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Preface

Welcome to B-Prolog, a versatile and efficient constraint logic programming (CLP)
system. B-Prolog is being brought to you by Afany Software.

The birth of CLP is a milestone in the history of programming languages.
CLP combines two declarative programming paradigms: logic programming and
constraint solving. The declarative nature has proven appealing in numerous ap-
plications including computer-aided design and verification, database, software
engineering, optimization, configuration, graphical user interface, and language
processing. It greatly enhances the productivity of software development and soft-
ware maintainability. In addition, because of the availability of efficient constraint-
solving, memory management, and compilation techniques, CLP programs can be
more efficient than their counterparts written in procedural languages.

B-Prolog is a Prolog system with extensions for programming concurrency, con-
straints, and interactive graphics. The system is based on a significantly refined
WAM [1], called TOAM Jr. [18] (a successor of TOAM [16]), which facilitates soft-
ware emulation. In addition to a TOAM emulator with a garbage collector written
in C, the system consists of a compiler and an interpreter written in Prolog, and
a library of built-in predicates written in C and Prolog. B-Prolog accepts not
only standard form Prolog programs but also matching clauses in which the de-
terminacy and input/output unifications are denoted explicitly. Matching clauses
are compiled into more compact and faster code than standard-form clauses. The
compiler and most of the libraries are written in matching clauses.

B-Prolog follows the standard of Prolog but also enjoys several features that
are not available in traditional Prolog systems. B-Prolog provides an interac-
tive environment through which users can consult, list, compile, load, debug and
run programs. The command editor in the environment facilitates recalling and
editing old commands. B-Prolog provides a bi-directional interface with C and
Java. This interface makes it possible to integrate Prolog with C, C++4, and
Java. B-Prolog offers you a language, called AR (action rules), which is useful for
programming concurrency, implementing constraint propagators, and developing
interactive user interfaces. AR has been successfully used to implement constraint
solvers over trees, Boolean, finite-domains, and sets. B-Prolog provides a state-of-
the-art implementation of tabling, which is useful for certain applications such as
parsing, problem solving, theorem proving, model checking, deductive databases,
and data mining. B-Prolog also provides a high-level and constraint-based graphics
library, called CGLIB.! The library includes primitives for creating and manipu-
lating graphical objects and a set of constraints that facilitates the specification
of layouts of objects. AR is used to program interactions.

This document explains how to use the B-Prolog system. It consists of the
following two parts.

Part-I: Prolog Programming

'CGLIB, a research prototype, is currently supported only in the Windows version. The
CGLIB user’s manual is provided as a separate volume.



This part covers the B-Prolog programming environment and all the built-ins
available in B-Prolog. Considerable efforts have been made to make B-Prolog
compliant with the standard. All possible discrepancies are explicitly described in
this manual. In addition to the built-ins in the standard, B-Prolog also supports
the built-ins in Dec-10 Prolog and some new ones such as those on arrays and
hashtables.

This part is kept as compact as possible. The reader is referred to The Prolog
Standard 2 for the details about the built-ins in the standard, and to textbooks
[2, 3,9, 11] and/or Web pages® for the basics of constraint logic programming.

Part-II: Agent and Constraint Programming

Prolog adopts a static computation rule that selects subgoals strictly from left to
right. No subgoals can be delayed and no subgoals can be responsive to events.
Prolog-II provides a predicate called freeze [4]. The subgoal freeze(X,p(X)) is
logically equivalent to p(X) but the execution of p(X) is delayed until X is instan-
tiated. B-Prolog provides a more powerful language, called AR, for programming
agents. An agent is a subgoal that can be delayed and can be later activated by
events. Each time an agent is activated, some actions may be executed. Agents
are a more general notion than freeze in Prolog-II and processes in concurrent logic
programming in the sense that agents can be responsive to various kinds of events
including user-defined ones.

A constraint is a relation among variables over some domains. B-Prolog sup-
ports constraints over trees, finite-domains, Boolean, and finite sets. In B-Prolog,
constraint propagation is used to solve constraints. Each constraint is compiled
into one or more agents, called constraint propagators, that are responsible for
maintaining the consistency of the constraint. A constraint propagator is acti-
vated when the domain of any variable in the constraint is updated.

AR a powerful and efficient language for programming constraint propagators,
concurrent agents, event handlers, and interactive user interfaces. AR is unique
to B-Prolog and are thus described in detail in the manual.

B-Prolog provides a declarative interface to linear programming (LP) and
mixed programming (MIP) packages through which LP/MIP problems can be
described in a CLP fashion.
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Chapter 1

Getting Started with B-Prolog

1.1 How to install B-Prolog

1.1.1 Windows

An installer is provided for installing B-Prolog on Windows (9x,Me,2000,NT,XP,and
Vista) automatically. The following instructions guide you to install B-Prolog
manually:

1. Download the file bp73_win.zip and store it in C:\.
2. Extract the files by using winzip or jar in JSDK.

3. Add the path C:\BProlog to the environment variable path. In this way
you can start B-Prolog from any working directory.

Notice that if B-Prolog is installed in a directory other than C:\, you should change
the script file bp.bat in the BProlog directory and the environment variable path
accordingly.

1.1.2 Linux

To install B-Prolog on a Linux machine, follow the following steps:

1. Download the file bp73_linux.tar.gz and store it in your home directory.
2. Uncompress bp73_linux.tar.gz and extract the files by typing
gunzip bp73_linux.tar.gz | tar xfv -
3. Add the following line to the file .cshrc or .bshrc in your home directory:
set path = ($path $HOME/BProlog)

such that you can start B-Prolog from any working directory.

Notice that if B-Prolog is installed in a directory other than your home direc-
tory, you should change the script file bp in the BProlog directory and the path
accordingly.



1.1.3 Mac

Follow the installation instructions for Linux.

1.2 How to enter and quit B-Prolog

Just like most Prolog systems, B-Prolog offers you an interactive programming
environment for compiling, loading, debugging and running programs. To enter
the system, open a command window ! and type the command:

bp
After the system is started, it responds with the prompt | ?- and is ready to accept
Prolog queries. The command help shows part of the commands that the system
accepts.

help
To quit the system, use the query:
halt

or simply enter "D (control-D) when the cursor is located at the beginning of an
empty line.

1.3 Command line arguments

The command bp can be followed by a sequence of arguments:
bp {File |-Name Valuel}*

An argument can be the name of a binary file to be loaded into the system or a
parameter name followed by a value. The following parameters are supported:

e —-s xxx: xxx is the initial amount of words allocated to the stack and the
heap.

e -b xxx: xxx is the initial amount of words allocated to the trail stack.
e -t xxx: xxx Is the initial amount of words allocated to the table area.
e -p xxx: xxx is the initial amount of words allocated to the program area.

e —g Goal: Goal is the initial goal to be executed immediately after the system
is started. Example:

bp -g ‘‘writeln(hello)’’

If the goal is made up of several subgoals, then it must be enclosed in a pair
of double quotation marks. Example:

bp -g ‘‘set_prolog_flag(singleton,off),cl(myFile),go’’
1On Windows, select Start->Run and type cmd or select
Start->Programs->accessories->command prompt.




1.4 The command line editor

The command line editor resides at the top-level of the system accepting queries
from you. A query is a Prolog goal ended with a new line. It is a tradition that
a period is used to terminate a query. In B-Prolog, as no query can expand over
more than one line, the terminating period can be omitted.
The command line editor accepts the following editing commands:

“F Move the cursor one position forward.

"B Move the cursor one position backward.

~“A  Move the cursor to the beginning of the line.

“E  Move the cursor to the end of the line.

"D Delete the character under the cursor.

“H Delete the character to the left of the cursor.

“K Delete the characters to the right of the cursor.

“U Delete the whole line.

"P Load the previous query in the buffer.

"N Load the next query in the buffer.
Notice that as mentioned above the command ~D will halt the system if the line
is empty and the cursor is located in the beginning of the line.

1.5 How to run programs

A program consists of a set of predicates. A predicate is made up of a sequence (not
necessarily consecutive) of clauses whose heads have the same predicate symbol
and the same arity. Each predicate is defined in one module stored in a file unless
it is declared to be dynamic.

The name of a source file or a binary file is an atom. For example, a1, A1’ and
7124’ are correct file names. A file name can start with an environment variable
$V or %V% which will be replaced by its value before the file is actually opened. The
file name separator ’/’ should be used. Since >\’ is used as the escape character
in quoted strings and atoms, two consecutive backslashes constitute a separator
as in ’c:\\work\\myfile.pl’.

Compiling and loading

A program needs be first compiled before being loaded into the system for execu-
tion. To compile a program in a file named fileName, type

compile(fileName) .

If the file name has the extension pl, then the extension can be omitted. The
compiled byte-code will be stored in a new file with the same primary name and
the extension out. To have the byte-code stored in a designated file, use

compile(fileName,byteFileName) .



As an extension, compile/1 accepts a list of file names.
To load a compiled byte-code program, type

load(fileName) .
To compile and load a program in one step, use
cl(fileName) .

As an extension, both load/1 and c1/1 accept a list of file names.

Sometimes, you want to compile a program generated by another program.
You can save the program into a file and then use compile or cl to compile it.
As file input and output take time, the following predicate is provided to compile
a program without saving it into a file:

compile_clauses(L).

where L must be a list of clauses to be compiled.

Consulting

Another way to run a program is to load it directly into the program area without
compilation (called consulting). It is possible to trace the execution of consulted
programs but not compiled ones. To consult a program in a file into the program
area, type

consult(fileName)
or simply
[fileName] .

As an extension, both consult/1 and []1/1 accept a list of file names.
To see the consulted or dynamically asserted clauses in the program area, use

listing
and to see the clauses defining a predicate Atom/Arity, use

listing(Atom/Arity)

Running programs

After a program is loaded, you can query the program. For each query, the system
executes the program and reports yes when the query succeeds or no when the
query fails. When a query that contains variables succeeds, the system also reports
the bindings for the variables. You can ask the system to find the next solution
by typing ’;’ after a solution. You can terminate the execution by typing ctl-c.



Example:

?- member (X, [1,2,3]).

The call abort stops the current execution and restores the system to the
top-level.



Chapter 2

Programs

This chapter describes the syntax of Prolog. Both programs and data are composed
from terms in Prolog.

2.1 Terms

A term is either a constant, a variable, or a compound term. There are two kinds
of constants: atoms and numbers.

Atoms

Atoms are strings of letters, digits, and underscore marks _ that begin with a
lower-case letter, or strings of any characters enclosed in single quotation marks.
No atom can contain more than 1000 characters. The backslash character ’\’
is used as an escape character. So, the atom ’a\’b’ contains three characters,
namely a, ’, and b.

Numbers

A number is either an integer or a floating-point number. A decimal integer is a
sequence of decimal digits with an optional sign preceding it. The range of integers
is from —227 4+ 1 = —268435455 to 227 — 1 = 268435455, inclusive.

An integer can be in the radix notation with a base other than 10. In general,
an integer in the radix notation takes the form base’digits where base is a decimal
integer and digits is a sequence of digits. If the base is zero, then the notation
represents the code of the character following the single quotation mark. The
notation “Ob” begins a binary integer; “0o” begins an octal integer; and “0x”
begins a decimal integer.

Examples:

e 2°100 : 4 in binary notation.



0b100 : 4 in binary notation.

8’73 : 59 in octal notation.

0073 : 59 in octal notation.

167 £7: 247 in hexadecimal notation.

0xf7: 247 in hexadecimal notation.

0’a: the code of a’, which is 97.

A floating-point number consists of an integer (optional), then a decimal point
and then another integer followed optionally by an exponent. For example, 23.2,
0.23, 23.0e-10 are valid floating-point numbers.

Variables

Variables look like atoms, except they have names beginning with a capital letter
or an underscore mark. A single underscore mark denotes an anonymous variable.

Compound terms

A compound term is a structure that takes the form of f(t1,...,t,) where n is
called the arity, and f called the functor, or function symbol, and t1,...,t, are
terms. In B-Prolog, the arity must be greater than 0 and less than 32768. The
terms enclosed in the parentheses are called components of the compound term.

Lists are special structures whose functors are ’>.’. The special atom ’[]’
denotes an empty list. The list [H|T] denotes the structure *."(H,T).

By detaul, a string is represented as a list of codes of the characters in the
string. For example, the string "abc" is the same as the list [97,98,99]. The
backslash character >\’ is used as the escape character for strings. So, the string
"a\"c" is the same as [97,34,98] where 34 is the code for the double quotation
mark. The representation of a string is dependent on the flag double_quotes (see
5.9).

Arrays and hashtables are also represented as structures. All built-ins on struc-
tures can be also applied to arrays and hashtables. It is suggested, however, that
only primitives on arrays and hashtables be used to manipulate them.

2.2 Programs

A program is a sequence of logical statements, called Horn clauses, of three types:
facts, rules, and directives.



Facts

A fact is an atomic formula of the form p(ty, o, ..., t,) where p is an n-ary predicate
symbol and t1,to,...,t, are terms which are called the arguments of the atomic
formula.

Rules

A rule takes the form of

H :- B1,B2,...,Bn. (n>0)
where H, B1, ..., Bn are atomic formulas. H is called the head and the right
hand side of :- is called the body of the rule. A fact can be considered a special

kind of rule whose body is true.
A predicate is an ordered sequence of clauses whose heads have the same pred-
icate symbol and the same arity.

Directives

A directive gives a query that is to be executed when the program is loaded or
tells the system some pragmatic information about the predicates in the program.
A directive takes the form of

:- B1,B2,...,Bn.

where B1, ..., Bn are atomic formulas.

2.3 Control constructs

In Prolog, backtracking is employed to explore the search space for a query and a
program. Goals in the query are executed from left to right, and the clauses in each
predicate are tried sequentially from the top. A query may succeed, may fail, or
may be terminated because of exceptions. When a query succeeds, the variables in
it may be bound to some terms. The call true always succeeds, and the call fail
always fails. There are several control constructs for controlling backtracking, for
specifying conjunction, negation, disjunction, and if-then-else, and for finding all
solutions.

Cut

Prolog provides an operator, called cut, for controlling backtracking. A cut is
written as ! in programs. A cut in the body of a clause has the effect of removing
the choice points, or alternative clauses, of the goals to the left of it.



Example:

The query p(X) for the following program only gives one solution p(1). The cut
removes the choice points for p(X) and q(X), and thus no further solution will be

returned when you force backtracking by typing ’;’. Without the cut, the query
p(X) would have three solutions.

p(X):-q(X),!.
p(3).

q(1).
q(2).

When a failure occurs, the execution will backtrack to the latest choice point,
i.e., the latest subgoal that has alternative clauses. There are two non-standard
built-ins, called savecp/1 and cutto/1, which can make the system backtrack to
a choice point deep in the search tree. The call savecp(Cp) binds Cp to the latest
choice point frame, where Cp must be a variable. The call cutto(Cp) discards
all the choice points created after Cp. In other words, the call lets Cp be the
latest choice point. Notice that Cp must be a reference to a choice point set by
savecp (Cp).

Conjunction, disjunction, negation, and if-then-else

The construct (P,Q) denotes conjunction. It succeeds if both P and Q succeed.

The construct (not P) and \+ P denote negation. It succeeds if and only if P
fails. No negation is transparent to cuts. In other words, the cuts in a negation
are effective only in the negation. No cut in a negation can remove choice points
created for the goals to the left of the negation.

The construct (P;Q) denotes disjunction. It succeeds if either P or Q succeeds.
(@ is executed only after P fails. Disjunction is transparent to cuts. A cut in P or Q
will remove not only the choice points created for the goals to the left of the cut in
P or Q but also the choice points created for the goals to the left of the disjunction.

The control construct (If->Then;Else) succeeds if (1) If and Then succeed,
or (2) If fails and Else succeeds. If is not transparent to cuts, but Then and
Else are transparent to cuts. The control construct (If->Then) is equivalent to
(If->Then;fail).

repeat /0

The predicate repeat, which is defined as follows, is a built-in predicate that is
often used to express iteration.

repeat.
repeat:-repeat.



For example, the query
repeat,write(a),fail

repeatedly outputs ’a’s until you type control-c to stop it.

call/1 and once/1

The call(Goal) treats Goal as a subgoal. It is equivalent to Goal. The call
once(Goal) is equivalent to Goal but can only succeed at most once. It is imple-
mented as follows:

once(Goal) :-call(Goal),!.

call/2—n (not in ISO)

The call(Goal,Al,...,An) creates a new goal by appending the arguments A1,
...,An to the end of the arguments of Goal. For example, call(Goal,Al1,A2,A3)
is equivalent to the following:

Goal=.. [F|Args],

append(Args, [A1,A2,A3] ,NewArgs),
NewCall=.. [F|NewArgs],
call(NewCall)

When compiled, n can be any positive number less than 2'®, when interpreted,
however, n cannot be larger than 10.

foreach/2-4 (not in ISO)

Prolog relies on recursion to describe iteration. It is inconvenient to write nested
loops using recursion. The lack of standard loop constructs in Prolog is considered
a weakness. B-Prolog, therefore, provides a built-in, named foreach, to remedy
this weakness.

The base form of foreach looks like:

foreach(Iterators,LocalVars,Goal)

where Iterators is a conjunction of iterators and LocalVars is a list of variables
occurring in Goal that are local to each iteration step. An iterator takes the form
I in S where I, called a loop variable, is a variable and S is a complete list or a
range expression in the form L. .U which denotes the list of integers between the
lower bound L and the upper bound U, inclusive. A bound expression can be any
arithmetic expression that gives an integer when evaluated. When LocalVars is
empty, it can be omitted. The foreach means that for each combination of values
of the loop variables in the iterators, call (Goal) is executed after all the variables
in LocalVars are renamed. A variable that occurs in Goal but is neither a loop
variable nor a local variable is shared by all iteration steps.

Examples:

10



?-foreach(I in [1,2,3],write(I)).
123

?-foreach(L in [[1,2],[3,4]], (foreach(I in L, write(I)),nl)).
12
34

?-functor(A,t,10) ,foreach(I in 1..10,arg(I,A,I)).
A=1t(1,2,3,4,5,6,7,8,9,10)

The power of foreach is more clearly revealed when used with arrays. The
following predicate creates an NxN array that contains the integers from 1 to NxN.

create_array(N) :-
a2_new(A,N,N),
foreach((I in 1..N,J in 1..N),[Aij],
(Aij is (I-1)*N+J, a2_get(A,I,J,Aij))).

Since arrays are often used in constraint programs, foreach considerably enhances
the modeling power of CLP(FD).

The following is another form of foreach which can be used to compute ag-
gregates:

foreach(Iterators,LocalVars,Accumulators,Goal)

where Accumulators is an accumulator or a list of accumulators and LocalVars
is a list of variables, which can be omitted if empty. One form of accumulator
looks like ac (AC,Init), where AC is a variable and Init is the initial value for the
accumulator before the loop starts. In Goal, recurrences can be used to specify
how the value of the accumulator in the previous iteration, denoted as AC~O0, is
related to the value of the accumulator in the current iteration, denoted as AC~1.
Let’s use Goal (AC;,AC;y1) to denote an instance of Goal in which AC~0 is replaced
with a new variable AC;, AC”1 is replaced with another new variable AC; 1, and all
local variables are renamed. Assume that the loop stops after n iteration steps.
Then this foreach means the following sequence of goals:

ACy = Imnit,
Goal (ACy,ACy),
Goal (Acl ,ACQ) N

Goal (AC,,_1,AC,),
AC=AC,,

Examples:

?-foreach(I in [1,2,3],ac(S,0),S"1 is S~0+I).
S =6
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?-foreach(I in [1,2,3],ac(R,[]),R"1=[I|R"0]).
R = [3,2,1]

?-foreach((I in [1,2], J in [a,bl), ac(L,[1), L~1=[(I,J)IL"0]).
L = [(2,b),(2,a),(1,b),(1,a)]

The following predicate takes a two-dimensional array and its dimensions, and
returns the minimum and maximum elements in the array:

array_min_max(A,M,N,Min,Max) :-
a2_get(A,1,1,A11),
foreach((I in 1..M,J in 1..N),[Aij], [ac(Min,A11),ac(Max,A11)],
(a2_get(A,I,J,Aij),
(Aij<Min~0->Min~1=Aij;Min~1=Min~0),
(Aij>Max~0->Max~1=Aij;Max"1=Max~0))).

Another form of accumulator is ac1(AC,Fin), where Fin is the final value of
the accumulator after the loop stops. A foreach with this form of accumulator
means the following sequence of goals:

ACy = FreeVar,
Goal (ACy,ACy),
Goal (Acl ,ACQ) N

Goal (AC,,_1,AC,),
AC,=Fin,
AC=FreeVar

We begin with a free variable FreeVar for the accumulator. After the iteration
steps, AC, takes on the value Fin and the accumulator variable AC is bound to
FreeVar.
Examples:

?-foreach(I in [1,2,3],ac1(R,[]),R"0=[I|R"1]).

R = [1,2,3]

?-foreach((I in [1,2], J in [a,bl), aci(L,[]), L~0=[(I,J)IL"1])
L=1[(1,a),,p),(2,a),(2,b)]
forall/2 (not in ISO)

The call forall(Generate,Test) succeeds if for every solution of Generate the
condition Test succeeds. This predicate is defined as follows:

forall(Generate, Test) :- \+ (call(Generate), \+ call(Test)).

For example, forall (member (X, [1,2,3]),p(X)).
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call_cleanup/2 (not in 1SO)

The call call_cleanup(Call,Cleanup) is equivalent to call(Call) except that
Cleanup is called when Call succeeds determinately (i.e., with no left choice point),
fails, or raises an exception.

time_out/3 (not in ISO)

The call time_out(Goal, Time, Result) is logically equivalent to once(Goal)
but it imposes a time limit in milliseconds on the evaluation. If Goal is not
finished when Time expires, the evaluation will be aborted and Result will be
unified with the atom time_out. If Goal succeeds within the time limit, Result
will be unified with the atom success.

All solutions

e findall(Term,Goal,List): Succeeds if List is the list of instances of Term
such that Goal succeeds. Example:

?-findall (X,member (X, [(1,a),(2,b),(3,c)]),Xs)
Xs=[(1,a),(2,b),(3,c)]

e bagof (Term,Goal,List): The same as findall(Term,Goal,List) except
for its treatment of free variables that occur in Goal but not in Term. It
will first pick the first tuple of values for the free variables and then use this
tuple to find the list of solutions List of Goal. It enumerates all the tuples
for the free variables. Example:

?7-bagof (Y,member ((X,Y), [(1,a),(2,b),(3,c)]) ,Xs)

X=1

Y=[al;

X=2

Y=[b];

X=3

Y=[c];

no

e setof (Term,Goal,List): Like bagof (Term,Goal,List) but the elements
of List are sorted into alphabetical order.
Aggregates

e minof (Goal,Exp) : Find an instance of Goal such that Exp is minimum,
where Exp must be an integer expression.

?-minof (member ((X,Y), [(1,3),(3,2),(3,0)]),X+Y)
X=3
Y=0
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e maxof (Goal,Exp): Find an instance of Goal such that Exp is maximum,
where Exp must be an integer expression.

?-maxof (member ((X,Y), [(1,3),(3,2),(3,0)]),X+Y)

X=3
Y=2
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Chapter 3

Data Types and Built-ins

A data type is a set of values and a set of predicates on the values. The following
depicts the containing relationship of the types available in B-Prolog.

e term

— atom
— number
* integer
x floating-point number
— variable
— compound term

* structure
* list

* array

* hashtable

The B-Prolog system provides a set of built-in predicates for each of the types.
Built-ins cannot be redefined unless the Prolog flag redefine builtin is set to be
on.

3.1 Terms

The built-ins described in this section can be applied to any type of terms.

3.1.1 Type checking

e atom(X): The term X is an atom.
e atomic(X): The term X is an atom or a number.

e float(X): The term X is a floating-point number.
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e real (X): The same as float (X).

e integer(X): The term X is an integer.

e number (X): The term X is a number.

e nonvar (X): The term X is not a variable.
e var(X): The term X is a free variable.

e compound(X): The term X is a compound term. It is true if X is either a
structure or a list.

e ground(X): The term X is ground.

e callable(X): The term X is a callable term, i.e., an atom or a compound
term. No type error will occur in a meta call such as call (X) if X is callable.
Notice that a callable term does not mean that the predicate is defined.

3.1.2 Unification

e X = Y: The terms X and Y are unified.
e X \= Y: The terms X and Y are not unifiable.

e X7=Y: The terms X and Y are unifiable. It is logically equivalent to: not (not (X=Y)).

3.1.3 Term comparison and manipulation

e Terml == Term2: The terms Terml and Term2 are strictly identical.
e Terml \== Term2: The terms Terml and Term2 are not strictly identical.

e Terml ©@=< Term2: The term Terml precedes or is identical to the term Term?2
in the standard order.

e Terml @ Term2: The term Terml follows the term Term2 in the standard
order.

e Terml @>= Term2: The term Terml follows or is identical to the term Term?2
in the standard order.

e Terml @< Term2: The term Terml precedes the term Term?2 in the standard
order.

e compare (Op,Terml,Term2): Op is the result of comparing the terms Terml
and Term?2.

e copy_term(Term,Copy0fTerm): CopyOfTermis an independent copy of Term.

e copy_termnat(Term,Copy0fTerm): Same as copy_term(Term, Copy0fTerm)
but no attribute is copied for attribued variables.
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e number_vars(Term,NO,N):

e numbervars(Term,NO,N): Number the variables in Term by using the in-
tegers starting from NO. N is the next integer available after the term is
numbered. Let NO, N1, ..., N-1 be the sequence of integers. The first variable
is bound to the term $var (NO), the second is bound to $var(N1), and so
on. Different variables receive different numberings and the occurrences of
the same variable all receive the same numbering. (not in 1SO).

e unnumber vars(Terml,Term2): Term?2 is a copy of Term1 with all numbered
variables $var (N) being replaced by Prolog variables. Different numbered
variables are replaced by different Prolog variables.

Number the variables in Term by using the integers starting from NO. N is the
next integer available after the term is numbered. Let NO, N1, ..., N-1 be the
sequence of integers. The first variable is bound to the term $var (NO), the
second is bound to $var (N1), and so on. Different variables receive different
numberings and the occurrences of the same variable all receive the same
numbering. (not in ISO).

e term_variables(Term,Vars):

e vars_set(Term,Vars): Vars is a list of variables that occur in Term.

e term_variables(Term,Vars,Tail): Difference list version of term_variables/2,

i.e. Tail is the tail of the incomplete list Vars.

3.2 Numbers

An arithmetic expression is a term built from numbers, variables, and the arith-
metic functions. An expression must be ground when it is evaluated.

e Expl is Exp2: The term Exp2 must be a ground expression and Expl must
be either a variable or a ground expression. If Exp1 is a variable, then the call
binds the variable to the result of Exp2. If Exp1 is a non-variable expression,
then the call is equivalent to Expl =:= Exp2.

e X =:= Y: The expression X is numerically equal to Y.

e X =\= Y: The expression X is not numerically equal to Y.
e X < Y: The expression X is less than Y.

e X =< Y: The expression X is less than or equal to Y.

e X > Y: The expression X is greater than Y.

e X >= Y: The expression X is greater than or equal to Y.

The following functions are provided:
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X + Y: addition.
X - Y: subtraction.
X * Y: multiplication.
X / Y: division.
X // Y: integer division.
X mod Y: modulo (X-integer(floor(X/Y))*Y).
X rem Y: remainder (X-(X//Y)*Y).
X /> Y : integer division (ceiling(X/Y)).
X /< Y : integer division (floor(X/Y)).
X *% Y : power.
-X : sign reversal.
X >> Y : bit shift right.
X << Y : bit shift left.
X /\ Y : bit wise and.
X \/ Y : bit wise or.
\ X : bit wise complement.
abs (X) : absolution value.
atan(X) : arctangent(argument in radians).
ceiling(X) : smallest integer not smaller than X.
cos(X) : cosine (argument is radians).
exp (X) : natural antilogarithm, e~.
integer (X) : convert X to integer.
float (X) : convert X to float.
float_fractional_part(X) : float fractional part.
float_integer_part (X) : float integer part.
floor (X) : largest integer not greater than X.

log(X) : natural logarithm, log.X.
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log(B,X) : logarithm in the base B, logp X.

max (X,Y) : the maximum of X and Y (not in ISO).

max (L) : the maximum of the list of elements L (not in ISO).
min(X,Y) : the minimum of X and Y (not in ISO).

min(L) : the minimum of the list of elements L (not in ISO).
pi : the constant pi (not in 1SO).

random : a random number (not in 1SO).

random(Seed) : a random number generated by using Seed (not in ISO).
round (X) : integer nearest to X.

sign(X) : sign (-1 for negative, 0 for zero, and 1 for positive).
sin(X) : sine (argument in radians).

sqrt (X) : square root.

sum(L) : the sum of the list of elements L (not in ISO).

truncate (X) : integer part of X.

Lists and structures

Term =.. List: The functor and arguments of Term comprise the list List.

append(L1,L2,L): True when L is the concatenation of L1 and L2. (not in
1S0).

append (L1,L2,L3,L): True when L is the concatenation of L1, L2, and L3.
(not in ISO).

arg(ArgNo,Term,Arg): The ArgNoth argument of the term Term is Arg.

functor(Term,Name,Arity): The principal functor of the term Term has
the name Name and arity Arity.

length(List,Length): The length of list List is Length. (not in ISO).

membchk (X,L) (not in ISO): True when X is included in the list L. '==/2’
is used to test whether two terms are the same. (not in ISO).

member (X,L): True when X is a member of the list L. Instantiates X to dif-
ferent elements in L upon backtracking. (not in ISO).
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attach(X,L): Attach X to the end of the list L. (not in ISO).
closetail(L): Close the tail of the incompelete list L. (not in ISO).
reverse(L1,L2): True when L2 is the reverse of L1. (not in ISO).

setarg(ArgNo,CompoundTerm,NewArg) (not in ISO): Replaces destructively
the ArgNoth argument of CompoundTerm with NewArg. The update is undone
on backtracking. (not in ISO).

sort (List1l,List2): List2 is a sorted list of List1 in ascending order and
without duplicates. (not in ISO).

sort(Order,List1,List2): List2 is a sorted list of List1 in the spec-
";=". Duplicates are not elimi-
sort(List1,List2) is same as

9.9 9. Y

ified order, where Order is ’{’,’;’,)=i’, or

nated if the specified order is '=j" or ';=".

sort(’<’,List1,List2). (not in ISO).

keysort (Listl,List2): Listl must be a list of pairs each of which takes
the form Key-Value. List2 is a copy of List1 sorted in ascending order by
the key. No duplicates are removed. (not in ISO).

nextto(X, Y, List) (not in ISO): True if Y follows X in List.

delete(Listl, Elem, List2) (not in ISO): True when Lisl with all oc-
curences of Elem deleted results in List2.

select(Elem, List, Rest) (not in ISO): True when List1l with Elem re-
moved results in List2.

nth0(Index, List, Elem) (not in ISO): True when Elem is the Index’th
element of List, counting starts at 0.

nth(Index, List, Elem) (notin ISO): nthi(Index, List, Elem) True when
Elem is the Index’th element of List, counting starts at 1.

last(List, Elem) (not in ISO): True if Last unifies with the last element
of List.

permutation(Listl, List2) (not in ISO): True when Xs is a permutation
of Ys. This can solve for Ys given Xs or Xs given Ys, or even enumerate Xs
and Ys together.

flatten(Listl, List2) (not in ISO): True when Lis2 is a non nested
version of List1.

sumlist (List, Sum) (notin ISO): Sum is the result of adding all numbers
in List.

numlist(Low, High, List) (notin ISO): List is alist [Low, Low+1,
High].
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e and_to_list(Tuple,List) (not in ISO): Let Tuple be (e1,eg,...,e,). List
is [[e1,€2,...,e,] .

e list to_and(List,Tuple) (notin ISO): Let List be [l[ej,es,...,e,]. Tuple
is (e1,e2,...,6,). List must be a complete list.

3.4 Set manipulation (not in ISO)

e is_set(Set): True if Set is a proper list without duplicates.

e eliminate duplicate(List, Set): True when Set has the same element
as List in the same order. The left-most copy of the duplicate is retained.

e intersection(Setl, Set2, Set3): True if Set3 unifies with the intersec-
tion of Set1 and Set2.

e union(Setl, Set2, Set3): True if Set3 unifies with the union of Set1 and
Set2.

e subset(SubSet, Set): True if all elements of SubSet belong to Set as well.

e subtract(Set, Delete, Result): Delete all elements from Set that occur
in Delete (a set) and unify the result with Result’

3.5 Arrays (not in ISO)

An array is a collection of elements. As array elements can be arrays, arrays can be
multi-dimensional. Arrays are created by the built-in predicate new_array (X,Ranges)
where X must be an uninstantiated variable and Ranges must be a list of positive
integers. Let Ranges be [N1,...,Nn]. Then, N1 is the size of the first dimen-
sion, N2 is the size of the second dimension, and so on. For example, the call
new_array(X, [10,20]) binds X to a two dimensional array where the first dimen-
sion has 10 elements and the second dimension has 20 elements. The 200 array
elements are free variables when the array is created.

The operator @= is provided for initializing and accessing arrays. The call
A~ [I] @= Elm unifies the Ith element of A with Elm. The index I must be an
expression whose value is from 1 to the size of the array. A type exception will be
raised if A is not an array. This notation extends to multi-dimensional arrays. In
general, the call A" [I1,...,In] @= Elm is equivalent to:

A~[I1] e= T, T"[I2,...,In] @= Elm
The operator @= can also be used to initialize arrays. For example,
new_array (X, [3]), X e= [1,2,3]

creates a one-dimensional array with three integers 1, 2, and 3, and the following
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new_array(X,[2,2]), X e= [[1,2],[3,4]]

creates a two-dimensional array with four integers. Notice that lists or lists of lists
are not treated as arrays in other contexts.

e new array(X,Ranges): X is an array whose dimension sizes are specified by
Ranges.

e a2 new(X,N1,N2): The same as new_array (X, [N1,N2]).
e a3 new(X,N1,N2,N3): The same as new_array (X, [N1,N2,N3]).

e X"length @= Length: The length of the array X is Length. If X is a multi-
dimensional array, then Length is the size of the first dimension.

e X"dimension @= Dim: Dim is the dimension of X.

e X"rows @= Rows: Rows is a list of rows in the array X. The dimension of X
must be no less than 2.

e X"columns @= Cols: Cols is a list of columns in the array X. The dimension
of X must be no less than 2.

e X"diagonall @= Diag: Diag is a list of elements in the left-up-diagonal
(elements Xnl,...,X1n) of array X, where the dimension of X must be 2 and
the number of rows and the number of columns must be equal.

e X"diagonal2 @= Diag: Diag is a list of elements in the left-down-diagonal
(elements X11,...,Xnn) of array X, where the dimension of X must be 2 and
the number of rows and the number of columns must be equal.

e is_array(A): Succeeds if A is an array.

e X Indexes @= Elm: The element at Indexes of the array X is Elm. Indexes
must be a list of integers [I1,I2,...,In] where Ii must be an integer in
the range from 1 to the size of the corresponding dimension. Notice that
indexes start from 1, which is different from in many other languages.

e a2 get(X,I,J,Xij): The same as X~ [I,J] @= Xij. .
e a3 get(X,I,J,K,Xijk): The same as X~ [I,J,K] @= Xijk. .

e X"Indexes @:= Elm: Destructively replace the element at Indexes of the
array X by Elm. The update is undone upon backtracking.

e array_to_list(X,List): The term List is a list of all elements in array
X. Suppose X is an n dimensional array and the sizes of the dimensions are
N1, N2, ..., and Nn. Then List contains the elements with indexes from
[1,...,11, [1,...,2], to [N1,N2,...,Nn].
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3.6 Hashtables (not in 150)

e new_hashtable(T): Create a hashtable T with 7 bucket slots.

e new_hashtable(T,N): Create a hashtable T with N bucket slots. N must be
a positive integer.

e is_hashtable(T): T is a hashtable.

e hashtable_get(T,Key,Value): Get Value that has the key Key from hashtable
T. Fail if no such a value exists.

e hashtable register(T,Key,Value): Get Value with Key from hashtable
T. Put the value under Key into the table if not found.

e hashtable_size(T,Size): The size of hashtable T, i.e., the number of bucket
slots, is Size.

e hash_code(Term,Code): The hash code of Term is Code.

e hashtable to_list(T,List): List is the list of key and value pairs in
hashtable T.

e hashtable keys_to_1list(T,List): List is the list of keys of the elements
in hashtable T.

e hashtable_values_to