Version 1.2.3
December 1, 2001

Interfacing to C and C++

Michael Mehl
Tobias Miller
Christian Schulte
Ralf Scheidhauer

moOiart



Abstract

Oz provides a simple yet powerful interface to dynamically link native C and C++ code
to Oz. It provides for access and conversion from most Oz values to C data structures and
vice versa and supports mechanisms to handle suspension for C(++) functions.
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Introduction

Oz provides a simple yet powerful interface to dynamically link native C and C++ code
to Ozf]. It provides for access and conversion from most Oz values to C data structures
and vice versa and supports mechanisms to handle suspension for C(++) functions.

The usage of the C and C++ interface is first explained using an example followed by
a reference part that describes the interface in detail.

1Dynamic linking is currently not supported on the AIX/RS6000 platform.
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A small Example

Figure 2.1: File get env. cc: a C++ program to provide a getenv for Oz

# /11
Il 2

Oz_Bl _define(Bl getenv, 1, 1) Il 3
{ Il 4
Qz_decl ar eAt on( 0, envVar Nan®) ; /Il'5
Il 6

char *envVal ue = getenv(envVar Nane); 17
/1 8

if (envValue == 0) /* not defined in environment */// 9
return QZ_FAI LED; /110
/111

QZ_RETURN_ATOM envVal ue) ; /112

} OZ_BI _end /113
/114

/115

QZ_C proc_interface oz_interface[] = { /116
{ , 1,1, Bl get env}, /117
{0,0,0,0} /118
}; /119
/120

QZ_C proc_interface *oz_init_nodul e() { /121
return oz_interface; /122

} /123

Suppose we want to provide an Oz native module Goodi es containing a single pro-
cedure { Goodi es. getenv Var A Val ueA} as an interface to the C library function
get env(3): it constrains Vval ueA to an atom, which is the value of the environment
variable Vvar A, where Var A is an atom. Thus { Goodi es. get env X3 will con-
strain X to an atom representing the path to our home directory. To realize this we have
to perform the following steps:

1. Write a piece of C code.

2. Create an object file from the C code.
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3. Create a dynamic library from the object file(s).

4. Link the library into Oz.

These steps are explained in more detail below.



The C Part

Figure P.J shows a first attempt to provide access to the get env C library function
as explained above. In the following we will go through it in detail and successively
improve it.

Every C program that will be linked to Oz must include the header file mozar t . h (line
1 in Figure R.1), which is located in the i ncl ude subdirectory of the Oz installation
directory. It contains the definition of the data structures and functions used to interface
C to Oz. All these data structures start with ©z_ such that they will not clash with the
user’s name space.

To declare a C function that can be used from Oz you have to enclose its declaration
into the macros Oz_BI _def i ne( name, inarity, outarity) and 0z_BI _end . The follow-
ing code fragment declares a C-function Bl get env for inclusion into Oz, which has
one input an one output argument:

Qz_BI _define(Bl getenv, 1, 1)
{

} Oz_BI _end

Oz represents data like strings, integers, floats, etc. different than C. For this reason
nozart . h provides type testing functions and routines to convert from the C into the
Oz representation and vice versa. All Oz values are summarized in one abstract C data
type called 0z_Ter m.

To signal whether the call to a C function was successful or not it must return a
value of type Oz _Ret ur n, which may be oz _FAlI LED (in which case failure will oc-
cur), Oz_ENTAI LED to signal successful completion. 0z Ret ur n also contains several
other values, which are not visible to the user. They are only used for internal purposes,
for example to handle suspension or raising exceptions.

It is important that your C function returns one of the above values. Not returning a
value will inevitably crash the executing Oz engine!

In line 5 we use the macro Oz_decl ar eAt on( n, nane) : it checks whether the n-th
input argument is an atom and declares a new C++ variable of type char * with name
name. So line 5 declares envVvar Nanme which holds the C++ string representation of the
first and only input argument.



Chapter 3. The C Part

Values that can be passed as input arguments can of course be logic variables! Do not
confuse this with output arguments: Output arguments are handled only after the C
function returns!

In line 7 we declare a C++ variable envVval ue which will temporarily hold the return
value of Bl get env.

In lines 9-11 of Figure P.J we check whether an environment variable of the requested
name exists and return Oz_FAI LED if not.

Line 19 loads the result into the output argument of Bl get env using the macro 0z_RETURN_ATOM
it converts its argument to an Oz atom assigns the first output register to that value and

leaves the function with ©z_ENTAI LED signalling that the call to Bl get env was success

full.

Lines 16-23 in Figure R.J are needed for the linking step and will be explained in
Sectionf.3.



Creating a DLL

4.1 Compiling the C++ program

The Mozart system provides ozt ool [] which we recommend you invoke instead of
calling the C/C++ compiler directly:

oztool c++ -c getenv.cc -o getenv.o

ozt ool takes care of many unpleasant details for you; for example, it supplies the
compiler with the appropriate option for the generation of position independent code.

4.2 Creating a dynamic library

Now, we create a shared object from the compiled object file obtained above. Again
you should invoke ozt ool rather than call the linker directly:

oztool |d getenv.o -0 getenv.so
This takes care of many ugly details (especially on Windows where they could easily
drive you nuts). Actually, you should really create a shared object file with, as suffix,
the platform for which it was created. For example:

oztool |d getenv.o -0 getenv.so-linux-i486
The reason is that the Oz module manager was designed to support platform indepen-
dent module import specifications, but, of course, native modules must be resolved to

platform dependent implementations. The default resolution strategy achieves this by
means of platform suffixes.

In order to write portable makefiles, you can use ozt ool to print out the platform name:
oztool platform
Thus a portable way to create the shared object is:

oztool |d getenv.o -0 getenv.so-

1Chapter The Oz DLL Builder: ozt ool , (Oz Shell Utilities)



8 Chapter 4. Creating a DLL

4.3 Linking a native module

In the last step we make the native module available by linking it into Oz. Lines
16-23 in Figure P.7 are needed to declare the export signature of the native module.
A function named oz_i ni t _nodul e must be exported by every native module: this
function will be called when the module is linked into Oz. It can be used to do some
module dependent initialization and has to return an array whose elements are of type
Oz_C proc_i nt er f ace; the end of the array must be terminated by an empty structure.
The array describes the signature of the functions being exported from the module:

typedef struct {
const char * nane;

short inArity;
short outArity;
Qz_CFun func;

} OZ_C proc_interface;

nane is a string naming the feature under which the native function will be accessible
from Oz (see below). i nAri ty and out Ari t y specify the number of input and output
arguments. f unc is a pointer to the function being exported.

Now we can link our module into Oz by executing:

decl are
[ Goodi es] ={ Mbdul e. i nk [ 1}

This will lazily load the module upon first access and bind Goodi es to a record with
a single (since we exported only one function) feature named get env (this is derived
from the value of the nane field of Oz_C proc_i nterface). Now we can call it like
this:

{Browse {Goodies. getenv 1}
The module can also be imported by any Oz module:

functor
import G at
define
{G getenv ...} ...
end

Note that the url used in the import specification does not supply the platform suffix, but
adds the { nat i ve} annotation. The module manager (or more precisely the resolver)
will remove the annotation and replace it with the suffix appropriate for the current
platform.



Creating DLLs under Windows

ozt ool works under Windows as described in Chapter f|. In addition ozt ool can be
directed to call different compilers and linkers to create object files and DLLs. This is
done by specifying one of the following options to ozt ool (- gnu is the default):

e - gnu: use mingw32f or cygwin (i.e., egcs)
e -nsvc: use Microsoft Visual C++ 5.0/6.0

e -wat cont use Watcom 10.x

You can use the option - ver bose to let ozt ool print out the commands it executes.
This will also give you an idea of what steps to perform if you want to use another
compiler than those mentioned in the above list.

5.1 Known Bugs and Problems

1. When creating DLLs with cygwinfl, make sure that cygwi n. dl | is correctly
initialized. The document README.jni.txtf] might give some more help under

2. Itis not possible to link to a C run-time library other than nsvcert. dl | .

3. Because of incompatible name-mangling schemes of different C++ compilers,
a library making use of the foreign function interface’s C++ classes must be
compiled with GNU C++ to link correctly.

Ihttp: //ww. xraylith. w sc. edu/ ~khan/ sof t war e/ gnu- wi n32/ i ndex. ht n
2http: // sour cewar e. cygnus. cond cygwi n/
Shttp://wwmv. xraylith. w sc. edu/ ~khan/ sof t war e/ gnu-

wi n32/ README. j ni . t xt
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Tuning the Example

Raising Exceptions In line 10 the program simply returns ©z_FAI LED if the envi-
ronment variable is not defined, which is not good programming style. It should better
raise an exception. This can be done using

QZ_Return OZ_raise(QZ_Termt);

which raises the exception t . In our example we should replace line 10 with something
like

return OZ_rai se(QZ_at om ));

We leave as an exercise to the reader to give more informative exception, e.g. adding
the name of the undefined variable.

Raising type errors Furthermore an extra function is provided for raising type
errors. The macro Oz_decl ar eAt omused in our example makes use of this function.
Type errors can be signaled using

QZ_Return OZ_typeError(int pos, char *expectedType);

This is an exception signaling that the argument at position pos is incorrect and the
name of the expected type is expect edType.

Suspension of C functions The macro 0z_decl ar eAt ominternally also makes
use of facilities that allow C functions to suspend the running thread on variables. Thus
Oz_decl ar eAt omuses some code of the following form:

if (OzZ_isVariabl e(envVvar Nane)) {
QZ_suspendOn( envVar Nane) ;

}

If envVar Nane is an unconstrained variable then 07 suspendon iscalled. 07 suspendn
is a macro that takes a variable as argument and suspends the current thread. If the
variable is determined the suspended thread becomes runnable in which case it will
reexecute the C function from the beginning.

The application
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declare X in {Browse {Goodies. getenv X}}

will call the C function as above. But the first argument is detected as variable and the
executing thread suspends.

If we feed
X=

the C function Bl get env is called again from the beginning and the browser updates
the display of the value of the environment variable as expected.



Specification of the C interface

Below we give a reference of the functionality provided by the C and C++ interface.

7.1 General Remarks

Before we go into more detail we start with some general remarks.

Several functions of the interface rely on the fact that their arguments are of a certain
type. For example

char *QZ_atonroC(QZ_Term t)

expects ¢ to be an Oz atom and returns a string representing the print name of t. In
case t is not an atom, the behaviour of Oz_at oniToC is undefined and it will typically
crash the whole system.

If not stated otherwise all functions that return pointers into memory, return a pointer
to a memory area that is allocated statically. This provides highest flexibility and
efficiency. For example the string returned by ©z_at onToC must not be overwritten by
the user and the next call to any of the interface functions may modify it. So the user
should take care to make a copy of these memory blocks if necessary and free it again
himself.

7.2 Data types

The following data types are defined in the interface:

OZ_Return
typedef enum {OZ_FAI LED=0, OZ_ENTAI LED=1, ... } OZ Return;
Return values for C functions to be interfaced to Oz.
QZz_CFun
typedef QZ_Return (*OZ_CFun)(OZ_Term=* [])
Signature of an interface function.
QZ_Term

typedef ... OZ_Term
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This is the abstract data type for Oz values.

Oz_C proc_interface
typedef struct {
const char * nane;

short i NArity;
short outArity;
QzZ_CFun func;

} Oz_C proc_interface;
This structure declares the signature of a function being exported from a native module.

7.3 Declaration

Oz Bl _define

Qz_Bl _end
Qz_BI _define(Name, InArity, QutArity)
{ ... CJC++ code ... }
Qz_Bl _end

Every foreign function imported to Oz has to be declared using this pattern. Nane is
the name of the function being defined. | nAri t y and cut Ari t y specify the number of
input and output arguments the function expects.

7.4 Accessing arguments

7.4.1 Accessing input arguments

QZ_decl areTerm(n, var)

Declares a new variable of type Oz_Ter mnamed var , which is initialized with the value
of the n-th (counting starts from zero) input argument.

In case you plan to use unification for passing output arguments, you still have to pass
the logic variable with which you want to unify as input argument.

QZ_decl areDet Ter m(n, var)
Works like 0z_decl ar eTer mbut additionally suspends if the input argument is a free
variable.

Oz_decl arel nt(n, var)

The function expects in input argument number n an Oz integer. It then declares a
variable named var of type i nt and initializes var with the value of this argument.
The macro raises an exception if the argument is ill typed and suspends if the argument
is an unbound variable.

OzZ_decl ar eFl oat (n, var)

Works like 0z _decl arel nt but expectes an Oz float and declares a variable of type
doubl e.
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QZ_decl ar eAt on( n, var)
Works like 0z_decl ar el nt but expectes an Oz atom and declares a variable of type
char *.

QZ_decl areVirtual String(n,var)
Works like Oz_decl ar el nt but expectes an Oz virtual string and declares a variable
of type char *.

QZ_decl areVS(n, var, | en)

Like 0z_decl areVirtual String, but additionally sets | en to the size of the result.

QZ_decl ar eBool (n, var)

Declares a variable of type i nt named var, which is non-zero iff the n-th argument is
equal to t r ue.

The above macros always declare a new C variable and then do some checks. Therefor
in C (not in C++) only one of them can be used only at the start of a new block state-
ment. For this reason there is also a second set of macros named Oz_set * that expect
that their second argument has already been declared. Thus in C++ you can use

Qz_decl areAt om0, nystring);
QZ_decl arel nt (1, nyint);

whereas in plain C you have to write
char *nystring;
int nyint;

Qz_set At onm( O, mystring);
QZ_setInt (1, nyint);

7.4.2 Accessing output arguments

QZ_out (n)
Abstract access to output argument number n (counting starts with 0). Should only be
used for writing an output argument and never for reading. Usage is like
QZ_out (3) = OZ_aton{ );
This macro should only be used in case a function returns more than one value. For
returning values in the first output argument one of the functions below should be used.
QZ_RETURN( V)

Returns from the C function with output value V. It is a macro which expands to
return (QZ_out (0)=V, OZ_ENTAI LED)
For convenience we also provide the following macros:

QZ_RETURN_I NT( 1)
Return a C integer. Expands to OzZ_RETURN( OZ_i nt (1))
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QZ_RETURN_ATOM A)
Return a C integer. Expands to Oz_RETURN( OZ_at on( A))

OZ_RETURN_STRI NG S)
Return a C integer. Expands to Oz_RETURN( OZ_st ri ng(S))

QZ_RETURN_BOOL( X)
Returnsf al se if X equalsto 0, t r ue otherwise. Expands to Oz RETURN( ( X) ?0Z_true(): Oz _fal se())

7.5 Type testing
To check whether a given Oz_Ter mis a certain Oz value several functions are provided:

QZ_i sAtom

OZ_i sBool

QZ_i sCel |

QZ_i sThread

OZ i sPort

QZ_i sChunk

Qz_i sDictionary

Qz_i sCons

OZ i sFal se

OZ_i sFeature

OZ_i sFl oat

QZ_i sl nt

QZ_i sBi gl nt

OZ isSmall I nt

QZ_i sNunber

QZ isLiteral

QZ_i sNane

QZ_i sNi |

QZ_i shj ect

QZ_isPair

QZ_isPair2

OZ_i sProcedure

OZ_i sRecord

QZ_isTrue

QZ_i sTupl e

QZ_isUnit

OZ i sVal ue

QZ_isVariabl e

QZ_isBitString

OZ_isByteString

OZ_i sFSet Val ue
All these functions have the same signature. For example Oz_i sAt omis declared
asint OZ_isAtom OZ_Termt)

All type tests return nonzero iff their argument is of the respective type.
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A few of these need some more explanation:
int OZ_isBiglnt(OZ Termt) int OZ_isSmallInt(QZ Termt)

The emulator has two representations for integers: small integers and big integers.
Small integers are implemented very efficiently.

int OZ_isPair(OZ Termt)

Returns zero iff t is a tuple with label #.

int OZ_isPair2(QZ Termt)

Returns nonzero iff t is a tuple with label # and arity of 2.
int OZ_isValue(QZ Termt)

Returns nonzero iff t is not a variable.

int OZ_isVariable(OZ Termt)

Returns nonzero iff t is a variable.

OZ i sLi st
int OZ_isList(OZ_ Termterm OZ Term *var)
Returns nonzero iff t er mis a list. If t er mis no list, but the tail is a variable, then *var
is set to the tail of the list, else it is set to null. var may be null. If t er mis cyclic then
OZ_i sLi st never terminates!
OZ_isString

int OZ_isString(OZ_Termterm OZ Term *var)

Returns nonzero iff t er mis an Oz string. If t er mis no string, but the tail or an element
of the list is a variable, then *var is set to this variable, else it is set to null. var may
be null. If t er mis cyclic then Oz_i sSt ri ng never terminates!

QZ_isVirtual String
int OZ_isVirtual String(OZ_Termterm OZ Term *var)

Returns nonzero iff t er mis a virtual string. If t er mis no virtual string, but contains a
variable, then *var is set to this variable, else it is set to null. var may be null. If t er m
is cyclic then Oz i sVi rt ual St ri ng never terminates!

QZ ternlype
OZ_Term OZ_termlype(OZ_Term t)

Returns an atom describing the type of t . The following types are returned:

variable, int, float, atom nane, tuple, record, fset,
forei gnPoi nter, procedure, cell, space, object, port,
chunk, array, dictionary, lock class, resource

(see also Vval ue. t ype in Section Variable Status, (The Oz Base Environment)).
7.6 Conversion

The following functions are used to convert from Oz values to C data structures and
vice versa.
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QZ_atom
QZ_Term OZ_at om(char *s)
Converts C string s to an Oz atom.
QZ_atomloC
char *QZ_atonroC(QZ_Term t)
Converts Oz atomt to a C string.
Z int
QZ_Term OQZ_int(int 1)
Converts C integer i to an Oz integer.
Z intToC
int OZ_intToC(OZ_Termt)
Converts Oz integer t to a C integer. If the Oz integer doesn’t fit into the C integer, the
maximal resp. minimal C integer values are used.
QZ_par sel nt

char *QZ_parselnt(char *s)
Parse s as an Oz integer. Returns a pointer to the next character after the integer or null
if s does not start with an integer in Oz syntax (see “The Oz Notation”).
Oz _CstringTol nt
QZ_Term OZ_CstringTol nt (char *s)
Converts C string s to an Oz integer. s must be a valid integer in Oz syntax (see “The

Oz Notation”).
Oz _fl oat ToC
doubl e OZ_fl oat ToC(OZ_Termt)
Converts Oz float t to a C float.
QZ _fl oat
QZ_Term OZ_f | oat (doubl e )
Converts C float f to an Oz float.
Z bool ToC

int OZ_bool ToC(OQZ Termt)
Returns non-zero iff t isequal tot r ue.
OZ_par seFl oat
char *QZ_par seFl oat (char *s)
Parse s as an Oz float. Returns a pointer to the next character after the float or null if s
is not an float in Oz syntax (see “The Oz Notation™).
Qz_CstringToFl oat
QZ_Term QZ_CStri ngToFl oat (char *s)
Converts C string s to an Oz float. s must be a valid float in Oz syntax (see “The Oz
Notation”).

OZ_Cstri ngToNumber



7.7. Term access and construction 19

QZ_Term QZ_Cstri ngToNunber (char *s)

Converts C string s to an Oz number. s must be a valid integer or float in Oz syntax
(see “The Oz Notation™).

Z toC
char *QZ_toC(OZ_Termt, int depth, int width)
Converts any Oz term t to an C string. This functions doesn’t check for cycles. A
dept h of n means that trees are printed to a depth limit of n only, deeper subtrees are
abbreviated by ,,,. A wi dt h of n means that for lists at most n elements and for records
at most n fields are printed, the unprinted elements and fields are printed by ,,,.
QZ_string

QZ_Term OZ_string(char *s)
Converts C string s to an Oz string.
OZ stringToC
char *QZ_stringToC(OZ_Termt, int *n)
Converts Oz string t to a C string and returns in n the length of string.
OZ_virtual StringToC
char *QZ_virtual StringToC(QZ_Termt, int *n)

Converts Oz virtual string t to a C string. The returned value is overridden with the
next invocation of this function.

7.7 Term access and construction

Several functions are available to access and construct terms.

QzZ_| abel
QZ_Term OZ_| abel (OZ_Termterm
Returns the label of t er m
QZ_wi dt h
int &Zwdth(OZ_Termterm
Returns the width of t er m
OZ_tuple
QZ_Term OZ_tupl e(OZ_Term | abel, int w dth)
Returns a new tuple with label | abel and width wi dt h. Note that the values of all sub-
trees are still undefined. Hence a call to this function should be immediately followed
by calls to Oz_put Ar g.
OZ_put Arg

int OZ_putArg(QZ_Termtuple,int pos, OZ Term arQg)

Destructively sets the subtree of tuple t upl e at pos to ar g. The tuple arguments are
numbered starting from 0. Should be only used for tuples created with Oz_t upl e.

OZ_nkTupl e
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QZ_Term OZ_nkTupl e(OZ_Term | abel, int width, ...)
Returns a new tuple with label | abel and width wi dt h. All subtrees from 1 to wi dt h
must be given as arguments after wi dt h. Example:
QZ_nkTupl e( OZ_at om( ), 2, Z_at om( ), Z_int(1))
creates the tuple f (a 1).
QZ_nkTupl eC
OZ_Term OZ_nkTupl eC(char *|abel, int width, ...)
Analogously to oz_nkTupl e, but expects the label as a C string.
OZ _getArg
QZ_Term OZ_get Arg(OZ_Term tupl e, int pos)
Returns the subtree of tuple t upl e at pos. The tuple arguments are numbered starting
from 0.
QzZ_ni |
QZ_Term OZ_ni |l ()
Returns the atom ni | .
QZ_cons
QZ_Term QZ_cons(OZ_Term head, OZ_Termtail)
Returns a binary tuple with label , Where the first field is head, the second is t ai | .
OZ_head
QZ_Term OZ_head(OZ_Term t)
Returns the first field of t . t must be a tuple with label and width 2.
QZ tail
OZ_Term OZ_tail (OZ_Termt)
Returns the second field of t . t must be a tuple with label and width 2.
QZ_l ength
int OZ_length(OZ _Termt)
Compute the length of the Oz list t . This function returns - 1, if t is not determined
and - 2, if t is nota list.
Oz _toli st
OZ_Term OZ_toList(int n, OZ Term *t)
Creates an Oz list out of an array t of n values.
QZ_pair
QZ_Term OZ_pair(int n)
Returns a mixfix pair, with n subtrees. The subtrees are not initialized and must be
defined with oz_put Ar g.
QZ _pair2

QZ_Term OZ_pair2(OQZ_Termleft, OZ_Termright)
Returns a mixfix pair, where the first field is | ef t and the second is ri ght .
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QZ_pairA
QZ_Term QZ_pairA(char *left, OZ Termright)

Macro for creating a mixfix pair of an atom and a value. It is defined as:
QZ_pair2(QzZ_aton(l eft), right)
QZ_pai r AA
QZ_Term OZ_pairAA(char *left, char *right)
Macro for creating a mixfix pair of two atoms. It is defined as:
QZ_pair2(Qz_aton(left), Qz_aton(right))
QZ_pair Al
OZ_Term OZ_pairAl (char *left, int right)
Macro for creating a mixfix pair of an atom and an integer. It is defined as:
OZ_pair2(QZ_aton(left),QZ_int(right))
QZ_pai r AS
QZ_Term OZ_pairAS(char *left, char *right)
Macro for creating a mixfix pair of an atom and a string. It is defined as:
QZ_pair2(Qz_aton(left), Oz _string(right))
OZ subtree
QZ_Term QZ_subtree(OZ_Termrecord, OZ_Term feature)
Returns the subtree of record record atfeature.}
QZ_record
QZ_Term QZ_record(OZ _Term | abel, OZ_Termarity)

Creates a new record with label | abel and list of features ari t y. Note that the values
of all subtrees are still undefined. Hence a call to this function should be immediately
followed by calls to Oz_put Subt r ee.

OZ recordlnit
OZ_Term OZ_recordlnit(OZ _Term | bl, OZ _Term propLi st)
Creates a new record with label | bl . The property list pr opLi st contains all features
and their subtree as mixfixed pairs.
QZ_put Subtree
void OZ_put Subtree(OZ _Termrecord, OZ_Term feature, QZ_Ter m newTer m
Destructively sets the subtree of record recor d at f eat ure to newrerm Should be
only used for records created with O7 record or OZ_recordinit.
QZ_aritylList
OZ_Term OZ_arityList(QZ _Termrecord)
Returns the arity of record r ecor d as an Oz list.

OZ_adj oi nAt
QZ_Term OZ_adj oi nAt (OZ_Termrec, OZ_Term fea, &Z _Termval)
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Returns a new record by adjoining subtree val at feature f ea to record r ec.

OZ _newvari abl e

QZ_newNane

OZ_newChunk

QZ_newCel |

OZ_newPor t

OZ_send

QZ_onTopl evel

QZ_Term OZ_newari abl e()
Creates a new variable.

QZ_Ter m OZ_newName()

Creates a new name.}

QZ_Term OZ_newChunk(OZ_Ter m r ecor d)
Creates a new chunk.

QZ_Term OZ_newCel | (OZ_Term t)
Creates a new cell with initial content t .

OZ_Term OZ_newPort (OZ_Term s)

Creates a new port with stream s.

void OZ_send(OQZ Termp, OZ_Termt)
Sends value t to port p.

int OZ_onTopl evel ()
Returns nonzero iff called on toplevel, i.e. not within a local space.

7.8 EXxceptions

QZ_rai se

OZ rai seC

QZ _typeError

Z_Return OZ_raise(OZ_Termt)
Raises exception t .

OZ_Return OZ_raiseC(char *|abel,int arity,...)

Raises an exception. The exception is created from the argument list just the way it is
done by Oz_nkTupl eC.

OZ_Return OZ_typeError(int pos, char *type)

Raises an exception indicating that the argument at position pos is of incorrect type.
t ype should be a string describing the expected type.
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7.9 Unification

OZ_unify
Z_Return OZ_unify(OQZ_Termtl, OZ Termt?2)

Unify t 1 and t 2. Return Oz_ENTAI LED on success and z_FAI LED on failure.
QZ_uni fylnt
OZ_Return OZ_unifylnt(OZ Termtl, int i)
This is an abbreviation for 0z_unify(t1, Oz int(i))
QZ_uni f yFl oat
Z_Return OZ_unifyFloat(OZ Termtl, float f)
This is an abbreviation for Oz_unify(t1, Oz float (f))
QZ_uni fyAt om
OZ_Return OZ_unifyAton{OZ_Termtl, char *s)
This is an abbreviation for Oz_uni fy(t1, OZ_atomn(s))

Z_eq
Z_Return OZ_eq(OZ_Termtl, OZ Termt?2)
Return non-null, if t 1 and t 2 reference the same Oz object in the store.
OZ_egAt om
OZ_Return OZ_eqAtom(OZ_Termt1l, char *s)
This is an abbreviation for 0z_eq(t1, Oz aton(s))
OZ_eql nt
Z_Return OZ_eqlnt(QZ_Termtl, int i)
This is an abbreviation for Oz_eq(t1, Oz int(i))
OZ_egFl oat

Z_Return OZ_eqFl oat (QZ_Termtl, double d)
This is an abbreviation for 0z_eq(t 1, Oz fl oat (d))

7.10 Threads

OZ_makeRunnabl eThr ead
voi d OZ_makeRunnabl eThread(OZ_Term proc, OZ_Term *args, int n)

Creates a thread with one task to execute the application of pr oc to arguments ar gs[ 0] ,
QZ_getLowPrio
OZ_get Medi unPri o

QZ_get Hi ghPrio
int OZ_getLowPrio() int OZ_getMediunPrio() int OZ_getHi ghPrio()

Return the appropriate thread priorities.

...,args[n-1].
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7.11 Printing

QZ_war ni ng
voi d OZ_warni ng(char *format ...)

Prints a warning message to the standard error device. Can be used like pri ntf(3).

7.12 Miscellaneous

Qz_fal se
Z_term OZ_fal se()
Returns the Oz name for the boolean value f al se.
QZ true
OZ_term OZ_true()
Returns the Oz name for the boolean value t r ue.
OZ unit

QZ_term OZ_unit()
Returns the Oz name for uni t .
QZ snmallIntMn
int OZ_smallIntMn()
Returns the minimal small integer.
Oz _snal | | nt Max
int OZ_smalllntMax()
Returns the maximal small integer.
Qz_f eat ureCmp
int OZ_featureCnp(OZ _Termtl, OZ Termt2)
Compares the features t 1 and t 2. Returns zero if they are equal, -1 if t 1 is less than
t2and 1ift2islessthant 1.
QZ_suspendOn
QZ_suspendOn(QZ_Ter m v)
Suspends the executing thread on v. v must be a variable. When v gets bound then the
thread gets woken by first reexecuting the enclosing C function from the beginning.

QZ_suspendOn2
QZ_suspendOn3
OZ_suspendOn2(OZ_Termvl, OZ _Termv2) OZ_suspendOn3(OZ Term vi,

Like 0z_suspendOn , but suspends the executing thread disjunctively on the argument
variables.

Zz_Termv2, OZ
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7.13 Garbage collection

QZ protect

QZ_unpr ot ect

Oz_gCol | ect

Qz_sd one

Care must be taken about proper interaction with the Oz garbage collector: it does
not notice if you store an 0z_Ter minto a global C variable. Therefore it will free the
space on the heap occupied by this term, which leads to memory faults. Oz provides
functions to explicitly inform the garbage collector about external references to the
heap.

int OZ_protect(OZ Term *tp)

During garbage collection the term t p points to is visited and may be moved. Therefore
t p must be a pointer to a term. The location where t p points to is modified by the
garbage collector.

int OZ_unprotect(QZ Term *tp)

This is the inverse function to 0z_prot ect informing the garbage collector that the
reference to the heap is no longer used.

int OZ_gCollect(OQZ Term *tp)

This function causes the Oz term referred to by t p to be updated during garbage col-
lection.

int OZ_sCone(OZ_Term *tp)
This function causes the Oz term referred to by t p to be updated during cloning.

7.14 Concurrent Input and Output

Reading from or writing to a file descriptor may block, since buffers my be empty or
resp. full. Thus calling r ead or wr i t e might block the whole Oz process. We therefor
provide abstractions that allow concurrent access to file descriptors from within the C
level.

We first declare an abstact type Oz_| OHandl er which is a function expecting an integer
and an arbitrary pointer:

typedef int OZ_I CHandler(int, void *);

The user can then use the following abstractions:

QZ_regi st er ReadHand! er

voi d OZ_regi sterReadHandl er (i nt fd, OZ | OHandl er fun, void *args)

Registers f un as a read handler for file descriptor  d. Any previously registered func-
tion will be overridden. When input gets available on f d then fun(fd, args) will
be called by the Oz scheduler. The usage of ar gs provides a way to pass arbitrary
arguments to f un.

OZ_unr egi st er Read
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voi d OZ_unregisterRead(int fd)
Unregisters a previously registered read handler for file descriptor f d.
QZ_regi sterWiteHandl er
void OZ_registerWiteHandl er(int fd, OZ | Odandl er fun,void *args)
Analogously to 07 regi st er ReadHandl er for writing. f un is called as soon as the
output buffer for f d gets empty.
QZ_unregi sterWite
void OZ_unregisterWite(int fd)
Unregisters a previously registered write handler for file descriptor f d.



The Extension class

The C++ class 0z_Ext ensi on allows for an easy integration of new built-in data types
into the Oz VM.

To add a new data type a native module must be implemented which contains (1) a
subclass of 0z_Ext ensi on (see below) and (2) built-in procedures implementing the
operation on the new type.

If you want to implement situated extension, i.e. data types which are situated in com-
putation spaces and need to be copied you should subclass Oz_Si t uat edExt ensi on
with has the same interface as O7_Ext ensi on.

In Section B.1] you find the reference documentation and in Section B.2 an example.

8.1 Reference

8.1.1 The class 07 Extension

vi rtual

virtual

virtual

virtual

The class Oz_Ext ensi on implements the methods defined below. The methods get | dV,
gCol | ect V, and sCl oneV which are marked as required are pure virtual and have to be
implemented in every subclass.

int getldv() // required

Allows to discriminate the different kinds of extensions. It should return a unique
number. Unique numbers can be obtained using i nt Oz_get Uni quel d() .

Ids can be statically assigned by extending the enumeration Oz_Regi st er ed_Ext ensi on_| d.

OZ_Ext ensi on* gCol | ect V() // required
Needed for garbage collection.

OZ_Ext ensi on* sd oneV() // required
Needed for cloning of computation spaces (for O7_Si t uat edExt ensi on).

voi d gCol | ect RecurseV() // required

Invoked on the copy obtained from gCol | ect V. The VM has marked the data such that
recursive updates of fields, e.g. running 0z_gCol | ect, does not run into cycles.
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virtual void sd oneRecurseV() // required
Invoked on the copy obtained from sl oneV. The VM has marked the data such that
recursive updates of fields, e.g. running 0z_scCl one, does not run into cycles.
virtual OZ_TermprintV(int depth = 10) // default: return ext ensi on
printV should return a virtual string and is used for printing, e.g. System.show.
virtual OZ_Term printLongV(int depth = 10, int offset = 0) // default: call printV
This may help debugging, but is currently not used.
virtual Oz TermtypeV() // default: return ext ensi on
typeV should return an atom describing the type of the extension. This value is also
return in Value.status and Value.type. It should not conflict with the built-in types.
virtual Oz_Terminspect V() // default: call typeV
Not used. Idea: hook for debugging tools to get information.
virtual Oz _Bool ean isChunkV() // default: return true
Define this to return false is the extension in not a subtype of chunk.
virtual OZ Term get Feat ureV(OZ Term fea) // default: return 0
If the operator . (dot) is applied to an extension this function is called. If get Feat ur eV
returns 0 an exception is raised that the feature is not available.
virtual OZ Return getFeatureV(QZ Term OZ_Ternmg) // default: return oz FAI LED
The is the more basic version of the above, where a reference to the return value is
passed as the 2nd argument.
virtual OZ_Return putFeatureV(OZ Term OZ_Term // default: return Oz_FAI LED
Feature is 1st argument, new value is 2nd argument. This is used e.g. for : = support.
virtual OZ Return eqV(Oz Termt) // default: return false
This function is called during unification and equality test (==), if both values are ex-
tensions. Implement it if you need structural equality. Note that in this case i sChunkV
should return false.
virtual OZ Bool ean toBePi ckl edV() // default: return false
return true if pickling is defined.
virtual OZ Bool ean pickl eV(Marshal erBuf fer *) // default: return false
This is the hook to pickling. It is only called when t oBePi ckl edV returned true, and
must return true by itself. It writes the extension’s external representation into the given
buffer (see oz _regi st er Ext ensi on below).
virtual OZ Bool ean marshal SuspV(QZ Termte, ByteBuffer *, GenTraverser *) //default: return false

This is the hook to serialization for Oz distribution. It returns true if the extension
has been serialized, and writes its external representation/a fragment of into the given
buffer (see oz_regi st er Ext ensi on below). It returns false if the extension cannot be
serialized.
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virtual int mnNeededSpace() // default: return O
This method is used by the Oz distribution’s serialization routine. It must return the
minimal possible size of the next fragment of the extension’s external representation.
This number must be consistent with the nar shal SuspV method described above.
OZ_Bool ean i sLocal ()

Returns true if a situated extensions is local to the current space.

8.1.2 Functions

Oz_Bool ean OZ_i sExtensi on(OZ_Term t)
Tests if the OZ_Term is an extension (t must be dereferenced first).

OZ_Extension * OZ_get Extension(OZ Termt)
Unbox the OZ_Term into an extension (¢ must be dereferenced).

QZ_Term OZ_ext ensi on( OZ_Ext ensi on *e)
Box the Extension into an OZ_Term.
typedef QZ_Term (*oz_unnarshal ProcType) (Marshal er Buffer *)
typedef OZ_Term (*oz_suspUnnmarshal ProcType) (ByteBuffer*, GTAbstractEntity* &)

typedef QZ_Term (*oz_unnar shal Cont ProcType) (Byt eBuffer*, GrAbstractEntity*)
voi d oz_registerExtension(int id, oz_unmarshal ProcType, o0z_suspUnmarshal ProcType, oz_unmarshal Cor

Registers unmarshal procedures for the extension with the given id. The second and
the third procedures can be 0 if marshaling for Oz distribution for the given id is not
defined.

int OZ_newUni quel d()
Returns a new unigue number usable as the id of an extension.

8.2 Example

The following is a snippet from the implementation of bit arrays (bitarray.cc). Look at
e.g.nozart/ contri b/ gdbm gdbm cc for an exampl of a non-system extension.

# BI TS PER I NT (sizeof(int) * 8)

class BitArray: public OZ_Extension {
private:

i nt | ower Bound, upper Bound;

int *array;
publi c:

vi rtual

int getldV() { return OZ_E_BI TARRAY; }

vi rtual
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QZ_Term

vi rtual
QZ_Term

vi rtual
QZ_Term
return

printV(int depth = 10) { retur

typeV() { return oz_aton

printLongV(int depth = 10, int

QZ_nkTupl e( , 4,

rtual
rtual

Vv

\Y

rtual
rtual
rtual
rtual

\Y

Vv

\Y

Vv

Z_at on( )
Qz_at onf ),

QZ_Return get FeatureV(QZ_Term
OZ_Ret urn put Feat ureV(QZ_Ter m

QZ_Ext ensi on *gCol | ect V(voi d);
QZ_Ext ensi on *sC oneV(voi d);
voi d sC oneRecurseV(voi d) {}
voi d gCol | ect RecurseV(void) {}

n oz_aton

of fset = 0) {

, OZ_int (upper Bound -
QZ_int((int)this));

QZ_Ter n&) ;
QzZ_Term);

BitArray(int |ower, int upper): QZ _Extension() {

}
Bi t Array

}

(const BitArray *b): OZ Extension() {

Bool checkBounds(int i) {

return

}
voi d set
I

inline
Bool o0z _is

| owerBound <= i && i <= upper

(int);

Bi t Array(TaggedRef term {

return oz_i sExtension(ternm &&

t agged

inline

2Extension(term->getldV() ==

Bound;

OZ_E_BI TARRAY;

BitArray *tagged2BitArray(TaggedRef term {
Assert(oz_isBitArray(term);
return (BitArray *) tagged2Extension(term;

QZ_Extension *BitArray::gCollectV(void) {

)}

| ower Bound -

1),
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BitArray *ret = new BitArray(this);
return ret;

QZ_Extension *BitArray::sC oneV(void) {
BitArray *ret = new BitArray(this);
return ret;

void BitArray::set(int i) {
Assert (checkBounds(i));
int relative =i - | owerBound;
array[relative / BITS_ PERINT] |= 1 << (relative %BITS PER I NT);

# 0z_decl ar eBi t Array( ARG VAR)
BitArray *VAR;
{
QZz_decl ar eDet Ter n{ ARG, _VAR) ;
if ('OZ_isBitArray(oz_deref(_VAR))) {
return QZ_typeError (ARG );
} else {
VAR = tagged2BitArray(QzZ_deref (_VAR));

e e e e e e e —

Oz_BIl _define(Bl bitArray_new, 2, 1)
{
Oz_decl arelnt (0,1);
QZ_decl arelnt (1, h);
if (I <=h)
OZ_RETURN( OZ_ext ensi on(new BitArray(l, h)));
el se
return OZ_rai se( E_ERROR, E_KERNEL, ,2,QZ_in(0),0Z_in(1));
} Oz_BI_end

Qz_BI _define(BlbitArray_is,1,1)
{

Qz_decl areDet Term( 0, x) ;

OZ_RETURN _BOOL(o0z_i sBitArray(oz_deref(x)));
} Oz Bl _end

Qz_BI _define(Bl bitArray_set, 2, 0)
{
QZ_decl areBit Array(0, b);
OZ_decl arelnt (1,i);
i f (b->checkBounds(i)) {
b->set (i);
return PROCEED,
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} else
return OZ_rai se( E_ERROR, E_KERNEL,
} Oz_BI _end

Z_Return BitArray::get FeatureV(QZ_Term f, QZ_Ter n& v)
{
if ('QzZ_islnt(f)) { oz_typeError(1, ); }
int i = QZ_intToC(f);
i f (checkBounds(i)) {
v = test(i)? OZ _true(): OZ false();
return PROCEED,
} else {
return OZ_rai se( E_ERROR, E_KERNEL,
QZ_extension(this),f);

QZ_Return BitArray:: put FeatureV(OZ_Term f, QZ_Ter m v)
{
if ('QzZ_islnt(f)) { oz_typeError(1, ); }
int i = QZ_intToC(f);
if (!'checkBounds(i)) {
return oz_rai se( E_ERROR, E_KERNEL,
QZ_extension(this),f);
}
if (QZ_isVariable(v)) { OZ_suspendOn(v); }
v = oz_deref(v);
if (v==QzZ_true()) set(i);
else if (v==0Z_false()) clear(i);
else { return QZ_typeError(2, ); }
return PROCEED,

,2,Z_in(0),Z_in(1));



Blgetenv, §

OZ_BI_define, B, [[4
0Z_BI_end, B, [I4
OZ _ENTAILED,
OZ FAILED, E
OZ_isPair, [L7]
OZ_isPair2, 1]
0Z_isValue, [L7
OZ_isVar, [[1
0Z_Return, §
0Z_Term, §
OZsuspendOn2, p4
OZsuspendOn3, P4

suspension of C functions, @

33

Index



