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Fuzzy Expert System

e Classical Set

* Fuzzy Set

- 1, ifxeA
fa(x) = 4 | . ,
O, itxgA

pa(x) : X — [0, 1],

where
pra(x) = 1 if x is totally in A4;
pra(x) =0 if x is not in A;

O < pa(x) < 1if x is partly in A.
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Defuzzification Composition Inference Fuzzification
?- Appiy
1. Fuzzify inputs. i::;:zgrym‘an ;?‘?,CJI‘;".IPC‘:;}UOIJ
[OR = max). methad (min).
1 - poor rancid cheap
] 1 10 1 ue <27 0% 25%
| If service is poor or food is rancid then tip =cheap
average
2 u rule Zhas
no dependency ’ \
good on ingut 2
0 10 0% 25% 0% 250,
‘ If service is good then tip = average |
axcellent
3 . o generous
delicious,
0 10 10 0% 25% 0% 25% Apply
| If service iz excellent or food iz delicious then tip — generous | ﬁé’grm?"ﬂﬂ .
opl= rrax)

Service =3

input 1
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food =8
input 2
tip = 16.7%

output
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It is too hot! ' Set the fan at

90 Degree F. Turn the fan on high 0 Speed
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Linguistic Variable: Mean Delay, m

Linguistic Value Notation Numerical Range (normalised)
Very Short VS [0, 0.3]
Short S [0.1, 0.5]
Medium M [0.4,0.7]

Linguistic Variable: Number of Servers, s

Linguistic Value Notation Numerical Range (normalised)
Small S [0, 0.35]
Medium M [0.30, 0.70]
Large L [0.60, 1]

Linguistic Variable: Repair Utilisation Factor, p

Linguistic Value Notation Numerical Range
Low L [0, 0.6]
Medium M [0.4, 0.8]
High H [0.6, 1]

Linguistic Variable: Number of Spares, n

Linguistic Value Notation Numerical Range (normalised)
Very Small VS [0, 0.30]
Small S [0, 0.40]
Rather Small RS [0.25, 0.45]
Medium M [0.30, 0.70]
Rather Large RL [0.55, 0.75]
Large L [0.60, 1]
Very Large VL [0.70, 1]
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Mean Delay (normalised)

Linguistic Variable: Mean Delay, m
Linguistic Value Motation MNumercal Range (normalised)
Very Short Vs [0,03]
Short 5 [0.1,05]
Mediuvm M [0.4,0.7]
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Degree of
Membership

1.0
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0 0.1
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Number of Servers (normalised)

Lin;;rui stic Variable: ﬂ'lﬁlmb-éli‘f af Servers L 5

Linguistic Value Motation Mumercal Range (normalised)
Small 5 [0,0.35]
Medium M [0.30,0.70]

Large L [0.60. 1]
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Linguistic Vanable: Repair Utilisation Factor, p-

Linguistic Value Notation Mumerical Range
Low L [0, 0.6]
Medium M [0.4, 0.8]
High H [0.6,1]
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Degree of
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081 VS S RS M RL L VL
0.6
0.4
0.2
0.0 | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Number of Spares (normalised)
B Liﬂlg.lisﬁc?aﬁablez Number of Spams,f; -
Linguistic Value Motation Mumercal Range (normalised)
Very Small Vs [0, 0.30]
Small S [0. 0.40]
R ather Small RS [0.25, 045]
Medium M [0.30, 0.70]
Father Large RL [0.55,0.75]
Large L [0.60,1] 42
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If (utilisation_factor is L) then (number_of spares is S)
If (utilisation_factor is M) then (number_of spares is M)
If (utilisation_factor is H) then (number_of sparesis L)

If (mean_delay is VS) and (number_of servers is S) then (number_of spares is VL)
If (mean_delay is S) and (number_of servers is S) then (number_of spares is L)
If (mean_delay is M) and (number_of servers is S) then (number_of spares is M)

If (mean_delay is VS) and (number_of servers is M) then (number_of spares is RL)
If (mean_delay is S) and (number_of servers is M) then (number_of spares is RS)
If (mean_delay is M) and (number_of _servers is M) then (number_of spares is S)

©CooN Ok WNE

10.1f (mean_delay is VS) and (number_of servers is L) then (number_of spares is M)
11.1f (mean_delay is S) and (number_of servers is L) then (nhumber_of sparesis S)
12.1f (mean_delay is M) and (number_of servers is L) then (humber_of spares is VS)
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Fuzzy Expert System

* Fuzzy Expert System Example 2
* Purpose:

Estimating the maximum age group of the

agricultural laborers having cardio vascular problem due to chemical
pollution, using matrices



* eight symptoms
S1 - Chest pain,
S2 - Pain at the rib’s sides,
S3 - Back pain,
S4 - Shoulder pain,
S5 - Left arm and leg pain,
S6 - Swollen limbs,
S7 - Burning chest and
S8 - Blood pressure (low or high B.P)



Initial raw data matrix of cardio vascular problem of order 3 = 8

Years | S | So | Ss | Ss | Ss | Sg | S7 | Sg
20-30 | 23 | 18 | 24 | 16 | 29 | 10 | 16 | 10
31-43 | 38 | 32 | 38 | 31 | 35| 18 | 33 | 10
4465 | 22 | 21 (21 | 22 [ 20 | 11 | 20 | 5




In order to obtain an unbiased uniform effect on each and
every data so collected, we transform this initial matrix into
an Average Time Dependent Data (ATD) matrix.(dividing each
entry with the width of the respective class-interval.)

The ATD Matrix of cardio vascular problem of order 3 =< 8

Years | 5 S2 53 S Ss Sg 57 Sg

20-30 | 209 | 164 | 218|146 | 264|091 | 146|091
31-43 (292 | 246 | 292 | 239 | 269 | 139 | 254 | 077
44-65 1 095 | 0.95 1 091 | 05 | 091 | 023




* To make the calculations easier and simpler we in the third

stage using the simple average techniques convert the above

average time dependent data matrix in to a matrix with
entries eij €{-1,0,1}.

The Average and Standard Deviation of the above ATD matrix

Average

2.00

1.68

202

1.62

2.08

0.93

1.64

0.64

sD

0.96

0.76

0.995

0.71

1.01

0.45

0.83

0.36




Using the average(u;), Standard Deviation(o;) and a parameter
a from the interval [0, 1], a fuzzy matrix called the Refined
Time Dependent Data Matrix (RTD Matrix) was formed. The
RTD matrix with entries e;, where e; € {-1, 0, 1}, was formed
using the following formula [1] :

If aij <= (vj- a * gj) then ej=-1
elseif ai € (Uj-a * o, ui+a * gj) thene;=0
else if aij>=(v;+ a * g;) thenej=1
where ai’s are entries of Average Time Dependent Matrix. By

varying the parameter a, any number of Refined Time
Dependent Data Matrices can be obtained.



Three of such matrices obtained were as follows:

RETD matrix for « =0.15 Row sum matrix

1 1 1 1 1 1 8
-1 -1 -1 -1 -1 -1 -1 -1 -3

Graph 1: Graph depicting maximum age group of

labourers with pollution-related Cardio-Vascular
Problem (e« = 0.15)
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ETD matrix for . = 0.35

Row sum matrix

o o o o 1 0 0 1 2
1 1 1 1 1 1 1 O 7
-1 -1 -1 -1 -1 -1 -1 -1 -8
Graph 2: Graph depicting maximum age group of
labourers with pollution- related Cardio-Vascular
Problem (a = 0.35)
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RTD matrix for o =0.45 Row sum matrix

o o0 0 O 1 0 O 2
1 1 1 1 1 1 O 7
-1 -1 -1 -1 -1 -1 -1 -1 —5

Graph 3: Graph depicting maximum age group of
labourers with pollution-related Cardio- Vascular
Froblem (o = 0.45)
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RTD matrix for ¢ =0.75 Row sum matrix

o o o0 O O O O O 0
1 1. 1 0 1 1 O 6
-1 -1 -1 -1 -1 -1 -1 -1 -8

Graph 4: Graph depicting maximum age group of
labourers with pollution-related Cardio- Vascular
Problem (o = 0.75)
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The row sum of the RTD matrix

Graph 5. Graphical comparison of the maxdmum age
group of the labourers who are affected by Cardio
Vascular problem
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* By combining all these three matrices, the
Combined Effect Time Dependent Data Matrix
(CETD Matrix), which gives the cumulative
effect of all these entries, was obtained.



The CETD Matrix Row sum matrix

o o o -1 3 0 -1 3 4
4 4 4 4 4 4 4 1 29
-4 4 4 4 4 4 4 A4 -32
Graph 6: Graph depicting the maximum age group
of labourers with pollution-related Cardio- Vascular
A0 Froblem for CETD matrix
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* Min-max normalization: to [new_min,, new_max,]

Ve V —MiNa
maxs — MiNa
— Ex. Letincome range $12,000 to $98,000 normalized to [0.0, 1.0]. Then $73,000 is

98,000 —12,000

(New _max.—new _min.) +New _mina

mapped to

o0



