Intellidgent backtracking and sidetrackind

in Horn clause Fprogdrams - imrlementation

Luis Moniz Fereirs
s .
Antaonio Porto
’ .
Nerartamento de Informatics
Universidade Nova de Lisboa

1899 Lisbony» Fortudasl

llecember 1979

rerort rno. 13/79 CIUNL



Fade 2

Abstract

This is the second rerort of our work on intellisgent backtrackinsg and

.irdetracking stratedies in Horn clause srograms.

This second rart is 3 descrirtion of three interereters ( written in

-rolod ) for Frolog rrodrams, working on the basis of the theory described

. the first rart [Fereira et al. 19791, Thew offer rractical information

-wout the features of the rnew stratedies,

The first is a derneral-rurrose interrreter which wuses intellident

.scktracking instead of the standard blirnd orne.

The second 1s 3 srecialization of the firstsy for datshsse querys onlys
nich wuses intellident backtracking inm 2 much more restricted way,
lthough sufficient for Frolog relational databases satisfuing 3

23sanable set of assumetions.

The third is an interrreter working throush sidetrackings which by
ts verw nrature is not extensive to the full landuade without some
2definitions. The use of cutsy notablyy does rot make serse without a
ived order of execution of doals, In 3 future rarers howevers some

ontrol constructs will be rFresented to achieve am effect similar to the
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1., Introduction

The three initarereters rresented in this rerort are written in Frolod
-tself and are not aimed at efficiencs. Two of thems for examrler, achieve
ntellident backtracking by using the standard backtracking srovided by
“ne ‘Compiler. So they must be viewed as workind simulations at a high
-2vel of what must have an imrlementation of its own to achieve
comretitive efficiency. We hore this will be domne in the rnear future.
‘he database interrreter, neverthelessy is alreads comretitive as it
‘tandsy evernn for smallish databases. We believe it can be of immediate

;38 for Frolod rFrodrams which consult 3 rractical relationzal dstsbase.

Since the intellident backtracking imterrreter is auite 3 comrlex
oY T 3Mme even for Frolod knowleddeabhle rersonsy it mavw be useful to start
4 studying its simrler srecislization to datsbases, The sidetrachkindg

.mLerrreter can be understood on its owr.

The best way to understand these intersreters is to comrlement the
heory by runnming  them on examrles with tracing. But the rarer on the

meory should be read first.



2. The intellidgent backtracking interrreter

We assume the reader familiar both with the theory of intelligent
~ktrackinds which is emxrosed in detail in the first rart of this rerort
‘oreira et a3l. 19791y and with the Ferrogsramming landuade Frolod, Art

~ridged version of the first rerort is available [Fereira et a2l. 19801,
2.1 Rerresentation

The rerresentation of wvariables within the interrreter for the

irrose of carrving derendency information is as follows:
Every variable X is rerresented in the form
UX - TX
UX is the value of the variable.
TX is the tadg-list of X» and is of the form
[ IX ! UX 3

IXs the instarmtisation variable of X» scauires the number of the doal
7 which X is instantiated if such instantiation is directy i.e. if X is
Aified with a textual mon—-varisble term in a8 clause head. If X is

mdirectly instantiasted bw unification with another variablesy IX acauires

o 3sterishk.

UX is a3 ( rossibly emrty ) list of any derendencies of X created by
c1ification with other variables . Every such derendency within UX is of

ne form
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C NI TYL ]

where N is the rumber of the goal in which X was bourd to 3 certain

variable Y = VY - TY y and TY1 is obtained from TY by ercluding its
element L N @ TX1 3 » which exrresses the derendercy of Y on Xy thus
rreventind circularity of reference. TX1 is in turr obtained from TX by

excluding T N !} TYL 1 from it,

This rrocess of derendericy creation is best seem with ar examrle!

Surrose we have the dgoals

1 2 3 4

FCX 2 Y ) v PrCW v Z) 9 rCZ oy Y ) »a( X))

and the clauses

PCV » V)

a( 3 )

Initial state of the variables

X =YX = L IX | UX 1
Y = VY - C IY | Uy 3

Z =VYZ - C I1Z { UZ 3]

W=V -rC I uw 1

After dgo03l 1

X =91 - C IXy L 1y IY ! UYLl 1 : UX1 3]

T =V1 - L IYy C 1y IX ! UXL 3 ¢ UYL ]
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After doal

3

=Vl - [C IXy C 1y IY | UYLl J 1 UX1 13
=Vl - C IYy C 1, IX ¢ UX1 J V UYLl ]

= V2 - C IZy L 2, IW ? UW1 3 ' UZ1 1]

s = V2 -~ L IWs, C 2y IZ + UZ1 3 ¢ UWL1 ]

After daa3l 3

< =\ - [ IXy C 1y IYy L 3y IZy L 25 IW UWwi 3 ¢ uUz2 3 1 uy2 1 ¢ UX1 1]

=y - [ IYy £ 1y IX + UX1 3y L 3» IZy» C 2, IW { UWL 3 | UZ2 3 § UY2 ]

~
1

C
N
8]
[

7=y - 12y L 2y IW ¢+ UWL 1» C 3y IY, L 1, IX | UX1 3 & UY2 ]

c
E
-
d

I =V - C IWy C 2y IZy L 3y 1Yy [ 1, IX Uxi 3 § uy2 1t uz2 ]

-

After doal 4

¢ = a3 - L[ 4» C 1y %y C 3y ¥+ C 2y x 1 1 1 1]
= a3 - 0L %y L 1y 4 3J» L 3» » L 2y, x 1 1 1
= a3 ~ L[ % L 2y X 1y C 3y %X+, L 1» 4 1 1 1

i = a3 - L % L 2y %» L 3» x» L 1y 4 3 3 3 1

It is easw to obtain from the tas-lists the chains of doals throush

;nich each variable ascauired its value!
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For each variables these are the backtrack dozls for a3 failure +to

unify caused bw its value.

To be able to core with this rerresentation the originsl clauses of a
Frosram must be chanded accordindly, and so before execution the Frogram
is read from 3 File and modified., This is accomrlished with the directive
‘Prodram.in(File)’, The clauses are ' converted to an 1internal

rerresentation as follows ¢
Every clause head H is converted to

H” - L C s E ]

Every constant sumbol ( atoms inteder or funrnctor ) k arresrind in H
will have the form k - T in H’y s0o that 3 different variable T is

associated with every constant ssmbols, even if the sumbols are eaqual.
C is a3 list contsinindg every such variable T,

Various ocurrences of the same variable in H will have different
variables standing for them in H’ y because variables which match eaual
va3lues do rnot nrecessarily have matching tad-lists., Evers drous of
different wvariables in H’ standindg for the same variable in H is rut on =

listy so that their values maw be comrared irresrective of their

tag-lists, E is the list of a3ll such lists.
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As an examrley the clause head
F(arXsf(a3rX) s Ff(brY)sd(XsY)r2Z)
will be converted to

F(8-A1y X1y f(3-A2,X2)-F1,f(b=-BrY1)-F2,4(X3,yY2)-G»2)~-

-[LLALYF1/»A2F2yByGIyCLX1+X2,X33,LY1,Y231]1]

To convert the body of 3 clause we simrly rerlacer in each single
d03lsy evers constant sumbol Kk by k - c 0 1 . This Frovides 3 way of
distinduishing textual constant symbols of a dgoal from constant sumbols
acauired by variables st clause headsy while maintaiming the same tuyre of
rerresentationr hecause the latter aceuire the number of +the =oal that

rroduced the instantiationy and doals are alwags ruumbered from 1 ornwards.,
As an examrley the dosl
r(Xyfl(arg(byX)))

will be converted to

P(Xyf(3-[01,y=(b-L01»X)-L01)-L[0D)

2,2 Oreration

After readindg and rre-rrocessimng the rrodram with ’rFrodram_in’ Can '
‘y-end.’ is required after the last clause)y any go03l G can be executed
with the directive ‘d03l(G)’ . G is then converted like the bods of s
clauser and interrretation bedins with a call to ‘ib’ » the main rredicate

of the intellidgent backtrackindg interrreter, qun successfiul
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interrretation G is cornverted back to its standard origirmal form.

Every call to ’ib’ has the form
ib(GyN1sN2,FN,C)

where G is the doal exrression to be interrretedr N1 is the number of the
first sindle doal to be solved within Gr» N2 is the number of the riext
single go0al to be solved after solving Gr FN is the rnumber of the rarent

goal of G» and C 1s set equal to ‘cut’ if G contains a3 cut 3lond its

successful execution #ath.,

2.2.1 Sindle doals

E:xecution of a3 sindle g03l G is carried out 3lond the following stess

4

( leaving some details aside ) ¢
1) Find 3 clause G - L C » E 1 - B .

2) For each free variable that matched a textual constant in the head of
the clause assidgn the current doal number to its instantiation variable:
and close its tadg-lists assidgnind asterisks to all free instantiation
variables arrearindg inside it. This is the effect of ‘number(CyN1)’ . If

the variable is not free:» but matches the constants, ‘rumber’ ignores it.

3) For each list within E make 311 their elements have the same value» and
urdate their tag-lists accordingly ( ‘gset_equal(EsN1)’ ). If this rroves

to be imrossible return to 1) and try to det another clause for G.

4) Increment the rmumber of the current doal.

5) Csl1ll ’ib’ to execute the body R,
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If B wes successfully evecutedy G is solved ; otherwise:

) Call ‘rno_bk_here(N1)’ ( N1 is the rumber of d03l G ) to see if G was
not recorded as a bachktrack dgoaly and if so fail the call of ‘ib’ for G ¢
this is where intellident backtracking is informindg that it is no use
lookind for a&lternative solutions of G ) 3 if G is a backtrack doals

alternatives must be tried, so €0 back to 1).

Whern no more clauses for G are available ( it can harren at the first
trg ) it is checked whether the rredicate of G is an external orne ( any
rredicate for which ro clauses were read by ’;POSram_in' ). If sos» the
standard interrreter is called to execute G #+ if rnot» a conflict analusis
takes rFlace with 3 call to ‘dget_bksgoals’ » which makes a3 call to
‘conflicts’ for every clause for Gr to rroduce the backtrack dgosls for
this failure; 1in the end, the rFarent go0al PN 1is a3lso redgistered as a

backtrack Hosl.,

2:2,2 Condunctions and disdunctions

Having successfully execuied do0al Gl in 3 condunction (G1,G)y» and
having failed the execution of Gr 3 c2ll is made to ‘mo_bk_until(N1)‘,
where N1 is the number of the first sindle go0al executed within G1,» to
check if there are no backtrack dosls back until N1 ( including it )3 if
soy and if no cut was rassed alond the successful execution rath of Gl

backtracking over the whole subtree of Gl is readily accomrlished.

If there are no backtrack Hoals back until NI but 3 cut exists inm the
solution rath of Gils backtrackindg does to its rarent rerortindg that it in

turm must fail because of the cut. This rrocess is elucidated in the next
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section.

No srecial treastment is recuired for disdurictions.

2.2,3 The cut

Srecial treatment is reserved for the cut sumbols two clauses beind

rrovided to handle the call ‘ib(!yN1sN2yFNIC)Y’ .,

The first one succeeds with Ni=N2 ard C=cut. This instantiation of C
will 1let the interrreter kriowy 3t any subseauent roint in the condJunction
containing the cuty that it hass been rassed a3lond the condunctiorns thus

modifvind the outcome uron 3 successful ‘rno_bk_until’,

If backtracking arrives a3t a cut the second clause will be activated,
and & simulation of 3 cut failure will ensue by succeeding this clawuses
but with N2=cut., This value of N2 is trarred by the intereretery that
rereatedlys rerorts successs 3lwaus with N2=cut, until the rarent of the
cut is reachedr and then failedy thus avoiding rossible alternative

clauses for itr 3s rrescribed by the failed cut.

2.2,4 The obtention of backtracking information

Uron failure of a sindle doal 3 conflict a3nalysis takes rlace +to

obtzin backtrackind information ( ‘det_bhkdoals’ ).

‘det_bkdoals’ obtainsy for each clause that failed to match the
current goa3ly 3 list of the backtrack doals suscertible of erroducing
changes in the d0s3l variables leading to a8 match with the clause, using

~redicate ‘conflicts’, Since the clauses form an OR nodes the individusal
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lists a3re merdged into 8 sindle orey that +therefore containms 311 the
becktrack doals available to horefully solve the docal, In the end
‘det_bkdoals’ adds to the list the rarent of the failed doal, which is

3lways 8 backtrachk dosl,

For each clause 311 conflicts must be solved for the matchind to be
rossibley S0y accordindg to the AND rule, the resulting list of backtrack
foz2ls 1s the least amond the 1lists for individual conflicts (

corresronding to least recent dHoals ).

Two main tgyres of conflicts are analused!

.

c_.conflicts ¢~

These sre oridinated when 8 currently norn-variable term in the doal
tries to match a textual rion-variable term in the clause head having a

different srinciral functor.

It is 3 clash between two constant sumbols: only ore of which c3an

chande — the one in the dgo03ly if not also textusl.

The 1list of backtrackh do03ls EG is obtained by calling

‘derends{(T»HBG) ' » which searches the tad-list T of the dH03l term for the

derendencies that led to its instanmtiation.

Each list thus obtained is comrared by rredicate ‘least’ with ihe

srevious one ( initially emrty )y 3nd onlwy the least is retaired,

*

e_conflicts -
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These occur when two different cornstant ssmbols arresar in  rFrositions
in the 4€pa3l corresronding to rfositions in the clause head that are

reauired to hold the same value.

Since this conflict can be solved if either of the constant susmbols
chandes 1its value to wmatch the otherr after the two derendency lists are
obtaired ( imside ‘f_conflict’ ) they are merded into a3 sindle ones which
is comrared with the ewxisting orne for this clauses to keer Just the least

( corresronding to the AND of 311 conflicts armalused so far ).

If 3t anw stade an irrevocable conflict arises ( BG=L] ) no further

analusis takes rlacer and there are no backtrack doa3ls for this clause,

Failure of a do0al caused by backtracking on a2 cut within the body of
the &activeated clause for the do03l is a3 very srecial caser since no amount
of analusis is duaranteed to deliver 311 backtracking information. In
factr a8 Prossible solution to the rroblem might exist if some doal
variabley thst matched 3 constant in the head of the clause containind the
cuts should be instantiated to a non—-matching constants therefore avoiding
sctivation of that claﬁse and masbe rermittind activation of amother onejs
cut the variables are not carrvindg information of 311 the Zosls where such
instantiation might be achieved. Besides not being a3ble to det 311
packtracking informationy trying to det the rossible information rroves to
be too comrlicated. In face of thiss the interrreter Just redisters as
backtrack doals 311 the derendercies of non-variable terms in the doal (

‘regdister_.all_bkdgoals’ ).
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2.2.5 Alternative solutions

Ify uron successful interrretation of 3 doaly we want to rroduce
alternative solutions» we have to backtrack into the interrreter again.
Howevery the intellident backtracking mechasnism is viewindg the rrocess of
backtracking as beind caused by a3 failure of a3 doalr and rnot as a deneral

tool for exrloring the search srace of the rroblem.,

Actually, we can view the search for aslterrnative solutions as a3
yser-denerated failure of any rrevious solutioms. What the user wants is
in facts to try to modify the arguments of the ~rrevious solution, Now s
the doals where the arduments maw be modified are rrecisely all the

arguments’ correcting doals.

Thuss after fordetting any remsining backtrack dgoa3ls i the dlobsal
list (‘reset_bkdgoals’)s» 311 the arduments’ correctind dgoals are rut in the

list (‘redister_.all_bkdgoals’)y and backtrackind is re-instated.
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3. Descrirtion of an intererreter srecialized to databases

The derieral interrreter ereviously described becomes a3 lot simrlers
and even comretitive as it stands» wher srecialized to relatioral
databases with unit and rossiblyu non—-unit clauuses., This arecialized
interrreter may be called from the standard one at any rnumber of rlaces in

the Frosdgram, The database may be comriled or interrreted,

The intersreter is rresented in Arrendix 2,

3+.1 Srecialization assumrtions

Some ( fracuently met ) assumrtions redardirg the database are

necessarsg to keer the interrreter simele,
1) There are no cuts in the database or cuery,

2) Nom-unit clauses contain onlws variables 3s arduments ( this could

be relaxed to allow ground termssy with little extra comrlication ).

3) Unit clauses and the doal contzin only variables or dround terms

3s arduments.

4) There are ro multirle ocecurrerces of variables in the head of 2anu

clauser unless a3ll identical occurrences will matech 3 drournd term.

9) Unit clauses are assumed to come before non-unit clauses for the

same rredicster in case they do riots an extra clause must be introduced:

e

2.4,
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h(X):i~ b(X). h(X)i—- b{(X).
h(a). becomes nh(X)t— h’ (X)),
h'(B)o

4) Fredicate ‘fa3il’ mav onlvy be used to backtrack imnto the database
with the intention of detting alternative solutiornsr» not with the
intention of exeploring the whole srace ( e.d. for certain tures of

side—-effects ).

3.2 atabase access rreraration

OQur assumrtions ( 2y 3y 3rnd 4y srecifically Y dguarantee that each
variable wills rossiblys be tadgded onlwy with the rnumber of the node where

it becomes unified with a dground term 3s 3 whole.

Recauses in dereraly arduments will be tadded» 8 waw must bhe rrovided

for doals to access the database with ron—taddged arduments -

1) For each datsbase Fpredicate Fr with n arguments for which there are

unit~clausesy the following clause must be added
: |Jrlit(F'(A1"N110oo!Arl—er)"’ENiio v+3NNly F(ALly.e e yAM) ).
which sllows exreditious tranmslation of one form into the other.

2) A similar clause must 3lso be added for each rredicate externmal to
the database but called from within it ( e.d. system predicates J). These
evwternal rredicates must riot rerform any bindindg of the database variables

( thoudgh theu mave test conditioms and rroduce side-effects )» 3and must ot

set up backtrack roints.
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3) To allow both for intereretsation arnd comrilation of rfon-unit
clauusesy these must be written as sindle arsuments of binarws eredicate

‘ron_unit ., A non—unit database clause of the form

H - G1 » G2 ,

mist be Frodrammed 38s

non-unit( H » ¢ G1 s G2 ) ) .

4) Each tor doal ( query ) fed to the interrreter 1is automatically
converted ( by ‘conv_in’ ) so that each of its dround terms is tadged
initially with 3 variable. Oridinal variables in the doal are left as
thew stand since we want 311 the occurrences of a variable to acauire the
same value and tad., Actusllsy it is rot the oridinal doal that is
converted but 3 new cory of ity since we do mot want the doal variables to
be tadded. Thus» wuron execution of the converted cory of the dgo0alsr there
occurs & reverse conversion of the corw into rnon-tadgded form ( by
‘conv.out’ )., This reverse form is unified with +the oridginal doal to

~roduce the answer to the aquery,

3,3 Taddind

Tadding of variable bindinds is accomrlished in 3 wayg similar to the
3eneral interrreter’sy with 3 call to ’‘riamber’. ‘number’ takes the list

of tadg variables in the head of 3 ( unit ) clause 3and rnumbers with the

current dHoal rnumber those riot z2lready numbered. Uron backtracking the

rnumberindg isy» of courser undorie.
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3.4 Obtention of backtrack gozals on failure

This differs from the dereral interrreter’s method, When 2 dboal
failss there 1is no analssis to determine which srecific arduments have
caused failure; Such an anslysis would be too costly if carried out for
2ach wunit clause of 3 database Predica£e. Furthermorey a3s 3 result of
such an analysisy, it is likelwy althoudh rnot certains, that each bound
argument in  the doal would be resronsible for the most ancient backtrack
g0al for some umit clause, Thusy each doal taddind a bound ardument would

be 2 backtrack doal.

Conseaquently, for ecoromyr» we refrain from conflict analusis» and
3lways take 3s backtrack doals 311 doasls in the tadding of the arduments
of the failed doal. The rrice to ras for this simplification mau be extra
unnecessary backtracking on ocasion. Howeveryr this is hishly comrensated
o¢ the ecoroms of foredoing conflict anslusis over all the unit clauses

for each failed doal.,
3.5 Generation of altermative solutions

This database interpreter may be called from a3 FProlodg ~rrodram with
the rurrose of arnswerind a3 database aquery exeressed as 3 condunction

snd/or disjuriction of doals.,

After a3 solution is rroduced for a aquery by the datasbase interrreter,
there maw occur subseaquent backtracking from the calling srodram into the

interrreter for the obtention of slternative solutions.



This 1s carried out inm 3 similar way to the orne used bs the derneral

intellident backtrackingd intersreter ( refer to section 2.2.5 ).

3.6 Usindg the intersrreter

The interrretery because 1t is writtern in Prolodr is called like any
other rFrocedure after it has been loaded with the wuser’s host srodram.

The call

call_dbibn( G )

where G is 38 condunction and/or disJduriction of dHozals may be inserted

answhere in a3 FProlod host srogram,

Orr first entry in the interrreters, doasls are rnumbered from 1 onwards,
If another call is made further orn in the host rrodramy do03l numberindg

starts with the number after that of the most recent dg0a3l in the 1list of

backtrack dHoals.

In Arrendi 3 we Fresent 83 database examrler with the additiomal
modusle containind the extra ‘unit’ and ‘mom_unit’ clauses needed by the

interrreter.
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4, The sidetrackindg interrreter

This simrle interrreter internally rerresents the condunction of
g0sls to be solved as G - X » G beind a list of sindgle dHoals uhése tail is
the free variable X» so that arrending a similar list Gl — X1 can be dore
Just by wunifwindg it with Xy the nrnew 1list being row G - X1, Thus 3

rractical imrlementation of a circular list is achieved,

Each rrodram F that we want to be used by the interrreter has to be
loaded first with the directive “‘losad(F)’y its clauses beind then
converted so as to chande their bodies tao the list form above described,
Clause bodies become thus reads to be arrended to the main list of doals,

Arn ‘t-end.’ is required after the last clause.,

A d03l 6 is interrreted by ca3llind ‘si(G)”’. ‘s1i’ builds the dosl

list from G» 3nd c3lls the main Frredicate of the interrreters ‘sidetrachk’.

‘sidetrack’ delivers the do2l1 1list to . ‘solve_det’r» to dHet 3ll
rossible deterministic sters carried out firsty then» if dgo3ls remainy
rerforms a3 non-deterministic ster with 3 c3ll to ‘ster’sy and calls 1itsel?
3ga3in with the remaining listy if ronemrts, The execution ends when the

list of doasls to be solved becomes emrty, .

[urind backtrackingr» ‘solve_det’ is automatically skirred.

‘solve_det’ contirwaslly scans the 1list of doalsy with ‘scan’s
rerlacing everw successful deterministic one by the body of the only
clause it activatess until either a8 doa3l fails ( failure 1is srotted
because a3 failing H03l is deterministic )» 311 doals 3re solved ( the list

is emrty )y or the whole list has been searched and mo deterministic dHoal
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was found, In the call “scan(6s06,yS6-XS»0)’ G is tne list of goals to be
zcanned, that dets srlitted in 0G, the old dHoasls mnot wet scarnneds and
56-XSy the scanned doals ( including in the end the new doals from the
rerlacement of a deterministic <oals if one was found; D dets

instantiated if that i1s the case ).

‘scan’ checks the condition of determirism of 3 do0s3l G by calling
‘det(GsNG) ‘., ‘det’ succeeds if G is deterministic» and then NG is either
the body of the clause activated by Gy if there is orer or still 3 free

variables i1if G fails.

The first clause for ‘det’ calls ‘ext_det’y to check if there are
external definitiomns for the determinism of G¢# this provides the user a3
wag to defire determinism conditions of certain do0sls that may sreed ug

considerably the execution of the intersreter.

The secornd clause is rrovided for doals of the tyre C ! G » wWwhich are
not standard in Frolodr» but described in our rerort on the theory of
sidetracking! G is the dHoaly but it may only be activated if condition C
1s  true. Since sidetrachking destrows the standard order of execution of
g0a3lsy this ture of control becomes necessarygr for examrle with doals
involvindg arithmetic exrressionss that must be checked to see if 3ll

variables within them have 3lreadwy acquired inteder values.

The thirg clauuse simrly considers any disJunction as a3

ron-deterministic doal.

The fourth clause is the derierzal orer that tries to det two different
clauses matchind Gy so deciding if it is deterministic or rnot. If rno

clause is found ewxecution of G is tried by calling the standard
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interrretery for 6 maw be 3 suystem Fredicate,

‘ster’ calls ‘rerlace’ to rerlace the current doal, It may be
rerlaced by the bods of 3 clauser if it is 3 single doals ors if it is a
disdunctions bw one of the disduncts., If the dosl is of the tyre C § G it
cannot be rerlaced, so ‘ster’ c3lls itself with the remaining list of
joals, If 8ll doals 1im the 1list harren to be of ‘ture € ¢ G the

interrreter is facing 3 deadlock situsation» so failure occurs.
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Arrerndix 1. The intelligent backtraclking intersreter

‘LC.

Frrodram{LlsLrrodram_in(l)rdo03l¢1)1).

mode ib(+ts—9—y+sr—),

mode no_bbk_until{+).

mode ro_bk_here(+),

mode reset_bksgoals(+),
mode rumber(+:+).,

mode close(+s4),

mode set_ecual(+s+),

mode e;uUal(?yTst),

mode var_var(—s?y—ry?y+),
mode var_term(—-s—ytst+,st),
mode ea_ards(+r+r+).

mode make(—-s—y7Tr—),

mode external(+s+:4),
mode ext_ec_ards(+s+r+),
mode ext_eq(?y?s+).,

mode redister_sll_bkdoals(+),
mode 3ll_bkgoals(+t),

mode get_bksgoals(+s+r+),
mode conflicts(+s+s4),
mode c_conflicts(?s»Pytr—),
mode derends{(+s—-).,

mode search(fs-).,

Fade
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mode

mode

mode

mode

mode

mode

mode

mode

mode

mode

mode

mode

made

made

mode

mQde

mode

made

mQode

mode

mode

mode

mode

mode

mode

mode

mode

mode

inst(tr-),
sort(ts-).
bubble(+st) .,

least Ctrdr—-d
e_conflicts(trtr-),
e_conflict{+s+y-),

decomrose(?y—) .,

first(tsy—~y-).

f_.conflicts(+r+rtsry—-).,
f.conflict(?sPy+s—-).

a.conflicts(+st+y-).

merge(tst+r~).,

register_hksgoal(+).

redister_bkdgoals(+).

Frrodgram_ind+) .,
convert(+).
dgosl(+).,

new_head(+y—).

rnew_head_ards(+sy—-s+s+).
new_head_term{(?y—~y+,+).,
equal _var(—s+sr—9-),

remove_sindgles(+,-).,

new_bods(+y—»4).

rew_body_term(?y—-s+).

rnew_.body_ards{(+sy—-s+).

old_bodu(—-y+).

old_body_term(-»+).,

old_body_ards(—y+).
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v~ mode var_list{(+y-),

v~ mode corg(tr-),

1B C(G1yG) yNLIINIYFENICI !t~ 14ib(G1sNLIyN2YFN,C) s
( N2=cutyN3=cut ;
C 1b(GIN2INIFNIC)Y
ro_bbk_urntil(N1),( C=cutsN3I=cut ;
byfail ) ) ).

1DC(GL3G) s NIIN2YFNIC)I= !ty ( 1ibB(GLyNLIyN2yFPNyC) 5 ibB(GINLIN2IFNSC) ) ,
1b(!sNyNr_ycut),
ib¢ty_scutr_s_),
1b(G /NIy N3yFNy )= clause(G-LCHYEIyR)
number(CsN1)sset_eqaual (EsyN1)y
N2 is N1+1y
( ib(EByN2yN3IsN1i,_) 3
ro_bk_here(N1)»t,fa3il ),
( N3\==cut ;
redister_a3ll_bkdgoals(G)y
redister_bkdoal(FN),tsfzil ).,

ib(GyN1sN2,FNICI 2~ ca3ll(rred(GrH))rset_blgoals(GrHsPN)y!syfail 3
external(GyN1yFN) N2 is Ni+1,

no_bk_until(N) - ca3ll(bkdoal(X))sX>=Ns!lysyfail,

ro_bk_until(_),

no_bk_here(N):- call(bkgoal(N)),
reset_bkdoals(N)syl,f3il.

rio.pk_here(_),

reset_bkdgoals(N) i~ call(bkgoal(X))sX+=Nyretract(blkgoal(X))sfail,

reset_bksSoals(_.).

ramber(L]s_)i-1t,

aumber(CCITUTITIWN) ¢ - ( I=Nrclose(UrC]) 3 true Drrnumber(XsN)s» !,
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close(Ur,X)!- var(U),uU=x,

close(Cl_»%iU1J1UJsX)!- close(UlsL1dyclosel(UrsX).

set_eual(LI,»_)i-1,

set_equal(LE1IEIyN) - 3ll_eaual(ElsN)rset_eqaual(EsyN)y!.,

3ll_ecual(LX1sX21sN) - equal(X1s:X2)N),

3ll1_eaual (X1, X2iX1yN)t- eaual(X1syX2yN)rall_eausl(CX2!XIs,N).

2R3l (VI-T1,yVU2-T2,N)1~- VY1==y2 ;
var(V1iy( var(V2)yvar_var(V1,T1,V2,T2,N) 3
var_term(V1,T1,VU2yT2sN) )
var(V2)yvar_term(V2,T2,V1,T1,N)
atomic(V1),y!,V1=y2 3
atomic(V2)sy!iyfail 3
Vi=, ,[F1A1],V2=, ,[FlA2]req_ards{Al A2sN).,

var_var(V,[I11U11,V,[I2IU2]sN) - make(NUL,NX1,U1yX1),
make (NU2yNX2,U2,X2),
X1=CON»I2INUZJINX1]>
X2=LOINyI1INUL1JINX2],

var_term(V1,CXiU11sV2,T2yN)!—- close(U1,LINIT211),
( stomic(V2),V1=VU2 ;
V2=, .LFI1A2],
ec_ards(A1sA2)N)
Vi=, ,LFlAl1] ).

eq..ards(LA11AIYLE1IBIsN) !~ ecual(AlsBlsN)rea_ards(AsEsN).

ec.ards{l1yL1ry_).,

make{(VisVl,VU,U)i- var(V),

make (CXI1UL12yV1,LX1UIsyV) i-make(UlsV1,UsV),
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external (GyNsFN) !~ 3tom(G)s( c311(C)r( true ;

ro.bk_here(N),!,f3il ) 3
redister_bkdosl(FN)»!sfail ),

external (GsNsFN) 1~ 0ld _boduw(0G,G)rcor=(0GICG)
( ¢311(CO)rmew_bodu(CGsyNGIN),
G=+ [.1AJsNG=, ., L_INAlrext_ea_a3rds(A/NAIN),
( true
ro_bk_here(N)y!l,yfail ) ;
redister_2ll_bkdgoals(G).,
redister_bkdgoal (FN),!»fail ).

ert_ec_ards(LA1I1A]CNALINAJIIN) - ext_eq(AlsyNA1sN)sext_ea_ards(AsNAsN)s I,

ext_ea_args{(L[1yL1r_).

ext.,ea(V1-T1sV,N)I- var(V) ,V=y1-T1 3
U=V2-T2,
( var(V2)yvarvar(V1,T1sVU2;T2,N) 3
var(V1)yV1=U2,T1=T2 ;
atomic(V1),yV1=V2 ;
Vi=, L_o1A11yV2=, ,[_1A2]rert_eca_a3rds(A1,A2,N) ).

register_a3l1_bkdgoals((Gly56)):~ redister_zsll_bk<go3ls(G1)y
redister_all_bkdgoals(G)y!t,

redister_all_bkdgoa3ls((5136))i- redister_all_bkdoals(Gl)y
redister_all_bkdgoals(G)s !,

redister_a3ll_bkdgoals(G):- G=r!..E_:AJrall_kaoals(A).

all_bkgoals(LV1I-T1iV1)i- ( var(T1)
derends(T1yEG) yredister_bk=goals(BG)y
( atomic(V1l) + Vi=,.L_tAlr3ll_bksSoals(A) ) )
all_.bk=goals(V),

31l _bkdgoals(L1).

ﬂet“bRQOBIS(GrHrPN):“ clause(H-L_yEly_)rconflicts(GsyHIE) 3
redister_bkgoal (FN).
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conflicts(GrH,E) - c_conflicts(G-_sH-_yL1,CC)y 1,
e_conflicts(E,CCyrCl)ryrezister_bld0als(Cr,!1,yFfa3il,

c-conflicts(VU-T»Y-_,CyC):~- rumber(CLT1,0).
c_conflicts(GT-TyHT-_+CyNC) - GT=,.CF!GATsHT=..CF'HAT,
( GA=LJ1sNC=C
'yc_conflicts(GAYHAYCsNC) ) 3
depeﬁdS(TrﬂG)r!rBG\==E]llEBSt(CyBGtNC).

C_conflicts(CGT1IGTIsCHTLIHTI»CHNC)!~- c_cornflicts(GT1,HT1,CsIC) !,
c.cornflicts(GTsyHT»ICNC).,

c_conflicts(L3I,CL1yCsC).

derends(LXiUJyBG) - search(UsL)ssort(LyEG).

derends(CL0O0]»C1),

derends ([N!_J1yIN1),

search(LCINITIIUIYyL) - inst(Ty»IL)yL=CN!IL] ;
search(UsL).

inst(CxiUlsL)I—- lysearch(UsL).
inst(CL0J,C1),

imst(CNT_JsENDTDY

sort(L1>C1).

sort(LX1sLX1).,

sort(L,[S51i81):!- bubble(L,»[S1!X1)ssort(XsS).

bubble(CX1,X2iXI»LY1,Y21YI) - ( X1x=X2y,X0=X1,Y2=X2 ; X0=X2,Y2=X1 ),
pubble(LXO0iIXI,LYL1IY1),

bubble(CX1,LX1),
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least (CXIAJYIXIHIOX!ICY) ! - lezst(AE,C).,
least(CAl!AIYLCELIIRILC) ! - Al B1,C=CA1'A] ;5 C=CEKILl'!EB].
least(X,L1,X),

1east([]:X;X).

e_conflicts(L1yCyC).,

e_conflicts(LELIEISCyNC) !~ e-conflict(ElyC,X);!re_conflicts(E;X,NC).

e_caonflict(E,CyNC) !~ decomrose(EyDE)yfirst(DE,FE,AE),
lyf_conflicts(FEsAE»CsNC),

decomrose(V-_»U)i- var(yv),
decomrose(T-Ky[F-K!AJ)!- T=,.[F!AJ.
decomrose(LT1!TIsCO1:!0T) - decomrose(T1yD1) rdecomrose (T 01) .

decomrose(LI,[1),

first(CCX11X13,0X11,0X1),

First(COX1IXIILI»OX1iY1D,0XIYI)S~- First(LyYlsY),

f_conflicts(LF1sF2]sAsCyNC) - f_conflict(F1,F2,AsCyNC).
f_conflicts(LF1yFRIF1yLA1,A2!A],CHNC) - f_conflict(F1,F2s[A1,A21,CrX)y !,

foconflicts(CF1iFIsLALIATIXyY),
Pyfoconflicts(CF2IF1sLA2!AT,YNC),

foconflict(XsYs_sCsC)t~- var(X) ;3 var(yY),
f_conflict(F-_sF—-_yAsCrNC) - d_conflicts(AsCyNC),
foconflict(. ~T1ly_~T2y_»CyNC) - derends(T1,EGl)sderends(T2sRG2),

merde(BG1»RBG2yRBG)» ' »y BEG\==[1>
least (CyRBRGyNC),



s.conflicts(LC1,LII5CHrC).,
3_conflicts(LL1,C1'A1,CyC)t~ a_conflicts(CLIIATsCsC).

8-COHf11CtS(ArCrNC):~ firSt(A;Al:ﬁN)79_CpﬂfliCt(ﬁerrIC)r
a_conflicts (AN, IC,HNC).

merde(CX!A],IXIRBI»LXICI):- merde(AK,C).

merge(LAL1IAT,[B1IRI,LCXICI)i- ALl:El,X=Alsmerde(AsCR1I!EI,C) ;
X=Bl,merge(B>»L[AL1!A2,C).

merdge(L1ryXsX).

merde(XyL{1,X).

redister_bkdo031(0).,

redister_bkgoal(N)i{- c311(bksgoal(N)) ; asserta(bkgoal(N)) .

redister_bkdoals(LN1IN])!~ redister_bksgoal(Nl)rredister_bkdgoals(N).

redgister_bkgoals(C]),

~rogram.in(File) !~ see(File)srereatryread(C),
( C==(i!-end)rseenrn 7 convert(C),»fail ).

cornvert((i:~-IY:~ ltycall(h)y,!t,

convert((HI-B))!- !ynew_head(H)NH)srnew_bods(RyNEsO) >y
assert ((NH:-NE)), !,

convert(UC):- !'yrnew_head(UC,NUC)rassert(NUC)s!.,

40381 (6) 1~ coru(GrCG)rrnew_bhods(CGsNGyO)»
( call(bkdgoal(N1))sN is NI1+1 i N=1 ).,
lyib(NGsNsyNNrOs_)y
( NN=cuts!yfail ;
( 0ld_bodgs(GyNG)
reset_bkdgoasls(N)rredgister_all_bksgoals(NG)yfail ) ).
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new_head(HsNH-LCyEJ) !~ H=, . [F!ATsvar_list(AsNA) »MH=, ., LF!NAT>,
var_list(NAsNAL) »NH1=, ,[LFINAL1],
( ca3ll(rred(NHy_)) 7 3ssert(rred(NH,NHL1Y) ),
new_head_ards(AYyNA,C-CI1yEL1-C1),
remove.sindles(E1,E).

new_head_ards(CA1!AIsINALINAIINC-CINE-E) ! -
new_head_term(A1+NA1yIC-CyIE-E)>»
rew_head_ards(AsNANC-ICsNE~IE),

riew_head.ards(L1»L1yC-CrE~-E),

new_head_term(VyNUSC-CHNE-E) - var(V),( eaual_var(Y,EsNY,NE) 3}
NVU=V,NE=LLCVI]IE] ).

new_head_term(V,NV-T,LTINCI-CyNE-E) - V=, ,[F!Al,

new_head_ards(AsNA'NC-CsNE-E)»
NU=..CF:NAJ.

eaual _var(Us[E1IEIyNV,INE1INE]) ¢ - E1=[X1!X1sVU==X1s,NE1=L[X1,NV!XI,NE=E 3
eaual_var(VsE»NU,;NE)yNE1=E1,

remove.singles(L1,C]),
remove_sindles(LL_.JIEJYNE)!- remove_sirndles(EsNE).,

remove.singles(CELIEI»LELINE]) ! - remove_sindles(EyNE).

new_bode((G1,6)» (NG1syNG)sN) - new_bodu(G1sNG1sN) rrew_bodu(GsNGsN)s !,
new_bodg((G1i6) s (NG1ING)»N) !~ riew_bodu(G1yNG1yN)rrew_bodu(GrNGsN)» !,

riew_bodl(GyNGsN) I - rniew_boduy_term(GsNG-_syN)»!.

+

new.boda_term(VyVsr_di- var(y),

nevw._ body_term(TyNT-CNI/N):- T=,.[F!A)rnew_body_args(AyNAIN) yNT=, . [FINAT,

rew_body _ards(LA1/AJ»[NAL1INAI'N) - riew_bodu_term(A1:NA1yN)»
new_boduy_ards(A»NAYN) .,
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new_bodgs_args(CI,CL1y_),
0ld_bodg ((0G1,0G),(G1,G)) !~ 0ld_bodu(0G1,G1)r0l1d_body(0GsG), !,
Ol&_bodﬁ((OGI;OG)r(Gl;G)):" 0ld_boduy(061,61)r01d_tods(0G,G)s !,

01d_bods(06,6) - o0ld_body_term(0G,G-_)s!,

old_body_term(V,VU-_)!= var(y),

old_bods_term(OT»T-_)!- T=,.L[F!AJs0ld_bods_ards(0A»A)»OT=,.CF!0A].

old_boduy._a3rds(COALIDAIYCALIAT) ¢~ old_bods_term(0A1»Al)y
old_body_ards(0AsA).,

ocld_bodu_ardgs(C1,sL1),

var.list(L1sL1),

var_list(L_iLJsC_INL]1) !~ var_list(LsNL),

corg(XsCX)1i- assert(coruying(X))syretract(corging(CX)),

1-end.
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Arrendix 2, The srecialized datzsbase interrreter

-

- ‘LC”.,

v oextlunity2yumit).,

.o
|

ext(rnon_unit,2yrorn_unit),

- rrodram(LCdbrredlsyLecall_dbib(1)1),

e

- mode dbib(+rtr-y+),

.o

..

- mode rnumber(+s+),

-e

- mode riobkhere(4+).

- mode riobkurtil (+).,

..

- mode redisterbkdgozls(+),

e

.o

- mode ardgs{+,7),

.

- mode call_dbhibh(+),

- mode redister._3ll_bkdgoals(+),

.o

- mode all_bkdgozls(+).,

e

t—- mode conv_in(—-ys+),

- mode conv_outi{+s+),

.

dbib((FsyQ)INLIYNISsFN) I~ 1ydbib(FsN1sN2,FEN)
( dbib(QsN2yNIYFN)Y
robbkuntil(N1)y 1 ,f31i1 ).

dbibC((FFQ)sNL/N2SFN) I~ 1y ( dbib(FsN1sN2,FN)
dbib(ArN1IN2SFN) ).

db1b(FsyNLIsN2yPN) !~ unit (F-LFyNF),
( N2 is Ni+1l, riumber(LFyN1)y

NFy ( true s
rnobkhere(N1),!,f3il) 3



redisterbhgosls(LFNILFI) ! sfail ).
dOIb(FyN1IIN3s_)i— N2 is N1+i,
C non_unit(FyQ)s» ( dbib(QIN2,NIZ,NL) ’

robkhere(N1),y!,f3il ) ;
redisterbkdoals(CFNI)rfail ),

number(EN:L]rN)3—number(LyN):!.
number(C_ LI N) ¢ —number(LyN), !,

rumber(Cly_),

riobkhere(N) ! - retract(bkgoal(N))yt,fail,

robkhere(_),

robkurmtil (N) !~ call(bkdoal(N1)), N1x=Njs!,fail,

robkurntil(_),

redisterbkgoals(INILI) !~ (var(N) v c3ll(bkdgoal(N)) 3 asserta(bkdgo3l(N))),
'yredisterbkdoals(L),

redgisterbkdgoals(C]),

call_dbib(I) - assert(input(I))rretract(input(G))r
( c3ll(bkgoal(LN))yIN is LN+1 3 IN=1 >y FN is IN-1»
conv_in(NGsG) ! »ydbib (NG, INY'NYFN)
( conv_out(NGyI) ;
reset-kaDals(IN)yresister-all_kaOBIS(NG)rfail ) I

redister_all_bkdoals((GlsG)) - redgister_all_bkdoals(Gl),
redister_sll_bkgosls(G)r!.

redister_3ll_bkdoals((G1;G)) - redister_all_bkdoals(G1l),
redister_all_bkdoals(G)s !,

redister.3ll_bkgoals(G6) - ¢ unit(6-Ly_)sredisterbkgosls(L) 3}
G=..L_1Adr3ll_bkdosls(A) dr!,
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all_bkdoals([1),

3ll._bkgo3ls(LAL-N11AJ)!I- ( var(N1) ;
redisterbkdoals([N11),a3ll_hbkdgoals(A) ),

conv_out ((NFyNQ)Ys (F»Q)) i~ conv_out(NFyF)ycornv_out(NQ,Q)s!.
conv_out ((NFiINF)s(FyQ)) - conv_out(NFyF)ryconv_out(NQsQ)s!,

conv_out(NF,F)I—- F=,.INIAJy NF=,.ININAJs, ards(AsNA),» !,

Conv_in((NFsNQIr (FsQ) )1~ conv_in{NFPsF)sconv_ir{(NQ,Q).

conv_inC(NFINQ)»(FsQ)) t— conv_in(NFsF)rconv_irn(NQ,Q).

conv_in(NF,F)I- F=,.CNIAdsargEs(ANA) s NF=,,[NINA],

ards(LAITASIyINAINAS]) !~ a3rd(NA»A)r»ards(ASyNAS).,

ards(L1,C1),

arg(X»X)!{- var(X).

arg(X—_sX).,
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Arrendix 3, Database ewmamrle

student(robertsrrolod),

student(Johmymuusic),
student(Johnryrrolog).,
student(Johrirsurft),

student(marvysscierce).
student{(margsart),
student(marvyyrhyusics),

rrofessor{luisrrcrolog).
Frofessor{luisysyrf),

rrofessor{eurekaymusic) .,
#rofessar{eurekarart),
rrofessor(eurekasscience).,
Frofessor(eurebarshysics) .,

coursel(srolos rmonys rooml ).,
course{rrolodyfrirrooml),

coursel{surfrssunsbeach) .

course{mathsytuerrooml).
course(mathssfrisroom?2).

coursel(sciencesythusrooml).,
course(scierncersfrisroom?2).

course(artytueyrooml).

coidrse{rhuysicssthusroom3).,
course{rhysicsrsatyroom?).,
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Additiornal module

- ‘LC’.,

v—oextCunity2yuniit) .

.o

- ext{mon.unity2yron_unit),

>e

- entryCunit,2).,

- entre(ron_units2).

.o

- module(dbrreds[]).

ve

- mode unit{(+r-).

.o

.o
|

mode nrnon_unit(+y=->,

unit ((C1-NC1 \== C2-NC2)-LCNC1,»yNC21 s (C1 \== C2)).,
urnit(student (S-NS»C-NC)-LNSYNC] » studernt(SsC)).,
gnit(Frof (F-NFsC—-NC)~-LCNFsNCI » Fraof(F,sC)).

unit(course(C-NCyT-NTsyR-NR)-CNCyNTsNR] » course(CsTsR)).,

ron_unit{auery(SyF) » ( student(SyCl),
course(Cl1,»T1»R)»
Frrof(F:C1),
student (SyC2)
course(C2yT2)R)
Frof(F,C2),
Ct \== C2 ) ).
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Arrendi 4, The sidetrackind interrreter

.o

- program({(Ll1slload(1),si(l)sext_det(2)1),

- mode load{(+),

-e

- mode chandge(+).

.o

t— mode build(—s+s+).

- npode si(+),

.o

- mode sidetrachk(+).

-

- mode solve_det(+s-).,

.o

.o
|

mode scan(+s—r»+r-),

{

mode det(+y-).

.o

- mode ster(+s+y-).

..
1

mode rerlacel(t+s+sr-).

= oP{(S00s:fxri).

e

load(F) i~ see(F)rrereatsread(C)y( C=(t—end)vseeh f
chande(C)sfail ).

chande((H!-R)):— 1ybuild{(NEsEyX)rassert(clause_(HsNE-X)),

chandge(H) - assert(clause_(H»X-X)),

build(NGs»(G1sG)s» X))~ 1ybuild{NG»G1l,X1)sbuild(X1,GsyX).,

buildCC(NG1-X13NG2-X2) X} »(G13G2)sX) 3~ 1ybuild(NG1,GlsX1)>
builgd(NG2:62sX2) .,

build((GsX)sGrX),
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$1(G) - imitrbuild(NGyGrX)rsidetrack (NG=X).,

initi~ retract(twice) ;3 true,

sidetrack(G) i~ solve_det(G:,G1-X1)s!,
( var(Gl),! 3
ster(Gl-X11G2-X»X=-X2)s( var(G2)y! 3
sidetrack(G2-X2) ) ),

solve_det(G-XsNG)!I- s5Ccan(Gr0GySG-XSyI1),
( var() yNG=SG~-X5S ;
X=56Gy»( var(0G)
lysolve_det (OG-XSyNG) ) ),

scan((G1sG)»0G»SGsO) - det(G1ING)»{ var(NG)r!,fail ;
06=6»56=NGrII=d )

var(G) »SG=(G61,X)-X 3
scan(Gr0GrX-Y»D)»S6=(G1+sX)-Y .

~-»

det(GsNG)I—- call(ext_det(GsNG)).,
det ((CIG)yNG) - 1»c311(C)sdet(GING).,
det((_s_ )s_)i—- lyfa3il,

det(GsNG)i- call(clause_(Gr_.))y( ca3ll(twice)rretract(twicel)sr!sfail
assert(twice)sfail ) 3
retract(twice)srcall(clause_(GrNG)Y)

c311(G)y NG=X—-X

true,

ster((G1yG)-XsLG-LyRG) !~ rerlace(G1l,sLG-L1sNG) >
( v3r(NG)s !,y
rnonvar(G)rster(G-XLG-L2yRG)»L2=(G1sL)
L1=GsX=Ls»RG=NG ),

rerlace((G1iG2)sGsX-X)t— 1y ( G=G1 3
G=G2 ).

rerlace((_3t_ )r_»_J.,
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rerlace(GsX-XsNG) 't~ ca3ll(clause_(G:NG)).



