
Clayton Scott

Electrical Engineering and Computer Science

University of Michigan

A Coding Theoretic Framework 
for Query Learning



Collaborators

Gowtham Bellala Suresh Bhavnani

Panos PapalambrosMax Yi Ren



Toxic Chemical Emergency

Hundreds of toxic chemical incidents per year (Kleindorfer et al., 2003)



Chemical Identification



Decision Support for Chemical Identification



WISER Database

Wireless Information System for Emergency Responders

• Maintained by NLM, panel of chemists/toxicologists

• Lists which symptoms are caused by which chemicals

• Represented as bipartite network, or binary table
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Network Layout of WISER Database

• ~ 300 chemicals, 80 symptoms
• Edge density ~ 0.4, symptoms tend to be nonspecific

Bhavnani, et al., 2007



WISER

User selects a 

symptom

Non-matching 

chemicals eliminated

Wireless Information System

Unguided searching

Symptom nonspecificity
Too many symptoms needed

for Emergency Responders



Query Learning

Problem statement

• object selected at random

• determine object with as few

queries as possible



Other Applications of Query Learning

Objects

• chemicals

• network failures

• faults

• classifiers

• …

Queries

• symptoms

• network measurements

• alarms

• labels at specific points (active learning)

• …



Outline

• Connecting query learning to source coding
• Generalizations

� Exponentially weighted costs
� Group identification

• Application to 
� Query noise
� Preference elicitation

• Not in this talk
� Multiple objects present
� Likelihoods, Bayesian networks
� Network fault detection
� Human factors, usability, etc.



Decision Trees

Generalized binary search:

• Greedy, top-down algorithm

• Select query that balances

remaining objects



Source Coding

encoder



Source Coding



Source Coding vs. Query Learning



Exact formula for arbitrary tree/code



Query Learning as Greedy Optimization



Exponentially Weighted Costs



Rényi Entropy



Exact Formula for Exponential Costs



Results: WISER Database



Group Identification

Example: Identify class to which chemical belongs (pesticide, poison, etc.)

GBS

Best tree



Group Identification



Group-GBS



Group Identification Results



Performance Guarantee



Query Noise



Query Noise



Query Noise
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Query Noise Results



Preference Elicitation

• Given several designs for a product

� E.g., laptop computers: each design has different combinations 

of features: memory, weight, cost, size, battery life, etc.

• Choose the most preferred design for a population of users

• Survey the population; Each survey consists of a sequence of 

pairwise comparisons

� “Do you prefer Design A or Design B?”

• Goal: Construct survey to determine most preferred design using 

the minimal number of queries



Preference Elicitation as Group Identification



Pairwise Comparisons are Queries

This ranking is consistent with this query

This ranking is not consistent with this query



Some Interesting Features



• Query learning = constrained source coding

• Exact formulas for performance       greedy algorithms

• Group identification       preference elicitation

Conclusion


