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Abstract—T heinformation availableto the system isincomplete
in many applications particularly in Decision Support Systems.
The fuzzy logic deals incomplete information with belief rather
than likelihood(probability). Some times decision has to be taken
with the fuzzy information. In this paper, fuzzy Decision set is
defined with two fold fuzzy set. The fuzzy inference and reasoning
are studied for fuzzy Decision sets. Business and Medical

applications are given.
T Business, Medical, Geological, Control Systems etc
are incomplete or unceryain. The fuzzy logic will
deal incomplete information with belief rather than likelihood
(probable). Zadeh formulated uncertain information as fuzzy
set with single membership function. The fuzzy set with two
membership function will give more evidence than single
membership function . The two fold fuzzy set is with fuzzy
membership functions “Belief ”” and” false. Usually, in Mdical
and Business applications, there are two opinions like “ Belief”
and “Disbelief ” about the information and decicision has to be
taken under risk. For instance, in Mycin[1], The medical
information is defined with belief and disbelief i.e
CFHh,e]=MBJh,e] — MD[h.e], whe “¢” is the evidence for given
hypothesis “h”. The fuzzy set is used instead of Probability to
define fuzzy certainty factor.

I. INTRODUCTION
he information available to many applications like
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In the following fuzzy logic[23] and Geralized fuzzy logic[19]
are studied briefly. The fuzzy Certainty Factor is studied and
fuzzy Decision setisproposed. Thefuzzy inference and fuzzy
reasoning are studied for fuzzy Decision set. The Business and
Medical applications are studed as applications of fuzzy
Decision set.

Il. FUZZY LOGIC

Varioustheoriesare studied to deal with imprecise, inconsistent
and inexact information and these theories deal with likelihood
where as fuzzy logic will dels with belief. Zadeh[23] has
introduced fuzzy set as a model to deal with uncertain
information as single membership function.. The fuzzy set isa
class of objects with a continuum of grades of membership.
The set A of X is characterized by its membership function
MA(x )and ranging values in the unit interval [0, 1]

pA(x): X —[0, 1], x € X, where X is Universe of discourse.

A =pAx1)/x1 + pAx2)/x2 + ... + pA(xn)/xn, “+” is union

For example, the fuzzy proposition “x is young”

Y oung
={.95/10+0.9/20+0.8/30+0.6/40+0.4/50+0.3/60+0.2/70+0.15/
80+0.1/90 }

not young ={ 0.05/10 + 0.1/20 + 0.2/30+0.4/40 +0.6/50 +
0.8/60+0.7/70 +0.95/80+0.9/90 }

For instance “Rama is young” and the fuzziness of “young” is
0.8 The Graphical representation of young and Not young is
showninfig.1
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Fig.1: fuzzy membership function

Thefuzzy set of tye 2 “Headache” is defined as
Headache = { 0.4/mild + 0.6/moderate+ 0.8/Serious}


http://www.editorialmanager.com/ijfs/download.aspx?id=327&guid=320de478-f54e-400a-a9e8-8036dad07d96&scheme=1
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For example, Consider the fuzzy proposition “x has mild
Headache”

. For instance “Rama has mild headache” with Fuzziness 0.4

The fuzzy logic is defined as combination of fuzzy sets using
logical operators]21]. Some of the logical operations are given
below

Let A, B and C are fuzzy sets. The operations on fuzzy setsare

Negation

If x isnot A

A'=1-pa(X)/X

Conjunction

xisAandyis B— (x,y)isAxB

A x B=min(pa(x)), He(Y)} (x.y)

If x=y

xis A and y is B— (x,y) is AAB

AAB=min(pa(X)), Ua(y)}/x xis A or y is B— (x, y) is A'x B’

A'x B” =max(ua(X)), He(Y)} (X.y)

If x=y

xisAandxis B— (x,x)isAVB

AVB=max(ua(x)), Ma(y)}/x Digunction

Implication

if xisAthenyis B=A—B =min{1, 1- pa(X)) +ps(y)}/(X.y)

if x=y

A—B=min {1, 1- Ua(X)) +Hg(y)}/X

If xisAthenyisBeseyisC=AxB+A'xC

The fuzzy propostion “If x is A then y is B else y is C”” may be
devided into two clause “If x is A then y is B ““and “If X isnot A
then yis C” [15]

Ifx is A then y is B else y is C =A—B=min {1, 1-pA(X)+
HB(Y)}(X.y)

Ifx isnot A then y is B else y is C =A'— C =min {1, 1- pa(X))
+Uc(Y)}H (%)

Composition

A 0B=A xB=min{ Ua(x)), Hs(y)}/(x.y)

Ifx=y

A 0 B==mir{ pa(x)), Us(y)}/x Composition

The fuzzy propositions may contain quantifiers like “Very”,
“More or Less” . These fuzzy quantifiers may be eliminated as

Concentration

xisvery A

p-very A(X))l =p-A(X) 2

Difusion

X isvery A

Hmore or I&A(X) =|J-A(X) 05

I11. GENERALIZED FUZZY LOGICWITH TWO FOLD
FUzZzY SET

Since formation of the generalized fuzzy set simply astwo fold
fuzzy set and isextension Zadeh fuzzy logic[23].

The fuzzy logic is defined as combination of fuzzy sets using
logical operators. Some of the logical operations are given
below

Suppose A, B and C arefuzzy sets. The operations on fuzzy sets
are given below for two fold fuzzy sets.

Since formation of the generalized fuzzy set simply astwo
fold fuzzy set, Zadeh fuzzy logic is extended to these
generalized fuzzy sets.

Negation
A= {1- A (1), 1- g™ () }ix
Digunction
AVB:{ max(uABe'ief (X) , pABdief (y)), max(pBDiSbe“Ef (X) ’
Hs™ ' ()} (x.y)
Conjunction
AAB:{ min(uABelief (X) 'uABelief (y)), min(“BDiSbeHef (X) , HBDiSbe“d
v)) H(xy)
Implication
A>B={min(1, 1- IJABeIief (X) + uBBelief (y),min(1,1- “Aoisbenef
() + Ha” ' (y)} (xy)
If xisAthen yisBelseyisC=AxB+A'xC
If xisAthen yisBeseyisC=A->B ={min (1, 1- p°*'“ (x)
+ p”H ¥ (y) , min (1, 1- pa ™ () + pg” N (y)}(xY)
If xisnotA then yisB elseyisC=A'>C=min (1, pa°*'* (x)
+ UM (y) L min (Lpa" N () + pc” M ()} (xy)
Compositin
A o R={min, ( pa
™4 (x) )y
The fuzzy propositions may contain quantifiers like “very”,
“more or less” . These fuzzy quantifiers may be eliminated as
Concentration
“x is very A _ o
Hvery a00) = { M2 (07, a” ! () ua(x)?}

Diffusion
“X is more or less A” o
HmoreorlessA(X) = ( l—lABe“Ef (X)O.B! HADISbe“ef (X)LJ-A(X)O.5

For instance, Let A, B and C are
A ={ 0.8/x;+0.9/x, + 0.7/x3 + 0.6/x4 +0.5/X5,
0.4/x, + 0.3/x, + 0.4/x3 + 0.7/x4 +0.6/X5}

B ={ 0.9/x; + 0.7/x, + 0.8/x3 + 0..5/X4 +0.6/Xs,

0.4/x, + 0.5/x, + 0.6/x3 + 0.5/x,4 +0.7/Xs}
AV B ={ 0.9/x; +0.9/x, + 0.8/x3 + 0.6/x4 +0.6/xs,
0.4/x, + 0.5/x, + 0.6/x3 + 0.7/x4 +0.7/Xs}
A AB=1{ 0.8/xy+0.7/X, + 0.7/x3 + 0.5/x4 +0.5/x5,

0.4/x, + 0.3/X, + 0.4/x3 + 0.5/x4 +0.6/Xs5}

A’ = not A= { 0.2/x; + 0.1/x, + 0.3/x3 + 0.4/x4 +0.5/xs,

0.6/xy + 0.7/x, + 0.6/x3 + 0.3/x4 +0.4/xs}
A->B= { 1/X1 + 0.8/X2 + /X3 + 0.9/X4 +1/X5,
1%y + 1%, + Xz + 0.8/%4 +1/Xs}

AoB={ 0.8/x;+0.7/x, + 0.7/x3 + 0.5/x4 +0.5/X5 ,
0.4/x1 + 0.3/x; + 0.4/x3 + 0.5/x4 +0.6/Xs}

Hvery a(X) ={ A" 007, 1A (OHA()? }

={ 0.64/x; + 0.81/x, + 0.49/x3 + 0.36/x4 +0.25/Xs,
0.16/x; + 0.09/x, + 0.16/x3 + 0.49/X, +0.36/Xs
Hmore or LessA(X) = ( pABdle‘ (X)ljzy p-ADIdelef (X)”A(X)ﬂz }
={ 0.89/x; + 0.94/x, + 0.83/x3 + 0.77/x4

P (0, 1% (9 ), ming pe" ¥ (),

+0.70/xs,
0.63/x, + 0.54/x, + 0.63/x5 + 0.83/X,
+0.77/xs}



IV. ruzzy DECISION SET
Zadeh[22] proposed fuzzy set to deal with incomplete
information. Generalized fuzzy set with two fold membership
function i o (X) ={ a2 (x), p 2" (x) } isstudied
(18]
Thefuzzy Certainty Factor may be defined as (FCF)
Ivl AFCF (X) — IJ ABeIlef (X) _ u ADli)ellef (X) , Whefe

UAFCF(X) — IAp\Belief (X) _ uADisbeIief (X) IJABeIief (X) Z]J-ADiSbe“ef (X)
=0 uABeIief (X) <uADisbe|ief (X)
fuzzy Decision set Ris defined based on convex fuzzy set
[10]
R=A "™ (x)>a, where a€[0,1]
For instance,
Demand ={  0..8/x1+0.7/x2+0.86/x3+0.75/x4+0.88/x5,
0.2/x1+0.3/x2+0.25/x3+0.3/x4+0.2/x5 }
FCF —
H bemand (X) -
0.6/x1+0.4/x2+0.61/x3+0.45/x4+0.68/x5
The Generalized fuzzy set for Demand for the Items and fuzzy
certainity factor is ahown in Fig2.

Generalized Fuzzy Set
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Fig2: Generalized fuzzy set
Suppose fuzzy Decision set is defined
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Fig3: fuzzy Decision set

The fuzzy logic is combination of logical operators. Consider
the logical operations on fuzzy Decision setsrl, R2 and R3
Negation

If x isnot R1



R1'=1-pry(X)/x

Conjunction

xis Rl and yis R2— (x,y) is Rl x R2

R1 x R2=min(ura(X)), Hra(Y)} (X.Y)

If x=y

xisRlandy is R2— (x, y) is RIAR2

RIAR2=min(pr1(X)), Hro(y)}/x x is R1 or y is R2— (X, y) is
R1'x R2’

RI1'x R2’ =max(pri(X)), Hr2(Y)} (X.Y)

If x=y

x is R1 and x is R2— (x, x) is R1 V R2

R1VR2=max(ur1(X)), Hro(Y)}/x Digunction

Implication

if xisR1lthenyisR2=R1—R2 =min{1, 1- hdri(X))
*+Hro(Y)}(X.Y)

if x=y

R1—R2=min {1, 1- pri(X)) +Hro(Y)}/X

If xisR1thenyisR2 elsey iSR3=R1x R2 + R1'x R3

The fuzzy propostion “If x is R1 then y is R2 else y is R3” may
be devided into two clause “If x is R1 then y is R2 “ and “If x is
not R1 then yis R3” [15]

Ifx is R1 then y is R2 else y is R3 =R1—R2=min {1,
1-puR1(X)+ UR2(Y)}(X,y)

If x is not R1 then y is R2 else y is R3 =R1'— R3 = min {1, 1-
Hru(X)) +Hrs(Y)}H (X,Y)

Composition

R1 0 R2=R1xR2=min{ pri(x)), Ur2(¥)}/(X.y)

Ifx=y

R1 o R2==min{ pra(X)), Hra(Y)}/X

0.09/x1+0.02/x2+0.06/x3+0.02/x4+0.1/x5 }
FCF —
H Hgh Price (X) -
0.4/x1+0.5/x2+0.29/x3+0.38/x4+0.2/x5
With theinferencerule A>B=min{1, 1-pa(X) + ps(x)}
FCF —
M pemand sHigh Price (X) -
0.9/x1+1/x2+0.5/x3+1/x4+0.52/x5
M pemand sHigh Price FeF (X ) 20.6
= 1/x1+1/x2+0/x3+1/x4+0/x5

EXAMPLE2
Consider Medical Diagnosis
If x hasinfection in the leg then surgery
Let x1, x2, X3, x4, x5 are the Patients.
The fuzzy set
H Infection FeF (X)
= 0.76/x1+0.78/x2+0.46/x3+0.86/x4+0.58/x5,
0.16/x1+0.12/x2+0.06/x3+0.14/x4+0.05/x5 }
= 0.6/x1+0.64/x2+0.4/x3+0.72/x4+0.53/x5
FCF

|th Surgery (X)

= 0.59/x1+0.26/x2+0.55/x3+0.24/x4+0.35/x5,
0.09/x1+0.06/x2+0.05/x3+0.04/x4+0.03/x5 }
= 0.5/x1+0.2/x2+0.5/x3+0.2/x4+0.32/x5
Using inferencerule A>B= min{ 1, 1-pa(x) + ue(x)}
M Infection_y Surgery FeF (X)
= 0.9/x1+0.56/x2+0.9/x3+1/x4+1/x5
|.1 Infection_y Surgery Fer (X) 26

0 H Infection_y Surgery Fer (X) <6
Thefuzzy Decision set is

The fuzzy propositions may contain quantifiers like “Very”, “More 1/x1+0/x2+1/x3+1/x4+1/x5

or Less” . These fuzzy quantifiers may be eliminated as
Concentration
x isvery R1
Hvery R1(X)), =HRra(X) 2
Difusion
xisvery R1
Hmore or less Rl(x) =HR1(X) 08

V. FUZZY INFRENCE IN DECISION MAKING
Decision management is usually happensin Decision Support
Systems.
EXAMPLE1L
Consider Businessrule
If x is Demand of the product then x is High Price
Let x1, x2, x3, x4, x5 be the Items.
The Generalized fuzzy set
Demand ={ 0.56/x1+0.48/x2+0.86/x3+0.36/x4+0.88/x5,
0.06/x1+0.04/x2+0.07/x3+0.03/x4+0.2/x5 }
FCF —
H bemand (X) -
0.5/x1+0.44/x2+0.79/x3+0.33/x4+0.68/x5
High Price = 0.49/x1+0.52/x2+0.35/x3+0.4/x4+0.3/x5,

V1. CONCLUSION

The decision has to be taken under incomplete information
in many applications like Business, Medicine ect.. The fuzzy
logicis used to deal with incomplete informayion The fuzzy
Decision set isdefined with two fold fuzzy set.  Thefuzzy logic
is discussed with two fold fuzzy set. The fuzzy Decision set,
inference and reasoning are studied. The Business and
Medical applications are discussed for fuzzy Decision set.



(1

[2)
(3]
(4
[5)

(6]
(8]
(9]
[10]

[11]

(12

[13]

[14]
[19]

[16]
[17]
[18]

[19]

REFERENCES

B.G. Buchanan and E.H. Shortliffe, Rule-Based Expert System: The
MY CIN Experiments of the Stanford Heuristic Programming Project,

Readings, Addition-Wesley, M.A, 1984.

M Mizumoto, F Fukmi and K Tanak, “Some Methods of fuzzy
Reasoning”, in Advances in fuzzy set Theory and applications, M M
Gupta, R R Ragade and R R Ragar(Eds.,), North-Holland, 1976.

W. Pedrycz and F. Gomide, Introduction to fuzzy set s, Cambridge,
MA: MIT Press, 1998.

REN Ping, “Generalized fuzzy set s and Representation of
Incomplete Knowledge”, fuzzy set s and Systems, vol.l, n0.36,
pp.91-96,1990.

N. Rescher, Many-Valued Logic, McGrow-Hill, New Y ork, 1969.

Shafer, G, A Mathematical Theory of Evidence , Priceton, NJ,
University Press, 1976.

P. Venkata Subba reddy and M. Syam Babu, ‘Some Methods of
Reasoning for Conditional Propositions”, fuzzy set s and Systems,
vol.52, no.1, pp.1-22,1992.

P. Venkata Subba Reddy, “Generalized fuzzy set s in Various
Situations for Incomplete Knowledge”, First International
Conference on fuzzy Theory and Technology, Proceedings, Abstract
and Summaries of FT&T1992, University of North-Carolina, Duke
University, October 14-16, 1992 ,USA,pp.181-183.

P. Venkata Subba Reddy, “Generalized fuzzy logic for Incomplte
Information”, IEEE International Conference on fuzzy Systems, July
7-10, 2013, Hyderabad, India.

L. A Zadeh, “Calculus of fuzzy Restrictions”, In fuzzy set s and their
Applications to Cognitive and Decision Processes, L. A. Zadeh,
King-Sun FU, Kokichi Tanaka and Masamich Shimura (Eds.),
Academic Press, New Y ork,pp.1-40,1975.

L.A. Zadeh, fuzzy sets, In Control vol.8, pp.338-353, 1965.

L. A. Zadeh, Generalized theory of uncertainty (GTU)—principal
concepts and ideas Computational Satistics & Data Analysis,
Volume 51, Issue 1, 1, pp. 15-46, 2006

L. A. Zadeh, Toward extended fuzzy logic—A first step fuzzy sets

and Systems, vol. 160, no. 21, pp.3175-3181, 2000.


http://www.sciencedirect.com/science/article/pii/S0167947306001290
http://www.sciencedirect.com/science/article/pii/S0167947306001290
http://www.sciencedirect.com/science/article/pii/S0165011409002140

