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Vision
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Technology 

Push

Society

Pull

Big Data

Artificial Intelligence

Sensing 
revolution

Crowdsourcing



Challenges in reasoning about complex systems

Operations Research

Management Science

Economics

Three major challenges:

1. High dimensional spaces: need to consider 
many variables

2. Uncertainty: limited information, need to use 
stochastic models

3. Preferences and utilities: need to consider 
optimization criteria

Statistics

Computer Science Engineering

Physics



Yield mapping 
[Ongoing]

Computational Sustainability

Uncertainty

Materials discovery
[UAI-16, AAAI-15, SAT-12]

Large scale 
Poverty mapping

[AAAI-16]

High dimensional 
spaces

Preferences and utilities
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Migrations
[AAAI-15]

natural resources management 
[UAI-10, IJCAI-11]



Research Agenda
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Foundations

Applications

inference by hashing and 
optimization

[ICML-13, UAI-13, ICML-14, UAI-15, 
AISTATS-16, AAAI-16, ICML-16]

bridging statistical physics 
and computer science

[CP-10, IJCAI-11, NIPS-11, NIPS-12]

sampling
[NIPS-13, UAI-12, AAAI-16]

Materials discovery
[UAI-16, AAAI-15, SAT-12]

Large scale 
Poverty mapping

[AAAI-16] Migrations
[AAAI-15]



Why poverty?

ω#1 UN Sustainable Development Goal

ςGlobal poverty line: $1.90/person/day 

ωUnderstanding poverty can lead to:

ςInformed policy-making

ςTargeted NGO and aid efforts



Data scarcity
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ωExpensiveto conduct surveys

ωPoorspatial and temporal resolution

ωQuestionable data quality



Satellite imagery is low-cost and globally available
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ω Challenge: Lots of useful information, but data is 
unstructured

Shipping records
Inventory estimates

Agricultural yield
Deforestation rate

ω Many cheap, unconventional data sources: remote sensing, 
ǇƘƻƴŜǎκǎƳŀǊǘǇƘƻƴŜǎΣ ŎǊƻǿŘǎƻǳǊŎƛƴƎΣ Χ

ω Remote sensing is becoming cheaper and more accurate

Economic indicators



{ǘŀƴŘŀǊŘ ǎǳǇŜǊǾƛǎŜŘ ƭŜŀǊƴƛƴƎ ǿƻƴΩǘ ǿƻǊƪ

- Very little training data

- Nontrivial for humans

Poverty, wealth, 
child mortality, etc.Model

Input Output



Transfer learning overcomes label scarcity

Transfer learning: Use knowledge gained from 
one task to solve a different (but related) task



Transfer learning bridges the data gap

A. Satellite images C. Poverty measures

Data gap!
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B. Proxy outputs
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Plenty of data!



Transfer learning bridges the data gap

A. Satellite images C. Poverty measures

Data gap!

B. Proxy outputs

Model

Plenty of data!

Less data needed



Nighttime lights as proxy for economic development


