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1 Introduction & Background

Modern society performs countless choices affecting all sorts of needs daily. Both
industry and academia are intensifying their effort to both extend the plethora
of possible alternatives and narrow down the most significant ones to be sug-
gested to the user [1]. Thus, it would maximize the possibility of the services
consumption and user satisfaction. Recommender systems (RS) [2] have reached
remarkable accuracy and efficacy in several domains [3]. Nevertheless, more sen-
sitive areas (i.e., nutrition) demand more complex dynamics beyond conventional
RS’ capabilities. For example, virtual coaching systems (VCS) leverage persua-
sion techniques, argumentation, informative systems, and RS (see Figure 1a).
However, their efficacy is still far from the one achieved by human coaches, even
considering the limitations of the case (see [4]). In particular, the major setbacks
are the lack of explanations supporting a given suggestion, the impossibility of
“discussing” it with the VCS, and the lack of significant explorations for new
out-of-the-box solutions.

Therefore, this work suggests the following negotiation schema for nutrition
VCS: 1 − to− 1(−to− σ) with σ = 0, ..., N and N being the number of virtual
VCs in the system. In particular, it leverages human-to-agent (1 − to − 1) and
agent-to-agent (1 − to − σ) joint problem solving via negotiation to generate
recommendations and arguments to support them.

2 Personalized Health Coach: Vision & Challenges

Our approach envisions a one-to-one user-agent mapping. Nevertheless, the VCS
can consist of multiple agents (assisting users possibly characterized by par-
tially shared traits/features). Therefore, the possibility of extending the agent’s
knowledge and range of recommendations leveraging other agents’ knowledge
is more than tangible. Let us assume a user is interacting with the associate
agent who has insufficient data to provide accurate suggestions (i.e., cold start).
To avoid less appealing and possibly wrong assumptions/suggestions, the agent
must profit from inter-agent negotiations to convene more accurate support (see
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Figure 1b). With such interactions, the freshman agents produce a series of ne-
gotiations equipped with proper argumentations. Once an agreement is reached,
new knowledge can be generated, or the old one can be revised. This frame-
work can be formulated as a team negotiation [5]. The team representative (e.g.,
a freshman agent) can negotiate with the user while, at the same time, it can
negotiate with other expert agents. The features used in the agent-to-agent nego-
tiation [6] can exploit or explore solutions leveraging the agents’ understanding
over personal information (without ever disclosing the actual personal data) and
previous interactions. To do so, the first challenges to be overcome are:
CH1 - Effective Interaction: Both structured and natural language-based in-
teractions need to define common ground. Therefore, the challenge is to establish
shared syntax, semantic, and knowledge representations. CH2 - Generating
Explainable Arguments: Comprehensive, personalized, and well-structured
explanations can enhance the recommendations’ acceptability. The challenge is
to create techniques to dynamically generate interpretable explanations (e.g., in
natural language or images) w.r.t. their interests and background. CH3 - Ex-
plainable Negotiations: The interactions must produce sound outcomes (i.e.,
the decision should be supported by interpretable arguments and suggestions)
[7–9]. The challenge is to design agents capable of reasoning over the negotia-
tion, handling information requests, users’ demands/interests dynamically, and
accordingly generating an offer (i.e., recommendation) equipped with the break-
down of the reasoning process. In addition, the agent should be able to process
and learn from users’ feedback/comments (e.g., why a given offer is not accept-
able). CH4 - Simultaneous negotiations: If short on resources/data, agents
can help each other sharing their experiences. It can be formulated as group
negotiation(s), exchanging aggregated (explainable) understandings on multiple
fronts.
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Fig. 1: Vision and Negotiation Framework
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