Unit 1Introducing Dialogue Systems
1. Dialogue Systems Overview
Introduction to Dialogue Systems

» Definition: Dialogue systems (often referred to as conversational agents or
chatbots) are computer systems programmed to communicate with humans via
natural language.

» Purpose: To facilitate human-computer interaction (HCI) in a conversational way,
bridging the gap between human intent and machine execution to make
technology intuitive and accessible.

« Examples:
» Voice Assistants: Siri, Amazon Alexa, Google Assistant.
« Text Agents: Customer service chatbots, banking assistants.

History of Dialogue Systems

The evolution of conversational Al can be categorized into four distinct eras:

Era Key Developments Notable Systems/Tech
1960s- Pattern Matching: Early systems ELIZA (1966): Simulated a
1970s simulated conversation by matching user | Rogerian psychotherapist.

input to predefined patterns without real
understanding.

1980s- Rule & Frame-Based: Focus shifted to Task-specific dialogues
1990s completing specific tasks. Systems used | (e.g., flight booking,
rigid rules and slot-filling frames. telephone directories).
2000s Statistical Approaches: Introduction of POMDPs (Partially
machine learning (ML) for speech Observable Markov
recognition and probabilistic dialogue Decision Processes).
management.
2010s- Neural Networks & LLMs: Deep learning GPT, BERT, Transformer-
Present and Transformer architectures based architectures.

revolutionized context understanding
and generation.

Present-Day Dialogue Systems
Modern systems are generally categorized by their scope and modality:

1. Task-Oriented Systems:



« Designed to help users complete a specific goal.
« Examples: Booking flights, IT support tickets, ordering food.

1. Open-Domain Systems:

« Designed for unstructured "chitchat" on a wide variety of topics.
o Examples: ChatGPT, Microsoft Copilot, Gemini.

1. Multimodal Systems:

« Integrate multiple channels of communication (Text + Speech + Vision).
« Example: A smart display that shows a recipe while reading instructions aloud.

Applications:

Personal Assistants (Scheduling, reminders)

Healthcare (Mental health support, triage)

Education (Language tutoring, personalized learning)

Entertainment (Gaming NPCs, storytelling)

2. Conversation Modeling

Modeling Conversation in Dialogue Systems
To build a system, one must understand the structure of human conversation:

« Turns: The fundamental unit of conversation; a single contribution by the user or
the system.

« Dialogue Acts: The function of a specific utterance (e.g., Asking a question,
Answering, Confirming details, Denying).

« Context Management: The ability to track conversation history to maintain
coherence (remembering what was said 3 turns ago).

Modeling Approaches:

* Rule-Based Models: Rely on hard-coded scripts, decision trees, and "if-then"
logic. High control but low flexibility.

« Statistical Models: Use probabilistic methods to predict the most likely correct
response based on data.

« Neural Models: Use Deep Learning (Sequence-to-Sequence, Transformers) to
generate or retrieve responses based on vast training datasets.

Example of Flow:

« User: "Book me a flight to Delhi." (Intent: Book Flight, Slot: Destination=Delhi)



» System: "Sure, what date do you want to travel?" (Action: Request missing
Slot=Date)

Designing and Developing Dialogue Systems

The architecture of a standard dialogue system typically involves a pipeline of
components:

1. Key Components:

» Speech Recognition (ASR) & Synthesis (TTS): The interface layer. Converts Audio
Text.

« Natural Language Understanding (NLU):

« Parses the user's text.

« lIdentifies Intent (What do they want?) and Entities/Slots (What details are
provided?).

- Dialogue Manager (DM):

« The "Brain" of the system.

« Maintains Context/State.

« Decides the next action or response policy.

» Natural Language Generation (NLG):

« Converts the DM's abstract action into natural human language (text).

2. Design Considerations:

« User-Centered Design: Prioritize clarity, ease of use, and managing user
expectations.

« Error Handling: How does the system recover when it doesn't understand? (e.g., "l
didn't catch that, did you mean X?").

« Personalization: Adapting to user preferences over time.

« Ethics: Managing bias in training data, ensuring user privacy, and transparency
about Al identity.

3. Development Tools:

« Frameworks: Rasa (Open source), Microsoft Bot Framework, Google Dialogflow.

« Integrations: Connecting the bot to external APls (Weather services, Booking
databases, CRM systems) to perform real actions.

Visual Reference: The diagram below (provided in source) illustrates the skeleton of
these systems:
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