
U
ni

ve
rs

itä
t K

ai
se

rs
la

ut
er

n

D
-6

75
0 

K
ai

se
rs

la
ut

er
n 

1,
 W

. G
er

m
an

y

F
ac

hb
er

ei
ch

 In
fo

rm
at

ik

P
os

tf
ac

h 
30

49
S

E
M-

 W
or

ki
ng

 P
ap

er

FE
=

BL)

!
A il

Frame and Heir: Clausal Frames
and Multiple Inheritance in

'LISPLOG

Harold Boley
SEKI Working Paper SWP-87-09

U
ni

ve
rs

itä
t K

ai
se

rs
la

ut
er

n

D
-6

75
0 

K
ai

se
rs

la
ut

er
n 

1,
 W

. G
er

m
an

y

F
ac

hb
er

ei
ch

 In
fo

rm
at

ik

P
os

tf
ac

h 3
04

9

FE
= a

Frame and Heir: Clausal Frames
and Multiple Inheritance in

LISPLOG

Harold Boley
SEKI Working Paper SWP-87-09SE

M
 -W

or
ki

ng
 P

ap
er





v
a

a 
AT

Y
W

e
 

M
a

 
W

g 
W

y  
W

y  
W

y,
 

“e
y 

W
a

 
W

e
 

W
g

 
w

g
 

‘w
y

B
y  

W
e 

M
y  

M
y  

W
eg

 
5 

W
y 

N
g

 
W

y  
w

y
M

g
 

W
a

 
W

g
 

w
g

 
w

y 
W

y 
W

y 
W

g
 

N
g

 
W

y 
M

y 
W

y 
W

g
 

W
y 

M
y 

W
g

 
W

g
 

W
g

 
W

y 
M

g
 

W
g

W
e 

W
g 

W
y 

W
a

 
M

ap
 

W
e

 
3

5
 

W
g

 
W

y 
W

g

FRAME AND HEIR: CLAUSAL FRAMES AND MULTIPLE INHERITANCE IN LISPLOG

Harold Boley, FB Informatik, Univ. 675 Kaiserslautern, Box 3049, W. Germany

SEKI Working Paper SWP-87-09, November 1987

Abstract: Two related extensions of LISPLOG are given. The f i rs t  i s  a
frame-to-clause translator permitt ing 'var iable- length s l o t s ’
and 'goa l  a t tachment ' ,  where the c lauses generated from a
frame can be freely mixed with other c lauses. The second i s  an
ako-slot interpreter proving a goal by recursively inher i t ing
information from i ts  ob jec t ' s  superobjects, for mult iple ako
l inks employing L ISPLOG's  bu i l t - in  depth-f irst search.

In  two previous pages ' forward extensions'  o f  L ISPLOG's bas ic  backward
machinery were presented [Boley 1987b 1987c ] .  Here we complement these
'productions' by another knowledge-representation formalism, a version of
' f r ames ' . ,  Taken together, these LISPLOG extensions can be regarded as the
kernel o f  a simple 'expert-system she l l ’ ,  LLshLL.0 (LispLog shelLL no. 0) ,
based primarily on the PROLOG part of |our functional/logical language.

The ' frames extensions' considered here consist  o f  a translator, frame,
and an interpreter, he i r :
* frame generates a set o f  clauses from a frame description of  an ob jec t ,
wi th attr ibutes of  s lots becoming predicates ( re la t ions)  of  conclusions,
and the object becoming copied into their  f i rs t  argument pos i t ion :
* he i r  proves an arbitrary goal by f i r s t  t ry ing i t  as an ordinary LISPLOG
goal ,  and then t ry ing to  f ind  an ako l i n k  from i t s  f i r s t  argument to  any
superobject and continuing recurs ively w i t h  a new goal that employs t h i s
superobject as a substi tute for i t s  f i rs t  argument.
The frame and hei r  parts can be used i n  iso lat ion as we l l  as together.

Appendix I I I  shows some facts and rules i n  the notat ion of  LISPLOG's usual
clausal s ty le;  appendix IV augments these by some frames i n  the sty le of
the frame extension. Both can beconsul ted into the same database because
the clauses asserted via frame ca l ls  merge naturally with c lauses asserted
direct ly.  For example, the binary s i ze  relat ion created by the direct ly
asserted fact ( s i ze  canary smal l)  i n  appendix I I I  can be augmented by the
frame-generated fact ( s i ze  mouse small)  i n  appendix IV .  Thus, frame may be
regarded as a kind of  ass usable for groups o f  c lauses involving the same
object as the i r  f i rst  argument. Once asserted, the querying of  a l l  kinds
of  clauses i s  done i n  the uniform notation of  LISPLOG goals .  For example,
while i t  i s  unusual for frames to  keep a s l o t ' s  attribute and value f ixed
and asking for a l l  objects characterized by i t ,  after our t ranslat ion a
query such as ( s i ze  _obj smal l )  binds ob j  to  canary and then to  mouse,
without any di f f icul ty.  Let us remark here.  that our t rans la tor  takes an
'ob jec t - cen te red '  representat ion ( f rames) t o  produce a ' non -cen te red '  one
(c l auses ) ,  f rom wh ich  LISPLOG.Z2 immedia te ly  produces a ' r e l a t i on -cen te red ’
rep reson ta t lon ('PROTOG p rocedures ’  as shown, e .q . ,  by the l i s t i ng  command
through the group ing of c lauses  around p red i ca tes ) ;  the I nve rse  d i rec t ion
of  t ranslat ion (we might ca l l  i t  a ' f rame decomp i l e r ’ )  may a lso  be use fu l ,
but would have to  perform a partial mapping from the subset o f  c lauses or
relat ions producible by frame (e .g .  excluding most kinds o f  r u l es ) .

Whi le s lots o f  frames normally correspond to  binary re lat ions,  we al low
them to  correspond to ,  and translate into,  relat ions o f  arbitrary arities,
exploiting LISPLOG's " . " -no ta t i on  for variable-length terms; for example,
the goal (color b i rd . _which) succeeds with _which=(blue green ye l l ow ) .
[The animal taxonomy in  appendices I I I  and IV employs relat ions of  ar i ty
greater than 2 for enumerating some default values of  attr ibutes l ike
color,  but we can also employ, say, a ternary se l l  relat ion i n  the more
logical manner, as i n  the mini frame (frame mary ( se l l  auto j ohn ) ) . ]
I n  part icular,  s lo ts  consist ing only o f  an attribute without any value
translate to  unary re la t ions ;  for example, (frame cat . . .  (c lever)  . . . )
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FRAME AND HEIR: CLAUSAL FRAMES AND MULTIPLE INHERITANCE IN LISPLOG

Harold Boley, FB Informatik, Univ. 675 Kaiserslautern, Box 3049, W. Germany

SEKI Working Paper SWP-87-09, November 1987

Abstract: Two related extensions o f  LISPLOG are g iven.  The f i rs t  i s  a
frame-to-clause translator permitting 'var iable- length s l o t s ’
and 'goa l  a t tachment ' ,  where the c lauses generated from a
frame can be freely mixed with other c lauses.  The second i s  an
ako-slot interpreter proving a goal by recursively inheri t ing
information from i ts  ob ject 's  superobjects, for mult iple ako
l inks employing LISPLOG'S bu i l t - in  depth-f irst search.

In  two previous pages 'forward extensions'  o f  L ISPLOG's basic backward
machinery were presented [Boley 1987b 1987c ] .  Here we complement these
'productions' by another knowledge-representation formalism, a version of
' f r ames ' .  Taken together, these LISPLOG extensions can be regarded as the
kernel o f  a simple 'expert-system she l l ’ ,  LLShLL.0 (LispLog sheLL no. 0) ,
based primarily on the PROLOG part of |our functional/logical language.

The ' frames extensions' considered here consist o f  a translator, frame,
and an interpreter, he i r :
* frame generates a set o f  clauses from a frame description of  an object,
wi th attr ibutes o f  s lots becoming predicates ( re lat ions)  of  conc lus ions,
and the object becoming copied into their  f i rs t  argument pos i t ion ;
* he i r  proves an arbitrary goal by f i rs t  t ry ing i t  as an ordinary LISPLOG
goal ,  and then t ry ing to  f ind  an ako l i n k  from i t s  f i r s t  argument to  any
superobject and continuing recursively w i th  a new goal that employs t h i s
superobject as a substitute for i t s  f i rs t  argument.
The frame and heir  parts can be used i n  isolat ion as wel l  as together.

Appendix I I I  shows some facts and rules i n  the notation of  LISPLOG's usual
clausal s ty le ;  appendix IV  augments these by some frames i n  the sty le of
the frame extension. Both can beconsulted into the same database because
the clauses asserted via frame cal ls  merge naturally with c lauses asserted
direct ly.  For example, the binary s i ze  relat ion created by the direct ly
asserted fact ( s i ze  canary smal l)  i n  appendix I I I  can be augmented by the
frame-generated fact ( s i ze  mouse small)  i n  appendix IV .  Thus, frame may be
regarded as a kind o f  ass usable for groups o f  c lauses involving the same
object as their  f i rst  argument. Once asserted, the querying of  a l l  kinds
of  clauses i s  done i n  the uniform notation o f  LISPLOG goals .  For example,
whi le i t  i s  unusual for frames to  keep a s l o t ' s  attribute and value f ixed
and asking for a l l  objects characterized by i t ,  after our t ranslat ion a
query such as ( s i ze  ob j  smal l)  binds ob j  to  canary and then to  mouse,
without any di f f icul ty.  Let us remark here that our t rans la tor  takes an
'ob jec t -cen te red '  representat ion ( f rames) to  produce a ' non -cen te red '  one
(c l auses ) ,  f rom wh ich  LISPLOG.2 immedia te ly  produces a ' r e l a t i on -cen te red ’
rep reson ta t lon ("PROLOG p rocedures !  as shown, e .q . ,  by the l l i a t i ng  command
through the group ing of c lauses  around p red i ca tes ) ;  the I nve rse  d i r ec t i on
of  t ranslat ion (we might ca l l  i t  a ' f rame decomp i le r ' )  may a lso  be useful,
but would have to perform a partial mapping from the subset of clauses or
relat ions producible by frame (e .g .  excluding most kinds o f  rules).

Whi le s lots o f  frames normally correspond to  binary relat ions, we al low
them to  correspond to ,  and translate into,  relations o f  arbitrary arities,
exploiting LISPLOG's " . " -notat ion for variable-length terms; for example,
the goal (color b i rd . _which) succeeds with which=(blue green ye l l ow ) .
[The animal taxonomy in  appendices I I I  and IV  employs relat ions of  ar i ty
greater than 2 for enumerating some default values o f  attr ibutes l ike
color,  but we can also employ, say, a ternary se l l  relation i n  the more
logical manner, as i n  the mini frame (frame mary ( se l l  auto j ohn ) ) . ]
I n  part icular,  s lo ts  consist ing only o f  an attribute without any value
translate to  unary re la t ions;  for example, (frame cat . . .  (c lever)  . . . )
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g becomes (ass (clever ca t ) ) ,  and can be queried by (c lever cat . Ww) with

_w=nil or  by (clever ca t ) .  The well-known binary i sa  or  ako relation of
semantic networks and frames, which we kept here (see be low) ,  may rea l l y
be an art i fact o f  the lack of  unary relations i n  these formal isms: One
might want t o  inheri t  t o  cat the properties of  clever beings as we l l  as
those reachable v ia  ako (mammal and pe t ) ,  or  indeed generally replace
(frame . . .  (ako supercbject) . . . )  by (frame . . .  (superobject)  . . . )  and
use a l l  unary s l o t s ,  ( supe rob jec t ) ,  for inher i tance.  I n  any case,  the
poss ib i l i t y  o f  'var iable- length s l o t s '  i n  frames appears to  be useful.
Another genera l i za t ion  that our frame concept i nhe r i t s  s imply  from i t s
implementat ion i n  a log ica l  programming language i s  the pe rm iss i on  of
non-ground s lo t  va l ues ,  i n  par t icu lar  va r iab les .  I n  the t ransformat ion
of an ob) frame ( f rame ob j  . . .  (a t t r  va l l  va l?  . . .  va lN)  . . . )  i n t o  a
sequence o f  ob j  c l auses ,  . . .  (ass  (a t t r  ob j  va l l  va l2  . . .  va lN ) )  . . . ,
each va l l  can e i ther  be ground or non-ground, whereas ob j  i s  normal ly
ground ( i f  a frame descr ibes a f ixed ob jec t )  and attr must always be
even a LISP atom ( in  LISPLOG.2 atoms are used for relation indexing).
A simple example i s  the last  s lot  o f  the mammal frame i n appendix IV,
which translates to the clause (ass (eat mammal _x -0 ) ) .  [Of course, i t s
interpretat ion, "mammals eat everything”, would be overly general for
a b io log is t ,  and i t  i s  even more c lear that indiscriminate inher i tance
of  such 'a lmost-universal '  facts v ia ako l inks need not always lead to
sat is factory r esu l t s . )

Our frames include a concept of  procedural attachment more accurately
ca l led  'goa l  a t tachment ' :  The dummy s lo t  value "@" marks a 'p rocedure '

(a l i s t  o f  goals)  for computing the actual s lot  value,  us ing  "@" as a
dist inguished resul t  var iab le .  More prec ise ly ,  a s lo t  o f  the form
(a t t r  @ . . . (pred . . .  @ . . . )  . . . )  can be l og i ca l l y  in te rp re ted  as
(a t t r  ( eps i l on  (v) . . . & (p red  . . .  v . . . )  & . . . ) ) ,  where a ve rs i on
of H i l be r t ' s  eps i l on  operator  1s used to  denote one of  the ob jec t s  v
for which the pred goal conjunct ion ho lds .  For example, the l as t  s l o t  of
the mouse frame i n  appendix IV (w i th  two "@" -goa l s )  can be in terpreted as
( f l ee  (eps i l on  (v)  ( s i ze  v medium) & (ako v an ima l ) ) ) .  Our t rans la tor
generates a LISPLOG rule for each such s lo t ,  i n  the example leading to
(ass  ( f l ee  mouse v -10 )  ( s i ze  v -10  medium) (ako _v-10 an ima l ) ) .  (The
variable v becomes renamed t o v-10 through the dynamic ass execution
on 'deduct ion l eve l '  10 . ]  Obviously, th is  attachment concept rea l i zes
only "if-needed procedures", which directly map into rules evaluated by
the backward mé&chanism of LISPLOG. Our forward extensions cited above
could be used for rea l iz ing "if-added procedures”,  even though these
would a lso suggest the introduction o f  a c lass/ instance d is t inct ion not
u t i l i zed  i n  the current frame concept.

The ako ("a kind o f " )  relat ion can be employed l i ke  any other relat ion
(as i n  the second goal above) ,  but i t  i s  dist inguished by i t s  specia l  use
ins ide  the inher i tance interpreter he i r :  I f  the goal (_attr ob j  . va l s ) ,
given to  he i r ,  f a i l s  as an ordinary LISPLOG goal ,  he i r  enumerates the ako
superconcepts,  _sup, o f  i t s  f i r s t  argument, ob j ,  and then ca l l s  i t se l f
for (attr sup . va l s ) ,  i n  the PROLOG-usual depth-first fashion.  For
example, the heir- less goal ( inhabit canary house) c lear ly  fa i l s  s ince
no inhabit re lat ion can be deduced for canary i n  the ordinary LISPLOG
manner; however, ca l l ing the heir  interpreter wi th th is  same goal ,  i . e .
(he i r  ( inhabit  canary house ) ) ,  succeeds via (he i r  ( inhabit pet house ) } ,
exploit ing the ' so r t  information’ (ako canary pe t ) .  The user  has the
responsibi l i ty for ordering multiple ako facts i n  an 'op t ima l '  fashion
( j us t  as for ordering any other c l auses ) .  So i n  the previous example we
had to pay for ordering the pet superconcept after the bird superconcept,
because th is caused the depth-first strategy to unnecessari ly explore the
bird hierarchy for non-existent inhabit information. Note that the ako
l i nks  form 'subtype h ie ra rch ies ' ,  used by heir  to  replace objects  by their
superobijects wi th in  goa ls .  These same hierarchies could a l so  be used by
many object- level rules ( instead o f  one heir  interpreter) that exp l ic i t l y
prove ako goals over logical  var iables,  as exemplif ied i n  appendix I I I  by
the ru le (ass ( inhabit x house) (ako x human))  as opposed to  the fact
(ass ( inhabit human house ) ) ;  however, while th is  i s  suff icient for s imple
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g becomes (ass (clever ca t ) ) ,  and can be queried by (clever cat . w )  with

_w=nil or  by (clever ca t ) .  The well-known binary i sa  or  ako relation of
semantic networks and frames, which we kept here (see be low) ,  may rea l ly
be an arti fact o f  the lack o f  unary relations in  these formalisms: One
might want to  inherit to  cat the properties o f  clever beings as wel l  as
those reachable v ia  ako (mammal and pe t ) ,  or  indeed generally replace
(frame . . .  (ako supercbject) . . . )  by (frame . . .  (superobject) . . . )  and
use a l l  unary s l o t s ,  (superob jec t ) ,  for inher i tance. I n  any case,  the
poss ib i l i ty  o f  'variable-length s l o t s '  i n  frames appears to  be use fu l .
Another genera l izat ion that our frame concept i nher i t s  s imply from i t s
implementat ion i n  a log ica l  programming language i s  the pe rm iss ion  of
non-ground s lo t  va lues ,  i n  part icular var iab les .  I n  the t ransformat ion
of an ob) frame ( f rame ob j  . . .  (a t t r  va l l  va l2  . . .  va lN)  . . . )  i n t o  a
sequence o f  ob j  c lauses ,  . . .  (ass (attr  obj  va l l  val2 . . .  va lN ) )  . . . ,
each va l l  can e i ther  be ground or  non-ground, whereas obj  i s  normally
ground ( i f  a frame describes a f ixed ob jec t )  and attr must always be
even a LISP atom ( in  LISPLOG.2 atoms are used for relation index ing) .
A simple example i s  the last slot o f  the mammal frame i n appendix IV,
which translates to the clause (ass (eat mammal _x -0 ) ) .  [Of course, i t s
interpretat ion, "mammals eat everything”, would be overly general for
a b io log is t ,  and i t  i s  even more clear that indiscriminate inheri tance
of  such 'almost-universal '  facts v ia ako l inks need not always lead to
satisfactory r esu l t s . ]

Our frames include a concept o f  procedural attachment more accurately
ca l led 'goal  a t tachment ' :  The dummy s lot  value "@" marks a 'procedure!

(a l is t  o f  goals)  for computing the actual slot value, us ing "@" as a
dist inguished result  var iable.  More precisely,  a s lot  o f  the form
(a t t r  @ . . . (pred . . .  @ . . . )  . . . )  can be l og i ca l l y  in terpre ted as
(a t t r  ( eps i l on  (v) . . . & (pred . . .  v . . . )  & . . . ) ) ,  where a ve rs ion
of H i l be r t ' s  eps i l on  operator 1s used to  denote one of  the ob jec t s  v
for which the pred goal conjunct ion holds.  For example, the l as t  s l o t  of
the mouse frame i n  appendix IV (w i th  two "@" -goa l s )  can be interpreted as
( f l ee  (eps i l on  (v)  ( s i ze  v medium) & (ako v an ima l ) ) ) .  Our  t ranslator
generates a LISPLOG rule for each such s lot ,  i n  the example leading to
(ass  ( f lee  mouse v -10 )  ( s i ze  v -10  medium) (ako _v-10 an ima l ) ) .  [The
variable v becomes renamed t o v-10 through the dynamic ass execution
on 'deduction leve l '  10 . ]  Obviously, th is attachment concept rea l izes
only "if-needed procedures”, which directly map into rules evaluated by
the backward mé&chanism of LISPLOG. Our forward extensions cited above
could be used for real iz ing "if-added procedures”, even though these
would also suggest the introduction o f  a class/ instance dist inct ion not
u t i l i zed  i n  the current frame concept.

The ako ("a kind o f " )  relation can be employed l i ke  any other relat ion
(as i n  the second goal above) ,  but i t  i s  dist inguished by i t s  special  use
ins ide the inheritance interpreter he i r :  I f  the goal (_attr _obj . _va l s ) ,
given to  he i r ,  f a i l s  as an ordinary LISPLOG goal ,  he i r  enumerates the ako
superconcepts, _sup, o f  i t s  f i r s t  argument, ob j ,  and then ca l l s  i t se l f
for (_attr sup . va l s ) ,  i n  the PROLOG-usual depth-first fashion.  For
example, the heir-less goal (inhabit canary house) clearly fa i ls  since
no inhabit relation can be deduced for canary i n  the ordinary LISPLOG
manner; however, cal l ing the heir interpreter with this same goal, i . e .
(he i r  ( inhabit canary house)) ,  succeeds via (hei r  (inhabit pet house)),
exploit ing the 'sor t  information' (ako canary pe t ) .  The user has the
responsibil ity for ordering multiple ako facts in  an 'opt imal '  fashion
( j us t  as for ordering any other c l auses ) .  So i n  the previous example we
had to  pay for ordering the pet superconcept after the bird superconcept,
because th is  caused the depth-first strategy to  unnecessarily explore the
bird hierarchy for non-existent inhabit information. Note that the ako
l inks form 'subtype hierarchies ' ,  used by heir to replace objects by their
superobjects within goa ls .  These same hierarchies could a l so  be used by
many object- level rules (instead o f  one heir interpreter) that exp l ic i t ly
prove ako goals over logical variables, as exemplif ied in  appendix I I I  by
the rule (ass (inhabit x house) (ako x human))  as opposed to  the fact
(ass (inhabit human house)) ;  however, while this i s  sufficient for simple
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goals like (inhabit chi ld house ) ,  for multi-level hierarchies i t  would
require an expl ici t  formulation o f  the transitivity o f  the ako relat ion,
a potential source o f  non-termination i f  done naively.

Perhaps the main advantage of  inheritance systems l ike hei r  i s  the economy
permitted by storing general information with the highest superconcept to
which i t  applies and s t i l l  al lowing exceptional information to  be stored
for certain subconcepts. A well-known example i s  the slot  ( inhabit land)
stored with the mammal frame and the s lo t  ( inhablt sea) stored for the
whale frame i n  appendix IV :  Requests l i ke  (heir  ( inhabit  mouse _what ) )
and (heir (inhabit cat wha t ) )  bind what  to  land via mammal inheritance,
and (heir (inhabit whale _what))  binds _what to  sea directly [as usual,
the whale request w i l l  also mammal-inherit _what=land i f  pressed for a
'second answer '  via LISPLOG'S more command].

Of course, ako l inks need not stem from frames but can be directly input
as facts; however, the usual convention 1s to  introduce ako l inks as the
f i rs t  s lots o f  every frame.
Another optional interaction between frame and heir  i s  the use of  heir
ca l ls  i n  one or  more goals of  a s l o t ' s  goal attachment. For example, our
previous goal attachment could not be queried l i ke  the expl ic i t  mouse s lo t
( f l ee  ca t )  because (ako @ animal)  w i l l  not succeed fo r  ca t ;  on the other
hand, the cat s l o t  (chase @ (he i r  ( s i ze  @ sma l l ) )  (he i r  (ako @ an ima l ) ) )
i s  queryable l i ke  (chase mouse) because (he i r  ( s i ze  @ sma l l ) )  succeeds
( t r i v ia l ly )  for mouse and (he i r  (ako @ an ima l ) )  succeeds (non-t r iv ia l ly)
for the same object by going up one step to  i t s  mammal superobiject.

The reader may consult appendices I and I I  for complete detai ls o f  the
frame and hei r  implementations. I t  should be noted that the second c lause
of  frame employs L ISPLOG's  i s  primitive to  cal l  FRANZ L ISP ' s  function
subst to  replace "@" by "v "  on a l l  levels  of  a rule generated by goal
attachment. The extra de f macro defini t ion of  frame serves only t o  permit
frame to  operate a lso  (as a LISP function ca l l )  during consult commands,
i . e .  to  al low reading i n  frames from f i l e s .  For instance, the reader i s
encouraged to  consult th is  f i l e  into LISPLOG, perform a l i s t i ng  of  the
clauses read into the database, compare the frame-generated clauses with
the frames i n  appendix IV, query them with examples as given i n  the body
o f  th i s  paper (perhaps tracing the computations using spy ) ,  and adding
other frames interact ively.
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; Appendix I :  The frame-to-clause translator

(ass (frame _ob j ) )
(ass (frame ob j  (_attr _mark . _goals) . _slots)

(eq mark @) |

( l s  “assert (subst _v @ ( l i s t  ( attr _obj @) . _goals)))
(ass . _assert)
(frame _ob) . _slots))

(ass (frame _obj ( attr . _vals) . _slots)
(or  (nu l l  _vals) (neq (car _vals)  @))
(ass (_attr _ob j . _va l s ) )
(frame ob j . slots)

(def frame (macro (frm) ( l i s t  'n-so lut ions ( i s t  "quote frm) 1 ) ) )
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goals like (inhabit chi ld house ) ,  for multi-level hierarchies i t  would
require an explicit  formulation o f  the transitivity o f  the ako relation,
a potential source o f  non-termination i f  done naively.

Perhaps the main advantage of  inheritance systems l ike heir i s  the economy
permitted by storing general information with the highest superconcept to
which i t  applies and s t i l l  al lowing exceptional information to  be stored
for certain subconcepts. A well-known example i s  the slot  ( inhabit land)
stored with the mammal frame and the s lot  (inhabit sea) stored for the
whale frame i n  appendix IV:  Requests l i ke  (heir  ( inhabit mouse _wha t ) )
and (heir (inhabit cat wha t ) )  bind what  to  land via mammal inheritance,
and (heir (inhabit whale _what)) binds _what to  sea directly [as usual ,
the whale request wi l l  also mammal-inherit _what=land i f  pressed for a
"second answer'  via LISPLOG's  more command].

Of course, ako l inks need not stem from frames but can be directly input
as facts; however, the usual convention i s  to  introduce ako l inks as the
f i rs t  s lots o f  every frame.
Another optional interaction between frame and heir  i s  the use of  heir
ca l ls  i n  one or  more goals o f  a s l o t ' s  goal attachment. For example, our
previous goal attachment could not be queried l i ke  the expl ic i t  mouse s lo t
( f l ee  ca t )  because (ako @ animal)  w i l l  not succeed for  ca t ;  on the other
hand, the cat s lo t  (chase @ (he i r  ( s i ze  @ sma l l ) )  ( he i r  (ako @ an ima l ) ) )
i s  queryable l i ke  (chase mouse) because (he i r  ( s i ze  @ sma l l ) )  succeeds
( t r iv ia l ly )  for mouse and (hei r  (ako @ an ima l ) )  succeeds (non-t r iv ia l ly)
for the same object by going up one step to  i t s  mammal superocbject.

The reader may consult appendices I and I I  for complete details o f  the
frame and heir  implementations. I t  should be noted that the second c lause
of  frame employs LISPLOG'S i s  primitive to  cal l  FRANZ L ISP ' s  function
subst to  replace "@" by "v "  on a l l  levels o f  a rule generated by goal
attachment. The extra de f macro definit ion o f  frame serves only to  permit
frame to  operate a lso  (as a LISP function ca l l )  during consult commands,
i . e .  to  al low reading i n  frames from f i l e s .  For instance, the reader i s
encouraged to  consult th is  f i le  into LISPLOG, perform a l i s t ing  of  the
clauses read into the database, compare the frame-generated clauses with
the frames i n  appendix IV, query them with examples as given i n  the body
of th is  paper (perhaps tracing the computations using spy),  and adding
other frames interact ively.
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; Appendix I :  The frame-to-clause translator

(ass (frame _ob j ) )
(ass (frame ob j  (_attr _mark . goals) . _slots)

(eq mark @)
( l s  assert  (subst _v @ ( l i s t  (attr _obj @) . _goa l s ) ) )
(ass . _assert)
(frame _obj . _slots))

(ass (frame _obj ( attr . vals)  . _slots)
(or (nu l l  vals) (neq (car va ls )  @))
(ass (_attr _ob j . _va l s ) )
(frame ob j . _810t3))

(def frame (macro (frm) ( l i s t  'n-solut ions ( l i s t  'quote frm) 1 ) ) )
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; Appendix I I :  The ako-inheritance interpreter

(ass (helr  goal) goal)
(ass (heir (_ attr ob j  . _va ls ) )

(ako _obj sup)
(heir  (_attr sup . _va l s ) ) )

; Appendix I I I :  Some sample clauses

(ass (ako canary b i r d ) )
(ass (ako canary pe t ) )
(ass (ako budgerigar b i r d ) )
(ass (ako chi ld human))

(ass ( s i ze  canary sma l l ) )

(ass (sound canary warble) (happy canary))

(ass (can bird f l y ) )

(ass (color canary ye l l ow ) )
(ass (color bird blue green ye l l ow ) )

(ass (inhabit pet house ) )  |

(ass (inhabit _x house) (ako _x human))

; Appendix IV :  Some sample frames

(frame mouse
(ako mammal)
(S i ze  smal l )
(color  gray) |

( f lee @ ( s i ze  @ medium) (ako @ an ima l ) ) )

(frame cat
(ako mammal)
(ako pet)
( s i ze  medium)
(sound meow sp i t )
(c lever)
(co lor  b lack brown gray white) 

|

(chase @ (helr  ( s i ze  @ sma l l ) )  (heir  (ako @ an ima l ) ) )
( f l ee  dog) )

(frame whale
(ako mammal)
( inhabit  sea ) )

(frame mammal
(ako animal)
(inhabit land)
(suckle young)
(eat x ) )

; Appendix I I :  The ako-inheritance interpreter

(ass (heir  goal) goal)
(ass (heir (at t r  ob j  . _va ls ) )

(ako _obj _sup)
(heir (_ attr sup . _va l s ) ) )

; Appendix I I I :  Some sample clauses

(ass (ako canary b i r d ) )
(ass (ako canary pe t ) )
(ass (ako budgerigar b i r d ) )
(ass (ako child human))

(ass ( s i ze  canary sma l l ) )

(ass (sound canary warble) (happy canary))

(ass (can bird f l y ) )

(ass  (color  canary ye l l ow ) )
(ass (color b i rd blue green ye l l ow) )

(ass (inhabit pet house) )  |

(ass ( inhabit _x house) (ako _x human))

; Appendix IV :  Some sample frames

(frame mouse
(ako mammal)
( s i ze  smal l )
(color  gray)
( f lee @ ( s i ze  @ medium) (ako @ an ima l ) ) )

(frame cat
(ako mammal)
(ako pet)
( s i ze  medium)
(sound meow sp i t )
(c lever)
(co lor  b lack brown gray white) 

|

(chase @ (hei r  ( s i ze  @ sma l l ) )  (heir (ako @ an ima l ) ) )
( f lee  dog) )

(frame whale
(ako mammal)
( inhabit  sea ) )

(frame mammal
(ako animal)
(inhabit land)
(suckle young)
(eat _x ) )




