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Abstract

Granular Computing is an emerging technology. This
paper summarizes its applications to web. A high frequent
co-occurring set of keywords is called a keywordset; it rep-
resents some concept in the given document set. These con-
cepts forms a simplicial complex of concepts, which is re-
garded as a knowledge base for a new search engine. The
output will be organized ino meaningful clusters. A funda-
mental difference of this approach from semantic web is that
the search engine carries the semantic of a website, instead
of the website has to be organized in the sense of semantic
web, namely, the semantics is machine readable.

1. Introduction

The Web has fundamentally changed the nature of hu-
man life in modern society. Its accelerated growth con-
stantly prompts for new ideas and technologies. A mere
retrieval of relevant web pages no longer adequately meets
our needs. For example, a internet search on ”’T. Y. Lin” re-
turns half to several million items. With such an amount, it
is not feasible to isolate/identify the desirable item or items
manually. Google’s ranking is a good idea, but its ranking
does not necessary fit all purposes. New fresh look at the
problems are needed. Though ”semantic web” and ”web in-
telligence” have been the popular proposals, We are propos-
ing a granular computing approach that captures some se-
mantic through knowledge bases.

Granular Computing is an emerging technology. This
paper summarizes its applications on web. A high frequent
co-occurring set of keywords is called a keywordset; it rep-
resents some concept in the given document set. These con-
cepts forms a simplicial complex of concepts, which is re-
garded as a knowledge base for a new search engine. The
output will be organized ino meaningful clusters. A fun-

damental difference of this approach from semantic web is
that the search engine carries the semantic of a website, in-
stead of the website has to be organized in the sense of se-
mantic web, namely, the semantics is machine readable.

2  Granular Computing - Emerging Field

How is the term Granular Computing coined? In the fall
1996, Professor Lotfi Zadeh suggested granular Mathemat-
ics(GrM) to be my research area during my sabbatical leave
at Berkeley. To limit the scope, the term granular computing
(GrC) was used to label the area of research [18]. So GrC is
the computable part of GrM. So, at the beginning, roughly
GrC is the computable part of granular mathematics.

Traditionally, "How to solve it [13] Is not be any part of
formal mathematics, however, “how to compute” is an inte-
gral part of computing. So GrC has included the mathemat-
ical/computational problem solving practices.

We will present the concept in two forms in next two
subsections.

2.1 Defining GrC by Examples

The formal definition of GrC has been a shifting
paradigme However, the concept has not been “defined” in-
tuitive by a set of examples quit consistently. Here is a list
of representative examples that are taken from [12].

1. Many daily things have been routinely granulated into
”sub”things; human body is granulated into head,
neck, and etc. The notion is intrinsically fuzzy, vague
and imprecise. There is no flawless formal model
yet; however, we had proposed one in the keynote of
GrC2008. That seems mathematically well defined no-
tion. We had model it in Ninth GrC Model using the
category of qualitative fuzzy sets(sofsets) [2].



2. The space and time has been granulated intuitively into
infinitesimal granules. The idea was known to Zeno
(490BC, implicitly in his paradox), Archimedes (287-
212BC) and etc. It led to the invention of calculus,
topology, and non-standard analysis; we have modeled
it in the First GrC Model.

3. The simplest kind of granulation is partition (see glos-
sary). Its algebraic correspondence, equivalence rela-
tion, has played an important role in Euclidean Geom-
etry.(300 BC)

4. Heisenberg uncertainty principle states that, in gen-
eral, neither the momentum nor the position of a par-
ticle can be determined simultaneously with arbitrary
great precision. In other words, a precise measure-
ment of the momentum can only determine a “’neigh-
borhood”(granule) of positions and vice versa. Note
that this ”determination” defines a binary relation and
vice versa. The idea is abstract into Third GrC Model
(A GrC model based on a given binary relation)

5. A committee in a human society (a set of human be-
ings) is a granule. Observe that each member may play
different roles. By viewing the collection of roles as
a relational schema, a committee is a tuple, not nec-
essary a subset. The idea is modeled in Fifth GrC
Model (A GrC model based on a given set of n-nary
relations). In the case all relations are symmetric, the
Model is reduced Second GrC Model (A GrC model
based on a given set of subsets).

6. Zadehs informal definition [17]: “information gran-
ulation involves partitioning a class of objects(points)
into granules, with a granule being a clump of objects
(points) which are drawn together by indistinguisha-
bility, similarity or functionality.”

2.2 "The" Formal Model for GrC

We had taken an incremental approach to GrC. So GrC
has been a shifting formal notion. In the GrC 2008 keynote,
this author finally proposed the category based formal
model (Eighth GrC Model) to be The Formal Model of GrC,
since he can use that model to realize all classical examples
given above.

The category theory based model (Eighth GrC Model)
actually had been formed much early. However, we had
not been able to define flawlessly the Concept of Qualita-
tive Fuzzy Sets(Sofsets) [2]. In this August 2008, we fi-
nally broke the ice and had a formal definition of Qualita-
tive Fuzzy Sets(Sofsets) that can realize the fuzzy example,
granulation of human body. Now, we are in the sate that we
can realize all the classical examples given in Section 2.1,

by specifying The Eight GrC Model into various specific
categories. Let us first recall:

Definition 1 A category consists of
1. A class of objects, and

2. A set Mor(X, Y) of morphisms for every ordered pair
of objects X and Y, which satisfies certain properties.
For this paper, the formal details are not important; we
only need the language loosely.

Example 1 Here are some examples.

1. The Category of Sets: The objects are classical
sets.The morphisms are the maps.

2. The Category of Sets with binary relations as
morhisms: The objects are classical sets. The mor-
phisms are binary relations. This is the Category of
Entity Relationships Models.

3. The Category of Power Sets: The object Ux is the
power set P(X) of a classical set X. Let Uy be an-
other object, where Y is another classical set. The mor-
phisms are the maps, P(f) : Ux — Uy that are
induced by maps f : X —Y.

Definition 2 Ler CAT be a given category.
Category Theory Based GrC Model:

1. C= {C;L, h,j,=1,2,...} is a family of objects
in the Category CAT.

2. There are families (which are bags; see glossary)
of Cartesian products, C] x C3 X ... of objects,
7 = 1,2,... of various lengths. They are called
product objects.

3. Ann-ary relation object RJ is a sub-object of the
product object C x C} x ...C3J.

4. = {R', R?,...} be afamily of n-ary relations
(n could vary).

The pair (C, ), called Categorical GrC Model (Eighth
GrC model), is the formal model of granulation. Each
tuple is a granule.

3 Knowledge Structure in GrC

A GrC Model has four structures: granular, quotient,
knowledge and linguistic structures. Though our main con-
cern is the knowledge structure, We will introduce the four
structures.

1. Granular Structure (GrS): It is the collection of all
granules. In the case of partition, GrS is the collection
of the equivalence classes.



2. Quotient Structure (QS): If each granule is abstracted
into a point and the intersections of granules are ab-
stract to the interactions of points, then such a collec-
tion of points is called quotient structure. In the case of
partition, the quotient structure is a classical set, called
quotient set.

Informally, GrS is a collection of white boxes (the con-
tent of granules are visible), while the quotient set is a
collection of black boxes (the contents of granules are
hided). The process of abstracting granular structure
into quotient structure is called information hiding; see
Examples in Section ??.

3. Knowledge structure: By giving each granule (point)
in the quotient structure a meaningful symbol then the
named quotient structure is called knowledge struc-
ture. The knowledge structure provides an intuitive
view of the quotient structure; the symbols and inter-
action among symbols are in sync with the granules
(points) and interactions among granules(points).

In the case of n partitions (equivalence relations), the
knowledge structure can be arranged into a n-column
relational table. In the case of n binary relations, the
table has been called binary information table, granular
table or topological table [4], [5].

4. Linguistic structure: By giving each granule in the
granular structure a word that reflects its meaning. The
interactions among these words are reflected implic-
itly in precisiated natural language. (in knowledge
structure, the interactions among symbols are explic-
itly reflected from the quotient structure) The linguistic
structure is the domain of computing with words

4 Simplicial Complex - A Nice Model

By specifying the category to be the category of sets,
we have Relational GrC Model (Fifth GrC model). In this
model, 3) is a collection of n-ary relations. Each tuple is a
granule By assuming the symmetry for all n-ary relations,
we have the Global GrC Model (Second GrC Model). In
this model, granules are subsets (commutative tuples are
subsets). So ( is a partial covering. Further , if we assume
() satisfies further constraints: Any subset of a granule is a
granule. Then the Second GrC Model is called a simplicial
complex.

We will give this model a geometric interpretation. A n-
dimensional Euclidean space is a space in which elements
can be addressed using the Cartesian product of n sets of
real numbers. A unit point is a point which coordinates are
all 0 but a single 1, (0,...,0, 1, 0,..., 0). These unit
points will be regarded as vertices. We will use them to
illustrate the notion of n-simplex.

Let us examine the n-simplexes, whenn = 0, 1, 2, 3.
A 0-simplex A(vg) consists of a vertex vg, which is a point
in the Euclidean space. A 1-simplex A(vg,v1) consists
of two points {vg, v1}. These two points can be inter-
preted as an open segment (vg, v1) in Euclidean space;
note that it does not include its end points. A 2-simplex
A(vg, v1,v2) consists of three points {vg, v1, v2}. These
three points can be interpreted as an open triangle with
vertices vg, v1, and vy, which does not include its edges
and vertices. A 3-simplex A(vg, vy, vg, v3) consists of four
points {vg, v1, v, v3} that can be interpreted as an open
tetrahedron. Again, it does not includes any of its bound-
aries.

In general, vertices do not have to be points in Euclidean
space, they can be any kind of objects. Formally,

Definition 3 A n-simplex, denoted by A(vo,...,vy,), is
a set of independent abstract vertices {vg,...,vn}. A
q-subset of a n-simplex is called a q-face; it is a q-
simplex A(vj,,...,v;,) whose vertices are a subset of
{vg, ..., vp} with cardinality q + 1.

More generally, we have ( [16][p.108])

Definition 4 A simplicial complex C' consists of a set {v}
of vertices and a set {s} of finite nonempty subsets of {v}
called simplexes such that

o Any set consisting of one vertex is a simplex.

o Closed condition: Any nonempty subset of a simplex is
a simplex.

Any simplex s containing exactly q + 1 vertices is called
a q-simplex. We also say that the dimension of s is q
and write dim s=q. We will refer to C as a non-closed
simplicial complex, if the closed condition is not fulfilled
for all its constituting simplexes.

Any set of 7 + 1 objects can be viewed as a set of abstract
vertices. A simplex is said to be maximal if it is not a face
of any other simplex. Moreover, if the maximal dimension
of the constituting simplexes is n then the complex is called
n-complex.

Example 2 In Figure 1, we have a simplicial complex that con-
sists of twelve vertices that are organized in the form of a 3-
complex, denoted by S°>.

Let us enumerate maximal simplexes in S>:
1. The maximal 3-simplex A(a, b, ¢, d), and all its faces.
2. The maximal 3-simplex A(w, z,y, z) and all its faces.

3. The maximal 2-simplexes lying “between” two
3-simplexes:  A(a,c,h), Alc h,e), Aleh, f),
Ale, f,x), A(f, 9,x), A(g, x,y) and their faces.



Figure 1. A complex with twelve vertices.

S Knowledge Complex - Keyword Simplicial
Complex

In this section, we will examine a knowledge structure
for a simplicial complex that is derived from a document
set.

5.1 Term order, Sequence vs Set of Terms

The mathematical model applies well to linear text, ver-
tices being terms and edges being the connection between
terms nearby(i.e. the distance can be the number of terms
in between 2 terms). Nevertheless, in order to make proper
use of this model, we need to introduce some minor adjust-
ments.

In many situations, may need to ignore low dimension
simplexes in the Simplicial Complex of linear texts. The
idea is to iterate through the Simplicial Complex much like
through a hypergraph. Edges with low weight ought to be
ignored to help identify “clear cuts” between clusters.

The simplex model has no notion of vertex order. The
underlying observation is that text comes in a unique order,
rarely the other order make sense (if they do, the number
of occurrence is very small and will not effect our compu-
tations), so we will, with negligible lose, assume the un-
ordered set really represents this particular order. Also in
some occasions, a set of keywords may represent more than
one meanings. We will deal with it at the time of interpret-
ing the keywordsets.

Next, we consider the impact in truncating sentences.
For instance, removing coordinate conjunctions from a text
also removes the relationship between the clauses being
joined, altering the overall semantic of the text. More obvi-
ous one is removing a negation. Our observation is that such
kinds of loses are at micro level, does not effect the overall
”summarization” of a documents. By these observation, we
believe simplex model is a reasonable model for clustering
documents.

5.2 Association(rule)s and Keywordsets

A formal definition of association rule can be found
in [1]. For such an association(rule), there are two mea-
surements, SUPPORT and CONFIDENCE. In this paper,
we only use SUPPORT value. The SUPPORT of a set
of a nearby keywords is the percentage of documents in
the document set that contain the keywordsets. An as-
sociation (or frequent itemset) is a set of keywords K
={k1, ko, ... k,} in a set of document D ={d;,ds,...d;},
where d; = {k;1, ki2, ...k;; } and k;; € K, whose SUPPORT
is greater than or equal to the threshold value. We will use
associations as we are more interested in the semantic of the
interactions among the keywordset.

Recall an important notion from data mining, the key
property of Agrawal’s associations [1] is the Apriori con-
dition.

It can be stated as follows.

Definition 5 Apriori condition: Any q-subset of a n-
keywordset is a q-keywordset for ¢ < n.

where a g-keywordset is a keywordset composed of ¢ key-
words.

The search of a n-keywordset does not start until its
Apriori condition has been met.

Similarly, the simplicial complex has a property called
closed condition(cf Definition 4) that states that any subset
of a n-simplex is itself a simplex in the simplicial complex.
A keyword can be regarded as an abstract vertex and
consequently a (g + 1)-keywordset can be interpreted as
an abstract ¢-simplex of keywords.

5.3 Keyword Simplicial Complex

The following lemma is immediate.

Lemma 1 The closed condition of abstract simplexes is the
Apriori condition of keywordsets and vice versa.

With this lemma, we have the following theorem:

Theorem 1 The pair (Viext, Stext) is an Abstract Simpli-
cial Complex, where

1. Vieqt is the set of keywords, and is regarded as a set of
abstract vertices, called keyword-vertices.

2. Siext is the set of keywordsets (associations) and
is regarded as a set of abstract simplexes, called
keyword-simplexes.



We may call this simplicial complex the Keyword Simpli-
cial Complex (KSC).

Definition 6 The keywords and keywordsets in Vieyt, Stext
are names of vertices and simplexes respectively. In other
words, each granule is named, So KSC is the knowledge
structure of the simplicial complex model.

Theorem 2 Let A and B be two document sets written into
different languages. The simplicial complexes of A and B
are isomorphic.

This theorem simply tells us that using the simplex anal-
ogy, we can determine if two sets are the translation of one
another.

6 A Knowledge Base on Web

A document or a web page can be viewed as a list of lin-
early ordered tokens or terms; to emphasize this view, we
call it linear text. It is a knowledge representation of human
idea or human thoughts. However, mathematically speak-
ing, this is not a good representation, because The seman-
tics in the linear text can only be revealed through human
reading.

In this section. We have constructed a mathematical
structure that reveal authors idea or thoughts mathemati-
cally. We may schematically summarize the flow of con-
structions; it is a variation of [9]

author's . linear
IDEA text

»U«(summarize)

IDEA = [ human } . { keyword }

thoughts simplicialcomplex

Note that none of those — is a mathematical map; it
merely indicates information flows. A novel point in this
combinatorial structure is the capability to reveal the idea
hidden between lines, namely, the model can read ”between
the lines.”

6.1 Semantics - '""Reading between the lines"

Each document describes some ideas in human mind,
which may consist of many levels and wide ranges of con-
cepts. We capture those concepts through high-frequency
tokens and set of tokens. We will use keywords and key-
wordsets to denote high-frequency tokens (terms) and high-
frequency tokensets respectively, where a high-frequency

tokenset is high-frequency tokens that co-occur within close
distance in a document. Following the terminology in asso-
ciation mining, we may also use an association to refer to
a keywordset;they will be used interchangeably throughout
this paper.

First, let us observe some interesting phenomena. A key-
wordset, semantically, may have nothing to do with its indi-
vidual keywords. For example,

1. The keywordset ”Wall Street” represents a concept that
has nothing to do with "Wall”” and ”’Street”

2. The keywordset "White House” represents an object
that has very little to do with "White” and ”"House.”

3. The keyword set ”"Wall, China, Security” represents a
concept, Chinese Wall Security Policy. that is beyond
the meaning of three key words, ” Wall,” ”’China,” and
”Security.”

These examples indicate that the strength of this approach is
the ability to capture the notion that is defined implicitly by
the keywordset, in plain words, the capability of “reading
between the lines.” Let us formally define the keywordset,
the mechanism that carries the unspoken concept.

Definition 7 A ng4-keywordset is a set that has a high
number of co-occurrences (SUPPORT) of n keywords that
are at most d tokens apart. In the case that d and n are
understood, we abbreviate it simply as keywordset.

Note that a keyword has been informally understood as a
high frequency token.

7 Applications-Document Clustering

In traditional clustering, we partition a document set into
disjoint groups, namely, equivalence classes of documents.
However, many documents are inter-related in some con-
cepts and totally unrelated in others. So we propose a con-
cept based clustering where we use the concepts to group
documents.

Recall that a keyword is the name of a vertex, and a key-
wordset is the name of a simplex; they are all high frequent
item or itemsets. Observe that a keyword or keywordset rep-
resents a concept. So we say a document contain a concept,
if it contains the corresponding keywordset/ Two documents
are clustered together if both contains the same concept [6].

Table 1, 2, 3, 4 are extracted from [10]. the
Reuters data in the UCI database located at

http://kdd.ics.uci.edu/databases/reuters21578/reuters21578.html).

We only collected the high dimensional clusters for clarity,
but keep in mind that main clusters may have undisplayed



”weak connections”.

1) An I-concept (I means intermediate) is the concept cor-
respond to a simplex.

2) An P-concept(P means primitive) is the concept corre-
spond to a maximal simplex.

3) A C-concept is the concept correspond to a connected
component of the KSC.

Two documents are I/P/C-clustered together if both docu-
ments have the same I/P/C-concept. Recall that two key-
wordsets, wg and w,,, are in the same connected component
if there is a finite sequence wg, w1, . . . wy, of keywordsets,
such that any consecutive two keywordsets have a common
sub-keywordset.

Each tuple in Table 1, 2, 3, 4 represents a cluster, called it
a P-cluster, where P-concepts are used for clustering. Col-
umn A enumerates P-clusters. Column C indicates the num-
ber of documents in this P-cluster. The remaining columns
list the keywords of this P-concept.

Notice that P-clustering may not be desirable in all oc-
casions. For example the first 7 tuples in Table 1 have a
substantial number of common faces among the maximal
simplexes, so many documents refer to a lot of common
concepts: These documents have many common concepts
and are therefore hardly differentiable by P-concept.

Based on these definitions, the documents in the TA-
BLES only show one connected component. This cluster-
ing is not very satisfactory because it contains groups that
are nearly disjoint. They are grouped together simply due
to some discussion(s) on very general or equivalently very
low-level I-concepts (corresponding to 1-simplexes or ver-
texes).

Therefore, in certain situations, we may decide to ignore
some I-concepts. we will call this method relative cluster-
ing.

4) Relative Clustering by pair (C-concept, sub-concept)

We will label each document by the given pair if the docu-
ment contains any I-concept within the C-concept that is not
within the sub-concept. Here, sub-concept corresponds to a
sub-complex of the connected component. In plain words,
two documents are not going to be clustered together if their
only common topics are in the sub-concept.

Consider the sub-complex that consists of 1-simplex
A(dr,mn), O-simplex A(ct), and all their faces. The rel-
ative clustering can nearly be expressed in the new ta-
bles, where three columns, “ct”, ”dr” and “mn,” must
be removed. Note that this is equivalent to removing
A(ct,dr,mn) and all its faces. This approach is a bit
greedy and therefore, in some instances, we may refer to

this approach as a sloppy interpretation. Nevertheless, in
our example the ”cuts” are clear and the resulting table pro-
vides four completely disjoint clusters. Each cluster can
now be assigned a C-concept.

8 Conclusion

This series of investigations was triggered by Professor
I-Jen Chiangs enquiry while I was visiting IIS, Academia
Sinica in Taiwan. His query trigger my association of hy-
pergraph to simplicial complex [6]. Though the simplicial
complex, by definition, is a subset of hypergraph, yet the
fundamental sprit is very different. Hypergraphs are graphs,
so the vertices are the vital entities, while in simplicial com-
plex, the main objects are the simplexes (corresponding to
hyper edges), vertices are merely low dimensional things
that can be discard at any time. However, at the beginning,
we investigated both and tries to apply to clustering the doc-
ument sets as have done by the group in Minnesota.

This approach is very different from the classical ap-
proach. The clustering is concept based. The documents are
clustered into groups, each group discusses different con-
cepts. Various levels of granularity or details can be con-
sidered by excluding various subcomplexes - relative clus-
tering. This paper is merely an overview of the process, the
details will be reported somewhere else. The search engine
is also concepts based index, so its outut is very different
from current search engine.
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