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POSSIBILISTIC EXPERT SYSTEMS AND PROCESS CONTROL
UTILIZING FUZZY LOGIC

This invention relates to the field of fuzzy logic systems, and more particularly to a method of
using fuzzy logic to reason from'sparse examples or rules by interpolation and extrapolation
for use in process control, and in possibilistic expert systems which assess evidence based on

materiality and probability to confirm or disconfirm an assertion.

BACKGROUND OF THE INVENTION

Generally fuzzy logic systems utilize rules against which inputs are evaluated in order to
formulate an output. In the present specification, a rule refers to a fuzzy proposition, which is
indicated as A—B, where A is the rule input and B is the rule output. For example, in the
phrase “red cars are liked”, the rule input is “red cars” and the rule output is “liked”. The
input is a fuzzy set that may or may not be identical to the rule input. For example, “green
cars” and “orange vans” would be inputs. The output is a conclusion inferred by applying the
rule to the input. The conclusion may or may not be the same as the rule output depending on
the input. A rule excludes certain outputs absolutely because it is the result of many
observations that lead to a firm conclusion that nothing other than B will occur if A is true.
An “example” is defined as “a single observation of B together with A”. If situation A recurs,

outputs other than B are deemed possible.

Existing fuzzy logic systems have limited decision making capabilities and therefore are less
likely to emulate a desired system requiring reasoning that is similar to informal human

reasoning. These limitations may be described as follows:

1) Existing fuzzy logic implication operators do not generate outputs corresponding to

intuitive ideas for the output if the input does not match the rule input exactly.
For example, in the case of mismatch between input and rule input, informal logic postulates

for the output an envelope of possibility should spread around the rule output, and spread

wider as the input becomes less similar to the rule input. This spreading reflects increased

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 99/67707 PCT/CA99/00588

uncertainty about the range of possible outputs. If the input is “sort of” like the rule input, the
output should be “sort of” like the rule output, where “sort of” means an increased degree of

fuzziness and/or a wider support set.

One expects outputs closer to the rule output to be more possible than remote outputs. For
example, if a vehicle is “orange car”, one does not expect “intensely disliked” (an output
remote from the rule output “liked”) to be just as possible as “somewhat liked” (an output

close to the rule output “liked”).

Existing fuzzy logic generates basically two types of outputs if the input and rule input do
not match exactly, exemplified by a Zadeh implication and a Sugeno implication. In the
former, the envelope of possibility has a core idential to the rule output and infinite flat tails
whose height is proportional to the mismatch. In the latter, the envelope of possibility does

not spread at all but becomes increasingly subnormal as the mismatch increases.

2) Existing fuzzy logic requires a complete set of overlapping rules covering all possible
combinations of inputs, whereas human beings can reason from a very sparse set of rules or

examples.

A complete set of overlapping rules is required for fuzzy logic because only logical
operations (as opposed to arithmetical operations) are applied to the inputs to get the output,
and logical operations can only be applied to fuzzy sets that intersect to some degree.
Existing fuzzy logic can not function with disjoint sets of rules, whereas human beings can
function by filling in the blank spaces in a rule input “grid”. For example, if you knew “red
cars are liked” and “white cars are hated”, you would guess that “pink cars elicit

indifference”. Humans do not need a new rule for this situation.

When using the newly created rules, human beings assume that the output is fuzzier than it
would be if the input matched the rule input exactly. This increasing fuzziness corresponds to
the desired envelope of possibility described in 1). For example, your conclusion about pink
cars would not be very certain because you have definite information only about red and

white cars. You therefore hedge your conclusion with words to make the conclusion fuzzier

2
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and to indicate doubt about the conclusion: “Most likely people are indifferent to pink cars,

but it’s also somewhat possible they might hate them or love them, I can’t be sure”

Expert knowledge is currently formulated in fuzzy logic as a complete set of rules. However,
in much of informal reasoning, expert knowledge is represented by: a sparse set of examples
or rules, knowledge of how to deviate from those rules, and a measure of how far to trust

those deviations, all of which is not represented by existing fuzzy logic.

3) Existing fuzzy logic does not smoothly bridge the gap between examples and rules.

In current practice, a large number of discrete data points (examples) are sampled, clustering
analysis or the application of a neural net follows, and then a complete fuzzy rule set 1s
extracted. A human being, on the other hand, will start reasoning from one example, correct
his reasoning on getting a second example, and with no switchover from one mathematical
approach to another, continue formulating new rules from however many examples as are

available.

4) Existing fuzzy logic does not explicitly encode degrees of continuity and chaos.

Human beings assess certain environments as more chaotic than others. In chaotic
environments, a small change in the input could lead equally well to a large change in the
output or to a small change. In environments where continuity prevails, a small change in the
input leads to a change in the output roughly proportional to the change in input, but the
proportionality constant is only vaguely known, or only a vague upper limit on its absolute

magnitude is known.

For example, suppose that the temperature in a certain city is about 20°C and a person wishes
to know what the temperature is in another city that is 300 km away. In general, temperature
is a continuous function of latitude and longitude, however, if there are mountain ranges,

elevation differences, or large bodies of water, discontinuity is possible.

SUBSTITUTE SHEET (RULE 26)
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If the person thinks that this particular terrain is flat and without bodies of water, he/she
would make the assumption of continuity; and the envelope of possible temperatureswill be a
fuzzy number centered around 20°C. Experience says that temperatures change at most one
or two degrees for every hundred kilometers, therefore, a person would know
approximatelyhow far the envelope of possible temperatures would spread outside the

original number “about 20 C”.

If the two cities are at different elevations, then the estimate envelope for the second city may
no longer symmetrical around the fuzzy number “about 20C”. Five degrees is just as possible

as fifteen degrees, which should be represented by the fuzzy logic system.

5) In existing fuzzy measure theory, the concepts of belief and plausibility have been applied

only to assertions.

Expert opinion and evidence currently consist of assertions, not rules. Assertions are
statements of fact such as “This car is red”. People however apply these belief and
plausibility concepts to new rules entailed from established rules. For example, if the rule
“red cars are liked” is true, and there is no other information, then “blue cars are liked” is
100% plausible, since there is no evidence, in the form of a rule about blue cars, that would
contradict the entailed proposition “blue cars are liked”. However, neither is there evidence to
support the entailed proposition “blue cars are liked”, hence that proposition is believable to

degree zero.

Any conclusions drawn from entailed rules should inherit these degrees of belief and

plausibility derived from the entailment before they can be used for decision making.
6) Many systems to which fuzzy expert systems are applied have some fractal geometry.

Existing fuzzy logic expert systems do not explicitly incorporate the ability to adequately

simulate such systems.
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SUMMARY OF THE INVENTION

There is therefore a need for a fuzzy logic system that mitigates at least some of the
disadvantages of existing systems while achieving some of the advantages as described

above.

This invention seeks to provide a solution to the problem in fuzzy logic systems wherein user
rule input does not match a rule exactly. Accordingly this invention provides for bridging the
gap between non-matching rules and rule inputs by creating envelopes of possibility for an
output, the output having different shapes and rates of spreading and wherein the rate of
spread is a function of distance between the user input and the rule input. The desired shape
of the envelope of possibility is a system parameter determined at set up by an expert, while
the similarity between the user input and the rule input may be measured by existing
measures or by a novel measure. The rate of spread of the envelope as a function of the
dissimilarity between the input and the rule input is determined by the expert. It may also
depend on the location of the input in input space or other parameters of the input and the rule

input.

For multidimensional inputs, that is inputs where more than one attribute is defined for each
input, the different dimensions may be weighted differently when calculating the distance
between the multidimensional input and the multidimensional rule input, to reflect greater
sensitivity of the outpu: to some of the dimensions of the input. A weight function also makes
it possible for one input dimension to “compensate” for another in the generally accepted

sense of the word

This invention further provides a method to eliminate the requirement for a complete set of
overlapping rules. Instead, it is possible to calculate degrees of similarity between disjoint
fuzzy sets using a distance function in order to interpolate or extrapolate from sparse

examples or rules. Fuzzy limits can be set on the vaguely known possible rate of change of
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the output and it is possible to reconcile contradictory inputs, and choose the appropriate

pattern to interpolate or extrapolate from.

This invention further seeks to make it possible for fuzzy logic to smoothly bridge the gap
between examples and rules. By providing means to calculate degrees of similarity (or
distance) between two fuzzy sets, between two point data examples, between a fuzzy number
and a point data example, or between two fuzzy numbers, it is possible to bridge the gap
between examples and rules. Existing measures of set intersection or similarity may also be
used but for existing measures, interpolation/extrapolation cannot be done if the input does

not intersect a rule input.

This invention also seeks to make it possible to encode the degree to which chaos or
continuity occurs. A new family of fuzzy implications, of which the Zadeh implication is a
special case, makes it possible. The degree of chaos or continuity may depend on the location
of the input in input space. An output can be continuous in one of the input dimensions but

chaotic in another if the inputs are multidimensional.

This invention seeks to provide a solution for the problem where the concepts of belief and

plausibility are only applied to assertions, not to propositions.

Using the kernel of the new fuzzy implication operator, one can arrive at a degree of
plausibility an entailed proposition and an envelope of possible conclusions for a given input.
Using set intersection or other distance measures, the strength of the chain of evidence and
reasoning linking the data to the conclusion can be calculated and thus obtain an envelope of
belief. The difference between the envelopes of belief and possibility measures all the
vagueness, uncertainty gaps, contradiction, and probabilistic nature of the rules and the input
data as well as the mismatch between the inputs and the rule inputs. The degree to which an

assertion is proven and the degree to which it is merely possible can be quantified.
This invention seeks to provide a method for making use of the fractional dimension or other

parameters of fractal systems that current fuzzy systems do not make use of to calculate an

envelope of possibility for fractal systems.
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Using the new fuzzy implication operator with the appropriate kemnel and the appropriate new
distance measure, the envelope of possibility can be found for a system characterized by a

vaguely specified fractal dimension.

In accordance with this invention there is provided in an expert system a method for
determining an outcome from a set of inputs, the method comprising the steps of determining:
a set of parameters by an expert establishing at least one rule using at least two of set of
parameters as input and output; according values to each of a selected ones of sets of
parameters; computing an envelope of possibility by operating on inputs and selected ones of
said sets of parameters (a spreading function or kernel for the implication operator, curve
fitting procedure for interpolation/extrapolation, distance functions, weights and weight
function); computing a belief envelope; comparing possibility and belief envelopes with
predetermined criteria to determine the envelope of possibility is sufficiently narrow; if the
system is being used for assessing evidence supporting an assertion, compare possibility and
belief envelopes to assertion in question; output based on envelope of possibility must be
selected if the system is being used for assessing evidence, either advise user to collect more

input data to confirm/disconfirm assertion to the required degree or select output.

BRIEF DESCRIPTION OQF THE DRAWINGS

An embodiment of the present invention will now be described, by way of example only,
with reference to the following figure, in which:

Figure 1 shows a flowchart that generally describes the overall system flow.

Figure 2 shows the algorithm for operation of the system

Figure 3 shows the interpolation between the rules and A’ in order to obtain B’,,

Figure 4 shows the expert inputs into the system

Figure 5 shows the user inputs into the system

Figure 6 shows the distance functions that the expert selects from

Figure 7 shows the parameters required that define M,

Figure 8 shows the effect of the anti-toppling sub-routine

7
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Figure 9a shows a course-grained example of the operation of the system as applied to
auditing

Figure 9b shows a fine-grained example of the operation of the system as applied to auditing
Figure 10 describes crossover

Figure 11 shows parameters of the expert defined rules

Figure 12 explains left and right covers (for the distance function)

Figure 13 shows the generation of distance functions for the complements of convex fuzzy
sets

Figure 14 shows how B,* is formed from N, (B)* and N(B)*

Figure 15 shows the expert input pre-processing

Figure 16 shows how to correct for with local extremum when calculating B’,,.

Figure 17 shows the user input pre-processing

Figure 18 shows how output of the previous block becomes input for the next block

Figure 19 shows how the envelopes of possibility and belief are compared to the assertion to
be proven.

Figure 20 shows existing fuzzy logical operators

Figure 21 shows a rule with several outputs

Figure 22 shows the possibility distribution that occurs when examples are generalized into
rules

Figure 23 shows envelopes of possibility

Figure 24 shows an example of M,

Figure 25 shows alternate cover definition

Figure 26 shows standard cover definitions

Figure 27 shows the By'(y, y.,) that is used for the standard cover

Figure 28 shows how the intercepts (d,, and d,,) of M; are defined

Figure 29 shows the behavior of M, near dx=0 and dy=0

Figure 30 shows how the function M, near (0,0) is used to encode the rate spread B*(y)
around the original output B(y)

Figure 31 shows how the intercept d,, of M,, on the d, axis determines at what value of d, the
infinite flat tails first appear

Figure 32 depicts Theorem 2

Figure 33 shows the form of B'(y, y,, M) for alternate cover definition

8
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Figure 34 shows B,*(y) for fractal dependence

Figure 35 shows the situation where the expert wishes to represent a linear trend t for a rule
Figure 36 shows multidimensional inputs A,

Figure 37 shows an ellipsoidal choice for d, where a concordant set of inputs leads to a
narrow envelope of possibility

Figure 38 shows how disjunctive rules are broken up

Figure 39 shows how rules are organized into blocks

Figure 40 shows the interpolation to get [y',,, ¥'r,] and W',

Figure 41 shows the definition of Ay

Figure 42 shows the construction of the core and shoulders for B.* for p® =p® =5
Figure 43 shows how B * may be corrected

Figure 44 is a further embodiment using effective distance measures.

Figure 45 shows the concept of continuous interpolation of implicit rules.

Figures 46 to 85 show an example application of the fuzzy logic decision making process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to figure 1, an overview of a generalized system according to the present invention
is shown by numeral 11. The system 11 comprises a predetermined set of parameters 12
defined by an expert (not shown) for the system. Generally the set of parameters are termed
expert inputs. The expert inputs 12 are shown in more detail in figure 4. The figure shows the
parameters that the expert decides upon and inputs at the time that the system is set up. The
expert must set up the set of rules with truth values 56, possibly with associated probabilities
as well, a set of examples with associated example factors 402, a set of alpha-cuts 401, the
function M, 57 or equivalently a function for making each alpha-cut spread, the distance
functions 55, an interpolation method for curve fitting 58 if the expert decides to interpolate
rather than use the alternate method, and weights and weighting functions 59, and thresholds
for the decisions 403. Direct constraints on the output may be included. These parameters are
stored in the system. The parameters are unique to the application and the expert is only an
expert in the field for which the application is to be used for. The parameters are necessary

inputs for the algorithm and are based on the experience of the expert.
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The expert must define a set of rules 56 for the application, of which there is a minimum of
one. The parameters of the rules themselves are shown in figure 11. They include: a
definition of X, and Y, the universes of discourse for the input (input dimensions are indexed
by k) and output 112, the probability of each rule output option 113, the truth value of each
rule 114, and a definition of a factor k to be used when examples are generalized into rules
115. It is not necessary for there to be an exact match between the rule outputs of one block
of rules and the rule inputs of the next block. For example, it is acceptable to have “red apples
are ripe” and “half-ripe apples are cheap” as rules.

Figure 21 depicts the situation that occurs if probability is associated with the rule output B,
in which case it has at least two rule outputs, denoted by the superscript (c). Each output
option o is associated with a probability p(B* |A), which may be vague. For example, “cats
are usually affectionate” has one rule output “affectionate”, with associated fuzzy probability
“usually” translated as a fuzzy number centered around 0.2; and a second rule output “not
affectionate” with associated fuzzy probability “rarely” translated as unity minus the fuzzy
number “about 0.8”. There can also be more than two output options, each with an associated
probability, for example, “hot weather is sometimes dry, sometimes rainy, and humid the rest

of the time”.

Truth-qualified propositions include phrases to indicate that the proposition is not exactly
expressing the true relationship between antecedent and consequent, for example, “That small
animals make good pets” is only sort of true. A truth value 0<T(A—B)<L is assigned to each
rule, which increases the spreading of the output when T(A—B)<1. If T(A—>B)<1, even
when the input matches the rule input exactly, the envelope of possibility will spread outside

the rule output, and the belief in the conclusion will not be 100%.

The example factor, «, is used the same way as T(A—B) to increase blurring or spreading of

the envelope of possibility when an example rather than a rule is being processed.

Rules are distinguished from examples by their power of exclusion. If an example of B is
observed at the same time as an example of A, then if A recurs exactly, it is possible that B

will recur too. But it is also possible that something else will occur, most probably something
10
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similar to B. On the other hand, if A—B is a rule of truth value 100%, then if A occurs
anything other than B is excluded. As people transform examples of experience into rules by
accumulating confidence that nothing other than B will ever follow from A, a fuzzy transition
in their judgment of the relationship between A and B occurs. Thus, there is no sharp line of
demarcation between rules and examples. A rule is represented by k=1, an example by
0<k<l. If k=1, then there is no generalization beyond B; the only allowed output when
A'=A is B or its subsets, which is shown in figure 22. On the other hand, if k<1, then a halo

of outputs B' close to B are permitted even when A'=A.

Knowing vaguely to what degree an output varies as a function of the inputs is generally
sufficient for people to generate a rule from a single example. Given the observation (A, B)
they will postulate a rule A—>B* where B* is a blurred, spread out transform of B. For
example, if a tourist in a strange city buys an apple for 50 cents in the local currency and has
no other experience with apples in that country, he will form a tentative rule “apples cost
about 50 cents”. Here he uses previous knowledge from other countries about the variability

of apple prices to quantify “about”.

These two concepts may be expressed mathematically by modifying the technique that

creates a spread out envelope of possibility from the rule output, namely replacing

d(A, A) by 1-x(1-d (A, A)) or 1- T(A>B)(1-d (A, A")):

dy(A, A, x) = 1-k (1-d(A, A))

d (A, A", T(A—B) = 1- T(A—-B)(1-d,(A, AY)),

where d (A, A') represents the mismatch between the rule input A and the input A'. The
distance functions d, will be described later. Time evolution may be built into the system by
putting a timestamp on each example or rule and reducing T(A—B) or k as time passes.
With this method, knowledge in the form of examples and well-established rules may be
stored on the same footing in the rule base. The values of x may be assigned automatically
by the system or manually by the expert to a certain class of inputs for example, fruit, even

before any examples or rules for that class of inputs are available to place in the system.
11
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Alternately, if precise rather than fuzzy measurements are available, as in the apple price
example, values of x could be assigned automatically to new data (A, B), using the
cardinality of A and B relative to some stored constants, as a criterion for distinguishing
examples from rules. A rule input A of very low cardinality is then assumed to arise from a
single example; rule inputs of larger cardinality are assumed to represent samples large
enough to define rules.

The expert must also select the distance functions 55 to be used, which are shown in more
detail in figure 6. The different methods of measuring the distance are determined based on
the experience of the expert. An explanation of the different distance functions identified by
numeral 62 and their applicability is described below.

To understand how the expert chooses distance functions, it is necessary to understand how
the possibility distribution is calculated from the kernel MP . The function Mp is described in
more detail later on.

Referring to figure 23, the basic definition for the envelope of possibility of outputs B,*(y)

may be defined most generally by an arbitrary t-norm t:

B*(y) =V, t[B'(Y), M, (A'—>B' |A—B)]

Here MP(A'—>B' |A—B) is the plausibility of the entailed proposition A'>B’, given A—>B.

The preferred t-norm is the Zadeh t-norm, t(x1,x2)= min(x1,x2). The symbol V stands for

“max” unless stated otherwise. B' is any convex member of the power set of Y. For the

algorithm M_ s specified as M,(d(A, A"), d,(B, B")), or for notational convenience in the
following discussion, as Mp(dx, d,). The minimal requirements for M, are:
M1, d)=1
2) M, (0, d,)=1 if d =0
=0 otherwise
)M, 1)=1
4HM(d, d,) is a nondecreasing function of d,
5) Mp(dx, d,) is a nonincreasing function of d,

12
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Mp(dx, d,) does not have a limit at (d,, d,)=0. This is an essential feature, not an oversight.

Figure 24 shows an exé;mple of M,

There is no unique way of specifying the distance between sets to get the envelope of

possibility. The expert must decide according to context.

Different distance measures may be used for M, and belief, with M, having the less restrictive

one. The superscripts (B) and (P) will distinguish between them. There is no inconsistency in

using different distance measures, so long as d® > d®. Different distance measures may be

used for each dimension of multidimensional inputs. Different measures may be used for

input and output.

The classical measure of distance for implication operators is set intersection

d (A, A)=1- JA'NAJA]

This is preferred for calculating belief, as opposed to

plausibility, since belief increases when the fraction of the input lying within experience (the

rule input) increases. . Moreover, unlike other distance measures to be discussed, it is zero

when there is no intersection between the rule input and the input. With this choice of d®

belief will be zero when the output is the result of extrapolation or interpolation outside

experience, indicating a break in the direct chain linking the input data through the rules to

the conclusion. On the other hand, if the expert decides that extrapolation or interpolation

outside experience is worthy of belief to some degree, then another d® should be selected.

A fractional set intersection is defined as:

die (A, A) = [1- JANAVIATT/ (1 - |AYIXT)

It is arrived at by renormalizing d; (A, A') so that d; (A, X) = 1.

Set intersection measures what fraction of the intersection of A and A' is contained in A,

rather than the extension of A' outside A, which is desired for estimating the envelope of

possibility. The more of A' that lies outside A, and the further away it lies, the more By*(y)

will spread outside B(y).
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Set intersection fails as a distance measure when A is a point set located at x, denoted by x*,
although it has no problems when A' is a point set. In addition, there are computational

difficulties associated with solving explicitly for the envelope By*.

Define ¢(A, A"), the central cover of A and A', as the smallest fuzzy set on X such that both A

and A' are entirely contained in it and no alpha-cut consists of more than one segment.

Referring to figure 26, right, left and central standard covers will now be described. Unless
otherwise stated, covers are assumed to be standard.

Referring to figure 25, it is also useful sometimes to define the cover as the smallest convex
set such that both A and A' are completely contained in it. This is known as the alternate
cover, and it must be used to determine d, to represent fractal systems. If it is not used for d,,
then the support of B,*(y) will always be infinite if d,>0 regardless of the choice of M,. A
finite support for B,*(y) therefore requires a certain choice for M, together with the alternate
definition for the cover in calculating d,. To denote this distinction, subscript ¢ will be
replaced by subscript ¢’. This alternate definition is computationally less convenient but is

required for representing fractal behavior.

Define A'y(A, A") as the part of A' located to the right of the normal part of A, and A’ (A, A")
as the part of A'located to the left of the normal part of A. Define the right and left covers as

Cr(A, A) =c(A, ARR(A, A))
cu(A, A) =c(A, A'L(A, AY))

Define the absolute cover-distance as

deg (A, AY) = max([cg(A, AY)| - AL [ (A, A - [Al)

Figure 12 depicts the reason for the introduction of right and left covers.
Suppose the relationship between y and x is unknown, but is subject to a fuzzy constraint that
limits the maximum possible value of the absolute value of dy/dx near the region in the (x,y)

plane corresponding to the rule A—>B. The curved lines in 122, 123, and 124 show some of
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the functions that satisfy these constraints. It follows that the points in the fuzzy set A’
cannot be mapped onto points outside the fuzzy envelope Bp*. It also follows that the fuzzy
set A', must be mapped onto the same fuzzy envelope B,* as A’ itself if A’ is symmetric
about A. Since B,* spreads outside B by an amount dependent on d,, d, must be defined so
that

d(AA) = d(AA) =d(AA")

whenever

ler(A, A - |A] = e (A, AT - A

This requirement is met by making d, a function of

max([cg(A, A')], ¢ (A, A'))

It is not met if d, is simply a function of ¢(A,A’"), hence the need for right and left covers.

This d,y, (A, A") is an absolute measure. It has the advantage of computational simplicity and

is meaningful whether or not A and A' are point sets.

Linear and relative normalized distance measures will now be discussed. A set of normalized

distances will now be defined in terms of covers.

Define the relative cover-distance as

der (A, A") = max(1 - [Al/cg(A, A, 1 - [Alle (A, A))

Define the alternate relative cover-distance, to be used for fractal systems, as

dera (A, A') = max(1 - [Al|eg(A, A)), 1 - [Ale.(A, A))

where the alternative definition of covers (Figure 25) is used for d,, unlike all other cover-
distance definitions.

Define the linear cover-distance as cover-distance normalized by the cardinality of the

universe:

do (A, A) = deg, (A, AYX]

Define the fractional linear cover-distance as cover-distance normalized by the cardinality of

the complement of A:

der (A, AY) = dog, (A, AY(X] - |A])
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If it is necessary to make sharp distinctions between sets comprising almost all elements of X,
then d, , rather than d,; should be used. For example, if [A]=.95|X] and | A'| = 99/X|, then d, ¢

will indicate a large distance between A and A', whereas d ., will indicate they are very close.

Define the fractional relative cover-distance as cover-distance normalized by the cardinality
of the complement of A:

dre (A, A') = de(A, A) [XI(X] - |A])

Measures normalized by |X|-|A| should be used when the expert wants total ignorance about

the input (i.e. A'=X) to translate total ignorance of the output (i.e. Bp*=Y with belief=0).

These cover-distances measure the fraction of A' containing new elements of X outside A,
elements which are mapped to an unknown region in Y. Although they appear to give a
proposition an unlimited zone of influence, in reality, M, can be defined so that once A'ils

sufficiently distant from A, M,=1 for all B', hence the zone of influence can be made finite.

Distance measures can be combined in order to create a smooth bridge between point data
(typical of examples) and fuzzy data. The relative distance measure cannot cope with the
situation where A is a point set, that is, where A is a set with only one single value. It sets
deg(A, AN=0, regardless of A', if A is a point set. To deal with this problem, a hybrid
distance measure is introduced:

sy (A, A) =(1- 1) deg (A, AY) + Adeg(A, A'), where A =|A[/X]

This makes it possible to reason continuously from point data to logarithmically scaled fuzzy
sets. If examples or rules with very narrow fuzzy sets are to be accorded the same zone of

influence while relative cover-distance is used, then hybrid distance measure should be used.

The complements of convex fuzzy sets, described below, require slightly modified distance
functions. Rule inputs and outputs are often expressed in terms of the complements of fuzzy
sets, for example, “if latitude 0 is not near the equator, then temperature T is not very hot”.
Hence, it is necessary to define d(N(A), A"), where N(A) is the complement of a fuzzy convex
set A. Since N(A) is not necessarily convex, the previous definition of cover-distance cannot

be used because it dictates that d=0 for all A".
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Referring to figure 13, 132 shows a graph where the curved dotted lines show the relationship
between latitude and temperature that are consistent with “if © is not near the equator then T

is not very hot” and a fuzzy constraint on dT/d®.

It is clear from graph 133 that the width of the fuzzy envelope of possible temperatures
depends on the smaller of the two distances, d ,(Ny(A), A") and d (N (A), A").
The following distance definition will therefore generally suffice for rule inputs which are

complements:

d(N(A), A) = t( d(Ng(A), AY), d(N(A), A))

where d is any of the distance measures discussed above.

For rule output that is a complement of a convex set, two values are required:

d(N(B), B) = (d(Nx(B), B"), d (N.(B), BY))

Referring to figure 14, diagram 142, consider “if T is very cold then 6 must be very far from
the equator”. Here N, (B) and Ny(B) are the two polar caps, and A is “very cold” There are

two envelopes of possibility, one spreading around N, (B) and one spreading around Ng(B).

The reason for keeping two separate values is that the final B,*(y) is formed by a union of the
two fuzzy envelopes, Ng(B)* and N, (B)*, resulting in a non-convex By* , which is shown by

143. Hence the basic definition of B,*(y) is modified:

Be*(y) = {v, t[B'(y), s(M(A'>B'|A-NB)I}v {v, tB'(y), sM(A—>B'|A->N(B))]}

=V, t[B'(y), s[MP(A'—>B' |A—>Ng(B)), MP(A'—>B' [A—>N; (B)]]

Each of the two M, require their own distance function, d (Ny(B), B') and d (N (B), B').
Here s(x1,x2) is a fuzzy t-conorm. For computation, this result merely signifies that Np(B)*

and N, (B)* need to be calculated separately and combined with some fuzzy t-conorm,
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preferably the Zadeh conorm since it can be done without reconstituting a set from its alpha-

cuts.

Another parameter that the expert must define is the kernel M, or equivalently the way in
which the envelope of possibility for a given alpha-cut spreads as a function of the distance
between the input and the rule input. Once a functional form 76 for M, is chosen then Mp is -
fully defined by S, 72, S, 73, d, 74, d,, 75 which are the set of parameters depicted in figure
7.

The general requirements for M, were discussed earlier as part of the discussion of distance
functions. The expert must understand the relationship between the shape of the envelope of
possibility and the definition of M. The following theorem shows how to construct B*.(y)

for a given M.
Theorem 1

If the t-norm used in the basic definition of By*(y) is the Zadeh t-norm, and M is a
continuous function of d, except at d, = 0, and d, is a cover-distance measure, and the Bg'(y,
y.,) are as defined in figure 27, then the right boundary yy, of the alpha-cut of the envelope
B,*(y) are defined by the largest solution of a=M(d,, d,(B, B'r(¥, Yre®))- The left boundary
y,, is defined analogously using a B',(y, y,,) that extends to the left of B rather than to the

right.

The figure 27 shows the B'(y, y.,0) that is used for the standard cover. If the alternate cover

is desired, then B;'(y, y,,o) shown in figure 33 would be used instead.

The theorem permits the expert to see how the envelope spreads for a given M, and d,. It also
permits the expert to select the desired spreading pattern, for example a bell curve with a
standard deviation dependent on d,, and construct the corresponding M, from it to verify that

M; is chaotic or continuous.

Referring to figure 28, the functions My(d,,d,) may be characterized by the shapes of the

contour lines defined by M(d,,d,) = constant and by their intercepts on the d, axis. For those
18
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M, for which the contour lines approach the point (0,0) with non-zero first derivatives, these
families of curves may be defined by d,= M;"(S, d,) where S is the slope of the contour line
in the limit as d,— 0. Since M, can also be inverted to yield d,= d (M, d,), it follows that M,
is completely characterized when a function f(S) is defined that assigns a value of M to a

contour line characterized by a slope S at the origin.

Referring to figure 29, S,and S, define the fuzzy limit on the absolute value of the rate of
change of d, with respect to d, in the limit as d,—0. d,/d, <S, is 100% possible, and d,/d,>S,
is 0% possible. S, determines the rate at which the alpha-cut o = f, (S) of B(y) spreads for d,
near zero. Referring to figure 30, it can be seen that the function M, near (0,0) is used to
encode the rate of spread of B,*(y) around the original output B(y) as the input A' moves an

infinitesimal distance from the rule input A.

The intercept d,, of M, on the d, axis determines at what value of d, the infinite flat tails first
appear, as is shown by diagrams 312 and 313 in figure 31. The intercept d,, of M, on the d,
axis determines at what value of d, the height of the tails becomes unity. Whether M is
chaotic or not is not determined solely by the existence of tails on B;*(y). An explanation as
to how M, encodes chaotic systems will be shown as a specific example of M,. If the system
is being used to encode policy, then certain characteristics of M;, are related to the degree of
rigidity or latitude desired for the interpretation of the policy. If fdxdyMP(dx,dy) <<1, then
almost all actions except the ones spelled out explicitly in the policy or arrived at by
interpolating the policy are forbidden, even when the policy does not cover the situation very
well. If this integral is close to unity, then people interpreting the policy are left pretty much

to their own judgement when they are in a situation not exactly covered by the policy.

Generally, M, can be made to be dependent on other parameters. This would require

additional derivation.

If desired, a suitable choice of M, can reproduce some of the currently used implication

operators as special cases, for example, the Zadeh implication:

By*(y) = min(1, 1+d, + B(y))
19
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M, also encodes the desired amount of chaos or continuity. If A—B entails A'>B', it follows
that A'—>B" entails further hypotheses A"—B" even more remote from A—B, and that these
A"—>B" entail further hypotheses A"—B", ad infinitum. It also follows that there are
infinitely many paths from A—B to A'=B' through a chain of intermediate hypotheses.
Chains of any length n are possible. The strength of the connection between A—B and A'>B'

can be written recursively in terms of the strengths of each intermediate link in the chain:
M (A'—>B' |A—B)® = min ,. max . t[ M (A"—>B" |A—>B)™", M (A'>B' |A"—B"]

where the t-norm is taken to be the Zadeh t-norm in the discussion of recursion, and

MP(A'—>B‘|A"—>B")(°) is the zeroth order function, referred to earlier as M.

In a chaotic system, it may be possible for A'>B’ to be entailed from A—B by one big jump,
a “leap of logic”, even if it can’t be entailed through a chain of intermediate hypotheses, each
differing from its predecessor by a small step. The appropriate entailment function for a
chaotic system is defined an M, such that M“’)P(d(A, A", d(B, B") > M(“)P(d(A, A", d(B,
B')). This inequality leads to the following conditions on M; for it to be chaotic or

continuous or somewhere in between:

Theorem 2

Referring to figure 32, define M; as a transformation of M, such that M; (D,,D,) = Mj(d,.d,)
where D=In(1-d).

If relative cover-distance is used as distance measure, and if M, is nowhere concave (case (f))
then M, @ =M, ®= M, ®.

If M, is linear everywhere (case (a)) or concave everywhere (case (b)), then M,® (D,, D))<
M, ® (D,/n, D,/n), with equality occurring if linear everywhere. (Note that if M is linear, then
M, (D,/n, D /n)=M, (D,, D,).)

If M, is convex in a finite region of the D,-D, plane enclosing (0,0) and concave elsewhere
(case (c)), then either (1) M, @ =M, ®=M,*, if (D,,D,) lies within the convex region, or (2) if
(D,,D,) lies outside the convex region, M, ™ is a decreasing function of n for n< some finite
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value N; for n>N, M,™ is a constant, which is less than M, ®; the further (D,, D) is from

this convex region, the larger N will be.

If M, is concave in a finite region of the D,-D, plane enclosing (0,0) and convex or linear

elsewhere (case (d)), then either (1) M,” = M, ® for for n< some finite value N; for n>N,

M, ® decreases as a function of n, if (D,,D,) is outside the concave region (2) M, ®is a

decreasing function of n for all n, if (D,,D,) is inside the concave region. If M, is convex or -

linear in an open region that has (0,0) on the boundary (case (¢)), and concave in an open

region that also has (0,0) on the boundary, then either M, ® (D,, D,) < M,;"” (D/n, Dy/n) or

M, @ =M, ™, depending on the location of (D,,D,) in the convex or concave regions.

Theorem 3

If linear cover-distance is used as a distance measure, results analogous to Theorem 2 hold

about Mp(d,(, dy).

These theorems guide the expert in selecting an M, that is chaotic in regions close or far from

experience. If the expert starts with a given rate of spread, then the theorems can be used to

determine whether the corresponding M, is chaotic or not. For example, if leaps of logic to

remote possibilities are desired only when the input is remote from experience, then M,

should be convex or linear near (0,0) and concave far from (0,0) (case (c)).

Given B,*(y), it is possible to construct M, as follows.

The following is an example of the construction of B,* from M, with M, chosen to reproduce

the type of spreading that is characteristic of a pseudo-random Brownian motion, i.e. fractal

behaviour.

Given a linear M, after transformation of coordinates Dx Dy, defined by:

My(dd,) = £,[In(1-d,/in(1-d)]

and

£ (S) = max[0, min[1, (S-S,}/(Se-S,)]]-

the construction of B,*(y) is most easily illustrated for the case where B(y) is a crisp set

defined by B(y)=1 for 0<y<W. In this case the unknown is y, as a function of M rather than
M as a function of (d,,d,). Referring to figure 33,

B'(y, y., M) = 1-M yly,

if y<y, and y>W
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=1 if O<y<W
=0 otherwise
since the alternate definition of cover, shown in figure 25, must be used to reproduce
logarithmic spreading.
d (B, B) = (Yo W)M+1)/2 /[ (y-W)(M+1)/2+W ]
However,
4,(B, B) = M'(M, &) = 1 - (1-4) 5
therefore, d (B, B') can be eliminated to get an implicit relation between y, and M:
1 - (1-d,) (MO = (v WYM+1)/2 /[ (y-W)M+1)/2 +W ]
which may be solved for explicitly for y, as a function of M:

/W =[2(1-d) "0+ M-11/(M+1)

The ordered pairs (y,(M), M) may be regarded as a parametric representation of the right side
of the envelope function (y, B*(y)). The interval [-y (M)+W/2, y(M)] can also be identified
with the alpha-cut oo =M of B*(y).

Figure 34 shows B,*(y) and how it defines a fuzzy envelope within which the random walk
wanders. Note that B,*(y) no longer simply dilates according to d, as it does when MP(dX, d,)
is linear. The outer boundary of B,*(y) (a=0) spreads much faster as d, increases than does

the inner core (a=1). The relationship is in fact logarithmic, as d, becomes very large:

In(y/ W)/In(y.,/W) = S,/S,
where y,, is the smallest value of |y| such that B*(y)=0 and y,, is the largest value of |y| such
that Bp*(y)=1. Note that

yo/W = (1-d) ™

These logarithmic scaling relationships are the basis for the claim regarding the suitability of
relative cover-distance for describing fuzzy sets of fractional dimension. The relationship to
fractals may be seen as follows by considering fractional Brownian motion (Fractals, Jens
Feder, Plenum Press, 1998)as an example. A variable y(t) undergoing such a pseudo-

random one-dimensional random walk has a variation of increments given by
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V(') ~ (t-t) ™"

where H is the fractional dimension, 0<H<1, and

V(t)=<[y(t)-y®O) >

If the time t'-t elapsed since the last position measurement is equated to c(A,A'"), and V(t)'"* s
equated with R(B*), defined as the RMS deviation of the envelope B,*(y) of possible
positions at time t', one should therefore find

R(B*) ~ ¢(A,A")"

Now R(B*) ~ (1-d ) if S, is not wildly very from S,. Since 1-d, is defined as A/c(A,A") ~
1/(t-t), S, may be identified with the fractional dimension.

If the expert system is used to calculate an envelope of possibility for systems whose
behavior resembles a random walk with some long-term correlation with past events, as is
characteristic of systems with 1>H>0, then relative cover-distance using the alternate cover
definition (figure 25) is clearly the appropriate distance measure, and the linear M, is the
right function. Concave M; is not appropriate here because for such Brownian systems, y(t")
may wander far from y(t) but does so in a series of small steps, not in large leaps. Concave

M, is suitable for systems where discontinuity is a possibility.

So far only one rule has been discussed. Curve fitting is required when the system
interpolates/extrapolates between the user input and sparse rules in order to obtain the
envelope of possibility. The expert must define the interpolation method for curve fitting.
The choice of curve-fitting procedure depends on the expert’s judgment, any knowledge
about the relation between input and output, and the degree of sparsity of the rules/examples.
For example, a predictive method may be used for the extrapolated part of the curve, while a
polynomial fit could be applied for interpolation. Polynomial or linear regression is also
possible, if it is not considered essential to reproduce the rule output exactly when the input
matches the rule input exactly. Regression is in fact required if the equations are over-
determined, as would occur with an inconsistent rule set. If it known that a certain relation
holds approximately between output and input, for example “travel time is inversely
proportional to speed”, then this relation should be used for curve fitting rather than some

arbitrary polynomial.
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If there is only one data point (rule or example), hence only one rule to be fitted, then the
output is constant and equal to the rule output, unless a trend is defined by the expert. If there
are insufficient points for fitting, or if the points are not independent, then the curve fit can
still be fully specified by adding a requirement to maximize, using Lagrange multipliers, the
y-component of the gradient of the surface to be fitted, subject to constraints, namely the

sparse rules to be The following example is for two-dimensional input:

Three points define a plane in R’.  Suppose there are only two points v, and v, for fitting
where

¥, = (X115 X Y1)

Y, = (Xa1 X020 Y2)

The plane passing through these points must satisfy fi- (v, —v,) =0,

A 2
where i =(n, n,, y1-n; —-n;)

which is one equation with two unknowns, n, and n,.

Maximization of /l-n} —n’ subject to the constraint fi- (v, —v,) = 0 using Lagrange

multipliers leads to a unique solution for f.

If the expert wishes to represent a linear trend, then instead of maximizing n,, the quantity to

maximize would be i -t, where t defines the trend, shown by figure 35.

The expert must also choose a minimum allowed width w,, for each alpha-cut for the output.
This minimum is applied to the result of interpolation, not to B;*(y). It is possible for
interpolation to cause crossover or unrealistically narrow outputs. Referring to figure 10,
graph 102 shows curve fitting from three rules, for a given alpha cut. Graph 103 depicts the
crossover that occurs because y'; > y'z. The w, will be used to deal with this crossover at step
44. Graph 104 shown the curves after the crossover prevention is applied. For interpolated
probabilities, a set of minimum widths for each alpha-cut can also be chosen, or the minimum

widths can simply be set to zero.
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The expert must also decide whether interpolation or an alternate method should be selected

for a set of rules/examples. Interpolation may be inappropriate when the set of rules actually

consists of examples that are scattered and not sparse.If the alternate to interpolation is

chosen, then an envelope of possibility is calculated surrounding each rule output, and the

aggregate output envelope is the fuzzy average of these envelopes, with the weight for the

example j being 1-d,(A;, A, ;). “Fuzzy average” means that the envelopes are treated as

fuzzy numbers on which arithmetic operations are performed. If the alternate method is

selected for a particular rule block, and this rule block deals with scattered and/or non-sparse

examples, then the same distance function should be used for d® and d® with cover-

distance preferred

The expert must choose a set of alpha-cuts 401, since almost all the algorithm’s calculations

are performed on the alpha-cuts of the inputs and the rules, and By* is also calculated as

alpha-cuts. There must be at least two alpha-cuts (top and bottom), more if greater accuracy is

desired.

Referring to figure 36, weights and weighting function 59 must also be specified when there

are multidimensional inputs. A multidimensional conjunctive rule input A, is defined by

A=TT A, where the dimensions of the input are indexed by k and the rule input by j.

Weighting is explained as follows. Even when people have only very vague ideas about the

functional dependence of an output on several inputs, they can usually say with confidence

that some of the inputs are more relevant than others, meaning that the output changes more

rapidly as a function of those inputs. For example, without knowing how many dollars an

upstairs bathroom adds to the price of a house, one can still say it is less relevant than the

house location. These ideas are expressed mathematically by metrics such as this example

using an Euclidean metric:

d(A;, A)=[Z W, d TV [Z W], 1=q<e0, 0sWisl

where

dxk:dx(Ajk! A'Y)
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is the distance between the k’th dimension of the rule input j and the k’th dimension of the

input. Different distance functions may be assigned to different dimensions.

The W, are selected by the expert to reflect the relative sensitivity of the each dimension of
the rule input. If W, is small, it means that A,’ is uninfluential or irrelevant. If input k is not
very relevant, then not knowing input k exactly should do little to widen the envelope of
possibility of the output. q and the W, together with S, and S, determine the fuzzy constraint

on the maximum allowed rate of change of the output with respect to the input k.

There are obvious generalizations of the metric, for example, a rotation of coordinates:

d, = [ 2 Wiy din"d 1", 1 <q <0

where the matrix W,__ is real and symmetric with positive eigenvalues, and appropriately
normalized. The surface in input space corresponding to a constant degree of spread in the
possibility envelope is then a rotated ellipsoid centered about the rule input. A very narrow
ellipsoid aligned with the diagonal of a hypercube should be used when the inputs represent
the same measurement from different sources (e.g. triplicate sensors, opinions on the same
issue by several experts), and these inputs are being assessed for concordance, and the output
is supposed to be the aggregate of these different sources. If this ellipsoid is chosen, then a
concordant set of inputs will lead to a narrow envelope of possibility; if the inputs disagree,
there will be a wide envelope of possibility spreading around the average. This is shown in

figure 37.

To represent certain information, the substitution of

max[0, (dy - WJ/(1-W) ]

for d,, may be necessary. This equation should be used for a rule of the type “If input k is
true or nearly true, and the other inputs are true, then B is true”. For example, one may say
“A good quarterback must run fast and throw well, but throwing well isn’t as critical as

running fast, as long as he can run fast, it suffices if his throwing ability is above a certain
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threshold.” This relationship is in accord with the generally accepted idea of “compensation”
in the fuzzy literature. It should be clear that an expert can modify the distance function as

required to represent information about sensitivity to various dimensions of the input.

Multidimensional rules may be expressed in terms of disjunctive inputs, e.g. A, or A, implies
B. In that case a different function must be used to aggregate the d,. With the help of another -
distance-aggregating function, distance from a rule with disjunctive input can be formulated.
For example, distance from a rule input such as (A, or A,) would be represented most simply

as:

d((A, or Ay, AY=d,, d, =d(A;, A") d(Ay, AY)

or some other t-norm. The Zadeh t-norm is unsatisfactory here because of its insensitivity to

the larger of the inputs.

Variations on this formula can be used to the express subtle caveats characteristic of human
reasoning. For example, if one wished to make the output more sensitive to input 2 than to

input 1, one can write:

d, =d,, min(1, d,,/(1-W,))

Another relationship in which input 2 is more important than input 1 is expressed by:
d; = d,, max[0, (d,, - W,)/(1-W,)]

This equation expresses the relationship “If input 2 is true or nearly true, or input 1 is true,
then B is true”. It should be clear that an expert can modify the distance function as required

to represent information about sensitivity to various dimensions of the input.

The expert must select a t-norm t® for aggregating belief and another t-norm t® for

calculating an aggregate distance between the input and the rule inputs, this distance to be

27

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 99/67707 PCT/CA99/00588

used for calculating spreading. The Zadeh t-norm is not recommended. t* must be at least as

conservative as t*, meaning that t®'< t®.

If the system is to be used for process control where the controller output is a real variable,

the expert must specify a defuzzification method for going from B,*(y) to a crisp output.

The expert must set thresholds for ignorance, doubt, belief, degree of proof of an assertion G
and degree of possibility of that assertion, for telling the user when to stop collecting data.
The expert decides what this assertion G is. There may be more than one such assertion, for
example guilt or innocence. If the system is used for process control, then these thresholds are
not required unless it is a system that can choose whether or not to collect information, such
as an autonomous robot. The thresholds are denoted I;,, Bel i, Hyin(G), Kipin(G). The
definitions of I, Bel, H and K will be discussed in the section on output postprocessing. The
expert must not set limits that are inconsistent with the rules. If some of the rules have low
truth values, or some of the rules are in the form of examples, or if there are probabilities
involved in the rules, then the envelope of possibility will spread out even if the inputs match

the rule inputs exactly; making it impossible to satisfy the criteria.

Pre-processing of the expert input is performed in 13. Referring to figure 15, this is where
linguistic inputs are translated to fuzzy sets 151. Additional preprocessing is done to
determine the parameters for curve fitting for each alpha-cut 152. The curve-fitting procedure
described below is executed for each alpha-cut of each probability option ¢ of the rule set.
In 154, the rules are organized hierarchically. A group of rules leading to an output will be
called a “block”, shown in figure 39, and the block index will be . Denote the unmodified
set of rules of block B by S;.
The curve-fitting procedure is repeated for each block that was selected as an interpolation
block. The same set of alpha-cuts is used for all blocks.
The range of the output is renormalized in 155 so that no negative values occur. The
renormalized values are for internal calculations only, not for display. This step is intended
to prevent problems with fuzzy arithmetic when expected values are calculated using fuzzy
probabilities.
In 156, the maximum number of options for any rule, N, is determined.
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Step 157 breaks up any rules with disjunctive rule inputs into equivalent rules with
conjunctive (i.e. convex ) inputs, as shown in figure 38. Remove the disjunctive rules from
the set of rules to be used for interpolation and replace them by the equivalent rules with
conjunctive inputs.

In step 158, for each rule j, order the output options B, in increasing order so that B <

BV, If fuzziness prevents makes ordering ambiguous, then it does not matter in what order

the ambiguous items are placed.

In step 159, for each rule j, add dummy output options until each rule has N output options.
The dummy options are all identical to the last “real” output option. For example, if a rule ]
has only two options B and B;”, the dummy options B;®, B;*¥, etc. would all equal B; @,
If a rule j has only one output option B, then the dummy options would all equal B/". After
this step there will be N output options B for each rule. Associate a probability P(B/|A)
=0 to each dummy option. Dummy options and real options are treated on an equal footing
in interpolation. Denote this set of rules with the broken-up disjunctive rules and the dummy
output options by S,

501 decomposes all probabilities P(B/®)|A,), rule inputs A; and outputs B{” into alpha-cuts.
For rule input j, the vector of the right boundaries of the alpha-cuts is denoted by X;z, and the

vector of left alpha-cuts is x; .. Each component of the vector corresponds to a dimension of

Zjla’
the rule input. The centre-of-mass of each rule input’s alpha-cut is defined as x;, =-5Xjra+
X;.,)- For each rule j and output option o, the alpha-cut is denoted by [y i Y ira "] For each

probability, the alpha-cut is denoted by [P, P jz,'”]. In addition, define the half-widths of

jta * L jRa
each output option alpha-cut W ;,=.5(y jz,”- ¥ j1a’™)-
In 502, if curve-fitting has been selected for this block, for each of the options ¢ and each
alpha-cut, find coefficients to fit the following curves:
Y1000 ¥ 1 (Eads W o@(Eeo)s P 110, P ro®(Xro)- Figure 40 shows fitted curves for
Vie ¥ re and W - If there are insufficient rules for curve fitting, the procedure with Lagrange
muitipliers discussed earlier should be followed.

The positions and values of local extrema of these curves are calculated and stored in step

503.
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The interpolation coefficients are stored and are not updated unless the expert changes the

rules.

Figure 5 shows the inputs to the system that must be entered by the user, or are the result of
measurement if process control. The user answers the questions that are set up by the expert
and posed by the software, i.e. an input A', for each dimension of the input. Shown by 33, the
user inputs A', with associated parameters: qualifiers (e.g. Somewhat, not at all, etc.), degree
of independence of dimensions, credibility of information for that dimension, and
probabilities. A', may be a single fuzzy set with 100% probability or it may be several sets

A' ™ indexed by the input option index r,, with associated fuzzy input probabilities P
summing to unity. The input is required to be expressed as a conjunction if it is
multidimensional, i.e. the user cannot enter “small or brown” to describe a cat, it must be

“small and brown”.

The user may be imprecise about the input by using qualifiers. Phrases such as “very”,
“somewhat”, or “about” applied to a fuzzy or crisp set modify the shape of the set, tending to
spread or sharpen its boundaries and/or shift it up or down on the real axis. These modifiers

can be applied to the input before they are processed by the algorithm.

An input may be single or involve several options. If an input, dimension k, has several
options, each options, indexed by superscript r,, will have a probability p™ associated with
it. The definition of these options is by the user, not the expert. For example, the user may
say “There is a 25% probability the cat hidden in the bag is small”. In such cases, the fuzzy
input to the rule “small cats are affectionate” would split into two inputs, “small cat” tagged
with a fuzzy 25% probability; and “not-small cat” with a fuzzy 75% probability. The user is
free to choose “small” and “not small” as input options for the size dimension. He could have

chosen “very snall” and “medium small” instead, the system does not restrict choices.

The degree of independence of components is a question that arises for multidimensional
input.
In practice one often finds that the inputs are not independent as is tacitly assumed here. For

example, a rule may state “If the internal auditor says the company is well run, and the

30

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 99/67707 PCT/CA99/00588

external auditor says the company is well run, then the company is well run.”” Opinions A,’
and A, would be obtained from the two auditors, and then it may be discovered that the
outside auditor had recently worked for the company.

A measure 0<p<1 for the degree of correlation of the two information sources is estimated by

the user, and the aggregate of the first and second auditor’s opinions would be represented by:

d, = (1-p) dp[well-run, A,']+ p d,,[well-run, X]
In the limit p=1, d,, behaves as if information were available from only one of the two
auditors, as if the second had said “A,'=X, meaning ‘I don’t know’ ”, or that an opinion from

him were unavailable.

The user must also assign a degree of credibility 0<c,<1 to the information source for input
dimension k. If no credibility is assigned it is assumed to be unity. This credibility is used in
the same way as k and T(A—B) to effectively increase the distance between the input and the

rule input.

The user inputs 14 are followed by a pre-processing step 15. The user pre-processing is
shown in figure 17.

Step 171 translates linguistic inputs to fuzzy sets if required. Step 172 initializes the belief
for input A’ as

Bel(A) =t®(c, . ¢.)

If A’ is direct input from users or sensors rather than output from an earlier block.

Step 173 analyzes the rule set S, for occurrences of the situation where the union of two or
more A, is entirely contained in any of the A’. Ay is the largest such union. Ay is defined as
the cover of A, and By, as the cover of the corresponding rule outputs. pey is defined as the
cover of the associated fuzzy probabilities. A, is defined in figure 41. In 174, this new
entailed rule Ao, —> B, with its probability is added to the rule set S, replacing those rules
from which A, and B, were constructed. This modified rule set S,

Step 175 creates an indexing scheme, index r, for all the permutations of input options. Then
the probabilities p® for each of the A'® are calculated. For example, if there are two

dimensions for the input, and the first dimension has three options, and the second has two
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options, then there will be six input options altogether. The six input option probabilities are
calculated in the obvious way from the probabilities of the individual input options.

Step 176 calculates the alpha cuts for the user input options and the input option
probabilities. The alpha cuts [X',,™ X', ™] correspond to A',™. The alpha-cuts for A” are
denoted by [x',,® x'."] The centres-of-mass for the user input options are x',.". The alpha-

cuts for the input option probabilities are [p'y, . p'ur”]- The centres-of-mass for the input

probability options are p', "

Step 17 in figure 1 is where the calculations take place. The calculation within each block
comprises several steps. Figure 2 shows the calculations from step 17 in more detail.
In 25, calculation of the distances d,/®® and d ¥ from each of the rule inputs j for each of
the input options to get the aggregate distances for

(a) belief: d,®®

(b) spreading: d,®®
The distances between the option r of the input d,/®® and ™ and rule j are calculated for
belief and plausibility distance measures. These distances are calculated using the rule set S,?
defined during input preprocessing. For the distance function d, associated with the new
rule Ay~ By, the method for calculating the distance function must be modified as follows:
1- dyey (AcpyA)= (1 - d(Acy, A)) Ayl / [ Ay |
where d, is the default distance function.
d®=1t,(1-d®(A,, A), ... 1-4P(A, A) ..)

d,® is the distance between input and rule input j.
4.®(A, A) = d P(Aj, A", - 1- d P (A A )

where d, uses weights to aggregate the distances d W(Ay, A for the dimension k and

~

d & (A A" = 1-¢/(1-%) d,® (A, A", if Ay is an example

d . ® (A A" = 1-¢/(1-T) du® (A, A, if Ay is arule of truth value T

and

¢,' = 1- ¢, where ¢, is the credibility of user input k

¢, = 1-Bel, where 1-Bel, is the belief calculated by the block whose output is A’y

and d ,®is the distance function for dimension k.
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If interpolation rather than the alternate method is used, then the d,;™ must also be
aggregated over j using the t-norm t* defined by the expert user:
4@ g PO g OO )

L0

where the distance functions are modified only by ¢, k and T, not by Bel, as they are for d®""

For each alpha-cut and each rule input option r and each rule output option o, interpolation, '

shown in step 26, or the alternate method to get interpolated outputs B'™ and interpolated
output option probabilities p'* takes place. The indices (r,0) will be referred to collectively
as the option index. For each alpha-cut and each option, use interpolation or the alternate
method to get the interpolated probability associated with each output option (r,). This will

be P'™ = p'™@. p®_ Step 26 is shown in more detail in figure 3, which will be explained later

Taking the interpolation route, step 27 includes, for each alpha-cut and each option,
calculation of the possibility envelopes B,*®®, P*™_ Each B,"™is dilated using d,”® and
the function M, or the equivalent rule for spreading as a function of d, to get B *™. The
same dilation procedure is followed to get p,**. For each alpha-cut and each option,

calculate the possibility envelope for the probability P*¢® of option (r,o). This will be P*®” =
(U]

p*e).
Taking the alternate route, step 28, each B, is dilated using d,™” to obtain B, *. The
probabilities p,,* are likewise obtained by dilation. The B;,*"* and the p;,** are then

averaged by fuzzy arithmetic with (1- d,®) as weights to get B,*** and p,* and P** =
p*(rc), p(r).

In 30, the belief in the outputs or is the same for each ¢. It depends on the belief in the input
A'® and the mismatch between input and rule input. Belief in the interpolation procedure fall
as dx® increases.

Belp(f) = l’dx(B)( 0

Where d ®” was defined in step 25.

In step 32, all the inputs to the next block have now been calculated.
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Bru(m, pra(rc), B*a(rc), p*a(m, Bel(rc)

When the outputs of one block become the inputs of the next block, the output options (r,6)

of the first block are renamed as the input options of the next block.

For a rule block all of whose inputs are “direct” inputs, that is inputs from sensors or from
users, as opposed to inputs that are the outputs of previous rule blocks, steps 25 to 32 are

executed only once.

For all other rule blocks, steps 25 to 32 are executed twice. Figure 18 shows how these
concepts are applied to a simple system with two blocks. The first block, 182, has rules
{A,—A,, B,>B,}. Its rule inputs are direct. The second block, 183, {B ,—C,, B,~C,} has
only indirect rule inputs arising from previous blocks. An input A’ generates an interpolated
output B’ and a possibility envelope B,* when applied to block 182, shown in 184. B is now
used as input for block 183 to get an interpolation C’, shown in 185. B,* is also applied to
block 183 to get an interpolation C"’ which is dilated to get the possibility envelope Cy*,
shown by 186.

The first time steps 25 to 32 are executed, the inputs will be any direct inputs combined with
those calculated by interpolation only from the previous blocks, in other words anything
calculated in steps 25 to 32 with a prime rather than a star. No spreading is performed. The

outputs of this calculation will be denoted by B'™ and P'™

The second time, the inputs will be any direct inputs combined with those calculated by
interpolation and spreading from the previous blocks, in other words anything calculated in
steps 25 to 32 with a star rather than a prime. The outputs of this calculation will be denoted

by B*% gnd P*®.

Referring to figure 3, step 26 will now be described in more detail. First, get the alpha-cuts
of the input in step 42. If this rule block p is selected for interpolation, then B'™ and p"*® are

calculated by interpolation using the coefficients determined when the expert inputs were
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processed in 43. Several problems may result from applying curve fitting - Crossover,
toppling, missed extrema, and out-of-range values -that must be corrected before the results
of step 26 can be used in step 27 or as input to the next block.

The anti-crossover subroutine is called up in step 44. Crossover is described in figure 10,
graphs 102 and 103. The subroutine is described below for the interpolated outputs B, It
must be applied to the interpolated probabilities p'™ as well, using a different minimum width
also determined by the expert. Using the interpolated widths W,' =W (x',,),
ymin,' =y, - max(W,' ", w, )

ymax, = ye, @+ max(W,' 7, w,)

where V..’ = 5(Y L (X'1e™) + ¥ re A(X'ro)) is the centre-of-mass of the interpolated
alpha-cut and w,, are the minimum output set widths defined by the expert.

Let

.= miny ., ") , ymin,' )
yRa' @ = max(y Ra(c)(l'Ra(r)) ’ ymaxa' (OT))

redefine the alpha-cuts of B'™.

45 calls the antitoppling subroutine, which redefines the alpha-cuts of B'" once more. If the
interpolations for each alpha-cut are perfectly consistent, one expects B, 2 B,/ if a<at'.
This is necessary in order to ensure that curve for B’, is not skewed, as is shown in figure 8.
Anti-toppling, defined by figure 8, shows how this problem is corrected. Antitoppling also
must be applied to probabilities.

Step 46 deals with missed extrema, another potential problem that is shown in figure 16. If a
local extremum of the interpolation function occurs in the support of A'®, then the alpha-cuts
of B may not include this extremum and thus be too narrow. Locations and values of
extrema were found during expert input processing. In 162, the local extremum lies in A0,
but the interpolated B"* does not take this into account. B,™ should then be extended as
follows:

If the left boundary of the alpha-cut of B lies above the minimum of y | ,?(X',,"”) on the
interval defined by A_'®, then replace it by this minimum. If the right boundary of the alpha-

cut of alpha-cut of B'™ lies below the maximum of y ;,V( x's, "), then replace it by this
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maximum. This problem with missed extrema also applies to interpolated probabilities.

Graph 163 illustrates how this procedure corrects this problem.

In step 47, out-of-bounds is another problem with the B,'™ that is dealt with. The right and
left boundaries are limited to remain inside Y. If both boundaries lie outside Y, then an error
message is generated. The expert has made an error with the interpolation. The interpolated

probabilities also have their alpha-cuts limited to the interval [0,1].

In 49, probabilities obtained by interpolation should be checked that they still sum to unity
after the antitoppling and anticrossover procedures are performed. If the probabilities are
fuzzy, then the requirement takes this form: the sum of the left alpha-cuts of each interpolated
probability must be <1; sum of the right alpha-cuts of each interpolated probability must be
>1. If the requirement is not satisfied for a certain alpha cut, then an adjustment must be made

to restore the condition.

If this rule block B is not selected for interpolation, then B'* and p'* are calculated by the
alternate method described in the discussion of choices made by the expert, in which there is
fuzzy averaging of the rule outputs Bj(") of each option o of rule j with the weights (1-
d,(A,,A'”,x;) which depend on the distance between A'® and the rule input j. There is no
concern about crossover and toppling in that case. Note that fuzzy averaging can be done

separately for each alpha-cut.

Postprocessing of block output takes place in step 18 of figure 1. Postprocessing may occur
at any stage of collection of data of input data by the user or the sensors. It is used to assess
whether sufficient data has been collected to make a decision. Otherwise the system will
advise the user to collect more data and may suggest which data will do most to reduce

ambiguity about the conclusion, by means of derivatives or other means.
Postprocessing takes two forms.

If the system is being used for control, then defuzzification is performed at the final block.
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If the system is being used to obtain a most plausible conclusion and assess the quality of
evidence and rules (the belief) leading to this conclusion, or to assess the evidence for and
against an assertion G to be proven, then calculations are made of the degree of possibility of
the assertion G, and degree to which the conclusion is proven or the probability that it will

occur.

Whether the system is being used for process control or evidence analysis, the general state of
ignorance about the conclusion, and strength of the chain of belief leading to that conclusion
may be calculated optionally after each block and definitely after the final block.

These quantities are compared to the thresholds set by the expert, or they may be used only
for display. The possibility envelopes B ,** for each option together with their fuzzy
probabilities p,,*" may be displayed. The extended possibility envelope B.* is calculated as
follows from a core and shoulders. This is shown in figure 42.

In the first step, the B,* first are averaged (as fuzzy numbers) with their fuzzy probabilities
ps*™ to get the alpha-cuts of the expected possibility envelope <B,*>, which will form the
core B *of B, *.

In the second step, the shoulders are constructed from the B,** and p' ,“. This is not a
construction using fuzzy arithmetic and alpha-cuts like almost all earlier constructions. B_*
will have to be reconstructed from its alpha-cuts to perform this step. The shoulders are
defined as

B*(y) =2 p“B*(y)  or

Zmin[p * 7, B*(y)]

where P * ® is the defuzzification p ,**

In the third step, the extended possibility envelope is then calculated from

B *=B,* U <B,*>

If B,* is not convex, apply a correction, figure 43, to remove the problem. Thus B.* will be
centred at the most likely value of the output and have tails whose height reflects the

probabilities of the different input and output options.
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The expected value <By> of the belief envelope is calculated by fuzzy arithmetic from the

probability-weighted average of the B using p ™" the defuzzified p' ) as weights.

The expected value <Bel> of the belief is calculated from

<Bel>=X § " Bel™

The belief distribution is then defined as
By*(y) = <Bel> - <By(y)>
An extended belief distribution could also be calculated if desired using the same method as

for the extended possibility envelope.

The degree of ignorance about the output, the degree of possibility of an assertion G and the

degree of proof of an assertion G are calculated as follows.

] = ignorance about output. This is the shaded area in graph 192, figure 19.
=(B.*|- Bs*/Y]
All the problems with the vague, ambiguous, probabilistic, contradictory, missing data and
the vague, sparse, probabilistic rules that do not match the available data are summarized in
this number.
H(G) = degree of proof of an assertion G. Shown in graph 193, figure 19.
= <Bel> - |G N<By(y)>//|G U<By(y)>]
where the Zadeh t-norm is used for intersection and union.
K (G) = degree of possibility of an assertion G
= |G NBX/G|
These quantities I, H, and K are compared to thresholds set by the expert and are displayed or

are used for a decision.

The fuzzy probability of G can also be calculated from the B*," and p*," if desired.

Referring back to figure 1, the operation of the system may be described with respect to an

audit engagement application as indicated in figures 9a and 9b. The audit engagement
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process has five distinct phases - accepting the engagement, planning the audit, collecting the
evidence, analyzing/interpreting the evidence, and forming an opinion.

Each phase begins with assertions, and/or a hypothesis, and follows the same general steps.

The expert inputs 12 are established by an expert based on established audit firm policies, or
professional standards (re: assertion/hypothesis). The rules then go through the pre-

processing step 13 in order to prepare them for the algorithm.

The user inputs 14 are derived from evidence that is collected that is relevant to

assertion/hypothesis. These also pass through a pre-processing step 15.

In step 17, the user inputs are compared with expert rules using the principles of fuzzy logic.

This is the function of the inference engine 17 in the algorithm.

The final step is for the system to form opinion based on the degree of support for the truth of
the assertion/hypothesis. This is the output of the algorithm in step 19.

The first step - accepting the engagement - is used with a case study to illustrate how the

algorithm is applied specifically.

An offer of engagement triggers an assessment of engagement risk. This process of risk
analysis consists of a course-grained analysis, followed by a fine-grained analysis if

necessary.

An explanation of what the expert rules consist of and how they are established in this
specific example follows. The case study auditing firm has (1) general policies about
engagement risk based on professional and/or internal standards, and (2) specific policies
about business risk factors, e.g., management integrity, scope of audit, competence of auditor,
and audit risk, e.g., reliability of entity’s records, ‘““control consciousness” of management.
These policies or standards translate into expert rules.

In addition, the audit firm has formal or informal policies that reflect its risk tolerance, and

which fluctuate with its current position. Can it afford to take risk? Can it afford to reject a
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potentially profitable engagement? This provides a threshold on which to base a decision to
accept or reject in Step 19. In this case the risk tolerance is low to moderate.

Together, the expert rules about engagement risk, management integrity, scope of audit,
competence of auditor, reliability of entity’s records, “control consciousness”, and threshold

of risk tolerance form the preprocessed expert input parameters.

An explanation of what the user inputs consist of and how they are established is as follows.
The engagement partner, or his/her delegate(s), collects data relevant to engagement, business
and audit risk factors identified in the preprocessed inputs. They may use formal or informal
inquiries, surveys, opinionaires, or documents etc., based on prescribed questions. The data
collected may be linguistic or numerical; precise, imprecise, probabilistic, vague, or

ambiguous. It is weighted by the auditor, and becomes the user input.

Step 17 performs the same operations regardless of the application, and regardless of what the
desired outcome is to be. In this case, because the risk tolerance of the audit firm is low-
moderate, the limits are conservative. The inference engine with the new implication
operator is used to determine mathematically the degree of proof of “low risk” and the degree
of possibility of “high risk”. For example, if the envelope of possible engagement risk
matches the policy closely, the belief in “low risk” is high, and the possibility of “high risk”

is low. This is the output of the machine reasoning.

The output 19 of the inference engine can be presented to the auditor graphically or
numerically with an explanation, or rationale for the results. In this case the decision to
accept, reject, or continue the analysis is left up to the user. The algorithm can also be used to
make recommendations based on the outputs. For example, if the degree of proof of “low
risk” is above predetermined threshold, and the possibility of “high risk” is below the
predetermined threshold the recommendation would be to accept, provided the evidence were
strong enough. “Strong evidence” corresponds to a high value of <Bel> and requires the
accumulated evidence to be relatively complete, of high credibility, and consistent.. If the
degree of proof of “low risk” is below the predetermined threshold, or the possibility of “high
risk” is above the predetermined threshold, the recommendation would be to reject, again

provided the evidence were strong enough If the evidence is weak, the output is deemed
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inconclusive and the recommendation would be to collect more data. The algorithm provides

a rationale and paper trail to support the recommendations.

Figure 9a shows how the algorithm would be applied in the initial stages of decision-making
by the audit firm. Initially, opinions would be solicited from a few well-informed individuals
about the corporate entity’s reputation (which corresponds to risk assumed by the accounting
firm of not getting paid or being otherwise deceived) and the state of the entity’s records
(which corresponds to the risk assumed by the accounting firm that the audit will take too
much time to be profitable or cause the firm to err in its judgment). This collection of a few

opinions together with very few rules is called the coarse-grained analysis.

If the result of this initial coarse-grained analysis is inconclusive, then more data is collected
about the same issues (business risk and audit risk) and more complicated rules are applied.
For example, instead of simply soliciting four opinions about the corporate entity’s reputation
to get the business risk, factors contributing to business risk are assessed individually: the
entity’s honesty, the scope of the audit and the competency of the auditor. Similarly, audit
risk is dissected into two factors, reliability of records and management control
consciousness. For each of these factors, opinions would be solicited and aggregated, just as
with the coarse-grained analysis. A more elaborate system of rules relates these contributing
factors ultimately to engagement risk. This procedure is called the fine-grained analysis
(Figure 9b). Similar decision criteria for the possibility of high risk and the degree of proof of
low risk are applied once the accumulated evidence is strong enough to be conclusive. Note
that the process is circular. Data collection continues only until a definite conclusion is
reached. No more data need be collected once the degree of proof is sufficient, the strength of
evidence is sufficient, and the possibility of high risk is below the threshold. If however after
as much evidence as is practicable has been collected, and the aggregated evidence is still too
weak (low credibility, inconsistent, missing data) then the decision would be to reject rather

than proceed towards even finer-grained analysis.

The system 11 may be applied to any situation requiring professional judgement where risk is
an issue, examples of which are but not limited to performing audits, business decisions

involving venture capital, and in gathering and accessing evidence in litigation situations.
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Autonomous robots capable of searching out the information they need to make decisions and

software agents would be other examples.

By way of example, the following illustrates the use of the process in risk assessment by an
audit company trying to decide whether it should accept an audit engagement (an invitation to
audit a corporate entity). The audit company uses the process implemented in a software
package which incorporates features of the present invention. Figures 46 to 85 inclusive show
various stages of a graphical user interface of the package, from initiation to completion of
the decision-making process. During this procedure, the interface permits the parameters

used in the fuzzy logic process described above to be set.

Figures 46 and 47, are introductory screens that introduce a user of the package to the risk
assessment software.Figure 48 is an overview of the steps involved in the case study for
education of the user. Figures 49, and 50, 51 provide information to the user as to the
potential types of folders available, such as new, existing, and archived cases respectively.
Figures 52 and 53 demonstrate the opening of an existing audit file and a series of example

data fields used to identify the corporate entity which requested the audit.

Figures 54, 55, 56, and 57 provide expository material. They describe the significance of

parameters H

min?

and K_,_ respectively, as initially referred to in Figure 9a; and of S, and S,
referred to in Figures 30 and 9a. Figure 54 illustrates the assertion “G”, very low risk, to be
proven, by a dotted triangle, as originally referenced in graph 193 (fuzzy set labelled “G”) of
Figure 19. Figure 56 introduces the envelope of possibility (graph 192, curve labelled B.*.)

Figures 58, 59, 60, 61, 62,63, 64 and 65 are where the expert parameters (H,;,, Ky So and
S,) are actually set. Figures 58 and 59 demonstrate how H,,,, the required degree of proof as
represented by the shaded area, as is set by the expert 11 as the degree of overlap between the
dotted triangle (very low risk, which is to be proven) and a solid triangle, which represents
the conclusion or envelope of belief drawn from the evidence collected. In Figure 19, graph
193, the belief envelope B,* corresponds to the solid triangle in Figures 58 and 59, and the
assertion G to be proven to the dotted triangle in Figures 58 and 59. The strength of

conclusion (which depends on the degree of consistency and credibility of all information
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sources) at this point in setting the parameters is assumed to be one hundred per cent, hence

the height of the solid triangle representing the conclusion is unity. “Strength of evidence”,

“SOC” and “Strength of conclusion” in the software documentation all correspond to the

same thing, to <Bel> in the preferred embodiment and to the height of the belief envelope

Bg* in graph 192. In figure 58, the required degree of proof, is set by slides 202 at a

relatively low value of 0.35. Such a low deree of proof corresponds to an envelope of belief;

indicated by the solid line in the graph 204, offset to the right, of the assertion to be proven.

Where the degree of proof is increased as shown in figure 59, the overlap 206 is larger

showing a requirement for a greater concordance between what has to be proven and the

conclusion drawn from the evidence.

Figures 60, 61, 62 and 63 demonstrate the effect of changing S, and S, and the strength of the

evidence on the shape of the envelope of possibility (thick black curve). This is done by

setting the sliders 208, 210, 212. The effect of strong evidence in simultaneously narrowing

the envelope of possibility and increasing the height of the belief envelope, also referred to as

the convergence of the envelope of possibility to the envelope of belief, is shown most clearly

in Figure 62 .

As can be seen from a comparison between figures 60, 61, 62 lowering the degree of

speculation for both business risks and audit risk narrows the envelope of possibility while

the strength of evidence remains constant. The lower slider controls the how far the tail of

the envelope extends, the upper slider how much the top of the envelope broadens. Similarly,

increasing the strength of evidence while maintaining the same degree of speculation will

also decrease the envelope of possibilities.

Figures 64 and 65 show how K., the upper limit on the possibility of very high risk that is

acceptable to the audit firm, is set by the expert using the slides 214. As the acceptable

degree of high risk is reduced, the allowable portions 216 of the envelope of possibility in the

high risk area is reduced.
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Figure 66 is a summary of the values selected of each of the parameters. These values are
recorded to confirm later that the decision was made using parameter values corresponding to

the audit firm’s policy on accepting audit engagements.

Figures 67 to 70 are information screens for the user. Figures 67, 68, and 69 provide a list of
requirements and the steps involved in conducting a coarse grained, a fine grained, and both -
coarse and fine grained analyses respectively, as initially referenced in Figures 9a and 9b.
Figures 71, and 72 set out user selectable rules for implementing the risk evaluation on the
coarse grained option two. They show two examples of rule selection by the expert of the
system 11. Down boxes permit the rule to be selected. Different settings are shown in
figures 71 and 72. Figure 72 shows settings corresponding to the audit firm’s policy for the
rules to be used for a coarse grained analysis. These are the same rules used for calculations

displayed on subsequent figures.

Figure 73, 74, and 75 illustrate record keeping screens determining contacts and methods
involved in the planning stage for collecting evidence for business risk, audit risk, and an

overall plan respectively.

The data collected is entered using the interface screen in figures 76 to 80. In Figure 76,
where no data has yet been entered, the envelope of possibility is the dark solid line across the
top of the graph, and the envelope of belief is the solid line across the bottom. Figure 76
therefore shows that when there is no evidence, any conclusion, from very low risk to very
high risk, is 100% possible, and that very low risk is proven to degree zero. As data is

collected, it is processed and the results displayed graphically at 204.

Figures 77 and 78 illustrate the effect of accumulating evidence, i.e. user input, on the two
envelopes for business risk. The figures also show corresponding changes in the degree of
proof of very low risk, the possibility of very high risk, and the strength of the conclusion.
The possibility envelope is narrower in Figure 78 than in Figure 77 because there is more data
and this data is relatively consistent. Figure 79 shows the effect of completing all data fields

on the envelopes for the audit risk.
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Figure 80 illustrates engagement risk, calculated from the combination of the business risk
and the audit risk of Figures 77 and 78 respectively. Business and audit risk are represented
by A,” and A,” in Figure 45. Inconsistency between A,” and A,’. corresponds to the relatively
small size of the shaded area in Figure 45, which leads to doubt about the engagement risk

when the audit and business risks are inconsistent.

Figure 81 shows the decision recommended by the software based on the parameters selected
and the entered data. It finds the strength of the conclusion is too low, i.e. the evidence is too
weak (inconsistent, low credibility), and recommends a fine grained analysis. This

recommendation corresponds to the flow chart decision of Figure 9a.

Figures 82, 83, and 84 represent a different version of Figures 79, 80, and 81 with the same
expert parameters (Sy, S;, Hyin» Knin and the same rule set) . However in this case the user
inputs different , more consistent and credible evidence, pointing towards much lower risk
The resulting effects are: a narrower envelope of possibility centred on very low risk, a
minute possibility of very high risk, a higher belief envelope, and increased overlap between
the belief ehvelope and the dotted “Very low risk” triangle . Figure 85 shows a
recommendation by the software to accept the audit engagement based on the this different

set of evidence.

In the expert system 11 of the preferred embodiment, rules 56 are typically chained, i.e. the
output of one rule “block” (refer to Figure 39) becomes the input of the next rule block to
form a hierarchical structure. It is sometimes expedient to do numerical calculations using the

possibility envelope output of a given block as the input to the next block.

An alternative embodiment to calculating intermediate envelopes of possibility is to calculate
the envelope of possibility at the end of the chain of rules 56 using the distance functions 55
at the beginning of the chain 56 between the input and the rule input. Neither distance
functions 55 nor envelopes B,* for the rules in the middle of the chain 56 need be calculated.
The intermediate rules 56 between the beginning and end of the chain have the effect of

modifying the relationship between input distance 55 and the shape of By*.
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Instead of writing B *(y) =V _ min[B'(y), M (d(A, A), d (B, B")], which is the formula used

when there are no rules intermediate between A and B, one can write B *(y) =V, min[B'(y),

Mp(dxeff(A, A"), d,.«(B, B)], or equivalently

B,*(y) =V, minB(y), M,_(d(A, A), d,(B, B))],

where the difference between the usual d,, d,, or M, and “a series of effective distance
functions” d,g, d,eq o “an effective kemel” Mg,y accounts for the effect of having rules 56

intermediate between A and B.

Some examples on the use of the above-mentioned effective functions are given for specific

chaining situations, for demonstrative purposes only.

Example 1:

Suppose

(1) There is a chain with n rules, in which the inputs and outputs match exactly for each rule
in the chain, e.g. A—>P, P->Q, Q-R,...., T->U, U-B.

(2) M, is linear (see Figure 32a), and the same M; is used for each rule 56 in the chain.

Then d=d*™ and d,.~d,"" where d,=d,(A, A") and d = d (B, B'), where n is the number of

rules in the chain 56.

Example 2:

Suppose

(1) There is a chain 56 of length two in which inputs and outputs match exactly, e.g. A—P,
P—B.

(2) M, is linear and is different for the two rules because of different sensitivities of the
output to a change in the input, i.e. M;, is used for A—P and My, is used for P—B.

(3) A function g(S) is defined such that My,(g(S)) = Mp(S), where S = (d,/d,). (Since M; 1s
linear, it is a function only of (d,/d,).)
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(4) ¢(S) is either nondecreasing for all S 3 [0, ) or nonincreasing for all S 3 [0, ). This

condition is used to restrict the occurrence of multiple roots in the implicit equation
below.

Then (d,e/deerr) = (d /d,(A, A")) where d,, is the solution of
(d,¢/ d(A, A)) = g(d,(B, B')/ d,,).

Example 3:

Suppose

(1) There is a chain 56 of length two in which inputs and outputs match exactly, e.g. A—>P,
P-B.

(2) M; is nonlinear and identical for both rules.

Then the effective distances d,.y, d,.q are no longer calculated from simple geometrical
formulas. They can however be found through numerical methods known in the art and will
depend on the particular M, chosen by the expert of the system 11. The type of numerical
method used may also be influenced by the shapes of A, P, B and where d,(A,A) and d,(B,B)
lie in the d,-d, plane, dependent upon the chosen application for the system 11.

Example 4:

(1) M, is linear and identical for each rule 56 in the rule set .

(2) There are two pairs of rules 56 with matching inputs and outputs, e€.g. “red apples are

ripe”, “green apples are unripe”; “ripe apples are sweet”, “unripe apples are sour”, relating to

the pH value of the apple to its colour.

(3) The cover-distance measure is linear rather than relative.

(4) The colour, ripeness, and sweetness variables are are normalized, i.c. the maximum colour
= exactly 1 and the minimum colour = exactly zero.

(5) The colour lies between red and green.

(6) Within each pair or rules, there is no intersection, e.g. “red” and “green” are disjoint;
“ripe” and “unripe” are disjoint; “sweet” and “sour” are disjoint.

Then the ratio of the effective distances, used to calculate the envelope of possible apple pH

directly from the apple's colour, is (d,ep/dyer) = (-1+H(1+4d 0,/d,i)'? )/2, Where

d, o= min(d,(green, A", d,(red, A") and d ;, = min(d,(sweet, B), d (sour, B'))
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Example 5:

(1) There is a chain of length two in which the input of rule two and the output of rule one do
not match exactly, e.g. A—>P,, P,—>B.

(2) The same M, is used for both and it is linear.

(3) Linear cover-distance is used.

(4) P, and P, are disjoint.

(5) d(A, A') + d«(B, B') >q, where g=( [c(P,, P,)| - [P|| - [P,]), and c(P,, P,) is the cover of P,
and P,

(6) d(A, A") <dy(B, B').

(7) The ranges of the variables are normalized, i.e. the input and output of each rule lie in [0,

1].
Then the ratio of the effective distances, used to calculate the envelope of possibility for the
end of the chain is
(dyerfdrer) = (B, B')/d, where
dy, = (@/2){1+[1-4 d,(A, A) d,(B, B)/q']" }
provided
d,, >vagueness of the boundary of P, which is closest to P,
and
q-d,, > vagueness of the boundary of P, which is closest to P, The vagueness of a boundary
of a fuzzy set is the difference between the area the fuzzy set would have if the fuzzy
boundary were replaced by a crisp boundary at the edge of the fuzzy set, and the actual area.
In the Figure 44, a shaded region 200 represents the vagueness of the right and left boundary.

It is the role of the expert of the system 11 to decide whether it is more expedient for a
particular application to use the above-described effective distances rather than the method
described in the preferred embodiment. The method using effective functions can become
increasingly complex algebraically, depending on the case chosen. It may be more feasible

in this circumstance to use the chaining method of the preferred embodiment.

In the preferred embodiment, when there are multiple rules and interpolation, distance is
taken to be the smallest of the distances between the input and the inputs of the (sparse) rule

set. To make the expert system reproduce informal reasoning, a further embodiment may be
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required in rule blocks where informal reasoning indicates that continuous interpolation of
implicit rules between sparse rules in a lower-dimensional subspace of the input space would

be appropriate, as shown in Figure 45.

The two explicit rules given as shown by the solid lines, are “High Audit Risk and High
Business Risk — High Engagement Risk” and “Low Audit Risk and Low Business Risk
—Low Engagement Risk”. The input space, as shown by the dashed lines, is two-
dimensional, where only two rules are given by way of example only, through which a
straight line (not shown) is interpolated in the three-dimensional space comprising the output
and the two input dimensions. The projection of this line onto the input space defines a lower-
dimensional subspace S of the input space. Since there are insufficient points to define a
plane, the before-mentioned Lagrange multiplier technique is applied to generate an

interpolated output I for an arbitrary fuzzy set in the input space.

For a fuzzy input set entirely contained in S, represented in Figure 45 by a straight diagonal
line of ghosted dashed rectangles, the expert of the system 11 judges that there should be no
spreading of the output envelope around I. The expert thus assumes that an infinite set of
implicit, continuously interpolated rules can be inferred for all fuzzy inputs in S, from the
sparse rules. Examples of continuously interpolated rules would be “Medium Audit Risk and
Med Bus Risk ->Med Engagement Risk”; “(Medium to very high) Audit Risk and (Medium
to very Hi) Audit risk — (Medium to very high) Engagement risk”, etc.

When the input lies wholly or partially outside S, the degree of spreading of the output is no
longer determined by the distance between the input and the nearest rule input, as described
by step 17 of Figure 1 of the preferred embodiment. Instead, the degree of spreading is
determined by the distance between the input and S. In the example, the spreading expresses
doubt about the engagement risk when the business and audit risk are inconsistent. More
generally, the spreading expresses doubt about conclusions in situations different from a

narrow interpolation of limited experience.

The arrow labelled d,;, in Figure 45 indicates how the distance function for spreading is
calculated. Its horizontal and vertical components can be manipulated with weights or
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compensation as while using some Euclidean measure to construct d, as described in the last

step of box 62 in Figure 6 and of Figure 36.

When the input lies wholly or partially outside S, belief is no longer calculated as the degree
of intersection between the input and the nearest rule input as mentioned in step 17. The
expert has decided that if the input lies wholly within S, then the output is 100% believable. ~
Belief is therefore calculated from the intersection of the ghosted rectangles in Figure 45
representing S and the input S. Thus belief in the output declines when the inputs are

inconsistent with an interpolation between the inputs of previous experiences.

While the invention has been described in connection with a specific embodiment thereof and
in a specific use, various modifications thereof will occur to those skilled in the art without
departing from the spirit of the invention. The terms and expressions which have been
employed in the specification are used as terms of description and not of limitations, there is
no intention in the use of such terms and expressions to exclude any equivalents of the
features shown and described or portions thereof, but it is recognized that various

modifications are possible within the scope of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.

A method of evaluating a confidence in an outcome of a fuzzy logic possibilistic system
comprising the steps of

providng a rule that maps a given input to a predictable output;

selecting a plurality of inputs that differ from said given output;

establishing a relationship between said given input and said selected inputs;

assigning a degree of possibility to possible outcomes resulting from application of said
selected ones of inputs to said rule;

said degree of possibility being correlated to said relationship established between said
given input and said selected input;

establishing an envelope of possibility that encompasses each of said possible outcomes
resulting from said selected inputs;

according to each of said selected inputs a credibility to establish an envelope of belief
within said envelope of possibility;

comparing said envelope of belief and said envelope of possibility;

and determining confidence in an indicated outcome based on difference between said

envelopes.

A method according to claim 1, wherein a plurality of rules are provided and

said envelope of possibility contains possible outcomes from each of said rules.

A method according to claim 1, wherein said envelope of possibility is established by

consideration of adjacent sets of outcomes.

A method according to claim 3, wherein said envelope is established through

interpolation between adjacent sets.

. A method according to claim 3, wherein said envelope is established through

extrapolation between adjacent sets.
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A method according to claim 1 including a set of examples associated with said rule to

provide a plurality of possible outcomes for an input.

A method according to claim 1 wherein said relationship is established based on

similarity between said selected inputs and said given input of said rule.

A method according to any proceeding claim wherein a parameter is applied to limit said

outcomes and thereby modify said envelope of possibility.

A method according to any proceeding claim wherein a subset of said envelope of belief

is established by applying a parameter to qualify said mputs.

10. A method according to any proceeding claim wherein a subset of said envelope of

11.

12.

13.

possibility is established by applying a parameter to qualify said outputs.

A possibilistic expert system utilizing fuzzy logic rule sets to determine an outcome from
a set of inputs including: a set of parameters initially determined by an expert of said
system; at least one set of rule inputs and a corresponding set of rule outputs; a plurality
of predetermined functions to operate on selected ones of said parameters and said rule
inputs; some of said predetermined functions being used to assign a degree of possibility
to each of a number of possible outcomes; wherein each of said degree of possibility of
each of said possible outcomes are used to establish at least one envelope of possibility

containing allowable outcomes from said rule set.

A possibilistic expert system according to claim 11 further comprising at least one
envelope of belief is established by applying a credibility to said inputs and a plurality of
criteria with which said envelope of possibility and said envelope of belief are compared

thereto.

A possibilistic expert system according to claim 11, wherein said predetermined functions
include interpolation and extrapolation to generate said envelope of possibility from at

least two disjoint sets of said possible outcomes.
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22.
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A possibilistic expert system according to claim 12, further comprising a plurality of

examples used in conjunction with said sets of said rules.

A possibilistic expert system according to claim 11, further comprising a plurality of

distance measures to calculate a degree of similarity between said disjoint sets.

A possibilistic expert system according to claim 15, wherein said predetermined functions

control a shape of said envelope of possibility.

A possibilistic expert system according to claim 16, wherein said predetermined functions

also control a rate of spreading of each of said envelopes.

A possibilistic expert system according to claim 11, wherein said rate of spreading is a

function of distance between said set of parameters and said rule input.

A possibilistic expert system according to claim 11, further comprising a system of
weighting for a plurality of multi-dimensional inputs to promote sensitivity of said output

to specific dimensions of said multi-dimensional input.

A possibilistic expert system according to claim 19, further comprising the use of at least
one fuzzy implication operator to encode the degree of chaos versus continuity present in

said system set up by said expert.

A possibilistic expert system according to claim 20, wherein a plurality of fractal

parameters are used to calculate said envelope of possibility for a fractal system.

A method for determining an outcome from a set of inputs in an expert system, said

method comprising the steps of:

a) determining a set of parameters by the expert for the system;
b) establishing at least one rule using at least two of said sets of parameters as
input;
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c) according a value to each of selected ones of sets of parameters;
d) computing an envelope of possibility by operating on inputs and said selected
ones of parameters by applying a predetermined function thereto;

€) computing a belief function by applying a credibility factor to said inputs

) comparing said envelope of possibility and belief function with predetermined
criteria; and
2) producing an output indicative of a result of said comparison.

23. A method for determining an outcome from a set of inputs in an expert system as defined
in
claim 22, said predetermined function including: a spreading function, interpolation and

extrapolation.
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Rules: Inference engine with Daams
@I .entlty reputation operator
high, engagement
risk is low

Possibility env.

(2) If entity reputation
low, engagement
risk is high

A1—B, A;-B 2 Belief env

y

Speculative Expert Input Ignorance

limits  |» Parameters |—> —

S,=.2. Sg=3 Hi risk
Thresholds |

I'Imin=-9 20%

Khnin=.2 possibility

of hi risk

Key Informant 1 >
“Entity reputation -

is fairly good” Lo "Sll(ielief= 3

/ llllllllll L]

Credibility=1 / 65% proof

Key Informant 2 of lo risk
“Entity reputation User
is good” —Inputs|—

Credibility=1 Lo risk hi risk
Auditor opinion ¢
“I think entity is Reject

generally well Bel>H.... &

respected, but I am (H<H e or
99 min
not sure K>Kin) ég
Credibility=.5

Go to fine-
grained
analysis
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Rules:
(1) Business Risk is low if honesty is high, audit
scope is narrow and auditor competency is
high.
(2) Business Risk is high if honesty is low, audit
scope is broad and auditor competency is low.

(3) Audit Risk is low if records are good and
management control is good.

(4) Audit Risk is high if records are poor and
management control is weak.

(5) Engagement Risk is high if Audit Risk is
high and Business Risk are high

(6) Engagement Risk is low if Audit Risk is low
and Business Risk is low

Hmins Kmim

SOs Sl

A4

Expert Input
Parameters

v

Incumbent auditor:

“Management does not \ User
keep very reliable records” Inputs

Inference
engine with
Daams
operator

Credibility=.8

Auditor self-assessment:
“I have very good
knowledge of the business” [~

Credibility=1

Staff survey:
“Management is fairly
control-conscious”

Reject,
Risk too hi

Credibility=.5

1

Output:
Values of H,
K, Bel

Fig 9b
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Organize rules hierarchically
Each block B must follow procedure separately

v
Linguistic inputs translated into fuzzy sets

Determine parameters for curve fitting for each a-cut.

I

Renormalize range of output so no negative values occur

|

Determine N,

Pk | [l
n 7
\S \H \-lk

v y
Break up disjunctive rule inputs

.

For each rule j order the output options B,-(") in increasing order

ek [u—y Yt =
wn 9] n un
(-] D | (=)} 9]

\ 4
For each rule j add dummy options until each rule has N, output
options

:

Decompose all P(B? | A)), A;, B,” into a-cuts

:

If curve-fitting selected, for each o and each a-cut find coefficients
to fit defined curves

[y
194
o

’\u.
=]
P

\m
=3
[3%)

Calculate and store positions of and values of local extrema

\m
]
W

Fig. 15
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Translate linguistic inputs to fuzzy sets (if required) 171

Initialize belief for input A’ 172

l

Analyze rule set Sg. Define Acy, Bcu, Pcu for each union of two or
more A, entirely contained in A’ 173

Add Acy—Bcy, pcu(BeulAcy) to rule set to make modified rule set| 174
SB(") and dilate the rules contained in Acy. /

l

Create an indexing scheme, r, for all permutations of input options| 175

Calculate p'” for each A'"

l

Calculate o-cuts for the user input options A" 176
and the input option probabilities p® e
Fig. 17
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<4 Rule output

>
(a) Sugeno Formula
i A
7 [ Rule output
>
(b) Zadeh Formula
// | // | >
Rule output

(c) Human intuition

Fig. 20
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Da not
™ show in
futute

-DecydeWare

_..is decision-support software based on advanced
soft-computing methods. It makes the exercise of
professional judgement more consistent and reliable
by providing a rigorous mathematical analysis of
qualitative. or opinion-based evidence. This is the
soft evidence that is collected during interviews,
conversations, and queries of witnesses, key
informants, of third paities; or, evidence which
reflects the intuitive opinion of the user.
Quantitative data can aiso be incorporated into the
analysis. The final output of the program is a report
that can be used to rationalize a professional
judgement call.

~DecydeWare

___can be customized to meet the requirements of any
application where the assessment of inherent risk is
necessary.

1 Quit ‘

Status

[6/24/33

Fig. 46
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j . RiskProject3 " HER

File Edit View Window LHelp

/
¢
4

.~

ApplyingDecydeWare to an Audit Risk Assessment

R - Application-Specific Risk Assessment————

1
r - This version of DecydeWare is designed to meet the
requirements of an accounting firm that specializes in
auditing small businesses. The fism uses the software
to train new auditors in the exercise of professional
judgement when assessing audit engagement tisk.
Experienced auditors adapt the program for use in
general practice.

e L )

~The Case in Point

The accounting firm in this demo is risk averse.
Company policy requires that

sufficient. reliable evidence be collected to
show conclusively that the audit engagement
tisk is verp low, and to provide assurance that
the possibility of very high risk is minimal.

r [s)i‘\)o:niln The parameters for each individual risk assessment
" tutute are set by the auditor, based on this company policy.

A Wizard guides the auditor thiough the steps.

Qut l - Previous | New> |

STerass [407PM

Status

Fig. 47
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M. RiskProject3
=| File Edit View Window Help

:lﬂutline of Risk Assessment - IZI I

Steps in an Audit Engagement Risk Assessment
~The Wizard will help you do the following

Step 1. Open a folder to hold the files for the assessment.
Step 2. Create a profile of the audit engagement entity.
Step 3. Set risk tolerance parameters for the analysis.

Step 4. Choose a coarse-grained or a fine-grained analysis.
Step 5. Wirite the rules-of-thumb for the risk analysis.

Step 6. Develop a plan for collecting evidence of risk.
Step 7. Use plan to collect the evidence of risk.

L o

- The Wizard will provide the following

Step 8. A rigorous mathematical analysis of the qualitative
{plus any quantitative) evidence collected.

Step 9. A report on the degree of risk inherent in

Do not : -
. . engagement. including the reasons for the
r ’S:.:‘:’e'" conclusions.
Quit l <Previous I T Nex>
" Status [6724/93 [4.09PM

Fig. 48
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File

&n: RiskProject3

Edit  View Window Help

PCT/CA99/00588

:‘lSlep 1: Risk Assessment Folder ﬂ i

Choosing a Risk Assessment Folder

New Assessment; T Current Assessment T Old Assessments

~Opening a New Folder in Demonstration Version

If thiz is the first time the demonstration version is used,
the Wizard will help you open a new falder. Note:
Because this is a limited version, this folder will become
the cumrent one. You will be able to edit the files in this
foldes. but you will nat be able to cieate any new folders
or new files. :

The folder will contain the information that the Wizard
requires to do the mathematical analysis of inherent
engagement risk, as well as info for final report
desciibing the entity, the evidence. and the parameters.

togic and findings of the analysis.
" New> I

! <Previous I C Mests ]

Status

Fig. 49
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v RiskProject3 . : - HER

File Edit View Window Help

ol

S

—. PN A

You may reopen your cuitent folder. |f it is incomplete,
the Wizard will help you complete it. If it is complete, but
you would like to rework it, the Wizard will also help you
do that.

For information on opening old folders in the full-featured
version, tead under the "0ld Assessments™ tab.

T Vv fa

. Curent> I

Quit i <Previous I ’ Mext: I

Status N [77 V- PR -1

Fig. 50
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. RiskProject3 . !E u

File Edit View Window Help
:l Step 1: Risk Assessment Folder m

Choosing a Risk Assessment Folder

1l masan

E

- . % L AN

New Assessment T Current Assessment T

- Viewing Old Folders in Full-Featured Version

With the full-feature version of DecydeWare , you may
view any completed risk assessments in the archives.
These files are read-only, and cannot be altered.

| e e

© o Quit | }(Plevious | Hexts l

" s e e e e e e e Ig_/g.g;gg J— W—zo P,M

e

Fig. 51
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#nRiskPioject3 ‘ C HER

File Edit View Window Ltelp
34 Step 1 (cont'd): Risk Assessment Folder

Opening the Risk Assessment Folder

. & R

. TN

- New Assessment

I this is o new nsk gassessment, the Wizard will create a
new foldet/subditectory for you. As you prucead with the
assessinent, you will be prompted to save the data you
gather in this folder. Create folder row Maote: The foldes
naime cannot be changed once it s votered

o | T P

-Current Assessment

If this is the risk assessment you are working on currently.
the Wizard displays the name of your current assessment
undes Foldes Name below.

- Folder Name

Saved in Directory: C:\RiskAssessments

Folder Name: Shady Client

Quit I : <Previous I : Create FOI‘EJ

[6r2a/ss  [421PM

s
Status

Fig. 52
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. RiskProject3 - HER
7| File Edt Yiew Window LHelp
é :iStep 2: Profile of the Audit Entity m
[
’ Creating a Profile of the Audit Entity
- Entering Data——————— \yebsite
1. Entes appropriate data 'www,Shady
1 2. Click on Next> Name of C Contact
[ 3. You will be prompted by ame 0! -ompany -omac
1 Wizard to create profile JJoBlo
r file Type of Company
, Jstolen cars

Client Gross Annual Sales

IShady Auto Sales Company ; |41 .00

Address Date of Last Audit

IAuto Alley Scarborough Ontario M5A 2M ID3-D4-98

Phone Fax Incumbent Auditor

j214-6789 [214-2348 {Jo Sehmo

E-mail

le_mail@ !

© Quit I ; <Previous I I Next> I )
‘[t — 672473 [422PM
Fig. 53
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j @n. RiskProject3- - -
=] File Edit View Windaw {lelp
f i Introduction To Parameters for Analysis !E [ x| I
iy The Three Parameters Necessary for the Analysis
'; Policy on Risk l Parameter1 T Parameter 2 l Parameter 3
=
—_ —r The Clean Slate ] Evecthina is vossible
The mathematical analysis begins with
,m a clean slate. These is no evidence 0.75
one way or the other. Therefore. any
leyel of risk is possible - vlo. lo. mod. Degree
[E Lh" vhi. 025
a -Acceptable Degree of VLO Risk 0
= . L vio lo mod hi vhi
The company directive is, “Accept Risk
audit anly if thete is sufficient proof 1
that the engagement tisk is very low. Prove
and that the possibility of very high 075 4
risk is minimal.” R “
The risk to be proven is shown by the Degree > T
dotted green triangle. 025 “
Mote: In other applications this ’
requirement may not be so strict, e.g. 0 Ve @ o
it could be “lo te mod™. vio lo mod hi vhi
Risk
‘ Quit I . Do aot show i <Previous I
&‘.’( . in futwe
;i —mem e o e e ntosb e s i s 0 iaiam e e n i
"] Status 6/24/99 [4:29PM
Fig. 54
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WO 99/67707
j gn. RiskProject3 [_ =] x|
=] File Edit VYiew Window llelp
f | ¥ Introduction To Parameters for Analysis
V; The Three Parameters Necessary for the Analysis
Ll : : N
E‘ Policy on Risk T i 1, Parameter 2 T Parameter 3
- —r-Req'd Degree of Proof of VLO Risky
The degree of pioof is the ratio of the ! \
_[_ﬂ_ green shaded area, or oveilap of the 075 &
- green tiangle (conclusion from the
evidence collected) and the dotted green Degree
™~ triangle {vlo risk). to the green triangle 025 :
’E {conclusion from evidence). : )
A The greater the averlap, the greater the o & el
2 degiee of praof. vio lo mod hi vhi
. Risk
-Effect of Strength of Evidence
The strength of the conclusion is the 075
height of the gieen triangle. It is Degree
propoitional to the stiength of the
evidence collected in Step 7. Note:The 0.25
conclusion could be any level of risk - 0
vlo, lo.mad, hi vhi - not just vio. o lo mod hi vhi
Risk
. ; Da not show : ;
H © Quit I o in fuluie <Previous l i Next I
4 — o e S e .
Fig. 55
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in. RiskProject3
File Edit Yiew Window Help

i :l Introduction To Parameters for Analysis !E ﬂ
The Three Parameters Necessary for the Analysis

Ti Parameter 3

Palicy on Risk r Parameterl {Parameter 2.

Rt i Lllis

>
_j - Allowed Amount of Speculationq
If the evidence is weak, the
_[ﬂ possibility of outside risks cannot be
- tuled out. The black line defines a
subjective envelope of plausibie
possibie outside risks.
(e: The top of the envelope sets the
- range of 100% plausible possibilities.
]

The sides of the envelope define
the possibilities that are less than
100% plausible.

The wides the spread, the gieater
the speculation or conjecture.
The user sets the boundaries of the mod hi  vhi
envelope. Risk

¢ Quit I I g\ol:l‘::‘:h"“ <Previous | Next> J

Yoo s [4eM

Fig. 56
56/85

SUBSTITUTE SHEET (RULE 26)



WO 99/67707

File

& RiskProject3

Edit View Windaw lelp

PCT/CA99/00588

I Tl e | e 16 & LlEE

<IN

:Ilnhoduction To Parameters for Analysis

The Three Parameters Necessary for the Analysis

Policy on Risk T Parameter1 | Parameter 2 T

~Acceptable VHI Risk

Policy requires assurance that the
outside possibility of “vhi" tisk is
minimal. Note: in other applications the
policy may be stiicter, e.g. “mod to hi".
The degree of plausibilty of “vhi” risk
for a given amount of speculation is
the ratio of the red shaded area, of
overlap of the "tail* of the black line
{envelope of possibilities) and the red
triangle (vhi risk). to the red triangle
{vhi risk).

The spread of the envelope is affected
by the stiength of the evidence

Degree

0s

125

vio lo wmod hi vhi

collected in Step 7. The weaker the Risk
evidence, the weaker the conclusion,
the greater the possibility of “vhi" risk,
and the mose speculation required.
. Da nol show ; ; ;
Quit . in futute i <Previous l ; Next |
e+ aeraron s ne ) [ 8)24/99 i'4-;32 =

Status

Fig. 57
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&n RiskProject3
File Edit

View Windaw

Help

Setting Parameter 1: Degree of Proof of VLO Risk

g -When SOC=1

Company policy
requires sufficient proof
of very low risk. Use
the slider to set an
acceptable degree of
proof for this
assessment (shaded
gieen area).

Remember: The dotted
green triangie is what is
to be proven; the green
triangle is the conclusion
diawn from the evidence
collected. On this page
the strength of the
conclusion (SOC) = 1.

PCT/CA99/00588

<204

vio lo mod hi vhi
Risk

Requited Degree of Proof =l .35
: i :

Fig. 58
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gn-RiskProject3
File Edit View Window Help

Setting Parameter 1: Degree of Proof of VLO Risk

-When SOC=1

Company policy
requires sufficient proof
of very low risk. Use
the slider to set an
acceptable degree of
proof for this
assessment (shaded
gieen aiea).

Remember: The dotted
green triangle is what is ) )
to be pioven; the gieen vie lo mod hi  vhi
triangle is the conclusion

Degiee

=]~ =R Ny

drawn from the evidence Risk
liected. On thi .
:::e ifl:ngth :' “:; page Required Degree of Proof = I 6 .
conclusion (SOC) = 1. 1
)

o
&

. X i i <Previous l ‘

s e e e e [ . |5/24;99 s WAPM»
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5 ix. RiskProject3 ' !Em
| File Ldit View Window Help
f :‘lSlep 3 fcont'd): Setting Parameter 2 - Amount of Speculation m
s Setting Parameter 2: The Amount of Speculation
[ ~When SOC < } ————; Envelope of
— Use sliders to set the amount Passibilities
_m' of speculation to be used if
the evidence is weak. The top -.
- slider sets the 100X plausible Degree
E paossibilities, and the bottom
— slider sets possibilities that are
I'E less than 100X plausibiie.
L’; ok dubadu ]
The SOC (green uiangle} is aftected by the vio o r:‘odk hi vhi
strength of the evidence collected. Use the 13! .
evidence slider to test how the envelope you Amount of Speculation
have chosen will behave as the evidence is | 38
collected. 1f you are not happy with the P
results, adjust the amount of allowable it 65 :
speculation. /J b
none unlimited

| 60,
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Setting Parameter 2: The Amount of Speculation

& Tl 12 U e [ 18 @& L

-When SOC <1 _' 1 Envelope of
Use sliders to set the amount " Paossibilitie
of gpeculation to be used if )
the evidence is weak. The top Dearee
slider sets the 100% plausible g
possibilities, and the bottom
slider sets possibilities that are
less than 100X plausibile.
'y
liﬂ* &
The SOC {green tiiangle} is affected by the vo o mc.ad hi vh
strength of the evidence collected. Use the Risk i
evidence slider to test how the envelope you Amount of Speculation
have chosen will behave as the evidence is —_ 13
collected. If you are not happy with the J
results, adjust the amount of allowable { 65 -
speculation. n
none unlimited

| |’E(Ts

weak Strength of Evidence Collected :(lon;;

i Quit | ; <Previous|
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speculation.

strength of the evidence collected. Use the
evidence slider to test how the envelope you
have chosen will behave as the evidence is
collected. If you are not happy with the
results, adjust the amount of allowable

| : |—so‘z

weak Stiength of Evidence Collected :tmnb

" Quit l

Amount of Speculation

R —
J________—-
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I :‘K Step 3 [cont'd): Setting Parametes 2 - Amount of Speculation m
Setting Parameter 2: The Amount of Speculation
~When SOC < 1 1 Envelope of
Use sliders to set the amount Possibilitie
of speculation to be used if
the evidence is weak. The top
slider sets the 100X plausible Degice
possibilities, and the battom
slider sets possibilities that are
less than 100X plausibile.
U lh. .I\
The SOC (green triangle] is affected by the vio o ‘:;;ik hi vhi

6
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f 2§ Step 3 (cont'd): Setting Parameter 2 - Amount of Speculation [ %] I
s Setting Parameter 2: The Amount of Speculation

¥, ~When SOC < 1 ——, . Envelope of

—_ Use slidess to set the amount Possibilitie

- of speculation to be used if

11 the evidence is weak. The top

—_ slider sets the 100X plausible Pegree

E possibilities, and the bottom

——t slider sets possibilities that are

E less than 100X plausibile.

8 0V | ‘&Lh' hi
The SOC (green tiiangle) is affected by the ve o T‘O K b
strength of the evidence collected. Use the sk
evidence slider to test how the envelope you Amount of Speculation
have chosen will behave as the evidence is —_ ’ 13
collected. If you are not happy with the |
results, adjust the amount of allowable { 65
speculation. Lt

none unlimited

86 !
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¥ BN - Possibility of VHI Risk )
- Use the slider to set the
U] threshold on the degree of
— “vhi" risk that is
ﬂ acceptable. The more the
= “tail" of the envelope Degree
I—E (black line) oveilaps (1ed
- shaded area) the “vhi"
a region (red tiiangie), the
—_ greater the acceptability of
“vhi" risk.
Setting the limit on “'vhi" 0 Lo
tisk determines the level of vio lo mod hi vhi
outside risk that the system Risk
will tolesate.
| | 338
J
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Setting Parameter 3: Limit on Possible VHI Risk

sibility of VHI Risk

- o

¥ - Possibility of VHI Risk 7 1

Use the slider to set the
threshold on the degiee of
*vhi" risk that is
acceptable. The more the
“tail" of the envelope
{black line) overlaps (red
shaded area) the “vhi"
region (red tiiangle), the
greater the acceptability of

Degree

1.

“vhi" risk.

Setting the limit on "vhi" (I

risk determines the level of vio lo mod hi vhi
outside risk that the system Risk

will tolerate.

o, | 3

|
LO/ Degree of VHI Risk  HI
214
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fl Step 3 (cont'd): Summary of Parameter Choices

Summary of Parameters for Analysis of Evidence

~ The Parameters for the Analysis

You have chosen the following the parameters fos the analysis
of the evidence that you collect.

Note: The strength of evidence is the same as the required
degsee of proof of vio risk.

- Values Set for Parameters

Degree of Proof of VLO Risk = atleast [ 6 -

If analysis shows that degtee of proof is below this
threshold. a fine-grained analysis will be recommended.

Acceptable Outside Risk = no more than [ .39

If analysis shows that the possibilty of vhi risk is over this
threshold - whatever the amount of speculation involved -
rejection of engagement will be recommended

Amount of Speculation = 100% plausible [ 13
less than 100X plausible | €5

EQuit I Previous J Next I
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2% Step 4: Type of Risk Analysis
Choosing the Type of Risk Analysis

i d 1 Fine-Grained 1 Both
- Coarse-Grained Risk Analysis

-Requirements for Coarse-Grained -

1. A few general rules-of-thumb
2. Own experience
3. Opinions of at least 3 key informants

12 ol lss | ao [ 1 @ Ll

- Steps in Doing Analysis
1. Set sules-of-thumb
2. ldentify suitable key informants
3. identify the appropriate collection methods
4. Plan and collect evidence

Coarse> l

‘ i Quit ! <Previous | Nest I
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Step 4: Type of Risk Analysis

Choosing the Type of Risk Analysis
Coarse-Grained J T Both )

~ Fine-Grained Risk Analysis
-Requirements for Fine-Grained ———

1. Rules-of-thumb for business risk
2. Rules-of-thumb for audit tisk

3. Evidence fiom own experience
4.

Evidence from key informants, surveys.
documents about business risk

I TllaE |2 U o [Q v B Ll

5. Evidence from key informants, surveys.
documents about audit risk

~ Steps in Doing Analysis —
1. Set rules-of-thumb - business and audit risk
2. ldentify suitable souices of evidence

3. Identify the appropriate collection methods

4. Plan and coliect evidence
. Fine» l
¢ Quit I ' <Previous J o Hest> I

Yoo S [emars  [4B3PM
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iy Choosing the Type of Risk Analysis
“
[ Coarse-Grained T Fine-Grained T )
= ~Doing Both Levels of Analysis
g \
It you choose coarse grained. and the analysis is
¢ inconclusive, DecideWare will tell you this. The
— Wizard will then re-enter the picture, and take you
E through the preparations for a fine-grained
- analysis. DecideWare will then complete the
{a analysis of engagement risk based on a
—_— fine-grained analysis. The original coarse-grained
results will be included in the final conclusions.
Alter 1eading this please choose either a coarse-
or a fine-grained analysis. and the Wizard will take
you through the steps.
¢ . Quit i <Previous J . Mest> J
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‘ :I Step 4: Coarse-Grained Analysis

Edit

Da not
[~ showin
futuie

| -Risk Factors Under Analysis

Overview of of Coarse-Grained Analysis

The coarse-grained analysis is based on (1) risk factors, (2} general
ules-of-thumb, and (3) assumptions about risk.

1. Degiee of business risk due to entity’s ieputation
2. Degree of audit risk due to reliability of entity's recoids

M - Basis of Rules for Analysis

1. Rules-of-thumb based on company standards, of
2. Rules-of-thumb based on auditor's experience

- Assumptions about Risk

1. If reputation. and reliability of recoids are both veiy good.
then the engagement risk is very low. lf reputation, and
reliability of records are both very poor, then the risk is very
high.

2. Reputation and reliability of records are equally important.

¢ <Previous I . Nexo I

PCT/CA99/00588
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Entering Rules
1. Enter appropriate If...then statements (the default rules in
upper case are based on company standards).

2. Click on Nexty. The Wizard will prompt you to create the rules
file, and warn you if thete are any contiadictions in the fules.

£ Trllam s e [Q 16 B Ll

General Rules-of-Thumb for Analyzing Business

It the entity's reputation is ]good v l then the business risk is [y) o
if the entity's reputation is |poor '.11' then the business risk is {yH| -

General Rules-of-Thumb for Analyzing Audit Risk

If reliability of entity's records is [ygoOL v |- then the audittisk isfyio  ~
If reliability of entity's recoids is [ypoOR. v |- then the audit risk is [yHj) -

¢ . Quit I 2<Plevioust Nexb> ]
t ; - <l

4 : S 7 R T
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:‘i Step 5: General Rules

Entering Rules
1. Enter appropriate If...then statements (the default ules in
upper case ate based on company standards).

2. Click on Next>. The Wizard will prompt you to create the jules
file. and warn you if there ate any contradictions in the rules.

o TlimaiE U e K0 LR

General Rules-of-Thumb for Analyzing Business

It the entity's teputation is {yGooL. v |- then the business sisk is [y 0 -
If the entity's reputation is [JENTfE |- then the business risk is {yvH)| v

General Rules-of-Thumb for Analyzing Audit Risk

If reliability of entity's recoids is [ygoor v |- then the audit risk is [y o -
1f 1eliability of entity's records is [ypoQR v |- then the audit risk is [yH) -

¢ Quit . <Previousl . Nexb> l
“i S . e e e e emre = e e et o S vy e o ‘5/2,4‘799_,,“ - [m PM .
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Entering Sources and Methods

1. Enter appropriate data.
2. Click on Next>.

3. You wiil be prompted by the Wizard to cieate a plan.

PCT/CA99/00588

SOURCE

~Name

- Name

¥ Key Informant 2 fJackson

Name
[, Incumbent [Stephenson
- Name
7 Self [Sltobel
Quit

METHOD

Enquiiy

Enquiry

¥ in Person

[~ By Phone
¥ InPerson

v KOB
[~ Experience

<Previous l © Next J

Enquiry

&4

Status
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View Window

Help

Coarse Analysis - Evidence of Audit Risk

-Entering Sources and Methods

1. Enter appropriate data.
2. Click on Next>.
3. You will be prompted by the Wizard to create a plan.

¥ Key Informant 1
¥ Key informant 2
¥ incumbent

[V Self

Quit I

METHOD
{¥. By Phone
[~ In Pesson

[~ By Phone
¥ In Petson

[~ By Phone
[V InPeison

v KOB
[V Eaxpeiience

Enquiry
Enquiry

Enquiry
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PCT/CA99/00588

HEIE

Status

Fig. 74
74/85

SUBSTITUTE SHEET (RULE 26)

“(517PM



WO 99/67707

CSIEo||E

il |

file

PCT/CA99/00588

& RiskProject3 |
Edit
& Summary of Plan

View Window |ielp

Plan for Coarse-Grained Risk Analysis ]

RISK TOLERANCE [ Conservative J
I
DEGREE OF PROOF r High }
LOGIC [ Company Standards Rules-of-Thumb ]

TYPE OF RISK

Business Risk

SOURCES
. { Exper
METHODS | _ T~ I I I
(Phone [ Phone [Phone } [ PhuneJ Phﬂ Phone Kos

[ In Pemﬂm’euon I In Pels(ﬂ Fn Person I In PersonIIn Persoj

Quit l ; Print Plan I } <Previous I Commit to Planl ,DoAnaIysns)l
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The Coarse-Grained Analysis

1 | rInstructions
' Step 1. Begin the enquiry with a Select Risk—
general, open question. @ Engagement
Step 2. Listen for evidence that the Risk Degree
reputation/reliability of records is vgood, -
X good, mod, poor. or vpooi. € Audit Risk
Step 3. Ask the summary question, record - Business
- response and credibility of source. Risk ) )
vio lo mod hi vhi
"I | Measuring the Business Risk Measuring the Audit Risk
- Summary Questi Proof vLo | Summaiy Question
"Would you say that the reputation of the entity is Risk “Would yau say that the reliability of the entity's
(vgood. good, med, poor, vpoor)?" tecords is (vgood, good, mod. poor, vpoor}?"
L. ] I 0 & X
! ?:Zpome: - Hepulatior; ' T 7 Mi::ponses Reliability v
o Credibility ‘v Possibility Credibility -
—_ hi sisk =
Jacks Reputation ‘v Guve Reliabilily‘ v
on Credibilty g - Y Credibiity [+
Reputation v Reliabiity | -
St o Striength Megan il P 4
q ephenson Credibility v Ev{degce g8 Credibility -
Reputation v ' 0 Ki Heliabilily: -
Sticbel Credibilty ~ etan Credibiiy [ v
| ) Statas B [E21PM .
Fig. 76
76/85

SUBSTITUTE SHEET (RULE 26)



WO 99/67707

8% File Edit

@ RiskProject3 - [Doing the Coarse
View Windaw Help

-Grained Analysis]

PCT/CA99/00588

The Coarse-Grained Analysis

- Instructions

Step 1. Begin the enquiry with a
general, open question.

Step 2. Listen for evidence that the
reputation/reliability of records is vgood,
good, mod, poot, or Ypoor.

Step 3. Ask the summary question, record
response and ciedibility of souice.

Risk

" Risk

Select Risk —
c Engagement

¢ Audit Risk

@ Business

Degiee

mod hi vhi

vio o

Measuring the Business Risk

Measuring the Audit Risk

~ Summary Question

- Summaiy Question Proof vLo
“would you say that the reputation of the entity is F?i:k “would you say that the reliability of the entity's
{vgood. good, mod, poor, vpoar}?" records is {vgood, good, mod. poor, vpoor]?”
| .38
) ? _e::mmes Reputation vooodr_ el ~3Esponse: Reliabilty [ - -
& Credbity [mound1 ~| | Possibility e Credibilty <
Aeouta — hi risk Reliabit —
eputation | yao0d - eliability -
Jackson Credbilty [aound 3 1w [88, | Guwe Credbily [+
Reputation | 5o0d [ Reliability -
Stephenson Crecibily [SYEIERN Stength Megan P m—
. Reputation — ‘z, 42 . Reliability -
Suabel Credibilty " [ Kieran Credibiiy [
Status [6724739 [5:23PM
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The Coarse-Grained Analysis

~Instructions

Step 1. Begin the enquiry with a
general, open question.

Step 2. Listen for evidence that the
reputation/seliability of records is vgood,
good, mod, poos, ar vpoor.

Step 3. Ask the summary guestion, record
response and credibility of source.

Select Risk
c Engagement

Risk

¢ Audit Risk

3 Business

" Risk

Measuring the Business Risk

vio lo mod hi vhi

Measuring the Audit Risk

78/85

~ Summary Question Proof vLo - Summary Question
"Would you say that the reputation of the entity is Risk "Would you say that the reliability of the entity's
(vgood. good, mad, poor, vpoor)?"* recoids is {vgood, good, mod. poor, vpoor]?"
I .66
™ H - e e i e - RCS onses T -
S:g‘:on:e: Hepgt‘a_hon vaood - T o Mikep n Rella.b!I!ty ~
Credbilty [aoundi v Possibility Credibility v
. hi risk -
Jackson Reputation | yq00d [y y Guve Reliability -
e Credibilty {aound 8 T [-48 Y Credibility -
) : iability [
Stephenson Hepglél'on qood s Stiength Megan Ee ';b'.:fty | . 4
Credibilty {around .2 v Evidence redibility -
Reputation [qood - [67 . Reliabity [~
Suobel Credibilly l—g“—‘—' Kieran Credbilty ~
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The Coarse-Grained Analysis

~Instructions

Step 1. Begin the enquiry with a Select Risk-
general. open question. c Engagement
Step 2. Listen for evidence that the Risk Degiee
reputation/ieliability of tecords is vgood. N
good, mod. poos, or vpool. & Audit Risk
Step 3. Ask the summary question. record - Business 0 )
response and credibility of source. Risk . .
. vio lo mod hi vh
Measuring the Business Risk Measuwring the Audit Risk
- Summary Question Proof vLo ~ Summary Question
“Would you say that the reputation of the entity is Risk “would you say that the reliability of the entity's
(vgood, good, mod, poor, vpoor)?"! records is (vgood. good, mod. poor, vpooi)?"
l .33 _
- H'e:pon:es Reputation vqoc;j -v n ~R.espon:e: Freiabiity pow -
Sage . T Mike . —
Credibilty [a0und1 ‘v Pos:lblll:ly Ciedbility | aound 8~
- hi ris =
Reputation [ yqond v . Reliability | a0d v
Jackson Credbilty [mound 8 = [33° Guye Credbity [ T~
Stephenson Repglﬁl 19N good E', Strength Megan He"ébf”ty .‘.’9999—-—:
Credbity |around.2 v Evidence Credbiity [around 1~
Reputation [ yqo0d 'y |_53 i . Reliability | yqood v
Strobel Credbilty {aound1 1w ‘ Kietan Credibilty (SR~
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The Coarse-Grained Analysis

~Instructions

Step 1. Begin the enquiry with a
general. open question.

Step 2. Listen for evidence that the
reputation/seliability of records is vgood,
good, mod, poaor, ar ¥poor.

(" Audit Risk

80/85
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Step 3. Ask the summary question, record c Business
response and credibility of source. Risk ) )
vio lo mod hi vhi
Measuring the Business Risk Measuring the Audit Risk
~ Summary Question Proof vL. ~ Summary Questi
"“Would you say that the reputation of the entity is I‘?i:l: o "would you say that the reliability of the entity's
{vgood. good. mod, poor, vpoor)?"’ records is (vgood, good, mod, poot, vpoor)?"
| .28
~fResponses - ~Resp - o
Sage Reputation | 4004 - Mike Reliability | ga0d v
9 Credibiity [aound 1 1w] | Possibility ' Credibilty | around 8~
Reputal o hi risk Reliabil —
} eputation d v eliability { qa0d v
Jackson g B l Guye oo faeed T
“ Credbilty [aiound.8 || 4 Y Credibiliy | ajound 1 ¥
Stephenson Hepgl.a.lxon good iy Strength Megan Fieha_bfl!ly lvgood ¥
Credbilty {arqund 2 1 Evidence Credbilty Jaround 1 =
Strobel Reputation lvqood '~ [36 Kieran Reiiabily |ygood v
Ciedbilty [sound1 iv Credibilty {around 1 v
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Data: Final Report: Risk Inherent in Audit Engagement
Profile of Client Phons 2146783 ;Zampanzb Coniact.:J:J Flo
Cliant Name:  Shady Auto Sales Fax 2142345 ypa of Company: stolen cais
) N . ; Gross Anuunal Sales: 41.00
Address: Auto Alley Scarborough  Email: email@ N
Ontario M5A 2M6 Websita: www.Shady Date of Last Audii: 03-04-98
i Incumbent Auditor: Jo Schmo
Evidence Factor 1: Reputation of Entity : Results of Coarse-Grained Analysis
Name Method Input Cred . e -
Informant 1 | Sage By Phore | vgood 1.0 . 1 Streng!
Evide
Informant 2 | Jacksn | ¥ Fhone vgood | 0.8 EE
.36(
Incumbent | Stephenson In Person good 0.2 Rul
KOB ¢
Self Strobel vgood | 1.0 . Compi
Factor 2: Reliability of Entity’s Rccordls'
informant 1 | Mike By Phone good | 08 Proof of low risk: [[292 Req'd=
Possibility of high risk:| .414  Req'd=
Infosmant 2 | Guye in Person good 1.0 - ) i
Stength of conclusion is ioo low, because evidence is io
Incumbent | Megan InPerson |v&00d 1.0 for any conclusion, therefore, do fine-grained analysis.
Qelf Kisran KB vgood 1.0 ¢ ¢Previous | : End Assessm
Status [6/24799 [5:33PM
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; The Coarse-Grained Analysis
1 | rInstructions
' Step 1. Begin the enquiry with a Select Risk
general. open question. c Engagement
v Step 2. Listen for evidence thal the Risk
reputation/reliability of tecords is vgood, S
_! good. mod, poot, or vpoor. € Audit Risk
| Step 3. Ask the summary question, record IS Business |
= response and credibility of source. Risk ... o
l. vio lo mod hi vhi
Measuring the Business Risk Measuring the Audit Risk
 Summary Question Proof vLo - Summary Question
"“would you say that the reputation of the entity is ! Ris: "Would you say that the reliability of the enlity's
{vgood, good, mad, poor, vpoor)?" tecotds is (vgood, good. mod, poor, vpoai)?”
| 75
 Responses ————— s = ) - Responses s S
Sage Reputation [ygood ] | - Mike Reliabilty }ygood =
Credbilty [aoundt '+ Possibility Credbility [gound 8
Fooutal . hi risk Relabii —
eputation | yqoad 'y eliability | qood -
Jackson Credbity [around 8 1] [ Guye Credbilly oo T K
Stephenson Hepgtﬁtlon vgood b Strength Megan Heha,bf‘!ly [vaood ___~
Credbilty aound .2 v Evidence Credbilty |aiound 1
i Strobel Reputation vgood v [-75: Kieren Reliabiity lygood
Credibilty [youndt ‘v Credbilty | jiound 1 =
T Status (6724733 [54TPM

Fig. 82
82/85

SUBSTITUTE SHEET (RULE 26)



WO 99/67707

PCT/CA99/00588

&»-RiskProject3 - [Doing the Coarse-Grained Analysis]
2| & File Edit View Window Help =12 Xi
i . . ) ,
: The Coarse-Grained Analysis <P'ewotgl Final Repo
.1 | r Instructions 1
' Step 1. Begin the enquiry with a Select Risk
general. open question. - Engagement
Step 2. Listen for evidence that the Risk Degree
I reputation/reliability of records is vgood.
1 good. mod, poor, or ypoor.
| Step 3. Ask the summary question, record ¢, Business \
= response and credibilitv of source. Risk 0 msaiianass
I- vio lo mod hi vhi
Measuring the Business Risk Measuring the Audit Risk
- Summaiy Question Proof vLo ~ Summary Question
"would you say that the reputation of the entity is Risk "Would you say that the reliability of the entity's
{vgood. good, mod, poor, vpoor}?* tecords is {vgood, good, mod, poor, vpoor)?”
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