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Theideabehind this packageisto allow R programmers to dynamically invoke arbitrary compiled routines
without having to explicitly writeand compile C code to perform theinvocation. Thismay not be of immense
value as one has to compile the original routines to which you are interfacing. Furthermore, a compiled
interface will be faster than one that examines its inputs at run-time. However, the dynamic interface is
somewhat interesting.

The packageisaninterfacetolibffi. Therearetwo main functionsof interest to users. Thefirstispr epCl F()
whichisusedto create a"template" call to any native routine with aparticul ar signature - both type of inputs
and return value. Having created thisinterface object, we can use it to make one or more callsto any routine
with that signature. We do thiswith cal | Cl F().

We specify the type of the return value and of each of the parametersin our call to pr epCl F(). There are
objects describing each of the basic types such as adouble, various types of integers and pointers.

Table 1.

R variable description

doubleType adoubleinC

floatType afloatin C

longdoubleType for platforms that support along double type

pointerType ageneric void * pointer

sint16Type asigned 16-bit/2 byte integer

sint32Type aregular signed 32-hit/4-byte integer

sint64Type asigned 64-bit integer

sint8Type asigned single byte integer

uintl6Type an unsigned 16-bit integer

uint32Type an unsigned 32-hit integer

uint64Type an unsigned 64-hbit integer

uint8Type an unsigned 8-bit integer

voidType the empty/void type of specific use when the routine
of interest has no return value.




R variable description

stringType a type object introduced for this package for repre-
senting strings, i.e. char *. This might be expanded
in the future for different types of strings, i.e. signed
and unsigned characters, wide characters, etc.

In addition to these primtive types, one can create new types for describing C-level structs. See st r uct -
Type().

Let's consider avery simple example of calling a C routine that takes no arguments and returns no value.
#i ncl ude <stdio. h>

voi d
voi dCal | ()
{
fprintf(stderr, "In voidCall\n");
}
Thisisincluded in the compiled code loaded in the package. We would create a CIF for calling a

routine with this signature via

void = prepCl F(voi dType)

We only have to specify the return type. We don't have to specify any additional information as there are
no parameters. Note that we don't specify the name of the C routine to call. This CIF can be used to call any
routine with such a signature. And we can use it for multiple calls to the same or different routines.

So now we can call the C routine voidCall viacal | Cl F(). We have to specify the CIF and the name of
the routine.

call Cl F(void, "voidCall")
You'll see Again, since there are no inputs to this routine, we don't have to specify any.

Consider a C routine that takes no inputs and returns areal value:

doubl e
r doubl e()

{

}
The same steps allow usto call this routine, but we need to specify the type of the return value differently.

return(3.1415);

cif = prepCl F(doubl eType)
calIClF(cif, "rdouble")
Thisreturns the value 3.1415 as an R numeric vector of length 1.

Passing Inputs

Let's move on to where we pass values from R to the native routine. We'll use aroutine (also in Rffi.so/dll)
called foo that takes an integer and a double. It returns a double - the sum of the two.

#i ncl ude <stdi o. h>
doubl e
foo(int x, double y)
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fprintf(stderr, "In foo % %f\n", X, y);
return(x + y);

}

To create the CIF, we need to specify the return type as doubl eType and then alist of the parameter
types. Thesearesi nt 32Type and doubl eType. Since there are various different types of integers, we
have to be specific about which oneis to be used. We use a regular 4-byte/32-bit integer that has a bit for
sign so that negative values are possible. So our cal is

cif = ClF(doubl eType, list(sint32Type, doubl eType))

And now we can the routine with

calIClF(cif, "foo", -1L, pi)

What if we passed a numeric value instead of an integer for the first argument? For example,

cal I F(cif, "foo", -1.3, pi)
In the current version of the code, the numeric value is coerced to the target type - an integer. As aresult,
the value -1 is passed to the native routine.

What about if we pass a string such as "abc"? Thisis coerced to an integer and resultsin a NA.

Pointers and Arrays

Next we turn our attention to passing non-scalar values, specificaly pointers. We'll deal with structures
later. Consider a routine which takes a collection of real values via a pointer of type double. It also takes
the number of elements as an unsigned integer. The routine retPointer provides such aroutinein test.c and
availableinthe Rf f i . We can create CIF

cif = CIF(pointerType, |ist(pointerType, uint32Type))
noting that it returns a new array of doubles. We can then invoke this with

X c(1, 2, 3, 4)

y cal |Gl F(cif, "retPointer", x, length(x))

Theresulting valuein y is an external pointer which contains the address of the returned array newly alo-
cated in retPointer. We can pass thisto another native routine. Alternatively, we can call native code to ex-
tract values and generally manipulate it. We might do thiswith aregular hand-built routine that isinvokable
from R viathe. Cal | () interface as we are dealing with SEXP objects throughout, i.e. inputs and outputs.
One such routine is contained in test.c - R_copyDoubleArray. We call it with the external pointer to the
double * and the number of elements, e.g.

val = .Call ("R _copyDoubl eArray", y$val ue, |ength(x))

If we wanted to release the memory associated with the array, we could call free. Again, we could use a
manually created routine via. Cal | (). But we can also do it vialibffi.

free.cif = ClF(voidType, list(pointerType))
cal ICF(free.cif, "free", y$val ue)

Array Types

Accessing an array is much the same as accessing a pointer to a collection of elements. We need to know
the type of the elementsin the array and the number of elements.
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Structures

libffi also allows us to work with structures. Consider a simple structure defined as

t ypedef struct {
short s;
int i;
doubl e d;
char *string;
} MyStruct;
Next, consider a routine that returns an instance of this structure.
char *MyString = "a string";
My St r uct
get Struct ()

{
MyStruct ¢ = {-1, 11, 99.2};
c.string = MyString;
return(c);

}

How can we call this from R and get the structure back? We start by defining a new type to describe this
structure. Weuse st r uct Type() for this. We give alist of the types of the elements within the structure.

nyStruct.type = struct Type(list(s = sintl16Type, i = sint32Type, d = doubl eType,
Note that the short corresponds to the sint16 type.

We can optionally provide names. It isagood ideaif we know them as we use the same names asinthe C
code to simplify interaction. At present we don't use the names, but we may in the future.

Now that we have this type information, we can use it as we did the regular built-in types, e.g. doubleType.
So we create our CIF to call the routine getStruct:

cif = CIF(nmyStruct.type)
And now we can call this

cal ICIF(cif, "getStruct")
Theresult isan R list with 4 elements corresponding to the elements of the C structure.

Now let's explore passing an R object to aroutine that expects a structure. We can use the following routine

voi d
doStruct (MyStruct s)
{
fprintf(stderr, "doStruct: s = %, i = %, d = %f, string = %\n",
(int) s.s, s.i, s.d, s.string);

}

We create the CIF for this routine

cif = CIF(voidType, list(nmyStruct.type))
Now we can calsthis as

st



calICIF(cif, "doStruct", list(-1L, 1L, 3.1415, "R string"))

Let's deal with pointersto structs.

library(Rffi)
myStruct.type = structType(list(s = sintl1l6Type, i = sint32Type, d = doubl eType, st
cif Cl F( poi nt er Type)

r ef cal | F(cif, "getStructP")

Now we want to access the individual elements. Let's get the second element - i:
getStructField(ref, 2L, nyStruct.type)

getStructField(ref, "i", nyStruct.type) # the sane as using 2L
And we can loop over the elements and extract each individualy.

To convert the entire reference to an R object, we can use

get Struct Val ue(ref, nyStruct.type)
Thisisfaster than accessing each element from R as above.

Rather than using get St r uct Fi el d() and having to specify the type description for the particular type,

we might want to use the more convenient $() operator. For example,

ref $i

iseasier than

getStructField(ref, "i", nyStruct.type)

To do this, we can define anew class for our reference to the particular data type:

set C ass("RCReference", list(ref

setd ass("M/Struct Ref", contains

Next, we can define a method for $() :

set Met hod("$", "MyStructRef",

function(x, name) {

nyStruct.type = struct Type(list(s = sintl1l6Type, i = sint32Type, d =
getStructField(x@ef, nane, nyStruct.type)

"external ptr"))
" RCRef er ence")

})

Now, we can create an instance of this class and use the $() notation:

tnp = newm"MyStruct Ref", ref = ref)
print(tnmp$i)

print(tnp$d)

We can of course create similar methods for $< and [[ and [[<.

If we use RGCCTrandationUnit or RClndex, we can obtain information about data structures and their
fields programmatically and then automate the generation of these methods.

Variable number of arguments

A C routine can take a variable number of arguments by having ... as the final parameter. A good example
of thisisthe family of printf functions. printf is the simplest example to work with. We pass a string that
describes the string to print which aso contains markup for how to interpret and format the values of the
remaining arguments into the generated content. In C we would call this asin the following examples:
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printf("A double %f, and an integer %\ n", 3.1415, 10);
printf("A string '"%', and a double with %5If, and an integer %d\n",
"my string", 3.14159265, 10L);

The problem with avariable number of argumentsisthat we cannot describethe call interfacefor theroutine
just once. Each call requiresits own call interface definition that is based on the actual call. In thefirst call
to printf, we could use

cif = CIF(sint32Type, list(stringType, doubl eType, sint32Type))

cal ICIF(cif, "printf", "A double %f and an integer %", 3.1415, 10L)
The first argument is aways the format string. In the actual call, there are 2 format markups - %lf and %d
- and there are 2 additional arguments. We know these correspond to a double and an integer. Hence we
can define our CIF. Then we caninvokeit. (The integer result is the number of charactersin the generated
content.)

For our second example, the signature is different. We have 3 format markups in our formatting string and
these correspond to a string, adouble and an integer. So our CIF is

cif = CIF(sint32Type, list(stringType, stringType, doubl eType, sint32Type))
and wecan cal it as

calIClF(cif, "printf", "Astring '%', and a double with %5If, and an integer %\
"ny string", 3.14159265, 10L)

The family of 'exec' routines on UNIX (i.e. execl, execle, execlp) are examples of a routines accepting a
variable number of arguments. All the arguments are strings, and the end of the argumentsisidentified by a
NULL string. Theroutinecall_varargs null emulatesthisinterface (without replacing the current process!).
We might call it with the name of an executable (R) and then 4 additional arguments, the last being NULL.
For this, we need a CIF that expects 5 strings:

cif = CAF(voidType, replicate(5, stringType))
Then we can invoke the routine as

calICIF(cif, "call_varargs_null", "R', "--no-restore", "--slave", "fo00.R', NULL)

To call the routine with no additional parameters, but just the name of the executable, we have to create a
new CIF and then use that in the call:

cif = ClF(voidType, replicate(2, stringType))
calICIF(cif, "call_varargs_null", "R', NULL)

So the simple problem is that a single CIF won't work for a variable argument function. Instead, we need
to generate a CIF tailored to each call. In the case of printf, we can inspect the format string and find the
markup €l ementsto determine the number and expected type of the additional arguments. Thisisnon-trivial,
but it does allow usto determine each call and coerce the arguments to the correct types. For other routines
that accept a variable number of arguments, we have to determine how to find the expected number and
types of parameters. In some cases, this will amount to using the number and type of arguments passed in
the call from R. This has the potential to get the types wrong. But it may be the best we can do.

When interfacing to routines with a variable number of arguments, it is a good idea to write an R function
that dynamically creates a new CIF for each call. For our call_varargs_null routine, this function might be
defined as

varar gsNULL =
function(filenanme, ...)




tnp = c(filename, list(...))

args = vector("list", length(tnmp) + 1)
args[seq_along(tnp)] = tnp

cif = CIF(voidType, replicate(length(args), stringType))
calICIF(cif, "call _varargs_null", .args = args)

}

Then we can call thisas
varargsNULL("R', "a", "b", "c")

Thefirst 3 lines of the function just arrange the arguments into a list with aNULL value to terminate the
list for the C code.

An implementation for an interface to printf might be as simple as determining the number of arguments
to the R function and computing their type

printf = function(fnt, ...)
{
args = c(as.character(fnt), list(...))
cif = ClF(sint32Type, |apply(args, getRFFI Type))
invisible(call ClF(cif, "printf", .args = args))
}

Now weneed to defineafunctionget RFFI Ty pe() that mapsthe name of an R datatypeto acorresponding
FFI type. A simple incomplete version is as follows:

get RFFI Type =
function(x, type = class(x))

{
swi tch(type,
nuneri ¢ = doubl eType,
i nteger = sint32Type,
character = stringType)
}

We should look at the length of the R vectorsto determine if we need to use an array or ascalar.
printf("%f, %, %\n", pi, 10L, "a string")

This approach cannot handle formats that do not correspond to non-R data types, e.g. float, unsigned inte-
gers, longs. To support these, we should process the fmt string. But we will leave that as a separate tutorial.

Future Possibilities & Directions

At present, we have not added support for specifying the type of the pointer, e.g. apointer to adouble. This
is entirely feasible and would be valuable as it provides a great deal more information. This can then be
used to comprehend the contents of the values with more specificity.

Information about routines can be obtained via RGCCTr ans| at i onUni t. This can be used within the
same R session to construct CIF objects for different routines and data structures.
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