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Abstra
tSahlin and Carlsson 
laim that their variable shunting algorithmshunts all possible variable 
hains. We show two situations wherethis seems not the 
ase. The algorithm 
an be adapted easily totake these situations into a

ount. The key point is that markingand even early reset should be performed before variable shunting -and probably afterwards as well.
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tSahlin and Carlsson 
laim that their variable shunting algorithm shunts all possible variable
hains. We show two situations where this seems not the 
ase. The algorithm 
an be adaptedeasily to take these situations into a

ount. The key point is that marking and even early resetshould be performed before variable shunting - and probably afterwards as well.1 Introdu
tionVariable shunting is explained in detail in [5℄ with an algorithm (whi
h we name SC-shunting inthe future) and also in [4℄. In [5℄ the authors 
laim that all possible 
hains of variables areshunted by this algorithm. This is of 
ourse not a formal statement and there is no proofof it. However, we will show two 
ases in whi
h their algorithm 
an be improved: in the �rst
ase, it is shown that performing early reset (see for instan
e [1℄) 
an result in more opportunitiesfor shunting a variable. Early reset is tied intimately to marking and performed by most Prologsystems: performing marking with early reset before variable shunting is reasonable, but in se
tion3 we will indi
ate a potential pitfall. The se
ond 
ase shows that a (two valued) referen
e 
ountfor rea
hable 
ells 
an be used to improve variable shunting. Su
h referen
e 
ounting is usually notperformed in WAM, but systems that do not use mark bits in the heap itself 
an easily in
orporateit. It is not 
lear to what extent this is known and exploited in MALI [1℄ or other systems.2 Case I: early reset 
an help variable shuntingLet A, B and C be three 
ells on the heap; let A point to B, B to C and C 
ontain the atom a:see �gure 1. Suppose furthermore that C is trailed - this is indi
ated by the shade in the �gure:situation (1). SC-shunting will not be able to shunt anything. However, assume that early reset isperformed �rst and that 
ell C is subje
t to early reset 1, then early reset will arrive at situation(2) in �gure 1: C is no longer on the trail and an undef. Finally SC-shunting will arrive at situation(3) whi
h is better than what 
an be a
hieved without early resetting before shunting.�Another 
ase of ill-understood usefulness logi
 ?1it is a mind teaser to 
onstru
t this with Prolog 
ode ... you also need a 
ompiler that does 
hoi
epoint trimming- see also [2℄
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Figure 1: Shunting improved by early resetting �rst3 Marking before variable shuntingWhen using sliding 
ompa
tion, the number of marked 
ells is 
ounted, be
ause the sliding phaseneeds to know the number of marked 
ells. Sin
e the marking has taken pla
e before the shunting,lets name this number Mbefore. One 
an do a marking after the shunting as well; this gives usthe number Mafter. It is 
lear that it it possible that Mafter < Mbefore. Whi
h means that for amore optimal g
, one must mark again after variable shunting. This is not ne
essary when using a
opying 
ompa
tion algorithm, be
ause the exa
t number of live 
ells is not important - as long asa de
ent upper bound 
an be given.4 Case II: referen
e 
ounts 
an help variable shuntingOne 
hara
teristi
 of SC-shunting is that no 
ell ever be
omes an undef in the pro
ess: we 
all thisundeÆng a 
ell. One reason is that doing so potentially makes referen
e 
hains longer; an attempt ofundeÆng some 
ells during shunting was made while implementing the BinProlog garbage 
olle
tors([2℄), but only for what was named dire
tly rea
hable 
ells. However the method 
ould result inlonger referen
e 
hains. Let us �rst show that undeÆng is in general wrong: in the left part of�gure 2 there are variables A and B both pointing at C whi
h is an undef. Repla
ing A and B byan undef as in the right part of the pi
ture, looses the sharing between A,B and C and is wrong.
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The problem is intimately related to sharing and referen
e 
ounts 
an 
apture this sharing.Before introdu
ing the use of referen
e 
ounts, let us �rst des
ribe a situation in whi
h SC-shunting
an't do mu
h: suppose that three variables A,B and C are in the same segment, and A is boundto B and B to C, so that the situation in the upper half of �gure 3 is produ
ed (for ease ofunderstanding, think of A as an element of a list: there is no referen
e to A from the 
ontrol sta
k).Assume also that none of the variables is trailed. Then SC-shunting will end up with the situationin the lower half of �gure 3.
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Figure 3: SC-shuntingIf referen
e 
ounts are taken into a

ount, one 
an do better. Suppose that during the markingphase we have also kept a two valued referen
e 
ount: its value 
an just be one or more. Assumestill that no variable is trailed. The better shunting is shown in �gure 4.
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?Figure 4: Improved shunting with referen
e 
ountsThe (real) referen
e 
ounts of B and C have dropped to zero and they are unrea
hable now -that's why B 
ontains a ?: its value is not important.The general prin
iple is: if a 
ell referen
es an undef whi
h has referen
e 
ount one then that
ell 
an be unde�ed - modulo the usual 
onsiderations for the trail.But even if B is trailed, we 
an do better: in the pi
ture, we'll indi
ate that a 
ell is trailed byshading it. Consider the situation (1) in �gure 5. Shunting B leads to situation (2), in whi
h B istrailed but 
ontains already an undef. This means that the referen
e to B from the trail 
an bedeleted, so that we arrive at situation (3) and �nally after one more step at situation (4).This example shows that shunting doesn't need to stop on trailed 
ells (or in the jargon of[5℄: a 
ell with an older binding). It also shows that during shunting, segment boundaries 
an be
rossed. Finally, it is important to realize that the referen
es on the trail do not 
ontribute to thereferen
e 
ount of a 
ell. Indeed, in general one 
an say that the trail does not 
ontribute positivelyto usefulness.It is 
lear that trying to remove the trail referen
e to B from the trail, is a potentially 
ostlyoperation. But keep in mind that after shunting, a new marking phase is bene�
ial: at that momentB will disappear from the trail.A �nal example shows that the referen
e 
ount 
an also improve shunting when the end ofthe 
hain is not an undef. Figure 6 shows a situation in whi
h A is bound to B, B to C (withB trailed) and C to the atom a. All 
ells have referen
e 
ount one. Situation (2) is obtained bynormal SC-shunting. Situation (3) is obtained 
orre
tly be
ause A and B have referen
e 
ount one3
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(4)Figure 5: Improved shunting with referen
e 
ounts in the presen
e of trailingin situation (2): B now be
ause unrea
hable and 
an be removed from the trail. On the otherhand, A must be put in the trail at the pla
e where B was, so that on ba
ktra
king, A 
an be resetto undef - unless the trail entry for B appears in later than the segment in whi
h A was 
reated, inwhi
h 
ase A need not appear on the trail.
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Figure 6: Improved shunting with referen
e 
ounts in the presen
e of trailing and bound 
ellsAgain, removing B from the trail should be done in a marking phase after the shunting. Re-pla
ing the B entry with A, is more 
ompli
ated: if there are enough bits (either tag bits in the
ells, or in the mark array) one 
ould set su
h a bit and make B point to A at the moment of theshunting. Subsequent marking 
an then - during the treatment of the trail - test that bit and takeappropriate a
tion.5 Con
lusionWe 
laim by no means that with the two extensions des
ribed above, all possible 
hains are shunted.Neither that it is worthwhile to implement the extensions in a real system. However, performingmarking (and early rest) before variable shunting is easy and there are other uses for the referen
e
ount (see forth
oming report) so it would not be unreasonable to do so.This work originated from our work on spe
ifying garbage 
olle
tion in logi
 [3℄. This report4



indi
ates that the usefulness logi
 of the WAM - although perhaps abstra
tly well understood -needs better understanding on the pra
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