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A b s t r a c t 

Cu r ren t means-end a n a l y s i s prob lem s o l v e r s 
a r e not capab le o f s o l v i n g problems which have 
c e r t a i n k i n d s o f goa l i n t e r a c t i o n . The goa l i n t e r 
a c t i o n p rob lem is d e s c r i b e d and an example g i v e n 
on a b l o c k s t a c k i n g t a s k . F i n a l l y , ment ion i s 
made of a method of u s i n g the i n f o r m a t i o n ga ined by 
the d i s c o v e r y o f g o a l i n t e r a c t i o n s t o gu ide the 
search f o r a prob lem s o l u t i o n . 

I n t e r a c t i n g Goals 

A prob lem is g i v e n to a means-end a n a l y s i s 
based prob lem s o l v e r , such as STRIPS (F ikes & N i l s -
son, 1971) and the p l a n n i n g p a r t of the HACKER 
(Sussman, 1973) sys tem, as a c o n j u n c t i o n of goa l s 

e . g . (G1 & G2) 

wh ich must be t r u e f o r the prob lem to be s o l v e d . 
S ince the i n d i v i d u a l goa ls a re so lved s e q u e n t i a l l y , 
they must , once a c h i e v e d , ho ld t oge the r f o r a p e r 
i od o f t i m e . The t ime f o r wh ich an ach ieved goa l 
must remain t r u e w i l l b e c a l l e d the g o a l ' s " h o l d 
i n g p e r i o d " . I w i l l i l l u s t r a t e t h i s a s i n f i g u r e 
1 . 

The h o r i z o n t a l d imens ion o f t h i s " H o l d i n g 
P e r i o d " d iagram r e p r e s e n t s t ime d u r i n g wh ich a c 
t i o n s w i l l b e a p p l i e d i n a f i n a l p l a n t o ach ieve 
the g i v e n g o a l s . Approach shou ld be i n t e r p r e t e d 
a s : i f C1 not t r u e ach ieve i t u s i n g some o p e r a t o r 
sequence, then do l i k e w i s e f o r G2. 

STRIPS assumes, in the absence o f o the r i n 
f o r m a t i o n , t h a t i t can ach ieve the i n d i v i d u a l 
goa ls by r e l e v a n t p l a n sequences, say , i n the o r d 
e r i n wh ich the goa ls are g i v e n (Sussman c a l l s t h i s 
a l i n e a r a s s u m p t i o n ) . Thus, as shown in f i g u r e 1 , 
i t assumes Gl can be so l ved f i r s t by some r e l e v a n t 
p l a n sequence and then t h a t G2 can be so lved by a 
p l a n sequence f o l l o w i n g o n f rom the f i r s t . I f 
STRIPS can f i n d no way to ach ieve the goals in the 
o r d e r g i v e n , i t i s capable o f r e v e r s i n g the o rder 
i t has a t tempted t o ach ieve g o a l s , wh ich were i n i t 
i a l l y n o t t r u e , a t the f a i l u r e l e v e l ( e . g . a t t he 
top l e v e l Gl and G2 cou ld be reve rsed to g i v e an 
expected h o l d i n g p e r i o d d iagram a s i n f i g u r e 2 ) . 

STRIPS f u r t h e r assumes t h a t f o r the goa l s no t 
a l r e a d y t r u e a t the t ime r e q u i r e d , the p r e c o n d i 
t i o n s , wh ich are r e q u i r e d to be t r u e f o r some o p e r 
a t o r to be a p p l i e d to ach ieve the g o a l , can a l l be 
made t r u e immed ia te ly b e f o r e the t ime the goa l i s 
r e q u i r e d to be t r u e . A g a i n , r e v e r s a l s amongst 
these p r e c o n d i t i o n s can be made on f a i l u r e backup. 
Thus, i f the p r e c o n d i t i o n s f o r some o p e r a t o r to 
ach ieve a goa l G. a re G . , and G i 2 , then STRIPS 

i n i t i a l l y assumes an approach as in f i g u r e 3 can 
be t a k e n . 

Note t h a t the h o l d i n g p e r i o d d iagram r e p r e s e n t s 
the goa ls to be worked upon f o r some chosen o p e r a 
t o r sequence. There is r e a l l y a 3rd d imens ion to 
the d iagram r e p r e s e n t i n g d i f f e r e n t cho ices o f 
o p e r a t o r s . 

Reversa ls a l l o w c e r t a i n o the r o r d e r i n g s o f 
these goa ls to be a t t e m p t e d . However, l i m i t i n g 
r e v e r s a l s t o goa l s a t a p a r t i c u l a r l e v e l o f t he 
search t r e e h i e r a r c h y means t h a t STRIPS ( these a r 
guments a l so app l y to HACKER) can on l y t a c k l e c e r 
t a i n p rob lems. S p e c i f i c a l l y , those i n wh ich i n t e r 
a c t i o n s between top l e v e l goa ls can be avo ided by 
s u i t a b l e o r d e r i n g o f the goa l s and the cho ice o f 
s u i t a b l e o p e r a t o r sequences. 

S ince STRIPS and HACKER a l s o a l l o w a t t emp ts 
t o ach ieve goa ls t o be repea ted i f i n t e r a c t i o n s 
have o c c u r r e d , they can a l s o hand le those problems 
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in which the i n te rac t i ons leave the world in some 
s i t u a t i o n from which the in te rac ted goals can be 
re-ach ieved. STRIPS w i l l o f t en produce longer 
than necessary so lu t ions i f i t repeats attempts 
to achieve goals . 

Even f o r very simple wor lds, such as the 
blocks wor ld used by Sussman, i n te rac t i ons can 
occur. To be able to deal w i t h a l l types of 
i n t e r a c t i o n between a set of goa ls , we could con
s ider the search space as conta in ing approaches 
w i t h every i n t e r l e a v i n g of the goals and the sub-
goals needed to achieve those goa ls . Thus, a 
ho ld ing per iod diagram and approach as shown in 
f i g u r e 4 is necessary to reso lve some types of 
i n t e r a c t i o n . 

The 3-Block Problem 

The 3-block problem is an example used by 
Sussman (1973) in h is desc r ip t i on of HACKER. It 
is regarded by HACKER as an Anomalous S i t u a t i o n . 
The problem is usefu l as i t s ing les out the i n t e r -
ac t ion d i f f i c u l t y in a simple task. 

A wor ld is described by two predicates ON(x,y) and 
CL(x) . 

ON(x,y) asserts b l ockx is on top of the (same 
s ize) block y. 

Note that ON is not t r a n s i t i v e . 

CL(x) asserts block x has a c lear top. 

There are two ope ra to rs : -

So, STRIPS produces the longer than necessary so lu 
t i o n : -

ACTCL(A), PUTON(A,B), ACTCL(B). PUTON(B.C), 
PUTON(A,B). 

Attempting the i n i t i a l goals in the opposi te order 
would make the f i n a l s o l u t i o n longer s t i l l , though 
i f the i n te rac t i ons in the f i r s t o rder ing produced 
a s i t u a t i o n in which the i n te rac ted goals could 
subsequently not be achieved, t h i s would be attemp
ted on f a i l u r e backup. STRIPS is incapable of pro
ducing a shor ter plan f o r t h i s problem. 

216 



HACKER has a mechanism, c a l l e d P r o t e c t i o n , 
wh ich remembers ach ieved goa ls and looks ou t f o r 
a c t i o n s wh ich v i o l a t e them. I t would n o t i c e t h a t 
the p r e v i o u s l y ach ieved goa l (ON(A,B)) ceased to 
ho ld (as a p r o t e c t i o n v i o l a t i o n ) and would t r y to 
reve rse the o rde r o f the top l e v e l goa ls ( t o 
ON(B,C) & ON(A,B)) a t t h a t t i m e . However, ano ther 
P r o t e c t i o n V i o l a t i o n w i t h the reve rsed approach 
w i l l d i r e c t the HACKER p lanner to a l l o w the P r o 
t e c t i o n to be v i o l a t e d , and the r e s u l t w i l l be the 
same as STRIPS in t h i s example. 

The search space shou ld have i n c l u d e d an ap 
proach as shown in f i g u r e 8 . 

STRIPS, by r e - a c h i e v i n g Che ON(A,B) g o a l , can 
so l ve t h i s problem w i t h a l onger than necessary 
p lan because the w o r l d produced a f t e r i n t e r a c t i o n 
is such t h a t the goa ls can s t i l l be a c h i e v e d . A 
problem 1 have been c o n s i d e r i n g - the Keys & Boxes 
prob lem ( M i c h i e , 1974) - has i n t e r a c t i o n s wh ich 
would p rec lude a STRIPS- l i ke problem s o l v e r f rom 
f i n d i n g any s o l u t i o n . I n t e r a c t i o n s occur i n o t h e r 
p rob lems, a s imp le example be ing the prob lem of 
swapping the va lues of two r e g i s t e r s of a computer . 

Cur ren t means-end a n a l y s i s prob lem s o l v e r s 
are not capable of s o l v i n g problems which have 
c e r t a i n k inds o f goa l i n t e r a c t i o n . A l s o , w i t h the 
e x c e p t i o n of some systems at MIT ( e . g . HACKER), 
they do not use i n t e r a c t i o n s amongst goa ls to 
gu ide the search f o r a s o l u t i o n . I ment ioned e a r l 
i e r t h a t a l l i n t e r l e a v i n g s o f g o a l s , and the sub -
goa ls needed to ach ieve those g o a l s , should have 
the p o t e n t i a l o f be ing c o n s i d e r e d . G e n e r a l l y , 
o n l y very few of the p o s s i b l e i n t e r l e a v i n g s need 
be c o n s i d e r e d . An assumpt ion , such as is made by 
many e x i s t i n g prob lem s o l v e r s , t h a t goa ls can be 
ach ieved i n the o r d e r g i v e n w i t h o u t i n t e r a c t i o n 
( l i n e a r i l y ) i s , however, a ve ry power fu l h e u r i s t i c . 
My own work in problem s o l v i n g ( T a t e , 1974) is 
based upon the power fu l h e u r i s t i c s used in STRIPS 
and o the r p rob lem s o l v e r s , bu t I am anx ious not to 
l e t these assumpt ions r u l e the type o f problems 
which can be d e a l t w i t h . Proven c o n t r a d i c t i o n s o f 
these assumpt ions d u r i n g problem s o l v i n g can d i r 
ec t the search t o cons ide r a p p r o p r i a t e i n t e r 
l e a v i n g s o f p l a n p a r t s to remove i n t e r a c t i o n s . 

The i n f o r m a t i o n ga ined f rom the d i s c o v e r y of 

an i n t e r a c t i o n can be used to suggest a p p r o p r i a t e 
c o n t i n u a t i o n s . As an example, the i n t e r a c t i o n s 
d i s c o v e r e d d u r i n g a t tempts to so l ve the goa ls Gl & 
G2 l i n e a r i l y can lead us to the p o i n t , in f i g u r e 9 , 

where the expec ted h o l d i n g p e r i o d f o r G l i s b roken 
by the achievement of a subgoal G 2 1 r e q u i r e d f o r an 
a c t i o n to ach ieve G2. We have t r i e d and found t h a t 
Gl and G21 cannot bo th ho ld t o g e t h e r when they have 
been ach ieved by some o p e r a t o r sequences in the o r 
der Gl and then G 2 1 . We can e i t h e r t r y an approach 
in wh ich the goa ls a t a h i g h e r (here the t op ) l e v e l 
are r eve rsed t o s top the c o n f l i c t i n g g o a l s ' h o l d i n g 
p e r i o d s o v e r l a p p i n g a l t o g e t h e r (by r e v e r s i n g G l and 
G2) o r t r y t o ach ieve the c o n f l i c t i n g goa ls i n t h e 
o p p o s i t e o r d e r . I t i s s u f f i c i e n t t o t r y t o ach ieve 
the c o n f l i c t i n g goa ls i n the o t h e r o r d e r o n l y o n c e . 
Th is can b e done w h i l s t s t i l l p r e s e r v i n g l i n e a r i t y 
as f a r as p o s s i b l e by moving the p r e c o n d i t i o n ( G 2 1 ) 
whose achievement made a p r e v i o u s l y ach ieved g o a l 
(Gl ) no t h o l d , immed ia te ly i n f r o n t o f the goa l as 
shown in f i g u r e 10. 

We s h a l l say t h a t we PROMOTE the p r e c o n d i t i o n . 
Moving i t f u r t h e r back th rough the goa ls to be 
worked upon would s t i l l t r y t o ach ieve the c o n 
f l i c t i n g goa ls i n the o p p o s i t e o r d e r bu t would 
r i s k f u r t h e r p o s s i b i l i t i e s f o r o t h e r i n t e r m e d i a t e 
goa ls t o i n t e r a c t w i t h the p r e c o n d i t i o n b e i n g p r o 
moted. Note t h a t the promoted p r e c o n d i t i o n ( G 2 1 ) 
may i n t e r a c t w i t h e a r l i e r goa l s and may need to be 
s h i f t e d aga in due t o d i f f e r e n t i n t e r a c t i o n s . Sub-
goa ls i n t e r m e d i a t e bet ween G2 and G2 1 i f they e x i s t 
may need to be promoted a l s o . 

I f in bo th o rde rs the same goa ls ach ieved by 
s u i t a b l e o p e r a t o r sequences s t i l l i n t e r a c t and c a n 
not h o l d t o g e t h e r , the prob lem cannot be s o l v e d by 
t h i s approach. 

The techn ique d e s c r i b e d above has been i n c o r 
po ra ted i n t o a p rob lem s o l v e r , INTERPLAN ( d e s c r i b e d 
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