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1 A b s t r a c t :

i
i

An  in format ion  process ing  model  o f  some impor tant  aspects  o f  induct ive
r e a s o n i n g  i s  p r e s e n t e d  w i t h i n  t h e  c o n t e x t  o f  o n e  s c i e n t i f i c  rkclpline.
G i v e n  a  c o l l e c t i o n  o f  e x p e r i m e n t a l  ( m a s s  spectrometry)  d a t a  f r o m
severa l  chemica l  molecu les  the  computer  program descr ibed  here
separa tes  the  molecu les  in to  “we1  l - b e h a v e d ”  s u b c l a s s e s  a n d  s e l e c t s
f r o m  t h e  s p a c e  o f  a l l  e x p l a n a t o r y  p r o c e s s e s  t h e  ‘kharacteristic”
processes  for  each  subc lass . T h e  d e f i n i t i o n s  o f  “ w e l l - b e h a v e d ”  a n d
“ c h a r a c t e r i s t i c ” embody severa l  heur is t ics  which  are  d iscussed . some
r e s u l t s  o f  t h e  p r o g r a m  a r e  d i s c u s s e d  w h i c h  h a v e  b e e n  u s e f u l  t o  &enlists
a n d  w h i c h  l e n d  c r e d i b i l i t y  t o  t h i s  a p p r o a c h .

*Th is  research  was  suppor ted  F>y the  Advanced Research  Pro jec ts
Agency ( S D - 1 8 3 1  a n d  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  (RR-612).



INTROIXJCTION

Induct ion  in  sc ience  has  been unders tood to  encompass  many d i f fe rent

l e v e l s  o f  t a s k s , f r o m  t h e o r y  c o n s t r u c t i o n  a s  p e r f o r m e d  b y  E i n s t e i n  t o

i e v e r y d a y  n o n - d e d u c t i v e  i n f e r e n c e s  a s  m a d e  b y  scfentists looktng for

e x p l a n a t i o n s  o f  r o u t i n e  d a t a . F o r  t h e  m o s t  p a r t ,  i t  i s  n o t  w e l l

d e f i n e d  h o w e v e r  o n e  understands  it (a n o t a b l e  e x c e p t i o n  being

L s t a t i s t i c a l  i n f e r e n c e ) . Although zenera s t a t e m e n t s  c a n  b e  m a d e  about

(r- n o n - d e d u c t i v e  i n f e r e n c e , i t  i s  un1ik.cly  t h a t  t h e r e  extsts o n e  ,qeneral

“in&lct ive method” t h a t  quides scientfflc i n f e r e n c e  a t  a l l  l e v e l s .

c N o r  d o e s  i t  s e e m  l i k e l y  t h a t  a  m e t h o d  o f  scientif!c I n f e r e n c e  a t  a n y

iL
o n e  l e v e l  c a n  s u c c e e d  w i t h o u t  r e c o u r s e  t o  t a s k - s p e c i f i c  i n f o r m a t i o n ,

t h a t  Is, i n f o r m a t i o n  s p e c i f i c  t o  t h e  p a r t i c u l a r  s c i e n c e . W i t h i n

thL
these assumptions we are explorin y a n  informatton processing;  m o d e l  o f

scienttfic i n f e r e n c e  i n  o n e  rliscipl tne.

t
I

A unifyInK t h e m e  i n  o u r  e x p l o r a t i o n s  Is t h a t  Inductton Is e f f i c i e n t ’

s e l e c t f o n f r o m  t h e  d o m a i n  o f  all possthle a n s w e r s . Previous papers
!
1 on the  Heur is t ic  MNDRAL P r o g r a m  (1) h a v e  a d v a n c e d  t h i s  t h e m e  w i t h
L

r e s p e c t  t o  h y p o t h e s i s  f o r m a t i o n  i n  r o u t f n e  s c i e n t i f i c  w o r k . R e c e n t l y ,

L w e  h a v e  heen explorin,cr;  t h i s  t h e m e  w t t h  r e s p e c t  t o  t h e  hiTher-or&er

* t a s k  o f  f i n d i n g  g e n e r a l  r u l e s  t o  explafn l a r g e  collectIons o f  d a t a  (2).

L

T h i s  p a p e r  e x t e n d s  t h e  p r e v i o u s  w o r k  t o  t h e  t a s k  o f  f i n d i n g  r u l e s  f o r

I subclasses  o f  o b j e c t s , given e m p i r i c a l  d a t a  f o r  t h e  o b j e c t s  b u t

w i t h o u t  p r i o r  k n o w l e d g e  o f  t h e  n u m b e r  o f  s u b c l a s s e s  o r  t h e  f e a t u r e s

t h a t  c h a r a c t e r i z e  t h e m .



THE TASK AREA

F o r  r e a s o n s  d i s c u s s e d  p r e v i o u s l y  (21, the  task  area  is  mass  spect romet  ry ,

a  b r a n c h  of  o r g a n i c  c h e m i s t r y . T h e  r u l e  f o r m a t i o n  t a s k  i s  t o  f i n d

r u l e s  t h a t  c h a r a c t e r i z e  t h e  b e h a v i o r  o f  c l a s s e s  o f  m o l e c u l e s  i n  t h e

I mass spectrometer , g iven  the  mass  spect romet r ic  da ta  f rom severa l

known molecules,

The  chemica l  s t ruc ture  of  each molecu le  is  known. The  da ta  fo r  each

molecu le  a re  a) the  masses  o f  var ious  molecu lar  f ragments  produced  f rom

c
t h e  e l e c t r o n  homhardment  o f  t h e  m o l e c u l e  i n  t h e  i n s t r u m e n t  a n d  b) t h e

re la t ive  abundances 0 f fragments at  each mass. T h e  data f o r  e a c h

L molecu le  a re  a r ranged  in  a  f ragment -mass  tab le  (FMT), o r  m a s s  s p e c t r u m .

cL
T y p i c a l l y , there  a re  SO-100  da ta  po in ts  in  one  FMT. T h e  t a s k  i s  t o

characterize  t h e  e x p e r i m e n t a l  behavior o f  t h e  w h o l e  c l a s s  o f  m o l e c u l e s .

L.

L
L

1

t

R u l e s  w h i c h  c h a r a c t e r i z e  t h e  b e h a v i o r  o f  t h e  molec~rlcs  a r e  r e p r e s e n t e d

a s  condittonal s e n t e n c e s  i n  o u r  s y s t e m . The  antecedent  o f  a  s imple

c o n d i t i o n a l  r u l e  i s  a  p r e d i c a t e  w h i c h  i s  t r u e  o r  f a l s e  o f  a  m o l e c u l e

( o r  c l a s s  o f  m o l e c u l e s ) ; the  consequent  is  a  descr ip t ion  o f  a  m a s s

spectrometrIc a c t i o n  ( h e n c e f o r t h “process” )  wh ich  is thought  to  occur
.

w h e n  t h a t  m o l e c u l e  i s  i n  t h e  experlmental c o n t e x t . We have termed

t h e s e  r u l e s ‘Isi t u a t  i o n - a c t  t o n  rules“ ( o r  “S-A r u l e s ? . T h e  r u l e

s y n t a x  h a s  b e e n  descrthed previously  (3) a n d  i s  n o t  c r i t i c a l  t o  a n

u n d e r s t a n d i n g  o f  t h e  p r e s e n t  p a p e r .
L



A n  e x a m p l e  o f  a  r u l e ,  r e w r i t t e n  In Englfsh,  1s: “ I F  t h e  Eraph o f  t h e

m o l e c u l e  contafns the  estrogen s k e l e t o n , TWIN break t h e  b o n d s  b e t w e e n

nodes  labe led  X3-17  and 14-15.” This p r o c e s s  (thp c o n s e q u e n t  o f  t h t s

r u l e , )  Ts n a m e d  RRKP’IL In fahb I . T h e  craph of  the  estroFz;en  s k e l e t o n

m e n t i o n e d  Tn t h e  a n t e c e d e n t  ts s h o w n  wfth the conventfonal n o d e

n u m b e r i n g  i n  Figure 3.

T h e  r u l e s  wtll he  used In the  Heur is t ic  DENDRAL  p e r f o r m a n c e  p r o g r a m

to  RetermIne t h e  s t r u c t u r e  o f  c o m p o u n d s , reasoning  from the mass

spectrbmetrk  d a t a  o f  e a c h . T h e y  are a lso  o f  use  to  chemists

I n t e r e s t e d  tn e x t e n d i n g  t h e  t h e o r y  o f  m a s s  s p e c t r o m e t r y .

The. r u l e  f o r m a t i o n  proP;ram contatns t h r e e  m a j o r  su%programs,  whFch

a r e  d e s c r i b e d  b e l o w  u n d e r  t h e  headings Data  Interpretation,  P r o c e s s

S e l e c t i o n , and Molecule  Selectton, T h e  c o n t r o l  s t r u c t u r e  f o r  t h e

o v e r a l l  p r o g r a m  i s  descrlhed a f t e r  t h e  dlscussrons  o f  t h e  t h r e e

m a j o r  sub-programs. A brief o v e r v i e w  o f  t h e  w h o l e  p r o g r a m  wfll h e

gfven Vrst,  h o w e v e r , fn o r d e r  t o  s e t  t h e  c o n t e x t .

T h e  p u r p o s e  o f  t h e  program is to ffnd t h e  c h a r a c t e r t s t l c  p r o c e s s e s

whfch determine  s e p a r a b l e  s u b c l a s s e s  o f  m o l e c u l e s  CTven the experlmental

data ancl molecular  s t r u c t u r e  o f  e a c h  m o l e c u l e . T h e  o v e r a l l  f l o w  o f

t h e  prozt-am, a s  descrbed b e l o w , i s  s h o w n  In Fbure 1 . The  th ree

m a j o r  s t e p s  a r e  t o  refnterpret  t h e  e x p e r i m e n t a l  R a t a  a s  m o l e c u l a r



c

Processes, find t h e  c h a r a c t e r i s t i c  p r o c e s s e s  f o r  t h e  Riven m o l e c u l e s ,

a n d  s e l e c t  t h e  s e t  o f  m o l e c u l e s  t h a t  a r e  “we1 I-behaved” w i t h  r e g a r d

to  the  characterktic  p r o c e s s e s . T h e  retnterpretatlon  o f  t h e  d a t a  i s

d o n e  o n c e  f o r  e a c h  m o l e c u l e  i n  t h e  w h o l e  s e t ,  a n d  t h e  r e s u l t s  a r e

summarized once. The  second and  th i rd  sub-programs are  ca l led

s u c c e s s i v e l y  u n t i l  t h e y  i s o l a t e  a  w e l l - b e h a v e d  s u b c l a s s  o f  m o l e c u l e s

anti d e t e r m i n e  t h e  p r o c e s s e s  w h i c h  c h a r a c t e r i z e  t h e i r  hehavtor. The

monltor t h e n  s u b t r a c t s  t h e  w e l l - b e h a v e d  s u b c l a s s  f r o m  t h e  s t a r t i n g

c l a s s  o f  m o l e c u l e s , a n d  r e p e a t s  t h e  s u c c e s s i v e  c a l l s  t o  t h e  s e c o n d  a n d

t h i r d  subprograms. The whole program stops when there are N or fewer

molecu les  not  ye t  in  some wel l -behaved subc lass . ( F o r  n o w ,  N=3.)

L

1:c
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T h e  riata i n t e r p r e t a t i o n  p r o g r a m  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  w i t h

some aspects  o f  the  process  se lec t ion  program (3). The molecule

s e l ‘ e c t f o n  program a n d  c l a s s  r e f i n e m e n t  l o o p  i n  t h e  c o n t r o l  s e q u e n c e

are  new additTons.

DATA INTERPRETATION

As mentioned above, t h e  ourpose o f  t h e  R a t a  i n t e r p r e t a t i o n  a n d  s u m m a r y

proP;ram (INTSUM) i s  t o  r e i n t e r p r e t  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  d a t a ,

t h e  Fvf, f o r  e a c h  m o l e c u l e  a n d  s u m m a r i z e  t h e  r e s u l t s . Because the

p r o g r a m  h a s  been descrthed  p r e v i o u s l y  (31, d e t a i l s  w i l l  h e  o m i t t e d

h e r e . I t  s h o u l d  h e  n o t e d  t h a t  t h e  s u c c e s s f u l  appllcatlon o f  t h i s

program  t o  a  s u b - c l a s s  o f  e s t r o g e n s  h a s  a l r e a d y  b e e n  r e p o r t e d  i n  t h e

c h e m i c a l  1  i t e r a t u r e  (4). T h e  INTSIJM  p r o g r a m  i s  g e n e r a l  i n  t h a t  i t
L

- 4
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w i l l  w o r k  o n  FMT’s f o r  a n y  c l a s s  o f  m o l e c u l e s  w i t h  a  c o m m o n  s k e l e t a l

g r a p h  a n d  It is flcxihle i n  t h a t  t h e  k n o w l e d g e  u s e d  b y  t h e  p r o g r a m  Ts

e a s i l y  c h a n g e d  a n d  t h e r e  a r e  n u m e r o u s  o p t i o n s  c o n t r o l l i n g  t h e  operatfon

of  the  program.

T h e  INTSUM p r o g r a m  i s  c a l l e d  w i t h  t h e  i n i t i a l  s e t  o f  m o l e c u l e s  a n d

t h e i r  FMT%. I t  i s  a l s o  g i v e n  t h e  g r a p h  s t r u c t u r e  o f  t h e  s k e l e t o n

c o m m o n  t o  *all m o l e c u l e s  i n  t h e  i n i t i a l  s e t . T h e  f i r s t  s t e p  i s  t o

s e a r c h  t h e  s p a c e  o f  a l l  possble p r o c e s s e s  which c o u l d  e x p l a i n  d a t a

p o i n t s  i n  t h e  FMT o f  a n y  m o l e c u l e  wTth t h e  g i v e n  s k e l e t o n , The space

o f  e x p l a n a t o r y  p r o c e s s e s i s  c a m h t n a t o r t a l ; simple prcxesses t h a t  c u t

t h e  g r a p h  i n t o  t w o  f r a g m e n t s  a r e  g e n e r a t e d  f i r s t ,  f o l l o w e d  b y  p a i r s

o f  stmple p r o c e s s e s ,  t r i p l e s ,  a n d  s o  o n . T h e  heurtstics 1 isted b e l o w

c o n s t r a f n the  search:

Slmnllcity (Occam’s  R a z o r )

I f  t w o  o r  m o r e  p r o c e s s e s  e x p l a i n  t h e  s a m e  d a t a  p o l n t ,  p r e f e r  t h e

s i m p l e r  o n e ,  i . e . , t h e  p r o c e s s  i n v o l v i n g  f e w e r  s i m p l e  s t e p s .

Chemica l  Const ra in ts

(a) Weak n o  m o r e  t h a n  NR b o n d s  i n  a n y  p r o c e s s ,  w h e t h e r  s i m p l e  o r

m u l t i - s t e p  (NE+=5  i n  o u r  c u r r e n t  v e r s i o n ) ; (b) no n o t  a l l o w  a n y  p r o c e s s

t o  b r e a k  t w o  b o n d s  t o  t h e  s a m e  carbon a t o m ;  Cc) D o  n o t  a l l o w  a  f r a g m e n t

t o  c o n t a i n  f e w e r  t h a n  N A  a t o m s  (NAG c u r r e n t l y ) ;  (~4) D o  n o t  a l l o w  a n y



I,
i

j

,

/_

I I-
I \

1

‘c

i-
I

I-

p r o c e s s  t o  c o n t a i n  m o r e  t h a n  VP simple p r o c e s s e s  (W--Z c u r r e n t l y ) ;  (e)

Break  o n l y  s i n g l e  b o n d s  ( n o  d o u b l e  o r  triple b o n d s ) .

The  heurtstfc s e a r c h  p r o d u c e s  a  list of plausT!de p r o c e s s e s  dthout

r e f e r e n c e  t o  t h e  d a t a . T h e  s e c o n d  s t e p  o f  t h e  INTSIJM  program  i s  t o

d e t e r m i n e  f o r  e a c h  p r o c e s s  a n d  e a c h  FMT whether  there  is  ev idence  for

t h e  p r o c e s s  i n  t h e  FMT, ff s o ,  t h e n  t h a t  p r o c e s s  c a n  e x p l a i n  t h e  d a t a

p o i n t  a n d  t h e  s t r e n g t h  o f  the  e v i d e n c e  1s s a v e d . T h e  f i n a l  s t e p  i s

t o  s u m m a r i z e  f o r  e a c h  p r o c e s s  a n d  a l l  m o l e c u l e s  t h e  f r e q u e n c y ,  t o t a l

s t r e n g t h  o f  evfdence  a n d  n u m b e r  o f  a l t e r n a t i v e  e x p l a n a t i o n s . (F requency

f o r  a  g i v e n  p r o c e s s  i s  t h e  p e r c e n t a g e  o f  a l l  m o l e c u l e s  t h a t  h a v e  e v i d e n c e

f o r  t h e  p r o c e s s . ) T h e s e  s t a t i s t i c s  a r e  p a s s e d  t o  t h e  p r o c e s s

se lec t  ion  projg-am.

PROWSS SFLECTION

The  process  se lec t ion  program chooses  the  most  characteristtc  p r o c e s s e s

f o r  t h e  Eiven c l a s s  o f  m o l e c u l e s  f r o m  t h e  ltst o f  a  prlori plausible

p r o c e s s e s  that  are output by the INTSUM program. It a s s u m e s  tha t  the

m o l e c u l e s  g i v e n  t o  tt are all in o n e  w e l l - b e h a v e d  c l a s s . Thus, tt c a n

m e r e l y  f i l t e r  t h e  l i s t  o f  p r o c e s s e s  t o  f i n d  t h o s e  which s a t i s f y  t h e

c r i t e r i a  f o r  c h a r a c t e r i s t i c  p r o c e s s e s .

A  p r o c e s s  m e n t i o n e d  i n  a  r u l e  s t a t e m e n t  m u s t  s a t f s f y  s e v e r a l  c r i t e r i a

i n  o r d e r  t o  b e  c o u n t e d  a s  a  c h a r a c t e r i s t i c  p r o c e s s  f o r  t h e  m o l e c u l e s

u n d e r  c o n s i d e r a t i o n . T h e  INTSUM program provi&s a  s u m m a r y  o f

- 6



s t a t i s t i c s for  the  p laus  ihle p r o c e s s e s  i t  h a s  c h o s e n  f r o m  t h e  s p a c e  o f

al 1 p r o c e s s e s . T h e  p r o c e s s  selectjon program appl  tes heurtstic

criterfa  t o  s o r t  o u t  t h e  m o s t  l i k e l y  p r o c e s s e s  a n d  t o  d i s t i n g u i s h

amonE al ternat i v e  e x p l a n a t i o n s , w h e n  a l t e r n a t i v e s  r e m a i n . I t  u s e s

t h e  i n f o r m a t i o n  f r o m  t h e  d a t a  f o r  f i l t e r i n g ,  i n  c o n t r a s t  t o  t h e  a

p r i o r i  f i l t e r i n g  i n  t h e  INTSUM p r o g r a m . F o r  e x a m p l e ,  a n  a  p r i o r i

simpl ictty crrterion filters o u t  p r o c e s s e s  t h a t  b r e a k  t o o  m a n y  b o n d s .

The criterta  f o r “ m o s t  1  I ke ly  processes”  - -  f requency ,  s t rength  o f

ev idence , and degree of u n i q u e n e s s - -  a r e  d i s c u s s e d  b e l o w . T o  a  l a r g e

e x t e n t  t h e  c h o i c e  o f  t h e s e  criterta and p a r t i c u l a r l y  t h e  c h o i c e  o f

p a r a m e t e r  s e t t i n g s  a r e  a r b i t r a r y . However, t h e  f o l l o w i n g  d i s c u s s i o n

p r o v i d e s  s o m e  r a t i o n a l e  f o r  o u r  c h o i c e s .

Frequency

I f  n a t u r e  p r e s e n t e d  c l e a r  a n d  unambtguous d a t a  t o  u s  w e  c o u l d  e x p e c t

a l l  a n d  o n l y  c h a r a c t e r i s t i c  p r o c e s s e s  f o r  a  c l a s s  o f  m o l e c u l e s  t o

o c c u r  lOO? o f  t h e  t i m e . Th is  is  what  we  would  l ike  to  mean by

‘ c h a r a c t e r i s t i c ’  p r o c e s s . Yowever, t h e  d a t a  c o n t a i n  n o i s e  a n d ,  m o r e

I m p o r t a n t l y ,  w e  a r e F o r c e d  t o  T n t e r p r e t  t h e  d a t a  i n  t e r m s  o f  p r o c e s s e s

t h a t  w e  c o n s t r u c t . Thus, i n  the l i t e r a t u r e  o n e  f i n d s  d i s c u s s i o n s  o f

e x c e p t i o n s  t o  r u l e s  t o g e t h e r  with p r e s e n t a t i o n  o f  t h e  r u l e s . A low

f r e q u e n c y  t h r e s h o l d  (6fI%) i s  u s e d  a s  a  c r i t e r i o n  f o r  p l a u s i b l e  p r o c e s s

Instead  o f  a  high o n e  b e c a u s e  t h e  m a r g i n a l  p r o c e s s e s  whtch a r e  i n c l u d e d

a t  o n e  s t e o  c a n  b e  e x c l u d e d  a t  a  l a t e r  r e f f n e m e n t  s t e p  i f  t h e y  p r o v e

t o  b e  u n c h a r a c t e r i s t i c  o f  a  c l a s s  o f  m o l e c u l e s .

-
7



Strength of E v i d e n c e

T h e  program cons iders  the  s t rength  o f  ev idence  found for  each  p r o c e s s ,

bes ides  the  f requency  o f  molecu les  tha t  s h o w  t h e  p r o c e s s . Associa ted

wi th  each  f ragment  mass  in  the  exper fmenta l  da ta  is  a  measure  o f  t h e

. p e r c e n t  o f  t o t a l  i o n s  (or i o n  c u r r e n t )  c o n t r i b u t e d  b y  f r a g m e n t s  o f

tha t  mass . (The  ev idence  f rom mass  spect romet ry  is  not  mere ly  b inary ,

L
c,

Le., yes /no , a l t h o u g h  w e  h a v e  c o n s i d e r e d  It that  way in t h e  p a s t , )

L

i
I
L

L
I
L

T h e  t o t a l  i o n  c u r r e n t  f o r  a n y  m o l e c u l e  c a n  b e  v i s u a l i z e d  a s  t h e  s u m  o f

a l l  y;values i n  a  b a r  g r a p h  i n  w h i c h -  t h e  x - v a l u e s  r e p r e s e n t  fragment

masses. T h e  s t r e n g t h  o f  e v i d e n c e  f o r  a  p r o c e s s ,  t h e n ,  i s  t h e  p e r c e n t

o f  t h e  t o t a l  o f  a l l  i o n  c u r r e n t s  ( f o r  a l l  m o l e c u l e s )  t h a t  c a n  b e

e x p l a i n e d  by t h e  p r o c e s s . T h e  p r e s e n t  v a l u e  o f  t h i s  p a r a m e t e r  i s

0 . 0 0 5 ,  i . e . , 0.52 of t h e  d a t a  m u s t  b e  e x p l a i n e d  b y  a n y  p r o c e s s  t h a t

~11.1  b e  s a i d  t o  b e  c h a r a c t e r i s t i c  o f  t h e  g i v e n  m o l e c u l e s .

T h e r e  m a y  be m u c h  i n f o r m a t i o n  i n  t h e  w e a k e r  d a t a  p o i n t s ,  b u t  u n t i l  w e

c a n  i n t e r p r e t  t h e  s t r o n g  s i g n a l s , w e  d o  n o t  w a n t  t o  s t a r t  l o o k i n g

c r i t i c a l l y  a t  t h e  w e a k  o n e s . Thts  i s  w h y  w e  h a v e  a  strength o f

e v i d e n c e  t h r e s h o l d  ( a l t h o u g h  In o u r  trials w e  h a v e  k e p t  i t  f a i r l y  l o w ) .

Degree  of Un I queness

T h e  progr.am w i l l  d i s c a r d  p r o c e s s e s  t h a t  c a n n o t  u n i q u e l y  explain a t

l e a s t  n  d a t a  p o i n t s  f o r  e a c h  m o l e c u l e . T h e  r a t i o n a l e  hehlnd t h f s

c r i t e r i o n  i s  t h a t  p r o c e s s e s  t h a t  a r e  a l w a y s  ( o r  o f t e n )  r e d u n d a n t  w i t h

8



o t h e r  p r o c e s s e s  h a v e  no  exp lanatory  power  o f  the i r  own. ’ I n  spfte o f

t h e  i n t u i t i v e  a p p e a l  o f  this crlterfon, i t  w a s  n o t  u s e d  f o r  t h e  trials

r e p o r t e d  h e r e  i n  w h i c h  m o l e c u l e  s e l e c t i o n  i s  c o u p l e d  w i t h  p r o c e s s

selectton. F o r  p r o c e s s  s e l e c t i o n  a l o n e ,  i t  i s  a  u s e f u l  f i l t e r .

T h e s e  t h r e e  c r i t e r i a  f i l t e r  t h e  p r o c e s s e s  t o  p r o v i d e  t h e  c h a r a c t e r i s t i c

p r o c e s s e s  f o r  t h e  m o l e c u l e s  g i v e n  t o  t h e  program. Fiowever, t h e

p r o c e s s e s  m a y  s t i l l  o v e r l a p  tn t h e  d a t a  p o i n t s  t h a t  t h e y  e x p l a i n .  I f

t w o  (or m o r e ! )  p r o c e s s e s  a r e  amWq~ous,  i . e . , t h e y  e x p l a i n  m o s t  o f  t h e

s a m e  data points , t h e  p r o g r a m  t r i e s  -to r e s o l v e  the a m b i g u i t y  i n  f a v o r

o f  a  s i n g l e  e x p l a n a t i o n . T h i s  fs n o t  e a s y , for the  compet ing

explanations have al  1 passed the tests for  “most 1 ikely p r o c e s s e s ”

j u s t  d i s c u s s e d .  T h u s , t h e y  a l  1  a p p e a r  good e n o u g h  t o  b e  r u l e s  o n  t h e i r

own.

The  reso lu t ion  o f  ambigu i t ies  among processes  is  made  accord ing  to

r e l a t i v e  v a l u e s  o f  t h e  c r i t e r i a  u s e d  t o  j u d g e  t h e m  l i k e l y  i n  t h e

f I r s t  p l a c e . T h a t  i s , t h e  v a l u e s  of f r e q u e n c y ,  s t r e n g t h  o f  e v i d e n c e

a n d  d e g r e e  o f  u n i q u e n e s s  a r e  c o m p a r e d  - in any order - t o  d e t e r m i n e

w h i c h  p r o c e s s  I s  p r e f e r r e d ,  i f  a n y .

MQLEClltE  SELECTION

M o l e c u l e  s e l e c t i o n ,  by i t s e l f , is a sfmple p r o g r a m  w h o s e  p u r p o s e  i s  t o

f i n d  a  s u b c l a s s  o f  m o l e c u l e s  t h a t  a r e “wet l - b e h a v e d ”  w i t h  r e s p e c t  t o

a  s e t  o f  p r o c e s s e s . I t s  i n p u t s  a r e  (a) a  c l a s s  o f  m o l e c u l e s  and (h)

-
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a  s e t  o f  p r o c e s s e s  t h a t  a r e  c h a r a c t e r i s t i c  o f  t h o s e  m o l e c u l e s  ( o u t p u t

o f  t h e  p r o c e s s  s e l e c t i o n  p r o g r a m  j u s t  describer!).

T h e  p r o c e s s e s  t h a t  a r e  c h o s e n  a s  r o u g h l y  c h a r a c t e r i s t i c  o f  a  c l a s s  o f

m o l e c u l e s  a r e  r~sed  b y  t h e  m o l e c u l e  s e l e c t i o n  program t o  r e f i n e  t h e

e x t e n s i o n  o f  t h e  c l a s s . Severa l  p rocesses  wi l l  each  have  a  f e w

except ions - the  number  permi t ted  depending  on  the  f requency  threshold

used by the program. !3ut i f  t h e  s a m e  m o l e c u l e s  a p p e a r  a s  e x c e p t i o n s

o v e r  a n d  o v e r  a g a i n  ( f o r  s e v e r a l  p r o c e s s e s )  t h e n  t h e y  p r o b a b l y  d o  n o t

belong in  the  same s u b c l a s s  w i t h  t h e  m o l e c u l e s  w h o s e  b e h a v i o r  i s

c h a r a c t e r i z e d  by t h o s e  p r o c e s s e s .

A  m o l e c u l e  Ts sa id  to  be w e l l - b e h a v e d  w i t h  r e s p e c t  t o  a  s e t  o f

p r o c e s s e s  ( o r  w e l l - b e h a v e d )  i f  Tt s h o w s  e v i d e n c e  f o r  a t  l e a s t  M P  o f

the  processes . T h e  c u r r e n t  v a l u e  o f  b4P is  85% of  the  number  o f

p r o c e s s e s  i n  t h e  s e t . C u r r e n t l y  t h i s  i s  t h e  o n l y  c r i t e r i o n  used t o

i d e n t i f y  m e m b e r s  o f  t h e  s u b c l a s s , a l t h o u g h  o t h e r  f e a t u r e s  o f  t h e

m o l e c u l e s  could a lso  b e  u s e d  f o r  c l u s t e r i n g . For  example ,  the

s t r u c t u r a l  f e a t u r e s  o f  c h e m i c a l  m o l e c u l e s  c o u l d  a l s o  h e l p  c l a s s i f y

molecu les  which  “be long”  together . T h e  r e a s o n  d e s c r i p t i v e  f e a t u r e s

s u c h  a s  t h e s e  a r e  n o t  use&during  m o l e c u l e  s e l e c t i o n  I s  t h a t  t h e y

constttute a go04 c h e c k  (by c h e m i s t s )  o n  t h e  a d e q u a c y  o f  t h e  r e s u l t s

o f  t h e  m o l e c u l e  s e p a r a t i o n  p r o c e d u r e ,

T h e  o v e r a l l  f l o w  o f  c o n t r o l  h a s  b e e n  brlefly described a n d  dtaqrammed

- 10
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i n  Ftgure 1 , and the three major components  o f  the  whole  program have

been discussed. The  in terac t ion  be tween process  se lec t ion  and  m o l e c u l e

s e l e c t i o n  I s  t h e  l a s t  i m p o r t a n t  d e t a i l  i n  t h e  d e s c r i p t i o n  o f  t h e

program. I t  i s  s h o w n  s c h e m a t i c a l l y  i n  F i g u r e  2  a n d  s e l e c t e d  p o r t i o n s

o f  i n t e r m e d i a t e  o u t p u t  a r e  s h o w n  i n  T a b l e  I I .

A f t e r  t h e  INTSUM p r o g r a m  i n t e r p r e t s  a n d  s u m m a r i z e s  t h e  d a t a  f o r  a  s e t

of m o l e c u l e s , t h e  p r o c e s s  s e l e c t i o n  p r o g r a m  i s  a s k e d  t o  find a set  of

p r o c e s s e s  t h a t  c h a r a c t e r i z e  t h o s e  m o l e c u l e s . However,  process

s e l e c t i o n  s t a r t s  w i t h  t h e  a s s u m p t i o n  t h a t  t h e  m o l e c u l e s  s h o u l d  b e

c h a r a c t e r i z e d  a l  1 t o g e t h e r ,  i . e . , that  the molecules are homogeneous,

o r  he1on.g Tn o n e  c l a s s  w i t h  r e s p e c t  t o  m a s s  s p e c t r o m e t r y , The purpose

o f  t h e  r u l e  f o r m a t i o n  m o n i t o r , a n d  t h e  m o l e c u l e  s e l e c t i o n  p r o g r a m  fn

particular, i s  t o  r e m o v e  t h e  necessfty of w o r k i n g  w i t h i n  t h i s

assumption. Recause a class of  m o l e c u l e s  h a s  a  c o m m o n  s k e l e t o n ,  t h e r e

is  reason to  be l ieve  tha t  they  are  homogeneous  (w i th  respect  to  mass

spect ramet ry  p r o c e s s e s ) . R u t  t h i s  i s  n o t  n e c e s s a r i l y  t r u e . Many o f

the molecules whose structures contain the graph c o m m o n  to e s t r o g e n s

(e.g., t h e  e q u i l e n i n s  dlscussed  w i t h  T a b l e  It Tn t h e  R e s u l t s  s e c t i o n )

f a i l  t o  e x h i b i t  b e h a v i o r  t h a t  i s  c h a r a c t e r i s t i c  o f  m o s t  e s t r o g e n s  i n

the mass spectrometer .

T h e  m o n i t o r  b e g i n s  w i t h  t h e  N u l l  H y p o t h e s i s  t h a t  t h e  i n i t i a l  s e t  M

o f  m o l e c u l e s  ts h o m o g e n e o u s  with respect  to  a l l  the  re levant  processes

g i v e n  a s  i n p u t . W i t h  t h e  p r o c e s s  s e l e c t i o n  p r o g r a m  i t  f i n d s  p l a u s i b l e

p r o c e s s e s  t h a t  r o u g h l y  c h a r a c t e r i z e  t h e  w h o l e  c l a s s  o f  m o l e c u l e s .  It

-
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a t t e m p t s  t o  c o n f i r m  t h e  h y p o t h e s i s  b y  fIndinE t h e  s u b c l a s s  S  o f

m o l e c u l e s  t h a t  a r e  w e l l - b e h a v e d  f o r  t h o s e  p r o c e s s e s . I f  t h i s  s u b c l a s s

S  i s  t h e  s a m e  a s  t h e  i n i t i a l  s e t  M ,  t h e n  t h e  a s s u m p t i o n  o f  h o m o g e n e i t y

i s  t a k e n  t o  b e  t r u e . I n  t h a t  c a s e , t h e r e  i s  n o  p r o p e r  s u b s e t  t o  b e

separa ted .

W h e n  t h e  s u b c l a s s  S is dtfferent  f r o m  t h e  s t a r t i n g  c l a s s  M ,  h o w e v e r ,

t h e  p r o g r a m  l o o p s  b a c k  to  process  se lec t ion  as  shown in  F igure  2 .

Th is  f igure  shows the  procedure  for  produc ing  one  homogeneous  subc lass

o f  m o l e c u l e s  ( a n d  t h e  c h a r a c t e r i s t i c  p r o c e s s e s  f o r  t h e  s u b c l a s s ) ;  t h i s

procedure , r u l e  f o r m a t i o n , i s  i t s e l f  u s e d  r e p e a t e d l y  i n  t h e  m a i n

program as shown in Figure 1.

T h e  i n p u t s  t o  t h e  r u l e  f o r m a t i o n  p r o c e d u r e  a r e  (a) t h e  s e t  RP o f

r e l e v a n t  p r o c e s s e s  a n d  s t a t i s t i c s  f o r  t h e m ,  v i z . ,  t h e  o u t p u t  o f  INTSUM,

a n d  (h) a  c l a s s  M’ o f  m o l e c u l e s ,  w h e r e  M’ i s  i n i t i a l l y  t h e  s a m e  a s  t h e

e n t i r e  c l a s s  o f  m o l e c u l e s ,  M, Eiven t o  I N T S U M . M’ is u s e d  t o  k e e p
.

t r a c k  o f  t h e  b e s t  r e f i n e m e n t  o f  M s o  f a r .

._ The  process  se lec t ion  program se lec ts  a  se t  o f  p rocesses  P  f rom RP in

the manner described a b o v e . P  c h a r a c t e r i z e s  t h e  c l a s s  M’, i n s o f a r

a s  W c a n  b e  c h a r a c t e r i z e d  a t  a l l . T h e  c r i t e r i a  f o r  c h a r a c t e r i s t i c

p r o c e s s  c a n  b e  m a d e  m o r e  r e s t r i c t i v e  i f  t h e  c l a s s  IS k n o w n  t o  b e

h o m o g e n e o u s  ( e . g . ,  f r e q u e n c y  > 95%). I n  t h i s  c a s e ,  h o w e v e r ,  t h e

l o o s e  c r i t e r i a  l i s t e d  a b o v e  a r e  used (e.E.,  f r e q u e n c y  > 6Ot) i n

o r d e r  t o  a l l o w  m a n y  e x c e p t i o n s  t o  t h e  “characteristidl  p r o c e s s e s .

-
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T h e  m o l e c u l e  s e l e c t i o n  program  s e l e c t s  a  s u b c l a s s  o f  m o l e c u l e s  S,

f rom ?I’ ,  t h a t  a r e  b e s t  c h a r a c t e r i z e d  b y  t h e  p r o c e s s e s  I n  P . The

subc lass  S  inc ludes  molecu les  tha t  show ev idence  for  most  (85% or  more )

o f  t h e  p r o c e s s e s  i n  P , a n d  e x c l u d e s  m o l e c u l e s  t h a t  a r e  e x c e p t i o n s  t o

many. T h u s  S is a t  l e a s t  a s  we1 1  b e h a v e d  a s  M’ w i t h  r e s p e c t  t o  P .

And s ince  the  two measures  o f  se lec t ion  are  not  per fec t ly  complementary ,

S  i s  1 ikely t o  b e  b e t t e r  b e h a v e d  t h a n  E.1’ w i t h  r e s p e c t  t o  P , ( I f

molecu le  se lec t ion  uses  less  restrictive  m e a s u r e s  t h a n  p r o c e s s

s e l e c t i o n , then  S  wi l l  be  less  we1 1  b e h a v e d  t h a n  M’ a n d  t h e  p r o c e d u r e

I w i l l  f a i l  e x c e p t  w h e n  t h e  i n i t i a l  s e t  o f  m o l e c u l e s  i s  homogeneous.)

One  In teres t  in g p a r t  o f  t h e  p r o c e d u r e is t h a t  a f t e r  p r o c e s s e s  a r e

e s e l e c t e d ,  A L L  o f  t h e  m o l e c u l e s  a r e  r e c l a s s i f i e d  w i t h  r e g a r d  t o  t h e

n u m b e r  of  t imes  they  appear  as  except ions  to  the  processes . ThTs  i s‘c

shawn i n  Figure 2 : a t  s t e p  2  o f  e a c h  l e v e l  a l l  m o l e c u l e s  I n  t h e

i n i t i a l  s e t , M  ( n o t  M’ o r  S), a r e  t e s t e d  aRainst t h e  p r o c e s s e s . Thus,.

a  m o l e c u l e  c a n  b e  e x c l u d e d  a t  o n e  l e v e l  ( b e c a u s e  i t  i s  a n  e x c e p t i o n
h

w- to too many 0f t h e  p r o c e s s e s  a t  t h a t  l e v e l ) ,  b u t  b e  i n c l u d e d  a g a i n  a t

a n o t h e r  l e v e l  f o r  a  slip;htly d i f f e r e n t  s e t  o f  p r o c e s s e s .
c

The  condi t ion  under  which  we  want  the  program to  s top  is  tha t  theL.

s u b c l a s s  S  o f  m o l e c u l e s  a f t e r  a n  i t e r a t i o n  i s  t h e  s a m e  a s  t h e  c l a s s

cc M’ f r o m  w h i c h  t h e  i t e r a t t o n  s t a r t e d  (conditton 1  i n  Figure 2). I n

o ther  words , under t h i s  condttion t h e  program  h a s  founrl a n  S  a n d  a
L

P  s u c h  t h a t  P c h a r a c t e r i z e s  S (PM’) a n d  S  i s  w e l l - b e h a v e d  w i t h

r e s p e c t  t o  P. T h e  s u b c l a s s  S  Ts taken  to  he  homoqeneous, a n d  t h e

-
13
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1

t
i

L

processes  in  P  can  be  taken  to  be  m a s s  s p e c t r o m e t r y  r u l e s  f o r

m o l e c u l e s  i n  S .

T h e  r e f i n e m e n t  l e v e l  i n  F i g u r e  2  i s  t h e  n u m b e r  o f  t i m e s  t h e  p r o c e d u r e

has  been invoked in  trying to  f ind  one  homogeneous subclass  o f

ma1 ecu1 es. T h e  s e c o n d  o f  t h e  stoppinE  c o n d i t i o n s  t e s t s  w h e t h e r  t h e

r e f i n e m e n t  l e v e l  i s  e q u a l  t o  a n  a r b i t r a r y  m a x i m u m ,  w h i c h  i s  c u r r e n t l y

3 . T h i s  c o n d i t i o n  i s  n e c e s s a r y  t o  a v o i d  a n  i n f i n i t e  l o o p  i n  t h e  c a s e

w h e r e  t h e  p r o g r a m  c a n  f i n d  n o  s u b c l a s s  S that is homogeneous w i t h

r e s p e c t  t o  P . T h e  l e v e l  3  h a s  b e e n  &served t o  p r o d u c e  fatrly

a c c e p t a b l e  r e s u l t s : a f t e r  t h r e e  i t e r a t i o n s  t h r o u g h  t h i s  l o o p ,  t h e

s u b c l a s s  S  i s  a b o u t  a s  r e f i n e d  a s  i t  w i l l  g e t . A f t e r  m o r e  I t e r a t i o n s

t h e  p r o c e d u r e  a p p e a r s  t o  o s c i l l a t e  i n  t h a t  m o l e c u l e s  added to  S  in

o n e  i t e r a t i o n  a r e  s u b t r a c t e d  f r o m  S i n  a  l a t e r  i t e r a t i o n . Our

e x p e r i e n c e  i s  v e r y  limtted. Recatrse t h e r e  I s  n o  g u a r a n t e e  t h a t  t h e

procedure converges,  however, s o m e  s t o p p i n g  c o n d i t i o n  l i k e  t h e

maximum re f inement  leve l  1s n e c e s s a r y .

T h e  l a s t  s t o p p i n g  c o n d i t i o n  s h o w n  i n  FTEure 2  t e s t s  w h e t h e r  t h e r e  a r e

enouE:h m o l e c u l e s  i n  t h e  s u b c l a s s  t o  w a r r a n t  f u r t h e r  r e f i n e m e n t .  I f

t h e r e  a r e  f e w e r  t h a n  a n  a r b i t r a r y  m~inimum  n u m b e r  (~3) o f  m o l e c u l e s  i n

c;L* t h e n  f u r t h e r  r e f i n e m e n t s  w i l l  b e  u n r e l  table. This minimum is not

c o m p l e t e l y  a r b i t r a r y , s ince  i t  Repends t o  s o m e  e x t e n t  o n  t h e  f r e q u e n c y

m e a s u r e s  used in  process  and molecu le  se lec t ion . Rut , i n t u i t i v e l y ,

w h e n  t h e  n u m b e r  o f  m o l e c u l e s  i n  S I s  s m a l l  t h e r e  i s  l i t t l e  v a l u e  i n

hreakine S up into subclasses a n y w a y .

14



A S s h o w n  i n  t h e  o v e r a l l  f l o w  d i a g r a m ,  F i g u r e  1 ,  a f t e r  t h e  f i r s t  ma-ior

s u b c l a s s  (S) h a s  b e e n  d e f i n e d , a l l  molecu les  in  S  are  removed f rom

a n y  f u r t h e r  c o n s i d e r a t i o n  b y  s u b t r a c t i n g  t h e m  f r o m  M . T h e  e n t i r e

p r o c e d u r e  ts then  repeated  wtth the  new M. 1 t  s tops  on ly  when there

a r e  s o  f e w  m o l e c u l e s  l e f t  I n  M  (3 o r  f e w e r )  t h a t  p r o c e s s  s e l e c t i o n  i s

u n r e l i a b l e  a n d  m o l e c u l e  s e l e c t i o n  a p p e a r s  p o i n t l e s s .

T h e  o u t p u t  o f  t h e  w h o l e  p r o g r a m  n o w  i s  m e r e l y  t h e  c o l l e c t e d  s e t  o f

o u t p u t s  f r o m  a l l  i t e r a t i o n s ,  v i z . ,  t h e  c o l l e c t e d  S , P  p a i r s ,  a s  s h o w n

i n  F i g u r e  2 . F u t u r e  w o r k  w i l l  f o c u s  o n  a u t o m a t i c a l l y  g e n e r a l i z i n g

t h e  +?scriptions o f  t h e  m o l e c u l e s . Th ls  is  now done  by  hand,  except

w h e n  t h e  i n i t i a l  c l a s s  M  i s  h o m o g e n e o u s  - t h e n  t h e  g e n e r a l i z e d

d e s c r i p t i o n  i s  t h e  c o m m o n  g r a p h  s t r u c t u r e .

T h e  INTSlJM  p r o g r a m  a l o n e  h a s  a l r e a d y  p r o v i d e d  u s e f u l  n e w  r e s u l t s  f o r

chemis ts , a s  r e p o r t e d  i n  t h e  chemtcal  1 iterature (4). The process

s e l e c t i o n  p r o g r a m , w o r k i n g  w i t h  o u t p u t  f r o m  !MTSlJFA  ( b u t  w i t h o u t

m o l e c u l e  s e l e c t i o n ) , h a s  s u c c e s s f u l l y  f o u n d  s e t s  o f  c h a r a c t e r i s t i c

p r o c e s s e s  f o r  a  w e l l - u n d e r s t o o d  c l a s s  o f  m o l e c u l e s  ( e s t r o g e n s ,

F i g u r e  3) a n d  f o r  c l a s s e s  w h o s e  b e h a v i o r  i s  s t i l l  u n d e r  i n v e s t i g a t i o n

(e.g., e q u i l e n i n s , progesterones ,  amino  acids). For  47  es t rogens ,

w h i c h  w e r e  a s s u m e d  b y  both  an  e x p e r t  and the program to be in one

c l a s s , ru les  found by  the  program agree  c lose ly  w i th  ru les  f o r m e d  b y._

the  exper t  f rom the  same da ta . (Thts r e s u l t  1s n o t  s h o w n  i n  a  t a b l e ,

15



b u t  t h e  c o m p a r i s o n  tvith t h e  e x p e r t ’ s  r u l e s  l o o k s  m u c h  l i k e  t h a t  s h o w n

in  Tab le  I.) E x p e r t  c h e m i s t s  h a v e  m a d e  s u g g e s t i o n s  f o r  i m p r o v e m e n t s ,

b u t  w e r e  g e n e r a l l y  i n  a g r e e m e n t  w i t h  t h e  p r o c e s s e s  s e l e c t e d  b y  t h e

prowam.

T h e  r u l e  f o r m a t i o n  p r o g r a m  w i t h  m o l e c u l e  s e l e c t i o n  h a s  b e e n  t e s t e d  o n

s e v e r a l  s e t s  o f  m o l e c u l e s . The  resu l ts  o f  runn ing  the  program on  a

set  of  15 estrogens (a s u b s e t  o f  t h e  4 7  m e n t i o n e d  a b o v e )  a r e  s h o w n

e I n  T a b l e  I . The program separated two of  the 15 compounds into a

s e c o n d  c l a s s  b e c a u s e  t h e y  w e r e  n o t  a s  w e l l  behaved as t h e  r e s t  - t h e y

L

w e r e  e x c e p t i o n s  t o  a b o u t  2Ot of t h e  c h a r a c t e r i s t i c  p r o c e s s e s . However,

the  chemis t  thought  the  separa t ion  was  reasonable . The processes

s e l e c t e d  b y  t h e  p r o g r a m  a r e  s h o w n  w i t h  indicatfons o f  t h e  d i s c r e p a n c i e s

b e t w e e n  t h e  p r o g r a m ’ s  c h o i c e s  anA the  chemis t ’s , The  d iscrepanc ies

L
L

I

i

m o s t l y  a r o s e  f r o m  t h e  p r o g r a m ’ s  a p p l y i n g  d i f f e r e n t  c r i t e r i a  t o  s e l e c t

o n e  p r o c e s s  f r o m  v i a b l e  a l t e r n a t i v e s . T a h l e  I I  s h o w s  t h e  s u c c e s s  o f

the  molecu le  separa t ion  par t  o f  the  program when ru le  format ion  was

I
1

Rone on data from 19 non-homogeneous est rogenic  s tero ids . The major

1

s u b c l a s s  o f  c h e m i c a l  i n t e r e s t  i s  t h e  s e t  o f  5  equilenins w h i c h  a r e

ident i f ied  b y  c o m m o n  m o d i f i c a t i o n s  t o  t h e  s k e l e t o n  s h o w n  i n  F i g u r e  3 .

T h e  s t r u c t u r a l  p r o p e r t i e s  w e r e  n o t  u s e d  b y  t h e  p r o g r a m  a l t h o u g h  t h e

L
c h e m i s t  did c l a s s i f y  t h e  compoun&  b y  s u c h  f e a t u r e s . Ry s e l e c t i n g

w e l l - b e h a v e d  s u b c l a s s e s  o f  m o l e c u l e s  t h e  p r o g r a m  g r o u p e d  f o u r  o r  f i v e
L

“equ I 1 en 1-n s” ( m o l e c u l e s  #4, 8 ,  10, 19) a n d  a l l  t h r e e  “ 3 - a c e t a t e s ”

L (t3, 1 1 ,  18) i n  t h e  f i r s t  s u b c l a s s .  T h e  f i f t h  e q u f l e n i n  (#2) w a s

removed f rom tha t  subc lass  on  the  las t  re f inement  because  i t  was  an

-.
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exceptfon to 3 of  9 characteristic p r o c e s s e s  used t o  d e t e r m i n e  t h e

subclass.

4

L’

I,

I n  t h e  thtrrf Iteratfon s h o w n  I n  T a b l e  I I , the program grouped three

o f  t h e  chemtst’s  f o u r  “3-hentoates” t o g e t h e r  ( m o l e c u l e s  U2, 1 3 ,  l b ) .

I n  t h e  f o u r t h  Iteration tt grouped t o g e t h e r  t h e  chemkt’s  t w o

Wacetates”  and one “trtacetate” ( m o l e c u l e s  #9, 1 5 ,  16). T w o  I t e r a t i o n s

p r o d u c e d  s u b c l a s s e s  with only two members - when put together they

e n c o m p a s s  t w o  “17-acetates” Vl, 171, one  “17-hentoatc”,  a n d  o n e

“gammit-lactone”  (t5). T h e  t w o  m o l e c u l e s  remaMng u n c l a s s i f i e d  a t

t h e  e n d  o f  t h e  p r o c e d u r e  w e r e  t h e  l a s t  “equilenfn” ( m o l e c u l e  #2) a n d

t h e  l a s t “3-henroate’* W6).

i
t

t

1
1

i

c

L

Building a n  f n f o r m a t f o n  processlnff  m o d e l  o f  scfentfffc  reasoning  tn

mass spcct remet  ry, a l t h o u g h  n o t  c o m p l e t e d ,  h a s  a l  ready  l ed  t o

fnterest tnff a n d  u s e f u l  r e s u l t s . T h e  model  Incorpora tes  heuristtc

s e a r c h  In p r o c e s s  s e l e c t i o n . The procedure for  se1 ect fnP: mol ecu1 es

c a n  h e  thought of a s  a plannInE p r o c e d u r e  I n s o f a r  as It r e d u c e s  t h e

prohlem of  formulating r u l e s  f o r  a c l a s s  o f  d i v e r s e  m o l e c u l e s  t o  a

number  o f  smal le r  subprob lems,  VIZ., f o r m u l a t i n g  r u l e s  f o r  smal let-

c l a s s e s  o f  we1 I-behaved m o l e c u l e s . However, t h e  m o l e c u l e  selectfon

p r o c e d u r e  1s htEhly d e p e n d e n t  o n  p r o c e s s  selectTon, as described I n

detail,



L

T h e  incompleteness  o f  t h e  p r o g r a m  a s  a  m o d e l  o f  t h e  entire r u l e

f o r m a t  Ion  procedure  should  be  read1 1 y  apparent . We have not

descrlhed a n y t h i n g  t h a t  approximates  confrontatfon o f  r u l e s  with n e w

d a t a ,  f o r  e x a m p l e . Sut a s  t h e  r e s u l t s  s e c t i o n  tndtcates, t h e  p r o g r a m

can separa te  subc lasses  o f  we1 l -behaved molecu les  and can  f ind

characteristfc  processes  for  the  subc lasses  wi th  enough accuracy  (on

a f e w  e x a m p l e s )  t o  xatn prellmtnary  a c c e p t a n c e  hy a n  e x p e r t  i n  t h e

fteld.

t

t-

I
L
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Figure 1. OVERALL FLOW OF RULE FORMATION PROGRAM

I NP(JT: L i s t  of M o l e c u l e  - D a t a  P a i r s
I
I

PROGRAM: I NTSUM  - Data  In te rpre ta t ion  and  Summary
I
I

999-9--99-“9-99-9-9-“999 >
I

L i s t  o f  M o l e c u l e s ,  M.

I
L i s t  o f  R e l e v a n t  bxzesses, RP, wtth

I
Summary  S ta t is t ics  fo r  Each  Process

I
I

I
I

PMM?AY:
I

Pule Forration+

I .
I

I
I

I
S e t  o f  Charactertstic P r o c e s s e s ,  P  (P<GRP).

I
C l a s s  o f  Well-Rehaved  M o l e c u l e s ,  S (S(c=M).

I
I

I
I

S U B T R A C T I O N  S T E P :
I

R e m o v e  a l l  M o l e c u l e s  i n  S

I
from M.

I
I

I
I

STOPPINr:  CC)NDITION:
I No

M conta ins  3  or  Fewer
M o l e c u l e s .

-99------999-- I
I Yes
I

STOP
O U T P U T  = All  S-P pa? rs f o u n d .

1 + D e t a i l s  i n  Figure 2.
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F i g u r e  2 .

c

L‘

L

L-

b

i

---> SUB-PROGRAM:  P r o c e s s  S e l e c t i o n  (us?nE t h e  n u l l  h v p o t h e s i s  t h a t
a l l  m o l e c u l e s  c a n  h e  c h a r a c t e r i z e d  b y  t h e  s a m e  s e t
o f  p rocesses)

I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Set  o f  p rocesses , P ,  t h a t  a r e  c h a r a c t e r i s t i c  o f
M ’  (PcRP)

I
I

SUB-PROGRAM:  M o l e c u l e  Selectton
I
I

Suhcl ass of Mol ecu1 es, S ,  s e l e c t e d  f r o m  M s u c h  t h a t
e v e r y  m o l e c u l e  i n  S  i s  well-behaved w i t h  r e s p e c t  t o
the  processes  in  P

I
I

Increment Refinement Level
I
I

T e s t  f o r  S t o p p i n g  Cord? t i o n s :
1. S f FA’, or
2. R e f i n e m e n t  l e v e l  = 7, or YFS STOP.
3 . F e w e r  t h a n  3  m o l e c u l e s  i n  S -------4 OUTPUT  = S,P

I
1 h’Q
I
I

- - - -  SURCLASS  QEF I  NEMENT: Qeset  M’ to S (M’ = S).

DETAILS OF INTERACTION BETWEEN PROCESS SFLECTION  AND
MOLECULE SELECTION IN THE RULE FORMATION PROGRAM

I N I T I A L I Z E : R e f i n e m e n t  L e v e l  = 0
M - Ortgtnal c l a s s  o f  m o l e c u l e s .
M’ - M.
RP = R e l e v a n t  p r o c e s s e s  ( f r o m  INTSUM) i n c l u d i n g

e v i d e n c e  a n d  s t a t i s t i c s  f o r  t h e  p r o c e s s e s .
I
I

I NPUT: M ’ ,  RP
I
I
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-TABLE I.
PROCESSES SEYLECTED FOR 15 ESTROGENS

BELIEVED To BE IN ONEWE3.GBEHAVED  CLASS

% OF ALL DATA
POINTS EXPLAINEDPROCESS LABEL'

1. BRKO

PICTORIAL DESCRIFl'ION

22%

QP‘I

-@‘I
2. BRK2L/19L

(preferred over
BRK7L and BRJQL/18L)

14%
L

3. BRK6L or BRK2L/lZ 11%

4. BRKlOL 8%

c 5. BRKl4L or BRICLX

6. BRKl7L

6%

i
L

5 %

4%

3%

7. BRK2L/lOL
Tpreferred over
=8L)1

i
8. BRKLL

9. BRKSL or BRKl3L 2%

10. BRKlOL/lSH  or BRE5H/20L
or BR.K4H/lgL 2%

c

L

l The underlined prxesses are those selected  by an expert chemist on the basis of data from 47 well-behaved
estrogens, including these 15.

c
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e

PRocEss LABEL*

11. BRKllL

l** 's over

13. BRCwlOL

14. B&5H/12L

15. BRKl2L/15H or
~zm2L/14H

TABLE 1,Page 2

PICTORIAL DESCRIPTION
% OF ALL DATA
POI?U!SEXPLATNED

2%

2%

2%

1%

1%

TOTAL PERCENT  OF DATA EXPLAINED 04%

* The underlined processes are those selected  by an expert chemist on the basis of data from 47 well-behaved
estrogens, including these 15.

c



TABLE I I
SUMMARY OF STEPS IN TVE RULE FORMATION

PROCEDURE WITH 19 ESTROGENIC  STEROlfX

a-“--

ITFRATION Sl
Initfal S e t :

Fbst R e f i n e m e n t :

Second Refinement: (2,3,4,8,10,11,18,19)------->

Third  Refhement:
- Subc lass  1

--“-a

ITERATION #2
lnftlal S e t

(- ~uhclass 1)

.

Th i t-d Refinement
- S u b c l a s s  2

Mol ecu1 es

(1,2,3 ,..., 19)

/

(2,3,4,5,8,10,11,19) - * - m - w - >

/

(3,4,8,10,11,18,19)

(1,2,5,&7,9,12,13,
14,15,16,17)

(5,171

Processes

RRKO
BRKlO L
SRKllL
BRK21)L
R??K2L/lSL
RPKSUB3L/fL
RRKSUB3L/l2L

RRKO
BRKlOL
RRKllL
RRKIZOL
ITRKOI)C3*lL
BRKSUR3L/2L
BRKSUR3L/23L
RRKSUBl8L/llL

RRKO
RRKlOL
RRKllt
RRK20L
RRKOC3*lLIllL
RRKOOC3*lL
RRKSUR3LI2L
BRKSURl8L/llL
R9KSUB3L/23L

m-----m> RRKO

SRKlGL
RRK2L/19L
BRKSWB3L/3L

-m---c> RRKfj

RRK2L/19L
RRK’X3*lL/8L
RRKOC3*lL/l7L
BPKOOC17+1L



ITERATION S3
0
.

T h i r d  Refinement
= S u b c l a s s  3

(11,12,13,14)

--m-w

ITERATION #4
.
.

L
La& R e f i n e m e n t :

= S u b c l a s s  4
t9,15,16)

c

.
-m--m

ITERATION is

t .
.

L
La& R e f i n e m e n t :

- S u b c l a s s  5
(1,7)

c,
i

1

-------> BRKO
RRKRT3+1H
RRKRTf*lL/3L
SRKSUR3L/3L

-----a-
>

-*w---m
>

RRKO
RQKOOC3*1L
BRKOOC3+lL/6L
BRKOOC3*lL/7L
BRKOOC3*11/8L
FwKO~C3*1L/16L
BRKOOC3*1L/l7L
BRKOOClf*lL

BPKO
BRK6L
RRK7L
BRK8L
RRKlOL
RQKllL
RPKl4L
BRKlSL
BRKl6L
BRKl7L
SRK2L/l7L
BRK2L/lSL
BRKOOClt*lL
BRKSUBl7L
BRKSUBl7L/lL

----II

UNCLASS  Ii I ET,  M O L E C U L E S (2,6)
L

26


