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fMbstract The concept of set-valued statistics was given first
by Vang Peizhuwang in paper {1). Also some applications about
set-valued statistics were discussed in many other peapers. In
paper (4],ve expended the concepts of random set and its
projected function, proposed the method of fuzzy set-valued
statistics. In this peper, Some applied wodels about fuzzy
set-valued statistics were discussed and advanced some useful
sethods for engineering practice.
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1. Intreduction

The theoretical besis of classical statistics is probability
theory, the method of classical statistics can be called as
statistics by points. But, in many engineering practices, for
example, vhen deal vwith psycholegical measure, the observational
saaples are not wswually some separate points. Because the
concepts formed in the process of mamkind understanding natural
wvorld are all a division for natwal objects. The method of
division is based on a general character that exists in some
complicacyes. In some complicated situations, the exact diffrence
between seperate things is very difficult to hold. But the
diffrence in several kinds of things is essy to hold. For
example, there are some people’s photos, take two randomly and
compare thea. Hov much they are similar? This is not easy to
ansver. But they are divided into several groups easily according
their more or less same, because the former investigation is
isolation, the latter as to consider as a vhole. The concept of
viewing the situation as a vhole is just a important norma in the
activities of dividing, choosing ordering or wmeking decision



etc., in the natural world. To consider separate points only and
not to pay atteation to the wvhole relation of points and points
is just one of main reason of unstabilized for that using
classical statistics weke peychological wmessurement. The
set-valued statistics cast away the method of classical by points
statistics, result of each time is a subset on the universe of
discourse X. The method of set-valwed statistics as an extension
of the classical probebilistic statistics and has extended the
applicable range of the statistical experment. Furthemore, the
system of humsnity, such as society, economics has suggested a
nev nwmercal sethod of management.

2. Set-valued statistics mssthod ssely to fuzzy clustering
S.Tamura et al. (6] described a hierarchical clustering

schese based on a fuzzy equivalence relation on a patterns set X.

Let X={x,.,%;.,....X.} be a finite ®et, this method request to

given a real function r on XXX, vhich satisfies: (1). r(x,x)=1,
(2). l‘(ll.’)‘-‘l‘(’.!(). Vx..’) exo mte l‘u.l‘(xlo’])-th‘s R={ri.ﬁ}

is called fuzzy sinilar relation matrix. If it also satisfies the

condition (3, r;;=V{r;sAry; ) i.d12,....m. then R is
k=1

called a fuzzy equivalence relation matrix. The peper (6] given a
sethod computing tramsitive closure R for a fuzzy similar matrix

R, and get system classification with R .
In this peper, we prpose some methods of constructing fuzzy
similar matrix wsing set-valued statistics on sasple set X.
Let X={x,.%,,...,x.} be sample set , number of peoples who
attend test is n.
1. Werd partition wethod: suppose that {B;,.B;,.....B;,;} is
k; '

a hard partition to X by ith people, where UB;;=X and

J=1
B;jan:‘b when 17£j, i=1,2,....n.
For x €X, denote that

i.{B‘l‘XEBij.‘j=1'2..~~’ki' i=l.2.....ﬂ} (l)

it may be seen observational sasple of a random set £, projected
valued estimate as
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Vhere %, is the characteristic function of set B. rija i, (v;)
expreased possible degree that sasple x; and x; are in corporate
into same growp. By formula (2), we easily see that r;;=l. Let
IAl be nusber of elements of set B, then
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it shov that ry;=r;;, thus Ralr;;lalu,(v,)] is a fuzzy similar
relation matrix on X.

H .Confidence method: On the base of hard partition method,
every people gives a degree of confidence A; €[0,1] for their

given partition {B;,.B;,,...,B;.;}. Denote
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thus the matrix R=[r;5]s[u.; (v;)] is a fuzzy similar relation

matrix on X.
H. Composite wethod: This method is the combination above
two methods. Suppose that {B;,.B;,,....B;.,} is a given partition

by ith people, for each B;; (j=1.2,....k,) endow with a degree of
confidence A;; €[0,1]. For x €X, denote that ’

).(Q{A”‘XEB”' j=1’2’.~~oki; i=l.2.....n) (5)
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then R=[r;;]alu, ;)] is a fuzzy sinilar relstion matrix on X.
N. Soft pertition method: In this method, everi people give

a SOft wtitim { Bi;' Bi;o~.~. Bi.i} on Xv m’e L;Bij"-‘x. 'hen
j:l

1#j, subset B;;NB;; may is no-empty, A;; €[0,1] is a deeree of

confidence of B;;, i=1,2,....ns Jj=1,2,....k;. Using wmethods

(1)~ (5) and (8) may obtain fuzzy similar relation matrix R on X.
Now we only prove formula (6).

1° . For x€X,
M,(x)" ______ 2 Aijﬂ.(x)
2 A Bijex
Aii€x
1
- 2 A‘IJ P R — z A'I.l - ]
X A;; B ex X A;; A €x
AijEx A €x
thus ve have r;;@a i, (x;)=1, i=1,2,.
2° . For all x,y€X,
1 1
b= B A== B A= u,W
X A;; B.,Ex "' 2 A;; B;;exNly
A-,,-é:_(Uy Y Gz_th

ﬂﬂ'l Mve l’;j=l"j',. fm’ m i=1.2.o~.'.; j=1‘2’~~~I.

3. Set-valued statistics method spply to establish decision
weicht



The set-valued statistics sethod can be used to determine
weight vector in multiply object decison (MADM). At fact, the
estimate method by specialists can also be regarded as a
set-valued statistics wmethod, nemely, the weight vector

U‘h(w)=(0.‘h.m,'h.....ﬂ.‘h) estimated by every specilist
mbeseenasafuzzyslhetonfactorsstx. Then the estimte

of projected function W=\ 2 U“’(u) may be taken as decison
weight, vhere a is nusber of sncilists

In a lot of practice, it has been found that there are many
weslnesses in this method. Vhere main wesknesses are the
following: D If the factors of multiply object decison are too
mony, then it is very difficult to hold the tiny difference
betvesn these factors. @. In meny decision problems, the weight
is not unique, etc.. In this section, we using the set-valued
statistics method give a way to determine the decision weight
vector.

let #={A,.A,.....A,}] be the factors set. X,s{0.1] the
states set of the factor A,, and suppose that X, is a finite set
for all k=1,2,....n. Denote that X,={x,,¢X\zs...0X,.} and
Xy 1 Ky 2 Co oKy y - X is called the ith level of factor A,. For
convenience take t levels for every factor. call X—HX as the
state space of # . Any element x€X is called a tack Obviously,
X has t~ tacks. Demote V={v,,v,.....v,} as set of tack eroups.

In the weight estimate method by specialists, when factors
are more and the difference between these tacks are little,
specialist’'s estimste is instable uswally. Beacuse, wvhen the
specialist looks at a consre®e tack or programme, there is a
viewpoint of vieving the situation as a vhole in his nmind. The
last decision made by hin is not sisply a weighted aritheetic
meon. The amalytical process used the set-valwed statistics
provide wvith the concept of vieving the situation as a whole.

Ve select a part of typical tacks from X, and show clearly
every tacks belong to vhich grow V;. In order to susrantee that

tacks x €X have typicality, may use the method of orthosonal
experiment, design a table of orthogonal experiment L,(1"), where
n is the nusber of factors, | the nusber of levels and T the

nusber of typical tacks. Denote M(cX) as the tacks set selected.
Suppose that m persons (specilists) attend this test. every

lb! tk? tk)

person mekes a partition to M. Let {V, - } be a



partition obtained by kth person, and Uv; " =N, v;'"’nv;""’=0
i=1
vhen i%£J. ) ] .

Suppose that x,'“.x,“).....x,'“ are tack samples puted
into the group v, in the result of partition by m persons. Denote
that x,-'”=(x,,~'”.x,j‘”.....x,i'“). 3=1.2,...,p. Every tacks
ay be thinked a f“w set on discussed field {x,'x.o~-.vX-}p the
level of factor as the desree of membership. We denote that

Ly
@ .,i(x.)-—— = ox (D
i=1
4 5
Dy, (x)=— }Zl[x:;’-i v, (x)1" @)
-1 7

i=1,2....,1. Where iy (x,) is the level mean of samples of the
factor A, for grow v;, Dy, (x,) the degree of stability of

levels. On the factor A,, the separate degree of v; and v; is
defined the following

p (sviavs)={ln g, (u)-u y, (o) 1+ [1-min(Dy, (x.),Dy; (x) 13-

By

2 y
Px)a— = T o(xsvi.v;) Q)

-y 7

express the mean separate degree of a factor A,. Obviously, the
larger ¢ (x,) is. the larger the action that factor A, is used to
distinguish class V, thus the more importand this factor is. Let

V=(p(x,)/a, plx,)/a,....p0(x)/ a) (10)

vhere a=§i§(x;). then ¥ may be used as a weight vector of WADM.

i=1



4. Set-valwed statistical sethod apply to forecast probless.

Let # ={A,.A,,....A.} be a factors set, X the forecast field.
f is a set-valued mapping from # to X, VA€,
f(A)=0;€¢P. %o, (x) the characteristic function of set o,.

There is a probability distribution under the condition of

p‘.Ai lf) &aPi, i=1'2!~00n (11)

The projected function

uta Sl i, 6 a2)

t=1

is called the conditional fuzzy set under # and condition of
mapping f on X.

The concept of conditional fuzzy set can be applied to meke
some forecast probless.

Example ( Decide ignited location in stope space )

This examsple belongs to the station forecast problem sbout
complicated environment, it is a typical example which using the
informations reflected on every factors infer the station that
event will happen.

In mining production, the self-ignited in coal face is a
great natural calamity, it vwill menace and influence seriously
the safety in the coal mining production, and vill bring a large
number of economic loss to mine. Because the condition in stope
space is complicated and bad, and the station of source of fire
is not to be closed vith, all these vill meke that work to put
out a fire has heary blindness. So we only can infer the possible
station of the ignition according to some informations relative
to ignition and other factors vhich can be measured directly.

Consider factor set + ={A,.A,,...,A,}. where
A,: Exist the remnsnt coal of easy self-ignited:
A,: Rave the condition of oxygem supplied:

A,: Have the environment of store heat:

A,: The oxidizing time:



A,: The move of gas ((0):
A,: The source of temperature.

The mining stope space is expressed by set D on plane, (s,m) is a
point in D. Let

H; ali; (s.w) a {(s,w) | (s,m) €D and satisfies factor A;}

i=1,2,...,6. (13)

Obviously, H, is a subset of D. But in the prectical probless,
vhether the point (s,m) satisfies condition A, can not be
answered certainly. For example, H, is dicided by the

distribution state of remnant coal inside stope space. And it
depend on the structural state of coal bed, the degree of
carburization of coal, the forss of mine coal, etc.. So the range
of H, can only be given an approximate estimation by person basis

on the subjective experience and comprebensive analysis for many
factors. This range may be given by meny specilists according to
their speciality experience using set-valued statistics method
and these differient ranges (some subsets on X). This range is a
fuzzy field on D, denoted as H;, i=1,2,...,6. The station of

ignition is determined as the following

¥=H,. V.0 =Al; .0 (14)

1=1 1=1

In order to decide H, (the field of haraful gas CO gushed

out), we advance a concept of (0 relation set.

After occur self-ignited in a part of stope space, the
teaperature vill increase at this point, and release harnful gas
00 etc.. Vith the flowing of gas in stope spece, gas 0 vill go
on convection and diffusion, such that 00 content of air in some
points (s,m) €D will take place changer. Suppose that
0={q,,9;+...,9,} is n points observed. If we have good reason for

believing the C0 gas weasured at point qi is released from point
q€D, then point q is called a CO-relation point of q;.

E.'"'(s.0) €[0,1] is the probable degree that point (s.w) is a

tis

C0-relation point of q,. Thus we obtain & fuzzy subset F., .



¢

its membership function is E_.''’(s.m), E_.""  is called as
CO-relation fuzzy set of q,.

Suppose that c, is CO content value measured at point q, at a
certain time. That c, value is big or small may depict a probable
degree which C0-relation fuzzy set of q, is the release field of
haraful gas CO, take the probebility distribution on Q as

C;
Pi'-'———___—p i=1'2| s rae .n.

2C;
=1

Hence, the mesbership function of fuzzy set H, may defind with

formular

.G =S0E. " ). @

i1=1

5. Summary

The basic of set-valued statistics is theory of random set
and it's projection. For Vx€X, by random set R(Q,« ;> (X),B)
may induce a random varisble on I1.=[0,1], i.e. for Vx&X, it

follows a random verisble that takes value at (0,1]. In that case,
it is different from a family of random variables vith parameter
x (as random process), beacause, for a given family of random
variasbles with peraseter x, the corresponding random set is not
unique. However, the most different is the fora of sawples
obtained in statistics test. The samples of set-valued statistics
test are some subsets, these sets are often a fiducial field
given by person who is asked to do the test, througsh a whole
synthetical snalysis in a larser psychological fiducial degree.
It can mirror very well the vhole of psychological meesure to the
object. It may avoid statistical unstability of psychology when
isolat consider probless.

It only has a few years histry that the theory of set-valued
statistics is advenced, there are a lot of work to need in the
theory. However, weny applied methods about the set-valued



statistics mve been advanced or are being advanced continually.

They vill be apply to more and more of engineering practical
" probless.
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