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1. Tovtrochect o

Ty {3X2059) we  Fresented 8 method for rerforming selective
packtracking in Horn olsause =rodgramns as areclied Lo Prolog,

e this resorts we  descripe & Prolos  intererebers writter in
Frolods WL o seavrforms  selective bhacktracking on  serneral Frolos
ErOSTENG We ciscuss efficierncy lsguogs and s simrlifieds, s legss

2

rhive  bnowsh deneral version of the intersreters which seconrlishes
wogoad trade-off comsromise beltweern selective rower and its  associaten
OVETTEeHT . We  slso  eresent a8 selecbtive backtrackenrn sragltalized Lo

auerving  relaticonsl  datasbass satiafuing & reassonahle satl of
BHeUmELILONS .

@l

The intersreter ime=lementations rresenterd here surersedse those of
s @arlier  resort (4), Thew are weilben io Frolog iteselfs and are not
simed &t efficiernce bt rather at  clears aoecurate s cietail led
clescristion of our selective Dscklescking mebthod. They should e viswed
su working simulastions st & hisgh level of  what  reauires o low Jevel
e L eme

1

ta o o ta  attain comretiltive efficiency. Qur  sreciaslilzed
relational datasbase intersretery meverthelessy is alresdu Comea b v
it slandsy eavern for  smallish L We bhelieve it can be of
immediste use for Frolos srogramns consulting sractical dstebases,

A

st et

I this rerort we sseume
selective backhracking

Frolog (7).

e reader  has  beern  exeosed to our
(%) and  is Tamiliar Wwith DECowustemnm—-10

pealse the selective backtracking intersrreter is aguite & comel e
FPOSTEmy it may be helrful Lo cowslement our descristion wibth rurrind
Lhe intersreter on exsnrles with bracirng,




2o The selechive bz

tbracking 1ntersrebs

L bihvie ction we descoribe an interrrater  of derersl Frorolos
EYOSTEMmS y Lt WOl s i Fll sooovdsnes wibth the theory of selaclive
naecltracking se sedn 1 (5, £ listing of the interrreter 15

sert

caed an Aseenddix 1. Tr

L intersreler  masw Do called From the
slaraiard one &t srnw rumber of slaces,

201 Reswrssentation

I thise dinterevetery Lerms within soals contain information  on
Lheir  own bindinsg dererndencies, Tre C35) we summed us such desarciEnn iog

s Follows:

sarent €os of failed goals asre slwsws selected &5 backirack

the sosl derendencies orested o simele branesmission of Dindings
sridsov aown e hree (Bhrowsh Cnaing of sncestors sossitly Linkod b}
common verisbles at bhrother dosls) should not be roted exelicitly,

Ay sl ven 3 inowniose meton & Hos) varianle was bound o & EAVED]
PRCIT A G hle term must e rebaired g & modifwing gosl for anw oconsbhandt
nEme Wwinilon Lhen beocesne sart of tho oiriding of that vaviable.

The ornly obher case in which o solved gos]l must zleo be retzined  ao &
WOk el e is when twa (or mover still free varisbles in Lhe soal
nowniFied Lo one snobther in Lhe matoning of the sosl, !

3, ...
TYSVER o

o arder to he referencedsy gosle are numbered from 1 G E TS
the order Lhew are sctiveted, Durving bescktracking this munberines
unddonsy To be able Lo conviewy derendenciesy every Lerm X is rérresert
i obhe form

‘ VX - TX

UX ds the value of the term,

T dis the Lag of X. It 1s  associsted  dust with the srincisal
Tunctor of Xs for asnw subberm of X will have its own tas,

I# X odae & temtuyal non-variashle terms TX=th, Ifs otherwises ¥ is &
Lenttiutal varisdle terms Lhen TX is & list

LRXITIX]

BXy the binding varishle of X, shiows the ture of bindinsg serformed
oy Xt

EX=d(NY 0f X was directlw bound to & testual non-varistole Lerm in oo
Clavse hesdy during the mateh of #oa] fumber N,

BX=1 df X was indirvectly bouns to & non-varizble terms throush Ol e

Othey textusl variable tourd to X,
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gre the modifwing soals For each variebhle.

This cheoice of rerresentation reauires that the orisingl clauses of
a8 srodgram be onangded sccordinle.  Soy hefore execubioms the srosreasm Le
vaaso From a Fille arncd modglfied,

Esenh clsuse s converted to arother clauvse of the form

Fimd sz oclasuse(H yRB7 I

The olause hesd M s converted Lo  the new hesd H therebw
wrodumins the list [ with information to be used by the inbtersreter, I+
tine olavse has & bode B it dis converted to the rnew boody B, otherwige
Bt rde

Every occurrence of & non-variasble term X in H hss the form X-T  irn
Hy 3 different varisble T being associsted with ezch ocourrence of tioe
Gume X, The first element of I is & list contsiring sl1 such variables
T,

Various ocourrences of  the same varisble within H will have
diffevent variable starciing For them in H» bhecasuse matohing berms oo
ot necessarily have  matobhinsg  bLaoss, For each multisle ocourring
varieble X odin Hy the different variables etanding for X in HY are sobt in
e List Loarnd X=llods made s
fieacd

sment of 1. As an axaneles Live  olause

sClay Xy flsy X)o Flhs Yiy s(Xy Y)e 7
i1s converted Lo
sla=fle X1y FCa-A2y X2)=Fly Flb~Ey YL)=F2y (XZXy Y2)~0s 2
armdg §ods
LGy F2yEByFLeA2y ALy X[y X2y X330y Y=0Y1yY2D 3

To  convert the bodw of & clause we simelwy reslace BY@E Y
non-variashle term X bw X1,

As asn exam=ler the soasl
Xy Flas s(hy X))
Wwill ne converted Lo

EAXy Fla-ty slbh-ty Xi~t)-12

2.2 Dearation

After resding and converting the srograem with “load’ ary sozl 6 Car
he  executed with the directive ‘el By G oi1s first converted Lo G
like the body of a clauser ard intersretation begins witn 2 call o



lective baclktrscking inte “ater,
Pl dntersretations G dig comverted beok Lo 1t

sal Form 05,

Terecgte Ty Lhe main sredicets of bhe se
Lot s 0e

Fovere call to "execute’ hss bthe Form
ot (GeNsMeFarent ()

=

wherse G 1 dgoal exrression Lo be intersreteds N ods bhe rumber of the
First 5 goal Lo e solved within Gy M is Lhe number of tLhe ol
single dosl to be solved sfter solving Gy Farent is the rumber of  the
sgrent doal of Gy and L 1s “set eausl Lo ‘ot if & out i G ois
activaltad,

2+2:1 Sinsgle soals

L“eculjun af & single doal § is carried owut slons Lhe Following

P N T P N PN cay ger o el e %
# some aatatls sgside ) ¢

L.

(1) Ioerement the number of Lhe current gsosl.

(2 Fimd s olause Ffor 0O,

(3) Migest info 1o Lhis oclause 5 Lerms &0 required (=
starwise  gnifieation  srocaciores ullh 1 g oof teds Wiere neo
anch wredste bhe teds of varisbles dirvectly m~llhlﬁu hesd constants, 1l
tase Lhws wedated do not sctuslly receive the nuaber N of 6 ourtil it is
solvady and Lhen onlye LF neecsd, This will e dome on tive Lastinfo
groaucen et this ster,

@GOG ETY )

(4) FExecube Lhe body B of Lhe olause.

(G I+ B wes suvcessfulle executedy G is solveds amd sos iy using ted
Pk oy tadgs convewing derandency of terms on 6 sceuire the consbtarnt N6
otherwvise:

(4) If failure did not come from 'z cout in By checlk whether N hss  been
selected s¢ & backbrack soal. If soy fail the call of ‘executs’ for 0O
(this ig where selective wacktracking informs that no slternslives
ashiold  be  sousht  for  G5) ] FIOWEVEe Ty if G ais a8 becklrack sosls
glternztives mast be bLrieds s0 so baok Lo (2,

When mno more clawses Ffor 6 sre availsble ( it can hareen st the
Fivat trw ) it dis checked whether the sredicate of G is ar external one
¢ any sredicate Ffor wnich no olsuses were read bw “loan’ ). If G hass an
extoerns] rredicates G ods  converted back  to itﬁ arisinagl forns is
executed by the standasrd interrretery is reconverted asairne sod opcatins
of  its  Lads 1e werformed. If ot the wsrent aﬁd the mooifeins
For G are selecteds ard the call of ‘executs’ for 6 is faitled,

o

50&1&



D,A.2 Condunctions anag agirsdunoctilions

Maving Failed thne execution of 02 inm 3 condunction (G1:G2)y 1in case
cktrack goals wibtnin the execubtion of Gly bhackbersokins
takes slace,

Liere Bre 1) i
nver bhe whole execution of 61

NDisdunchions are herdled in o a stratghbforward waw,

22203 The cut

Srecial brestment is reserved for the cut suymboly two clsuses helns
erovided Lo hsncdle Lhe osll “puecutelly_ v r» yCY7 .

VR AN This instantiatiorn of © will
any subseauent solint 1 Lhe condunction

bearn achivaled,

The Filirst gne succeeads with
let the irtersreler brioie s 1
containing the ouly that 1L has

a oty the secornn  olause  will ne
}

I+ backtracking reasctivetes
aobtivatedy whicn assarts bhwe Facht Lhat 3 ocuwt was sagssed on bacrbteras

LR .

I the execwtion of & condurnstion (G1,02)» wher G2 fails it is
checked whether the current Dsckbtracking comes from & cubyr 1n which case
Gl odis resally skissad, O the other  hands 1f G100 as  to e skhirred
pecause tners are no dackltrack dosls within ibts execubicones it i iR Ckern
whebther & ocut i Gl was  scliveaetedy i which case  Lhe fact  tnat

hacktracking rest = ocwl occured is sertead.

Wharn the rasrent F of the cwlt 18 rescheds the fact corting &
Patled out 1« retracted  asnd FPodls  Tailed thus gvaiding eltercnstive
olausesy 35 Fresovribed by tne reacbivated out.

2.2.4 Obtsining backltracking information

Jeon failure of 38 simgle goal Gy the intersveter rroceeds Lo select
the rarent and the modifuing sasls for 0.

These sre obtained socording Lo the OR and AND rules of  selective

backtrackings b smevforming a conflict anelydsis on every clasuss head
that failed to mateoh G.

Two main tyres of contflicts are aralused?
coconflicts 3

These are orvidginsted when a currently non-varishle term im0 Lhe ¢osl
tries to mateh a textuzl rnon-varisbhle term in the clause head havinsg
different rrincirsl functor,

It i1s s clash between two constant senbolsy only one of which maw
change -~ the ome in the sosle if not @&lso textusl,



The modifeirng goasls for this conflict are ontsined iy g retyLees b

tag  of Tive gosl Lerm for the dererndenciss Lhst led bo ils contLioti s

e e s .
eocontliots 3

accur whern Ltwe different constant sumbols are  bound to two
R the soaly bLihet the clsuse hesd reguires to hold Lhe samne

Winee this corflict can  be solved if either of the variabhles
CcarEes its valus Lo mateh the othery the OF rule arerlios. After Lhe
modifuing sosls for each variastle sre obtairedy thew are mersed irho &
simgle sety which s the sel of modifeing gsosls for L

s conflict,

If st sy atss in the anslesis  an drrevecsble  conflict ST15E8y
since  there are  no modifysing gosls for ity mo furthep anslysis Lakes

gl e

re ann no backtrachk gosls are selected for this clause,

Failure of & sos)l 6 casused by backtracking over s cut within the
bods of the  sctiveted clause For G is 3 very serecial csses GANCeE o
amount  of snalusis susranteed to cgeliver &l Daclktrsocling
irFormation, I Factby & s iole solubion to G might ex iF some
variasbley tnat matoned & constant in the head of the clsuse corct.airarms
Live oty anola be dnsteantisted Lo & non-matoning constant s theretforrs
avolding activaetion of that clause snd rerhaes Formibttinsg gotivation of
grother ones ot the varisnles are nob carrwing information on s11 tiv
goals where such drnstantistion mi L EVED Fesides mat  bedrg
shle Lo get  s1)  Lbackblrascking informaticorny Lrwing Lo get the = Gn L] e
irformstion sroves to he too conelicatad, O aocount  of the
interereter simely slects clhtrack goale &1l the modifuing of
non-variagole Lerns in bhe dosly Just Lo male supe,

Hoel

1 e &

[¥3

E I I
o

Q2e2.5 Alternstive solutions

Iy wrarn successful execution of & soalr alternstive solutions &g
waribed, packtracking  dnto  the  intersreter sust Lake slace, The
selective bhacklracking mechanism views the srocess of backtraciing as
the need to exslore the sesrch space relevantly, asred not ss Lie neerd Lo
axelore bne sesron srace  Lhorogghlsg. One  oan view  Lhe seasrch  Tor
glternative solutions as & uwser-senersted feilure of  Lhe rrevious
solution. What the user wants o, i faects to trw  to modify  the
ardguments  of bthe srevious soluabior. Howy the sosls where the arduments
maw e moonified are sreot : Lhe arduments” wmodifuing goals.

Thuasy after forsetti urgsed selected hacktrasck soalsy all bho
ardauments’ modifwing gosls ere selected and beckirackins ig re-instbatec,




Fage 11

3, Gommerndts orn efficiencs

The overhesd sssoclisted with dmelementing the seneral e lochive
mgelktracking  mecnanism a8t 3 nigh level 8 we did in owr dintererveler iLs
considerahlery rreventing snw rracticel wse of the interereter,

't dis  nob  difficult to eoint oot the two wmain sources of
irefificiencud

Fivetsthe cornflict amnalusis rerformed aflter each failure of & €osl.
Trddsecdy @s  bthis  a8nalysis  1s  carrvied out for everw clause for Lhe
Fredicate of the fsiled Hsosl, when there are many such colauwsesy &5 in
dotabhassesy effroiency will be severely affected.

Secondy thne comrlewity introduced bhw the Lasa, In facty bhecauss of
unificastion Detween Hoal varisbles ( so recuired by multisrls ocourvind
variables i clause hesods Yy unificastion has t.o be Ferformed
incrementallw Lo 2llow wusdsting of tadgsy Wwhich reauires construction of
Ml berms, Furthermorey tasgs osn srow arbitrarile larsiey althoushs 4

eracticery tnis seldom Narsdns.

I view of tLhisy we nave written Ltwo other dintersreters  wsiog
simelified Fovrms of selechive tackihrackins,

Ore wes  devised to cose with the First mentiorned source of
wnetficliency, Tt is baesically the same ss the genersl intersreters Doatl
sielw does ot recform conflict analusis. The modifwing sosls for
Failed dHoal are the modifwing gsoazls For 811 Lhe srduments of the fsiled
$0sly drresrective of whether thew have conflicted, A less gelective
out still dgemersl interereter obltains.

Tihe obther interrreter ssain does not rerform conflict aznelusisy and
moreover  limite each tag to & single gosl numbher, This can onlwy be
achieved 1f restrictions are set wur  on the ture of colsuses Lo be
intereretoedy sn  Lhis  is molt 8 denerasl Prolog  dintersreaber, Tt i
inlended for destabsse auerwy onluy where the imrosed restrictions are
Freavently mel .

Avarasge execution times sre next showrn for test runs of the three
selective backtracking intererreters, slong with & stendardgd bezoktrackins
nterrretery on three exsmnrles fFound in (5) the mar  colouringy the
datanase auers and  the nore-attacking ueens exanrlaes., T sthandard
backtracking interrreter was written in Froleos in & similer waw to  tLhe
other threeys For the sske of comsarison, A1l interrreters Wwere
themselves interrreted bw our current DECswsten—10 (KI) comriled Frolosg
intersrreter, Times are Siven i se8c0nids.
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11 SianmeliFied Datsbhase

Fi
[y .
\

selechive Selective Selechive Starmdasrad

p.

M g
coloweing 1440 1,38 G844 1.00

Natabhase

[RIRTEE AR 7440 2,64 1.38 1.54

A4 QuUBans A8, 00 40,00 - 4 .00

We see that the ereciag) datzbese interrreter marnadges to be faster
Lhar thne standsrd version on the fiprst Lwo exasmerles,

The simelified sererasl intersraters slthoush slowers 1s  not  very
far  From  the of ficiency of Lhe shtardard one on Lhe fFirst two axameles,
Showlda the datsbsse be larassr it winlo surely behave bettber,

Begarding the 4 aueerns edams]o the 48,00
from the nmested list termss whooe List comstructors

for s aobive bDaoktracking asnd burden e

results
e urpmggetgl
, snarily Lie sxecubion, All
Lhe  more @0 becsuse most caslls are deterministic, The &0.00 secords
Pisgure results from the ultimste cerendence of everw list structure O
z1)l rrevious Yle, Since no conflict snaluysis Labes wlaos
are consexuently selectod,

v w1l sosls

Arnewayy this kindg of Fidsh level Lt enentation is not st sll
aadeauales arvd we feel Lhat mans of Lhe tnsEffivienciss

: coula e overcome
oy o3 low level imslemorntation,




N Nescristion of an interereter specialized to datasbsses

The trterrreter rreviously decoribed becomes a lot  gimeler
wiern srecialized to relastionsl databsses with unit and sossibly nomn-urit
ol EIIGES Thig srecialized interrreter maw be czlled from the standsrd
arre b snw number of flasces in Lhe srodgram 3s tefore.  The dataps: 1165 &t
e comelled or intersvetedy and does not meed to be conmverted as hefore.

The interereter is serhed Lr Arroncix 2.

At Grecializastion assumstions

Some (Freguently met) sssitmrllons regarding  the database are
sary Lo keer the dntersreteyv simnele.

Mece s

1Y There are no cuts in the datsbhase or querw,

20 Norm-urnit olsuses contasin ofly varisbles ss srduments (thdis could
ne relaxed Lo allow srowng termss with little extrs comrlication),

2y Unit clavses and the Hosl contain onlwy variables or ground terms

Cas arswmenrt s,

4) There are no meltirle ocourrences of varizbles in the hesd  of
ary clausery wnless 3811 identics)l occourrencss WiLll mateoh 3 groune berm.

9 Uit elsuses are sssuned Lo come befoere non-unit clasuses For the

o
same  Fredicsles in  casse Lhew most  notby an  extre clsuse must hbe
tntroduceds eeg, S

18}
o

Xri- bhi(Xx), X~ LX)
) % (X)) i’
' lad,

&) Racktrachking into the detabase cuerws may only used for  fFindins
4.
il

alternative solutionsy mot with the intention of exhaustivelw exsloring
& snosmace (@5, for certain taeres of side-affects ).

4,2 Databhase access srerarastion

assumetlons 2r 3y oand 4y grecifically ) suasrantee  thaet each

maw  Only @ tagded only with the numbher of the rnode where 1L
uriified with & ground Lerm ss 3 whole.

)
L

X

I..

Becauses in deneraly g0s)] sraunents will bhe tsggeds a waw  must be
Frovided for sgosls Lo access Lhe dsastabzse with mon-tsgsed arduments -



1) For easch aatabase eredicste » wilth n argunents for Wition  bhers

are unit-clausesy the followins clause must be added

it = (Aly oAy #{AL-NLy.vrArn=Nmdy CHLy v erMNOd Do
wihich allows exreditious translastion af one Form into tLhe obther.

2 A similar clause must slso be added for 31 w}edicate axternsl
to Lhe dstsbase Dul called from within 1t ¢ e.d. sustem sradicates ).

These externsl rredicates must ot rerform anw binding of  the dalsbase
varisbles ( though thew maw test conditions snd produce side-effects ),

2y To @llow bobh for intersrelLation and comeilation  of Goreenr il
clausesy these must he writtern s sinsgle srgunents of binegrwy sredicastbe
frorna it o A mon-unit datanase clause of the form

Mot 61 » B2
must De erodgrammed as
morounitC Hoe O 61 oy G2 )Y )

4) Fach tos goal ( aquerw ) fed to the intersreter 18 sutomstical Ly
converted so  that easch of 1ts ground terms is tagdgaed initislly wilth L.
Original vesriables in the doal are left as thew stand since we want  &ll
fivm OO Rencas of &5 wvarisvble Lo acauire  the  same value srd tag,
Gotualley it is mot the originsl sosl that ds converted out & new  CoFy
of ity ince we oo not wenh the gos)l varisoles Lo be lasgHed. Thuss uFan
everubion of the convertbed cosg of the Hoals Lherse  QOoours & 0 raverse
conversiomn of  the cord  into  non-btadzsed form. This reverse form 15
umified with the originsl sozl to sroduce the answer Lo Le cuerd,

T Arrerdiv 3 we present the sdditional wodule containing the evbra
‘urit’ and Cron.unit’ clsuses needed bw the intersreter for the i
eyamele Found dn C35),

Y e | e, ms e
chatase

4.3 Tassins

Tagdging of ariahle bindings is  sccomelished with 3 ce&ll  to
‘ramDer . frpsamper’ Lakes the list of tags in Lthe nead of 8  wunit )
clanse snd mumpers those tinst are still free wilh the ourrent soal
PR T 16 heforer dgozls  are numbered fromn 1 onwards. Uron
backirscking the numbering isy of coursas wundone.

4.4 Ohtainins backtrack dosls on failure

Wher a soal failsy there is mno anslusis to determine which srecific
arduments have caused Failure, Such ah anslusis would be too costlw if
carried out for each unit clause of & dstabese rredicste. Furthermores
2 a result of such an anslwsisy it is likelwy althousih not certaine
Lthat esch bhound srdument in the sosl would be resronsible for the  most



arcient  modifwing goal Ffor some wnit clause.  Thusy esch gosl tadgdins
pourg araswment wonld be s modifying gosl,

Conseauentlyy for econamnyy we refrain from conflict analusiss snc
alwaszs btaeke as moditwing doals those in the tads of 311 the srguments of
the Ffailed sosl. The srice to saws for this simelification msg he exbtra
UNNMecessary backtrackins Or OGS LGN, Howavery Lthis 18 hishlw
comFensated by the economy of foredoins conflict snslusis over &1l the
urit clsuses fFor escoh failed dosl.

4,% Generstion of alternative solubtions

This doatabhase interrreter maw he caslled from 2 Frolog errogran with
the suregss2 ofF  answering 3 dabsbhase Query axeressed 8¢ 3 condunehion

srnd/orv oisdunction of Hoals,

After & solution is  rroduced Ffor & auery by the database
intersra ) Lhere maw  occuwr subseauent oscokbtracking from Lhe caelling
progvan Lnho the intersreter for obitaining slteernstive solutions,

This is carried ot i & similar waw Lo the one wsed by Lhe denersl

intellident Dackbtracking intereyveter ( refer to secbhbion 2,29 ).

4,8 Using tLhe interereter

The intersretery becsause it is writterm im FProlosy 1 called like
iy other sroceadure  sfter 1t s been loasded with the wser’s host
AUOSVaMm, The call

datebase..cauere(l)

where G is a condunction and/or disdunction of  =Hoszls may bho inserted
anvwherse in a8 Frolog tost srosram.
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=, Conclusiong

We have imelemented our selective bscklrsckimg method (5)  snad
showad 1L works as it shoulde Furthermorsy, our test runs indicate that
selective backtracking recuirves a low level imelementation of its own Lo
pecome  comreltitive witn the comediled or other low level imelemnentalions
of stendsrd backtracking, Howevery the srecialized relstions]l database
geleclive backibraclker can De comeretitiver Lhouwsn daelemented 3L 2 high
Ltevely even {for smallish databases, ‘

Finallyy we believe that low level iwmrlementations of selechive
hackltracking can  be  obtained by slidght modificstion of  standard
packtracking imelementationsy if no conflict analusis is  rerformed  bigt
all mooifwing dgoals in & go2]l sre selected whern it fails, oltice thst a
single element tadg is Just 3 rointer to the Dinding  envirormendt s Wi eh
i essily  scconodsted by structure-shsering imrlementaticons., The most
difficult rroplem  1s  the less freacuent osse where Less  can Srow
arbitrarily  through bhindinsgss of free variasbles, The obvious cardidste
for storing these derendencies is the trsil or reset list.
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yweendizo e The selective backiracking intersretor

ARORORAOR KON SR AR KR K AR ROR SR K SOROR KRR RO 3Kk SOK 3K 3 30K Sk R Kok o/
K W/
Ve SELECTIVE BACKTRACEING INTERPRETER */
/X X/
K AR AU R RHOICR KKK KRR S R S 08 380K T R HOKO R K SHOR KOK S8 3K K XKk KK SOR K K OOk sk ok k /

/xk FROGRAM INFUY X/

A

Losca(Frogsram) - seelFrogsrasm)y

( Statement=end .of file - seern

cornvert Hlastement)s losd more .,

convert(Ci-Directive)) -~ 1ylirectives!,
convert ((Hasidd-Bodw)r) -
Pyriew. head{MHesdsNew heardy L)
rnew. Doy (Rody s New. o)y
agesert(find.os.clause(New_ headrNew_bharus L)) el ,
convert(Unit_ . clause) -
new. head(lrnit_ clausersNew unit.clsusesl )y

assert(Find s clavse (New_urit . claveeybruasl )b,

/¥ TOF GOAL EXECUTION ¥/

g0l (G) 1~ coru(GryCB)ymew hoduw(CGEyNG) y
inittializey
Pyeseonte(NGsly s Qe )y

C old_ poae(BGeMNGY

deselect doalss

select. sl) nodifeing. goale For(NG)

Lrusanother solotiaon Y,

+

irnitialize - deselect_soslsy( retract (ot f2ilure) 3

Lywe ).,
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/% EXECUTION x/

executeltruesNsMy Ly ) - 1,

evecute((G1,G3) sNIsNmsFarentsC) 31— lrexecute(GlsyNIsNEsFarent yC1)y
( execute(GlsNlhsNnsFarentyC) C=C1 3
¢ cutfailure 3
noGbacktreck. goal. . until (1)
¢ nowrrevious..cut(Cl) 3
agesert{(cut _Ffailure) ) )y
Pefail ).

execulted(GLIGRYsNyMyFarent»l) 11— 1y ( execute(GlyNsHryFarent,sC) &
arecute(G2yNyMsFarentC) ).

erxecute(yNsNy youtbt) .,
erecute(ty s v v.n) 1 assertlcout. . faitlurels!lsfail.

eprocte(GyNsMsFarernty ) 1~ N1 i3 Nily
( Find.s.clavse(GsBoaduyInfoly
digest(InfoyTag..info)s
executle (Bodey N1 yMeNy L)y
e r(Yag tnfosH) 3
¢ retract(ocut. failure)y
Vydiad y
deselect. goaleus tolid)y
select(Farentis
select.all_mooifvind. gosls_ For(h) 3
not.a.backtrach. soal (N)Y )y
Pedfail 3 s
clause head(GryOLskelaton)y
Pypbietly
select(Farent )y
select modifyind.soesls. . for(GrGoskeleton)y
PyFail
externasl(GyNyFarent) sH=N1 ).,

axternal(GyNsFarent) (- atom(G)s{ Gy ( true
not. s becklrech gosl(N)stsfail ) 3
solect(Favent)sssfail ).,

external (GeNyFarent) 1= old. boodw QGG scarg(OhyExternal . BG)y
( Externsl .Gy
( tag. . exteormal  =€osl(GrExternal GeN)Y 4
notboa bhackbtrach. g02]1 (N, Ly fail ) 3
selech{FParent):
gselect asll_ modifeing_ dgoals For(Gisisfail ).
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fossreviows cub{rno.cut),

/X HEACKTRACKING CONTROL. X/
¢

riotacktrack gosl cuntil (N) - backtrack sosl (X)sXr=Ny s fail
L,

a

ot s backtrack gosl (N) - retracti{backtrachk._ saasl(N))sytyfail 3
tLrue,

/X TAaG MANIFULATION */

digsest(LlonstantsiEausl variableals[NIF1)Y ¢-

selt eaual (Eausl. variables»NsF) s
checkoredw constants(ConstantasN)s !,
seb. eatal (Clv_v'1),
setoeanal (CX=EXTEIsNsF) 3~ serarate(EXsNOomovarssVars)s

ecal (Non_varssVarss XeNeFP ey
selb.equal (EyNsF),

sersrate(ClsCIy00),

serarate([X1IXndyLXLINon.varalsVars) - ¥i=X-_smnonvar(X)y
sersrate (XrnyNorn.varssVUars),

serarate(CX1IXrdsNor . varsy LX1iVarel) - seesrate(XrnyNon_varssVars) .,

e@aual (ClsVasrss X-Ty s [X-NIFIyP) - gausl.vers(UarasX=TsN),
eauasl (CX-TadlsVarssX-TagsNsFyF) I~ sauasl_vars_ term(VararXsTageM),

Geual (Non.varsyVarss X-Tadgr Ny FyFx) 1+ aslit(Nor.varsrFLunctorsArges Tag)
eaual Large{X. argersArdssNeFPrFu) s
Kemg o DFunctori Xoargely
ezl vars_ terniVaerey Xy TagsN),
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pausl. vers(IXLyX2Ds X1 sN) 1~ eaual. var.rair(X1sX39yN),

paual. vars(UX1y X211 Xmd s XsN) 1+ ecusl_ var.erair(X1sX2N),y
enual. vars(LX21XmlesXyN),

r
gaval var.ralr(X-T1LyX~T2sN) - cross_ tags(T1isT2yN),

cross.tags(TLs T2y NY -~ Ti=0 i deT2=[_ 10y
malkedNTITeNT Ly TL s TH1)ymabke(NT2yNTH2y T2 TH2)
Toed =Ny NT2Y INT L de T2l h (N NTI Y INTH2D .

make (NTyNT»T«T) - var(T).

sl @ CEXAINTI s NT ey DX TIe T 3+ mabke (NTsNTxy T T,

paual . vars.term(Lle oy v ) s

eauslovars term(OX-L1 01 IXnds Xy TeN)Y I~ close_tas(lsLo(NeTY )y
gaual. overs term(XnsX»THN) .,

clogse _Ltadg(TsX) I~ var(T)yT=X,
close tag(LiilleX) 1~ close_tag{lyX),

close tag(ib(.»TIINlIsX) - close_tag(TsLldsclose tas(DsX),

SRLILIEX-TI»FeLAdyTY - X=, LF1AD.

Sl it (EXI-T1iXndyFylAl ANy TY - Xi=,.LFI1ALDy
srlit{(XrisFeArisTh) »
choose(TyTLy Tk,

choose(TyTLeT2) - search{T1yMG1)rsesrch(T2yMG2)
sOrb(MGLy SHGL Y ysar L (MB2y SHGE2) »
lesst (SHGL»SHEZOMGL)Y ~ T=T1

T=T2,

chooselty v..).



gearch(LdN) TLUTeIND)Y P var(N) —-x 1ty fail 3
Livue,

geaarcnityL1) .
gearcen (i tUIMG) 1~ search(DyMG),
grarcn (LN TIIDIyMG)Y 1~ sosrcii(TyMGB1)y
C Var(N)g=> MG=MGI 7

MO=LN{MGLD Y 3
seareh (yMG) .,

gort (K100,
gort (CXTy DX,

srt(Ly[S51181)Y - dreatest(LySLlsNl)rsort(NLSY,

dgrestest (CXLs X2 I Xnly Xy IXi 1 XED) 1 X15X2 -5 Xi=X1s
grestest (DX2 1 XXy Xk

Kimxy
greatest (LXLIXndy X X)),

grestestb (CXy Xy L),

least (CXTATyLXTRIYIXICT) 1~ least(AsEsC).,
least (LXIATYLYIRISCXIATY - XY,

least (UXTATYEYIRISLYIRDD

least(As Ly L),

least(ClsBy01),

A

check. .new_constants(LTLITrlsN) 1~ ( check(T1l) 3
Ti=Lad(N) ! Dlsclose_ tass(h:s L) Vs
chieck.  new.constants{TrsN) .

check new.constants(Lls_ ),

check (Fa(NYI_1) ¢t~ var(iN)slsfail,

Check (),

’
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pamber CENITFIsNY - oheckofrea.vars(FyNyyt,

check..free.vars([ly.),
check . free . vars (CX-NEIFIsN)Y = ( nonvar(X) s
NlzgN ).
check. free.vars(FyN),

tadg.eternal  g08l(GrEGNY - rew. bodulEGsNG)
RN , : lAl:l y NG::: Py E.... H NA-] 9
acuasl. . erternsl_ arss (S sNAsNYy !,

paal externsl ards(CALIARIy LNAL INARTINY ¢ -
' eaual. _exherns)l (AL NALYyNY y
gouasl  exhbermal Lards (AR s NArs M),

eaual cedtermal_ ards (s D0y ),

+

eaual  extermal (X-TeNXy_. ) - var{NX)yNX=X-T,

eaual . .extermal (X-TLsNX-T2»N) - ( var(NX)y
' cross.tass(TlyT2yN) 3
variX)y
Ti=Lcd(NY 1 Ddsclosetas(DsLY) 3
) atomic(X) )

XeNX p

Xy o LF 1Ay NX=, JLFINAD,

eausl . external arss{(AsMANY,

/X SELECTION X/

+

select.all. modifuing.goasls_for({GlyB2)Y) -
select.sll_modifying.gozsls. .ford(L)y
selech. all modifuind. goals For(Ga)s !,
select.all. modifuind_gosls_for({G1iG2)) -
select.sll modifuindg. soala. for(Gi)y
select. . all modifying sosls foriG2Yse !,
$elect. .sll. omodifuing_doals_for(G) -
Gutg o L 1Ay
select.omodifyinsg. doals for_sllda)s !,
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select.modifuing. sosls. Foroall (CaLlaAnT) HE
ael@ctmthewmodifsinﬁmﬁoalsmfor(ﬁl)r

ﬁelmctwmudiFuinﬁmﬁoalg;Fmrmall(ﬁn).

gelect.modifwing.doals_ Ffor_all(rly,

gselect the.modifuing. dosls for(X—_) - var(x),

select.the_modifuing. sosls Ffor(X-T) -
C search(TyMG) - select _doals(MG) 3
Lrie Yy
C atomic(X) 3
Xaio o Loty
selectwmodiFwingwﬁoalﬁwform&l1(ﬂ) ).

select. . .g50sls(INTINMDT)Y ¢ select(Nl)sselect. gosls (Nm),

Helect. doalsdlly,

selepct{0).,

select(N) 3I- backtrack.gsosl(N) 3
seserta(backtrack._ goal (N)),

select modifuing. sosls_for(GsH) - find_a_clause(He_y[_{E1),
corcPlicts(GyH E)Y 3
true,

teselect. goals - deselect.gosls_ur_tal(l),

feselect. gsosls ur_to(N) i ohacktrack_ go0al(X)y X =Ny
retract(backtrack  soal (X)),
trecto find._more 3
Lrue,

/% CONFLICYT ANALYSIS */
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confliots(GyHyE) - G=,, L 10 argsdsH=, [ tH_args]y
c.cornflictsd{G ardsyH arss: LI yMBogset)y
tya.conflicts(E»MGo set MO gset)y
choose.the lesst (MGyMG. st )y
selecl. . s0als(MGE)y
by faal.

L]
coconflicts(CG termiGotermsdyLH  termiHotermslyQLd MG New_MG) ! -
coconflict(GLternyH termeyQla _MByHG)Y s
lvocconflictel(G ternmsrH . termsy MGy New MG .

e oonflicts (LI 0 MOs ML),

CoCONFLictGX~_ s HX-_y0D1ld MG New_MG) -
simplel{GXsHX) —» GX=HXyNew MO=01d_MG ;3
OX=o o LFVGXLargalyHX =, [F I HX _argaly
c.conflicte(GXlardgssHX Largey01d MGy New MG) .,

c.conflict ~Tady oy 013 MGy IMGI01d_H61) 1~ search(TadgsMG) .

Leorflicts (LT MGy MG

1]

e.conflicts(Do~ELITE]yOlad MGy New MB)Y -~ e.conflict(Ely01g. MGMG)
' bye.conflicts (EsHGyNew MG,

e_conflict(CX1yX23 01 MGy New_HG) - Falr.conflict Xl sy X2y 1lad_MGrNew_MG) .,

@eCorflict (DXL, X2 Xnls D1 MGy New MG) $-
Falreeontlict(X1yX2,014 MGy MG1 )y
tya.conflict{CXLIXnIsMGLeMG2)y
o contlicthCX2!XnlsM02yNew. MG) .

Fair.contlict (X~ yY~_s01d_MGyNew_ _MGB)Y -
gimele Xy V) ~ X=YyNew MG=01d_ MG
Xy oD X Larssles Y=, IF Y argsdy
gocontflicts (X iarssy Y argsyD1d MGy New MG,

Fair.conflict(L-TLy ~T2y01d MGsIMGIOLefMEI)Y - sesrch(TLyMG1)y
C search(T2yME2)
e v ge (MOGLy M2y HMG)Y 3
MG=MGL ) 5
search(T2yM06) .
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goconflicts (0l Ly MGyMGY,

socontlicts(EXLIXnle LYIIYNIy DL MGy New..MG) 1+
sairocontflicot X1y Y1 syO0ld MGCyMG)»
awemmflicta(XnrYﬁrHG»quMMG);

gimele(GXsHX) I~ vardiaX)
var(HxXy) &
atomic(GX)yatomic(HX) .,

choosesthe least MGy CMGL)

choose the lesst (MG LMGL I MGHD)Y 1~ sart (MGLySMGL) y
got tne least (MGySHELyHGM)

golb the_ leasst (MGySMGLy CMG2IMGRI) - sovt (MG2ySMGE2 )
least (SMELYySMO2 s SHG)
gat the lesst (MG SHGyMGH)

el the least (MGyMG L),

/X CLAUSE CONVERSION X/

+

new..fiead(HeadyNewo heagdaryLConstants i Eeual ovarsl) 1-
Hosd=, JLFredicate.name i drssly
varLlist(New_asrgasryfArss) s
New_head=, [Fredicste.namne | New . argsly
( eallinlause_ bhagd(New.heady.))

cory(New.headsFree. hescd)

aosert(clsuse_tead(New. headyFree_hesd)) )i
rnew. head. args (ArgsyNew_agrdgsrLlyConstantsy[IrvALl vars):
remove.singlevars(AllovarssBEausl. vars)s b,

var.list(C1s00) .

var,lisb D otNLDs Do) 3 varllistNLsL) .

Coru(XyIX) - sssert(corying(X))yretract(coruying(CX)).,
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pew.ead.srds (DAL TANDy TNew AL I New_ AnRdy Uy New..CyVsrNaw. V) -
' . ¢ » a N
naw_nead. term{AlsNew . ALlsCy L1,V VUlL )y
Mew..head . .srgs CArnyNewLAr» DLy New_Ce V1l yNew . \1)

rew.nead.srss (DI DIyCryCaVV)

e hesd.term(XyNew XyCrCryUrNew. V) - var(X)y
( eausl. .var{XyVyNew. . XrNew. V) 3
New. . VsEX=[New.. X111 ).,
rewNead.term(XsNew. . X~TasyCy[Tag i New..ClsVyNew. M) -
Xz o LFunctortArgely
new. hesd.ardgs{(ArssyNevwargdgsyCrNew CrVrNew. V)

New. X=, s DFunctoriNew srdgs 1,

eaual  Vvar Xy [X1=EX1IElyNew Xy [X1={New X EX111ED) - XmmX]1,

pausl_ o var(Xy[E11ETyNew Xy [EL INew. 1) 1~ sausl. var{XsEsNew. Xr»Now E).

remove single. vars(Ll01),
remove.single.vsrs (DX=0XIIElyNew E) I~ remove.sinsile_vars(EsNoew_E),

remove.single_vars(CELIEDL LELINew E1) - remove.sinsle.vars(ErNew. E).

Mew. hody (CCGLyG2) v (Neow..B1LyHew . G2)) - rmew. bodu(BlsNew_G1)y
Mew. tonow (G2 s New G20,

Mew. . hodu((G1rG2) y (New..GliyNew..G2)) "I~ new. . bodu(GlsNew. . G1)y
e oy G2y New G2 .

new. . hoduy(GyNew_.G) 1~ OG=..[Fredicate_namelArssl,

new.bhode. . srds{ArdssNew..arss )y
New. b=, .LFredicate.rnasme ! New..srgEsd,

New. hody _asrdgs (DT 000

Nnew. body..args(CALiAndlyINew Al INew_ AMl) - rew. hodu_term(AlyNew. ALYy
rnew. hoody. args CArns New.An)

Neaw nody. term{(XsX) - var(X),
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pew.todu term(XyX-t) - agtomic(X),
»
pewahodesterm Xy New X-t) 1~ X=o,[FunctorifArdsly
Mew. hodd  s&rss (Ardsy New..sTrsEs )y
New.X=, ,LFunctoriNew.arss 1,

ald o (01a, 613 01a. G2y (G1:s62)) - old_bodu(lla.GlyG1ly,
old. bhodu(Qlad. G262,

ala bodue((01d. G170 d G2)y (G15G2))Y 1~ old. bhodu(0la. . GlsGL)y
old hodu(01lad. HG2y62.

old badw(Qld. . GyG) 1~ G=,,.[Fredicate._.namnelfrgsls
ola.boagy_ srds(0ld . asrdesyArgs)y
(M a.G=, LFredicste.nagmeiQld. . argsle !,

old. bocaw. . srgs (L 01),

olda. body_ arss(LO0ld. ALTOLdlAndyCALTARDY 1~ ald. bodw_ term(Old. Alyirl)o
old bodu arde (Old ArieyAn)d

ola hodw term(XyX—-.) 1~ var{X) i
atomic (X)),

ald. bodg term(QOldoXeX~_)Y ¢~ X=,,[Functoriarsgsly
ola. oo ards(Qld ardsyArss) s
Ol X=e s UFunetoriQla_srss].

g

ane

<



Fasie

pprandix 2. The serecialized dytsbase interrreter

/3O ROR R K K KKK KRS K 3K KKK S 0K oK 3K R KKK oK K K KKK S KKK
// )}( . x / /
¥ DATAEASE INTERFRETER X/
/X .
/KRR KRR ROR KRR R KR SR OR R SRR KR 3R K K R K RO KOk KK ok %K K SHOR Ok Ok ¥k oKk

/X QUERY EXECUTION X/

PO OO Sy

datebsse.cuery(Q) J- cory(QC) vrievw_auers(CRyND)Y y
deselect  goslsy
Poeweoute(NIdy Ly 90) s
( vrer s (R NR) 3
nesela ;1w
select sll noagilfying . dozles Ffor{NQ)y
trywoanotherosolution ).

/K EXECUTION 4

eracute ((GLyG2)YeNLsNmsFarent) - lrexecute(GlyNIsNEeFarert)y
 executel{b2sNELsNmyFParent) i
mosbacktrack  goal ourh i L (HL )Y
Ly tail ).

Ereete((OL3G2Y sy NeMsParent) 1~ 1y execule(GlyNsMrFarent) i
recutedli2yNyMyFarent) ).

erecte(GyNsMeFsrent) - unit(Cld. . GeGrlist of. tasis),
C Dlad Gy
C rmter(list of tadgsyN)y
M ois Nt+i1 b
not. abhecktrack  goal (N)y
Pyfail ) #
select{(Farant)
select_ goagls (. istof tass),
Pefail Do

erecute(GyNsMrFarent) - rmorn.unit(GyBods) s
NL ds N+i1s
C execute(BodasNLyHyN)
not. s bhacklblrack gosl(N),
Pyfasll ) o3
select{(Farent)
Tyfail.

¥



/% BACKTRACKING CONTROL X/

ponbacktrack .  dosl  until(N) - backtrack.goal (X)) Xi=HNylefail

tore .,

+

rigtoabacktrack.goal (N) - retractibschkirach.d0al{(N))y!yFfail »

Lrue.

/¥ TAG MANIFULATION X/

rumnber (CT1I I TndsNY 1~ C var(T1l) - Ti=N 3
tLrue )y
rmber(TnyNYy 1,

reambev (Dlv L)

/K SELECTION: X/

select_asll_ _modifging. .gosls. for((G1,62)) 1~

Fade

gselect_ sll. modifwing.dgoals..for(Gl);y
select..allomodifying.sosls Ffor(G2)s» 1.,

seleclt.all_ _modifying_ dosls_ford(GlyG2)) -

gelect. .gllomodifuing. goals. for(Gl)y
select . all. .modifying_ gosls_ fordG2)s 1,

Ge=o e D tfildy

gselect. omodifeind_dgoals_far._all(A)y!,

select modifuing. dosls. . for_asll(CAlL-NIARD)
seleclh(N)y

select..modifwind.dgosls_for_allan).,

select_omodifwing.goals.for.ell(L1),

30



golect.goals (INLINMD) - gselect(Nl)sselect.goalsd(Nn),

gelﬂctmﬁoals(tﬂ).

gelect (L),
galect{Q),

»

geplect(N) - bsektrack..goasl(N) 3§

asserbta(hacktrack go03l(N)).,

+

deselect.goals t~ retract(hacktrack_ doal{. ))yretract_more

Lrue,

/X QUERY CONVERSION E e

new. auery( (QA1,Q2) s (New. QL New_(12))

rew..auerw( (QLiA2) » (New QliNaew  G32))

+
+

+
+

'~cowu(G,CG) - osssert(ecorwing(@))yretract(coryings(CQ)) .

new..auerd((lyNew. Q1)
rew..auery (02 yNew. Q2.

rnew.quers(QlsNew_ Q17
Mew.-.euerw (A2 New Q23 .

new..auers(QyNew..Q) -~ A=, [Fredicate. . nsnelidrss)s
new..auery. ards(ArdsyNew. . ardgs )y
New_ Q=, . [Fredicate_nane i New. arss],

New.auers.args(DlyL1)

new..auery._arss(CALIAMI yINew. Al iNew. AN]l) - new.cuery.tornl(AlsNew_Al)y

new. . Querd_term(X,»X) - var(xX),

new. . auerd. . term(X»X-1).

Old. querwy((014._ Q15014823 (Q1,R2))

+
+

NMEw..Querd..argss (AnyNew Gl .

old.aueruy(0ld._Q1lyQ1),
agld.Querw(ld. Q2,02),



Fase 32

old.euers((0ld Q1014 Q2), (A15Q2)) - old_queru(01d.QLyR1),
old.auere(0ld. Q2:62),

old uery(0ld QsQ) - Q=,,[Fredicate.namne!Argsly
olad.auery_srss(0ld_arsdsyArdgs) s
Dla.Q=, . [Fredicate_ nsmne ! Dld. args]s !,

gl queryosrgs(DlsL1),

pldacuery. ards(COLd ALI0ld And s [ALTARD) - old.query_tern(0ld. AalsAl),
old.auery. arss(0la.ansArn)d .

old.auerg_term(XyX~_).



uﬂit(
it

uritd

(Ci\mm C2Y 9 (C1-T1 we= C2-T2) v LT1,721 ).
student(5,Cr v sbtudent(S5-THyC~-TCY » LTSyTC1 D),
rrofessor{FsC) v srofessor(F-~-TF,C-TC) » LTFsTCT >,

coursa(CeIyR) » cOrsa(C~-TCyO-TOyR-TRY » CTCyTHyTRI ),

nofiourdlt O auers(SeF) » ( student(S.01)

course(ClyTLyR) ¢
Lrofessor(Fe 1)y
stdent (5,020 y
COorse(C2yT29R)y
rrofessor(Fs02)y
Gl = 027 ),

B e i
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