
DOMAIN SPECIFIC DEBUGGING AIDS 
FOR NOVICE PROGRAMMERS 

Joachim Laubsch and Marc E i s e n s t a d t 

The Open U n i v e r s i t y 
M i l t o n Keynes, ENGLAND* 

ABSTRACT 

We have been d e v e l o p i n g a debugging a i d 
t a i l o r e d to n o v i c e programmers l e a r n i n g to use a 
s i m p l e a s a e r t i o n a l database language . Based i n p a r t 
on e x i s t i n g programmer 's a p p r e n t i c e and debugging 
p r o j e c t s , our system makes s e v e r a l n o v e l 
c o n t r i b u t i o n s : i t i s o r i e n t e d towards a l a r g e 
aud ience ( s e v e r a l hundred per y e a r ) o f computer -
n a i v e u s e r s ; the system dea ls w i t h argument 
p a s s i n g , r e c u r s i o n , and s i d e - e f f e c t s . Symbol ic 
e v a l u a t i o n o f t he u s e r ' s code produces an 
e f f e c t - d e s c r i p t i o n wh ich i s compared w i t h a n 
i d e a l i s e d e f f e c t - d e s c r i p t i o n ( d e r i v e d f rom a 
l i b r a r y p l a n ) . The l i b r a r y p l a n uses domain-
s p e c i f i c knowledge to a l l o w the use r a g r e a t dea l 
o f f reedom t o i n v e n t a l t e r n a t e approaches t o the 
programming t ask a t hand . Based on e f f e c t -
d e s c r i p t i o n mismatches, a v a r i e t y o f h i n t s f o r 
c o r r e c t i n g the code can be g i v e n to the s t u d e n t . 
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Extensive user aids ensure that students enter 
l e x i c a l l y and syn tac t i ca l l y correct programs. Even 
so, the programs t y p i c a l l y f a i l to perform as 
intended. While rea l i s i ng that such fa i l u res can be 
of great pedagogical value, our aim is to develop a 
technique fo r helping users circumvent hurdles 
which they might f ind too tedious to deal wi th or 
which may prevent them from at tack ing pedagogically 
more valuable tasks. Since our students normally 
work on t he i r own (v ia d ia l -up l ines to one of our 
DECsystem-20,s), the provis ion of i n t e l l i g e n t 
debugging aids is of great p rac t i ca l bene f i t . 

Students wr i te programs on one of several 
suggested top ics . Schema-matching, simple 
in ferenc ing, and ch i ld ren 's subtract ion s k i l l s are 
among the favour i tes . The subtract ion task is 
p a r t i c u l a r l y i n t e res t i ng , because SOLO has no 
numerical p r im i t i ves , and thus students must think 
very ca re fu l l y about how to represent numbers in a 
database, what operations to a l low, etc . We can 
provide our debugging assistant with a f a i r amount 
of knowledge about subt rac t ion, which makes it a 
good testbed fo r our ideas. It is important to 
note, however, that we do not expect the students 
to have to work towards implementing a pa r t i cu l a r 
a lgor i thm. On the contrary, one of the novel 
aspects of our approach is that we encourage the 
students to come up wi th t he i r own representations 
and algor i thms. The data representat ion they choose 
w i l l of course inf luence the algori thm they use, 
and vice versa. Our debugging assistant is provided 
wi th deta i led knowledge of a wide range of possible 
data st ructures which could be used to represent 
subtract ion tables, along wi th an abstract 
descr ip t ion of e f fec ts to be achieved by a 
subtract ion program. Only a f te r examining the 
student 's representat ion does the assistant decide 
what the ' i dea l i sed e f fec t desc r ip t ion ' fo r that 
s tudent 's code should be— i . e . what changes to the 
asser t ional data base ought to occur as a resu l t of 
a successful run of h is program. 

The debugging assistant deals wi th 
parameterised subroutines, cond i t iona ls , and side 
e f f ec t s , thus extending the pioneering work of 
Adam and Laurent [ 1 ] , Goldstein [ 5 ] , M i l l e r and 
Goldstein [ 6 ] , and Ruth [ 8 ] . I t r e l i e s extensively 
on a language-independent 'p lan diagram' 
representat ion developed by Rich and Shrobe [ 7 ] , 
and Waters [ 1 0 ] . The l a t t e r is the basis fo r 
computing the e f fec ts of programs and program 
segments, which in turn gives the debugging 
assistant a way to understand what the program 

9 6 4 



achieves, and a way to compare th i s w i th what the 
program should have achieved. In the case of small 
mismatches, it is possible to recommend a 
pa r t i cu la r patch to the student. More impor tant ly , 
however (since we don' t want to wr i te the en t i re 
program for the student) is the generation of 
tai lor-made counterexamples to provoke the student 
in to th ink ing up h is or her own so lu t i on . 

When a student gets stuck, he or she can 
invoke the debugging assistant by typing HELP 
DEBUG. The assistant invest igates the student 's 
code and data base in several phases, as out l ined 
below: 

* TRANSLATION: User programs are translated 
(as they are entered) in to a language independent 
'p lan diagram* notat ion (PDN) [ 7 , 9, 10] which 
encodes the cont ro l f low, the data f low, and a 
declarat ive descr ip t ion of each program's overa l l 
e f f ec t . During t r ans la t i on , three kinds of 
' i r r a t i o n a l code' can be detected (c f . [ 5 ] ) : 0) 
unreached code; (2) an unbound CHECK var iable used 
fo l lowing the 'absent' branch of a CHECK statement; 
(3) useless code, which includes var iable binding 
without l a t e r reference, assert ion and delet ion of 
the same data base t r i p l e , and superfluous CHECKs. 
The t rans la t ion phase is described in [ 3 ] . 

* PLAN RECOGNITION: Certain sequences of code 
(some of which are spec i f i c to SOLO, others of 
which are spec i f i c to the subtract ion task) can be 
recognized in t he i r PDN form as manifestations of 
various 'standard l i b r a r y p lans ' . This recognit ion 
is performed by re fe r r i ng to a plan l i b r a r y , which 
knows not only how to recognize plans, but also 
what t he i r e f fec t descr ipt ions are. We have ident­
i f i e d over a dozen standard l i b r a r y plans which are 
manifest in the code of actual SOLO users. A 
t yp i ca l plan is 'simple net t r a v e r s a l ' . In terms of 
the plan l i b r a r y of Shrobe e t . a l . [9] th is is a 
'generator ' p lan, which recurs ively fetches a l l the 
nodes along a chain of a pa r t i cu la r r e l a t i o n , e.g. 
nodes n1 , n2 and n3 in the network below: 

This in turn can be used as part of a more 
complicated p lan, such as 'generate and s ide-e f fec t 
each' . This plan is the basis fo r the INFECT 
program shown in F ig . 1— INFECT generates a 
sequence of nodes by simple net t raversa l (steps 2 
and 2A), and uncondi t ional ly s ide-ef fec ts every one 
of them (step 1) . The ro le of such plans is 
discussed in [ 4 ] . 

* SYMBOLIC EVALUATION: An analysis is made of 
a l l possible pathways which the program might have 
explored, and an e f fec t descr ip t ion is generated, 
provid ing a declarat ive account of what the program 
achieves in terms of changes to the data base. This 
is especia l ly important for those pieces of the 
program which did not appear to match any known 
plans in the plan l i b r a r y . This phase is described 
in sect ion I I below. 

* EFFECT DESCRIPTION MATCHING: The e f fec t 
descr ip t ion of the student 's program i3 now 
compared wi th an ideal ised e f fec t descr ip t ion to 

f i n d mismatches. The i d e a l i s e d e f f e c t d e s c r i p t i o n 
is computed by expanding a domain s p e c i f i c l i b r a r y 
p l a n in a top-down f a s h i o n to mesh w i t h the 
s t u d e n t ' s own chosen da ta base r e p r e s e n t a t i o n 
(wh ich we ana lyse b o t t o m - u p ) . The debugging 
a s s i s t a n t has c r i t e r i a f o r d e t e c t i n g near m i sses , 
and h e u r i s t i c s f o r s u g g e s t i n g how to r e p a i r a 
program. I f t h i s f a i l s , the e f f e c t d e s c r i p t i o n s can 
s t i l l p r o v i d e the b a s i s f o r g e n e r a t i n g u s e f u l 
counterexamples which may h e l p the s t u d e n t to focus 
more c l e a r l y on the u n d e r l y i n g cause o f the bug . 
S e c t i o n I I I d i scusses e f f e c t d e s c r i p t i o n ma tch ing 
in some d e t a i l , and g i v e s examples o f the k i n d s o f 
bugs which our system can c u r r e n t l y d e a l w i t h . 

A l l o f the examples shown below run in our 
MacLisp i m p l e m e n t a t i o n , a l t h o u g h the debugging 
a s s i s t a n t i s no t y e t r obus t enough f o r use i n a 
' l i v e ' s t u d e n t env i ronmen t . 

II DERIVING EFFECT DESCRIPTIONS 
BY SYMBOLIC EVALUATION 

A. Symbol ic e v a l u a t i o n d e s c r i b e s a_ program ' s 
e f f e c t b y s t e p p i n g t h rough a l l cases 

Symbol ic e v a l u a t i o n serves as a t o o l f o r 
d e r i v i n g a c a n o n i c a l d e s c r i p t i o n o f the e f f e c t t h a t 
a user program w i l l have , when run in some e n v i r o n ­
ment. Th i s d e s c r i p t i o n can be compared w i t h the 
e f f e c t d e s c r i p t i o n o f known ( l i b r a r y ) p l a n s . Such a 
compar ison w i l l show t h a t the program e i t h e r 
behaves as i n tended by t he t u t o r , d e v i a t e s 
" s l i g h t l y " ( i n wh ich case we can suggest a p a t c h ) , 
o r d e v i a t e s " g r o s s l y " ( i n wh ich case we can d e r i v e 
c o u n t e r - e x a m p l e s ) . 

SOLO programs t y p i c a l l y mod i f y a g l o b a l da ta 
base by s i d e - e f f e c t s . A p rocedure r e c e i v e s 
arguments and i m p l i c i t l y an i n p u t da ta base 
( d b - i n ) , and produces an o u t p u t da ta base ( d b - o u t ) . 
The e f f e c t o f a program is d e s c r i b e d by a t r e e 
wh ich a t i t s r o o t has d b - i n and a t i t s l eaves has 
db -ou t f o r each p o s s i b l e c o n d i t i o n . 

The da ta base c o n s i s t s o f a se t o f t r i p l e s , 
each h a v i n g the form 

t r i p l e = [<source> < l i n k > < t a r g e t > ] 

We r e p r e s e n t a da ta base as an a s s o c i a t i o n 
l i s t o f b i n d i n g s , where each b i n d i n g i s 

b i n d i n g = [ b i n d (<source> < l i n k > ) <target>] 

The o r i g i n a l da ta base , a f t e r the s t u d e n t has 
used a p r o b l e m - s p e c i f i c SETUP procedure (and 
p o s s i b l y a f t e r a s e r i e s o f t o p - l e v e l a s s e r t i o n s ) 
can then be r e p r e s e n t e d as 

dbO - ( [ b i n d (<source1> < l i n k 1 > ) < t a r g e t 1 > ] . . . | 

By " t h e b i n d i n g o f (a b ) i n e " , a b b r e v i a t e d 
" ( g e t a b ) " , w e r e f e r t o the t a r g e t o f the f i r s t 
b i n d i n g whose l e f t p a r t i s (a b ) i n a da ta base e . 
A l t e r n a t i v e env i ronments are rep resen ted as a cases 
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s ta temen t o f the f o r m : 

(cases [ < p r e d i c a t e 1 > <env i ronment1> ] . . . ) 

The p r e d i c a t e can r e f e r t o node i d e n t i t y , e . g . 
( - ( g e t a b ) c ) ) , o r to t he presence o f a b i n d i n g , 
e . g . ( p r e s e n t <source> < l i n k > ) . We i n t e r p r e t t he 
l a t t e r p r e d i c a t e a s t r u e i n a n env i ronment e i f 
(<source> < l i n k > ) i s bound i n e . 

B . E f fec t d e s c r i p t i o n s f o r SOLO p r i m i t i v e s 

Each p r i m i t i v e s t e p i n a p l a n d iagram i s an 
i n s t a n c e o f some c l a s s wh ich has a s s o c i a t e d w i t h 
i t s e l f t he knowledge o f how i t a f f e c t s t he da ta 
base . Symbol ic e v a l u a t i o n produces t h e f o l l o w i n g : 
( 1 ) augmenta t ions to d b - i n ( f o r FORGET and NOTE 
s t e p s ) ; ( 2 ) a l o c a l b i n d i n g env i r onmen t ; ( 3 ) a 
cases s ta temen t ( f o r CHECK s t e p s ) . 

CHECK s teps come in two v a r i e t i e s : w i t h an 
open or a c l o s e d v a r i a b l e as t he t a r g e t . A CHECK 
w i t h an open v a r i a b l e produces a l o c a l b i n d i n g to 
t h a t v a r i a b l e . The l o c a l b i n d i n g env i ronment i s no t 
shown i n the e f f e c t d e s c r i p t i o n s i n c e i t does no t 
change the da ta base . I n s t e a d , the b i n d i n g 
env i ronment i s used f o r f i n d i n g the s u b s t i t u t i o n o f 
a v a r i a b l e in terms o f access to the da ta base 
t h r o u g h the p r o c e d u r e ' s i n p u t pa rame te r s . 

Here is an example taken f rom a d e f i n i t i o n 
used i n a s t u d e n t ' s s u b t r a c t i o n p rogram. I t l ooks 
up t h e d i f f e r e n c e between two numbers / A / and / B / 
by c o n s u l t i n g some t a b l e T ( p o i n t e d to by the 
r e l a t i o n 'SUBTBL' emanat ing f rom node / A / ) . The 
r e s u l t , R , i s s t o r e d on the node / A N S / . The s t u d e n t 
c o u l d have chosen t o r e p r e s e n t s u b t r a c t i o n t a b l e s 
i n t h e form o f s imp le r e l a t i o n s , e . g . 5 4 > 1 , 
5 3 >2 , e t c . , bu t has i n s t e a d op ted f o r a more 
f l e x i b l e r e p r e s e n t a t i o n o f t he fo rm 
5—SUBTBL >5SUB, 5SUB 3 — > 2 . T h i s a l l o w s 
a d d i t i o n and m u l t i p l i c a t i o n t a b l e s t o b e s t o r e d i n 
the da ta base as w e l l . The use o f i n d i r e c t 
a c c e s s i n g o f t a b l e s g i v e s t he p rocedure i t s name, 
' D i f f - i n d ' : 

TO DIFF-IND / A / / B / /ANS/ 
1 CHECK / A / SUBTBL ?T 

1A If p r e s e n t : CONTINUE 
1B I f a b s e n t : EXIT 

2 CHECK *T / B / ?R 
2A If p r e s e n t : CONTINUE 
2B I f a b s e n t : EXIT 

3 NOTE /ANS/, VAL *R 

F i g . 2 

For the purposes o f symbo l i c e v a l u a t i o n , here 
a re the key even ts wh ich occur i n t he above 
p r o c e d u r e : 

* At s t e p 1A, T is bound to ( g e t / A / SUBTBL). 

* At s t e p 2A, R is bound to 
( g e t ( g e t / A / SUBTBL) B ) . 

* A t s t e p 3 , d b - i n i s augmented by 
[ b i n d ( /ANS/ VAL) ( g e t ( g e t / A / SUBTBL) / B / ) ] . 

A CHECK-step produces two p o s s i b l e 
e n v i r o n m e n t s , wh ich a re r e p r e s e n t e d as a l t e r n a t i v e 
branches o f a cases s t a t e m e n t . T h i s y i e l d s the 
f o l l o w i n g e f f e c t d e s c r i p t i o n f o r DIFF-IND i n 
env i ronment e : 

1 d i f f - i n d ( / a / / b / /ans/ ) -
2 (cases [ ( p r e s e n t / a / SUBTBL) 
3 (cases [ ( p r e s e n t ( g e t / a / SUBTBL) / b / ) 
4 ( [ b i n d ( / a n s / VAL) 
5 ( g e t ( g e t / a / SUBTBL) 
6 / b / ) ] . e ) ] 
7 [t .e) 
8 [t •e) 

F i g . 3 

I t i s p o s s i b l e t o a v o i d t he s p l i t i n t o 
a l t e r n a t i v e cases i f the (<source> < l i n k > ) p a i r o f 
t he CHECK is known to be p resen t or absent in the 
c u r r e n t e n v i r o n m e n t . T h i s occurs i f a case 
p r e d i c a t e f u r t h e r u p i n t he t r e e ( p o s s i b l y a t dbO) 
i m p l i e s t h i s . For example, i n the case o f a n 
i n v o c a t i o n o f DIFF-IND in an env i ronment where b o t h 
case p r e d i c a t e s a re known t o b e t r u e ( i . e . / A / ' s 
SUBTBL l i n k and t h a t t a b l e ' s / B / l i n k a re b o t h 
known to be p r e s e n t ) , the above e f f e c t d e s c r i p t i o n 
would b e s i m p l i f i e d t o : 

{ [ b i n d ( / a n s / VAL) 
( g e t ( g e t / a / SUBTBL) / b / ) ] . e ) 

A CHECK w i t h a c l osed v a r i a b l e or c o n s t a n t as 
t a r g e t i s t r a n s l a t e d a s f o l l o w s : 

(CHECK (a b C) <present -code> <absent -code>) -> 

(cases [ ( - ( g e t a b ) C) < p r e s e n t - c o d e > ' ] 
[ t < a b s e n t - c o d e > ' ] ) 

where < fo rm> ' i s the t r a n s l a t i o n o f < fo rm>. 

A s t e p c o n t a i n i n g a c a l l to a u s e r - d e f i n e d 
procedure i n some env i ronment d b - i n i s t r a n s l a t e d 
a s : 

(<user -proc-name> < a r g l i s t > ) => 
( d b - o u t (<user -proc-name> < a r g l i s t > d b - i n ) ) 

Here ( d b - o u t <form>) denotes the o u t p u t env i ronment 
produced by t he symbo l i c e v a l u a t i o n o f <form> wh ich 
w i l l b e expanded i n - l i n e . 

A u s e f u l r u l e f o r s i m p l i f i c a t i o n o f use r 
p rocedure c a l l s i s : 

( d b - o u t (<user -proc-name> 
< a r g l i s t > 
| < b i n d i n g > . <env>) ) ) -> 

(<b ind ing> 
( d b - o u t (<user -proc-name> 

< a r g l i s t > 
< e n v > ) ) | 

wh ich i s a p p l i e d whenever i t can be shown t h a t the 
use r p rocedure does no t depend on < b i n d i n g > . 
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111 WATCHING THE EFFECT DESCRIPTION WITH A 
DOMAIN-SPECIFIC LIBRARY P L A N (DSLP) 

The t y p i c a l o u t p u t o f symbo l i c e v a l u a t i o n w i l l 
be a h i g h l y nes ted cases s ta temen t w i t h ge t -compo­
s i t i o n s embedded i n the p r e d i c a t e s and e n v i r o n m e n t . 
Un less we can a s s i g n "meaning" to these ge t -compo­
s i t i o n s , we cannot i n t e r p r e t t h i s as a s o l u t i o n to 
t h e s t u d e n t ' s t a s k , s i n c e the s t u d e n t may have 
chosen f rom a v a r i e t y o f da ta r e p r e s e n t a t i o n s , each 
r e q u i r i n g s p e c i a l access and da ta base change 
o p e r a t i o n s . To take a r a t h e r s imp le example , the 
s t u d e n t may have asse r t ed t r i p l e s l i k e [9 COMPL 1], 
[8 COMPL 2 ] , e t c . I f we knew t h a t these t r i p l e s 
r e p r e s e n t e d a 10-complement f u n c t i o n , we c o u l d 
parse ( g e t x COMPL) as (10-complement x) f o r any x. 
Our a s s i s t a n t has a r e p e r t o i r e of low l e v e l DSLPs 
wh ich e x t r a c t t h i s knowledge f rom the s t u d e n t ' s 
da ta base f o r each p o s s i b l y u s e f u l f u n c t i o n o r 
p r e d i c a t e i n t he s u b t r a c t i o n domain ( e . g . a d d 1 , 
sub 1, v a l - o f , g e q ) . 

Once these low l e v e l DSLPs a re r e c o g n i z e d , we 
can do a top-down a n a l y s i s s i m i l a r to t h a t o f Ruth 
[ 8 ] , s t a r t i n g f rom a h i g h l e v e l DSLP wh ich i s p r e ­
d e f i n e d by us f o r each p a r t i c u l a r t a s k . We w i l l now 
focus on a t y p i c a l t ask under taken by our s t u d e n t s , 
namely w r i t i n g a SOLO program to p e r f o r m two column 
s u b t r a c t i o n . The s t u d e n t i s g i v e n d e f i n i t i o n s o f 
SETUP and ANSWER procedures wh ich impose a l a y o u t 
o f the f o r m : 

The DSLP f o r t h i s t ask is l i k e a grammar t h a t 
can b e used t o r ecogn i ze a l l p o s s i b l e v a r i a t i o n s i n 
t he a c t u a l e f f e c t d e s c r i p t i o n o f t he u s e r ' s code. 
For 2 column s u b t r a c t i o n the DSLP has the f o l l o w i n g 
d e f i n i t i o n ( o m i t t i n g d b - o u t f o r b r e v i t y ) : 

The s t u d e n t may have w r i t t e n the f o l l o w i n g 
program f o r two column s u b t r a c t i o n : 

The assistant recognizes th i s as a funct ion at 
the top of the d e f i n i t i o n hierarchy and symbolic 
evaluat ion expands it by inser t ing the e f fec t 
descr ipt ions of the cal led functions (and so on 
recurs ive ly fo r these). The resu l t i ng e f fec t 
descr ip t ion is a large composition of gets, which 
i dea l l y should be matched by 2-COL-SUB. 

Recognition now proceeds top-down, invo lv ing 
the sub-plans va l - o f , geq, d i f f , borrowed-from and 
borrowed-by. Each of these sub-plans is i t s e l f r e ­
w r i t t en to conform wi th the pa r t i cu la r representa­
t i on adopted by the student. E.g. the sub-plan fo r 
deal ing w i th a borrowed-from column containing 
the d i g i t s x and y can be re -wr i t t en in two ways: 

S im i l a r l y , the d i f f plan (which implements 
x - y fo r x > y) must be rewr i t ten in terms of 
p r im i t i ves which the student may have elected to 
use. The d i f f i c u l t y here is that the student may 
have chosen to implement ' d i f f in terms of tables 
in the data base or a recursive counting procedure. 
We w i l l consider both representat ions: 

1. The student may have invented a 2 - d i g i t 
subtract ion table 

He may have chosen among a wide var ie ty of 
table representat ions. We represent these as a 
class hierarchy, which fo r each class has the 
associated ru le fo r rewr i t i ng the user 's e f fec t 
descr ip t ion in to d i f f . <DIFF> is an a r b i t r a r y 
symbol invented by the user. 
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and seek c o n f i r m a t i o n u n t i l we can dec ide on the 
a c t u a l c l a s s used by t he s t u d e n t . Then we l ook f o r 
a l l t he e n t r i e s o f t he t a b l e and c r e a t e a n o b j e c t 
DIFF wh ich has a s s o c i a t e d w i t h i t the code t o 
r e c o g n i z e ( d i f f a b ) , e . g . as ( g e t ( g e t a SUB) b ) . 
Data base a n a l y s i s r e v e a l s the f r e q u e n t e r r o r - t y p e 
o f m i s s i n g o r i n c o n s i s t e n t e n t r i e s i n the da ta 
base. T r i p l e s wh ich be long t o no p r e - d e f i n e d c l a s s , 
bu t " p a r t i a l l y " match some c l a s s ( i . e . because they 
c o n t a i n a known l i n k - n a m e ) a re c a t e g o r i z e d as 
i n c o n s i s t e n t and the user i s i n fo rmed about them. 

2 . The s t u d e n t may have rep resen ted ' d i f f ' 
p r o c e d u r a l l y 

Us ing add1 and sub 1, he may have w r i t t e n a 
r e c u r s i v e p rocedure t o implement ' d i f f . S ince a 
SOLO procedure can o n l y have an e f f e c t by s i d e -
e f f e c t i n g t he da ta base, the DSLP f o r a p r o c e d u r a l 
i m p l e m e n t a t i o n has to change s l i g h t l y . Any f u n c t i o n 
f , wh ich i s r ep resen ted p r o c e d u r a l l y a s f - p r o c w i l l 
b e t r ans fo rmed i n the l i b r a r y p l a n a s f o l l o w s : 

( [ b i n d ( v a l - o f x ) ( f < a r g l i s t > ) ] . e ) - > 
( f - p r o c < a r g l i s t > N e ) ) 

where N is the node to be s i d e - e f f e c t e d . 

The f o l l o w i n g example shows a t y p i c a l s t u d e n t 
i m p l e m e n t a t i o n o f ' d i f f t o g e t h e r w i t h the e f f e c t 
d e s c r i p t i o n produced by the debugging a s s i s t a n t : 

TO DIFF-REC / X / / Y / /ANS/ 
1 CHECK EQUALS / X / / Y / 

1A If P r e s e n t : NOTE /ANS/ VAL 0; EXIT 
1B If a b s e n t : CONTINUE 

2 CHECK / X / SUB1 ?x1 
2A If p r e s e n t : DIFF-REC *x1 / Y / /ANS/ ; CONTINUE 
2B I f a b s e n t : EXIT 

3 CHECK /ANS/ VAL ?v 
3A I f p r e s e n t : CONTINUE 
3B If a b s e n t : ERROR; EXIT 

4 CHECK *v ADD1 ?v1 
4A If p r e s e n t : NOTE /ANS/ VAL *v1 
4B If a b s e n t : ERROR; EXIT 

Symbol ic e v a l u a t i o n f i r s t p roduces : 

d i f f - r e c (x y ans d b - i n ) -
(cases [(= ( g e t EQUALS x) y) 

( [ b i n d (ans VAL) O] . d b - i n } ] 
[ ( p r e s e n t ( g e t x SUB1)) 

( [ b i n d (ans VAL) 
( g e t ( g e t ans VAL) ADD1))1 . 

( s e l f ( g e t x SUB1) y ans d b - i n ) ) ] ) 

T h i s matches a r e c u r s i o n p a t t e r n f o r wh ich 
t h e r e i s a DSLP. The b i n d i n g b e i n g a f f e c t e d in the 
t e r m i n a t i n g case (ans VAL) i s i d e n t i c a l t o t h a t o f 
t h e p o s t - r e c u r s i v e s t e p , wh ich means t h a t (ans VAL) 
i s s u c c e s s i v e l y rebound . The DSLP s i m p l i f i e s t h i s 
to an i n s t a n c e o f a p r o t o t y p i c a l da ta base e n t r y : 

[ d b - e n t r y v a l u e [ b i n d (ans VAL) g007] 
i n i t ( (g007 . 0 ) ) 
r e c - r e l ( ( x . ( g e t x SUB1)) 

( g007 . ( g e t g007 ADD1))) 
t e r m - i f (= ( g e t EQUALS x) y ) ] 

I t says t h a t the va lue i s a n (ans VAL) b i n d i n g 
whose t a r g e t can be computed by s u b s t i t u t i n g f o r 
g007 the i n i t v a l u e and then s t e p p i n g t h rough the 
r e c - r e l a - l i s t s u b s t i t u t i n g f o r g007 u n t i l t e r m - i f 
i s t r u e . T h i s r e p r e s e n t a t i o n has the advantage t h a t 
o t h e r r e c u r s i v e imp lemen ta t i ons ( i . e . a t a i l - r e c u r ­
s i v e one) can be mapped to an e q u i v a l e n t d b - e n t r y . 
The DSLP f o r d i f f - p r o c w i l l match t h i s d b - e n t r y 
i n s t a n c e modulo renaming and s u b s t i t u t i n g ( sub l x ) 
f o r ( g e t x SUB1). 

IV COMPARING EFFECT DESCRIPTIONS OF 
USER PLANS WITH LIBRARY PLANS 

A v a r i e t y o f use r programs f o r a g i v e n task 
can be recogn i zed as h a v i n g the same e f f e c t desc­
r i p t i o n as a p r e - s t o r e d p l a n . The r e d u c t i o n to a 
c a n o n i c a l form a l l o w s the user t o (1 ) i n v e n t a r b i ­
t r a r y names, (2 ) o r d e r s teps a r b i t r a r i l y , ( 3 ) break 
u p p rocedures a r b i t r a r i l y i n t o s u b - p r o c e d u r e s , (4 ) 
pass va lues t h r o u g h i n t e r m e d i a t e nodes o f the da ta 
base, and (5 ) i n v e n t h i s own da ta r e p r e s e n t a t i o n . 

What happens i f the u s e r ' s program does no t 
match a l i b r a r y p lan? 

Our goa l is to g i v e the s t u d e n t as much h e l p 
as p o s s i b l e i n d e t e c t i n g the u n d e r l y i n g cause o f an 
e r r o r . Here , the e f f e c t d e s c r i p t i o n s are u s e f u l 
t o o : B y u s i n g the l i b r a r y p l a n t o genera te the g e t -
compos i t i ons c o r r e s p o n d i n g t o h i s d a t a - r e p r e s e n ­
t a t i o n , we can compare the t e r m i n a l nodes of bo th 
h i s and the DSLP's e f f e c t d e s c r i p t i o n f o r each 
c o n d i t i o n . (The a s s i s t a n t takes care o f s i t u a t i o n s 
in wh ich nes ted cases must be reo rde red f o r bo th 
t r e e s t o m a t c h . ) 

A v e r y f r e q u e n t e r r o r wh ich can be d e t e c t e d by 
compar ing e f f e c t s a t t e r m i n a l nodes i s 'name-
s u b s t i t u t i o n ' ( e . g . the s t u d e n t w r i t e s w and means 
v ) . The a s s i s t a n t compares the b i n d i n g s added o r 
d e l e t e d a t each t e r m i n a l b ranch of DSLP ( g o a l 
b i n d i n g s , g i ) w i t h those o f the use r program 
( a c t u a l b i n d i n g s , a i ) . Assume i t f i n d s a mismatch 
o f two b i n d i n g s a t some t e r m i n a l b r a n c h : 

g o a l - b i n d i n g : g = [ b i n d (g1 g2) g3 ] 
a c t u a l - b i n d i n g : a = [ b i n d (a1 a2) a3] 

For example i f i n l i n e 3 o f DIFF-IND ( F i g . 2 ) 
the code were NOTE /ANS/ VAL * T , then l i n e s 4 -6 of 
i t s e f f e c t d e s c r i p t i o n ( F i g . 3 ) would be: 

( [ b i n d (ans VAL) (a SUBTBL)] . e) | a 

i n s t e a d o f 

( [ b i n d (ans VAL) ( ge t ( g e t a SUBTBL) b ) ] . e| } g 

as suggested by 2-COL-SUB ( l i n e s 5-8 o f F i g . 4 ) . 

We go up in the symbo l i c e v a l u a t i o n t r e e to 
the p l a c e where a was ach ieved u s i n g v a r i a b l e w 
( i . e . l i n e 3 o f DIFF-IND u s i n g v a r i a b l e T ) . I f the 
mismatch was i n p a i r ( a i , g i ) , and i n the l o c a l 
env i ronment some o t h e r v a r i a b l e was bound to g i , we 
can propose s u b s t i t u t i n g i t f o r the one used i n the 
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code. In our example the mismatch was in | a3 ,g3 ) 
w i t h a3 b e i n g T, and g3 be ing R, so a s u b s t i t u t i o n 
o f R f o r T a t l i n e 3 i s suggested to the s t u d e n t . 

I f g i i s n o t bound l o c a l l y , w e l ook a t the 
CHECK ( o r p rocedure c a l l ) where w was bound and 
r e c u r s i v e l y search f o r the goa l o f b i n d i n g w t o g i . 
In case of success , we ask the s tuden t whether he 
wants to accept t he proposed renaming. 

I f t h i s f a i l s , w e t r y s t e p i n s e r t i o n , because 
ano the r t y p i c a l source o f e r r o r s i n SOLO i s 
s t u d e n t s f o r g e t t i n g a l e v e l o f i n d i r e c t n e s s ( i . e . 
u s i n g the source o f a t r i p l e , i n s t e a d o f the t a r g e t 
a l ong some l i n k ) . L i nes 1 and 3 in SUBTRACT ( F i g . 
5 ) m a n i f e s t t h i s e r r o r , g i v e n the i m p l e m e n t a t i o n o f 
DIFF-IND ( F i g . 2 ) . 

A CHECK s t e p can be i n s e r t e d to c o r r e c t t h a t , 
i f by s u b s t i t u t i n g ( g e t s K) f o r some subexpress ion 
s in a i (where K is some cons tan t l i n k ) , a i can be 
made equa l t o g i . I n SUBTRACT the a c t u a l e f f e c t i s : 

( d i f f - i n d B D F) ! a 

whereas the g o a l i n 2-COL-SUB ( l i n e s 7-9 o f F i g . 4 ) 
g i v e s 

( d i f f - i n d ( ge t B VAL) ( ge t D VAL) F) ] g 

and thus K - VAL. The i n s e r t i o n of two CHECK 
s ta temen ts of the form CHECK B VAL ?B-VAL and 
m o d i f i c a t i o n o f the c a l l s o f DIFF-IND i n l i n e s 1 
and 3 ( F i g . 5 ) is sugges ted . 

I f s t e p i n s e r t i o n f a i l s a l s o , w e look a t the 
p o s s i b i l i t y o f r eve rsed p resen t and absent branches 
( c f . [ 8 ] ) . T h i s m a n i f e s t s i t s e l f i n the e f f e c t 
d e s c r i p t i o n such t h a t the c o r r e c t da ta base change 
has o c c u r r e d , bu t a t the wrong branch o f the t r e e . 
I n such cases , the user i s q u e r i e d about whether 
the c lauses of the CHECK s ta tement shou ld be 
r e v e r s e d . 

I f t h i s f a i l s a l s o , our l a s t r e s o r t i s t o l ook 
f o r a branch o f the t r e e where the c o n d i t i o n s are 
c o r r e c t , b u t t h e r e i s a d isagreement i n the e f f e c t . 
The a s s i s t a n t chooses a counterexample t h a t would 
run t h rough t h i s b ranch o f the t r e e , and asks the 
s t u d e n t t o t r y t h a t example o n h i s program. 
Cons ider l i n e 2 B i n DIFF-IND ( F i g . 2 ) . The s tuden t 
d i d no t c o n s i d e r the case where (geq a b) does no t 
h o l d . The e f f e c t d e s c r i p t i o n f o r SUBTRACT ( F i g . 5 ) 
has no e f f e c t where i t shou ld match l i n e s 11-16 o f 
2-COL-SUB. We c o l l e c t the case p r e d i c a t e s t h a t l ead 
t o t h i s l e a f o f t he symbo l i c e v a l u a t i o n t r e e , and 
see t h a t under t h e c o n d i t i o n 

(and ( p r e s e n t (B SUBTBL)) 
( n o t (geq ( v a l - o f B ) ( v a l - o f D ) ) ) ) 

SUBTRACT would f a i l . S ince the a s s i s t a n t knows t h a t 
( v a l - o f B ) and ( v a l - o f D ) are d i g i t s , i t genera tes 
va l ues wh ich f u l f i l l t h i s c o n d i t i o n and asks the 
s t u d e n t t o t r y h i s program w i t h t h o s e . 

V CONCLUSIONS AND FURTHER WORK 

Our work demonst ra tes how a comb ina t i on of 
d o m a i n - s p e c i f i c knowledge and symbo l i c e v a l u a t i o n 
techn iques can be a p p l i e d to b u i l d i n g a h e l p 
f a c i l i t y f o r nov i ce programmers. W r i t i n g programs 
in an e lementa ry a s s e r t i o n a l da ta base language 
l i k e SOLO is exper ienced by our s t u d e n t s as a 
s imp le and n a t u r a l e n t r y p o i n t i n t o programming. 
However, a u t o m a t i c a l l y cop ing w i t h the s o r t s o f 
bugs which a r i s e th rough programming by s i d e - e f f e c t 
r e q u i r e s ex tens ions to e a r l i e r work on program 
u n d e r s t a n d i n g and debugg ing . The techn iques we have 
employed g i v e the s t u d e n t s a f a i r amount o f f reedom 
in choos ing t h e i r own r e p r e s e n t a t i o n s , a f a c t which 
r e f l e c t s one o f the main goa ls o f the course they 
are t a k i n g , i . e . u n d e r s t a n d i n g computer m o d e l l i n g 
and knowledge r e p r e s e n t a t i o n . 

We are c u r r e n t l y e x t e n d i n g the p l a n l i b r a r y i n 
accordance w i t h e m p i r i c a l o b s e r v a t i o n s , i n o r d e r 
f o r the debugging a s s i s t a n t to be capable o f 
h a n d l i n g a w i d e r range of programming t a s k s . 
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