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Abstract 
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This paper  adopt s 6 indexes fr om regressi on  model  evaluat i on  cr i ter ion ,  r egards the  

membersh ip grade of the opt imal  index set  of  the given  equat i on  di stance as the weigh t ,  

l inear ly weigh ts the cor responding equat ion  and  establ ishes the composi t i onal  r egressi on  

model  wi th  the fuzz y evaluat i on  method.  The pract ical  appl icat i on  indicates th is method get s  

bet t er  fi t t ing and predict ing effect  compared wi th t he t radi t ional  r egressi on  model  and i t i s a 

r ela t ive and per fect  opt imizat ion  method.    

Ke y wo rd s :  f u z z y  we i g ht ;  m e m b e r sh i p  g ra d e;  c o m p o s i t i o na l  r e gr e s s i o n  m o d e l   

1  Intr oducti on  

Model  speci fi cat ion  is the key t o the  

appl icat i on  of the r egressi on  equat i on .  In 

case of er ror  in  model  speci fi cat i on ,  the 

parameter  est imat ion  obta ined with  the 

ordinary least  square (OLS) meth od has no  

min imum var iance and unbiasedness.  The 

t r adi t ional  model  speci fi cat i on  sel ect i on  

consider s from the angle of var iabl e sel ect i on  

whether  the i rr elevan t  var iabl e added or  the 

missing sign ifican t  var iabl es r esul ts in  the 

er ror  in  model  speci fi cat i on  [1 -3].  Next ,  the 

methods such  as Ramsey Regressi on  Equat ion  

Speci fi cat i on  Error  Test  (RESET),  DW t est ,  

Lagrange mult ipl ier  test  are adapt ed t o test  

whether  the er ror  exist s in  the model  

speci fi cat i on .  Then  the inst rument  var iable  

method i s adopted  t o appr oximatel y  f i t  the  

object i ve model .  However ,  the largest  

disadvan tage of the inst rument  var iable  

method i s that  the est imated resul t  i s  ver y 

sensi t i ve t o the sample siz e and the 

inst rument var iables sel ect ed [4 -5].  Based on  

the r egressi on  model  evaluat ion  cr i ter ion ,  

th is paper  adopts  the though t  of  fuzz y 

evaluat i on ,  r egards the membersh ip grade of  

the opt imal  index set  of distance as the  

weigh t  and l inear l y com bines and set s the  

model  and establ i shes the composi t i onal  

r egressi on  model .  I t  i s indicated by the  

pract ica l  appl icat i on  r esul ts that  the fuzz y 

weigh ted evaluat i on  method proposed by th is  

paper  has bet t er  fi t t ing and predict ing effect s  

compared with  the t r adi t ional and single 

r egressi on  model  speci fi cat i on .   

  

2  The appr oac h to fuzzy e val uati on  and 

weighted opti mizati on  

 

Given  there are n  evaluat i on  indexes for  

evaluat ing m schemes,  the character ist ic  

quan t i ty matr ix X of the or iginal  indexes can  

be obta ined:    
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.,......2,1;,......2,1 njmi   Where ijx  i s the index 

character ist ic quan t i t y of the fa ct or  of  

evaluat i on  for  i t s schem e,  which  includes the  
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greater  the pr ior i ty t ype index and the smal ler  

the pr ior i t y t ype index.  The mem bersh ip 

grade of a  single  fa ct or  of  evaluat i on  t o the  

cor responding elem en t  of the opt imal  index  

set  can  be cal cula ted  with  di fferen t  

calcula t ion  formulas r espect ivel y.  The 

formula  of grade of r ela t i ve mem bersh ip is  

descr i bed as fol l ows:     

To the greater  the pr ior i ty t ype index:  

)max(/ . jijij xxr    (2.2)   

To the smal ler  the pr ior i ty t ype index:  

.min( ) /ij j ijr x x   (2.3)  

Where,  jx i s the set  of ijx  ( i=1,  2,…,  m),  in 

th is wa y,  there is no dim ension  and the 

adjusted  index data  are of comparabi l i t y.  

Consequen t l y,  Matr ix X is  changed in to the  

matr ix of index mem bersh ip grade R.   
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.,......2,1;,......2,1 njmi  The matr ix of index  

membersh ip grade R is the basi c in format ion  

of  fuzz y composi t i onal  evaluat i on  and the 

ba sis for  opt imizat ion .  m indexes of the  

opt imal  index set  sh ould be the max.  Value of  

the cor responding index mem bersh ip grade of  

a l l  schemes,  den oted with  the vect or  as：  

),......2,1)),max(),......max(),(max( 21 njrrrG j 

(2.5)Consider ing the di fferen t  funct ions  of  

each  fa ct or  of  evaluat i on  in  the actual i t y,  

given  the weigh ted vect or  of n th  index is:

),......,( 21 nwwww   .Then  the distance bet ween  

the i th  schem e and the opt imal  index set  can  

be denot ed with  general ized eucl idean  

distance iu :  

) r-w(G iiu  =   ) r-(Gw 2

jijj  ( 2 . 6 )  

As t o r egressi on  predict i on ,  i t  i s deem ed  

that  as long as a  cer ta in  schem e is of pr i or i t y 

in  a  cer ta in  index,  a  cer ta in  com binat ion  of  

var ious schemes ma y have the syn thet ic  

advan tages,  wh i ch  is the exi stence of  

weigh ted  opt imizat ion  [6 -8 ].  Based  on  th is,  i t  

i s held by us that  the distance iu bet ween  the 

i th  scheme and the opt imal  index set  can  be  

deemed that  th is scheme l i ves under  the 

opt imal  index set  in  form of mem bersh ip 

grade iu ,  so i t  can  be r egarded as the weigh t  

of each  equat i on  for  l inear  com binat ion  to 

r eal ize the bet ter  predict i on  effect .  

   

3  A fuzzy weighte d composit i onal  

regressi on model   

 

In  the classi cal  r egressi on  analysis,  the  

sign ifi cance t est  has some di sadvan tages.  

Fir st l y,  a s t o t wo F  values with  smal l  

di fference,  the sign ifi cance test  of r egressi on  

effect  i s becoming uncer ta in.  Secondl y,  the  

t ype of the r egressi on  model  i s ar t i ficia l l y 

sel ect ed ba sed on  the exper ience and the 

dist r ibut i on  t r end of the scat t er  diagram,  so i t  

i s of great  subject i vi t y.  Th irdl y,  the test  

cr i ter ion  just  takes in to a ccoun t  a  cer ta in 

fa ct or ,  for  exampl e,  the sum squared er ror ,  so 

the test  i s ver y rough  and i t  cannot  sa t is fy the  

actual  need.    

Mean while,  one of  the most  impor tan t 

object i ves for  data  analysis and esta bl ishment  

of the r egressi on  equat i on  is predi ct i on  and 

con trol .  As a  r esul t ,  the f i t t ing precisi on  is  

becoming especia l l y impor tan t.  Th is paper  

appl ies the a bove -men t ioned fuzz y 

composi t ional  evaluat ion  and weigh ted  

opt imizat ion  though t  to the r egressi on  model  

to improve the fi t t ing precisi on .    

3.1  EATABLISHMENT OF ORIGINAL 

REGRE SSION EQUATIONS  

 

The comm on regressi on  model  includes the  

fol l owing t ypes:  h yperbol i c t ype,  power  

funct i on  t ype,  exponen t ia l  funct ion  t ype,  l og  
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curve t ype,  s - curve t ype,  mul t inomial  t ype 

and tr igonometr ic funct i on  t ype for  sel ect i on .   

Once the r egressi on  equat i on  t ype is select ed,  

the r ela ted techn ique such  as the least  square  

method and the or thogonal  pol yn omial  

method can  be adopted for  curve fi t t ing of the  

scat t er  poin ts and the fi t t ing equat i on  is:   

)(xfy i .    (3.1)  

3.2  EASTABLISHMENT OF 

COMPOSITIONAL EVALUATION 

MODE L OF DEGREE OF FITTING  

 

The disadvan tages of  the classical  r egressi on  

analysi s have been  discussed in  the foregoing 

paragraphs.  In  order  to overcom e these  

unreasonabl e phen omena,  th is paper  adopt s  

the fol l owing 6 kinds of  indexes for  

comprehensi ve  evaluat ion  of degree  of  

fi t t ing.  (1)  Var iance,  namel y
2

( ) /ii
y y n


 ,  

wh ich  refl ects the proximit y of the fi t t ing 

curve and the scat ter  poin t  as a  wh ole;  (2)  

Maximum er ror ,  namel y ii yy 


max ,  wh ich  

refl ects the proximit y of the r ange bet ween  

the theoret ical  value and the measured value  

of  the fi t t ing curve;  (3)  Least  er ror ,  namel y

ii yy 


min ,  wh ich  refl ects the preci si on  that 

the fi t t ing curve ma y reach  up;  (4)  Absolut e  

value of a verage er ror ,  namel y  


nyy ii /)( ,  

wh ich  refl ects the proximit y of the fi t t ing 

curve and the theoret i cal  value a s a  whol e,  

however ,  di fferen t  fr om the sum squared  

er ror ,  i t  holds that  the poin t  er ror s are 

“equi val en t” ;  (5)  Average a bsolut e r ela t i v e 

er ror ,  namel y  


iii nyyy /)( ,  wh ich  refl ects the  

fi t t ing preci si on  of the mea sured value and 

the theoret i cal  value of the r egressi on  

equat i on ;  (6)  Posi t i ve-negat i ve r a te of  

change,  namel y the absolut e value of the  

differences in  number  of the data  a t  both  

sides of  the fi t t ing curve,  wh ich  refl ect s the  

degree of  un iformit y of the posi t i ve -negat i ve  

dist r ibut i on  of the er ror  value of the  

r egressi on  value.  In  order  to guaran tee there 

is no negat ive  cor rela t ion  in  the cal cula t i on  

of  the degree  of  mem ber sh ip,  the absolut e  

values of the a verage er ror ,  average r ela t ive  

er ror  and posi t ive-negat ive  r a te of  change are  

adopt ed.    

The foregoing 6 kinds of indexes are the  

ba sis of fuzz y composi t i onal  evaluat i on .  

Since di fferen t  indexes a ccoun t  for  di fferen t  

propor t ions in  di fferen t  r egressi on  curves,  in 

order  t o r efl ect  the di fferences in  the 

r equiremen ts,  the non -equal  weigh t  st ructure  

is adopt ed in  the model  and the weigh t  can  be  

calcula ted in  com binat ion  with  the actual i t y 

wi th  analyt i c h ierarchy process or  bin ary 

pair ing method,  in  th is wa y,  the mathematical  

model  esta bl ished is featured in  wide 

adaptabi l i t y and final l y the weigh t  vect or  

),.......,,( 621 wwww   can  be obta ined.   

3.3  CALCULATION OF DEGREE  

OF FITTING OF T HE ORIGINAL 

REGRE SSION EQUATION  

 

Fir st l y these 6  evaluat i on  indexes of  the  

or iginal  r egressi on  equat i ons are calcula ted,  

where the indexes bel ong t o the smal ler  the 

pr ior i t y t ype.  Then  the matr ix of index  

membersh ip grade R is ad just ed,  the opt imal  

index set  G can  be obta ined based on  R and 

the mem bersh ip grade of the  or iginal 

r egressi on  equat i ons can  be  calcula t ed  

through  the composi t i onal  evaluat i on  model  

of degree of fi t t ing.    

3.4  WEIGHTED ADJUST MENT OF 

ORIGINAL REGRESSION EQUATIONS  

 

Regard the membersh ip grade calcula t ed in  

Step  3 a s the or ig inal  weigh ted r egressi on  

equat i on ,  and then  the new equat i on  can  be  

obta ined t o esta bl i sh  a  new opt imal  index set  

together  wi th  the or iginal  equat i on  and then 
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the mem bersh ip grade of  the cor responding 

equat i on  can  be obta ined.  The equat i on  with  

the max.  cor responding membersh ip grade is 

the opt imal  fi t t ing and predict i on  model  

under  the given  composi t i onal  evaluat i on  

model .    Since the new opt imal  index set  i s  

comprehensi vel y obta ined based on  the 

or iginal  r egressi on  equat i on  and the new 

equat i on ,  the new opt imal  index set  i s surel y 

not  in fer ior  to the or iginal  opt imal  index set ;  

meanwhile,  the or iginal  r egressi on  equat i on  

a lso par t icipates in  the opt imizat ion  under  the 

new opt imal  index  set ,  in  such  a  per fect  

condi t ion ,  based on  the given  composi t i onal  

evaluat i on  weigh t ,  the new opt imized  

equat i on  is surel y n ot  in fer ior  t o the  or iginal 

r egressi on  equat i on ,  so the  bet ter  fi t t ing and 

predict i on  effect  can  be r eal ized.   

  

4  Case Repre sentati on  

 

The deta i led data  about  the sa les vol ume and 

the predict i on  index  of a  cer ta in  mater ia l 

en terpr ise are shown in  Table 1.  According to 

the scat t er  diagram,  suppose the r ela t ionsh ip 

bet ween  y and x has the fol l owing four  

r egressi on  equat i on  t ypes t o be det ermined:   

xy  


1                             ( 4 . 1 ) 

xey 


2 )0(                         ( 4 . 2 ) 

xy ln3  


                         ( 4 . 3 )  

xy 


4                              ( 4 . 4 )  

Based  on  the r egressi on  anal ysi s,  the  

cor responding regressi on  equat i on  can  be  

obta ined as fol l ows:   

xy 41.0341.21 


                     ( 4 . 5 ) 

xey 02076.0
2 712.4


                      ( 4 . 6 )  

xy ln052.41394.503 


                ( 4 . 7 )  

12.1
4 239.0 xy 


                         ( 4 . 8 ) 

T ABL E  1  R e la t i o n sh i p  b e t we e n  s a l e s  v o lu m e  a n d  t h e p r e d i ct i o n  i n d e x  o f  a  c er ta i n  m a t e r ia l  e n t er p r i s e   

Y ea r  Pr e d i c t i o n  i n d e x 

x  

M ea su r e d  

va lu e y  
1

^

y
 2

^

y
 3

^

y
 4

^

y
 

^

y
 

1  9 9  3 9  3 7 .1  3 7 .9   3 5 .4  3 4 .8  3 6 .9  

2  4 5  1 2  1 6 .7  1 2 .9  1 6 .1  2 1  1 5 .1  

3  1 0 2  3 3  3 6 .2  3 6 .3  3 4 .6  3 4 .4  3 5 .8  

4  8 5  2 9  3 1 .8  2 8 .8  3 0 .3  3 2 .1  3 0 .1  

5  9 1  3 3  3 6 .6  3 7 .1  3 5 .0  3 4 .6  3 6 .3  

6  1 0 9  5 7  4 3 .6  5 3 .6  4 1 .8  3 7 .8  4 6 .8  

7  2 9  1 0  7 .3  7 .8  7 .7  8 .1  7 .6  

8  1 9  8  4 .1  6 .6  5 .0  0 .3  5 .3  

9  5 2  1 6  1 6 .7  1 2 .9  1 6 .1  2 1 .0  1 5 .1  

1 0  3 9  1 0  1 2 .6  1 0 .4  1 2 .4  1 6 .4  1 1 .7  

1 1  4 6  1 1  1 4 .7  1 1 .6  1 4 .2  1 8 .8  1 3 .4  

1 2  1 8  5  3 .3  6 .3  4 .3  -2 .2  4 .7  

1 3  3 2  1 4  6 .9  7 .7  7 .4  7 .3  7 .3  

1 4  4 1  1 2  1 1 .8  9 .9  1 1 .7  1 5 .3  1 1 .1  

1 5  3 1  1 2  8 .6  8 .4  8 .8  1 0 .4  8 .6  

1 6  8 7  3 5  3 2 .2  2 9 .3  3 0 .7  3 2 .3  3 0 .6  

1 7  1 0 4  4 9  3 6 .6  3 7 .1  3 5 .0  3 4 .6  3 6 .3  

T hu s  6  k i n d s  o f  i n d e x e s  a n d t h e i r  m e m b e r sh i p  gra d e s  o f  t h e  r e g r e s s i o n  e qu a t i o n  ca n  b e o b ta i n e d ,  a s  sh o wn  i n  

T a bl e  1  
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I t  can  be ea si l y found from the tabl e that  

each  t ype has i ts own  recommendat ion ,  that  i s 

to sa y,  a t  l east  one index in  ever y t ype i s  

super ior  to other s,  so ever y t ype par t icipates  

in  the weigh t ing,  wi th  i ts mem bersh ip grade 

as the weigh t ,  then  the weigh ted est imated  

value:  

(0.83 1 0.99 2 0.83 3 0.55 4) /

(0.83 0.99 0.83 0.55)

y y y y y
    

   

  
 (4.9)   

can  be obta ined,  the opt imal  index set  before  

weigh t ing is (21.98,  11.07,  0.08,  3.52,  0.19, 

1)  and the one a fter  weigh t ing is (21.98,  

11.07,  0.08,  0.26,  0.03, 1) .  Obvi ousl y,  the  

new opt imal  index set  i s bet ter ;  meanwhile,  

r egardless  of the  or iginal  opt imal  index set  or  

the new opt imal  index set ,  the weigh ted  

membersh ip grade is larger  than  the or iginal 

opt imal  scheme (exponen t  t ype),  i t  can  be  

obta ined in  the per fect  condi t ion  that  the 

composi t ional  fi t t ing precisi on  of  the new 

weigh ted schem e is h igher  and i t  i s more 

advan tageous for  the predict i on  and con trol  

in  the pract ice.  Equat i ons and the la t ter  i s 

obta ined based on  the opt imal  index set  

produced from the four  or iginal  equat ions and 

i ts weigh ted equat i ons,  among which  the fi r st  

weigh ted m em bersh ip grade is the so-cal l ed  

“mem bersh ip grade” of the weigh ted index  

calcula ted ba sed on  the fi r st  opt imal  index  

set  and i ts r esul t  i s 2.69,  exceeding 1,  

val idat ing the fi t t ing effect  of the wei gh t ing 

equat i on  again  and indicat ing the 

compl eteness.  

T ABL E  2  I n d e x e s  a n d  t h e i r  m e m b e r sh i p  gra d e s  o f  t h e  e qu a t i o n s   

T y p e  Va r ia n c e   Ma x .  

e r r or  

M i n.  

e r r or   

Ab so lu t e  va lu e  

o f  a v e ra g e  

e r r or  

Av e ra g e  

a b so lu t e  

r e la t i v e  e r r o r  

P o s i t i v e -

n e ga t i v e  r a t e  o f  

c ha n g e   

M e m b e r sh i p  

gr a d e  

L i n e a r  t y p e  2 6 .5  1 1 .3 3  0 .2 7  3 .9 9  0 .2  1  0 .8 3 ,0 .6 6  

E x p o n e nt  

t y p e  

2 1 .9 8  1 1 .0 7  0 .0 8  3 .5 2  0 .2 1  1  0 .9 9 ,0 .8 2  

L o g t y p e  4 5 .9 2  1 4 .2 5  0 .1  5 .7 5  0 .4 2  5  0 .8 3 ,0 .6 6  

P o we r  t y p e       2 6 .5 9  1 2 .9 5  0 .2 1  3 .8  0 .1 9  1  0 .5 5 ,0 .4 3  

W e ig h t i n g 

t y p e  

2 2 .2 1  1 1 .6 9  0 .3 5  0 .2 6  0 .0 3  1  2 .6 9 ,0 .9 1  

No t e :  t h e  fo r m er  o f  t h e  m e m b e r sh i p  g ra d e  i s  o b ta i n e d  ba s e d  o n t h e  o pt i ma l  i n d e x  s e t  pr o du c e d  f r o m  t h e  fo u r  

or i g i na l    

5  Concl usi ons  

 

Th is paper  proposes one evaluat i on  cr i ter ion  

ba sed on  the r egressi on  model ,  adopt s the  

fuzz y evaluat i on  method,  r egards the  

membersh ip grade of  the opt imal  index set  of  

the given  equat i on  distance as the weigh t ,  

l inear ly weigh ts the cor responding equat ions  

and establ i shes the method of composi t i onal  

r egressi on  model .  The main  conclusi ons of  

th is paper  are summar ized as fol l ows:  1.  i t  

adopt s the though ts of fuzz y evaluat i on  and 

regards the mem bersh ip grade l i ving under  

the opt imal  schem e as the cr i ter ion  of model  

evaluat i on ,  wh ich  effect i vel y overcom es the  

dimension  effect s fr om the judgment  of the  

r egressi on  model ;  2.  I t  r egards the 

membersh ip grade of  the opt imal  index set  of  

the given  equat i on  distance as the weigh t ,  

weigh ts the exi st ing model  and esta bl ishes  

the new composi t i onal  r egressi on  model ,  in  

th is wa y,  the fi t t ing and predict ion  effect s of  

the model  are great l y improved;  3.  The 

composi t ional  opt imal  index set  includes the  

set s of  the or iginal  model  speci ficat i on  and 

par t icipates in  the comprehensi ve judgm ent  

of  the new index set  wi th  the mem bersh ip 

grade,  as a  r esul t ,  i t  guarantees the new 

opt imal  equat i on  is surel y n ot  in fer ior  t o the  

or iginal  r egressi on  model  speci fi cat i on  and is 

a  r ela t ivel y per fect  opt imizat ion  method.    
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