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OBJECT-ORIENTED CASE REPRESENTATION FOR CBR APPLICATION

IN STRUCTURAL ANALYSIS

Abid Ali Khan1 and Imran Ali Chaudhry2

1Institute of Space Technology, Islamabad, Pakistan
2National University of Sciences and Technology, Islamabad, Pakistan

� Knowledge representation is an essential element of a problem-solving technique through com-
putational work. This article describes the knowledge representation scheme formulated to represent
a problem in the structural analysis domain for solution through case-based reasoning (CBR). The
numerical knowledge is extracted from a real-life problem that can be used as an input in a case-based
reasoner. The geometric topology, loading, and mesh distribution for structure from a solved problem
is represented in the form of numerical values for easy adaptation by the new problem. The repre-
sentation scheme is a step forward in development of a system to be utilized for the time-consuming
structural analysis requiring heavy computational power, such as an aircraft wing and fuselage
components. The success of the representation strategy is a proof that CBR can work as a powerful
problem-solving tool in this domain.

HISTORICAL BACKGROUND

Over the years, researchers in the artificial intelligence (AI) domain have
highlighted several limitations of traditional expert systems (Cowan 2001).
Another comparative study identifies the relative strengths and weaknesses
of different approaches (Venkatasubramanian et al. 2003). Because of vari-
ous limitations such as exhibition of fragile or abrupt behavior and restricted
learning from experiences, large production systems are unmanageable and
their use is discouraged in the engineering domain in general and in the
structural domain in particular (Khan, Ming, and Zhang 1997).

Many engineering problems are solved by the use of specific expert
systems developed by engineers, and these systems are truly becoming stan-
dard tools of the researchers and engineering professionals. The model
generation methods and software packages, which were developed in three
decades prior to 1988, had only partially relieved the structural analysis
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336 A. Ali Khan and I. Ali Chaudhry

burden, because attributes of structure such as force, boundary, and mate-
rials were not considered (Lee and Lo 1994). In the 1980s, the concept of
expert systems was recognized in the engineering domain and publications
addressing intelligence-based assistance started to appear. SACON (Sriram,
Maher, and Fenves 1985) was developed to assist the user in the selection
of an appropriate analysis strategy; it was an attempt to deal with the struc-
tural modeling problem. FEASA (Taig 1986) was another effort that assisted
the users of finite elements in specification and modeling. PLASTRAN,
FACS, and CARTER (Reynier 1986; Cagan and Genberg 1987; Gregory and
Shephard 1987) are some other examples in same category. Later, in the
early 1990s, EXPERT ASSISTANT (Labrie et al. 1994) and FEMES (Yaonan
and Yuanming 1995) were developed as additional fruitful efforts in the
domain. It was realized that solution to the level of human experts, in this
domain, would result in large, unmanageable production systems (Díaz-
Agudo and González-Calero 2000). A high level of reasoning in this domain
required rules of combination of uncertain information using confidence
factors. There are other similar measures that would be difficult to justify
and could produce questionable results. After recognizing the limitations
of the aforementioned automation techniques in the domain of finite ele-
ment analysis, researchers started working on the application of case-based
systems (Hurley 1994; Kumar and Raphael 1997; Behbahani, Saghaee, and
Noorossana 2012; Lu, Li, and Xiao 2013; Yan, Shao, and Guo 2014).

Although the approaches discussed and other applications of AI had
some success in analyzing certain types of structures, still there are many
issues that need to be tackled and resolved before a universal and highly
automated approach in the structure analysis domain is developed (Fang,
Luo, and Tang 2005; Khan, Chaudhry, and Sarosh 2014). A number of other
successful applications using case-based reasoning have already been devel-
oped and are now in use (Bello-Tomás, González-Calero, and Díaz-Agudo
2004; Díaz-Agudo et al. 2007). Although many of these applications are in
the area of engineering domains and deal with tasks such as diagnosis, deci-
sion support, design, or planning, they do not specifically tackle the issues
of structural analysis (Bargmann 1999; Grant, Harris, and Moseley 1996;
Khoshgoftaar, Seliya, and Sundaresh 2006; Kullaa 2011; Vong, Wong, and
Ip 2011; Kocsis et al. 2014). The case representation scheme presented in
this article is being researched as part of an integrated system development
that uses CBR as an assistant in the structural analysis domain (Khan and
Azam 2003).

CASE-BASED REASONING

The application of AI to the components of the finite element modeling
process in general and in structural analysis in particular is a wide subject
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Object-Oriented Case Representation for CBR Application 337

area. In recent years, FEM, a numerical analysis technique, has become an
integral component and standard tool for design/synthesis and modeling
process in virtually all engineering sciences (Bouaanani and Lu 2009; Amir
2013; Dado and Shpli 2003; Yeung et al. 2014). However, the widespread
adaption of this analysis tool is hampered by the data preparation and its
representation associated with discretizing complicated multidimensional
geometries. It is a known fact that creation of an optimum initial mesh is
the most important task in preparation for modeling/numerical analysis.
In addition to problems such as computational burden and accuracy require-
ments, creation of an optimum and least expensive mesh is also a bottleneck
to use of advanced AI paradigms in this domain.

The concept of CBR as a refined AI technique has already been applied
successfully in a number of nonengineering fields (Wheeler and Aitken
2000; Brüninghaus and Ashley 2001; Sai, Shen, and Shen 2005; Bichindaritz
and Marling 2006; Raphael et al. 2007; Li and Sun 2012; Henriet et al. 2014).
However, the applications of CBR in engineering domains are relatively
fewer (Varma and Roddy 1999; Zhang, Deng, and Li 2002; Mubarak 2004;
Negny and Le Lann 2008; Janthong, Brissaud, and Butdee 2010; Rezvan,
Zeinal Hamadani, and Shalbafzadeh 2013). As a matter of fact, it is not pos-
sible to anticipate every circumstance that a system developed today might
encounter. Even if one could, and all the appropriate responses were aggre-
gated, the changing world would soon make that frozen knowledge base
obsolete (Craw, Wiratunga, and Rowe 2006). The learning process in the
CBR takes care of this aspect of changes in a real-world scenario. Similarly,
CBR also promises to provide a way to support structural analysis by remind-
ing the analysts of previous experiences that can help them in new situations.
Another important advantage of CBR’s flexibility as case base is not tightly
bound to the compiled knowledge of rules; rather, it is free to postulate solu-
tions based on less restrictive matching routines. Case-based design enables
computers not only to store, retrieve, and present past designs, but also to
synthesize design solutions. The issues of representation, indexing, retrieval,
and adaptation in application of this sophisticated AI technique during
structural engineering have been elaborated in a monograph by researchers
(Kumar and Raphael 2001). A simple CBR cycle with its four steps—retrieve,
reuse, revise, and retain—is shown in Figure 1.

First, the new problem must be formally described as a case. Then, a simi-
lar case to the new problem is retrieved/recalled from the case base (Raphael
and Kumar 1996). In the next step, the solution of this retrieved case is
reused to solve the new problem; in other words, the solution is adapted in
order to propose a solution of the problem. The development of an effective
knowledge-adaptation technique is a promising solution that performance
of the CBR system would improve (Lu, Lu, and Zhang 2009). Later, this pro-
posed solution is presented to the user, who can verify and possibly revise it.
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338 A. Ali Khan and I. Ali Chaudhry
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A B

DC
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FIGURE 1 Case-based reasoning cycle.

The revised case is then retained in the case base for future problem solving.
The last step realizes the learning phase of a CBR application (Khan, Ming,
and Ming 1997). The algorithm of a standard CBR process is as follows:

Procedure CBR()
Begin
Get new problem specifications;
Identify indexing attributes;
Retrieve matching cases from case base;
Select best case;
Repeat;
Modify case;
Evaluate new solution;

Until satisfactory solution obtained;
Add new solution to case base;

End

The representation of case is the essence of a CBR system and will deter-
mine its effectiveness and smooth operation. Therefore, an appropriate or
effective case representation scheme is vital for the CBR system’s functioning
and making the reasoning and learning process cost effective.
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CLEAR CASE
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FIGURE 2 Flowchart for CBR integrated system.

The approach selected by the authors is to overcome the problems dis-
cussed with regard to CBR application in the structural analysis domain,
using a finite element method. Implementation of CBR principles in the
modeling and adaptive finite element analysis process is aimed at reduc-
tion of computational burden (Stein 2008). In the proposed approach,
CBR assists adaptive finite element analysis through selection of an opti-
mum initial mesh from previously solved similar problems. The developed
system integrates the intelligent CBR module with an adaptive finite ele-
ment analysis module in order to achieve the objectives. Figure 2 illustrates
the CBR module integration with the adaptive finite element module for
development of a robust and intelligent system in this domain.

METHOD

Case Base

A case base or data collection system represents a set of previously solved
problems. The representation of cases is the essence of a case-based sys-
tem, and a representation scheme provides the basis for their use by the
system and user. The development of case memory is an ill-defined process
that can be as difficult as the knowledge acquisition stage in developing an
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340 A. Ali Khan and I. Ali Chaudhry

expert system. The details of case memory determine what the case memory
can be used for, how cases can be retrieved, and whether there is enough
information for case adaptation. When considering the representation of
case memory in the structural domain, three major issues were taken into
account for application of CBR:

1. The content of structural analysis cases,
2. The representation paradigms for case base organization, and
3. The presentation of structural analysis cases to the user.

The aspect of determining content for a case base really defines the
potentials for use of the system. Case content for this problem domain (i.e.,
generation of finite element models) includes two parts: problem descrip-
tion and a solution algorithm. Problem description to formulate a complete
case for analysis includes the following essential parameters:

● Geometrical attributes
● Load type and position of application
● Boundary conditions
● Material and physical data

In addition, a complete finite element model or a mesh pattern, informa-
tion about node connections, element types, and so on are also required in
the case base. In order to imply such knowledge, the representation scheme
has to be hybrid or complex to encapsulate all the information. To resolve
this important aspect, an initial proposal for the knowledge representa-
tion scheme using principles of an object-oriented style has been presented
by the authors in earlier publications (Khan, Ming, and Ming 1997; Khan
2001). The case storage in the case base is shown in Figure 3.

The scheme adopted for case numbering is elaborated in the section
“Object-Oriented Representation.” Cases can be added or deleted from the
case base, therefore, a file named case.sys has been written to keep track of
case numbers available in each category of problems. The assignment of
case numbers to new cases and management of the case base by the system
is performed strictly in accordance with information in this file.

Nodes Representation

The initial step for defining a case is to represent its topology and mesh
distribution. The direct or indirect relationship between the mesh nodes
and the boundary nodes are referred to here as node or resource types.
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Object-Oriented Case Representation for CBR Application 341

CASES CATEGORY A :
ONE BOUNDARY

PROBLEM

CASES CATEGORY B :
TWO BOUNDARIES

PROBLEM

CASES CATEGORY C :
THREE BOUNDARIES

PROBLEM

CASE A1
ATTR1 : _A1.rsc
ATTR2 : _A1.str
ATTR3 : _A1.cnc

...              ...

CASES A2
ATTR1 : _A2.rsc
ATTR2 : _A2.str
ATTR3 : _A2.cnc

...              ...

CASE B1
ATTR1 : _B1.rsc
ATTR2 : _B1.str
ATTR3 : _B1.cnc

...              ...

CASE B2
ATTR1 : _B2.rsc
ATTR2 : _B2.str
ATTR3 : _B2.cnc

...              ...

CASE C1
ATTR1 : _C1.rsc
ATTR2 : _C1.str
ATTR3 : _C1.cnc

...              ...

CASE C2
ATTR1 : _C2.rsc
ATTR2 : _C2.str
ATTR3 : _C2.cnc

...              ...

FIGURE 3 Organization of case in cases base.

Through the analysis of the mesh and topology, all the points are classi-
fied into four different classes. The classes of these points are defined as
follows:

● On Boundary Points. These are the points that define the topology of
structure, the points can also be called “edge points.”

● On Circle Points. These are the points distributing a circular boundary,
which, in order to generate a finite element model, are converted into a
goodness curve by a number of line segments. Several points are selected
on the circle boundary and connected one by one with the line segments
to replace the circle boundary.

● Divided on Boundary Points. The mesh nodes located on the boundary
where two boundary nodes are already present.

● Meshed Points. All those points that do not belong to any of the first three
types are placed in this category for representation of knowledge.

The defined classification assists the system in locating the topology and
mesh points on the cases and transferring the same to the corresponding
locations of the new problem geometry. The approach is effective for rela-
tively simple geometries. However, the same approach is used in complex
geometries through a field-division method, in which complete geometry is
considered to be an accumulation of simple geometric shapes. The geomet-
ric shape of the structure referred to as a field is divided into subfields with
simple geometric shapes that do not have any further holes. In the approach,
each subfield is divided into grids by a mapping function, and then all the
units of the subfield are joined together. Figure 4 represents the division of
a rectangular plate with one circular and one square hole into subfields.
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342 A. Ali Khan and I. Ali Chaudhry

9

Sub-fields

8

6

7

1

2 3

4

5

FIGURE 4 Resource points and subfields.

TABLE 1 Resource Point Information

Required Knowledge

Resource Type Essential Additional

On Boundary None None
On Circle Center point P & center angle None
Divided on Boundary P1 & P2 Ratio
Meshed Coordinates of Point Subfield where it exists

In the proposed approach, the authors have classified the geometric
information into resource points, as elaborated previously, to distinguish the
nodes in the mesh distribution for a case. Information required to represent
each type of points has been tabulated in Table 1.

In the table, P, P1, and P2 represent the point coordinates of the resource
type; usually these are the end points of the line on which a node is located.
The ratio in the table stands for the division by which this point is dividing
the line where it is located.

Structure Topology Representation

Connecting the nodes or vertices on the structure topology composes
a boundary; these connections between nodes can be a line, arc, or cir-
cle connection (if the boundary is circular). Every structure consists of at
least one boundary, and in different cases the structure comprises one outer
and a number of inner boundaries. If the nodes are connected with lines,
the boundary is named a line boundary and if connected with an arc is
called an arc boundary. It is called a circular boundary when nodes connected
with circles and a mixed boundary when the connections are a mixture of
lines and arcs. A boundary is also classified per the number of nodes or
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Object-Oriented Case Representation for CBR Application 343

vertices it comprises, for example, a square or rectangular structure has a
four-node boundary.

Reference length is chosen before representing the boundary numer-
ically in the case. If the boundary is a line boundary, the length of the
segment between two node numbers 1 and 2 (line 1-2) is taken as reference,
whereas, in the case of a circular boundary, its radius is used as reference
length. Once the reference length is selected, its azimuth angle θ is defined
as zero. The azimuth angle for other boundaries is the angle formed by the
ray and the x-axis; the angle notation is considered as positive for anticlock-
wise direction. The ray starts from the left lower corner or center in the
case of a circle (node number one) and closes at the same node. Lengths of
other sides in a boundary are defined as the ratio with the reference length.
In addition to all this, the trend angle for every side or line that it makes
with the x-axis is also recorded; in the case of a circular boundary, the trend
angle of the radius is taken as zero.

The numerical representation for structure topology and the geometric
shape in Figure 4 is shown in Figure 5.

In this case, a three-boundary structure is represented in which the outer
boundary is a four-node rectangular plate with a circle and a square as inner
boundaries. Numerical representation for this example case includes the
trend angle, the ratio of length with respect to the reference length and the
radius of the circle. The ratios are computed per Equations (1) and (2).

Line connection boundary : Ratio = Side/Reference Length (1)

Circular boundary : Ratio = Radius/Reference Length (2)

0, 0, 1, 90, 2, 0, 1, –90, 2, 180
45, 1, 0.3, 0
15, 2, 0.5, 90, 0.5, 0, 0.5, –90, 0.5, 180

FIGURE 5 Structure representation in numerical form.
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344 A. Ali Khan and I. Ali Chaudhry

Geometrical and numerical representation of a three-boundary struc-
ture in which the outer boundary is a four-node plate and the inner
boundaries are a circle and a square have been represented in Figure 5.
The numerical representation shown in the lower half of the figure includes
the trend angle, ratio of length with respect to the reference length for all
sides on the boundaries and the radius of circle.

Type of Loading

In structural analysis problems, the effect of different loads on the
structure is analyzed analytically, experimentally, or through computer sim-
ulation. The problem may have different types of loads applied at different
positions on the structure. These are generally divided into concentrated,
distributed, and moments loads per the position of their application.
Figure 6 shows different situations of the application of load on a rectan-
gular plate. The instances a and b in the figure show the concentrated force
and moment applied at the boundary nodes or the vertices of the bound-
ary. The instances c and d represent the application of concentrated force
and moments at the structure boundary but not at the boundary nodes or
the vertices of the boundary as in the earlier case. The instances e and f in
Figure 6 show applications of distributed loads on the plate.

Boundary Conditions

In a structural analysis problem, there can be six degrees of free-
dom that are three forces and three moments. In the devised strategy for
boundary condition representation of the case, ‘1’ represents a constraint,
whereas ‘0’ represents the free degree of freedom. Therefore, every node
in the case has six numbers to describe the complete state of the boundary

f

e

a

d

c

b

FIGURE 6 Types of loads.
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Object-Oriented Case Representation for CBR Application 345

1

2 3

4

Rx Ry Rz Mx My Mz

Node 1 1 1 1 1 1 1
Node 2 1 1 1 1 1 1
Node 3 0 0 0 0 0 0
Node 4 0 0 0 0 0 0

FIGURE 7 Boundary conditions.

conditions. Figure 7 shows the boundary conditions for a two-dimensional
plate constrained from a side.

Mesh Connectivity Model

A finite element model comprises a number of mesh nodes. In order to
infer the useful information from this model, the representation of all the
mesh nodes along with their node number, nodal coordinates, and connec-
tivity among nodes is essential. In order to represent this information in the
case base, a compound list with one main and a number of sub-branches is
used. Each node on the main branch or chain represents a mesh node and is
arranged with an ascending number of nodes. The branch lists or subchains
under each node show mesh nodes connected directly to the node. If there
are two nodes connected directly to the node on the main list and they lie
on the same line, they are represented as a side-branch list or subchain. The
branch list is perpendicular to the main list, whereas the side-branch lists or
lateral subchains are parallel to the main list. Figure 8 depicts information
for a two-dimensional rectangular plate meshed into four elements.

Each number in Figure 8 represents a mesh node, and total numbers in
the main list are equal to the nodes in the mesh pattern. Branch-list nodes
are represented with a diamond shape; these nodes are directly connected
to the node on the main list. The node numbers shown in the circle are the
side-branch lists. These nodes, although connected directly to the node on
the main list, lie on the same line with the main-list node. The data from
the input file is transferred into the format of a linked list, which makes it

1

2 3

4

6

7

8

5

9
5

4

1 2 3 4 5 6 7 8 9

6

6

7

7

8

8

5

1

9 9 9

1 22 3

1 2

1 25 79

1 23 4

1 28 6

Main List

Branch List Side Branch List

FIGURE 8 Four-element mesh and its graphical representation.
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346 A. Ali Khan and I. Ali Chaudhry

possible to save it in a case base. In this way, the transformation enables the
case-based reasoning system to read and utilize the mesh model data effec-
tively. The nodes on the new structure are placed corresponding to their
resource type in the existing case. Node coordinates for resource points on
a single line depend on the divisions of line and are computed by simple
geometric Equations (3) and (4).

X = (X1 + X2) x n (3)

Y = (Y1 + Y2) x n, (4)

w n is a fraction number, n = 1/2 if the point lies in the center, and so on.

Subfield Division

Division of the field is an important aspect of this approach. The first
level of partitioning information is stored in the files ∗.sup (comprises ori-
gin of subfield dividing points) and ∗.suc (connection of subfield dividing
points) among the case base contents. The mapping method used in the
system has the following requirements for division of the field.

● Shape of the subfield must be a quadrilateral or triangle with sides
comprising line, conic, and parametric spline curve or arbitrary curve.

● Subfield does not have a hole or gap.
● Number of subfields may be as small as possible because the fewer the

subfields are, the fewer the corresponding mapping functions and, hence,
the fewer the calculations of the meshed points.

● Quality of the shape of the subfield such as deformity, concave or convex,
and so on has no effect on the quality of the mesh produced.

Class Hierarchy

A class hierarchy for the system has been designed to benefit from the
basic characteristics of object-oriented programming such as encapsulation
and inheritance. These classes realize and implement the case representa-
tion strategy discussed thus far. It incorporates all the information essential
for finite element analysis. The class identification is done on the basis
of a detailed analysis about the relationship among the functions that are
required for case representation in case-based reasoning. The candidate
classes, shown in Figure 9 are identified and arranged into hierarchies as
follows:
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super

specialconnect point connectivity casename

arccircle
list

resource

onboundarypoint oncirclepoint edlpoint tlcpoint

cospoint ontpoint onrpoint

case

structure

iforce dforce

force boundarycondition

FIGURE 9 Class hierarchy for case and node ints.

super : The most general class
specialconnect: Defining special connections on circle and arc bound-

aries
point: Handling all resources for the points
connectivity: Node connectivity for the mesh is defined in this class
onboundarypoint: Handles point on the outer boundaries
oncirclepoint: Handles point on the circular boundaries
edlpoint: Handles equidistant points on the line
tlcpoint: Handles point generated by intersection of two lines
cospoint: Handles construct point
onrpoint: Handles point in rectangular elements, subdividing it

into triangles
ontpoint: Handles point in triangular element, subdividing it into

smaller triangles
structure: It is a virtual class with many members for sending/

receiving messages from class super

Object-Oriented Case Representation

The representation of knowledge as a case is a process of determining
the contents of the case base and their organization in a structured manner.
In the proposed approach, parameters required to define the case are stored
in a set of the following six files:
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Case Name: C2
(Geometric structure is formed by three boundaries)

Node Point resource file : _c2.rsc
Node #         resource type

1 1
2 1
…

Node Connectivity file : _c2.cnc
Structure Geometry file : _c2.str

No of boundaries, Load, bc : 3, 0, 0
No of boundary points         : 4, 1, 1
…

Node Coordination file : _c2.xyz
(Formed from *.str file for new mesh)

Sub-Field Dividing Point file : _c2.sup
Sub-Field Connection file : _c2.suc

Case Name: D1
(Geometric structure is formed by four boundaries)

Node Point resource file :  _d1.rsc
Node #         resource type

1 1
2 1
…

Node Connectivity file : _d1.cnc
Structure Geometry file : _d1.str

No of boundaries, Load, bc : 3, 0, 0, 0
No of boundary points         : 4, 1, 1, 4
…

Node Coordination file : _d1.xyz
(Formed from *.str file for new mesh)

Sub-Field Dividing Point file : _d1.sup
Sub-Field Connection file : _d1.suc

Case Name: B1
(Geometric structure is formed by two boundaries)

Node Point resource file :  _b1.rsc
Node #         resource type

1 1
2 1
…

Node Connectivity file :  _b1.cnc
Structure Geometry file :  _b1.str

No of boundaries, Load, bc : 2, 0
No of boundary points         : 4, 1
…

Node Coordination file : _b1.xyz
(Formed from *.str file for new mesh)

Sub-Field Dividing Point file : _b1.sup
Sub-Field Connection file : _b1.suc

Case Name: C1
(Geometric structure is formed by three boundaries)

Node Point resource file : _c1.rsc
Node #         resource type

1 1
2 1
…

Node Connectivity file : _c1.cnc
Structure Geometry file : _c1.str

No of boundaries, Load, bc : 3, 0, 0
No of boundary points         : 4, 1, 4
…

Node Coordination file : _c1.xyz
(Formed from *.str file for new mesh)

Sub-Field Dividing Point file : _c1.sup
Sub-Field Connection file : _c1.suc

FIGURE 10 Representation of example cases.

1. ∗.rsc Node Resource File
2. ∗.cnc Node Connectivity File
3. ∗.str Structure Geometry Attributes
4. ∗.xyz Node Coordination File
5. ∗.sup Subfield Dividing Points File
6. ∗.suc Subfield Connections Point

Each case for the proposed system comprises a name and a set of parameters
defining attributes in these six files. In the case base, the files are named after
the case name with file extensions corresponding to their contents. A typical
case for a structure composed of the three geometrical shapes of Figure 4 is
shown in Figure 10 as case name “C1.”

The example case is named “C1”; alphabet C stands for a case based on
a structure with three geometrical shapes, and number 1 means it is the first
case in this category. Based on these guidelines, the organization of different
categories of cases in the case base is shown in Figure 3. Example of case
representations “B1,” “C2,” and “D1” in Figure 10 represent problems with
two, three, and four geometrical shapes, respectively, whereas the numerical
digit in the case names represents that these are first or second cases in
this category. Case B1 represents a rectangular plate with a hole inside and
it is a first case with a two-boundary category stored in the case base. Case
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C1 represents a rectangular plate shown in Figure 5. Case C2 is again a case
from the same category, but the rectangular plate has two circular holes. The
last case, D1, also represents a rectangular plate with two circular and one
square holes.

Six files for representing complete cases in the examples of Figure 10
are named after the case name, and parameters are saved as attribute-value
pairs in each file. The cases are indexed by their names in a way that, just
by looking at the name of the case, it is obvious to which category it belongs
(i.e., structure comprises how many boundaries and sharp edges). This sim-
ple classification and organization of cases not only realizes the indexing
but also shortens and simplifies the matching process. Thus, the matching
or similarity analysis is performed in the similar category of structures.

IMPLEMENTATION AND RESULTS

The importance of an appropriate and effective case representation has
been well elaborated and emphasized in the earlier paragraphs. The scheme
has already been verified for full implementation along with the remaining
essential element of the system. In addition to case representation, indexing,
matching, retrieval, and adaptation are also important aspects for develop-
ment of an effective CBR system. However, development of an adaptive finite
element module has its own essentials that are tackled separately before inte-
gration. Details of all these vital elements briefly introduced in this article are
being published separately.

CONCLUSIONS

The proposed approach is a successful effort toward development of
a representation scheme essentially required for CBR application to assist
adaptive finite element analysis. The presented scheme of case representa-
tion could set the foundation for application of CBR in the automatic-mesh-
generation field, an initiator for problem solving in various engineering
domains. This will reduce the number of iteration cycles for analysis and
provide assistance to the novice user, for whom, at times, problem solving
becomes unmanageable. The proposed approach offers a theoretical basis
and technical reserves for researchers in the area of specialization for devel-
opment of an intelligent problem solver. The issues related to indexing,
case retrieval, and case adaptation, although worked on for development
of an intelligent adaptive finite element analysis system, have not been elab-
orated in this article. However, the scheme discussed in this article, being
an essential aspect for realization of CBR, has been applied to plate prob-
lems and verified successfully. The authors believe that continued efforts
through further investigation and utilization of the proposed scheme will
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evolve into a universal integrated structural analysis system for complex
aviation structures.
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