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SUMMARY

1. Iniroduction

ne haszis “1izzy set thecrvy is the concept of the membership function.

% would mopesy desirable te consider the following guestions : what is the
rentarship O vhat iz the ftrue meaning ¢f the menphershiv Tunection? Hew
cEn mamrerto i Tunetions he fonnd? shgt i3 the relstionship between furnzy asst

Thacryy rrd elaozieal probahility theory?
nese sooscionn mave zlready been discussed, Aftsr having sclved the guestions,

N plssdinie vo econatruct the =tghle cf fuzzv set thecrv.

. : ip and probshility chars cfteristics of random appearan-es
SNV TR Tor spresrsnces with the same
The protariliiv

distribution which are

appearances,
rendom appearsnces obey certain law of membership distrirution
#aich ars roYzrred to as the membership characteristics of random appearsnces,
Ty ostudvine Cne ity : :ristics of random sppearances, the ststis-
wical laws of random appearsnces may be found,
Bv studing tne membership charscteristiescof random appearances, the new
naticrns of rendcom sppesrances may be ziven.
For the -onvenience

expla-
:xvlanation,

anao

itbe considered for the moment that the
2 may fall intc the category

¢cf random appearances, The resson
72 explained in the 7th section.
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3. finding mephership funetions by 2 statistical method

I'he membership function may ne obtained by the coririnal statistical method. However,

xplanation must he given for this method.

W
ja
D
D

Zxample 3-1. after 129 students of Yuhan Institute of Building Materials thought
ver the implicaticns of the words " voung people ", the limits given by ezch were
38 follews {the uanit is age ) :

1608 $7-30 17-28 18-25 16-35 14-25

15w 1R-35 18-35 16-25 15-30 18-35

170 tR-25 18-36 20-30 18-3C 16-30

Taoge 1930 16-28 18-30 16-30 16-28
1e_7E 35 17-27 15-28 15-2° 18-25

1= P-3E 14-35 16-%0 15-25 18-28
A TR PR 1e.35 1830 1728 1R.35
s *5-2¢ 525 1525 18230 16-24

TEL0R [ 1R 18-35 149258 18-20

128 TR_RN “R_35 18,30 18-30 1730

taL2n A1 1425 18-26 18-29 18-35
1R-28 1R -35 1R-25 16-35 17-28 18-25
T7 N CRL-P8 18-30 16-28 15-30 ‘8-20
15-30 20-30 25-30 1928 17-30 15-30
18-30 TR-30 18-2R 15-35 15-30 165-30
1035 TRo%n 12-30 17-30 16-35 17-30
15045 ‘.35 15-30 15,05 18-30 18-30
1725 *B-29 18-28
1 2ncordance with normal statisticsl definitions:

crequency: Numbers of the sample falling into each class boundary,
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Sample size = 1290

- distribntion obtained is ss follows:

Uriders Zlass Boundaries Fregquency Relstive freguency

13,5745 2 0.0755
z 14,5-15,58 27 0.2003
15,5-16,58 51 0.3953
i 16,5-17.5 &7 0.5194
5 17.5-18.5 124 0.9612
18,5-16,5 125 0.9690

7 1G.5=-20.5 129 1.0

3] 20,.5-21.5 129 1.0

21.5-22.5 124 1.0

22.5-2%.5 12¢ 1.0

2%3.5=-24.5 129 1.0
i 24.,5-25,5 128 0,9922
YA 25,5-26.5 103 0.7984
1 26.5=-27,5% 101 0,7829
e 27.5-28,5 Qg 0.7674
28,5-24,5 20 0.6202
E 29,5-30,5 77 2.5969
30.5-%31.5 27 0,20083
. 21,5-32.5 27 00,2083
2T 32,5-33.5 26 0.,2016
2 33.5-34.5 26 0,2016
22 34,5-35.5 26 N.2016
23 35.5-36.5 1 0.0078
= 13,6589

relative frequency histogram is shown in figure 3-1,

may again

he explained why "the relative frequency " can show the possibility

membership degree as well as the probability under certain conditions.

fact the

relative frequency " is shown as _the estimate of the degree of

#ereralized possibility. Thus, this concept can represent the meanings of the

probability and the possibility of membership degree,
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Fieure 3-1, Statistical distribution curve of the concept " voung pecple”
“. The logical basis of this kind of statistical method
It would appear appropriate at this stage to recall the logical basis of statis-
tical met-ods in probability theory.
in probabilistic statistics, the observations can be handled by constructing a
frequency *anle wnich classifies the set of cbservations according to the number
of wvariatles f2lling within certain limits {class boundaries ).

ch sut~onre its characteristic funcetion is as fol

JOr ez

cwW8

]

{1 \I;
A= No (1, 2,...1=1, I41,...0

L
3

That is to sav, if some outcome is within class boundary I, then it is not within
class boundaries 1 or 2......0or I-1 or I+1......0r N.

This kind of statistical method is constructed on the basis of two-valued logic
of the resal point,

fuzzy statistics uses the same methods as probabilistic statistics. However each

outcome muy be shown with an interval.

Ihe characteristic function of each ocutcome may be shown as follows:
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That is to szay, If some cutcome is withir class bhoundaries I and I+t.,.and J,then
it ~annot be within class boundaries 1 or 2..,.0or I-1 or J+1...0r N,

Mis Kiné c¢f statistical method is also constructed on the basisoff two-valued
logic. This logic is called two-valued logic of the interval.

5. 4 test study of the objective law of fuzzy subsets

In this ssection we shall introduce the statistical results of several fuzzy con-
cepts,

in the sample aurveys it is necessary to act zccording to the following rule:
‘he surveved people must have acaouaintance with the concepts of fuzzy words and
shiective czses, in the meantime the surveyed people can show these concepts by

\4

uZing the vzriosus inbtervals,

Fractice proves that there are statistieal laws in the fuzzy concepts of lsngua-

ibuticn of every sample set can be sgtis-
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i2, Jnder ceritnin conditions the shapes of the statistical distributive curves
which are obtained from different sample surveys of the same concept are abont

the zsame,

€]

.

{b} Under certain conditions the areas of the statistical distributive gurves
which are obtained from different sample surveys of the same concept are about

the same,
“he handline cof observations is in concordance with the following procedures:

(a} In the first place it is necessary %o analyse the observations and give up

some cutcomes wnhnich do not seem %0 correspod with logic.

{b} After that =2 statistical distribution may be found by constructing the fre-
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. 4 new «ind of freguency stability
I'ne reason why there is a statistical law is that there is stabilitv of membership
freguenc in the sample surveys.
In fuzzy =er raeory, a fuzzy subset ﬁ’may be substituted by an ordinary set dencted
Py 3. et 4 denocte 3 real point within the fuzzy subset. The number of times
that a ve2.1 point A¥ actually occurred throught N performances is czlled the fre-

* -

guency of real point A and is denated'Pi. The rastio }i/N is called the relative

k3
freauency o~ memhership frequency of the real point A in these N experiments and

ot

he ratic is denoted Fn(A ). Farthermore, a relative freguency is usually very

unstable “or =mall valuas of N, but it tends to stabilize as K increzses. The

nimheyr ahmmi waich the relative fresuency seems to stabilize is called the pC-—
*
ssipility of rambarship grade of the real point &4 with respect to the subset g.

F./N represents the stability, and so does & ?i/m.

a

cxamrle 5-1, _alenlate the freguenoy,stabilitv of the total experimental sequence

&

of the corcert " voung people ¥,

seen as given in “he fTollowing table O-1



64

l- :"‘ *OD 200 300G 400 500 AN 870 817
.
9] 9} 0 1) 1 1 1 3 3
_‘12 0O O 0] 3 .0 .00 .00 LO0 .00
s 0 1 1 2 3 3 3 6 6
6] .01 .01 .01 ok .01 .01 .01 .01
B 9 9 11 s 27| 31| s 70 | 70
i 14 o | .oo | .os] .os| .o7| .o6| .o9 .09 | .09
' > 32 50| 78] 118| 133 | 186 246 | 248
B 2 | .32 | .2s| 26| .30l .27 | .31 31 | .30
] 5 60 | o8| 149| 206] 234 306 419 | 425
0 5 | .6 49 so| .s2| .47 .51 .52 | .52
2 68 | 118] 176 238 272 346 468 | 475
?7 8 | .so| Lsg| Lao| .sa | Lsm .59 | .58
B 100 | 1a7] 204 %92 490 ]| s87 782 | 799
e 1.0 | .99 .oa| .og| .98 | .98 .98 | .98
B 100 | 198|295 394| 402 | 500 786 | 803
" 0 1.0 | o9 Lom| .99| .o8| .98 .97 | .98
B 0 | 100 [ 29| 30| 40| s00]| 600 799 | 816
e O 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
B o | 100 | 300| 399| 499 s9s | 697 797 | =14
0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
a 100 | 207] 300| s9e| 99| 598 706 | 813
2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
- 190 | 200 299( 398 498 | 596 794 | 811
3 1.0 | 1.0 1.0 1.0| 1.0] .99 .99 | .99
‘—' 100 | 200| 298| 396| 495| 594 792 | 809
4 1.0 | 1.0 .a9| .99 .99 .99 .99 | .99
B 98 | 197| 295| 387] 486 | s82 779 | 795
P .98 | .99 .98]| .97] .97 .97 .97 | .97
- 76 | 154 234 | 290 373 | 237 603 | 620
-6 .76 | 7| 18| 73| L7s | .73 .75 | .76




ci G 75 151 22G 278 357 418 503% 581 597
27 Fnian) 9 .rs | owrs | s st L Lo L2 | L3 | L7
= 9| 75 | 490 | 225 267| 345| 404 89| =65 | s5A1
Menian) ol .7 [ s | 75| .76] .69l .a7] .70 .71 | .7
= 71 5o | 116 | 186 221| 277| 320] 391 | 423 | 257
29 an (an) 7] .59 | s | .e2| .55] .s5] .53] .56 .55 | .56
; 71 55 | 110 | 174| 201| 253| 201 356 403 | 215
39 n s 7] .55 | .55 | .58| .50| .51] .49] .51 .s0 1 .51
Pi 4| s 37 58| 63| 75| 86| 105 128 | 132
1 (ars “walouis |19 |19 L1s] L1s| 14| 15| .16 | .16
Pi 4| 15 37 s8] 63| 75| 86| 105 128 | 132
22 en (ar) A o5 | o1 | Lr9| Lis| a5 .14l a5 16 | .16
o1 4| 15 36 551 60| 72| 83| 101 | 1235 | 127
YT A s [ s | e | J1s| 14| .aa] 14| Li5 | L8
4 4] 15 36 5s| 60| 72| m2| 100 | 122 | 126
LA A0 e | | sl Lral| L1a| s | 15| s
4 4| 15 34 550 60| 72| 82| <9l 119 | 123
T En (s 3 ET N BRRT-N BT ET- BV VY BV B Ry
i ] 2 3 5 5 7 | 11| 15| 15
16—
nan) A w02 [ Lo | oe2 | o2 Lor [ oz Loz | o2 | Loo
i 1 z z 3 4 = 7 2 12 12
7 i it 1 G2 L1 .01 .1 O « 31 .01 .02 ..Of
i 1 2 2 2 3 4 3] 7 ‘1 11
3 Fniar) R .02 .M .01 .1 .01 .01 .01 .01 e
” N 2 > > 2 5 7 7
39 Fn(aA*) . .02 .01 .01 .01 .01 .01 .01 .01 .01
S 3 s} 8} 0 o] 2 2z 5 5
40 Fnia®) O 8} 0 . O e} .00 .00 .01 +O1
= Pi/k 5.7 |13.9 [ 13.7 | 13.8]13.4[13.2 [13.2 ]| 13.3 |13.5 |13.5

fable A-1:

The freguency stability

of the total experimental seqguence,
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251, #n{30), (35}, Fi/K are depicted in figure 9-1,
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»ritive comprehension of the concept of freguency stability, the figures Fn(1
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“ignre A-1: the fresmency stability of Fn(15), Fn(20), Fn(25), Fn(30),

Fn(35}, % Pi/N.

ts of random appearance

L% 18 necexsary 10 83k what is the difference between fuzzy and random appearances?

»2csuse uzzyv experimenis satisfy all the characteristies of random experiments and
ere ara reTistical laws in the results of experiments, fuzzy appearances may
U3 0 srnerated into the category of random apnearances.
o
n Findinge characteristics _; ,AX{X)&X)»? wes discovared

tae basis characteristic of the possibvility distribution function.
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Fractiecal exparience shows that the membership frequency shows some stability. How-

ever, the rigorous proof of this an important future task.
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