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ABSTRACT

KEYWORDS

People are becoming increasingly comfortable using Digital Assistants (DAs) to interact with services or connected objects. However, for non-programming users, the available possibilities for
customizing their DA are limited and do not include the possibility of teaching the assistant new tasks. To make the most of the
potential of DAs, users should be able to customize assistants by
instructing them through Natural Language (NL). To provide such
functionalities, NL interpretation in traditional assistants should
be improved: (1) The intent identification system should be able to
recognize new forms of known intents, and to acquire new intents
as they are expressed by the user. (2) In order to be adaptive to
novel intents, the Natural Language Understanding module should
be sample efficient, and should not rely on a pretrained model.
Rather, the system should continuously collect the training data
as it learns new intents from the user. In this work, we propose
AidMe (Adaptive Intent Detection in Multi-Domain Environments),
a user-in-the-loop adaptive intent detection framework that allows
the assistant to adapt to its user by learning his intents as their
interaction progresses. AidMe builds its repertoire of intents and
collects data to train a model of semantic similarity evaluation that
can discriminate between the learned intents and autonomously
discover new forms of known intents. AidMe addresses two major issues – intent learning and user adaptation – for instructable
digital assistants. We demonstrate the capabilities of AidMe as a
standalone system by comparing it with a one-shot learning system
and a pretrained NLU module through simulations of interactions
with a user. We also show how AidMe can smoothly integrate to
an existing instructable digital assistant.

Natural language processing, intent detection, user-in-the-loop,
digital assistant, learning by interaction, multi-domain

CCS CONCEPTS
• Human-centered computing → Natural language interfaces;
• Computing methodologies → Natural language processing; Information extraction; Online learning settings; Active learning
settings; Ensemble methods; Neural networks.
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1

INTRODUCTION

People are becoming increasingly accustomed to interacting with
digital services, through vocal assistant or socialbots. Through cell
phones, chatbot or connected speakers, it is possible to have a small
conversation, to get answers to question or to take control of a
connected device. These digital assistants range from a chatbot
on an e-commerce website, that helps the user to get information
on products, to a conversational agent that allows its user to have
a conversation on topics such as sports, education or medicine.
Natural language holds a huge potential for improving interactions
of users with complex systems on the condition that it can provide
useful features for the users while offering a seamless interaction.
From a user point of view, the experience with a digital assistant
is as much influenced by the quality of the interaction as it is
by the capabilities of the digital assistant. Much work remains to
build a real conversational agent with fluent interaction skills. Two
years ago Amazon launched the Alexa Prize. During the first Alexa
Prize Competition [29], the response error rate of the 15 developed
conversational assistant ranged between 10 and 30%.
In most cases, digital assistants are specialized for certain tasks
and their designers are allowed to maintain a certain quality of
interaction on these specific tasks, entering in what Allen et al. [2]
called set of contexts systems. These virtual assistants are provided
to the users with a full set of doable actions and their designers provide them with multiple ways to ask the assistant to perform these
preregistered actions. Natural Language Understanding (NLU) and
especially intent detection and slot filling can be achieved by tools
like DialogFlow from Google, Wit.ai from Facebook. These assistants are static (i.e. non-evolving) and domain-specific by design.
The main limitations of these assistants is their inability to adapt
to their users and to learn new tasks from their interaction with
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users. The few digital assistants [1, 9, 19, 23] that have been proposed to tackle these issues suffer from a weak comprehension
capability: the assistant may experience difficulty in understanding
user requests that are not expressed in the exact learned forms. As
their task repertory grows and depends on the interaction they
have with the user, they cannot rely on the traditional NLU tools
mentioned above. Indeed such tools require the possible user intents to be hard-coded in the system from the beginning, and they
rely on a large corpus of example sentences to train the models.
In this work, we propose AidMe – Adaptive Intent Detection
in Multi-domain Environments – an NLU framework to allow an
instructable assistant to leverage the performance of statistical machine learning models in the field of semantic similarity, without
sacrificing their learning ability nor needing to engineer corpora
of example sentences. AidMe is what we call a "Half-shot" learning
system (between zero-shot and one-shot learning) able to integrate
new intents from the users and autonomously discover new patterns of known intents as the interaction unfolds. AidMe trains an
internal NLU model based on the collected sentences. In addition,
AidMe is not domain-specific, and can be easily adapted as the NLU
module of any instructable digital assistant. The purpose of AidMe
is to demonstrate that it is possible to build customizable assistants
without compromising on the quality of the interaction.
Contributions.
(1) We propose a NLU module that can be adapted to any Digital
Assistant learning through interaction with a user, allowing
the Digital Assistant to understand new intent from the user;
(2) AidMe is very sample efficient: it is a "half-shot" learning
system;
(3) AidMe is by design a multi-domain NLU module.
(4) We propose a novel method to make use of semantic similarity to detect intent and patterns.

2

RELATED WORK

Our work lies at the crossroads of three domains which we detail
in the following section: intelligent assistant, natural language
understanding and learning by interaction.

2.1

Intelligent assistants

As defined by Hauswald et al. [16], an Intelligent Personal Assistant
is "an application that uses inputs such as the user’s voice, vision
(images), and contextual information to provide assistance by answering questions in natural language, making recommendations, and
performing actions." These assistants are used in many domains
from medicine to education or e-commerce [14].
While the performance in answering questions, making recommendations, and performing actions is important, the user experience
is paramount. One major limitation in the user experience is due
to the quality of the interaction (e.g. the need for repetition when
the assistant does not understand the request, etc.). Recent publications in the field of conversational agents attempt to address
the difficulty of having a smooth conversation with an agent on
diverse topics. The introduction of Seq2Seq model [32] and its use
on conversation task [35] followed by [22] have managed to provide
conversational agent that can maintain consistent dialogue with
different individuals.
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When they are task-specific, these assistants can be completely
tailored to meet a precisely designated purpose. Many tools such
as DialogFlow from Google or Wit from Facebook allow almost
anyone to quickly create a chatbot.
In the field of robotics, there has been significant research in
advancing the skills of social robots defined as embodied agents [...]
able to recognize each other and engage in social interactions, they
possess histories (perceive and interpret the world in terms of their
own experience), and they explicitly communicate with and learn
from each other. [8]. Similarly as for Intelligent Personal Assistant,
the quality and richness of the interaction between a robot and
human is as important as its capabilities. [13]

2.2

Natural Language Understanding

NLU consists in providing tools to automatically interpret and
understand natural language. The first important task in NLU is
intent detection. It consists in being able to detect the intention
underlying a sentence or a paragraph. It is traditionally seen as a
classification task with a huge number of classes that can prove
to be extremely difficult depending on the number and nature of
possible intents, the type of queries and the domain of application.
For digital assistants, this is of critical importance as a poor intent
detection system will prevent the assistant from providing relevant
responses to the user.
In addition to intent detection, slot filling or argument mapping is
another important task in NLU. Slot filling consists in semantically
labelling each word of a sequence, helping the system to assign
correct values to arguments. A classical example of slot filling with
the sentence Show me the flights from Boston to New York today
is shown in Table 1. While these tasks were previously treated
separately, recent research have shown that joint models capable
of answering to both tasks performed better [11, 39, 40].
Most common techniques are based on word embeddings and
neural networks, especially recurrent neural networks such as
LSTM and Attention based networks. Word embeddings are very
convenient as they are learnt on wide corpora and can be tailored to
a specific domain. Kim et al. [20] showed how enhancing classical
word embeddings such as Glove [28] to better represent similar
and dissimilar words lead to very good performance on classical
datasets with simple models.
A wide diversity of machine learning models have been used
to create intent detection classifiers: ensemble model [10, 11], convolutionnal networks [39], recurrent network such as LSTM, biLSTM [12] or attention-based networks [23, 40]. All these methods
perform extremely well, though it appears that attention-based
methods outperform the others.
An essential assumption in these approaches is that the possible
intents are known in advance. However in the case of a digital
assistant that adapts to its user and learn from him, the different
user’s intents are discovered as he interacts with the assistant, not
before. Thus we have access neither to the intents nor to a suitable
train corpus, and training a classifier is not an option.
We should also mention the work of Allen [2] who argue that
using statistical methods to deal with the intent recognition process
is not enough as they lack the ability to reason on the user inputs.

AidMe
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Table 1: Example from ATIS dataset of slot filling:
Show me the flights from Boston to New York today
Intent: flight_search

2.3

Sentence

Show

me

the

flights

from

Boston

to

New

York

today

Label

O

O

O

O

O

B.departure

O

B.arrival

I.arrival

B.date

Learning by interaction

The main limitation of domain-specific assistants is their inability
to process requests that involve multiple domains or applications
and to deal with actions which were not anticipated during system conception. To address this issue, Sun et al. [31] developed an
intelligent assistant framework that learns offline from the past
interactions with the user to enable cross-domain usage of applications by suggesting relevant applications to the user’s request.
Another approach is to build instructable assistants that learn by
interaction and can adapt to the user, such as HILC [19] a user-inthe-loop system that learns procedures by user demonstrating and
answering follow-up queries posed by the system. The system is
quite promising, but does not address the complimentary problems
of intent detection and argument mapping.
PLOW, developed by Allen et al. [1], converts natural language
sentences into logical forms [18] and thus needs a substantial engineering effort to be able to process sentences expressed with
as much variability as in domain specific assistants. To avoid the
limitations of systems based on grammatical rule engineering, systems such as LIA [3] rely on data engineering. LIA parses natural
language utterances by using a Combinatory Categorial Grammar
(CCG) trained to associate natural language with a set of primitive
functions. The system is able to derive more complex logical forms
from user inputs, but as the authors pointed out, the system is
hard to scale as it needs to discriminate between users’ specific and
common sense knowledge, which could be collected from different
users to improve the parser.

2.4

Semantic Similarity

SemEval (International Workshop on Semantic Evaluation) offers
competitions each year addressing themes related to the semantic evaluation of language. Between 2012 and 2017, one of these
Semantic Evaluation Similarity (STS) competitions [4] consists in
developing a system capable of scoring the semantic similarity of a
pair of sentences on a scale from 0 to 5, from completely dissimilar
to perfectly similar.
The techniques used are diverse and the results obtained are encouraging. Some apply neural network algorithms such as attention
mechanisms [17] or convolutional networks [30]. Others compute
variables from more traditional semantic and syntactic analysis
tools such as alignment measures to feed supervised learning models [24]. Teams [15, 38] also chose to rely only on an analysis of
semantic tags from WordNet [25] and BabelNet [26]. And finally
most of the teams chose to combine a few of these methods in an
ensemble model.

3

MODELING THE APPROACH

In this section, we propose a general model of assistant that learns
from interaction. As shown in Figure 1, we distinguish between the
Natural Language Interpreter and the Skills Learner to focus in the
rest of the article on the Natural Language Interpreter.
ASSISTANT

User

Make
requests

Feedback
Watch

Environment

Perform
the
requests

AidMe
Natural Language
Interpreter
Φ
Interpret
the
requests

L
e
a
r
n

Skills Learner
Ψ

Figure 1: General architecture of an assistant learning by interaction: the assistant is divided into the Natural Language
Interpreter and the Skill Learner

3.1

Model of a general assistant learning by
interaction

We focus on systems that can learn to match sentences to actions,
through their interactions with a user, without prior knowledge of
the domain nor the actions. We are then interested in systems that
can fit in the following formalisation :
To interact with the system, the user expresses its intent by using
a sentence. Let L be the set of user’s requests, S ⊂ L the set of
encountered sentences, I the set of learned intents, P the set of
discovered patterns and A the set of actions doable by the assistant. Taking the sentence from Table 1, Getting the flight schedule
would be an intent, Show me the flights from Boston to New York
today would be a corresponding sentence, Show me the flights from
DEP to ARR DATE would be the corresponding pattern. We distinguish between an intent and a pattern as a unique intent can
be expressed using many forms (and many patterns). However,
there is an instantiation function that links a sentence to its pattern:
λ : P × Arдs → L, Arдs being a dictionary of arguments used in
the pattern to instantiate a sentence.
We define two functions Φ : L → I ×Arдs, the natural language
interpreter that guesses the intent lying behind a user’s request
and labels the word in the sentence, and Ψ : I × Arдs → A
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that performs the requested actions depending on the intent and
its arguments. Both Φ and Ψ are learned during the interactions.
We suppose that as the interaction between the system and the
user unfolds, the user is requested to provide some guidance when
the systems fails to fulfill the user’s request. When the failure is
especially due to the Natural Language Understanding module, the
user’s feedback should allow the system to compute the right intent
and pattern.
This formalisation requires specific feedback from the user to be
able to learn from mistakes. Otherwise the system is left purposely
general, no assumptions are made on Ψ so that almost any system
learning from interactions would be compatible. As illustrated by
Figure 1, our contribution aims at providing a general framework
that can be used as the Natural Language Interpreter (Φ) for digital
assistants using its own Skill Learner and Environment.

3.2

The Natural Language Understanding
module

AidMe is a Natural Language Understanding module that is able to
learn to understand the user, meaning that depending on what is
asked by the user, AidMe builds a repertoire of intents that the Skill
Learner can learn to achieve. S, I and P begin as empty sets and
grow as the system interacts with the user. In this model, S can
be considered as an interaction memory, I and P as the learning
memories.
The obvious way to build such a system, would be to ask for the
guidance of the user each time a request cannot be interpreted using
the known patterns P [9]. This would happen in the case where
many patterns match the user’s request or no pattern matches it.
This is however what occurs in most of the interaction as the user
rarely uses the same forms to express his intents. This method
forces the user to always correct his assistant, rendering the system
difficult to use.

4

ADAPTIVE INTENT AND PATTERN
DETECTION

In this section, we introduce AidMe and show how to take advantage of semantic similarity evaluation to perform semi-automatic
intent and pattern identification with much less intervention of the
user, and without sacrificing the learning ability of the assistant.
Figure 2 shows the different steps performed by AidMe to analyze
a user’s request and identify its intent expressed through a new
pattern.

4.1

Similar intent identification

4.1.1 Problem description. Intent identification is generally considered as a classification problem, each intent being one class. In
the case of an adaptive system, one cannot know in advance the
number of intents that the system will have to learn. Additionally,
multi-class classification with a high number of classes is difficult to
address with traditional classifiers, and computationally expensive
when using neural networks. To avoid these issues, we turn to the
field of semantic similarity and reformulate the intent identification
problem as trying to determine the semantic similarity between
two sentences.
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Intent recognition can indeed be seen as an indirect problem
of semantic similarity evaluation: when an unseen sentence is addressed to the assistant, it is either referring to an already known
intent or a to a completely new intent. The system has to discriminate between the two options.
4.1.2 Semantic Similarity based Intent Detection. To do so, the system can search for the intent that would best describe the user’s
request. We present in Algorithm 1 our semantic similarity based
intent detection process: we compare the user’s request, s ∈ L, to
the known sentences and use the closest one to infer the intent
underlying s. We hypothesize that two close requests have a similar
intent. Given a model of evaluation of the semantic similarity (described in Section 5) between two sentences Sim : L × L → [0, 1],
we look for
s 0 = arg max Sim(s, s ′ ) s.t. Sim(s, s ′ ) ≥ ϵ
s ′ ∈S

where ϵ is a confidence threshold above which the similarity is considered with high probability. The function Sim can be interpreted
as the inverse of a semantic distance between two sentences in the
sentence space L, even if it does not have all the characteristic of a
mathematical distance.
• If s 0 exists, it is the closest sentence to s that can be considered similar with a high enough probability and therefore
Φ(s 0 ) is the best intent candidate and will be considered as
such by the system. This means that the user’s request refers
to something the assistant has seen before.
• If s 0 does not exist, then no sentence seems similar enough
to the unknown one and the system can consider that this
new sentence refers to a new intent from the user. The assistant turns to learning mode and can ask the user to explain
his request.
Algorithm 1: Semantic Similarity based Intent Detection
Input: User request s
Output: Identified intent i ∈ I , closest sentence s 0
s 0 = arg maxs ′ ∈S Sim(s, s ′ );
i = intent corresponding to s 0 ;
if d(s, s 0 ) ≥ ϵ then
return i, s 0
else
return ∅, ∅ (New intent detected!)
Although such a model would typically require data in order to be
trained, here the data can be gathered through the interaction with
the user, and thus there is no engineering required to pre-specify
the intents, as they are automatically discovered by the assistant.
In addition, we will demonstrate that the sample efficiency is very
good and thus that the performance of the method can rapidly
become satisfactory. Finally the method is completely agnostic to
the type of model and we can easily consider replacing a trained
model by a model that does not need training.

4.2

Similar pattern identification

When the intent of a new request s has been identified, the system
still needs to identify the arguments before carrying out the request.

AidMe
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1 Algorithm 1: Find similar intent

2 Algorithm 2: Build

User's request
Please, write an email to Bob

User's request: Please, write an email to Bob
Best candidate pattern: Send an email to Z

Compute scores

Interaction Memory

Scores

- Search the definition of Texas

=

0.06

Pattern: Search the definition of X

- Set the subject to Meeting

Z, write an email to Bob
Please, Z an email to Bob
Please, write Z email to Bob
Please, write an Z to Bob
Please, write an email Z Bob
Please, write an email to Z

0.38

Pattern: Set the subject to Y

- Send an email to Alice

0.9

Pattern: Send an email to Z

- ...

4 User feedback & update
User

Pattern
Please
write
an
email
to
Bob

3 Algorithm 2: Find similar pattern
User's request
Please, write an email to Bob
Compute scores

Instantiated sentences

(

0,

)

Scores

feedback

Send an email to Z = Please, write an email to Z

- Send an email to Please
- Send an email to write
- Send an email to an
- Send an email to email
- Send an email to to
- Send an email to bob@domain.com

0.86
0.78
0.62
0.74
0.62
0.94

Figure 2: How AidMe analyzes the user’s request to identify the intent, pattern and arguments in 4 steps: (1) Identify the closest
intent and pattern to a user request, (2) Build all the possible patterns from the user request (3) Identify the most meaningful
pattern, (4) Update according to the user feedback
The idea behind this step is to build the pattern p corresponding to
s as the closest pattern to p0 related to s 0 . We define the contextual
similarity Sim |ar дs between two patterns p1 , p2 with respect to a
set of arguments arдs, by the semantic similarity between the two
instantiated sentences:
Sim |ar дs (p1 , p2 ) = Sim(λ(p1 , arдs), λ(p2 , arдs))
This definition is quite natural as it means that two patterns mean
the same thing only if the corresponding sentences of these patterns
mean the same thing.
As described in Algorithm 2, we can build the set

Algorithm 2: Similar Pattern Identification
Input: User request s, closest sentence s 0 , corresponding
pattern p0
Output: Identified pattern p
Build Pc = {(pc , arдsc ) | λ(pc , arдsc ) = s} ;
foreach (pc , arдsc ) ∈ Pc do
sc = λ(p0 , arдsc );
d(p0 , pc ) = Sim(s, sc );
new_pattern = arg maxpc ∈Pc d(p0 , pc ) ;
return new_pattern

Pc = {(pc , arдsc ) | λ(pc , arдsc ) = s}
of all possible pairs (patterns, arguments) that instantiate s and
have the same number of arguments as p0 . We finally use the model
of evaluation of semantic similarity Sim to measure the contextual
similarity Sim |ar дsc between the pattern p0 and the pattern in Pc
with respect to arдsc . The closest candidate pattern to p0 is assumed
to be the pattern related to s. The idea behind this algorithm is
that most of the instantiated candidate patterns will not even be

correct sentences and thus have a lower similarity score than correct
sentences and the correct pattern should get the highest similarity
score.

4.3

AidMe Algorithm

4.3.1 Interpreting the user’s request. Using the Algorithms 1 and
2, we can build an algorithm that can identify most of the user’s
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intents and allow the Skill Learner to carry them out. As shown in
Algorithm 3, the system first tries to interpret the user’s request
using the previous discovered patterns in P. If it fails, the similar
intent detection algorithm can determine if the request is close to
known intent:
• If not, the request is identified as referring to a new intent,
the system has no chance to interpret it correctly and asks
for the user’s guidance, turning to learning mode.
• If a close intent is identified, the system can infer the pattern
corresponding to the request using the similar pattern identification pattern and then let the Skill Learner carry out the
interpreted request. This case is described in Figure 2 with
an example.
Algorithm 3: AidMe Algorithm
Input: User request s
Output: Identified intent i and pattern p
if Φ(s) is well-defined then
return Φ(s)
else
i, s 0 = Algorithm 1(s);
if s 0 exists then
p0 : pattern corresponding à s 0 ;
new_pattern = Algorithm 2(s, s 0 , p0 );
return i, new_pattern
else
return ∅, ∅ (New intent detected!)

4.3.2 Update of the system. Once the sentence is interpreted, the
systems can get feedback from the user. One can suppose that no
feedback is a positive feedback, meaning the user is satisfied with
the interpretation. If a feedback is given, we suppose that it includes
the true intent and pattern. The system can then update S, I and
P.
In order to improve its performance and to adapt to the user,
AidMe periodically updates its semantic similarity model based on
the collected sentences and intents. AidMe defines the semantic
similarity using each intent as a class of similarity:
(
1, s 1 , s 2 refer to the same intent.
Sim(s 1 , s 2 ) =
0, otherwise.
Using this relation, AidMe can build a corpus of pairs of sentences
and train its semantic similarity model.
We can note that the model does not need to be retrained each
time a new intent is discovered to be able to recognize this new
intent: two sentences can always be compared by the model even if
one of the sentences refer to an intent that was not in the train set.

5

MODEL OF SEMANTIC SIMILARITY

In this section, we detail how we can compute a score of semantic
similarity between two sentences. A model that evaluates the semantic similarity is a function Sim : L × L → [0, M] where M is an
arbitrary integer. Sim(s 1 , s 2 ) = 0 means totally dissimilar sentence,
and Sim(s 1 , s 2 ) = M means perfectly similar sentences. We have
developed such a model based on the works of the most successful
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teams in the Task 1 of SemEval 2017 [4], and especially the ECNU
team [34]. The model used is an ensemble model whose sub-models
can be separated into two groups: neural models using pre-trained
word embedding vector representations such as Paragram [36, 37]
and decision tree models based on variables obtained from the analysis and comparison of each pair of sentences. The model is trained
in a supervised manner on a set of sentences collected during the
interaction of the system with the user.
In this section we describe briefly each of the models and then
evaluate the performance of our simplified model on the STS Benchmark dataset 1 .

5.1

Neural models

5.1.1 Description of the neural models. We use multi-layer perceptrons taking a pair of sentences as input data. Each pair is converted
into a vector representation as follows:
(1) Each word of each sentence is converted to its vector representation (word embedding);
(2) The embedding of a sentence is obtained by averaging the
word embeddings;
(3) Finally, the embedding of a pair of sentences is computed by
concatenating the Hadamard product (term to term product)
and the L1 − distance between the sentence embeddings.
The vector representations of the pairs then passes through two
or three fully connected layers with rectified linear activation except for the last activation which is a softmax. The output layer of
the network provides a distribution-like vector that encodes the similarity score. We use Paragram [36, 37] as word embedding which
is specifically engineered to deal with paraphrase and semantic
similarity.
5.1.2 Similarity score encoding. In STS Benchmark used for SemEval competition, the semantic similarity is scored between 0 and
5. We consider two ways of encoding the semantic similarity score.
• binary encoding: The network outputs the probability of
having a perfect similarity and the score is simply scaled
according to the score range. Taking the STS Benchmark, a
network output of 0.8 corresponds a score of 4.
• n-class encoding: Inspired by [21, 33], each class encodes a
degree of similarity and the network outputs a vector of
size n encoding the probability for each class. In that case
the final score is the inner product between the model’s
output and the class vector [0, 1, ..., n-class] (which can be
seen as the score expectation of the computed score distribution). A score of 2.7 would be encoded in the following vector [0, 0, 0.3, 0.7, 0, 0], which can be interpreted as
p(similarity = 2) = 0.3 and p(similarity = 3) = 0.7.
We implemented two neural models, one with a binary score encoding and another with a n-class score encoding. The particularity
of these neural models is that they are based on the word meaning
and do not take into account word order, syntax or grammar. We
choose not to rely on model such as Long-Short Term Memory
as their performance were considered disappointing on SemEval
1 http://ixa2.si.ehu.es/stswiki/index.php/STSbenchmark
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dataset [34] and may be due to a wide variability between the training set and test set [33, 37]. In addition, they are much less sample
efficient than perceptrons.

5.2

Pair of sentences

Tree models

On the contrary, the tree-based models that we use take into account
the syntax and grammar to compute different types of features.
We use two types of ensemble tree models both based on binary
decision trees: a random forest model and an xgboost model [6].
These models use features of two types derived from the pairs of
sentences as inputs:

Pair embedding

Binary
perceptron

Multi-class
perceptron

Distance
features

Kernel
Features

XGBoost

Random
Forest

5.2.1 Distance features. A first type of features that directly measures a distance or a similarity between the two sentences of the
same pair:
Average

• Measures of translation quality, like the BLEU score [27];
• Several n-gram overlaps on characters and words;
• The Levenshtein distance (minimum number of insertions,
deletions, or substitutions to transform one string into another).
5.2.2 Kernel features. A second type of feature is based on a vector
representation of each sentence and a transformation using kernel
functions. We use a Bag of Words (BoW) embedding on the vocabulary to transform each word into a vector. Each sentence is then
the average of the word embedding weighted by its IDF (Inverse
Document Frequency). The sentences are therefore represented in
relatively large spaces (depending on the size of the vocabulary).
To keep a balance between the different features and to avoid the
curse of dimensionality when the vocabulary grows, each pair is
transformed using the following kernel functions:
• linear kernel: cosine, manhattan distance, euclidean distance;
• statistic measures: Pearson correlation, Spearman correlation, Kendall tau;
• non-linear kernels: sigmoid, RBF (Radial Basis Function),
laplacian.
The choice of a BoW embedding is justified by the natural sparsity of BoW which make the computation of the kernel extremely
fast. With dense embedding, like pre-trained embedding as Paragram we use for neural networks, the computation of the kernel
features is much more expensive. We experienced with embeddings
like Paragram and Glove [28] and we found that the performance
better than with BoW, but the little gain of performance could not
compensate for the additional computation time and computation
time is a key point for a digital assistant.

5.3

The overall model

We use this four models (Binary perceptron (1), multiclass perceptron (2), xgboost (3), random forest (4) in an ensemble model by
averaging the predictions of each model to get the model prediction.
The model is illustrated in Figure 3.

Similarity
score

Figure 3: Ensemble Model of evaluation of semantic similarity: two neural networks using sentence embedding as inputs and two feature-based regression tree models
Benchmark dataset 2 used for SemEval competition. We evaluate
on the test set a model that was trained on the train set. We show
the results in Table 2 and we report the some of results taken from
Table 14 of the SemEval 2017 Task 1 Evaluation [5]. We report the
results of three of the best teams and two baselines computed by the
organizers: cosine similarity on sentence embedding obtained with
InferSent [7] or by averaging the word embeddings of a pre-trained
word embedding (Paragram [36]). We do not intend to compete with
the best models but to ensure that our model is robust enough, stays
close to the state of the art models while being computationally
efficient. We see that our model is well above simple baselines and
not too far from state of the art performance even though it could
not beat InferSent which is very strong on this dataset. We show
below that InferSent performs much worse on the intent detection
task and we could not use it for AidMe.
Table 2: Comparison on the SemEval dataset between
AidMe, baseline models and the best teams of the
competition
Model

Description

ECNU [34]
BIT [38]
HCTI [34]
InferSent
Paragram

Competitor
Competitor
Competitor
Organizers baseline
Organizers baseline

AidMe model

5.4

Model evaluation

Comparison to SemEval baselines. Before applying the model in
the context of AidMe, we have evaluated its performance on the STS

2 http://ixa2.si.ehu.es/stswiki/index.php/STSbenchmark

Pearson corr.
0.81
0.81
0.78
0.76
0.50
0.75
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6

EXPERIMENTS

In this section, we present different simulations that prove the performance and adaptability of AidMe. The code of these simulations
is available on https://github.com/nicolas-lair/AidMe

6.1

UserGrammar

6.1.1 Simulation grammar. In order to evaluate AidMe, we build
UserGrammar, a grammar of 153 patterns, 50 intents and a dictionary of arguments. The different intents cover several domains
such as mail, web search, concert booking, travel booking, calendar
management and connected objects. We use this grammar to simulate user’s requests on these domains. Table 3 shows some examples
of intent, patterns and instantiated sentences. The first two intents
are identical, but the patterns are different and the sentences are
differently instantiated. The nature of the arguments in the patterns
are of different kinds: device, location, date, person... This is only
used to generate meaningful sentences but AidMe has no idea of the
nature of the arguments. The complete list of patterns and intent is
available in the Supplementary Materials.

Lair et al.

requests are presented to AidMe in a randomized order. AidMe has
to determine the intent and the associated pattern, when it fails
the simulator gives it the right intent and patterns so that AidMe
can be updated. We illustrate this in Figure 2 on a example where
AidMe analyses a sentence and integrates the user’s feedback to
update. In the simulation, we use ϵ = 0.3 for Algorithm 1. This
hyperparameter can be set depending if one wants to favor new or
known intents detection accuracy.
In each simulation we can see three main phases:
(1) Intent learning phase: Most of the user’s requests refer to
new intents or new patterns;
(2) Pattern learning phase: Most of the user’s requests refer
to known intents but new patterns;
(3) Steady-state regime: Most of the user’s requests refer to
known intents and patterns.
6.2.2 Evaluation. We evaluate two versions of AidMe using the
two main following metrics the intent detection accuracy and pattern
detection accuracy along with two baseline systems:
• AidMe is the algorithm as we describe it above
• AidMe_M is a variant of AidMe where a user request is
always processed using Algorithms 1 and 2. AidMe_M does
not try to match the request on a previously learned pattern.
• OneShotNLU : a one-shot learning system that needs to see
exactly each pattern once to be able to detect them using pattern matching. This system does not discriminate between
intents and patterns and does not have a notion of similar
patterns.
• DFLearner: is a baseline system to compare AidMe with a
system where the intent and pattern detection algorithms
are replaced by another NLU system. We use DialogFlow3
API from Google, starting with a clear instance and adding
intents and examples of sentences as the simulation unfolds.
DFLearner cannot autonomously discover new patterns but
every time new patterns and intents are encountered, they
are added its knowledge base.

6.1.2 Model evaluation on UserGrammar. To get an idea of how our
model would perform on a task close to the user interaction simulation, we have evaluated our semantic similarity model on corpora
generated with UserGrammar. We describe below the evaluation
protocol. We generate a corpus from UserGrammar by generating:
• A train set of 5000 pairs from 150 different sentences and
100 different patterns;
• A test set of 1000 pairs from 100 different sentences and 40
different patterns which were not used to generate the train
set.
We report the F1_score, Precision and Recall of the models trained
on the train set and evaluated on the test set. These metrics are
more relevant than the Pearson correlation or a classic accuracy
metric as the task is like a binary classification task with a highly
unbalanced dataset (proportion of pairs with positive label between
2% and 4%). We repeat the experiment 30 times and report the
average performance of the model in Table 4 along with the standard
deviation. It is important to note that none of the sentences nor
the patterns of the test set were seen during training.
We also report the average performance of each submodel to
show the benefits of the ensemble model. We see that the featurebased models outperform the neural network on precision but are
outperformed on recall. The ensemble model can make the most of
it by outperforming each of the submodel in every metric. We note
also that the standard deviation is almost half the standard deviation
of the submodels, meaning more stability in the performance. A
good balance between precision and recall is fundamental as good
precision will prevent AidMe from wrong intent detection and a
good recall will prevent AidMe from missing similar intents.

6.2

Simulation of the user’s interaction

6.2.1 Simulation. Using the UserGrammar described above, we
generate multiple sets of user’s requests, one set is approximately
700 sentences and represent 700 interactions between a user and
its assistant. At the beginning of each simulation, AidMe begins
with no idea of what the intents or the patterns can be and the

6.3

Simulations’ results

We report the results of the following metrics in Table 5: the accuracy in detecting new intents, knwon intents and the overall
accuracy in intent detection. We report the same metrics for the
pattern detection. As OneShotNLU does not make a difference between intents and patterns their intent detection accuracy and
pattern detection accuracy are the same.
6.3.1 Comparison with DialogFlow. The performance of DFLearner
are quite low as only half of the intent are correctly identified. This
is because DialogFlow is not adapted to this kind of task:
• DialogFlow needs to know the types of the arguments in the
intent. As our system does not need the types of the arguments to detect new patterns and to be fair in the comparison
we did not give the types of the argument to DialogFlow. A
default argument type @sys.any exists but an intent cannot
contain more than two non-typed argument. Besides, the
types of arguments needs to be engineered in the system
3 https://dialogflow.com/

AidMe
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Table 3: Examples of intent, patterns and sentences from UserGrammar
Intent

Pattern

Example of sentence

Turn on a device somewhere
Turn on a device somewhere
Get next meeting with someone
Get cost for a flight on a day
Get information

Can you turn the __device on in __loc
Switch on the __device in __loc
When do I have a meeting with __pers
Get me the cost for a ticket to __loc on __date
do you know what is a __var

Can you turn the alarm on in Paris
Switch on the television in Paris
When do I have a meeting with Bob
Get me the cost for a ticket to Berlin on Monday
Do you know what is a spider

Table 4: Model evaluation on UserGrammar corpus
Model

F1_score
mean std

Precision

Recall

Binary Perceptron
Multi-class Perceptron
Random Forest
XGBoost

0.77
0.78
0.82
0.80

0.09
0.08
0.08
0.09

0.75
0.76
0.88
0.85

0.84
0.84
0.77
0.77

AidMe model

0.85

0.05

0.87

0.82

Table 5: Detection accuracy averaged over 10 simulations
Detection Accuracy (%)
Model

New

Intents
Known

All

New

Patterns
Known

OneShotNLU
DFLearner
AidMe_M

0
0
89

80
56
91

73
52
90

0
22
43

100
53
70

73
48
61

AidMe

89

91

90

43

100

82

All

and it is not easy to think of a system that could learn them
from the interaction.
• DialogFlow is based on a combination of a rule-based and machine learning approaches. We got warning from DialogFlow
that the number of example sentences were too small. This
demonstrates why the indirect approach based on semantic
similarity evaluation is relevant. With n sentences, a direct
classification model can build a corpus of size n while our
approach can build a corpus of size n2 .
This experiment demonstrates that traditional NLU modules used
to create dialogue assistants are not adapted to agents that can be
instructed and customized by their user.
6.3.2 Comparison with OneShotNLU. As OneShotNLU detects all
the pattern when they have already been encoutered, the performance of OneShotNLU indicates the distribution between new and
known patterns that appear multiple times. New patterns represents
30% of the simulations and in 43% of the cases, AidMe can detect
this new pattern without needing the user’s help. This means that
the user intervention needed by a system using AidMe is almost
halved compared to a system based on one shot learning.
However AidMe_M has a lower pattern accuracy than OneShotNLU.
This is due to the fact that the pattern detection algorithm reaches

an accuracy of 70% on the known patterns to be compared to the
100% of OneShotNLU. This means the best combination is to use
the pattern detection algorithm on new patterns and to perform
pattern matching on known patterns.

6.4

Integration to a digital assistant

We integrate the AidMe algorithm to an existing virtual assistant
described in [9] that learns by GUIs demonstrations and natural
language instructions. The assistant is able to learn mapping of
natural language orders to procedural knowledge in order to accomplish tasks on a digital environment composed of web services. The
overall functioning of the system is as follows: the user gives an
order, such as “send an email to alice@domain.com”, and the system
tries to find a corresponding procedure. If it does, the argument
“alice@domain.com” is extracted and the procedure is executed,
otherwise the system request from the user a GUI demonstration
or an explanation of the procedure he wants to carry out.
A major limitation of this system is that the user has to remember
the exact forms he used to teach its agent the new tasks. As an example, a request such as “please, write an email to bob@domain.com”
is not recognized because the fixed pattern “send an email to Z“
used to link natural language order to the procedure does not exactly match. The assistant then behaves as if the request referred
to a completely new procedure and the user has to reformulate its
request using the exact same form as during the learning. This can
make the system hard to use.
The AidMe algorithm, once integrated, allows the assistant to
avoid around 40% of these situations by proactively discovering
new forms without behaving as if the request is entirely new. Using
AidMe, the assistant can reformulate by itself the user’s request in
a known form and ask for confirmation to the user. When AidMe is
wrong, in 90% of the cases, it still has identified the intent correctly
and can ask for reformulation. Below is an example of dialogue
between the assistant and the user:
User Please, write an email to bob@domain.com
Agent Did you mean: send an email to bob@domain.com?
User yes
As new procedures are learned and used, the system will gather
the necessary data to improve the AidMe algorithm. This integration has improved the system’s robustness to user language
variability with a minimal set of pre-engineered language skills and
still needs to be tested with more extended user experiments.
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7 DISCUSSION
7.1 Pros and cons of a comparison-based
method
7.1.1 Pros: A significant advantage of this method is that, such a
model does not need to be trained each time a new intent is detected.
Unlike traditional intent detection methods that are trained to recognize intents in a direct way and among a list of possible intents, our
method is indirect as it seeks for a potential known intent without
the assurance to find one. Two sentences can always be compared
using the similarity model and the analysis of the similarity score is
enough to evaluate if two sentences are close enough to be related
to the same intent. On the contrary, a classification model can only
predict classes on which it has been trained. When it discovers a
new intent, a system based on a classification model needs therefore to be retrained. This can be an issue depending on the training
time as the system would be unavailable for a while. But above all,
the main challenge would be to maintain a relative balance in the
dataset between classes, otherwise some class could be "ignored"
by the model. When an intent is discovered for the first time, few
data would be available to train on and the performance on the new
class would need time to become satisfactory. Finally this method
is more sample efficient than classification-based method as with
the collection of n sentences, the train dataset set is of size n2 .

7.2

Shared semantic
similarity

7.1.2 Cons: The main disadvantage of this method is that the
number of sentences to which a new request have to be compared
grows rapidly. In addition, the pattern matching algorithm is challenged by very long sentences or sentences with many arguments.
Detection of arguments is certainly a difficult task in NLU as the
more arguments a sentence contains the bigger the number of possibilities grows. Our methods by comparing all the possible patterns
is also vulnerable to the size of the sentences. As the number of
words grows, the number of possible patterns explodes. We tracked
the performance of AidMe in identifying the patterns depending
on the number of arguments and report the results in Table 6. We
note that it is extremely difficult for AidMe to discover new pattern
that have more than 2 arguments.
Table 6: Pattern detection depending of the number of arguments

Pattern Detection (%)

Number of arguments
1
2
3

New Patterns
Overall Accuracy

55
80

36
67

0
22

Upgrading AidMe to allow it to scale independently from the
size of the collected sentences is part of the future work. One can
think that once a certain number of sentences have been collected
for an intent, it is not necessary to compare a new request to all
of them but only to a small number. On the topic of making the
similar pattern detection algorithm less vulnerable to the number
of arguments and the size of the sentences, the idea that we should
make use of the nature of the possible variables is very promising
and would drastically reduce the combinatoriality of the approach.

Sharing assistant knowledge across users

As outlined in Section 2.3, agents that learn by interaction gather
data which are often related to a specific user. With a direct mapping between sentences and their interpretative function, it is hard ,
then, to share knowledge among users. It is common for a mapping
to be not fully generalized and to hide details in the interpretative
function. For example, a user may want to send emails with Application 1 while another user uses Application 2 but still say the
same sentence “send an email to X”. In our approach, as depicted in
Figure 4, users may have different experiences with their agent but
have the opportunity to share the linguistic similarity module to
benefit from other user experiences. This model could be validated
in future works.

User 1

User 2
Pattern/sentence

Interpreter

Intent

Figure 4: Shareable semantic similarity

7.3

Enhancing the similar pattern
identification algorithm

The idea behind the pattern matching algorithm is to evaluate a
semantic similarity between patterns by using the semantic similarity between instantiated sentences. In our implementation, we
compare only the similarity between two patterns by instantiating
one sentence for each pattern. We note in our simulations that this
allows the system to infer around 40% of the new patterns correctly.
It would be interesting to evaluate how this can be improved by
evaluating the similarity between patterns by averaging the contextual similarity over multiple contexts. Rather than comparing
the similarity between two instantiated sentences, we could compare the average similarity between multiple instantiated sentences.
We would then change the definition of the the contextual pattern
similarity to:
Sim |ARGS (p1 , p2 ) =

1
|ARGS |

Õ
ar дs ∈ARGS

Sim(λ(p1 , arдs), λ(p2 , arдs))

AidMe

with ARGS being a set of possible arguments associated with
p1 and p2 . We could expect the estimated similarity to be more
accurate and the rate of discovered patterns higher. However, this
needs to be balanced to the additional computation time that would
require.
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[5]
[6]

FUTURE WORK
Along with multiple improvements to AidMe concerning its scaling
abilities, it would be very instructive to test the system with real
users by integrating it with different agents learning by demonstration. In addition to giving these assistants the possibility to
autonomously infer the meaning of new sentences, AidMe can create novel types of interaction with the user. Able to detect new
intents 90% of the times, AidMe allows the assistant to be proactive
in his interaction by indicating that it knows that the user is about
to teach it a new task. In the same vein, when AidMe can fail to
identify the patterns and but still indicates in more than 90% of the
times that it knows what the user wants but needs help to be able
to perform it. This new type of interaction can make the interaction
with digital assistant more human-like and attractive to the user.

[7]

[8]

[9]
[10]
[11]

CONCLUSION
We developed AidMe as an NLU module for digital assistants that
allows their users to teach them new tasks through interaction. To
be usable, such a system needs to be extremely sample efficient and
rapidly achieve good performance using only the data collected
during the interactions. In this regard, AidMe achieves excellent
sample efficiency. During the simulations we conducted, the intents
were correctly detected 90% of the times whereas AidMe has no
more than 10 examples of sentences per intent at the end of the
simulation. Additionally, AidMe beats one-shot learning systems
by performing zero-shot learning on 43% of the patterns in our
simulation. AidMe is by design not a domain specific module, the
knowledge that is pre-engineered in the system consists in the
only word embeddings and this allows AidMe to adapt to the user
in any domain. Finally AidMe can offer to the user a new sort of
interaction where the assistants knows it needs the user to fulfill
its request. The next step for AidMe is now to be confronted to real
users by integrating it to real Digital Assistant.
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[17]

ACKNOWLEDGMENTS
Nicolas Lair is supported by ANRT/CIFRE contract No. 151575A20
from Cloud Temple.
[18]

REFERENCES
[1] James Allen, Nathanael Chambers, George Ferguson, Lucian Galescu, Hyuckchul
Jung, Mary Swift, and William Taysom. 2007. PLOW: A collaborative task
learning agent. In Proceedings of the National Conference on Artificial Intelligence,
Vol. 22. Menlo Park, CA; Cambridge, MA; London; AAAI Press; MIT Press; 1999,
1514. http://www.aaai.org/Papers/AAAI/2007/AAAI07-240.pdf
[2] James F. Allen, Donna K. Byron, Myroslava Dzikovska, George Ferguson, Lucian
Galescu, and Amanda Stent. 2001. Toward Conversational Human-Computer
Interaction. AI Magazine 22, 4 (dec 2001), 27–27. https://doi.org/10.1609/AIMAG.
V22I4.1590
[3] Amos Azaria, Jayant Krishnamurthy, and Tom Mitchell. 2016. Instructable Intelligent Personal Agent. In AAAI. 2681–2689.
[4] Steven Bethard, Marine Carpuat, Marianna Apidianaki, Saif M Mohammad,
Daniel M Cer, and David Jurgens (Eds.). 2017. Proceedings of the 11th

[19]

[20]

[21]

International Workshop on Semantic Evaluation, SemEval@ACL 2017, Vancouver, Canada, August 3-4, 2017. Association for Computational Linguistics. http://aclanthology.info/volumes/proceedings-of-the-11th-internationalworkshop-on-semantic-evaluation-semeval-2017
Daniel Cer, Mona Diab, Eneko Agirre, Nigo Lopez-Gazpio, and Lucia Specia. 2017.
SemEval-2017 Task 1: Semantic Textual Similarity Multilingual and Cross-lingual
Focused Evaluation. (2017), 1–14. http://www.aclweb.org/anthology/S17-2001
Tianqi Chen and Carlos Guestrin. 2016. XGBoost: A Scalable Tree Boosting
System. In Proceedings of the 22nd ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining - KDD ’16. ACM Press, New York, New
York, USA, 785–794. https://doi.org/10.1145/2939672.2939785
Alexis Conneau, Douwe Kiela, Holger Schwenk, Loïc Barrault, and Antoine Bordes. 2017. Supervised Learning of Universal Sentence Representations from Natural Language Inference Data. In Proceedings of the 2017 Conference on Empirical
Methods in Natural Language Processing. Association for Computational Linguistics, Copenhagen, Denmark, 670–680. https://www.aclweb.org/anthology/D171070
Kerstin Dautenhahn and Aude Billard. 1999. Bringing up Robots or - The Psychology of Socially Intelligent Robots: From Theory to Implementation. In Proc.
3rd International Conference on Autonomous Agents. https://citeseerx.ist.psu.edu/
viewdoc/citations?doi=10.1.1.40.691
C Delgrange, J Dussoux, and P F Dominey. 2019. Usage-Based Learning in Human
Interaction with an Adaptive Virtual Assistant. IEEE Transactions on Cognitive
and Developmental Systems (2019). https://doi.org/10.1109/TCDS.2019.2927399
Alejandro Figueroa and John Atkinson. 2016. Ensembling Classifiers for Detecting
User Intentions behind Web Queries. IEEE Internet Computing 20, 2 (mar 2016),
8–16. https://doi.org/10.1109/MIC.2015.22
Mauajama Firdaus, Shobhit Bhatnagar, Asif Ekbal, and Pushpak Bhattacharyya.
2018. A deep learning based multi-task ensemble model for intent detection
and slot filling in spoken language understanding. In Lecture Notes in Computer
Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), Vol. 11304 LNCS. 647–658. https://doi.org/10.1007/978-3-03004212-7_57
Mauajama Firdaus, Shobhit Bhatnagar, Asif Ekbal, and Pushpak Bhattacharyya.
2018. Intent Detection for Spoken Language Understanding Using a Deep Ensemble Model. In PRICAI 2018: Trends in Artificial Intelligence. Springer, Cham,
629–642. https://doi.org/10.1007/978-3-319-97304-3_48
Terrence Fong, Illah Nourbakhsh, and Kerstin Dautenhahn. 2003. A survey of
socially interactive robots. Robotics and Autonomous Systems 42, 3-4 (mar 2003),
143–166. https://doi.org/10.1016/S0921-8890(02)00372-X
Nil Goksel Canbek, Mehmet Emin Mutlu, and Mehmet Emin Mutlu. 2016. On
the track of Artificial Intelligence: Learning with Intelligent Personal Assistants.
International Journal of Human Sciences 13, 1 (jan 2016), 592. https://doi.org/10.
14687/ijhs.v13i1.3549
Basma Hassan, Samir E AbdelRahman, Reem Bahgat, and Ibrahim Farag. 2017.
FCICU at SemEval-2017 Task 1: Sense-Based Language Independent Semantic
Textual Similarity Approach. In Proceedings of the 11th International Workshop
on Semantic Evaluation, SemEval@ACL 2017, Vancouver, Canada, August 3-4,
2017, Steven Bethard, Marine Carpuat, Marianna Apidianaki, Saif M Mohammad, Daniel M Cer, and David Jurgens (Eds.). Association for Computational
Linguistics, Vancouver, Canada, 125–129. https://doi.org/10.18653/v1/S17-2015
Johann Hauswald, Lingjia Tang, Jason Mars, Michael A. Laurenzano, Yunqi Zhang,
Cheng Li, Austin Rovinski, Arjun Khurana, Ronald Dreslinski, Trevor Mudge, and
Vinicius Petrucci. 2015. Sirius: An Open End-to-End Voice and Vision Personal
Assistant and Its Implications for Future Warehouse Scale Computers. ACM
SIGPLAN Notices 50 (2015), 223–238. https://doi.org/10.1145/2775054.2694347
John C Henderson, Elizabeth M Merkhofer, Laura Strickhart, and Guido Zarrella.
2017. MITRE at SemEval-2017 Task 1: Simple Semantic Similarity. In Proceedings of
the 11th International Workshop on Semantic Evaluation, SemEval@ACL 2017, Vancouver, Canada, August 3-4, 2017, Steven Bethard, Marine Carpuat, Marianna Apidianaki, Saif M Mohammad, Daniel M Cer, and David Jurgens (Eds.). Association
for Computational Linguistics, 185–190. https://doi.org/10.18653/v1/S17-2027
Chung Hee Hwang and Lenhart K. Schubert. 1993. Episodic logic: A situational
logic for natural language processing. Situation Theory and its Applications 3
(1993), 303–338. http://books.google.fr/books?hl=fr&lr=&id=wlfBUzFzJ8gC&
oi=fnd&pg=PA303&dq=Episodic+Logic+expressiveness&ots=vKc3iXc8EI&sig=
Hk3XN87GAJwFxeSNs6I_tYu8W8A
Thanapong Intharah, Daniyar Turmukhambetov, and Gabriel J. Brostow. 2017.
Help, It Looks Confusing: GUI Task Automation Through Demonstration and
Follow-up Questions. In Proceedings of the 22nd International Conference on Intelligent User Interfaces (IUI ’17). ACM.
Joo-Kyung Kim, Gokhan Tur, Asli Celikyilmaz, Bin Cao, and Ye-Yi Wang. 2016.
Intent detection using semantically enriched word embeddings. In 2016 IEEE
Spoken Language Technology Workshop (SLT). IEEE, 414–419. https://doi.org/10.
1109/SLT.2016.7846297
Ryan Kiros, Yukun Zhu, Ruslan Salakhutdinov, Richard S Zemel, Antonio Torralba, Raquel Urtasun, and Sanja Fidler. 2015. Skip-Thought Vectors. In NIPS’15
Proceedings of the 28th International Conference on Neural Information Processing

IUI ’20, March 17–20, 2020, Cagliari, Italy

Systems. arXiv:1506.06726v1 https://arxiv.org/pdf/1506.06726.pdf
[22] Jiwei Li, Michel Galley, Chris Brockett, Georgios Spithourakis, Jianfeng Gao, and
Bill Dolan. 2016. A Persona-Based Neural Conversation Model. In Proceedings of
the 54th Annual Meeting of the Association for Computational Linguistics (Volume
1: Long Papers). Association for Computational Linguistics, Stroudsburg, PA, USA,
994–1003. https://doi.org/10.18653/v1/P16-1094
[23] Bing Liu and Ian Lane. 2016. Attention-Based Recurrent Neural Network Models
for Joint Intent Detection and Slot Filling. In Interspeech 2016. 685–689. https:
//doi.org/10.21437/Interspeech.2016-1352 arXiv:1609.01454
[24] Nabin Maharjan, Rajendra Banjade, Dipesh Gautam, Lasang Jimba Tamang,
and Vasile Rus. 2017. DT_Team at SemEval-2017 Task 1: Semantic Similarity
Using Alignments, Sentence-Level Embeddings and Gaussian Mixture Model
Output. In Proceedings of the 11th International Workshop on Semantic Evaluation,
SemEval@ACL 2017, Vancouver, Canada, August 3-4, 2017, Steven Bethard, Marine
Carpuat, Marianna Apidianaki, Saif M Mohammad, Daniel M Cer, and David
Jurgens (Eds.). Association for Computational Linguistics, 120–124. https://doi.
org/10.18653/v1/S17-2014
[25] George A Miller, Richard Beckwith, Christiane Fellbaum, Derek Gross, and Katherine Miller. 1993. Introduction to WordNet: An On-line Lexical Database. Technical
Report. http://wordnetcode.princeton.edu/5papers.pdf
[26] Roberto Navigli and Simone Paolo Ponzetto. 2012. BabelNet: The Automatic Construction, Evaluation and Application of a Wide-Coverage Multilingual Semantic
Network. Artificial Intelligence 193 (2012), 217–250.
[27] Kishore Papineni, Salim Roukos, Todd Ward, and Wei-Jing Zhu. 2002. Bleu: a
Method for Automatic Evaluation of Machine Translation. In Proceedings of the
40th Annual Meeting of the Association for Computational Linguistics. Association
for Computational Linguistics, Philadelphia, Pennsylvania, USA, 311–318. https:
//doi.org/10.3115/1073083.1073135
[28] Jeffrey Pennington, Richard Socher, and Christopher D Manning. 2014. GloVe:
Global Vectors for Word Representation. In Empirical Methods in Natural Language Processing (EMNLP). 1532–1543. http://www.aclweb.org/anthology/D141162
[29] Ashwin Ram, Rohit Prasad, Chandra Khatri, Anu Venkatesh, Raefer Gabriel, Qing
Liu, Jeff Nunn, Behnam Hedayatnia, Ming Cheng, Ashish Nagar, Eric King, Kate
Bland, Amanda Wartick, Yi Pan, Han Song, Sk Jayadevan, Gene Hwang, and Art
Pettigrue. 2017. Conversational AI: The Science Behind the Alexa Prize. In 1st
Proceeding of ALexa Prize 2017. arXiv:1801.03604 http://arxiv.org/abs/1801.03604
[30] Yang Shao. 2017. Use convolutional neural network to evaluate Semantic Textual
Similarity. In Proceedings of the 11th International Workshop on Semantic Evaluations (SemEval-2017). Vancouver, 130–133. http://ixa2.si.ehu.es/stswiki/index.
php/STSbenchmark
[31] Ming Sun, Yun-Nung Chen, and Alexander I. Rudnicky. 2016. An intelligent
assistant for high-level task understanding. In Proceedings of the 21st International
Conference on Intelligent User Interfaces. ACM, 169–174.
[32] Ilya Sutskever, Oriol Vinyals, and Quoc V. Le. 2014. Sequence to Sequence
Learning with Neural Networks. In Advances in Neural Information Processing
Systems 27 (NIPS 2014). 3104–3112. arXiv:1409.3215 https://papers.nips.cc/paper/
5346-sequence-to-sequence-learning-with-neural-networks
[33] Kai Sheng Tai, Richard Socher, and Christopher D Manning. 2015. Improved
Semantic Representations From Tree-Structured Long Short-Term Memory Networks. In Proceedings of the 53rd Annual Meeting of the Association for Computational Linguistics and the 7th International Joint Conference on Natural Language
Processing. 1556–1566. https://www.aclweb.org/anthology/P15-1150
[34] Junfeng Tian, Zhiheng Zhou, Man Lan, and Yuanbin Wu. 2017. ECNU at SemEval2017 Task 1: Leverage Kernel-based Traditional NLP features and Neural Networks to Build a Universal Model for Multilingual and Cross-lingual Semantic
Textual Similarity. In Proceedings of the 11th International Workshop on Semantic Evaluation, SemEval@ACL 2017, Vancouver, Canada, August 3-4, 2017, Steven
Bethard, Marine Carpuat, Marianna Apidianaki, Saif M Mohammad, Daniel M Cer,
and David Jurgens (Eds.). Association for Computational Linguistics, 191–197.
https://doi.org/10.18653/v1/S17-2028
[35] Oriol Vinyals and Quoc Le. 2015. A Neural Conversational Model. In ICML Deep
Learning Workshop, 2015. arXiv:1506.05869 http://arxiv.org/abs/1506.05869
[36] John Wieting, Mohit Bansal, Kevin Gimpel, and Karen Livescu. 2015. From
Paraphrase Database to Compositional Paraphrase Model and Back. Transactions
of the Association for Computational Linguistics 3 (2015), 345–358. http://web.
engr.illinois.edu/
[37] John Wieting, Mohit Bansal, Kevin Gimpel, and Karen Livescu. 2016. TOWARDS UNIVERSAL PARAPHRASTIC SENTENCE EMBEDDINGS. In International Conference on Learning Representations (ICLR 2016). arXiv:1511.08198v3
http://ttic.uchicago.edu/
[38] Hao Wu, Heyan Huang, Ping Jian, Yuhang Guo, and Chao Su. 2017. BIT at
SemEval-2017 Task 1: Using Semantic Information Space to Evaluate Semantic
Textual Similarity. In Proceedings of the 11th International Workshop on Semantic
Evaluation, SemEval@ACL 2017, Vancouver, Canada, August 3-4, 2017, Steven
Bethard, Marine Carpuat, Marianna Apidianaki, Saif M Mohammad, Daniel M
Cer, and David Jurgens (Eds.). Association for Computational Linguistics, 77–84.
https://doi.org/10.18653/v1/S17-2007

Lair et al.

[39] Puyang Xu and Ruhi Sarikaya. 2013. Convolutional neural network based
triangular CRF for joint intent detection and slot filling. In 2013 IEEE Workshop on Automatic Speech Recognition and Understanding. IEEE, 78–83. https:
//doi.org/10.1109/ASRU.2013.6707709
[40] Xiaodong Zhang and Houfeng Wang. 2016. A Joint Model of Intent Determination
and Slot Filling for Spoken Language Understanding. In Proceedings of the TwentyFifth International Joint Conference on Artificial Intelligence, IJCAI’16. AAAI Press
/ International Joint Conferences on Artificial Intelligence, New York, New York,
USA, 2993–2999.

