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Abstract

New Intent Discovery (NID) aims to recognize known and infer new intent categories with the help of limited labeled
and large-scale unlabeled data. The task is addressed as a feature-clustering problem and recent studies augment
instance representation. However, existing methods fail to capture cluster-friendly representations, since they show
less capability to effectively control and coordinate within-cluster and between-cluster distances. Tailored to the NID
problem, we propose a Robust and Adaptive Prototypical learning (RAP) framework for globally distinct decision
boundaries for both known and new intent categories. Specifically, a robust prototypical attracting learning (RPAL)
method is designed to compel instances to gravitate toward their corresponding prototype, achieving greater within-
cluster compactness. To attain larger between-cluster separation, another adaptive prototypical dispersing learning
(APDL) method is devised to maximize the between-cluster distance from the prototype-to-prototype perspective.
Experimental results evaluated on three challenging benchmarks (CLINC, BANKING, and StackOverflow) of our
method with better cluster-friendly representation demonstrate that RAP brings in substantial improvements over
the current state-of-the-art methods (even large language model) by a large margin (average +5.5% improvement).
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1. Introduction

Due to the success of conventional intent detec-
tion in dialogue systems (Wu et al., 2019; Liu
and Mazumder, 2021; Zhang et al., 2023a, 2022),
the vast majority of learning algorithms under the
closed-world scenario with static data distribution
only consider pre-defined intents. To handle the
new intents outside the existing known intent cat-
egories, it is necessary to equip dialogue systems
with new intent discovery (NID) abilities (Raedt
etal., 2023; Mou et al., 2022; Siddique et al., 2021;
Fini et al., 2021; Chrabrowa et al., 2023).

Early works (Hakkani-Tr et al., 2013, 2015; Shi
et al., 2018; Padmasundari and Bangalore, 2018)
mainly adopt unsupervised clustering with unla-
beled data. They always ignore prior knowledge
of the available labeled data and fail to generate
highly accurate and granular intent groups, leading
to inapplicability in the open-world scenario. Re-
cent studies are adept to semi-supervised settings
to efficiently utilize the limited labeled data, such
as pairwise similarities (Lin et al., 2020), iterative
pseudo-labeling (Zhang et al., 2021a), probabilis-
tic architecture (Zhou et al., 2023b) and prototyp-
ical network (An et al., 2023). Due to the trans-
ferability of injecting structural knowledge from
known categories into the intent representation,
the semi-supervised methods can be extended to
real-world scenarios with better NID performance.

*Corresponding author.

— Long T
Instance-to-Prototype .~ N

e e \
/ N / 3 \
/ @& @ SN /e *' ‘® \
[ @ L . S IO
0 I Y dee  OKGY
\ @« Iy O NN / B
\\\‘ * ® / . Short *4.‘ /
N 2 * / . Prototype-to-Prototype /
\\ ! ° P / ~ Distance ///
~_® & ~_
(a) Lacking Within-cluster Compactness (b) Lacking Between-cluster Separation
Figure 1: Embedding distribution of intent in-

stances and the prototype of each class in a
shared sphere semantic space. The circle and star
shape denote the instance and the prototype, re-
spectively. The discriminative representations fail
to be extracted due to insufficient (a) within-cluster
compactness and (b) between-cluster separation.

However, existing semi-supervised methods still
face two challenges: (C1): Lacking sufficient
within-cluster compactness within the learned in-
tent representations. (C2): Requiring the explicit
modeling of between-cluster dispersion in the rep-
resentation space. In Figure 1(a), different intent
categories overlap with each other with varying
distributions, where the large class-specific vari-
ances result in distant instance embeddings from
the cluster centers. In Figure 1(b), embeddings
in different categories tend to gather in the same
region, due to the narrow distance among cluster
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centers. Previous baselines encounter difficulty
in capturing clear and accurate cluster boundaries
for known and novel categories. Therefore, Jointly
constraining both within- and between-cluster dis-
tance to yield cluster-friendly discriminative repre-
sentations still requires further exploration.

In this work, we propose a Robust and Adaptive
Prototypical learning (RAP) framework for the joint
identification of known intents and discovery of
the novel intents. To mitigate the issue of insuf-
ficient within-cluster compactness, we introduce
a robust prototypical attracting learning (RPAL)
method to reduce the overlarge variances from
an instance-to-prototype perspective. Specifically,
we first compute class prototypes as normalized
mean embeddings and enforce each instance em-
bedding to be closer to its corresponding class pro-
totypes. To avoid the negative impact of pseudo-
label noise, a novel interpolation training strategy
is used to construct virtual training samples for the
maintenance of the same linear relationship with
its prototypes. To address the concern of insuffi-
cient between-cluster separation, we propose an
adaptive prototypical dispersing learning (APDL)
to explicitly enlarge the between-cluster distance
from a prototype-to-prototype perspective. By min-
imizing the total prototype-to-prototype similarities,
APDL adaptively maximizes the distance between
prototypes to form well-separated clusters. A
weighted training objective is used to adaptively
impose large penalties on nearer prototypes to
push them further apart, helping achieve better
dispersion among prototypes. Finally, RPAL and
APDL are jointly optimized with multitask learning
to guide the model to learn cluster-friendly intent
representations for both known and novel intents.

Experimental results on multiple NID bench-
marks demonstrate our method brings substantial
improvements over previous state-of-the-art meth-
ods by a large margin of +5.5% points. Our key
contributions are summarized as follows:

* A new prototype-guided learning framework
is designed to learn cluster-friendly discrim-
inative representations with stronger within-
cluster compactness and larger between-
cluster separation.

» We propose a robust prototypical attracting
learning method and an adaptive prototypi-
cal dispersion learning method, which solve
the problems of insufficient within-cluster com-
pactness and between-cluster separation.

» Extensive experiments on three benchmark
datasets show that our model establishes
state-of-the-art performance on the semi-
supervised NID task (average +5.5% improve-
ment), which demonstrates competitive NID
performance.

2. Related Work

2.1. New Intent Discovery

Existing NID methods can be divided into two cat-
egories: unsupervised and semi-supervised. For
the former, pioneering works (Hakkani-Tur et al.,
2013, 2015) primarily rely on statistical features
of the unlabeled data to cluster similar queries
for discovering new user intents. Subsequently,
some studies (Xie et al., 2016; Yang et al., 2017;
Shi et al., 2018) endeavor to leverage deep neu-
ral networks to learn robust representations con-
ducive to new intent clustering. However, these
methods lack the capacity to leverage prior knowl-
edge for clustering guidance. Addressing this
limitation, some studies (Basu et al., 2004; Hsu
et al., 2018, 2019; Han et al., 2019) begin to ex-
plore the use of semi-supervised clustering meth-
ods to better leverage prior knowledge. For ex-
ample, Lin et al. (2020) combines the pairwise
constraints and target distribution to discover new
intents while Zhang et al. (2021a) introduces an
alignment strategy to improve the clustering con-
sistency. Further, Shen et al. (2021); Kumar et al.
(2022); Vaze et al. (2022); Zhang et al. (2022) de-
signs contrastive learning strategies in both the
pre-training phase and the clustering stage to learn
discriminative representations of intents. Recently,
Zhou et al. (2023b) introduces a principled proba-
bilistic framework and An et al. (2023) proposed
a decoupled prototypical network to enhance the
performance of the NID. However, these methods
fail to effectively capture discriminative representa-
tions with strong within-cluster compactness and
large between-cluster separation. This difficulty
makes it challenging to differentiate between the
characteristics of known and novel intents.

2.2. Prototypical Learning

Prototypical learning (PL) methods (Snell et al.,
2017) have become promising approaches due
to their simplicity and effectiveness and they
have been widely applied in various scenarios,
such as unsupervised domain adaptation (Yue
etal., 2021), out-of-domain detection (Zhang et al.,
2023b,c), machine translation (Yang et al., 2021b,
2019, 2021c, 2020; Chai et al., 2024), and named
entity recognition (Zhou et al., 2023a; Yang et al.,
2022; Mo et al., 2023). Among them, prototypical
contrastive learning (Li et al., 2021) is proposed
to generate compact clusters. It employs clus-
ter centroids as prototypes and trains the network
by drawing instance embeddings closer to its as-
signed prototypes. Here, we explore the utilization
of the interpolation training strategy to enhance
cluster compactness while mitigating the effects of
label noise, thus rendering it more robust.
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3. Approach

In this section, we describe the proposed RAP
framework for new intent discovery in detail. As
shown in Figure 2, the architecture of the RAP
framework contains four main components: (1) In-
tent representation learning, which pre-trains a fea-
ture extractor Ey on both labeled and unlabeled
intent data to optimize better representation learn-
ing (Sec. 3.2); (2) Categorical prototypes genera-
tion, which derives the prototypes of the training
data by a clustering method (Sec. 3.3); (3) Ro-
bust prototypical attracting, which mitigates the ef-
fects of noisy pseudo-labels while minimizes the
instance-to-prototype distance for stronger within-
cluster compactness (Sec. 3.4); (4) Adaptive proto-
typical dispersing, which maximizes the prototype-
to-prototype distance for larger between-cluster
dispersion (Sec. 3.5).

3.1.

New Intent Discovery follows an open-world set-
ting, which aims to recognize all intents with the aid
of limited labeled known intent data and unlabeled
data containing all classes. Let Z;, and Z,, repre-
sent the sets of known and novel intents respec-
tively, where {7, N Z,,} = @ and |Zy| + |Z,| = C,
where C represents the total number of intent cat-
egories. A typical NID task comgrises a set of la-
beled training set D, = {(x;,¥:)},_,, Wherein each
intent y; € 7, and a set of unlabeled intent utter-
ances D, = {(l‘z‘)}?ip where the intent of each ut-
terance z; belongs to {Z;; UZ,,}. The goal of semi-
supervised NID is to use D, as prior knowledge
to help learn clustering-friendly representations to
recognize known and discover new intent groups.
After training, the model performance will be eval-
uated on the testing set D; = {x;|y; € T, UL, }.

Problem Definition

3.2

Considering the excellent generalization capability
of the pre-trained model, we use the pretrained lan-
guage model BERT (Devlin et al., 2019) as our fea-
ture extractor (Ey : X — RH). Firstly, we feed the
it" input sentence x; to BERT, and take all token
embeddings [Ty, ..., Tr] € RETD>H from the last
hidden layer (7, is the embedding of the [CLS]
token). The sentence representation s; € R is
first obtained by applying mean-pooling operation
on the hidden vectors of these tokens:

Intent Representation Learning

s; = mean-pooling([[CLS]1, Ty, ...,TL]) (1)

where [CLs] is the vector for text classification,
L is the sequence length, and H is the hidden
size. Motivated by (Zhang et al., 2021a), we aim
to effectively generalize prior knowledge through
pre-training to unlabeled data, we fine-tuned BERT

on labeled data (D,) using the cross-entropy (CE)
loss. Furthermore, we follow (Zhang et al., 2022)
to use the masked language modeling (MLM) loss
on all available data (D = D;UD,,) to learn domain-
specific semantics. We concurrently pre-train the
model with the aforementioned two types of loss:

Ep're = Lce(Ds) + [:mlm(DS U D’U«) (2)

where D, and D,, are labeled and unlabeled in-
tent corpus, respectively. The masked language
model is trained on the whole corpus D = D,UD,,.
After pretraining, models can acquire diverse gen-
eral knowledge for both known and novel intents,
enabling them to learn meaningful semantic repre-
sentations for subsequent tasks.

3.3. Categorical Prototypes Generation

The prototype of an intent class computed as the
text average embeddings within the class is de-
fined as a representative embedding for a group
of semantically similar instances. We first obtain
the intent embedding Ey (z;) for each z; € D, and
then perform k-Means clustering on the training in-
stances D, to generate C clusters Q = {Q.}<,
where C represents the total number of intent cat-
egories. The prototype matrix P. = {u.}< , are
generated based on their clusters. Concretely, for
each cluster @, the prototype p. is computed by:

e = ! > By (wi) @)
1Qcl 5.

where we presume prior knowledge of C following
previous works (Zhang et al., 2021a) to make a
fair comparison and we tackle the problem of es-
timating this parameter in the experiment (refer to
Sec. 5.4 for a detailed discussion on more accu-
rately estimating C within RAP).

3.4. Robust Prototypical Attracting

The key idea of the robust prototypical attracting
learning (RPAL) method aims to acquire cluster-
friendly discriminative representations with strong
within-cluster compactness. To minimize the dis-
tance between instances and their correspond-
ing prototypes, we employ prototypical contrastive
learning (PCL). PCL brings instance represen-
tations closer to their matched prototypes while
pushing them away from other prototypes as:

exp (z; - p¥i/7)
o1 exp (zi - pk/T)

ﬁp = _EiSNb |Og (4)
where the normalized sentence embeddings z;
matches the prototype wp¥ of its ground truth la-
bel y;, Ny is the size of the training set and 7 is a
scalar temperature.
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Figure 2: Overview of RAP. Our method is jointly optimized by L., L., and L... L, mitigates the ef-
fects of noisy pseudo-labels while minimizes the instance-to-prototype distance, while L, maximizes the
prototype-to-prototype distance. L., is a cross-entropy loss to prevent knowledge forgetting.

Interpolation Training Strategy Since the map-
ping between instances and prototypes derives
from pseudo-labels generated by k-means clus-
tering, the standard PCL objective is susceptible
to noise influence, resulting in suboptimal perfor-
mance (Jiang et al., 2020). The encoder neces-
sitates a regularization technique to avoid overfit-
ting from forcefully memorizing hard training labels.
To further address this issue, we extend the PCL
objective by introducing the interpolation training
strategy (ITS). By constructing virtual training sam-
ples that are linear interpolations of two random
samples, the model is forced to predict less confi-
dently on interpolations and produce smoother de-
cision boundaries. Specifically, we first perform
convex combinations of instance pairs as:

2™ = neg + (1 — n)my (5)

where n € [0,1] ~ Beta(a,a) and ™ denotes
the training sample that combines two samples x,,
and x;, which are randomly chosen from the same
minibatch. We then impose a linear relation in the
contrastive loss, which is defined as a weighted
combination of the two £, with respect to class y,
and y,. It enforces the embedding for the interpo-
lated input to have the same linear relationship with
its corresponding prototypes:

Ly =Ly (2™, y,) + (L —n)Lp (2™, y)  (6)
where 2™* pe the normalized embedding for ™%,

y, and y, are the classes of x, and x;.

3.5. Adaptive Prototypical Dispersing

To ensure that the generated intent representa-
tions with adequate between-cluster separation to
establish distinct cluster boundaries, we draw in-

spiration from instance-wise contrastive learning:

1 2N,
Le= 77Ei7js (Zi, zj) +E; |09 Z ILUWM]BS(Z'“Z’“)
T—,_/ k=1 (7)

Instance Alignment ) )
Instance Uniformity

where the second term is referred to uniformity
since it encourages instance representation to
be uniformly distributed in the hypersphere. But
instance-wise constraints may inevitably lead to
the class collision issue (Saunshi et al., 2019).
Derived from Eq. 7, we devise a novel adaptive
prototypical dispersing learning (APDL) method to
maximize the prototype-to-prototype distance and
improve distribution uniformity by extending the
instance-wise contrastive loss. To facilitate large
angular distances among different class proto-
types, APDL utilizes the distances between proto-
types as adaptive weights. This imposes stronger
penalties on close prototypes and produces well-
separated clusters. The APDL loss is given by:

2?21 L2 D (s Mj)es(“'i’“j>
C-1 (8)

Prototypical Uniformity

l:a = EiSC |Og

where s(-, -) is the cosine similarity to evaluate se-
mantic similarities among prototypes (s(u;, pt;) =
cos(p;, p;)/7). It is worth noting that D(-,-) is
an adaptive constraint term (ACT) that adaptively
maximizes the distance between nearer proto-
types by taking the reciprocal of their distances:

1

= — ©)
lleei =

D(l"’i:“’j)
where u, and p; represent prototypes of any two
intent classes in the intent representation space.
3.6. Dynamic Prototypes Update

It is crucial to continuously update the class proto-
types over the course of training. Although u,, can
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be calculated by averaging the representations of
class k across the entire dataset at the end of an
epoch, it means the prototypes will remain static
during the next full epoch. This is not ideal, as dis-
tributions of intent representations and clusters are
rapidly changing, especially in the earlier epochs.
So we use the exponential moving average (EMA)
algorithm to learn more robust prototypes:

pp =oApy, + (1 —XN)z;) (10)

where the ¢ is the layer normalization, X is a mo-
mentum factor and z; is normalized embeddings.

3.7. Multitask Learning

Our approach learns cluster-friendly intent repre-
sentations with stronger within-cluster compact-
ness and larger between-cluster separation by
jointly performing RPAL and APDL. To mitigate the
risk of catastrophic forgetting of knowledge gained
from labeled data, we integrate cross-entropy loss
into the training process. The multitask learning
objective for NID can be denoted as:

Loy =wlyr + Lo+ Lee (1 1)

where w is a hyperparameter that controls the
weight of loss. For inference, we perform the non-
parametric clustering method k-means to obtain
cluster assignments for testing data.

4. Experiments

4.1. Datasets

To validate the effectiveness and generality of our
method, we conducted experiments on three di-
verse and challenging real-world datasets. De-
tailed statistics are described in Table 1.

* CLINC (Larson et al., 2019) is a dataset spe-
cially designed for OOD detection and intent
discovery, which contains 22.5K samples of
user queries in total and 150 unique labeled
intents from 10 domains.

* BANKING (Casanueva et al., 2020) is a
dataset about banking. The dataset provides
user queries and labeled intents from the
banking domain, with a total of 13K samples
and 77 types of intents.

» StackOverflow (Xu et al., 2015) is a dataset
published in Kaggle.com. It contains 20K
samples across 20 classes of technical ques-
tions collected from the Kaggle website.

Dataset | 1Zkl | 1Zal | IDs| | [Dul | ID¢l

CLINC 113 | 37 | 1344 | 16656 | 2250
BANKING 58 19 673 8330 | 3080
StackOverflow | 15 5 1350 | 16650 | 1000

Table 1: Statistics of datasets. We set the known
class ratio |Zy|/|Zx N Z,| to 75%. The columns rep-
resent the number of known categories, novel cat-
egories, labeled data, unlabeled data, and testing
data, respectively.

4.2. Baselines

We compare our approach with unsupervised and
semi-supervised models:

» Unsupervised: k-means (MacQueen
et al, 1967), Agglomerative Clustering
(AC) (Gowda and Krishna, 1978), SAE-KM
and Deep Embedded Cluster (DEC) (Xie
et al, 2016), Deep Clustering Network
(DCN) (Yang et al., 2017), DAC (Chang et al.,
2017), DeepCluster (Caron et al., 2018).

» Semi-supervised: PCK-means (Basu et al.,
2004), KCL (Hsu et al., 2018), MCL (Hsu et al.,
2019), DTC (Han et al., 2019), CDAC+ (Lin
et al., 2020), GCD (Vaze et al., 2022),
DeepAligned (Zhang et al.,, 2021a), MTP-
CLNN (Zhang et al., 2022), ProbNID (Zhou
et al., 2023b), DPN (An et al., 2023).

4.3. Evaluation Metrics

To evaluate the quality of the discovered intent
clusters, we use three broadly used evaluation
metrics (Zhang et al., 2021a, 2022; Zhou et al.,
2023b): (1) Normalized Mutual Information (NMI)
measures the normalized mutual dependence be-
tween the predicted labels and the ground-truth
labels. (2) Adjusted Rand Index (ARI) measures
how many samples are assigned properly to dif-
ferent clusters. (3) Accuracy (ACC) is measured
by assigning dominant class labels to each cluster
and taking the average precision. Higher values of
these metrics indicate better performance. Specif-
ically, NMI is defined as:

Mi(y?', yP)
L(H(yst) + H(yr))’

NMI(y?*,y?) = (12)

where y9¢ and y? are the ground-truth and pre-
dicted labels, respectively. MI(y9, yP) represents
the mutual information between y9* and y?, and
H(-) is the entropy. MI(y%, yP) is normalized by
the arithmetic mean of H(y¢!) and H(y?), and the
values of NMI are in the range of [0, 1]. ARl is
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\ CLINC BANKING StackOverflow
Methods  "Nmi ARl ACC | NMI ARl ACC | NMI ARl ACC
K-means | 70.89 26.86 4506 | 5457 12.18 2955 | 8.24 146 1355
AC 73.07 27.70 4403 | 57.07 1331 3158 | 1062 212 14.66
SAE-KM | 73.13 2095 4675 | 6379 22.85 38.92 | 32.62 17.07 34.44
Unsupervised ~ DEC 7483 2746 46.89 | 67.78 2721 4129|1088 376 13.09
DCN 7566 3115 4929 | 67.54 2681 41.99 | 31.09 1545 3456
DAG 7840 4049 5594 | 47.35 1424 2741|1471 276 16.30
DeepCluster | 6558 19.11 3570 | 4177 895 2069 | - . i
PCK-Means | 68.70 3540 5461|4822 1624 3266 | 1726 535 24.16
KCL (BERT) | 86.82 5879 68.86 | 7521 4672 60.15 | 8.84 7.81 13.94
MCL (BERT) | 87.72 59.92 69.66 | 7568 47.43 61.14 | 66.81 57.43 72.07
CDAC+ 86.65 5433 69.89 | 7225 4097 5383 | 69.84 5259 73.48
Semi-suporvised DTC (BERT) | 80.54 65.02 74.15 | 7655 4470 5651 | 63.17 5366 7147
GCD® 9113 6744 77.50 | 77.86 46.87 58.95 | 64.74 47.70 67.71
DeepAligned | 93.95 80.33 87.29 | 7991 5434 6659 | 7647 6252 80.26
MTP-CLNN® | 94.88 8477 8825 | 8422 63.10 7398 | 77.03 6950 83.18
ProbNID | 9501 83.00 88.99 | 8402 6292 7403 | 77.32 6570 8050
DPN® 9514 8430 89.22 | 8431 6326 7445|7989 7027 8459
RAP(Ours) | 9593 86.28 91.24 | 8516 65.79 76.27 | 82.36 71.73 86.60

Table 2: Comparison against the unsupervised and semi-supervised baselines on three benchmarks. ©
denotes results obtained from running the provided code and other results are retrieved from Zhou et al.
(2023b). Results are averaged over different random seeds and the bold fonts denote the best scores.

defined as:
A= T ()~ S0 () X (/)
S0 () + 325 ()] =12 (%) 25 (D1 (%)
(13)
where u; = Zj nij, and v; = Y .n; ;. nis the

number of samples, and »; ; is the number of the
samples that have both the i predicted label and
the ;™ ground-truth label. The values of ARl are in
the range of [-1, 1]. ACC is defined as:

Iy =m (g
ACC(y9t,yP) = max { } (14)

where m is a one-to-one mapping between the
ground-truth label y9¢ and predicted label y? of the
i sample. The Hungarian algorithm is used to ob-
tain the best mapping m efficiently. The values of
ACC are in the range of [0, 1].

4.4. Experimental Settings

In experiments, we utilize the pre-trained 12-layer
bert-uncased BERT model’ (Devlin etal., 2019) as
the backbone encoder and only fine-tune the last
transformer layer parameters to expedite the train-
ing process. For model optimization, we adopt the
AdamW (Loshchilov and Hutter, 2019) optimizer
with a learning of 1e-5. The wait patience for early
stopping is set to 20. For masked language mod-
eling, the mask probability is set to 0.15 follow-
ing previous work. For MTP-CLNN, the external

"https://huggingface.co/
bert-base-uncased

dataset is not used as in other baselines, the pa-
rameter of top-k nearest neighbors is set to {100,
50, 500} for CLINC, BANKING, and StackOver-
flow, respectively, as utilized in Zhang et al. (2022).
For all experiments, we split the datasets into train,
valid, and test sets, and randomly select 25% of
categories as unknown and only 10% of training
data as labeled (Zhang et al., 2021a). The num-
ber of intent categories is set as ground truth. we
set the temperature scale as 7 = 0.1 in Eq. (4) and
Eq. (8), the parameter in beta distribution & = 1 in
Eq. (5) (i.e. n is sampled from a uniform distribu-
tion), the momentum factor A = 0.9 in Eq. (10). All
the experiments are conducted on 4 Tesla V100
GPUs and averaged over 10 different seeds.

4.5. Main Results

Table 2 shows the main results on three datasets.
It is observed that RAP achieves the overall
best performances compared to other baselines
across all datasets. The in-depth observations
can be derived from the results: (1) Compared
with unsupervised methods (Unsupervised), semi-
supervised methods (Semi-supervised) achieve
much better results, which demonstrates the ad-
vantage of prior knowledge transfer for subse-
quent tasks. (2) Under the semi-supervised set-
ting (Semi-supervised), our method achieves new
state-of-the-art results across all datasets and met-
rics. The effectiveness of our method can be at-
tributed to its ability to efficiently control and co-
ordinate both within-cluster and between-cluster
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| CLINC BANKING StackOverflow
Methods  "nmi ARI ACC | NMIL ARl ACC | NMI ARl ACC
RAP | 95.93 86.28 91.24 | 85.16 65.79 76.27 | 82.36 71.73 86.60
DW/o L, | 93.77 8142 87.05 | 80.82 59.15 71.33 | 76.06 66.55 80.72
@W/o Lo, | 93.13 82.58 88.39 | 82.37 6203 72.15 | 79.15 69.07 83.67
@w/o L. |9502 8527 90.17 | 8449 6527 75.00 | 81.18 71.06 85.44
@w/oITS | 9493 8509 90.90 | 83.72 63.18 74.96 | 81.77 70.50 85.21
®w/oACT | 9549 8570 89.84 | 8458 6391 7577 | 8219 70.44 86.34

Table 3: Experimental results of ablation study on the CLINC, BANKING, and StackOverflow datasets.

distances, even with limited labeled data as prior
knowledge. It is helpful to establish distinct global
decision boundaries between known and novel in-
tent categories, thereby excelling in NID. We also
find our method yields competitive results on im-
balanced datasets like BANKING, underscoring
the robust generalization capabilities of our model.
This indicates that our method is better tailored for
real-world NID tasks.

4.6. Ablation Study

To investigate the contribution of each compo-
nent within RAP, we conduct an ablation study
across all datasets in Table 3 and consider five sub-
modules as variants. Removing any component
will lead to performance degradation, emphasiz-
ing the essence of each independent component.
Specifically, (1) RAP (w/o L,,q) refers to remov-
ing the robust prototypical attracting learning ob-
jective. Experiment @ indicates that our method
is adept at minimizing the instance-to-prototype
distances, thereby enhancing within-cluster com-
pactness. (2) RAP (w/o L4paq) involves remov-
ing adaptive prototypical dispersing learning ob-
jective. Experiment @ suggests that augmenting
between-cluster dispersion is pivotal for optimizing
NID performance. Without explicitly constraining
prototype-to-prototype distances, prior methods
hinder the model from acquiring cluster-friendly
representations. (3) RAP (w/o L..) indicates the
exclusion of the cross-entropy loss term during the
joint optimization process for our method. Experi-
ment @ highlights the importance of L., in mitigat-
ing catastrophic forgetting of knowledge learned
from labeled data. (4) RAP (w/o ITS) refers to re-
moving the interpolation training strategy in Eq. (6),
which implies substituting Eq.(4) in place of Eq. (6).
Experiment @ connotes the efficacy of the ITS
in mitigating pseudo-label noise. (5) RAP (w/o
ACT) refers to removing the adaptive constraint
term dist(-,-) in Eq. (8). Experiment ® verifies
the importance of imposing stricter penalties on
nearer prototypes to optimize the between-cluster
distances.

5. Discussion

5.1. Compactness and Separability

RAP aims to generate cluster-friendly representa-
tions with two vital characteristics: Compactness
and Separability. We investigate these two prop-
erties from the following perspectives.

Stronger within-cluster compactness. To show
the capability of our method in promoting tight
within-cluster representations, we measure the
within-cluster distance by average cosine similar-
ity calculation between each intent embedding and
its corresponding prototype in Table 4. We can
see that our method achieves a significantly lower
within-cluster distance compared to previous lead-
ing methods. This phenomenon may be attributed
to the pivotal role of RPAL in enhancing within-
cluster compactness.

Larger between-cluster dispersion. To further
analyze whether our method truly enlarges the dis-
tances among prototypes, we compute the mean
cosine similarity for all pairs of class prototypes.
In Table 4, the proposed RAP consistently obtains
larger between-cluster distances compared to pre-
vious competitive methods. We speculate that the
primary reason for this finding is that APDL plays a
crucial role in enlarging the between-cluster disper-
sion. This also fully conforms to our expectations
that the APDL effectively improves the uniformity
of the intent representation space.

5.2. Representation Visualization

To further validate the effectiveness of our method
in learning discriminative intent representations,
we adopt the t-SNE to visualize projected repre-
sentation on the StackOverflow dataset. Compar-
ing Figure 3(a) and Figure 3(d), we can clearly see
that the clusters obtained by our method are gener-
ally more compact and well-separated than those
obtained by the strong baseline model. This in-
dicates that our model learns cluster-friendly fea-
tures for NID. Looking at Figure 3(b) and Fig-
ure 3(d), it evidently shows that the RPAL effec-
tively pulls instances closer to their corresponding
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Figure 3: t-SNE visualization of learned representation.
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Figure 4: Sensitivity of the models to the number of initial clusters on three datasets.

Methods | Within (]) | Between (1)
DTC (BERT) 22.40 11.82
DeepAligned 11.75 13.91
DPN 9.03 17.38
Ours (CLINC) 8.68 23.36
DTC (BERT) 20.31 22.49
DeepAligned 10.28 13.14
DPN 7.96 11.08
Ours (BANKING) 7.22 17.50
DTC (BERT) 17.11 7.98
DeepAligned 9.73 11.53
DPN 7.30 14.66
Ours (StackOverflow) 4.07 20.81

Table 4: Statistics of within-cluster and between-
cluster distances (Islam et al., 2021).

prototypes, achieving strong within-cluster com-
pactness. Moreover, the difference between Fig-
ure 3(c) and Figure 3(d) shows that the APDL sig-
nificantly pushes prototypes away from each other
and builds distinct cluster boundaries.

5.3. Effect of the Number of Clusters

To explore the sensitivity of the models to the initial
number of clusters C, we adjust C from its ground-
truth value up to four times that amount. In Fig-
ure 4, we observe that most methods show a per-
formance drop with an increasing initial value of
C. This is because the unreasonably assigned
C' leads to the generation of noisy pseudo-labels,
which substantially impacts the clustering results.
Notably, our method still achieves the best perfor-
mance on three datasets, validating the capacity of

\ CLINC BANKING StackOverflow
| C E |C E |C E

DTC (BERT) | 112 25.33 | 58 24.68 | 26 30.00
DeepAligned | 129 14.00 | 67 12.99 | 17 15.00

Methods

ProbNID 130 1330 | 73 548 | - -
DPN 137 867 |71 7.80 |18  10.00
Ours 141 6.00 |75 260 |22  10.00

Table 5: Estimation of the number of clusters
C, where E represents the error rate, which is
obtained by calculating the estimated C' and the
ground truth number.

our model to mitigate the impact of noisy pseudo-
labels and augment robustness. This also shows
the superiority of our method in the same semi-
supervised NID setting.

5.4. Estimate Number of Clusters

The above experiments assume the number of
clusters C to be the ground truth. But this is un-
realistic in practice. Therefore, in order to further
validate the effectiveness of our method in practi-
cal scenarios, we conduct experiments to estimate
the number of clusters. We use the same settings
as Zhang et al. (2021a) and firstly assign the num-
ber of intents as two times the ground truth number
to investigate the ability to estimate C. In Table 5,
we notice that our method can predict the number
of intents more accurately and achieve better re-
sults atthe same time. The results indicate that our
method more easily learns cluster-friendly discrim-
inative representations that assist in accurately es-
timating the number of clusters.
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5.5. Effect of Known Class Ratio

To investigate the influence of the number of
known intents, we vary the known class ratio in
the range of 25%, 50% and 75% during training.
From Figure 5, it is evident that the performance
of all strong methods gradually decreases as the
known intent rate decreases. As the known in-
tent rate decreases, there is less labeled data
available to guide model training, which compli-
cates the transfer of prior knowledge for discov-
ering new intents. However, with the decrease in
the known intent rate, our proposed RAP demon-
strates more significant improvements. We sur-
mise that as the number of intent categories in-
creases, the pivotal factor for enhancing perfor-
mance is the learning of cluster-friendly represen-
tations, which establish distinct boundaries for
both known and novel categories. This highlights
the proficiency of our model in optimizing both
within-cluster and between-cluster distances, re-
sulting in well-defined cluster boundaries.

5.6. Weight of Multitask Learning

The weight of the multitask learning w in Eq. 11
adjusts the contribution of two objectives RPAL
and APDL. To pursue the optimal performance,
we conduct experiments varying w across
{0.0,0.5,1.0,2.0,3.0,5.0,10.0}. In Figure 6, the
model performance continues improving with the
value of w increasing to 1.0. The model keeps a
relatively stable performance after reaching 3.0
but encounters performance degradation with a
large value of w = 10.0. The ability of the RPAL

Methods | KACC | NACC | NMI | ARI
ChatGPT3.5 ‘ 84.14 ‘ 25.45 ‘ 73.58 ‘ 37.88

Ours (CLINC) 68.56 | 82.00 | 88.53 | 47.06
ChatGPT3.5 80.41 | 32.69 | 87.69 | 46.68
Ours (BANKING) 71.42 | 85.00 | 89.60 | 58.66
ChatGPT3.5 71.53 | 50.00 | 72.20 | 47.17
Ours (StackOverflow) | 82.35 | 89.41 | 81.50 | 62.13

Table 6: Comparison between RAP and LLM.

cannot be fully exploited with a small value of
w, while the ability of the APDL is suppressed
leading to a worse clustering performance with a
large value of w. Empirically, we choose w = 2.0
for all datasets.

5.7. Comparison with LLM

To conduct a comprehensive performance com-
parison with the large language model (LLM) on
the NID task, we randomly select 1.5% of train-
ing data as labeled and choose 75% of all in-
tents as known. For evaluation, our compre-
hensive assessment covers 600 instances from
three datasets (200 samples randomly from each
dataset). The metrics are comprised of known
intents accuracy (KACC), novel detection accu-
racy (NACC), and clustering performance (NMI
and ARI) for novel intents. In Table 6, our method
consistently outperforms ChatGPT3.52 across all
datasets and evaluation metrics with a small model
size and fast inference speed, demonstrating the
superior performance of our approach. Moving for-
ward, we plan to explore the integration of RAP
with LLM to boost the performance in NID.

6. Conclusion

In this work, we propose a robust and adaptive
prototypical learning (RAP) framework for new in-
tent discovery, which aims to learn cluster-friendly
discriminative representations. Specifically, we
design the robust prototypical attracting learning
(RPAL) method and the adaptive prototypical dis-
persion (APDL) method to control within-cluster
and between-cluster distances, respectively. Ex-
perimental results on three benchmarks demon-
strate that RAP significantly outperforms the previ-
ous unsupervised and semi-supervised baselines
and even defeats the large language model (Chat-
GPT3.5). Extensive probing analysis further ver-
ifies that RPAL is helpful for realizing stronger
within-cluster compactness while mitigating the ef-
fects of noisy pseudo-labels and APDL is benefi-
cial for attaining larger between-cluster dispersion.
We hope our work can provide useful insights for
further research.

2We utilize OpenAl gpt-3.5-turbo-0301, see index.
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Limitations

Despite the promising results obtained by our RAP,
it is crucial to acknowledge several limitations: (1)
Improving pseudo-labels assignments. The
pseudo-labels obtained using the k-means method
are not sufficiently reliable, as it is highly sensitive
to noisy intent data. We plan to explore more re-
liable pseudo-label assignment approaches. (2)
Leveraging LLMs to facilitate interpretability.
While our clustering method can assign cluster la-
bels to unlabeled utterances, it cannot generate
meaningful and interpretable names for each iden-
tified cluster or intent. We intend to investigate the
combination of our method with LLMs to assign ac-
curate category names to newly discovered intent
categories.
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