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EXPLORER (L ehne r t  and Sbwar t z ,  1982; 
Shwar tz  1982) i s  a n o n - f r a g i l e ,  ' b a n d s - o n "  
l anguage  a n a l y s i s  sy s t em  t h a t  a l l o w s  o i l  
e x p l o r a t i o n i s t s  w i t h  no knowledge of  compute r s  
o r  computer  p r o g r a - . - i n g  to c r e a t e  c u s t o m i z e d  
maps .  Users  in T u l s a ,  Denver ,  and New O r l e a n s  
c u r r e n t l y  have d i a l - u p  a c c e s s  to  a DEC-20 
where EXPLORER i s  implemented in  TLISP. A 
u s e r  c o n v e r s e s  w i t h  EXI~LORER about  • d e s i r e d  
map u n t i l  b o t h  p a r t i e s  have ag reed  on an 
adequa te  and unambiguous se t  of 
specifications. Another phone link then 
carries EXPLORER's output to an IBM 3033 which 
runs  d a t a b a s e  r e t r i e v a l  r o u t i n e s  on c o ~ a e r c i e l  
we l l  d a t a .  When a l l  the  i n f o r m a t i o n  has  been 
s e c u r e d  from wel l  d a t a ,  a g r a p h i c s  sy s t em 
t a k e s  over  to  pe r fo rm  the  a c t u a l  map 
g e n e r a t i o n .  EXPLORER i s  c u r r e n t l y  u n d e r g o i n g  
e v a l u a t i o n ,  and i t  i s  t a r g e t t e d  f o r  a 1983 
i n s t a l l a t i o n  in a l l  r e g i o n a l  o f f i c e s  of  a 
major  o i l  company* f o r  r e s t r i c t e d  use  by 
g e o l o g i s t s  and g e o p h y s i c i s t s .  

S ince  our  i n t ended  u s e r  p o p u l a t i o n  i s  
na ive  about  c o m p u t e r s ,  EXPLORER's i n t e r a c t i v e  
d e s i g n  i s  dominated  by "user-friendly" 
features. EXPLORER processes information 
r e t r i e v a l  r e q u e s t s  s t a t e d  in E n g l i s h ,  w i t h o u t  
imposing v o c a b u l a r y  l i m i t a t i o n s  or  s y n t a c t i c  
r e s t r i c t i o n s  on the u s e r .  Using a 7000-word 
d i c t i o n a r y ,  EXPLORER makes i n f e r e n c e s  about  
what a user is saying and initiates 
i n t e r a c t i v e  d i a l o g u e s  when m:p s p e c i f i c a t i o n s  
are not adequa te  or p o t e n t i a l l y  ambiguous. 

While "user-friendly" system d e s i g n s  
o f t e n  accomodate novice  u s e r s  at  the  expense  
of  e f f i c i e n t  i n t e r a c t i o n s  w i th  e x p e r t  u s e r s ,  
EXPLORER naturally tunes itself to both novice 
and expert users. An expert can state a 
r e q u e s t  ve ry  c o n c i s e l y ,  w i t hou t  a long 
i n t e r a c t i v e  s e s s i o n ,  wh i l e  a novice  i s  gu ided  
by a q u e s t i o n - a n d - a n s w e r  d i a l o g u e .  S ince  a l l  
u s e r s  are  expec ted  to e n t e r  m i s p e l l i n g s  and 
typos, an intelligent spelling corrector 
enables the user to correct typographical 
errors quickly and easily. 

*A proprietary agreement forbids us from 
identifying them. 

Once a r e q u e s t  has been ana lyz ed  by EXPLORER, 
the  u s e r  i s  g i v e n  an o p p o r t u n i t y  to  v e r i f y  
EXI~LORER*s u n d e r s t a n d i n g  of  t h a t  r e q u e s t  or  
make changes  as  needed .  

The following example will illustrate the 
complexity of the map requests that EXPLORER 
i s  d e s i g n e d  to  h a n d l e .  F o l l o w i n g  the  i n p u t ,  
EXPLORER d i s p l a y s  i t s  i n t e r p r e t a t i o n  of  t he  
r e q u e s t  f o r  v e r i f i c a t i o n  by the  u s e r .  

EXPLORER Version 02 9/23/81 

READY 

*Show me a map of all tight wells drilled 
*before May I, 1980 but since May I, 1970 
*by t exac o  t h a t  show o i l  dee pe r  than  2000", 
*ere  t h e m s e l v e s  deepe r  than  5000",  a r e  now 
* o p e r a t e d  by s h e l l ,  a re  w i l d c a t  w e l l s  where 
* the  o p e r a t o r  r e p o r t e d  a d r i l l i n g  p rob lem,  
*and have m e c h a n i c a l  l o g s ,  d r i l l  s tem t e s t s ,  
*and a commerc ia l  o i l  a n a l y s i s ,  t h a t  were 
* d r i l l e d  w i t h i n  the  a r ea  d e f i n e d  by l a t i t u d e  
*30 deg 20 min 30 sec to 31:20:30 and 
"80-81. s c a l e  2000 lest. 

By FEST, do you mean FEET (Y or N) *y 

User r e q u e s t s  a POSTED map 
l a t i t u d e  30.34167 - 31.34167 
l o n g i t u d e  8 0  - 81 
o u t p u t  medium: PAPER 
output device: PHOTODOT 
filters: DRILLING DEPTH > 5000 FEET 

COMPLETION DATE >- 5/I/1970 
COMPLETION DATE < 5/I/1980 
OIL ANALYSIS AVAILABLE 
DRILL STEM TESTS PERFORMED 
MECHANICAL LOG FILE WELL 
DRILLING PROBLEM 
WILDCAT WELL 
SHELL CURRENT OPERATOR 
WELL SHOW OF OIL > 2000" 
TEXACO ORIGINAL OPERATOR 
TIGHT HOLE WELL 

scale of I" = 2000.0" 
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As t h i s  example shows,  EXPLORER can 
hand l e  long  and u n g r a m m a t i c a l  r e q u e s t s ,  make 
i n f e r e n c e s ,  and perform c o m p l i c a t e d  word s e n s e  
disambiguation. For example, t he  word "show" 
has two distinct meanings in the above 
request. The first instance of "show" is 
synonymous with "display", whereas the second 
time "show" is used i t  has  a technical meaning 
(i.e., an indicator of oil or gas in a well). 
The s u r r o u n d i n g  c o n c e p t u a l  c o n t e x t  i s  used  to 
d e t e r m i n e  which  s e n s e  of  "show" i s  a p p r o p r i a t e  
in each  c a s e .  

We suspect expert users who utilize 
EXPLORER regularly will develop a feel for 
EXPLORER's limitations and flexibilities. If 
such a user wants to  enter a request as 
efficiently as possible, EXPLORER will handle 
"telegraphic" English which does not have to 
conform to standard s y n t a c t i c  conventions: 

EXPLORER Version 02 9/23'/81 

READY 

Please input county or counties by name or 
number. 

*Bibb 

Bibb County i s  i n  the  f o l l o w i n g  s t a t e s :  
ALABAMA GEORGIA 

Please input the appropriate state or a new 
county specification. 

*make i t  new ha ve n ,  c t .  

A c o n t o u r  i n t e r v a l  was not  s p e c i f i e d .  

Would you like the  CI from t he  p r e v i o u s  
request? (¥ or N) 
Previous CI = tO0" 

*y 

A scale was not s p e c i f i e d .  

Would you like t he  s c a l e  from the  p r e v i o u s  
r e q u e s t ?  (Y o r  N) 
P r e v i o u s  s c a l e  - 2000.0 FT-PER-IN 

*tcg bibb g e o r g i a  ci 100 scale 2000. *y 

User requests a STRUCTURE map 
o u t p u t - m e d i u m :  PAPER 
o u t p u t  device: PHOTODOT 
c o u n t y :  BIBB, GEORGIA 
on TCG 
CI - I00" 

scale of i" - 2000.0" 

User  r e q u e s t s  a STRUCTURE map 
o u t p u t  medium: PAPER 
o u t p u t  d e v i c e :  p h o t o d o t  
c o u n t y :  NEW HAVEN, CONNECTICUT 
on TCG 
CI - I00" 

scale of i" = 2000. 9" 

As long as the  request is conceptually 
coherent and unambiguous, EXPLORER will be 
able to handle a wide range of stylistic 
constructs. This last request was 
sufficiently specified for EXELORER to  
interpret it without further user interaction, 
but many requests (especially those generated 
by novice users) are likely tO require an 
interactive dialog. For example, the 
following interaction might take place with an 
extremely novice user: 

EXPLORER Version 02 9123/81 

READY 

~Map the to&. 

A map region was not specified. 
Do you want the same geographic region as the 
last request (Y or N)? 

*n 

Do you wish to specify the map region by 
county or by geographic coordinates? 

*c 

EXPLORER will query a user as needed to 
get missing information and resolve any 
ambiguities that may be present. Notice that 
EXPLORER naturally offers the user an option 
of inheriting many specifications from the 
previous map request. Explorationists often 
find it useful to examine a sequence of 
related maps,  so our interface has been 
designed to make map sequences easy to 
generate. 

EXPLORER has been undergoing an initial 
test phase since July 13, 1982. During this 
time a variety of oil company employees have 
dialed up the program and entered map 
requests. While we do not yet have enough 
test requests for a comprehensive evaluation 
of the system, we have analyzed EXPLORER's 
performance over the three-week period from 
7/13/82 tO 8/6/82 in an effort to assess its 
strengths and weaknesses. During this time 39 
requests were successfully transmitted to 
EXPLORER by 8 different individuals. In order 
co evaluate EXPLORER's performance, we will 
consider the following categories of 
performance: 

(Al) original input is interpreted correctly 
on the first try - perfect performance. 
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TABLE - 1 

REQUEST TYPE NO. OF REQUESTS SURFACE INTERACTIVE CONCEPTUAL 

AI 4 (10%) 
A2 26 (67%) 
A3 9 (23%) 

t o t a l  39 (I00%) 

(AZ) o r i g i n a l  i n p u t  is i n t e r p r e t e d  c o r r e c t l y  
a f t e r  one or  more c l a r i f y i n g  i n t e r -  
a c t i o n s .  These  i n t e r a c t i o n s  may be due 
to  t y p i n g  e r r o r s ,  s p e l l i n g  e r r o r s ,  
m i s s i n g  i n f o r m a t i o n ,  o r  s y s t e m  e r r o r s .  

(A3) o r i g i n a l  i n p u t  i s  n e v e r  i n t e r p r e t e d  
c o r r e c t l y  due to  a s y s t e m  f a i l u r e  of  
some s o r t .  

I f  a r e q u e s t  can be c a t e g o r i z e d  a s  an AI or  A~ 
r e q u e s t ,  EXPLORER i s  f u l l y  f u n c t i o n a l  even  
t hough  i t  may make a m i s t a k e  a t  some p o i n t  i n  
i t s  p r o c e s s i n g .  For e x a m p l e ,  i f  EXPLORER does  
not  r e c o g n i z e  a word,  i t  w i l l  q u e r y  t he  u s e r  
f o r  synonyms.  I f  one of  t h e  synonyms i s  
r e c o g n i z e d ,  EZLPORER r e c o v e r s  from i t s  own 
r e c o g n i t i o n  e r r o r ,  and t h e  r e q u e s t  will be 
c a t e g o r i z e d  as  an A2 r e q u e s t .  When a s y s t e m  
e r r o r  i s  f a t a l  i n  t he  s e n s e  t h a t  t h e  u s e r  does  
not  o r  c anno t  r e c o v e r  from i t ,  we c a t e g o r i z e  
t he  r e q u e s t  as  an A3 r e q u e s t :  an A3 r e q u e s t  
s h o u l d  not  r e s u l t  i n  map g e n e r a t i o n .  We have  
o m i t t e d  from t h i s  a n a l y s i s  any  r e q u e s t s  Chat 
were  a b o r t e d  due to  t r a n s m i s s i o n  e r r o r s  or  
u s e r - i n i t i a t e d  i n t e r r u p t s .  

I n  a d d i t i o n  to  our  t h r e e  p e r f o r m a n c e  
c a t e g o r i e s ,  we w i l l  c h a r a c t e r i z e  t he  g e n e r a l  
c o m p l e x i t y  of  a r e q u e s t  in  t h r e e  ways :  

[I] Surface Complexity: 
The number of words in the original 
input r e q u e s t .  

[2] I n t e r a c t i v e  C o m p l e x i t y :  
The number of c o m p l e t e  i n t e r a c t i o n s  
be tween  t he  u s e r  and EXPLORER d u r i n g  
a s i n g l e  r e q u e s t  d i a l o g .  

[3] Conceptual Complexity: 
The number of lines generated in the 
target query language. 

We realize that some users will try to 
maximize efficient communication by minimizing 
t h e  number of c o m p l e t e  interactions. At the  
same time, still other users will find it 
easier to enter a minimal request and let the 
system ask for more information as needed. So 
while there is an apparent trade-off between 
the length of the initial request (surface 
complexity) and the number of interactions 
needed to fully interpret that request 
(interactive complexity), we cannot evaluate 
EXPLORER's effectiveness by trying to minimize 
one or the other. 

19(15-25) 3(3-3) 9(9-10) 
22(1-87) 7(3-14) 11(9-22) 
37(9-57) 8(5-12) 12(10-L4) 

25(1-87) 7(3-14) 11(9-22) 

We must also n o t e  t h a t  conceptual 
c o m p l e x i t y  as  i t  i s  d e f i n e d  h e r e  can  o n l y  g i v e  
a v e r y  rough  i d e a  of  t h e  c o n c e p t u a l  c o n t e n t  
and i n f o r m a t i o n  p r o c e s s i n g  i n v o l v e d .  It m i g h t  
be t e m p t i n g  to  l o o k  f o r  c o n c e p t u a l  c o m p l e x i t y  
as a function of surface complexity and 
i n t e r a c t i v e  c o m p l e x i t y ,  but any s i m p l e  
decomposition along these lines will be 
misleading- If a user changes the scale of a 
map I0 times, we will see a large interactive 
complexity with no change in conceptual 
c o m p l e x i t y .  A more s e n s i t i v e  s e t  of 
c o m p l e x i t y  m e a s u r e s  w i l l  have  co be d e s i g n e d  
b e f o r e  we can  e x p e c t  to  see  c o r r e l a t i o n s  
a c r o s s  t h e  v a r i o u s  m e a s u r e s .  

The r e s u l t s  o f  ou r  t r i a l  t e s t  p e r i o d  a r e  
s u e ~ a r i z e d  i n  T a b l e  1. We see  t h a t  t he  
a v e r a g e  s u r f a c e  c o m p l e x i t y  of  a l l  r e q u e s t s  i s  
25 w o r d s ,  w i t h  r e q u e s t s  r a n g i n g  from I to  87 
words i n  l e n g t h .  Each r e q u e s t  a v e r a g e d  7 
c o m p l e t e  i n t e r a c t i o n s ,  w i t h  some t a k i n g  as  few 
as  3 and o t h e r s  r e q u i r i n g  as  many as  14 
u s e r - i n t e r a c t i o n s .  The t a r g e t  q u e r y  l a n g u a g e  
r e q u e s t s  a v e r a g e d  l l  l i n e s  of  code ,  w i t h  a 
r a n g e  be t ween  9 and 22 l i n e s .  

I n  t e r m s  of  p e r f o r m a n c e  c a t e g o r i e s ,  f u l l y  
67% of  a l l  r e q u e s t s  were A2 r e q u e s t s .  Only  
10% q u a l i f i e d  a s  AI r e q u e s t s ,  w i t h  t he  
r e m a i n i n g  23% f a l l i n g  i n t o  the  A3 c a t e g o r y .  
A~ r e q u e s t s  t e n d e d  co be s l i g h t l y  more 
c o m p l i c a t e d  on a v e r a g e  t h a n  A2 r e q u e s t s ,  bu t  
i t  i s  i m p o r t a n t  Co no te  c h a t  the  most complex  
r e q u e s t s  i n  t e r m s  of  a l l  t h r e e  m e a s u r e s  were 
n e v e r t h e l e s s  A2 r e q u e s t s .  The r e l a t i v e l y  
s m a l l  p r e c e n C a g e  of AI requests may not be 
significant given the size of our sample, but 
it is likely that the failed A3 requests would 
have been A2 r e q u e s t s  had t h e y  been  p r o c e s s e d  
s u c c e s s f u l l y .  As the  s y s t e m ' s  h i t  r a t e  
i m p r o v e s ,  we e x p e c t  to  see  t he  A2 r a t e  r i s e  
while the AI rate remains stable. It is 
i n t e r e s t i n g  co n o t e  t h a t  t he  a v e r a g e  s u r f a c e  
complexity of the AI requests is very close ~o 
the average surface complexity of the A2 
r e q u e s t s .  

Almost  a l l  of  the  e r r o r s  u n d e r l y i n g  our  
A3 r e q u e s t s  were programmer  e r r o r s  due to an 
i m p e r f e c t  u n d e r s t a n d i n g  of u s e r  v o c a b u l a r y  or  
t he  t a r g e t  q u e r y  l a n g u a g e .  T h i s  was e x p e c t e d  
and can  o n l y  be r e c t i f i e d  w i t h  c o n t i n u e d  
t e s t i n g  by q u a l i f i e d  u s e r s .  We a r e  e x t r e m e l y  
p l e a s e d  to  have  a 77% s u c c e s s  r a t e  a t  t h i s  
i n i t i a l  s t a g e  of  p rogram t e s t - d e v e l o p m e n t :  
EXPLORER's e r r o r  r a t e  s h o u l d  d e c r e a s e  o v e r  
time as  changes are made to correct the errors 
we u n c o v e r .  
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Our e x p e r i e n c e  w i t h  EXPLORER s u g g e s t s  
t h a t  i t  i s  i m p o s s i b l e  to comple te  a sy s t em of  
this complexity without some such testing 
phase for feedback purposes. A high degree of 
cooperation between program designers and 
intended users is therefore critical in these 
final stages of system development. 

Our next step is to continue testing 
revised versions of EXPLORER, expanding our 
u s e r  p o p u l a t i o n  as  t he  sy s t em  becomes more 
c o m p e t e n t .  At the  c u r r e n t  r a t e  of  u s e r  
f e e d b a c k ,  we p r o j e c t  a 3-6 month p e r i o d  of  
sys t em r e v i s i o n s  b e f o r e  we f r e e z e  the  
i m p l e m e n t a t i o n  f o r  a f i n a l  e v a l u a t i o n .  
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