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Abstract In this paper, we give a fuzzy mathematical model to determine
decrepit degree. The model is reasonable by means of verification of example, It
will take important effect in the study of antiager.
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1. Introduction

Physiological age reflects decrepit degree of a person. Defining the physio-
logical age is a problem about the study of gerontology. Gerontology worker tried
to define the physiological age by mathematical means,such as setting up regres-
sion equation of age and physiological indexes by regression analysis to define the
physiological age. Regression equation takes important effect in the study of anti-
ager.such as judging if the medicine is useful according to the change of physio-
logical age before and after having medicine.

Regression equation has a definite accuracy,but it is not quite good because
the change of one person’s physiological index values mean much,or not, after
has the antiager,such as the blood pressure of a person of fifty is 135/90 before
he has medicine,and after he has medicine it becomes 120/80, high blood pres-
sure changes normal. This is a change that means much,it means the change of
physiological age;If the blood pressure of the same person is 120/85 before he
has medicine,and after he has medicine it becomes 115/80, the blood pressure be-
fore and after having medicine is both in the normal bounds,so this change is no
point. Because the change does not mean that the physiological age changes, but
according to the regression equation,the change will be considered that it causes
the change of physiological age. So there will be some difficulty in the analysis

about the result. This paper gives a Fuzzy mathematical model to determine de-



crepit degree in order to overcome the shortcoming of regression analysis.
2. Fuzzy mathematical model

We generally call the 45 to 59 age bracket“at the earlier stage of old age”and
the more than 59 age bracket“at the stage of old age”. In fact, “at the earlier
stage of old age”and“at the stage of old age”are both Fuzzy sets,They are ex-
pressed by A, and A; respectively.

Aj(x)is defined as follow:

(1)We randomly choose N normal people (age—=45) and determine their n
physiological indexes X;,X,, ", X, respectively. xx = (X » Xkzs *** s Xka) €Xpresses
the check result of n physiological indexes of the person number k,k=1,2, -,
N.

(2)The extent of index Xiis graded t; different X,;, Xy, X(i5i=1,2,**n.

(3)We divide N people into two groups:people of the 45 to 59 age bracket
are in the group number 1 and the more than 59 age bracket are in the group
number 2,they are expressed by A, and A, respectively. X, P = (X ), Xy, P, **+,
Xin”) expresses the value of n phyéiological index of the person number k in Aj,
k=1,2,+,h;,j=1,2,h;+h,=N.

(4)We count frequencies P, Py, =, P that X, X3P, ¢, fall into
X1isXair e » Xy respectively,j=1,2,i=1,2,+,n. Find bigest frequency.

Pi?=max {(Pn"}

1€Sm<y,

Find the sum

§,= 2P (1)

For any XZ(Xl’XZ’". ’)(n)’if Xiexmid‘:l,Z""’n.
then we find the sum

S;(x) = 2 P i=1.2.
vo= ]

The membership function of the fuzzy set Ajis defined as

Ao =3

]

1=1,2. (2)
Fuzzy set Ao corresponding to the less than 45 age bracket is defined as

A=A UA,=ANA,

Hence
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Ay(x)=min{1—A;(x),1—A,(x)} (3

(5)For check result X=(X,,X;,**,X,) of n physiological indexes of any-
body,according to formulas (2) and (3),we compute A;(x),j=0,1,2.

if A (x)=rx<1ax {A;(x)} then we judge that X belong in A, as compared
~o o<i<z  ~ ~"

with A;(G7%j0).
3. Example

We randomly take a sample with 170 normal people of calendar age =45
some region and measure of their physiological indexes as follow : Systolic pres-
sure (X,) ,Diastolic pressure (X,),Cholesterol (X;), Three acid glyceride (X,),B
proteinase (X;),standing time with one foot (X,).

Xomi and Pm;"",1<m<t1,1<i<6,t1=11,tz"=8,t3=13,t4=17,t5=8,t5=12,

are shown in Table 1.

Table 1 The grades and frequencies of physiological indexes

Xml Pml(“ Pml(:’) sz sz(l) sz(z) . Xma Pms(l) Pm3(2>
[0,90) 0 1 [0,60) 1 0 [0,140) 0 5
£90,100) 2 3 (60,70) 4 7 (140,150) 2 9
[100,110) 6 6 [70. 80) 16 26 |[150,160) 6 12
(110,1200| 17 17 |[80,90) 23 33 |[160,170) 7 15
[120,130) 10 19 {[90,100) 14 22 |[170,180) 5 9
[130,140) 14 16  |[100,1100] 10 9 [180,190)| 11 7
[140,150) 9 14 |[110,120) 1 3 [190,200) 6 5
[150,160) 3 5 (120,00) 1 0 [200,210) 9 13
[160,170) 5 10 [210,220) 9 12
(170,180) 4 3 [220,230) 6 3
[180,00) 0 6 10230,240) 1 3

[240,250) 1 4
[250,90) 7 3
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de Pm4(” Pmd(Z) Xm5 PmS(“ Pms(?.) Xm6 Pms(“ pmG(Z)
[40,50) 3 9 |[0,300) 7 13 |[o,1) 0 8
[50,60) 7 3 |[300,400) 6 13 |[1,2 2 32
[60,70) 9 4 [400,500) 16 24 |[2,3 6 22
[70,80) 5 8 [500,600) 17 20 |[3,4) 9 13
[80,90) 11 8 {[600,700)| 14 14 |[4,5) 11 12
[90,100) 9 8  {[700,800) 5 13 |[5.6) 5 4
[100,110) 5 13 |[800,900) 3 [6,7) 5 3
[110,120) 3 8 |[900,00) 2 o {[7,8 5 4
[120,130) 8 7 (8,9 8 0
[130,140) 1 5 [9,10) 3 0
[140,150) 1 3 (10,11 8 1
(150,160) 0 6 [11,00) 8 1
[160,170) 1 5
[170,180) 1 1
[180,190) 3 4
(190,200) 0 2
[200,00) 3 6

.According to formula (1) and Table 1,we obtain
S, =P V4P, V4PV + Py V4P, VP,
=174+23+11+114+17+11
=90
S2 :PS](Z)+P42(2)+P43(2)+P74(2)+P35(2)+P25(2)
=19+33+15+13+24+32
=136
For example,a person’s calendar age is 55,his 6 physiological indexes are X
= (130,80,200,120,750,7.5). since 130€ X;,,80€ X,;,200€ X4;.120€ X,,,750
€ X455 7. 5€ Xgg,hence,
S, (x) =P V4P,V 4Py @ +P,, 1"+ PV 4Py
=14+23+9+8+5+5
=64
S, (x) :P6l(2)+P42(2)+P83(2)+P94(:!+P65(2)_|_P86(2)
=16+33+13474+13+4
=86

From formulas (2) and (3),we obtain

$,00 _64_
S, oo 071

‘Al(x):
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S,(x) 86
A, w2 s 09
Az(x) S, 136

Ay(x)=min{l1—A;(x),1—A,(x)}=min{0. 29,0.37}=0. 29
Since A,(x)=max{0.71,0.63,0.29}=0.71,we judge that x belong in {}1 as

~0. 63

compared with A;(j=0,2). It accords with calendar age of the person. The con-

clusion shows that this person is normal aging.
For another example,a person’s calendar age is 51,his 6 physiological index-
es are x=140,90,185,90,500,1. 5,appling the same method as above,we have

_62

_108
éz(X)—136 0.76

éo(x)=min{0. 31,0.24}=0. 24

éz(x)=max{0. 69,0.76,0.24}=0.76

According to the bigest membership principle,we judge that x belong to éz
as compared with é;(j=0, 1). It does not accords with calendar age of the

person. Now we will analyse all physiological indexes of the person. We find that
two indexes are abnormal in six indexes one is that blood pressure is high,the
standing time with one foot is short. This is the expression of early ageing. The
conclusion shows that this person is older than normal people of same age. It cor-
responds to reality of the person. Above two examples show this fuzzy mathe-
matical model is reasonable.

4. concluding remarks

{1)We must reasonably shoose a sample,that is people in the sample must
be healthful because calendar age was treated as physiological age when we set
up fuzzy matematical model. This is primal condition to raise acouracy of model.

(2)The objects of study are people of age=>45 in this paper,in the applica-
tion of practice,we can widen age bracket.
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