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Abstra
tEarly reset (or virtual ba
ktra
king) 
onsists of an a
tion per-formed by the 
olle
tor, while normally it is performed by the mu-tator. Roughly speaking, the pre
ondition for early reset is thata 
ell is not useful for the forward 
ontinuation. Later referen
efrom the trail 
ompletes the pi
ture. When the pre
ondition forearly reset does not hold be
ause the 
ell is marked, and in the 
on-text of ba
ktra
kable destru
tive assignment by value trailing, theusual approa
h to early reset is safe but suboptimal. This is ex-plained by one example. In spirit with other pathologi
al examplesthat show suboptimality of supposedly well understood rea
habilityissues, 
hoi
epoint trimming is 
ru
ial. The relation with a rejuve-nating 
olle
tor and an alternative implementation of ba
ktra
kingdestru
tive assignment is dis
ussed.
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ktra
king) 
onsists of an a
tion performed by the 
olle
tor, whilenormally it is performed by the mutator. Roughly speaking, the pre
ondition for early reset isthat a 
ell is not useful for the forward 
ontinuation. Later referen
e from the trail 
ompletesthe pi
ture. When the pre
ondition for early reset does not hold be
ause the 
ell is marked,and in the 
ontext of ba
ktra
kable destru
tive assignment by value trailing, the usual approa
hto early reset is safe but suboptimal. This is explained by one example. In spirit with otherpathologi
al examples that show suboptimality of supposedly well understood rea
hability issues,
hoi
epoint trimming is 
ru
ial. The relation with a rejuvenating 
olle
tor and an alternativeimplementation of ba
ktra
king destru
tive assignment is dis
ussed.1 Introdu
tionKnowledge of the WAM [12℄ is essential for reading this paper. A good introdu
tion is in [1℄. Alsogeneral knowledge of garbage 
olle
tion is helpful - see for instan
e [8℄. Early reset was introdu
edin [2, 10℄ and is also explained in [3℄ whi
h 
ontains a good overview of garbage 
olle
tion issuesin logi
 programming implementations. Many systems with ba
ktra
kable destru
tive assignment- whether by an untyped setarg/3 
onstru
t or the more dis
iplined mutable variables - haveadapted early reset to that 
ontext in a safe way. However, we will show by one example thatusual marking with just one mark bit is not enough for pre
ise identi�
ation of useless data. Thismight in prin
iple lead to unne
essary memory leaks. Therefore, the usual te
hniques for non-earlyreset are - in the presen
e of ba
ktra
kable destru
tive assignment - suboptimal. Sin
e 
hoi
epointtrimming is 
ru
ial in this story - and be
ause it seems not widely known nor implemented - westart by explaining it in se
tion 2. Se
tion 3 shows the example that 
lari�es the issue.2 Choi
epoint trimmingConsider the following example:prog1 p(X) :- do something with(X).p( ).



The usual WAM 
ode (in the XSB - see [13℄) - version of the WAM instru
tions) is
ode1 try arity=1, ��rsttrust arity=1, �last��rst: exe
ute do something with/1�last: pro
eedSin
e the argument to p/1 is not used in the se
ond 
lause, there is no need to save the argument inthe 
hoi
epoint and subsequently to restore it on the trust instru
tion. So, the following abstra
t
ode is also 
orre
t: 
ode2 try arity=0, ��rsttrust arity=0, �last��rst: exe
ute do something with/1�last: pro
eedThe di�eren
e is only in the fa
t that the latter 
ode does not save any argument in the 
hoi
e-point: the 
hoi
epoint of p/1 is trimmed. It 
ontains just enough information to install the failure
ontinuation, and not more: the amount of data to save and restore is determined at 
ompile time.No runtime overhead is involved, on the 
ontrary, it saves ma
hine instru
tions.It has also another side e�e
t: when during the exe
ution of do something with/1 garbage
olle
tion o

urs, the failure 
ontinuation of p/1 will not keep the argument with whi
h p/1 was
alled alive, thus leading to potential great savings.One might think that this situation does not o

ur often in pra
ti
e, but 
onsider the normalde�nition of member/2: prog2 member(X,[Xj ℄).member(X,[ jR℄) :- member(X,R).Now apply uni�
ation fa
toring and obtain:prog3 member(X,[YjR℄) :- member3(X,Y,R).member3(X,X, ).member3(X, ,[YjR℄) :- member3(X,Y,R).We now see a situation 
ommon in opportunities to apply 
hoi
epoint trimming: the se
ond ar-gument of member3/3 is not used on ba
ktra
king, so there is potentially some memory gain byapplying 
hoi
epoint trimming.As one 
an see, 
han
es for 
hoi
epoint trimming might depend on other optimizations.2



It might not be 
lear that 
hoi
epoint trimming is worth its while in an emulator: one mightneed new spe
ialized abstra
t ma
hine instru
tions or emit more abstra
t ma
hine instru
tions.Both are potentially bad for performan
e.Choi
epoint trimming was implemented in [11℄ and possible elsewhere.Note that the e�e
t of 
hoi
epoint trimming 
an to some extent be obtained by the disjun
tiontransformation and environment trimming and/or good variable 
lassi�
ation. The latter 
an beseen from a transformed member3/3 predi
ate to:prog3' member3(X,Y,Z) :-X = Y;Z = [AjR℄, member3(X,A,R).Y should be 
lassi�ed as temporary, meaning that it is not visible in the se
ond bran
h.3 The exampleAssume 
hoi
epoint trimming.prog4 query :- X = f(bar(a)), b(X).b(Y) :- setarg(1,Y,foo), g
, use(Y).b( ).?- query.The goal g
 symbolizes a 
omputation that invokes garbage 
olle
tion. Sin
e Y is in the 
ontinua-tion of the 
olle
tion, it is marked. Sin
e the lo
ation that setarg updates was 
reated before the
hoi
epoint of b/1, the setarg assignment was trailed and there is a referen
e on the trail to theterm bar(a). Sin
e the argument of the f/1 term is marked, the marking phase also must mark theterm bar(a). But it is obviously 
lear that the term bar(a) will not be used ever. Still, the WAMhas no way to avoid the value trailing, neither 
an usual garbage 
olle
tion avoid to mark thatterm, be
ause the situation is - with ordinary marking - not distinguishable from the one o

urringin the following program: prog5 query :- X = f(bar(a)), b(X).b(Y) :- setarg(1,Y,foo), g
, use(Y).b(Y) :- use(Y).?- query.A series of pi
tures re�ering to the above programs will further 
larify this.3
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Figure 1: Just before the setarg/3 goalFigure 1 shows the situation just before the setarg is exe
uted. X is not in the pi
ture, be
auseit is already dead. There is a dashed arrow from the 
hoi
epoint of b/1 pointing to the term whi
his the argument to the 
all to b/1: with 
hoi
epoint trimming for program 4, the dashed line isnot there be
ause the argument would not be saved in the 
hoi
epoint. The term f(bar(a)) is keptalive by the environment variable Y . Without 
hoi
epoint trimming (or for program 5), the dashedline be
omes solid and in fa
t keeps also the term alive.Figure 2 shows the situation after the exe
ution of setarg/3 and the value trail was added.
trail
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Figure 2: Just after the setarg/3 goalTo understand 
ompletely the issue, we have to look at the marking phase under di�erentassumptions. The order of visiting root 
ells is environment, trail, 
hoi
epoint.After marking from the environment, the situation is as on �gure 3: we have indi
ated that a
ell is marked by shading it.Now we must treat the trail: sin
e the pointer 
ell in the trail points to a marked 
ell (
ontainingfoo) no early reset 
an be performed. So the question is: must the value 
ell in the trail (it is theS pointer to bar/1) be used as a root for marking or not.Consider both options:� do not mark from te value 
ell: assume the dashed arrow is full; then later treatmentof the 
hoi
epoint will use the saved argument as a root pointer, but it will immediately�nd a marked 
ell and stop; 
onsequently, the 
ells 
ontaining bar(a) will not be markedand 
olle
ted; later ba
ktra
king will not be able to 
orre
tly restore the old value for theargument to b/1 4
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Figure 3: After marking Y from the environment� do mark from the value 
ell: now assume the dashed arrow is not there at all; this is the
ase with 
hoi
epoint trimming; the 
ells 
ontaining bar(a) will be marked; but there will beno future use of these 
ells: e�e
tively, some garbage has survived a 
olle
tionThe �rst option is plainly wrong, the se
ond is suboptimal. The 
ulprit is now easier to see:marking stops when seeing a marked 
ell. Suppose we de�ne a new marking pro
eduremark0 whi
hdoes not stop (working on a bran
h) when a marked 
ell is en
ountered, then one 
ould pro
eed asfollows.� for ea
h segment from new to old do{ mark' from the environments{ reinstall the old values from the trail while storing the new values{ mark' from the 
hoi
epoint� reinstall all values from the trail while storing the old valuesClearly this mark' pro
edure whi
h does not use the mark bit to avoid repeated marking of thesame 
ell, has bad properties. But it solves the suboptimality problem.4 Related issuesThe situation is similar to the one in [6, 7℄: several 
ontinuations - be it failure or su

ess 
ontinu-ations - have their own view on the usefulness of data, but marking with a boolean is 
rude. Theboolean says basi
ally onlythere is some 
ontinuation whi
h needs this lo
ationand possibly everything that is referred by itwhile a more �ne grained marking notion would also be able to tell whi
h 
ontinuation needsthe 
ell. Enhan
ing marking along that line makes marking loose its O(useful data) property, butit would be
ome more pre
ise in its identi�
ation of garbage: the same was hinted at in [6, 7℄.
5



Another way of viewing at these matters is as follows: assume that the 
ode wereprog6 query :- X = f(bar(a)), b(X).b(Y) :- g
1, setarg(1,Y,foo), g
2, use(Y).b( ).?- query.where g
1 and g
2 symbolize 
omputations that invoke garbage 
olle
tions. In the setting of[5℄ the term asso
iated to Y is moved to the newer segment, i.e. the segment younger than the
hoi
epoint for b/1. This is 
orre
t as the only referen
e to this term, resides in the newest segment.Consequently, the setarg operation will not be trailed. As a further 
onsequen
e, the term bar(a)will be 
olle
ted during the garbage 
olle
tion in g
2. Note that even with the rejuvenating propertyof [5℄, one garbage 
olle
tion on its own is not enough to a
hieve the desired e�e
t of 
olle
ting theterm bar(a): indeed, marking happens before rejuvenation.Now 
onsider the variant:prog6' query :- X = f(bar(a)), b(X).b(Y) :- setarg(1,Y,foo), g
1, g
2, use(Y).b( ).?- query.It now looks as if doing two garbage 
olle
tion in su

ession, re
overs more spa
e than doing justone 
olle
tion. This is in line with the �ndings of [4℄ where one of the 
on
lusions was that markingand early reset should be performed more than on
e during a 
olle
tion.5 An alternative to value trailingSuppose setarg/3 were implemented naively in the following way:prog7 setarg(N,Term,NewArg) :-young enough(Term), !,set(N,Term,NewArg).setarg(N,Term,NewArg) :-arg(N,Term,OldArg),( set(N,Term,NewArg); set(N,Term,OldArg)). 6



where set/3 is like setarg/3 ex
ept that it does not trail the assignment. This implementationis not safe w.r.t. re
overing heap spa
e on ba
ktra
king, but let us forget that at the moment;without spe
ial 
are, it is also in
orre
t when a 
ut 
uts away the disjun
tion in the se
ond 
lause.But it serves the purpose of showing a point.The predi
ate young enough su

eeds if its argument was 
reated in the segment just before the
urrent one: it is the analogue of the 
onditional trailing test. If it su

eeds, no trailing is requiredand the assignment 
an be made without trailing - or in the above 
ase, without remembering theold value in the environment of the se
ond 
lause of setarg/3. Suppose this was the de�nition ofsetarg/3 used in program 4. Then there is no way to 
olle
t the old argument bar(a) at the momentof g
: the term bar(a) is just plainly useful a

ording to normal WAM usefulness logi
. This 
losesthe 
ir
le: the alternative and naive implementation of setarg/3 shows the same properties as theusual one.6 Con
lusionThe example shows 
learly that one bit marking is suboptimal. Also, there seems no easy and
heap �x.Whether we should name this suboptimality a 
ase of the WAM not being usefulness 
ons
ious,is not 
lear: ba
ktra
kable destru
tive assignment 
ame later than the WAM. However, in this
ontext it would mean that the WAM has no way of avoiding the value trailing in the �rst exampleprogram.As far as we know, the phrase the WAM is not usefulness 
ons
ious was 
oined by KonstantinosSagonas.Note that the spa
e optimization that avoids multiple value trailing within the same segment,as des
ribed in [9℄ does not invalidate the above argument. We have just avoided in
luding it inthe pi
ture, as it obs
ures the point.Finally, note that without destru
tive assignment, the issue does not arise: untrailing reinstallsa self pointer whi
h doesn't o

upy more spa
e than already marked.The example might look far fet
hed, espe
ially sin
e 
hoi
epoint trimming is not implementedin any popular system we know of. However, the issue of this paper was not to show that amore elaborate marking s
hema is needed: on the 
ontrary, su
h a more elaborate s
hema is bad.Rather we wanted to show that the usefulness logi
 of Prolog - or any ba
ktra
king language - withba
ktra
kable destru
tive assignment is not as well understood as one would like. And as in [4℄, wedo not 
laim that we have a pra
ti
al way to identify pre
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