Castor 1.0

Reference Manual

Roshan Naik
(roshan@mpprogramming.com)
Last updated: Feb 11", 2008




1.
2.
3.

Table of Contents

INTRODUCTION ..ttt bbb bbb 4
COMMON TERMS ... b b bbb 5
CORE FACILITIES .ot b b bbb 6

31 THE LOGIC REFERENCE ......ctututteasertssestsestiessseesss s sese st sase s ssssssssissssssessssssssssssssssssssssssssssssssssnssesns 6
1T 11 T o) o OO
Class Definition
Construction, Copying and DESIIUCTION..........ccvcuieiieieee e sssenas
ASSIGNMENT SEMANTICS .....vvveeeeeiisieisirise sttt se et a s a s e e e e e sese et e e e e e e ee s se e e s s e e s s e nnans
ASSIGNMENT OPEFALOTS......ccecveeeeceereeresie et ssssas s sens
ChECKE ACCESS.......coieiriererieresiseeine e sess bbbt
UNCNECKEH ACCESS ...ttt
Other MethOdS ........c.viirertrrecree et
NON MemMber fFUNCLIONS........cc e
= 10 0] 0= PR

32 TYPE RELATION ..ctuiutietreeeereiseeesessesessssess s ssse s ses s ssssssnsseens
1A 11 T 1o o
Class DEfiNITION ... e ssnees
CONSETUCTION....ceieeteeeieteereeisi ettt sttt es
Other MethOdS......c.ouveieirereerrereeee et
EXAMPIES: ..o

3.3 UNIFICATION SUPPORT ....cuuteeneerensesensesessssessssessssessessssessesesssssssssssasns
I ntroduction
eqrelation......
eqg_f relation
eq_mf relation

34 BACKTRACKING SUPPORT ....cotuttueressesessessssessssesesstssssssssssesssssssssssssssssssssssssesesssssssssssssssssssssssssssessssesaees
1A 11 T 1o o
CoNjUNCLION: OPEFALOr & & .vuveeereeeeeeeerreierereesesseses e sssenas
Inclusive DiSUNCLioN: OPEFator || ......coereereeereeeresenesersesesnesessesemsersenens
Exclusive Dijunction: Operator ™ ..........ceeeeremnersenesnesesseesneenns

35 RECURSION......cortrerirreenressnessesssseessssessssssssssssssssssssssessssesssssssssssessssesnns
FECUTNSE TEIALION. ...ttt
FECUrse_Mf FElatioN.......cccccueeeceecce e e

3.6 DYNAMIC RELATIONS.....cccunturueerenstrenstrensssensssessssessessssessssesssssssssssasas
NI OAUCTION...ceoeieiite ettt
CONJUNCLIONS FEIALION.....cceceeererirerie sttt nsnees
DigiuNCLIONS TEIALION ...
EXDiSJUNCLONS FEIALION......ccceceeieececieirireseeireseeee st sessses e sss e sss et s s s st se st ee s snsnsnesesnsnssenens

INLINE LOGIC REFERENCE EXPRESSIONS (ILE) ..ot sssssesseeneens 31

41 OPERATOR OVERLOADS FOR CREATING [LES: ...ttt 31
4.2 NAMED ILES
(@L == LT 1 o S

4.3 RETURN TYPESFOR |LE OPERATORS.....cocttutueteteieieteieteie ettt seae b s bbb be bbbt bbbt sesstesesssasesanas A

5.1 INPUT/OUTPUT RELATIONS.....cuuieiiieieeeeesesesss et ssesssesesssesessses st s st s ssssss s ssssssassssesssssasasesessssssssssssssasas 36
read relation
readFrom relation



LT L LU = = o T
writeTorelation.....
write_f relation..........
writeTo_f relation
(VL = 01 B = = LA o OO
writeTo_mf relation
5.2 SEQUENCES AND CONTAINERS
EIMPLY FEIALION. .....cvcteeccte st a st e et e e Rt e s b es e st s s et et s s ses
Lo =0 [ == LA o) o TR
head relation
L= To [ QTN 1= = L) o TP TTTPTTR
L= Vo I €= T I = = o o PR
head_n_tail relation
insert relation....................
insert_seq relation
MEIGE TEIALION ...ttt e bR
Lo 1001 0] = K= LA o]
sequencerelation
LS = = o] 1O OO
@I FEIALTON. ...ttt bbbt
tail_nrelation.........
5.3 ITERATORS......cceuneeee
begin relation....................
dereferencerelation
=T Ao o T
item relation.
next relation.
prev relation
5.4 PREDICATES
Boolean relation.......
Falserelation.........
Truerelation........ccccee..
predicaterelation..............
predicate_mf relation.
55 OTHER et tteuetrtietstie sttt ettt E b s s e R R bR bR 4R bbb bbbttt
AEC FEIALION ...ttt ee bR bbbttt
defined relation
Lo = = (o OO STUTTTST
FANGE FEIALION. ...ttt e ee bbb bbb
undefined relation
uniquerelation..................
UL X [T = =L o]

HELPER CLASSES AND FUNCTIONS. ... s 76

EFfECIVE_VAIUE FUNCLION......cecieeeccte sttt s et nnsen 76
effective_type class (MELA FUNCLION) ..o 77
OELVAIUCCONT FUNCLION ...ttt s 77
ONESOIULIONREIALION CIASS.......ccieeiirierieireeeie sttt nnaes 78



1. Introduction

Castor is a pure C++ library that provides native support for the Logic paradigm (LP).
Besides supporting LP, one of its key design goals isto allow easy mixing of LP withthe
other paradigms available in C++. Castor does not embed an interpreter or other logic
programming engine to enable support for the logic paradigm. Instead it provides a few
simple primitives which when put together enable LP. These primitives are composed of
afunctioneq and two typesrel ati on and | ref . A discussion of the implementation
techniques used in Castor to enable the Logic paradigm can found in the paper “ Blending
the Logic Programming Paradigminto C++” , available from
http://www.mpprogramming.com

This document serves only as a reference manual for Castor. For atutorial on the Logic
Paradigm and to get a better understanding on how to use Castor please refer to the paper
“ Introduction to Logic Programming in C++" , also available from
http://www.mpprogramming.com

Castor is a pure header library and does not require your applications to link with any
additional static or shared libraries other than the standard C++ library. It does not require
any language extensions or specia preprocessing to enable LP. All facilities are part of
the cast or namespace. Including the header file castor.h, makes this namespace and all
castor facilities available for use. The following is atrivial hello world program using
Castor:

#i ncl ude "castor. h"
usi ng nanmespace castor;

int main() {
wite(“Hello World”)();
return O;



2. Common Terms

Logic reference: Variable of typel r ef <T>.
Plain old type (POT): All types other than I r ef <T>.

Effective type: Effective type of alogic referencel r ef <T1> is T1. Effective type of any
other type X is X itself.

Effectivevalue: If t 1 is alogic reference then its effective value is obtained by the
expression *t 1. Effective value of any other object t 2 ist 2 itself. The effective value of
alogic reference is also known as the referenced object.

Relation: Typically refers to a function or member function having returntyperel ati on
(or atype convertibletor el at i on) . Sometimes it may also refer to objects of type

rel ati on (or atype convertibletorel ati on). The distinction if needed, is usualy
inferred from the context in which the term is used.



3. Core Facilities

3.1 The Logic reference

I ntroduction

Template type | r ef , abbreviation for logic reference, provides a facility for passing
values infout of relations in the form of arguments. It is essentially a reference counted
smart pointer designed to realize logic and functional programming techniques. It is not
intended to substitute general purpose smart pointers (such asstd: : aut o_ptr or

boost : : shar ed_pt r ) which are primarily designed with the intent of simplifying
memory management. The object referenced by alogic reference is called the referenced
object.

A logic reference always refers to a copy of the value assigned to it. This copy is kept on
the heap and can be accessed by dereferencing the Iref. Initializing an | r ef <T> with
another | ref <T> (i.e. copy construction), causes both logic references to be bound
together. Bound Irefs refer to the same object. Thus any change to the referenced object
isobserved by dl Irefs bound to it. Lrefs can only be bound by initialization (i.e. copy
construction) and not by assignment. A binding between Irefs cannot be broken. The
referenced object is deallocated by the destructor of the last Iref referencing it. An lref
that is default constructed does not refer to any object unless a value is assigned to it.
Lrefs that do not reference anything are said to be undefined or uninitialized. An
initialized Iref may be uninitialized by invoking the r eset method. Resetting an Iref will
implicitly cause al Irefs bound with it to also be undefined. Resetting does not deall ocate
the referenced object.

Figure 1 below demonstrates the internal structure for the following logic references:

5.

lret<int> Irefl ;
| refl;

lret<int> Iref2
lret<int> |Iref3;

Irefl chared pointer
\ (U%COUI’]IZZ) referenced Obj
/ (defined=true) » 5

Iref2

shared pointer

(useCount=1)
(defined=false)

y

Iref3

Figure 1. Internal structure of Logic References

Herel ref 1 and | r ef 2 are bound together. They are also defined, as their shared pointer
actually refersto anobject. Sincel r ef 3’ s shared pointer does not refer to any object,
| r ef 3 isundefined.



Class Definition

/1 requires: T should support copy construction
tenpl ate <typenane T>
class lref {
publi c:
typedef T result_type
/'l Construct/ Copy/ Destr oy
lref();
I ref (const T& val ue);

tenpl ate<typenanme T2> // requires: T provides T:.:T(const T2&)
I ref (const T2& val ue);

I ref(const |ref<T>& rhs);
~lref();

/1 Assi gnnment
I ref & operator =(const T& newval ue);

t enpl at e<t ypenanme T2>
| ref & operator=(const T2& newval ue);

| ref & operator=(const lref& rhs);

t enpl at e<t ypenane T2>
| ref & operator=(const |ref<T2>& rhs);

/1 Checked access
T& operator *();
const T& operator *();

..unspecified.. operator ->();
const .. & operator ->() const ;

/1 Unchecked access
T& get();
const T& get() const;

/1 O her

void reset(); // nothrow

bool defined() const; // nothrow

unsi gned int use_count() const; // nothrow
voi d swap(lref<T>& other); // nothrow

}; // class Iref
/1 Disable tenplate instantiation of Iref<T& and I|ref<void>
tenpl at e<> cl ass | ref<voi d>

t enpl at e<t ypenane T> cl ass | ref <T&>;

/1 Non menber swap(). Calls |.swap(r)
t enpl at e<t ypenane T>



void swap(lref<T>& I, lref<T>& r);

Construction, Copying and Destruction

[ ref()
Constructs a logic reference that does not refer to any object. Anlref that does not refer to
any object is said to be undefined or uninitialized. On completion reference count is set
to 1.

I ref (const T& val ue)
Constructs a logic reference that refers to a copy of val ue on the heap. The referenced
object is instantiated using the expressionnew T(val ue) . On completion reference count
issetto 1.

tenpl at e<t ypename T2> |ref(const T2& val ue)

Constructs an | r ef <T> that refers to an object of type. The referenced object is
instantiated using expression :

- new T2(val ue),if T2 ispublicly derived from T. OR

- new T(val ue), if Tiscopy constructible from T2 (and not derived from T).
If T2 is not derived from T, a converting constructor T: : T(const T2&) must be
available. On completion, reference count is set to 1. Note that this overload is invoked
only when newval ue is not exactly of typeT.

I ref(const |ref<T>& rhs)
Constructs alogic reference that refersto the same object that is referenced by r hs. On
completion both Irefs will also share the same reference count which will be incremented
by 1. The two logic references are now bound together.

~lref();
On completion, reference count is decremented by 1. If the reference count has reached O,
the referenced object (if any) will be deallocated from the heap.

Assignment semantics
From the standpoint of implementing assignment to an Iref, it is possible to update the
referenced object in one of the following two ways:
a. A smpleassignment of newval ue to the currently referenced object, OR
b. First deallocate the currently referenced object (if any), then allocate a new object
initialized with newval ue to replace the old object.
The first strategy is typically more efficient since it does not involve allocation and de-
allocation of the referenced object. However it is not always feasible to use it. For
optimization reasons, no guarantees are provided as to which of the above may actually
occur. The strategy used typically depends on the types of the currently referenced object
and newval ue. For instance, the current implementation uses the following strategy to
minimize callsto newand del et e:
a Usesmpleassignment if | r ef <T> is defined and the referenced object and
newval ue are both exactly of typeT.




b. Otherwise, the referenced object, if any, is deallocated and replaced with a new
object initialized with newval ue. If newval ue isof atype T2 suchthat T2 is
derived from T, the new object is allocated using the expression new
T2(newval ue) . If newval ue isof typeT2, such that T is copy constructible from
T2 (and not derived from T) then the new object is alocated using the expression
new T( newval ue) .

Assignment Operators

| ref & operator =(const T& newVal ue);
Assigns newval ue to the logic reference. Note that this overload is invoked only when
newval ue isexactly of type T (and not for types derived from or copy constructible from
7).

t enpl at e<t ypenanme T2>
| ref & operator=(const T2& newval ue);

Assigns newval ue to the logic reference. Note that this overload is invoked only when T2
ispublicly derived from T.

| ref & operator=(const |ref<T>& rhs);
Assignsr hs’s referenced object to this logic reference. This operation does not cause the
two logic references to be bound together. Note that this overload is invoked only when
thetype of r hs isthe same as this Iref.

t enpl at e<t ypenanme T2>
| ref & operator=(const |ref<T2>& rhs);

Assignsr hs’s referenced object to this logic reference. This operation does not cause the
two logic references to be bound together. Note that this overload isinvoked only if T2 is
not the same T1 and T2 isassignableto T.

Checked Access

T& operator *();
Returns the referenced object. If Iref is undefined, this operation throws an exception of
typel nval i dDer ef .

const T& operator *();
Returns the referenced object. Throws | nval i dDer ef if the Iref is undefined.

..unspeci fiedType.. & operator ->();
This method is used to access the members of the referenced object. Exact return type is
deliberately unspecified. Throws| nval i dDer ef if the Iref is undefined.

const .. & operator ->() const
This method is used to access the members of the referenced object. Exact return typeis
deliberately unspecified. Throws an exception of typel nval i dDer ef if the Iref is
undefined.

Unchecked Access



T& get();
Returns the referenced object. If the Iref is not initialized, its behavior is undefined. This
method is the unchecked equivalent of oper at or *.

const T& get() const;
Returns the referenced object. If the Iref is not initialized, its behavior is undefined. This
method is the unchecked equivalent of oper at or *.

Other Methods

void reset(); // nothrow
This method causes the Iref to be undefined. The referenced object (if any) will not be
deallocated by this operation.

bool defined() const; // nothrow

Checks if the Iref is currently defined.

unsi gned int use_count() const; // nothrow
Returns the total number of logic references that are bound with this Iref. Thisvaueis
always greater than or equal to 1.

void swap(lref<T>& other); // nothrow
Swaps the pointer to the referenced object stored in the shared pointers of the two Irefs,
Use count (i.e. reference count) is not swapped.

Non member functions

t enpl at e<t ypename T>
void swap(lref<T>& |, lref<T>& r);

Swaps the referenced objectsof I and r . Semanticsare same as| . swap(r) .

Examples:

/'l Accessing referenced object
string s="logic";

Iref<string> Isl = s, |s2 = "paradignt
cout << *|sl << " ", /'l checked access
cout << Is2.get() << "\n"; [// unchecked access

/1 Behavior of bound |refs

Iref<string> 1s3 (Isl1); // 1s3 and |Isl are now bound
sl = "multi";

cout << *Is3; // prints "nulti"

cout << std::bool apha << Isl.defined(); // prints "true"
| s3.reset();

cout << std::bool apha << Isl.defined(); // prints "false"
Is3 =1s2; // this does not bind the two Irefs

| s2.reset();

cout << std::boolapha << Isl.defined(); // prints "true"

/'l Swapping lrefs



lref<int>1i1 = 2;
lref<int> li2(lil); // bind
lref<int> |i3;

swap(li2,1i3);
cout << *li3 << "\'n"; // prints "2"

/'l foll. prints: "false 2"
cout << bool alpha << li2.defined() << " " << li2.use_count() << "\n";
/1 foll. prints: "true 1"
cout << bool al pha << li3.defined() << " " << li3.use_count() << "\n";

3.2 Typerelation

Introduction

The concept of areation is to the logic paradigm what a functionis to the imperative
paradigm. Relations are the basic computational building blocks when programming in
logic. Since C++ is based on the imperative paradigm, it is desirable to be able to
describe relations as functions. Fortunately, due to the flexibility of C++, thisis possible
to do without extending the language. This alows relations to be given similar treatment
as regular functions, facilitating the logic paradigm to blend smoothly into C++. Regular
functions can be composed from other functions and relations. Similarly relations can be
composed from other relations and functions®. Thetyper el at i on enables this kind of
integration with bare minimal syntactic overhead.

Thetyperel ati on istypicaly used to specify the return type for functions and methods
that represent the concept of arelation. Functions and methods withreturn typer el ati on
are themselves referred to as relations. In this manua we refer to such a functionor
method as a“relation” and to the type as “rel ati on”. (Note the difference in fonts used).
Theterm “relation” is commonly (i.e. outside of this reference manual) used to refer to
the former. The following are a few examples of relations defined using the type

rel ation:

relation twiceOf (lref<int> x, lref<int> x2) { // non nmenber relation

}

struct Arithnetic {
relation twiceO (lref<int> x, lref<int> x2) { // nenber relation

}
s

From an operational semantics point of view, r el at i on is used to hold functionobjects
with return type bool and no arguments. A rel ati on internally stores a copy of such a
function object for delayed invocation. Application of the function call operator, without
any arguments, on ar el at i on object triggers the invocation of the stored function
object. An object of typer el ati on cannot be default initialized (i.e. without arguments).

! Composing relations from regular functions requires some care, due to the lazy evaluation semantics of
relations, which isin contrast to eager evaluation semantics of regular functions.



Thisensures that ar el at i on is aways initialized with some function object and thusiit is
always safe to apply the function call operator on ar el ati on. A different function object
can be assigned to an instance of r el at i on after initialization.

Class Definition

class relation {
publi c:
typedef bool result_type;

/'l Requires : F supports nethod... bool F::operator()(void)
t enpl at e<cl ass F>
relation(F f);

rel ati on(const relation& rhs);
rel ati on& operator=(const rel ation& rhs);

bool operator()(void) const;

b
Construction

t enpl at e<cl ass F>

relation(F f);
Constructs ar el at i on from function object f . F is expected to support bool
F:: operator () (voi d). Note, F must be a non static member function type.

rel ati on(const relation& rhs);
Copy constructsr el at i on from another. Thisinvolves storing a copy of the function
object stored inr hs.

Other Methods

rel ati on& operator=(const relation& rhs);
Copiesr hs into thisrel at i on.

bool operator()(void) const;
Triggers evaluation of the internally stored function object.

Examples:

struct PrintHello {
bool operator() (void) {
cout << "Hello "
return true;

}
1
struct PrintWorld {
bool operator() (void) {
cout << "World";
return true



b

relation r = PrintHello();
r(); // invokes PrintHello::operator()

r = PrintHel l o() && PrintWorld();
r(); // invokes PrintHello::operator() then PrintWorld::operator()

relation r2; // Conpiler Error! relation canot be default initialized

3.3 Unification Support

Introduction
Logic paradigm uses a general purpose problem solving technigque for evaluating
relations to perform computation. This technique involves two fundamental operations:
unification and backtracking. In a nutshell, these two operations can be described as
follows:

? Backtracking determines which path of evaluation should be pursued next froma

set of (possibly empty) available paths.
? Unification either produces results or testsif a desired result was produced.

This section only covers unificationand the facilities provided in Castor to support
unification Backtracking is covered in the next section. The unification operation is
simply an attempt to unify values of two items. The items could be logic references or
plain old types (i.e. typesother than | r ef ). To unify two objects means to make their
values equal. The definition of equality is governed by oper at or ==. When attempting
to unify two objects, it may be the case that the two objects compare equally. In such a
case unification succeeds trivially. Assignment of one object to another is considered
only if one of the two objectsis an uninitialized logic reference. The uninitialized logic
reference is assigned the value of the other object thus making the two objects equal. In
all other cases unification fails. Relation eq provides the fundamental support for
unification. The semantics of unification relationeq is as follows:
- If both arguments are initialized, their values are compared for equality and the
result of comparison is returned.
- If the only one argument is initialized, the uninitialized argument will beis
assigned the value of initialized one in order to make them equal.
- If both arguments are uninitialized, an exception is thrown.

Castor provides a few unification relations. The choice of which relation to use primarily
depends upon the nature of items being unified. The most basic unification support is
provided by relation eq. Any two objects that can be compared and assigned to each other
can be unified using eq. Unification of containers such ast d: : I'i st with a sequence of
values bounded by an iterator pair is supported by eq_seq. A more sophisticated facility
for unification of sequences with values, iterator pairs or other sequences is provided by
relationsequence. Relationseq_f and eq_nf provide support for unification of objects
with values returned from functions and member functions respectively.



eqrelation

/11. Unify logic references
t enpl at e<typenane L, typenane R>

Uni fyLR<L, R> eq(lref<L>& |, lref<R>& r)

tenpl at e<t ypenanme L, typenane R, typenane Cnp>

Uni fyLR<L, R, Cnp> eq(lref<L>& |, lIref<R>& r, Cnp cnp)

/l--- Treat char* as strings instead of pointer to a char ---

[12. Unify logic reference with char*. Used when T is an abstraction
for char* (like std::string)

t enpl at e<t ypename T>

Uni fyL<T, T> eq(const Iref<T>& |, const char* r)

t enpl at e<t ypename T, typenanme Cnp>
Uni fyL<T, T, Cp> eq(const lref<T>& |, const char* r, Cnp cnp)

t enpl at e<t ypenane T>
Uni fyL<T, T> eq(const char* |, const |lref<T>& r)

tenpl at e<typename T, typenane Cnp>
Uni f yL<T, T, Cp> eq(const char* |, const lref<T>& r, Cnp cnp)

/13. Unify two char* strings
Bool ean eq(const char* |, const char* r)

t enpl at e<t ypenane Cnp>
Bool ean eq(const char* |, const char* r, Cnp cnp)

/l--- Remaining overl oads provided for optimzation ---

/14. Neither argunent is a logic reference
t enpl at e<typenane L, typenane R>
Bool ean eq(const L& |, const R& r)

t enpl at e<t ypenane L, typenane R, typenane Cnp>
Bool ean eq(const L& |, const R& r, Cnp cnp)

/1'5. one argunent is a logic reference but the other is not
tenpl at e<typenane L, typenane R>
Uni fyL<L, R> eq(const Iref<L>& |, const R& r)

tenpl at e<t ypenanme L, typenane R, typenane Cnp>
Uni fyL<L, R, Cp> eq(const lref<L>& I, const R& r, Cnp cnp)

t enpl at e<t ypenanme L, typenanme R>
Uni fyL<R, L> eq(const L& |, const Iref<R>& r)

tenpl at e<typenane L, typenane R, typenane Cnp>
Uni fyL<R, L, Cnp> eq(const L& |, const Iref<R>& r, Cnp cnp)

Declarativereading:| isequa tor.



Template Parameters.
L, R, T :Should satisfy the standard CopyConstructible [$20.1.3], Assignable [$23.1.4]
and EqualityComparable [$20.1.1] requirements.

Cnp : A function or function object type which accepts two arguments of type T. Used to
customi ze the comparison operation performed during unification.

Parameters:

| : [in/out] Item to be unified with r .

r : [in/out] Item to be unified with | .

cnp : [in] Binary predicate used to compare two objects of type T.

If both1 andr arelogic references, at least one of them must be initialized at the time of
evaluation.

Exceptions:
I nval i dDer ef : If both| andr are not initialized at the time of evaluation

Notes:

Relation eq will either check or make the two arguments equal. If both arguments are
initialized to avalue, then eq will compare them for equality and succeeds if the two are
equal and fails (i.e. returns false) otherwise. If one of the argumentsis not initialized,
then the value of the other argument is assigned to it, thus making the two arguments
equal. If both arguments are not initialized at the time of evaluation, an exception is
thrown.

This operation of testing/assigning depending upon the whether or not the two arguments
areinitialized, is referred to as unification. Unification, in a sense, is the relationa
equivalent of oper at or == (which only performs atest for equality) and oper at or =
(which only performs assignment). In short, relation eq unifies its arguments

Examples:

/1 1) with sinple values and value types(i.e. not |logic references)
eq(2,2)(); // conpare 2 with 2 .. returns true

eq(l,2)(); // conpare 1 with 2 .. returns false

int i=2;

eq(i,2)(); // conpare value of i with 2 .. returns true

/1 2) with initialized |ogic references
l[ref<int> |i=2;
eq(i,li)(); // conpare i with |li .. returns true

/1 3) with uninitialized |ogic references

lref<int>1j; [// note: |j is not initialized with a val ue
eq(lj,i)(); /1 1j is assigned value of i, thus initializing I]j
cout<< *|j; /[l prints "2"



Iref<int> lk; // at this point |k is not initialized but |j is

eq(lj,1k)(); /I Ik is assigned value of |j, thus initializing Ik
lj.reset(); [/ uninitialize I|]
lj.reset(); /1l uninitialize Ik

eq(lj,Ik)(); // throws InvalidDeref

/1 4) unifying containers
I ref<vector<int> > |vi;

vector<int> vi =/* 1,2,3,4 */;
eq(lvi,vi)(Q); /1 lvi is assigned a vector equivalent to v
Also refer to:

sequence, eqg_seq, eqg_f, eqg_nf

eg_f relation

/1 support for nullary functions

t enpl at e<t ypenane T, typenane Func>
Eq_f _r<T, Func>

eq _f(const Iref<T> 1, Func f)

/'l remaining overl oads support functions with up to 6 argunents
tenpl at e<typenane T, typenane Funcl, typenane Al>

Eq_f _r1<T, Funcl, Al>

eq_f(lref<T> 1, Funcl f, const Al& al )

tenpl at e<typename T, typenane Func2, typenane Al, typenane A2>
Eq_f _r2<T, Func2, Al, A2>
eq_f(lref<T> 1, Func2 f, const Al& al , const A2& a2 )

tenpl at e<typenane T, typenane Func3, typenane Al, typenane A2
, typename A3>
Eq_f _r3<T, Func3, Al, A2, A3>
eq_f(lref<T> 1, Func3 f, const Al& al_, const A2& a2_, const A3& a3 )

tenpl at e<typenanme T, typenane Func4, typenane Al, typenane A2
, typename A3, typenane A4>
Eq_f_r4<T, Func4, Al, A2, A3, A4>
eq f(lref<T> 1, Funcd4 f, const Al& al_ , const A2& a2 , const A3& a3_
, const Ad4& a4 )

tenpl at e<typenane T, typenane Funcb5, typenane Al, typenane A2
, typename A3, typenane A4, typenane A5>
Eq_f _r5<T, Funcb5, Al, A2, A3, A4, A5>
eq_f(lref<T> 1, Funcb f, const Al& al_, const A2& a2_, const A3& a3_
, const A4& a4 _, const A5& ab )

tenpl at e<typenane T, typenane Func6, typenane Al, typenane A2
, typename A3, typenane A4, typenane A5, typenane A6>
Eq_f _r6<T, Func6, Al, A2, A3, A4, A5, A6>
eq_f(lref<T> 1, Func6 f, const Al& al_, const A2& a2_, const A3& a3_
, const A4& ad4_, const A5& a5_, const A6& a6 )



Declarativereading: | isequal to the value returned by invoking f (a1_,..,aN).

Template Parameters:

T : Any type which satisfies requirements of logic reference.

FuncN : A function pointer or function object type with arity N. Parameter types cannot
be Iref.

An : Type of argument passed at position n to the FuncN type. Can be a POT or Iref
whose effective type is convertible to the corresponding parameter typein FuncN.

Parameters:

| : [infout] Item to be unified with result of f.

f . [in] Function pointer or function object whose result will be unified with | . Cannot be
a member function type.

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to f .

Notes:

Relation eq_f provides support for unification with values returned by evaluating
functions or function objects ILEs may also be used as arguments to parameter f .
Parameter | will be compared withor assigned the result of evaluating f . All arguments
(if any) required to evaluate f should be passed to eq_f using the aN_ parameters.
Currently eq_f supports a maximum of 6 arguments for f . The aN_’s effective value will
bepassedtof. Sinceeq_f, isused to perform unification with values results of
traditional functions, it is assumed that f s parameters are not logic references.

Examples:
/1 1) Wth regular functions
int conmpute(int j, int k) {
return j/k-1;
}
lref<int>1i, 1j, IKk;
relationr = eq(lj,6) & eq(lk,2) & & eq f(li, &conpute, 1j, 1k);
if(r())

cout << *|i; /!l prints "2"

/1 2) Wth function objects
struct Compute {
int operator ()(int j, int k) {
return j/k-1;

}
b
lref<int>1i, 1j, IKk;
relationr = eq(lj,6) & eq(lk,2) & & eq f(li, Conpute(),!j,Ik);
if(rQ))
cout << *|i; /[l prints "2"

/1 3) Wth ILE (Inline Lref Expression)
lref<int>1i, 1j, |Kk;



relation r = eq(lj,6) &k eq(lk,2) & eq_f(li, Ij/lk-1);
it(r())

cout << *|ij; /1l prints "2"

Also refer to:
eq_nf,eq, eq_seq

eq_mf relation

/'l support for nullary nenber functions

tenpl at e<typenane L, typenane Obj, typenane MenFunT>
Eq_nf_roO<L, Obj, MenFunT>

eq_nf(lref<L> 1, |ref<Obj>& obj_, MenFunT nf)

/1l remaining overloads support nenber functions with up to 6 argunents
tenpl at e<t ypenanme L, typenane Obj, typename MenFunT, typename Al>
Eq_nf_ril<L, Obj, MenFunT, Al>

eq_nf(lref<L> 1, lref<Obj>& obj_, MenFunT nf, const Al& al )

tenpl at e<typenane L, typenane Obj, typenane MenmFunT, typenane Al,
typenane A2>
Eq_nf _r2<L, Obj, MenFunT, Al, A2>
eq_nf(lref<L> 1, Iref<Obj>& obj_, MenFunT nf, const Al& al_
, const A2& a2))

t enpl at e<typenane L, typenane Obj, typenane MenFunT, typenane Al,
typenane A2, typename A3>
Eq_nf _r3<L, Obj, MenFunT, Al, A2, A3>
eq_nf(lref<L> 1, Iref<Obj>& obj _, MenFunT nf, const Al& al_
, const A2& a2_, const A3& a3))

tenpl at e<t ypenanme L, typenane Obj, typenane MenFunT, typenanme Al,
typenane A2, typename A3, typenane A4>
Eq_nf_r4<L, Obj, MenFunT, Al, A2, A3, A4d>
eg_nf(lref<L> 1, |ref<Obj>& obj _, MenFunT nf, const Al& al_
, const A2& a2 , const A3& a3_, const A4& a4 )

tenpl at e<typenane L, typenane Obj, typenane MenmFunT, typenane Al,
typenane A2, typenanme A3, typenane A4, typenane A5>
Eq_nf_rb5<L, Obj, MenFunT, Al, A2, A3, A4, A5>
eq_nf(lref<L> 1, Iref<Obj>& obj_, MenFunT nf, const Al& al_
, const A2& a2_, const A3& a3_, const A4& a4_, const A5& a5 )

t enpl at e<typenane L, typenane Obj, typenane MenFunT, typenane Al,
typenane A2, typenanme A3, typenane A4, typenane A5, typenanme A6>
Eg_nf _ré<L, Obj, MenFunT, Al, A2, A3, A4, A5, A6>
eq_nf(lref<L> 1, Iref<Obj>& obj _, MenFunT nf, const Al& al_
, const A2& a2_, const A3& a3_, const A4& a4_, const A5& a5_
, const A6& a6_)

Declarativereading: 1 isequa to the value returned by invoking member functionnf
on object obj _ with argumentsp1l. . pN.



Template Parameters.

L : Any type which satisfies requirements of logic reference.

Obj : Any type which whose member function will be invoked.

MenFunT @ A pointer to member functionof class oj . Parameter types cannot be Iref.
An: Type of parameter at position n for the op type. Can be a POT or Iref whose effective
type is convertible to the corresponding parameter type in MenFunT.

Parameters:

| : [in/out] Item to be unified with result of evaluating member function nf onobj _.
obj _ : [in] Object on which member function pointed to by nf will be invoked. This
argument must be a logic reference. This restriction ensures methods are invoked on the
actual argument and not on a copy of obj _.

nf : Member function pointer whose result will be unified with 1 .

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to
nf .

Notes:

Relation eq_nt provides support for unification with values returned by evaluating
member functions on objects. Parameter | will be compared with or assigned the result of
evauating obj _->*nf (. .). All arguments (if any) required to evaluate obj _->*nf (. .)
should be passed to eq_nf using the aN_ parameters. Sinceeq_nf , isused to perform
unification with values results of traditional member functions, it is assumed that
MenFunT’s parameters are not logic references.

Examples:
struct Compute {
int j;
SﬁﬁputE(int i) - ia)

int apply(int k) { // unary nenber function to be invoked
return j/k-1;
}

b

lref<int> |i;

| ref <Conput e> conp = Conput e(6);

relation r = eq_nf(li, conp, &Conpute::apply, 2);
if(rQ))

cout << *|i; /!l prints "2"

Also refer to:
eq_f,eq, eg_seq

3.4 Backtracking Support
Introduction



Asin life, our main purpose in computation is to find the answer. There are often many
ways to get to an answer. Some problems may have one or more answers, and other
problems may have none. The search for an answer can possibly lead in several different
directions, not all of which are actually productive. The search must therefore be able to
step back and resume the search from an earlier point where an alternative direction was
possible. This process pursuing one path of evaluation and then stepping back to try an
aternative in search of a solution is referred to as backtracking.

Consider the relational expressioneq(x, 3) && eq(y,4) || eq(x,5) & eq(y, 6)

which basically declares “if x is3theny is4, OR if x is5 theny is 6”. We can represent
this using the following expression tree:

s
/&& /

eq(x, 5)

eq(x, 3)

eqa(y, 4) ealy. ©)

Expressiontreefor:eq(x, 3) && eq(y,4) || eq(x,5) && eq(y, 6)

Let us see how backtracking goes about answering the question “What is a suitable value
for x given that y’s value is fixed to 67°. Goal of backtracking is to evaluate this
expression tree successfully. Evaluation begins at the top of the tree and encounters the
digunction operator | | which offers two possible choices (the left and right branches) in
order to proceed. For digunction to succeed, it is sufficient that any one branch evaluates
successfully. Backtracking relies on depth first strategy and chooses the left branch. Here
the conjunction operator && is encountered. For the conjunction to succeed, both its
branches must evaluate successfully. The left branch is evaluated first followed by the
right branch The left branch succeeds in unifying x with 3 (since x is not initialized) but
the right branch failsto unify y with 4 (sincey isinitialized to 6). Thisleads to the faillure
of the conjunction which in turn implies failure of the entire left branch under the
digunction operator.

Now comes the time to step back and resume exploring the right branch of the
digunction. Stepping back involves reverting any side effects that occurred while
pursuing the left branchunder disjunction In this case x went from being uninitialized to
being initialized with 3. So X isreset to its uninitialized state. The evaluation now steps
down the right branch in a fashion same as before and attempts to unify x with 5 and y
with 6. This time around both operations succeed and consequently the conjunction also
succeeds. Thisin turn implies successful evaluation of the digunction and the entire
expression tree. We now find x initialized with 5 which answers the question we started
out to with



As can be seen from the above example, conjunction and disunction operators are used
to build the expression tree that is traversed during backtracking. Castor provides native
support for two varieties of digunction: inclusive and exclusive. Typicaly, classic logic
programming systems such as Prolog directly support only the inclusive variety. Operator
| | , whichis used in the above example, provides support for inclusive digunction.
Support for exclusive digunction is provided by the ex-or operator ~. The following
sections deal with each of the relational operators in further detail.

Conjunction: Operator & &
And_r<rel ation,rel ati on> operator && (const relation&
const relation& r)

Logical conjunction is abinary relation between any two relations with ameaning similar
to “and” in English. Conjunction is denoted by operator && in Castor. It isitself arelation
which takes two other relations as arguments. In other words, it is a higher order binary
relation. A smplified definition for conjunction is: arelation that succeeds when both its
argument relations succeed. However, in logic, arelation may succeed zero, one or more
times The definition of conjunction needs to accommodate possibly multiple successful
evauations of its argument relations. Thus we broaden the definition of conjunction to: a
relation that succeeds each time the second relation evaluates successfully for a
successful evaluation of the first. Given this definition, conjunction can itself succeed
zero, one or more times depending upon its argument relations. For instance consider the
following simple expression:

range(x, 1, 3) && range(x, 2, 5)

Both argumentsto && arer ange relations. The first relation indicates that x isavauein
theinclusive range 1 through 3. The second relation indicates that x isavaue in the
inclusive range 2 through 5. Considered in isolation, the first relation can succeed three
times (producing values 1,2 and 3) and the second relation can succeed four times
(producing values 2,3,4 and 5). The conjunction itself can succeed only twice, i.e. when x
is2or 3. Any other value for x will fail either the first or the second r ange relation.

Operational semantics of && can be summarized as: pursue all solutions inr for each
solutionin | . The following pseudo code demonstrates this.

/1 This is psuedo code
relation tnp = rhs; //nmake copy of rhs
while( 1() ) {
while( r() )
yield return true;// Not C++. ‘yield keyword borrowed from C#
rhs = tnp; //reset rhs
}
/1'no nore solutions |eft
return false;

In terms of the imperative paradigm, the operatioral semantics can be visualized as one
loop nested in another as shown above. The outer loop isresponsible for evaluating | and



the inner loop for evaluating r . If | succeeds, r is attempted. If r succeeds the
conjunction also succeeds and returnst r ue. Further attempts to pursue more solutions
from conjunction will lead to repeated evaluations of r until it fails. Oncer is exhausted,
| isevaluated once again and the whole process repeats. Finally when | is exhausted the
conjunction has no more solutions to produce and returnsf al se. Thereafter any attempts
to pursue more solutions from this conjunction will fail immediately.

Note that once all solutions are exhausted in r, it hasto be reset to its original state before
pursuing the next solutionin | . Thisenablesr to resume producing a new set of solutions
for each successful evaluation of | . Otherwiser will not be able to produce any new
solutions. In order to be able to reset r to itsoriginal state, acopy of r ismade int np
prior to attempting any evaluation of r .

Inclusive Digunction: Operator ||

/'l requires : L and R nust be treatable as relations
tenpl at e<t ypename L, typenane R>
O _r<L,R> operator || (const L& |, const R &r)

Inclusive disunction is a binary relation between any two relations with a meaning
similar to “or” in English. It is denoted by operator | | in Castor. Inclusive digunction is
itself arelation which takes two other relations as arguments. In other words, it isa
higher order binary relation. A ssimplified definition for inclusive digunction is: arelation
that succeeds when at least one of its argument relations succeeds. To accommodate the
ability of its argument relations to evaluate successfully zero or more times, we broaden
its definition to: arelation that succeeds each time there is at a successful evaluation of
one of its argument relations. Given this definition, digunction can itself succeed zero,
one or more times depending upon its argument relations. For instance consider the
following simple expression:

range(x, 1, 3) || range(x, 2, 5)

Both argumentsto | | arerange relations. The first relationindicates that x isavauein
the inclusive range 1 through 3. The second relation indicates that x isavauein the
inclusive range 2 through 5. Considered in isolation, the first relation can succeed three
times (producing values 1,2 and 3) and the second relation can succeed four times
(producing values 2,3,4 and 5). The combined expression itself can succeed seven times
(producing values 1,2,3,2,3,4 and 5). Relation r ange( x, 1, 3) produces the first three
valuesfor x andr ange(x, 2, 5) produces the remaining four values. Notice how the
duplicate values are generated for x.

Operational semantics of operator | | can be summarized as: pursue al solutions in| then
pursue al solutionsin r . The following pseudo code demonstrates this.

/1 This is psuedo code
while( 1() )
yield return true; // Not C++. ‘yield keyword borrowed from C#



while( r() )
yield return true;
return false; //no nore solutions |eft

In terms of the imperative paradigm, the operational semantics can be visualized as two
main loops one following another as shown above. The first loop is responsible for
evauating | and the second for evaluating r . After | ’s solutions have been exhausted by
the first loop, the second loop pursues solutionsin r. Oncer has aso been exhausted,
there are no more solutions to produce and evaluation enters the third loop. Here
digunction always fails by returning f al se. Thus al future attempts to pursue more
solutions fromthis digunction will fail immediately.

Exclusive Digunction: Operator *

/'l requires : L and R nust be treatable as relations
tenpl at e<t ypenanme L, typenane R>
ExOr _r<L,R> operator ~ (const L &I, const R &r)

Exclusive digunction is a binary relation between any two relations with a meaning
similar to “either or” in English. It is denoted by operator ~ in Castor. Exclusive
disunction isitself arelation which takes two other relations as arguments. In other
words, it isa higher order binary relation. A smplified definition for exclusive
digunction is: areation that succeeds when one of its argument relations succeeds. The
second argument is evaluated only if the first does not succeed. To accommodate the
ability of its argument relations to evaluate successfully zero or more times, we broaden
its definition to: arelation that succeeds each time one of its argument relations succeeds.
Digunction can itself succeed zero, one or more times depending upon its argument
relations. For instance consider the following simple expression:

range(x, 1, 3) " range(x, 7, 10)

Here both argumentsto ~ arer ange relations. The first relation indicates that x isavaue
in the inclusive range 1 through 3. The second relation indicates that x is avauein the
inclusive range 7 through 10. The intent here is to state that x can have a value that is
either between 1 and 3 or between 7 and 10, and not in both ranges. If x is left undefined,
only the first range relation will produce values for x. Due to successful evaluation of
first relation, the second range relation will be ignored. However if x’s vaue is defined
such that it’s value in the range 7 through 10, the first relation will fail leading to the
evauation of the second range relation.

Operational semantics of operator ~ can be summarized as: for every successful
evaluation of I make surer does not succeed and vice versa. The following pseudo code
demonstrates this.

/1 This is psuedo code
bool | hsSucceded = fal se;
while( lhs() ) {

| hsSucceded = true;



yield return true; // Not C++. ‘yield keyword borrowed from C#

}

whi l e(!l hsSucceded && rhs())
yield return true;

return fal se;

In terms of the imperative paradigm, the operational semantics can be visualized as two
main loops, one following another as shown above. The first loop is responsible for find a
successful evaluation of I hs and the second loop for r hs. A boolean flag is used to
ensure that r hs is attempted only if | hs never succeeded. This loop continues to succeed
aslongl hs or r hs succeeds.

3.5 Recursion

recurserelation

/'l support for nullary relations
t enpl at e<t ypenane Rel _0>

Recur se0_r <Rel _0>

recurse( Rel _O0r )

/'l remaining overl oads support relations with up to 6 argunents
tenpl at e<t ypenane Rel _1, typenane Al>

Recursel r<Rel 1, Al>

recurse(Rel _1 r, lref<Al>& al)

tenpl at e<typenane Rel _2, typenane Al, typenane A2>
Recurse2_r<Rel _2, Al, A2>
recurse(Rel _2 r, Ilref<Al>& al, |ref<A2>& a2)

tenpl at e<t ypenane Rel _3, typenane Al, typenane A2, typenanme A3>
Recurse3_r<Rel _3, Al, A2, A3>
recurse(Rel _3 r, lref<Al>& al, |ref<A2>& a2, |ref<A3>& a3)

tenpl at e<typenane Rel _4, typenane Al, typenane A2, typenanme A3
, typenane A4>
Recursed4_r<Rel _4, Al, A2, A3, Ad>
recurse(Rel _4 r, lref<Al>& al, |Iref<A2>& a2, |ref<A3>& a3
, lref<Ad>& a4)

t enpl at e<t ypenane Rel _5, typenanme Al, typenane A2, typenane A3
, typenane A4, typenane A5>
Recurse5_r<Rel 5, Al, A2, A3, A4, A5>
recurse(Rel _5 r, lref<Al>& al, |ref<A2>& a2, |ref<A3>& a3
, lref<A4>& a4, |ref<A5>& ab)

tenpl at e<t ypenane Rel _6, typenane Al, typenane A2, typenanme A3
, typename A4, typenane A5, typenane A6>
Recurse6_r<Rel _6, Al, A2, A3, A4, A5, A6>
recurse(Rel _6 r, lref<Al>& al, |ref<A2>& a2, |ref<A3>& a3
, lref<Ad>& a4, |ref<A5>& a5, |ref<A6>& ab)

Declarativereading: Sameasr (a1, . ., aN).



Template Parameters:

Rel _N : A function pointer to relation that takes N arguments. All parameter types must
be logic references.

An : Effective type of the N'" argument to being passed. Can be a POT or Iref whose
effective type is convertible to the corresponding parameter typein Rel _N.

Parameters:

r . Relation (with up to 6 parameters) to be recursed on. This should be the same as the
relation or instance of function object within which the call torecur se is made.

aN_ : [infout] The N*" argument to r . Must be alogic reference.

Exceptions:
Same as those thrown by relation r .

Notes: Relation r ecur se provides the mechanism for making recursive calls inside
relations. Consider the following well intentioned, but erroneous, recursive call within
ancest or relation.

/1 ans is ancestor of descendant des
rel ati on ancestor(lref<string> ans, |ref<string> des) {
[ref<string> X;
return parent(ans, des)
|| parent (X, des) && ancestor(ans, X);

}

The problem with the above definition is that the attempt below to use ancest or will
lead to infinite recursion:

relation r = ancestor("Leda","Castor"); // will never return
r(); /1 execution will never reach here

The recursion in this case should only be performed when the relation is actually
evaluated by executing r () . This problem can be resolved by using relation r ecur se to
delay the recursive call in ancest or as follows:

rel ation ancestor(lref<string> ans, |ref<string> des) {
I ref<string> X;
return parent(ans, des)
|| parent (X, des) && recurse(&ancestor, ans, X);

}

Also refer to:
recurse_nf.

recurse_ mf relation

/'l support for nullary nmenber relations
t enpl at e<t ypenane Obj, typenane MenRel 0>
Recur seMenD_r <Cbj , MenRel _0>



recurse_nf (Obj* obj, MenRel _0 nr)

/'l remaining overl oads support nenber relations with up to 6 argunents
t enpl at e<t ypenane Obj, typenane MenRel _1, typenane Al>

Recur seMenml_r <Cbj, MenRel _1, Al>

recurse_nf(Obj* obj, MenRel _1 nr, |ref<Al>& al)

tenpl at e<t ypenane Obj, typenane MenRel 2, typenane Al, typenane A2>
Recur seMen?_r <Obj , MenRel _2, Al, A2>
recurse_nf (Obj* obj, MenRel 2 mr, |ref<Al>& al, |ref<A2>& a2)

tenpl at e<t ypenanme Obj, typenane MenRel _3, typenane Al, typenanme A2,
t ypenane A3>
Recur seMenB_r <Obj , MenRel _3, Al, A2, A3>
recurse_nf(Obj* obj, MenRel 3 nr, |ref<Al>& al, |ref<A2>& a2
, | ref<A3>& a3)

tenpl at e<t ypenane Obj, typenane MenRel 4, typenane Al, typenane A2,
typenane A3, typenanme A4>
Recur seMemd_r <Cbj , MenRel _4, Al, A2, A3, Ad>
recurse_nf (Obj* obj, MenRel _4 nr, |ref<Al>& al, |ref<A2>& a2
, lref<A3>& a3, |ref<Ad4>& a4)

tenpl at e<typenane Obj, typenane MenRel 5, typenanme Al, typenane A2,
typenanme A3, typenanme A4, typenane A5>
Recur seMenb_r <Obj , MenRel _5, Al, A2, A3, A4, A5>
recurse_nf (Obj* obj, MenRel 5 nr, |ref<Al>& al, |ref<A2>& a2
, lref<A3>& a3, Iref<Ad4>& a4, |ref<A5>& ab)

tenpl at e<t ypenanme Obj, typenane MenRel 6, typenane Al, typenanme A2,
typenane A3, typenane A4, typenane A5, typenane A6>
Recur seMenb_r <Obj , MenRel _6, Al, A2, A3, A4, A5, A6>
recurse_nf(Obj* obj, MenRel _6 nr, |ref<Al>& al, |ref<A2>& a2
, lref<A3>& a3, |ref<Ad4>& a4, |ref<A5>& ab
, | ref<A6>& ab)

Declarativereading: Sameas (obj - >*nr) (ai, . ., aN).

Template Parameters:

Obj : Type whose member relation is to be recurse.

MenRel _N : Pointer to member relation in obj that takes up to N arguments. All
parameter types must be logic references.

An : Effective type of the N™ argument to being passed. If Iref<Pn> is the type of the N
parameter of relation MenRel _N, then An should be same as Pn.

Parameters:

obj : Object whose method member relation identified by nr will be recursed on. This
argument should always be thet hi s.

nmr . Member relation (with up to 6 parameters) to be recursed on. This should be the
same as the member relation within which the call torecurse_nf is made.

aN : [infout] The N argument to nr . Must be a logic reference.

Exceptions:



Same as those thrown by nr .

Notes: Thisrelationissimilar tor ecur se_f, except that it used for recursing inside
member relations.

Also refer to:
recurse_f.

3.6 Dynamic relations

Introduction

Types Conj uncti ons, Di sj uncti ons and ExDi sj unct i ons together provide a facility to
define relations dynamically at runtime. These types are themselves relations and thus
can be mixed in with any other relations either defined statically or dynamically. Any
relation that can be implemented statically can also be implemented dynamically. Ability
to define relations at runtime allows us to define relations based on data obtained at
runtime from, for instance, a SQL query or a text file. Thisalso naturally provides abasis
for runtime metaprogramming in the L ogic paradigm.

Conjunctions relation

cl ass Conjunctions {
publi c:
Conj unctions();

t enpl at e<t ypenane Rel > voi d push_back(const Rel & r);
t enpl at e<t ypenane Rel > void push_front(const Rel & r);

bool operator ()(void);

}s

Brief Description: Represents relational conjunction expression to which clauses can be
added at runtime.

M ethods

Conj uncti ons()
Constructs a Conj unct i ons relation with no clauses. An empty Conj unct i ons relation
will fail on evaluation.

t enpl at e<t ypenanme Rel > voi d push_back(const Rel & r)
Addstheclauser at the back. Rel isany type that can be treated as a relation.

tenpl at e<t ypenane Rel > void push_front(const Rel & r)
Addsthe clauser at thefront. Rel isany type that can be treated as a relation.

bool operator()(void)
Triggers the evaluation of clauses added to Conj unct i ons. The contained relations are
treated as if an oper at or  && exists between each adjacent relation.



Examples
In the following example, all three relations are semantically identical.

relation genderStatic(lref<string> p, lref<string> g) {
return eq(p, "Runa") && eq(g,"fenmale");
}

Conj uncti ons genderDynanmi cl(lref<string> p, Iref<string> g) {
Conj unctions result;
resul t. push_back( eq(p,"Runa") );
result. push_back( eq(g,"female") );
return result;

Conj unctions genderDynam c2(lref<string> p, lref<string> g) {
Conj unctions result;
result.push_front( eq(g,"female") );
result.push_front( eq(p,"Runa") );
return result;

}

Alsorefer to
Di sjunctions, ExDisjunctions.

Digunctions relation

class Disjunctions {
publi c:
Di sjunctions();

tenpl ate <typenane Rel > void push_back(const Rel & r);
tenpl ate <typenane Rel > void push_front(const Rel & r);

bool operator ()(void);

b

Brief Description: Represents relational inclusive digunction expression to which
clauses can be added at runtime.

M ethods

Di sjunctions()
Constructs abi sj unct i ons relation with no clauses. An empty Di sj uncti ons relation
will fail on evaluation.

t enpl at e<t ypename Rel > voi d push_back(const Rel & r)
Addsthe clauser at the back. Rel isany type that can be treated as a relation.

t enpl at e<t ypenane Rel > void push_front(const Rel & r)
Addstheclauser at the front. Rel isany type that can be treated as a relation.

bool operator()(void)



Triggers the evaluation of clauses added to Di sj uncti ons. The contained relations are
treated asif anoperator || exists between each adjacent relation.

Examples
In the following example, al three relations are semantically identical.

relation genderStatic(lref<string> p, lref<string> g) {
return eq(p, "Roshan") && eq(g,"male")
|| eq(p, "Runa") && eq(g,"female");
}

Di sjunctions genderDynam cl(lref<string> p, Iref<string> g) {
Di sjunctions result;
resul t. push_back( eq(p,"Roshan") && eq(g,"nale") );
resul t. push_back( eq(p,"Runa") && eq(g,"female") );
return result;

}

Di sjuncti ons genderDynam c2(lref<string> p, Iref<string> g) {
Di sjunctions result;
result.push_front( eq(p,"Runa") && eq(g,"fermale") );
result.push_front( eq(p,"Roshan") && eq(g,"male") );
return result;

}

Alsorefer to
Conj uncti ons, ExDi sjunctions.

ExDigunctionsrelation

cl ass ExDi sjunctions {
public:
ExDi sj unctions();

tenpl ate <typenane Rel > void push_back(const Rel & r);
tenpl ate <typenane Rel > void push_front(const Rel & r);

bool operator ()(void);

b

Brief Description: Represents relational exclusive digunction expression to which
clauses can be added at runtime.

M ethods

ExDi sj uncti ons()
Constructs an ExDi sj unct i ons relation with no clauses. An empty ExDi sj uncti ons
relation will fail on evaluation.

tenpl at e<typenane Rel > void push_back(const Rel & r)
Addsthe clauser at the back. Rel isany type that can be treated as a relation.



t enpl at e<t ypenanme Rel > void push_front(const Rel & r)
Addsthe clauser at the front. Rel isany type that can be treated as a relation.

bool operator()(void)
Triggers the evaluation of clauses added to ExDi sj unct i ons. The contained relations are
treated asif an oper at or ~ exists between each adjacent relation

Examples
In the following example, al three relations are semantically identical.

relation genderStatic(lref<string> p, Iref<string> g) {
return ( eq(p, "Roshan") && eq(g,"male") )
" ( eq(p, "Runa") && eq(g,"female”) );
}

ExDi sj uncti ons genderDynam cl(lref<string> p, Iref<string> g) {
ExDi sjunctions result;
resul t. push_back( eq(p, "Roshan") && eq(g,"nmale") );
resul t. push_back( eq(p,"Runa") && eq(g,"female") );
return result;

}

ExDi sj uncti ons genderDynam c2(lref<string> p, lref<string> g) {
ExDi sjunctions result;
result.push_front( eq(p,"Runa") && eq(g,"female") );
result.push_front( eq(p,"Roshan") && eq(g,"male") );
return result;

}

Alsorefer to
Conj uncti ons, Disjunctions.



4. Inline Logic Reference Expressions (ILE)

ILEs are expressions composed of one or more logic references and most of the common
overloadable operators. In C++, ordinarily, an expression returns the result immediately
on evaluation. Evauation of an ILE yields a function object (more precisely, an
expression tree) that represents the semantics of the expression. Such function objects can
be evaluated & alater point in time by applying the function call operator without
arguments. The typical use of ILESisto declaratively create simple anonymous functions
for use as argumentsto relations such aseq_f,wite_f, predicate etc. Consider
printing all numbers in an array that match some criteria:

bool | essThan5(lref<int> i) {
return *i<5;
}

int nums[] = {8,2,9,4,0};
lref<int> i;
relation r = item(i, nuns+0, nunms+5) && predicate(l essThan5, i);

while(r())
cout << *j << " "

The predicate function | essThan5 can be substituted with an ILE declared directly inline
with the call to pr edi cat e:

relationr = item(i, nuns+0, nuns+5) && predicate(i<5);
while(r())
cout << *j << " "

Just like functions, ILEs can be classified as pure or impure. ILEs that induce side effects
on any externally visible objects or logic references are impure. Typically such ILES
consist of operators such as ++. Impure ILEs, functions or member functions should not
be used to create relations as they interfere with backtracking which relies on restoration
of any state change. As side effects induced by ILE arguments to relations are not undone
automatically during backtracking, it can lead to improper evaluation of relations.

4.1 Operator overloads for creating ILEs:

The listing below describes the overloads defined for binary operator + for creating ILES.
Similar overloads are also provided for the binary operators+, - ,*,/,%|, ", & <<, >>,
==,1=,<,><=,>, & and || .

tenpl ate <typenane L, typenane R>
Il e<Plus_|LE<lref<L> R> >
operator + (lref<L> & left, const R & right);

tenpl ate <typenane L, typename R>
Il e<Plus ILE<L, Ilref<R> > >



operator + (const L & left, Iref<R> & right);

tenpl ate <typenanme L, typenane R>
Ile<Plus_ILE<lref<L> Iref<R> > >
operator + (lref<L> & left, Iref<R> & right);

tenpl ate <typenane L, typenane R>
Il e<Plus_I LE<Ile<L> R> >
operator + (const Ile<L> & left, const R & right);

tenpl ate <typenane L, typename R>
Il e<Plus ILE<L, Ile<R> > >
operator + (const L & left, const Ile<R> & right);

tenpl ate <typenane L, typenane R>
Il e<Plus_ILE<Ile<L> Ile<R> > >
operator + (const Ile<L> & left, const |le<R> & right);

tenpl ate <typenane L, typename R>
Il e<Plus_ILE<Ile<L> Iref<R> > >
operator + (const lle<L> & left, Iref<R> & right);

tenpl ate <typenane L, typenane R>
Il e<Plus_ILE<lref<L> Ile<R> > >
operator + (lref<L> & left, const Ile<R> & right);

Template type Pl us_I LE in the above listing represents an internal type used to represent
anode in the expression tree corresponding to operator +. It implements operator( )
evaluating the particular node it represents in the expression tree.

The listing below describes the overloads defined for the prefix unary operator + for
creating ILEs. Overloads similar to the following are also provided for prefix unary
operators-, ~,!,++,and--.

tenpl ate <typenanme T>
Il e<Prefix_Plus_|ILE<lIref<T> > >
operator + (lref<T> const & obj);

tenpl ate <typenane T>
Il e<Prefix_Plus_ILE<I|e<T> > >
operator + (Ile<T> const & expr);

The listing below describes the overloads defined for the postfix unary operator ++ for
creating ILEs. Overloads similar to the following are also provided for postfix unary
operator - - .

tenpl ate <typenane T>
Il e<Postfix_Inc_ILE<lIref<T> > >
operator ++ (lref<T> const & obj, int);

tenpl ate <typenane T>
Il e<Postfix_lnc_ILE<I|e<T> > >
operator ++ (1le<T> const & expr, int);



Note that al overloadable operators with the exception of the following are supported for
the creation of ILEs from Irefs.

- AddressOf operator &

- Dereference operator *

- Member access operator - >

- Indexing operator [ ]

- Commaoperator

- All forms of assignment (=, +=, * = etc.)

4.2 Named ILEs

Since there are only alimited number of operatorsin C++, additional ILE operators can
be introduced in the form of named functions instead. The named ILES can be freely
combined with other ILE operators in an ILE expression

Create::with

t enpl at e<t ypenane T>

class Create {

publi c:
static Il e<CreateWthOo<T> >
with();

t enpl at e<t ypenanme Al>
static Il e<CreateWthl<T, Al> >
wi th(const Al& al);

tenpl at e<typenane Al, typenane A2>
static |l e<CreateWth2<T, Al, A2> >
wi t h(const Al& al, const A2& a2?);

tenpl at e<t ypenane Al, typename A2, typenane A3>
static Il e<CreateWth3<T, Al, A2, A3> >
wi t h(const Al& al, const A2& a2, const A3& a3);

tenpl at e<t ypenanme Al, typename A2, typenane A3, typenane A4>
static |l e<CreateWthd<T, Al, A2, A3, Ad> >
wi t h(const Al& al, const A2& a2, const A3& a3, const A4& a4);

tenpl at e<t ypenane Al, typename A2, typenane A3, typenane A4
, typename A5>
static |l e<Creat eWth5<T, Al, A2, A3, A4, A5> >
wi t h(const Al& al, const A2& a2, const A3& a3, const A4& a4
, const A5& ab);

tenpl at e<typenane Al, typenanme A2, typenane A3, typenane A4
, typenanme A5, typenane A6>
static |l e<CreateWth6<T, Al, A2, A3, A4, A5, A6> >
wi th(const Al& al, const A2& a2, const A3& a3, const A4& a4
, const A5& a5, const A6& ab);



Brief Description: Creat e<T>: : wi t h iS used to create a function object that on
evaluation returns an object of type T. Argumentsto wi t h() are used asargumentstoT's
constructor.

Template Parameters.

T: Type of object to be constructed. Depending upon the overload of whi ch that is used,
T must support a constructor with accepts arguments of typesA1 ... AN.

Al. . AN: Types of the arguments to be passed to T’ s constructor when creating object of

typeT.

Parameters:
al..aN: Argumentsto be passed to T's constructor when creating object of type T.

Returns:
A function object that on evaluation returns an object of type T.

Notes:

Creat e: : wi t h supports construction of objects with up to 6 arguments. It can be
combined with other ILE operators or named ILEs to create more complex ILES/function
objects. For e.g. Cr eat e<conpl ex<i nt > >::with(1,4) * 2 createsan ILE or function
object that multiples the complex number (1,4) with 2.

Exceptions:
Any exception thrown by T’ s constructor

Examples:

[l if i isitemin arrl, and j is itemin arr2
/'l generate std::pair<int,int>in p such that i+j==4

int arr1[] ={ 1, 0, 5 31},

int arr2[] ={ 2, 4 ,-1, 5 };

Iref<pair<int,int> > p;

lref<int> i, j;

relation r = item(i, arrl+0, arrl+4) && item(j, arr2+0, arr2+4)

&& predicate(i+j==4)
&& eq _f( p, Create<pair<int,int> >:with(i,j) );

4.3 Return types for ILE operators

Since there is no way, currently, to programmatically deduce return types of arbitrary
functions or operators in C++, the following assumptions are made about the return types
of overloaded operators used in creating ILES.
- All comparison operators (<, >=, ==, ! = etc.) and operators &&, | | and! have
return type bool .
- Return type of prefix operators ++ and — isT&, if T isthe argument type.
- All other unary and binary operators are assumed to have return type same as the
type of their first argument.



If operators defined on certain types do not conform to the above assumptions, it is
advisable to wrap expression involving such operators and types into a regular function
instead of an ILE.



5. Utils

5.1 Input/Outputrelations

read relation

tenpl ate <typenane T>
Read_r<T> read (lref<T> val)

Read_r<std::string> read(const char* val)

Declarativereading:val isthe valueread fromstd: : ci n.

Template Parameters.
T : A type that supports reading fromst d: : ci n using oper at or <<.

Parameters:
val : [in/out] The value to be read. If not initialized, it will be assigned the value that is
read. If initialized, it is compared with the value read from stream.

Exceptions:
Any exception thrown by oper at or >>.

Notes:

Relation r ead provides arelational facility for reading from st d: : ci n. The action of
reading values from st d: : ci n will not be reverted during backtracking. Relations
read_f andread_nf (Smilar tothewite_f andwite_nf counterparts) are not
provided sinceeq_f and eq_nf aready provide this functionality.

Examples:
/1 1) read words fromstd::cin and echo themto std::cout
I ref<string> str;
relation r = read(str);
while(r())
cout << *str << "\n";

/1 2) read a word frominput and check if it is "Logic"
if(read("Logic")()){

}

Alsorefer to:
readFromwite,witeTo,eq, eq_f, eqg_nf

readFrom relation



tenpl ate <typenane T>
Read_r <T> readFron(std::istream& i nputStream |ref<T> val)

Read_r<std::string> readFrom std::istream i nput Stream
, const char* val)

Declarativereading:val isthe value read fromi nput St r eam

Template Parameters:
T : A type that supports reading from ani nput St ream ( likestd: : ci n) using
operator <<.

Parameters:

i nput St ream: The stream from which avalue is to be read. Defaultsto st d: : ci n.

val : [in/out] The value to be read. If not initialized, it will be assigned the value that is
read. If initialized, it is compared with the value read from stream.

Exceptions:
Any exception thrown by oper at or >>.

Notes:
Thisrelation is similar to relation read, but the is parameterized on the input stream from
which value is to be read.

Examples:
/1 1) read fromstrstreamand std::cin until words fromboth match
strstream sstrm
sstrm<< "Words in this sentence are expected";
I ref<string> str;
relation r = readFron(sstrmstr) && read(str);
while(r());

/1 2) Copy all words froma strstreamto cout

strstream sstrm

sstrm<< "Witing nust be [earnt by wote";

I ref<string> str;

relation r = readFrom(str,sstrm && wite(str) && wite(" ");
while(r());

Alsorefer to:
read,wite,witeTo,eq, eq_f, eqg_nf

write relation

tenpl ate <typenane T>
Wite r<T> wite(const T& obj )

Wite r<std::string> wite(const char* obj_)

Declarativereading: Write obj tostd: : cout.



Template Parameters:
T : Canbealogic reference, or any other POT. The effective type should support
writing to st d: : cout using oper at or <<. T must support copy construction.

Parameters:
obj _ : [in] The object to be printed. Can be alref or POT

Exceptions:
I nval i dDer ef : If obj _ isan uninitialized logic reference at the time of evaluation.

Any exception thrown by oper at or <<.

Notes:

Relationwr i t e provides asimple relational facility for writing to st d: : cout . The action
of printing values will not be reverted during backtracking. wri t e evaluates successfully
only once.

The second overload provides special case handling for char * arguments by treating
them as strings instead of pointer to a character. This enables usage of wri t e relation in
context of char * arguments more directly aswri te(“hel | 0”) instead of
write<string>(“hello”).

Examples:

/1 1) printing strings or other types
write("Hello world.")(); // prints “Hello world.”
relation r= wite("Hello ") && write("world.");
r(); // prints “Hello world.”

wite(2.5)(); // prints “2.5”

/'l 2) printing values of logic references.
lref<int> i = 4;
wite(li)(); // prints “4,

Also refer to:
wite f,wite_nf, read

writeTo relation

tenpl ate <typenane T>
Wite r<T> witeTo(std::ostream& outputStrm T& obj )

Wite r<std::string> witeTo(std::ostream& outputStrm const char*
obj )

Declarativereading: write obj to out put Strm

Template Parameters:



T : Canbealogic reference, or any other POT that supports writing to aost r eam using
operat or <<. T’ seffectivetype should support writing to ost r eamusing oper at or <<.
T must support copy construction.

Parameters:
out put St r mi The output stream to whichobj _ will be printed.
obj _ : [in] The object to be printed.

Exceptions:
I nval i dDer ef : If obj _ isalref that is not initialized at the time of evaluation.

Any exception thrown by oper at or <<.

Notes:

Relationwr i t e provides a simple relational facility for writing to ost r eams. The action
of printing valuesto any ost r eamwill not be reverted during backtracking. wri t e
evaluates successfully only once.

The second overload provides specia case handling for char * arguments by treating
them as strings instead of pointer to a character. This also enables usage of wri t e relation
in context of char* arguments more directly aswri t e(“hel | 0”) instead of
write<string>(“hello”).

Examples:

/1 1) printing strings or other types

stringstream sstrm

writeTo(sstrm "Hello world")(); // prints “Hello world.”

write f relation

/'l support for nullary functions/function objects

t enpl at e<t ypenanme Func>

WiteF_r<Func>

wite f(Func f, std::ostream& output Strnmestd:: cout)

/'l remaining overl oads provide support functions with up to 6 argunents
t enpl at e<t ypenane Funcl, typenane Al>

WiteFl r<Funcl, Al>

wite f(Funcl f, Al& al_)

t enpl at e<t ypename Func2, typenane Al, typenane A2>
WiteF2_r<Func2, Al, A2>
write f(Func2 f, const Al& al_, const A2& a2 )

t enpl at e<t ypenane Func3, typenane Al, typenane A2, typenane A3>
WiteF3_r<Func3, Al, A2, A3>
write f(Func3 f, const Al& al_, const A2& a2_, const A3& a3))



t enpl at e<t ypenanme Func4, typenane Al, typenane A2, typenanme A3,
typenane A4>
WiteF4_r<Func4, Al, A2, A3, A4d>
wite f(Func4 f, const Al& al , const A2& a2_, const A3& a3_
, const A4& a4 )

t enpl at e<t ypenane Func5, typenane Al, typenane A2, typenane A3,
typenane A4, typenane A5>
WiteF5_r<Funch, Al, A2, A3, A4, A5>
write f(Funch f, const Al& al_, const A2& a2_, const A3& a3_
, const A4& a4_, const A5& ab )

t enpl at e<t ypenane Func6, typename Al, typenane A2, typenane A3,
typenane A4, typename A5, typenane A6>
WiteF6_r<Func6, Al, A2, A3, A4, A5, A6>
write f(Funcé f, const Al& al_, const A2& a2_, const A3& a3_
, const A4& ad4_, const A5& a5_, const A6& ab )

Declarativereading: write tostd: : ci n value returned by invoking f (a1_ .. aN).

Template Parameters:

FuncN: A function pointer or function object type with arity N. FuncN's parameters
cannot be logic references.

An: Type of argument passed at position n to FuncN. Can be a POT or Iref whose effective
type is convertible to the corresponding parameter type in FuncN.

Parameters:

f : The result of evaluating this function object or function pointer will be written to the
specified stream.

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to f .

Exceptions:
Any exception thrown by oper at or <<.

Notes:
Although arguments passed towr i t e_f may be Irefs or POTS, the parameter types of nf
cannot be Irefs.?

Examples:
/1 1) Wth regular functions

2 Technically, this limitation keeps the interface and implementationsimple by avoiding
ambiguities related to deciding whether aN should be internally dereferenced when
passing it to the target function/method. Ideally a lref argument would not be
dereferenced if the corresponding parameter is alref, and dereferenced otherwise.
Conceptually we can rationalize this by recognizing that wri t e_f (and samewith
wite_nf,witeTo_f,witeTo_nf,eq_f,eq_nf,predicate_f andpredicate_nf)is
for consuming traditional functionsin arelational fashion. Traditional functions typically
do not have Iref parameter types.



int add(int I, int r) { //No paranmeter type is a |Iref
return | +r;

}
lref<int> |i=2, |j=3;
wite f(&dd, i, 1j)();

/1 2) Wth ILEs
lref<int> |i=2, |j=3;
write f(li+lj)();

Also refer to:
wite, wite_nf, read

writeTo_f relation

/'l support for nullary functions/function objects
t empl at e<t ypenanme Func>

WiteF_r<Func>

writeTo_f(std::ostream& output Strm Func f)

/1 remaining overl oads provide support functions with up to 6 argunents
t enpl at e<t ypename Funcl, typenane Al>

WiteFl r<Funcl, Al>

writeTo f(std::ostreanm& outputStrm Funcl f, const Al& al )

t enpl at e<t ypenane Func2, typenane Al, typenane A2>

WiteF2_r<Func2, Al, A2>

writeTo f(std::ostream& outputStrm Func2 f, const Al& al_
, const A2& a2))

tenpl at e<t ypename Func3, typename Al, typename A2, typename A3>
WiteF3_r<Func3, Al, A2, A3>
writeTo f(std::ostream& outputStrm Func3 f, const Al& al_

, const A2& a2 _, const A3& a3))

t enpl at e<t ypenane Func4, typenane Al, typenane A2, typenane A3,
typenane A4>
WiteF4_r<Func4, Al, A2, A3, A4>
writeTo_f(std::ostream& outputStrm Func4 f, const Al& al_
, const A2& a2_, const A3& a3_, const A4& a4 )

t enpl at e<t ypenane Func5, typenane Al, typenane A2, typenane A3,
typenanme A4, typenane A5>
WiteF5 r<Func5, Al, A2, A3, A4, A5>
writeTo f(std::ostream& outputStrm Funcb5 f, const Al& al_
, const A2& a2_, const A3& a3_, const A4& a4_, const A5& a5 )

t enpl at e<t ypenanme Func6, typenane Al, typenane A2, typenanme A3,
typenane A4, typename A5, typenane A6>
WiteF6_r<Func6, Al, A2, A3, A4, A5, A6>
writeTo f(std::ostream& outputStrm Func6 f, const Al& al_
, const A2& a2_, const A3& a3_, const A4& a4_
, const A5& a5 _, const A6& a6 )



Declarativereading: write to out put St r mvalue returned by invoking f with arguments
al_ .. aN._.

Template Parameters:

FuncN: A function pointer/object type with arity N. FuncN's parameters cannot be logic
references.

An: Type of argument passed at position n to the FuncN type. Can be alref or POT whose
effective type is convertible to the corresponding parameter type in FuncN.

Parameters:

f : The result of evaluating this function object or function pointer will be written to the
specified stream.

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to f .
out put St r mi Stream to which value will be written.

Exceptions:
I nval i dDer ef :If any aN_ isalref that has not been initialized at the time of evaluation.

Any exception thrown by oper at or <<.

Notes:
Although arguments passed towr i t e_f may be Irefs or POTS, the parameter types of f
can only be POTSs.

Alsorefer to:
wite,wite f,wite nf,witeTo_nf,read, readFrom

write_ mf relation

/'l support for nullary nenber functions
tenpl at e<t ypenane Obj, typenane MenFunT>
WiteM_r<Obj, MenFunT>
write_nf(lref<Obj>& obj_, MenFunT nf)

/'l remaining overl oads support nenber functions with up to 6 argunents
t enpl at e<t ypenane Obj, typenane MenFunT, typenane Al>

WiteM1l r<Obj, MenFunT, Al>

write_nf(lref<Obj>& obj_, MenFunT nf, const Al& al )

tenpl at e<t ypenane Obj, typenanme MenFunT, typenane Al, typenane A2>
WiteM2_r<Cbj, MenFunT, Al, A2>
write_nf(lref<Obj>& obj_, MenFunT nf, const Al& al_, const A2& a2 )

tenpl at e<t ypenanme Obj, typenanme MenFunT, typenane Al, typenane A2,

t ypenane A3>

WiteM3_r<Cbj, MenFunT, Al, A2, A3>

write_nf(lref<Obj> obj _, MenFunT nf, const Al& al , const A2& a2_
, const A3& a3))



tenpl at e<t ypenanme Obj, typenanme MenFunT, typenane Al, typenane A2,

typenane A3, typename A4>

WiteM4_r<Obj, MenFunT, Al, A2, A3, A4>

write_nf(lref<Obj>& obj , MenFunT nf, const Al& al , const A2& a2_
, const A3& a3_, const A4& a4 )

tenpl at e<typenane Obj, typenane MenFunT, typenane Al, typenane A2,

typenane A3, typenane A4, typenane A5>

WiteM5_r<Obj, MenfFunT, Al, A2, A3, A4, A5>

write_nf(lref<Obj>& obj_, MenFunT nf, const Al& al_, const A2& a2_
, const A3& a3_, const A4& a4_, const A5& a5 )

t enpl at e<t ypenane Obj, typenane MenFunT, typenane Al, typenane A2,
typenane A3, typenanme A4, typenane A5, typenane A6>
WiteM6_r<Obj, MnFunT, Al, A2, A3, A4, A5, A6>
write_nf(lref<Obj>& obj _, MenFunT nf, const Al& al_, const A2& a2_
, const A3& a3_, const A4& a4_, const A5& a5_, const A6& a6 )

Declarativereading: write tost d: : ci n the value returned by invoking
(*obj ).*nf(al_ .. aN)

Template Parameters:

MenFunT: A member function pointer/object type (with up to 6 parameters). Parameter
types cannot be logic references.

An: Type of argument passed at position n to MenfunT. Can be a POT or Iref whose
effective type is same as or convertible to the corresponding parameter typein MenFunT.

Parameters:

obj _: [in] The object whose member function referred to by mf isto be evaluated. This
argument must be alogic reference. This restriction ensures methods are invoked on the
actual argument and not on a copy of obj _.

nf : Theresult of evaluating this function object/pointer will be written to the specified
Stream.

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to
nf .

Exceptions:
I nval i dDer ef :If obj _ or, if any aN_ isalref that has not been initialized at the time of
evaluation

Any exception thrown by oper at or <<.

Notes:
Although arguments passed towr i t e_nf may be Irefs or POTSs, the parameter types of nt
cannot be Irefs.

Examples:
/'l read string fromstd::cin and print its length
I ref<string> s;
relation r = read(s) & wite_nf(s, &string::size);

r();



Alsorefer to:
wite,wite f,witeTo_f,witeTo_nf,read, readFrom

writeTo_mf relation

/'l support for nullary nmenber functions

tenpl at e<t ypenane Obj, typenane MenFunT>

WiteM_r<Obj, MenFunT>

writeTo_nf(std::ostream& outputStrm |ref<Obj>& obj _, MenFunT nf)

/'l remaining overl oads support nenber functions with up to 6 argunents
tenpl at e<t ypename Obj, typenanme MenFunT, typenane Al>
WiteMFl_r<Qbj, MenFunT, Al>
writeTo_nf(std::ostream& outputStrm |I|ref<CObj>& obj_, MenFunT nf
, const Al& al)

tenpl at e<typenane Obj, typenanme MenFunT, typenane Al, typenane A2>
WiteM2_r<Cbj, MenFunT, Al, A2>
writeTo_nf(std::ostream& outputStrm |Iref<Obj>& obj_, MenFunT nf

, const Al& al_, const A2& a2 )

t enpl at e<t ypenane Obj, typenane MenFunT, typenane Al, typenane A2,
t ypenane A3>
WiteM3_r<Cbj, MenFunT, Al, A2, A3>
writeTo_nf(std::ostream& outputStrm |ref<Obj> obj_, MenmFunT nf
, const Al& al_, const A2& a2_, const A3& a3))

tenpl at e<t ypenanme Obj, typenanme MenFunT, typenane Al, typenane A2,
typenane A3, typename A4>
WiteM4 _r<Cbj, MenFunT, Al, A2, A3, A4>
writeTo_nf(std::ostream& outputStrm |I|ref<CObj>& obj_, MenFunT nf

, const Al& al_, const A2& a2_, const A3& a3_

, const A4& a4 )

tenpl at e<typenane Obj, typenanme MenFunT, typenane Al, typenane A2,
typenane A3, typenanme A4, typenane A5>
WiteM5 r<Cbj, MenFunT, Al, A2, A3, A4, A5>
writeTo_nf(std::ostream& outputStrm |Iref<Obj>& obj _, MenFunT nf

, const Al& al , const A2& a2 , const A3& a3_

, const A4& ad4_, const A5& a5 )

tenpl at e<typenane Obj, typenane MenFunT, typenane Al, typenane A2,
typenane A3, typename A4, typenane A5, typenane A6>
WiteM6_r<Cbj, MenFunT, Al, A2, A3, A4, A5, A6>
writeTo_nf(std::ostream& outputStrm |I|ref<Obj>& obj _, MenFunT nf

, const Al& al_, const A2& a2_, const A3& a3_

, const A4& a4_, const A5& a5_, const A6& a6 )

Declarativereading: write tost d: : ci n the value returned by invoking
(*obj _).*nf(al_ .. aN)

Template Parameters.



MenFunT: A member function pointer/object type (with up to 6 parameters). Parameter
types cannot be logic references.

An: Type of argument passed at position n to MenFunT. Can be Iref or POT whose
effective type is same as or convertible to the corresponding parameter type in MenFunT.

Parameters:

obj _ : [in] Object on which method is to be invoked. This argument must be alogic
reference. This restriction ensures methods are invoked on the actual argument and not on
acopy of obj _.

nf : Pointer to member function whose result will be written to the specified stream.

aN_ : [in] Argument (POT or Iref) at position N whose effective value will be passed to

nf .

out put St r mi Stream to which value will be written.

Exceptions:
I nval i dDer ef :If obj _ or, if any aN_ isalref that has not been initialized at the time of
evaluation.

Any exception thrown by oper at or <<.

Examples:
/1l read string fromstd::cin and print its length to a file
of stream nyfil e("exanple.txt");
Iref<string> s = "Castor";
witeTo_nf(nyfile, s, &string::size)();

Alsorefer to:
wite,wite f,wite nf,witeTo_f,read,readFrom



5.2 Sequences and Containers

empty relation

t enpl at e<t ypenane Cont >
relation enpty(lref<Cont> c)

t enpl at e<t ypenane Cont >
relati on enmpty(const Conté& c)

Declarativereading: Container c is empty.

Template Parameters:
Cont : Must satisfy requirements of standard C++ containers [$23.1].

Parameters:
c : [infout] If ¢ isinitialized, it will be tested for emptiness, otherwise it will be initialized
with an empty container of type Cont .

Notes:

Evaluates successfully if container ¢ isempty. If ¢ isinitialized, relation enpt y performs
the test for emptiness by comparing ¢ == Cont () . Thus default construction of type
Cont isexpected to yield an empty container. Similarly if ¢ is not initialized, ¢ will be
assigned a default constructed instance of type Cont .

Also refer to:
si ze

eg_seq relation

t enpl at e<t ypename Cont, typenane Iter>
Uni fySeq<Cont, I ter> eq_seq(const Iref<Cont>& c, Iter begin_, Iter end))

t enpl at e<t ypenanme Cont, typenane Iter, typenanme Cnp>
Uni fySeq<Cont, Iter, Cmp> eq_seq(const Iref<Cont>& c, Iter begin_, Iter

end_, Cnp cnp)

Declarativereading: Container c is equal to the sequence represented by the iterators
begi n and end.

Template Parameters:

Cont : Must satisfy requirements of standard C++ containers [$23.1].

I'ter: A typethat yields Cont : : val ue_t ype on deferencing and supports postfix
increment and decrement operatorg[$23.1]. In other words, any iterator or pointer type.
I'ter typeisnot limited the Cont: :iterator. Thusitispossbleforiter to be, for
example, thetypelist<T>::iterator or T when Cont isthetypevect or <T>.

Cnp : A binary predicate with both parameters of type T such that Cont : : val ue_t ype
can be converted to T. Used to customize the comparison operation performed during
unification.



Parameters:

¢ : [infout] Item to be unified with r .

begi n_ : [in] Iterator to the beginning of the sequence to be unified with c.

end_ : [in] Iterator to one past the end of the sequence to be unified with c.

cnp :[in] cnp : [in] Binary predicate used to compare two objects of type

Cont : : val ue_t ype. It may be afunction object or pointer to function. cnp is used to
compare an item in container ¢ with the corresponding item in

sequence begi n_, end_) for equality. cnp cannot be alogic reference.

Exceptions:
I nval i dDer ef : If either begi n_ or end_ isnot initialized at the time of evaluation.

Notes:

Relation eq_seq provides a simple and useful facility for unifying containers with a
sequences represented by an iterator pairs. If iterators begi n_ and end_ are logic
references they must be initialized at the time of evaluation. If ¢ isinitidized, then the
sequence| c. begin(),c.end() ) iscompared for equality with the sequence

[ begi n_, end_).Comparison failsif the two sequences differ in length or if the itemsin
the corresponding positions do not compare equally. Comparison operation can be
customized by passing a binary predicate to parameter cnp. If ¢ isnot initiaized, it will
be initialized with a container consisting of the elementsin [ begi n_, end_) .

Examples:
/1 1) generate container with el ements
const int ai[] = {1, 2, 3};
| ref <vector<int> > vi;
if( eq_seq(vi, ai, ai+3)() )
copy(vi->begin(), vi->end(), ostream.iterator<int>(cout, " "));

/'l 2) conmpare container with sequence
list<int> i =/* {1,2,3} */;
I ref<vector<int> > vi = vector<int>(3);
(*vi)[0]=1; (*vi)[1]=2; (*vi)[2]=3,;
if( eq_seq(vi, li.begin(), li.end())() )

cout << "vi has the sane elenents as |i";

Also refer to:
sequence, eq

head relation

t enpl at e<t ypenane Seq>
Head_r <Seq> head(l ref <Seq>& seq_, |ref<typenane Seq::val ue_type> h)

Declarativereading: head of seq_ ish.

Template Parameters:



Seq: Must satisfy the requirements of standard C++ sequences [$23.1.1].

Parameters:
seq_ : [in] Sequence whose head element is of interest.
h : [infout] Thefirst element in seq_.

Exceptions:
I nval i dDer ef : If seq_ isnot initialized at the time of evaluation.

Notes:
Thefirst element in seq_ is obtained by dereferencing the begi n iterator.

Also refer to:
head_n, tail, tail_n, head_tail, head_n_tail, next, prev.

head n relation

t enpl at e<t ypenane Seq, typenane HeadSeq>

rel ati on head_n( | ref<Seq>& seq_
| ref <typenane HeadSeq::size_type> n
| ref <HeadSeq>& h )

Declarativereading: h contains first n items from sequence seq_.

Template Parameters:
Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].
HeadSeq : Must satisfy requirements of standard C++ sequences [$23.1.1].

Parameters:

seq_ : [in] Sequence whose first n_ elementsis of interest.

n : [infout] Number of itemsin h. 0 <=n<=sizeof seq_.

h : [infout] Sequence containing copies of first n elements from seq_, i.e. the head
sequence.

Exceptions:
I nval i dDer ef : If seq_ or n isnot initialized at the time of evaluation.

Notes:
h and seq_ may be of different types.

Also refer to:
head, tail, tail_n, head tail, head_n_tail.

head _tail relation



t enpl at e<t ypenane Seq, typenane Tail Seq>

relation head_tail ( |ref<Seq>& seq_
| ref <typename Tail Seq: :val ue_type> h
[ ref<Tail Seq>& t )

Declarativereading: h and t respectively form the head and tail of seq_.

Template Parameters.
Seq : Must satisfy the requirements of standard C++ sequences [$23.1.1].
Tai | Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].

Parameters:

seq_ : [in] Sequence whose head and tail elements are of interest.
h : [infout] head of seq_.

t : [in/out] tail of seq_.

Notes:

h andt are copies of the elements comprising the head and tail of seq_.t may bea
different typethan seq_. head_t ai | provides a convenient way to determine head and
tail in asingle step instead of obtaining them separately using relations head andt ai | .

Also refer to:
head, head _n, tail, tail_n, head_n_tail.

head n tail relation

t enpl at e<t ypenane Seq, typenane HeadSeq>

relation head_n_tail ( |Iref<Seg>& seq_
| ref <typenane HeadSeq::size_ type> n
I ref <HeadSeq>& h
| ref <HeadSeq>& t )

Declarativereading: h is head sequence and t istail sequence of seq_ such that size of
hisn.

Template Parameters.

Seq : Must satisfy the requirements of standard C++ sequences [$23.1.1].

HeadSeq : Must satisfy requirements of standard C++ sequences [$23.1.1]. Thistypeis
the same for both head and tail.

Parameters:

seq_ : [in] Sequence whose head and tail elements are of interest.
n : [in/out] Size of head. 0 <= n<=szeof seq .

h : [in/out] head sequence from seq_ of sSize n.

t : [in/out] tail of seq_.

Notes:



h andt are copies of the eements comprising the head and tail of seq_. Tail t comprises
of the all the elementsin seq_ following the head sequence h.

Also refer to:
head, head _n, tail, tail_n, head n_tail.

insert relation

t enpl at e<t ypenane Seq>

relation insert( |ref<typenane Seq::val ue_type> val ue_
, lref<typenane Seq::iterator> b_
, lref<typenane Seq::iterator> e_
, lref<Seg>& insertedSeq )

Declarativereading: inserting val ue_ somewhereinto [b_, e_) yields sequence
i nsertedSeq.

Template Parameters.
Seq: Type representing a sequence of values. Seq must satisfy the requirements of
standard C++ sequences [$23.1.1].

Parameters:

val ue_ : [in] The value to be inserted.

b_ : [in] Iterator to the start of a sequence of values into which val ue_ needsto be
inserted.

e_ . [in] Iterator to one past the end of a sequence of valuesinto which val ue_ needsto
be inserted.

i nsert edSeq : [in/out] Sequence containing values from the sequence[b_, e ) in
addition to val ue_. Contains exactly st d: : di st ance(b_, e_) +1 elements.

Notes:
Relative order of valuesin[b_, e_) ispreservedini nsert edLi st .

Examples:
Number 9 can be inserted into sequence (1,2) in three ways.
(9,1,2), (1,9,2) and (1,2,9). The following code prints each of these combinations.

list<int> |i;
l'i.push_back(1l); li.push_back(2);
Iref<list<int> > insertedSeq;
relation r = insert(9, li.begin(), li.end(), insertedSeq);
while(r()) {
copy(i nsertedSeq->begi n(), insertedSeq->end()

, ostream.iterator<int>(cout," "));
cout << "\n";

}

Also refer to:



i nsert_seq, nerge.

insert_seq relation

t enpl at e<t ypenane Seq>

relation insert_seq( Iref<typenane Seq::iterator> val uesB_
, lref<typenane Seq::iterator> val uesk_
, lref<typenane Seq::iterator> b_
, lref<typenane Seq::iterator> e_
, lref<Seg>& insertedSeq )

Declarativereading: inserting the sequence of valuesin [val uesB_, val uesE_)
somewhere into [b_, e_) yields sequencei nsert edSeq.

Template Parameters:
Seq: Type representing a sequence of values. Seq must satisfy the requirements of
standard C++ sequences [$23.1.1].

Parameters:

val ue_ : [in] The vaue to be inserted.

b_ : [in] Iterator to the start of a sequence of values into which val ue_ needsto be
inserted.

e_ : [in] Iterator to one past the end of a sequence of values into which val ue_ needsto
be inserted.

i nsertedSeq : [infout] Sequence containing values from the sequence[b_, e_) in
addition to val ue_. It cortainsexactly st d: : di stance(b, e) +1 elements.

Notes:

Relative order of valuesin[b_, e_) ispreservedini nsert edSeq. Exact order of values
in[val uesB_, val uest ) ispreserved ini nsertedSeq. In other words, inserting the
exact sequence| val uesB_, val uesE_) at some position into the sequence[b_, e_)
yieldsi nser t edSeq.

Example:
Sequence (8,9) can be inserted into sequence (1,2) in three ways:
(8,9,1,2), (1,8,9,2) and (1,2, 8,9). The following code prints each of these combinations.

list<int> 1i; /'l sequence to insert into
li.push_back(1); li.push_back(2);
list<int> val ues; /'l sequence to insert

val ues. push_back(8); val ues. push_back(9);
Iref<list<int> > insertedSeq;

relation r = insert_seq(val ues. begin(), values.end()
, li.begin(), li.end(),insertedSeq);
while(r()) {
copy(insertedSeq- >begi n(), insertedSeq->end()
ostream.iterator<int>(cout," "));

cout << "\n";



Also refer to:
i nsert, merge.

mer ge relation

t enpl at e<t ypenane Seq>
relation nerge(lref<Seq>& | _, lref<Segq>& r_, lref<Seq>& m

Declarativereading: Merging sorted sequences| _ and r _ yields sorted sequence m

Template Parameters:
Cont : Must satisfy requirements of standard C++ containers [$23.1].

Parameters:
| _, r_:[in] Sorted sequences to be merged.
m: [infout] Merged sequence.

Exceptions:
I nval i dDeref :If I _orr_ arenot initialized at the time of evaluation.

Notes:
Thisisthe relational equivalent of st d: : ner ge.

Also refer to:
insert, insert_seq.

not_empty relation

t enpl at e<t ypenane Cont >
relation not_enpty(lref<Cont> c )

t enpl at e<t ypenane Cont >
relati on not_enpty(const Cont& c_)

Declarativereading: Container c_ is not empty.

Template Parameters:
Cont : Must satisfy requirements of standard C++ containers [$23.1].

Parameters:
c_ : [in] Container to be tested for emptiness. Must be

Notes:



Evaluates successfully if container c_ is not empty. Unlike relation enpt y, the container
argument c_ must beinitialized at the time of evaluation. Test of emptinessis performed
using method Cont : : si ze.

Also refer to:
enpty, size.

sequencerelation

t enpl at e<t ypenane Seq>
Sequence_r <Seq> sequence(l ref <Seq>& seq)..
(lref<T> item..(const ConvertibleToT& iten)..
(lref<Seg>& itens)..
(Iter start, Iter end)..
(Lreflter start, Lreflter end)

/1 where
/'l T = Seq::val ue_type
/'l Lreflter = Iref<Seq::iterator>

/1 Convertibl eToT = any type convertible to T
Declarativereading: seq is a sequence comprising of the arguments following it.

Template Parameters:
Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].

Parameters (Fixed):

seq : [in/out] The sequence to be unified with the other arguments. It must be alogic
reference type. Passing regular container types directly is disabled asit leads to implicitly
passing a copy of the original (which can be inefficient) and can also lead to unexpected
and surprising behavior.

Parameters (Variadic):

After seq, the following parameter types are supported by sequence. Each of these should
be separately enclosed in apair of (). Any of the following variadic arguments may be
optionally provided and in any order.

a) | ref <T> it em: Represents a single element in the sequence. This allows passing
arguments of typel r ef <T>.

b) Converti bl eToT& it em: Represents a single element in the sequence. This alows
passing values of arbitrary types that are convertibleto T.

C) I ref <Seq>& it ems : Represents a subsequence of elements occurring in sequence.
This allows passing of logic reference to a sequence of the same type asseq. Passing a
sequence directly by value is not supported, the argument must beal ref .



d)iter start, Iter end:A pair of iterators representing a subsequence of elements
occurring in seq. This alows passing iterators by value. The iterator type must of type
Seq::iterator.

€ Lreflter start, Lreflter end: A pair of logic references to iterators
representing a subsequence of elements occurring in seq. This allows the use of logic
references to iterators as arguments where the iterator typeisSeq: :iterator.

Note that arguments of type| r ef <Converti bl eToT> are not supported currently.
Similarly when using iterator pairs, they must be iterators to a sequence of the same type.
Usingvect or <T>: :iterator pairswhen seq isof typelist<T> isnot supported. All
arguments other than the seq must be initialized at the time of evaluation.

Exceptions:
I nval i dDer ef : If any logic reference argument other than the first is an not initialized at
the time of evaluation.

Notes:

sequence isavariadic rdation. That is, its arity (number of arguments) is not predefined.
The style of argument passing used in sequence is different compared to the traditional C
style techniques used in standard variadic functions like pri nt f and scanf . Each
argument to sequence issurrounded by a () pair. Thus the syntax for passing 4
arguments looks like sequence(s) (7) (8) (9) instead of sequence(s, 7, 8,9). This
method of variadic argument passing allows relation sequence to automatically preserve
full type information for each argument without additional assistance on behalf of the
programmer.

The first argument represents a sequence comprising of elements described by the
remaining arguments. For instance if s isal ref <l i st <i nt > >, then

sequence(s) (7)(8)(9) unifiess with the sequence{7,8,9} . Argument s may or may
not be initialized. If s is not initialized, it will be assigned al i st <i nt > containing
elements 7,8 and 9 in that order. If s isinitialized, it will be tested to see if it contains the
exactly the three elements 7, 8 and 9 in order. The first argument must be logic reference
to any sequence type. The remaining arguments can be classified into two kinds. The first
kind is values representing individual elements in the sequence. The second kind is a
sequence representing a span of elements to need to appear in the first argument. Thisis
specified using either iterator pairs or alogic reference to sequence. For example, if 1i is
alist<int>then sequence(s) (li.begin(),!li.end()) will unify s with al elements
inli . Both kinds of arguments may appear in any order and can be logic references or
regular types:

In many cases, the flexibility and brevity provided by variadic argumentsin sequence
may not be needed. In such situations, relations eq and eq_seq provide more light weight
and efficient alternatives.



Examples:

/'l 1) conpare sequence with {3,4,5}

| ref<vector<int> > vi =/* {3, 4, 5} */;
lref<int>1i =4
assert( sequence(vi)(3)(li)(5 () ); // vi == {3,4,5}

/'l 2) generate sequence {3, 4,5}
[ ref <vector<int> > s; /1 not initialized
sequence(s)(3)(4)(5)(); /I s =1{3,4,5}

/1 3) test for enpty sequence
list<int> enptylList;
assert( sequence<list<int> >(enptyList)() )

/1 4) lterator pairs : generate sequence conprised of values in vi
foll owed by 4

| ref<vector<int> > s;

vector<int> vi =/* {1,2,3} *| ;

int four = 4;

sequence(s)( vi.begin(),vi.end() )(four)(); // s = {1,2,3,4}

/1 5) Iterator pairs : generate sequence using lref<iterator>
| ref<vector<int> > s; // not initialized
vector<int> vi = /* {1,2,3} */ ;
I ref<vector<int>::iterator> b,e;
relation r = begi n<vector<int> >(vi,b)
&& end<vector<int> > (vi,e)
&& sequence(s)(b,e); // s = {1,2,3}

/'l 6) Sinple containers conparison

| ref<vector<int> > s; // not initialized

vector<int> vi = /* {1,2,3} */ ;

I ref<vector<int>::iterator> b,e;

relation r = sequence(s)(vi.begin(),vi.end()); // s = {1,2,3}
/1 unification with pair of iterators can be also be done with
/1 the nore |ight weight but less flexible relation eq_seq
relation r2 = eq_seq(s, vi.begin(),vi.end())

/'l sinplest way to unify containers directly is to use eq
relation r3 = eq(s,vi);

Also refer to:
eq_seq, eq, item getValues, size, begin, end, head, tail, head_tail
head _n, tail_n, head n_tail.

dze relation

t enpl at e<t ypenane Cont >
Si ze_r<Cont > size(lref<Cont>& cont_, Iref<typenane Cont::size_type> sz)

Declarativereading: Size of container cont _ iSsz.

Template Parameters:



Cont : Must satisfy requirements of standard C++ containers [$23.1].

Parameters:
cont _ : [in] Container whose size is to be determined.
sz :[infout] Size of cont _.

Exceptions:
I nval i dDeref :If cont _ isnot initialized at the time of evaluation.

Notes:
Sizeof cont _ is determined by invoking its si ze member function

Example:
| ref <vector<int>::size_type> sz;
vector<int> v = vector<int> ();
if( size(v, sz)() );
cout << *sz; [/ prints O

Also refer to:
enpty, not_enpty.

tail relation

t enpl at e<t ypenane Seq, typenane Tail Seq>
Tail _r<Seq, Tail Segq> tail ( Iref<Seq>& seq_, lref<Tail Seq>& t )

Declarativereading: Tail of seq_ ist.

Template Parameters.
Seq: Must satisfy the requirements of standard C++ sequences [$23.1.1].
Tai | Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].

Parameters:
seq_ : [in] Container whose tail is of interest.
t : [in/out] The tail sequence of cont _.

Exceptions:
I nval i dDeref :If seq_ isnot initialized at the time of evaluation.

Notes:
The tail of a sequence comprises of all elements in sequence except for the first one (i.e.

the head) .

Alsorefer to:
head, head_n, tail_n, head_tail, head_n_tail, next, prev.



tail_n relation

t enpl at e<t ypenane Seq, typenane Tail Seq>

relation tail_n( |ref<Seq>& seq_
, lref<typenane Tail Seq::size_type> n
, lref<Tail Seg>& t )

Declarativereading:t containslast n items from sequence seq_.

Template Parameters:
Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].
Tai | Seq : Must satisfy requirements of standard C++ sequences [$23.1.1].

Parameters:

seq_ : [in] Sequence whose last n elements are of interest.

n : [infout] Number of itemsint. 0 <=n<=gzeof seq .

t : [in/out] Sequence containing copies of last n element from seq_.

Exceptions:
| ndexQut Of Bounds: If Sizeof seq_islessthann_.
I nval i dDeref :If seq_ orn_isnotinitialized at the time of evaluation.

Notes:
t and seq_ may be of different types. t isacopy of the elements comprising the tail of
seq_.

Also refer to:
head, head_n, tail, head_tail, head_n_tail.



5.3 lterators

begin relation

t enpl at e<t ypenane Cont >
Begi n_r <Cont > begi n( |ref<Cont>& cont _
, lref<typenanme Cont::iterator> iter)

Declarativereading: Iterator pointing to the start of container cont _ iSiter.

Template Parameters:
Cont : Must satisfy requirements of standard c++ containers [$23.1].

Parameters:
cont _ :[in] Container whose begin iterator is to be determined.
i ter :[infout] iterator to the beginning of cont _.

Exceptions:
I nval i dDer ef :If cont _ isnot initialized at the time of evaluation.

der eference relation

rel ati on dereference(lref<ltr> pointer_
, lref<typenane detail::Pointee<ltr>::result_type> pointee)

Declarativereading: Dereferencing poi nt er _ yields poi nt ee.

Template Parameters:
I'tr :Either apointer or iterator type or alogic reference to a pointer or iterator.

Parameters:

poi nter _ : [in] A pointer or iterator to be dereferenced.

poi nt ee : [infout] If poi nt ee isinitialized, it will be compared with the value obtained
by dereferencing poi nt er _ using oper at or ==. If not initialized, pointee will be assigned
the value obtained by dereferencing poi nter _.

Notes:

Relation der ef er ence is used for obtaining an | r ef <T> froman | ref <T*>. Thisis
useful when iterating over containers and streams or smply working with pointersin a
relational fashion.

Examples:
/1 1) dereferencing Iref<int*> to obtain |Iref<int>.
int three=3;
Iref<int*> | p3=&t hree;
lref<int> I;
relation r = dereference(lp3,1) && wite(l);
r(); // prints 3



/1 2) dereferencing raw pointers

int two=2;

int* pi= & wo;

l[ref<int> li;

relation r = dereference(pi, li) && wite(li);
r(); // prints "2"

/1 3) dereferencing logic references to iterators

I ref<vector<int> > |v = vector<int>(); | v- >push_back(4);
I ref<vector<int>::iterator> |Itr = |v->begin();

/1l check if 1st elenent inlv 4

relation r = begin(lv, Iltr) && dereference(lltr, 4);
if(rQ))

cout << "first elenent is 4";

end relation

t enpl at e<t ypenanme Cont >
End_r <Cont > end( | ref<Cont>& cont_, Ilref<typenanme Cont::iterator> iter)

Declarativereading: Iterator pointing to one past the end of container cont _ isi ter.

Template Parameters:
Cont : Must satisfy requirements of standard c++ containers [$23.1].

Parameters:

cont _ : [in] Container whose begin iterator is to be determined.

i ter :[infout] pointsto (one past) the end of the elementsin cont _. End iterator of
container is obtained by invoking its end() method.

Exceptions:
I nval i dDer ef : If cont _ isnot initidlized at the time of evaluation.

itemrelation

t enpl at e<typenane Itr>
Itemr<itr> itenm( |Iref<typenane detail::Pointee<ltr>::result_type> obj
, Itr begin_, Itr end_ )

t enpl at e<t ypenane Cont >
relation item( |ref<typenane Cont::val ue_type> obj, |ref<Cont>& cont_ )

Declarativereading: obj isan item in the sequence [ begi n, end) or the container
cont _.

Template Parameters:

Itr : Can beapointer type, an input iterator type [$24.1.1], alogic reference to a
pointer, or alogic reference to an iterator. If 1t r isnot alogic reference, it must support
dereferencing with oper at or *. Similarly, if 1t r isalogic reference type, its underlying
type must support dereferencing with oper at or *.



Cont : Satisfies requirements of standard containers.

Parameters:

obj : [in/out] obj isan item in the sequence bounded by iterators begi n_ and end_.
begi n_: [in] points to the beginning of a sequence. It must precede or be equal to end_.
end_: [in] points to (one past) the end of a sequence

cont _: [in] A standard container whose items are of interest.

Exceptions:
I nval i dDer ef : If begi n_ or end_ isnot uninitialized at the time of evaluation.

Notes:

Relationi t emistypically useful for iterating over sequences in arelational fashion.
However, due to the bidirectional nature of parameter obj , it aso doubles up as afacility
for testing the presence of avalue in a sequence. Sincei t emworks with standard iterators
and pointers (or logic references to pointers and iterators) it enables easier interaction
with traditional C++ code that deal with containers, streams and arrays.

Example:

/1 1) print all values in an array
int arr[] = {1,2,3,4};

I ref<int> val

Iref<int*> b = arr+0, e = arr+4;

relation r = item(obj, b, e);
while(r())
cout << * val << " "; /] prints "1 2 3 4"
/1 2) print all itenms in 1st array that are also part of 2nd array
/'l (i.e intersection of two arrays)
int arrl[] = {1, 2,3, 4};
int arr2[] ={6,3,7,1,9};
Iref<int> i;
relation r2 = item(i, arrl1+0, arrl+4) && iten(i, arr2+0, arr2+5);
while(r2())
cout << *i << " "; [/ prints "1 3"

/'l 3) Intersection of two vectors
I ref<vector<int> > vl = vector<int>(arr1+0, arrl+4);
I ref<vector<int> > v2 = vector<int>(arr2+0, arr2+5);

lref<int> i, j;
relation r3 = iten(i, vl) && item(j, v2) && predicate(i==5j);
while(r3())

cout << *i << " "; [/ prints "1 3"

In the second example the first call toi t em is responsible for generating a value for i
fromar r 1 and the second call to i t emthen testsif that value is part of ar r 2. The third
example which works on vectors is semantically same as the second although expressed
dightly differently.



next relation

t enpl at e<t ypenane T>
relation next(lref<T> curr_, lref<T> n)

t enpl at e<t ypenane T>
relation next(T curr_, lref<T> n)

t enpl at e<t ypenane T>
relation next(T curr_, const T& n)

Declarativereading: Next of curr_ isn.

Template Parameters.
T : Must support prefix increment operator.

Parameters:
curr_ : [in] value preceding n. This must be initialized at the time of evaluation.
n : [infout] value following curr _. i.e ++curr _.

Exceptions:
I nval i dDeref :If curr_isalref andisnot initialized at the time of evaluation.

Notes:

Relation next is useful for incrementing both values and iterators. The second and third
overloaded versions provide slightly optimized implementation for cases when one or
both of the argumentsis not alogic reference type. More importantly they smplify
syntax for user code by not requiring explicit specification of the template parameter
when arguments involve amix of types| r ef <T> and T. Relation next generates only one
solution.

Examples:

The following relation generates oneitemin i at atime in the sequence bounded by
iteratorsb_ and e_. By initializing argument i to a value, this relation could be instead
used to test if a particular value is present in the sequence.

relation itensln(lref<int*> b_, lref<int*> e_, lref<int> i) {
[ref<int*> n;
return eq(b_,e ) // stop if b _==e_
N (dereference(b_,i) || next(b_,n) && recurse(& tensln, n, e_,
i) )
}

For amore generalized version of i t ensl n refer to documentation of relation i t em

Also refer to:
prev, inc, dec, head, tail, item

prevrelation



t enpl at e<t ypenanme T>
relation prev(lref<T> curr_, lref<T> p)

t enpl at e<t ypenane T>
relation prev(T curr_, lref<T> p)

t enpl at e<t ypenane T>
relation prev(T curr_, const T& p)

Declarativereading: Previousof curr_ isp.

Template Parameters:
T : Must support prefix decrement operator.

Parameters:
curr_ : [in] value succeeding p. This must be initialized at the time of evaluation.
p : [in/out] value preceding curr_.i.e—curr_.

Exceptions:
I nval i dDeref :If curr_isalref andisnot initialized at the time of evaluation.

Notes:

Relation prev is useful for decrementing both values and bidirectional iterators. The
second and third overloaded versions provide sightly optimized implementation for cases
when one or both of the argumentsis not alogic reference type. More importantly they
simplify syntax for user code by not requiring explicit specification of the template
parameter when arguments involve a mix of types| r ef <T> and T. Relation prev
generates only one solution.

Also refer to:
next, inc, dec, head, tail, item



5.4 Predicates

Boolean relation

struct Bool ean : public PureRel ati on<Bool ean> {
Bool ean(bool val ue);
/1l inherits : bool operator()(void)

}

Brief Description: First evaluation succeeds only if return val ue istrue, and al
subsequent evaluations fail (i.e. return f al se) .

Parameters:
val ue : The (truelf al se) value to be returned on first evaluation of Bool ean.

Returns:
If val ue istrue, returnst r ue on first evaluation and f al se otherwise. All subsequent
evauationsreturn f al se.

Exceptions:
None.

Notes: This relation is useful for creating ssmple predicate relations from boolean values
or expressions that can be eagerly evaluated.

Example:
int num
cin >> num
relation r = ( Bool ean(nunk5) && wite("value < 5") )
N write("value >= 5");
Also refer to:

True, Fal se.

Falserelation

struct Fal se : PureRel ati on<Fal se> {
/1l inherits : bool operator()(void)
b

Brief Description: Always fails evaluation.

Returns:
Alwaysreturnsf al se.

Exceptions:
None.

Alsorefer to:



Bool ean, True.

Truereation

struct True : PureRel ation<True> {
/1 inherits : bool operator()(void)

b

Brief Description: First evaluation succeeds, and all subsequent evaluations fail (i.e.
return false).

Returns:
First evaluation returnst r ue, and all subsequent evaluationsreturn f al se.

Exceptions:
None.

Alsorefer to:
Bool ean, Fal se.

predicaterelation

/'l support for nullary functions
t enpl at e<t ypenane Pred>

Predi cat e0_r <Pred>

predi cate(Pred pred);

/'l remaining overl oads support nenber functions with up to 6 argunents
t enpl at e<t ypenanme Pred, typenane Al>

Predi catel_r<Pred, Al>

predi cate(Pred pred, const Al& al);

tenpl at e<t ypenane Pred, typename Al, typenane A2>
Predi cate2_r<Pred, Al, A2>
predi cate(Pred pred, const Al& al, const A2& a2);

tenpl at e<typenane Pred, typename Al, typenane A2, typenane A3>
Predi cate3_r<Pred, Al, A2, A3>
predi cate(Pred pred, const Al& al, const A2& a2, const A3& a3);

tenpl at e<t ypename Pred, typenane Al, typenane A2, typenane A3
, typename A4>

Predi cat e4_r<Pred, Al, A2, A3, Ad4>

predi cate(Pred pred, const Al& al, const A2& a2, const A3& a3
, const A4& ad);

tenpl at e<typenane Pred, typenanme Al, typenane A2, typenane A3
, typename A4 ,typenane A5>
Predi cat e5_r<Pred, Al, A2, A3, A4, A5>
predi cate(Pred pred, const Al& al, const A2& a2, const A3& a3
, const A4& a4, const A5& ab);



tenpl at e<t ypenane Pred, typename Al, typenane A2, typenane A3
typenane A4 ,typename A5, typenane A6>

Predi cat e6_r <Pred, Al, A2, A3, A4, A5, A6>

predi cate(Pred pred, const Al& al, const A2& a2, const A3& a3
, const A4& a4, const A5& a5, const AB& ab);

Declarativereading: Sameaspred(al, .., aN).

Template Parameters:

Pred : A function or function object that takes up to 6 arguments. Return type must be
bool or any other type convertible to bool . Parameter types cannot be logic references.
An : Type of the N argument to being passed. Can be a POT or Iref whose effective type
is convertible to the corresponding parameter typein Pred.

Parameters:
pred : Function or function object which returns bool and takes up to 6 parameters.
aN : Argument (POT or Iref) at position N whose effective value will be passed to pr ed.

Notes: Relation pr edi cat e is an adaptor relation used for treating regular functions
(having up to 6 parameters) with return type bool , as relations. It evaluates successfully,
at most once, if pred returnst r ue. ILES are often used as arguments to pr edi cat e to
create simple anonymous relations directly inline, thus reducing the need to declare
named predicate functions. For working with member predicate functions, use

predi cate_nf.

Examples:
Printing even numbersin an array by adapting the named predicate function i sEven.

bool isEven(int num {
return nunf@ == 0;
}

int nums[] = {4,3,9,8,15};
relati on evenNuns = iten(n, nuns+0, nums+5) && predicate(isEven,n);
whi | e(evenNuns())

cout << *n << " "

Printing even numbers with ILES.
int nums[] = {4,3,9,8, 15};
relation evenNuns = itenm(n, nunms+0, nuns+5) && predi cate(n¥%®2==0);
whi | e(evenNuns())
cout << *n << " "

Also refer to:
predi cate_nf.

predicate mf relation

/'l support for nullary functions



tenpl at e<t ypenanme Obj, typenane MenPred>
MenPr edi cat e0_r <Obj , MenPr ed>
predi cate_nf (| ref <Cbj >& obj, MenmPred pred)

/'l remaini ng overl oads support nenber functions with up to 6 argunents
tenpl at e<typenane Obj, typenane MenPredl, typenane Al>

MenPr edi cat el_r<Cbj, MenPredl, Al>

predi cate_nf (| ref<Cbj>& obj _, MenPredl npredl, const Al& argl)

tenpl at e<t ypenane Obj, typenane MenPred2, typenane Al, typenane A2>
MenPr edi cat e2_r <Obj , MenPred2, Al, A2>
predi cate_nf (| ref <Cbj>& obj _, MenPred2 npred2, const Al& argl

, const A2& arg2)

tenpl at e<typenane Obj, typenane MenPred3, typenane Al, typenane A2,
typenanme A3>
MenPr edi cat e3_r <Cbj , MenPred3, Al, A2, A3>
predi cate_nf (| ref<Cbj>& obj _, MenPred3 npred3, const Al& argl
, const A2& arg2, const A3& arg3)

tenpl at e<t ypenanme Obj, typenane MenPred4, typenane Al, typenanme A2,
typenanme A3, typenane A4>
MenPr edi cat e4_r <Cbj , MenPr ed4, Al, A2, A3, Ad>
predi cate_nf (| ref<Cbj>& obj _, MenPred4 npred4, const Al& argl
, const A2& arg2, const A3& arg3, const A4& arg4)

tenpl at e<t ypenane Obj, typenane MenPred5, typenane Al, typenane A2,
typenane A3, typename A4, typenane A5>
MenPr edi cat e5_r <Obj , MenPr ed5, Al, A2, A3, A4, A5>
predi cate_nf (| ref<Cbj>& obj _, MenPred5 npred5, const Al& argl
, const A2& arg2, const A3& arg3, const A4& arg4
, const AbB& argb)

tenpl at e<t ypenane Obj, typenane MenPred6, typenane Al, typenane A2
, typename A3, typenane A4, typenane A5, typenane A6>
MenPr edi cat e6_r <Cbj , MenPr ed6, Al, A2, A3, A4, A5, A6>
predi cate_nf (| ref<Cbj>& obj _, MenPred6 npred6, const Al& argl
, const A2& arg2, const A3& arg3, const A4& arg4
, const A5& argb5, const A6& arg6)

Declarativereading: Sameasobj _. pred(al, .., aN).

Template Parameters:

Obj : A type whose member function isto be treated as a relation.

MenPredN : A function pointer/object type that takes up to 6 arguments. Return type
must be bool or any other type convertible to bool . Parameter types cannot be logic
references.

An : Type of the N argument to being passed. Can be a POT or Iref whose effective
type is convertible to the corresponding parameter typein MenPr edN.

Parameters:



obj _ : [in] Object on which member predicate function pointed to by mpred will be
invoked. This argument must be alogic reference. This restriction ensures methods are
invoked on the actual argument and not on a copy of obj _.

npred : Address of predicate member function to be treated as a relation.

ar gN : [in] The N argument to be passed to mpr ed. Effective value of ar gN is passed to

npr ed.

Notes: Relation pr edi cat e_nf isan adaptor relation used for treating predicate member
functions (having up to 6 parameters) as relations. It evaluates successfully, at most once,
if pred returnst r ue. For working with nor- member predicate functions, use

predi cate_f.

Examples:
Counting empty linesin afile.

Iref<list<string> > lines = readFronFile(..);
I ref<string> |ine;
relation r= item(line, lines) && predicate_nf(line, &tring::enpty);
i nt count =0;
while(r())
++count ;
cout << count << " enpty lines found in file.";

Also refer to:
predi cate_f.

5.5 Other

decrelation

t enpl at e<t ypename T>
Dec_r<T> dec(|ref<T>& val ue_);

Declarativereading: value _ is decremented.

Template Parameters:

T : It may be alogic reference type or aregular type. If T isalogic reference type then its
underlying type (i.e. T: : resul t _t ype) must support prefix operator --.If Tisnota
logic referencetype, it must support the prefix operator --.

Parameters:

val ue_ : [in & out] A logic reference whose value is to be decremented. val ue_ does
not have to be initialized when dec isinvoked but must be initialized at the time when
dec isevauated.



Notes: Thisrelation evaluates successfully only once. On successful evaluation val ue_
will be decremented. Any further attempt to evaluate this relation will restore the original
value into val ue_.

Example:
lref<int> i;
relation r = dec(i); // '"i' need not be initialized at this point
i =2; /1l but nust be initialized before dec is eval uated
while(r())
cout << *ji << " "; [] prints 1
cout << *ji << " "; [] prints 2

relation r2 = dec(3); // Conpiler error. Argunment nust be a Iref

Here, r isevauated twice by the while loop. First evaluation attempt causesi to be
decremented and evaluation succeeds. The second attempt at evaluation fails and the
origina value 2 isrestored into i .

Also refer to:
i nc, next, prev.

defined relation

t enpl at e<t ypenane T>
Defined_r<T> defined(const lref<T>& r )

Declarativereading:r isinitialized with a value.

Template Parameters:
T: Any type.

Parameters:
r : The logic reference to be tested for initialization.

Notes:

def i ned isarelational wrapper onthel ref: : defi ned method. Leaving r uninitialized
does not lead to generation of values for it. This relation merely invokes the def i ned
method on r when evaluated the first time. If defined returns true then evaluation
succeeds, and fails otherwise. All subsequent evaluations will be unsuccessful.

Example:

[ref<int> |i=2;

[1if li is initialized print its value

[/l otherwise print "not initialized"

relation r = ( defined(li) && wite(li) )
Nwite("not initialized")

re);

Also refer to:



defi ned.

inc relation

t enpl at e<t ypenane T>
Inc_r<T> inc(lref<T>& val ue_);

Declarativereading: value  isincremented.

Template Parameters:

T : It may be alogic reference type or aregular type. If T isalogic reference type then its
underlying type (i.e. T: : resul t _t ype) must support prefix ++ operator. If T is not a logic
referencetype, it must support the prefix ++ operator.

Parameters:

val ue_ :[in & out] A logic reference whose value is to be incremented. val ue_ does not
have to beinitialized when i nc isinvoked but must be initialized at the time when i nc is
evaluated.

Notes: Thisrelation evaluates successfully only once. On successful evaluation val ue_
will be incremented. Any further attempt to evaluate this relation will restore the original
vaueintoval ue_.

Example:
lref<int> i;
relation r =inc(i); // "i'" need not be initialized at this point
i =2; /1 but nmust be initialized before inc is eval uated
while(r())
cout << *j << " " [] prints 3
cout << *j << " ", /] prints 2
relation r2 = inc(3); // Conpiler error. Argunment nust be a Iref

Here i nc(i) isevauated twice by the while loop. First evaluation attempt causesi to be
incremented and evaluation succeeds. The secord attempt restores the original value 2
intoi and evaluation fails causing the while loop to terminate.

Also refer to:
dec, next, prev.

range relation

t enpl at e<t ypenane T>
Range_r<T> range(lref<T> val, T mn_, T max_)

t enpl at e<t ypenane T>
Range _r<T> range(lref<T> val, lref<T> mn_, lref<T> nax_ )

t enpl at e<t ypenane T>
Range_Step_r<T> range(lref<T> val, T nmin_, T max_, T step))



t enpl at e<t ypename T>
Range_Step_r<T> range(lref<T> val, lref<T> mn_, |lref<T> max_, |ref<T>
step.)

Declarativereading:val is>=mi n_and <= max_.

Template Parameters:
T : For overloads without the st ep_ parameter T must support <,== and prefix ++.
For overloads with the st ep_ parameter T must support <, == and +=.

Parameters:

val : [infout] val lieswithinthe range (mn_, max_).

m n_: [in] Specifies an inclusive lower bound that is less than or equal to max_.

max_: [in] Specifies an inclusive upper bound that is greater than or equal to mi n_.

step_: [in] Specifies an increment to use (only) when generating values for val _. Thisis
not used when checking if val _ isin the inclusive range.

Exceptions:
I nval i dDeref :If min_ or max_ isnot initialized at the time of evaluation.

Notes:
If mi n_ is greater than max_ the range is considered empty and the relation will never
succeed.

Examples:
/1 1) print all values in the inclusive range (0, 3)
lref<int> |i;
relation r = range(li,O0,3);
while(r()) [// prints "0 12 3"
cout << *lj << " ",
/1 2) print alternate values in the inclusive range (0, 10)
lref<int> li;
relation r = range(li,O, 10, 2);
while(r()); // prints "0 2 4 6 8 10"
cout << *li << " "

/1 3) check if 12 is in the inclusive range (3, 19)
relation r = range(12, 3,19);
it(rQ))

cout << "Yes.";

/1 4) enpty range (i.e. min_ > max_ )
relation r = range(i, 10, 2);

Also refer to:
item eq_seq.

undefined relation



t enpl at e<t ypenanme T>
UnDef i ned_r <T> undefined(lref<T>& r)

Declarativereading:r isnot initiaized with a value.

Parameters:
r : [in] The logic reference to be tested for initialization.

Notes:

undef i ned isthe logical negation of relation def i ned. Leaving r uninitialized does not

lead to generation of values for it. This relation merely invokes the def i ned method on r
when evaluated the first time. If defined returns false then evaluation succeeds, and fails
otherwise. All subsequent evaluations will be unsuccessful.

Example:

lref<int> i =2;

[1if 1i is initialized, print its value

/1l otherwise print "not initialized"

relation r = ( undefined(li) & & wite("not initialized") )
Nwrite(li);

r();

Also refer to:

undefi ned.

uniquerelation

t enpl at e<t ypenane T>
Uni que_r <T> uni que(lref<T> item)

Declarativereading:i t em_has not been seen before.

Parameters:
i tem : [in] The value to be tested for uniqueness. i t em must be initialized at the time
of evauation.

Notes:

Duplicate results are commonly observed in logic programming. Relation uni que is
useful in filtering out duplicates from the results that are generated from other relations.
An evaluation of uni que succeeds only if it has encountered the current value of i t em_
for the first time. Internally unique maintains a set of items of type 7. Each time
evauation is triggered, it consults this set to determine if i t em_has been noticed before,
if notitem isadded to the set. Note that backtracking does not cause the relation to
forget which items have been observed before. Its semantics depends on this “memory”.

Exceptions:
I nval i dDeref :If i tem_ isnot initidized at the time of evaluation.



Example:

/1 print itenms in arr[] after filtering out duplicate ocurrences
int arr[] = {0, 1, 2, 3, 3, 2};
Iref<int> i;
relation r = item(i, arr+0, arr+5) && unique(i);
while(r())
cout << *j << " "

unique_f relation

t enpl at e<t ypename FuncObj >
Uni que_f _r<FuncObj > uni que_f (FuncObj f)

Declarativereading: Vaue returned by f () has not been seen before.

Template Parameters:

FuncObj : A function object that does not take any parameters. It must provide a member
typedef resul t _t ype stating the return type of its member oper at or () (voi d) . This
must be a function object and cannot be a regular function type.

Template Parameters.
f : The function object whose return value has not been seen before.

Notes:

This relation is similar to relation uni que except that its argument is a function object
whose returnvalue is used to perform the uniqueness check. ILEs are often useful as
arguments to uni que_f .

Exceptions:

Any exception thrown by f () .

Example:

// if i is anitemin arrl and j is an itemin arr2
/1 print all pairs of i and j such that i*j is unique

I
int arrl[] = {0, 1, 2, 3, 3, 2};

int arr2[] {3, 2, 1, 6, 3, 1};

lref<int> i, j;

i nt expect ed=0;

relationr = item(i, arrl+0, arrl+5) && item(j, arr2+0, arr2+5)
&& uni que_f (i*j);

while(r())

COUt << *i << " " << *j << n\nn.



6. Cuts

Introduction

Theterm cut refers to afacility used in LP for atering the default backtracking behavior.
Its primary purpose is to dynamically eliminate from consideration some candidate paths
of evaluation during backtracking. By default, backtracking pursues all possible paths of
evaluation even if the paths do not produce any useful results. Backtracking itself has no
knowledge about which paths are likely to produce results and which will not. However,
the programmer may have sufficient knowledge to determine that in certain cases,
pursuing alternate paths later will be simply wasteful. For instance consider the following
relationwhich prints the result after comparing its two arguments:

relation greaterlLessEq(lref<int> n
, lref<int> cnmpVal) {
return wite(n) & wite(" is ") &&
( predicate(n<cmpVal ) && wite("lesser")

|| predicate(n>cnpVal) && wite("greater")
|| predicate(n==cnpVal) & write("equal") );

}

It is clear by observation that if predi cat e(n<cnpVal ) inthefirst clause succeeds, both
pr edi cat e( n>cnpVal ) and pr edi cat e( n==cnpVal ) in the subsequent clauses will fail.
Similarly if first clause fails and the second clause succeeds due to successful evaluation
of predi cat e(n==cnpval ), the third clause can be ignored by backtracking. Thus the
successful evaluation of predi cat e( n<cnpVval ) and predi cat e(n>cnpval ) are two
important stages in the evaluation of this relations. At each of these points we can commit
to the current path of evaluation and discard all alternatives. In other words, we can “ cut
out” the alternative paths. We can redefine the above relation using cuts by as follows:

rel ation greaterLessEg2(lref<int>n
, lref<int> cnmpVal) {
return wite(n) & wite(" is ") &&
cut epxr ( predi cate(n<cnpVal ) && cut() && write("lesser")
|| predicate(n>cnpVal) && cut() && wite("greater")
| | predicate(n==cnpVal) && wite("equal") );
}

This definition includes two important changes. First, we have specified cut () at each
point where we are ready to commit to one path. These points are called cut points.
Second, we have enclosed the three clauses separated by digunction operators in a
cutexpr(...). Thecut() andthecutexpr () areusedin conjunction to specify the
point at which to commit to a path and the extent of the path we are interested in
committing to. By using cut () , we specify the points at which to commit, and by using
cut expr () weindicate the extent or the scope within which the cut points take effect.

In the above example, if predi cat e( n<crpVal ) succeeds, backtracking will encounter
cut () and consequently eliminate from consideration all alternatives available just after
the opening bracket of cut expr and up until the cut () . All alternatives available before



the cut expr and all dternatives after thecut () areleft asis. So, for instance, if the first
clause is rewritten as:

predi cate(n<cnmpVal ) && cut() &% ( wite("lesser") || wite("smaller") )

Here we have two aternative wr i t e clauses immediately following the cut () .This cut
point will not influence the choices that backtracking will make when evaluating the two
wri t e clauses. Backtracking only commits to the path starting at cut expr and ending at
the cut point.

A cut point without a surrounding cut expr, Or acut expr without any cut points are both
meaningless. By design, such mismatched occurrences will produce compilation errors.
The following usage of cuts wherein acut expr appearsin the caller and acut ()
appears in the calleg, is aso not allowed:

/1l Error: cannot dynam cally nest cuts

relation outer(...) {
return cutexpr( inner(..) || ... );
}

relation inner() {
return ... & cut() ...
}

Since cuts interfere with readability, their usage should be limited to cases when they
have sufficiently significant effect on performance. The exclusive or operator defined
over relations could be considered in many situations where cuts are applicable.
Conceptually the ex-or operator is a special case of the cut facility, only more readable.
In the above gr eat er LessEq example, we may ssimply replace all || operatorswith » as
follows:

rel ation greaterlLessEq(lref<int> n, Iref<int> cnpVal) {
return wite(n) & wite(" is ") &&
( ( predicate(n<cnpVal) && wite("lesser") )
N ( predicate(n>npVal) && wite("greater") )
N ( predicate(n==cnpVal) & & wite("equal") ) );

}

Also mote the use of additioral brackets around each clause separated by the » operator.
This is because operator ~ has a higher precedence than &&.

Support for cutsis provided in Castor viarelation cut expr, class cut and overloaded
operators&&, | | and .

cutexpr relation

t enpl at e<t ypename Expr Wt hCut >
Cut Expr _r<Expr Wt hCut > cut expr(const ExprWthCut& cut_expr)

Declarativereading: n/a



Template Parameters:
ExprWthcut : A type that implements member function bool exec(bool &).

Parameters:
cut _expr : Thisisarelation expression that includes a least one cut () .

Exceptions:
Any exception thrown by cut _expr .

Notes:
Relation cut expr provides a scope within which a cut operates. Refer to the introductory
section above on Cuts.

Also refer to:
cut

cut class
Purpose: Introduces a cut point in a cut expression.

Class Definition:
class cut{};

Notes:
The class cut isatrivia type with no user defined members. An instance of cut is used
solely to mark a cut point. Refer to the introductory section above on Cuts.



7. Helper classes and functions

effective_value function

tenpl ate <typenane T>

T& effective_value(T& obj) {
return obj;

}

tenpl ate <typenanme T>

const T& effective_value(const T& obj) {
return obj;

}

tenpl ate <typenane T>

T& effective_val ue(lref<T>& obj) {
return *obj;

}

tenpl ate <typenanme T>

const T& effective_value(const Iref<T>& obj) {
return *obj;

}

Brief Description: Ift 1 isalogic reference then its effective value is obtained by the
expression *t 1. Effective value of any other object t 2 ist 2 itsdlf.

Template Parameters.
T  Any type.

Parameters:
obj : The object whose effective value is desired.

Returns:
The effective value of obj .

Exceptions:
I nval i dDer ef : If obj isan uninitialized Iref.
Example:

[ref<int> |i=2;

int i=3;

cout << effective_value(li); // prints 2
cout << effective_value(i); // prints 3

Also refer to:
ef fective_type.



effective_type class (meta function)

t enpl at e<t ypenane T>
struct effective_type {

typedef T result_type
1

t enpl at e<t ypename T>
struct effective_type<liref<T> > {

typedef typenane |ref<T>::result_type result_type;
b

Brief Description: Effective type of alogic referencel r ef <T1> isT1. Effective type of
any other type 12 isT2 itself.

Template Parameters:
T : Any type.

Parameters:
obj : The object whose effective value is desired.

Returns:
The effective value of obj .

Notes. Class effective_type provides a single member typedef resul t _t ype for
determining the effective type of any given type.

Example:
effective_type<lref<string> > :result_type str; //str’s type is string
ef fective_type<string>::result_type str2; //str2’s type is string

Also refer to:
ef fective_val ue.

getValueCont function

t enpl at e<t ypenanme ContOf T, typenane Cont Of Lref T>
Cont OF T get Val ueCont (const Cont Of Lref T& cont)

Brief Description: Produces a sequence of POT values from a sequence of logic
references(or pointers or iterators). For example, it can be used to obtain avect or <i nt >
fromavect or <l ref <i nt > >. All logic referencesin cont must be initialized.

Template Parameters:

Cont O T : Thetype of container to be returned by the function. This type must aways be
explicitly specified as the compiler cannot infer atype for this. Must satisfy requirements
of standard C++ containers [$23.1].



Cont Of Lref T : A container of logic references (or pointers or iterators) from which
values are to be extracted by dereferencing each element. Must satisfy requirements of
standard C++ containers [$23.1].

Parameters:
cont : A sequence of logic initialized references.

Returns:
A sequence of values obtained by dereferencing each logic referencein cont .

Exceptions:
I nval i dDer ef : If any logic referencein cont isnot initialized at the time of evaluation

Notes: Time complexity is O(n), where n is the number of elementsin seq.

Example:
list<lref<int> > Iri; // list of logic refs
Iri.push_back(1); Iri.push_back(2); Iri.push_back(3);
vector<int> vi = getVal ues<vector<int> >(lri);
copy(vi.begin(), vi.end()
, Ostream.iterator<int>(cout," ")); // prints 1 2 3
Also refer to:
sequence.

OneSolutionRelation class

Purpose: Useful as a base class when imperatively implementing relations that produce
at most one solution.

Class Definition

t enpl at e<t ypenane Derived>
cl ass OneSol uti onRel ation {
publi c:
OneSol utionRel ation();
bool operator() (void);

b

Template Parameters.
Derived : Must implement methods bool apply() andvoid revert().

Notes:

Implementing a relation using imperative techniques often involves placing the
imperative code in a function object. To simplify some of the chore involved in the
implementation, oneSol ut i onRel at i on may be used as a public base class of the
function object. Note, this classis only useful in implementing relations that generate at
most one solution The derived function object is required to implement two methods
apply andrevert . OneSol uti onRel ati on implements the bool operat or () which



invokes these methods from the derived type. appl y is invoked when the evauation is
triggered on the relation for the first time. revert is called when the evaluation is
triggered for the second time. Thereafter neither appl y nor revert will be invoked,
instead oper at or () immediately returnsf al se to the caller. Like any other relation it
returnst r ue if it succeeds or f al se otherwise. On failure, the Iref arguments to the
relation should be left unmodified. On success, if any of the Iref arguments were
modified, these changes are expected to reverted inther evert method. Note thatr evert
will only be called if appl y succeeded previously.

Examples:

/11) Succeeds once, fails thereafter
struct True : OneSol utionRel ati on<True> {

bool apply() {
return true; // succeed trivially
}

void revert() {
/!l no side effects to revert

}
b
relation r = True();
while(r()) // condition will only succeed once
cout << "success";
e

/12) relation to generate/test string sizes

class StringSize : public OneSol utionRel ati on<StringSize> {
Iref<string::size_type> sz;
I ref<string> str_;
bool sz_changed,;

publi c:
/'l str_ is an input only paranmeter, sz is in/out
StringSize(lref<string> str_, lref<string::size_type> sz)
sz(sz), str_(str_), sz_changed(false)
{1}

bool apply (void) {
i f(sz.defined())
return *sz == str_->size();
sz = str_->size();
sz_changed = true;
return true;

}

void revert(void) {
i f(sz_changed) {
sz.reset();
sz_changed = fal se;



Iref<string> str = "Hello";
I ref<string::size_type> sz;
relation r = StringSize(str,sz) &k wite(sz);

re);

Also refer to:
predi cate



