C Language interface to YAP

YAP provides the user with the necessary facilities for writing predicates in a language other than
Prolog. We will describe the C language interface.

Before describing in full detail how to interface to C code, we will examine a brief example.

Assume the user requires a predicate my _process_id(Id) which succeeds when Id unifies with the
number of the process under which YAP is running.

In this case we will create a my_process.c file containing the C-code described below.

#irchoe  "Wao/Yaolnterface

static  Irt ny process id(vaid) {
YAP Tam  pid = YAR MkIntTem(ceigaid() ) ;
YP Term ot = YAP ARG,
retum(YAR thify(out,pl d));

wid  init my predicates() {
YAP UserPredicate("y e ess 1d", ny poc ess id, 1);



How to compile

The commands to compile the above file depend on the operating system. Under Linux (1386 and
Alpha) you should use:

gr ¢ —dared Yy rossss.C
d dared -0 ny prosess.so Ny JYOaEsS.0

And could be loaded, under YAP, by executing the following prolog goal
lced fareion files([ 'y o aes s’'], [1, init _ny predica tes) .
After loading that file the following prolog goal:
> my process Id(N)

would unify N with the number of the process under which Yap is running.



Terms - Primitives available to the C programmer

Several C typedefs are included in the header file yap/Yaplnterface.h to describe, in a portable way, the C representation of
prolog terms. The user should write his programs using this macros to ensure portability of code across different versions
of YAP.

The more important typedef is YAP_Term which is used to denote the type of a prolog term. Terms, from a point of view
of the C-programmer, can be classified as follows:

e uninstantiated variables
e instantiated variables

® integers

e floating-point numbers
e database references

® atoms

e pairs (lists)

e compound terms



Manipulating Yap terms in C

The primitive

YAP Bl YAP ISVarTam(YAR Tarm t)

returns true iff its argument is an uninstantiated variable. Conversely the primitive

YAP Bl  YAR NoaVarTem(YAR Tarm t)

returns true iff its argument is not a variable.

The user can create a new uninstantiated variable using the primitive

YAP Tarm YAP MdarTem()

The following primitives can be used to discriminate among the different types of non-variable terms:

YAP Bl YAP IsIrtTarm(YAR Tarm t)
YAP Bol YAP IsF]catTem(YAP Tarm t)



YAP Bol YAP IdIRefTam(YAP Tarm

YAP Bol YAP IsAtanifem(YAP Tarm t
YAP Bol YAP IskrirTam(YAP Tarm t
YPBRol VAP ISAplTem(YAR Term t

All the above primitives ensure that their result is dereferenced, i.e. that it is not a pointer to another term.



Manipulating Yap terms in C

The following primitives are provided for creating an integer term from an integer and to access the value of an integer
term.

YAP Tarm YAR MKt Term(YAR Tric 1)
YAP Tt YAP TrtOf Term(YAR Tarm t)

where YAP_Int is a typedef for the C integer type appropriate for the machine or compiler in question (normally a long
integer). The size of the allowed integers is implementation dependent but is always greater or equal to 24 bits: usually 32
bits on 32 bit machines, and 64 on 64 bit machines.

The two following primitives play a similar role for floating-point terms

YAP Term  YAP MkElcatTem(YAP flt codale)
YAP flt YAP FloatOfTlam(YAP Term t)

where flt is a typedef for the appropriate C floating point type, nowadays a double



Manipulating Yap terms in C - Atoms and compound terms

A special typedef YAP_Atom is provided to describe prolog atoms (symbolic constants). The two following primitives can
be used to manipulate atom terms

YAP Tarm  YAP MRAraniTerm(YAP Atam at)
YAP Atan  YAP AtarOfTarm(YAP Term t)

The following primitives are available for associating atoms with their names

YAP Atam YAP TookuAtan(dar * 3)
dar *YAP AtaM\are(YAP Atam T)

The function YAP_LookupAtom looks up an atom in the standard hash table. The functor YAP_AtomName returns a
pointer to the string for the atom.

A pair is a Prolog term which consists of a tuple of two prolog terms designated as the head and the tail of the term. Pairs
are most often used to build lists. The following primitives can be used to manipulate pairs:

YAP Term YAP MkBairTarm(YAP Term Hed, YP Tam Tail)



YAP Term YAP Md\Babair Tarm(void)
YAP Term YAP HeedDfFTarm(YAP Term t)
YAP Tarm YAP Tai 1OfTarm(YAP Taxm t)

One can construct a new pair from two terms, or one can just build a pair whose head and tail are new unbound variables.
Finally, one can fetch the head or the tail.

A compound term consists of a functor and a sequence of terms with length equal to the arity of the functor. A functor,
described in C by the typedef Functor, consists of an atom and of an integer. The following primitives were designed to
manipulate compound terms and functors

YAP Tarm YAP MkAl Term(YAP Flncto r f, usiged lag int n, YR Tam[] aros)
YAP Tarm YAP MNen ol Tarm(YAP Fin ctor f, int n)

YAP Tarm YAP ArcOfTarm(int argo, AP Tam ts)

YAP Factar  YAP FurctaorOfTam(YAP Ter m ts)

The YAP_MKkApplTerm function constructs a new term, with functor f (of arity n), and using an array args of n terms with
n equal to the arity of the functor. YAP _MkNewApplTerm builds up a compound term whose arguments are unbound
variables. YAP_ArgOfTerm gives an argument to a compound term. argno should be greater or equal to 1 and less or equal
to the arity of the functor.

YAP allows one to manipulate the functors of compound term. The function YAP_FunctorOfTerm allows one to obtain a
variable of type YAP_Functor with the functor to a term. The following functions then allow one to construct functors, and
to obtain their name and arity.



YAP Fuactor YAP MkFUnctar (YAP Atam a,usiged lag int arity)
YAP Atam YAP NareOfFFinctor (YAP Fu rcto r £)
YAP Tt YAP Aty OfFinctar (YAR F uct a f)



Unification

YAP provides a single routine to attempt the unification of two prolog terms. The routine may succeed or fail:
It YAP Unify(YAP Tarm a, YP Team Db)

The routine attempts to unify the terms a and b returning TRUE if the unification succeeds and FALSE otherwise.
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From C back to Prolog

Newer versions of YAP allow for calling the Prolog interpreter from C. One must first construct a goal G, and then it is
sufficient to perform:

YAP Bool YaaGal IProlay(YAP Term G)
the result will be FALSE, if the goal failed, or TRUE, if the goal succeeded. In this case, the variables in G will store the

values they have been unified with. Execution only proceeds until finding the first solution to the goal, but you can call

findall/3 or friends if you need all the solutions.
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Writing predicates in C

We will distinguish two kinds of predicates:
deterministic predicates which either fail or succeed but are not backtrackable, like my process id;
backtrackable predicates which can succeed more than once.

The first kind of predicates should be implemented as a C function with no arguments which should return zero if the
predicate fails and a non-zero value otherwise. The predicate should be declared to YAP, in the initialization routine, with
a call to

woid  YAP UsrPredicate(dar *rare, YAPBxol +Mm(), usiged lag int arity);

where name is the name of the predicate, fn is the C function implementing the predicate and arity is its arity.

For the second kind of predicates we need two C functions. The first one which is called when the predicate is first activated,
and the second one to be called on backtracking to provide (possibly) other solutions. Note also that we normally also

need to preserve some information to find out the next solution.
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An example of a backtrackable predicate

As an example we will consider implementing in C a predicate n100(N) which, when called with an instantiated argument
should succeed if that argument is a numeral less or equal to 100, and, when called with an uninstantiated argument, should
provide, by backtracking, all the positive integers less or equal to 100.

To do that we first declare a structure, which can only consist of prolog terms, containing the information to be preserved
on backtracking and a pointer variable to a structure of that type.

ekt  stct |
YAP Term ekt solutiany /* the rext soludon %/
} nl00 ca@ tyee;

nl0) cata tyee +nl00 cata;
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The n100/1 predicate

We now write the C function to handle the first call:

static it start nl00()
{
YAP Tarm  t = ARG,

YAP FRESFRVE TRTA(MLO0 cat anl 0 data_type);

if (2P ISvarTem(t)) {

nl00 data—rext solution = Y2AP MKIntTerm(0) ;

retum(cattirie nl00() ) ;

}

1 ('YAP IsTntTam(t) || YAP TntOfTarm(t)<0
YAP ot fail();

}oelse
YAP ot saooesd()

}
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The n100/1 predicate

The routine starts by getting the dereference value of the argument. The call to YAP_PRESERVE _DATA is used to initialize
the memory which will hold the information to be preserved across backtracking. The first argument is the variable we
shall use, and the second its type. Note that we can only use YAP_PRESERVE DATA once, so often we will want the
variable to be a structure.

If the argument of the predicate is a variable, the routine initializes the structure to be preserved across backtracking with
the information required to provide the next solution, and exits by calling continue n100 to provide that solution.

If the argument was not a variable, the routine then checks if it was an integer, and if so, if its value is positive and less than
100. In that case it exits, denoting success, with YAP _cut_succeed, or otherwise exits with YAP cut fail denoting failure.

The reason for using for using the functions YAP _cut_succeed and YAP _cut fail instead of just returning a non-zero value
in the first case, and zero in the second case, is that otherwise, if backtracking occurred later, the routine continue n100

would be called to provide additional solutions.
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The n100/1 predicate

The code required for the second function is

static it axtine nl00()
{

it ny

YAP Term g

YAP Term  sol = ARG
YAP ERESFRVED TRTA(N100 ca

n = YAP IntOfTerm(nlO0 cata—n
if( n= 100) {
t = YAP MIntTem(n);
YAP Thify(&sal,&t);
YAP att saooesd();
}
el {
YAP Thify(&sal,&(nl0) cat
nl00 data—rext solution
reum(TRE) ;
}

ta,n 100_dataty pe);
ext ol utio n);

a>n ext_sol utio n)) ;
= YAP MkIntTarm(ntl) ;
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The n100/1 predicate

Note that again the macro YAP_PRESERVED DATA is used at the beginning of the function to access the data preserved
from the previous solution. Then it checks if the last solution was found and in that case exits with YAP cut_succeed in
order to cut any further backtracking. If this is not the last solution then we save the value for the next solution in the data
structure and exit normally with 1 denoting success. Note also that in any of the two cases we use the function YAP unify
to bind the argument of the call to the value saved in n100_state-;next_solution.

Note also that the only correct way to signal failure in a backtrackable predicate is to use the YAP _cut_fail macro.

Backtrackable predicates should be declared to YAP, in a way similar to what happened with deterministic ones, but using
instead a call to

wid  YAP UsarBack(Pradicate(ch ar *rawe,
int *init(), it *aai(),
usiged  lag it arity, usiged It sizeof);

where name is a string with the name of the predicate, init and cont are the C functions used to start and continue the

execution of the predicate, arity is the predicate arity, and sizeof is the size of the data to be preserved in the stack.
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Writing predicates to connect to MySQL

To build a couple deductive database system we need:

e A logic system (Yap Prolog).

e A Prolog to SQL translator (SJCarpiler.pl  written by Cristoph Draxler).
e A SQL system (MySQL).

We will use the C API of MySQL and of Yap to build a C program that implements the interface
between the two systems.

The Prolog to SQL compiler is used at the Prolog level, compiled together with the Prolog program
accessing a database, and translates the database goals into SQL.
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Prolog to SQL compiler

The generic Prolog to SQL compiler written by Draxler provides a trarslate/3  predicate that
receives as first argument a projection term, as second argument a database goal (query) and binds
third argument with the SQL expression equivalent to the goal.

Example:
— tn:ars]ate(eiﬁ(A, ) ’ (@m@v ) r@@(B,A) ) ’ PSZL) ’
queries aranR3, 1),
write(S1).

SETECT Alsoarcs,Acest FRM el Aecdre B
WHRE  B.sourceA.dest AD B.osstEA s
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Implementation architecture

Yap Prolog yap2mysdl .c MySQL Database

T

- load_foreign_fi}es([yap&rysql] , [1,init predicates).
— consult (sqlcampiler) .

db_open/5
db close/1
db _import/3
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Implemented Database predicates

e do_qo/5 - initializes a connection with the database server.

o do_inpart/3 - associates a Prolog predicate with one database relation through an open connec-
tion.

e b _close/1 - closes a connection with a database server.

o goen(Host,User, Fassd, Dataase, Cari\ae) —
o caract (Host,User, Basand, Dataase, Cartardler),
=t valhie(Camare,Cartardler).

o clos=(Carhare) —

et valie(Carare,Cartardler),
do discorect (Cartardler).
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Implementing do_corect/5  through the Yap C interface

int ¢ do carect(void) {
YAP Term  arglost = YAR ARG,
YAP Tarm  aguser = YAR AR
YR Tarm  agassd = YAR 2ARGS;

YAP Term  arg chtdease = YAP AR,

YAP Term  argaan = YAP IR®;

MYST, *cany;

der *host = YAP Arad\are(YAP ArarOfTarm( arg host) );

der *user = YAP Atad\are(YAP ArarOfTerm( arg usEy) );

der *massd = YAR Atoi\are(YAP AtorOfTerm(ar gres sd) );
der *dcatame = YAP Atad\are(YAP ArarOfTerm|( aqgd atab ax)) ;

an = nysgl int(NIL);

if (aon = NIL) {
ntf ("o o init\n");
rem FALSE;

}

if (mysgl real corect(can, host, wser, assd, datdmse, 0, NIL, 0) =
("o o carect\n");
reum FALSE;

}

if (WAP thify(arg camn, YAP MKt Term( (irtk) am)))
retum FALSE,

retm TRE;

}
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Implementing do_discarect/1  through the Yap C interface

it
c do discoract (void) {
YP Tam argoan = YAP ARG,
MY, *can = ML *) AP ItOfTerm(arg aam) ;

nysgl clese(aam);
reum  TRE;
}
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Implementing do_inport/3

Two alternatives:

e Ass=r  tuples as Prolog facts.

e Access tuples one-at-a-time through backtracking.
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Doing assert

do Inport(Relatiahare, Pred\a me,O 1m\a me) :—

=L value(Camare, Cartardler) ,

o assert (Carthardler, RelatiaN are, PN are) .
int ¢ doassert(void) {

// ddlare axiliary verisbdles
YAP Fluctar foed, £ asset;

YAP Temm  toed, *tags, tassert;
MY, *aon = (WS *) YAP IntOfTem(YAP ARGL);
Sorintf (query, "SELECT * FRM %", Y2P Ataoi\are(YAP Aran(Of e m(Y 2P 2R &)) );

mysal query(cam, AELY);
res =t = nyxal stare result(cam);

arity ny&llnmﬁe]ds(mset) // gt te nnber o colim fields
foed = YAP MkFctor (YAP AranOfTerm(YA PRG), arity);
fassrt = YAR MFuctor(YAR TadkyAtan( "ass ert") , 1);
while ((row = nmysgl fetch row(res set)) = NIL) {
foor 1 =0; 1 <arty; iH) { // test each cwolum da tpee to...
...; tams[i] = YPM...(ow(i]); eee; /) .axstmxct te...
} // ... apqxiate term
tped = YAP MAmITam(f ped, arity, taros);
Lassrt = YAP MAplTam(f assert, 1, & p=d);
YEP CallProlog(t assert); // assart the row as a Prolay  fact

}
nysJl free result(res set);
reom  TRE;}
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Through backtracking

ap(A,B) -
et valte(my can,Garten dler ),
do qery(Cartardler, ' L FCT = FRM ede r’ Resultset),

o row(Resultset, [A,B]).
int ¢ dogeEry(void) {

MY, *can = (KWL  *) YAP IntOfTarm(YAP ARGl);

der *qery = YAP Arafame(YEP AaOfTer mYA PR &) );
mysl query(cam, qELY) ;

res st = myxdl store result(can );

retum(YAP Thify (YAP ARG3 , YA MKTrtTerm( (irt) res s2t)));
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do_raw/2

int ¢ db rov(void) {

MSTL RS +*res st = (WSLRES
if ((row = nmygl fetch row(res set))
YAP Term heed, list = YAP IR
for (1 =0; i < adty; i) |

heed = YAP HeedfTerm(list);

list = YAP TailOfTerm(list);

if (VP lhify(hesd, — Y2PDk...

}
retm  IRE;
}
nysol free result(res set )7
YAP ot fail();
}

*) YAP TntOfTem(YAP ARGL);
= NIL) {
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Transferring unification to the DBMS

ap(A,B) -
et valte(my can,Garten dler ),
trarslate(ao] tem(A,B), ele _r@ ,B), Qe nfst rrg ),

do qery(Cartardler,Qer VStr ing, Resu 1S et),
do row(ResultSet, [A,B]).

Executing joins on the DBMS:

direct, oycle(d,B) - ae®dB), exBA).
direct gcle(®,B) —
et valte(my can,Carten dler ),
translate(pro] tam(A,B), eger(AB ,adxer (BA)

do query(Cartardler, SHI0 wery Res ultS et) ,
o row(ResultS=t, [A,B]) .
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