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Ramon Llull – Computational
Epistemologist
Ramon Llull – Computational
Epistemologist

Ramon Llull (1232 – 1315)

• Ramon Llull was a writer and
philosopher born into a wealthy family
in Palma, Mallorca, then part of the
Crown of Aragon.

• His first major work was Art Abreujada
d 'Atrobar Veritat (The Art of Finding
Truth).

• Llull believed that there were a limited
number of basic, undeniable truths in
all fields of knowledge, and that we
could understand everything about
these fields of knowledge by studying
combinations of these elemental truths.

• Glymour, Ford and Hayes; Ramon Llull and the Infidels
AI Magazine (1998)

• http://en.wikipedia.org/wiki/Ramon_Llull
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The Automation of DiscoveryThe Automation of Discovery

1. Pick something out of the haystack; subject
it to a severe test. Decide if it is a needle.
Continue until you find the needle or until
civilization comes to an end.

2. Pick something you like out of the haystack.
Subject it to a severe test. If it doesn’t pass
test, find weaker test that it can pass.

3. Try 1 for a while, and if no needle turns up,
start studying hay.

4. Try 1 for a while, if no needle turns up,
change the meaning of “needle”.

5. Set haystack on fire and blow away the
ashes to find the needle.

6. Run a magnet through the haystack. Sort
out screws, paper clips, nails and needles.

Hard sciences

Psychology,
economics

Post-modernism

Freely modified from: Glymour; The Automation of Discovery. Daedalus (2004)

Applied Computational
Pharma-epistemology

Quant Finance,
Financial engineering
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Example Application ApproachExample Application Approach

Latent Semantic Indexing (LSI) - LSI is a technique in natural
language processing, in particular in vectorial semantics, of
analyzing relationships between a set of documents and the
terms they contain by producing a set of concepts related to the
documents and terms.

LSI enables three comparisons of interest:
 How semantically similar are two terms?
 How semantically similar are two documents?
 How associated are term i and document j ?



5

Exploiting LSIExploiting LSI

Entity Extraction

Semantic Representation
and Analysis

Visualization

Identify Objects of Possible Interest

Identify Relations of Possible Interest

Aid in Human Interpretation of Results

A0436-LS-04a&b
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Pfizer Project OverviewPfizer Project Overview

Text mine biomedical literature to identify putative
[molecular] biomarkers by tumor type
 Ovarian, NSLC, colorectal, pancreatic, melanoma,

gastric, HRPC, breast
There were two chief questions relevant to this

project:
 Can you tell us something we didn’t already know

(find me a new biomarker)?
 Can you find what we may already know and

organize it in ways that are simpler to search and
analyze?



7

It all begins with the query -
Prognostic Lung Tumor Biomarker Queries
It all begins with the query -
Prognostic Lung Tumor Biomarker Queries
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Query Corpus of LiteratureQuery Corpus of Literature
The query
represents a
concept around
which all other
documents in the
repository are
compared for
meaning

Semantically
related
concepts
derived from
query
document
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Semantically Related
Documents in Corpus
Semantically Related
Documents in Corpus
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Summarize NSLC DocumentSummarize NSLC Document
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Prognostic Lung Tumor TaxonomyPrognostic Lung Tumor Taxonomy

New taxonomy
for NSLC based
on new query
containing 941
documents

Taxonomies (or conceptually organized clusters of documents) are
generated specifically for the query – the query is used to organize
the corpus of documents and each cluster is given an appropriate title.
All documents are then placed in their most relevant conceptual cluster.
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Knowledge PresentationKnowledge Presentation
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Genes mapped by their semantic
distance from query “BRCA1”.
Distance can be seen as a
“goodness” metric

Query and root
of graph

bard1 and cxorf53 are the
closest genes semantically
related to BRCA1 and 2
based on the strength of
a semantic relationship score
derived from 8 million Medline
abstracts



BRCA1 and BRCA2 are the only
two genes connected with a semantic
cosine score >0.85

bard1, rbbp8, and znf350 are the next
semantically “close” genes to BRCA1.
Each of these genes is connected to each
other with a score >0.85

Highly inter-related gene cluster some
near semantic distance to BRCA1(<0.85 to
BRCA1 but >0.85 to others in cluster)
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(www.thebiomarkerexchange.com)
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(www.thebiomarkerexchange.com)
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(www.thebiomarkerexchange.com)
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(www.thebiomarkerexchange.com)


