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Abstract
We propose some properties of fuzzy p-value and fuzzy significance level to the test
statistics for the fuzzy hypotheses testing. Appling the principle of agreement index, we
suggest two method for fuzzy hypothesis testing by fuzzy rejection region and fuzzy

p-value with fuzzy hypothesis Hy .
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1. Preliminaries

Qur primary purposes of statistical
inference is to test hypotheses.

In the traditional approach to hypotheses
testing all the concepts are precise and well
defined. However if we consider vagueness
into observations, we would be faced that
hypotheses are quitely new and interesting
problems. '

Watanabe and Imaizumi(1993) have ideas
for fuzzy hypotheses testing methods by
based on fuzzy- hypothesis membership
function with possibility.

Grzegorzewski(2000) proposed fuzzy test
for testing statistical hypotheses with vague

199

data and discussed the robustness of the
test with possibility.

Kang and Lee(2000, 2002, 2003) defined
fuzzy hypotheses membership function and
obtained the fuzzy confidence interval from
fuzzy test statistic, also they found the
agreement index by area for fuzzy
hypotheses membership function and
membership function of fuzzy confidence
interval, thus they obtained the results by
the grade for judgement to  acceptance or
rejection for the fuzzy hypotheses

Now, we propose some properties of fuzzy
hypotheses testing by critical region and
p-value with :agreement index for fuzzy
number.
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We considered the fuzzy hypothesis
H,0=~¢, 66
constructed by a set
{(Hy(9), H{())|¢= 6}

with membership function my (¢) where
® is parameter space.

A fuzzy number A in R is said to be
convex if for any real numbers x, v, Z2€ R
with x<y<z,

mA()Zm 4 (x) \m 4(2)
with A standing for minimum.

(1.1)

A fuzzy number A is called normal if the
following holds

2. Fuzzy test statistics

In this section, we introduce the computation
of fuzzy numbers fuzzy statistics from fuzzy
sample.

Let A and B be fuzzy numbers in R and
let © be a binary operation defined in R.
Then the operation © can be extended to
the fuzzy numbers A and B by defining
the relation(the extension principle).

Let A,BCR, V=x, 3 z€R:

m A,OB,(Z) = zyt" y(mA,(x)/\mBr(y)). (2.1)

A modelling the fuzziness of data were
described the fuzziness of a sample
x= (x}, %, , %,). As a precise sample x

of =n precise realizations x; R may be

regarded as vector in R 7” a fuzzy sample
X of n fuzzy realizations %;€ F(R) may
be regarded as a fuzzy vector.
A piecewise continuous
m-: R—[0,1], fuzzy number % in F(R) if
the family
[x]"={xeR, m_(x) 27},

function

Vre(0,1]
has the following properties:

[%]” is not empty for y=1, or closed,
finite interval [[%]7,[%]?] in R and simple
connected, compact in R .

Assuming that a precise sample x

given, the sample mean x is the image of

Is
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the sample x under the function Ax) given

by fn)=L 3z,

Definition 2.1. Let =¥ (R”*) be a
fuzzy sample with m }( +) and y—cut

representation {[%]”: y= (0,11}, and let
ffR"™Y, YSR, be a real valued
continuous mapping. The fuzzy image
7= Ax) of the fuzzy number data X
under the mapping A -) is defined by the
following characterizing function :

m_(u) = xs,;g( m . (x),
X,={xeR™"Ax)=u}, Vue R. (2.2)
with ;‘;DX m (x): =0, if X, is empty.

Definition 2.2. From the fuzzy sample,

the sample mean is a fuzzy number
*eF(R) with characterizing function
m;( - ) given by
() — sup _
m=(y") X, m=(x),
Xy={ xeER™ —}z—gx;—-y}, Vye R
(2.3)
The 7-cut representation is given by
Sir— min max
(Fr=[  mn, Ao, T A,
Vre(0,1] (2.4)
where A x) = g(x,, x5+, x,) = % ’: (x;).

Definition 2.3. If "x in Definition 2.1 is
a minimum rule of fuzzy sample, the 7y-cut
representation of fuzzy sample mean is

given by
[x=] £ w1 Sz vreo.n
(2.5)
(%17 =[[%]], [%]17] is the y-cut of

the fuzzy data point X;

Defiinition 2.4. The sample variance and
the sample standard deviation are fuzzy

S’eF(R) and S=F(R) with
Fr()sR* and I'(S)<R*.

numbers
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An approximate solution is based on the
introduction of a standardized fuzzy sample

Z=(%,, %, Z,) define by Z,=2,— z .
The y—cut of each Z; is given by
[z)7=[[z1}, [2)7]
=[[Z1-[3 (71 -0F7] . @6)

Now renumber that the sample variance

s> of sample x is related to the second

empirical moment of the standardized sample

by Z=(x1_}, xz—_x-,"',xn—"}) by

1 & '
n—1 1223 '

A minimization rule fuzzy sample this
approximation results in the following y—
cut representation of fuzzy sample variance
and the fuzzy sample standard deviation,
respectively:

7= A7

2= (2.7)

L),

Vre(0,1]
vr=[ 5ty B 5k S
Vrye(0,1] (2.9)
([z1n%, [z17=0
[z§]?=l [z, [zI'<0 (2.10)
0, oterwise
([z192, [Zz17+[Z]7=0

[z%n:{ (2.11)

([z1ne,
Thus, [Z]17=[[(Zz]}, [Z]2] are the o—
cuts of the components of the standardized

oterwise .

fuzzy sample z.
3. Fuzzy hypothesis test

Let x be a random sample from sample
{Py, 66} be a family of

fuzzy probability distribution, where € is a

space &£. Let

parameter vector and & is a parameter
space.

The hypothesis can be

fuzzy H,

interpreted as a hypothesis * 8~=¢’, which is

(2.8

obtained by adding fuzziness to an ordinary

null hypothesis Hy: 6= ¢,, we note that

H;y: 0=¢, for such a fuzzy hypothesis.

Definition 3.1. We define agreement index
by real-valued function R, on @ as the

maximum grade membership function of
acceptance or rejection is
m 5 (0)= sup {area (my () Nm ()
[area my(¢)} (3.1)
mg (D=1—m 5 (0) (3.2)
for the fuzzy hypothesis testing as [Figure
3.1]

[Figure 3.1]

4. Example

For example, a city health dependent
wishes to determine if the mean bacteria
count per unit volume of water at a lake
beach exceeds the safety level of about 200.
researchers have collected 10 water samples
of unit volume and have found the bacteria
count to be fuzzy sample as:

(174,176, [188,192], [213, 217], [196,200],
[183,185], [[205,209], [207,213]}, [191,195],
[194,198], [179,181]

Do the data indicate a cause for concern?

Considering the failure to detect a
violation of the safety level can result in
serious consequence, formulation of the null
hypothesis should be

Hf_(): /12200
Since the counts are spread over a wide
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range, an approximation by a continuous
distribution is not unrealistic for inference
about the mean. Assuming that the
measurements consistence a fuzzy sample
from a normal population and that the level

of significance @¢=0.1, we employ the
t-test
4= X — 200)
3IV9
with rejection region (< —fjq Or

t< —t5 5. From the t table we determine
that ¢, 5=1.833 with d.f. =9.
Computations from the sample data yield
X =[193.0+1.87,196.6—1.97]
= [106.311+51.5117+ 14.87%,
268.533 —110.7117+ 14.87%]

If we have y=1,

X — 200l
3/V9

=[1.25,1.25] <t(0.05;9)= 1.833

thus we accept the alternative hypothesis
Hy,.

If we have y=0.0,

1=

_IX-119+ 2,201 Al _
1 V9 [1.25,1.25]
and £(0.05;9)=1.833, we accept the
alternative  hypothesis ~ H;, degree of

m 5 (0)=0.826 by [Definition 3.1] from
[Figure 4.1]

T

§05T7

R\

25
2 3

[Figure 4.1]
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Also, we can show that the fuzzy p-value
to [fig **] and can accept the alternative
hypothesis H,, degree of m  (0)=0.826

by [Definition 3.1] from [Figure 4.2] and
[Figure 4. 3].
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T_|
0.03 0.25 0.65
0.05
[Figure 4.2]
1
ﬁ p-valu
0.03 0.252 "0.65
0.05

[Figure 4.3]
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