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Abstract

In this paper, we discuss the notion of IC-Bags as introduced by the author,
some issues related to IC-Bag based systems and their application in decision
analysis. Sometimes it is observed that the semi-structured or unstructured
nature of the problems addressed by expert systems can be perceived as the
cause for the inability to develop precise requirement specifications. 1C-Bags
can serve as a tool for building rule-based decision analysis systems which
can deal with situations where the count of the objects are not necessarily
fixed. We discuss the semistructured specifications involving maximum and
minimum numbers of applications related to the problem-oriented methodol-
ogy for the integrated problems involving IC-Bags. In this context, the total
bias factor and the confidence level of the knowledge base are considered.



1. Introduction

Bag structure, as introduced by Yager[7], points to a multitude of appli-
cation areas which deals with object descriptions for collections where the
redundancy of the objects play the key role in describing the attribute level
specifications for some rule-based systems. It has been noticed that in some
uncertain situations where the count of elements are not found to be fixed,
but rather represented in the form of intervals of positive integers, then the
notion of IC-Bags as introduced by the author[l], are found to be quite
useful. While developing the alternatives and grading the feasibility of the
possible alternatives in the design phase of decision making, we come across
some complex structures, which can be studied and modelled by using the
concept of 1C-Bags. Consequently, some databases may require the IC-Bag
representation.

The validation of expert system techniques is an important issue related
to present quality assurance standards and specifications. Sometimes it
is observed that expert systems are required to have more more problem-
orientated behaviour than process-orientated behaviour and hence they can
be easily influenced by the changing requirement specifications. Often, the
semi-structured or unstructured nature of the problems addressed by the ex-
pert systems can be perceived as the cause for the inability to develop precise
requirement specifications and hence IC-Bags can serve as a tool for building
rule-based decision analysis systems. These systems can deal with situations
where the count of the objects are not necessarily fixed and they can vary
over an interval of non-negative integers. In this paper, we discuss the issues
related to the verification and validation techniques associated with different
modules of this type of systems. This will include the situations where the
hesitation factor associated with the count function can play a major role in
defining the knowledge-base and the requirement specifications. The analy-
sis of the personal bias factor associated with human judgement patterns are
also included and discussed.



2. The Notion of IC-Bags

This section presents a brief overview of the notion of IC-Bags as intro-
duced by the author in [1]. Some IC-Bag operations [1] are also discussed.

Definition of IC-Bag

For any non empty set (2, an IC bag g drawn from (2 can be characterized
by a pair of functions C;’ and C? such that

Cf:Q—N and C°:Q— N
and CP(z) < CP(z) Va € Q, where N represents the set of non-negative

integers.

If Q = (z1,29,......., ), then an IC-Bag 8 drawn from €2 is represented as

B = {a:/ (G (w:), CF (1))}

where 1 = 1,2, ............... n.

We call C/(z;) the minimum count for z; in 8 and C?(z;) the maximum
count for x; in f.

If for each z € Q, C (x) = CP(z), then j3 represents a crisp bag. Clearly the
notion of IC-Bag is a generalization of the notion of Bag [7]. This general-
ization is extremely useful when object counts in a collection are not fixed
and can vary over an interval.

Support Sets of IC-Bags

For any IC-Bag 3 drawn from €2, a subset o(3) of € is called the support set
of the IC-Bag g if Vx € Q,

Cl(x) > 0=z € a(B),
Cl(x) =0 =z ¢ a(B),

There exists a possibility that different IC bags can have the same set as
their support set.



Equality Types in IC-Bags

Two 1C-Bags 3, and [, drawn from €2 are equal if and only if Vz € €,
O (x) = G (), O (2) = O ().
If CP' () = CP*(2) Vo € Q, but CP(z) £ CP2(z) Va € Q, then f is said to

be l-equal to fs.

If CB1 () = CP(2) Vo € Q, but C7' (x) # CP(x) Va € Q, then S is said to
be u-equal to (5.

Inclusion Types in IC-Bags

The different inclusion types in IC-Bags as shown below are important for
data manipulation when object counts are not fixed.

For any two IC-Bags 3, and Sy drawn from €2:

e [ is called an IC sub bag of 3, if Va € Q, C7'(z) < CP*(z), CP (2) <
C2(x).

e [ is called an I-IC sub bag of 3, if Vo € Q, O/ (z) < O (x), CP' () >
C2(x).

e [ is called an u-IC sub bag of B,i if Vo € Q, C* (z) > C(z), O (z) <
Cp ().

Addition and Removal in IC-Bags

The addition of two IC-Bags 3, and (5 drawn from €2 results in the IC-Bag
b = (1 @ [ such that Va € €,

Cl,Bléeﬁz (z) = Cfl (r) + Clm (%),
CH®B (1) = CP' (z) + CP (x).



The removal of the IC-Bag (3, from the IC-Bag (; results in the IC-Bag
B1 © By such that Vz € Q,

G (x) = max[C () — G (). 0],
O (@) = maz[C} (z) — C2(x),0].

The Null IC-Bag

The IC-Bag g drawn from 2 is called a null IC bag if Vz € Q,
Cf (x) = C(w) = 0.
A null IC bag actually represents the empty bag.

Peak Element Types and Peak Values of IC-Bags

For any IC-Bag  drawn from €, max C?(z) and max CPB(x) are respectively
TE zE

called the [-peak and the u-peak values of .

The elements & and & of Q satistying CF (&) = max Cf(z), and CP(&,) =

max CP8(x) are called the l-peak and u-peak elements of (3 respectively.
x

If for any ¢ € Q, C/(() = max Cf(z),CP(¢) = max CP(x), then ( is called

u e
the lu-peak element of 3.

Selection from IC Bags

Let 8 be an IC-Bag drawn from 2 and let w be any subset of 2. Then a
new [C-Bag [ ® w can be formed with those elements of the IC bag £ which
belongs to w such that Va € €,

CP () = OF () - ju2)
CE () = Cl(a) - o)

where i, represents the characteristic function of the set w and ‘-’ indicates
the product.



4. Semistructured Specifications and IC-Bags

We consider a rule base and the concerning criteria for ensuring the validity
range regarding the derived and/or restricted interval frequencies of appli-
cation for each particular rule that is applied in case of solving the different
modules of an integrated semistructured decision analysis problem. Each of
these problems includes a finite set of parallel modules.

We assume the fact that each of the concerned rules are required by the
parallel modules M, M, and M; of a semistructured problem specification.
Associated with each module M;, for each rule R;(i = 1,2, ........ n) in the rule
base two non-negative integers R and R (R! < RY, for each i = 1,2,.....n)
indicating the minimum and maximum numbers of possible applications of
R;, representing the values of count functions, are obtained from the process
model via the I/P of human experts. These numbers may depend upon the
analysis of the interactive communication patterns between the agents, the
controllable variables and the environmental variables concerning the specific
problem which can be highly contextual in nature and can have functional
dependancies between their concerned attributes. Also for R; in the rule
base, there exists an associated rule importance grade concerning a particular
module of the original semistructured problem which is also obtained from
the process model via the I/P of human experts.

The model relational representations of the IC-Bags Sar,, Bn, and By,
specifying the requirements regarding the allowable values for maximum and
minimum counts of application for each R;(i = 1,....10) in the parallel mod-
ules M, M, and M3 are furnished in the following tables 1, 2, and 3:
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ID | Type | G (R:) | C"(Ry)
101 | R1 6 7
102 | R2 4 7
103 | R3 4 9
104 | R4 3 5
105 | Rb5 6 6
106 R6 1 9
107 | RT7 2 7
108 | RS 8 8
109 | R9 0 2
110 | R10 5 5
Table 3

It is evident that S = Sy, @ Bu, @ Bu, (shown in Table 4) indicates the
maximum and minimum allowable counts of application for each concerned
rule in the problem-oriented methodology for the integrated problem. If
necessary, the system can also generate an 1C-Bag specification representing
the maximum and minimum number of application counts reserved for each of
these rules for process-oriented application only. In this case, that generated
IC-Bag will be further added to the IC-Bag S resulting from the addition of

/BM17 BMQ and BM'%

For each rule R;(i = 1,....n),
CP(Ri) = O (Ry) + G (Ry) + G (Ry)
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ID | Type | CP (1) | Oy (1)
I01 | R1 15 22
102 | R2 13 22
103 | R3 13 26
104 | R4 24 28
105 | RS 15 20
106 | R6 21 37
I07 | R7 9 16
I08 | RS 9 17
109 | R9 3 9
110 | R10 7 15
Table 4



C(By) = C)"(R;) + C(R;) + CJ" (Ry)

and thus it is evident that Sy, ,55, and Sy, are IC subbags of S.

The DFD for any rule R;(i = 1,2, ......
the decision analysis pattern can be represented as in Figure-1:

...n) in the rule base associated with

¢ Rejects/Redo
Integrated
probler I Pl m P3
1 spec/model Check Allocate Calculate
valid type Interval Counts
application yp count/Imp HMj R;)
Ri status grade for | Imp grade T.(R.)
rule-base each Mj M
. By (R;)
derived O/P from the J
invalid process model(s) ¢Mj(R i)
type via human expert(s) P4
IR Mast Process
= Main
I/P-Main
Figure 1

The rules R4 and R6 represent the concerned l-peak and u-peak elements
of S. Here S does not include an lu-peak element but however Sy, and S,
both have lu-peak elements which are R6 and R4 respectively.



These peak elements play significant roles while classifying the rules ac-
cording to their assigned degree of importance related to variable requirement
specification. If we consider that the rule base has a list of rules which are
labelled as usable for the concerned problem, then the list constitutes a set
V' with the characteristic function V),, such that:

V.(R;) = 1,where Case: usable

= 0, where Case: not not usable

The selection of IC-Bags allows the formation new IC-Bag indicating the
minimum and maximum counts of each rule that can actually be applied
under the imposed restrictions of usability under the specification set for the
semi-structured problem.

If Ip,(R;) represents the associated rule importance grade for the rule R;
concerning the module M;, then the hesitation factor Hyy, (R;) associated
with the count functions can be obtained by:

The central tendency of the frequency of application 73, (R;) for each rule in
module M; can be determined by rounding the value of

C)i(R) + OV (Ry)
2

- HMJ'(Ri)

to the nearest integer value.
The rule importance grades are highly process oriented and are subject to
bias. The difference between the actual count value ¢, (R;) obtained after
the run and the value of 7y, (R;) is called the bias factor for the module M;
and it is denoted by Bay, (R;). If Bag, (Ri) > Cu” (R;) or Bay,(Ri) < ' (Ry),
then we reject the application and redo it for M;.

The model relational data entries for contextual rule importance grades,
associated hesitation factors are furnished in table 4:
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Type | Module | ¢ (Ry) | i (R) | Ing,(R:) | Ha,(R)) | 7o, (Ri) | éar, (RS | Bas, (R)
R1 M1 5 8 0.6 0.1 6 8 2
RI M2 4 7 0.6 10.1 5 9 R
RI M3 6 7 0.3 0.2 7 7 0
R2 | MI 3 5 0.8 0.4 1 1 0
R2 | M2 6 10 0.4 0 8 7 1
R2 | M3 4 7 0.1 03 6 2 R
R3 | Ml 5 12 0.7 0.2 8 6 +2
R3 | M2 4 5 0.1 04 5 1 ]
R3 | M3 1 9 0.6 0.1 6 8 +2
R4 | MI 7 8 0.2 0.3 8 2 R
R4 | M2 14 15 0.9 0.4 14 12 2
R4 | M3 3 5 0.5 0 1 6 R
R | M1 3 8 0.5 0.1 5 5 0
R6 | M2 6 6 0.4 0 6 7 R
R | M3 6 6 0.3 0.1 6 6 0
R6 | M1 8 15 0.1 0.2 12 10 -2
R6 | M2 12 13 0.6 0.3 12 12 0
R6 | M3 1 9 0.2 0.1 5 8 +3
R7 | MI 7 7 0.1 0.3 7 7 0
R7 | M2 0 2 0.7 0.3 1 1 0
R7 | M3 2 7 0.4 0 5 2 -3
R8 | MI 1 9 0.6 0.3 5 2 -3
R8 | M2 0 0 0 03 0 2 R
R8 | M3 8 8 0.3 0 8 5 R
RO | MI 2 1 0.9 104 3 1 +1
RO | M2 1 3 0.5 0 2 1 1
RO | M3 0 2 0.1 04 1 5 R
RI0 | Ml 0 5 0.5 0 3 2 1
RIO | M2 2 5 0.7 0.2 3 5 +2
RI0 | M3 5 5 0.2 03 5 5 0
Table 4

If the total number of R’s equals the total number of rules in the rule-base,
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then the system is considered to be in inconsistent state and in this case the
minimum and maximum numbers of possible applications of R;, representing
the values of count functions, are all set to null and the new knowledge base
is obtained from the domain expert. Otherwise each module with one or
more reject tags undergoes incremental testing with unit increments in the
values of C;'(R;) where ¢y, (R;) > C}(R;), and unit decrement in the values
of C/*(R;) where ¢p,(R;) < C*(R;) subject to the constraint C/*(R;) > 0
for each R; till all the reject tags are removed. Closer the value of the bias
factor to zero, higher is the confidence level of the knowledge base. If the
bias factor equals zero, then the knowledge base receives the highest degree
of confidence. If the total bias factor is positive, then the knowledge base is
called positively biased, otherwise it is called negatively biased.
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