
F ORTH an d AR T 1F IC1AL I N T ELL I G E NC E

R ober t L a Qu a y

T hi s p a p e ! r i s me a n t . t o b e a b r i e f r e p o r t . o n w u r I : : i n
p r a g r e s s . I w i l l pr e s e n t o p i n i o n s a n d s a me c a d e . 1 h i s i s a
f irst. ward and far +ram< tl3e last word. Thus 1 must first
e rni t a d i »~cl ai m e r : I r e s e r y e t h e r i g h t t o c h a n g e my m i n d o n<
a r<y o f t h e s e o p i <> i . a n s a < Ad t D c a (A p l e ' t e l y r e wr i t e a n y a n d a l 1
c a<5e a L a n y t i me .

I I "<ave c u fn cc<»<lt<'a t e d (ny e f f u r t s t u d -<t e o n . e ; : t e n d i < '<g F O R I I-I
tu suppar t the c on s truc tion of I:::nawl edge Based E ,p ert

Sys t e m »; . I w a « ~ -f i r s t i (-< t r a d u c e d t .u t h i s s L< b j e c t . b y J a c l'c
Par lc a n d h a v e b r n e v i t ..Led c ) r e a t l y + o r rn a r< an g a i n g d i a l a g u e
w i t h h i m . J a c lc ' s wa r lc s h o u l d b e s t u d i e d f o r a n i (3t r o d u c t .i o <3
t a t h i s s u b j e <CL-. He w i 1 a l s a b <e a « <3»u urc e u f « ldvan c e d wa r F<
l <3 tt ' < l s a r e a •

I'Iy f i r s t . e i t c (- t . w as Lo i mp l e me n t . a t c <y 1 a n g u a g e wh i c h I
c a l l r»d X ( t l1e 1 a l <gL<age Df e Xp e ( t l s e ) I h<e i d e a s l ( ! X a l c
q ui t ' e F O<R I'Hl i l ce . An i n 't e r fn e rJ i a t e q u a l D + t h i s e ,e r c i s e i s
t o f i n d a mi n i ma l s e t . D f c a n c e p l: s t u i (np a r t i n t o F OR 1 ' H f ar
the s u p p a r t ak f3< r t i k i c i a l I f<tell iger!ce •

I b eg a n b y c a n <»i d e r i n g a >: : :nuw l e d g e Ba s e b u i l L u k F ACT s a n d
RULEs CJesc < l b 1 n q < e l a t l c 3 r<shl ps t )e t .w e e n F ACT s . 1 h e! t l ( s t .
versian a k X as s ign e d ta e ach F AC T a s ing le s tr i ng a nd a
n ame . A F A CT wa s a l s o r l <a r a c t e r i = e el b y c e r t a i n p r o p e r t i e s
t o w i t " . Tl -<e t r u t h v a l u e Dk a F A CT fna y b e F. -::I'JOI<JN or UNI ' ::I'JOWI'l.
I + I : ::IUQWN Lh e t r u t h v a l u e may b e T RLI E , F AL SE , a r F L)Z Z Y ( mo r e
a n FUZZY 1 a 'Ler ) . . J -Fc P '
D'fu t h e f i r s t v e r s i o n a t X wh i c h 1 e d me t o r e a l i = 'e t h a t .
F ACT c a n a l s a b <» I h R E L E V A N T ! , i n d e e d t h i ».- i s o k t.en t h e
c l as s t a w h i, c h ma s t . F AC' 3's b e l . Dn q .

RULEs t i . e F A C 1 s t oe)e t h e r i n 'Lc3< 1 ag i c a l s y s t e ms . A r u l e i n X

­ . Z Ler ) . . J ar Fc I a r « p r o v i d e d a v e r y u s e f L<1 c r t i c i ~ fA

t o a l : : t . h e 5 D r m :

p l ac e a s a l" '<y t u e <p
u u». RLII, F . I f I" A C T 1
1RRELEVAI'JT s i n c e t .h
F ACT. , i s a l r e a < J y 4
p hr a s e w a s F A CT i Or
hen the tru t.h value

Dt 1 u g 1 ca l e v a l « a t

I 4 F A C T 1 A n d F AC T " Or F A CT .' . . . . . F AC T L T h e r) F AC T ) I

where t h e l c3 g ic a l p r e c e d e n c e wa s e sta b l i s h e d b y s r a r< n i n g
'L'tie f :. lip<"'ess l D ( l ' f I" c3fn 1 c" f t ' La t l g l n t . »<<1d t t<e 1 Dg l c a l u p e l ' a t c3<
wer e i n% i > :, a c l -<u i c e w h i c l - < mad e I ' <ELE<jAI'ICE <eas y ' Lu e v a l L < a te .

T hi s i s a s g a u rJ
CD<'1sl cie l " ' Lhe p l <::v l

v=;<1 ue o f F A CT ' " i s
phr«ase , F A C'T 1 A n d
Si rni 1,":<r 1 y, i f t h e
b <»i ng I : ::NGWN TRUE t
ef 5 eat. t t n r* outcome

1 ai. n R E L E V A N C E .

r= 1 ag i c a l v :<1 u e c 3 i t h e
n <clwn t . a b e F AL SE .

FAC1' ': w i t h F ACT 1
af F AC ' T ' w a u l f J r <a C

l un o t t h e p l i t ase .

F AI SE t h e n t .h e



I 'Iy a p p l D a c h t l l e l' 1 w a«s t o c Dn s i d e l a F ACT a « s l" athe l 1 1 k e a n
e :: t ens i a n o f Lh e r«a t i a n Qf a T Q V AR I A8 L E , i n r a u g h a u t 1 i n e :

FACT C R E AT E I AY ' QU1 D O E S ::: E V A L UATE

LAYOUT, th e c om pi l e ti me prac edure a l l o t s s p a c e i n t h e
dic t i a n a r y f a r t l <e t r u t h v a l u e , t h e I(n cswn f 1 a g a n d a
pointer tr> anteced en t FAC T s w hen t.l«e FAC1 i s t h e c o n s e q u e n t
uf a RUL E • A R UL E wl < e f l ca<Op1 1 ed p a ' I" ches Li p t h e a nt c: c e ci e n t
poi nter in th e FA CT , th us s e t Ling up t he da ta s t r u c t u r e
w hi c h i s u s e d b y t h e F OR T H i < « n e r i n te r p r r t e r t a p e r f u r <n
bac l ( t r " '(c l( ing.

At < u n t i me EVA L U A 1 E re Lur ns t he t ruth val ue af the FACT on
the FOF<1H par arne L'er stacl::.

I low i t d QEE « t l < i s d e p e n d s u pon t h e I NQW N f 1 a g . I f t h e F ACT
i. I' : :NGWI'I t h e n t h e t r u t h v a l u e af the F AC T 1 s simp l y f etched
f r om i t s a l 1 o t e d 1 a c a t i . o n and p l a c e d a n I h e . ' I'ac lc .

I f t h e F A CT i s n o t . I: : :l>IQWI't i . e . L-he I ' ::NQWI'I f 1 ag i s f a l s e t h e n
E'i t l '«er t h e t i ' u t h a f t h e F AC C i s t .h e con s e q u e n c e QN s c~<('le
R ULE, i n wh i c h c a s e we b a c I ( I r acmic EV ALU(AT i n g a n t e c e d e n t
FACTs, or we mu t A SI::: theval ue Q f t he F A C T . AS I ' ::may quer y
the aper a ta r or laa l.. the FACT u p i.n a d a t a b a s e d e p e n d i n< g
upon the d et a i 1 s of t: he system we have c ol'lstruc'ted

N at e t h a ' L - a F AC T i. — ju s t an ardin ar y FG R 1H wo rd li ke a
CONSTANT w h i . c l"( p r u d u c « s a t r u t h v a l u e Q n the s t ac k:. At ru n
t i m e E VAI L I AT E m ay e v a l(e q u i Le a s u b s t a n t i a l e , p l a r a L i u n u f
t h e I : : n o w l e d g e b a s e a s i t . wa r l e s t a d e t e r mi n e t h e t r u t h v a l u e
a f t h e F A CT . N u n c«Ethel es s t h e Fi n a l r esul t wi 1 1 simply be
the I etude n Qf a trut h val ue • Ancl s l n c e a F A CT I s j L(s t
a na L h c r F OR TH wu r d we c a n u s e i I­ e :;act i y 1 i I ( e a n y o t h e r
F ORTH w a r d . T h e F AC1 s t I (u s p r a v i. d e a c l e a n c: a n n e c t . i u n
betweeri ordinary FOR T H a nd a I:::nawl edge 8ase can'La in g FA C 1 s
a nd R U LE s .

We c<lay t . I"'IL( > L(sE' a l 1 Q t t l"I e De c 1 r3 I I ' t I v e p DW E ' r D f t h e E ' ( pe<
System approach i a system bui 1 dinq wi. th aut gi v inq upany of
the power a sso c ia te d w i th the c l assci al Rrace d u ra l ap pr oach
that we mare af ten use in FORTH pragramming. I i h i n l ' . t h a t
t hi s g i v e s u s t h e b e s t . Q t b o t h wa r 1 d s , f ree f rum the du gma
u f e i t h e r- . Bu t 't h e n I (a ;< pe c t . F ' O RTIH t E i p r u v i d e f r e e d u m whi ch
i s w h y I u s e i t .

T he e a s e w i t h wl >i c t « w e E:a r ( f a l 1 b a c lc i n t a F ORT H h a s many
i «(pl i c a L i a n s . I w i s h t u e mp h a - i e ,just . <one . Sp e c i f y i n g a n
aciel'<cia f a r t l < e e v a l ua t i Qr ( o f I'i UL E c~ i s a im< <st t r i v i a l i <(
t h i s s y s t e m . Cin e c a n c a «( se a s y s t e «< t a Lr y t a e va l u a t e a n y
F'ACT b y s i r( «p l y c v u l i n g t l '< a t F AI T a s a FOF<TH wa r El a r a - i t
i ««s enc a u <( ' t e r e d « c(«=.. p ar t a f a n o r d i n a r y c a l a n d e f i n i t i a n .
F ACTs a r c" F ' V A L L IATE d b y b «ac'tr ac Icing but . I a l t e r t : h e c a <« t t c «1
f 1<~w e : : p l i c i i l y a n d s l i p a l 1 a v er rr<y I«naw l e d g e 8 a s e
d epe n c / i n g u p u n t h e a u t c a me a f F AC T e v a l u a t i o n . I t . i - t h u s
el:<;remely e~~(oy to i m p l e men t m i .>;ed co n t r ol s t r at eg i es .



'I he i ritraducti an of f u="" i n e s s i n t a t h e t r u t h v a l u e caus e i
s ur p r i s i n g l y l i t t i e c o mp l i c a t. i on . I n c l a s s i c a l s e t t h e o r y
a i l e l e rn e n L e i t h e r b elongs to a s e t ( i s T RU E =- FFF F s a y ) or
d aes n a t b e l a n g t o t i le s e t . ( i s F A L SE -­- V s a y ) . I n f u = " y
s e t t h e a r y , a . cle v e l a p e d b y Z a d e ll a n d ". h a s t o f o t l le r s an
e l emenL- h a s a I')e g r e e o f. Me r n b e r s h i p i n a s et . T R UE a ri d F AL SE
a r e j u s t t l i e 1 i mi t s . I t t u r n s o u t t l ia L ­ marly prapert i es ot
EIool e a f l A l g c b l" ' a g e l ' l e l a l i =.e t .a t a (ce i n t o a c c o u n t . f u " =' i n e s s .

F ar i n «' t a n c e I f a n e s i rnp i y u s e s t h e d e F i n i L i a r is

A ND I" II N " , ". OR MAX "„ -.nd ". NO-I F FFF S WA P ­ .„ ( u n s i g n e d
mi fiLls )

De I" lo r e )an ' s T h e o r e m st i 1 1 w u r lcs a n d a r d i n a r y Ela a l e 4 f ' I
A l g e b r a w i t l l Fu =" " y t r u t h v a l u e s Ina lc e s a I:: i n d a F c o mmo n s e n s e
l o g i c . T r y i t. . I t l l i n lc y a u w i 1 1 1 i I c i t .

FA(:,Ts ca n t h u s b e ma d e Fu : . = y b y simply al lawing them t o
ta(::e an values t ha t. ar e beLween TR LIE and F A LS E then

s ui t ab l y m o d i f y i n g t h e l ogica l a p e v a t o r s AND O R l>tOT as
i n d i c a t e d .

I h a v e a n l y b e g u n , ll a we v e r , t o Lh i n lc t h r a u g h wh a t h a p p e n s
i f I a l l a w t h e v a l u e a f t h e I:: :NOWT f l a g t o b e f u == y .
Commen Ls wu u l c l b c a p p r e c i a t e d .

In clos>
syst .ems
r ef r e s h i
pl' Dgl' arllrll
c omrner c: i
I'ly o w n 1
t.eac l '1 f l ly
af I : : :nuwl
1 aolcs 1 i

Su i t . g o e s .

n g I w o u l d I i l e t a r e c o mme n c j t h e s t u d y a f e ;; p e r t .
t u my f e l l o w FO RT H p r -ac l r ammef s . Tl i e y p r o v i d e
n gl y d i f f e r e n t wa y o f v i e w i n g t h e a r t; a F
i ng . E ( per t s y s t e rl l s s e e r l I 1 i I e l y t o h a v e s i g r i i f i g a n L ­
a l i mp u r 'L a n c e a n d a r e e a s i 1 y i rnp l e m en t e d i n F ORT H .
a ng r a ci g e g a a l s a r e t e n d i n g t o wa r d art t e mp t .i n g t o
c omputer ha w ta r ead and wr i te u s i ng a c amb ina t.ian

eclge E l a s e c l E ' p e l ' t S y s t e lfi a ll c l F a l ' t l ' 1 T e e l II lal a g i e s . 1 t .
I e a l a L a F Fu n . I may g r o w q u i t e o l d t r y i nig . . . . .
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