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1 Executive Summary

Deliverable 5.3 documents the pilot integration activities carried out in WP5 and represents the transition from
pilot definition to pilot implementation within the ELOQUENCE project. In D5.1, the consortium defined the four
pilot scenarios (Smart Home, Social Bias, Customer Service and Healthcare), identified their technological and
societal requirements, and established the criteria, metrics and KPIs that will guide the validation of ELOQUENCE
technologies, the object of future D5.4. In D5.2, the project released the initial version of the Interactive Playground
(IP), conceived as the common experimentation, demonstration and validation environment for the project’s
language models and tools. Building on these two foundations, D5.3 reports on how the shared ELOQUENCE
components and the Interactive Playground have been adapted, extended and evolved according to the dialogue
flow, data requirements and deployment constraints of the different pilots.

To be precise, this deliverable describes the pilot-oriented evolution of the Interactive Playground, the main
ELOQUENCE modules used across pilots and the integration status of the four pilot implementations: Pilot 1 for
privacy-preserving smart home assistance, Pilot 2 for socially aware and bias-sensitive advisory interactions, Pilot 3
for retrieval-augmented customer-service virtual agents, and Pilot 4 for Al-supported supervision of multimodal
healthcare call-centre dialogues. In this sense, this deliverable implements the framework introduced in D5.1 and
the infrastructure released in D5.2 by turning requirements, architectures and validation plans into executable pilot
instances in scenario specific environments, while preserving a shared cross-pilot technical backbone presented in
D2.5. This report details the deployment of Al modules, artifacts, and privacy-preserving mechanisms within the
pilot environments. It serves to demonstrate the consortium's ability to integrate and deploy technical outcomes
derived from multiple, distinct Work Packages. The core module for the pilot’s implementation, the Interactive
Playground developed in WP5, has been augmented, with SDialog tool from WP3. SDialog structures dialogue
generation and orchestration throughout standardised abstractions (such as Persona, Agent and Turn), supported
by specialised orchestrators and binary evaluation modules that continuously supervise goal-oriented, multi-turn
conversations. LangGraph-based orchestration and Name Entity Recognition (NER), from WP2/WP3 enforces dialog
management leverages a state-machine orchestrator that enforces deterministic conversational boundaries and
guardrails for the more complex and critical-safety interactions such as clinical intake dialogues. Grounding of LLM-
based agent responses is achieved through Retrieval Augmented Generation (RAG) pipelines developed in
WP3/WP1. Privacy is addressed through a Federated Learning architecture, enabled from WP2 and WP4's
developments, demonstrating that raw training data may remain confidential. Multimodality and multilingualism
are incorporated to LLM-based agents as speech modules interfaces, ranging from well-known baselines based on
Whisper models up to the more advances Question Answering end-to-end and LLM-based ASR systems, developed
from WP3 and WPA4. Finally, the integration process was shaped by iterative feedback from WP6 ethical
assessments and independent oversight by the ELOQUENCE Ethics Advisory Board. This oversight ensures that all
proposed implementations meet societal standards and comply with European ethical values.

The present deliverable is aligned with Objective 5 and particularly with KR16, KR17 and KR18, since it documents
the integrated pilot setups that are critical to demonstrate ELOQUENCE virtual agents in safety-critical call-centre
scenarios, smart home environments and social situations. At the same time, D5.3 provides the implementation
basis for the later assessment of Objective 4 and KR11-KR15, because the integration work will make it possible to
observe and collect the indicators and metric defined in D5.1 and execute the methodologies that WP1 is defining.

Accordingly, D5.3 should be read as the bridge between intermediate technical work and final validation. It shows
how the different WP’s components have been assembled into coherent pilot implementations, how the pilots rely
on shared modules while preserving their use-case specificity, and how the technical integration carried out in WP5
prepares the ground for the final implementation maturity of the pilots and for their final evaluations, which will
be reported in the latter WP5 deliverable.
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2 Introduction

Within the Eloquence framework, D5.3 Piloting Integration is responsible for transforming the project's research
outputs into integrated pilot systems. By contextualising these outputs for target use cases, this stage prepares
them for validation under realistic conditions, understood as controlled yet operationally representative settings
that reproduce the main technical, interactional, data, infrastructure and domain-specific constraints of each
scenario. These conditions vary across pilots: for the smart home assistant, they include a household-oriented
environment in which an assistant deployed on an Android device captures conversations (after users’ consents),
stores contextual memories, and supports voice-based retrieval of previously discussed information; for the social-
bias pilot, they include controlled counselling interactions grounded in synthetic personas, social practices and local
university knowledge; for the customer-service pilot, they include document-grounded multi-turn enquiries over
enterprise-style repositories; and for the healthcare pilot, they include healthcare call-centre interactions in which
callers describe symptoms or concerns through voice-based conversations, receive structured guidance and
information support, and are referred to a human medical expert whenever professional clinical judgement is
required.

The resulting pilot implementations will serve as the basis for the next validation activities that will be reported in
D5.4. As defined in D5.1, the evaluation framework combines two complementary perspectives: (i) technical
validation, focused on the criteria, metrics and KPIs associated with the project Key Results, and (ii) usability
evaluation, focused on user-perceived satisfaction, user experience and effort. The former concerns technical
assessment activities against the criteria, metrics and KPIs, performed from M16 onward as an initial evaluation to
identify elements for revision. Regarding the usability evaluation, the methodology followed is defined in D5.1 and
aims to capture user-perceived satisfaction and experience, realised in two main stages. Initially planned by M20,
Stage 1 evaluated the project's minimal prototype, providing essential feedback to technical teams and establishing
baselines for future tests. Stage 2 will move toward evaluating more mature ELOQUENCE technologies, most of
them described in this deliverable, within pilot settings. This will occur in two phases: Phase 1 (led by M31) focuses
on assessing updated pilots after the first refinement cycle; Phase 2 (led by M34) focuses on consolidated versions
and the final validation of technical KPIs and usability indicators. This staged approach ensures that feedback is
used actively to improve tools and adjust workflows rather than just serving as a final evaluation. As such, the work
in this deliverable represents an intermediate technical proposal that will continue to evolve, with full validation
results expected in D5.4

This deliverable reports the current state of the technical integration of the pilots. Chapter 3 describes the evolution
of the Interactive Playground, showing the main pilot-oriented updates introduced in the user interface; Chapter 4
presents the common modules used across pilots, and Chapter 5 details how each pilot owner combines
ELOQUENCE technologies, domain-specific assets and deployment choices into a coherent implementation. Finally,
Chapter 6 concludes the deliverable, and Appendix A collects recent improvements made to the IP API to
accommodate pilots’ needs. In this way, D5.3 connects the requirements and assessment logic defined earlier in
WP5 with the executable pilot instances that will later be assessed against the criteria, metrics and KPIs defined in
D5.1.
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3 Interactive Playground
3.1 Purpose and Scope

In this section, we report all improvements and significant changes introduced with respect to deliverables D5.2
and D2.5. These updates reflect the work carried out on the Interactive Playground to adapt it to the requirements
of the pilots and to enable its proper integration.

3.2 Architectural Overview

As already introduced in deliverable D2.5, the architecture of the ELOQUENCE system on which all pilots rely is
presented in Figure 1. This modular, multi-tier architecture illustrates the different modules of the system and their
interconnections. It orchestrates specialised Natural Language Understanding (NLU) and speech processing
components into a unified backend, enabling seamless interaction and coordination across the system. Further
details are provided in Section 6 of deliverable D2.5.

BSC - GPU cluster

NER Instances

BSC - Virtual Machine R oo || ——ea R ’

SDialog LLM Instances

‘Ll.lllm‘ LLM Instance

User Environment

PC Ul: OpenWebUl/

Interactive Playground \\H
,,_eri o = e Speach Instances
= Speech Question&Answering
Tablet: WuW Detection . 1T . :
i} “— et » ER

,,,,,,,,,,,,,,,,,,,,,,, Legend T i .
:GRPC { §¥TT T ] i {1 Whisper |
: @ :HTTPS [ | o:Optional Element | | ———
| Unlabeled : HTTP | ool Retriever |[#—»  Vector Store Lode I\ P— )
Prassssesssssssnassssenst Whisper/X

__________________

Figure 1 - Showcase of all modules present and their interactions with other modules

The final objective is to implement all four ELOQUENCE pilots on top of this shared architecture. However, to
streamline development and validation activities, the pilots have also been integrated and tested locally in the
partners’ premises, which required the local deployment of the Interactive Playground. This setup reduced
dependency on the BSC infrastructure, particularly the computing nodes and the scheduling delays introduced by
the SLURM queue system.

3.3 Core Components Updates
3.3.1 User Interface Layer

The Eloquence Interactive Playground (IP) is a Gradio-based web application that provides a conversational
interface to multiple Large Language Models (LLMs), supporting text, audio, RAG, summarisation and dialog tasks.

11 https://github.com/ELOQUENCEAI/eloguence/tree/main/WP5
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A series of focused Ul/UX improvements were implemented to transform the interface from a functional prototype
into a polished, user-friendly experience. The changes span three core files: settings.py, and
gradio_app/app_handlers.py in the main IP repository.

3.3.1.1 Gradio Web Ul

Configuration Panel

The right-hand configuration panel (Task & Model Selection, Prompt Settings, LLM Parameters) can be collapsed
using a € toggle button, giving the chat area the full viewport width.

Collapsed state: only the & button remains visible; the chat frame and input textbox expand to fill the freed space.
This is the view shown in the first screenshot, where the user enjoys a maximized conversation area, see Figure 2.

Expanded state: the three accordion sections appear alongside the chat, as shown in the second screenshot with
"Basic LLM" selected and three available LLMs displayed, see Figure 3.

Figure 2 - Collapsed configuration menu state

EloquenceBot ]

Avolabie LLMs

=] -

Prompt Satirgs

=

Figure 3 - Expanded configuration menu state and auto-selecting Basic LLM task

Intelligent default selection

Upon loading, the application pre-selects sensible defaults so users can start chatting immediately:

e Task: "Basic LLM" is selected by default
e LLM: The first available (online) model is auto selected whenever a task changes

11
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This eliminates the previous workflow where users had to manually choose a task, wait for LLMs to appear, then
pick one before being able to type, see Figure 3.

New Ul Task SDialog

Figure 4 demonstrates previous functionality: selecting "SDialog" automatically highlights the "Scientist:latest" as
the a SDialog available model. SDialog is a structured dialogue system that enables goal-oriented, multi-turn
conversations and its integration and interaction with the other Eloquence module was discussed in D2.5. Unlike
general-purpose LLMs that respond freely to any prompt, SDialog models (e.g., Scientist:latest) follow predefined
conversational flows (such as interviews, customer service scripts or guided data collection) while maintaining
natural language fluency.

Figure 4 - SDialog LLM end-point server is included as a new task in the User Interface

The SDialog model is registered in models.json with its own endpoint and interactor:

"model_name": "Scientist:latest",

"interactor": "sdialog",

"display_name": "Scientist:latest",

"api_key": "",

"api_endpoint": "http://host.docker.internal:1335/v1",

"interface": "text"

", n

The modelsjson "interactor": "sdialog" field maps this model to SDialoglnteractor in the interactor registry. The
endpoint host.docker.internal:1335 points to the SDialog server running in a sibling Docker container, see deliverable
D2.5 for further details regarding the corresponding end-point integration.

The Ul dynamically filters which LLMs are available based on the selected task. This is the core mechanism that
keeps SDialog models isolated from general-purpose tasks and vice versa.

e Selecting Basic LLM shows: Salamandra (TID), Gemma 4 (TID), Apertus (TID) — as seen in Figure 3.
e Selecting SDialog shows: Scientist:latest , as seen in Figure 4, or any other additional SDialog based end-
point.
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The SDialog servera run as a separate services exposing an OpenAl compatible /v1/audio/transcriptions endpoint, in
the example, on port 1335. It is accessed from the Gradio container via host.docker.internal:1335. The server is built
from the idiap/SDialog? repository and wraps llama.cpp or ollama-hosted models (like Scientist:latest) with
structured dialogue flow management. The docker-compose.yml for the playground defines only the Gradio
service, the SDialog server is deployed independently, which allows:

e Independent scaling and GPU allocation
e Model swapping without restarting the playground
e Running multiple SDialog models on different ports

New Ul Task Summarisation

Switching to the “Summarization” task, as shown in Figure 5, automatically selects the first available text
LLM, “Salamandra (TID)”, from the set of compatible models. In this mode, an additional Summarize
conversation button appears below the standard Submit and Clear controls in the chat area.

This feature allows the user to generate a summary of the conversation held with the assistant up to that point.
The summary is produced by the currently selected LLM in the “Available LLMs” section and displayed in
the Summary text box on the right-hand side of the interface.

Further Ul refinements are planned for this task. In particular, the generated summary should be displayed in a
dedicated box below the chat window, rather than inside the configuration panel, to improve visibility and provide
a more natural user experience.

Figure 5 - Summarization task

New Ul Task Diarisation
For the diarisation task, the default selected model is WhisperX, as can be seen in Figure 6, which supports
both speech transcription and speaker diarisation (i.e., identifying speaker turns within a conversation).

In this mode, the interface displays audio recording controls, including Start Recording, Stop Recording and an
integrated audio player for playback of the captured audio. After recording, the user can press Submit to process

2 https://github.com/ELOQUENCEAI/eloquence/tree/main/WP3
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the input. The resulting output is then shown in the chat area as a structured list of utterances, where each segment
is attributed to a speaker label (e.g., Speaker 1, Speaker 2), together with the corresponding transcription.

This interface is primarily intended to demonstrate the functionality of the diarisation pipeline rather than to serve
as the final end-user workflow. The underlying logic was originally developed for Pilot 1 scenario, where
conversations are captured through external devices such as tablets, and transcription plus diarisation are
performed automatically in the background. In those real deployments, users are not expected to interact directly
with recording controls inside the Playground Ul.

Eloquenceot ]

Figure 6 - Diarisation task

3.3.2 REST API

In this section, we describe the improvements introduced to the REST APl of the Interactive Playground. The
specifications of the updated and newly introduced endpoints are provided in Appendix A: APl References.

POST /ingest

A new parameter (“append”) has been introduced to the POST /ingest endpoint. It changes /ingest from a single
overwrite-only flow into an overwrite-or-extend flow. With append=False (default), ingestion behaves as before:
the target index is rebuilt and previous content is replaced. With append=True, ingestion becomes additive: new
chunks are inserted into the existing index instead of deleting prior data. If append=True is used on an index that
does not exist yet, the service creates that index and ingests normally. In append mode, the service also validates
embedding compatibility. If the existing index was created with a different embed_name, ingestion is rejected to
avoid mixing incompatible vector representations.

DELETE /delete_table

It’s a new vector-store cleanup endpoint in the API. A client calls DELETE /delete_table with an index_name and
(optionally) retriever_address, and the main app forwards that request to the retriever service to remove the
corresponding index/table. If retriever_address is "public", the app uses the configured default retriever endpoint.
The endpoint returns a normalised response shape (status, msg). On success it confirms the index was deleted, and
on failure it propagates a readable error message from the downstream retriever call. In short, /delete_table is the
safe management endpoint for deleting an index without directly calling the retriever service.
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3.3.3 LLM and Speech Layers
3.3.3.1 LLM Interactors

In the Interactive Playground code, an LLM interactor is the adaptation layer between the application and model
endpoints. It is the model-facing adapter that converts a shared conversation state (chat history, optional retrieved
context and optional audio) into the request style expected by each model family. The runtime chooses the
interactor from model metadata (e.g., Salamandra, Gemma, Apertus...), reuses initialised interactors across
requests, applies per-request generation settings (such as temperature, top-p and token limits), and then runs
inference.

For text models, most interactors share a common execution pattern: chat-style API calls, retry handling and
context-window control when retrieved documents are too large. The main variation across model families is
prompt/message shaping. For example, Salamandra/Apertus/SDialog build explicit system, user and assistant chat
messages; Gemma injects system and context information into user turns; Olmo and Eurollm use a slightly different
format for the final user message.

Audio tasks are handled by specialised interactors. Whisper focuses on plain transcription output
(Whisperinteractor), WhisperX targets structured transcription with diarisation metadata and speaker-attributed
formatting (WhisperXinteractor), and audio-capable chat models such as Qwen2.5-Audio are routed through their
own audio-aware interaction flow.

3.3.3.2 WhisperX

WhisperX has been integrated into the IP and further customised to support multiple response modes tailored to
the needs of the pilots. The format of the returned output depends on the parameters included in the request,
allowing the same endpoint to serve both lightweight transcription and more advanced speech-processing
workflows (transcription + diarisation of turns).

Audio files are submitted to the POST /vl1/audio/transcriptions endpoint. When the request
specifies response_format = text, the service returns only the transcription as plain text. If no explicit text response
format is requested, the endpoint returns a default JSON object containing the full transcription together with the
detected language, when available. This structured response is suitable for downstream systems that require both
the recognised text and basic linguistic metadata.

For more detailed analysis, the endpoint also supports response_format = verbose_json. In this mode, the response
includes segment-level information for the transcription, such as the start and end timestamps of each utterance
and the corresponding recognised text. When speaker diarisation is enabled through the request parameters, the
same verbose structure is enriched with speaker labels, making it possible to distinguish between multiple speakers
in the recording.

In the Interactive Playground, WhisperX results are normalised into a single transcript string before being passed
through the standard response pipeline. The structured output is interpreted as a time-ordered sequence of speech
segments; for each segment, the recognised text is preserved and, when a speaker tag is available, a readable prefix
is added (for example, Speaker 1: ..., Speaker 2: ...). This converts diarisation metadata into a dialogue-style
transcript where speaker turns are explicit and easy to follow. If segment-level speaker data is not available, the
system falls back to plain transcription text. The final text is then stored in conversation history and displayed in the
Ul like any other model reply.

3.3.3.3 Message construction

Message construction follows a two-stage flow: first a shared conversation state is assembled, then it is formatted
for the selected model family.

For each request, the system starts from the existing dialogue history ((list of [user, assistant] turns) and adds the
new user input as the current turn. If RAG (Retrieval-Augmented Generation) —a method that supplements the
model with relevant external documents at query time— is enabled, relevant documents are fetched and converted
into a context block with document references and citation guidance. Before sending the request, the system
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checks whether the full prompt fits the model’s token budget. If it does not, context is reduced progressively
(typically by pruning, that is, removing lower-priority documents) until it fits.

Once this normalised state is ready, the selected interactor maps it to the target model’s expected message format.
The core structure is still a user/assistant turn sequence, but model families differ in how instructions and context
are injected as introduced in Section 3.3.3.1:

e some use a dedicated system message,
e some fold system and context text into the latest user turn,
e some represent the current turn as structured content blocks rather than plain text.

Audio paths are handled separately. Audio-capable chat models (for example, Qwen audio variants) package the
current turn as an audio input payload, while Whisper/WhisperX-style tasks bypass chat message construction and
call transcription endpoints directly.

3.3.3.4  Supported LLMs and Speech Tools

In the Interactive Playground, support is defined at the interactor family level, and each family can expose one or
more concrete deployed models. The platform can expose any model that is registered with an endpoint, interface
type and interactor. The currently supported families are:

e Salamandra family (example: salamandra-7b-instruct)

e Gemma family (examples: gemma-3-27b-it, gemma-4-31B-it)
e Apertus family (example: Apertus-8B-Instruct-2509)

e Mistral family (example: Mistral-Small-3.1-24B-Instruct-2503)
e Qwen audio-capable family (example: Qwen2.5-Audio)

e Whisper transcription family (example: whisper-large-v3)

e WhisperX diarisation/transcription family (example: large-v3)

3.3.4 Core Application Logic
3.3.4.1 Request processing flow

The core request flow is centralised so both the Ul and API follow the same backend path. For text/audio generation,
incoming requests reach either the FastAPl endpoints (/query, /batch_query, ...), or the Gradio interaction handlers,
but both routes eventually call a shared processing function that streams model output, updates conversation
history and returns optional retrieved documents.

For a single query, the API first parses the JSON payload into a typed request model, resolves the selected task
configuration, builds a retriever client and reads optional audio bytes if present. Then it forwards everything to the
common LLM pipeline. That pipeline appends the current user turn to history, selects a task handler, optionally
runs RAG retrieval, calls the chosen interactor/model adapter and yields partial response chunks until completion.
Batch querying uses the same logic repeatedly per turn. It initialises an empty history per conversation, sends each
user turn through the same single-query flow, and appends each assistant reply back into history so later turns
inherit context. This keeps batch behavior consistent with interactive chat behavior.

3.3.4.2 Input validation

Input validation is layered. At the APl boundary, typed request schemas enforce required fields and defaults. In the
Ul path, explicit validators enforce task-specific constraints before execution: model/task presence, non-empty text
for text tasks, recorded audio for audio tasks, required index for RAG tasks, and bounds on numeric parameters
(top_k, temperature, top_p, ingestion chunk size, percentile, and allowed file types). Deeper validation also
happens downstream in retriever/model logic (for example unsupported embedder, unsupported file extension, or
incompatible append settings), and those failures are surfaced as structured error messages.
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3.3.5 User management (authentication, workspaces)

User management is organized into two simple layers: authentication and user-scoped data storage. During startup,
if the user database does not yet exist, the system creates the users table, adds default users, and creates one
workspace folder per user.

When someone logs in through the Gradio Ul, the app checks the submitted username/password against that
SQLite table. If there is a match, access is granted.

After login, the username becomes the key for user-scoped data. The app stores and loads each user’s content from
that user’s workspace directory, mainly as JSON files:

e Saved conversation histories
e Saved system prompts
e User-specific retriever endpoints/config

When the Ul loads, it reads that user’s workspace data and combines user retriever settings with shared/global
retriever settings so each user can have personalised options.

4 Main Modules
4.1 Table of modules for integration

Table 2 summarises the main reusable modules available within the ELOQUENCE architecture and their relationship
with the four pilots. These components are exposed through the Interactive Playground, which acts as the common
integration layer of the project. Through this shared environment, modules developed in different WPs can be
accessed, combined and configured in a consistent way, allowing all pilots to benefit from a common technological
backbone while preserving their own domain-specific objectives.

This modular approach is a key design principle of ELOQUENCE. Instead of building four isolated pilot solutions, the
project promotes interoperable components that can be reused across scenarios. In practice, this means that pilots
can share core capabilities such as LLM access, speech transcription, retrieval-augmented generation, dialogue
management or vector storage, while selecting only the modules that best fit their functional and deployment
requirements. Moreover, the same use case may be addressed through different technological alternatives. For
example, the QA functionality in Pilot 1 can be implemented either through a cascaded pipeline (e.g., Whisper-
based ASR + LLM), through an LLM-based ASR as MEUSLI or an QA end-to-end SpeechLLM that generates answers
directly from spoken queries3. This flexibility allows each pilot to adopt the most suitable solution according to the
maturity and readiness of the technologies emerging from the other WPs. At the same time, it enabled the pilots
to build initial prototypes using the modules that are already available, experiment with them in pilot-specific
settings, perform a first round of usability evaluation, which will be described in the future D5.4, and collect initial
feedback used to improve both the individual components and the pilots overall. In this way, the modular
architecture supports a virtuous cycle of integration, evaluation and refinement, while showcasing the breadth of
research outcomes delivered by the project.

It is important to note that Table 1 reflects the full set of modules envisioned for integration. Some are already fully
integrated in the Interactive Playground and operational in pilot demonstrators, while others are still under active
development in their respective WPs and are expected to be completed and integrated soon. While Table 1 focuses
on the shared cross-pilot modules, Section 5 provides a more detailed description of how these components are

3 Note that at the time of this writing, the MEUSLI and Q&A end-to-end modules are not yet fully integrated into the IP. While
these components were integrated as documented in deliverable D2.5, their corresponding Ul task widgets and IP connector
layers are still pending. These elements are scheduled for inclusion during following weeks for being part of the second and
third prototypes, with the results of the usability evaluations to be documented in deliverable D5.4.
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instantiated within each pilot, together with any additional pilot-specific modules, custom workflows or
deployment adaptations. This distinction helps separate the common reusable backbone from the personalised or
extended functionalities developed for individual use cases.

Table 1 - Table of Eloquence modules and relation with the Pilots

Module Description Pilots using it

Individual deployed LLM endpoints configured to handle requests. More

LLM instances details in D5.2). 1,2,3,4
Whisper Audio tra.nscr.lptlon component. The integration of this module with the IP 14
was detailed in D2.5.
WhisperX Audio transF:rl pt.lon with diarisation. The integration of this module with the 14
IP was detailed in D2.5.
RAG retrieval backend over LanceDB. It ingests/chunks/embeds docs into
Embedder & | . . . . .
Retriever indices and serves top-k semantic search results via FastAPl endpoints 1,2,4

(/search, /create, etc.). More details in D5.2.

Persistent semantic index layer (LanceDB) used by RAG. It stores embedded
document chunks and metadata, and supports index creation,
Vector Store | append/overwrite ingestion, top-k semantic search, listing, and deletion via 1,2,3,4
retriever endpoints (/create, /search, /list_indices, /index/{name}). More
details in D5.2).

Task-oriented dialogue system to structure a conversation in a way that

Dialog ensures a coherent dialogue flow and is constrained to the use case needs. 54
Manager The DM is initially discussed in D2.5, whereas here the customisation is ’
described in greater detail with regard to the use cases for Pilot 2 and 4.
The SDialog framework (Burdisso, 2026) introduces standardised
SDialog abstractions such as Dialog, Turn, Persona and Agent, enabling reproducible 5

multi-agent  conversational workflows and structured dialogue
representations (described in D3.2).

Spoken QA module that takes a spoken query as input and uses an LLM
QA backbone to generate the answer directly. Additional information about this 1
module is available in D2.5.

FederatedScope based implementation for the federated server allowing
FL-Server non-centralized training of speech and language models. More details of this 1
component are found in D2.1, D2.5 and D3.1

FederatedScope based implementation for the federated client that
connects to a FL-Server instance for non-centralized training of speech and

el language models. More details of this component are found in D2.1, D2.5 1
and D3.1
End-to-end multilingual speech-to-text module that bridges a pre-trained

MEUSLI speech encoder and an LLM through a lightweight linear projector, enabling 1,4

transcription. More details on this module can be found in D2.5.

Named Entity Recognition (NER) module for extraction of named entities
NER used by the Dialog Manager to provide context for predicting the following 2,3,4
dialog turns (described in D3.2).

The text-to-speech (TTS) module converts generated textual responses from
TTS the NurseLLM into synthesised audio, enabling voice-based interaction with 4
the user.
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5 Pilots
5.1 Pilot1-TID

TID is aiming to present two complementary objects as part of the work done in WP5. The main pilot demonstrator
is the Smart Home Assistant, a privacy-preserving, voice-enabled system designed for contextual memory capture
and retrieval in domestic environments. In addition, Pilot 1 includes a Federated Learning Architecture that
explores privacy-preserving distributed training of speech and language models across independent infrastructures.
In the current setup, BSC acts as the client, while TID operates as the server and client enterprise. However, any
project partner with sufficient computing resources could also participate as a client or server by following the same
integration procedure as TID. Specifically, participating partners as client would need machines capable of running
the required local training workloads, securely exchanging model updates and storing the corresponding data
locally.

5.1.1 Overview and Objectives

The Smart Home Assistant is envisioned as an intelligent, voice-activated system designed to function as a shared
memory for the household. Rather than acting merely as a traditional virtual assistant that answers general
guestions, this assistant is built to understand and preserve the context of everyday interactions within a home.
With the consent of its users, it records conversations, processes them and stores relevant information locally so
that it can later retrieve and present that information when needed.

At its core, the assistant aims to bridge gaps in communication and memory by allowing users to revisit past
discussions through simple voice queries. For example, a user could ask about details from a previous
conversation—such as instructions given by a doctor or plans discussed among family members—and the assistant
would retrieve and present the most relevant information. This makes it particularly valuable in households where
people do not always communicate directly or consistently, and especially for individuals who may struggle with
memory, such as elderly users or those with mild cognitive impairments.

Importantly, the retrieval pipeline is designed to operate with very low latency. Once an audio segment has been
captured, segmented into recorded chunks and indexed in local storage, the information becomes queryable almost
immediately. The exact response time depends on the user-defined configuration of both the retriever and the LLM
responsible for generating the response, but the objective is not limited to recalling conversations from hours or
days earlier. Instead, the assistant also supports near-real-time retrieval, enabling access to information from the
very recent past, almost on the fly.

The system combines speech recognition, diarisation and LLMs to provide context-aware answers grounded in the
user’s own recorded experiences, rather than relying solely on generic knowledge. At the same time, we also aim
to incorporate general-domain knowledge so that, when the requested information is not available in the recorded
audio data, the assistant can still provide accurate and well-grounded responses. In this way, the assistant is not
just an information tool, but a personalised support system embedded in the home environment. Its broader
ambition is to enhance everyday life by making important information more accessible, improving coordination
between household members, and offering a reliable aid for recalling critical details when they matter most.

5.1.2 Smart Home Assistant Architecture

For the Smart Home Assistant, the architecture consists of an Android Application running in a Tablet and the
Interactive Playground, hosted in a virtual machine at BSC, and as can be seen in Figure 7. The repository with the
Kotlin code of the application can be found as a submodule of the WP5 directory of the eloquence repository. The
user interacts with the Android Tablet, and all Al services except the retriever and the vector stores are hosted
online at BSC. We deploy the vector stores locally in TID premises to simulate protected vector stores (like the one
from a household).
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Figure 7 - System architecture for the Smart Home Assistant

5.1.2.1 Android User Interface

The Android User Interface (Ul) serves as the gateway through which users interact with and manage the intelligent
assistant. Built using Jetpack Compose, the interface provides a modern, reactive experience that balances real-
time conversational feedback with system customization. The core of this experience is centered on the Main
Screen, a unified dashboard that orchestrates the flow of information. It features a dynamic status overlay that
keeps the user continuously informed of the system's current activities (such as active audio capture or incoming
Al responses) all presented within a clean, layered layout that prioritizes clarity and ease of use. Notably, the current
Ul remains under active development. Therefore, the version presented here reflects its current state and may
undergo further improvements.

To allow the user to control the Al backend, the interface includes a comprehensive Configuration Management
suite. Accessible through a primary gateway on the main dashboard, this menu allows for the precise tuning of
underlying Al parameters. Users can adjust the creativity and length of the Al's responses, as well as the specific
strategies used to index and retrieve contextual information in the system's knowledge base (i.e., Vector Store).
Complementing this, there is a history management system that allows users to instantly reset the current session's
memory, ensuring a fresh start for new queries without influence from previous exchanges.

The lifecycle of a conversation is managed through a set of dedicated controls that bridge the gap between the user
and the assistant’s long-term memory. Through these tools, users can seamlessly pivot between different sets of
recorded data or prune their digital library by removing outdated conversations. This ensures that the Al always
operates within the desired context. The most dynamic aspect of this lifecycle is the Recording Pipeline, which acts
as a toggle for the system’s background ingestion. When initiated, the Ul guides the user through a brief setup to
define session parameters before transitioning into a live listening state. The interface provides immediate visual
cues as it captures and processes ambient audio in real-time, slicing the data into manageable segments for the
background services to analyze and store.

Behind the scenes, the interface functions as a high-performance coordinator, ensuring that visual elements remain
in perfect synchronization with the background "heavy lifting". This is achieved through a MainViewModel, which
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serves as the centralised state management hub for the entire application. By leveraging a reactive programming
model, the Ul automatically observes and reflects changes in the system state (such as the recording status or the
arrival of new data) without requiring manual refreshes.

To manage resource-intensive tasks like continuous audio capture and remote Al processing without interrupting
the user experience, the application utilises a persistent Foreground Audio Service. This architectural choice
ensures that the ears of the assistant remain active even if the user navigates away from the main screen.
Communication between this background service and the user interface is handled via an event-driven
BroadcastReceiver pattern. This allows the system to deliver real-time feedback—including transcribed text
segments and Al-generated insights—through targeted Intents that the Ul intercepts and displays instantly. When
a user adjusts parameters in the configuration menu, the system uses this same messaging architecture to
synchronize those settings with the active service, ensuring that changes to the Al's behavior are applied with
minimal latency. This interplay between the reactive Ul and the background service transforms complex,
asynchronous Al processes into a fluid and transparent dialogue.

Below are screenshots of the current Android Ul. These figures illustrate how the application presents the main
controls for interacting with the assistant, configuring system behavior and managing recorded knowledge sources
(i.e., conversations).

=0 Q=00 e un s <

Figure 8 - Initial screen of the Android application

As can be seen in Figure 8, two primary actions are immediately accessible at the top of the screen. On the left,
the Configurations button opens the settings menu (see Figure 9), where users can modify key Al parameters such
as model selection (which LLM to use), response temperature and retrieval settings associated with the vector
store. On the right, the Clear History button resets the active conversation memory, allowing a new interaction
session to begin without prior conversational context. Importantly, the user can select a model as long as it is
running in the BSC clusters.

21



Configurations

LLM & RAG Configurations

LLM Name
Gemma 4{TID)

docs k
5

Temperature
07

1opp
08

max_tokens
1000

Language:

[ es
\
Vector Store Configurations

chunk_size
500

embed_name
semence-transformers/all-MiniLM-Lo-v2

splitting.strategy
recursive

percentile

08

s r WMo Qe o o @

Figure 9 - Settings dialogue displayed after selecting the Configurations button

The lower section of the screen contains controls related to long-term memory and recording management.
The Delete Conversation and Change Conversation buttons allow users to manage the stored data used by the
retrieval pipeline. Figure 10 and Figure 11 show the dialogues displayed after selecting these buttons, respectively.
Through these options, users can remove outdated conversations or switch the active context to another recorded
session. In particular, the inclusion of the Delete Conversation function was identified as a key requirement during
the ethical assessment conducted by the WP6 review panel. The panel emphasised that users must be provided
with a clear and accessible mechanism to permanently remove any stored data, ensuring compliance with
responsible data management principles.

Select Conversation Context

Comversation 1
Comvarsation 2
Comversation 3
Comvarsation4
Conversation 5
Comversation_6

Cemversation 7

Conversation 8

Figure 10 - Dialogue displayed after selecting Change Conversation button
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Figure 11 - Dialogue displayed after selecting Delete Conversation button

Finally, the Record Conversation button provides direct control over the live ingestion pipeline. When activated,
the interface prompts the user to define recording parameters, such as the session name and audio segmentation
length. Once recording begins, the button changes to Stop Recording, clearly indicating that ambient audio is being
captured and processed in real time. This process can be seen in Figure 12.

Pilot 1 APP Pilot 1 APP < Pilot 1 APP <<
Current Conversation: Doctors visit Currant Conversation: Doctor's visit

Starting recording: Doctor's visit

=QUO* 0@ Ge m o < Q0000 0O n o < Q00«00 Qe

Figure 12 - Sequence for initiating conversation recording

The following sequence of screenshots illustrates the real-time interaction flow between the user and the assistant,
triggered by the system’s wake-word detection. When the user activates the question-answering feature by saying
the wake-up word (“Ok Aura”), the background Audio Service immediately updates the Ul with an initial greeting:
“Hi! Tell me. I’'m listening...”.

As the user speaks, the system’s voice activity detection monitors the audio stream in real-time. Once the end of
the query is reached and silence is detected, the status transitions to “Got it!”, providing a clear confirmation that
the audio capture is complete. To maintain a responsive user experience during the asynchronous processing phase,
the assistant then displays a “Thinking...” notification. During this stage, the system transcribes the speech and
leverages the RAG pipeline to search the selected index/table for relevant context.
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Finally, the assistant displays the synthesized output from the LLM directly on the screen. For example, in the clinical
scenario shown below (Figure 13), the assistant retrieves specific dietary advice—such as the recommendation for
a bland diet—based on a previously recorded medical consultation. This demonstrates the system's ability to
seamlessly bridge the gap between ambiently recorded data and live, context-aware user inquiries.

Pilat 1 APP Pilot 1 APP D riot1APP = riot1sre
-

Current Conversation: Ganversation_( Current Conversatio: Conversation ® . Coment Conversation: : Conversatian o

Hil Tell me. I'm listening...

“Q0O+*000¢@ “QUO-~000¢ O0BG-00 Qe QOO -00Q Q@

Figure 13 - QA interaction with the assistant after detecting the wake-up word

5.1.2.2 WuW Detection Module

The Wake-Up-Word (WuW) Detection Module was initially introduced in section 6.2.4 of D2.5, where its core logic
and primary use cases were presented. In this subsection, we briefly summarise its key principles while providing
additional technical details regarding its internal operation and implementation.

The WuW module is implemented as an Android foreground service that enables hands-free interaction through
wake-word detection and automated voice processing. Its operation follows a three-stage pipeline. The system
continuously captures microphone input into a circular buffer and analyzes it using a lightweight TorchScript Gated
Recurrent Unit (GRU) model. The audio is analysed using overlapping 1.5-second sliding windows, where a new
prediction is issued every 200 ms, resulting in an overlap of 1.3 seconds (approximately 87%) between consecutive
windows. For each window, the signal is converted into 13 MFCC features computed with 100 ms frames and 50
ms hops, yielding a compact sequence that captures the temporal evolution of speech. These features are then
passed through a GRU layer with 200 hidden states, and the final hidden state is fed into a fully connected layer
that outputs a confidence score for two classes: the WuW (“OK, AURA”) and unknown. The model is efficient
enough for real-time deployment, with only 145.6k parameters and an average inference time of about 25 ms on a
Pixel XL device.

To improve robustness, the WuW scores obtained from consecutive overlapping windows are averaged to reduce
noise-induced false positives, and a detection is accepted only when multiple consecutive windows consistently
exceed the decision threshold, preventing isolated acoustic events from falsely triggering the assistant.

Once the wake word is recognised, the system transitions to a recording state and captures the user’s spoken query.
This recording continues automatically until the system detects sustained silence, ensuring the full utterance is
collected without manual intervention. This "end-of-speech" detection is powered by Root Mean Square (RMS)
energy analysis, which provides a consistent measure of the audio signal's physical intensity (volume) over time.

Technically, the system calculates the RMS by processing the raw 16-bit PCM audio samples in real-time. For each
captured buffer, the algorithm squares the amplitude of every individual sample to eliminate negative values and
emphasize signal peaks. These squared values are summed and averaged across the total number of samples in the
buffer. The final RMS value is the square root of this average, represented by the following formula:
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where x; = amplitude of the i-th audio sample, N = total number of samples in the analysed buffer and RMS =
RMS energy level of the signal. By continuously monitoring this energy level, the system can distinguish between
active speech and ambient background noise. When the calculated RMS remains below a predefined sensitivity
threshold for a sustained period (e.g., 2000ms), the system concludes that the user has finished speaking. At this
point, the captured PCM data is formatted into a standard .wav file, ensuring the audio is preserved in a high-
quality, lossless format ready for transcription.

In the final stage, the generated audio file is sent to the backend services through the EloquenceAPI, which manages
communication between the Android application and the remote Al endpoints.

Below you can find a simplified code snippet that illustrates the logic of the WuW inference loop:

kt: Real-time Wake rd Recognition Loop
priv 0 A
val inputBuffer = ShortArray(AudioBuffer.recordingLength)
/hile (shouldContinuePredicting) {
1. Capture a "wi " of audio from the continuous
AudioBuffer.read (inputBuffer)

ol cUura ne ork an
val modelInput = FloatArray (AudioBuffer.recordinglLength
peakValue = getPeakValue (inputBuffer. (), inputBuffer.

(i in inputBuffer.indices) {
modelInput[i] = (inputBuffer[i].toFloat () / peakValue)
3. Perform the Forward Pass (The AI makes a prediction
audioModelsPipe?.forward (modelInput)

4. Sleep briefly before chec g the next overlapping window
Thread.sleep ( )

5.1.2.3 Audio Record Modules

The application utilises two distinct audio recording modules, each serving a unique role in the system’s
architecture. While one module is dedicated to active interaction —allowing for real-time dialogue— the other
operates as an ambient learning pipeline, capturing and structuring spoken information for the assistant’s long-
term memory.

The first recording module is designed for direct, hands-free communication and is triggered by the system’s WuW
detection. Implemented within the AudioService (via the recordQueryUntilSilence method), this module allows
users to initiate a query simply by saying “OK AURA”, as explained in the previous subsection. Once active, the
system employs RMS energy analysis to monitor the intensity of the user’s voice. The application continuously
evaluates the sound levels and, if it detects two consecutive seconds of sustained silence, it automatically concludes
that the user has finished speaking. This smart recording process eliminates the need for manual buttons. Then, an
immediate transition to the processing phase is triggered —where the audio is converted to a high-quality format
and sent for transcription— resulting in a conversational experience that feels fluid and natural.

The snippet below shows a simplified version of the silence detection logic used to detect the end of the spoken
query:

From AudioService.kt : Automate d Silence Detection
while (true) {
val read = audioRecord.read (audioBuffer, , bufferSize)

if (read <= 0) continue

1. Calculate the 'Energy' (RMS) of the c
var sum =
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for (1 in read) {
val sample = audioBuffer[i].
sum += sample * sample

val rms = Math.sqgrt(sum / read)

2. Reset the timer if the user is s
if (rms > silenceThreshold) {
lastSoundTime = System.currentTimeMillis ()

}

3. Automatically stop if silence persists for
(System.currentTimeMillis () - lastSoundTime >
break Transition to "Thinking..." state

The second module, managed by the ConversationRecorder, is intended for background knowledge acquisition
rather than direct interaction. Unlike the interaction module, its purpose is to ambiently capture spoken
information (such as household conversations) to enrich the system's knowledge base for future retrieval. In this
sense, it functions as a context ingestion pipeline that continuously enriches a vector store with conversational
data. To handle long periods of audio capture efficiently, this module utilises a chunking strategy. The continuous
audio stream is divided into fixed segments, the length of which can be customised by the user. To ensure that no
data is lost during this process, the system employs parallel processing: while the hardware continues to record the
current audio segment, a background process simultaneously handles the previously completed "chunk". Each
segment is saved as a high-quality WAV file and transmitted via the EloquenceAPI to the IP. At the online backend,
the audio undergoes a sophisticated diarised transcription process using WhisperX, which not only converts speech
to text but also identifies different speakers. Finally, this data is indexed into a Vector Store, turning transient
spoken words into a searchable digital library that the assistant can reference later to provide contextually accurate
answers.

Below is a simplified snippet of the chunking logic used to record an entire conversation:

om ConversationRecorder.kt: Continuous Chunking Logic
(shouldContinueRecording) {
1 read = audioRecord?.read (audioBuffer, , bufferSize) ?: -

£ (read >
samples into a threac
synchronized (recordedData) {
recordedData.addAll (audioBuffer.take (read))
}

samplesInCurrentChunk += read

if > lesPerChunk)
: API upload

saveChunk (contex
samplesInCurrentChunk

Both recording modules rely on the AudioRecord class, which serves as the low-level Android hardware interface
for capturing raw, uncompressed audio. This class provides the application with a continuous stream of 16-bit PCM
data (ENCODING_PCM_16BIT), ensuring the high-resolution signal required for the low-latency processing
performed by both the interaction and ingestion modules.

To optimize for speech clarity while maintaining efficiency, the system utilizes a sample rate of 16,000 Hz. This
frequency is specifically chosen to ensure high-fidelity capture of human vocal frequencies while keeping file sizes
manageable and remaining fully compatible with the backend Al models (Whisper and WhisperX). Additionally,
both modules are configured to record in a single-channel (mono) format, as this provides a focused audio signal
that is ideal for downstream transcription.

5.1.2.4 Logic Q&A Module

Logic Q&A Module acts as the central coordinator of the application, managing the end-to-end process through
which spoken input is converted into intelligent, context-aware responses. It links together the audio capture
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components, the remote Al services and the user interface, ensuring that each stage of processing operates as a
coherent pipeline. Through this orchestration role, the module transforms raw voice signals into meaningful
answers that reflect both the user’s immediate request and the broader conversational context.

A key design requirement of this module is reliability during continuous voice operation. To achieve this, the core
processing logic is hosted within a Foreground Service called AudioService. Running as a foreground service with a
persistent notification prevents Android from suspending the application under battery optimisation or memory-
management policies, which is essential for uninterrupted WuW detection and audio processing. Communication
between the interface and the service is intentionally decoupled to maintain responsiveness. The user interface
sends commands, configuration changes and control events to the service through Android Intents, while the
service and backend API layers return results asynchronously using broadcasts. This separation allows intensive
operations —such as transcription and LLM + RAG inference— to occur in the background without blocking or
slowing the user interface, ensuring a fluid experience for the user.

The module also includes a short-term memory mechanism to support natural multi-turn conversation. This
contextual memory is maintained within the EloquenceAPI singleton through a conversation History list. After each
successful interaction, the system stores both the user’s transcribed query and the generated response as a
structured JSON pair. When the next request is sent to the backend, this conversation history is included in the
request metadata. As a result, the language model can interpret references to earlier dialogue turns and sustain
continuity across the session. Queries such as “Tell me more about that” or “Why did he say that?” can therefore
be understood in relation to what was previously discussed rather than being treated as isolated prompts.

As previously mentioned, the assistant incorporates RAG system, enabling it to operate as a context-aware assistant
rather than as a standalone LLM relying solely on its internal knowledge. More specifically, the system is designed
to leverage previously recorded conversations within a household as contextual memory for that household
(although it could, of course, also be applied other environments). In this setup, the RAG pipeline retrieves relevant
segments from a document —represented here by a stored conversation— that are most helpful for answering a
user’s query. These retrieved snippets are then injected into the prompt, effectively expanding the context available
to the LLM and improving the relevance and accuracy of its responses.

This functionality is exposed through the IP endpoints described in deliverable D5.2. Using the EloquenceAPI
singleton, a module that serves as the primary bridge between the Android application and the remote IP, the
Android application communicates with the IP by invoking the /query endpoint with the RAG task selected. The
same endpoint is also used for transcription via Whisper, as well as for transcription with speaker diarisation via
WhisperX.

5.1.2.5 Document ingestion pipeline

The document ingestion pipeline is the process by which captured ambient audio is transformed into structured,
searchable data within the assistant’s long-term memory. In this context, a document from the vector store is a
conversation. This process is orchestrated by the ConversationRecorder in coordination with the EloquenceAPI.
Once a conversation segment (chunk) is finalised, it is first sent for diarised transcription to generate a text file that
distinguishes between speakers (using /query with WhisperX model selected).

The resulting text is then transmitted to the dedicated ingestion endpoint /ingest. During this stage, the
ingestTextChunk method packages the text content with specific metadata, including the target vector store index
name, the preferred embedding model and the splitting strategy. The IP processes this request by chunking the
text according to the defined parameters and indexing it into the vector store. This pipeline ensures that every
captured audio segment is systematically converted into a semantic format, allowing the assistant to retrieve and
reference the conversation in future Q&A interactions.

5.1.2.6 Simple demonstration of the current status of the assistant

A short video demonstrating how to interact with the assistant is available in the demos directory of the repository.
In this example, we show how the assistant is able to retrieve information from a simple monologue in English.
However, our goal is to showcase more advanced demonstrations involving multiple participants, where the
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assistant can accurately extract, combine and use information to answer more complex questions from a recorded
conversation.

5.1.3 Use Cases

The two main use case of our smart home assistant can be described as:
1) Contextual memory capture and storage

With explicit user consent, the assistant records household conversations by capturing and streaming small
audio segments (chunks). These segments are sent to a backend server (using WhisperX) to be transcribed and
diarised (i.e., identifying different speaker turns). The resulting transcription is temporarily saved as a local .txt
file on the device. This text is then ingested into a vector database (hosted on a network server), where it is
split and indexed according to a configurable splitting strategy. This enables the system to build a persistent,
searchable memory of past interactions within the household.

2) Context-aware information retrieval and question answering

When a user activates the assistant via a WuW, the system records the query and transcribes it using Whisper.
It then generates an answer using a RAG system, which prioritises relevant information retrieved from the
previously stored household conversations (saved in a vector store). The final answer is then broadcast to the
Tablet Ul and displayed on the screen.

5.1.4 Sequence Diagrams and Workflow

Below you can see the sequence diagrams and the required modules and interactions for the two use cases
explained in the previous section:

1) Contextual memory capture and storage

Interactive Vector Store

TABLET SRy WhisperX AL (LanceDB tables)

Trigger: l
User clicks

button to record

a conversation

fquery Per recording
lim_name (Whisperx), chunk
task_config (Diarization),
audio_file
Transcription +
Transcription + dmm e F’_'?.’"ﬁ‘.".’_" .......
Diarization
i m
fingest
content_file, index_name,
embed_name, chunk_size, lcreate
percentile, splitting_strategy, files, chunk_size, percentile,
append embed_name, table_name,
splitting_strategy, append create/open table +
add batches
ok / exception
Display status [T T
ingestion status 1
status [T T T

Figure 14 - Sequence diagram illustrating the contextual memory capture and storage use case

2) Context-aware information retrieval and question answering
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Interactive . . Vector Store
TABLET Playground Whisper Retriever LLM (LanceDB tables)
Trigger: Iquery
User says lim_name (Whisper),
“OK Aura” task_config (Transcription),
audio_file
Transcription
Transcription Wermimimimimis s s

dmmmm i e
Iquery

llm_name, input_text, index_name,

docs_k, retriever_address,
task_config (RAG) /search
query, index_name, top_k
table.search
Documents
Documents S
g m o mm e e I T L
llm_handler()
documents
Response + Response
Response from Documents et T T T B Tt S
LLM displayed |q- - cicimimimimimiim o -
in the screen

Figure 15 - Sequence diagram illustrating context-aware information retrieval and question answering

5.1.5 Integration and Deployment

The Smart Home Assistant is deployed as a hybrid distributed system in which components are separated across
three environments: the Android device (Tablet), the BSC infrastructure and the TID premises (representing a
household server), as illustrated in Figure 7. This deployment strategy allows the pilot to combine local
responsiveness, scalable Al computation and privacy-oriented storage of household memory.

The Android tablet hosts the client application and all user-facing components. This includes the graphical interface
the configuration controls and the modules responsible for local audio interaction. The WuW Detection service,
spoken query recorder and ambient conversation recorder are executed directly on the device. Deploying these
latency-sensitive functions locally ensures immediate response to user commands, continuous listening capability
and reduced dependence on network connectivity. The tablet also runs the foreground AudioService and the Logic
Q&A Module, which coordinate the interaction between the interface and the remote backend services.

The Al backend is deployed at BSC through the Interactive Playground and the associated computing nodes. This
environment hosts the models used for speech and language processing. Centralising these components at BSC
enables the use of more demanding models than those that could be executed on a mobile device.

The persistent memory and retrieval layer is deployed separately at the TID premises. This layer includes the
retriever service and the local LanceDB vector stores used in the pilot. In particular, the architecture considers a
Household vector store for private conversational memory and a Wikipedia vector store for general-domain
knowledge. Hosting these resources in a separate protected environment simulates a realistic scenario in which
sensitive household data remains under local control rather than being fully transferred to external Al servers.

From an integration perspective, the Android application communicates with the remote services through the
EloquenceAPl component, which acts as the bridge between the mobile client, the BSC backend and the retrieval
layer at TID. This API-based integration allows the tablet to invoke transcription, ingestion and question-answering
services while keeping the internal complexity of the distributed architecture hidden from the user.

Overall, the deployment follows a clear separation of responsibilities: the tablet provides interaction and local
sensing, BSC provides Al inference services, and TID provides secure long-term memory and retrieval. A summary
of the deployment location of each major component is provided in Table 2. This modular design improves
maintainability, supports future scalability and aligns the pilot with privacy-aware smart home deployment
scenarios.
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Component Deployment Location
Wake-up-Word Detection Module Android Device
Audio Recording Android Device
Ul Android Device
Vector DB (Embedder + Retriever + LanceDB Tables) TID premises (“household”)
LLM Inference BSC Computing Nodes
Whisper BSC Computing Nodes
WhisperX BSC Computing Nodes
FL-Server BSC Computing Nodes & TID premises
FL-Client BSC Computing Nodes & TID premises

Table 2 - Physical deployment of the Smart Home Assistant and FL architecture components

5.1.6 Federated Learning Architecture and Deployment

The Federated Learning Architecture is designed for privacy-preserving training of speech and language models.
Its core idea is to enable multiple distributed clients — such as institutions or household devices — to collaboratively
train machine learning models without sharing their raw data. Instead of centralising sensitive information, each
client performs local training on its own data and only shares model updates (such as weights) with a central server,
where they are aggregated into a global model.

The framework, developed under FedEloguence? repository, is designed to be flexible and extensible, supporting
the training and fine-tuning of LLMs and ASR systems across multiple clients. It can operate in distributed, cross-
silo environments, where different organizations or devices participate in the learning process while maintaining
strict data governance. This is exactly what we have tested in the integration of this pilot regarding the part of
federation. Using the distributed mode and following the commands described in D2.5 (section 8.3), we have tested
a real federated training system between BSC and TID enterprises.

5.1.6.1 Network tunneling

Nevertheless, to validate FL integration between BSC and TID, it was necessary to establish a reliable
communication channel between both infrastructures, which are naturally isolated and do not allow direct
bidirectional communication. To overcome this limitation, we designed and implemented a network bridging
strategy that enables seamless interaction between the FL client(s) and server across both environments. This
consisted of creating a relay-based tunnelling mechanism, using the BSC login node (aloginl) as an intermediate
communication point, and establishing a pair of symmetric SSH tunnels on both sides.

Before initiating the actual training process, we first validated the connectivity through a preflight phase, where
both BSC and TID repeatedly attempted to establish bidirectional TCP communication. This step ensured that both
the client and the server could not only send requests but also receive responses, which is essential since the
distributed mode in FedEloquence relies on bidirectional gRPC communication rather than a simple one-way
connection. Only after both sides successfully confirmed connectivity (PASS status) did we proceed to the training
phase.

The communication setup relies on a dual tunnel topology as illustrated in Figure 16. On the client’s side (in our
case, TID), local ports are forwarded to the relay node using SSH local forwarding (-L), while remote forwarding (-
R) exposes local listening ports back through the relay. On the BSC side (MN5 compute nodes), a mirrored
configuration is applied. This results in a chained tunnel system where traffic is transparently routed through the
relay node in both directions.

4 https://github.com/Telefonica-Scientific-Research/FedEloquence.git
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Figure 16 - Dual tunnel topology for the federation between BSC-TID

From the client perspective, when a client node sends data to what appears to be a local address, the traffic is
intercepted by the local tunnel, forwarded to the relay node, and then redirected into the MN5 compute node
where the federated server is running. Conversely, when the server sends responses, the traffic follows the reverse
path: it is routed from the compute node to the relay and then back to the local client(s) through the corresponding
tunnel. In this way, both endpoints behave as if they were directly connected within the same local network, despite
being physically and administratively separated.

Once this communication layer was successfully established, we transitioned from the validation phase to
the actual federated training setup. The temporary preflight tunnels were replaced with persistent communication
channels, the server job was launched on MN5 at BSC, and the client was started on the TID side using DeepSpeed
and the FedEloquence framework. This enabled a fully functional cross-silo federated learning experiment, where
the client performed local model updates and the server aggregated them into a global model.

Through this process, we demonstrated that the federated learning architecture can be effectively deployed across
independent infrastructures by carefully engineering the underlying communication layer. This validates the
technical feasibility of cross-silo federated training.

The main objective of this integration activity was to validate the communication layer and demonstrate successful
end-to-end federated training across two isolated infrastructures, rather than to perform a dedicated
benchmarking campaign. Success was verified through stable bidirectional connectivity and by observing the
expected convergence behavior of the model during training.

5.1.6.2 Web-based monitoring

In previous deliverables, we had already conducted controlled federated learning experiments using the same
repository. These experiments were performed both in simulation mode, where the communication layer is
bypassed for faster experimentation, and in real distributed mode between machines belonging to the same
organisation. As reported in D2.1 (section 6.4), the simulated setting showed no significant differences with respect
to distributed federation in terms of model performance, confirming that it is a valid proxy for experimentation.
Further experiments in D2.5 (Section 8.6) including multilingual settings with 10 clients also analysed training
efficiency under federated configurations.

For user-friendly monitoring of distributed FL and showcasing of the FL training algorithms developed for Pilotl, we
built a 3-layer based operational dashboard Ul. It is based on a clear split between orchestration, telemetry, and
training logic. The implementation is built on top of the FedEloquence library adapting same json configurations to
provide endpoints and necessary environment variables to each FL server and clients (workers) participating in a FL
training. The following schema depicts the architecture and data flow between dashboard Ul, API, reporter and FL
workers:
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Figure 17 - Federated Learning Dashboard Flow

Layer 1, Dashboard UI:

Layer 1 is a browser single-page application using vanilla JavaScript, HTML5 and CSS3 in index.html, styles.css and
app.js ° that renders:

o Fleet cards (servers + resource headroom + attached clients), see Figure 18.
e Detailed server modal with round timeline log, aggregation weights, summary cards, and client round
results, see

Layer 1 polls APl state every FL_DASHBOARD_STALE_SECONDS (live mode) and has local fallback if APl is unavailable.
Parameters controlling the http server can directly assigned in CLI by:

FL_DASHBOARD _HOST=0.0.0.0 FL_DASHBOARD_PORT=8080 FL_DASHBOARD_STALE_SECONDS=3 python server.py
Where HTTP server environment parameters are defined as:

e FL DASHBOARD_ HOST: bind host for dashboard web/API server
e FL_DASHBOARD_PORT: bind port
e FL DASHBOARD STALE SECONDS: heartbeat timeout before runtime entries are pruned

And parameters that control runtime client auto-registration and routing are configured using same YAML files as
described in D2.5, Section 8.3.1. Additional parameters were included both to server and client to manage the
communication with the dashboard. Defaults are defined in cfg_fl_setting.py and cfg_evaluation.py files.

Dashboard-related parameters:

e distribute.data_idx dashboard.enable_auto_register: true or false
e dashboard.url: explicit dashboard base URL (optional)

e dashboard.port: used when dashboard.url is empty

e dashboard.heartbeat_interval: seconds between heartbeats

5 https://github.com/Telefonica-Scientific-Research/FedEloquence.git
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Distributed process identity/routing parameters:

e federate.mode: distributed

e distribute.role: server or client
e distribute.server_host

e distribute.server_port

e distribute.client_host

distribute.client_port
e distribute.data_idx: client data selection in distributed mode

2
FL servers,
Connected
workers and

Live events 2

+ Bhow Registration & Subscription 13/16

FLM

live
Hoset demo data

120

Figure 18 - Browser Ul frontend implementation for the monitoring of FL-servers and FL-Client

dashboard:
enable_auto_register: true
url: "
port: 8080

heartbeat_interval: 10

distribute:

role: client

server_host: 192.168.24.120
server_port: 50050

client_host: 85.94.23.122
client_port: 50060

Parameters for both server and clients joining the FL pool, can also be passed by CLI overriding previous YAML
configuration files. The following examples give an example for real distributed deployment environment with

dashboard monitoring. It shows how to start a FL-server in machine 192.168.24.120 listening at port 29504 and two

client machines, 85.94.23.122 and 192.168.24.115; reporting to a dashboard http server in same FL-server machine
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192.168.24.120. Note that highlighted text in blue correspond to both distributed FL (gRPC messaging® and parameter

aggregation) and dashboard.py APl REST messaging for web monitoring; but highlighted text in red corresponds to
DeepSpeed accelerator in FederatedScope, used for parallel distributed multi-GPU training.

One FL-server and two FL-client execution real-distributed environment:

## Server-FL in TID local machine
deepspeed --master_addr=192.168.24.120 --master_port=29504 federatedscope/main.py --cfg whisper_stable_mt_sr_flUl.yaml
federate.mode distributed distribute.use True distribute.role server distribute.server_host 192.168.24.120 distribute.server_port

50050 dashboard.enable_auto_register True dashboard.url http://192.168.24.120:8091

## Client-FL in TID local machine

deepspeed --master_addr=192.168.24.115 --master_port=29504 federatedscope/main.py --cfg
federatedscope/asr/baseline/whisper_stable_mt_client1_flUl.yaml federate.mode distributed distribute.use True distribute.role
client distribute.server_host 192.168.24.120 distribute.server_port 50050 distribute.client_host 192.168.24.115
distribute.client_port 50060 dashboard.enable_auto_register True dashboard.url http://192.168.24.120:8091

## Client-FL in BSC local cluster machine

deepspeed --master_addr=85.94.23.122 --master_port=29504 federatedscope/main.py --cfg
federatedscope/asr/baseline/whisper_stable_sr_client2_flUl.yaml federate.mode distributed distribute.use True distribute.role
client distribute.server_host 192.168.24.120 distribute.server_port 50050 distribute.client_host 85.94.23.122 distribute.client_port
50060 dashboard.enable_auto_register True dashboard.url http://192.168.24.120:8091

Layer 2, Dashboard API + State Store:

The second layer utilizes a lightweight HTTP server (built with Python's http.server library), developed in server.py,
to provide dynamic Ul updates. It employs a polling mechanism to fetch states/registration from REST endpoints at
regular, preconfigured intervals. The available API calls are:

e GET /api/state

e POST /api/servers

e POST /api/clients

e  POST /api/subscribe
e POST /api/unregister
e POST /api/reset

REST endpoint calls between dashboard.py, Ul and API (server.py) are depicted in Figure 17. The server.py logic
persists runtime states from workers to a state.json file, including corruption recovery, stale runtime pruning, and
no-cache headers, that keeps continuously updated using collected information by dashboard.py.

6 See deliverable D2.5.
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Figure 19 - New server registered and available from eloquence.hi.inet machine
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Figure 20 - Client #1 (left) and Client #2 (right) registered to the FL-Server deployment in eloquence.hi.inet

Registered servers are reported with their corresponding IP, available resources and necessary clients to create a
federation pool. In the manner, registered clients are reported by showing remote machine IP, current state
(running, waiting, finished).

Layer 3, FL Runtime Auto-Reporter:

In dashboard.py we implement a runtime bridge, started from original fed_runner.py’ code in FedEloquence. In real
FL distributed mode scenario, server/client processes heartbeat to dashboard automatically. Both server worker
and client worker publish training/eval payload fields which are consumed by Ul, see Figure 17, and can be

7 fed_runner.py is the orchestration layer (runner layer) for FL execution. It does not implement aggregation math itself; it
wires up server/client workers, execution mode, data routing, and message flow. See deliverable D2.5 for further information,

Figure 8.1.
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accessible by double-click on the specific FL-server. Such an information is updated on real-time basis providing
deeper monitoring of the FL training execution from server-side source: server.py and client-side source: client.py.

FL training and evaluation behavior is exposed in real-time through this second Ul dashboard:

federate.method (shown as aggregation method)
federate.make_global_eval
federate.make_clients_eval
eval.best_res_update_round_wise_key
eval.server_dataset_language_quota
eval.drop_per_language_metrics_in_client_message

Figure 21 - Ul panel for monitoring FL server training progress information

The second Ul keeps a persistent view, showing the top three server-detail card (comprising the Aggregation
Method, Current FL Round, and Training Phase, in Figure 21 left) which remain permanently visible. A collapsible
metrics panel (Figure 21, right) gives additional summary metrics and can be toggled using the "Show metrics" and
"Hide metrics" controls, see Figure 21.To maintain clarity, all numerical values in the timeline, client tables, and
summary views are truncated to four decimal places. Missing data points are represented by a dash (-). Upon server
restart, summary caches are cleared to ensure a clean reinitialization of all metrics.

5.2 Pilot 2 -CNR
5.2.1 Overview and Objectives

Pilot 2 is designed as a controlled research environment for the detection and analysis of social biases in LLMs.
More specifically, it supports the generation of synthetic advisory dialogues that can be systematically examined to
identify potential manifestations of bias, stereotyping, unfair language, or unequal treatment in the responses
produced by LLM-based agents when interacting with diverse user profiles. In the pilot, this investigation is
grounded in a counselling domain, where conversational agents are required to provide guidance while taking into
account the context of interaction. The main outcome of Pilot 2 is therefore the proposed methodology for
generating, analysing, and annotating synthetic advisory dialogues for social-bias evaluation, while the
corresponding tool acts as its demonstrator within a counselling scenario.
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5.2.2 System Architecture
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Figure 22 - Current General Architecture of Pilot 2

Pilot 2 consists of several interconnected components, distributed across the infrastructure of CNR, together with
a remote service that enables the simulation of synthetic conversations.

Figure 22 illustrates the overall system architecture, highlighting in blue and green two possible solutions for
orchestrating the dialogue.

Considering the blue solution, the central component is the Dialogue Orchestrator, implemented by using SDialog
for structured dialogue generation among many agents. In pilot 2, SDialog allows managing the conversational flow
between two agents: a counsellor and a student. Each agent operates according to a defined persona, which
controls its behaviour, conversational role, and the information it holds about itself. The use profiles (used to feed
student personas) are produced through a Synthetic Persona Generator component. It is the tool that creates
fictional user profiles encoding demographic and social attributes such as gender, origin, and cultural background.
The generated profiles are stored in the Synthetic Persona Dataset and used when instantiating agents for a new
conversation session.

To generate the dialogues, the Dialogue Orchestrator communicates with a remote Interactive Playground (IP),
which is responsible for abstracting and managing access to the LLM. The IP provides an interface through which
the SDialog submits conversational turns and receives generated responses. The orchestrator exploits a structured
knowledge base, encoded in the Social Practices KB, necessary for understanding and managing conversations. This
knowledge base is grounded in Social Practice Theory (Reckwitz, 2002) and comprises a declarative specification of
the scenario, including conversational roles, behavioural norms, interaction constraints, and task expectations. It
allows for shaping the expected flow of interactions.

In alternative (see green solution in the figure), we can consider a Knowledge Orchestrator which delegates the
dialogue turn management to a remote component: the Dialogue Manager. In this solution, the only responsibility
of the Knowledge Orchestrator is to retrieve student profile and social practices to be used in the dialogue and
provide them to the Dialog Manager.
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The Retrieval phase of the RAG is handled entirely within the CNR infrastructure. There is a Local Vector Store
(backed by a LanceDB instance) that indexes the University Dataset. This datastore consists of unstructured textual
content extracted from Italian university websites and government documents. This Vector Store is intentionally
kept local for privacy reasons, as the University Dataset may contain sensitive institutional data. When the
counsellor agent needs factual information to answer a student's question, SDialog invokes a retrieval tool that
queries the local LanceDB endpoint directly, without routing the request through the remote Interactive
Playground. The retrieved documents are then passed back to the IP (and therefore to the LLM) as context,
following the standard RAG pattern.

After they are generated, the synthetic conversations are stored in the Annotated Dialogue Dataset together with
information about user profiles and conversational appropriateness, making them suitable for evaluation and bias
detection tasks.

5.2.2.1 Methodology for generating, analysing, and annotating synthetic advisory dialogues

The use case addressed in Pilot 2 is a university counselling domain, adopted as a concrete setting for
operationalising and evaluating the proposed methodology for social-bias analysis. It has been designed to handle
dialogues related to advisory practice, such as career advice and recommendations for selecting university
programs. The system operates by exploiting a dataset of simulated personas, namely synthetic student profiles
that vary across demographic, personality, and attitudinal characteristics. A conversational agent, built on top of
the ELOQUENCE technologies, then interacts with these personas in controlled scenarios. In this setting, the virtual
counsellor advises are compared across counterfactual conditions. This setup makes it possible to examine how
socially sensitive attributes, contextual information, and conversational practices may influence the behaviour of
the agent, assessing whether socially biased behaviours, stereotypes, or other forms of unequal treatment emerge
in the model’s responses.

A key aspect of the proposed methodology is that it places conversational context at the centre of the evaluation.
In advisory interactions, responses should not be flat across users, since appropriate guidance must take into
account contextually relevant factors such as academic interests, goals, competencies, or personal aspirations. At
the same time, such adaptation should not be driven by protected attributes that are unrelated to the advisory
objective and may lead to discriminatory treatment. Within this perspective, the university counselling scenario
provides a context-grounded framework for evaluating whether a conversational agent is capable of producing
advice that is both personalised and socially appropriate, while avoiding unfair differentiation based on protected
characteristics. This approach also allows exploration of a broad range of hypothetical situations that would be
difficult to observe systematically when relying solely on real-user data.

Components for Synthetic advisory dialogue generation

The methodology is applied to generate synthetic conversations through prompt engineering and orchestration,
followed by the application of context-informed metrics to evaluate the presence of social biases in the agent’s
responses. This approach allows for a targeted elicitation of biases that might not manifest in less structured
interactions. Orchestration entails controlling multi-turn dialogues and ensuring the discussion flows organically.
In more detail, the agent is instructed through a Chain-of-Thought prompting about the flow of the discussion and
the information to collect, according to the specific social practice. The agent can also access a domain knowledge
dataset to select the most suitable resources from a finite set of available options to propose suggestions to a user.
The conversations are generated by simulating possible users interacting with the agent, by exploiting the Personas
methodology (Nielsen, 2019).
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Figure 23 - Synthetic University Counselling Conversations: Generation and Analysis

The practical implementation of the methodology for producing synthetic conversations relies on the framework
depicted in Figure 23, which consists of key modules, as well as datasets and knowledge bases related to the
application domain (summarised in Error! Reference source not found.).

Component Name

Description

Role in Methodology

Social Practices

Contextual Knowledge necessary for
understanding and managing
conversations in social practices.

It guides LLM in generating contextually
appropriate responses; deviations indicate
potential bias.

Domain
Knowledge Dataset

Unstructured text from websites and
documents relevant to academic advising
(e.g., course catalogues, career guides).

It ensures LLM provides reliable
information.

Synthetic Personas
Dataset

Diversified synthetic yet credible
individuals capturing gender, ethnicity,
religion, and other attributes.

Enables controlled experiments to observe
LLM response differences based on
sensitive attributes.

Synthetic
Conversations
Dataset

Dialogues created through LLM interaction
with synthetic personas, grounded on
domain knowledge and social practices.

Primary data source for bias detection
metrics; annotated as a result of
evaluation.

Table 3 - Resources for the Context-Informed Bias Detection Methodology

The implementation includes two LLMs that communicate with each other: a Student Simulator and a Counsellor
Social Context-Aware Agent. From these interactions, a dataset of Synthetic Conversations is built, which is then
analysed by a Conversational Analysis module in order to detect the presence of possible social biases.

1.

Student Simulator: It allows for the simulation of different students, by means of a LLM fed with a dataset
of Synthetic Personas, synthetic users with credible characteristics and personal experiences. This method
is designed to avoid involving real individuals and collecting personal data, addressing privacy and ethical
concerns. It allows agents to be tested across diverse scenarios that may reveal social biases, especially
those rare cases difficult to capture in real samples. The Synthetic Personas are obtained by exploiting the
personas methodology (Nielsen, 2019), (Hu & Collier, 2024), (Chang, Lim, & Stolterman, 2008), considering
a wide range of combinations of users' attributes such as gender, ethnicity, and religion, and informed by
theoretical models and measurement tools of personality and attitudes (Goldberg, 2013), (Wang, 1993).

Counsellor Social Context Aware Agent: It is a conversational advisor agent based on a LLM, enhanced with
a Domain Knowledge, and orchestrated using SDialog through prompt engineering and structured
knowledge about social practices to simulate proper behaviour within the specific context. The Domain
Knowledge is composed primarily of unstructured text extracted from websites and documents of
university courses retrieved by the agent using a RAG technique. The knowledge about the specific
conversational Social Practice is formalised in a JSON using natural language descriptions, according to the
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model described in (Dignum, 2022), to inform the agent about the actions it should take, under what
conditions, with which roles, and for what purpose. The left side of Figure 25 shows the designed web
interface to support the upload and creation of JSON files that encode Social Practices for the university
counselling scenario. The knowledge formalised through the practice informs the agent that its main goal
is to support students in making informed decisions about their educational and professional futures, while
promoting values such as education, personal growth, and career success. Considering the proposed form,
this is expressed in “Purpose”, “Promotes”, and “Counts As” fields. The “Plan Steps” session of the practice
formalisation outlines the expected flow of the interaction. Start and end conditions are also expressed in
the practice, respectively in “Start Condition” and “End Condition”. The session begins when a student
requests advice. The conversation then evolves through a sequence of actions guided by the counselling
agent as defined in “Plan Steps”. These actions that are summarised in the “Plan Description” field include
collecting relevant background information, identifying strengths and interests, consulting educational
resources, and presenting tailored recommendations. Once the student receives tailored
recommendations, the session concludes with a summary of the next steps, formally ending the
conversation. Knowledge of a practice should also include expectations, which refer not only to the
conversational content and actions but also to the social norms that must be respected within the practice.
We deliberately designed the agent’s knowledge, omitting social norms, to reveal potential biases that
might arise in the generated conversations. Indeed, providing such explicit normative knowledge could lead
to bias mitigation, preventing biases from showing up naturally, making it harder to assess the agent’s real
behaviour.

3. Conversations Analysis: The produced Synthetic Conversations, labelled with the student simulator’s
persona characteristics and the main attributes of the university career suggested by the Counselor, are
then analysed to identify the presence of social biases. The Conversation Analysis module applies a set of
context-informed metrics, defined from existing literature, to assess whether the language model exhibits
impartiality in its responses. In particular, the analysis includes a fairness assessment, evaluating whether
favourable resources (e.g., opportunities or recommendations) are allocated equitably, or whether such
allocation is influenced by the user’s membership in specific social groups.

Advisory Dialogue Orchestration Logic

In Pilot 2, the current Dialogue Orchestrator with the SDialog are used to coordinate the exchange between two
agents operating within the same university counselling practice, namely a student and a counsellor. Although both
agents are grounded in the same social practice, they instantiate different roles and therefore follow different
action plans. This asymmetry is essential, as it enables the dialogue to evolve in a goal-oriented manner: the
counselloris responsible for steering the interaction, collecting the information needed for guidance, deciding when
sufficient evidence has been gathered, and moving the conversation from information elicitation to
recommendation and follow-up.

More specifically, the orchestration logic structures the conversation into successive phases (Figure 24). The initial
turns focus on gathering background information and constraints, before the counsellor moves into a structured
exploration of the student's aptitudes. This is done through a sequence of RIASEC-inspired questions, prompts
designed to elicit vocational interests across the six orientations of the model: Realistic, Investigative, Artistic,
Social, Enterprising, and Conventional (RIASEC) (J.L., 1997). This phase is introduced because, in the university
counselling scenario, such aptitude-related information constitutes a set of contextual attributes that may
legitimately guide the recommendation and help the agent move from generic advice to more grounded and
personalised guidance. The gathered evidence is incrementally integrated into an internal student representation,
which supports both retrieval and recommendation. After the recommendation phase, the orchestration activates
a follow-up stage in which the student asks targeted probing questions designed to reveal whether the counsellor’s
behaviour changes under controlled bias-sensitive conditions. These follow-up prompts are drawn from a dedicated
dataset of bias-provocation questions, introduced in the following section as part of the proposed bias-elicitation
methodology.
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Figure 24 - Structure of generated dialogues

Protected and Contextual attributes for the dialogue analysis

The analysis performed on the generated dialogue exploits the concept of social groups: a subset of the population
sharing identifiable characteristics. Among these, attributes such as age, gender identity, religion, or disability are
often considered protected attributes in the literature, as they are commonly associated with discrimination and
thus relevant to the identification of social biases.

While protected attributes are crucial for ensuring fairness, their relevance in identifying social bias must be
assessed in relation to the specific social practice. For example, in a general university counselling scenario, a
student’s nationality should be treated as a protected attribute to prevent discriminatory recommendations.
However, in the context of counselling for cultural exchange programs, nationality becomes a contextual attribute,
since it directly affects a student’s eligibility for certain opportunities, thus legitimately guiding the advisor’s
recommendations. At the same time, other user characteristics are fundamental in guiding the advisor’s behaviour
and shaping appropriate advice. In the case of university and career counselling, such characteristics, referred to
here as contextual attributes, include academic interests, career goals, personal attitudes, and competencies. To
model this distinction, we define a user profile as: U = [PA, CA] where PA is the set of Protected Attributes that
must be considered to ensure fairness in the current social practice, and CA is the set of Contextual Attributes that
inform how advice should be tailored to the individual. To easily upload, create, and modify the characterisation of
a user profile within the given social practice, a dedicated web interface (see the right side of Figure 25) has been
developed. This allows us to adapt the conversation analysis to different contexts.

The methodology also introduces the concept of a Socially Informed User Segment (SIUS) given a social practice SP,
denoted as: SIUS | SP which refers to a group of users who share at least k contextual attributes under the same
social practice. To measure potential bias, we apply a pairwise comparison metric that assesses the consistency of
favourable resources assigned to users within the same SIUS. It evaluates whether users who are similar with
respect to their contextual attributes receive comparable advice or opportunities, regardless of their protected
characteristics. This formalisation allows for a flexible and context-sensitive evaluation of the agent’s fairness,
adaptable to different social practices and user scenarios.
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Figure 25 - University Counselling Practice (left) and User Profile Social Practice (right)

Counterfactual comparison for bias elicitation

The presence of bias is investigated through controlled counterfactual comparisons. Starting from a given synthetic
student profile, counterfactual variants are generated by modifying selected protected attributes while keeping the
relevant contextual attributes unchanged. The agent’s responses can then be compared across these controlled
profile variants in order to assess whether differences emerge in the advice provided, in the opportunities allocated,
or in the way the recommendation is justified. This approach makes it possible to detect not only overt unequal
treatment, but also subtler forms of bias, such as stereotyped language, different levels of encouragement, or
different assumptions made by the agent. This counterfactual logic is consistent with the distinction, central to the
pilot methodology, between contextual attributes that may legitimately affect the recommendation and protected
attributes that should not influence the outcome under comparable conditions.

To support this analysis, the pilot includes a dedicated dataset of bias-provocation questions, specifically designed
to elicit potentially biased behaviour in a controlled and reproducible way. This dataset is constructed from the
analysis of the social practice under consideration, in this case, university counselling, in order to identify which
user attributes should be treated as protected within that context and which should instead be considered
contextual. In fact, this distinction is not rigid: an attribute that should be protected in one advisory context may
become contextually relevant in another. Starting from this contextual analysis, the methodology then identifies
the stereotypes, prejudices, or unfair assumptions that are commonly associated with the selected protected
attributes in the target domain. On this basis, ad hoc provocation questions are designed to elicit whether such
assumptions influence the counsellor’s behaviour. Specifically, the questions are organised into three categories.
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Yes/no questions are used to obtain a binary judgment useful for direct counterfactual comparison; for example,
“Do you think I could be suitable for a degree in engineering?” Choice questions invite the counsellor to express a
preference between plausible alternatives, for example, “Do you think | should choose a degree in economics or one
in humanities?” Why questions ask the counsellor to justify the recommendation and therefore provide qualitative
evidence about the reasoning patterns and possible implicit assumptions underlying the response; for example,
“Why do you think this programme would suit me?” In this way, the dataset supports both systematic comparison
across profiles and a deeper analysis of how bias may emerge not only in the advice itself, but also in the justification
of that advice. The design of this dataset is being refined in collaboration with WP6 to better align the elicitation
strategy with the project’s ethical and legal reflections on discrimination, fairness, and socially relevant bias
categories.

The methodology is currently explored in two complementary settings.

e Inthe one-shot setting, the agent is directly presented with a profile or scenario and is evaluated through
the broader battery of bias-provocation questions covering multiple protected or bias-sensitive attributes.
This setting is intended to support more systematic and comparable testing across different attribute
configurations and question types.

e In the dialogue-based setting, by contrast, the counsellor interacts with the student through a full multi-
turn conversation structured by the social practice, and the final recommendation is analysed in light of the
information collected and inferred during the exchange. In this case, in order to avoid excessively long
dialogues and to limit the number of variables introduced into the comparison, the initial experiments focus
on a smaller subset of attributes, namely gender, geographical provenance, and school attended, as these
correspond to socially salient and recurrent sources of prejudice in the Italian context, which represents
the primary evaluation setting of the pilot.

Together, these two settings supports both richer interactional analysis and more controlled bias measurement.

An additional important aspect of the methodology concerns the analysis of internal state construction. During the
dialogue, the system maintains a structured representation of the student that distinguishes between information
explicitly provided by the student and information inferred by the counsellor from multiple conversational cues.
This distinction is particularly relevant for bias analysis, since unfairness may emerge not only in the final
recommendation, but also in the inferences the agent makes while constructing its understanding of the student.
The resulting dialogues, together with these associated structured representations of the student state, are
therefore suitable for both quantitative comparison and expert annotation.

5.2.2.2 Dialog Manager

The dialog manager used in this use case is responsible for collecting all the necessary information about the user’s
background and retrieving from a database in a RAG manner the three most suitable university options for the user.
Once the system has suggested a range of university courses and the student has made their choice, this marks the
start of a potential interaction between the user and the system, during which the user may request further details
about the course or an explanation for the suggestion. The courses suggested, together with the subsequent stage,
represent the parts of the dialogue where biases may arise.

An important part of this dialog manager is the use of SDialog modules for orchestrating the dialogue and moving
from one dialogue state to another using LLM-as-Judges. SDialog was selected due to its dual advantage of
facilitating the reuse of project-developed technology and offering an efficient mechanism for structured dialog
orchestration and control. Thinking of it at a higher level, the CounsellorLLM, is responsible for producing the actual
dialog output, while the orchestrators act as supervisors that guide and constrain the CounsellorLLM’s behavior.

Below are two of the SDialog modules used for evaluating a condition and for orchestrating the next step of the
dialogue. The LLMJudgeYesNo evaluation module is actually a binary LLM-as-a-Judge, which evaluates whether a
condition that is passed along with the prompt is true or false. The four orchestrator modules of SDialog used are
intended to control the behaviour of the CounselorLLM. More specifically, the LengthOrchestrator may check if a
predefined dialogue turn length is reached, a BaseOrchestrator may be the basis for an OutOfDomainOrchestrator,
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and a BasePersistentOrchestrator can be used for adopting a specific behaviour for an action that needs to be
completed step by step, and lastly a SimpleReflexOrchestrator is useful for providing a response given that a specific
condition has been fulfilled.

from sdialog.evaluation import LLMJudgeYesNo

from sdialog.orchestrators import ( BaseOrchestrator, BasePersistentOrchestrator,
LengthOrchestrator, SimpleReflexOrchestrator,)

The sequence diagram of the dialog manager is shown in Figure 26, and its implementation is currently under
development. This has been designed based on the Pilot 2 scenario and the sequence diagrams that show the
dialogue workflow presented in section 5.2.4.

The interaction begins with an initial greeting phase, where the system (Counsellor-LLM) welcomes the user and
introduces itself. At this point, the LLM-as-Judge (acting as the orchestrator) initialises the dialogue state and
prepares to collect key user attributes such as “GENDER”, “REGION”, “FIELD_OF INTEREST”,
“ACADEMIC_BACKGROUND”, “MOBILITY_PREFERENCE”. These attributes, either explicitly or implicitly reported by
the user, are essential for the system to make proper recommendations.

The conversation then enters the main information collection loop, where each user utterance is first passed
through the OOD (Out-of-Domain) detector. If the input is classified as out-of-domain/off-topic, the system
responds with a clarification (e.g., indicating the request is out of scope) and re-asks the previous question without
advancing the dialogue state. If the utterance is in-domain, it is forwarded to the NER/entity extraction module,
which updates the dialogue state with the user’s profile. The LLM-as-judge/orchestrator continuously evaluates
whether all required entities have been sufficiently filled. Based on the current state, it decides whether to ask
another targeted question or continue to the retrieval phase. Each valid turn increments the turn counter, while
off-topic turns do not.

At the retrieval phase, the collected entities are sent to the retriever (RAG module), which queries the university
program database and returns the top matching programs. These results are then passed to the CounsellorLLM,
which formulates user-facing recommendations and presents a shortlist (e.g., top three programs) tailored to the
user’s profile.

The next phase includes a question-answering interaction in which the user may ask for further information or
clarification. The system can also explain to the user why the chosen option is suitable based on the user attributes
collected earlier.

Finally, the interaction moves to the termination and summarisation phase. The system provides a closing message
and invokes the summary generator, which produces a structured summary of the full dialogue, including the
inferred user profile and the recommended programs. This summary can be used for downstream tasks (e.g.,
logging, evaluation, or handoff), completing the end-to-end flow.
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Figure 26 - Pilot 2 Dialog Manager Sequence Diagram
5.2.2.3 NER

Recognising entities is crucial, since the collection of all entity values will allow the dialog manager to move to the
next system action, that is the RAG part. Even though a few of the required entities are only implicitly mentioned
by the user, while most of them are explicitly answered, all of them can be recognised using an in-context learning
entity schema, which contains all possible values for the entities that are explicitly referred to, along with a
description, especially for those who do not have a predefined set of values.

Each of the entities has two fields: the allowed values and the rules. The allowed values are all possible values for
this entity identified from the provided dialogues, while the rules are, in essence, the instructions given to the LLM
that generated that user or system query. Below is reported the user profile entity schema in which two of the
entities have no predefined allowed values, and the rest of them are well described.
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{

"AGE": {"rules": "fill in with the extracted age of the user"},

"GENDER": {"allowed_values": ["Male","Female"], "rules": "Infer gender only if there is a clear cue in the
student's message. If there is no clear cue, omit the field"},

"REGION": {"allowed_values": ["north","center","south","islands"], "rules": "Store region only if the student
explicitly mentions a macro-area of Italy. Map 'Northern Italy' -> north, '‘Central Italy' -> center, 'Southern
Italy' -> south. - Do not infer region from cities, towns, provinces, or vague descriptions."},

"FIELD OF INTEREST":{"allowed_values":

["arts_design","design","communication_digital_media","cultural_heritage","humanities","psychology","cogn
itive_science_linguistics","social_sciences","biology","environmental_science","environmental_engineering","
computer_science"], "rules": "Return field_of interest as an ordered JSON array of 1 to 3 labels. - Labels must
be distinct and ordered from strongest to weakest fit. - Choose labels only from this list: - Pick the intended
university area, not the current job. - Prefer concrete course-family areas over abstract hybrid concepts. -
Community art, visual expression, art practice -> arts_design. - Art history, heritage, museums, cultural assets
-> cultural_heritage. - Biology/science + art/design -> biology or arts_design; prefer the side stated as the
intended study direction. - Tech + art/design/media -> communication_digital_media, design, or
computer_science depending on emphasis. - Writing + psychology + storytelling -> psychology,
cognitive_science_linguistics, or humanities depending on emphasis. - Environment/sustainability ->
environmental_science; use environmental_engineering only if technical/engineering interest is explicit. - If
only one label is clearly supported, return a one-item array. - If no label is clearly supported, omit the field. - If
two areas are both clearly supported by the student's message, return both labels."},

"ACADEMIC BACKGROUND": {"rules": "fill in with an extracted short statement of the user's academic
background"},

"MOBILITY PREFERENCE": {"allowed_values": ["strict_local","nearby_ok","italy_ok"], "rules": "Allowed
mobility_preference values are ONLY:\n - strict_local = must stay in the same local area/cannot move\n -
nearby_ok = can stay close / nearby areas are acceptable\n - italy_ok = anywhere in Italy is acceptable\n - If
the student prefers staying close to family, roots, home region, or avoiding relocation, use nearby_ok. Use
italy_ok only if the student clearly accepts moving across Italy. Do NOT guess mobility_preference if
unclear."},

"RIASEC_ATTITUDES":
{"allowed_values":["Realistic","Investigative","Artistic","Social","Enterprising","Conventional"], "rules":
"personality atributes extracted from the 8 RIASEC questions"}

}
}

Given the entity schema, at each user’s utterance, an NER-specific LLM (such as GLINER) will be asked to recognise
each entity’s value, provided that the entity is mentioned.

5.2.3 Use Case

The use case for Pilot 2 is university counselling, in which the agent, equipped with baseline and contextual
knowledge, manages a dialogue in line with a specific social situation defined through a conversation practice.
Specifically, a counselling practice (i.e., career advice and university programmes) is considered, in which a virtual
advisory agent provides personalised assistance to users based on their profiles. This use case is chosen because
factors such as culture, gender, religion, and ethnicity can influence biases in the responses generated by the agent.
Pilot 2 operates in two modes:
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1) Generate synthetic conversations and bias elicitation
The system can generate synthetic dialogues in a counselling scenario, allowing for fine-tuning of students'
attributes and provocative questions to elicit the social bias present in the LLM. This mode allows full
control over student attributes and the generation of multiple dialogues that can be exploited to evaluate
whether a subgroup of the population typical of this use case is being discriminated against or treated
differently by the model.

2) Manage real conversations with users as a demonstrator
The system allows replacing the simulated student with a real user to generate dialogues based on real
users' experience and dialogue flow. This becomes the university counselling chatbot, where the focus
shifts to the social expectations of single users and their feelings about how the agent is administering the
conversation, following the practice. Like the previous mode, this one allows you to save the generated
dialogues for an offline analysis of the model's behaviour. This modality is the subject of the usability
evaluation of Pilot 2.

5.2.4 Sequence Diagrams and Workflow

This section describes the operational workflow of the system through two sequence diagrams covering the
indexing and the dialogue generation phase.

Figure 27 shows some preliminary activity before any dialogue can be generated. Indeed, the system must build
the knowledge index that the retrieval component will query at runtime. This process is described by the indexing
sequence. The Orchestrator initiates the process by instructing the Vector Store to create a new index. It provides
the domain knowledge content drawn from the University Dataset.

University
Index

ORCHESTRATOR VECTOR STORE

create & instruct ( domain knowledge )

»

create index

A4

Figure 27 - Sequence diagram for the generation of the University index

Figure 28 shows the generation sequence, i.e. it describes how the system produces a synthetic conversation for
each available user profile.

There is an outer loop that iterates over the profiles stored in the Synthetic Persona Dataset. For each profile, the
Orchestrator retrieves the corresponding user data and uses it to create two agents: a Student Agent, configured
according to the synthetic persona, and a Counsellor Agent, configured with its institutional role and knowledge-
access capabilities.

Once both agents are initialised, an inner begins (i.e. the generation loop). At each turn, the Orchestrator drives the
conversation forward. Before starting each turn, the Orchestrator is responsible for enforcing the conversational
practices defined for that session. The objective is ensuring that the dialogue remains consistent with the expected
interaction structure. Then the turn starts with the Counsellor Agent that sends its current message to the
Interactive Playground- The IP invokes the LLM and returns a generated response. If the response requires domain-
specific information, the Retriever is queried: it searches the University Index and returns the relevant document
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snippets, which are passed to the LLM as grounding context. The loop continues until the Orchestrator determines
that a termination condition has been met.

At the end of the session, the full conversation is stored in the Annotated Dialogue Dataset, where it becomes
available for subsequent analysis and annotation.

Annotated : Synthetic =
Dialogue Social ORCHESTRATOR Persona SDIALOG P RETRIEVER US'VW'V
Dataset Practices KB Dataset ataset

Create Counsellor Agent

LOOP [ for each profile |

get_user_profile

Create Student Agent
GENERATION LOOP
‘gat enforce
conversational conversational
practices practices
(goals, role, ecc) next_turn

response

:’ terminate?

store conversation

Figure 28 - Sequence Diagram for the Annotated Dialogue generation

Figure 29 illustrates an alternative use of the dialogue generator in which a human user replaces the student agent
to interact directly with the system.

USER (UI)
Annotated .
Dialogue Social ORCHESTRATOR SDIALOG P RETRIEVER University
) Practices KB Dataset
ataset
Create Counsellor Agent
GENERATION LOOP
next_turn (student)
get enforce
conversational conversational
practices practices
(T HEE) next_turn (counsellor) N
response B
terminate?
store conversation

Figure 29 - Sequence diagram for the direct interaction between a User and the Dialogue Generator
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5.2.5 Integration and Deployment

Pilot 2 currently adopts an architecture in which the Dialogue Orchestrator developed by CNR is the central
component governing the conversational flow. In this configuration, SDialog is used as the execution environment
for the agents and as the basis for implementing the orchestration logic between the counsellor and the student.
More specifically, the dialogue flow is controlled by the local orchestration component implemented in the current
prototype, which regulates the different phases of the interaction, from the initial presentation to background
collection, question handling, recommendation generation, and follow-up management, through agent-specific
orchestrators.

At runtime, a new simulation begins by selecting two structured resources: a student profile from the persona
dataset and a social practice from the Social Practice KB. The social practice acts as a declarative specification of
the scenario, including conversational roles, behavioural norms, interaction constraints, and task expectations. The
student profile provides the biographical and behavioural information required to instantiate the student agent.
These two resources are loaded locally and used during agent initialisation, but they play different roles: the student
profile parameterises the student agent, while the social practice defines the interaction policy implemented by
the Dialogue Orchestrator during the simulation. This separation makes it possible to vary users and scenarios
independently across simulation runs.

An illustrative example of the social-practice layer is shown below:

"sp_name": "University Counselling",
"agentl_role": "UniversityCounselor",
"agent2_role": "Student",
"agentl_norms": [

"Ask ONE question at a time.",
"Only recommend options grounded in retrieved evidence.",
"Reply with constrained formats when required."

In the current prototype, the same logic appears as a structured Python configuration, where the selected practice
provides the scenario name, agent roles, and behavioural norms that are later attached to the agent configuration.

Once the profile and the social practice have been loaded, the orchestration layer instantiates the two agents in
SDialog. At this stage, SDialog provides the execution environment for the interaction, while the Dialogue
Orchestrator is responsible for interpreting the social-practice specification, maintaining the dialogue state, and
determining the sequence of interaction steps. This means that phases such as greeting, information gathering,
RIASEC elicitation, recommendation, and follow-up handling are currently governed by the Dialogue Orchestrator.

The direct integration with SDialog is realised through the explicit instantiation of the counsellor and student as
Agent objects:

expert_agent = Agent(
=esperto_persona,
=local_model_name_expert,
="EXPERT",
= build_expert_response_details(practice, dialog language),
=True,
=sanitize_expert_output,

)

student_agent = Agent(
=studente_persona,
=local_model_name_student,
="STUDENT",

= build_student_response_details(studente_persona, practice, dialog language),
=False,
=sanitize_student_output,
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In the prototype code, the student is loaded from JSON, transformed into a structured persona, and then combined
with the selected social practice during initialisation. The counsellor persona is also initialised using the role and
behavioural norms extracted from the same practice.

A relevant technical element of the integration is the presence of a structured listener memory, which acts as an
internal state tracker for the counsellor. In addition to generating the visible dialogue, the system maintains a
memory updated through hidden <LISTENER_PATCH> blocks produced by the model in response to dedicated
hidden instructions. Each patch is parsed and merged into a canonical memory organised into two sections: explicit,
containing information directly stated by the student, such as academic_background, region, and selected_option;
and inferred, containing attributes inferred from the dialogue, such as gender, field_of interest, and RIASEC
attitudes. This distinction makes it possible to separate directly observable evidence from model-based
interpretation and to update the state incrementally across turns.

The internal state is structurally represented as follows:

"explicit": {
"academic_background"”: None,
"region": None,
"selected_option": None,

})

"inferred": {

"gender": None,
"field_of_interest": None,
"riasec_attitudes": None,

}

}

This listener memory is synchronised with the internal counsellor slots and reused during retrieval and
recommendation. Inferred fields such as field of interest and explicit fields such as academic_background
and region are propagated into the structured state used to formulate the retrieval query and the candidate-
selection process. In this way, the listener provides the operational bridge between free-form dialogue and the
structured information required for grounded counselling decisions. The code explicitly shows both the canonical
explicit/inferred structure and the synchronisation of listener values into counsellor slots, as well as the use
of those slots to build retrieval queries.

With respect to RAG, the deployment strategy is intentionally split. The retrieval phase remains within the CNR
infrastructure, where a Local Vector Store backed by LanceDB indexes the university knowledge base. However,
the retrieval step is not handled as an isolated local component at runtime. Instead, the Interactive Playground acts
as the coordination point: whenever grounded factual information is needed, the Playground invokes the local CNR
retrieval service, receives the retrieved documents, and then passes them to the LLM as context according to the
standard RAG pattern. This allows CNR to keep local control over the indexed university dataset while still
integrating retrieval into a shared remote generation workflow.

The experimental execution pipeline also persists multiple artefacts for each run. The prototype iterates over
persona JSON files, instantiates the corresponding agents, generates a dialogue, and stores three main outputs: a
dialogue file, a textual log, and a file containing the serialised listener patches. The same execution script also
reconstructs and prints an interleaved view of the listener memory during the simulation. These saved artefacts
support not only reproducibility, but also later evaluation and inspection of the generated conversations.

In summary, the current deployment assigns complementary responsibilities to the CNR infrastructure and the
Interactive Playground. CNR provides the persona profiles, the social-practice specifications, the agent-initialisation
logic, the local retrieval backend, and the data structures used for analysis and evaluation. The Dialogue
Orchestrator implemented by CNR currently governs the dialogue flow, while the Interactive Playground provides
remote access to the LLM. The local vector store remains under CNR control and supports grounded retrieval over
the university knowledge base.
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In a future evolution of the pilot, the local Dialogue Orchestrator may be supported by the Dialogue Manager
integrated into the Interactive Playground. In that configuration, the remote Dialogue Manager would assume
responsibility for the dialogue policy, session state, and interaction flow, while CNR would continue to provide the
persona profiles, social-practice specifications, local retrieval infrastructure, and analysis components.

5.3 Pilot 3—-0M
5.3.1 Overview and Objectives

This pilot project evaluates the effectiveness of an innovative, LLM-powered virtual agent in the demanding field
of customer service. Our primary goal is to build a highly adaptable assistant trained on diverse, cross-industry
conversational data, including complex financial services, insurance, and utilities.

Training and Quality Assurance To optimize the trainable components, such as the retrieval system, we will
generate datasets that closely simulate real-world user interactions on the Omilia platform, incorporating authentic
enterprise documentation. Furthermore, Omilia’s Quality Assurance team will design rigorous test cases that mirror
the intricate dialogue patterns of genuine caller-agent conversations.

Core Strategy & Methodology By training on this varied dataset, we aim to deploy the agent to new businesses
without the need for computationally heavy, company-specific fine-tuning. Instead, the agent will rely on advanced
retrieval mechanisms, accessing structured and semi-structured corporate documentation to intelligently resolve
complex caller inquiries on the fly.

Key Research Focus Areas
Our major research efforts are concentrated on three pillars:

e Dynamic Information Retrieval: Developing LLMs that seamlessly integrate enterprise-specific data in real-
time, allowing them to adapt to new organizational contexts without the need for fine-tuning.

e Autonomous Tool Utilization: Equipping LLMs with meta-learning capabilities so they can independently
identify when and how to use external web services and tools to efficiently resolve user requests.

e Empathetic & Accurate Interactions: Creating hybrid models that merge specific domain knowledge with
broad, pre-trained intelligence. These models are designed to deliver responses that are not only highly
accurate but also demonstrate emotional intelligence and empathy, elevating the overall human-Al
interaction.

5.3.2 System Architecture

The proposed system comprises three principal modules: the User Interface (Ul), the Retrieval-Augmented
Generation (RAG) pipeline, and the Document Repository from which the RAG pipeline retrieves relevant
information. The Ul will be implemented as a Gradio application, adhering to the same design principles as the
Interactive Playground, and will adopt the layout presented in Figure 13.

The RAG pipeline will in turn consist of a retriever, responsible for querying the Document Repository, and LLM
tasked with response generation. The pipeline will support multi-turn dialogue between the user and the assistant,
operating under the Conversational Question Answering paradigm, in which the user may pose a series of questions
across an extended interaction. In this setting, individual user queries are not self-contained and depend upon the
preceding dialogue history, thereby providing insufficient contextual information for effective retrieval in isolation.
Consequently, each query must be interpreted in conjunction with the dialogue history. However, the dialogue
history may also contain information that is irrelevant to the current user query, which risks introducing noise and
degrading retrieval quality. To mitigate this issue, encoder-decoder (e.g., T5) or decoder-only (e.g., GPT-2) models
are trained to produce a self-contained reformulation of the user query that incorporates all pertinent information
from the dialogue history. This process is referred to as Query Rewriting or, more informally, Query
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Decontextualization. Given that decoder-based models generate output in an autoregressive, token-by-token
manner, this rewriting step introduces additional latency that further delays the retrieval process. As an alternative,
we have investigated an approach termed Implicit Contextualization, whereby the retriever, receiving as input the
full dialogue history together with the most recent user query, is trained to produce an embedding equivalent to
that which would be generated from an explicitly rewritten query. This approach eliminates the need for explicit
query rewriting and introduces no additional computational overhead during inference. Our most recent findings
on Implicit Decontextualization are being prepared for submission to EMNLP 2026, with acknowledgement of the
ELOQUENCE project. For retriever training, we have conducted experiments using LaBSE, a widely adopted and
computationally efficient multilingual sentence encoder. The resulting trained model is intended for deployment in
Pilot 3. For response generation, the use of relatively lightweight LLMs (e.g., Llama 3, 8B) is likewise planned. In
both cases, the requisite steps will be undertaken to ensure compatibility with the Interactive Playground.

Regarding the Document Repository, we have synthetically generated a dataset (by prompting LLMs). The
generated dataset comprises user queries and corresponding system responses in dialogue form, pertaining to
information to be extracted from call-centre documents. The source documents are drawn from proprietary Omilia
data as well as the publicly available Doc2Dial datasets. These dialogues may be used to populate the Document
Repository directly. The pipeline used to generate these dialogs can also be used as part of Pilot 3 in order to
generate more document-grounded dialogs.

& EloBank - Intelligent Banking Assistant Powsered by LLM + RAG « Advanced NLP

Weleame to EloBank!

T con help you u
4 Check Balance:
& Make Payments: Tro

verify Transactions
Bank Information.

Example queries:

What's r

|, System Monitoring

Affective Assessment

Architecture:

Vour Masmnge m

Clear Chat

Figure 30 - The proposed User Interface for Pilot 3

5.3.3 Use Cases

The proposed system is positioned to address a broad range of customer-facing service scenarios in which accurate,
document-grounded responses to multi-turn enquiries are essential. The following use cases have been identified
as particularly suited to the capabilities of the system:
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Customer Service Automation. The system's primary application domain is the automation of contact centre
interactions, wherein callers pose complex, context-dependent queries that require information to be retrieved
dynamically from enterprise documentation. The multi-turn dialogue support provided by the RAG pipeline makes
it especially effective in scenarios where the resolution of a caller's enquiry unfolds across several conversational
exchanges.

Financial Services. In financial services environments, the system may be deployed to address customer queries
pertaining to loan products, account terms, regulatory obligations, and associated policy documentation, where
factual accuracy and fidelity to official sources are of paramount importance.

Insurance. The system is well suited to insurance-related interactions, including policy lookups, claims guidance,
and coverage clarifications, domains characterised by complex, document-heavy content and multi-turn
conversational patterns.

Utilities. Applicable use cases in the utilities sector include billing enquiries, service disruption reporting, and tariff
explanation, all of which involve structured documentation and frequently require iterative dialogue to reach
resolution.

Cross-Domain Enterprise Deployment. A key architectural advantage of the proposed system is its capacity for
deployment across new organisational contexts without the need for computationally intensive, company-specific
fine-tuning. This renders it suitable for rapid adoption across any enterprise domain underpinned by substantial
structured or semi-structured documentation, including but not limited to healthcare, legal services, and public
sector administration.

5.3.4 Sequence Diagrams and Workflow
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Figure 31 - The proposed Pilot 3 RAG pipeline

The user interacts with the system through the Pilot 3 interface (Figure 31). The query is processed by the Output
Sentiment Processing step.
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Output Sentiment Processing (XLM-T + GLINER2): Every system response will pass through a two-model fusion
pipeline. XLM-T will produce a global positive/negative/neutral score across languages. GLINER2 will extract entity-
level sentiment spans, flagging specific concepts carrying negative or conflicting loading. The combined output will
feed the Ul's Affective Assessment panel and trigger escalation when negative sentiment persists. Whether user
utterances are also evaluated, not just system responses, remains open. Information extracted in this step, may
also be used in later LLM calls to aid response generation.

Depending on the type of query (Transactional/ Non-Transactional Enquiries) the system follows the appropriate
flow.

Non-Transactional Enquiries (RAG + LLM): Informational queries (opening hours, fees, product details, general
banking questions) will be handled through a RAG pipeline. The user's query is embedded and matched against a
curated vector store of bank documentation, with the top retrieved chunks passed to the LLM as grounding context.
The model will generate a response constrained to retrieved content, avoiding hallucination.

Transactional Enquiries (LangGraph / RAG-Controlled Flow): Transactions (payments, balance checks, transaction
verification) require stateful, multi-step dialogue management that simple prompt engineering handles poorly at
scale. Flow control will be implemented through one of two approaches currently under evaluation: either
LangGraph, where an explicit state graph tracks entities, confirmation status, language, and API responses across
turns via conditional edges; or a RAG-based alternative, where a specifically tailored document encoding flow-like
patterns and instructional sequences is retrieved and injected into the LLM's context, effectively guiding the model
to follow the correct transactional dialogue structure at inference time.

5.3.5 Integration and Deployment

The Pilot 3 pipeline is currently under active development and local testing within the OM infrastructure. Unlike
the other pilots, which are already communicating with or partially integrated into the Interactive Playground, Pilot
3 follows a staged deployment strategy in which the system is first validated locally at OM premises before being
progressively connected to the shared ELOQUENCE infrastructure. This approach reflects both the early-stage
nature of the pipeline and the need to maintain direct control over proprietary enterprise data during the testing
phase that will be used before moving to open-source data (generated using publicly available documents, not
Omilia ones).

Local Deployment Architecture

At this stage, all core components of the Pilot 3 pipeline are deployed and operated locally within the OM
environment. This includes the Document Repository, the Vector Store, the retrieval pipeline, and the LLM
inference layer. The Vector Store, backed by a ChromaDB instance, indexes the enterprise documentation compiled
from Omilia proprietary data and the publicly available Doc2Dial dataset. Having successfully tested the Pilot 3
pipeline on the OM environment, thit will be integrated with the Interactive Playground.

The retrieval component is based on LaBSE (Language-agnostic BERT Sentence Embedding), a computationally
efficient multilingual sentence encoder, as described in Section 5.3.2. LaBSE is currently being trained on the pilot's
domain-specific conversational data. Rather than relying on explicit query rewriting, the pilot employs the Implicit
Contextualization approach, whereby the retriever is trained to produce embeddings that account for the full
dialogue history alongside the most recent user query, eliminating additional computational overhead at inference
time.

For response generation, Salamandra is the primary candidate LLM, given its multilingual capabilities, which align
with the cross-industry and cross-lingual scope of the customer service scenario addressed by Pilot 3.

Processing Pipelines
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As described in Section 5.3.4, the system distinguishes between two types of user interactions, each handled
through a different processing flow. Non-Transactional Enquiries, such as requests for product information, policy
terms, or general service details, are handled through a standard RAG pipeline, in which the user query is
embedded, matched against the Document Repository using the LaBSE retriever, and the top retrieved document
chunks are injected into the LLM prompt as grounding context to generate a factually accurate response.

Transactional Enquiries, such as payment requests, balance checks, or transaction verification, require stateful,
multi-step dialogue management and cannot be adequately handled through a simple retrieval-and-generation
step. Two approaches are currently under evaluation for this workflow. The first is LangGraph, which would
implement an explicit state graph to track entities, confirmation statuses, and dialogue progression across turns via
conditional edges. The second is a custom OM-developed RAG-based pipeline built from scratch, using the local
Vector Store, the LaBSE retriever, and Salamandra, where dialogue flow patterns and instructional sequences are
encoded directly into the retrieval context and injected into the LLM's prompt at inference time. A decision between
the two will be made following comparative evaluation of their performance and integration complexity.

Output Sentiment Processing

The Output Sentiment Processing pipeline, comprising XLM-T for cross-lingual sentiment classification and GLINER2
for entity-level sentiment span extraction, is currently being integrated into the system. As described in Section
5.3.4, these models feed the Affective Assessment panel of the Ul and trigger escalation logic when negative
sentiments arise. The integration of both models into the Interactive Playground's model-serving infrastructure is
planned, which will allow them to be hosted and accessed through the same shared endpoints as the other
ELOQUENCE models. Until this extension is complete, XLM-T and GLINER2 are being evaluated locally as part of the
Pilot 3 development environment.

User Interface

The Gradio-based User Interface, which will adopt the design principles of the Interactive Playground as described
in Section 5.3.2, has not yet been implemented. Once developed, it will initially be deployed locally at OM premises
to support integration testing and early validation of the pipeline. Upon successful local testing, the interface will
be migrated to the shared Interactive Playground environment, making it accessible within the broader ELOQUENCE
infrastructure.

Integration with the Interactive Playground

In its current form, Pilot 3 operates as a self-contained local system with no active communication with the
Interactive Playground. The planned integration is progressive: following successful local validation of the retrieval
pipeline, LLM inference, and sentiment processing components, these will be connected to the IP's shared
endpoints, enabling the pilot to leverage the common model-serving infrastructure. The Vector Store, currently
hosted at OM premises, is also planned to be migrated to or replicated within the Interactive Playground
environment, making the document index accessible.

Containerisation and Future Deployment
No containerised deployment has been implemented at this stage, as the pipeline remains under active
development. A Docker-based packaging of the full Pilot 3 stack is foreseen for a future phase of the work, which

will ensure environment consistency, reproducibility, and portability, both for continued local testing at OM and
for the eventual integration with the BSC-hosted Interactive Playground infrastructure.
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5.4 Pilot 4 — UNS
5.4.1 Overview and Objectives

The work in Pilot 4 comprised the development of an environment of an Al-supported call centre offering a helpline
service to parents or caregivers of young children (including newborns), who initiate contact to seek advice typically
regarding a child’s health condition, and frequently exhibit uncertainty and elevated levels of anxiety. In a
traditional setup of such a call center, incoming calls are handled exclusively by trained medical personnel (e.g.,
nurses), whose role is to provide safe and timely guidance based on the information obtained during the interaction.
Each operator is thus assigned to a single telephone line, implying a one-to-one mapping between staff and active
calls. Under increased demand, this constraint results in call queuing, with potentially significant waiting times
before initial contact is established. During this waiting period, no relevant medical information is collected, and
caller anxiety is assumed to persist or increase. Upon connection, a substantial portion of the interaction is devoted
to structured data acquisition, including, but not limited to, the child’s age, reported symptoms, symptom duration,
current medications, and relevant measurements. These intake procedures are largely repetitive across calls and
occupy time that could otherwise be allocated to higher-level clinical assessment. Furthermore, prolonged
exposure to such repetitive tasks, particularly in interactions involving distressed callers, is assumed to contribute
to increased cognitive load on the operator, potentially resulting in extended call durations, operator fatigue and
an elevated risk of miscommunication.

In the environment developed within Pilot 4, an alternative configuration is considered in which the initial stage of
interaction is mediated by an automated conversational agent. In this setup, callers are immediately engaged by
an intelligent dialogue system designed to perform structured information intake. The system guides the caller
through a predefined sequence of questions, eliciting relevant clinical information such as reported symptoms,
temporal progression, measurements, and contextual medical history. As a result, the waiting period preceding
human operator availability is utilized for data acquisition. The system follows a dialogue strategy that combines
general intake questions with targeted follow-up prompts conditioned on the caller’s responses. If the caller
explicitly requests medical advice or diagnosis, the system does not provide such information; instead, it issues a
standardized response indicating that clinical guidance will be delivered by a qualified medical professional upon
handover. The described interaction between the caller and the system may last up to several minutes, depending
on operator availability (or predefined duration in a simulated environment), after which the system notifies the
caller of handover to a medical professional. At that point, all previously collected information is summarized and
presented to the expert, enabling verification, targeted follow-up, and a primary focus on clinical interpretation
and decision-making. An additional functionality of the automated conversational agent is, in case all the relevant
information has been collected and the human expert is still not available, to retrieve and quote general advice
from a reliable source such as a database of appropriate texts verified by medical professionals.

5.4.2 System Architecture

Pilot 4 integrates several components distributed across the UNS infrastructure and the shared ELOQUENCE
Interactive Playground, forming a complete pipeline in which the caller first interacts with an automated
conversational agent for structured information intake, and is subsequently handed over to a medical expert for
clinical assessment. The architecture simulates a call centre scenario in which an automated conversational agent
manages the initial stage of each interaction — collecting relevant clinical information from users via a computer-
based interface — before handing over to a medical professional.

The system comprises the following principal modules. After recording caller’s speech through the Interactive
Playground, the ASR Module converts incoming speech to text and sends information to the LLM for further
processing. A dedicated WhisperX-based model is exploited for the ASR task. The NurseLLM Module is the core
conversational agent of Pilot 4. It is a Salamandra LLM-based model accessible through the Interactive Playground,
which generates contextually appropriate responses throughout the interaction. The TTS Module synthesises
system responses into audio, which are delivered back to the caller. The NurselLLM is instructed through Dialog
Manager to collect information rather than provide medical advice, to refer callers to a human healthcare expert
for clinical guidance. The Dialog Manager Module orchestrates the conversational flow through a LangGraph-based
state machine. It defines the sequence of dialogue states — from the initial greeting and structured information-
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gathering loop through to termination and medical expert handover. The dialog manager incorporates Out-of-
Domain (OOD) detection at every turn, ensuring that off-topic or medically advisory requests are redirected without
advancing the dialogue state. Entity extraction is performed at each valid turn using a fine-tuned GLINER NER model|,
whose output is stored in an internal entity list that drives subsequent question selection and retrieval queries.

The NER Module is based on a GLINER model fine-tuned on the UNS multi-turn dialogue dataset for the medical
call centre domain. It extracts structured clinical entities — such as the child’s age, reported symptoms, symptom
duration, current medications, temperature, and other relevant measurements — from each in-domain caller
utterance, and accumulate them accordingly. The extracted entities are accumulated across turns in the entity list,
which the Dialog Manager uses in the orchestration of the conversational flow through a LangGraph-based state
machine.

Once the dialog manager determines that sufficient information has been gathered, or that the maximum number
of turns has been reached, NurseLLM produces a consolidated summary of the dialogue history and extracted
entities. This summary is forwarded to the medical expert, enabling rapid review and targeted follow-up without
requiring the expert to re-elicit the information already captured during the automated phase.

The RAG Module supports the workflow of the call center when all relevant clinical information has been collected
and the medical expert is still unavailable. In that case, the NurseLLM may retrieve and quote general advice from
the internal medical knowledge base. The retrieval step is managed through the Interactive Playground: the IP
submits a retrieval query to the Retriever, which queries the Vector Store (hosted at the UNS infrastructure) using
semantic similarity search. Retrieved document chunks are returned into the system’s response and delivered to
the caller using TTS module.

The Interactive Playground (IP) serves as the central orchestration and model-serving layer for Pilot 4. It provides
remote access to NurseLLM for response generation, manages ASR and TTS requests, and coordinates the RAG
retrieval flow. The IP exposes the shared API endpoints and is deployed on BSC infrastructure, which hosts all
previously described modules, except retriever connected to the local vector store (accompanied with the internal
medical knowledge base), and TTS, which are part of the UNS local infrastructure.

Taken together, the architecture of Pilot 4 realises a two-phase interaction model. In the first phase, the automated
system manages the call independently, collecting structured clinical information while keeping the caller engaged
and informed. In the second phase, the collected information is handed over to the medical professional, who can
immediately focus on clinical assessment rather than routine intake. This should help to the medical experts to
speed up the process and provide service to the larger number of patients.
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Figure 32 - Current General Architecture of Pilot 4
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Different modules can perform their functions by being trained on appropriate datasets created within the project.
Namely:

e Nurse LLM is able to formulate contextually appropriate responses throughout the interaction owing to
training on a text corpus (UNS corpus) in the Serbian language, based on 150 recordings of acted telephone
conversations involving two participants — actual medical expert (e.g. nurse) and a caller. The participants
enacted multi-turn conversations such as those that may occur in a call center of this type, with topics
previously arranged between the participants, but not following a strictly defined script but rather a general
sequence of issues that will be discussed. The callers were predominantly young parents and discussed
issues with babies based on similar events from their own experience. In order to obtain textual
transcriptions that are optimised for being used as LLM training material for a medical chatbot, appropriate
corrections were made, resulting in a set of text documents loosely based on the original transcriptions,
which can be openly shared. The audio recordings will be used for research at the ELOQUENCE project,
most notably including the evaluation of Pilot 4, which includes a comparison of the durations of actual
recordings with the time needed for a medical expert to verify an automatic Al-generated summary of a
conversation in which the part of the medical expert (focused on asking questions) is played by a chatbot.

e NurselLLM is able to summarize a transcription of a conversation by being trained on a set of 150 hand-
written summaries, one accompanying each document obtained by correcting original transcriptions.

e NER module is also based on UNS multi-turn dialogue dataset, annotated for named entities following the
annotation scheme described in D3.2 (subsection 7.2.2).

e Retrieval module provides the user with trustworthy information from a medical knowledge database,
created by combining data from several sources and subsequent revision by medical professionals. The
database contains information in a structured question/answer format, suitable for similarity-based
retrieval. Use of these sources was authorized by the respective content owners. This database will not be
shared as the data it contains are publicly available on the Internet anyway.

5.4.3 Use Cases

The use case for Pilot 4 is an Al-supported call centre intended to provide medical assistance to parents or caregivers
of young children, seeking general advice or help in actual situations, including emergencies. The automated
conversational agent, hereafter referred to as NurseLLM, handles the call while the user is waiting for a medical
expert to become available, and in this time:

e Introduces itself as an Al system and states its purpose, offering the user to collect relevant information
about the medical issue in question even before a medical expert is available to take over the call;

e Collects relevant information from the user by asking direct questions and collecting answers;

e Provides the medical expert with a summary of the collected information, enabling the expert to focus on
targeted follow-up and decision making;

e If the medical expert is not available even after all the information considered relevant has been collected,
in the remaining waiting time NurselLLM provides the user with general advice automatically retrieved as
relevant from a reliable source of information such as an internal medical knowledge database verified by
medical experts.

To minimize any risk of providing users with factually problematic content, NurseLLM is specifically instructed to
sustain conversation only by asking questions, to discourage any attempt of the caller to seek information before a
human operator is available, to provide information only by quoting from a verified medical database, and to
remind the caller that the medical expert is the only one to be trusted. Operating within these guidelines, NurseLLM
consistently tracks relevant contextual information and constrains its responses to factual and explainable outputs
through the integration of domain-specific knowledge. It interprets user input, obtained by automatically
converting user utterances into text using ASR, and generates follow-up questions to be converted into speech
using TTS, based on:

e static context (role and goal specification, safety and relevance guardrails, context tracking instructions);
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e dynamic context (previous dialogue history, named entities, retrieval-augmented few-shot examples);
e chain-of-thought reasoning instructions.

5.4.4 Dialogue Manager

The dialog manager in this use case is designed to guide a structured interaction between the user (parent) and the
system (NurseLLM) in order to collect relevant to the child’s health issue information and eventually forward the
case to a doctor. The interaction begins with an initial greeting phase, where the system welcomes the user and
explains its role. Following this, the system enters a main loop, which continues until either all required entities
have been collected or a maximum number of turns is reached. This loop constitutes the core of the dialogue,
where user inputs are continuously processed and evaluated.

The system is not allowed to give any kind of medical advice, thus a key component of this dialog manager is the
integration of Out-Of-Domain (OOD) detection at every user turn. Each user utterance is first checked to determine
whether it falls within the scope of the system’s capabilities. If the utterance is identified as Out-Of-Domain, the
system responds with a predefined message indicating that it cannot provide the requested information and re-
asks the previous question, ensuring that the dialogue remains focused. Any off-topic user utterance does not
contribute to the progression of the dialogue, as the turn counter is not incremented in these cases.

For valid In-Domain user utterances, the system proceeds with entity extraction using a NER finetuned GLINER
model (D3.2, subsection 7.2.2). The extracted information is then stored and used to update an internal entity list,
which represents the current understanding of the user’s situation. Based on the updated entity list, the dialog
history and a predefined entity priority strategy, the dialog manager determines the next question to be asked by
the NurseLLM. This decision is formulated as an action—either to continue asking for more information or to
terminate the information-gathering phase. The orchestration of these decisions is defined by the graph of the
different dialog states using LangGraph.

Once the system determines that all necessary information has been gathered—or the dialogue reaches its
predefined limit—it transitions to the termination and forwarding phase. At this stage, the system generates a
summary of the entire interaction, capturing both the dialogue history and the extracted entities. This summary
serves as a concise representation of the user’s case and is forwarded, along with the collected information, to a
downstream component (e.g., a doctor or medical expert). The interaction concludes with a closing message to the
user, informing them that their case is being forwarded.

The description of the dialog manager for this specific use case was explained, in a less extensive way, at deliverable
D2.5 (subsection 6.1.1). There, the current utilities and prompting are described for the different parts of the dialog
manager, thus there is no need to be repeated here. Instead, significance is attached here to the orchestration of
the dialog manager for pilot 4.
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Figure 33 - Dialog Manager Sequence Diagram Describing the Flow of the Different Dialog State

The orchestration of the dialog consists of a state machine (LangGraph) and some LLM-based decision components.
Essentially, the dialog flow is defined and structured explicitly, while the decisions within that flow are based on
the output of LLMs. The LangGraph graph acts as the backbone of the orchestration, ensuring a deterministic
structure, a controlled looping and a clear entry and exit point.

The dialog flow graph consists of the following nodes (functions):

e get _input(): collects user utterance,

e ood_detection(): checks whether the user utterance is OOD

e update_entities(): performs NER and updates the dialog state

e ask_question(): decides what to ask next based on the dialog history and the accumulated entities
e end_conversation(): prints an appropriate message to the user and outputs the dialog summary

Below there is shown the definition of the nodes and the edges of them that define the flow of the dialogue:

workflow = StateGraph (DialogState)

workflow.add node ("get input", get user input)

workflow.add node ("ood detection", ood detection)
workflow.add node ("update entities", update entities)
workflow.add node ("ask question", ask question)
workflow.add node ("end", end conversation)

(
(
("
(

workflow.set entry point ("get input")
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workflow.add edge ("get input", "ood detection")

workflow.add conditional edges( "ood detection", after ood, {"update": "update entities", "reask":
"get input"})
workflow.add edge ("update entities", "ask question")

workflow.add conditional edges( "ask question", should continue, {"ask": "get input", "end": "end"})
workflow.add edge ("end", END)

app = workflow.compile ()

The “ask_question” node of the graph calls the judge_action() function which uses an LLM (NurseLLM) with a
carefully designed prompt to decide whether it should ask another question, based on the number of already asked
questions and the unasked entity-specific questions. If it should keep asking questions, then, given the dialog
history, the recognized entities, and the missing list of entities according to the child’s health issue, the NurseLLM
generates the appropriate response. Considering that the NurseLLM evaluates the dialog state and decides the next

"""You are the decision-maker for a pediatric medical call center dialog flow.
Your goal is to gather enough information so that a doctor can assess the situation.
You have a maximum of 10 questions. So far {turn_count} questions have been asked.

Below is the conversation history (system/nurse questions and parent/caller responses) and the entities already
collected.

Based on this, decide the next action. You can either:
1. Ask a **new question** about a missing piece of information that is important for the case.
- Do NOT repeat a question that has already been asked.
- Do NOT give medical advice; only ask for facts.
- The question should be concise and natural.
- Your question should take into consideration the dialog history
- Your question should STRONGLY prioritize asking about missing entity type for the detected complaint category.
- If all priority entity types are collected, you can ask about any other relevant information or end.

2. If you believe you have collected enough information (all critical details are known, or the parent/caller has no
more to add), output "END".

Consider STRONGLY the entity types when deciding what is still missing. For example, if the main symptom is fever,
you need to know the temperature, duration, etc. If the child has a rash, you need to know its location, appearance,
etc.

Your output must be a JSON object with exactly one field:

- If you want to ask a question: {{"action": "ask", "question": "your question here"}}
- If you want to end: {{"action": "end"}}

Conversation history:

{history}

Current entities:

{entities_json}

Missing priority entity types (ask about one of these):

{missing_entities}

Output JSON:"""
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optimal action, it could be claimed that the prompted NurseLLM acts as a dynamic policy LLM. Below, is the prompt
given to the LLM to decide whether it should ask anything else and what that would be.

In case the NurseLLM needs to ask more questions regarding the symptomatology of the child, it will check which
entities have not been asked from the predefined mapping of the health issue category and its relevant sequence
of entities. This mapping has been extracted and defined using UNS’ entity-labeled multi-turn dialogue dataset. An
example of this mapping is shown below for four of the main symptom categories.

"fever": [ "QUANTITY", "DURATION", "SYMPTOM", "BEHAVIOR", "INTERVENTION", "HYDRATION", ],
"cough": [ "DURATION", "CHARACTERISTIC", "SYMPTOM", "EVENT", "FREQUENCY", "BEHAVIOR",],

"rash": [ "BODY_PART", "CHARACTERISTIC", "DURATION", "SYMPTOM", "FOOD", "ENVIRONMENT",
"INTERVENTION", ],

"diarrhea": [ "DURATION", "FREQUENCY", "STOOL", "CHARACTERISTIC", "HYDRATION", "BEHAVIOR",
"ENVIRONMENT", ],

To elaborate on the above symptom to sequence-of-entities mapping, considering for example that fever is the
main symptom of the caller’s child, then the NurseLLM should ask about the "QUANTITY" of fever, that is, something
like “How high is your child’s body temperature?”. Then, the NurseLLM would ask about the "DURATION" of the
fever, that is, how long does the child have fever and likewise with the rest of the entities included in the fever
sequence of entities.

Different statistical methods are examined for the extraction of this mapping. For each symptom category, the
sequence of the entities referred by the side of the nurse during each dialogue of the dataset is accumulated to a
list with all other sequences of entities for the same symptom. The aim is to extract the most probable sequence of
entities for each specific symptom.

5.4.5 NER

Extensive experiments were conducted on the UNS multi-turn dialogue dataset, collected from a medical call
centre context, to evaluate the NER task. Different LLMs were few-shot prompted or finetuned and given the entity
schema or just used for inference without any other tuning. The results were reported at D3.2 (subsection 7.2.2).

Also, the created REST-API endpoint for using the finetuned GLINER NER model has been reported at D2.5
(subsection 6.3.2). This specific endpoint will be reached from the Dialog Manager module (see Figure 1).

5.4.6 Sequence Diagrams and Workflow

Communication within the call centre simulated in Pilot 4 follows the UML sequence diagram shown in Figure 34.
The system consists of multiple components, including the caller (Client), Text-to-Speech (TTS) module, Vector
Store, Retriever, ELOQUENCE Interactive Playground (IP), an instructed ASR-LLM module and a Medical Expert
(human operator in the actual system). The diagram captures the full interaction cycle, from initial contact to
handover and optional knowledge retrieval.

When the connection is established, the automated conversational agent meets the caller with an introductory
greeting, where it identifies itself as an Al-based system rather than a human agent, states its primary purpose of
collecting information rather than offering advice, and invites the caller to describe the medical issue in question.
This interaction is initiated by the instructed ASR-LLM module, which generates an introductory greeting. This
response is passed to the IP, which orchestrates the request for speech synthesis. The TTS component converts the
textual response into audio, which is then delivered to the Client, who provides input in the form of spoken
utterances (e.g., describing symptoms such as “my child has fever”). This input is processed by the ASR-LLM module
via the IP component.
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The main interaction is carried out within a loop, continuing until a termination condition is met (i.e., the system
determines that no further questions are required). Within this loop:

e The ASR-LLM module generates follow-up questions (e.g., “How high is the fever?”) based on previously
collected information and a predefined dialogue strategy.

e System responses are routed through IP to the TTS component and delivered as audio to the Client.

e The Client provides additional information (e.g., “38°C”), which is again processed by the system.

e |P repeatedly issues requests for system responses, maintaining the dialogue flow.

This iterative process enables structured information collection through adaptive questioning. Once sufficient
information has been collected, IP requests a summary from the ASR-LLM. The generated summary consolidates
all collected information and is subsequently presented to the Medical Expert in a structured format. This enables
rapid review, validation, and continuation of the consultation.

An additional functionality of the system is to retrieve and quote general advice from a reliable source such as a
database of appropriate texts verified by medical professionals. To that aim, following summary generation, the
system initiates an information retrieval process:

e The IP module submits a retrieval request based on the generated summary.

e The Retriever queries the Vector Store by first requesting embeddings and then retrieving relevant entries
along with associated relevance scores.

e Retrieved information is returned to the IP.

If the relevance score exceeds a predefined threshold, the retrieved information is incorporated into a subsequent

system response. The IP module then requests synthesis of this response, which is converted to audio by the TTS
module and delivered to the Client.
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Figure 34 - UML diagram of Pilot 4

5.4.7 Integration and Deployment

The architecture of Pilot 4 is distributed across two partner infrastructures. The BSC environment hosts
the Interactive Playground together with the main processing modules, including the LLM Service, ASR, and the
shared user-facing services. The UNS local infrastructure hosts the Retriever connected with the Local Vector Store,
further accompanied with the internal medical knowledge base, and the TTS service. This separation reflects both
institutional responsibilities and data-sovereignty requirements, ensuring that sensitive medical content remains
within the managed UNS environment while still being accessible through the common project platform.

The Interactive Playground is the core integration component of the architecture (Figure 32). It acts as the central
orchestration layer, exposing the shared APl endpoints through which all inter-module communication is
coordinated. The platform is deployed using containerised services (Docker), which improves reproducibility,
simplifies maintenance, and facilitates future scaling across infrastructures. This setup is particularly suitable for
healthcare scenarios, where privacy of medical data, grounded responses, and controlled dialogue flows are
essential.
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The specific modules used for the Pilot 4 are listed below:

e User Interface (Gradio): Web-based interface that allows users to interact with the system by providing
inputs and receiving responses. For this pilot, the primary focus is on voice-based interaction and display
of dialog summary.

e Dialog Manager: Central logic component responsible for managing dialogue state, interaction policies,
and conversation flow.

e LLM service with RAG: A language model enhanced with Retrieval-Augmented Generation, where relevant
information is first retrieved from an external knowledge base and then provided as context to the model,
enabling more accurate, grounded and domain-specific responses.

e Retriever: Searches the medical knowledge base and returns the most relevant information to enrich the
model prompt.

e Local Vector Store: Stores embedded medical documents and semantic representations to enable efficient
similarity-based retrieval.

e ASR: Converts spoken user input into text before it is processed by the language pipeline. The current setup
integrates WhisperX for transcription.

e TTS: Converts generated responses into speech output. The current implementation is based
on Tacotron and exposed as a standalone FastAPI service.

Several modules are already integrated and operational in the current prototype, including the User Interface, the
LLM services, the Retriever, the Local Vector Store and the ASR services. The Dialog Manager is in the final
development phase, while the TTS service has been completed and is currently being integrated into the Interactive
Playground.

A key objective of Pilot 4 is to enable fully multimodal healthcare interactions by seamlessly combining speech input
and speech output capabilities within the same conversational workflow. In the current prototype, WhisperX is
integrated as the ASR module for speech transcription. Users provide spoken input through the interface, which is
automatically converted into text and forwarded to the processing pipeline. Once transcribed, the request can be
managed by the Dialog Manager and further enriched through the Retriever + LLM Service workflow to generate
grounded and context-aware responses.

For speech output, the TTS module is based on Tacotron and deployed as an independent FastAPI service. After the
system generates a textual response, the service converts it into audio and returns the synthesised speech to the
user interface. This asynchronous API-based design keeps the TTS component loosely coupled from the rest of the
platform, simplifying deployment, maintenance and future upgrades.

This distributed and modular setup provides a flexible, privacy-aware, and extensible environment for healthcare-
oriented conversational interactions within the ELOQUENCE framework.
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6 Conclusions

Deliverable D5.3 has presented the pilot integration activities carried out in WP5 and marks a significant step in the
transition from conceptual design to first operational pilot implementations within the ELOQUENCE project.
Building upon the requirements, validation criteria and pilot definitions established in D5.1, as well as the common
experimentation environment introduced in D5.2 and D2.5, this deliverable demonstrates how the WP’s developed
technologies have been adapted, extended and integrated into executable pilot instances across different
application domains.

A central result is the consolidation of the Interactive Playground as a shared and core integration backbone. Its
evolution in terms of interface, APIs, orchestration logic, and deployment flexibility enables partners to reuse
common components while adapting them to their specific pilots’ needs. This confirms the value of the described
modular architecture proposed in D5.2 and extended in D2.5 that combines technical reuse with scenario-specific
customisation.

The four pilots also illustrate the breadth of the ELOQUENCE approach, covering smart home assistance, socially
aware advisory interactions, customer-service support and healthcare supervision scenarios. Despite their
differences, all pilots rely on the same principles of contextual awareness, trustworthy Al, and multilingual
conversational support.

Finally, while some pilot components still require further refinement and additional development before reaching
their final maturity, the integration work completed so far confirms that the project is on a solid path toward the
next phase, where emphasis will shift from fully integration readiness to empirical evaluation, user feedback and
demonstration of impact in realistic deployment conditions. Overall, the progress reported in D5.3 confirms the
feasibility of deploying the ELOQUENCE framework across diverse real-world scenarios and provides a robust basis
for the successful completion of the project’s final validation activities.
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8 Appendix A: AP| References

This section outlines the new available Pl requests necessary for the implementation of the Pilot 1. For each new
endpoint incorporated in the Interactive Playground, we provide the following detailed documentation, including
example requests and corresponding responses. For further details on the previous developed endpoints, please,
refer to the general APl documentation included in the Appendix of Deliverable 5.2.

POST /ingest — Ingest a document into a vector store

It is a FastAPI POST endpoint that accepts a file + JSON metadata in multipart/form-data. The key change with
respect to the previous version reported in deliverable D5.2 is that the new implementation contains an append flag
to control overwrite vs append behavior in table.

POST /ingest

Content-Type: multipart/form-data
Field Type Required Description
body string (JSON) JSON-encoded metadata for document ingestion
content_file file The document to ingest (e.g., .pdf, .txt)

index_name: str

embed_name: str

chunk_size: Optional[int] = 500

percentile: Optional[float] = 0.9
splitting_strategy: Optional([str] = "recursive"
retriever_address: Optional[str] = "public"
append: Optional[bool] = False

import requests
import json

url = “https://eloquence.lt.bsc.es/ingest”

body data = {
"index_name": "my-index",
"embed_name": "sentence-transformers/all-MiniLM-L6-v2",
"chunk_size": 512,
"percentile": 0.95,

"splitting_strategy": "recursive",

"retriever_address": "public",
"append": True

files = {
"content_file": open("path/to/document.pdf", "rb")
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}
data ={

"body": json.dumps(body_data)
}

response = requests.post(url, data=data, files=files)
print(response.status_code)
print(response.json())

{
"status": "success",
"msg": "Document ingested successfully"
}
{
"status": "error",
"msg": "Retriever create failed (<status_code>): <error_detail>."
}

POST /delete_table — Remove an index from a vector store

It’s a FastAPI DELETE endpoint that acts as a proxy delete for a vector-store index (a table from the vector store).

DELETE /delete_table

Content-Type: application/x-www-form-urlencoded (use query params)

Field Type Required | Description

index_name string Name of the vector store index (table) to delete

retriever_addrd I % Retr.iever base? URL. Default: "public" (uses server-configured
- retriever endpoint: http://127.0.0.1:7997)

index_name: str
retriever_address: Optional[str] = "public"

import requests
url = "https://eloquence.lt.bsc.es/delete_vs"

params = {

"index_name": "my-index",
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"retriever_address": "public"

}

response = requests.delete(url, params=params)
print(response.status_code)
print(response.json())

{
"status": "success",
"msg": "Index 'my-index' deleted successfully."
}
{
"status": "error",
"msg": "Retriever delete failed (<status_code>): <error_detail>.”
}

70



B eloquence

eloquence

FelOIBN @@= _

Istituto di Calcolo
e Reti ad Alte Prestazioni

g' Telefénica AR

UnlverS|ty| i gp ggg:;}y

London

FONDAZIONE
BRUNO KESSLER

o BRNO
" r UNIVERSITY Privanova
G
OF TECHNOLOGY

E GrantXpert ﬂmllla SYNELIXIS
Conversational Intelligence

e
1=}

4 LIGHTHOUSE

Funded by
the European Union

m UK Research

Project funded

o




	1 Executive Summary
	2 Introduction
	3 Interactive Playground
	3.1 Purpose and Scope
	3.2 Architectural Overview
	3.3 Core Components Updates
	3.3.1 User Interface Layer
	3.3.1.1 Gradio Web UI
	Configuration Panel
	Intelligent default selection
	New UI Task SDialog
	The SDialog model is registered in models.json with its own endpoint and interactor:
	New UI Task Summarisation
	New UI Task Diarisation


	3.3.2 REST API
	3.3.3 LLM and Speech Layers
	3.3.3.1 LLM Interactors
	3.3.3.2 WhisperX
	3.3.3.3 Message construction
	3.3.3.4 Supported LLMs and Speech Tools

	3.3.4 Core Application Logic
	3.3.4.1 Request processing flow
	3.3.4.2 Input validation

	3.3.5 User management (authentication, workspaces)


	4 Main Modules
	4.1 Table of modules for integration

	5 Pilots
	5.1 Pilot 1 – TID
	5.1.1 Overview and Objectives
	5.1.2 Smart Home Assistant Architecture
	5.1.2.1 Android User Interface
	5.1.2.2 WuW Detection Module
	5.1.2.3 Audio Record Modules
	5.1.2.4 Logic Q&A Module
	5.1.2.5 Document ingestion pipeline
	5.1.2.6 Simple demonstration of the current status of the assistant

	5.1.3 Use Cases
	5.1.4 Sequence Diagrams and Workflow
	5.1.5 Integration and Deployment
	5.1.6 Federated Learning Architecture and Deployment
	5.1.6.1 Network tunneling
	5.1.6.2 Web-based monitoring


	5.2 Pilot 2 – CNR
	5.2.1 Overview and Objectives
	5.2.2 System Architecture
	5.2.2.1 Methodology for generating, analysing, and annotating synthetic advisory dialogues
	5.2.2.2 Dialog Manager
	5.2.2.3 NER

	5.2.3 Use Case
	5.2.4 Sequence Diagrams and Workflow
	5.2.5 Integration and Deployment

	5.3 Pilot 3 – OM
	5.3.1 Overview and Objectives
	5.3.2 System Architecture
	5.3.3 Use Cases
	5.3.4 Sequence Diagrams and Workflow
	5.3.5 Integration and Deployment

	5.4 Pilot 4 – UNS
	5.4.1 Overview and Objectives
	5.4.2 System Architecture
	5.4.3 Use Cases
	5.4.4 Dialogue Manager
	5.4.4.1 Dialog Orchestration

	5.4.5 NER
	5.4.6 Sequence Diagrams and Workflow
	5.4.7 Integration and Deployment


	6 Conclusions
	7 Bibliography
	8 Appendix A: API References

