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Technical Section

Collective knowledge bases (CKBs) allow knowledge from a multitude of sources to be
efficiently gathered, integrated and deployed. Markov logic provides a representation language
and learning and inference algorithms for CKBs. The goal of this project was to develop
solutions to several problems that need to be addressed before CKBs can be widely deployed,
including: tightly coupling learning and inference, learning many levels of structure, finding
complex mappings across representations, optimizing joint inference, explaining the results of
inference, and accepting natural language input.

e We developed Tractable Markov Logic (TML), an expressive subset of Markov logic where
inference is always tractable, and which therefore potentially makes reliable large-scale
probabilistic knowledge bases feasible for the first time.

e We developed sum-product networks, a representation for propositional probabilistic models
where inference is always tractable, and learning algorithms for it. (This work won the Best
Paper Award at UAI-11.)

e We developed the first fully general probabilistic theorem proving techniques, building on
our work on formula-based inference.

e We developed approximation by quantization, a new approach to probabilistic inference
based on quantizing the levels of a potential when it becomes too large.



We developed a new algorithm with theoretical guarantees for learning tractable Markov
networks.

We developed a new class of methods for approximate probabilistic inference, based on
compilation of models to arithmetic circuits.

We extended USP (our system for extracting knowledge from text without supervision) to
build and populate ontologies, by clustering extracted objects and relations into multiple
levels instead of just one.

We developed new formula-based approach to MLN inference. This greatly scales up
inference by eliminating and conditioning on formulas, instead of variables. Our system was
a co-winner of the 2010 UAI Approximate Inference Challenge.

We scaled up MLN inference and learning by using “coarse to fine” techniques, which take
advantage of an ontology/type hierarchy to successively refine the inference while
minimizing computational cost and maximizing approximation accuracy.

We developed online inference techniques for MLNs.
We developed approximate lifting techniques for MLN inference.

We developed a new approach to learning MLN structure, using random walks to greatly
improve efficiency.

We developed the first bottom-up approach to learning Markov network structure.
We published a book on Markov logic, synthesizing the research of the last few years.

We developed an MLN and learning and inference algorithms for unsupervised semantic
parsing. Our USP system extracts a knowledge base of logical formulas from raw text
without any annotation or supervision, and uses it to answer questions. USP generalizes our
earlier approach to unsupervised coreference resolution by resolving arbitrary constituents
(not just noun phrases), and doing so compositionally. (This work won the Best Paper Award
at EMNLP-09.)

We generalized our lifted belief propagation approach to a wide variety of inference
algorithms (e.g., variable elimination, junction trees, satisfiability, etc.), and developed an
approximate version of it that further improves efficiency.

We developed LHL, an algorithm for learning MLNSs over entities and relations identified
using our earlier SNE algorithm.

We extended Markov logic to incorporate decision theory, and developed an algorithm for
choosing the actions that maximize expected utility.



We developed a state-of-the-art approach for unsupervised coreference resolution in text
using Markov logic. This is one of the first unsupervised approaches to coreference, and the
first one to match the accuracy of supervised approaches on standard corpora.

We developed SNE, a system for extracting semantic networks from the Web based on
Markov logic. SNE takes candidate tuples extracted by TextRunner, jointly clusters the
objects and relations in them, and outputs the resulting semantic network (concepts and
relations among them). This is the first system of its kind.

We developed a series of efficient algorithms for inference in Markov logic.
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