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A b s t r a c t 

The men ta l p rocesses i n v o l v e d in any human 
a c t i v i t i e s seem q u i t e complex . C o n s i d e r ­
i n g as an example g o i n g f rom one p l a c e to 
a n o t h e r , t h i s paper a n a l y z e s men ta l 
b e h a v i o r i n terms o f t he r e p r e s e n t a t i o n 
and use of knowledge . We d e s c r i b e a n e t ­
work memory to r e p r e s e n t knowledge, g i v e 
an accoun t o f t h e m e n t a l p r o c e s s e s , and 
p r e s e n t a program t h a t s i m u l a t e s our 
b e h a v i o r , f o r the p a r t i c u l a r p r o b l e m . 

I n t r o d u c t i o n 

A g r e a t p a r t o f ou r d a i l y a c t i v i t i e s 
seems t o b e r o u t i n e and t r i v i a l s c l e a n i n g , 
c o o k i n g , s h o p p i n g , e t c . a r e per fo rmed 
w i t h o u t demanding much o f our i n t e l l i g e n c e . 
Yet t he m e n t a l p rocesses ( b e h a v i o r ) 
i n v o l v e d i n these a c t i v i t i e s a r e f a r f rom 
b e i n g c l e a r a n d , o n the c o n t r a r y t o t h e i r 
s e e m i n g f u l t r i v i a l i t y , we r e a l i z e we a r e 
mak ing numerous d e c i s i o n s even when we go 
shopp ing f o r m i l k i wh ich marke t t o go to : 
by what means to go: wh i ch roads to t a k e t 
how much to buy: wh ich s e c t i o n o f t h e 
marke t to go to : where to pay: e t c . 

T h i s paper p r e s e n t s a n a n a l y s i s o f 
t he m e n t a l p rocesses i n such a c t i v i t i e s . 
I n p a r t i c u l a r , w e choose a n a c t i v i t y o f 
g o i n g f rom one p l a c e to a n o t h e r , make our 
a n a l y s i s i n terms o f t h e r e p r e s e n t a t i o n 
and use of knowledge , and s u b s e q u e n t l y 
d e s c r i b e a program to s i m u l a t e t he 
b e h a v i o r . 

R e p r e s e n t a t i o n o f Knowledge 

There a r e many s t u d i e s t h a t sugges t 
t h e k i n d s o f knowledge we possess , what 
t h e e lements o f knowledge a r e , how know­
ledge is o r g a n i z e d , and how i t may be 
u t i l i z e d t o p e r f o r m c e r t a i n t a s k s ( c f . 1 , 
2 , 3 , 4 , 5) . An i n c r e a s i n g amount o f r e ­
s e a r c h concerns v a r i o u s aspec t s o f our 
knowledge t o a t t a i n systems f o r b e t t e r 
u n d e r s t a n d i n g o f n a t u r a l l anguage , t o d e ­
s i g n v e r s a t i l e w o r l d mode ls , o r t o c r e a t e 
a r o b o t t h a t r e a c t s t o i t s env i ronmen t 
c o m p r e h e n s i v e l y ( c f , 6 , 7 , 8 , 9 , 1 0 , 1 1 ) . 

What we know abou t geography , or a 
map l i k e t h a t i n F i g u r e 1 , may be e x p r e s s ­
e d i n E n g l i s h sentences a s i 

E u c l i d Avenue meets Eas t 2k S t r e e t . 
P u b l i c L i b r a r y i s west o f A lpha U n i v . 
C i t y H a l l i s o n Lakes ide Avenue a t 

Eas t 9 S t r e e t . 
Bus T e r m i n a l is on Ches te r Avenue 

between Eas t 14 S t r e e t and Eas t 
18 S t r e e t . 

When we c o n s i d e r these sen tences as 
t h e e x t e r n a l r e p r e s e n t a t i o n o f our know­
ledge on geography , one way to i n t e r n a ­
l i z e i t i s t o a n a l y z e each sentence w i t h 
a f u n c t o r ( r e l a t i o n ) and i t s argument 
( c o n c e p t s ) ( 1 2 , 1 3 ) . The knowledge a b o u t 
t h e map i n a n a p p l i c a t i o n o f t h i s t h e o r y 
may be c o n s i d e r e d as names of s t r e e t s and 
p l a c e s ( c o n c e p t s ) and r e l a t i o n s among 
them. The r e l a t i o n s e s s e n t i a l t o t he 
knowledge seem to be t h a t o f i n t e r ­
s e c t i o n s ! d i r e c t i o n s , e t c . 

The i n t e r n a l i z e d knowledge may t h e n 
have forms: 

where X, or Y, is a s t ree t name, P is a 
place name, D is a d i r e c t i o n ( e . g . Eas t ) , 
N is e i t he r a s t ree t name or a place name, 
and X # Y, N, # N 2 . When the i n t e r n a l i ­
za t ion is performed in t h i s manner, i t s 
output is a network memory tha t is used 
to perform various tasks. The output 
from the use of knowledge in t u rn is be­
havior which may be phys ica l , ve rba l , or 
mental. The example in Figure 2 shows a 
par t of Figure 1 in a network form, where 
angular brackets stand fo r a s t ree t name, 
brackets fo r a p lace, and an e l l i p s e f o r 
a r e l a t i o n . The t o t a l i t y of such a ne t ­
work const i tu tes what we know about 
geography. 

Use of Knowledge 

I t is possible to reach a ce r ta in 
place B from A by t rac ing a l l paths, when 
A and B are d i r e c t l y or i n d i r e c t l y r e l a t ­
ed in the network. This way of going 
from one place to another, however, is 
cos t ly and we human beings seem to have 
be t te r ways to achieve the ob jec t i ve . 
For instance, when we know B is north of 
A, we may use such in format ion, i . e . , 
d i r e c t i o n , e f f e c t i v e l y to reach B. If we 
know how to reach a ce r ta in place C and 
B is located somewhere near C, we would 
probably go to C f i r s t and then t r y to 
reach B from C. 

We do not necessari ly take the short­
est path between the two places. If some 
routes are wel l known to us, they may be 
used as norms to reach other places. 
These routes may be the ones fo r schools, 
shopping centers, o f f i c e s , or the l i k e . 
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To analyze the behavior in the above, 
we suppose that the knowledge of direct ion 
D plays the central role to go from one 
place to another and that the primary 
directions D' are East (E), West (W), 
South (S), and North (N). Others NE, NW, 
SE, and SW are secondary ones. When we go 
from A to B, the f i r s t thing we should 
know is what is the direct ion of B from A. 
The direct ion is a re la t ion in the network 
and is found by asking a question whether 
there is a re la t ion of category D with 
object A and value B. If the answer to 
this question is not n u l l , we have found 
the direct re la t ion between A and B. Our 
task then is to f ind a way to go toward 
the direct ion u n t i l we reach B. 

When the answer is n u l l , we must 
f igure out D of A and B. We suppose that 
B is in D' for a certain place. Then the 
specif ic re la t ion sd of B from A may be 
found if the following relations hold 
between Xo and X n, 

As the most essential operation, the 
process of f inding D of A from X, is done 
as follows: 

0. I n i t i a l i z a t i o n - create empty 
l i s t s S1 and S2 that hold place 
names. Set T to be one of D'. 
Put A to S1. 

1. A<—topmost element of SI with 
deletion: i f th is f a i l s , i . e . , S1 
is empty, goto 4. 

2. D<-direct re la t ion between A and 
X. i if th is succeeds, output D 
and stop. 

3. Bottom of S2<—places that are in 
T of A| if th is succeeds, goto 1. 

4, If S2 is empty, stop (no direc­
t ion is found). Otherwise, 
S1<-S2 with deletion and goto 1. 

To f ind sd of B from A, we determine 
Dl of Xi. from A and then D2 of B from X,. 
If X.i=B, there is no problem. But when 
X . / B J we must invoke the above process for 

D2 between X. and B. This is time 
consuming. Our program does not check 
the p o s s i b i l i t y of X i ->B w i th D2, 
but only Xi—> B wi th D2. We assume that 
we can t e l l r e l a t i v e l y wel l what are in 
the D' from where we a re , but not from 
there. 

Once the spec i f i c d i r e c t i o n is found, 
we assume the knowledge of places in tha t 
d i r e c t i o n becomes most important to reach 
B. This implies tha t we tend to go to 
our des t ina t ion through the places which 
are we l l known to us. This par t of 
inference is not very a lgor i thmic but is 
roughly done as fo l lows: 

X as the set of places includes 
places tha t are located w i t h i n 45o from 
A and the s t r a i gh t l i n e tha t connects A 
and B. For instance, if B is SB of A, X 
includes the places in S, E, and SE of A. 
Y as the set of places includes places 
tha t are in the inverse d i rec t ions of X 
from B. Y in the example therefore 
includes places in N, W, and NW from B. 
When we f i n d out X or Y, we arrange i t s 
elements so tha t the places in the 
primary d i rec t ions be put f i r s t in the 
l i s t tha t hold elements of X or Y. This 
makes it easy to incorporate i n to our 
program an assumption tha t we tend to go 
s t r a i g h t i f poss ib le, or tend to make 
the leas t number of tu rns , to reach the 
des t ina t ion . 

It is qui te unusual to go to x i from 
A even when xi is S of A, if xi is SW of 
B. That i s , nobody makes a detour, or 
goes to an unnecessary d i r e c t i o n . The 
in te rsec t i on Z between X and Y takes care 
of t h i s par t of our behavior. 

When we t r y to go from A to x , , we 
suppose tha t the s t reets where A and xi 
are located in te rsec t d i r e c t l y . I f t h i s 
is not the case, we t r y to f i n d the way 
by searching every path exhaust ively! we 
o f ten look fo r every road near A to reach 
C when we know C is somewhere near A. 

Program 

The program creates a memory f i r s t 
and then answers questions on geography. 
Schematically it has the fo l low ing two 
phases: 

3)7 



The Generator creates the network 
memory. The Simulator answers the 
quest ions. Both devices are supposed to 
take Engl ish sentences as input . But they 
take only a few types of sentences in 
r e a l i t y . The Generator accepts only those 
types of sentences tha t are shown in a 
previous sect ion or the ones in the 
examples below. The Simulator takes only 
two sentences: 

where A, or B is a place name and X, or Y 
is a s t ree t name, place name, or in tersec­
t ions of two s t reets in a form X at Y. 
While i t i s desired tha t these r e s t r i c ­
t ions be e l iminated, they are not very 
c ruc i a l f o r our current ob jec t i ve i an 
account of our mental behavior, seen in 
going from one place to another, tha t is 
demonstrated by the answers in the 
examples below. 
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Questions 1 to 3 no longer need 
explanat ionsi Main St is simply not 
known in question 4. In question 5, the 
d i r e c t i o n of East 18 St from West 3 St 
or Lakeside Ave is not found. So, we 
attempt to reach there d i r e c t l y by the 
exhaustive search as is shown in a t ree: 

The search i s w i d t h - f i r s t , o r l e v e l b y 
l e v e l , and no s t r e e t node occu rs more 
t h a n once i n the sea rch t r e e . Once i t 
a p p e a r s , a l l p o s s i b l e r o u t e s a re expanded 
f r om t h e r e . Thus , E9 and W3 a re n o t 
a t t a c h e d t o t he t r e e a s daugh te rs o f 
P r o s p e c t Ave . 

A f t e r f i n d i n g the d i r e c t i o n o f ABC 
M a l l f rom A lpha U n i v e r s i t y , P u b l i c 
L i b r a r y is found to be t h e p l a c e we go by 
i n q u e s t i o n 6 , P u b l i c L i b r a r y i n t u r n i s 
reached by g o i n g by Bus T e r m i n a l . Bu t i n 
doing: s o , a s m a l l c h e c k i n g r o u t i n e f i n d s 
o u t t h a t Eas t 1 4 S t , wh i ch i s known i n 
r e l a t i o n t o Bus T e r m i n a l , i n t e r s e c t s 
d i r e c t l y t o t he one o f s t r e e t s ( Lakes ide 
Ave) on wh ich ABC M a l l i s l o c a t e d . 
A l t h o u g h t h e d i r e c t i o n s o f Lakes ide Ave 
f r o m Ches te r Ave and Eas t 9 S t f rom Lake ­
s i d e Ave a t Eas t 14 S t a r e n o t known 
e x p l i c i t l y , t h e y a r e c a l c u l a t e d b y t h e 
d i r e c t i o n a l r e l a t i o n s among Bus T e r m i n a l , 
P u b l i c L i b r a r y , and ABC M a l l . Q u e s t i o n 7 
i s answered in t he same manner. Bu t the 
d i r e c t i o n a l r e l a t i o n s between Eas t 9 S t 

and Carnegie Ave and between Carnegie Ave 
and East 14 St are not understood in th i s 
case. 

Discussions 

The program is w r i t t e n in Fortran 
fo r a l oca l reason, though it has a 
number of def ic ienc ies in representing 
knowledge, s t r i n g and l i s t processing, 
and other sa l i en t features that are a v a i l ­
able in the recent A. I . languages (14) . 

We have not discussed about the 
routes tha t may be used as norms to reach 
other places. This problem may be solved 
by organising the network h i e r a t c h i c a l l y 
so tha t we have a h igh - leve l subnetwork 
whose elements consist of well-known 
s t reets and places. 

Informat ion to be used fo r going 
from one place to another need not be 
r e s t r i c t e d to the one we described. We 
may use knowledge on t r a f f i c condit ions 
such as width of roads, t r a f f i c s igna ls , 
l i g h t s , densi ty , e tc . Dif ferences o f 
distance in routes may be another impor­
tant piece of in format ion. 

If we put the exact mileages between 
any two places, we can use it to determine 
the shortest rou te . But to do so may not 
be consistent w i th our way of represent ing 
knowledge. Even i f i t i s , i t would not 
help much to expla in our behavior unless 
we assume tha t we take the shortest path, 
which is o f ten not the case at a l l , to 
reach our des t ina t ion . Probably some 
sor ts of nearness or farness is more 
adequate measure to be used to represent 
the concept of d istance. But what sor ts 
of in format ion are sa t i s fac to ry in a ne t ­
work f o r a ce r ta in problem domain is yet 
an unsolved quest ion. 
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