CS 6630 Fuzzy Logic Midterm Solution

a) let C, = ANB, He, = Hpg = MiN(za, pg) = Min(u, 1 125)
l-pg _1-27 _x+2 x+2 .. 2 —(x+2)
N X X 2" x 2" X

X+2
we have 2" = (1+1)*" >1+x+1=Xx+2, 0

1- pp o1 (X+2)—(x+2)

H 27X
He, = Min(u, - 1) = un

X €[0,10], here

=1,i.e, 1-uy > u,, therefore,

b) LetC,=AnB ,ie, C,=C, , therefore, u, =1-ps =1-p, = p;

He, is the blue solid line and . is the red dash line

2.
We prove the follow formula first
a) Forany fuzzy sets x and y, xnXc (XxNny)u(XnYy).Itissimple, if the
sets are crisp sets, that x m X = @ . For the fuzzy sets, however, it is not trivial.
Proof:
)} If u, <1-p,,
My =MiN( 1= g ) <min— g, 1—p,) = gy g > XNX S XNY



i) Otherwise, u, >1—pu, = pu, >1-p,,

Hyrx = MiN(ee, 1= g ) <minuy, py) = pyy = XNXSXNY
Therefore, xNnXc (XNy)u(XNY)

b)
(AAB)AC =[(A—B)u (B - A)JAC

={[(A-B)u(B-A)]-C}yu{C-[(A-B)u(B-A)I}

={[(AnB)U(BNA)]NC}u{CN[(ANB)U (BN A}
=[(ANBNC)u(BNANC)u{CN[(AUB)N (B uUAI}
=[(ANBNC)U(BNANC)U{CA[(ANB)U(ANA)UBANB)U(BNAIL}
accordingtoa), AnNA, BNB <c(ANnB)uU(BnA)
=[(ANBNC)u(BNANC)U{CN[(ANB)U(BNA]}
=(AnBNC)U(ANBNC)U(ANBNC)U(ANBANC)

AA(BAC) = (A— BAC) U (BAC — A)
= (AN BAC) U (BAC N A)

=[An(B-CnC-B)]u{[(B-C)u(C-B)]n A}

—{AA[E UC)(C UBTFU{(BAC)U(C AB) A
={AN[(BNB)U(BNC)u(CNC)u(CNB)}U(ANBNC)U(ANBNC)
accordingtoa), BnB, CnC <(BnC)u(CnB)
={AN[(BNC)u(CNB)}U(ANBNC)U(ANB NC)
=(AnBNC)U(ANBNC)U(ANBNC)U(ANBNC)

RHS = LHS #

3.
Final report is either research-like or survey-like. Both should follow the style of
published paper, however, they DO NOT need to be published.

Research-like: (need idea and better result)
) Title page: title, name, and abstract
i) Introduction
iii) Proposed method
iv) Experiments
V) Conclusions
Vi) References

Survey-like: (need read at least 30 papers)
1) Title page: title, name, and abstract



i) Introduction

iii) Comparing different methods, giving the advantages and disadvantages
iv) Conclusions

V) References

Submit all the cited references with the final report together. For the book reference,
submit the copies of the related pages only.

4,
See the solution for the homework #2 problem #5

5.

Commutativity:
Xty =1-min(LY(L—x)° +(1-y)?) =1-min@L Y 1-y)" +(1-X)?) = yt,x

,g\ssociativity:

|

(Xt y)t,z =1— min(l,’{/{l—[l— min(L, §/(L—x)P +(1—y)P)]}® +(1-2)P)
:1—min(l,\"/(min(l,ﬁ/(l—x)p +1A-y)")NP+@A-2)")
—1-min@ Y1+ 1-2)* J1-Xx)P +1-y)? +(1—-2)")
—1-min@YA-x)" +(1-y)" +(1-2)P)

Note mzl

i)

xt, (yt,z) =1—min(1,§/(1—x)p +{1—[1—min(1,{/(1— V)P +1-2)")]})
=1—min(1,§/(1—x)p Jr(min(l,ﬁ/(l—y)p +@-x)")N")
=1-min@ Y1+ 1-x)" YA-x)" +(1-y)" +(1-2)°)
=1-min@YA-x)" +(1-y)" +(1-2)P)

Note {1+(@-x)° >1

From i) and ii), we conclude (xt,y)t,z = xt,(yt,z)

Monotonicity:
If x<yand w<z,then

Ja-xP +@-w)’ 28 1-y)? +(1-2)"
= min(L Y/ (1-x)? +1-w)") 2 minLY1-y)" +(1-2)P)
xt,w =1-min(, 81— x)" +(1-w)?) <1-min(@YA-y)? + 1—2)") = yt,z

Boundary conditions:



Ot,x =1-min(, {1+ (1-x)?)=1-1=0
Note {1+(@-x)° >1
it,x=1-min(4, {0+ (1-x)")=1-(1-x) =X

6.
Here we only prove the associative law
(xs,¥)s,z=min(, X+ Yy + pxy)s,z

1s,z  if x+y+pxy=1
- {(x+ Y+ pxy)s,z  otherwise
1 if x+y+pxy>1
- {min(l,x+ Y+ Z+ pXy+ pyz + pxz + p°xyz)  otherwise
Let B =X+ Y+2Z+ PXy+ pyz+ pxz+ p>xyz, then

1 otherwise
(Xs,Y)s,z =
g p<1

XS, (ys,z) = xs,(min(L, y + z + pyz))
xs,1 if y+z+pyz>1
- {xs2 (y+z+pyz) otherwise
1 if y+z+pyz>1
- {min(l, X+ Y+Z+ PXy+ pyz+ pxz+ p°xyz)  otherwise
That is,

x5, (y5,2) = {1

otherwise

g p<1

(xs,Y)s,z = xs,(ys,z) and the associative law is satisfied



