graph, and adopt graph attention
network (Veličković et al., 2018) to model the inter-
clause relationships.

Specifically, each node in the fully-connected
graph is a clause in the document, and every two
nodes have an edge. We also add a self-loop edge

1Pretrained BERT encoder (Devlin et al., 2019) based
clause representation component is shown in Appendix A.1.
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h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h2
<latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit>

h3
<latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit>

h4
<latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h4
<latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h2
<latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit><latexit sha1_base64="vJbc5dj3KA93OcwzJMcdo0Q++60=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10qpVfa/qP1xV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fRM6Vmg==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h3
<latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit><latexit sha1_base64="4lectlpB3tLZtpaie3zgmoWTcVI=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMegF48RzAOSJcxOZpMh81hmZoWwBL/Bq569iVe/xaN/4iTZg0ksaCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PmkalmtAGUVzpdoQN5UzShmWW03aiKRYRp61odDf1W09UG6bkox0nNBR4IFnMCLZOanUjgYa9y1654lf9GdAqCXJSgRz1Xvmn21ckFVRawrExncBPbJhhbRnhdFLqpoYmmIzwgHYclVhQE2azcyfozCl9FCvtSlo0U/9OZFgYMxaR6xTYDs2yNxX/8zqpjW/CjMkktVSS+aI45cgqNP0d9ZmmxPKxI5ho5m5FZIg1JtYltLAlEhOXSbCcwCppXlQDvxo8XFVqt3k6RTiBUziHAK6hBvdQhwYQGMELvMKb9+y9ex/e57y14OUzx7AA7+sXRmGVmw==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h4
<latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

h1
<latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit><latexit sha1_base64="utKHgbtHOADKJBmXYVgx66s5TWc=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NJFmyu3fs7gnhCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQIbqzvf3uFtfWNza3idmlnd2//oHx41DRxqhk2WCxi/RhRg4IrbFhuBT4mGqmMBLai0e3Ubz2hNjxWD3acYCjpQPE+Z9Q6qdWJJBl2g2654lf9GcgqCXJSgRz1bvmn04tZKlFZJqgx7cBPbJhRbTkTOCl1UoMJZSM6wLajiko0YTY7d0LOnNIj/Vi7UpbM1L8TGZXGjGXkOiW1Q7PsTcX/vHZq+9dhxlWSWlRsvqifCmJjMv2d9LhGZsXYEco0d7cSNqSaMusSWtgSyYnLJFhOYJU0L6qBXw3uLyu1mzydIpzAKZxDAFdQgzuoQwMYjOAFXuHNe/bevQ/vc95a8PKZY1iA9/ULQzuVmQ==</latexit>

Constraint: 

h4
<latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit><latexit sha1_base64="OU/i4tChv7R0nWd5GddQ550v6Ms=">AAAB/XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQY9FLx4r2A9ol5JNs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMvDAR3FjP+0aFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEuhMSwwRXrGm5FayTaEZkKFg7HN/N/PYT04bH6tFOEhZIMlQ84pRYJ7V7ocSjfq1frnhVbw68TvycVCBHo1/+6Q1imkqmLBXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jioimQmy+blTfOGUAY5i7UpZPFf/TmREGjORoeuUxI7MqjcT//O6qY1ugoyrJLVM0cWiKBXYxnj2Ox5wzagVE0cI1dzdiumIaEKtS2hpSyinLhN/NYF10rqq+l7Vf6hV6rd5OkU4g3O4BB+uoQ730IAmUBjDC7zCG3pG7+gDfS5aCyifOYUloK9fR/SVnA==</latexit>

eliminate 
j � i = +3

<latexit sha1_base64="6cZQAgUBIGFs0dbtFJ6RaL5IO4g=">AAAB/HicbVBNSwMxEJ31s9avqkcvwSIIYtlVQS9C0YvHCvYD2qVk02ybNskuSVYoS/0NXvXsTbz6Xzz6T0zbPdjWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY26/pKFGEVknEI9UIsKacSVo1zHDaiBXFIuC0Hgzuxn79iSrNIvlohjH1Be5KFjKCjZVq/TN2c3rRLhTdkjsBWiReRoqQodIu/LQ6EUkElYZwrHXTc2Pjp1gZRjgd5VuJpjEmA9ylTUslFlT76eTaETq2SgeFkbIlDZqofydSLLQeisB2Cmx6et4bi/95zcSE137KZJwYKsl0UZhwZCI0fh11mKLE8KElmChmb0WkhxUmxgY0syUQI5uJN5/AIqmdlzy35D1cFsu3WTo5OIQjOAEPrqAM91CBKhDowwu8wpvz7Lw7H87ntHXJyWYOYAbO1y8TCJTn</latexit><latexit sha1_base64="6cZQAgUBIGFs0dbtFJ6RaL5IO4g=">AAAB/HicbVBNSwMxEJ31s9avqkcvwSIIYtlVQS9C0YvHCvYD2qVk02ybNskuSVYoS/0NXvXsTbz6Xzz6T0zbPdjWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY26/pKFGEVknEI9UIsKacSVo1zHDaiBXFIuC0Hgzuxn79iSrNIvlohjH1Be5KFjKCjZVq/TN2c3rRLhTdkjsBWiReRoqQodIu/LQ6EUkElYZwrHXTc2Pjp1gZRjgd5VuJpjEmA9ylTUslFlT76eTaETq2SgeFkbIlDZqofydSLLQeisB2Cmx6et4bi/95zcSE137KZJwYKsl0UZhwZCI0fh11mKLE8KElmChmb0WkhxUmxgY0syUQI5uJN5/AIqmdlzy35D1cFsu3WTo5OIQjOAEPrqAM91CBKhDowwu8wpvz7Lw7H87ntHXJyWYOYAbO1y8TCJTn</latexit><latexit sha1_base64="6cZQAgUBIGFs0dbtFJ6RaL5IO4g=">AAAB/HicbVBNSwMxEJ31s9avqkcvwSIIYtlVQS9C0YvHCvYD2qVk02ybNskuSVYoS/0NXvXsTbz6Xzz6T0zbPdjWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY26/pKFGEVknEI9UIsKacSVo1zHDaiBXFIuC0Hgzuxn79iSrNIvlohjH1Be5KFjKCjZVq/TN2c3rRLhTdkjsBWiReRoqQodIu/LQ6EUkElYZwrHXTc2Pjp1gZRjgd5VuJpjEmA9ylTUslFlT76eTaETq2SgeFkbIlDZqofydSLLQeisB2Cmx6et4bi/95zcSE137KZJwYKsl0UZhwZCI0fh11mKLE8KElmChmb0WkhxUmxgY0syUQI5uJN5/AIqmdlzy35D1cFsu3WTo5OIQjOAEPrqAM91CBKhDowwu8wpvz7Lw7H87ntHXJyWYOYAbO1y8TCJTn</latexit><latexit sha1_base64="6cZQAgUBIGFs0dbtFJ6RaL5IO4g=">AAAB/HicbVBNSwMxEJ31s9avqkcvwSIIYtlVQS9C0YvHCvYD2qVk02ybNskuSVYoS/0NXvXsTbz6Xzz6T0zbPdjWBwOP92aYmRfEnGnjut/O0vLK6tp6biO/ubW9s1vY26/pKFGEVknEI9UIsKacSVo1zHDaiBXFIuC0Hgzuxn79iSrNIvlohjH1Be5KFjKCjZVq/TN2c3rRLhTdkjsBWiReRoqQodIu/LQ6EUkElYZwrHXTc2Pjp1gZRjgd5VuJpjEmA9ylTUslFlT76eTaETq2SgeFkbIlDZqofydSLLQeisB2Cmx6et4bi/95zcSE137KZJwYKsl0UZhwZCI0fh11mKLE8KElmChmb0WkhxUmxgY0syUQI5uJN5/AIqmdlzy35D1cFsu3WTo5OIQjOAEPrqAM91CBKhDowwu8wpvz7Lw7H87ntHXJyWYOYAbO1y8TCJTn</latexit>

j � i = �3
<latexit sha1_base64="MTSCSpNDWQ47atuFJSorjm7SzDI=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgk3CngjZC0MYygomB5Ah7m71kk929Y3dPCEf8DbZa24mt/8XSf+ImucIkPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cho0QRWicRj1QzwJpyJmndMMNpM1YUi4DTx2B4O/Efn6jSLJIPZhRTX+CeZCEj2FipMSiz6/J5p1hyK+4UaJl4GSlBhlqn+NPuRiQRVBrCsdYtz42Nn2JlGOF0XGgnmsaYDHGPtiyVWFDtp9Nrx+jEKl0URsqWNGiq/p1IsdB6JALbKbDp60VvIv7ntRITXvkpk3FiqCSzRWHCkYnQ5HXUZYoSw0eWYKKYvRWRPlaYGBvQ3JZAjG0m3mICy6RxVvHcind/UareZOnk4QiO4RQ8uIQq3EEN6kBgAC/wCm/Os/PufDifs9ack80cwhycr18WMJTp</latexit><latexit sha1_base64="MTSCSpNDWQ47atuFJSorjm7SzDI=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgk3CngjZC0MYygomB5Ah7m71kk929Y3dPCEf8DbZa24mt/8XSf+ImucIkPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cho0QRWicRj1QzwJpyJmndMMNpM1YUi4DTx2B4O/Efn6jSLJIPZhRTX+CeZCEj2FipMSiz6/J5p1hyK+4UaJl4GSlBhlqn+NPuRiQRVBrCsdYtz42Nn2JlGOF0XGgnmsaYDHGPtiyVWFDtp9Nrx+jEKl0URsqWNGiq/p1IsdB6JALbKbDp60VvIv7ntRITXvkpk3FiqCSzRWHCkYnQ5HXUZYoSw0eWYKKYvRWRPlaYGBvQ3JZAjG0m3mICy6RxVvHcind/UareZOnk4QiO4RQ8uIQq3EEN6kBgAC/wCm/Os/PufDifs9ack80cwhycr18WMJTp</latexit><latexit sha1_base64="MTSCSpNDWQ47atuFJSorjm7SzDI=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgk3CngjZC0MYygomB5Ah7m71kk929Y3dPCEf8DbZa24mt/8XSf+ImucIkPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cho0QRWicRj1QzwJpyJmndMMNpM1YUi4DTx2B4O/Efn6jSLJIPZhRTX+CeZCEj2FipMSiz6/J5p1hyK+4UaJl4GSlBhlqn+NPuRiQRVBrCsdYtz42Nn2JlGOF0XGgnmsaYDHGPtiyVWFDtp9Nrx+jEKl0URsqWNGiq/p1IsdB6JALbKbDp60VvIv7ntRITXvkpk3FiqCSzRWHCkYnQ5HXUZYoSw0eWYKKYvRWRPlaYGBvQ3JZAjG0m3mICy6RxVvHcind/UareZOnk4QiO4RQ8uIQq3EEN6kBgAC/wCm/Os/PufDifs9ack80cwhycr18WMJTp</latexit><latexit sha1_base64="MTSCSpNDWQ47atuFJSorjm7SzDI=">AAAB/HicbVA9SwNBEJ2LXzF+RS1tFoNgk3CngjZC0MYygomB5Ah7m71kk929Y3dPCEf8DbZa24mt/8XSf+ImucIkPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/6Cho0QRWicRj1QzwJpyJmndMMNpM1YUi4DTx2B4O/Efn6jSLJIPZhRTX+CeZCEj2FipMSiz6/J5p1hyK+4UaJl4GSlBhlqn+NPuRiQRVBrCsdYtz42Nn2JlGOF0XGgnmsaYDHGPtiyVWFDtp9Nrx+jEKl0URsqWNGiq/p1IsdB6JALbKbDp60VvIv7ntRITXvkpk3FiqCSzRWHCkYnQ5HXUZYoSw0eWYKKYvRWRPlaYGBvQ3JZAjG0m3mICy6RxVvHcind/UareZOnk4QiO4RQ8uIQq3EEN6kBgAC/wCm/Os/PufDifs9ack80cwhycr18WMJTp</latexit>

|j � i|  M
<latexit sha1_base64="YwRQBdpLdax2/CTN0nvyGctTzao=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAza2AgRzAM2S5idzCZjZmfWmVkhbFL5DbZa24mtX2Lpnzh5FCbxwIXDOfdy7z1hwpk2rvvtLC2vrK6t5zbym1vbO7uFvf2alqkitEokl6oRYk05E7RqmOG0kSiK45DTeti7Hvn1J6o0k+Le9BMaxLgjWMQINlbyBw+nbNDk9BHdtgpFt+SOgRaJNyVFmKLSKvw025KkMRWGcKy177mJCTKsDCOcDvPNVNMEkx7uUN9SgWOqg2x88hAdW6WNIqlsCYPG6t+JDMda9+PQdsbYdPW8NxL/8/zURJdBxkSSGirIZFGUcmQkGv2P2kxRYnjfEkwUs7ci0sUKE2NTmtkSxkObiTefwCKpnZU8t+TdnRfLV9N0cnAIR3ACHlxAGW6gAlUgIOEFXuHNeXbenQ/nc9K65ExnDmAGztcvpsmXgQ==</latexit><latexit sha1_base64="YwRQBdpLdax2/CTN0nvyGctTzao=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAza2AgRzAM2S5idzCZjZmfWmVkhbFL5DbZa24mtX2Lpnzh5FCbxwIXDOfdy7z1hwpk2rvvtLC2vrK6t5zbym1vbO7uFvf2alqkitEokl6oRYk05E7RqmOG0kSiK45DTeti7Hvn1J6o0k+Le9BMaxLgjWMQINlbyBw+nbNDk9BHdtgpFt+SOgRaJNyVFmKLSKvw025KkMRWGcKy177mJCTKsDCOcDvPNVNMEkx7uUN9SgWOqg2x88hAdW6WNIqlsCYPG6t+JDMda9+PQdsbYdPW8NxL/8/zURJdBxkSSGirIZFGUcmQkGv2P2kxRYnjfEkwUs7ci0sUKE2NTmtkSxkObiTefwCKpnZU8t+TdnRfLV9N0cnAIR3ACHlxAGW6gAlUgIOEFXuHNeXbenQ/nc9K65ExnDmAGztcvpsmXgQ==</latexit><latexit sha1_base64="YwRQBdpLdax2/CTN0nvyGctTzao=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAza2AgRzAM2S5idzCZjZmfWmVkhbFL5DbZa24mtX2Lpnzh5FCbxwIXDOfdy7z1hwpk2rvvtLC2vrK6t5zbym1vbO7uFvf2alqkitEokl6oRYk05E7RqmOG0kSiK45DTeti7Hvn1J6o0k+Le9BMaxLgjWMQINlbyBw+nbNDk9BHdtgpFt+SOgRaJNyVFmKLSKvw025KkMRWGcKy177mJCTKsDCOcDvPNVNMEkx7uUN9SgWOqg2x88hAdW6WNIqlsCYPG6t+JDMda9+PQdsbYdPW8NxL/8/zURJdBxkSSGirIZFGUcmQkGv2P2kxRYnjfEkwUs7ci0sUKE2NTmtkSxkObiTefwCKpnZU8t+TdnRfLV9N0cnAIR3ACHlxAGW6gAlUgIOEFXuHNeXbenQ/nc9K65ExnDmAGztcvpsmXgQ==</latexit><latexit sha1_base64="YwRQBdpLdax2/CTN0nvyGctTzao=">AAACAXicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAza2AgRzAM2S5idzCZjZmfWmVkhbFL5DbZa24mtX2Lpnzh5FCbxwIXDOfdy7z1hwpk2rvvtLC2vrK6t5zbym1vbO7uFvf2alqkitEokl6oRYk05E7RqmOG0kSiK45DTeti7Hvn1J6o0k+Le9BMaxLgjWMQINlbyBw+nbNDk9BHdtgpFt+SOgRaJNyVFmKLSKvw025KkMRWGcKy177mJCTKsDCOcDvPNVNMEkx7uUN9SgWOqg2x88hAdW6WNIqlsCYPG6t+JDMda9+PQdsbYdPW8NxL/8/zURJdBxkSSGirIZFGUcmQkGv2P2kxRYnjfEkwUs7ci0sUKE2NTmtkSxkObiTefwCKpnZU8t+TdnRfLV9N0cnAIR3ACHlxAGW6gAlUgIOEFXuHNeXbenQ/nc9K65ExnDmAGztcvpsmXgQ==</latexit>

M = 2<latexit sha1_base64="VlWBuvmcbVLW71tXKWPAHdyTkkg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXgRKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPl/mNVA==</latexit><latexit sha1_base64="VlWBuvmcbVLW71tXKWPAHdyTkkg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXgRKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPl/mNVA==</latexit><latexit sha1_base64="VlWBuvmcbVLW71tXKWPAHdyTkkg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXgRKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPl/mNVA==</latexit><latexit sha1_base64="VlWBuvmcbVLW71tXKWPAHdyTkkg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXgRKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPl/mNVA==</latexit>

(Let            in this Fig.)

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

+1
<latexit sha1_base64="0tjat07OZC/X0XVF9056I5xyElo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlhwuvX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+DYjOo=</latexit><latexit sha1_base64="0tjat07OZC/X0XVF9056I5xyElo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlhwuvX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+DYjOo=</latexit><latexit sha1_base64="0tjat07OZC/X0XVF9056I5xyElo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlhwuvX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+DYjOo=</latexit><latexit sha1_base64="0tjat07OZC/X0XVF9056I5xyElo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlhwuvX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSeuy6rlV775Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+DYjOo=</latexit>

�1<latexit sha1_base64="VHuAnIK6HQukuXfWtT+pc/O3tuM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw4XXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PijOw=</latexit><latexit sha1_base64="VHuAnIK6HQukuXfWtT+pc/O3tuM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw4XXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PijOw=</latexit><latexit sha1_base64="VHuAnIK6HQukuXfWtT+pc/O3tuM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw4XXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PijOw=</latexit><latexit sha1_base64="VHuAnIK6HQukuXfWtT+pc/O3tuM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw4XXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m186JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseGUbAje8surpHVZ9dyqd1+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+PijOw=</latexit>

+2
<latexit sha1_base64="zzMfpdkJJQZU2muQOtVaNkJiCeg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh4tav1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vklat6rlV7/6yUr/J4yjCCZzCOXhwBXW4gwY0gUEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH+JcjOs=</latexit><latexit sha1_base64="zzMfpdkJJQZU2muQOtVaNkJiCeg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh4tav1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vklat6rlV7/6yUr/J4yjCCZzCOXhwBXW4gwY0gUEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH+JcjOs=</latexit><latexit sha1_base64="zzMfpdkJJQZU2muQOtVaNkJiCeg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh4tav1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vklat6rlV7/6yUr/J4yjCCZzCOXhwBXW4gwY0gUEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH+JcjOs=</latexit><latexit sha1_base64="zzMfpdkJJQZU2muQOtVaNkJiCeg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvXisYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh4tav1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7plJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jYZcIXMiIkllClubyVsRBVlxoZTsiF4yy+vklat6rlV7/6yUr/J4yjCCZzCOXhwBXW4gwY0gUEIz/AKb87YeXHenY9Fa8HJZ47hD5zPH+JcjOs=</latexit>

�2<latexit sha1_base64="Lz0bIhcQaFeofVQFIDPtUngFItQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw0WtX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9dyqd39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+VmjO0=</latexit><latexit sha1_base64="Lz0bIhcQaFeofVQFIDPtUngFItQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw0WtX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9dyqd39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+VmjO0=</latexit><latexit sha1_base64="Lz0bIhcQaFeofVQFIDPtUngFItQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw0WtX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9dyqd39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+VmjO0=</latexit><latexit sha1_base64="Lz0bIhcQaFeofVQFIDPtUngFItQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw0WtX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSatW9dyqd39Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD+VmjO0=</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

…

c1
<latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit>

c2
<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4
<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

{(ci, cj)}
<latexit sha1_base64="7RGW4vU7BXh9yut2cYavTRteSA0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosevFYwX5AE8Jmu2nXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRrczvzOmUrFYPOhJQr0IDwQLGcHaSJ6bVYnPLoj/eO5O/XLFrtlzoFXi5KQCOZp++cvtxySNqNCEY6V6jp1oL8NSM8LptOSmiiaYjPCA9gwVOKLKy+ZHT9GZUfoojKUpodFc/T2R4UipSRSYzgjroVr2ZuJ/Xi/V4bWXMZGkmgqyWBSmHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6Rdrzl2zbm/rDRu8jiKcAKnUAUHrqABd9CEFhB4gmd4hTdrbL1Y79bHorVg5TPH8AfW5w/e75GA</latexit><latexit sha1_base64="7RGW4vU7BXh9yut2cYavTRteSA0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosevFYwX5AE8Jmu2nXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRrczvzOmUrFYPOhJQr0IDwQLGcHaSJ6bVYnPLoj/eO5O/XLFrtlzoFXi5KQCOZp++cvtxySNqNCEY6V6jp1oL8NSM8LptOSmiiaYjPCA9gwVOKLKy+ZHT9GZUfoojKUpodFc/T2R4UipSRSYzgjroVr2ZuJ/Xi/V4bWXMZGkmgqyWBSmHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6Rdrzl2zbm/rDRu8jiKcAKnUAUHrqABd9CEFhB4gmd4hTdrbL1Y79bHorVg5TPH8AfW5w/e75GA</latexit><latexit sha1_base64="7RGW4vU7BXh9yut2cYavTRteSA0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosevFYwX5AE8Jmu2nXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRrczvzOmUrFYPOhJQr0IDwQLGcHaSJ6bVYnPLoj/eO5O/XLFrtlzoFXi5KQCOZp++cvtxySNqNCEY6V6jp1oL8NSM8LptOSmiiaYjPCA9gwVOKLKy+ZHT9GZUfoojKUpodFc/T2R4UipSRSYzgjroVr2ZuJ/Xi/V4bWXMZGkmgqyWBSmHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6Rdrzl2zbm/rDRu8jiKcAKnUAUHrqABd9CEFhB4gmd4hTdrbL1Y79bHorVg5TPH8AfW5w/e75GA</latexit><latexit sha1_base64="7RGW4vU7BXh9yut2cYavTRteSA0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHosevFYwX5AE8Jmu2nXbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMCxLOlLbtb6uwtr6xuVXcLu3s7u0flA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJRrczvzOmUrFYPOhJQr0IDwQLGcHaSJ6bVYnPLoj/eO5O/XLFrtlzoFXi5KQCOZp++cvtxySNqNCEY6V6jp1oL8NSM8LptOSmiiaYjPCA9gwVOKLKy+ZHT9GZUfoojKUpodFc/T2R4UipSRSYzgjroVr2ZuJ/Xi/V4bWXMZGkmgqyWBSmHOkYzRJAfSYp0XxiCCaSmVsRGWKJiTY5lUwIzvLLq6Rdrzl2zbm/rDRu8jiKcAKnUAUHrqABd9CEFhB4gmd4hTdrbL1Y79bHorVg5TPH8AfW5w/e75GA</latexit>

c1
<latexit sha1_base64="JOakx6XM9x+K2cYbi+FM5AhtNN0=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NXLJkd+/Y3RNCCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQKbqzvf3uFtfWNza3idmlnd2//oHx41DRJphk2WCIS/RhRg4IrbFhuBT6mGqmMBLai4e3Ubz2hNjxRD3aUYihpX/GYM2qd1OpEkrBu0C1X/Ko/A1klQU4qkKPeLf90egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOyFnTumRONGulCUz9e/EmEpjRjJynZLagVn2puJ/Xjuz8XU45irNLCo2XxRngtiETH8nPa6RWTFyhDLN3a2EDaimzLqEFrZEcuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AAGQ3iBV3jznr1378P7nLcWvHzmGBbgff0CO1KVlA==</latexit><latexit sha1_base64="JOakx6XM9x+K2cYbi+FM5AhtNN0=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NXLJkd+/Y3RNCCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQKbqzvf3uFtfWNza3idmlnd2//oHx41DRJphk2WCIS/RhRg4IrbFhuBT6mGqmMBLai4e3Ubz2hNjxRD3aUYihpX/GYM2qd1OpEkrBu0C1X/Ko/A1klQU4qkKPeLf90egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOyFnTumRONGulCUz9e/EmEpjRjJynZLagVn2puJ/Xjuz8XU45irNLCo2XxRngtiETH8nPa6RWTFyhDLN3a2EDaimzLqEFrZEcuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AAGQ3iBV3jznr1378P7nLcWvHzmGBbgff0CO1KVlA==</latexit><latexit sha1_base64="JOakx6XM9x+K2cYbi+FM5AhtNN0=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NXLJkd+/Y3RNCCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQKbqzvf3uFtfWNza3idmlnd2//oHx41DRJphk2WCIS/RhRg4IrbFhuBT6mGqmMBLai4e3Ubz2hNjxRD3aUYihpX/GYM2qd1OpEkrBu0C1X/Ko/A1klQU4qkKPeLf90egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOyFnTumRONGulCUz9e/EmEpjRjJynZLagVn2puJ/Xjuz8XU45irNLCo2XxRngtiETH8nPa6RWTFyhDLN3a2EDaimzLqEFrZEcuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AAGQ3iBV3jznr1378P7nLcWvHzmGBbgff0CO1KVlA==</latexit><latexit sha1_base64="JOakx6XM9x+K2cYbi+FM5AhtNN0=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBJEJyhL3NXLJkd+/Y3RNCCP4GW63txNbfYuk/cZNcYRIfDDzem2FmXpQKbqzvf3uFtfWNza3idmlnd2//oHx41DRJphk2WCIS/RhRg4IrbFhuBT6mGqmMBLai4e3Ubz2hNjxRD3aUYihpX/GYM2qd1OpEkrBu0C1X/Ko/A1klQU4qkKPeLf90egnLJCrLBDWmHfipDcdUW84ETkqdzGBK2ZD2se2oohJNOJ6dOyFnTumRONGulCUz9e/EmEpjRjJynZLagVn2puJ/Xjuz8XU45irNLCo2XxRngtiETH8nPa6RWTFyhDLN3a2EDaimzLqEFrZEcuIyCZYTWCXNi2rgV4P7y0rtJk+nCCdwCucQwBXU4A7q0AAGQ3iBV3jznr1378P7nLcWvHzmGBbgff0CO1KVlA==</latexit>

c2
<latexit sha1_base64="MQTkJghj41RPH2kogvkSvP5Qg0Q=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSqlUDvxo8XFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXPOWVlQ==</latexit><latexit sha1_base64="MQTkJghj41RPH2kogvkSvP5Qg0Q=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSqlUDvxo8XFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXPOWVlQ==</latexit><latexit sha1_base64="MQTkJghj41RPH2kogvkSvP5Qg0Q=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSqlUDvxo8XFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXPOWVlQ==</latexit><latexit sha1_base64="MQTkJghj41RPH2kogvkSvP5Qg0Q=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSqlUDvxo8XFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXPOWVlQ==</latexit>

c3
<latexit sha1_base64="M3PhYKyfWzWJY0e6dD6bySfgF70=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVQY9FLx4r2A9ol5Kk2TY0yS5JVihL8Td41bM38epv8eg/MW33YFsfDDzem2FmHkkEN9b3v73C2vrG5lZxu7Szu7d/UD48apo41ZQ1aCxi3SbYMMEVa1huBWsnmmFJBGuR0d3Ubz0xbXisHu04YaHEA8UjTrF1UqtLJKK9y1654lf9GdAqCXJSgRz1Xvmn249pKpmyVGBjOoGf2DDD2nIq2KTUTQ1LMB3hAes4qrBkJsxm507QmVP6KIq1K2XRTP07kWFpzFgS1ymxHZplbyr+53VSG92EGVdJapmi80VRKpCN0fR31OeaUSvGjmCqubsV0SHWmFqX0MIWIicuk2A5gVXSvKgGfjV4uKrUbvN0inACp3AOAVxDDe6hDg2gMIIXeIU379l79z68z3lrwctnjmEB3tcvPniVlg==</latexit><latexit sha1_base64="M3PhYKyfWzWJY0e6dD6bySfgF70=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVQY9FLx4r2A9ol5Kk2TY0yS5JVihL8Td41bM38epv8eg/MW33YFsfDDzem2FmHkkEN9b3v73C2vrG5lZxu7Szu7d/UD48apo41ZQ1aCxi3SbYMMEVa1huBWsnmmFJBGuR0d3Ubz0xbXisHu04YaHEA8UjTrF1UqtLJKK9y1654lf9GdAqCXJSgRz1Xvmn249pKpmyVGBjOoGf2DDD2nIq2KTUTQ1LMB3hAes4qrBkJsxm507QmVP6KIq1K2XRTP07kWFpzFgS1ymxHZplbyr+53VSG92EGVdJapmi80VRKpCN0fR31OeaUSvGjmCqubsV0SHWmFqX0MIWIicuk2A5gVXSvKgGfjV4uKrUbvN0inACp3AOAVxDDe6hDg2gMIIXeIU379l79z68z3lrwctnjmEB3tcvPniVlg==</latexit><latexit sha1_base64="M3PhYKyfWzWJY0e6dD6bySfgF70=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVQY9FLx4r2A9ol5Kk2TY0yS5JVihL8Td41bM38epv8eg/MW33YFsfDDzem2FmHkkEN9b3v73C2vrG5lZxu7Szu7d/UD48apo41ZQ1aCxi3SbYMMEVa1huBWsnmmFJBGuR0d3Ubz0xbXisHu04YaHEA8UjTrF1UqtLJKK9y1654lf9GdAqCXJSgRz1Xvmn249pKpmyVGBjOoGf2DDD2nIq2KTUTQ1LMB3hAes4qrBkJsxm507QmVP6KIq1K2XRTP07kWFpzFgS1ymxHZplbyr+53VSG92EGVdJapmi80VRKpCN0fR31OeaUSvGjmCqubsV0SHWmFqX0MIWIicuk2A5gVXSvKgGfjV4uKrUbvN0inACp3AOAVxDDe6hDg2gMIIXeIU379l79z68z3lrwctnjmEB3tcvPniVlg==</latexit><latexit sha1_base64="M3PhYKyfWzWJY0e6dD6bySfgF70=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVQY9FLx4r2A9ol5Kk2TY0yS5JVihL8Td41bM38epv8eg/MW33YFsfDDzem2FmHkkEN9b3v73C2vrG5lZxu7Szu7d/UD48apo41ZQ1aCxi3SbYMMEVa1huBWsnmmFJBGuR0d3Ubz0xbXisHu04YaHEA8UjTrF1UqtLJKK9y1654lf9GdAqCXJSgRz1Xvmn249pKpmyVGBjOoGf2DDD2nIq2KTUTQ1LMB3hAes4qrBkJsxm507QmVP6KIq1K2XRTP07kWFpzFgS1ymxHZplbyr+53VSG92EGVdJapmi80VRKpCN0fR31OeaUSvGjmCqubsV0SHWmFqX0MIWIicuk2A5gVXSvKgGfjV4uKrUbvN0inACp3AOAVxDDe6hDg2gMIIXeIU379l79z68z3lrwctnjmEB3tcvPniVlg==</latexit>

c4
<latexit sha1_base64="AVJelIyC0Wtuyfq98ix86/AeyLw=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSuqoGfjV4qFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXQAuVlw==</latexit><latexit sha1_base64="AVJelIyC0Wtuyfq98ix86/AeyLw=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSuqoGfjV4qFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXQAuVlw==</latexit><latexit sha1_base64="AVJelIyC0Wtuyfq98ix86/AeyLw=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSuqoGfjV4qFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXQAuVlw==</latexit><latexit sha1_base64="AVJelIyC0Wtuyfq98ix86/AeyLw=">AAAB/XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjxWsB/QLiVJs21okl2SrFCW4m/wqmdv4tXf4tF/YtruwbY+GHi8N8PMPJIIbqzvf3uFjc2t7Z3ibmlv/+DwqHx80jJxqilr0ljEukOwYYIr1rTcCtZJNMOSCNYm47uZ335i2vBYPdpJwkKJh4pHnGLrpHaPSET7tX654lf9OdA6CXJSgRyNfvmnN4hpKpmyVGBjuoGf2DDD2nIq2LTUSw1LMB3jIes6qrBkJszm507RhVMGKIq1K2XRXP07kWFpzEQS1ymxHZlVbyb+53VTG92EGVdJapmii0VRKpCN0ex3NOCaUSsmjmCqubsV0RHWmFqX0NIWIqcuk2A1gXXSuqoGfjV4qFXqt3k6RTiDc7iEAK6hDvfQgCZQGMMLvMKb9+y9ex/e56K14OUzp7AE7+sXQAuVlw==</latexit>

✔

eliminate 

…

…

Clause Pair
Ranking List 

✔

Clause 
Representations

Pre-output

Emotion Clause Prediction
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i }

<latexit sha1_base64="krkBvXlv9F1NmULR0e9AB5B0csU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuiG5cV7AOaGCbTaTt0HmFmIoSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7T5wwqo3nfTtLyyura+uVjerm1vbOrru339YyVZi0sGRSdWOkCaOCtAw1jHQTRRCPGenE4+uJ33kgSlMp7kyWkJCjoaADipGxUuQeBnkwQgZmEb3PA8Uh4bIIisiteXVvCrhI/JLUQIlm5H4FfYlTToTBDGnd873EhDlShmJGimqQapIgPEZD0rNUIE50mE/vL+CJVfpwIJUtYeBU/T2RI651xmPbyZEZ6XlvIv7n9VIzuAxzKpLUEIFniwYpg0bCSRiwTxXBhmWWIKyovRXiEVIIGxtZ1Ybgz7+8SNpndd+r+7fntcZVGUcFHIFjcAp8cAEa4AY0QQtg8AiewSt4c56cF+fd+Zi1LjnlzAH4A+fzBxeXliM=</latexit><latexit sha1_base64="krkBvXlv9F1NmULR0e9AB5B0csU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuiG5cV7AOaGCbTaTt0HmFmIoSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7T5wwqo3nfTtLyyura+uVjerm1vbOrru339YyVZi0sGRSdWOkCaOCtAw1jHQTRRCPGenE4+uJ33kgSlMp7kyWkJCjoaADipGxUuQeBnkwQgZmEb3PA8Uh4bIIisiteXVvCrhI/JLUQIlm5H4FfYlTToTBDGnd873EhDlShmJGimqQapIgPEZD0rNUIE50mE/vL+CJVfpwIJUtYeBU/T2RI651xmPbyZEZ6XlvIv7n9VIzuAxzKpLUEIFniwYpg0bCSRiwTxXBhmWWIKyovRXiEVIIGxtZ1Ybgz7+8SNpndd+r+7fntcZVGUcFHIFjcAp8cAEa4AY0QQtg8AiewSt4c56cF+fd+Zi1LjnlzAH4A+fzBxeXliM=</latexit><latexit sha1_base64="krkBvXlv9F1NmULR0e9AB5B0csU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuiG5cV7AOaGCbTaTt0HmFmIoSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7T5wwqo3nfTtLyyura+uVjerm1vbOrru339YyVZi0sGRSdWOkCaOCtAw1jHQTRRCPGenE4+uJ33kgSlMp7kyWkJCjoaADipGxUuQeBnkwQgZmEb3PA8Uh4bIIisiteXVvCrhI/JLUQIlm5H4FfYlTToTBDGnd873EhDlShmJGimqQapIgPEZD0rNUIE50mE/vL+CJVfpwIJUtYeBU/T2RI651xmPbyZEZ6XlvIv7n9VIzuAxzKpLUEIFniwYpg0bCSRiwTxXBhmWWIKyovRXiEVIIGxtZ1Ybgz7+8SNpndd+r+7fntcZVGUcFHIFjcAp8cAEa4AY0QQtg8AiewSt4c56cF+fd+Zi1LjnlzAH4A+fzBxeXliM=</latexit><latexit sha1_base64="krkBvXlv9F1NmULR0e9AB5B0csU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuiG5cV7AOaGCbTaTt0HmFmIoSYhb/ixoUibv0Nd/6N0zYLbT1w4XDOvdx7T5wwqo3nfTtLyyura+uVjerm1vbOrru339YyVZi0sGRSdWOkCaOCtAw1jHQTRRCPGenE4+uJ33kgSlMp7kyWkJCjoaADipGxUuQeBnkwQgZmEb3PA8Uh4bIIisiteXVvCrhI/JLUQIlm5H4FfYlTToTBDGnd873EhDlShmJGimqQapIgPEZD0rNUIE50mE/vL+CJVfpwIJUtYeBU/T2RI651xmPbyZEZ6XlvIv7n9VIzuAxzKpLUEIFniwYpg0bCSRiwTxXBhmWWIKyovRXiEVIIGxtZ1Ybgz7+8SNpndd+r+7fntcZVGUcFHIFjcAp8cAEa4AY0QQtg8AiewSt4c56cF+fd+Zi1LjnlzAH4A+fzBxeXliM=</latexit>

{ŷcau
i }

<latexit sha1_base64="lJ9EN7QXSdbPcyEDDp5zRAYeCTM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoigh6LXjxWsB/QxDDZbtulu0nY3Qgh5uBf8eJBEa/+DW/+G7dtDtr6YODx3gwz88KEM6Ud59taWl5ZXVuvbFQ3t7Z3du29/baKU0loi8Q8lt0QFOUsoi3NNKfdRFIQIaedcHw98TsPVCoWR3c6S6gvYBixASOgjRTYh17ujUDjLGD3uScFJpAWXhHYNafuTIEXiVuSGirRDOwvrx+TVNBIEw5K9Vwn0X4OUjPCaVH1UkUTIGMY0p6hEQiq/Hx6f4FPjNLHg1iaijSeqr8nchBKZSI0nQL0SM17E/E/r5fqwaWfsyhJNY3IbNEg5VjHeBIG7jNJieaZIUAkM7diMgIJRJvIqiYEd/7lRdI+q7tO3b09rzWuyjgq6Agdo1PkogvUQDeoiVqIoEf0jF7Rm/VkvVjv1sesdckqZw7QH1ifPwtPlhs=</latexit><latexit sha1_base64="lJ9EN7QXSdbPcyEDDp5zRAYeCTM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoigh6LXjxWsB/QxDDZbtulu0nY3Qgh5uBf8eJBEa/+DW/+G7dtDtr6YODx3gwz88KEM6Ud59taWl5ZXVuvbFQ3t7Z3du29/baKU0loi8Q8lt0QFOUsoi3NNKfdRFIQIaedcHw98TsPVCoWR3c6S6gvYBixASOgjRTYh17ujUDjLGD3uScFJpAWXhHYNafuTIEXiVuSGirRDOwvrx+TVNBIEw5K9Vwn0X4OUjPCaVH1UkUTIGMY0p6hEQiq/Hx6f4FPjNLHg1iaijSeqr8nchBKZSI0nQL0SM17E/E/r5fqwaWfsyhJNY3IbNEg5VjHeBIG7jNJieaZIUAkM7diMgIJRJvIqiYEd/7lRdI+q7tO3b09rzWuyjgq6Agdo1PkogvUQDeoiVqIoEf0jF7Rm/VkvVjv1sesdckqZw7QH1ifPwtPlhs=</latexit><latexit sha1_base64="lJ9EN7QXSdbPcyEDDp5zRAYeCTM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoigh6LXjxWsB/QxDDZbtulu0nY3Qgh5uBf8eJBEa/+DW/+G7dtDtr6YODx3gwz88KEM6Ud59taWl5ZXVuvbFQ3t7Z3du29/baKU0loi8Q8lt0QFOUsoi3NNKfdRFIQIaedcHw98TsPVCoWR3c6S6gvYBixASOgjRTYh17ujUDjLGD3uScFJpAWXhHYNafuTIEXiVuSGirRDOwvrx+TVNBIEw5K9Vwn0X4OUjPCaVH1UkUTIGMY0p6hEQiq/Hx6f4FPjNLHg1iaijSeqr8nchBKZSI0nQL0SM17E/E/r5fqwaWfsyhJNY3IbNEg5VjHeBIG7jNJieaZIUAkM7diMgIJRJvIqiYEd/7lRdI+q7tO3b09rzWuyjgq6Agdo1PkogvUQDeoiVqIoEf0jF7Rm/VkvVjv1sesdckqZw7QH1ifPwtPlhs=</latexit><latexit sha1_base64="lJ9EN7QXSdbPcyEDDp5zRAYeCTM=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoigh6LXjxWsB/QxDDZbtulu0nY3Qgh5uBf8eJBEa/+DW/+G7dtDtr6YODx3gwz88KEM6Ud59taWl5ZXVuvbFQ3t7Z3du29/baKU0loi8Q8lt0QFOUsoi3NNKfdRFIQIaedcHw98TsPVCoWR3c6S6gvYBixASOgjRTYh17ujUDjLGD3uScFJpAWXhHYNafuTIEXiVuSGirRDOwvrx+TVNBIEw5K9Vwn0X4OUjPCaVH1UkUTIGMY0p6hEQiq/Hx6f4FPjNLHg1iaijSeqr8nchBKZSI0nQL0SM17E/E/r5fqwaWfsyhJNY3IbNEg5VjHeBIG7jNJieaZIUAkM7diMgIJRJvIqiYEd/7lRdI+q7tO3b09rzWuyjgq6Agdo1PkogvUQDeoiVqIoEf0jF7Rm/VkvVjv1sesdckqZw7QH1ifPwtPlhs=</latexit>

Cause Clause Prediction
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Figure 1: Overview of RANKCP, our proposed one-step approach for emotion-cause pair extraction.

to every node, because the cause clause of an emo-
tion clause may be itself. Graph attention network
propagates information among clauses by stacking
multiple graph attention layers, in which each layer
is to learn an updated clause representation via ag-
gregating neighboring clauses’ information using
self-attention (Vaswani et al., 2017).

At the t-th graph attention layer, let
{h(t−1)

1 ,h
(t−1)
2 , . . . ,h

(t−1)
|D| } denote the input

clause representations of this layer, where the
clause representation of clause ci is denoted as
h
(t−1)
i ∈ Rdt−1 . The graph attention mechanism

operates on each clause ci in the document via the
following aggregation scheme:

h
(t)
i = ReLU


 ∑

j∈N (i)

α
(t)
ij W

(t)h
(t−1)
j + b(t)


 ,

(2)
where h

(t)
i is the output representation, W (t) and

b(t) are learnable parameters, and N (i) denotes
the directly neighboring clauses of ci (in our case
it contains all clauses in the document). The atten-
tion weight α(t)

ij reflects the strength of aggregation
level between the clause ci and the clause cj , which
is learned by an MLP parameterized by w(t):

e
(t)
ij = w(t)> tanh

([
W (t)h

(t−1)
i ;W (t)h

(t−1)
j

])
,

α
(t)
ij =

exp
(
LeakyReLU(e

(t)
ij )
)

∑
k∈N (i) exp

(
LeakyReLU(e

(t)
ik )
) ,

(3)
where [·; ·] is concatenation. The following matrix
form can describe the t-th graph attention layer:

H(t) = ReLU
(
A(t)H(t−1)W (t)> + b(t)

)
,

(4)

where [A(t)]ij = α
(t)
ij . The first layer’s input

H(0) =
(
c1, c2, . . . , c|D|

)> is the document en-
coder’s output (see Section 3.1). By stacking T
layers to model inter-clause relationships, the last
layer’s output is the updated clause representations
H(T ) =

(
h1,h2, . . . ,h|D|

)>. We further adopt
multi-head attention, where each head can capture
a global pattern based on the order-preserving prop-
erty of graph attention (Qiu et al., 2018). In prac-
tice, we add a highway connection (Srivastava et al.,
2015) between every two adjacent layers to control
the information flow.2

Based on modeling the interactions between
clauses with graph attention network composed of
multiple graph attention layers, each clause repre-
sentation hi is produced by fusing other clauses’ in-
formation adaptively, and the inter-clause relation-
ships in the document can be learned sufficiently.

After obtaining updated clause representations
{hi}|D|i=1, we feed them into two pre-output layers
to predict whether a clause is an emotion/cause
clause or not. Specifically, an MLP (parameterized
by wemo and bemo) with logistic function σ(·) is
used to predict the probability of a clause ci being
an emotion clause (denoted as ŷemo

i ):

ŷemo
i = σ

(
w>emohi + bemo

)
. (5)

Similarly, the probability of a clause ci being a
cause clause (ŷcaui ) is obtained by the other layer.

3.3 Clause Pair Ranking with Kernel-based
Relative Position Embedding

To extract emotion-cause pairs in an end-to-end
fashion, our approach further learns clause pair rep-

2We attempted to extend graph attention to a structured
version, but it did not lead to improvement (see Appendix B).
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resentations and rank these pairs to obtain emotion-
cause pairs. Relative position between two clauses
is the key to indicate emotion-cause pairs. Thus, we
inject relative position information into the clause
pair representation learning process via relative po-
sition embedding learning.

We hypothesize that if the relative position of
two clauses is too large, the probability of their
forming an emotion-cause pair is very small. Thus,
given the document D = (c1, . . . , c|D|), we con-
sider each clause pair (ci, cj) in which the two
clauses’ relative position (absolute value) |j − i| is
less than or equal to a certain value M as a candi-
date of emotion-cause pair. We construct a set of
clause pair candidates from the document D:

P ′ = {(ci, cj) | −M ≤ j − i ≤ +M} . (6)

Learning Clause Pair Representations
For each clause pair candidate pij = (ci, cj) ∈ P ′,
its initialized representation is obtained by concate-
nating three vectors: the clause ci’s representation
hi, the clause cj’s representation hj , and their rela-
tive position j − i ’s embedding rj−i. We employ
a one-layer MLP to learn its representation:

pij = ReLU(Wp[hi;hj ; rj−i] + bp) , (7)

with learnable Wp and bp. Next we introduce how
to build relative position embeddings.

Vanilla relative position embedding For
each relative position m ∈ {−M, . . . ,−1, 0,+1,
. . . ,+M}, we randomly initialize the embedding
rm via sampling from a uniform distribution. Then
each relative position embedding is learned to-
gether with the model training process.

Kernel-based relative position embedding
Beyond the above vanilla scheme where each rel-
ative position embedding is partly independent of
each other, we aim to model the mutual impact
among different relative positions for further im-
proving relative position embeddings. To this end,
for each relative position m ∈ {−M, . . . ,+M},
we use an RBF kernel function Km(·) to model the
impact between m and other relative positions:

Km(j) = exp

(
−(j −m)2

σK2

)
, (8)

where j ∈ {−M, . . . ,+M} is one of possible rel-
ative position values, and σK restricts the shape of
the kernel function. Then, we enhance the vanilla

r0
�1

<latexit sha1_base64="eqcAzF/DINHc43ykL9ajxwiMFVU=">AAACAXicbVA9SwNBEJ2LXzF+RS1tFoNoY7gTQcugjWUEEwOXI+xt9pIlu7fH7p4Qjqv8DbZa24mtv8TSf+ImucIkPhh4vDfDzLww4Uwb1/12Siura+sb5c3K1vbO7l51/6CtZaoIbRHJpeqEWFPOYtoyzHDaSRTFIuT0MRzdTvzHJ6o0k/GDGSc0EHgQs4gRbKzkd0OBVC879/LTXrXm1t0p0DLxClKDAs1e9afblyQVNDaEY619z01MkGFlGOE0r3RTTRNMRnhAfUtjLKgOsunJOTqxSh9FUtmKDZqqfycyLLQei9B2CmyGetGbiP95fmqi6yBjcZIaGpPZoijlyEg0+R/1maLE8LElmChmb0VkiBUmxqY0tyUUuc3EW0xgmbQv6p5b9+4va42bIp0yHMExnIEHV9CAO2hCCwhIeIFXeHOenXfnw/mctZacYuYQ5uB8/QL9mZcX</latexit><latexit sha1_base64="eqcAzF/DINHc43ykL9ajxwiMFVU=">AAACAXicbVA9SwNBEJ2LXzF+RS1tFoNoY7gTQcugjWUEEwOXI+xt9pIlu7fH7p4Qjqv8DbZa24mtv8TSf+ImucIkPhh4vDfDzLww4Uwb1/12Siura+sb5c3K1vbO7l51/6CtZaoIbRHJpeqEWFPOYtoyzHDaSRTFIuT0MRzdTvzHJ6o0k/GDGSc0EHgQs4gRbKzkd0OBVC879/LTXrXm1t0p0DLxClKDAs1e9afblyQVNDaEY619z01MkGFlGOE0r3RTTRNMRnhAfUtjLKgOsunJOTqxSh9FUtmKDZqqfycyLLQei9B2CmyGetGbiP95fmqi6yBjcZIaGpPZoijlyEg0+R/1maLE8LElmChmb0VkiBUmxqY0tyUUuc3EW0xgmbQv6p5b9+4va42bIp0yHMExnIEHV9CAO2hCCwhIeIFXeHOenXfnw/mctZacYuYQ5uB8/QL9mZcX</latexit><latexit sha1_base64="eqcAzF/DINHc43ykL9ajxwiMFVU=">AAACAXicbVA9SwNBEJ2LXzF+RS1tFoNoY7gTQcugjWUEEwOXI+xt9pIlu7fH7p4Qjqv8DbZa24mtv8TSf+ImucIkPhh4vDfDzLww4Uwb1/12Siura+sb5c3K1vbO7l51/6CtZaoIbRHJpeqEWFPOYtoyzHDaSRTFIuT0MRzdTvzHJ6o0k/GDGSc0EHgQs4gRbKzkd0OBVC879/LTXrXm1t0p0DLxClKDAs1e9afblyQVNDaEY619z01MkGFlGOE0r3RTTRNMRnhAfUtjLKgOsunJOTqxSh9FUtmKDZqqfycyLLQei9B2CmyGetGbiP95fmqi6yBjcZIaGpPZoijlyEg0+R/1maLE8LElmChmb0VkiBUmxqY0tyUUuc3EW0xgmbQv6p5b9+4va42bIp0yHMExnIEHV9CAO2hCCwhIeIFXeHOenXfnw/mctZacYuYQ5uB8/QL9mZcX</latexit><latexit sha1_base64="eqcAzF/DINHc43ykL9ajxwiMFVU=">AAACAXicbVA9SwNBEJ2LXzF+RS1tFoNoY7gTQcugjWUEEwOXI+xt9pIlu7fH7p4Qjqv8DbZa24mtv8TSf+ImucIkPhh4vDfDzLww4Uwb1/12Siura+sb5c3K1vbO7l51/6CtZaoIbRHJpeqEWFPOYtoyzHDaSRTFIuT0MRzdTvzHJ6o0k/GDGSc0EHgQs4gRbKzkd0OBVC879/LTXrXm1t0p0DLxClKDAs1e9afblyQVNDaEY619z01MkGFlGOE0r3RTTRNMRnhAfUtjLKgOsunJOTqxSh9FUtmKDZqqfycyLLQei9B2CmyGetGbiP95fmqi6yBjcZIaGpPZoijlyEg0+R/1maLE8LElmChmb0VkiBUmxqY0tyUUuc3EW0xgmbQv6p5b9+4va42bIp0yHMExnIEHV9CAO2hCCwhIeIFXeHOenXfnw/mctZacYuYQ5uB8/QL9mZcX</latexit>

X
<latexit sha1_base64="HPvrImzRBbCzydhOIVtm7PZs4Rs=">AAAB+nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbCu0S8mm2TY0yS5JVihr/4JXPXsTr/4Zj/4Ts+0ebOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsH0NimOCKtSy3gj0mmhEZCtYJx7e533li2vBYPdhJwgJJhopHnBKbSz2Tyn615tW9GfAq8QtSgwLNfvWnN4hpKpmyVBBjur6X2CAj2nIq2LTSSw1LCB2TIes6qohkJshmt07xmVMGOIq1K2XxTP07kRFpzESGrlMSOzLLXi7+53VTG10HGVdJapmi80VRKrCNcf44HnDNqBUTRwjV3N2K6YhoQq2LZ2FLKKcuE385gVXSvqj7Xt2/v6w1bop0ynACp3AOPlxBA+6gCS2gMIIXeIU39Ize0Qf6nLeWUDFzDAtAX7/pcJTp</latexit><latexit sha1_base64="HPvrImzRBbCzydhOIVtm7PZs4Rs=">AAAB+nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbCu0S8mm2TY0yS5JVihr/4JXPXsTr/4Zj/4Ts+0ebOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsH0NimOCKtSy3gj0mmhEZCtYJx7e533li2vBYPdhJwgJJhopHnBKbSz2Tyn615tW9GfAq8QtSgwLNfvWnN4hpKpmyVBBjur6X2CAj2nIq2LTSSw1LCB2TIes6qohkJshmt07xmVMGOIq1K2XxTP07kRFpzESGrlMSOzLLXi7+53VTG10HGVdJapmi80VRKrCNcf44HnDNqBUTRwjV3N2K6YhoQq2LZ2FLKKcuE385gVXSvqj7Xt2/v6w1bop0ynACp3AOPlxBA+6gCS2gMIIXeIU39Ize0Qf6nLeWUDFzDAtAX7/pcJTp</latexit><latexit sha1_base64="HPvrImzRBbCzydhOIVtm7PZs4Rs=">AAAB+nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbCu0S8mm2TY0yS5JVihr/4JXPXsTr/4Zj/4Ts+0ebOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsH0NimOCKtSy3gj0mmhEZCtYJx7e533li2vBYPdhJwgJJhopHnBKbSz2Tyn615tW9GfAq8QtSgwLNfvWnN4hpKpmyVBBjur6X2CAj2nIq2LTSSw1LCB2TIes6qohkJshmt07xmVMGOIq1K2XxTP07kRFpzESGrlMSOzLLXi7+53VTG10HGVdJapmi80VRKrCNcf44HnDNqBUTRwjV3N2K6YhoQq2LZ2FLKKcuE385gVXSvqj7Xt2/v6w1bop0ynACp3AOPlxBA+6gCS2gMIIXeIU39Ize0Qf6nLeWUDFzDAtAX7/pcJTp</latexit><latexit sha1_base64="HPvrImzRBbCzydhOIVtm7PZs4Rs=">AAAB+nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbCu0S8mm2TY0yS5JVihr/4JXPXsTr/4Zj/4Ts+0ebOuDgcd7M8zMCxPBjfW8b1RaW9/Y3CpvV3Z29/YPqodHbROnmrIWjUWsH0NimOCKtSy3gj0mmhEZCtYJx7e533li2vBYPdhJwgJJhopHnBKbSz2Tyn615tW9GfAq8QtSgwLNfvWnN4hpKpmyVBBjur6X2CAj2nIq2LTSSw1LCB2TIes6qohkJshmt07xmVMGOIq1K2XxTP07kRFpzESGrlMSOzLLXi7+53VTG10HGVdJapmi80VRKrCNcf44HnDNqBUTRwjV3N2K6YhoQq2LZ2FLKKcuE385gVXSvqj7Xt2/v6w1bop0ynACp3AOPlxBA+6gCS2gMIIXeIU39Ize0Qf6nLeWUDFzDAtAX7/pcJTp</latexit>

=)
<latexit sha1_base64="rJ0dVvQdlB1RZE4oedNMK+3aVRQ=">AAACB3icbVC7SgNBFL0bXzE+smppMxgEq7ArgpZBGwuLCOYByRJmJ7ObIbMzy8ysEkI+wG+w1dpObP0MS//ESbKFSTxw4XDOvZzLCVPOtPG8b6ewtr6xuVXcLu3s7u2X3YPDppaZIrRBJJeqHWJNORO0YZjhtJ0qipOQ01Y4vJn6rUeqNJPiwYxSGiQ4FixiBBsr9dxy906KWLF4YLBS8qnnVryqNwNaJX5OKpCj3nN/un1JsoQKQzjWuuN7qQnGWBlGOJ2UupmmKSZDHNOOpQInVAfj2eMTdGqVPoqksiMMmql/L8Y40XqUhHYzwWagl72p+J/XyUx0FYyZSDNDBZkHRRlHRqJpC6jPFCWGjyzBRDH7KyIDrDAxtquFlDCZ2E785QZWSfO86ntV//6iUrvO2ynCMZzAGfhwCTW4hTo0gEAGL/AKb86z8+58OJ/z1YKT3xzBApyvXz3emgw=</latexit><latexit sha1_base64="rJ0dVvQdlB1RZE4oedNMK+3aVRQ=">AAACB3icbVC7SgNBFL0bXzE+smppMxgEq7ArgpZBGwuLCOYByRJmJ7ObIbMzy8ysEkI+wG+w1dpObP0MS//ESbKFSTxw4XDOvZzLCVPOtPG8b6ewtr6xuVXcLu3s7u2X3YPDppaZIrRBJJeqHWJNORO0YZjhtJ0qipOQ01Y4vJn6rUeqNJPiwYxSGiQ4FixiBBsr9dxy906KWLF4YLBS8qnnVryqNwNaJX5OKpCj3nN/un1JsoQKQzjWuuN7qQnGWBlGOJ2UupmmKSZDHNOOpQInVAfj2eMTdGqVPoqksiMMmql/L8Y40XqUhHYzwWagl72p+J/XyUx0FYyZSDNDBZkHRRlHRqJpC6jPFCWGjyzBRDH7KyIDrDAxtquFlDCZ2E785QZWSfO86ntV//6iUrvO2ynCMZzAGfhwCTW4hTo0gEAGL/AKb86z8+58OJ/z1YKT3xzBApyvXz3emgw=</latexit><latexit sha1_base64="rJ0dVvQdlB1RZE4oedNMK+3aVRQ=">AAACB3icbVC7SgNBFL0bXzE+smppMxgEq7ArgpZBGwuLCOYByRJmJ7ObIbMzy8ysEkI+wG+w1dpObP0MS//ESbKFSTxw4XDOvZzLCVPOtPG8b6ewtr6xuVXcLu3s7u2X3YPDppaZIrRBJJeqHWJNORO0YZjhtJ0qipOQ01Y4vJn6rUeqNJPiwYxSGiQ4FixiBBsr9dxy906KWLF4YLBS8qnnVryqNwNaJX5OKpCj3nN/un1JsoQKQzjWuuN7qQnGWBlGOJ2UupmmKSZDHNOOpQInVAfj2eMTdGqVPoqksiMMmql/L8Y40XqUhHYzwWagl72p+J/XyUx0FYyZSDNDBZkHRRlHRqJpC6jPFCWGjyzBRDH7KyIDrDAxtquFlDCZ2E785QZWSfO86ntV//6iUrvO2ynCMZzAGfhwCTW4hTo0gEAGL/AKb86z8+58OJ/z1YKT3xzBApyvXz3emgw=</latexit><latexit sha1_base64="rJ0dVvQdlB1RZE4oedNMK+3aVRQ=">AAACB3icbVC7SgNBFL0bXzE+smppMxgEq7ArgpZBGwuLCOYByRJmJ7ObIbMzy8ysEkI+wG+w1dpObP0MS//ESbKFSTxw4XDOvZzLCVPOtPG8b6ewtr6xuVXcLu3s7u2X3YPDppaZIrRBJJeqHWJNORO0YZjhtJ0qipOQ01Y4vJn6rUeqNJPiwYxSGiQ4FixiBBsr9dxy906KWLF4YLBS8qnnVryqNwNaJX5OKpCj3nN/un1JsoQKQzjWuuN7qQnGWBlGOJ2UupmmKSZDHNOOpQInVAfj2eMTdGqVPoqksiMMmql/L8Y40XqUhHYzwWagl72p+J/XyUx0FYyZSDNDBZkHRRlHRqJpC6jPFCWGjyzBRDH7KyIDrDAxtquFlDCZ2E785QZWSfO86ntV//6iUrvO2ynCMZzAGfhwCTW4hTo0gEAGL/AKb86z8+58OJ/z1YKT3xzBApyvXz3emgw=</latexit>

. . .<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>r�2
<latexit sha1_base64="/IShXm3MEtRkTwOnuprq6W4fqgQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7gLgpZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+9qE375YpbdWdAq8TLSQVyNPrln94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nV08RWdWGaAwUrakQTP170SKhdYTEdhOgc1IL3uZ+J/XTUx47adMxomhkswXhQlHJkLZ+2jAFCWGTyzBRDF7KyIjrDAxNqSFLYHIMvGWE1glrVrVc6ve/WWlfpOnU4QTOIVz8OAK6nAHDWgCAQkv8ApvzrPz7nw4n/PWgpPPHMMCnK9fmVGW5w==</latexit><latexit sha1_base64="/IShXm3MEtRkTwOnuprq6W4fqgQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7gLgpZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+9qE375YpbdWdAq8TLSQVyNPrln94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nV08RWdWGaAwUrakQTP170SKhdYTEdhOgc1IL3uZ+J/XTUx47adMxomhkswXhQlHJkLZ+2jAFCWGTyzBRDF7KyIjrDAxNqSFLYHIMvGWE1glrVrVc6ve/WWlfpOnU4QTOIVz8OAK6nAHDWgCAQkv8ApvzrPz7nw4n/PWgpPPHMMCnK9fmVGW5w==</latexit><latexit sha1_base64="/IShXm3MEtRkTwOnuprq6W4fqgQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7gLgpZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+9qE375YpbdWdAq8TLSQVyNPrln94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nV08RWdWGaAwUrakQTP170SKhdYTEdhOgc1IL3uZ+J/XTUx47adMxomhkswXhQlHJkLZ+2jAFCWGTyzBRDF7KyIjrDAxNqSFLYHIMvGWE1glrVrVc6ve/WWlfpOnU4QTOIVz8OAK6nAHDWgCAQkv8ApvzrPz7nw4n/PWgpPPHMMCnK9fmVGW5w==</latexit><latexit sha1_base64="/IShXm3MEtRkTwOnuprq6W4fqgQ=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7gLgpZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+9qE375YpbdWdAq8TLSQVyNPrln94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nV08RWdWGaAwUrakQTP170SKhdYTEdhOgc1IL3uZ+J/XTUx47adMxomhkswXhQlHJkLZ+2jAFCWGTyzBRDF7KyIjrDAxNqSFLYHIMvGWE1glrVrVc6ve/WWlfpOnU4QTOIVz8OAK6nAHDWgCAQkv8ApvzrPz7nw4n/PWgpPPHMMCnK9fmVGW5w==</latexit>

r�1
<latexit sha1_base64="AcAh/Nk3Gv1ENIIS+UbTjL0rMPU=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+98Kb9csWtujOgVeLlpAI5Gv3yT28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzi6eojOrDFAYKVvSoJn6dyLFQuuJCGynwGakl71M/M/rJia89lMm48RQSeaLwoQjE6HsfTRgihLDJ5Zgopi9FZERVpgYG9LClkBkmXjLCayS1mXVc6vefa1Sv8nTKcIJnMI5eHAFdbiDBjSBgIQXeIU359l5dz6cz3lrwclnjmEBztcvl72W5g==</latexit><latexit sha1_base64="AcAh/Nk3Gv1ENIIS+UbTjL0rMPU=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+98Kb9csWtujOgVeLlpAI5Gv3yT28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzi6eojOrDFAYKVvSoJn6dyLFQuuJCGynwGakl71M/M/rJia89lMm48RQSeaLwoQjE6HsfTRgihLDJ5Zgopi9FZERVpgYG9LClkBkmXjLCayS1mXVc6vefa1Sv8nTKcIJnMI5eHAFdbiDBjSBgIQXeIU359l5dz6cz3lrwclnjmEBztcvl72W5g==</latexit><latexit sha1_base64="AcAh/Nk3Gv1ENIIS+UbTjL0rMPU=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+98Kb9csWtujOgVeLlpAI5Gv3yT28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzi6eojOrDFAYKVvSoJn6dyLFQuuJCGynwGakl71M/M/rJia89lMm48RQSeaLwoQjE6HsfTRgihLDJ5Zgopi9FZERVpgYG9LClkBkmXjLCayS1mXVc6vefa1Sv8nTKcIJnMI5eHAFdbiDBjSBgIQXeIU359l5dz6cz3lrwclnjmEBztcvl72W5g==</latexit><latexit sha1_base64="AcAh/Nk3Gv1ENIIS+UbTjL0rMPU=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgY7iTgJZBG8sI5gOTI+xt9pIlu3vH7p4QjjT+Blut7cTWf2LpP3EvucIkPhh4vDfDzLwg5kwb1/12CmvrG5tbxe3Szu7e/kH58Kilo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+zfz2E1WaRfLBTGLqCzyULGQEGys99gKBVD+98Kb9csWtujOgVeLlpAI5Gv3yT28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWfzi6eojOrDFAYKVvSoJn6dyLFQuuJCGynwGakl71M/M/rJia89lMm48RQSeaLwoQjE6HsfTRgihLDJ5Zgopi9FZERVpgYG9LClkBkmXjLCayS1mXVc6vefa1Sv8nTKcIJnMI5eHAFdbiDBjSBgIQXeIU359l5dz6cz3lrwclnjmEBztcvl72W5g==</latexit>

r0
<latexit sha1_base64="WFmJ0f1DyXNoJgOC6cr2D5bQNIw=">AAAB/3icbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXQxjKC+ZDkCHubvWTJ7t6xuyeEI4W/wVZrO7H1p1j6T9xLrjCJDwYe780wMy9MONPG876d0tr6xuZWebuys7u3f+AeHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6YSUIDgYeSRYxgY6XHXiiQ6mfetO9WvZo3A1olfkGqUKDRd396g5ikgkpDONa663uJCTKsDCOcTiu9VNMEkzEe0q6lEguqg2x28BSdWWWAoljZkgbN1L8TGRZaT0RoOwU2I73s5eJ/Xjc10XWQMZmkhkoyXxSlHJkY5d+jAVOUGD6xBBPF7K2IjLDCxNiMFraEIs/EX05glbQuar5X8+8vq/WbIp0ynMApnIMPV1CHO2hAEwgIeIFXeHOenXfnw/mct5acYuYYFuB8/QInXpau</latexit><latexit sha1_base64="WFmJ0f1DyXNoJgOC6cr2D5bQNIw=">AAAB/3icbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXQxjKC+ZDkCHubvWTJ7t6xuyeEI4W/wVZrO7H1p1j6T9xLrjCJDwYe780wMy9MONPG876d0tr6xuZWebuys7u3f+AeHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6YSUIDgYeSRYxgY6XHXiiQ6mfetO9WvZo3A1olfkGqUKDRd396g5ikgkpDONa663uJCTKsDCOcTiu9VNMEkzEe0q6lEguqg2x28BSdWWWAoljZkgbN1L8TGRZaT0RoOwU2I73s5eJ/Xjc10XWQMZmkhkoyXxSlHJkY5d+jAVOUGD6xBBPF7K2IjLDCxNiMFraEIs/EX05glbQuar5X8+8vq/WbIp0ynMApnIMPV1CHO2hAEwgIeIFXeHOenXfnw/mct5acYuYYFuB8/QInXpau</latexit><latexit sha1_base64="WFmJ0f1DyXNoJgOC6cr2D5bQNIw=">AAAB/3icbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXQxjKC+ZDkCHubvWTJ7t6xuyeEI4W/wVZrO7H1p1j6T9xLrjCJDwYe780wMy9MONPG876d0tr6xuZWebuys7u3f+AeHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6YSUIDgYeSRYxgY6XHXiiQ6mfetO9WvZo3A1olfkGqUKDRd396g5ikgkpDONa663uJCTKsDCOcTiu9VNMEkzEe0q6lEguqg2x28BSdWWWAoljZkgbN1L8TGRZaT0RoOwU2I73s5eJ/Xjc10XWQMZmkhkoyXxSlHJkY5d+jAVOUGD6xBBPF7K2IjLDCxNiMFraEIs/EX05glbQuar5X8+8vq/WbIp0ynMApnIMPV1CHO2hAEwgIeIFXeHOenXfnw/mct5acYuYYFuB8/QInXpau</latexit><latexit sha1_base64="WFmJ0f1DyXNoJgOC6cr2D5bQNIw=">AAAB/3icbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXQxjKC+ZDkCHubvWTJ7t6xuyeEI4W/wVZrO7H1p1j6T9xLrjCJDwYe780wMy9MONPG876d0tr6xuZWebuys7u3f+AeHrV0nCpCmyTmseqEWFPOJG0aZjjtJIpiEXLaDse3ud9+okqzWD6YSUIDgYeSRYxgY6XHXiiQ6mfetO9WvZo3A1olfkGqUKDRd396g5ikgkpDONa663uJCTKsDCOcTiu9VNMEkzEe0q6lEguqg2x28BSdWWWAoljZkgbN1L8TGRZaT0RoOwU2I73s5eJ/Xjc10XWQMZmkhkoyXxSlHJkY5d+jAVOUGD6xBBPF7K2IjLDCxNiMFraEIs/EX05glbQuar5X8+8vq/WbIp0ynMApnIMPV1CHO2hAEwgIeIFXeHOenXfnw/mct5acYuYYFuB8/QInXpau</latexit>

K�1(j)
<latexit sha1_base64="cFlBEabvnNWxy5Xd3U8AijQ2xwI=">AAACMnicbVDLSsNAFJ34rPVVdekmWBRdWBIRdCm6EdxUsA9oS5lMb+roZBJmbsQy5A/8GnGnP6I7cevWvdO0C6seGDic+zpzgkRwjZ736kxNz8zOzRcWiotLyyurpbX1uo5TxaDGYhGrZkA1CC6hhhwFNBMFNAoENILbs2G9cQdK81he4SCBTkT7koecUbRSt7TTRrjHfI+JFZV9yEw7onitQ3ORdc2+n+3e7GXdUtmreDncv8QfkzIZo9otfbV7MUsjkMgE1brlewl2DFXImYCs2E41JJTd0j60LJU0At0xuY/M3bZKzw1jZZ9EN1d/ThgaaT2IAtuZW/1dG4r/1Vophscdw2WSIkg2OhSmwsXYHYbj9rgChmJgCWWKW68uu6aKMrQRTlwJook/mPuRdZuT/zuVv6R+UPG9in95WD45HSdWIJtki+wSnxyRE3JOqqRGGHkgj+SZvDhPzpvz7nyMWqec8cwGmYDz+Q2ZzayB</latexit><latexit sha1_base64="cFlBEabvnNWxy5Xd3U8AijQ2xwI=">AAACMnicbVDLSsNAFJ34rPVVdekmWBRdWBIRdCm6EdxUsA9oS5lMb+roZBJmbsQy5A/8GnGnP6I7cevWvdO0C6seGDic+zpzgkRwjZ736kxNz8zOzRcWiotLyyurpbX1uo5TxaDGYhGrZkA1CC6hhhwFNBMFNAoENILbs2G9cQdK81he4SCBTkT7koecUbRSt7TTRrjHfI+JFZV9yEw7onitQ3ORdc2+n+3e7GXdUtmreDncv8QfkzIZo9otfbV7MUsjkMgE1brlewl2DFXImYCs2E41JJTd0j60LJU0At0xuY/M3bZKzw1jZZ9EN1d/ThgaaT2IAtuZW/1dG4r/1Vophscdw2WSIkg2OhSmwsXYHYbj9rgChmJgCWWKW68uu6aKMrQRTlwJook/mPuRdZuT/zuVv6R+UPG9in95WD45HSdWIJtki+wSnxyRE3JOqqRGGHkgj+SZvDhPzpvz7nyMWqec8cwGmYDz+Q2ZzayB</latexit><latexit sha1_base64="cFlBEabvnNWxy5Xd3U8AijQ2xwI=">AAACMnicbVDLSsNAFJ34rPVVdekmWBRdWBIRdCm6EdxUsA9oS5lMb+roZBJmbsQy5A/8GnGnP6I7cevWvdO0C6seGDic+zpzgkRwjZ736kxNz8zOzRcWiotLyyurpbX1uo5TxaDGYhGrZkA1CC6hhhwFNBMFNAoENILbs2G9cQdK81he4SCBTkT7koecUbRSt7TTRrjHfI+JFZV9yEw7onitQ3ORdc2+n+3e7GXdUtmreDncv8QfkzIZo9otfbV7MUsjkMgE1brlewl2DFXImYCs2E41JJTd0j60LJU0At0xuY/M3bZKzw1jZZ9EN1d/ThgaaT2IAtuZW/1dG4r/1Vophscdw2WSIkg2OhSmwsXYHYbj9rgChmJgCWWKW68uu6aKMrQRTlwJook/mPuRdZuT/zuVv6R+UPG9in95WD45HSdWIJtki+wSnxyRE3JOqqRGGHkgj+SZvDhPzpvz7nyMWqec8cwGmYDz+Q2ZzayB</latexit><latexit sha1_base64="cFlBEabvnNWxy5Xd3U8AijQ2xwI=">AAACMnicbVDLSsNAFJ34rPVVdekmWBRdWBIRdCm6EdxUsA9oS5lMb+roZBJmbsQy5A/8GnGnP6I7cevWvdO0C6seGDic+zpzgkRwjZ736kxNz8zOzRcWiotLyyurpbX1uo5TxaDGYhGrZkA1CC6hhhwFNBMFNAoENILbs2G9cQdK81he4SCBTkT7koecUbRSt7TTRrjHfI+JFZV9yEw7onitQ3ORdc2+n+3e7GXdUtmreDncv8QfkzIZo9otfbV7MUsjkMgE1brlewl2DFXImYCs2E41JJTd0j60LJU0At0xuY/M3bZKzw1jZZ9EN1d/ThgaaT2IAtuZW/1dG4r/1Vophscdw2WSIkg2OhSmwsXYHYbj9rgChmJgCWWKW68uu6aKMrQRTlwJook/mPuRdZuT/zuVv6R+UPG9in95WD45HSdWIJtki+wSnxyRE3JOqqRGGHkgj+SZvDhPzpvz7nyMWqec8cwGmYDz+Q2ZzayB</latexit>

. . .<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit><latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> r+1
<latexit sha1_base64="VrY7MmzV0w7rs3Ls5xy2a3XABPo=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOFOAloGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30wpv2yxW36s6AVomXkwrkaPTLP71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort4is6sMkBhpGxJg2bq34kUC60nIrCdApuRXvYy8T+vm5jw2k+ZjBNDJZkvChOOTISy99GAKUoMn1iCiWL2VkRGWGFibEgLWwKRZeItJ7BKWpdVz61697VK/SZPpwgncArn4MEV1OEOGtAEAhJe4BXenGfn3flwPuetBSefOYYFOF+/lJOW5A==</latexit><latexit sha1_base64="VrY7MmzV0w7rs3Ls5xy2a3XABPo=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOFOAloGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30wpv2yxW36s6AVomXkwrkaPTLP71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort4is6sMkBhpGxJg2bq34kUC60nIrCdApuRXvYy8T+vm5jw2k+ZjBNDJZkvChOOTISy99GAKUoMn1iCiWL2VkRGWGFibEgLWwKRZeItJ7BKWpdVz61697VK/SZPpwgncArn4MEV1OEOGtAEAhJe4BXenGfn3flwPuetBSefOYYFOF+/lJOW5A==</latexit><latexit sha1_base64="VrY7MmzV0w7rs3Ls5xy2a3XABPo=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOFOAloGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30wpv2yxW36s6AVomXkwrkaPTLP71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort4is6sMkBhpGxJg2bq34kUC60nIrCdApuRXvYy8T+vm5jw2k+ZjBNDJZkvChOOTISy99GAKUoMn1iCiWL2VkRGWGFibEgLWwKRZeItJ7BKWpdVz61697VK/SZPpwgncArn4MEV1OEOGtAEAhJe4BXenGfn3flwPuetBSefOYYFOF+/lJOW5A==</latexit><latexit sha1_base64="VrY7MmzV0w7rs3Ls5xy2a3XABPo=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOFOAloGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30wpv2yxW36s6AVomXkwrkaPTLP71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort4is6sMkBhpGxJg2bq34kUC60nIrCdApuRXvYy8T+vm5jw2k+ZjBNDJZkvChOOTISy99GAKUoMn1iCiWL2VkRGWGFibEgLWwKRZeItJ7BKWpdVz61697VK/SZPpwgncArn4MEV1OEOGtAEAhJe4BXenGfn3flwPuetBSefOYYFOF+/lJOW5A==</latexit>

r+2
<latexit sha1_base64="CCKE+tCbu5IbahI8Qhq9qBowFwY=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOEuCFoGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30ojbtlytu1Z0BrRIvJxXI0eiXf3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbxFJ1ZZYDCSNmSBs3UvxMpFlpPRGA7BTYjvexl4n9eNzHhtZ8yGSeGSjJfFCYcmQhl76MBU5QYPrEEE8XsrYiMsMLE2JAWtgQiy8RbTmCVtGpVz61695eV+k2eThFO4BTOwYMrqMMdNKAJBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AZYnluU=</latexit><latexit sha1_base64="CCKE+tCbu5IbahI8Qhq9qBowFwY=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOEuCFoGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30ojbtlytu1Z0BrRIvJxXI0eiXf3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbxFJ1ZZYDCSNmSBs3UvxMpFlpPRGA7BTYjvexl4n9eNzHhtZ8yGSeGSjJfFCYcmQhl76MBU5QYPrEEE8XsrYiMsMLE2JAWtgQiy8RbTmCVtGpVz61695eV+k2eThFO4BTOwYMrqMMdNKAJBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AZYnluU=</latexit><latexit sha1_base64="CCKE+tCbu5IbahI8Qhq9qBowFwY=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOEuCFoGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30ojbtlytu1Z0BrRIvJxXI0eiXf3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbxFJ1ZZYDCSNmSBs3UvxMpFlpPRGA7BTYjvexl4n9eNzHhtZ8yGSeGSjJfFCYcmQhl76MBU5QYPrEEE8XsrYiMsMLE2JAWtgQiy8RbTmCVtGpVz61695eV+k2eThFO4BTOwYMrqMMdNKAJBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AZYnluU=</latexit><latexit sha1_base64="CCKE+tCbu5IbahI8Qhq9qBowFwY=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoMgCOEuCFoGbSwjmA9MjrC32UuW7O4du3tCONL4G2y1thNb/4ml/8S95AqT+GDg8d4MM/OCmDNtXPfbKaytb2xuFbdLO7t7+wflw6OWjhJFaJNEPFKdAGvKmaRNwwynnVhRLAJO28H4NvPbT1RpFskHM4mpL/BQspARbKz02AsEUv30ojbtlytu1Z0BrRIvJxXI0eiXf3qDiCSCSkM41rrrubHxU6wMI5xOS71E0xiTMR7SrqUSC6r9dHbxFJ1ZZYDCSNmSBs3UvxMpFlpPRGA7BTYjvexl4n9eNzHhtZ8yGSeGSjJfFCYcmQhl76MBU5QYPrEEE8XsrYiMsMLE2JAWtgQiy8RbTmCVtGpVz61695eV+k2eThFO4BTOwYMrqMMdNKAJBCS8wCu8Oc/Ou/PhfM5bC04+cwwLcL5+AZYnluU=</latexit>

Figure 2: An example: calculating r′−1 using kernel.

embedding rm by integrating other relative posi-
tions’ influences:

r′m =
+M∑

j=−M
Km(j) · rj . (9)

The intuition behind it is that if j is close to m, rj
will exert more influence on r′m than other distant
relative positions. Fig. 2 shows an illustration for
m = −1. As σK → 0, kernel-based embeddings
devolve to vanilla ones. Thus, our kernel-based
embedding scheme can be regarded as a regularized
version of vanilla embedding.

Ranking Clause Pairs
A ranking layer (parameterized by wr and br) with
activation function fact(·) is adopted to produce
the ranking score ŷij for each clause pair candidate
pij ∈ P ′:

ŷij = fact

(
w>r pij + br

)
. (10)

3.4 Optimization
Our network RANKCP is optimized end-to-end.
The loss function for the input documentD consists
of the following two parts.

The first part measures the ranking scores of
clause pairs. Pointwise ranking loss is defined as:

Lpair =
∑

pij∈P′
−(yij log ŷij+(1−yij) log(1−ŷij)) , (11)

where yij ∈ {0, 1} is the ground-truth of the clause
pair pij (yij = 1 means that pij is an emotion-
cause pair), and fact(·) is set to logistic function.
It can also be computed by pairwise ranking loss,
with a margin hyperparameter γ:

Lpair =
∑

{p+,p−}∈P′
p+�p−

max{0,−(y+−y−)+γ} , (12)

where the ground-truth of clause pair p+ is 1 while
the ground-truth of clause pair p− is 0 (thus p+’s
score y+ should rank higher than p−’s score y−),
and fact(·) is set to tanh function.

The second part of the loss function measures
the pre-output ŷemo

i and ŷcaui of graph attention
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# Doc. having one emotion-cause pair 1,746
# Doc. having two emotion-cause pairs 177
# Doc. having three or more emotion-cause pairs 22
Avg. of # Clause per document 14.77
Max. of # Clause per document 73

Table 1: Summary statistics of the dataset for evalua-
tion. “Doc.” is the abbreviation for “Document”.

network (see Eq. 5). According to the ground-truth
of clause pairs, we know whether a clause is an
emotion/cause clause or not, thus we use two cross-
entropy loss functions Lemo and Lcau to supervise
the two pre-output predictions.

We employ the sum of the above two parts as the
final loss function L for the document D:

L = Lpair + (Lemo + Lcau) . (13)

This forms two-level supervision for both clause
representation learning and clause pair ranking.

3.5 Lexicon-based Extraction
At test time, a key problem is how to extract poten-
tial emotion-cause pairs according to the ranking
scores of all pair candidates. Note that it is not easy
to determine an overall threshold score that can be
adopted to all documents for dividing candidates
into emotion-cause pairs and negative ones.

We adopt a lexicon-based extraction scheme to
obtain emotion-cause pairs from the top-N rank-
ing list {p1, p2, . . . , pN} of a test document. We
first extract the top pair p1 (with the highest score)
as an emotion-cause pair. Then, for each remain-
ing clause pair pi = (ci,1, ci,2) ∈ {p2, . . . , pN},
we use a sentiment lexicon to determine whether
the clause ci,1 contains sentiment word(s). If so,
we extract the pair pi as an emotion-cause pair.
Therefore, our model is able to extract multiple
emotion-cause pairs from a given document.

4 Experiments

We conduct extensive experiments to verify the
effectiveness of our proposed model RANKCP.

4.1 Experimental Setup
Dataset and Evaluation Metrics
We use the benchmark dataset released by (Xia
and Ding, 2019) to conduct our experiments. This
dataset is constructed based on an emotion cause
extraction corpus (Gui et al., 2016) that consists
of 1,945 Chinese documents from SINA NEWS
website. Table 1 shows the summary statistics. In

our experiments, following the previous work, we
use the same data split (10-fold cross-validation),
and choose precision P , recall R and F-score F1

as evaluation metrics:

P =
#correctly predicted pairs

#predicted pairs
,

R =
#correctly predicted pairs

#ground-truth pairs
,

F1 =
2 · P ·R
P +R

.

(14)

Moreover, we also evaluate the performance on
emotion clause extraction and cause clause ex-
traction respectively. That is, we break down the
emotion-cause pairs to a set of emotion clauses and
a set of cause clauses, and then compute metrics
for the two sets. Precision, recall and F-score are
defined similar to those in Eq. 14: replacing “pairs”
with “emotion clauses” or “cause clauses”.

Comparative Approaches
Xia and Ding (2019) proposed three two-step sys-
tems. The first step extracts emotion clauses and
cause clauses separately, and the second step is
a binary classifier that filters out negative pairs.
Specifically, the difference of their three systems
exists at the first step.

• INDEP encodes clauses with bidirectional
LSTM, then uses two independently bidirec-
tional LSTMs to extract emotion and cause
clauses respectively.

• INTER-CE is different from INDEP in that
it first extracts cause clauses, and then the pre-
dicted distribution is utilized as extra feature
to extract emotion clauses.

• INTER-EC is similar to INTER-CE except
that it first extracts emotion clauses.

Implementation Details3

For fair comparison, we adopt the same word em-
beddings as used in INTER-EC. We use LSTM as
the RNN cell, and the dimension of clause repre-
sentations is 200. We stack two graph attention
layers to build the graph attention network, and
we add dropout with rate 0.1 for each layer. The
maximum relative position M is set to 12, and the
dimension of relative position embedding is set to
50, with σK = 1 in the RBF kernel function.

3Our implementation based on PyTorch is avail-
able at: https://github.com/Determined22/
Rank-Emotion-Cause.

https://github.com/Determined22/Rank-Emotion-Cause
https://github.com/Determined22/Rank-Emotion-Cause
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Approach Emotion-Cause Pair Extraction Emotion Clause Extraction Cause Clause Extraction

F1 P R F1 P R F1 P R

INDEP 0.5818 0.6832 0.5082 0.8210 0.8375 0.8071 0.6205 0.6902 0.5673
INTER-CE 0.5901 0.6902 0.5135 0.8300 0.8494 0.8122 0.6151 0.6809 0.5634
INTER-EC 0.6128 0.6721 0.5705 0.8230 0.8364 0.8107 0.6507 0.7041 0.6083

RANKCP (top-1) 0.6562 0.6910 0.6254 0.8428 0.8735 0.8146 0.6790 0.7130 0.6468
RANKCP 0.6610 0.6698 0.6546 0.8548 0.8703 0.8406 0.6824 0.6927 0.6743

Table 2: Experimental results on emotion-cause pair extraction. Moreover, results on emotion clause extraction
and cause clause extraction are also reported. “RANKCP (top-1) ” denotes the model that does not use the lexicon-
based extraction at test time, and directly chooses the clause pair having the highest ranking score as the unique
emotion-cause pair for a document.

We train RANKCP using Adam optimizer with
0.001 learning rate and 4 mini-batch size, and `2
regularization coefficient is set to 1e-5. We choose
pointwise ranking loss because training with it
is faster than that with pairwise loss. We use
ANTUSD (Wang and Ku, 2016) as the sentiment
lexicon,4 and the hyperparameter N is set to 3.

4.2 Experimental Results

Results on Emotion-Cause Pair Extraction
Table 2 reports the comparative results on emotion-
cause pair extraction and two sub-tasks, i.e., emo-
tion clause extraction and cause clause extraction.5

Our one-step approach RANKCP shows clear ad-
vantage over other baseline systems on all three
tasks, which obtains 4.82%, 3.18% and 3.17% F1

improvements over the best-performing baseline
system INTER-EC on three tasks respectively.

More specifically, we can observe that the above
advantage mainly originates from the significant
improvement of recall R. Comparing to INTER-
EC, RANKCP achieves 8.43% and 6.60% improve-
ments on emotion-cause pair extraction and cause
clause extraction respectively, which indicates that
our one-step solution can effectively extract more
correct emotion-cause pairs without hurting the
precision P .

Comparison between the last two lines’ results in
Table 2 demonstrates the effectiveness of lexicon-
based extraction. We can see that adding the
lexicon-based extraction scheme can improve the
recall R, indicating that it indeed obtains more cor-
rect emotion-cause pairs. Although the precision
P slightly decreases, the F-score F1 still performs
better than only extracting the top-1 pair in a docu-
ment. Thus, lexicon-based extraction is an effective

4https://academiasinicanlplab.github.
io

5Appendix A.2 reports the results with BERT encoder.

# Pairs Approach F1 P R

One per doc. INTER-EC 0.6288 0.6734 0.5939
RANKCP 0.6780 0.6625 0.6966

Two or more INTER-EC 0.4206 0.5912 0.3302
per doc. RANKCP 0.5531 0.7508 0.4390

Table 3: Comparative results for documents with only
one and more than one emotion-cause pair.

way to improve the pair extraction performance of
our one-step approach.

Comparison on Extracting Multiple Pairs
We further compare the results on extracting multi-
ple pairs in one document. We divide each fold’s
test set into two subsets: one subset contains doc-
uments having only one emotion-cause pair, and
the other subset contains documents having two or
more emotion-cause pairs.

Table 3 reports the comparative results on two
subsets respectively. It can be seen that our model
consistently outperforms INTER-EC on both sub-
sets. Our one-step approach is relatively more ef-
fective for documents with more than one emotion-
cause pair (over 13% F1 improvement).

Results on Emotion Cause Extraction
We also provide the comparative results with
recently-proposed methods for emotion cause ex-
traction task: a rule-based method RB (Lee
et al., 2010a), a traditional machine learning based
method MULTI-KERNEL (Gui et al., 2016), and
three neural methods CONVMS-MEMNET (Gui
et al., 2017), CANN (Li et al., 2018), and
RTHN (Xia et al., 2019). Note that all of them
utilize known emotion clauses as model input. The
top half of Table 4 reports their performance.

The bottom half of Table 4 shows the compara-
tive results of methods without using known emo-
tion clauses as model input. It clearly demonstrates

https://academiasinicanlplab.github.io
https://academiasinicanlplab.github.io
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Emotion Cause Extraction F1 P R

RB 0.5243 0.6747 0.4287
MULTI-KERNEL 0.6752 0.6588 0.6927

CONVMS-MEMNET 0.6955 0.7076 0.6838
CANN 0.7266 0.7721 0.6891
RTHN 0.7677 0.7697 0.7662

Cause Clause Extraction F1 P R

CANN – E 0.3797 0.4826 0.3160
RTHN-APE 0.5694 0.5800 0.5618
INTER-EC 0.6507 0.7041 0.6083
RANKCP 0.6824 0.6927 0.6743

Table 4: Results on emotion cause extraction task.
CANN – E and RTHN-APE denote the variant mod-
els of CANN and RTHN respectively, which do not
utilize known emotion clauses as model input.

Loss Function F1 P R

Lpair 0.6241 0.6412 0.6090
Lpair + (Lemo + Lcau) 0.6610 0.6698 0.6546

Table 5: Comparison of different supervised signals for
RANKCP.

that our proposed RANKCP performs much better
than other methods. Besides, although RANKCP
does not utilize known emotions of test docu-
ments as model input, it still outperforms RB and
MULTI-KERNEL, and is comparable to CONVMS-
MEMNET. Thus, our approach benefits from inter-
clause modeling and shows its effectiveness on
cause clause extraction.

4.3 Further Discussions

We conduct ablation studies to analyze the effects
of different components in our approach.

Effect of Two-level Supervision

Our model is trained with a mixture of two super-
vised signals: a low-level signal Lemo + Lcau on
clause representation learning at the output of graph
attention network (see Eq. 5), and a high-level sig-
nal Lpair on clause pair representation learning and
ranking (see Eq. 10). To verify the effect of low-
level supervision, we train our model with Lpair
only, and the results compared with those of our
full model are given in Table 5. It shows that train-
ing with two-level supervision boosts the extraction
performance. This indicates that incorporating a
low-level supervision helps learn better clause rep-
resentations, and eventually facilitates the clause
pair representation learning and ranking process.
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Figure 3: Results of RANKCP with various graph at-
tention layers.

F-score Precision Recall

0.60

0.65

0.70

M
et

ric
s

RankCP w/o Rank RankCP (top-1) RankCP

Figure 4: Comparative results of our variant model
that removes the clause pair representation learning and
ranking component (denoted as “RANKCP w/o Rank”)
and our full model RANKCP.

Effect of Graph Attention Layers
Graph attention network for modeling inter-clause
latent relationships is the key component of our
approach. We vary the number of graph attention
layers (ranging from 0 to 3) to test its effect, and
the results on emotion-cause pair extraction and
cause clause extraction are shown in Fig. 3.

Obviously, the model without graph attention
layer can not obtain good performance. Our ap-
proach achieves the best performance with two-
layer graph attention network, indicating that inter-
clause relationships can be modeled sufficiently
without stacking a lot of layers in this task.

Effect of Clause Pair Representation Learning
We further investigate if we can obtain ideal perfor-
mance by directly using clause representations to
predict emotion clauses and cause clauses. In other
words, we remove the clause pair representation
learning and ranking component, and utilize the
graph attention network’s predictions (i.e., Eq. 5)
to produce emotion-cause pairs. After predicting
emotion clauses and cause clauses in a document,
we consider all combinations of the predicted emo-
tions and causes as the extracted emotion-cause
pairs, and the comparative results of this variant
model and our full model are shown in Fig. 4.

RANKCP performs much better than the vari-
ant one (especially on Recall), demonstrating that
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Relative Position Scheme F1 P R

No (top-1 ext.) 0.6267 0.6600 0.5973
No (lexicon-based ext.) 0.6260 0.6378 0.6160
Vanilla (top-1 ext.) 0.6468 0.6810 0.6164
Vanilla (lexicon-based ext.) 0.6582 0.6669 0.6510
Kernel (top-1 ext.) 0.6562 0.6910 0.6254
Kernel (lexicon-based ext.) 0.6610 0.6698 0.6546

Table 6: Comparison on relative position embedding
schemes. “ext.” is the abbreviation for “extraction”.

only offering clause-level predictions is not suit-
able for emotion-cause pair extraction task. Thus,
combining clause-level and clause pair representa-
tion learning in a unified one-step model is indeed
effective for extracting emotion-cause pairs.

Effect of Relative Position Embedding
We remove the relative position embedding part
in RANKCP to verify its effect. We also compare
vanilla and kernel-based relative position embed-
ding schemes. The results are given in Table 6.

Removing relative position embedding results
in performance degradation, indicating that rela-
tive position between a clause pair is indeed useful
for prediction. Another observation from the first
two lines is that lexicon-based extraction can not
outperform top-1 extraction, which further verifies
that the model without relative position embedding
can not offer ideal ranking list. Kernel-based em-
bedding achieves better performance than vanilla
one on both top-1 and lexicon-based extractions,
thus considering the mutual impact among rela-
tive positions helps obtain more powerful clause
pair representations and further improves the per-
formance of emotion-cause pair extraction.

4.4 Case Analysis

We illustrate a document that our approach
RANKCP correctly extracts its emotion-cause pair
(c5, c4) while INTER-EC fails:

4月11日 (c1)，长沙网友洛丽塔在网上发帖
吐槽 (c2)，她有一个极品男友 (c3)，如果要去
的餐馆没有团购就要求换地方 (c4)，这让她感
觉很不爽 (c5)，也很没面子 (c6)。

Translation: On April 11th (c1), a netizen posted
her complains on the Internet (c2), she has a wacko
boyfriend (c3), he never goes to a restaurant with-
out discounts (c4), this makes her feel bad (c5), and
very embarrassed (c6).

We visualize the attention weights for two
clauses c4 and c5 in Fig. 5. The emotion clause c5
attends the corresponding cause c4 with the highest

c3
<latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit><latexit sha1_base64="z+eTTvCMDCz8piPM6gBxcLrfdTs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPqX/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVc+teve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP+6rjY0=</latexit>

c4
<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

c6
<latexit sha1_base64="mvSOnvlAfRmbt3bzfjq6KuTRErs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/M3jZA=</latexit><latexit sha1_base64="mvSOnvlAfRmbt3bzfjq6KuTRErs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/M3jZA=</latexit><latexit sha1_base64="mvSOnvlAfRmbt3bzfjq6KuTRErs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/M3jZA=</latexit><latexit sha1_base64="mvSOnvlAfRmbt3bzfjq6KuTRErs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/M3jZA=</latexit>

c1
<latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit><latexit sha1_base64="yRjoBq99koyFx8YvuYkRx/CJ8Y4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfX9vlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AeujjYs=</latexit>

c2
<latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit><latexit sha1_base64="tH/lnfdmPbXeWx2i9xfZDS+3iMU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qudWvfurSuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH+0njYw=</latexit>

c4
<latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit><latexit sha1_base64="ypzjBHHz1k2rmAf3Jp3DJGBI4uE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ1qg3LFrboLkHXi5aQCOZqD8ld/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s8WpM3JhlSEJY2VLGrJQf09kNNJ6GgW2M6JmrFe9ufif10tNeO1nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68TtpXVc+teve1SuMmj6MIZ3AOl+BBHRpwB01oAYMRPMMrvDnCeXHenY9la8HJZ07hD5zPH/AvjY4=</latexit>

c5
<latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit><latexit sha1_base64="LxO/yXw7L0hYzFEtg5wEptC0xMA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPq1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP/GzjY8=</latexit>

Figure 5: Attention weights for two clauses c4 and c5.

weight, indicating that graph attention effectively
captures the relationship between the two clauses.

5 Related Work

Emotion Cause Extraction Lee et al. (2010a,b)
first studied emotion cause extraction and designed
a linguistic rule-based system to detect cause
events. Early work attempted rule-based (Chen
et al., 2010; Neviarouskaya and Aono, 2013;
Gao et al., 2015), commonsense-based (Russo
et al., 2011), and traditional machine learning
based (Ghazi et al., 2015) approaches to extract
causes for certain emotion expressions.

Gui et al. (2016) proposed an event-driven multi-
kernel SVM method and released a benchmark cor-
pus. Both feature based (Xu et al., 2019) and neural
approaches (Gui et al., 2017; Li et al., 2018; Ding
et al., 2019; Yu et al., 2019) have been proposed
recently. Xia et al. (2019) adopted Transformer
encoder augmented with position information and
integrated global prediction embedding to improve
performance. Fan et al. (2019) incorporated senti-
ment and position regularizers to restrain parameter
learning. Hu et al. (2019) exploited external senti-
ment classification corpus to pretrain the model.

In other research lines, some work (Cheng et al.,
2017) extracted emotion causes in the context of
microblog with multi-user structure. Besides, Kim
and Klinger (2018) and Bostan et al. (2020) ad-
dressed emotions as structured phenomena, and
studied the semantic roles of emotions including
trigger phrases, experiencers, targets and causes, as
well as the reader’s perception.

Emotion-Cause Pair Extraction All previ-
ous studies on emotion cause analysis need to take
known emotion clauses as model input. The pio-
neer work (Xia and Ding, 2019) first put forward
emotion-cause pair extraction task. They proposed
a two-step approach to extract emotion and cause
clauses separately, and then train a classifier to fil-
ter out negative pairs. Unlike their work, our work
is a one-step solution for end-to-end emotion-cause
pair extraction via effective inter-clause modeling,
achieving significantly better performance.
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6 Conclusion and Future Work

In this paper, we propose the first one-step neu-
ral approach RANKCP to tackle the problem of
emotion-cause pair extraction, which emphasizes
inter-clause modeling from a ranking perspective.
Our approach effectively models inter-clause rela-
tionships to learn clause representations, and inte-
grates relative position enhanced clause pair rank-
ing into a unified neural network to extract emotion-
cause pairs in an end-to-end fashion. Experimental
results on the benchmark dataset demonstrate that
RANKCP significantly outperforms previous sys-
tems, and further analysis verifies the effectiveness
of each component in our model.

In future work, we shall explore the following
directions. First, current studies on emotion cause
analysis mainly focus on clause-level extraction
which is relatively coarse-grained, and it is desir-
able to further design fine-grained methods that
can extract span-level or phrase-level emotion ex-
pressions and causes. Second, designing effective
methods to inject appropriate linguistic knowledge
into neural models is valuable to emotion analysis
tasks (Ke et al., 2019; Zhong et al., 2019). Finally,
it would be interesting to study the semantic roles
of emotion (Bostan et al., 2020), which considers
the full structure of an emotion expression and is
more challenging.

Acknowledgments

This work was supported in part by the Ministry
of Science and Technology of China under Grants
#2016QY02D0305 and #2018ZX10201001, and
NSFC under Grants #71621002, #61671450 and
#11832001. We thank the anonymous reviewers
for their valuable comments.

References
Laura Bostan, Evgeny Kim, and Roman Klinger. 2020.

GoodNewsEveryone: A corpus of news headlines
annotated with emotions, semantic roles, and reader
perception. In LREC.

Ying Chen, Sophia Yat Mei Lee, Shoushan Li, and Chu-
Ren Huang. 2010. Emotion cause detection with lin-
guistic constructions. In COLING.

Xiyao Cheng, Ying Chen, Bixiao Cheng, Shoushan
Li, and Guodong Zhou. 2017. An emotion cause
corpus for Chinese microblogs with multiple-user
structures. ACM Transactions on Asian and Low-
Resource Language Information Processing (TAL-
LIP), 17(1).

Robert De Beaugrande and Wolfgang U Dressler. 1981.
Introduction to text linguistics. Routledge.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and
Kristina Toutanova. 2019. BERT: Pre-training of
deep bidirectional transformers for language under-
standing. In NAACL-HLT.

Zixiang Ding, Huihui He, Mengran Zhang, and Rui
Xia. 2019. From independent prediction to re-
ordered prediction: Integrating relative position and
global label information to emotion cause identifica-
tion. In AAAI.

Chuang Fan, Hongyu Yan, Jiachen Du, Lin Gui, Li-
dong Bing, Min Yang, Ruifeng Xu, and Ruibin
Mao. 2019. A knowledge regularized hierarchical
approach for emotion cause analysis. In EMNLP-
IJCNLP.

Kai Gao, Hua Xu, and Jiushuo Wang. 2015. Emotion
cause detection for Chinese micro-blogs based on
ECOCC model. In PAKDD.

Diman Ghazi, Diana Inkpen, and Stan Szpakowicz.
2015. Detecting emotion stimuli in emotion-bearing
sentences. In CICLing.

Lin Gui, Jiannan Hu, Yulan He, Ruifeng Xu, Qin Lu,
and Jiachen Du. 2017. A question answering ap-
proach for emotion cause extraction. In EMNLP.

Lin Gui, Dongyin Wu, Ruifeng Xu, Qin Lu, and
Yu Zhou. 2016. Event-driven emotion cause extrac-
tion with corpus construction. In EMNLP.

Jiaxing Hu, Shumin Shi, and Heyan Huang. 2019.
Combining external sentiment knowledge for emo-
tion cause detection. In NLPCC.

Pei Ke, Haozhe Ji, Siyang Liu, Xiaoyan Zhu, and Min-
lie Huang. 2019. SentiLR: Linguistic knowledge en-
hanced language representation for sentiment analy-
sis. arXiv preprint arXiv:1911.02493.

Evgeny Kim and Roman Klinger. 2018. Who feels
what and why? Annotation of a literature corpus
with semantic roles of emotions. In COLING.

Terry Koo, Amir Globerson, Xavier Carreras, and
Michael Collins. 2007. Structured prediction mod-
els via the matrix-tree theorem. In EMNLP-CoNLL.

Sophia Yat Mei Lee, Ying Chen, and Chu-Ren Huang.
2010a. A text-driven rule-based system for emotion
cause detection. In the NAACL HLT 2010 Workshop
on Computational Approaches to Analysis and Gen-
eration of Emotion in Text.

Sophia Yat Mei Lee, Ying Chen, Shoushan Li, and Chu-
Ren Huang. 2010b. Emotion cause events: Corpus
construction and analysis. In LREC.

Xiangju Li, Kaisong Song, Shi Feng, Daling Wang, and
Yifei Zhang. 2018. A co-attention neural network
model for emotion cause analysis with emotional
context awareness. In EMNLP.

https://arxiv.org/abs/1912.03184
https://arxiv.org/abs/1912.03184
https://arxiv.org/abs/1912.03184
https://www.aclweb.org/anthology/C10-1021
https://www.aclweb.org/anthology/C10-1021
https://dl.acm.org/doi/abs/10.1145/3132684
https://dl.acm.org/doi/abs/10.1145/3132684
https://dl.acm.org/doi/abs/10.1145/3132684
https://www.aclweb.org/anthology/N19-1423/
https://www.aclweb.org/anthology/N19-1423/
https://www.aclweb.org/anthology/N19-1423/
https://www.aaai.org/ojs/index.php/AAAI/article/view/4596
https://www.aaai.org/ojs/index.php/AAAI/article/view/4596
https://www.aaai.org/ojs/index.php/AAAI/article/view/4596
https://www.aaai.org/ojs/index.php/AAAI/article/view/4596
https://www.aclweb.org/anthology/D19-1563/
https://www.aclweb.org/anthology/D19-1563/
https://link.springer.com/chapter/10.1007/978-3-319-18032-8_1
https://link.springer.com/chapter/10.1007/978-3-319-18032-8_1
https://link.springer.com/chapter/10.1007/978-3-319-18032-8_1
https://link.springer.com/chapter/10.1007/978-3-319-18117-2_12
https://link.springer.com/chapter/10.1007/978-3-319-18117-2_12
https://www.aclweb.org/anthology/D17-1167
https://www.aclweb.org/anthology/D17-1167
https://www.aclweb.org/anthology/D16-1170
https://www.aclweb.org/anthology/D16-1170
https://link.springer.com/chapter/10.1007/978-3-030-32233-5_55
https://link.springer.com/chapter/10.1007/978-3-030-32233-5_55
https://arxiv.org/abs/1911.02493
https://arxiv.org/abs/1911.02493
https://arxiv.org/abs/1911.02493
https://www.aclweb.org/anthology/C18-1114
https://www.aclweb.org/anthology/C18-1114
https://www.aclweb.org/anthology/C18-1114
https://www.aclweb.org/anthology/D07-1015
https://www.aclweb.org/anthology/D07-1015
https://www.aclweb.org/anthology/W10-0206
https://www.aclweb.org/anthology/W10-0206
http://www.lrec-conf.org/proceedings/lrec2010/pdf/322_Paper.pdf
http://www.lrec-conf.org/proceedings/lrec2010/pdf/322_Paper.pdf
https://www.aclweb.org/anthology/D18-1506
https://www.aclweb.org/anthology/D18-1506
https://www.aclweb.org/anthology/D18-1506


3180

Yang Liu and Mirella Lapata. 2018. Learning struc-
tured text representations. Transactions of the Asso-
ciation for Computational Linguistics (TACL), 6.

Yang Liu and Mirella Lapata. 2019. Text summariza-
tion with pretrained encoders. In EMNLP-IJCNLP.

Ilya Loshchilov and Frank Hutter. 2019. Decoupled
weight decay regularization. In ICLR.

William C Mann and Sandra A Thompson. 1988.
Rhetorical structure theory: Toward a functional the-
ory of text organization. Text-interdisciplinary Jour-
nal for the Study of Discourse, 8(3).

Daniel Marcu. 2000. The theory and practice of dis-
course parsing and summarization. MIT press.

Alena Neviarouskaya and Masaki Aono. 2013. Extract-
ing causes of emotions from text. In IJCNLP.

Jiezhong Qiu, Jian Tang, Hao Ma, Yuxiao Dong,
Kuansan Wang, and Jie Tang. 2018. DeepInf: Social
influence prediction with deep learning. In KDD.

Irene Russo, Tommaso Caselli, Francesco Rubino, Es-
ter Boldrini, and Patricio Martı́nez-Barco. 2011.
EMOCause: An easy-adaptable approach to extract
emotion cause contexts. In WASSA@ACL-HLT.

Rupesh K Srivastava, Klaus Greff, and Jürgen Schmid-
huber. 2015. Training very deep networks. In NIPS.

W.T. Tutte. 1984. Graph theory. Encyclopedia of
mathematics and its applications. Addison-Wesley
Pub. Co., Advanced Book Program.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob
Uszkoreit, Llion Jones, Aidan N Gomez, Łukasz
Kaiser, and Illia Polosukhin. 2017. Attention is all
you need. In NIPS.
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A Experimental Results with BERT

We employ pretrained BERT (Devlin et al., 2019)
to replace the original encoder (Hierarchical RNN)
in RANKCP, and report the experimental results.

A.1 RANKCP with BERT Encoder

Given a document D = (c1, c2, . . . , c|D|)
where the i-th clause ci = (wi

1, w
i
2, . . . , w

i
|ci|),

to feed D into pretrained BERT, for each
clause we insert a [CLS] token before it
and append a [SEP] token to it, obtaining
ci = ([CLS], wi

1, w
i
2, . . . , w

i
|ci|,[SEP]). Follow-

ing (Liu and Lapata, 2019), we use “interval” seg-
ment embeddings (EA, EB, EA, . . .) to distinguish
clauses in a document, i.e., EA for clauses at odd
positions and EB for those at even positions. For
each token in the document, its input representation
is the sum of the corresponding token, segment, and
position embeddings. The clause representation of
clause ci is the corresponding [CLS] token’s out-
put representation.

We implement our model based on PyTorch
and Transformers,6 and the BERT encoder
is initialized using BERT-Base, Chinese.7

The model is optimized by Eq. 13 for 20
epochs with early stopping, using AdamW op-
timizer (Loshchilov and Hutter, 2019) and 1e-5
learning rate. We schedule the learning rate that
the first 10% of all training steps is a linear warm-
up phrase and then a linear decay phrase is used.

A.2 Results

Table 7 shows the results on emotion-cause pair ex-
traction and two sub-tasks. With the pretrained
BERT encoder, the results of RANKCP signifi-
cantly perform better than those with hierarchical
RNN, especially on Recall, which indicates the
effectiveness of contextualized embeddings as ex-
ternal knowledge, and thus pretrained BERT is a
suitable backbone network for emotion-cause pair
extraction task.

Table 8 shows the comparative results on extract-
ing one and more than one pair, and we can observe
that pretrained BERT encoder further improves the
performance of RANKCP for extracting multiple
pairs in one document.

6https://github.com/huggingface/
transformers

7https://github.com/google-research/
bert
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Approach Emotion-Cause Pair Extraction Emotion Clause Extraction Cause Clause Extraction

F1 P R F1 P R F1 P R

RANKCP 0.6610 0.6698 0.6546 0.8548 0.8703 0.8406 0.6824 0.6927 0.6743
RANKCP w/ BERT 0.7360 0.7119 0.7630 0.9057 0.9123 0.8999 0.7615 0.7461 0.7788

Table 7: Experimental results with pretrained BERT encoder.

# Pairs Approach F1 P R

One per doc. RANKCP 0.6790 0.6625 0.6966
w/ BERT 0.7633 0.7203 0.8123

Two or more RANKCP 0.5531 0.7508 0.4390
per doc. w/ BERT 0.5802 0.6772 0.5146

Table 8: Comparative results for documents with only
one and more than one emotion-cause pair.

B More Discussions on Modeling
Inter-Clause Relationships

B.1 Multi-Root Discourse Tree Induction

In previous experiments, we let RANKCP induce
a discourse dependency tree (each discourse unit
is a clause) while extracting emotion-cause pairs
in a document. We expect that a document can be
structurally represented as a multi-root dependency
tree, where each root node is an emotion clause,
and its child nodes plus the root itself are potential
causes. To this end, we extended the original graph
attention to a structured graph attention mecha-
nism, inspired by (Koo et al., 2007; Liu and Lapata,
2018). See the next sub-section for details.

However, the structured graph attention does not
lead to improvement for RANKCP. The main rea-
son might be that dependencies in a discourse tree
cannot handle a common situation well, i.e., an
emotion clause and its corresponding cause clause
is the same one. We leave the exploration of effec-
tive tree induction methods with the help of clause
pair representation learning for future work.

B.2 Structured Graph Attention

At the t-th layer, let {h(t−1)
1 ,h

(t−1)
2 , . . . ,h

(t−1)
|D| }

denote the input clause representations. The struc-
tured graph attention mechanism operates on each
clause ci via the following aggregation scheme:

p
(t)
i = α

(t)
i eroot +

∑
j∈N (i)

α
(t)
ji h

(t−1)
j ,

c
(t)
i =

∑
j∈N (i)

α
(t)
ij h

(t−1)
j ,

h
(t)
i = ReLU

(
W (t)

g

[
p
(t)
i ; c

(t)
i ;h

(t−1)
i

]
+ b(t)g

)
,

(15)

where p
(t)
i and c

(t)
i are the context information ag-

gregated from parent clauses and child clauses re-
spectively. α(t)

ij reflects the marginal probability
of a dependency between two clauses ci and cj .
α
(t)
i denotes the probability of ci being a root, and

eroot is a special root embedding. Specifically, two
MLPs compute unnormalized values e(t)ij and e(t)i :

e
(t)
ij = w

(t)
d

>
tanh

([
W (t)h

(t−1)
i ;W (t)h

(t−1)
j

])
,

e
(t)
i = w(t)

r

>
tanh

(
W (t)h

(t−1)
i

)
,

(16)

Then, the normalized weights α(t)
ij and α(t)

i can be
regarded as constrained attention weights to induce
a non-projective discourse dependency tree based
on Kirchhoff’s Matrix-Tree Theorem (Tutte, 1984;
Koo et al., 2007), where A(t) and L(t) denote ad-
jacency matrix and Laplacian matrix respectively:

[A(t)]ij =

{
0, if i = j ,

exp(LeakyReLU(e
(t)
ij )) , otherwise .

r
(t)
i = exp(e

(t)
i ) ,

(17)

[L(t)]ij =

{ ∑|D|
k=1[A

(t)]kj if i = j ,

−[A(t)]ij , otherwise .
(18)

L̂(t) = L(t) + diag(r
(t)
1 , . . . , r

(t)

|D|) (19)

The normalized weights are:

α
(t)
ij = (1− δ1,j)[A(t)]ij [L̂

(t)−1

]jj

− (1− δi,1)[A(t)]ij [L̂
(t)−1

]ji ,

α
(t)
i = r

(t)
i [L̂

(t)−1

]i1 ,

(20)

where δ is Kronecker delta and ·−1 denotes matrix
inversion. Eq. 19 is suitable for multi-root setting.
In the case of single-root setting, it is replaced by:

[L̂(t)]ij =

{
r
(t)
j if i = 1 ,

[L(t)]ij , otherwise .
(21)

During training, a cross-entropy loss is used to each
layer’s root probability α(t)

i , similar to ŷemo
i .


