Unit 2 Rule-based Dialogue Systems

1. Architecture and Design

Dialogue Systems Architecture

The architecture of a rule-based (and standard pipeline) dialogue system typically
follows a sequential "pipeline" structure where data flows from user input to system
output.

Speech Recognition (ASR): Converts raw audio signals into text.
Natural Language Understanding (NLU):
« Intent Classification: Determines what the user wants (e.g., BookFlight).
« Entity/Slot Extraction: Identifies specific details (e.g., Destination: Delhi, Date:
Tomorrow).
Dialogue Manager (DM): The "brain" of the system.
« Context Management: Tracks the history of the conversation to maintain
coherence.
« Action Selection: Decides what the system should do next (e.g., ask a
question, query a database).
Natural Language Generation (NLG): Converts the abstract action selected by the
DM into a human-readable text response.
Text-to-Speech (TTS): Converts the generated text back into audio for the user.

Designing a Dialogue System

When designing a system, developers must move beyond just code and consider the
user experience (UX).

User-Centered Design: Focus on clarity and ease of use. The system should
manage user expectations regarding what it can and cannot do.
Robust Error Handling:
« How does the system react when it fails to understand?
« Strategies: Reprompting ("Could you say that again?"), Disambiguation ("Did
you mean A or B?"), or handing off to a human agent.
Personalization: Adapting the experience based on user history or preferences.
Ethical Concerns:
« Bias: Ensuring training data doesn't propagate harmful stereotypes.
 Privacy: Protecting user data (GDPR/CCPA compliance).
« Transparency: Clearly identifying the agent as a bot, not a human.

Tools for Developing Dialogue Systems



Several frameworks exist to streamline the creation of these architectures:

» Google Dialogflow: widely used for NLU and intent mapping.

« Microsoft Bot Framework: Enterprise-grade tools for building bots across
channels (Teams, Slack, etc.).

« Rasa: An open-source framework that allows for more custom control over NLU
and Dialogue Management policies.

2. Rule-Based Techniques

Rule-Based Techniques in Dialogue Systems

Rule-based systems rely on manually coded logic rather than machine learning to
decide how to respond. They are "brittle" (easy to break) but offer high precision for
specific tasks.

A. Pattern Matching (e.g., ELIZA)

« Mechanism: The system scans the user's input for specific keywords or patterns
and replies with a pre-scripted response associated with that keyword.

« Example: If input contains "mother”, output "Tell me more about your family."
« Pros: Easy to build, no training data needed.
« Cons: No real understanding; fails easily if the user phrases things differently.

B. Finite State Automata (FSA)

Mechanism: Models the dialogue as a flowchart or a graph of states.
« The user is at a specific "State" (e.g., Ask_Coffee_Type).

« The user's answer triggers a transition to the next "State" (e.g., Ask_Size).

Structure: Linear or tree-based paths.

Pros: High control; ensures the user completes the necessary steps.
Cons: Very rigid. If the user tries to change the topic or ask a question out of
order, the system breaks.

C. Frame-Based (Slot Filling)

« Mechanism: The system treats the conversation like filling out a form (a "Frame").

« Components:
« Slots: Variables that must be filled (e.g., Origin, Destination, Date).
« Values: The information extracted from the user to fill those slots.
« Logic: The system asks questions until all required slots are filled, then executes
the task.

» Pros: More flexible than FSA; the user can provide information in any order (e.g., "l
want to fly to Delhi tomorrow" fills two slots at once).



3. Participating in the Alexa Prize

Note: This section supplements the provided text with standard industry knowledge
regarding this specific competition.

Overview

« Whatis it? A university competition organized by Amazon where teams build
"Socialbots" (open-domain conversational agents).

« The Goal: Create a bot capable of conversing coherently and engagingly with a
human for 20 minutes on a wide range of popular topics (Sports, Politics, Fashion,
Technology).

Key Challenges for Participants

1. Open-Domain Nature: Unlike task-bots (which just book tickets), Socialbots must
be able to talk about anything.

2. Coherence: The bot must remember what was said 5 minutes ago (long-term
context) and not contradict itself.

3. Engagement: The bot must be "fun" or "interesting" to keep the user talking for 20
minutes without them getting bored or frustrated.

Architecture in the Alexa Prize
Teams typically use a Hybrid Architecture:

» CoBot Toolkit: Amazon provides the basic ASR (Speech recognition) and TTS
(Voice).

« Ensemble Models: Teams often run multiple sub-models (a rule-based model for
greetings, a neural model for chit-chat, a retrieval model for news) and use a
Ranker/Selector to choose the best response from these sub-models.
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