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DECRO! OF TRUTH AND l 'RUTH-FUNCTIONAL I't'Y
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lsq
In  th is  pape! ,  rh€  Idearee o f  r ru rh '  o f  a  p ropos i -

t ion  is  w i€vcd as  the  resu t r  o f  a  semanr ica l  h ; rc i r ins
proce, lu re  ber reen a  repres€nrar ion  o f  the  rea l iLy  and a
r e p ' : . " n . " r r M  o .  l h r '  j s  s . : d  i n  r . "  p , o p o q i r  o . .  . h e

t u  p  , , s .  o .  p o j i  b r  |  : , /
and /or  necess i ty  neasures ,  Depend in8  on  r } le  mrch ing
procedure  lh icb  is  chosen ro  d€ f i t r .  che  d€gree o f  r ru rh
o f  a  p ropos i r ion ,  . ru rh- funr r iona l i ry  o f  rhe  induced

or  nEy nor  b .  p reserved.  Thus ,  s ta r r ing
f ron  a  s€manr icar  in re rprerar ion  o f  !h€  deer .e  o f  r ru r ; ,
a  nuLt iva lenr  los ic  nay  be  bu i l t ,  Th is  approach s r ron-
g ly  depa. ts  f ron  s t rd ies  o f  many-va lued log ica  v ieqed as
mny varue, l  a lgebra ic  carcu l i  u i rhout  semant i .a l  ra r io -
na le .  Moreow€r ,  neu r€ rar ionsh ips  b . tueen bu t i i vaLenr
l o A i .  " n d  f - z z v  -  r n t  o , s . ' D i t j ' ,  r n , o  y  d r ,  n v . s , i _

In r roducr ion

.  Many-va lued ros ics  (pe !h .ps ,  u iLh  rhe  e ,cep! ion  o f
r r : v d l e , r  l o s r  s ,  ' c v e  ! . , n  n d i r  I  " ! u J  - d  t r o ,  c n  r t g . -

u n .  J l l v , " t , ' n p  . c , n  u r , \ . i r
s€nant ica l  in tc rp r€ ta t ion .  As  enphas ized by  Res.her t : ,
a  nany-va lued 1o3 ic  v i rhor r  sose semanr i .a l  ra r iona l€
fo r  i t s  r ru th  va tues ,  hay  jus r  rena i .  a  nany-va lucd  ca1-

In  rhe  fo lLor ina ,  s ra r r inA f rom a  s .mnr icar  in r . r_
p r e t a ! i o n ,  r h . ' d e a r € .  o f  r r u r h ,  o f  a  p r o p o s i L j o n  i s  v i e -
,ed  as  rhe  .es l lL  o f  a  march ins  proc€dure .  rhe  harch ins
procedures  ,h ich ,are  .oas idered maka use o f  poss ib i r i ry
n€asures  (zadehr / )  and/or  o f  nccess i ry  n€asures .  Thcn,
rhe  de f in iE ion  o f  rhe  deeree o f  r ru th  o f  a  p ropos i r ion
naturar ly  enabLes Lo  derc tu ine  rh€  connecr ive  fun . t ions
at ta .h€d to  lhe  bas ic  condecr iwes .  Depend ina  on  rhe  cho_
6en de l in i r io ! ,  t rudr - func t iona l i t y  hay  or  my nor  be
preserved :  i r  i s  rhe  rop ic  o f  lhe  secdnd na in  par .  o f
tb is  paper .  Thus ,  scar r ing  f ron  a  senanr ica t  in te rpre-
ra t ion  o f  the  de8 iee  o f  r ruLh,  a  nu l . i va lenr  lo8 ic  may

Th is  p .per  shoes  ner  ie la r ionsh ips  berv€cn nu t t rva-
l€n t  log ics  on  the  one hand and fuzzy  ser  and poss ib i l i_
ry  rheory  o .  the  o ther  hand.  sore  re rar ionsh ips  le r ,een
the  Eeo f ie rds  have bcon recenr ty  d iscussed aL  ten ! !h  bv
sany  auchors ,  Io r  ins rance zadehre ,  skarar5 ,  Tr i r I ; s '6 , '
0 !bo i6  and ?rade ' " ,  Ba lde in ' .

Deg(ee o f  i .u rh

The truth nay be defined as the conforniry of qh.ar
ls  sd ld  r i th  accua l  Iac ! .  More  prec ise ly ,  lhe  .oncept  o f
trrrh oay be viered a6 a neasure of confofriry beruee!
a  represen la t ion  o f  the  conten ls  o f  a  p ropos i r io r  and a
represenrar ion  o I  ehat  i s  acruar ry  knoh d f  rhe  lea l i t y .

A  p lopos i i ion  concerns  e i ther  conc le re  phys ica l  ob-
jec ts  o r  1e33 tans ib le  abs t rac t io t rs  and asse l rs  som o f
the ! r  ind iv iaua l  p roper r ies  and/or  o f  tde i r  inLede la-
. ion8h ip8 .  A .epresenta l ion  o f  che  conredts  o f  a  p ropo-
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siL ion  is  any  s rmbo l ic  express ion  o f  rhe  oeep s . ruc tu_
re  

.and or  rhe  nean ing  o f  the  propos i r ion)  ,h ich  is  con_
inrended n :n ipura t ions .  ?RUF (zadehr  6 )

rs  an  example  or .epresentar io r  iang laSe to r  rhe  contenrs
or  p roposr r rons ,  Hor  to  exr racr  rhe  rep !€senrar ion  o f  a
sen ience auromrr .a l i y  i s  a  key ,p(obLen in  ^ r r i f i c ia r
In tc t l i senc .  and is  noL rh€  Lop ic  d f  rh is  paper .  r {har  rs
ac tua l l y  kn .vn  o f  Lhe rea l i . y  j s  supposed to  b€  repre_
seored i !  .  da ta  base sO ( i .e .  rhe  co l recr io r  o f  e ; i s -
t rns  r i€hs  and o f  ihe  kno,n  v !1u€s  o f  Lh€ i r  . r r r ib r res
ad,o f  the i r  in re re la r ions) ,  Thus ,  rhe  l ru th  o f  a  p ro-
pds i t ion  r i1 l  b€  reLar ive  to  our  s ta re  o f  kno , t€de; .

c iven  a  represcnrar ion  o f  a  p ropos i r ion  ve  need a
na ichrng  procedure  to  eva luar .  i rs  con formi ry  , iLh  rhe

of  dara  base 9 .  con tomi ty  nay  be  par -
t ia t  and mat  be  a  nar le r  o f  de8ree.  L€r  us
examples  ro  i l l us r ra re  rhe  prdb lem.

l .  Suptosc  r€  knor  ihar  "John,s  he ighr  i s  l .70  me.er " .
c iven  th is  in fo rmar ion  ( rh ich  is  record€d in  O ) ,  rhe
propos i t ion  Pt  i  ' , John,s  he igh t  i s  1 .55  nerer "  i s  c raar -
1y  fa lse  rh iLe  propos i r io !  p2  :  "John,6  h€ ishr  i s  ber
ree !  t60  and t .80  ndrer ! , i s  l rue ,  There  is  no  confomi_
l :  

b i l f .  . 5 - J .  r .  o ,  u r ' i r ' . h "  - " " 1  , n  p , . d l  I  . b o ,
b u  J  q  . n  r 8 r  ' " i e n r  v i r h  , _ O  i n  r h e  \ " n . e  , 5 J "  ( h : s

raL ter  va lue  is  inc ruded in  rhe  in ie rva l  n .n r ioned in
P 2  ( i n . r h . r  r o r d s ,  & e n L a i l s  ! 2 ) ,  N o r a  L h a c  c o n f o r m i -
ry  does  nor  necessar i l y  mean ident i ry  and rhar  Lhe roL€s
ptayed by  the  propds i r ion  and by  S ( i .e .  uhar  i s  knoen)
are  lo t  symerdca l .

2 .  Nor ,  ve  arc  supposed ro  jus r  k lov  rhar  "John 's
be ish t  i s  be t reen l .60  and t ,8O merer " .  r r  i s  whar  i s
r .corded in  O.  h  o lher  lo rds !  ve  : r re  on ty  aqar€  o f
a  poss ih i r i ry  d is r r ibuc ion  ( the  charac ie r is r i c  func t ion
of  Lhe in rervar  [1 .60 , t .80 ]  )  concern ing  the  varue  o f
Joh! ' s  he ish t  :  ewery  va l !€  in  I l .60 , l .go ]  i6  a  poss i -
b le  va lue  ro r  John 's  he ishr  wh iLe  evcry  va l le  ou ts ide
th is  in re rva l  i s  nor  a  !o5s ib1e warue.  then,  s iver  O,
pronos i t ion  P l  :  r i Joh . ' s  ha igh t  i s  I .55  recer ' ,  i s  s t i t t
fa rse ,  Propos i r ions  P3 :  t ' Johots  he ighE is  t ,70  derer ' !
and ?4  :  ' r John 's  he ish t  i s  berween t . t5  and t .85  mle i "
' r e  r o q " i b  )  ! r u c  r i  r h e  s c r s 6  L h a .  ' . / O  o r  l t . / ( . , , S , r ' l
" r " . 0 1 p d , i D  

p  r i ! h  O ,  i  h o q " v e , ,  p r  o r  e a  1 , "  u r , o
poss ib ly  faLse ;  iner ,  p3  or  ?4  are ,  ne i t re r  necessar r -
ry  (o r  cer ra i l ry )  t rue  nor  necessar i l y  fa rse j  p r .pos i -
l ion  P4 "Johnrs  he ighr  i s  s rea ter  thao LOo re te t "  i s
r b o L h  p o d s i b t y  d n o \  n e c e s s a r i  y  . r u e  o e . r u s e  I t . b o . t . B o ]
i s  i m l u d e d  i -  

_ l . o o r - )  
i  r h u s  p \  j s  t r u -  c i r i  r c s p e r !

Ler  us  denote  rhe  poss ib iL i ry  and the  neces6 i ty
r  t r r r i . r y )  L h a r  D r o p o s : L i o n  p : s  r r d "  i n  L h e . o n L e x L

c r  r € s D e . r i v € r v  b v  r o s \ p r  : O  ,  . n d  N e . . p l  A  r .
P o s ( P  O ,  r N " 6 , o  S t  r o s p . )  , i t  b e  e q u a .  r o  t q n e n
i t  vorLd  be  poss ib re  (necessar t  resp . )  rha !  r  rs  r r re
an ' l  to  0  u ] ren  i t  v .u ld  nor  !€ .  t i rh  rh is  conven l ion ,

P o s ( P r  g ,  )  = N e s ( p r l  O ) - o i
P o s ( ? 3 1  q D ) = r ;



N e s ( P 3 l  O )  -  o ;
P o s ( P 5 l  S )  = N e s ( P 5  & )  =  r -

A r s d i o s  d  u n ' r o m  ! r o b " o j t i r y  d - n \ i t y ,  ' h e  r r o b - b i  _ y

o r  p L  r ; u p  L - o L i n p  
" 3 . o u r d  b '  P r o b , P . l . 9  '  o . z  .

rh i re Pron (P5 iA )  = L

l .  Aqa in ,  su tpose re  have rhe  in fo rea t io .  "John 's
he ishr  i s  l .70  ner€r "  in  .o ,  ' i rh  rh€  propor i t io .  16  I

"John is  ra1 l " .  P6  is  t rans la red  in to  a  poss ib i r iLy  d is -
t r ibuL io .  (vhose domain  is  Ene un iverse  or  he isn ts )  eh id r
i  s  n o r  h i n c  b u t  L f p  d " a o " r s l  o I  L \ e  t u z , )
s e L  r a b e l i e d  b y  ' L a l  L '  ( z r , l e h r ? r o ) ,

The poss ib i l i r y  .ha l  P6 is  t rua  v i lL  be  laken 3s
equa l  to  rhe  poss ib i l iLy  thaL the  va lue  o f  a  var iab te
resr r i c red  by  the  spec i f i .a t ion  " la r r "  i s  1 .70  ( i .e  lhe
Denb€rsh ip  desre€  o f  I .70  to  the  fuzzy  ser  " ta1L" ) .  then,
P o s ( P 6  O  )  =  u " ( 1 . 7 0 )  €  [ o , l J :  r h e  f r z z i n e s s  . f  L h e
propos i i ion  leada ro  a  desree  o f  poss ib i l i t y  in len€d ia-
ry  be tpeen o  and l .  l ssoc ia r ing  rnor  ta l l !  u i th  the  n .n
bersh ip  fun . i ion  I  -  l ] r  and g iven thar  the  nece6s i l y  o f
a n  e v e n t  c o r ! e s D o - d "  r o  ! h e  n p o s s j D i l i r v  o f  r r e  o p p o ' i

r " ; p  ^ e s , P b ,  J ,  . ,  '  ' o r  ' b  " .  &  )
( l rov ided thar  rhe  reve ise  fu t rc t ion  a  )  I  x  i s  a lso
used to  de f i le  Lhe dearee o f  inposs ib i l i t y  f ron  rh .  de_
g ' p "  o l  o o s . t b ' 1 " ) r .  T h . n ,  , a i  . 0 l  ' d v  b  r e B  t . ' d  J .
L h e  d e a r e e  o f  r . u t h  o f  t h e  p . 6 P o s i r i o n  P 6 .

4 .  c - o ' e r s e l v .  o  l l  r  . "  i n i o m a r  j o n
' . l o n n  i "  L -  r "  r " p r e , e n r e d  i n  g "  d  w F  ' n s : d  n e  p r o -

n o s r t : o n  P ' :  " ' o h n  q  n e i z \ r  . s  1 . 0  F r P r " .  l h e  !  r P r r :
b i l ' r y  o I  P r . " .  & , . ' . .  P '  O  - , 1 "  / o  b " " d " " e
L70 is  a  poss ib le  va lu€  fo r  a  var iab l€  resr r rc ted  by
' L a l l '  o i r h  a  d e s r e r  o f  p o s s i b i L i t y  e q u a l  ! o  l t ( 1 . 7 0 / . .
L o L e \ e L ,  o r ! p r  r n  u " .  r \ a n  l .  o  . I . .  l g r P  o r  '  s q  o o s s r -
b . p  r o r  o n n ' s  h p  s h r ;  L  e n  \ e r , . , l  d ) ,  -  0  i r  I n  

"  
q i -

5 ,  te t  us  cons ider  th€  Ar i6Lote l jan  exampte  :  rhe  pro-
pos i i ion  P7 :  "Th€r .  t i11  be  a  sea b . l tLe  lo -m. r iov  .
cLear ly ,  thd  poss ib i t i t y  d is r r ibu t ion  dona in  r .d r .es  her€
to  ! ,o  € l .men!s  cor i€spond ins  !o  rbe  eve . tua l i r ies  o f  a
sea bar r le  o t  o f  no  3aa ba t t le .  ve  ha le  Pos(P7 l  O )  =  |
and Nes(P7 O)  =  o  shere  I  i s  o l r  ro -da ,  s raLe o f
knoq ledge.  Fr iu re  cont ingents  apPear  ro  cor respond to  a
s i tua t ion  s imi la r  to  th is  o f  th .  exanPle  2 .

6 .  Le t  us  cons ider  th€  fo l toe ina  eaanPt .  taken f ton
I todgess  "A f r€ r  the  o f f i ce  par ty ,  a  nan ad t i . c  L .  h is  t i fe

{P8)  I  d id  k iss  sone o f  che  s i rLs
(  O )  in  facr  he  k issed .1 r  n inere€n o f  thes"

l " ' t r L  i s  L h e  r r u t h  s t a L u s  o f  P B  ?  A L t n . u g h ' s o m e ' i s
a  qu i te  fu2zy  quan! i f ie r ,  i r  i s  nor  r€a l l y  pos ! ib le  lha t
' soner  and ta11 '  denor€  rhe  sene quant i t y .  Noce !har  P3
do€s no i  mean " l  onLy  k iss€d sone o f  Lhe B i r ts "  lh ich
€nta i l s  .h3 t  rh . re  sou ld  ea isL  one or  6ev . r . t  a r r l s  no t
k issed by  rh€  husband.  On ly ,  F6  f t i y  apDe. r  par r iaL ,  in_
conDle te  ' i i h  respec .  to  -a  ;  bu ! ,  i r  the  t ru lh  s la tus
is  ias .a  on  a  cor fo f r i ry  r i ih  O,  cer ta in ly  P8 is  r rue
(because the  c .n tenrs  o f  O . r ta i rs  P8) .  r f  Lhe husband
app€ars  to  be  som.dhat  a  l ia r ,  i t  i s  becausd hc  does  no t
confess  thd  vho le  fac t .  Th !3 ,  t r ! !h  app€ars  to  be  !he
.on fomi ry  b€r reen tha t  i s  6a id  and tha t  shou ld  be  sa id
, iLh  respc . t  to  O tuc  u t " "  t i rh  resPect  Ld  dLh. r  s i tua-
l iona1 .ons iderar ion t .  to r  ins tan .e  i f  a  nan lho5e da jo r
be lons in83 ar .  a  car  and 3  house,  a .vs  ?9  :  ' l  oun  a  car "
depend ina  on  c i t . ! ru tance.  i i  My ie  regarded . .  conp le-
t€ ly  L r le  o t  on ty  as  par t ia t l y  l ru€  ( i f  fo r  ins tance P9
is  lhe  ansser  to  the  ques t ion  " thar  3 re  a1r  vour  G lor

7 ,  Aga in  an  ex@ple  f rom Hodges3 :

"A f r€ r  another  o f f i ce  par ry ,  anorher  Mn boas ts  to  h ls

(P lo )  Ar r  s i r l r  k iss€d re

(  .9 )  i "  f , . r  Lhere  vexe no  s i rLs  a t  Lhe p . r l y

dere ,  r t r .  maLch ing  p tocedure  be t 'een PIO and o?
fa i l s  no t  because ihe  va lues  o f  the  asser ted  prop . r t ies
or  reLat ions  are  d i f fe ren t  f lon  th€  acrua l  o res  bu t  be-
.ause o f  a  nore  lad i .a l  reason:  sone o f  the  eb l i r ie€
invo lwed in  the  p lopos i t ion  do  nor  ex is t  in  O .  Thus ,
PIO presuppor€s  th€  presence o f  a i  l€as l  one g i i l  (e !en
pe lhaps  lvo)  a r  Lhe ! . r ry .

B .s ica l l y ,  a  p ropos i t ion  is  t lue  ( t i th  resp€c t  lo
our  s is t€  o f  knor redge) ,  i f  and  on ly  i f  te
lhar  d rar  i s  asse . t€d  in  the  propos i t ion  i3  in  confo tu i -
r r  r i rh  .da l i ry .  Hoeewet ,  the  match ing  procedure  be l teen
a pr .pos i t ion  P and Lbe rea l i t y  (  o?  )  day  t i€1d  a  resu l t
d i f fe ren t  r rod  r ru€  or  fa lse  i !  scvera l  s r tua t lon  as
shom ir ihe above exafrptes :

i )  hen our  p . rc€pt ion  o f  teaL i ty  i s  inper fec t  ( in -
p rec ise ,  fuzzy  d t  €ven indetern inare  :  e .g  fu tu re  con-

' i J  L J h " 1  r h  r  i q  " " s " r r e d  i s  / z y ,  r h ' n  o , i t e  n a -
tu raL ly  desre .s  o f  t ru th  a re  in i rod lced ;

i i i )  l rhen the  propos i t ion  presupposes  the  ea is rad .e
o f  en t i r ies  vh ich  do  noL ex isL .

L n c L F \ " r  t n e  s i r u " L i J n ,  i r  s e e n -  i r t P r P s r i n C  r o  e v d -
luaLe the  poss ib i l i t y  rhar  the  P.oPds iL ion  P is  l rue
( i .e , -1p  is  faL .€)  and the  po .s ib i l i t y  tha t -1P is  t rue
(qh ich  by  .onp lener ra . ion  to  I  y ie lds  rhe  necess i r t  Lhat
.  i -  t ! u e J .  d /  o . v e n ( i o a .  : n  s i L U " r i o  i i r  o r r e s p o n -
a i n e  ' o  

" * p i "  .  L -  q h ' l l  r a l . '  P o s / r  &  P o c '  l P  S i _ o
Poss ib i l i t y  and n€cess i l y  have be€n in t roduced in .  verv
r n t . i  r : .  r  . e r  i n  r n .  b o v P  e x "  P  P \ .  t h " i .  D I e - i s F

P o s ( ?  I  O  )  =

Neso J oa )  =
u s u p  

m i n  ( ! p ( ! ) ,  r g  ( O )

u i n r  
m d  ( ! p ( u ) , 1  -  ! g  ( u ) )

( r )

( 2 )

w h p  -  o  r n d  i : a  d ' .  - - s p  . ! i r p l y  I n p  o o - s  b : l r L y  d i s
, ' i b  r ' b n s  

" L t "  " d  r o  L l ' p r o p o s i t i o n  "  a r d  f "  d r r a
base I  on  Lh€ un iverse  o f  d iscoutse  U.  l t  i s  easv  to
.heck  rnar  rhc  abov€ fomulae  E ive  ba .k  the  va lu€s  cor_
rcspond ins  io  rhe  ahove exanpLes.  A  ra r ionare  fo r  rhese
forn lLae may he  found in  Prade"  fo r  the  sednt ics  (pos-

s ib i l i t y  a ld  n€cess i ty )  add lo r  rhe i r  t se  as  co f rpar ison
ind i .es  in  Dubo is  and Prade! ,  Th€t  have 6een used in  pa t -
Lern  na tch ins  procedutes  in  Axc i f i c ia l  ln re l l i sence (see

cayro l ,  Far reny  and Prade" ' i  Nh. rc  approx imte .on fo i -
l i t J ,  

" "  
i r o " " o u r L b v  - r ' o d r j n g  a ' . - z v  r e l " -

t ion  mode l ins  approx ina te  eq laL i ty  in  ( l )  and (2 ) ) .  Ba-
! i ca l1y ,  Pos(P O )  i s  an  in rers9cc ion  ind€x  ( i s  tbere
so@rh ins  in  cown in  P  and in  &  ?)  and Nes(? l  S  )
an  inc lus ioo  ind€x  (does  O enta i l  ?  ? ) .  The lo l lo t ins
proper t ias  a !€  easy  to  ch€ck  and are  in  agreedenr  t i ih

N e s ( P [ O ) - r - ? o s ( 1 P  & )  ( ] )

o  <  N e s ( ? l  & ) : ? o s ( P  o D ) < r  { 4 )

(1 )  hords  rh€nev . r  sup  l r  6  ( t )  '  I  ( 'h icb  n€ans tha t
U E U  r v

the !6  cx l r !s  a !  le33L one varu€  wh ich  is  conp le te ly  po8-

r lb te  amona the  sore  or  less  po ls lb le  vd t .es  cor re ipon_

P o s (  g  l P )

N e s (  S  l P )  ( 6 )

noq  rhe  f o l l o t i ng  quan r i t y

P o s ( P l  &  )  =

N e s ( P  9 )  I
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_ , / ! r  - c \  ,  _  P o s ( P l €  I  '  r " , L r ,  , 9  r

A  n o L r c e a b l e  p r o r e r r y  o f  a ( P l  g  )  i s

a ( rP i  g )= r - r ( ? l  
" ? ) )

T r  i L h - f L  n c  r r o o a t i  r

t l l  f  "  b  
" q P d  ' h o  o .  r  , ! r

N " '  F l  . a , - r '
, l l !  " , _ o , . . , p r - p r y  

r a r . - .  r  -  . .  , - , .  o  . 0 .
: , " , " €  

'  h -  a . r b . .  L j D  f u  , i o n  ,  . r . 5  F , o  : .
f r € ' i s ' l ]  l  i u ! o ) .o o : r P l O  -  

" " - , . 1 e  
-  , r ' , " f ,  :  , , n  . p .  O . ,  { 0 . r ,o n l y  i f  p  i s  f u z z y .  r r h e n  r o s ( r  o , ) . =  t " n , l  l l . " 1 r  J O 1 : p- i  

" "  , p t -  -  i n d  . , .  . . .  ; D .  -  I  "  i
v a r  r e  d r ' . . n a u /  , "  h e u  r o  . ,

- - : " : : l ' , * , i l  ' r ' '  i r :  ' " r ' L  - ,
' : " . : " 1 , 1  

.  
' .  r n  ! D i r ,  o  r 8  

" , .  J  I  . q  1 0 ,  "  
, : r o

o r  p r o b  b r  . r ! . 0 . " - L . e  , .  j r  L r r  o ,  -  o q  n  h "  n  / !

_ : : : l  : o ' .  
, d . . .  L . j  a  . .  \ r ,  , . ,  i  , n  a .  p , o , , _

: :  
'  ' - : l '  ' - :  

:  " '  "  P ' o v  L n i  '  , , ' r  '  j r s , ,
, ! r  i .  s , . : . f i  d  q j . 5  t . .  _  t _ x .  n o . e d ,b € c a u s r . f . ( 1 2 - t 5 ) ,  ( r 0 )  a n d  ( r r )  h o l d  r . s p e c . i v e l y

! r L . E - n r n d n d h = n a \ ,  i f

( t 8 )

(  t 9 )

p o . r p l d D )  =  p :
N . s ( p l O  )  -  p '  ;

f . i ' ro ,o r  *  n ;n { r , ,0 ' ) /  * . t " iE{ ,  gd)

1","1p,,11 * .""rp',q,! = *-1f, ! lr, I

( 7 )

( 9 )

( l o )

( t 1 )

L
I
1

P"" (al da)
N€s (a l "O  )

(19)  hord  prov ided lha t
>  q ,  r h e n  p ' >  q ,  ( 2 0 ) .

, , " ,  . :  "  m d p o ,  q . r . .  . o . . 1  |  , 0 ,  l ,  d  " n u  i  " . "1 " p o ' n g s  r r o a  t 0 .  I  " .  / 0 ,  N o € o v . , . . , a  - d h  u 5 ,
u  r r r  u ' -  n a r u r . t  . - q u  . " r " n . . .  s u , h  r : , o . " : d c n _

l . : 1 " ,  ' " i ' "  ' " '  :  " , "  ,  " n  r "  " -  
j  r "  "  . o i e

'  , r '  . . n  J , , . , F . ,  i _ , , , ,  . .  r . -  | ,

,  
l r  rc  choos€ rh !  poss ib i l i r y  h .asur .  po6(?  g  )o r  r h o , F n  s i , r  

" " . , . , , " . , ' " - , p l  " o ,  
. , n , r { u , d  r  r h ep r p . F d c n r  s e i  o n \  t o ,  o / p  . ?  , ,  , o ,  , n o  \ | | ,  a - € , " _

r s r , e  ! . 1 1 , ;  -  ' ; .  d  t ,  _  , , c  D . , " " ,  o . - h F  r o - 1 o
v i n g  r e s u l t s  ( P r a d e r ' ,  r ' )

l f ,  d ( r r  O  )  =  f i d ( p  I  ) ]
i  s ,  d (P^  a l  &  )  =  s [ c ( r ] aO  ) ,  d (a !  O  ) l
f  h .  d (Pva l  o )  =  h l d (? l p  ) ,  d (a  o  ) l

p o s ( p  *  a i O  )  =  h a r  ( p o s ( p l  S  ) , p o s ( a l O  ) )
l o s ( ?  x  a l S )  =  n i n  o , o s ( p l  o ) , r , o s ( a l  O ) )
N e s ( P  +  q l  S )  =  n a r  ( N e s ( f l  p ) , N e s ( a  9  ) )
N e s ( p  x  a l  S )  =  n i n  ( N e s ( p l  S ) , N " " ( a l  O ) )

T r u '  r .  r u n .  I  r o n d t i ,  )  o t  n L o o o , i r i
1 : . ' : " . ,  

6  p  a t o . . t . r  r o l  n J . \ _ v J r J -  a , . . .  r " ,
: : "  _ -  

' . " " , .  r .  ,  r  r e c r , . -  i  ,  I .  o f  I .

l : 1 .  . " 1 * j  
b ' o n  i r L . r , n c  u , o . c J u L p  .  d , p . 5  i

- :  " , : , , " r ' :  L . r  r B  o  r 0 , r l  :  , , 1  g  
" - r j  

. ;  . y
d n  r .  , p  o f  . u  h  J  o " - .  ,  o r  r  , , . . .

v .s ,  n .sar lon  ( - t ) ,  cor juncL ion  (^ ) .  d is jun . . ion  (v )  :

l )  ( p '  = 0  o r  p  =  I )  a n d  ( q ,  - O o r q  =  r ) .  r r
0 6 J n \  '  a r  f u '  " . . . ,  r r o p o . i - i o n .  j r .  

n , g , L i o n  o r  
. , s p l l

1 /  l "  
D o . r t | d r )  -  j  b . . r u c p  o r  , r . ,  o r  f o s , p , " 9 ,  _  t r .

r , ' d d / e  t " r  h o  d . ) . , u r .  , h . s , o r d i , i o o  i .  s . r I j . j e , r ,
. , " ' , , " , , " .  . , - !  r r r , , p t p s . o I  r h i "  s j . , , d r i o , ,  a r ,  € x r r r r .

o r  chc  p .eccd lns  s€c  r ion .

_  -2 )  ! '  =  p  and q t  =  q .  I r  i s  th .  s i rua t io .  o f  exan_
p 1 e  I  J h " ' "  e  t " . t r . z u  - n / . t  o r -  k h o w , " d 8 e  O  i .  p , .  r " "
{ u ^ }  '  t r -  n " r b e - , r ; n  t u n .  r i  n  o "  

"  s , . S I e . o n / ,  \ o , .' h  
, !  

- n  i .  
, n E  ? i r u J f  

q ,  ,  r r d  , , ,  i - , 8 ,  p ,  !  o  ,
|  : q  0  - r . , . r u h  r l n . j j o n d .  r v . -  t o s r .

_ .  N . E . l  C a i n € s ?  p o i n . . d  o u r  r h a r  r h e  r r z z i f i c a r i o .
,  ,  

l -  " " :  
.  '  r h a  6 { L c n s  o n  p r - n .  j p t p j  

o ,  o - o p o . :  .

o - . . d , d  ( \ , r  o n l v  o r r d t i z e o  r u l z .  s e L .  o r  ' 0 ,  
r , p

o  s ' d " r , d  a n J  L s i r s  "  t o r n . a  c i , ,  t  r r  r o  , 7 .  r o  
" s e . " _sa i .  lhe  h€mb€rsh ip  degree r r (o )  a ! tached to  o  ( i ,e .  fa t_

s o l  a n d  r h i s  ! ( l )  . . t a c h e d  r d  r  ( i . c .  r , u e )  o f  e , c h  f u z -
z y  s e r  o f  1 o , 1 J  ( v i e w e d  a s  a ' f l z z y r  r r u r h - v a L l e ) ,  H o , e -
ver ,  th ls  resu l r  las  nor  d iscussed i !  rh€  f raheeork  o f
poss ib i r i t y /n€cess i ry  rheory  o i  in  re laL io r  v i rh  a  se_
nan. ica l  in re rprc ra l ion  o f  Ehe dearea o f  r ru lh .

N . 8 . 2 .  I n  ? r a d e , v ,  n e ,  j ! s r i f i c a i j o n s  o r  t h e  i n r e r -
p  - J r  ' o n  o f q  / '  a ,  ' p o s , i b L e  i n  s o r "  L  i v d  e r  I  t o s i  s

I  a ' .  a r v p n  : .  r , e  t r a r - L o r t  o f  z a d e h , s
poss ib i l i r y  rh€ory .

\ : " u j n A  ' l ' ,  d " E r e p  o f  r r . t n  o r  
"  D r o p o s r r , o n  d c  . r F

d  r '  r s  . a : d  ! : r t  
" .  

'  t - " d ,  , o  u s "  5 o m €
neasur€(s )  o f  s im i ta r iLy .  t r  seehs  thar  poss i i i l i r y  and

o n f o r n i r )  t i r  i s  .  t p J  r a r  o n "  o I
t l r€n  vou ld .o t  be  su f f i c i€nL) .  A  p . io r i ,  a r i rhmet ic

unrqrc  lay  ro  aggr€eate  theo in  o rder
to  a€r  a  s inE le  nunb€.  i l re rpr€LabLe as  a  degre€ o f
l r u ' h ,  y o , -  A p F . d r l v ,  J p  h r v e  r o  ' o . t ,  r o L . , .  a g B . e g a _

n such rhar

I r  i s . t e . r  r h a r  ( t g )  a n d
i f  p  <  q .  rh .n  r r '  j r  q '  and i f  p

( 2 1 )

\22J

<23)

t rhere  f ,s ,h  a re  conne. r i ve  funcr ions
n i re ,  i f  t re  aanr  ro  p reserve  r r r rb - funcr ionat i t y .  The'  o n o r e L p  c : s . u q s i o n  o r  r ! i s  s r s . e n  o .  e q u " r i o n s  i .  d
r o p : .  t o r  a u  h e .  r a s - " r . h .  N e v e r r h e t e s s .  - " s , t r j n g  b
s)mer r ica l  a t rd  f (x )  =  l -x ,  €quat ion  (2 r )  i s  rhe  ;ha-
racrensr lc  equa. ron  o f  rhe  s ] ,@el r i .a l  sun6 is  rhe
sen*o f  S iLver r " .

Wc nay  a tso  rh ink  o f  !s in8  sone probsb l r i s r i c

\ t 2 )
( t 3 )

( t 4 )

{ t 5 )

vu !  u ,  vv .  v  !p+Q(u,v)  = max(r ,p(u) , !Q(v))  ( r6)
Y !  € u ,  s v  . v  L r p r Q ( u , ! )  =  n i n ( r b ( u ) , ! Q ( v ) )  ( t 7 )

In the abovo equar ions we ar .  us ing rhe same lorat ion ro
d p n o l P  a  p ' o o o : i r i , -  d r d  r ! e  r u z z v
r L  ! t r o n  ! s  r r , e  j o s . i D i j i ' v  d : , r r ' b . . . i o
a t t ached  r .  t he  rep resen ra r i on  o f  r he  p ropos r r r on .

T h u s ,  \  Q  r s  I  : , r € . i d ,  t r o d  ! r  o r  L z z r  . - , s
i c o r r e s p o n d . n g  r o  a  c o n i L n " r . a n )  o .  r 1 e . d - r e s i J .  p r o
d r t  o f  u ' : v € r o " s  ,  r  v  - n d  p  -  Q  r <  L h p  d u d ,  o p e r d , : o n
r c o r t p s p o n d r n A  t o  L - e  d i s . u n , r . o n ] ' t / \  d n d  ,  t . ,  \ o l -
p . o v l d € d t h a l s u p p o = 1 .

Eoveve r ,  Po6 ( . t p l !D )  (Nes (1p l  a ) resp . ,  r s  r o r
f u n , r i o n a l t y  , e l a r e d  r o  e o s l e l o g  ,  , r v " " l P l 9  r . o " p . . .
' h u s ,  u s 1 n 3  P o s ( .  I  c o )  o r  N e s r .  I  o .  d o e s  r o .  . €  . d  , o
a  t ' u r h - f u n . r i o n . t  c r l c u t  , s .  T r u r h - t u a . r i o n " t i r y  . h  b "

' 1 1  p ' .  I  p '  -  , m  o , p ' i '

n . m r n  I .  .  q  )  .  '  i  n  ,  d  '  ,  a  ,  ,  1  -  e [ n , p , p . , . .  q . o  , ]

m [ n a x ( p , q ) , n a a ( p , , q  '  
D  =  h  [ n  (  p  ,  p  '  )  ,  m  (  q  ,  q  '  )  J



f tasure  in  o rder  to  ewa lua t .  Lhe conforh i ry  (scc  "Dubo is
d n d  p r a J e . \ , a s  s u g g . \ r d l  i n  r h .  p x d n p l p  2  o i  r h ,  p r F . c -
d ins  s€c t ion .  lhus ,  ihe  d€8ree o f  t tu th  o f  a  p lopos i r ion
v o u l d . o - r e s p o n d  L o  d  p r o b " D i j r v  o l  . d i I o r n . ' v  o f  ' h ^
conrenrs  o f  the  propos iL ion  P iLh  r€specL ro  fac ls ,  But ,
as  in  Re i .h€ .ba .h 's  p robab i ! i s ! i c  los ic  (s€d R€sch€r ' ' ) ,
t ru th - func ! iona l i t y  rou ld  b€  tos t ,

!9s4-q4rE E!er!:

This  paper  s t resses  the  prob len  o f  lhe  senant ica l
in te rpre ta l ion  o f  the  no t ion  o f  degrde o f  t ru rb  id  nu l -
t i va len t  rog ic .  Th€ in ta res .  o f  a  poss ib i l i t y /neccessr t r
based approach is  enphas ized,

Apar r  f ron  d iscuss ion  o f  equa l ions  (21-23) ,  Lop ies
r o r  f u r r h e r  r e s e d ! c \  n r y  d 6 a l  L i t h  s l t g h - l \  d i f f ^ r ' n r
express ions  (? radE")  o f  pdss ib i t iLy  and t recess i i y  nea-
sures (namely, shere orhe! triangular norns Lhan nin tnd
other  L r iansu la r  conorms than na i  a r€ .used in  fomuLae
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