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2ol 5 Sy pj Oyg0 4 FuzzyNumbers dicw ;3 [, right(z) =\ — 2" g left(z) = x Cwl,

(1T USS) w0 oy [y O e

> A1 <- FuzzyNumber(l, 2, 4, 7,
+ left=function(z) =z,
+ right=function(z) 1-z72
+ )
> Al
Fuzzy number with:
support=[1,7],
core=[2,4].
> plot(41)
> plot (A1)

L>)LL:.¢/L5)'L§ 4€ gazro &Mdd}/) FuzzyNumberé,:lJ)oJ.ﬁﬁég/jj;/ KN PUESYA
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O Able3 i st S g gtwd (oS S [, right g left moloi ST1.T b
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> plot (A1)

> A2 <- FuzzyNumber(1, 2, 4, 7,
+ )

> A2
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Fuzzy number with:
support=[1,7],
core=[2,4].
> plot(42)
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> T1 <- TrapezoidalFuzzyNumber(1, 1.5, 4, 7)

> plot(T1)

> T2 <- TrapezoidalFuzzyNumber(1.4, 3, 3, 7)
>equivalently: T2 <- TriangularFuzzyNumber (1.4, 3, 7)
> plot (T2, add= TRUE, col=2,1ty=3)

> TrapezoidalFuzzyNumber (2, 2, 3, 3) #cricp interval
Trapezoidal fuzzy number with:

support=[2,3],
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core=[2,3].
> as.TrapezotdalFuzzyNumber(c(2, 3)) #is the same
Trapezoidal fuzzy number with:
support=[2,3],
core=[2,3].
> TrapezoidalFuzzyNumber (5, 5, 5 ,5) #crisp real
Trapezoidal fuzzy number with:
support=[5,5],
core=[5,5].
> as.TrapezoidalFuzzyNumber (5)#is the same
Trapezoidal fuzzy number with:
support=[5,5],

core=[5,5].

b glaxdad axkad o318 due

lazhad debd o516 vue 4 Sg,%0) 556 Slacl 1 6,50 £ le5 o FuzzyNumber dis ;0
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> P1 <- PiecewiselinearFuzzyNumber(l, 2, 3, 4,
+ knot.n=1, knot.alpha=0.25, knot.left=1.5, knot.right=3.25)
> plot(P1,zlim=c(0.5, 4.5))
> P1
Piecewise linear fuzzy number with 1 knot(s),
support=[1,4],
core=[2,3].
> P2 <- PiecewiselLinearFuzzyNumber(1, 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, lty=2, pch=2, add=TRUE)
> P2
Piecewise linear fuzzy number with 2 knot(s),
support=[1,4],
core=[2,3].
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RN
> A <~ TrapezoidalFuzzyNumber(1, 1.5, 4, 7)

plot (4)

\%

> cuts

v

cuts[, 1] # or equivalently cuts[, "L"]

\%

supp (4)
[1] 1 7
> core(4)
[1] 1.5 4.0
> evaluate(4d, 0)
0
0
> evaluate(4, c(-3, 0, 3))
-3 0 3
0 0 1
> evaluate(4, seq(-1, 2, by=0.5))
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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258l 55 30 omgianliy b oudplonil sl Jlo Sy Y.
R

ip9s Jab ;I oleJl
(1.7) Jbwo ¢ 556 sloosls julul p 580 4,8 QyijEa

> local ({pkg <- select.list(sort(.packages(all.avatlable = TRUE)), graphtics=TRUE)
+ i1f(nchar(pkg)) library(pkg, character.only=TRUE)})

> mu=1300;

> n=10;

> Sig_a=0;

> Sig_b=0.05;

> Sig_c=0.1;

> Int_1 <- function(delta) ( (Sig_c+(deltax*(Sig_b-Sig_c)))

+(1-pnorm( ( (n70.5)/sigma) *((1331-(18*delta))-mu)))) *
+ ifelse(  (Sig_c+(delta*(Sig_b-Sig_c))) -

+  (1-pnorm( ( (n°0.5)/sigma) *((1331-(18*delta))-mu))) >= 0 , 1, 0);
> Int_2 <- function(delta) ( (Sig_a+(deltax*(Sig_b-Sig_a)))

+ (1-pnorm( ( (n70.5)/sigma) *((1288+(25*delta))-mu)))) *

+ ifelse(  (Sig_a+(delta*(Sig_b-Sig_a))) -

+(1-pnorm( ( (n"0.5)/sigma) *((1288+(25*delta))-mu))) >= 0 , 1, 0);

> Int_2(0.5)

[1] 0

> Delta_SP= area(Int_1, 0, 1) + area(Int_2, 0, 1);

> Delta_SP;

[1] 0.05640873

> Int_3 <- function(delta) ( (I1-pnorm( ( (n70.5)/sigma) *((1288+(25*delta))-mu))) -
+ (Sig_a+(delta*(Sig_b-Sig_a)))) * ifelse(  (1-pnorm( ( (n"0.5)/sigma)

+ %((1288+(25*delta))-mu))) - (Sig_a+(delta*(Sig b-Sig a))) >=0 , 1, 0);

> Int_4 <- function(delta) ( (1-pnorm( ( (n70.5)/sigma) *((1331-(18*delta))-mu))) -
+(Sig_c+(delta*(Sig_b-Sig_c)))) * ifelse(  (1-pnorm( ( (n70.5)/sigma)

+ *((1331-(18*delta))-mu))) -
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+ (Sig_c+(delta*(Sig_b-Sig_c))) >=0 , 1, 0);

> Int_4(0.5);

[1] ©

> Delta_PS= area(Int_3, 0, 1) + area(Int_4, 0, 1);
> Delta_PS;

[1] 0.460714

> Degree_P_biger_than_S= Delta_PS / (Delta_PS + Delta_SP);
> Degree_P_biger_than_S;

[1] 0.8909181

> Degree_S_biger_than_P = 1- Degree_P_biger_than_S;
> Degree_S_biger_than_P;

[1] 0.1090819

Fuzzprnﬂuetgjbééig 4ngj/oobi;g/b ().V)Ljﬁ»

H0=T(1300, 1300, 1300)
H1=B (1300, 1300)
t=T(1288,1313,1331)
s.d=30
n=10
s49=T(0,0.05,0.1)
p_value.norm( kind=2,H0,H1,t,s.d,n,sig)

n

[1] "Delta_SP

0.00
0.05698143

[1] "Delta_PS
1.00

0.4653735

[1] The null hypothesis (HO) is accepted with degree D(P>S)= 0.8909 ,

at the considered significance level.
r.y Je

p_value.norm( kind=0, HO=T (1300, 1300, 1300), H1=B(1300,1300), t=T(1300,1313,1321),
s5.d=30,

n=10, s19=T(0,0.15,0.3) )
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[1] "Delta_SP
0.00

0.145313

[1] "Delta_PS
1.00

0.4552266

[1] The null hypothestis (HO) is accepted with degree D(P>S)= 0.758 ,

at the considered significance level.

ALY Jlo

HO = T(1275,1300, 1325)

H1 = B(1275,1325)

t = T(1327,1327,1327) # Crisp observed value for the test statistics
sig = T(0, .05, .1)
p_value.norm( kind=2, HO, H1, t, s.d=120, n=36, sig)

n

[1] "Delta_SP

0.00
0. 04712044

[1] "Delta_PS
1.00

0.2285155

[1] The null hypothesis (HO) %is accepted with degree D(P>S)= 0.829 ,

at the considered significance level.

o3 e ] el
.Y Jles

\%

HO=T (1275, 1300, 1325)

v

H1=B(1275, 1325)

\%

t=T(1327, 1327, 1327)

\%

sig = T(0,0.15,0.3)

> p_wvalue.norm(kind=2,H0,H1,t,s.d=120,n=36, sig)
[1] "Delta_SP = "

0.00

0.1954056
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[1] "Delta_PS = "
1.00
0.1747805
[1] The althernative hypothesis (H1) is accepted with degree D(S>P)= 0.5279 ,

at the considered significance level.
P s

H1=S(12+2.75,12+3.25)
> t=T(24,27,30)
> n=12
> s549=T7(0,0.05,0.1)

> p_value.pois(kind=1,H0,H1,t,n=12,s1g)

n

[1] "Delta_SP
0.00

0.02269888

[1] "Delta_PS

1.00
0.05801694
[1] The null hypothesis (HO) is accepted with degree D(P>S)= 0.7188 ,

at the considered significance level.

F.r o

\%

t=1327
> HOb=TriangularFuzzyNumber (1275,1300, 1325)

> stig=TriangularFuzzyNumber(0,0.15,0.3)

v

n=36

\%

sigma=120

> p.value=function(t,HOb)1-pnorm((t-HOb)/(sigma/sqrt(n)))

> fuzzy.p.value(t,HOb,sig,p.value, fig=2)

$result

[1] The althernative hypothesis (H1) is accepted with degree D(S>P)= 0.5264 ,
at the considered significance level.

$cuts
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1
.889
778
. 667
.556
444
.333
.222
111

SO © © © © O© © © ©o©

$core

0.

S © © O© O© O© © o© o

088507991

. 068258315
. 051786007
. 038642034,
. 028353947
. 020454830
. 014505636
.010110487
. 006925373
. 004661188

L

. 08850799
. 11292641
.14181012
. 1753239,

0
0

0

0

0.21346837
0.25605506
0.30269443
0.35279784
0.40559587
0.46017216

U

0.08850799 0.08850799

$support

L

U

0.004661188 0.460172163

$Delta_PS

[1] 0.1790184

$Delta_SP

[1] 0.198948

$Degree_P_biger_than_S

[1] 0.4736357

$Degree_S_biger_than_P

[1] 0.5263643

$accepted_hypothesis

[1] HI

$acceptance_degree

[1] 0.5263643

> t=TriangularFuzzyNumber (1315, 1327,1342)

> HOb=TriangularFuzzyNumber (1275, 1300, 1325)

> sig=TriangularFuzzyNumber(0,0.05,0.1)

> p.value=function(t,HOb)1-pnorm((t-HOb)/(120/sqrt (36)))

o.¥ Jbo
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> fuzzy.p.value(t,HOb,sig,p.value, fig=3)
$result
[1] The null hypothesis (HO) is accepted with degree D(P>S)= 0.85/5 ,

at the considered significance level.

$cuts

L U
1 0.0885079914 0.08850799
0.889 0.0579495117 0.12621968
0.778 0.0363711292 0.17389390
0.667 0.0218651554 0.23167757
0.556 0.0125815733 0.29882679
0.444 0.0069253732 0.37364218
0.333 0.0036446149 0.45356210
0.222 0.0018330088 0.53541489
0.111 0.0008806665 0.61579085
0 0.0004040578 0.69146246
$core

L U

0.08850799 0.08850799
$support

L U
0.0004040578 0.6914624613
$Delta_PS
[1] 0.3328512
$Delta_SP
[1] 0.05668233
$Degree_P_biger_than_S
[1] 0.8544867
$Degree_S_biger_than_P
[1] 0.1455133
$accepted_hypothesis
[1] HO
$acceptance_degree

[1] 0.8544867
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> t=TriangularFuzzyNumber(24,27,30)

> HOb=TriangularFuzzyNumber(2.75,3.25,3.25)

> sig=TriangularFuzzyNumber(0.0,0.05,0.1)

> p.value=function(t,HOb)ppois(t,lambda=12*HOb)

> fuzzy.p.value(t,HOb,sig,p.value,knot.n=100, fig=2)

$result
[1] The
at the

$cuts

~

.99
.98

.97

.96

.949
.939
.929
.919
.909
.899
.889
.879
.869
.859
.848
.838
.828
.818
.808
. 798

S O O O© O© O© O© O© O© O© © © © © © © © o o o o
S © O O© O© O© O© O© © © © © © © © © © © © © o o

. 788

£ Jlio

null hypothesis (HO) is accepted with degree D(P>S)= 0.6068 ,

considered significance level.

L

. 027618459
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024

U

. 02761846
. 02820845
. 02880950
. 02942179
. 03004548
. 03068075
. 03132775
. 03198668
. 03265770
. 03334099
. 03403673
. 03474509
. 03546626
. 03620042
. 03694775
. 03770844,
. 03848267
. 03927063
. 04007251
. 04088849
. 04171878
. 04256355
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778
.768
. 758
U
737
727
717
707
.697
.687
677
.667
.657
.646
.636
.626
.616
.606
.596
.586
.576
. 566
.556
.545
.535
.525

S © O© O© O© O© O© O© O© O© O© © © © © © © © © © © © © ©o © o o

.515
0.505
0.495
0.485
0.475
0.465
0.455
0.444

QA © O O© O© O© O© O© O© O© © © O© © O© O O© O O O O O 9O O O © © © © ©o © ©o o o

. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 017974024
. 011297107
.011297107
.011297107
.011297107
. 011297107
.011297107
.011297107
. 011297107
.011297107
. 011297107
. 011297107
. 011297107
.011297107
. 011297107
. 011297107
.011297107
.011297107
. 011297107
. 011297107
.011297107
.011297107
. 011297107

. 04342301
. 04429735
. 045186776
. 04609144
. 04701159
. 047794740
. 04889908
. 04986682
. 05085082
. 05185130
. 05286844
. 07663309
. 07802089
. 07942920
. 08085820
. 08230810
. 08377909
. 08527136
. 08678510
. 08832050
. 08987776
. 09145706
. 09305859
. 0946825
. 09632909
. 09799842
. 09969073
.10140618
.10314497
. 10490726
. 10669323
. 10850306
.11033692
.11219497
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0.434 0.011297107
0.424
0.414
0.404

0.

QO © O© © O© © © O© © O© O© O © O © 9O © O 0O © © © © © © © © o o

394

.384
.374
.364
.354
.343
.333
.323
.313
.303
.293
.283
.273
. 263
.253
.242
.232
.222
.212
.202
.192
.182
172
.162
.152
141
.131
.121
111
.101

0.

S © O 4O© O© O© O© O© O© © © O© O© © O© © © O O © © © © © © © © © © © o o

011297107

. 011297107
. 011297107
.011297107
.011297107
. 011297107
.011297107
.011297107
. 011297107
.011297107
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829
. 006845829

Q O O O© O© O© O© O© O© O© O© O© O© © O O O O O O O O O O O O O O © © © ©o o©o o

.11407738
.11598433
.11791596
.11987245
.12185395
. 12386061
. 12589258
. 12795003
. 13003308
.13214189
17704545
. 17965098
. 18228349
. 18494302
. 18762963
.19034334
. 19308420
. 19585222
.19864742
.20146982
. 20431944
. 20719627
.21010031
.21303155
. 21598998
. 21897558
.22198833
. 22502819
.22809512
.23118908
. 23431001
. 23745786
. 24063257
. 24383405
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0.091 0.006845829 0.24706225
0.081 0.006845829 0.25031706
0.071 0.006845829 0.25359840
0.061 0.006845829 0.25690616
0.051 0.006845829 0.26024026
0.04 0.006845829 0.26360056
0.03 0.006845829 0.26698695
0.02 0.006845829 0.27039931
0.01 0.006845829 0.27383750
0 0.006845829 0.34040295
$core
L U

0.02761846 0.02761846

$support

L

U

0.006845829 0.340402949

$Delta_PS

[1] 0.1003497

$Delta_SP

[1] 0.06503203
$Degree_P_biger_than_S
[1] 0.6067761
$Degree_S_biger_than_P
[1] 0.3932239
$accepted_hypothesis
[1] HO
$acceptance_degree

[1] 0.6067761

olez b 51 Jlio
F.F b

# install.packages("FPV", repos="http://cran.cnr.berkeley.edu")

library (FPV)

library (FuzzyNumbers)
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t = 1327

HOb = TriangularFuzzyNumber (1200, 1300, 1400)
H1b = TriangularFuzzyNumber (1300, 1400,1500)
sig = TriangularFuzzyNumber(0.0,0.15,0.3)

n = 36

sigma = 120

knot.n = 40

p.value = function(t,HOb) 1-pnorm((t-HOb)/(sigma/sqrt(n)))

p01 = fuzzy.p.value(t, HOb, sig, p.value, fig=1, knot.n=knot.n, zlim=c(0,1))
pO1$cuts

p10 = fuzzy.p.value(t, H1b, sig, p.value, fig=1, knot.n=knot.n, add=TRUE)
p108cuts

### Now, you can drow both p-values on one figure:

p01 = fuzzy.p.value(t, HOb, sig, p.value, fig=1, knot.n=knot.n, xlim=c(0,1), lwd=2)
z.L <- z.U <= c()

for(i in 1:knot.n){

z.L = c(z.L, p10%cuts[i,"L"])
z.U = c(z.U, pl0%cuts[i,"U"])
}

lines(z.L, (knot.n:1)/knot.n, col=2, lwd=2)

lines(z.U, (1:knot.n)/knot.n, col=2, lwd=2)

### For Decision:

t = 1327

HOb = TriangularFuzzyNumber (1200, 1300, 1400)
Hib = TriangularFuzzyNumber (1300, 1400, 1500)
sig = TriangularFuzzyNumber(0.0,0.15,0.3)

n = 36

sigma = 120

knot.n = 40

p.value = function(t,HOb) 1-pnorm((t-HOb)/(sigma/sqrt(n)))

p01 = fuzzy.p.value(t, HOb, sig, p.value, fig=1, knot.n=knot.n, zlim=c(0,1))
pO1$cuts

pl10 = fuzzy.p.value(t, H1b, sig, p.value, fig=1, knot.n=knot.n, add=TRUE)

p108cuts
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P_01L = p01$cuts[, "L"]

P_01L = P_O1L[length(P_01L):1]

P_01U = p01$cuts[, "U"]

P_01U = P_01U[length(P_01U) :1]

P_10L = p10$cuts/[,"L"]

P_10L = P_10L[length(P_10L):1]

P_10U = p10$cuts/[, "U"]

P_10U = P_10U[length(P_10U) :1]

Int1 = ( P_O1U - P_10L ) * ( P_01U > P_10L )
Int2 = ( P_OIL - P_10U ) * ( P_O1L > P_10U )

Arz = 1 / (knot.n - 1) #Arze Mostatilha baraye mohasebe-ye Integral
Integrall <- ( sum( Intl ) - Int1[1]/2 - Int1[length(Int1)]/2 ) *Arz
Integral2 <- ( sum( Int2 ) - Int2[1]/2 - Int2[length(Int2)]/2 ) *Arz

Delta_PO1P10 = Integrall + IntegralZl

Int3 = ( P_10U - P_O1L ) # ( P_10U > P_O1L )

Int4

( P.10L - P.O1U ) * ( P_10L > P_01U )
Integral3 <- ( sum( Int3 ) - Int3[1]/2 - Int3[length(Int3)]/2 ) *Arz
Integrald <- ( sum( Int4 ) - Int4[1]/2 - Int4[length(Int4)]/2 ) *Arz
Delta_P10P01 = Integral3 + Integral4
( Degree_P01_biger_than_P10 = Delta_P0O1P10 / (Delta_PO1P10 + Delta_P10P01) )
( Degree_P10_biger_than_P01 = 1- Degree_PO1_biger_ than_P10 )

# therefore Accept H1 with degree 0.831



Abstract

Testing statistical hypotheses are one of the most commonly used statistical issues in decision mak-
ing. In the usual methods of testing statistical hypotheses, data, hypotheses, parameters, and other
precise problem elements are accurate. But in applied sciences, such as economics, agriculture,
and the social sciences, we may encounter ambiguous definitions and fuzzy concepts. In such a
situation, classical methods require generalization in fuzzy environments. Entry of ambiguity in
the hypothesis testing problem can be done through data or hypotheses. Therefore, three major
issues can be considered

1. Exact hypothesis testing with inaccurate (fuzzy) data,

2. Examination of inaccurate hypotheses with accurate data,

3. Examination of non-accurate hypotheses with inaccurate data.

One of the most commonly used methods for hypothesis testing is the p-value approach. In this
thesis, we implement hypothesis testing in fuzzy environments based on p-value and show how to
calculate p-value in R software with two applications packages Fuzzy p-value and FPV. In addi-
tion, we make a balanced hypothesis test based on the comparison of the fuzzy p-value test of the
hypothesis Hy versus Hy and the p-value of the fuzzy test Hi versus Hy in a fuzzy environment.
We also describe an applied approach with regard to fuzzy assumptions in quality of control.

Key words: Test of statistical hypothesis, extension principle, fuzzy p-value, fuzzy significance

level, balanced decision making.
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