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Abstract

A sernaeral method Gy sresented  Tor AR RN BNNE | astandard
backirackind 10 ANII/OK  trees onlw Lo thoae. nodes where
repefitimn of coal failures msey rossinly he rFreventedy thus
SVOLGINE MUt useless SesTon Fach goasl that fs1ls orisinstes &
stack of admissible backtrack nodes suscertible of  solvirng 1ty
sl 8 simrle rule combiines dndividusl stacks into & sindgle new
cltaclk sb AND andd OR nodes, The sdmissible bescktrack nodes st
each Taotrled dosl are reasdily obtsined if each obdect in & sosl
is tadsedy imelicitly or explicitlyy with all the nodes on which

it dererds.,

Nevswords artificial intellidencey rrotblem solwinsts AN/ DR

treesy packtracking,

Standard bDacktracking in ANDAOR trees is  sladgued by the
irnefficiency of looking for remeds where it cannot be found,
Whern 3 dgoal fsilsy for some combinstion of the ob.ects therein

concernedy standard hacktrscking will hsasranesdecdly return to its

rreviods most recently made choice looking for altermstivesy and

so oan until either some are sventuasllsy fFHurnag or siobsl Tzilure

-4

agccurs,  Letlt us admity s Trecgent coaseys ot hbrme Tinal SOl

bascktrackad to 15 a Lhrothaere: or a suabwybgost of

¢ 5 brothers of the
failed daal. It maw be thasty sntortunatelsy mone  of the
sltermatives avallanlie there C Al change  the Esrtacular

combination of obldects which had led to fsilurey for the re3L00
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that Lhe obdects rresent 1n the two sosls share o structure at
all. Thusy for esch slternztive Toundrs search  wildl raeturn 1.0
the fsiled sosl with the orisinsl combinstion of obouects 1ntsol:

only to fall sHsirne. .,

nere 1e thnat of svoilding the double

The sroblem we s000e
wastade involved: the one ofy for each alternative consildereds
generasting & rossibly larde subtree &t everw oprother dgosl
traversed bw  the backtrackaindg  andd  re-tewing the failled zosl

without horey sl the one of having to undo a3ll such doindgs.

Our solution to this &and related rronlems conslsts A1
samitting bascktracking from & failed goal only to those nodes
where subseauent failure of +the same doal mas rossibls  hbe

avaiided,

Actual backtrack nodes sre denersted only on failurer not
3s the search moves forward, For s failing terminal soaly its
sdmissible backtrack nodes sre Frecisely those where
modifications may occur to the fasilure oridinating comronents of
the obJdects 1t refers tor rlus its rarent node s where
slternative branches may exist, The soal’s admissible bhacktrack
rodes (numbered from the root) are ordanized in an ordered

stacky with the most recernt ane coming Tirst on the stack.,

Let us assumey for the moments that fTor esch sosl the
information mecessary for findind its asdmissible backtrack nodes

in caese of failure is resdilwy availsble,



When a Hoasl fTailsy one rossible course of action is  to
Qurﬁue arg of 1ts Drobher gsoslsy witn Lhe srurrose of obtsinina
netter backtracking intormstion if they also fail, When sl
brother dHoals have beern examined, backtrackiﬂg 15 then madey
Frerat of 511y Lo the most vecent sgomissible  backtrack node
suscertinle  of solvingy along with its descendantsy the ressons
for failure of &ll failed bhrother doals, Ariother course of
actiorny 18 to returrne rtmmedistely  to  the failed sosl s most
recent admissible bascktrack nodey with no redgard to &he FOssiDle
failures of brother doals, This is arnalodous to the immediste

standard backtrackingy to the rreviodgs most receant

returny An

choice »oint

-

Both are useful. The FTirsty in sarticulary 18  Frofitaply
used i ssttern-mastohins, Whern several obdects nave to be
matched st the same node (a covert AND), failure should riot be
acted wrorn 38t the Tirst mismastch encountered,. Contirmstion of
the matchindg rrocess maw wield other mismastchesy and admissible
backtrack nodes corresronding to  them. There 1s no use in
backtracking to 38 node where only one of the mismstches mas be
remedied. Ify howevers the examination of brother #osls is too
costly because their subtrees maw be lardgey then the second

course of action can be rreferable.

Whern backtracking on sdmissible rnodes reaches a8 rarent soal
rnocie (which is 8lwaws an admissible node Tor its successors)y
the stscks of admissible backtrsck nodes of its fTailed

successors must be combined to form 5 new sinsgle ordered
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backtracking stack. This new stack 48 then merdged with the
existing  stack  tor that rarent nodey anadg the rarent of the
Farent node 1s included if absent. The existing stack for the
Farent node maw have vemained from Frevious backtfackinﬂ G m3y

he emrty.

The rule for combining stacks is simele, The stacks coming
from ORed branches &sre .Just merded to form the rnew stacky
pecsuse each contains backtrack nodes suscertible of dgenerating
candidate solutions on different branches of the DR. The rew
stack obltained at ANled branches coincides with that of the
stacks which is less than or ecual to any other stack, asccording
to the lexicosrarhic order amonsg stacks, Recall that the stacks
are themselves orderedr with the most recent node (that with the
hidghest number) coming first on the stackhk., Since nodes are
numbered from the rooty the first admissible backtrack node of
the new stack will be the least recent of the most recent nodes
of 811 the stacks. From the roint of view of that ANO, if there
are no alternatives at that nodey thern the next backtrack rode
to visit must be the next most recent rode on the stack chosen
s the new stack, and so on, If there are alternstives & that
rnoder on the other handr and should there be subseauent failindg
gdoalsy rerhars at the same w=lacesr the stacks of admissible
backtrack nodes will be obtsined snewr and the rrocess is

rereated.
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Wheny finally, there are rno more admissible bhacktrack nodes
to try on backtrackingy tfailure of the tor doal is rerorted,
This narrens onlw when backtracking reasches the tor goal itselfs
because everw rarent node is admissible on failure of its

HSUCCESS0TS .

This discussion assumed that at each node information was
avasilable concerning its admissible backtrack nodes in the face
of Tailure., Srecificallyy we reed 1o knows for each obldect
comronent contributing to the failurey 311 the nodes on which

its rFresence in the current gHoal derends.,

kecause rarent rodes are always included as admissible
backtrack nodesys node derendencies created by simrle
transmission of obdect comronents wr and/or down the trees
throudgh chains of ancestors rossibly linked by common varisbles
at brother nodesy reed not Xist exrlicitly. Howevery the
oridinal node where anw concrete (ie. rmon-variable) value is
acauired bw an obJect comrornent must be retsined as a backtrack

rnode by tadding with it the obdect comrornent.

The only other kind of rnode which must be tadged to obJect
comronents, because they are derendert on ity is where two (or
more) obdect comrorentsy 31l rFreviously introducedy are made
derendent orn each other at the rresent mode. In that caser anw
rrevious or subsequent derendencies of those obdect comronents
are rassed amond them via the rresent rode. This situstion is
common in two-waw ratterrn-matching (urificsation). (Where this
kind of derenderncy does not arisey every obdect comﬁonent with 3
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concrete value is tadded sindly with the node where its vaslue

originated, )

Feilure of terminal soals mas occur for many Tessons. For
examrley the dosl mauw be eausal to or a rarticular case of an
sncestorsy  the goal has no rotential successorss sll Fotential
SUCCESS0TS cannot hecome actual SLCCesS50rs on closer

examination.

Irresrective of the reasons for failures the rarent €oal is
8lwass an admissible backtrack rode. In case failure does not
derend on the obdects involved in the goals it will be the only
such node. Im case failure derends on the rarticular obJects
involved but it is rot krnown whichs then all the nodes on  which

the obJdect comronents derend are additionsl admissible backtrack

nodes.,

Irn case failure is known to derend rrecisely on srecific
obdect comronentss then the only extra admissible backtrack
nodes are exactlw those on which such obJect comrornents derend

onr e

Methods of ob.ect comronent tadgind sre too Feculiar to
Froblem rerresentation and system imrlementation to be
considered with anwv denerality, In asrnother rublication [Fereira
19791, Qe exround the srrlication of our theorwy and techrniaues
to an intellisently backtracking interrreter of erograms written
in Frolog L[Warren 19771 CFereira 19781y a8 rrodramming lansuade

based on rredicste lodgic Wwhere every Frogram  execution 1is



naturally eus Gf arn ANDAOR Lree,

For s reviey Of AL tore reter to charlber & ot

Cl.ovel arag 197830y earaclal ey o

SASL andd 3R9-3464, Nt e

that we wuse "peolner soal st ead of Lovelsnd’ s "sarvthner gsoal®,

Corme st on

Standasrd packtracking in AND/OR trees can  be  imsrovead if
intormation 1% asvallsble  to dirveclt 1t swew from slternstives
whichn are Dourdd Lo Fai1l. Such intormstion csasn e gsthered as
the search moves Torwara, It suftices Lo tsd escnh obdect
comronent in & dosly dimedicitly or exrlicitlys with the nodes orn
which  its  dHenerstion and transmission derend, Urorn fTailure of
some #Hoaly the nodes tadsed Lo those of its  obdect comronents
contriouting to failure constituter besides its rarent nodesr the
onle admissible backtrack nodes  for thst sosl. These are
organized in 8 stacky &snd the stacks of imdividusl soals sre
combinedy when search backs to an AND or to an OR  branching
Fointy into s sinsle stack of admissible bzcktrack rnodess by
means of 3 simrle rule. This rule is dgenersl for ANL/DR  treess
although the methods of object comronent tassgsing derend on the

rroblem rerrezentstion chosern.

An arrlicastiony described elsawhere Frovided 3 new

intersreter of Frolod thst rromotes inteldlisernt backtrzcking in

GVery Frogram execullon requilrinsg it -
RMCINS € Teciy,
\‘- _ a’//
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