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Debugging Prolog
Programs

« (fters some challenges
— Backiracking provides additional complexity
— Prologinterpreter maintains more states
+ CUffers some advantages as well
— Interactive, dynamic etvrirorem ent
— Easyto examine and modify on the fly
¢+ Tools:
— tracing

— SpY poirds
— hreak
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The Ports

Call This arrow repre sents wwatial revocahon of the predicate.

Exit Ths arrowr represents a successful rehun frorm the predicate. Tlas occurs
when the atial zoal has been uratied with one of the cormponent clauses and

aty subgoals have been satsfied.

Redo Thiz arrow indicates that a subsequent goal has falled and that the
systern 18 backiracking 1n an atterapt to find altermatrees to previons solubons.

Ly atternpt will be rade to resatistyone of the cornpone nt subgoals 1n the
bodyof the clause that last succeeded; or, if that fails, to corople tel v rematc h

the ongmal goal wath an alternatve clanse and then fty to satstyany subgoals
n the bodyof thas new clanse.

Fail This arrowr re presents a falare of the wutial goal, whch raght oceur 1f no

clanse 15 matched, or if subgoals are neser satisfied, or 1f any soluton
produced 15 always rejected by later procesang.

Excep tion Tlusarow represents an exception which was raised m the notal
goal.



Some Debugging Predicates

v tracefl

— harns tracing on

+ notracef)

— turns tracing off

+ leash/]
— leashX) cordrols when the user 15 prompted dunngs tracing

+ apyll
— spfoold) sets a“spy pont” to stop whetiewer fookd 15 called

+ nospyll
— nospyifoo/d) rem oves a spy point from fool

+ nospyallil
— removes all spy poirds



A simple trace

| #- trace, member(3,[1,2,3])
1 The debugoer will first creep -- showing everything (trace)}
1 1 Call: member{s [1,2,20 7
2 2 Call: member( 3 [2,3]) Y
4 3 Call: member( s [3]) Y
4 3 Emt member(s [2]) Y
2 & Bzt member( 3 [2,3]) ¢
1 1 Ext: member{s [1,2.5]) 7

VS
Ttrace}




Format of Debugeing messages
23 6 Eall T fnn(helln there, 123) ?

(Toal
Spj.? point? \
+ or blank Fort
Prompt

Depth (e.g. # of ancestors)

Unigque Goal number



| + member¥.[a b1, 0]), degerX ),

n Ln f = B2 ) L) B = ) L) e B B = B B e

A more complicated trace

H=5.

— = = e = B ) L) B e e e e BRSO e e e e

Call memberm 183 [ab,1e2]) 7

Ert:memberiafab Le2])?
Call rtegeria) ¥

Fail: tegemia) ?
Bedo:membera [ab,1ec.9]) ¥
Call membex 183 [b,1c9]) ¢
Bt member(b, b, Lc 2] ?
Fet:member(b [ablo )7
Call begerih)

Fail: mtegerb) ?

Bedo: memberb, [ab, L 2]) ¥
Eedo:membenb, [b, 1,090 ¥
Call member 183 [1c9]) 7
Ert:member(] [1c2])?
Ert:member(] b, Lc2]) ¥
Ert:member(] [ah 1097
Call rkegeril)

Eri: ptegerl) ¥

Call: 1=5 7

Fail: 125 ¥

41
41
11
22
33
44
44
%3
22
11
51
51
11
32
%3
44
53
55
44
%3

Bedo: rdeger(1) ¢

Fail niezeril) ?
Bedo:member] 1, [ab, L 2]) ¥
Eedo:m ember 1,[b, 1,090 ¥
Eedo:m ember]1,[1,0,9]) ¥
Call memben 183 [c,9]) ¥
Bt memberc, [c 2] Y

Erit memberc [1c.2]) 7
Erit memberic b lc 2] 7
Bt memberic a1 2]) ?
Call: Ttezeric) ?

Fail ftegeric) ?

Eedo:m emberc, [ab, 1o 9]0 ¥
Bedo: memberc, b, Lc2]) ¥
Eedo:m emberc, [Le 2] ?
Eedo:m emberic, [c2])

Call member 133 [@]1 7
Erit member(? [2]) 7

Bt member(? [c 2] ¥

Erit member(? [102]) 7

4 12 2 B member? [b,1c 9]¢
1 1 Exdtmember? [ab Lc2])?
6 1 Call: irdeger(d) ¥
6 1 Bt irdeger(d)
7 1 Call: =51
T 1 Bt 9251
=01
g
{irace}
| &



Options Available during Debugging
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Spy Points

For real programes it 1s impractical to creep through the endire program.

opyv-poitits make 1t possible to stop the program whetever 1t gets to a
particular predicate of interest. Otnice thete, otie can set further sy

ponts i order to catch the control flowr a tat further oy, or one can
start creeping.

aetting a spy-pont on a predicate indicates that you wish to see all
cotitrol flowr through the vartous ports of 1ts ivocation boxes, except
during skips.

When cortrol passes through atny port of a procedwre box with a spoy-
pont set onit, a message 15 output and the user1s asked to irteract.



EXCIIIIIES

hatot(MY - mowel M, left, cender, 11 ght).

movell, , , .
moveM A B CY -
=0,
LisI-1,
movel WA T B,
movel disk A B,
movel LT B, A

movel diskFrom Ta) -
form at] "Ilowe disk from ~p pegto ~p peg~n",[From,To]).



Spypoint example

| ¥ qrpimoore 1dich ).
{The detnyzger wallfirst kap - - shomring sppomrds (detnaz )}
g
{debnaz}
| * haroi4).
+ 15 6 Call:mome 1dik(eft rizht) ¥1
Difcmre d¥k from left pegto righit pes.
+ 15 6 Exi:mome 1dick(kftright) ¥1
+ 18 5 Call:mome ldxhk kit cerder) ©
19 & Call: fommat) [F7,111, 118,101 32,100,105,115,107.. ], [eft £ srter]) *
Difowe Akl from 1eft pezto cerder pes.
19 & Bk fomatf[77, 111,118,101 32,100,105, 115,107 .. ],[ft certer]) ¥
+ 18 5 Exd:mome 1dehk (it erder) ?
20 5 Call:mome | Lright cevder eft)
21 6 Call: I-07?
21 &6 RExx: I-07
22 6 Call: 263414z 1-1
226 Eex:0x1-17
2% 6 Call: mome (0 right, kit ¢ erter) 71
+ 24 6 Call:mome ldxekirizht cerider) ¥



L.eash

leash(+Mode) L eashing Mode detertmines the ports where you are
protpted when creeping thr ough your program.

Atunleashed ports a tracing message 15 still outpuat, bt program
execution does not stop to allow user mteraction.

Iflode can be a subset of the following, specified asa hist:

call - Prompt on Call.

ex1t- Proropt on Exit.

redo - Prompt on Bedo.

fal - Prompt on Fail.

excepton - Frompt on Excepton.

leash( [call,exit.redo fail ex ception]). Is the default.






Modification of the Program

These predicates allow modification of dymamic predicates

— Dwymarec clanses can be added (asserted) or rernoved frorm the progratn
(retracted).

— Declarations:
- dymanme fool, baw3,
Heagrd must be instantiated to an atom or a compound term (with an
optional module prefi) and Clawse must be instantiated either to a
term Hend - Body or, if the body part 15 empty, to Head (writh an
optional module prefix). An empty body part 15 represented as true.

A& term Head :- Body must be enclosed in parentheses when 1t occours

as a1 argument of a compound term, as - 15 a standard infrx operator
with precedence greater than 1000 (see secton Cperators), e.g.:

— | ?- azsert{{Head :- Body)).



Assert/1 and assert/2

assert(: Clause)
assert(: Clause,-Eef)

+ The currentinstance of Clause 15 interpreted as a clause
aticd 15 added to the current interpreted programm .

+ The predicate concemed must currently be dynatic or

undefined and the position of the new clause within 1t1s
i plem entation-defined.

+ Eetis aunigqueidentifier of the asserted clause. Any
nninstantiate d vanables in the Clause wall be replaced by
new prvate vanables, along with copies of any subgoals
blocked on these vanables.



Asserta and assertz

asserta(: Clanse)
asserta(: Clanse,-Bef)

+ Like assert/Z, except that the new clause becotnes the first
clause for the predicate concerned.

assertz(: Clause)
assertz(: Clause,-Fef)

+ Like assetrt/Z, except that the new clause becomes the last
clause for the predicate concerned.



Asserta and assertz

asserta(: Clause)
asserta(: Clause,-Ref)

+ Like assert/2, except that the new clause becomes the first
clavse for the predicate concerned

assertz(: Clause)
assertz(: Clause,-Hef)

« Like assert/2, except that the new clause becomes the last
clause for the predicate concerned



Retract/1

retr act(: Clause)

The first clause 1n the current interpreted program that
matches Clause 15 erased.

The predicate concemed must currently be dynamic,

retract/] may be usedin a non-determinate fashion, 1.e. it wall
successivel v retract clanses matching the argutm ent through
backtracking.

It reactivated by baclktracking, inveocations of the predicate
whose clanses are being retracted will proceed unattected by
the retracts.

Thiz1s also true forinvocatti ons of clause tor the same
predicate.



Retractall/1l

retractall(: Head)

+ Erases all clauses whose head matches Head, where Head
must be instantiated to an atom or a compound term.

+ The predicate concemed must currently be dynamic,

+ The predicate definition 15 retained.



abolish/1 and abolish/2

abolish( Spec)
abolishi: Mame +& rity)
+ Erases all clauses of the predicate specified by Zpec or

Namef&nty. The predicate detinition and all associated
infortnation such as spy-points 13 also erased.

¢ The predicates concerned must all be user defined.

eras e(+E ef)

¢+ The dynamic clause or recorded term whose
inplementation-defined 1dentifier 15 Eet 15 effectivel v
erased from the internal database or interpreted program.



instance/2

instance(+Ref,?T erm)

+ & (mostgeneral) instance of the dynamic clause or
recorded term whose itmplem entation-defined identifier 15

Eetf 15 unified with Term.
+ Eefmustbeinstantiated to alegal 1dentifier



All Solutions
1n Prolog



Finding all solutions

* When there are many solutions to a problem, and
when all thoze zolutions are required to be
collected together, this can be achieved by

repeatedly backtracking and gradually building up
a list of the solutions.

« The foll owing built-in predicates are provided to
automate this process.
— setofls
— bagofi=
— findallsis



setol (7T emplate,: Goal,?Set)

“Set 1z the =et of all instances of Template such that
(oal is zatizsfied, where that set 12 non-empty .
— G oal specifies a goal or goals as in call(G oal) .

— wmetisa set of term srepresertded as alist of those term s, withouat
duplicates, 1n the standard order for terms.

« If there are no instances of Template such that Goal 15
satisfied then the predicate fails.

« The variables appeaning in the tertn Template should not
appear anywhere else in the clause exceptin the term Goal .

« If uninstantiated wvariables in Goal not also appearing in
Template, then a call to this built4an predicate mav backtracl,
cenerating alternatiwve values for et corresponding to
different instantiat ons of the free vanables of Goal.




Setol example

hkesibill, cider).
hkesi{dick, bheer).
likes(harry, beer).
Lhkes(jarn, cider).

I kesitormn, beer).
hkesitor, cider).

| #- setofiz, hkea S0 %0, 50,
o = [dick harry,torm],
Y =heer?
5 = [illjar tor],
YV o=cider ? .
o
| #- 2etofi(V 50, setofi 2, likes(3 %), 50, 55).
25 = [(beer, [dick harrwy tor] ),
cider, (billjan tom] 1]



Existential guantifier

Wariables ocowring itn (5 oal will ot be treated asz free ifthey are
explicitly bownd within Goal by an existential quardifier

An existertial cuuardificabion is writtenn: Y ™Q mearing "there exists a
Y such that () 1strae", where ¥V 15 some Prolog wariable, Example:

| 7- setof(3L ¥ (likes(3L V), 5.
a = [Wll dick harty,at tom |,
10
Alternatively:
Y- assert((likes som ething 2 - oncellkeg 2, T
Y- Agsert[DnceS oal) - calllGoaly, .
setof 2, hkes something =, 5.
o = [bill, dick harrs, jat tom];

o



bagof (7T emplate,: Goal,”’Bag)

* Thiz iz exactly the same as setol/3 except

— the list (or alternative lists) returned will not be
ordered, and

— tmay contain duplicates.

* The effect of this relaxation iz to save a call to
=ort/2, which 1z invoked by zetol/3 to return an
ordered list.



findall(?Template,: Goal,”Bag)

“Bag iz a list of instances of Templ ate in all prootis

of Goal found by Prolog.™

— The order of the list corresponds to the order in wlhich the proofs
atre fouad.

— The list tmay be empty.

— All wvartables are taken as batis existerts ally gquantified.

« This means that each 1invocat on of findalli= succeeds
exactly once, and that no variakles in GGeal get bound.

« Avolrding the management of universally quantified
wvariables can save considerable titme and space.



Implementing findall/3

frndall(Zl G, 7 - collectF owndiE, L -
assertalfound mark), et extiZ)
call(G, !
as sertalfoand =00, collectF ound [Z)35],10).
fail. collectFowndiT. L),
firndalll , L7 :- ceth] ex 2 -
collectF ovsdy [, VT, retract(found =00,

L=NI. h(2 =t ark)).



Implementing findall/3

findall(Z. G, ) - collectFound(3, L) -
assertafound marky), exti ),
call(), @ And this?
assett(found ), collectF ound [Z])3],L).
Fatl collectF ound(L,L).
findall( , L) - et xi(30) -

collectF ound [, L), retract|Tound X)),
Why this? And this?



T bl ondsant prediatk
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