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Introduction
Im (43(8) W rrezenter & method for eerformins  selective
bzoktrecking in Horm clsuse =rogrems &3 srplied Lo Frolog (23032
(9y{10y, -It i=zs in Ffacty = srecielizstion o tne dertn-firvst
ctratese of 3 more senersl form of intellisent backiracking (2.
Ir this szrer we review selective bechkiraschking &nd ZOdress
gensrel imrlemerntztion lssues.
EBzzic idezsz
The bssic idezs of celective bschktrascking sre illustrated &nid
evslzsined 1inn the figures and text below. We derict each sosl
evecution 2= = bom with four rortsy followins Ewrd (17, The DO
=art iz entered whern the gosl is first sctivailed: wheress the DOHE
eart iz exited on comelets execution of the sHosl. On becktreckinss
control  re-enters  the Soszl execution via the RELD sorts =nd exif
the UNDOMNE =ort on unsuccesszful e erutlon. The scel exerution bc.
iteelf decoms=ozes into two similsr boxes: the clazuse head mestonins
box srnd the clause bodz edecultlion Dox.
i
l afndadat ittt
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CLAUSE 1 f 4
: t BODY !
HEAD ' : !
EXECUTION 1
MATCH X : |
UNDONEe— et —; 24———- REDG " -
I
After matching sosl G with clzuse hesds, the clause bod=
executiorn bhox for G becomes onhe of thesel
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selecty 3t each

The main idez of selective Deckirscking iz to _
feziled sSozls & =zingle sgosl to vecktrazck tor not necesesrily the
rrevious #Hosl = in standesrd bDackirschkinsg., Co F:EGUEﬁtlb! entry
inte. the REDID rort of G ic sllowed only if G hes oeen selected z¢
the backtrack =gozl for the lazst feiled sosls otherwice control
flows directlws to the UNIONE rort of G.
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of the clzuse hesd matonins Goxe ie. gfter

At the UNDONE =ort
f the backtrack sgoszl take; rlace,

fzilures selecticn o

Ieselection of the bscktrasck sosl bs done when bascktrackins to
it occursy ie, &t the REDO sort of its clause hesd matching box,
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How is the bsckirack gazl seleclted?

Upor: fzilure uf;a gosl Gy the backtrack sosl 1s  chosen  smondg
Fhe cendidste gozls for packtrsckins, These arel

1) The srcestors of G - These sre the fosls whose sliernstive
clzuses svoid resctivation of G,

4

1

2 The modifeing sosls for B -~ These sre the dosls whosze matoh
i urdond will undo feilure-originsting bindings in Lihe srgoments
f G. - In the secuel we refer how thew sre oblsined, :

Z) The lesacw set of 6 - Thig idi¢ the set of cendidsie
cbraok iozls ipherited from failed doasls thst selected 6 35 the
becktra LL foaly  thew miust be kert 35 cs8 ﬁdluoLu for oscktrackins
to ensure com?leteness of the Eearch,

Amcns a2ll th andidstes, the most recentls sctivsted one i
selected &8s th tbthPaLk goals, The remsining ones become part of
Pta lesdsow set

Definionsg Lthe ze=t of Laumxdst BH

The set of csndidstes for backtrackinsg csn bg  refined a3
gracifisd rext. : - ’

stors - Among Lhe sncestorsy 1t swuffices to retain the
Farent randicdstey since Lf snd whern the recent faillsy then its
ravert becomes s candidste. This way no sncestor will be left out,

The modifuwinsg goals - Rsther Lngu the whole set of modifwing
ﬁﬁ&]ﬁw SO auhsets maw De used instesds witnout loosins

A

oo 1 (ln“‘ﬁ“' thewy sre the dlobsl mouifwing sels.



& globel modifei

ne =et is the wunion of local modifwins setss
where each of these i1e¢ associated witn the mismstcoh of the sSocail

with & clausze head.

A locel modifwing set is obtzimed from the wnificetion
contlicts  in the mismatoh. To esch conflict is associsted sn
elenentary modifwing sets andg it is arzued in (73 thet tzking &z
the locel medifwins set any orne of the elementars momlfsins sets 1s
eufficient to mzimtsin coms letEHECfv it 1s slso rointed cut which
iz the best elementars modifeinsg set choice. ' .

An elementzry modifwinsg set is the set of modif=ins scsls  for
vazriables whose links to non-varisble terms were followed in
zgeocessins the two conflicting constant sembols,

1
1zole linkead to & non-veriaole

The modifuwimne gozls far 2 var
ST E g Froguceds odndings rsart of that link.__

term &re sSozls whose mstches =
(More on thiz lster.)

A further refinement in this cese iz  schieved by discerdins
from srne modifwing set: bDecsuse redundants a1l sozle which are
gncestorse of zmother gozl in the set. Im facocts 311 zncestors  are
eventuzally backtrzcked to when their descendsnts fsil,

Next we dezl with orne more imrortant refirmement.

Goz! determinism - We za= & scal is strongly-deterministic if
some . constant sembrole i its  asrguments onle a8llow the sosl to
Fossibly metoh one cleuses snd those swmboles cannot  be rerl TS
{(The unrerlzceztle s=mbols &re those textusl inn the ozl or
scouired zt stromgle-deterministic matoches.?

It is irrelevant to pecktirsck to & stronglos-adsterministic sosl

nce ne glternstive clasuses wist for ity and znelzsis of ite
fziled mztches is irrelevant since the unrerlscesble ssmbols will
never =2llow 1t to metoen other clauses even sfler pachirachking.
coordinsley the modifwinsg sgozl for & wvsrisble bourd  in =
tromgle-deterministic matoh is mot the mstching sosl but its most
gcent mon-strongle-deterministic sncestors called dits avoidinsg
oal

[ | m I

: 1 rerlace:

I',I H

Naturzlly, whenever z gasl fsilesy the zvoiding sos
the szrent 2=z 3 candidste for bdtPtPaCLlﬂqq

Eeeresentstion of derendencies

in this szection we srezent omne sclution to  the sroblem  of
storins the information +to be wsed D2 s intersreter for
identif=2ins modifweing fazle. '

DEC-10 Frolog swntexn will be wused for termse ie, nemes
besinminsg with an  urrer—-cese letter will denote  vasriabléss
otherwise constsnts, functors or sredicetes.

Terme asre trensformed to cormtasin informetion on thelr own
birdins deFendﬁnc1ecv and zre unified throush 2 srecisl unificsastion
alsorithm.
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where N 1s the number of the Sczl G in whose mateh the bindims is
dornie » or that of Gz gvolidins gosl ir case G is
strongle—deterministic.

If Y» bound to TYI!IDYs is instantizteds then I becomes DY« IT
Y iz wuninstantisted thern [ becomes L[Y1: snag IY dis urdasted to

include the element LI(NDX1)y exrrescsing 1ive derendgencse of Y on X,
Yl is  the result of deleting b(N:sDIX1Y from DYy &nd similerls i
is obtzimed from DX by excluding Li{N>DIYL) from it. Thus
circulerity of reference is rrevented.

Whzt harrenz iz thaet when seversl sosl wvarisbles set  bound
together throush severzl explicit bindinges amons themrs the sraseh of
those bindinse iz & tree-like structures with unsrecified root. The
derenadency taze wWwe build sres Tor ezcn varisolers = rerresentztion

&
of thzt tree hezvinsg the verigtle sz Lhe

roct.

All thnis iz best seern with zan exasmprle., SurFrpDse  Wwe  npave the

saozle a2nd clsuses!
1 2 z iUy -
- FUXsYY v = {(YeZd s (Y]} aisl -

&fter S0zl 11
x T ¢+ IXe(1-IY.EYL)Y BXL 2 o—==1-- 7
Y T ¢ IVl IX,EX1),.,BY1 ‘

After sosl 2§
X =T 3 IX¥Xb1lIYVi0(2yIZ2.E21) RY 2y JEX1 , X ——1== Y ==2-- Z
Y = T ¢ IY.b{1eI¥,BX1)Y.0(2+yIZ.BZ1),.EY2
2 =T ¢+ IZ2+002yIY.001yIX ,EX1),EY2),.RZ1

fgfter sczl 3!
X =z 1 i*bilyd(ZJ.b(Eyi.nil).nil);nil e -z
Y = s ! iot"(l’i+f'!il)ot’ ?_Id(s)orlil)or‘lil
2= a } a(3).0i2yi.0Clsiomil)enil)enil

i == Gd == ¢

the exaect cheim of gozsles  throush

i
:] N

From th

ESE Og oency tasEs
which eazch varizble bhecame instantiated can be optsined —~ thew zre
ite mondifeinsg sSozls, ‘

~

gliternciive soclutioos

If uron successful execution of & sosl  slternstive solutions

are sought s backtraching must take rlace. The selective
}_bBCPthCPlﬁS mechanism views the Frocess of backtracking ss the
need to exrlore the esrch srace releventler not ss the need to

cexrlore it thoroushly, One cen view the sesrch for slternative
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~solutiorms as & user~dgenersted fseilure of the rrevious solution,
What the user wants isy in facty to modifw the rreviows solutiony
ie, the srguments of the solved tor Hosl, - - :

Just  ricture rerlacins we g0al(X) - by something like
- goal(X) vy user.satisfied(X) ., ' : -

Nows the sosls where the srguments wmight be wmodified sre
rrecisely 811 the arguments’ modifwing dosls, : :

Trhiusy after fordetting snw subsisting lesacy setsy 811 the
modifwing dgozls for the arduments of the tor go03l are tsaken ss the
backtrscking casndidates and bschktracking is re~instated,

X
! L.

Sipelifications

It & combinstion of some or.all gimerlificstions described next
is wuseds selective backtrascking can be 1“COVPOTotEd as a3 standard
faecilite without undue overhesd, :

1Y Obtsining the modifwing sSosls. :

Rather thsn snalwsing the failed mstches of G with clasuse
heads, one maw simrly tske sll the modifuwing dosls of 511 arduments
of & failed G irreserective of whether they entered in ° some
corflict, o -

Alternstively, for everw G ore maw take only the nmodifsing
gosls of the first conflict encountered in esch mismatch ana
remember them for eventusl use, : :

O=tional for the first slternstive is letting the wuser state
which srguments 3lone can give rise to failure, (This is
refinement of ‘mode declarations’.)

2) Storins Lhe modlfalns dgoals. ' . ”

Onlw orne slot is needed for each soal varldble to store its
modifwing doals if the rext simelification is made, When two free
doal varisbles azre boundy store nothing in their slots but mark the
goal for bascktracking, “irresrective of whether. it belonss to the
modifying set of some  futyre confllcb.A' In case one of the
variables is plresos 1nstant13ted; besides marking the sosl .for
backtrackings als fCDPB itsl slot cintol: the slot’ of .the free
varishle:  In 1@11. Bther\ cages where 3 “dosl’. varisble sets
instentiated, store in  ite ‘siot- tha aaal numhar - Bo nothing
otherwiszse. ' '

2) Determining strons-determinism.

It is dirvealistic to exrect  the sustem  to evaluste
strong-determinism  unsided  and  still be ‘efficient. Hore
exredientlyy the conditions - under which 3 doal is’
stronsly-—deterministic "re-easils surrlied be the usery es.

astromnd.det( dkFEﬁd(X!YDZ) ) {~ nonvar(X)

Ir-our lstes t 1mplement tlony wrltten 1n Prolos itself ss tLhe
others had been (5)(7)y we use 3) and the second alternative aof 1)y
but - rot 2).  For storing the wmodifwing doasls we use the
rerresentation  shown before. A low level ime-lementation is needed



- though to make the selective cbacktracking mechsmisms
truls comretitive, : '
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