
Usi ng Qual i t at i ve Cor r el at i ons as Evi dence of Uncer t ai n Reasoni ng

A novel met hod f or ext r act i ng, r epr esent i ng and
pr opagat i ng qual i t at i ve cor r el at i ons among hy-
pot heses as conf i r mat or y or di sconf i r mat or y evi -
dence of uncer t ai n r easoni ng i s pr esent ed . Fi r st ,
t wo new concept s, qual i t at i ve cor r el at i ons among

hypot heses and qual i t at i ve cor r el at i on pr opaga-
t i on, ar e i nt r oduced . Then, an al gor i t hm f or ex-
t r act i ng and r epr esent i ng qual i t at i ve cor r el at i ons
among hypot heses and an al gor i t hm f or pr opa-
gat i ng qual i t at i ve cor r el at i ons and updat i ng pos-
si bi l i t i es of hypot heses ar e pr oposed . The ad-
vant ages of t he met hod i ncl ude : ( 1) i t can be
appl i ed t o t he pr obl ems wher e evi dence i s not
expl i ci t l y or compl et el y gi ven ; ( 2) f ew number s
and assumpt i ons need t o be pr ovi ded by domai n
exper t s i n advance ; and consequent l y, ( 3) t he
knowl edge acqui si t i on i s si mpl e, and t he i ncon-
si st ency i n knowl edge bases can be avoi ded . The
met hod has been appl i ed t o a pr act i cal syst em
f or i nf r ar ed spect r um i nt er pr et at i on . The exper -
i ment al r esul t s show t hat i t i s si gni f i cant l y bet t er
t han ot her met hods used i n si mi l ar syst ems .

Bayesi an i nf er ence has been pr oved t o be ef f ect i ve f or
r easoni ng under uncer t ai nt y, and has been used i n

many AI syst ems ( Dempst er 1968, Kl ei t er 1992) . How-
ever , t he pr obl ems of usi ng Bayesi an i nf er ence ar e : ( 1)
evi dence must be expl i ci t l y pr ovi ded, and t he r el at i on

bet ween evi dence and hypot hesi s must be expl i ci t l y

pr ovi ded t oo . Unf or t unat el y, i n many cases, evi dence

and t he r el at i on bet ween evi dence and hypot hesi s ar e
not al ways avai l abl e . I n addi t i on, af t er evi dence has
been consi der ed and hypot heses have been made, i t i s
st i l l possi bl e t o r ef i ne t he hypot heses by usi ng ot her
knowl edge and i nf or mat i on ; ( 2) Bayesi an i nf er ence r e-
qui r es many st at i st i cal number s i n advance . Unf or -
t unat el y, i n many pr act i cal pr obl ems, i t i s i mpossi bl e

t o have al l number s pr ovi ded bef or ehand . Al t hough

subj ect i ve Bayesi an met hods pr ovi de a pr act i cal f r ame-

wor k f or usi ng subj ect i ve st at ement s or assumpt i ons t o

t ake t he pl ace of st at i st i cal dat a when t hey ar e i nsuf -
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f i ci ent or absent , t he pr obl ems st i l l r emai n si nce sub-
j ect i ve st at ement s ar e not al ways avai l abl e and t he i n-
consi st ency i n knowl edge bases i s har d t o avoi d ( Duda
et al . 1976) .

A novel met hod f or uncer t ai n r easoni ng i s pr esent ed

i n t hi s paper . The met hod aut omat i cal l y ext r act s, r ep-
r esent s and pr opagat es qual i t at i ve cor r el at i ons among
hypot heses as conf i r mat or y or di sconf i r mat or y evi -
dence t o updat e t he possi bi l i t i es of t he hypot heses.
The f unct i on of pr opagat i ng qual i t at i ve cor r el at i ons

and updat i ng possi bi l i t i es of hypot heses i n t he pr o-

posed met hod i s si mi l ar t o t he f unct i on of pr opagat -

i ng and updat i ng t he pr obabi l i t i es of hypot heses i n

Bayesi an i nf er ence . But unl i ke Bayesi an i nf er ence,

t he met hod aut omat i cal l y obt ai ns and uses qual i t a-
t i ve cor r el at i ons among hypot heses as qual i t at i ve ev-
i dence, so t he above pr obl ems of usi ng Bayesi an i n-

f er ence can be easi l y avoi ded . A new concept cal l ed

qual i t at i ve cor r el at i ons among hypot heses and a new

concept cal l ed qual i t at i ve cor r el at i on pr opagat i on ar e

i nt r oduced . Then, an al gor i t hm f or ext r act i ng and
r epr esent i ng qual i t at i ve cor r el at i ons among hypot he-
ses and an al gor i t hm f or pr opagat i ng qual i t at i ve cor -

r el at i ons and updat i ng possi bi l i t i es of hypot heses ar e

pr oposed .

The met hod has been appl i ed t o a pr act i cal syst em
f or i nf r ar ed spect r um i nt er pr et at i on . and has been

t est ed agai nst about 300 r eal i nf r ar ed spect r a . The
exper i ment al r esul t s show t hat i t i s si gni f i cant l y bet -
t er t han ot her s used i n si mi l ar syst ems .

Backgr ound Pr obl em

Reasoni ng under uncer t ai nt y i s an i mpor t ant pr obl em

i n AI ( Cohen 1984, de Kl eer & Wi l l i ams 1987, Kui per s

et al . 1988) . The most popul ar l y used met hod f or

uncer t ai n r easoni ng i s Bayesi an i nf er ence ( Dempst er

1968, Kl ei t er 1992) . The pr i nci pl e behi nd Bayesi an

i nf er ence i s : ( 1) gi vi ng evi dence and hypot heses t hat
t he evi dence may l ead t o ; ( 2) get t i ng t he pr obabi l i t i es
of evi dence and hypot heses, and t he r el at i ons bet ween
evi dence and hypot heses ; and ( 3) updat i ng t he pr oba-



bi l i t i es of hypot heses by pr opagat i ng t he pr obabi l i t i es

of r el at ed evi dence .

Bayesi an i nf er ence can be gr aphi cal l y r epr esent ed i n

Fi gur e 1 :

E

P( E)

LN - -

LS - -

H

Fi gur e 1 : Pr obabi l i t y Pr opagat i on

P( H)

wher e ( 1) E i s a pi ece of evi dence ; ( 2) P( E) i s t he pr ob-

abi l i t y t hat E i s t r ue ; ( 3) H i s a hypot hesi s ; ( 4) P( H)

i s t he pr obabi l i t y t hat H i s t r ue ; ( 5) LS r epr esent s t he

degr ee t hat E enhances H; and ( 6) LN r epr esent s t he

degr ee t hat ~E enhances H.

When evi dence and t he r el at i ons bet ween evi dence

and hypot heses can be consi st ent l y obt ai ned, Bayesi an

i nf er ence i s ef f ect i ve . However , i n many pr act i cal pr ob-

l ems, evi dence i s ei t her i ncompl et e or unavai l abl e, and

t he r el at i ons bet ween evi dence and hypot heses ar e al so

ei t her i nconsi st ent or unknown .

The met hod pr esent ed i n t hi s paper per f or ms t he

t ask of i nf er ence under uncer t ai nt y by ext r act i ng and

pr opagat i ng qual i t at i ve cor r el at i ons among hypot heses

as conf i r mat or y or di sconf i r mat or y evi dence . When ev-

i dence i s i ncompl et e or unavai l abl e, or t he r el at i ons be-

t ween evi dence and hypot heses ar e i nconsi st ent or un-

known, t he met hod uses qual i t at i ve cor r el at i ons among

hypot heses as qual i t at i ve evi dence . Even i f evi dence

and t he r el at i ons bet ween evi dence and hypot heses ar e

known, t he met hod can st i l l be used t o r ef i ne hypot he-

ses af t er t hey have been made .

The met hod i s based on t he consi der at i on t hat i n

pr act i cal pr obl ems hypot heses ar e r ar el y compl et el y i n-

dependent , and dependent hypot heses ( cal l ed r el at ed

hypot heses) shoul d qual i t at i vel y suppor t each ot her .

Fi r st , some hypot heses ar e qual i t at i vel y dependent .

For exampl e, t he hypot heses r ef er r i ng t o a pat i ent ' s

di seases r ef l ect t he heal t h condi t i on of t he pat i ent , and

t he hypot heses concer ni ng t he peaks of a par t i al com-

ponent on an i nf r ar ed spect r um i ndi cat e t he pr esence

of t he par t i al component . Second, r el at ed hypot heses

wi l l qual i t at i vel y suppor t each ot her . For exampl e, t he

hypot hesi s of one sympt om wi l l i nf l uence t he hypot he-

ses of ot her s, and t he hypot hesi s of one peak wi l l al so

i nf l uence t he hypot heses of ot her s .

The i nt ui t i on of t he met hod can be summar i zed i n

t wo aspect s . Fi r st , t he i dea i s ver y common i n human

t hi nki ng . When al l hypot heses except one show t hat

one obj ect i s pr esent , we woul d nat ur al l y suspect t hat

t he hypot hesi s whi ch does not show t hat t he obj ect i s

pr esent was made i mpr oper l y . I f accept abl e sol ut i ons

can be made by r emaki ng t he hypot hesi s, t he hypot he-

si s may be compensat ed and r emade ; Second, i n pr ac-

t i cal pr obl ems, t he i dea i s commonl y used by domai n

exper t s when uncer t ai nt y occur s . I n i nf r ar ed spect r um

i nt er pr et at i on, f or exampl e, spect r oscopi st s f r equent l y
use t he qual i t at i ve anal ysi s l i ke " i f t her e i s a st r ong

peak ar ound 3000- 3100 cm- 1 , t hen t he unknown spec-

t r um may be par t i al l y cr eat ed by benzene- r i ngs -

check peaks ar ound 1650, 1550 and 700- 900 cm- 1 t o
make sur e si nce a benzene- r i ng may have ot her peaks

t her e at t he same t i me" or " i f t her e i s a shar p peak i n

2950- 2960 cm- 1 and t he peaks ar ound 1500- 1600 cm- 1

l ook l i ke t he peaks of CO, t hen t he peak i n 2950- 2960

CM- 1 i s l i kel y t o be t he peak of CH3 even i f i t i s not

st r ong" . So i f one hypot hesi s i s not qui t e sur e ( i . e . , a

measur ed peak l ooks l i ke but i s not exact l y t he same

as t he r ef er ence peak) , consi der i ng qual i t at i ve cor r el a-

t i ons among r el at ed hypot heses may l ead t o qual i t at i ve
evi dence f or t he hypot hesi s .

Qual i t at i ve Cor r el at i ons of Hypot heses

Hypot heses i n i nf er ence ar e r ar el y compl et el y i ndepen-

dent ( Zhao & Ni shi da 1995) . A gr oup of hypot heses

may r ef er t o t he same obj ect ( e . g . , di f f er ent hypot hesi s
r ef er s t o t he di f f er ent aspect of t he obj ect ) . For exam-

pl e, sever al sympt oms may r ef er t o t he same hypot he-

si s, and sever al hypot heses may r ef er t o t he same di s-

ease, and t he hypot heses r ef er r i ng t o t he same di sease

may have some qual i t at i ve cor r el at i ons . I f t he possi -
bi l i t i es of hypot heses have been cal cul at ed or pr ovi ded,

t hen t he qual i t at i ve cor r el at i ons among hypot heses can

be used as conf i r mat or y or di sconf i r mat or y evi dence t o

updat e t he known possi bi l i t i es of hypot heses .

The concept s of r el at ed hypot heses, qual i t at i ve cor -

r el at i ons among r el at ed hypot heses, and conf i r mat or y

and di sconf i r mat or y evi dence f r om qual i t at i ve cor r el a-

t i ons among r el at ed hypot heses ar e gi ven bel ow.

Def i ni t i on 1 Rel at ed hypot heses : I f hypot heses h l , h2 ,

. . . , and h, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� r ef er t o t he same obj ect , t hen t hey can be

t r eat ed as r el at ed hypot heses . r ha i s used t o r epr esent

a gr oup of r el at ed hypot heses, and hi &hj i s used t o r ep-

r esent t hat hi i s r el at ed t o hj ( r h a = { hk I t hk' ( ( hk' E

r ha ) A ( hk , 0 hk) - - + ( hk&hk- ) ) } ) .

For exampl e, i f we consi der a wor d as an obj ect ,

t hen t he hypot heses f or al l l et t er s i n t he wor d can be

vi ewed as r el at ed hypot heses . I f we consi der a sent ence

as an obj ect , t hen t he hypot heses f or al l wor ds i n t he

sent ence can al so be vi ewed as r el at ed hypot heses .

Def i ni t i on 2 Qual i t at i ve cor r el at i ons among r el at ed

hypot heses : I f hi and hj ar e t wo r el at ed hypot heses,

t hen t he gr eat possi bi l i t y of hj qual i t at i vel y enhances

hi , and t he smal l possi bi l i t y of hj qual i t at i vel y de-

pr esses hi . The gr eat er t he possi bi l i t y of hj , t he mor e

gr eat l y i t qual i t at i vel y suppor t s hi , and t he smal l er t he

possi bi l i t y of h j , t he mor e weakl y i t qual i t at i vel y sup-

por t s hi ( or i n ot her wor ds, t he mor e gr eat l y i t qual i t a-

t i vel y depr esses hi ) . Thi s ki nd of ef f ect s among r el at ed
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hypot heses ar e cal l ed qual i t at i ve cor r el at i ons among r e-

l at ed hypot heses . qcil i s used t o r epr esent t he qual i t at i ve

cor r el at i on of hi and hj .

For exampl e, some sympt omat i c hypot heses such as

t emper at ur e, bl ood pr essur e and pul se r ef er t o a cer -

t ai n di sease . I n descr i bi ng t he di sease, al l of t hese hy-
pot heses ar e r el at ed t o each ot her . Maki ng a def i ni t e

di agnosi s of a cer t ai n di sease, al l r el at ed hypot heses r e-

f er r i ng t o t he di sease shoul d be compl et el y conf i r med .

So i f some sympt omat i c hypot heses of a pat i ent pr esage

a cer t ai n di sease, t he ot her hypot heses r ef er r i ng t o t he

same di sease ar e usual l y r equi r ed t o be made and con-
f i r med .

Consi der t he i nf r ar ed spect r um i nt er pr et at i on . The

hypot heses t hat some peaks ar e cr eat ed by a cer t ai n

par t i al component ar e r el at ed t o each ot her . Because

al l peaks t hat a par t i al component can cr eat e shoul d be

pr esent or absent si mul t aneousl y, i dent i f yi ng a par t i al

component r equi r es t hat al l t hese r el at ed hypot heses

be made and conf i r med . As a r esul t , hypot heses wi t h

gr eat possi bi l i t i es may pr ompt and enhance ot her hy-
pot heses r el at ed t o t hem.

Def i ni t i on 3 Sum- degr ee of qual i t at i ve cor r el at i ons

among r el at ed hypot heses: I f t her e ar e m- 1 hypot he-

ses r el at ed t o hi , t hen t he Sum- degr ee of qual i t at i ve

cor r el at i ons among r el at ed hypot heses of hi i s t he t ot al

qual i t at i ve cor r el at i ons bet ween hi and al l of i t s r el at ed
hypot heses . SDi i s used t o r epr esent t he Sum- degr ee of
t he qual i t at i ve cor r el at i ons of hi .

For exampl e, consi der t he f ol l owi ng f our st r i ngs :
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( a) i - n- a- c- c- u- r - a- t - e

( b) i - m- a- c- c- u- r - a- t - e

( c) i - m- a- c- c- u- l - a- t - e

( d) i - m- a- c- u- l - a- t - e

( a) i s a cor r ect wor d, but ( b) , ( c) and ( d) ar e al l
spel l ed wr ong . For a wr ong spel l ed wor d, det er mi n-

i ng what a l et t er i n t he wor d shoul d be i s t o make
a hypot hesi s f or t he l et t er . Because al l l et t er s i n a
wor d r ef er t o t he same wor d, t he hypot heses f or t hese
l et t er s ar e r el at ed t o each ot her , and have qual i t at i ve

cor r el at i ons . Ther e i s one l et t er , " m" , i n ( b) di f f er -

ent f r om t hat i n ( a) , so t he Sum- degr ee of qual i t at i ve

cor r el at i ons f r om ot her l et t er s whi ch suppor t i nt er pr et -
i ng " m" i n ( b) as " n" i s qui t e gr eat . As a r esul t , ( b)
can be easi l y i nt er pr et ed as ( a) . Fur t her , t her e ar e
t wo l et t er s, " m" and " l " , i n ( c) di f f er ent f r om t hose
i n ( a) . Al t hough ( c) may be i nt er pr et ed as ( a) , t he
Sum- degr ee of qual i t at i ve cor r el at i ons f r om ot her l et -
t er s whi ch suppor t i nt er pr et i ng " m" and " l " i n ( c) as
" n" and " r " woul d not be gr eat . Fi nal l y, t her e ar e t hr ee

l et t er s, " m" , " c" and " l " , i n ( d) di f f er ent f r om t hose i n

( a) . As a r esul t , ( d) wi l l har dl y be i nt er pr et ed as ( a)

si nce t he Sum- degr ee of qual i t at i ve cor r el at i ons f r om
ot her l et t er s whi ch suppor t i nt er pr et i ng t hese t hr ee

l et t er s wi l l be ver y smal l ( even smal l er t han t hat f or
i nt er pr et i ng ( d) as wor d " i mmacul at e" ) .

The pr i nci pl e f or def i ni ng and cal cul at i ng t he Sum-
degr ee of qual i t at i ve cor r el at i ons among r el at ed hy-
pot heses i s t hat t he qual i t at i ve cor r el at i ons among r e-

l at ed hypot heses shoul d r ef l ect t he r at i o of how many

and how much r el at ed hypot heses qual i t at i vel y suppor t

each ot her .

Def i ni t i on 4 Conf i r mat or y evi dence f r om qual i t at i ve

cor r el at i ons among r el at ed hypot heses : I f t he Sum-

degr ee of qual i t at i ve cor r el at i ons among r el at ed hy-

pot heses of hi i s gr eat er t han a cer t ai n val ue gi ven

by domai n exper t s, t hen t he qual i t at i ve cor r el at i ons
among r el at ed hypot heses pr ovi de conf i r mat or y evi -

dence f or hi . As a r esul t , t he possi bi l i t y of hi may

i ncr ease .

Def i ni t i on 5 Di sconf i r mat or y evi dence f r om qual i -

t at i ve cor r el at i ons among r el at ed hypot heses: I f t he

Sum- degr ee of qual i t at i ve cor r el at i ons among r el at ed
hypot heses of hi i s smal l er t han a cer t ai n val ue gi ven
by domai n exper t s, t hen t he qual i t at i ve cor r el at i ons

among r el at ed hypot heses pr ovi de di sconf i r mat or y ev-

i dence f or hi . As a r esul t , t he possi bi l i t y of hi may

decr ease .

For exampl e, par t i al component CH3 usual l y cr eat es
numer ous peaks each of whi ch shoul d have an exact l o-
cat i on on i nf r ar ed spect r a . Because t he peaks of CH3

on r eal i nf r ar ed spect r a ar e al ways i naccur at e, espe-

ci al l y t he peak l ocat ed at 2900 cm- 1 , r eal peaks on

i nf r ar ed spect r a can not be di r ect l y i dent i f i ed as t he
peaks of CH3 . I nst ead, hypot heses need t o be made
t o assume t he si mi l ar peaks t o be t hose of CH3 . Sup-

pose a peak ar ound 2900 cm- 1 i s assumed t o be t he

peak of CH3 . Si nce CH3 can cr eat e many peaks be-

si des t hat at 2900 cm- 1 , t he qual i t at i ve cor r el at i ons

among t he hypot heses f or t hese peaks cr eat ed by CH3

can be used as conf i r mat or y evi dence t o enhance t he
hypot hesi s f or t he peak ar ound 2900 cm- 1 , or as di s-
conf i r mat or y evi dence t o depr ess t he hypot hesi s . For

i nst ance, i f ot her hypot heses al l have ver y gr eat pos-

si bi l i t i es, t hen t hese hypot heses t end t o suppor t t he
hypot hesi s f or t he peak ar ound 2900 cm- 1 , and t he
Sum- degr ee of qual i t at i ve cor r el at i ons among r el at ed

hypot heses of t he peak ar ound 2900 cm, - 1 wi l l be ver y

gr eat . As a r esul t , t he possi bi l i t y of i dent i f yi ng t he

peak ar ound 2900 cm- 1 wi l l i ncr ease, t hat i s, t he pos-

si bi l i t y of t he hypot hesi s f or t he peak wi l l be updat ed

wi t h a gr eat er one .

Pr opagat i on of Qual i t at i ve Cor r el at i ons

as Conf i r mat or y or Di sconf i r mat or y

Evi dence

The met hod consi st s of t wo al gor i t hms . The f i r st i s

f or ext r act i ng and r epr esent i ng qual i t at i ve cor r el at i ons

among hypot heses, and t he second i s f or pr opagat i ng

qual i t at i ve cor r el at i ons and updat i ng possi bi l i t i es of



hypot heses .

Al gor i t hm f or Obt ai ni ng Qual i t at i ve

Cor r el at i ons

The al gor i t hm f or ext r act i ng and r epr esent i ng qual i t a-

t i ve cor r el at i ons among hypot heses i s descr i bed wi t h

t he f ol l owi ng st eps .

St ep 1 : Gr oupi ng r el at ed hypot heses

Suppose t he known hypot heses ar e h 1 , h2 , . . . , and hzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA�

whi ch f or m a hypot hesi s set H. I f some hypot heses i n

H r ef er t o t he same obj ect , t hey ar e t r eat ed as r el at ed

hypot heses . Ther ef or e, Hi s di vi ded i nt o some subset s,

t hat i s,

H= { h1, h2, . . . , hn } = r h i Ur h 2 U . . . Ur hk

wher e ( 1) r hi = { hi p I hi p E HAVhi q ( hi , , E r hi A hi , ,

hi p - ' h i p &h i a ) 1,

( 2) r hi : A 0, and

( 3) r hi n r hi = 0

	

or

	

r hi f l r h1 :A 0,

	

i

	

j .

St ep 2: Ext r act i ng qual i t at i ve cor r el at i ons among r e-

l at ed hypot heses

For each subset of H( i . e . , r hi = { hi � hi t , . . . , hi j ,

i = 1, 2, . . . , k) , suppose t he cor r espondi ng set of pos-

si bi l i t i es i s
0

	

; (

	

0

	

0

	

A0_l Ai , , hi t , . . . ,

	

,

	

Z = 1, 2, . . . , k .

The pr i nci pl e f or def i ni ng t he qual i t at i ve cor r el at i ons

bet ween t wo r el at ed hypot heses i s t hat i f t he possi bi l -

i t y of a hypot hesi s i s gr eat er t han a cer t ai n val ue, t hen

i t i s qual i f i ed t o qual i t at i vel y suppor t i t s r el at ed hy-

pot heses ; ot her wi se, i t i s not qual i f i ed . For exampl e,

suppose 0 . 5 i s t he cer t ai n val ue, t hen

1

	

hi p EThi hhi g EThi A A91 > 0 . 5

g c i p

	

0

	

hi p E r hi n hi , E r hi n p.
9 < 0. 5

wher e gc' ' = 1 means t hat hi p i s qual i t at i vel y sup-

por t ed by hi q , and gc2P = 0 means t hat hi p i s not

qual i t at i vel y suppor t ed by hi ,

St ep 3: Cal cul at i ng Sum- degr ee of qual i t at i ve cor r el a-

t i ons

Ther e ar e mhypot heses i n r hi r el at ed t o each ot her ,

so t he Sum- degr ee of qual i t at i ve cor r el at i ons of hi p i s

cal cul at ed by consi der i ng gc' i D ( l = 1, 2, . . . , mand l 0

p) , t hat i s,

wher e 0 < SDi p < 1 .

m %J

SDi

	

1 - { - E1=1, 1~P gci p
p =

	

m

SDi p expr esses t he t ot al qual i t at i ve cor r el at i ons be-

t ween hi p and al l of i t s r el at ed hypot heses . I f m= 1,

t hen SDi p = l . When m> 1, SDi p i s i n t he di r ect

r at i o t o t he number of t he r el at ed hypot heses i n r hi

whi ch ar e qual i f i ed t o qual i t at i vel y suppor t t hei r r e-

l at ed hypot heses .

Al gor i t hm f or Pr opagat i ng Qual i t at i ve

Cor r el at i ons

The al gor i t hm f or pr opagat i ng qual i t at i ve cor r el at i ons

among hypot heses t o updat e t he possi bi l i t i es of hy-

pot heses i s descr i bed wi t h t he f ol l owi ng st eps .

St ep 1 : Cal cul at i ng possi bi l i t y pr opagat i on f act or

P? i s used t o r epr esent t he possi bi l i t y pr opagat i on
p

f act or of hi p f r om al l of i t s r el at ed hypot heses . Py i s

det er mi ned by consi der i ng t he conf i r mat or y or di scon-

f i r mat or y evi dence obt ai ned f r om SDi p :

P2
- ( 2m- 1) x SDi p

' p m

wher e SDi p < Pp < 2SDi p .

P? i s i n t he di r ect r at i o t o SDi p . I f m= 1, t hen
P

SDi p = 1, and PD = 1 . I n ot her wor ds, when qual i t a-

t i ve cor r el at i ons among hypot heses ar e not avai l abl e,

SDi p = 1 and Py = 1 . Thi s i s t he onl y case t o

whi ch t he met hod i s not appl i cabl e . However , gener -

al l y speaki ng, qual i t at i ve cor r el at i ons among hypot he-

ses ar e al ways avai l abl e i n pr act i cal pr obl ems .

When mi s f i xed, t he gr eat er t he number of r el at ed

hypot heses whi ch ar e made wi t h gr eat possi bi l i t i es, t he

gr eat er t he SDi p , t her ef or e t he gr eat er t he Pp . When

SDi p i s f i xed, PD depends on t he number of r el at ed

hypot heses .

St ep 2: Pr opagat i ng qual i t at i ve cor r el at i ons as

( di s) conf i r mat or y evi dence

Wi t h t he possi bi l i t y h
°
p

and t he possi bi l i t y pr opaga-

t i on f act or P, ? , a new possi bi l i t y of hi p can be cal cu-
p

l at ed af t er consi der i ng qual i t at i ve cor r el at i ons among

r el at ed hypot heses as conf i r mat or y or di sconf i r mat or y

evi dence :

wher e 0 < N' i p < 1 .

1 0
Al p~~~

	

-

f - 2p
= 1 -

P
p

The f unct i on of SDi p i s si mi l ar t o t he f unct i on of

LS and LN i n Subj ect i ve Bayesi an met hods . How-

ever , bot h SDi p and P? ar e dynami cal l y cal cul at ed by

consi der i ng qual i t at i ve cor r el at i ons among r el at ed hy-

pot heses, whi l e i n Subj ect i ve Bayesi an met hods bot h

LS and LN ar e pr ovi ded by domai n exper t s i n ad-

vance . I n addi t i on, usi ng P? t o cal cul at e t ci p i s al so

si mi l ar t o usi ng evi dence t o updat e t he pr obabi l i t i es

of hypot heses . However , t he met hod i s appl i cabl e t o

any pr obl em wher e hypot heses have been made wi t h

cor r espondi ng possi bi l i t i es, whi l e Subj ect i ve Bayesi an

met hods ar e usual l y appl i cabl e t o t he pr obl ems wher e
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evi dence and t he r el at i ons bet ween evi dence and hy-

pot heses ar e expl i ci t l y pr ovi ded .

St ep 3: Updat i ng possi bi l i t i es of hypot heses

For hi , E Thi ( l = 1, 2, . . . , m) , i f j i t i , exi st s, t hen l ci ,

i s used t o r epl ace i t ?, .

Pr oper t i es

The f ol l owi ng pr oper t i es can be dr awn f r om t he above

t wo al gor i t hms .

Pr oper t y 1 : Wi t h t he same number m, t he gr eat er

t he number of r el at ed hypot heses whose possi bi l i t i es ar e

gr eat er t han a cer t ai n val ue pr ovi ded by domai n ex-

per t s, t he gr eat er t he SDi p, ot her wi se, t he smal l er t he

SDi p .

Pr oper t y 2 : Wi t h t he same m, t he gr eat er t he SDi , ,

t he gr eat er t he PD.

Pr oper t y 3 : Wi t h t he same SDi p, t he gr eat er t he m,

t he l ess PZ var i es al ong wi t h m.
P

Pr oper t y 4 : Wi t h t he same t on, t he gr eat er t he Pp,

t he gr eat er t he pi p .

Pr oper t y 5 : SDj
P

pr ovi des qual i t at i ve conf i r mat or y

or di sconf i r mat or y evi dence f or hi , , si nce pi P
i s i n t he

di r ect r at i o t o Pi , and P? i s i n t he di r ect r at i o t o
P

	

P

SD- P
.

2 .

The met hod can be gr aphi cal l y r epr esent ed i n Fi gur e
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I mpl ement at i on

Fi gur e 2 : Pr opagat i on of Qual i t at i ve Cor r el at i ons

Due t o t he pr opagat i on of qual i t at i ve cor r el a-

t i ons among r el at ed hypot heses, t he possi bi l i t y of hi ,
changes f r om l c p t o t t i p .

The met hod has been appl i ed t o a pr act i cal syst em on

i nf r ar ed spect r um i nt er pr et at i on, and has been t est ed

agai nst about 300 r eal i nf r ar ed spect r a.

Appl i cat i on Pr obl em

The t ask of i nf r ar ed spect r um i nt er pr et at i on i s t o i nt er -

pr et i nf r ar ed spect r a of unknown compounds t o i den-

t i f y t he unknown compounds, or t o i dent i f y t he com-

posi t i ons of t he unknown compounds ( i . e . , t o i den-

t i f y what par t i al component s ( PC) t he unknown com-

pounds cont ai n) ( Col t hup et al . 1990) .

I n gener al , an i nf r ar ed spect r um can be r epr esent ed

as a set of peaks :

Sp = { p1, p2, . . . , pn} .

The peak l i st s of par t i al component s ar e known i n

advance, each of whi ch i s a set of peaks t hat t he par t i al

component can cr eat e . For exampl e, t he peak l i st of

par t i al component PC, , , i s

PL( PCa) ={ p«, , p« z , . . . , p«m} .

I f PC, , i s cont ai ned by a compound, peaks i n

PL( PCa ) wi l l appear on t he i nf r ar ed spect r um of t he

compound ( i . e . , PL( PCa ) C Sp) .

I nf r ar ed spect r um i nt er pr et at i on i s a t ypi cal pr ob-

l emof r easoni ng under uncer t ai nt y . I deal l y, i f al l peaks

can be i dent i f i ed wi t h 100% possi bi l i t i es, t he pr ocess

of i nf r ar ed spect r um i nt er pr et at i on f or unknown com-

pounds i s si mpl y a peak- mat chi ng pr ocess . I n most

cases, however , peaks can not be cer t ai nl y i dent i f i ed

due t o t he i naccur acy of spect r al dat a.

Fuzzy l ogi c and pat t er n r ecogni t i on have been used

by many syst ems t o handl e i naccur at e spect r al dat a

( Col t hup et al . 1990) . However , f uzzy l ogi c can deal

wi t h a si ngl e i naccur at e peak wel l , but can not deal

wi t h a set of peaks as a whol e . On t he ot her hand,

pat t er n r ecogni t i on can deal wi t h a set of peak si mul -

t aneousl y, but t wo pr econdi t i ons ar e r equi r ed by pat -

t er n r ecogni t i on : one i s t hat adequat e dat a bases must

be obt ai ned, and t he ot her i s t hat sui t abl e met r i cs of

si mi l ar i t y bet ween pat t er ns must be pr ovi ded .

By usi ng t he pr oposed met hod, i nf r ar ed spect r um

i nt er pr et at i on i s per f or med i n a di f f er ent way. Si nce

each par t i al component may cr eat e f i ni t e peaks at t he

same t i me, i f pi i s cr eat ed by PC, , , ( pi E Sp) , t hen Sp i s

par t i al l y cr eat ed by PC, , , ; i f Sp i s par t i al l y cr eat ed by

PC, , t hen al l of t he peaks t hat PCa may cr eat e shoul d

be cont ai ned by Sp si mul t aneousl y . Ther ef or e, al l of

t he peaks cr eat ed by PC, , , ar e r el at ed t o each ot her ,

and t he hypot heses t hat t he cor r espondi ng peaks ar e

cr eat ed by PC, ar e r el at ed hypot heses .

The r el at ed hypot heses have t he f ol l owi ng qual i t a-

t i ve cor r el at i ons :

1 . Al l peaks of a par t i al component shoul d be i dent i f i ed

si mul t aneousl y, t hat i s, i f pi i s p1P ( pi E Sp and

pj , E PL( PCa ) ) , t hen pi , E SP ( pi , E PL( PCa ) ,

l = 1, 2, . . . , m, l ~4- p) ;

2 . The peaks cr eat ed by t he same par t i al component

suppor t each ot her . For exampl e, i f most peaks of



PC, , have been i dent i f i ed, t hese peaks wi l l enhance

t he i dent i f i cat i on of t he r est peaks . Conver sel y, i f

most peaks of PC, can not be i dent i f i ed, t hen t he

i dent i f i cat i on of t he r est peaks wi l l be depr essed .

An Exampl e

Fi gur e 3 shows t he peak of par t i al component C. H3 i n
3000- 2900 cm- 1 . The accur at e peak of CH3 i n t hi s

r egi on shoul d be a st r ong peak l ocat ed at 2960 cm- 1 ,

but i n t hi s exampl e, t he r eal peak of CH3 i s onl y a

medi um peak l ocat ed at 2918 cm- 1 .

accur at e peak

V

	

r eal peak

111111111111111111111

Fi gur e 3 : Peaks of CH3

By consi der i ng t he peak i t sel f , t he possi bi l i t y t hat

t he r eal peak at 2918 cm- 1 i s i dent i f i ed as t he peak of

CH3 at 2960 cm- 1 i s 0. 352 ( Zhao & Ni shi da 1995) :

°

	

= 0. 352 .
~P2960

CH3 can mai nl y cr eat e 4 peaks : P296o, P2870, P1460

and P138o, whi ch ar e r el at ed t o each ot her . I f CH3 i s

cont ai ned by t he r eal i nf r ar ed spect r um, t hen al l peaks

of CH3 shoul d be i dent i f i ed . Ther ef or e, i f ot her peaks
ar e al l i dent i f i ed wi t h gr eat possi bi l i t i es, CH3 i s qui t e

l i kel y t o be cont ai ned by t he r eal i nf r ar ed spect r um,

and t he ot her peak wi l l qual i t at i vel y suppor t t he i den-

t i f i cat i on of t he i naccur at e peak at 2918 cm- 1 as t he
peak at 2960 cm- 1 .

The possi bi l i t i es of ot her peaks ar e obt ai ned wi t h

t he same met hod :

pP2e2o
= 0. 850,

/ ~' P7960 = 0. 921andi Lp138o = 0. 975 .

Accor di ng t o t he pr oposed met hod, t he qual i t at i ve

cor r el at i ons bet ween t wo r el at ed peaks ar e r espect i vel y

cal cul at ed as :

Then

P2870 _
1

	

P1960

- l

	

1380

	

1'QcP2960

	

' 4CP2960

	

andqP2960 -

SD

	

- 1 andp2

	

= 2 x 4 - 1 x 1 = 1 . 75 .
P2960

-
f

	

P2960

So

I - 0. 352
AP296o - 1 -

	

1 . 75

	

= 0. 629 .

Ther ef or e, t he possi bi l i t y t hat t he r eal peak at 2918

cm- 1 i s i dent i f i ed as peak P2960 of CH3 i ncr eases

f r om 0. 352 t o 0. 629 due t o t he qual i t at i ve cor r el at i ons
among r el at ed hypot heses . CH3 can not be i dent i -
f i ed bef or e si nce one mai n peak can not be f ound f r om
t he r eal i nf r ar ed spect r um ( i . e . ,

N' p296o < 0. 5) . Af -
t er consi der i ng qual i t at i ve cor r el at i ons among r el at ed
hypot heses as conf i r mat or y evi dence, t he peak can
be i dent i f i ed wi t h consi der abl y gr eat possi bi l i t y ( i . e . ,

p' a296o = 0 . 629) .

The above pr ocess i s si mi l ar t o t he pr obabi l i t y pr op-

agat i on i n pr obabi l i st i c r easoni ng . However , nei t her

evi dence nor r el at i on bet ween evi dence and hypot he-

ses i s r equi r ed i n advance .

Empi r i cal Resul t s

Ther e ar e t wo met r i cs t o eval uat e t he empi r i cal r esul t s .

One i s t he r at e of cor r ect ness ( RC) whi ch means t he

r at e t hat t he i dent i f i ed par t i al component set i s exact l y

t he same as t he par t i al component set i n t he cor r ect

sol ut i ons . The ot her i s t he r at e of i dent i f i cat i on ( RI )

whi ch means t he r at e t hat how many par t i al compo-
nent s i n t he cor r ect sol ut i ons ar e i dent i f i ed .

Two met hods ar e t est ed . One i s t he pr oposed

met hod, and t he ot her i s a convent i onal f uzzy met hod

whi ch uses f i xed f uzzy i nt er val s and member shi p f unc-

t i ons t o i dent i f y i naccur at e peaks . The RC and RI of

t he pr oposed met hod ar e 0. 736 and 0. 894 r espect i vel y .
I n cont r ast , t he RC and RI of t he convent i onal f uzzy

met hod ar e 0. 455 and 0. 812 r espect i vel y .

Tabl e 1 gi ves t he RCs and RI s of some known sys-

t ems i n whi ch " / " means t hat t he cor r espondi ng num-

ber i s unavai l abl e .

Tabl e 1 : Exper i ment s Eval uat i on wi t h RC and RI

Anand' s syst em adopt s neur al net wor ks t o i nt er pr et

i nf r ar ed spect r a ( Anand et al . 1991) . I t s RI i s about

0. 870, but i t s RC i s not avai l abl e . Hasenoehr l ' s sys-

t em adopt s pat t er n r ecogni t i on t echni ques t o i nt er pr et

i nf r ar ed spect r a ( Hasenoehr l et al . 1992) . I t s RI i s

about 0. 980, but i t s RC i s not avai l abl e . Robb' s sys-

t em adopt s numer i cal and ot her t echni ques ( Robb &

Munk 1990) . I t s RC i s 0. 533, but i t s RI i s not avai l -

abl e . Sadt l er ' s syst em i s based on quant i t at i ve com-

par i son bet ween known and unknown i nf r ar ed spect r a
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Syst ems RI

Anand' s Syst em ~~- 0 . 870

i l ' asenoehr l ' s Syst em ~- - 0 . 980

Robb' s Syst em

Sadt l er ' s Syst em



( Sadt l er 1988) . The syst em det er mi nes t he possi bi l i t y

of an unknown pat t er n bei ng a known one by cal cu-

l at i ng t he quant i t at i ve si mi l ar i t y or cl oseness bet ween

t he t wo pat t er ns . Bot h of i t s RCand RI ar e not avai l -

abl e si nce i t gi ves al l possi bl e sol ut i ons as r esul t s f r om

whi ch user s have t o deci de t he r i ght one by t hemsel ves .

Compar i son wi t h Rel at ed Wor k

The pr opagat i on of qual i t at i ve cor r el at i ons among r e-

l at ed hypot heses i n t he pr oposed met hod i s si mi l ar t o

t he pr obabi l i t y pr opagat i on i n Bayesi an met hods - i f

we vi ew t he qual i t at i ve cor r el at i ons among r el at ed hy-

pot heses as pi eces of evi dence ( Dempst er 1968, Kl ei t er

1992) . I n sol vi ng t he pr obl ems wher e qual i t at i ve cor r e-

l at i ons among r el at ed hypot heses can be ext r act ed and

used, t he met hod i s bet t er i n t he f ol l owi ng aspect s :

1 . I n t r adi t i onal Bayesi an met hods, evi dence and i t s

pr i or pr obabi l i t y, hypot heses and t hei r pr i or pr oba-

bi l i t i es, and t he r el at i ons bet ween evi dence and hy-

pot heses ( e . g . , LS and LN i n subj ect i ve Bayesi an

met hods) ar e al l pr ovi ded and f i xed by domai n ex-

per t s i n advance, so knowl edge acqui si t i on i s a di f f i -

cul t t ask, and consequent l y, i nconsi st ency can har dl y

be avoi ded ( Duda et al . 1976) . I n t he pr oposed

met hod, however , onl y a f ew number s ar e needed

i n advance . I nst ead, qual i t at i ve cor r el at i ons among

r el at ed hypot heses and ot her dynami cal l y obt ai ned

i nf or mat i on ar e used and pr opagat ed ;

2 . Tr adi t i onal Bayesi an met hods r equi r e t hat t he evi -

dence whi ch suppor t s or depr esses hypot heses be ex-

pl i ci t l y pr ovi ded, and ar e ef f ect i ve f or t he pr obl ems

wher e t he r el at i ons bet ween evi dence and hypot he-

ses ar e known . The pr oposed met hod, however , i s

appl i cabl e t o t he pr obl ems wher e t he r el at i ons be-

t ween evi dence and hypot heses ar e unknown as wel l
as t he pr obl ems wher e t he r el at i ons ar e known .

When qual i t at i ve cor r el at i ons among r el at ed hy-

pot heses ar e avai l abl e, and assumpt i ons necessar y f or

Bayesi an met hods ar e har d t o obt ai n, t he pr oposed

met hod i s bet t er . However , when qual i t at i ve cor r e-
l at i ons among r el at ed hypot heses ar e not known, t he

met hod i s not appl i cabl e . The met hod i s especi al l y ef -

f ect i ve t o i nt er pr et i naccur at e numer i cal and symbol i c

dat a by consi der i ng qual i t at i ve cor r el at i ons among r e-

l at ed dat a as conf i r mat or y or di sconf i r mat or y evi dence .
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Concl usi ons

I n t hi s paper , a novel met hod f or pr opagat i ng qual i -

t at i ve cor r el at i ons among r el at ed hypot heses as con-

f i r mat or y or di sconf i r mat or y evi dence was pr esent ed .

The f unct i on of t he met hod i s si mi l ar t o t he pr obabi l -

i t y pr opagat i on i n Bayesi an met hods . However , com-

par ed wi t h t r adi t i onal Bayesi an met hods, t he pr oposed

met hod can be appl i ed t o t he pr obl ems wher e evi dence

or t he r el at i on bet ween evi dence and hypot heses i s not
expl i ci t l y gi ven, or i s not compl et e . I n addi t i on, t he
pr oposed met hod needs f ew number s and assumpt i ons

i n advance . Ther ef or e, i t i s qui t e si mpl e, and can ef -
f ect i vel y avoi d i nconsi st ency i n knowl edge bases . The
met hod has been appl i ed t o i nf r ar ed spect r um i nt er -
pr et at i on, and has been t est ed agai nst about 300 r eal
i nf r ar ed spect r a. The empi r i cal r esul t s show t hat i t i s
si gni f i cant bet t er t han t he t r adi t i onal met hods used i n

many si mi l ar syst ems .
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