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Abstract. A top-down, step-wise progressive computing model is presented as a mode of granular computing. Based on a multilevel granular
structure, progressive computing explores a sequence of refinements from
coarser information granulation to finer information granulation. A basic
progressive computing algorithm is introduced. Examples of progressive
computing are provided.
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Introduction

In the search for new paradigms of computing, there is a recent surge of interest,
under the name of granular computing [1, 9, 13], in computations using multiple
levels of abstraction and granulation. To a large extent, the majority of existing
studies are restricted to rough sets, fuzzy sets, cluster analysis, and classical
divide and conquer methods [12, 16], and aim at solving specific problems. There
are urgent needs to move beyond these limitations, to define scope and goals of
granular computing, and to demonstrate the unique contributions of granular
computing.
The triarchic theory of granular computing [15, 16, 18, 19] attempts to promote granular computing as a multidisciplinary and an interdisciplinary study. It
presents a conceptual model of granular computing based on the notions of multilevel and multiview granular structures and the granular computing triangle.
The multilevel requires that a granular structure consists of a family of integrative levels with different granularity [17]; the multiview requires that it may be
necessary to consider a family of multilevel structures with each representing a
different view. The granular computing triangle suggests that a study of granular computing consists of three parts, namely, the philosophical position, the
methodology foundations, and computation paradigms of granule computing.
They represent structured thinking, structured problem solving, and structured
information processing, respectively. A study of granular computing serves two
purposes for human and machine problem solving [18]. Granular computing for
humans focuses on granule-based methodology of problem solving. It aims at
empowering humans with granular computing methodology. Granular computing for machines concentrates on mechanized granular information processing. It
aims at implementing human-inspired intelligent information processing systems.

Granular thinking may improve human problem solving and granular information processing may improve machine problem solving.
The triarchic theory describes granular computing at a much abstract, or
coarse-grain, level of granularity. To make the model practically useful, we must
further develop and refine the theory at more concrete and fine-grain levels.
More specifically, we must develop and formulate concrete methodology and
computational algorithms of granular computing based on multilevel granular
structures. A unified framework for studying multilevel, set-theoretic granular
structures is given in a recent paper [20]. A multilevel granular structure suggests
three possible modes of computation, namely, top-down, bottom-up and middleout approaches. The main objective of this paper is to outline a top-down, stepwise progressive computing mode and examine several examples.

2

A Model of Top-Down Progressive Computing

Top-down progressive computing is guided by and explores a multilevel granular
structure in structured thinking and structured information processing. In some
situations, one can first explicitly construct a multilevel granular structure and
then process the structure from top levels with larger granularity to bottom levels
with smaller granularity. More often than not, one combines the construction
and processing of a multilevel granular structure simultaneously in a top-down
manner.
2.1

Multilevel Granular Structures

A multilevel granular structure is a fundamental concept in granular computing.
Basic ingredients of a granular structure are granules, levels, connections of granules and connections of levels. A granule is a unit, or a focal point, of discussion
at a particular level. A level is populated by granules of the same granularity or
similar nature. Levels are partially ordered by their granularity. Every level is
a representation of a problem and may serve a particular purpose. A multilevel
granular structure gives multiple representations of the same problem.
The basic ideas of multilevel granular structure can be illustrated by maps
with different granularity. A world map can be seen from the level of countries.
Every country is treated as a basic unit and a world map is represented by
the countries and their connections. At the next level, there is a map for each
country, where every city is a basic unit. A map is represented by cities and
their connections. At yet another level, each city has its own map where different
regions are basic units. In this way, more detailed maps can be further developed.
Many versions of maps thus provide a multilevel granular structure.
The construction and interpretation of granules and levels depend on specific
problems. Nevertheless, it is still possible to list some desirable properties about
a multilevel granular structure [17]:
– Granules in a particular level are relatively independent or loosely related.
Each granule provides a local, partial description and all granules in the level
collectively provide a global, complete description.

– A granular structure offers multiple representations and descriptions of the
same problem. Representations at different levels must be consistent with
each other. A problem in a lower level must have a corresponding problem
in a higher level; a solution to a higher level problem can serve as a guide
for searching for a solution to the same problem at a lower level.
– Although different levels in a granular structure represent the same problem,
different vocabularies and languages may be used to define and interpret
granules at different levels and different methods may be used for processing
at different levels.
– Levels are partially ordered by their granularity. A lower level granulation
has more detailed information than a higher level granulation. That is, a
lower level granulation is a refinement of a higher level granulation, and a
higher level is an abstraction of a lower level. Granules in a particular level
are used to explain larger granules in the next higher level and, at the same
time, are explained by smaller granules in the next lower level.
– The number of levels is not prefixed. It is possible to combine several levels
into one or to split a level into more levels in the construction of a granular
structure.
– Interactions between granules are mostly restricted to three levels, namely,
the current level, the next lower level, and the next higher level. This restriction would greatly reduce the complexity of problem solving.
– There are bidirectional influences between two adjacent levels. A higher level
typically controls and specifies its next lower level. Conversely, a lower level
may also cause restructuring of its next higher level.
– There are at least two basic operations for level transformation. A refinement
or zoom-in operation transforms a representation or description in a higher
level into one in the next lower level. An important feature of this operation
is the addition or fill-in of details. A coarsening, abstraction, or zoom-out
operation transforms a representation or description in a lower level into one
in the next higher level. An important feature is the omission of details so
that only crucial information is preserved.
A granular structure therefore provides structured descriptions of a problem with
multiple levels of abstraction and detail. This useful structure serves as a basis
of structured approaches of granular computing.
2.2

A Basic Progressive Computing Algorithm

By the refinement-coarsening relationship, we can organize different granulations
into a hierarchy. In this paper, we consider a sequence of granulations and levels.
If G2 is a refined granulation of G1 , and G3 is a refined granulation of G2 , · · · , and
Gn is a refined granulation of Gn−1 , then the sequence G1 , G2 , · · · , Gn−1 , Gn is
an n-level granular structure. One way to use this multilevel granular structure
is top-down progressive computing. The main idea is to process granulations
level-wise from the coarsest granulation G1 to the finest granulation Gn .
Top-down progressive computing involves two basic tasks, namely, to build a
multilevel granular structure and to compute with the structure. We can build a

multilevel granular structure from top to bottom in a progressive manner. Once
a multilevel granular structure is constructed, the same top-down progressive
computing mode is used to find a solution to a problem. We find an inaccurate
solution in a coarser granulation and use the solution as a guide for finding
a more accurate solution in a finer granulation. This process is repeated to
refine progressively a solution until a satisfactory solution is found. As mentioned
earlier, the two tasks can be performed simultaneously in a top-down progressive
way.
Alternatively, a granular structure may be constructed in a bottom-up way
and is processed in a top-down mode. The bottom-up mode is a data-driven process when a general understanding of a problem is lacking; the top-down model
is a conceptually guided process when an in-depth understanding is available.
Both modes are effectively used in human cognition and problem solving [6]. In
the context of computer programming, Knuth [8] concisely summarizes that “...
top-down and bottom-up were opposing methodologies: one more suitable for
program exposition and the other more suitable for program creation.”
The top-down progressive computing mode may speed up the problem solving
process. The number of granules in a higher level is usually smaller than that
in a lower level. Finding a solution in a higher level is relatively faster. Once a
solution in a higher level is found, it can serve as a guide to find a solution in a
lower level, which may avoid unnecessary work in a lower level.
In specifying a top-level, generic progressive computing algorithm, we consider the following basic ingredients:
– Multiple representations of a problem. This is the basis of progressive computing. In fact, progressive computing is a sequence of refinements from
coarse descriptions at higher levels to refined descriptions at lower levels.
– Refinement operation on granulations. A granulation refinement operation is
needed so that one can transform a coarser description into a finer description. It is important that a refinement operation preserves certain consistency
properties of different descriptions.
– Refinement operation on solutions. A solution refinement operation revises
an inaccurate, approximate solution in a higher level into a more accurate
solution in a lower level.
– Evaluation function. An evaluation function measures the fitness of a solution
obtained in a level. Once a satisfactory solution is obtained, one can stop
the progressive computing process.
By utilizing these ingredients, a basic progressive computing algorithm (BPC) is
given in Algorithm 1. In BPC, the granulation refinement and solution refinement
operations are denoted by granulation ref inement and solution ref inement,
respectively. G0 and P0 are some initial values for granulation (G) and solution (P ). In the very first step, G1 = granulation ref inement(G0 ) produces
the coarsest granulation G1 in the granulation sequence G1 , G2 , G3 , · · · and
P1 = solution ref inement(P0 , G1 ) is the very first solution in the solution sequence P1 , P2 , · · · . BPC uses a function f itness to evaluate a solution, and the
process terminates once a satisfactory solution is found. It should be noted that

sometimes the refined granulation itself is a solution. In this case, the solutionrefinement step may be simply removed by using Gk as a solution.

Algorithm 1: BPC (Basic Progressive Computing Algorithm)
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begin
k ← 0;
set G0 and P0 ;
repeat
k ← k + 1;
Gk = granulation ref inement(Gk−1 );
Pk = solution ref inement(Pk−1 , Gk );
Fk = f itness(Pk );
until Fk satisfies a certain condition ;
end

Examples of Progressive Computing

The top-down progressive computing is applicable in many fields and can be used
by both humans and machines. In this section we give some examples that use
the top-down progressive computing mode. The first two examples demonstrate
how humans use the top-down progressive computing, the last three examples
demonstrate how machines use top-down progressive computing.

3.1

Progressive Computing as a Methodology of Problem Solving
for Humans

Computer Programming The top-down progressive computing mode can be
used in the process of writing a computer program [5]. The program construction
consists of a sequence of refinement steps. In each step, a given task is broken
up into a number of subtasks. Each refinement in the description of a task may
be accompanied by a refinement of the description of the data that constitutes
the means of communication between the subtasks [11]. There is a multilevel
granular structure in developing a program and granulations at different levels
are presented by different languages. The top level is the natural language description of the program, the second high level is given by some model language
such as UML or flow chart, the next level granulation is detailed specifications
of the modules and algorithms that are described by pseudo-codes and natural
language, the lowest level granulation is the program that is written by a programming language. This multilevel granular structure can be built up by the
top-down progressive computing mode.

Scientific Writing The top-down progressive computing mode is also used in
scientific writing [2, 14]. A scientific paper can be viewed as a multilevel granular structure, the top level is the thesis of the paper, the lowest level is the
scientific paper itself, and the medium levels are various outlines of the paper.
One level description is given by section headings. Another level of description
is given by sub-section headings. In the top-down progressive computing mode
for scientific writing, the top granulation is a statement of the thesis. The thesis
may be explained by a few section headings or statements in the second level.
Every section can be further divided into sub-sections to form the next level
granulation. This dividing process continues until we get the entire paper.
Remarks Although computer programming and scientific writing are very different at a lower level, they are much the same at a higher level. Both of them can
be considered as applications of the same methodology of progressive computing.
When a program or a paper is finished, one typically only sees the final product
rather than all intermediate drafts. Unfortunately, the methodology used by a
programmer or a scientist is not directly visitable from a program or a paper.
One goal of granular computing is to make such methodology more explicit and
better described and documented so that many more people can use them. For
example, the mode of progressive program development and scientific writing can
be easily used in producing mathematical proofs. The same progressive mode can
also be used in building models or analyzing data in many other applications.
3.2

Progressive Computing as a Paradigm of Information
Processing for Machines

Variable Precision Logic Variable precision logic [7] is to reason with incomplete information and under time constraints. It handles trade-offs between the
precision of inferences and the computational efficiency of deriving them. A two
level top-down progressive computing mode can be used in the reasoning with
variable precision logic.
The variable precision logic is based on augmented production rules of the
following form:
if
then
unless

hpremisei
hdecisioni : γ
hcensori

(1)

where hpremisei is a major condition, hcensori is a minor condition, γ is a
certainty value that is bigger than 0.5 and less than 1, and decision is a result
of the variable precision logic. There are three types of inferences in the variable
precision logic:
– If premise holds and censor is unknown, give decision with certainty γ.
– If premise holds and censor holds, give ¬decision with certainty 1.
– If premise holds and censor does not hold, give decision with certainty 1.

In terms of top-down progressive computing, G0 is the top granulation containing only one granule that is the information about premise. P0 is a decision
with certainty γ. G1 = granulation ref inement(G0 ) returns the lowest level
granulation consisting of two granules, containing information about premise
and censor. The operation solution ref inement(P0 , G1 ) returns a decision with
certainty 1. The function f itness(P ) indicates the certainty of P , where P is a
decision.
Progressive Image Transmission Progressive image transmission is used in
image transmission on the Internet. The principle of progressive image transmission is to transmit an image stage by stage, at every stage some specific
information in the image is transmitted. When all the stages are transmitted,
the transmission for the whole image is done. The progressive image transmission is a top-down progressive computing process. The information transmitted
at every stage is a granulation of the whole image. The first transmitted image is
the top granulation that contains the most important information and the finally
transmitted image is the lowest granulation. The importance of the information
in granulations becomes less as the levels of granulation move lower.
The granulation hierarchy of image can be created in different ways. One way
is to create a granulation hierarchy by shape and color [10]. The first granulation
is a grey scale image that contains the vague shapes of objects in the image, the
second granulation is another grey scale image that gives detailed information
about the shapes of objects, and the third granulation gives the color information for the image. Another way to create granulations is by the resolution of
an image [3]. The lowest resolution image is the top granulation and the highest resolution image is the lowest granulation. One pixel in a lower resolution
represents a few pixels in a higher resolution.
In terms of top-down progressive computing, G0 is the top granulation that is
a grey scale image or a lowest resolution image. P0 is the granulation G0 , as the
solution is the granulation itself. Gk = granulation ref inement(Gk−1 ) returns
the next low level granulation of Gk−1 , Pk = Gk , and f itness(Pk ) measures the
quality of the image represented by Pk , where k ≥ 1.
Progressive Approximate Aggregate Query The progressive approximate
aggregate query is used in multi-dimensional databases, which may be interpreted as a top-down progressive computing process [4]. The data is organized
in a MRA-quad tree. Every leaf node contains statistic information of a record
such as the minimum value, the maximum value in this record or the sum of all
data in this record, every non-leaf node contains approximate statistic information of all its children. For example, Fig 1 is a MRA-quad tree, nodes 5, 6, 7, 8,
and 9 are leaf nodes, and each represents a set of data and it records the exact
information about the maximum value, the minimum value and the sum of this
set of data. Node 2 is a non-leaf node. It is the union of data in node 5 and
node 6, and records the approximate information about the maximum value,
the minimum value and sum of the union of data in nodes 5 and 6. If we want

to get some approximate statistics of a group of data such as the union of node
5 and node 6, we can easily get it from the non-leaf node 2, but if we want to
get accurate statistics of a group of data, we should iterate all the leaf nodes in
these groups.
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Fig. 1: MRA-quad tree
In terms of top-down progressive computing, G0 is the top granulation that
is the root node of the MRA-quad tree. P0 is the statistics information recorded
by the root node. Gk = granulation ref inement(Gk−1 ) returns all the children
nodes of nodes in granulation Gk−1 . Pk =solution ref inement (Pk−1 ,Gk ) calculates the statistics information in all the nodes in Gk and gives a resulting
statistics information. Function f itness(Pk ) gives the accuracy of the statistics
information represented by Pk .
Remarks The three examples are from different domains; but they share the
same underlying information processing mode, namely, top-down progressive
processing. Their unification stems from the fact that a multilevel granular structure is used in each of them. With the introduction of multiple representations,
it is possible to compute in a level-wise manner. A crucial issue of top-down
progressive computing is therefore the construction of multilevel granular structures.

4

Conclusion

There is an urgent need for developing unique and flexible methods and algorithms by which the philosophy and principles of granular computing can be
explicitly and clearly explained. In this paper, we outline a top-down progressive
computing model as a mode of granular computing. As a methodology, progressive computing can be used by humans for problem solving; as a computation
paradigm, progressive computing can be used by machines for information processing. A basic progressive computing algorithm, BPC, is introduced. Several
examples of progressive computing are examined with respect to both human
and machine problem solving and information processing.
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