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Abstract
In the future smart living spaces the users will face more
and more misunderstanding situations. In this paper we
present an original scenario showing three aspects : the
misunderstanding situations, the purpose requests and the
causality requests. Autonomic computing is an approach
to overcome the massive development of the Internet and
the growing complexity of resources and services
management in the IT domain. We state that since the
smart-home has to self-managed they need to be
autonomic. As a contribution we introduce a model that
extends the autonomic architecture in order to manage
misunderstanding situations and facilitate the
sensemaking processes in the Autonomic Smart-Home.
We name this extension IHMUNE which stands for
Intelligent Home Manager for Understandable Novel
Experiences. Then we discuss about the different kinds of
collaborations that will arise in the smart-cities, the
privacy concerns and the sensemaking.
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Introduction
The context of our study is set in the near future and
presages the complexity induced by ubiquitous computing
in the smart-home, and more widely in the
smart-neighborhood. In this environment, the homes may
be seen either as the companions that forestall the needs
and desires of the humans with ambient intelligence or as
the tools with which the users interact explicitly with
basic human-computer interactions. In this work we focus
on the ambient intelligence in the homes and more
specifically on their anticipation and prediction
mechanisms to foresee the user’s intentions and satisfy its
expectations. In this context we state that the users will
be facing more and more misunderstanding situations
leading to sensemaking processes [4]. We point out three
keystone aspects that need to be taken into account in
the design of smart-homes to facilitate this sensemaking
process: the misunderstanding situations, the purpose
requests and the causality requests.

We first introduce a scenario that shows some of these
situations and points out these three aspects. Throughout
the scenario we present some functionalities of the
smart-home and underline some issues related to the
quality of the user experience. Because the smart-homes
need to be self-managed, we then present the Autonomic
Computing as a starting point for architectural
considerations of the smart-home and show why these
considerations need to be extended to build an Autonomic
Smart-Home.

We state that the comprehension between a smart home
and its user will improve the quality and frequency of
interactions. The comprehension process has been
described and discussed according to the classification of
human mind content by Russel Ackoff into five categories

: Data, Information, Knowledge, Understanding and
Wisdom [1].

As a contribution we introduce a model that extends the
autonomic architecture in order to manage
misunderstanding situations and facilitate the sensemaking
processes in the Autonomic Smart-Home. We name this
extension IHMUNE which stands for Intelligent Home
Manager for Understandable Novel Experiences. Finally
we discuss some future research directions.

Scenario
Introducing the scenario.
The scenario takes place in one smart-neighborhood,
composed of interconnected smart-homes and businesses.
Each home is considered as one system, itself considered
as a part of a whole intelligent system. In this futuristic
environment we state that sharing of information and
resources is becoming more and more common. Eve is the
actress, she is a young single woman working most of her
time. She has little time or even no time at all to manage
her home.

The beginning of the scenario illustrates possible
interactions between an inhabitant and his home, in order
to introduce the main functional specifications of the
smart-home. This scenario ignores all potential
technological issues. In the following text, the narrative
parts are in italics to differentiate them from the
explanations.

Revealing the misunderstanding situations.
It’s been a few weeks since the home is learning Eve’s
food habits. Using the deduced preferences, a shopping
card is automatically filled and a pending approval
notification is created. When Eve is back home from work,
she accepts the food order and validates the notification.
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We see that a machine learning process gathered
information: in this case this process may not be
understood by Eve but it doesn’t disturb her. Indeed, she
trusts her system and is not questioning about this
particular routine task.

The system has a queue-list to manage the pending
notifications. To allow the users to interact with their
system there are tangible interfaces inside the house such
as tactile tablets and speech recognition for gathering
explicit information and sensors for collecting implicit
information. The house does not need synchronous
human interaction and decision, indeed the choice of
asynchronous temporality is made in order not to overflow
Eve’s brain with too much information while she is
working.

The home immediately asks the permission to reveal her
food provider to the neighborhood. Eve is surprised and
she asks ”WHY?”. The home explains the pool delivery
possibilities and their ecological and economical impacts.
She understands and gives her permission.

Figure 1: causality and purpose

Purpose request
The figure 1 represents a simple activity diagram that
underlines the ”WHY” questioning resulting from a
misunderstanding situation. When the home is asking
permission to reveal Eve’s food provider, it gathers a
validation information: yes or no. Contrary to the first
part of the scenario, the same context leads to a
misunderstanding situation that disturbs her because she
seems to be surprised. We show that a sensemaking loop
is starting when she is asking ”WHY”. We call this
particular ”WHY” in this context a ”purpose request”.
The home has to give an answer, a ”purpose response”
that may expose some predicted results, and if this answer
doesn’t make sense the home has to improve its answer at

each iteration, if possible. There are three ways to break
the loop:

• the user finally makes sense of the situation

• the user gives up

• the system reaches its explanation limits

In our scenario, we see that Eve is finally making sense of
the situation.

Causality request
Eve decides to invite her family for dinner tonight using a
family manager application. After the dinner she picks up
clothes from the laundry machine at 10 p.m. as she is
used to do. She quickly becomes disappointed because
they are not dry. Eve is a little annoyed and asks to her
home ”WHY?”. The home answers that according to it’s
power use policies it had to reduce its overall consumption
and shift the drying machine startup time to later on.
Again she is asking ”WHY?” it reduced its overall
consumption. The home explains she granted two months
ago to control thermal temperature, brightness and
domestic appliances in order to reduce its electrical bill.
The home describes the peak of electrical activity that
happened inside the house: three televisions, many lights
were on, the oven was running and all heaters were set
higher than usual. These equipments have a higher
priority than the drying machine.

Eve’s dinner is an unusual event for the system. The
system was previously set and optimized to match Eve’s
routine life. Because of an unexpected result (she observes
the clothes not being dry), a situation of misunderstanding
arises. As explained before, a sensemaking is started and
in this context the ”WHY” is called a ”causality request”.
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The home has to give an answer called a ”causality
response” that may expose some information gathered.

To summarize, a purpose request is a ”WHY” request
done when the system is trying to gather information and
the answers are predicted results; whereas a causality
request is a ”WHY” request done after observing a result.

Autonomic Computing
The idea of Autonomic Computing has been introduced in
2003 by Kephart and Chess [3] to overcome the massive
development of the Internet and the growing complexity
of resources and services management in the IT domain.
The goal of this initiative is to result in the development
of computer systems able to manage themselves without
direct human intervention. This vision is inspired by the
autonomic nervous system of the human body. We define
an autonomic system as a set of autonomic elements as
shown by the figure 2. These autonomic elements are
linked together to facilitate their coordination and
synchronization by various protocols. An autonomic
element is composed of an autonomic manager and a
managed element that are linked by touchpoints: the
sensors to monitor data and the effectors to execute
actions. The autonomic manager is composed of four
tasks also known as the MAPE-K control loop: Monitor,
Analyze, Plan and Execute linked by a Knowledge base.

IBM defined the four main objectives of an autonomic
manager as:

• Self-configuration : Automatic configuration of
components and service discovery

• Self-healing : Automatic discovery and correction of
faults

• Self-optimization : Automatic monitoring and
control of resources to ensure an optimal functioning

• Self-protection : Proactive identification and
protection from arbitrary attacks

Figure 2: An Autonomic System

During the last decade the autonomic computing
community has developed theories and models for
designing autonomic architectures. The scope of all these
studies have been mainly oriented by the willingness of
facilitating the administration of complex systems for
experts. We think that these existing principles and
concepts should be linked to the smart-home and
smart-neighborhood contexts and should take into
account not only the experts but also the inhabitants.
Since we presented in the scenario a system which is able
to self-manage, we state that autonomic computing
should be considered as an inspiring field to build our
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Figure 3: IHMUNE

system, but the actual models are limited because they do
not include the users as part of the whole system.

IHMUNE
As a contribution we introduce a model with an
autonomic element and a human as part of an embedded
system. Our model is aimed to reduce the severity of
conflicts (as described in [2]) between a user and his
autonomic element.

The human is represented by a composition of intents,
expectations, knowledge and reasoning. The I/O (In/Out)
part in the figure represents the tangible interfaces used to
interact with IHMUNE. The reasoning module is

Figure 4: legend for IHMUNE
composed of three processes : configuring, learning from

machine and sensemaking.

The autonomic element in our model has been extended
with a Hi(Human inputs) and a Si(System inputs). We
also separate the user goals and the user data from the
system goals. The user data and user goals are inputs of
the Hi whereas the systems goals are inputs of the Si.
The user can decide to bypass the IHMUNE system and
directly interact with the element via the effectors or act
directly on the element. He can also activate the
sensemaking process by observing the states of the
element directly with his senses or via the sensors.

The center part of the figure represents the heart of our
contribution. This part is a system which is acting as a
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mediator between a human and his autonomic element. It
is composed of five data modules and two processes. The
User data and User goals are built using the configuring
process of the human via a tangible interface, they are
mainly influenced by the user intents.

Intents
In our model, we distinguish the intents that are more
specific to humans and the user goals that are the system
representation of the human’s intents. The intents
represent what the human intend to do as actions. The
system has to take into account these actions and predict,
foresee the intents of the human.

The User data and User goals are sent to the analyzing
process of the autonomic element. According to the
objectives and information provided the element can be
managed. The managed element state is observed using
sensors and the results of observation are stored in the
Results module. This module is then providing
information to the Machine learning and Sensemaking
processes, leading sometimes to Misunderstanding
situations and/or Goals conflicts.

Expectations
The expectations represent what the user expects from his
system: the system has to satisfy the expectations. The
expectations are also linked to the mental representation
of how the user thinks the autonomic system is managing
his element.

Sensemaking & Misunderstanding Situations
We call the interpretation of the results the sensemaking
process. If the analysis of the results using is not
understandable by the user or does not match with the
intents and expectations then a misunderstanding
situation appears.

Machine Learning & Goals Conflicts
The Machine Learning process has two roles. First, try to
optimize the system goals to reduce the possible Goals
conflicts. Second, detect the potential Goals conflicts that
are either between user goals and system goals or only
between user goals.

Annoyance Solver
The Misunderstanding situations and Goals conflicts are
the inputs of the Annoyance Solver. This process is in
charge to detect the nature of the conflicts and decide if
either the system has to adapt via Machine Learning or
the user has to learn new things.

Learning From Machine
The learning from machine process is triggered whenever
the system has detected that the intents of the user are
contradictory or unfeasible. During this process the
human knowledge is updated and can possibly lead to a
modification of the user expectations and intents.

Discussion
In this section we discuss three implications that may arise
from our model: the development of collaborative
neighborhoods, the concerns about privacy and consents
in the smart-home and the sensemaking of new
technology.

Collaborative neighborhoods
This work is a preliminary study of collaboration between
humans and smart-homes that only describes the
interactions between only one user, one autonomic
element and one IHMUNE system. Autonomic
smart-homes may become in the near future the ”magic
glue” connecting inhabitants.
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Figure 5: Collaborative neighborhood

As show by figure 5 not only the homes but also multiple
services and businesses may have their autonomic systems
(SA in the figure) connected with each other. New kind
of collaborations will emerge from this network of
autonomic systems as shown by figure 6. However these
new neighborhoods will have to make sure to create new
forms of collaboration and not replace the direct human
collaboration. This is the challenge for the next
generation of technology : improve and multiply the
digital experiences without dehumanizing them.

Privacy and consent
Ewa Luger and Tom Rodden gave ”An Informed view on
consent for Ubicomp” [6]. They state that the consent is
social, contextual and inferential process. By doing
multidisciplinary interviews with experts they show that
we should reconsider the consent in the area of pervasive
technologies.

Lin et al. introduced a new model for privacy [5] called
privacy as expectations. Their work focuses on studying
cases where smartphone applications break people’s
expectations and assess that ”Ideally, if a person’s mental
model aligns with what the application actually does, then
there would be fewer privacy problems since that person is
fully informed as to the app’s behavior”.

Privacy and consent have to be considered very carefully
since a lot of private information will be exchanged and
used within the different services and neighborhoods. In
the context of pervasive computing, when the user makes
purpose requests, the system has to make sure that it
understands all the implications, possible automatic
actions and their results in order to build trust between
the users and the smart-homes

Sensemaking
We claim that the technologies of tomorrow have to keep
users intellectually and physically stimulated, without
overflowing the human brain. This is a challenge given the
growing complexity of technologies and devices. We have
to consider two different aspects of user experience: the
meaning of technology surrounding him (making sense of
the technology, their goals and how they connect to their
intentions) and the quality of interfaces (intuitive and
ergonomic human system interactions). A fancy tool and
ergonomic interaction with a system does not mean
necessarily that the technology is meaningful or useful [7].
We can recall a study conducted by Yang et al. about
Nest [8]: ” the intelligent features of the Nest were not
perceived to be as useful or intuitive as expected”.

Conclusion and future work
The emergence of ubiquitous computing in the context of
smart-homes is motivating us to extend autonomic
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computing architectures in order to take into account the
user-experience. We see the autonomic elements as the
basic blocks to build autonomic systems. These systems
will be the new infrastructures in which will take place
and emerge new forms of human collaborations. In this

Figure 6

a) direct human collabora-
tion

b) mediated human collabo-
ration

c) human / system collabo-
ration

d) system / system collabo-
ration

paper, we introduced a scenario that has shown the three
aspects that have to be taking into account while
implementing the autonomic smart-home: revealing the
misunderstanding situations, the purpose and causality
requests. We also introduced IHMUNE that will serve us
as the basic architecture to build new coordination
protocols (between autonomic elements) and explore new
types of interactions and collaboration between systems
and humans. We consider that while implementing such a
system, we should take into account the privacy and
consent concerns.

At the moment we only consider the interactions between
one human and one autonomic element. We are extending
our model to integrate the interactions of multiple users
on many autonomic elements.

We want to implement a prototype of IHMUNE and test
it in a serious game involving people simulating a
collaborative neighborhood. The next challenge we assess
is to make sense of our system to non-expert people. It
then would be possible to use IHMUNE to make sense of
new technologies that are yet hardly acceptable by users
such as sensors and automatic activity detection.

Acknowledgements
We thanks our collaborators from the human science
department of Telecom ParisTech and especially Chloé Le
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