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u s s e s t h e f e a s i b i l i t y 
c o n s t r u c t i n g a " p r o -

w h i c h w o u l d c o o p e r a t e 
d e v e l o p m e n t o f h i s 

m to c o n c e n t r a t e more 
u a l d i f f i c u l t i e s o f 
s t o s o l v e . E x p e r i e n c e 

i n o t h e r f i e l d s i n -
s y s t e m w o u l d s i g n i f i -
p r o g r a m m e r f s p r o d u c t i -

The PILOT s y s t e m , i m p l e m e n t e d w i t h i n 
t h e i n t e r a c t i v e BBN L I S P s y s t e m , i s a s t e p 
i n t h e d i r e c t i o n o f a p r o g r a m m i n g l a b o r a 
t o r y . PILOT o p e r a t e s a s a n i n t e r f a c e b e t 
ween t h e u s e r and h i s p r o g r a m s , m o n i t o r i n g 
b o t h t h e r e q u e s t s o f t h e u s e r and t h e o p e r 
a t i o n o f h i s p r o g r a m s . F o r e x a m p l e , I f 
PILOT d e t e c t s a n e r r o r d u r i n g t h e e x e c u t i o n 
o f a p r o g r a m , i t t a k e s t h e a p p r o p r i a t e c o r 
r e c t i v e a c t i o n b a s e d o n p r e v i o u s I n s t r u c t 
i o n s f r o m t h e u s e r . S i m i l a r l y , t h e u s e r 
can g i v e d i r e c t i o n s t o PILOT a b o u t t h e 
o p e r a t i o n o f h i s p r o g r a m s , e v e n w h i l e t h e y 
a r e r u n n i n g , and PILOT w i l l p e r f o r m t h e 
w o r k r e q u i r e d . I n a d d i t i o n , t h e u s e r can 
e a s i l y m o d i f y PILOT b y i n s t r u c t i n g i t a b o u t 
i t s own o p e r a t i o n , and t h u s d e v e l o p h i s own 
l a n g u a g e and c o n v e n t i o n s f o r i n t e r a c t i n g 
w i t h P I L O T . 

S e v e r a l e x a m p l e s a r e p r e s e n t e d . 

I n t r o d u c t i o n 
The r e s e a r c h d e s c r i b e d i n t h i s p a p e r 

f o c u s e s on t h e p r o g r a m m e r f s environment. 
This term is meant to suggest not only the 
usual specifics of programming system and 
language but also such more elusive and 
subjective considerations as ease and level 
of interaction, "forgivefulness" of errors, 
human engineering, and system " In i t ia t i ve . " 
In normal usage, the word "environment" 
refers to the "aggregate of social and cul
tural conditions that influence the l i f e of 
an individual." The programmer's enivron-
ment influences, to a large extent deter
mines, what sort of problems he can (and 
w i l l want to) tackle, how far he can go, 
and how fast. If the environment is "co
operative" and "helpful" -- the anthropomor
phism is deliberate — then the programmer 
can be more ambitious and oroductive. If 

not, he w i l l spend most of his time and 
energy "f ighting" the system, which at 
times seems bent on frustrating his best 
efforts. 

One immediate goal to strive for is an 
environment comparable to that found in the 
well designed laboratory of the physical 
sciences. Such a laboratory usually con
tains equipment for many applications as 
well as fac i l i t ies for designing and build
ing new apparatus, or adapting that alreacfy 
present. In a large (well-funded) ins ta l l 
ation, the researcher w i l l also often have 
available assistants for performing the 
"routine" tasks. For example, a chemist 
might simply request an analysis of a 
sample, and not have to itemize each step 
in the process. This type of assistant 
and assistance frees the researcher for 
problems more worthy of his attention. 

Computer based systems have been con
structed that create this type of labora
tory environment for certain well-defined 
areas, e.g., mathematics [3,5,6], design 
of electronic circuits [7 ] , and general
ized graphical design [4,8] , such as for 
a i rcraf t , automobiles, bridges, etc. 

These systems are organized to allow 
the computer to perform the routine work 
(where routine is a function of the soph
ist icat ion of the system), while the user 
guides and directs the process at a rela
tively high level. For example, in the 
mathematical laooratory developed by 
Willian Martin, [ 5 ] , the mathematician 
interacts with the computer by asking 
questions or making requests. The system 
employs graphical input and output (lipsnt-
pen and display) to allow the mathematician 
to operate in an environment that closely 
resembles the pencil and paper with wnich 
he is already familiar. For output, the 
display ut i l izes subscripts, and observes 
the conventions concerning physical size, 
grouping, and placement of subexpressions 
which mathematicians have ado)ted to make 
It easier to read and comprehend mathemati
cal formulae. For input, the mathematician 
can communicate directly with the computer 
via the l ight pen9 either by writing new 
expressions, or by pointing to old ones, or 
portions thereof. 
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I n a t y p i c a l case , t he user might be t r y 
i n g t o f i n d the s o l u t i o n o f a d i f f e r e n t i a l 
e q u a t i o n . On the screen are d i s p l a y e d one 
o r two e q u a t i o n s , w h i l e the user has in 
h i s head the name of s e v e r a l o t h e r e x p r e s 
s ions o r p a r t i a l r e s u l t s a l r eady s t u d i e d 
and f i l e d away. The user dec ides to p e r 
fo rm an a c t i o n such as s u b s t i t u t i n g a d i s 
p layed e q u a t i o n , s o l v i n g i t f o r some v a r i 
a b l e , expanding some subexpress ion in a 
c e r t a i n way, or perhaps ask ing to see some
t h i n g e l s e . He makes the reques t us ing a 
comb ina t i on o f l i g h t - p e n and key -board 
s i g n a l s . These are encoded and t r a n s m i t t e d 
to the system where the a p p r o p r i a t e r o u 
t i n e s compute or r e t r i e v e the r e q u i r e d new 
exp ress ions and t r a n s m i t them back to the 
d i s p l a y r o u t i n e s which then compi le and 
d i s p l a y the d e s i r e d new p i c t u r e . I n t h i s 
way, the user can pe r fo rm in a few minu tes 
a l ong and i n v o l v e d a n a l y s i s w h i c h , assum
i n g he d i d not make any m is takes or l ose 
t r a c k of what he was d o i n g , might o t h e r 
wise take him many hou rs . 

Th i s paper d e s c r i b e s a s tep in the 
d i r e c t i o n o f such a l a b o r a t o r y f o r p rogram
ming and programmers: the PILOT system. 
As w i t h the mathemat i ca l l a b o r a t o r y , t h e 
g o a l i s t o a l l o w the computer t o pe r fo rm 
the r o u t i n e t a s k s w h i l e the u s e r , i n t h i s 
case a programmer, i s l e f t f r e e to concen
t r a t e on the more c r e a t i v e aspec ts o f h i s 
p rob lem, which i s the w r i t i n g and debugging 
of a program. 

Most o f the p r e v i o u s e f f o r t s bent a t 
Imp rov ing t he envi ronment o f t he p rogram
mer have concen t ra ted on p r o v i d i n g and i m 
p r o v i n g packages, such as e d i t o r s , com
p i l e r s , t r a c e packages, d i s p l a y r o u t i n e s , 
e t c . Whi le a good dea l of e f f o r t has been 
devoted t o such f a c i l i t i e s i n t he des i gn 
o f PILOT, the bas i c i n n o v a t i o n o f the 
PILOT system Is the emphasis p l aced on the 
prob lem of making changes In programs. The 
reason f o r t h i s emphasis i s t h a t making 
changes i n programs i s t he t a s k t h a t oc 
cup ies most of a programmers t ime and e f 
f o r t , f rom the e a r l y s tages I n the d e v e l o p 
ment of programs when they c o n s i s t p r i m a r 
i l y o f c o r r e c t i n g s y n t a c t i c a l and s imp le 
l o g i c a l e r r o r s i n i n d i v i d u a l s u b r o u t i n e s , 
t o t h e f i n a l s tages when t he programmer 
makes the t ype o f l o g i c a l and o r g a n i z a t i o n a l 
changes t h a t a f f e c t many d i f f e r e n t p a r t s o f 
h i s p rogram. 

The prob lem of making changes to the 
PILOT system i t s e l f i s handled as a s p e c i a l 
case o f t he prob lem o f making changes in 
programs i n g e n e r a l . Since PILOT i s d e 
s igned t o f a c i l i t a t e making changes i n p r o 
grams, i t s t o o l s and t echn iques can be a p 
p l i e d d i r e c t l y t o i t s e l f i n what i s e s s e n t 
i a l l y a b o o t s t r a p p i n g p r o c e s s . The user 
can thus e a s i l y i n t r o d u c e new t o o l s and /o r 
mod i fy e x i s t i n g ones to s u i t h i s own methods 

and p rob lems , I n s h o r t , t a i l o r t he p e r 
formance o f the system to s u i t h i m s e l f . 
Pu thermore , PILOT i s des igned w i t h t h i s i n 
m i n d , so t h a t i t can coopera te w i t h the 
user d u r i n g t h i s phase o f the development . 

The PILOT System 
PlLOT ic Implemented in the LISP p r o 

gramming language at B o l t Beranek and 
Newman I n c . , Cambridge, Massachuset ts . [ 1 ] 
A l t hough t h e r e Is a PILOT subsystem in 
L ISP, a l l o f t he f e a t u r e s and t o o l s des 
c r i b e d i n t h i s paper were i n c o r p o r a t e d 
d i r e c t l y i n t o the BBN LISP system once 
t h e i r use fu l ness was e s t a b l i s h e d , and a re 
now in g e n e r a l use by the e n t i r e community 
o f LISP u s e r s . I t i s thus more meaning
f u l to v iew PILOT as a concep tua l sys tem, 
a p h i l o s o p h y o f d e s i g n . I t i s t h i s p h i l o 
sophy t h a t we are t r y i n g to I m p a r t , i n the 
hopes t h a t i t may prove u s e f u l i n t he d e 
s i g n and c o n s t r u c t i o n o f systems i n o t h e r 
languages. ( * ) 

Automat ic E r r o r C o r r e c t i n g 
The i n i t i a l s tages i n the imp lementa

t i o n o f a l a r g e program are u s u a l l y d e v o t 
ed to the w r i t i n g and debugging o f i n d e 
pendent component r o u t i n e s . Only a f t e r 
these have been checked o u t , a t l e a s t 
s u p e r f i c i a l l y , can the programmer beg in to 
assemble the program and check f o r i n t e r -
r o u t i n e p rob lems . However, b e f o r e the p ro 
grammer can even beg in to debug a r o u t i n e , 
h e must f i r s t get i t t o r u n , i . e . , e l i m i 
na te those s y n t a c t i c a l and /o r s imp le l o g i 
c a l e r r o r s t h a t cause comp la i n t s f rom the 
language or system in wh ich he Is o p e r a t 
i n g . F a c i l i t a t i n g the c o r r e c t i o n o f these 
l o w e s t - l e v e l e r r o r s would improve the e f 
f i c i e n c y o f debugging by a l l o w i n g the p r o 
grammer t o proceed d i r e c t l y t o h i g h e r 
l e v e l p rob lems. 

From the u s e r ' s s t a n d p o i n t , c l e a r l y 
the bes t o f a l l p o s s i b l e s o l u t i o n s would 
be f o r the system to c o r r e c t these l o w -
l e v e l e r r o r s a u t o m a t i c a l l y and c o n t i n u e 
w i t h the c o m p u t a t i o n . T h i s i s not f a r -
f e t c h e d : a s u r p r i s i n g l y l a r g e percentage 
of the e r r o r s made by LISP users are of 
the t ype t h a t c o u l d be c o r r e c t e d by a-
no the r LISP programmer w i t h o u t any i n f o r 
mat ion about t h e purpose o r a p p l i c a t i o n 
o f the LISP program o r e x p r e s s i o n i n 

( * ) LISP i s e s p e c i a l l y s u i t e d f o r i m p l e 
ment ing a system such as PILOT because of 
the ease w i t h wh ich LISP programs can be 
t r e a t e d as da ta by o t h e r p rograms. T h i s 
c a p a b i l i t y i s e s s e n t i a l f o r c r e a t i n g t o o l s 
wh ich themselves w i l l c r e a t e a n d / o r mod i f y 
p rograms, an i n d i s p e n s i b l e f e a t u r e o f a 
programming l a b o r a b o r y . 
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q u e s t i o n , ( * ) e . g . , m i s s p e l l i n g s , c e r t a i n 
t ypes o f p a r e n t h e s i s e r r o r s , e t c . I f these 
c o r r e c t i o n s were per formed a u t o m a t i c a l l y 
by a program t h a t was c a l l e d o n l y when 
( a f t e r ) a n e r r o r occu r red i n t he e x e c u t i o n 
of a LISP program, i t would in no way d e 
t r a c t f rom the per formance o f t he LISP s y s 
tem w i t h debugged programs. Thus the e f 
f i c i e n c y o f the e r r o r c o r r e c t i n g program 
would not b e a c r i t i c a l f a c t o r i n i t s use
f u l n e s s . 

A p r i m i t i v e program which c o r r e c t e d 
c e r t a i n types o f s p e l l i n g e r r o r s was i m 
plemented in PILOT and users were encour 
aged to exper iment w i t h i t and comment on 
i t s f e a t u r e s . A s a r e s u l t o f t h i s e x p e r i 
ence , we d i scove red t h a t in o rde r to be 
accep tab le t o u s e r s : 

(1) The program must have a measure of how 
c e r t a i n i t i s about the n a t u r e and co r 
r e c t i o n o f a m i s t a k e , and use t h i s 
measure in d e t e r m i n i n g the amount o f 
i n t e r a c t i o n w i t h the u s e r . 

(2) The program must be ab le to d i s t i n 
g u i s h between s i g n i f i c a n t and 
t r i v i a l c o r r e c t i o n s , and to be more 
c a u t i o u s , i . e . , more i n t e r a c t i v e , 
about c o r r e c t i n g the f o r m e r . 

( 3 ) The u s e r must b e a b l e t o s p e c i f y t o 
t h e p r o g r a m h i s d e g r e e o f c o n f i d e n c e 
i n i t s a b i l i t y t o c o r r e c t h i s m i s 
t a k e s , a s r e f l e c t e d b y t h e amount o f 
i n t e r a c t i o n h e d e s i r e s . 

( 4 ) The u s e r must b e a b l e t o i n t e r r u p t 
a n d / o r a b o r t any a t t e m p t e d c o r r e c t i o n . 

( 5 ) The u s e r mus t b e a b l e t o d i s a b l e o r 
o v e r r u l e t h e e n t i r e c o r r e c t i n g p r o g r a m 
i f o r w h e n e v e r h e w i s h e s . 

W i t h t h e s e c r i t e r i a i n m i n d , a more 
s o p h i s t i c a t e d s e t o f e r r o r c o r r e c t i n g 
r o u t i n e s we re i m p l e m e n t e d . T h e s e r o u t i n e s 
make u p t h e DWIM p a c k a g e , f o r D o - W h a t - I -
Mean . The f o l l o w i n g o u t p u t i s r e p r e s e n t -
a t i v e o f t h e k i n d o f c o r r e c t i o n s and f l a v o r 
o f i n t e r a c t i o n o f DWIM. U s e r i n p u t i s p r e 
c e d e d by an a r r o w ( «-) . 

I n t h i s e x a m p l e , t h e u s e r f i r s t d e 
f i n e s a f u n c t i o n PACT o f one a r g u m e n t , N , 
whose v a l u e i s t o b e N f a c t o r i a l . The 
f u n c t i o n c o n t a i n s s e v e r a l e r r o r s : TIMES 
and FACT h a v e b e e n m i s s p e l l e d . The 9 i n 
N 9 was i n t e n d e d t o b e a r i g h t p a r e n t h e s i s 
b u t t h e t e l e t y p e s h i f t k e y was n o t d e p r e s s 
e d . S i m i l a r l y , t h e 8 i n 8SUB1 was i n t e n d 
e d t o b e a l e f t p a r e n t h e s i s . F i n a l l y , 
t h e r e a r e t w o l e f t p a r e n t h e s i s i n f r o n t o f 
t h e T t h a t b e g i n s t h e s e c o n d c l a u s e i n t h e 
c o n d i t i o n a l , i n s t e a d o f t h e r e q u i r e d o n e . 

( * ) W e c o n j e c t u r e t h a t t h i s i s a l s o t r u e 
i n o t h e r l a n g u a g e s . 

A f t e r d e f i n i n g t h e f u n c t i o n FACT, t h e 
u s e r w i s h e s t o l o o k a t I s d e f i n i t i o n u s i n r 
PRETTYPRINT, w h i c h h e u n f o r t u n a t e l y m i s 
s p e l l s . S i n c e t h e r e i s n o f u n c t i o n PRETTY-
PRNT in t h e s y s t e m , an UNDEFINED FUNCTION 
e r r o r o c c u r s , and t h e DWIM p r o g r a m i s 
c a l l e d . DWIM i n v o k e s i t s s p e l l i n g c o r -
: e c t o r , w h i c h s e a r c h e s f o r t h e b e s t p o s 
s i b l e m a t c h a l i s t o f f u n c t i o n s f r e q u e n t l y 
u s e d ( b y t h i s u s e r ) . F i n d i n g one t h a t i s 
e x t r e m e l y c l o s e , DWIM p r o c e e d s o n t h e a s 
s u m p t i o n t h a t PRETTYPRNT meant PRETTY-
PRINT, i n f o r m s t h e u s e r o f t h i s , and c a l l s 
PRETTYPRINT. 

A t t h i s p o i n t , PRETTYPRINT w o u l d 
n o r m a l l y p r i n t (FACCT NOT PRINTABLE) and 
e x i t , s i n c e FACCT h a s n o d e f i n i t i o n . T h i s 
i s n o t a s y s t e m e r r o r c o n d i t i o n , b u t t h e 
DWIM f a c i l i t y i s n o t r e s t r i c t e d t o j u s t 
e r r o r c o n d i t i o n s . DWIM m o d i f i e s s e l e c t e d 
s y s t e m f u n c t i o n s , s u c h a s PRETTYPRINT and 
DEFINEQ, t o make t h e m c o o p e r a t e more w i t h 
t h e u s e r . DEFINEQ i s m o d i f i e d ( b y ADVISE, 
t o b e d e s c r i b e d l a t e r ) t o n o t e any new 
f u n c t i o n s d e f i n e d b y t h e u s e r , and add 
t h e m t o t h e s p e l l i n g l i s t o f u s e r f u n c t i o n s . 
S i m i l a r l y , PRETTYPRINT i s m o d i f i e d s o t h a t 
when g i v e n a f u n c t i o n w i t h n o d e f i n i t i o n , 
i t c a l l s t h e s p e l l i n g c o r r e c t o r . T h u s , 
PRETTYPRINT d e t e r m i n e s t h a t t h e u s e r w a n t s 
t o see t h e d e f i n i t i o n o f t h e f u n c t i o n 
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PACT, not FACCT, and proceeds accordingly . 
The user now c a l l s h is func t ion FACT. 

During i t s execut ion, f i v e er rors are gener
ated, and DWIM is ca l led f i v e t imes. At 
each po in t , the e r ro r is cor rected, a com
ment made of the ac t ion taken, and the com
puta t ion allowed to continue as if no er 
ror had occurred. Fol lowing the l as t cor
r e c t i o n , 6, the value of FACT(3), is p r i n t 
ed. F i n a l l y , the user p r i n t s the new, now 
co r rec t , d e f i n i t i o n of FACT. 

In t h i s p a r t i c u l a r example, the user 
was shown operat ing in a mode which gave 
the DWIM system the green l i g h t on a l l cor
rec t i ons . Had the user wished to i n te rac t 
more and approve or disapprove of the i n 
tended correct ions at each stage, he could 
have operated in a d i f f e r e n t mode. Or, 
operat ing as shown above, he could have at 
any point aborted the cor rec t ion or s i g 
nal led his desire to see the resu l t s of a 
cor rec t ion a f t e r it was made by typ ing a 
? on the te le t ype . 

We have found from our experience wi th 
DWIM that most users are qu i te w i l l i n g to 
entrust the program wi th the cor rec t ion of 
e r r o r s , although each d i f f e r e n t user may 
want to operate w i th a d i f f e r e n t " c o n f i 
dence f a c t o r , " a parameter which ind icates 
how sure DWIM must be before making a cor
rec t i on wi thout approval . Above a ce r ta in 
user-establ ished l e v e l , DWIM makes the cor
r ec t i on and goes on. Below another l e v e l , 
DWIM types what it th inks is the problem, 
e . g . , DOES PRTYPNT MEAN PRETTYPRINT ?, and 
waits fo r the user to respond. In the i n -
between area, DWIM types what it is about 
to do, pauses fo r about a second, and if 
the user does not respond, goes ahead and 
does i t . The important t h ing to note is 
that since an e r ro r has occurred, the user 
would have to intervene in any event, so 
any attempt at cor rec t ion is appreciated, 
even if wrong, as long as the cor rec t ion 
does not cause more t roub le than the o r i g 
i n a l to correct♦ Since DWIM can recognize 
the d i f fe rence between t r i v i a l co r rec t i ons , 
such as misspe l l ings , and serious co r rec t 
i ons , such as those invo lv ing extensive 
e d i t i n g , bad mistakes are usual ly avoided. 
When DWIM does make a mistake, the user 
merely aborts his computation and makes 
the cor rec t ion he would have to make any
way. 

Error Handling in General 
Certa in types of e r rors that occur in 

the BBN LISP system cannot be handled by 
the DWIM program, e . g . , NON-NUMERIC ARG, 
an e r ro r generated by the a r i thmet ic 
f unc t i ons , ARG NOT ARRAY, from the p r i m i 
t i v e array func t ions , e t c . These are data 

type e r r o r s . ( * ) Another class of e r rors 
not handled by DWIM are the 'pan ic" errors: 
BP FULL, a complaint from the compiler 
meaning it has run out of b inary program 
space; NONXMEM, an attempt to reference 
non-existent memory, usual ly caused by 
t r e a t i n g an array po in ter as a piece of 
l i s t s t r uc tu re ; PDL OVFLW meaning pushdown 
l i s t over f low, which usual ly impl ies a 
looping program, e tc . Both data type and 
panic er rors are not f i x a b l e , but they are 
helpable. 

In our system, whenever an er ro r 
occurs, it causes a t rap to a user-modi
f i ab l e program. ( I t i s through t h i s pro
gram that DWIM works.) If DWIM has not 
been enabled, or if the user aborts an a t 
tempted DWIM c o r r e c t i o n , or if DWIM can
not f i x the e r ro r that has occurred, the 
system goes in to a "break" and allows the 
user to In te rac t w i th the system W h i l e 
maintain ing the context of the program in 
which the er ror occurred. This allows the 
user to intervene to t r y to r e c t i f y the 
problem, or to salvage what he can of the 
computation. While in the break, the 
system accepts and evaluates inputs from 
the te l e t ype . Since a l l of the power of 
the system Is ava i lab le to him, the user 
can examine va r iab les , change t h e i r values, 
def ine and evaluate new func t ions , and 
even ed i t funct ions he is cur ren t l y i n . I f 
another e r ro r occurs in a computation r e 
quested whi le in the break, the system 
goes in to a second, lower break, and so on. 
Thus i t is ra re ly the case that the resu l ts 
of a lengthy computation are l os t by the 
occurrence of an er ro r near i t s end. 

The fo l l ow ing example i l l u s t r a t e s t h i s 
process (user input is preceded by " : " or 
" * " ) . The user is running a large account>-
lng system, one of "whose subroutines is to 
perform the a lphabet iza t ion of a l i s t of 
names. The f i r s t i n d i c a t i o n of the pre
sence of a l o g i c a l e r ro r in the system is 
the message ATTEMPT TO CLOBBER NIL, mean
ing the program is at tempting to change 
the value of NIL. The system goes i n to a 
break ( 1 ) , and the user t r i e s to determine 
where the e r ro r occurred by performing a 
backtrace (2). He sees that he is in the 
func t ion ALPHA, in ter rogates the value of 
some of ALPHA'S var iab les ( 3 ) , and real izes 
that the problem arose when his a lphabe t i 
zat ion rou t ine attempted to compare the 
l as t element In the l i s t to the one f o l l o w 
ing i t , I . e . and end-check problem. While 
s t i l l in the break, he proceeds to ed i t 
the func t ion ALPHA (4). DWIM corrects h is 
s p e l l i n g , and since ALPHA happens to be 

(*) Sometimes these er rors are in fac t 
caused by m isspe l l i ngs , but i t is impossi
b le t o t e l l i n genera l . 
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compiled, the ed i to r re t r i eves i t s de
f i n i n g symbolic expression from i t s pro
perty l i s t , t yp ing PFOP (5) to c a l l t h i s 
to the user 's a t t e n t i o n . Consult ing his 
l i s t i n g , the user i ns t ruc t s the ed i to r to 
f i n d the expression beginning w i t h COND 
that contains RETURN, (6) which he then 
p r e t t y p r i n t s (7). The expression he wants 
is the one before t h i s one, so he backs up 
( 8 ) , and makes the appropriate cor rec t ion 
(9).He then recompiles ALPHA (10) . 

ATTEMPT TO CLOBBER N I L 
T E I T E L M A N 
I N RPLACA 

(RPLACA BROKEN) 1 
: B T 2 
RPLACA 
ALPHA 
ACC0UNTS2 
ACC0UNTS1 
ACCOUNTS 

(SOBROW O U I L L I A N MURPHY B E L L 
:Y 
( A I L ) 
: Z 
T E I T E L M A N 
: ( E D I T F ALHPA) 
=ALPHA 
PROP 
E D I T 
* ( C O N D C O N T A I N I N G RETURN) 
PP 

(COND 
( F L G (GO L P ) ) 
(T (RETURN X) ) ) 

*BACK PP 
( N U L L (SETO Y (CDR Y) ) ) 

* ( E M B E D SETQ IN CUR) 
* P P 

(CDR (SETQ Y (CUR Y) ) ) 
*OK 
( A L P H A ) 
: ( C O M P I L E (QUOTE ( A L P H A ) ) ) 
L I S T I N G ? 
ST 
(OUTPUT F I L E ) 
NONE 
(ALPHA C O M P I L I N G ) 
(ALPHA R E D E F I N E D ) 
( A L P H A ) 
: ? = 
U = N I L 
V = T E I T E L M A N 

: ( S E T U u Y) 
( N I L ) 
SEVAL 
RPLACA EVALUATED 
: V A L U E 
( T E I T E L M A N ) 
: x 
(BOBROW Q U I L L I A N MURPHY B E L L 
:OK 
RPLACA 

N I L ) 3 

4 

5 

6 
7 

8 

1 

1 0 

1 1 

1 2 

13 

14 

T E I T E L M A N ) 

15 

Now the user wishes to proceed w i th 
the computation, and so must correct the 
immediate e r ro r s i t u a t i o n in the func t ion 
RPLACA. He in ter rogates the value of 
RPLACA'S arguments by typ ing ?= (11) , and 
changes the f i r s t argument to the value of 
Y (12) . He then evaluates RPLACA (13) , 
checks i t s value (14) , and releases the 
break by typ ing OK (15) . 

As i l l u s t r a t e d above, when an e r ro r 
occurs a user i nva r iab ly wants to " look 
back" and see what happened e a r l i e r in the 
computation to cause the e r ro r s i t u a t i o n . 
In BBN LISP, a l l in format ion regarding the 
state of the computation in progress is 
stored on the push-down l i s t and is ex
p l i c i t l y ava i lab le to the user and to user 
programs. In f a c t , without t h i s capab i l 
i t y , DWIM could only be used to correct 
ce r ta in t r i v i a l e r ro r s . We bel ieve that 
fo r any type of programming laboratory 
environment, i t i s absolutely essent ia l 
that programs be able to examine the state 
of the world at any point in the computat
i on . In terms of LISP, t h i s impl ies being 
able to examine the sequence of funct ions 
that have been c a l l e d , and looking at v a r i 
able b indings. Since the same var iab le 
may be bound in nested func t ion ca l l s a 
number of t imes, expecia l ly dur ing a r e 
cursive computation, the program must be 
able to specifv which b inding of a v a r i 
able it is re ferenc ing and be able to 
change a p a r t i c u l a r b inding i f necessary. 
For example, had X and Y been the name of 
RPLACA's arguments, the user should s t i l l 
be able to in te r rogate the value of X and 
Y in ALPHA. F i n a l l y , the program must be 
able £b cause the computation to rever t 
back to a spec i f ied place on the push-down 
l i s t regardless of the number and type of 
in terven ing funct ions that have been ca l led 
A l l of these c a p a b i l i t i e s are present In 
our system. 

User Breaks 
The capab i l i t y of stopping a compu

t a t i o n and maintain ing i t s context whi le 
executing te le type inputs is also d i r e c t l y 
ava i lab le to the user as an aid in debug
ging in a va r ie t y of forms. [ 2 ] In the 
simplest case, the user can request that 
selected funct ions be modif ied to cause 
breaks whenever they are c a l l e d , or only 
when a ce r ta in cond i t ion is s a t i s f i e d , 
e.g.. (BREAK ALPHA (GREATERP (LENGTH X) 10)) 
w i l l cause the a lphabet iza t ion rout ine to 
break whenever i t is given a l i s t of length 
greater than 10. At t h i s point the user 
can intervene and examine va r i ab les , ed i t 
f unc t i ons , e tc . exact ly as w i th the case 
when an e r ro r occurs and the system causes 
a break. 
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Another way of u s i n g the break f ea tu re 
I s to s p e c i f y t h a t a f u n c t i o n be " b r o k e n " 
on l y when i t I s c a l l e d f rom some p a r t i 
c u l a r f u n c t i o n . For example, the user 
would be r e l u c t a n t to break on the f u n c t i o n 
SETQ, s i nce almost every f u n c t i o n uses i t . 
However, he cou ld (BREAK (SETQ IN ALPHA)), 
wh ich would on l y break on c a l l s to SETQ 
f rom w i t h i n ALPHA. Th is is per formed by 
c a l l i n g the e d i t o r t o f i n d and modi fy a l l 
c a l l s to SETQ i n s i d e o f t he f u n c t i o n ALPHA. 
Thus the per formance of SETQ Is no t a f 
f e c t e d or degraded when c a l l e d f rom any 
o t h e r f u n c t i o n . 

The user can a l s o reques t t h a t breaks 
b e i n s e r t e d a t s p e c i f i e d p o i n t s i n s i d e o f 
a f u n c t i o n . The e d i t o r i s t hen c a l l e d ( i n 
t h i s case the f u n c t i o n must be an i n t e r p r e 
t e d one, i . e . have a n S -exp ress ion d e f i n i t 
ion) t o f i n d the a p p r o p r i a t e p o i n t and i n s e r t 
t he b r e a k . For example, the user cou ld 
(BREAKIN ALPHA (BEFORE (COND CONTAINING 
RETURN))), wh ich would cause a break Jus t 
be fo re e x e c u t i n g the i n d i c a t e d f o rm . A l 
t e r n a t i v e l y , he can c a l l f o r a break by 
u s i n g the f u n c t i o n HELP. 

F i n a l l y , t he user can reques t a break 
at any t ime d u r i n g a compu ta t i on by s imp ly 
dep ress ing a s p e c i a l key on the t e l e t y p e . 
The next t i m e a f u n c t i o n i s c a l l e d , usua l l y 
w i t h i n a few m i l l i s e c o n d s , a break w i l l 
o c c u r , and aga in t he user can I n t e r v e n e and 
examine the s t a t e o f the c o m p u t a t i o n , e t c . 
These c a p a b i l i t i e s are i n v a l u a b l e f o r l o 
c a l i z i n g problems i n complex p rograms, 
e s p e c i a l l y r e c u r s i v e ones, and are p o w e r f u l 
t o o l s f o r f i n d i n g where to make changes 
t h a t complement those d e s c r i b e d below t h a t 
p r o v i d e how to make changes. 

A d v i s i n g 
PILOT was o r i g i n a l l y m o t i v a t e d by the 

d i f f i c u l t i e s encountered I n u s i n g computers 
f o r s o l v i n g very hard p rob lems , p a r t i c u l a r 
l y those i n t h e area o f a r t i f i c i a l i n t e l 
l i g e n c e . [ 9 ] These problems can be c h a r 
a c t e r i z e d a s be ing ex t reme ly d i f f i c u l t t o 
t h i n k t h r o u g h i n advance, t h a t I s , away 
f rom the computer . In some cases , t he p r o 
grammer cannot f o resee the i m p l i c a t i o n s o f 
c e r t a i n d e c i s i o n s he must make in t he de 
s i g n o f t he program. In o t h e r s , he can 
compare s e v e r a l a l t e r n a t i v e s o n l y b y t r y 
i n g them out on the machine. Even a f t e r 
he ge t s h i s program debugged, he con t i nues 
t o make a l t e r a t i o n s t o see t h e i r e f f e c t s . 
Only b y e x p e r i m e n t i n g w i t h h i s w o r k i n g p r o 
gram can he e v a l u a t e i t s per formance or 
hope t o ex tend i t s g e n e r a l i t y . S ince he 
cannot a c c u r a t e l y p r e d i c t the e f f e c t o f 
changes on the b e h a v i o r o f t he program 
because o f i t s s i z e and c o m p l e x i t y , he must 
adopt t he more p ragmat i c p o l i c y o f " l e t ' s 
t r y i t and see what happens . " I n s h o r t , he 
must be ab le to t r e a t the computer as h i s 
l a b o r a t o r y . 

U n f o r t u n a t e l y , making changes i n p r o 
grams, e s p e c i a l l y l a r g e and complex p r o 
grams, is o f t e n not a s imp le m a t t e r . Since 
they may r e q u i r e so much e f f o r t , many ex 
p e r i m e n t a l changes are s imp ly no t i m p l e 
mented, w i t h the r e s u l t t h a t t he programs 
soon become " f r o z e n . " For t h i s r e a s o n , 
c o n s i d e r a b l e a t t e n t i o n and e f f o r t i n t he 
des ign and development of PILOT has been 
devoted to the prob lem o f making changes. 
One o f the r e s u l t s i s the concept o f 
a d v i s i n g . 

The o p e r a t i o n o f a d v i s i n g c o n s i s t s o r 
m o d i f y i n g t he i n t e r f a c e between i n d i v i d u a l 
f u n c t i o n s in a p rog ram, as opposea to mod
i f y i n g the f u n c t i o n s t hemse l ves , wh ich i s 
c a l l e d e d i t i n g . The advantage o f a d v i s i n g 
i s t h a t i t a l l o w s the user t o t r e a t s e c t 
i ons of h i s own ( o r someone e l s e ' s ) program 
as " b l a c k b o x e s , " and to make m o d i f i c a t 
i ons t o them w i t h o u t concern f o r t h e i r 
c o n t e n t s . S ince each m o d i f i c a t i o n is i t -
s e l f a s m a l l p rog ram, and m o d i f i c a t i o n s 
can be i n s e r t e d so as to opera te e i t h e r 
b e f o r e o r a f t e r the o r i g i n a l f u n c t i o n 
would be r u n , a d v i s i n g is a very g e n e r a l 
and p o w e r f u l concep t . 

A d v i s i n g i s c a r r i e d out i n LISP by 
c r e a t i n g a new f u n c t i o n d e f i n i t i o n in 
wh ich the o r i g i n a l f u n c t i o n d e f i n i t i o n i s 
embedded, and sur rounded by the " p i e c e s 
o f a d v i c e . " T h i s p rocedure i s comp le te l y 
g e n e r a l : t he f u n c t i o n be ing adv ised can be 
a r b i t r a r i l y l a r g e o r s m a l l , complex o r 
s i m p l e , compi led or i n t e r p r e t e d , a system 
f u n c t i o n o r one o f the u s e r ' s own. 

The i n d i v i d u a l p i eces o f adv i ce are 
each LISP e x p r e s s i o n s , and so they to a re 
comp le te l y g e n e r a l . Thus a p i ece o f a d 
v i c e may s imp ly change t he va lue of some 
v a r i a b l e , o r , a t t he o t h e r ex t reme , request 
a l e n g t h y computa t ion i n c l u d i n g perhaps 
c a l l i n g the e n t i r e adv i sed f u n c t i o n r e c u r 
s i v e l y . Adv ice can a l s o be g i v e n so as to 
bypass the e n t i r e adv i sed f u n c t i o n . 
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For example, the user c o u l d have r e 
p a i r e d the problem In ALPHA shown e a r l i e r 
by g i v i n g the a p p r o p r i a t e adv ice to RPLACA 
i n s t e a d of e d i t i n g ALPHA. S ince RPLACA is 
c a l l e d f rom many f u n c t i o n s , the user would 
p robab l y want to adv ise RPLACA IN ALPHA: 

ADVISE((RPLACA IN ALPHA) (COND ((NULL U) 
(SETQ U Y ) ) ) ) 

As w i t h b r e a k , t h i s would on l y mod i fy the 
c a l l to RPLACA f rom w i t h i n ALPHA. 

Th is o p e r a t i o n demonst ra tes the advan
tage o f a d v i s i n g . I t a l l o w s the user t o 
make o n l i n e m o d i f i c a t i o n s q u i c k l y and 
s i m p l y . I n a d d i t i o n t o u s i n g i t f o r c o r 
r e c t i n g bugs , the user can pe r fo rm mod i 
f i c a t i o n s f o r the sake o f e x p e r i m e n t a t i o n , 
undo the m o d i f i c a t i o n s i f h e w i s h e s , t r y 
out o t h e r c o n f i g u r a t i o n s , e t c . , a l l w i t h 
out d i s r u p t i o n t o h i s h i g h - l e v e l , prob lem 
o r i e n t e d t r a i n o f t h o u g h t . Such d i s r u p t i o n 
u s u a l l y f o l l o w s when imp lemen t ing changes 
r e q u i r i n g a l eng thy sequence o f o p e r a t i o n s . 

Note t h a t a d v i s i n g complements r a t h e r 
than competes w i t h e d i t i n g as a way of 
making changes. In the e a r l y s tages o f de
bugg ing , t he user i s p r i m a r i l y a t t e n d i n g 
to l o c a l phenomena in h i s p rogram, and 
thus may f i n d i t n a t u r a l to make changes 
by e d i t i n g . I n l a t e r s t a g e s , he cons ide rs 
h i s program more in terms o f what each 
p iece does , r a t h e r than how i t does i t , 
and here a d v i s i n g is the t o o l he wants to 
use f o r making changes. 

A d v i s i n g as a Too l f o r M o d i f y i n g the System 
A d v i s i n g not on l y p r o v i d e s the user 

w i t h a conven ien t t o o l f o r making changes 
in h i s own programs, but a l s o w i t h the-
means f o r e x p e r i m e n t i n g w i t h and t a i l o r i n g 
the system to h i s own p a r t i c u l a r t a s t e s . 
For example , suppose a user wished to nod -
i f y PRETTYPRINT to p r i n t comments a long 
the r i g h t had s ide of t he page, where a 
comment was to be I n d i c a t e d as an e x p r e s s 
i o n b e g i n n i n g w i t h the atom * . Knowing 
t h a t SUPERPRINT i s the f u n c t i o n t h a t "does 
the work" o f p r e t t y p r i n t i n g , he cou ld 

ADVISE(SUPERPRINT (COND ((EQ (CAR E) 
(QUOTE * ) ) (RETURN (COMMENT E ) ) ) ) ) 

and t hen d e f i n e t he f u n c t i o n COMMENT to do 
the a p p r o p r i a t e f o r m a t t i n g . ( * ) 

TD The comment f e a t u r e is now a p a r t of 
our sys tem. However, i t was i n i t i a l l y i n 
t r oduced i n p r e c i s e l y t h i s way, i n o r d e r 
t o e v a l u a t e i t s u s e f u l n e s s . A d v i s i n g thus 
p r o v i d e s system des igne rs w i t h a q u i c k 
means f o r t r y i n g out new f e a t u r e s . 

A d m i t t e d l y t h i s p a r t i c u l a r p i ece o f 
a d v i s i n g r e q u i r e s the user to have some 
d e t a i l e d knowledge o f the work ings o f 
PRETTYPRINT. However, t he i m p o r t a n t p o i n t 
is t h a t by u s i n g ADVISE, changes can be 
e a s i l y e f f e c t e d , even w i t h system f u n c t i o n s 
where changes were not a n t i c i p a t e d . 

C o n v e r s a t i o n a l I n p u t 
PILOT" can be vTewed as an i n t e r f a c e 

between the user and h i s programs. The 
f o l l o w i n g somewhat over s i m p l i f i e d d iagram 
i l l u s t r a t e s the user-PILOT-program con
f i g u r a t i o n : 

Most of the e f f o r t in PILOT is con
centrated at in te r face 2 and 3. However, 
in order to be r e a l l y e f f e c t i v e , a pro
gramming laboratory should not only pro
vide the means whereby changes can be e f 
fected immediately, but also in a way that 
seems na tu ra l to the user. Accordingly, 
we have been experimenting w i th an Engl ish-
to-LISP t r a n s l a t i n g program that operates 
at i n te r face 1, and t rans la tes the user 's 
requests to PITOT in to the appropriate 
LISP computation. The fo l low ing dialogue 
gives the f l avo r of user-PILOT in teract ions 
obtained w i th t h i s program. User input is 
preceded by " > . " 

I UNDERSTAND. 
>CONTlNUi- : 

PROGRESS 
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The user i n s t r u c t s PILOT to adv ise 
the f u n c t i o n PROGRESS w i t h the statement 
beg inn ing "TELL PROGRESS:.11 PILOT r e 
cognizes t h i s form o f r e q u e s t , but does 
hot understand the p a r t about outnumber ing. 
The user then a t tempts to e x p l a i n t h i s 
w i t h t he i npu t beg inn ing THE X OUTNUMBER 
THE Y. Th is statement w i l l cause an ad
d i t i o n t o PILOT'S a l ready f a i r l y ex tens i ve 
c a p a b i l i t y f o r c o n v e r t i n g E n g l i s h s t a t e 
ments to LISP, so t h a t PILOT w i l l be ab le 
t o understand express ions o f t h i s type en 
countered in the f u t u r e . However, PILOT 
cannot i n t e r p r e t the phrase THE NUMBER OP 
X IN Z in t h i s e x p l a n a t i o n , and so i n t e r 
rogates the user a t t h i s lower l e v e l . A t 
t h i s p o i n t , the user d e f i n e s a new f u n c t i o n 
NUMBER, and then e x p l a i n s the t roublesome 
phrase i n terms o f t h i s f u n c t i o n . PILOT 
responds t h a t i t " unde rs tands . " The user 
then i n s t r u c t s PILOT to con t i nue w i t h what 
i t was d o i n g , namely t r a n s l a t i n g the ex
p l a n a t i o n of OUTNUMBER. When t h i s is com
p l e t e d , the user i n s t r u c t s PILOT to con 
t i n u e w i t h the o r i g i n a l r e q u e s t , which 
PILOT now s u c c e s s f u l l y completes. 

The c u r r e n t E n g l i s h - t o - L I S P t r a n s l a t o r 
con ta ins a l a r g e assortment o f u s e f u l , i f 
a d hoc, t r a n s f o r m a t i o n a l r u l e s w r i t t e n i n 
FL IP , [ 1 0 ] , a s t r i n g p rocess ing language 
embedded in the BBN LISP system. The set 
of FLIP r u l e s can be e a s i l y expanded or 
m o d i f i e d . For example, the d ia logue shown 
above r e s u l t e d i n r u l e s f o r t r a n s f o r m i n g 
express ions of the form THE X OUTNUMBER 
THE Y ON Z and f o r THE NUMBER OF X IN Z 
be ing added to the t r a n s l a t o r 

I n a d d i t i o n t o the FLIP p o r t i o n o f the 
t r a n s l a t i n g program, t he re i s a p o s t 
p rocessor which a l l ows i n t e r m i n g l i n g o f 
LISP express ions w i t h the E n g l i s h , as w e l l 
as a s o r t o f p i d g i n - L I S P which looks l i k e 
LISP w i t h the parentheses removed. The 
t r a n s l a t o r a lso con ta ins s p e c i a l i z e i n f o r 
mat ion f o r d e a l i n g w i t h q u a n t i f i e r s and 
and-or c l auses . For example, the f o l l o w i n g 
express ions w i l l b e t r a n s l a t e d c o r r e c t l y 
i n t o the e q u i v a l e n t LISP fo rms. 

NO MEMBER OF X IS ATOMIC AND NOT NULL 
THE FIRST ELEMENT OF X IS GREATER THAN THE 

SECOND AND NOT LESS THAN THE THIRD 
THE FIRST ELEMENT OF SOME MEMBER OF X IS 

A NUMBER THAT IS GREATER THAN THE 
SECOND ELEMENT 

The t r a n s l a t o r a l so "remembers" c e r 
t a i n c o n t e x t u a l i n f o r m a t i o n such as what 
was the l a s t o p e r a t i o n r e q u e s t e d , what 
f u n c t i o n i t r e f e r r e d t o e t c . For example: 

>TELL FOO: IF ITS FIRST ARGUMENT IS ATOMIC 
THEN RETURN I T , 

FOO 

>WHAT IS ITS SECOND ARGUMENT? 
Y 

We are not a s s e r t i n g t h a t E n g l i s h is 
a good or even d e s i r a b l e programming 
language. However, i f the user i s t h i n k 
i n g about h i s programs in E n g l i s h , then 
p r o v i d i n g him the f a c i l i t y f o r express ing 
reques ts i n E n g l i s h w i l l a l l o w him t o 
concen t ra te more f u l l y on the problem at 
hand. 

Improv ing PILOT 
"PILOT is the r e s u l t o f an e v o l u t i o n 

ary process ex tend ing over more than two 
yea rs . However, t h e r e is no reason to 
assume t h a t t h i s process has t e r m i n a t e d , 
nor t h a t PILOT has reached some s o r t of 
u l t i m a t e s t a t e . " [ 9 ] Th i s s tatement was 
w r i t t e n in my Ph.D. t h e s i s t h r e e years 
ago, and in the e lapsed t i m e , many of the 
goals e s t a b l i s h e d f o r improvements and 
a d d i t i o n s to PILOT have been r e a l i z e d in 
our present system. But the statement is 
s t i l l t r u e , and the process s t i l l c o n t i n u e s . 

One area o f c u r r e n t i n t e r e s t i s t h a t 
o f p r o g r a m - w r i t i n g programs. Programming 
languages a r e . c u r r e n t l y designed to a l l ow 
the programmer to express the ope ra t i ons 
he wants the computer to per fo rm in a 
s imple and conc ise f a s h i o n . However, o f t e n 
the programmer many not know p r e c i s e l y what 
o p e r a t i o n he wants the computer to p e r f o r m , 
a l t hough he may have a c l e a r idea of what 
he wants the program to accompl i sh . That 
i s , he may be ab le to g i v e a d e s c r i p t i o n 
o f i t s o u t p u t , o r the changes i t shou ld 
make in a data s t r u c t u r e . Th i s is not to 
say t h a t the programmer cou ld not con
s t r u c t the program. However, a system 
which cou ld accept more g o a l - o r i e n t e d 
d e s c r i p t i o n s of tasks and produce programs 
t o accompl ish them, even i f on ly e f f e c t i v e 
f o r s i m p l e , s u b r o u t i n e - l e v e l t a s k s , would 
f u r t h e r f r e e i t s users f o r h i g h - l e v e l 
o p e r a t i o n s . Such a system would r e q u i r e 
a f a i r degree o f problem s o l v i n g c a p a b i l 
i t y , and should have a s u f f i c i e n t l y r i c h 
s t o r e o f i n f o r m a t i o n about programming 
and programs to enable i t t o determine 
s i m i l a r i t i e s i n t a s k s . I t shou ld b e ab le 
t o adapt p r e v i o u s l y w r i t t e n o r c o n s t r u c t 
ed programs to a new t a s k . In o the r words, 
we are t r y i n g to c o n s t r u c t a system t h a t 
can handle more of the r o u t i n e aspects of 
programming, in o rder to f r e e the human 
to concern h i m s e l f more w i t h the c r e a t i v e 
aspects o f t he p rob lem. Th is i s the 
bas ic ph i l osophy of the PILOT system: 
l e t the computer do i t . The s i g n i f i c a n c e 
o f PILOT i s t h a t i t demonstrates t h i s 
f e a s a b i l i t y and d e s i r a b i l i t y o f t hs 
approach. Even i n i t s c u r r e n t f o r m , 
PILOT c l e a r l y shows t h a t i t i s p o s s i b l e 
t o get computers t o p a r t i c i p a t e i n , and 
cooperate w i t h , resea rch e f f o r t s i n 
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programming to a much g r e a t e r e x t e n t than 
Is now be ing done. 
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