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anfis (Adaptive Neuro Fuzzy Inference System in R)
Calculator.LR.FNs (Calculator for LR Fuzzy
Numbers)

fclust (Fuzzy Clustering)

FCMapper (Fuzzy Cognitive Mapping)

FLR (Fuzzy Logic Rule Classifier)

frbs (Fuzzy Rule-Based Systems for Classification
and Regression Tasks)

fso (Fuzzy Set Ordination)

fugeR (Fuzzy Genetic, a machine learning algorithm
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Al <- FuzzyNumber(l, 2, 4, 7,
left=function(x) x,
right=function(x) 1-x72

)

plot (A1)
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A2 <- FuzzyNumber(1, 2, 4, 7)

® Gagolewski and Caha

to construct prediction model based on fuzzy logic)
fuzzyFDR (Exact calculation of fuzzy decision rules
for multiple testing)

fuzzyforest (Fuzzy Forests)

FuzzyLP (Fuzzy Linear Programming)
FuzzyNumbers (Tools to Deal with Fuzzy Numbers)
Fuzzy.p.value (Computing Fuzzy p-Value)
fuzzyRankTests (Fuzzy Rank Tests and Confidence
Intervals)

FuzzyStatProb (Fuzzy Stationary Probabilities from a
Sequence of Observations of an Unknown Markov
Chain)

FuzzyToolkitUoN (Type 1 Fuzzy Logic Toolkit)

Il (Linguistic Fuzzy Logic)

Rfmtool (Fuzzy Measure Tools for R)

RoughSets (Data Analysis Using Rough Set and
Fuzzy Rough Set Theories)

SAFD (Statistical Analysis of Fuzzy Data)

vegclust (Fuzzy clustering of vegetation data)

Weighted.Desc.Stat (Weighted Descriptive Statistics)
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P1

P2 <- PiecewiselinearFuzzyNumber(1l, 2, 3, 4,
knot.n=2, knot.alpha=c(0.25,0.6),
knot.left=c(1.5,1.8), knot.right=c(3.25, 3.5))
plot (P2, col=2, 1lty=2, pch=2, add=TRUE)

P2
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A <- TrapezoidalFuzzyNumber(1l, 1.5, 4, 7)
plot(A)

cuts <- alphacut(A, c(0, 0.5, 1))

cuts

cuts[, 1] # or equivalently cuts[, "L"]
supp (4)

core(A)

evaluate(A, 0)

evaluate(A, c(-3,0,3))

evaluate(A, seq(-1, 2, by=0.5))
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T1 <- TrapezoidalFuzzyNumber(1l, 1.5, 4, 7)
plot(T1)

T2 <- TrapezoidalFuzzyNumber (1.4, 3, 3, 7) # or
equivalently: T2 <- TriangularFuzzyNumber(1.4,3,7)
plot(T2, add=TRUE, col=2, lty=3)
TrapezoidalFuzzyNumber(2,2,3,3) # ‘crisp’ interval
as.TrapezoidalFuzzyNumber(c(2,3)) # is the same
TrapezoidalFuzzyNumber (5,5,5,5) # ‘crisp’ real

as.TrapezoidalFuzzyNumber(5) # is the same
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P1 <- PiecewiselLinearFuzzyNumber(1, 2, 3, 4,

knot.n=1, knot.alpha=0.25, knot.left=1.5,

knot.right=3.25)

plot(P1l, x1im=c(0.5,4.5))
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A <- FuzzyNumber (-5, 3, 6, 20, left=function(x)
pbeta(x,0.4,3),

right=function(x) 1-x~(1/4),
lower=function(alpha) gbeta(alpha,0.4,3),
upper=function(alpha) (1-alpha) ~4)

plot (A, xlim=c(-6,21))

Pl <- piecewiselinearApproximation(A, method=
'Naive', knot.n=1)

P1['allknots']

plot(P1, add=TRUE, col=2, lty=2, lwd=2)
print(distance(A, P1), 3)

P2 <- piecewiselLinearApproximation(A, method=
'NearestEuclidean', knot.n=1)

P2['allknots']

plot (P2, add=TRUE, col=3, lty=3, lwd=2)

print(distance(A, P2), 3)
A s |7

A <-

piecewiselinearApproximation(PowerFuzzyNumber

S B i sde G 5 63 e K Ol 7
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A <- TrapezoidalFuzzyNumber (0, 1, 1, 2)
B <- TriangularFuzzyNumber(1l, 2, 3)
plot(A, x1im=c(0,6))

plot(B, add=TRUE, col=2, 1lty=2)

plot (A+B, add=TRUE, col=4, lty=4)
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plot( fapply(A, function(x) sqrt(log(x+1))))
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Tl <- TrapezoidalFuzzyNumber (-5, 3, 6, 20)
T2 <- TrapezoidalFuzzyNumber(-4, 4, 7, 21)
distance(T1, T2, type='Euclidean') #L2 distance
distance(T1, T2, type='EuclideanSquared')

# Squared L2 distance
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A <- as.PiecewiselLinearFuzzyNumber (

TrapezoidalFuzzyNumber(-2,-1,-1,2), knot.n=10)

(1,2,3,4, p.left=2, p.right=0.5), knot.n=20)
A+A

plot(A, x1im=c(0,8))

plot (A+A, col=2, add=TRUE)

plot(2xA, col=3, 1lty=2, lwd=2, add=TRUE)

# the same as A+A
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A <-
piecewiselinearApproximation(PowerFuzzyNumber
(-1, 1, 1, 3, p.left=1, p.right=1),
method="Naive", knot.n=150)

B <-
piecewiselLinearApproximation(PowerFuzzyNumber
(1, 3, 3, 5, p.left=1, p.right=1),
method="Naive", knot.n=150)
plot(A,xlim=c(-6,15), 1lwd=2)

plot(B, add=TRUE, col=1, lwd=2)

plot (A+B, 1lwd=2)

add=TRUE, col=2,

plot(A-B, add=TRUE, col=3, lwd=2)

plot(A*B, add=TRUE, col=4, lwd=2)

plot(A/B, add=TRUE, col=5, lwd=2)
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A <- as.PiecewiseLinearFuzzyNumber (
TrapezoidalFuzzyNumber(0,1,2,3), knot.n=100)

plot (A, xlim=c(0,3))
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A <- FuzzyNumber(0, 3, 4, 5,
lower=function(x) gbeta(x, 2, 1),
upper=function(x) 1-x73

)

Sl (o ladaBanksd Ba5500055 0 2 (L sBee
Bl 8 ol Gl Sy b i ol dab A
(knot.alpha = o 5 knotn = L) A s  lasbesks
Iy sl Aol oy a8 SupportCorePreserving i,
Aol ) s sk ol gl a3l ail A b sas
D(a) = mb Sosoa (s 5L A (56 sae w6l
22 10 s 4 e 5 028 (o (Dme 25 03 dp(A, Pa(A))
33l a1 w5 ol o w38 () 55k

D <- function(a) distance(A,
piecewiselinearApproximation(A,
method="SupportCorePreserving", knot.alpha=a))

optimize(D, lower=0, upper=1)

Olgf oo cags a0 385 Llade Oud jasin jl am >
b b (slaskiasls L;Léjf.yj-l—ﬂwéa)paf;; e
b (laskiaskd 5,57 5 p e 5 3B sae knot.n =

piecewiseLinearApproximation(4,
method="SupportCorePreserving", knot.alpha=

alpha_0 )
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plot(A, xlim=c(-8,8))
plot(A~2, add=TRUE, col=2, lty=2)

plot(A~3, add=TRUE, col=4, 1lty=4)
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x1 <-

as.PiecewiseLinearFuzzyNumber (
TrapezoidalFuzzyNumber(0,1,2,3), knot.n=20)
x2 <-

as.PiecewiseLinearFuzzyNumber (
TrapezoidalFuzzyNumber(-1,2,2,2.5), knot.n=20)
x3 <-

as.PiecewiseLinearFuzzyNumber (
TrapezoidalFuzzyNumber(2,3,4,4.5), knot.n=20)
plot(xl, col=1, xlim=c(-2,15))

plot(x2, col=2, add=TRUE)

plot(x3, col=3, add=TRUE)

mean = (x1+x2+x3)/3

plot(mean, col=1, lwd=4, 1ty=3, add=TRUE)

s2 =((x1-mean) " 2+(x2- mean) " 2+(x3-mean)~2)/3
plot(s2, col=2, 1lwd=3, 1lty=4, add=TRUE)

s = fapply( s2, function(x) sqrt(x))

plot(s, col=4, 1lwd=3, 1lty=6, add=TRUE)
legend( "topright", c("X1 = Tr(0,1,2,3)",
"X2 = Tr(-1,2,2,2.5)", "X3 = Tr(2,3,4,4.5)",
"Mean", "Var", "s"), col = c¢(1,2,3,1,2,4),
text.col = 1, lwd = c(2,2,2,4,3,3),

1ty = c(1,1,1,3,4,6))
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ssba s left.fun gl p 05 Aote mly 51 YE SH
left.fun(z) = e 63,8 oslaul right.fun gl wlis
wOT s & right. fun(z) = maz{, —|z|?} s exp(—zP)

Ll p,g >

K] b right. fun(z) = left. fun(zx) J?| Yoy e
L1 ol s amb o L (56 sae S 1) LR(n, o, B) (656 sas
s o 0L L(n, a, ) sl

L3 slael op spmly di 5 (e 56 slael JFLF S0

T o s 5 S8 mls Gl oo Sa S dns
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left.fun(z) =

s <z
left.fun(x) e 7,

L )3 (s 9 62905 36 el & Bl il 4

9 LSL LR (o356 slael 55, s WL ks Calculator.LR.FNs
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right. fun(z) = sleft.fun(z) = —z, z > “}.im Gl):

M}’Lf e x>

Left.fun function(x) { (1-x"2)*(x>=0)}

Right.fun = function(x) { (exp(-x))*(x>=0)}
A = LR(20, 12, 10)

LRFN.plot(A, x1lim=c(0,60), col=1)
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szb.’l-)&lwgbjjﬁchMb)%L}iﬁldbgéﬂ
IS5 mls Gl n LR (536 slael 35, lazsle L L s RL LR
6 sl gleo Sllee Jole 1Al aly sas e
358 B 3y e s e LR (g3 slasl 55, Jtls o7
|, 4= Console s =y 5 Calculator.LR.FNs & J&T
1S 5 6L 4 LG RL LR (636 sas S G s
L bsm Slabe pldl @l & smipl 8 5o 5 kS (o

.)JIJJ
(LR <36 30 n :55ke) AF Jia

n = 10

Left.fun { (1-x)*(x>=0)2}

{ (exp(-x))*(x>=0)}

function(x)
Right.fun = function(x)
x1lim=c(2, 18)
sum_x = ¢(0,0,0,0)
for (i in 1:n) {

x = rnorm(1,10,3)

x_1 = runif (1,0,3)

runif(1,0,2)

IN
H
]

X=cO
X = LR(x, x_1, x_r)
LRFN.plot( X, xlim=x1im, ylim=c(0,1), lwd=1,
1ty=1, col=1, add = (i '= 1) )
sum_x = a( sum_x , X )
}
sum_x
X_bar = s.m( (1/n) , sum_x )

LRFN.plot(X_bar, lwd=2, 1ty=2, col=2, add=TRUE)

Left.fun function(x) { (1-x"2)*(x>=0)}

Right.fun = function(x) { (exp(-x))*(x>=0)}
LRFN.plot( LR(17,5,3), xlim=c(5,40),

lwd=2, lty=2, col=2)
:=wsl RL & 51aST (656 sds e s (B

Left.fun

function(x) {(1/(1+x~2))*(x>=0)}
Right.fun = function(x) {(1/(1+(2*xabs(x))))*
(x>=0)1%

LRFN.plot( RL(20,2,3), 1lwd=2, add=TRUE)
:CﬁwlL/E:p_ﬂ £r<5ju 3AE e gun LQJAA

{ (1-x)*(x>=0)}

LRFN.plot( L(30,15,5), lwd=2, lty=3, col=4,

Left.fun = function(x)

add=TRUE)
legend ("topright", c("LR(17,5,3)",
"RL(20,2,3)", "L(30,15,5)"), col = c(2,1,4),

text.col=1, lwd = c(2,2,2), 1ty = c(2,1,3))

o

- | == wr@7, 5, 3)
7o 2| = RL(20, 2, 3)
Lo sy L(30, 15, 5)

1.
~

0.8

0.6

B dln s (36 se g poioe ol 8 S
Calculator.LR.FNs e 55 536 slael - vy S
oxs ol 5l eslaal s 555 rl:;leRFN.plOt @U s g0
(536 Sde OJ)\ 0 Lngle BE Rty ng Cﬁw‘J;e
Jle asles )fl OrT e .;sf oeia Xlim i 50 A ges
V.w) LS‘J‘f ‘JLRFNPZOt BEY L jl oslaul JL{ u-iv\.l?' WY ‘y
e 5l b sl wal S8 K gas s pdr

S osliwl add = TRUE

@30 slusl @l gl gla Kb Y.§
T o sl J.fl.«.c «CalculatorLR.FNs &, s

S)d sm s @ w5 b sts o3 5 4 el 5 b (G



3 N s §Y gl 55kl AT Sl 5 5l oo S)led ‘rgﬂﬁ‘“ﬁ Jlo (e bl ai sl

"[(A + B)/2] - C = LR(2.5, 1.9, 1.5)",
"{[(A +B)/2] - C} *D =LR(1.25, 2.2, 3.2)"),
col = c(1:7), text.col =1,

lwd=c(2,2,2,2,2,2,2), lty=c(1,1,1,1,2,3,4))

«Calculator. LR.FNs &uw alwgay 358 sl 5 gl > 51 s

3,5 edalin ) &) swea Console

AYB o
AYB o ()
(A+B_c> « D =LR(,,)

] 0 osjjT Ja LgL@:ql 0d e

Latw colae g e 30 igduaer B

&y 4 s CalculatorLR.FNs &y <o
e Ol O, > & cwl OT FuzzyNumbers
6 5) L LRL LR 36 sue K IG5 1, bl
S S S 8 6 (06 sae s B
6B slasl gl ey pleo dlesl S by > S
@36 slael S5, s ol Ems 5 Slubw el (s LR
36 sl a5l Ols sl ol > K LR
oozl 038l ey K Olssay Sl 3t 6y
Ky gl il S Ol gioy Ol o 5290 (2l 5 5 2505
.35 5L FuzzyNumbers & 4 < Calculator. LR.FNs
5 FuzzyNumbers gladun b zis oliT ol Olawedde
S S ala [B ] 4 wlg s Calculator. LR.FNs
onin sdlin 5 b ey smes b lual, gl L6 sl

S

legend ("topright",c("LR FNs","mean of LR FNs"),

col=c(1,2),text.col=1,1lwd=c(1,2),1ty=c(1,2))

«B =LR(,,) « A = LR(,,) )b > Jlgz 8.F Jle
J-’Jﬁjdiﬁg‘}fwaDZLR(ﬂ) sC=RL(,,)
S o

T >

left.fun(zx)
right. fun(z) =

-z,
-z, T>.

4ﬂ x:&» {"3‘)"‘ KWPY) ‘wb dde J\.Q;- ui‘ VMJ » 053&0

LR ngl.é )l.LG‘ 3.5) J) l) (MJ—C) XD 9 A+73 _C
{(1-x73)*(x>=0)}

Left.fun = function(x)

Right.fun = function(x) {(1-x)*(x>=0)}

A = LR(5, 0.5, 1)
B = LR(2, 0.3, 0.6)
C = RL(1, 0.7, 1.5)

D = LR(.5, 0.5, 1)

E = s.m(a(A,B), 1/2) # The mean of A and B
F = s(s.m(a(A,B), 1/2), C)

G = n(F,D)

LRFN.plot (A, xlim=c(-1,6), ylim=c(0,1.6),
lwd=3, 1lty=1, col=1)

LRFN.plot( B, 1lwd=3, 1lty=1, col=2, add=TRUE)

LRFN.plot( C, 1lwd=3, 1lty=1, col=3, add=TRUE)

LRFN.plot( D, lwd=3, lty=1, col=4, add=TRUE)

LRFN.plot( E, 1lwd=3, 1lty=2, col=5, add=TRUE)

LRFN.plot( F, 1lwd=3, 1ty=3, col=6, add=TRUE)

LRFN.plot( G, lwd=3, lty=4, col=7, add=TRUE)

legend( "topright", c("A = LR(5, 0.5, 1)",
"B = LR(2, 0.3, 0.6)",

"C = RL(1, 0.7, 1.B)",

"D=LR(.5,0.5,1)","(A + B)/2=LR(3.5,0.4,0.8)",



— X1 = Tr(0,1,2,3)

- X2 = Tr(-1,2,2,2.5)

— X3 = Tr(2,3,4,4.5)
¢ Mean

* = Var

SI=NE
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