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Motivations

How scientific researchers do research in the past and now?

Limited support for reading and literature exploration in the process of scientific research:
Identifying relevant materials.

“ Electronic access to information is expanding greatly in all fields, ... Is there the danger of
having too much data and not knowing what it all means?... We are at risk of becoming
overwhelmed by the plethora of information..... It is likely that some type of program that
processes information in a knowledgeable, intelligent way-that is understands information-
it may tell us what research has been done, so we can avoid redundant studies, and it also may
tell us what needs to be done. So we can put our valuable time to good use. ”

Robert L. Solso, Cognitive Psychology, 7th edition, 2004.
“machine learning can be used to support every phase of the research process”

Mjolsness, E., DeCoste, D. Machine Learning for Science: State of the Art and Future Prospects.
Science 14 (2001) 2051-2055.



What we are doing.

Not only “Retrieval”, but “Post-processing”.

Literature Exploration Support System: providing additional support functionality by
focusing on analyzing, organizing, and digesting the retrieved literature.

Some related ideas:
(1) Literature analysis in the early 1970

(2) Examining on the connection and relation among different literature by domain
characteristics [7].

(3) Analyzing literature from document content view [2].
(4) Supporting exploratory search (Special Issue CACM, 49(4), 2006).

“Knowledge = Information + Information Relationships + Inference rules.” Andrzej
Skowron. Toward Rough-Granular Computing, Keynote talk, JRS'07.

Granular knowledge structures provide a structured, high level understanding of scientific
literature and hints regarding what has been done and what needs to be done. (contents,
structures, and usages perspectives).



Perspectives of Granular Computing
for literature exploration

Structured Thinking

Granular
Knowledge Structure

Structured Structured
Problem Solving Information Processing

e Granular Computing (GrC) is consistent with human problem solving
based on knowledge structures [13]. The three perspectives of
granular computing are very relevant to literature exploration.

 Philosophical perspective: structured thinking for understanding and
organizing scientific literature.

» Methodological perspective: language and methods to build and
represent granular knowledge structures from the literature.

« Computational perspective: structured processing of
granular knowledge structures.



Multi-view and Multi-level Exploration

« The contents of literature can be organized based on different levels of granularity. Each
granule represents a specific level of details of the literature.

Content View: comparing different levels of granules, the system can find the relationships
among different papers or between a specific paper and a given topic.

Structure View: Scientific literature is closely linked together by cross references. (e.g.
Citation information has long been used in many studies of the structures of the literature.)

Usage View: The relationships among different documents could be investigated through user
access behaviors. (If some papers are always viewed or studied together, one may establish a
connection between them.



Granular Knowledge Structures Generation Process
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« View selection : users select a particular view for building multi-view based granular knowledge structures.
« Structure generation : the system generates different granular structures.

« User-centric result refinement: user refines the results from the previous steps.



Granular Knowledge Structures

Knowledge structures can be built based on concepts. A concept is considered to be the basic
unit of human thought and knowledge.

A concept can be conveniently interpreted as a granule, namely, the extension of the concept.
The representation, interpretation, connection and organization of concepts lead to granular
knowledge structures [12].

Knowledge Representation: information table + GDL- language [14].
A specific information granule is represented by an atomic formula:
(a, 1, 1),
r : a particular relationship between an attribute value and a label.
L, : the set of labels for all granules on the domain of attribute a.
Ra = {=, €}. (the relation set) Thus, the atomic formulas are of the two forms,

(a,=,1)and (a, €, 1).



Granular Knowledge Structures (cont.)

« Conceptgranule: (d, m(d)).

¢ : intension of the concept

m( ¢ ) : objects satisfying the formula and represents the extension of the concept [14].
. Knowledge granule:

G({R;[1€T"}, {(¢ , m( )nE I'})

Different levels of relations among concepts induce a multi-view, multi-level hierarchical
structure called a granular knowledge structure.

Integrated knowledge structures of the literature:
(1) internal structure of a granule
(2) collective structure of a family of granules

(3) hierarchical structure of a web of granules [13].



Class = Rough Set

An Illustrative Example

Fig. 2: Granular Knowledge Structure of Rough Sets from the Content View of the
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Title = Conflicts
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Theaory = Theary =
C9,C15 Dacision Analysis P1-12 Conflicts Analysis €1,C2,C3,C5,C10,C11.
C4,06,07,08,012,C13, __Theory= Theory = Cl6
Conflicts Resolution Data Reduction

Fig. 3: A Single Paper’s Granular Knowledge Structure from Citation View

Table 1: A Partial Information Table for Generating Figure 2

Paper Initial Page Theory Application Domain
No.05 pl-94 Rough-Algebra — Rough Set
No.12 pl-345 Rough-Fuzzy Hybridization — Rough Set
No.25 p2-342 Logics and Reasoning Medical Science Rough Set
No.21 p2-263 Data Reduction Image Processing Rough Set
No.29 p2-383 Logics and Reasoning Bioinformatics Rough Set
No.97 p3-522 Formal Concepts — Rough Set

No.30 p2-430 Data Reduction Bioinformatics Rough Set



Description of Granules

Examples of information granules from Table 1 are given as:
G(Theory, =, Formal Concepts) = {N0.97},
G(Application, €, 1, ) = {No.25, No.29, No.30},
G((Theory, =, Data Reduction) /\ (Application, €, 1, )) = {No.30},
G((Page, =, p2—383) = (Application, =, Bioinformatics)) = {No0.29}.
The concept granules for the first two formulas can be represented as:
((Theory, =, Formal Concepts), m(Theory, =, Formal Concepts)),
((Application, €, 1, ), m(Application, €, 1,)).
An example of granular knowledge structure based on the partial ordering is
given as:
((Theory, =, Formal Concepts), m(Theory, =, Formal Concepts))

S ((Domain, =, Rough Sets), m(Domain, =, Rough Sets)).

12



What we mentioned In this talk

Some current problems for literature exploration and search engine support for scientific research.
A framework of literature exploration support systems.
Generations of Granular Knowledge Structure

Descriptions of Information, Concepts, and Knowledge for results of post-processing(analyzing,
reasoning, etc).
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Thank you!
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