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Abstract ¢ 3

This rarer rresents & swsbtem  (FHENARETE)
which wndershands and imsrove incomrletely
defined LISF srodgramsy such as Lhose written
bw  students bedinning  to erogram in LISE,
This swstem bakesy 8%  diredts  the esrodgram
without anw  additional dinformatiarn. In
order to understand the mrogramy the sustem
meta-evalustes ity using a8 librarwy  of
rraugmatic rules®y describhing the
construction arcl correction of derneral
FrOETam cormatructsy anel a sel af
*greclalists"y cdescribing  the suntax  andg
semantics of the standard LISPF furctions.
The swstem can dse its understanding of the
srodgram to detect errors in ity to debug
tivem aricly eventuallay to  dustifw  its
rrorosed modifications, This rarer dgives a
brief survew of the working of the sustems
emrhasizing on some commented sxamrles.
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A lot of effort ig asctually srent om the develosrement of
tools to hely srodgrammers i constructingy  debudding and

verifuing rrodrams.  Unforturstely most of these tools
-~ dmrose  too much constraints o the  dintuitions  of
programmer Lof DIUKSTRA 19761y

- are working only  on &8 verwy limited subset of sossible

wrograms Lef RUTH 192741y
-~ are only working o correct erograms Cof ARSAC
IGARAGEBHTI et &1 19751,

Our aim is two-Folag @

=t b make eyelicit the lrnowl edsde irnvolved
constructing and debusging srosgrams andg

~@d- ho verify - mot bhe  corvecthness  of  srodrams
thedr "oonsiatancu ared  to  erovide "hints®
imeroving  end  corrvecting  thedr srodrams to
R W LR T THTCR LN

To this end we have build our swstem on four main  corcerts
Loen slsgorilbhm of sete-svalustion Uof GUOBHEENS 19781 to helwr

the gwstenm Lo undevatand wach of bthe wosesible waths of
FroEramsy

2 a set of ‘"epecialiste®s 16 a wsel af rrocedural
gracifications of the swuntax sand the orerational semantics of

the staermdsrd LISPE functionss

exancle ¥ erecialisth

oAk Tor the

LoAR-1 (X)) =k .
v (& atom (CAR X)
& ture (X)) = LISTE)
v (& S—exurression (CAR X)
& ture {val (X)) = LIGTM

'S

elge
modify X ountil CaAk-1 (X)) = T1

wararhirasing ¢

CAaR exeeclts bhiat dts arsument is
- an atom
ard the ture of the value of ‘the
argument is a list
- & S-exrression
sored e oof o the vl

of  that

v
eurression s g List

o lae
CAR has to modifw the srgument wuntil
one of these two corditions is true

arici e serecialist CAR for the semantics
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CCAR-N =3

ardg ¢ (X (meta-eval X))
test ! (ture (val (X)) = LISTF) &
(ture (val (X)) = 7)
~+ hurothesize (Xy ture LISTRF)
T == comelain (Xe tuwere ¢ LISTF)
action ¢ if C(existe (CAR X)) - (CAR XD

elee (creaste (CARy X)) -3 (CAR X1

or in rararhrasing
CAR-N

has an ardument namned Xy which must be evaluated
orme must verify
if .
the ture of value of the argument is 3
listy all is ok
else
if the twre of value of the ardgument isn’t
kLrowrny  one  has bto creste 3 hurothetical
value of twre LIST for X
else »
ane has to ask the debusider Lo change the
text of bthe rrogram i such 2 waw that the
value of X becomes a list

the value of CAR is
if
there exists already 3 CAR of Xy this CAR
else
one has to creste a8 sumbolic value for Xy
the CAR of which will be the desired value

These srecialists are the agents of the meta-evaluastion

and

thew rerresent the sustem’s knowledse sboul the rrodramming

landguade used,.

3 38 set of “"rragmatic rules” describing dgereral
constructs arnd methods to rerair irnconsistencies
examele ¢

ritle of the derendernce of 8 loo# of the

rradicate =i

if no variasble of the exit-test is modified inside
the loorsy then the loor is irnderendent of the
exit-test andy its executiorn is mon-terminating or
the loor will never be executed.

The selt of these rules exrresses the sustem’s

Frodram

deneral

knowledse shoult the well-formedrness of srodrams and about the

correction of ervorss
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4 during the analusis of & rrogramy PHENARETE contruets some
descrirtion - an  internal resresentation -~ of  the srosgram
under the form of "cognitive atoms®. These maw be considered
as  the nodes of &8 network-like resresentstion of the rrogram
actually analused,

The swstem asccerts everw LISE srogram  conforming to  the
following restrictions @

- partitioning of the names of varisbhlesr» furntions asnd
labelssd

= #ll fTurtion calls must be *call by rmasme”s

the umiaue funcltiomal  arguments  admitted are exelicit
Lombhada-oxer ress ions .

We call this subset of LISEF 2 externded Tirvst order LISF.

To uwee FHENARETEy the user has to give Lo the sustem omly  the
text of the drafl version of the srosram he wants Lo writes
without iy additional irrformation like it/ outrut
assertionsy commentariesy #lams etes, The sustem will try to
understarnd what the uvser wanted to  doy ards it necessarys
moadify the text of Lthe srodgrsmm.

To dive some feeling of the working of the sustems let us
axamine some exameles in detsil ¢

Our first examele is & (verw) erroneous version of the well
krown  REVERSE  function. Here is the actual inrut to the

+

suastem
TP C(DE REV L1 L2 COND ULL L22 Al T RVE Al ONS CRA Al A2))
FHENARETE will first correct the srelling evrrors

ERREUR $

NOM ~=3 (P ULL ~=3 NULL)
ERREUR ¢

NOM == (P 122 -~ L2)
ERREUR

NOM ==3 (P AL == L1)
ERREUR

NOM == (P AL ==& L1)
ERREUR

NOM ~=3 (7 RVE -3 REV)
ERREUR ¢

NOM =~ (P RVE =~-3 REV)
ERREUR

NOM —=3 (P AL ==3 L1)
ERREUR

NOM —=3 (7 ON§ -3 CONS)
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ERREUR ¢
NOM -2 (F CRA == CAR)
ERREUR
NOM =2 (F Al == 1)
ERREUR ¢
NOM == (P A2 -3 L2)
After having very well corrected the srellind Errorsy

FHENARETE mroceeds Lo a firest srnaslusis where she uses only her
suntactic knowledse., The result of this firet asraslusis is o
"surntacthicallw correct® LISF  wrodram  {(i.@. 8 rrodgramm
accerted by anwy smart LISPE interrreter or comriler) ¢

FROFOSITION 1 2

(DE REV (L1 L2
(COND
CONULL L2 LD
(T (REV L1 (CONS (CakR L1)Y L2Y))y)»)

These Tirst imerovements have eliminated all the suntactic
errors.  Antwawy there subsist two semantic errors ¢

-1 im the recursive call of revs the first asrdgument L1 is
rot modified. This crestes arn infinit recursion.

-2 eaver with a8 modification of L1 in the recursive callyr the
recursion won’t stor either since the stor-test has as
arument L2y 3 lisltl which sgrows longer and londger in  the
run of the succesive recursive calls.

FHENARETE can not disambiguste this furnction - she does not
know anuething  of  the intentions of the srogrammer - so she
dives two different srorositions ¢

FROFOSITION 2 ¢

(IE REV (L1 L2)
(COND '
CONULL L2)Y L)
CONULL 1) L2)
(T (REV (COR L1) (CONS (CAR L1) L2))))»)

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

In this first rrorositiony PHENARETE surrosed the stor-test
given to be truer but that the user omitted a second stor~-test
for the case where the second arsgument i not NULL a3t  the
inditial call of REV., '
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FROFOSITIORN:?

(DE REV (L1 L3
(COND
CONULLL 1) LD
(T (REV (CDR L1) (CONS (CAR L1) 1L.2)))))

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

In this second srorositiony FHENARETE surerosed that the user
inadvertently dinverted the arvsguments of the stor-testy so she
irnverts the two arguments L1 and L2.

Of the two corrected versions of the initisl draft-srodram
FHENARETE is assured that thew will stor and deliver a3 result
whern runrins,

Dur second exasmrle is am extremly "simelified® versiomn of the
@mualls well krnown furmctiorn FACTORIAL. Here she is ¢
P O(DE FAUT N TIMES N FACT N»

As in the rrevious examrler FHENARETE will first translate
this unrarentesired exwression into an well rarentesized one ¢

FROFOSITION 1 3
(HE FACT (N) (TIMES N (FACT N)))

This first sprorosition is 38 suntactically correct rrogramy but
semantically it is not verw correct ¢

~1 8t the recursive call N is not modified. This is the
game kind of error s8a in the rrevious examrley exert the
ardument here is of rumeric ture,

-2 there is no stor-test at 81l s0 there are +two (1)
reasons Lo maske the recursion infinit,

Remember that FHENARETE doesn’t krow the intentions of the
prodrammery s0  she must detect these errors without any
additional irformstion 3 a8ll she can wse in the further
analusis are the semantic srecialists and the rragmstic rules.
So let us look at her srorosition

FROFPOSITION:
(DE FACT (N) - (COND
((LE N O) 1)
(T (TIMES N (FACT (SUR1 NI

AT LEAST YOUR FUNCTION SEEMS OK TO ME.
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This_corrected version is actuallw 8 correct version of the
Tactorial—-rrodgram,. The rerformance i6  really sstonishing
knowing that +the swstem works comeletelw sutomatically

whithout asking anw uestion to the user and withoult any

information about the surrosed interntior.

One last (uncommenrted) examerle 3

T O(DE ADDIT M N ((ZEROF N)Y M)
(T CADDIT SURL M ADDL N

FROFOSTITION 1 ¢

(DE AINDIT (M N)
(COND
CCZEROF N)Y M)
(T (ADDIT (SURL M) (ADDL NJ)Y)Y )

FROPFPOSITION:?
(DE ADBDIT (M N) :
{COND

((ZEROF N)Y ™M)
(CLE M 0) N)
(T (ADRDIT (SURL M) (ALDL NYI)D)

AT LEAST YOUR FUNCTION SEEMS OK TO ME.

Fresently we are working on some extensions as

to find

automatically the irntentions amd the d#oals of diven rieces of

code. We would also like to addoin ta FHENARETE

moduule

rermitting to exerlain the ressoning of the swstem. This would

the a3 dreat helr to the user.
The swstem is running on PIF-10y uses about 25k word

memorsy

is  dimelemented in VLISP LCHATILLOUX 1976+ GREUSSAY 19771y and

is used by sbhout 1000 studernts in our uriversitu.

A more detsiled descrirtion may be found in CWERTZ 19781.
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