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Abstract. A fundamental requirement for any dialogic intelligent sys-
tem that is situated in an environment, is that it can capture the intent of
others (eg. via dialog) and find the relation between symbols of the dialog
and its surrounding environment. Such an intelligent system opens up
many questions, such as what is a dialog? What is the context of situated
dialog? What kind of Knowledge Base is required? How a context-aware
robot can use its Knowledge Base? And, how a contextualized robot can
leverage its uncertainty in understanding the user? In this paper, we
ignite five years of study 1 to find answers to these questions. In partic-
ular, we are aiming at making a robot that can reduce its uncertainty in
symbol grounding and other knowledge-based inferences.
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1 Introduction

Situated dialog is one of the well-known problems of dialog systems. A situated
dialog lets a cognitive agent communicate with humans considering its environ-
ment. In this type of system, the focus of the cognitive agent is not only on
the understanding of dialog but also on its own perception and memory. The
key concepts of a cognitive agent for the purpose of our work are ontology and
context (the latter term may be inferred also from situated). Although context is
one of the familiar terms in the science of robot cognition, every work interprets
this term differently, and little work has been reported that study the relation
between context and ontology.

In this thesis plan, we want to study the importance of context in a com-
putational system for situated dialog, and its relation with other modules of
the system, specifically ontology. A critical aspect of making a computational
dialog system for situated dialog is the presence of several types of uncertainty,
like uncertainty in symbol grounding. We are planning to propose a system to

1 This is a research plan prepared for AIIA-2019 Ph.D. consortium. This research
topic is in the context of Wallenberg AI, Autonomous Systems and Software Program
(WASP), Swedens largest individual research program ever. This Ph.D. program will
be for five years, and this research proposal has been written in the fourth month of
this period.
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remove such uncertainties with the help of context and ontology. In particular,
uncertainty in symbol grounding and further, knowledge-based inferences such
as finding the correct word’s meaning, word’s semantic, and adequately of ac-
tions are in our interest. Examples of these types of uncertainty are given later
in the showcased scenarios. We claim that having a computational model of a
context is a step towards a context-aware system that can be used in multiple
contexts without context-specific design. Let us define two simple scenarios that
will help us in describing the problems later.

Scenario 1 : Consider a robot and a user are standing in a living room, on
Saturday morning. The robot perceives ”Give me red” through natural language,
given an ontology and the context, the robot brings a magazine that is named
”red”. In the evening of the same day, consider the same robot and user, the
user is making a salad in the kitchen. In meanwhile the robot perceives the same
”Give me red” utterance again. The robot brings the magazine again; And the
user shouts to the robot, ”I mean that red tomato, silly robot”.

Scenario 2 : It is Sunday morning, and the user wants its robot to kill a bug
in the home by uttering ”Can you kill the mosquito on the wall?”, and the robot
asks: ”How can I kill it?” and the user gives some instruction. Later in the day,
the user gets depressed and asks the robot ”How can I kill my self?”. The smart
robot changes ”my self” to ”your self”, it lookup into its ontology and utter ”For
killing ’your self’, you should cling ’your self’ to the electricity grid, do you want
me to do it for you?”.

Briefly, the problem observed in Scenario 1 is the uncertainty in symbol
grounding, where the robot is not sure which object the user is referring to by
”red”; This problem is coupled with the problem of finding the correct meaning
of ”red”, whether is a color adjective or is a name. The robot in Scenario 2 shows
the wrong choice of actions between a bad action (giving suiciding instruction)
and a good action (giving a motivational statement, which can be inferred from
reasoning). Many other scenarios can be given for different types of uncertainty
which concern actions, such as what is the correct choice of variables that are
involved in an action? Which action should be chosen if multiple action can be
inferred from user utterance? And, is an action adequate to a context, concerning
robot’s abilities and user asserted constraints; Noticing that all such uncertainties
can be reduced by robot’s ontology.

In the next section, we review some of the most promising works related to our
work. Then in sections 3 and 4, we describe problems and contributions of this
Ph.D. thesis, using the two aforementioned scenarios. In section 5 we describe
our research methodology, and our plan for this work, following our evaluation
proposal of this work. This thesis plan is concluded in the last section.

2 Background

There are many works in the field of situated dialog. One of the earliest work [5],
introduces a planning structure for discourse, named shared plans. In particular,
shared plans are upon the linguistic structure, intentional structures, and the
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attentional state. Such formulation provides necessary tools for understanding
sequences of utterances in the discourse.

Defining and formulating context and ontology can not be as straightforward
as the formalization of the discourse. John McCarthy in [8] tried to formalize
context as first-class objects. He used the notion of context as a tool for de-
scribing proposition that are true in some contexts. Few years before that work,
in [7] he claimed that common sense (constitutes an important intermediate of
ontology [3]) should not be specific to a particular application. In other words,
a proposition of common sense knowledge should be general in all applications,
but in the formalization of the context, some proposition might not be true in
some other contexts.

Benerecetti et al. in [1] reformulate the problem of reasoning between con-
texts from the perspective of knowledge representation. They used the power
of reasoning to import facts from a source context to a target context. For ex-
ample, ’tomorrow’ in the context of yesterday, should be imported ’today’ in
the context of today. Such a theory provide tools for importing contents of a
contextualized ontology [4] to another. Bouquet et al. in [2] introduced a new
modification of Web Ontology Language(OWL) for including the context in the
language of ontology, named Context OWL (C-OWL). C-OWL provided a tool
for covering contradiction between a global ontology and a local context. In other
words, their language of contextualized ontology implies that information is kept
local and not shared among other ontologies, and contents are mapped between
ontologies via explicit context mapping.

Work described in [6] tries to formalize contextualized ontology, somehow
similar to our proposal. What they have used as a context is a hierarchy of
concepts, and they have used this hierarchy to define a local ontology. They
have used this contextualized hierarchy of concept to eliminate meanings that
are not compatible with contextualized ontology. They also compare semantics
of two concepts, namely contextual meaning, by finding an ordered meanings of
each word (ordered concerning compatibility with the hierarchy of concept).

There are many works that address uncertainties in a dialog. Zhang et al.
also in [9] address uncertainties in dialog system and used a Partially Observ-
able Markov Decision Process (POMDP) framework for eliminating uncertainties
that concerns actions and observations.

Despite contribution in the state of the arts, we believe, still there is a gap
between context and ontology. In particular, this gap corresponds to the relation
between the ontology and the context. Moreover, we believe an ontology should
be shared, and the function that relates an ontology to a context should choose
the most probable information in the ontology, respecting the context.

3 Problem statement

In this work, the main focus is on the uncertainty in symbol grounding. This
problem introduces two sub-problems. The first sub-problem is finding a single
definition and computational model of context, that can be computed for dif-



4 M. Farid

ferent situations. The second interesting sub-problem is the relation between an
ontology and a context. In other words, we want to claim that having a compu-
tational model of a context and a computational model of ontology, there is a
function (model) between models of context and ontology, which describes how
a robot’s understanding of a user relies on the context. It is worth to note that
we use the notion of robot’s understanding of the user for finding the correct
intent of the user, which this understanding can be formulated as choosing the
correct propositions in ontology when multiple propositions can be chosen for
understanding an intent.

Following Scenario 1, the problem is what does ’red’ is referring to in a dif-
ferent context. Moreover, once the robot refined its knowledge about a meaning
of a word in a context, it should know that in a new context, how it should
rely on its knowledge; is ”red” a distinguishing adjective between tomatoes? Is
it a noun, and to which object it should be grounded? Or it is the name of
a magazine. Scenario 1 is an example of uncertainty in symbol grounding and
the meaning of a word (”red”) in different contexts and shows how the correct
choice of propositions in ontology is dependent on context. Scenario 2 shows
another problem of situated dialog, namely uncertainties in actions. In Scenario
2, the robot has multiple possibilities of actions, and it is not sure about the
right choice of action. Does it have to rely on the information given to robot
in the morning? Or does it have to rely on its initial knowledge? Or it should
not accomplish user request and instead, as the result of the reasoning mod-
ule, choose a different action (give a motivational statement). Uncertainties of
robot’s actions raise many open questions, and in this work, we consider those
problems that can be solved by using ontology.

4 Contributions

The contribution of this work is to advance in the state of the arts in auto-
mated situated dialog by using the notion of context. Precisely, how the robot’s
understanding of the user depends on context, and how this dependency can
be learned and used. In other words, referring to the aforementioned problems,
the contribution of this work is defining context and ontology, following a func-
tion between models of context and ontology. Having a computational model of
context, we also want to find a distance function between any pair of context;
Such distance function may be used as a meter to find the similarity between
any pair of context; Which is crucial for context-aware systems to find the cor-
rect proposition in the ontology while context is changing. Building and using
a function that knows how to extract information from ontology with respect
to the context, will lead to a cognitive system that can reduce its uncertainties.
Moreover, we want to let the system actively refine (learn) its ontology, and the
function between context and ontology, such that robot can align its belief with
the user.

As an example, at the morning of Scenario 1, after robot perceived ”give me
red”, it goes and finds an object that has a red color, ground symbol ”red” to
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the corresponding object, picks it up and brings it to the user. But the user utter
”Red is the name of the magazine”; Now the robot should go find a magazine
that ”red” has been written on it. This was a simple example of refining ontology.
The base question that we expect to find is that how different are two contexts
(context of morning and evening) and with knowing this, how the robot can
rely on its ontology for understanding ”red” (does it refer to magazine, or it is
an object with red color). Namely, the impact of our contribution is that the
robot should know how to leverage uncertainties (eg. know the desired meaning
of ”red”) in different contexts.

Although our focus is mostly on the problem of Scenario 1, we address the
Scenario 2 as the further achievement of our proposed system. In Scenario 2 we
expect that robot should understand that in a given context, which actions it can
apply. Namely the contribution for this scenario is that robot should change the
most promising interpretation of the action, since the function that choose the
interpretation from ontology learned that in such a context the most probable
interpretation is not moral. Moreover, this function should learn that the human
kind can not be chosen as the Entity variable of Eliminating(Entity, Procedure)
action.

5 Research Methodology

Our research methodology is made of 5 phases. In the first phase, we try to
find a relation between context and ontology by analyzing some situated dialog
and arriving at computational models of context and ontology that help us for
finding a function that models this relationship. The next phase of this work
corresponds to find a relation between different contexts, and find a meter that
gives a distance between any pair of contexts. As the output of this distance
function, we expect to have a short distance for a pair of similar context. This
distance function helps the dialog system decide when it has to rely on its refined
propositions or its base knowledge. As an example, in Scenario 1, the robot
should rely on the information captured in the morning, or it should lookup
its base knowledge, and interpret ”red” as a distinguishing color adjective. The
third phase of our work corresponds to find the function between the context
and ontology. Having this module, we want to try active learning for learning
ontology, and the function itself. In the fourth phase of this project, we want
to find types of uncertainty in a dialog system. We starting this phase with
addressing uncertainty in symbol grounding, and proceed further to leverage
other existing uncertainties, such as uncertainty in the correct meaning and
semantics of a word, action uncertainties that are solvable by ontology. In the
last phase of this project, we want to show that our problem formulation can
leverage different types of uncertainty in dialog systems. In particular, a proper
setting of context reduces uncertainties in symbol grounding, lexical meaning of
words, common sense, and action.
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6 Evaluation Plan

Dealing with dialog and more specifically, situated dialog, evaluation is highly
controversial, as there is no baseline, neither clear definition of a unified method-
ology. Our basic plan for evaluation is to test our system over different contexts,
on some users, and simply show that our system can robustly have a different
interpretation of situated dialog that satisfies user desires. We also expect by
letting our system actively learn its computational models, we will be able to
show the minimization of human effort in aligning robot beliefs with the user
beliefs.

7 Conclusion

In this Ph.D. thesis proposal, we have proposed an approach for leveraging un-
certainties in a dialog system. Our proposal is mainly upon studying context
and ontology, and the relation between these two. We believe having a proper
formulation of the relation between ontology and context, let us leverage uncer-
tainties in different contexts. Moreover, we believe our methodology will lead
to a context-aware system for multiple contexts, without any context-specific
design.
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