
A LISP DEBUGGING SYSTEM 

In t e r ac t i ve  debugging systems with breakpoints have h i s t o r i c a l l y  

been l imi ted  t o  a s s  b l y  language programming. The most f ami l i a r  of t he se  k 
i s  DDT developed o r i g i n a l l y  f o r  t h e  PDP-1. The development of  such systems 

f o r  h igher  l e v e l  languages such a s  LISP i s  g r ea t l y  s impl i f ied  if one 

assumes t h a t  programs Cfunctions ) a r e  in te rpre ted .  The reason f o r  

t h i s  i s  t h a t  t h e  breakpoint system must modify t h e  o r i g i n a l  funct ion cie:Ci.:s 

de f i n i t i ons ,  and modifi&tion of a compiled program i s  much more d i f f i c u l t  . 
than  of an in te rpre ted '  program. 

A s  wi th  o the r  debugging systems, t h e  LISP debugging system aUousz 

t h e  use r  t o  capture  con t ro l  of his program a t  spec i f i ed  points(cal1ed 

breakpoints) during i t s  execution. k v i n g  captured con t ro l ,  t h e  u se r  may 

examine t h e  s t a t e  of  va r iab les  i n  his program, modify functions,  change 

breakpoints, e v a l i a t e  expressions, and i f  des i red,  continue i t s  execution. 

The main f ea tu r e  of  t h e  debugging system i s  t h e  a b i l i t y  t o  s e t  

breakpoints  around S-expresions i n  i n t e rp r e t ed  functions.  To c r e a t e  
t. 

a breakpoint,  t h e  usefmusl; speci fy  tol-:the breakpoint e d i t o r  t h e  funct ion 

(EDBRK <function name>) and which S-expression t o  put 3 
t h e  breakpoint around. The breakpoin2Qditor has commands which allow - 
t h e  use2 t o  move a po in te r  around wi thin  h i s  funct ion and t o  search 

f o r  S-expressions. When t h e  pp in t e r  has been posit ioned t o  t h e  

des i red  S-expression, t h e  command w i l l  c r e a t e  a breakpoint around it 

by replacing t h e  o r i g i n a l  S-expression with: 

( B ~ K P T  B# n S-expressionJ 



A breakpoint i s  act ivated when t h e  LISP i n t e rp re t  e;r) evaluates 

the  breakpoint, i e .  , t h e  fwm ~esc.rD&d;kbo~e;.,:jj~~Whenoa breakpoint i s  

activated,  t he  breakpoint system evaluat eii a condition (predicate) 

associat  sd with the  breakpoint which i f  true specif ies  t h a t  t h e  breakpoint 

i s  t o  be interact ive.  A non-interactive breakpoint ac t iva t ion  returns  

t h e  value of t h e  S-expression as i f  no breakpoint had been there.  

An i n t  eraqtive breakpoint ac t iva t ion  allows t h e  user  t o  examine t he  

s t a t e  of ?BOG, LAmDA, and global variables,  c rea te  and destroy breakpoints, 

ed%t:.->func t ions,  and evaxuate S-expressions. 



B W U O I W T  EDITOR C O P U N D S  

I n  t h e  fol lowing sect ion,  w i l l  r e f e r  t o  a p o s i t i v e  in teger ,  

g w i l l  r e f e r  t o  an  S-expressLon, and qi w i l l  r e f e r  t o  t h e  S-expression 

c u r r e n t l y  pointed t o .  

n> RIGHT Move t h e  p o i n t e r  n S-expressions t o  t h e  r ight .  

n< LB5T Move t h e  p o i n t e r  n S-expressions t o  t h e  l e f t .  

nV. .' DOWN b v e  t h e  p o i n t e r  down n l e v e l s  i n  parenthesis .  
v &'3. 

ig., s e t s  t h e  p o i n t e r  t o  t h e  CAR of  q, t h e  S-expression 

pointed to .  

nA UP' Ihve t h e  p o i n t e r  up n l e v e l s  i n  parenthesis .  - 
r."? A ,  \ 

g . ,  I g , ~ e t s  t h e  p o i n t e r  t o  t h e  list which con ta ins  

q a s  a t o p  l e v e l  element. 

I n  t h e  <,>a, and d'commands n=l 5 s  assumed i f  n i s  not speci f ied .  

/1 L' 
Ss SdAECH Search t o  t h e  r i g h t  of t h e  p o i n t e r  f o r  t h e  first occurrence 

B B R ~ K P O I N L '  Construct a breakpoint around q, t h e  S-expression 

pointed t o .  'The S-expression must be one which *he 

i n t  e ,rpret  e r  can evaluate.  That i s ,  breakpoints  a r e  not 

permit ted around PROG l a b e l s ,  PAOG and LAMBDA v a r i a b l e  

l is ts ,  and funct ion names. B i n i t i a l i z e s  t h e  t h e  breakpoint  

condi t ion  t o  T,  and t h e  v a r i a b l e  l i s t  t o  theLAMBDA and PROG 

v a r i a b l e s  surrounding t h e  S-expression. 



Is INSgRT Inser t  s before q, 
ys & w ~ & r D  5 qf fc f  $ ,  
nD DZLZSE Delete pkr < & r d p u i s ; 8 n ~  

2 s  AWLACE Replace q by s. 

P PHOCUD Proceed from t h e  current breakpoint, o r  bfitr:ftPm EDBRI(, the 

breakpoi* edi tor ,  

nVs VARIABLES Set t h e  var iable  l i s t  f o r  breakpoint n t o  s, 

T h i s  i s  the  l i s t  of  variables which a r e  printed 
,I : Ll'-, , :y 

when a breakpoint i s  act ivated i n t o  in t e rac t ive  

mode. \ 

nCs COI'\IDIiI'ION Set t h ~  condition f o r  breakpoint n t o  s. 

This condition 'determines whether a breakpoint 

becomes in te rac t ive ,  

nK KILL Kill (remove) breakpoint n. 

I n  t he  V, C, and K commands, i f  n i s  not specified,  then t h e  cufrent 

breakpoint i s  assumed. 

w h Print  t h e  S-expression pointed to .  



B&ZAKPOI[NT SYSTEM OVI'PUTS 

To reduce t h e  volume of output by t h e  breakpoint system, a l l  

S-expressions a r e  printed t o  only a few parenthesis leve ls  i n  depth. 

This depth i s  determined bjrc::the var iable  D$PLEV. A non-atomic , 

S-expresrion a t  depth D~PLZV i s  pr inted a s  8. 

w i l l  p r i n t  as  : 

hihen the  breakpoint system i s  entered, i P  t h e  breakpoint 

condition evaluate t o  t rue ,  then the  in t e rac t ive  breakpoint system 
\*s& 5 

i s  entersd,/and t h e  f ollo+ng information i s  printed: 

4) ~ i f h  a -'teletype (or  a display a*d'~wLthout the LISP display package) 

1) The locat ion of t he  breakpoint i s  pr inted a s  follows: 

***YOU AW I N  <name of function, 

2) Global var iables  (detgni&hed lip t h e  Xksk D ~ G V L )  a r e  pr inted 

i n  the  form: 

3) IAIYIEIDA and PROG variables (elements of t h e  var iable  l is t  

associated with t h e  breakpoint) a r e  printed a s  above. 

4) The S-expression current ly  pointed t o  by t h e  breakpoint 0 ad ~c 
edi tor  i s  printed. (When the  breakpoint system i s  entered, 

the  pointel' i s  i n i t i a l i z e d  t o  point t o  t h e  breakpoint. ) 

5) )henever t h e  E,and ffdomnands a r e  used, t h e  folkowing i s  printed: 

<S-expression, = <value> 
A \! x9 

6) Whenever the  <, 1, X, B, K, S, D, I, and R commands are used, 

t h e  resu l t ing  S-expression pointed t o  i s  printed. 



) J i t h  a 111 display and t h e  LISP display package (LISPDP), 
1 

tha  screen i s  par t i t ioned a s  follows: 

1 )  Global variables a r e  printed a s  i n  A2. 

2) LANBDA and PROG variables a re  printed a s  i n  A3. 

3) The lask  few (determined by t h e  variable D ~ W L )  

S-expressions evaluated by the  E and P comnds* ' B l : r f e ,  r.s ;n 
7- 

4) The locat ion of the  breakpoint i s  printed i n  t h e  following form: 

***YOU ARE AT <name of function> <name of breakpoint> 

5 )  The inaediate  context of t h e  breakpoint ( the l i s t  which contains 

I 4)  a r e a k p o i n t  location> 

j) <context around the  

breakpoint> 

t h e  S-exprassion pointed t o  a s  ' a top  l e v e l  element) i s  displayed a s  follows: 

1 
/ ) <global variables> 

cUMBDA and PROG variables> 

3 )  a a s t  n expressions evaluated> 
* 

b 

-22 <S-expression pointed to> 

<t ty  page pr inter> 

t - 

6 )  Wnenever t h e  E command i s  used, pa r t s  1,2, and 3 a r e  regenerated. 
h % 9 

7) hkenever t h e  <, >, x, $, B, K, S, D, I, and R commands a r e  used, 

par t  5 i s  regenerated. 



USE OF THE BREAICPOINT SYSTiM 

To load the breakpoint system i n t o  a core image do: 
A L L P ~  2-000 @4J5 

8 - i ,  @i')c.. p,.I"&~~. : f d ( g  

( I N C  (INPUT SYS: LAP (DEBuG.LAP))) 

If using the  displays, load t h e  LISP display package - L U P ~ ~  1 
The following functions a r e  t h e  only top  l e v e l  h c t i o n s  needed 

by the  user: 

(BMNIT) I n i t i a l i z e  the breakpoint system. This must be evaluated 

a f t e r  the breakpoint system i s  loaded. 

(EDB~U *me of function>) Enter the breakpoint ed i to r  t o  cd ihs t i~~c t  

breakpoints i n  t h e  specif ied function. The P command ex i t s  'from EDBRK. 

(UNBRMK , a s t  of function names>) Remove all breakpomhks from 

a l l  specified functions, 
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