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The Racket runtime system is responsible for the implementation of primitive datatypes
such as numbers and strings, the macro expansion and compilation of Racket from source,
the allocation and reclamation of memory used during evaluation, and the scheduling of
concurrent threads and parallel tasks.

This manual describes the C interface of Racket’s runtime system, which varies depending
on the implementation of Racket (see §19.2 “Racket Virtual Machine Implementations”): the
CS implementation of Racket has one interface, while the BC (3m and CGC) implementation
of Racket has another.

The C interface is relevant to some degree when interacting with foreign libraries as de-
scribed in The Racket Foreign Interface. Even though interactions with foreign code are
constructed in pure Racket using the £fi/unsafe module, many details of representations,
memory management, and concurrency are described here. This manual also describes em-
bedding the Racket run-time system in larger programs and extending Racket directly with
C-implemented libraries.
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Part 1

Inside Racket CS

The Racket CS API is a small extension of the Chez Scheme C API as described in The Chez
Scheme User’s Guide.



1 Overview (CS)

The Racket CS runtime system is implemented by a wrapper around the Chez Scheme ker-
nel. The wrapper implements additional glue to the operating system (e.g., for [/O and
networking) and provides entry points into the Racket layer’s evaluator.

1.1  “S” versus “Racket”

In the C API for Racket CS, names that start with S are from the Chez Scheme layer, while
names that start with racket_ are from the Racket wrapper.

1.2 Racket CS Memory Management

Racket values may be moved or garbage collected any time that racket_. .. functions are
used to run Racket code. Do not retain a reference to any Racket value across such a call.
This requirement contrasts with the BC implementation of Racket, which provides a way for
C code to more directly cooperate with the memory manager.

API functions that start with S do not collect or move objects unless noted otherwise, so
references to Racket values across such calls is safe.

The Slock_object function can prevent an object from being moved or garbage collected,
but it should be used sparingly. Garbage collection can be disabled entirely by calling the
Chez Scheme function disable-interrupts, and then reenabled with a balancing call to
enable-interrupts; access those functions via racket_primitive and call them via
ScallO. Beware that disabling interrupts also disables context switching for Racket threads
and signal handling for breaks. Assuming that interrupts start out enabled, calling disable-
interrupts could trigger a garbage collection before further collections are disabled.

1.3 Racket CS and Places

Each Racket place corresponds to a Chez Scheme thread, which also corresponds to an OS-
implemented thread. Chez Scheme threads share a global allocation space, so GC-managed
objects can be safely be communicated from one place to another. Beware, however, that
Chez Scheme threads are unsafe; any synchronization needed to safely share a value across
places is must be implemented explicitly. Racket-level functions for places will only share
values across places when they can be safely used in both places.

In an embedding application, the OS thread that originally calls racket_boot is the OS
thread of the original place.



1.4 Racket CS and Threads

Racket implements threads for Racket programs without aid from the operating system or
Chez Scheme’s threads, so that Racket threads are cooperative from the perspective of C
code. Stand-alone Racket uses a few private OS-implemented threads for background tasks,
but these OS-implemented threads are never exposed by the Racket APIL

Racket can co-exist with additional OS-implemented threads, but care must be taken when
calling S functions, and additional OS or Chez Scheme threads must not call any racket_
function. For other OS threads to call S functions, the thread must be first activated as a Chez
Scheme thread using Sactivate_thread.

1.5 Racket CS Integers

The C type iptr is defined by Racket CS headers to be an integer type that is big enough
to hold a pointer value. In other words, it is an alias for intptr_t. The uptr type is the
unsigned variant.



2 Embedding into a Program (CS)

To embed Racket CS in a program, follow these steps:

» Locate or build the Racket CS library.

On Unix, the library is "1ibracketcs.a". Building from source and installing places
the libraries into the installation’s "1ib" directory.

On Windows, link to "libracketcsz .d11" (where x represents the version num-
ber). At run time, either "libracketcsz .d11" must be moved to a location in the
standard DLL search path, or your embedding application must “delayload” link the
DLLs and explicitly load them before use. ("Racket.exe" uses the latter strategy.)
See also[§30 “Linking to DLLs on Windows™}

On Mac OS, besides "libracketcs.a" for static linking, a dynamic library is pro-
vided by the "Racket" framework, which is typically installed in "1ib" sub-directory
of the installation. Supply -framework Racket to gcc when linking, along with -F
and a path to the "1ib" directory. At run time, either "Racket . framework" must be
moved to a location in the standard framework search path, or your embedding exe-
cutable must provide a specific path to the framework (possibly an executable-relative
path using the Mach-O Qexecutable_path prefix). When targeting the Hardened
Runtime, you must enable the “Allow Unsigned Executable Memory” entitlement,
otherwise you will run into “out of memory” errors when calling racket_boot.

e For each C file that uses Racket library functions, #include the files
"chezscheme.h" and "racketcs.h".

The "chezscheme.h" and "racketcs.h" files are distributed with the Racket soft-
ware in the installation’s "include" directory. Building and installing from source
also places this file in the installation’s "include" directory.

* In your program, call racket_boot. The racket_boot function takes a pointer to a
racket_boot_arguments_t for configuring the Racket instance. After zeroing out
the racket_boot_arguments_t value (typicially with memset), only the following
fields are required to be set:

exec_file — a path to be reported by (find-system-path 'exec-file),
usually argv [0] for the argv received by your program’s main.

bootl_path or bootl_data and bootl_len — either a path to
"petite.boot" or the content of "petite.boot" and its length in bytes. In
the former case, use a path that includes at least one directory separator.

— boot2_path or boot2_data and boot2_len — either a path to
"scheme.boot" (with a separator) or the content of "scheme.boot" and
its length.

— boot3_path or boot3_data and boot3_len — either a path to
"racket.boot" (with a separator) or the content of "racket.boot" and
its length.
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The "petite.boot", "scheme.boot", and "racket.boot" files are distributed
with the Racket software in the installation’s "1ib" directory for Windows, and they
are distributed within the "Racket" framework on Mac OS X; they must be built from
source on Unix. These files can be combined into a single file—or even embedded into
the executable—as long as the boot1_offset, boot2_offset, and boot3_offset
fields of racket_boot_arguments_t are set to identify the starting offset of each
boot image in the file.

See[831 “Embedding Files in Executable Sections”|for advice on embedding files like
"petite.boot" in an executable, or consider using racket_get_self_exe_path
and racket_path_replace_filename to build paths that are relative to the exe-
cutable.

* Configure the main thread’s namespace by adding module declarations. The initial
namespace contains declarations only for a few primitive modules, such as '#ker-
nel, and no bindings are imported into the top-level environment.

To embed a module like racket/base (along with all its dependencies), use raco
ctool --c-mods (dest), which generates a C file (dest) that contains modules in
compiled form as encapsulated in a static array. The generated C file defines a de-
clare_modules function that takes no arguments and installs the modules into the
environment, and it adjusts the module name resolver to access the embedded declara-
tions. If embedded modules refer to runtime files that need to be carried along, supply
--runtime to raco ctool --c-mods to collect the runtime files into a directory;
see §12.2 “Embedding Modules via C” for more information.

Alternatively, set fields like collects_dir, config_dir, and/or argv in the
racket_boot_arguments_t passed to racket_boot to locate collections/packages
and initialize the namespace the same way as when running the racket executable.

On Windows, raco ctool --c-mods (dest) --runtime (dest-dir) includes in
(dest-dir) optional DLLs that are referenced by the Racket library to support bytes-
open-converter. Set d11_dir in racket_boot_arguments_t to register {dest-
dir) so that those DLLs can be found at run time.

Instead of using --c-mods with raco ctool, you can use --mods, embed the file
content (see[§31 “Embedding Files in Executable Sections™) and load the content with
racket_embedded_load_file_region.

* Access Racket through racket_dynamic_require, racket_eval, and/or other
functions described in this manual.

If the embedding program configures built-in parameters in a way that should be con-
sidered part of the default configuration, then call the seal function provided by the
primitive #%,boot module afterward. The snapshot of parameter values taken by seal
is used for certain privileged operations, such as installing a PLaneT package.

* Compile the program and link it with the Racket libraries.

Racket values may be moved or garbage collected any time that racket_. .. functions are
used to run Racket code. Do not retain a reference to any Racket value across such a call.
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For example, the following is a simple embedding program that runs a module "run.rkt",
assuming that "run.c" is created as

raco ctool --c-mods run.c "run.rkt"

to generate "run.c", which encapsulates the compiled form of "run.rkt" and all of
its transitive imports (so that they need not be found separately a run time). Copies of
"petite.boot", "scheme.boot", and "racket.boot" must be in the current directory
on startup.

"main.c"

#include <string.h>
#include "chezscheme.h"
#include "racketcs.h"

#include "run.c"
int main(int argc, char *argvl[])
{

racket_boot_arguments_t ba;

memset (&ba, 0, sizeof(ba));

ba.bootl_path
ba.boot2_path
ba.boot3_path

"./petite.boot";
"./scheme.boot";
", /racket.boot";

ba.exec_file = argv[0];
racket_boot (&ba) ;
declare_modules();
ptr mod = Scons(Sstring_to_symbol("quote"),
Scons(Sstring_to_symbol("run"),
Snil));

racket_dynamic_require(mod, Sfalse);

return O;

}

As another example, the following is a simple embedding program that evaluates all expres-
sions provided on the command line and displays the results, then runs a read-eval-print
loop, all using racket/base. Run

12



raco ctool --c-mods base.c ++1ib racket/base

to generate "base.c", which encapsulates racket/base and all of its transitive imports.

"main.c"

#include <string.h>
#include "chezscheme.h"
#include "racketcs.h"

#include "base.c"

static ptr to_bytevector(char *s);

int main(int argc, char *argvl[])

{
racket_boot_arguments_t ba;
memset (&ba, 0, sizeof(ba));
ba.bootl_path

ba.boot2_path
ba.boot3_path

"./petite.boot";
"./scheme.boot";
"./racket.boot";

ba.exec_file = argv[0];
racket_boot (&ba) ;
declare_modules();

racket_namespace_require(Sstring_to_symbol ("racket/base"));

{
int 1i;
for (i = 1; i < argc; i++) {
ptr e = to_bytevector(argvl[il);
e = Scons(Sstring_to_symbol("open-input-bytes"),
Scons(e, Snil));
Scons(Sstring_to_symbol("read"), Scons(e, Snil));
Scons(Sstring_to_symbol("eval"), Scons(e, Snil));
Scons(Sstring_to_symbol("println"), Scons(e, Snil));

®© ®© O
o

racket_eval(e);
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ptr rbase_sym = Sstring_to_symbol("racket/base");
ptr repl_sym = Sstring_to_symbol("read-eval-print-loop");

racket_apply(Scar (racket_dynamic_require(rbase_sym,
repl_sym)),

Snil);

return O;

}

static ptr to_bytevector(char *s)

{
iptr len = strlen(s);
ptr bv = Smake_bytevector(len, 0);
memcpy (Sbytevector_data(bv), s, len);
return bv;

}

If modules embedded in the executable need to access runtime files (via racket/runtime-
path forms), supply the --runtime flag to raco ctool, specifying a directory where the
runtime files are to be gathered. The modules in the generated ".c" file will then refer to

the files in that directory.
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3 Values and Types (CS)

A Racket value is represented by a pointer-sized value. The low bits of the value indicate the
encoding that it uses. For example, two (on 32-bit platform) or three (on 64-bit platforms)
low bits indicates a fixnum encoding, while a one low bit and zero second-lowest bit indicates
a pair whose address in memory is specified by the other bits.

The C type for a Racket value is ptr. For most Racket types, a constructor is provided
for creating values of the type. For example, Scons takes two ptr values and returns the
cons of the values as a new ptr value. In addition to providing constructors, Racket defines
several global constant Racket values, such as Strue for #t.

3.1 Global Constants
There are six global constants:

e Strue — #t

Sfalse — #f
e Snil —null

* Seof _object —eof-object

Svoid — (void)

3.2 Value Functions

Many of these functions are actually macros.

int Sfixnump(ptr v)

int Scharp(ptr v)

int Snullp(ptr v)

int Seof_objectp(ptr v)
int Sbooleanp(ptr v)
int Spairp(ptr v)

int Ssymbolp(ptr v)

int Sprocedurep(ptr v)
int Sflonump(ptr v)

int Svectorp(ptr v)

int Sfxvectorp(ptr v)
int Sbytevectorp(ptr v)
int Sstringp(ptr v)
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int Sbignump(ptr v)

int Sboxp(ptr v)

int Sinexactnump(ptr v)
int Sexactnump(ptr v)
int Sratnump(ptr v)

int Srecordp(ptr v)

Predicates to recognize different kinds of Racket values, such as fixnums, characters, the
empty list, etc. The Srecordp predicate recognizes structures, but some built-in Racket
datatypes are also implemented as records.

ptr Sfixnum(int i)
Returns a Racket integer value, where i must fit in a fixnum.

ptr Sinteger(iptr i)

ptr Sunsigned(uptr i)

ptr Sinteger32(int i)

ptr Sunsigned32(unsigned int i)
ptr Sinteger64(long i)

ptr Sunsigned64(unsigned long i)

Returns an integer value for different conversions from C, where the result is allocated as a
bignum if necessary to hold the value.

iptr Sfixnum_value(ptr v)
Converts a Racket fixnum to a C integer.

iptr Sinteger_value(ptr v)

uptr Sunsigned_value(ptr v)

int Sinteger32_value(ptr v)

long Sunsigned32_value(ptr v)

long Sinteger64_value(ptr v)

unsigned long Sunsigned64_value(ptr v)

Converts a Racket integer (possibly a bignum) to a C integer, assuming that the integer fits
in the return type.

ptr Sflonum(double f)

Returns a Racket flonum value.

double Sflonum_value(ptr v)
Converts a Racket flonum value to a C floating-point number.

ptr Schar(int ch)
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Returns a Racket character value. The ch value must be a legal Unicode code point (and not
a surrogate, for example). All characters are represented by constant values.

ptr Schar_value(ptr ch)
Returns the Unicode code point for the Racket character ch.
ptr Sboolean(int bool)

Returns Strue or Sfalse.

ptr Scons(ptr car,
ptr cdr)

Makes a cons pair.

ptr Scar(ptr pr)
ptr Scdr(ptr pr)

Extracts the car or cdr of a pair.
ptr Sstring_to_symbol(const char* str)
Returns the interned symbol whose name matches str.
ptr Ssymbol_to_string(ptr sym)
Returns the Racket immutable string value for the Racket symbol sym.

ptr Smake_string(iptr len,
int ch)
ptr Smake_uninitialized_string(iptr len)

Allocates a fresh Racket mutable string with len characters. The content of the string is
either all chs when ch is provided or unspecified otherwise.

ptr Sstring(const char* str)
ptr Sstring_of_length(const char* str,
iptr len)
ptr Sstring_utf8(const charx str,
iptr len)

Allocates a fresh Racket mutable string with the content of str. If len is not provided, str
must be nul-terminated. In the case of Sstring_utf8, str is decoded as UTF-8, otherwise
it is decided as Latin-1.

uptr Sstring_length(ptr str)

Returns the length of the string str.
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ptr Sstring_ref (ptr str,
uptr i)

Returns the ith Racket character of the string str.
int Sstring_set(ptr str,
uptr i,
ptr ch)

Installs ch as the ith Racket character of the string str.

ptr Smake_vector(iptr len,
ptr v)

Allocates a fresh mutable vector of length len and with v initially in every slot.
uptr Svector_length(ptr vec)
Returns the length of the vector vec.

ptr Svector_ref (ptr vec,
uptr i)

Returns the ith element of the vector vec.

void Svector_set(ptr vec,
uptr i,
ptr v)

Installs v as the ith element of the vector vec.

ptr Smake_fxvector (iptr len,
ptr v)

Allocates a fresh mutable fxvector of length len and with v initially in every slot.
uptr Sfxvector_length(ptr vec)
Returns the length of the fxvector vec.

iptr Sfxvector_ref (ptr vec,
uptr i)

Returns the ith fixnum of the fxvector vec.

void Sfxvector_set(ptr vec,
uptr i,
ptr v)

Installs the fixnum v as the ith element of the fxvector vec.
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ptr Smake_bytevector (iptr len,
int byte)

Allocates a fresh mutable byte string of length len and with byfe initially in every slot.
uptr Sbytevector_length(ptr bstr)
Returns the length of the byte string bstr.

int Sbytevector_u8_ref (ptr bstr,
uptr i)

Returns the ith byte of the byte string bstr.

int Sbytevector_u8_set (ptr bstr,
uptr i,
int byte)

Installs byte as the ith byte of the byte string bstr.

char* Sbytevector_data(ptr vec)

Returns a pointer to the start of the bytes for the byte string bstr.

ptr Sbox(ptr v)

Allocates a fresh mutable box containing v.

ptr Sunbox(ptr bx)

Extract the content of the box bx.

ptr Sset_box(ptr bx,
ptr v)

Installs v as the content of the box bx.

ptr Srecord_type(ptr rec)

ptr Srecord_type_parent (ptr rtd)

uptr Srecord_type_size(ptr rtd)

int Srecord_type_uniformp(ptr rtd)

ptr Srecord_uniform_ref (ptr rec,
iptr i)

Accesses record information, where Racket structures are implemented as records.
The Srecord_type returns a value representing a record’s type (so, a struc-
ture type). Given a record type, Srecord_type_parent returns its supertype or
Sfalse, Srecord_type_size returns the allocation size of a record in bytes, and
Srecord_type_uniformp indicates whether all of the record fields are Scheme values —
which is always true for a Racket structure. When a record has all Scheme-valued fields, the

19



allocation size is the number of fields plus one times the size of a pointer in bytes.

When a record has all Scheme fields (which is the case for all Racket structures),
Srecord_uniform_ref accesses a field value in the same way as unsafe-struct*-ref.

void* racket_cpointer_address(ptr cptr)
void* racket_cpointer_base_address(ptr cptr)
iptr racket_cpointer_offset(ptr cptr)

Extracts an address and offset from a C-pointer object in the sense of cpointer?, but only
for values using the predefined representation that is not a byte string, #£, or implemented
by a new structure type with prop: cpointer.

The result of racket_cpointer_address is the same as
racket_cpointer_base_address plus racket_cpointer_offset, where
racket_cpointer_offset is non-zero for C-pointer values created by ptr-add.

void Slock_object(ptr cptr)
void Sunlock_object(ptr cptr)

“Locks” or “unlocks” n object, which prevents it from being garbage collected or moved to
a different address.

Lock objects sparingly, because the garbage collector is not designed to deal with a large
number of locked objects. To retain multiple values from use from C, a good approach may
be to allocate and lock a vector that has a slot for each other (unlocked) object to retain.
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4 Calling Procedures (CS)

As an entry point into Racket, C programs should normally call Racket procedures by using
racket_apply, which calls the procedure in the initial Racket thread of the main Racket
place. Chez Scheme entry points such as Scall0 and Scall directly call a procedure outside
of any Racket thread, which will not work correctly with Racket facilities such as threads,
parameters, continuations, or continuation marks.

The functions in this section are meant to be used as an entry point to Racket, but not as a
re-entry point. When Racket calls a C function that in turn calls back into Racket, the best
approach is to use the FFI (see The Racket Foreign Interface) so that the C call recieves a
Racket callback that is wrapped as a plain C callback. That way, the FFI can handle the
details of boundary crossings between Racket and C.

ptr racket_apply(ptr proc,
ptr arg_list)

Applies the Racket procedure proc to the list of arguments arg_list. The procedure is called
in the original Racket thread of the main Racket place. Applying proc must not raise an
exception or otherwise escape from the call to proc.

The result is a list of result values, where a single result from proc causes racket_apply to
return a list of length one.

Other Racket threads can run during the call to proc. At the point that proc results, all Racket
thread scheduling in the main Racket place is suspended. No garbage collections will occur,
so other Racket places can block waiting for garbage collection.

ptr ScallO(ptr proc)
ptr Scalll(ptr proc,
ptr argl)
ptr Scall2(ptr proc,
ptr argl,
ptr arg2)
ptr Scall3(ptr proc,
ptr argl,
ptr arg2,
ptr arg3)

Applies the Chez Scheme procedure proc to zero, one, two, or three arguments. Beware
that not all Racket procedures are Chez Scheme procedures. (For example, an instance of a
structure type that has prop:procedure is not a Chez Scheme procedure.)

The procedure is called outside of any Racket thread, and other Racket threads are not sched-
uled during the call to proc. A garbage collection may occur.

void Sinitframe(iptr num_args)
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void Sput_arg(iptr i,
ptr arg)
ptr Scall(ptr proc,
iptr num_args)

Similar to ScallO0, but these functions are used in sequence to apply a Chez Scheme pro-
cedure to an arbitrary number of arguments. First, Sinitframe is called with the number
of arguments. Then, each argument is installed with Sput_arg, where the i argument in-
dicates the argument position and arg is the argument value. Finally, Scall is called with
the procedure and the number of arguments (which must match the number provided to
Sinitframe).
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5 Starting and Declaring Initial Modules (CS)

As sketched in[§2 “Embedding into a Program (CS)”} and embedded instance of Racket CS
is started with racket_boot. Functions such as racket_embedded_load_bytes help to
initialize a Racket namespace with already-compiled modules.

For functions and struct fields that contain a path in char* form, the path is treated as UTF-8
encoded on Windows.

5.1 Boot and Configuration

void racket_boot(racket_boot_arguments_t* boot_args)

Initializes a Racket CS instance. A main thread is created and then suspended, waiting for
further evaluation via racket_apply, racket_eval, and similar functions.

A racket_boot_arguments_t struct contains fields to specify how racket_boot should
initialize a Racket instance. New fields may be added in the future, but in that case, a O or
NULL value for a field will imply backward-compatible default.

Fields in racket_boot_arguments_t:

* const char * bootl_path — a path to a file containing a Chez Scheme im-
age file with base functionality. Normally, the file is called "petite.boot".
The path should contain a directory separator, otherwise Chez Scheme will
consult its own search path. The racket_get_self_exe_path and/or
racket_path_replace_filename functions may be helpful to construct the path.

* void * bootl_data — an alternative to boot1_path, a pointer to the boot file’s
content in memory. When using this field, the boot1_len field must be supplied as
non-zero. Only one of boot1_path and boot1_data can be non-NULL.

Added in version 8.13.0.4.

* long bootl_offset — an offset into boot1l_path or bootl_data to read for the
first boot image, which allows boot images to be combined with other data in a single
file. The image as distributed is self-terminating, so no size or ending offset is needed
(except that boot1_len must be at least as large as the image when supplied via
boot1l_data).

* long bootl_len — an length in bytes for the first boot image, which is optional and
used as a hint if non-zero when the boot image is supplied via boot1_path. If this
length is provided, it must be at least as large as the boot image in bytes, and it must
be no larger than the file size or readable memory after the boot image offset.
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const char * boot2_path — like boot1_path, but for the image that contains
compiler functionality, normally called "scheme.boot".

void * boot2_data — like boot1_data, but an alternative to boot2_path. When
using this field, the boot2_len field must be supplied as non-zero.

Added in version 8.13.0.4.

long boot2_offset — like bootl_offset, an offset into boot2_path or
boot2_data to read for the second boot image.

long boot2_len — like boot1_len, a length in bytes for the second boot image,
optional when the boot image is supplied via boot2_path.

const char * boot3_path — like boot1_path, but for the image that contains
Racket functionality, normally called "racket.boot".

void * boot3_data — like boot1_data, but an alternative to boot3_path. When
using this field, the boot3_1len field must be supplied as non-zero.

Added in version 8.13.0.4.

long boot3_offset — like bootl_offset, an offset into boot2_path or
boot3_path to read for the third boot image.

long boot3_len — like boot1_len, a length in bytes for the third boot image, op-
tional when the boot image is supplied via boot3_path.

int argc and char ** argv — command-line arguments to be processed the same
as for a stand-alone racket invocation. If argv is NULL, the command line -n is used,
which loads boot files without taking any further action.

const char * exec_file — apathto use for (system-type 'exec-file), usu-
ally argv [0] using the argv delivered to a program’s main. This field must not be
NULL.

const char * run_file — a path to use for (system-type 'run-file). If the
field is NULL, the value of exec_file is used.

const char * collects_dir — a path to use as the main "collects" direc-
tory for locating library collections. If this field holds NULL or "", then the library-
collection search path is initialized as empty.

const char * config_dir — a path to used as an "etc" directory that holds con-
figuration information, including information about installed packages. If the value if
NULL, "etc" is used.

wchar_t * dll_dir — a path used to find DLLs, such as iconv support. Note that
this path uses wide characters, not a UTF-8 byte encoding.

int cs_compiled_subdir — A true value indicates that the use-compiled-file-
paths parameter should be initialized to have a platform-specific subdirectory of
"compiled", which is used for a Racket CS installation that overlays a Racket BC
installation.
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5.2 Loading Racket Modules

void racket_embedded_load_bytes(const char* code,
uptr len,
int as_predefined)
void racket_embedded_load_file(const char* path,
int as_predefined)
void racket_embedded_load_file_region(const char* path,
uptr start,
uptr end,
int as_predefined)

These functions evaluate Racket code, either in memory as code or loaded from path, in
the initial Racket thread. The intent is that the code is already compiled. Normally, also,
the contains module declarations. The raco ctool --c-mods and raco ctool --mods
commands generate code suitable for loading with these functions, and --c-mods mode
generates C code that calls racket_embedded_load_bytes.

If as_predefined is true, then the code is loaded during the creation of any new Racket place
in the new place, so that modules declared by the code are loaded in the new place, too.

These functions are not meant to be called in C code that was called from Racket. See also
[§4 “Calling Procedures (CS)”|for a discussion of entry points versus re-entry points.

5.3 Startup Path Helpers

char* racket_get_self_exe_path(const charx argv0)

Returns a path to the current process’s executable. The arg0 argument should be the exe-
cutable name delivered to main, which may or may not be used depending on the operating
system and environment. The result is a string that is freshly allocated with malloc, and it
will be an absolute path unless all attempts to find an absolute path fail.

On Windows, the argv0 argument is always ignored, and the result path is UTF-8 encoded.

Added in version 8.7.0.11.

char* racket_path_replace_filename(const char* path,
const char* new_filename)

Returns a path like path, but with the filename path replaced by new_filename. The
new_filename argument does not have to be an immediate filename; it can be relative path
that ends in a filename. The result is a string that is freshly allocated with malloc.

Added in version 8.7.0.11.
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6 Evaluation and Running Modules (CS)

The racket_apply function provides basic evaluation support, but racket_eval,
racket_dynamic_require, and racket_namespace_require provide higher-level sup-
port for the most common evaluation tasks to initialize a Racket instance.

ptr racket_eval(ptr s_expr)

Evaluates s_expr in the initial Racket thread using its current namespace, the same as calling
eval. The s_expr can be an S-expression constructed with pairs, symbols, etc., or it can be
a syntax object.

Use racket_namespace_require to initialize a  namespace, or use
racket_dynamic_require to access functionality without going through a top-level
namespace. Although those functions are the same as using namespace-require and
dynamic-require, they work without having those identifiers bound in a namespace
already.

This function and others in this section are not meant to be called in C code that was called
from Racket. See also[§4 “Calling Procedures (CS)”| for a discussion of entry points versus
re-entry points.

ptr racket_dynamic_require(ptr module_path,
ptr sym_or_false)

The same as calling dynamic-require in the initial Racket thread using its current names-
pace. See also racket_eval.

ptr racket_namespace_require(ptr module_path)

The same as calling namespace-require in the initial Racket thread using its current
namespace. See also racket_eval.

ptr racket_primitive(const char* name)

Accesses a primitive function in the same sense as vm-primitive from ffi/unsafe/vm.
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7 Managing OS-Level Threads (CS)

Chez Scheme functionality can only be accessed from OS-level threads that are known to the
Chez Scheme runtime system. Otherwise, there’s a race condition between such an access
and a garbage collection that is triggered by other threads.

A thread not created by Chez Scheme can be made known to the runtime system by activating
it with Sactivate_thread. Aslong as a thread is active by not running Chez Scheme code,
the thread prevents garbage collection in all other running threads. Deactivate a thread using
Sdeactivate_thread.

int Sactivate_thread()

Activates the current OS-level thread. An already-activated thread can be activated again,
but each activation must be balanced by a decativation. The result is O if the thread was
previously activated 1 otherwise.

void Sdeactivate_thread()

Deactivates the current OS-level thread—or, at least, balances on activation, making the
thread deactive if there are no remaining activations to balance with deactivation.

int Sdestroy_thread()

Releases any Chez Scheme resources associated with the current OS thread, which must
have been previously activated but which must not be activated still.
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Part 11

Inside Racket BC (3m and CGC)

The Racket BC API was originally designed for a tight integration with C code. As a result,
the BC API is considerably larger than the Racket CS APL
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8 Overview (BC)

The Racket BC runtime system is implemented in C and provides the compiler from source
to bytecode format, the JIT compiler from bytecode to machine code, I/O functionality,
threads, and memory management.

8.1 “‘Scheme” versus ‘“Racket”

The old name for Racket was “PLT Scheme,” and the core compiler and run-time system
used to be called “MzScheme.” The old names are entrenched in Racket internals, to the
point that most C bindings defined in this manual start with scheme_. In principle, they all
should be renamed to start racket_.

8.2 CGC versus 3m

Before mixing any C code with Racket BC, first decide whether to use the 3m variant of
Racket, the CGC variant of Racket, or both:

* 3m : the main variant of Racket BC, which uses precise garbage collection and re-
quires explicit registration of pointer roots and allocation shapes. The precise garbage
collector may move its objects in memory during a collection.

* CGC : the original variant of Racket BC, where memory management depends on a
conservative garbage collector. The conservative garbage collector can automatically
find references to managed values from C local variables and (on some platforms)
static variables, and it does not move allocated objects.

At the C level, working with CGC can be much easier than working with 3m, but overall
system performance is typically better with 3m.

8.3 Embedding and Extending Racket

The Racket run-time system can be embedded into a larger program; see
[into a Program (BC)”| for more information. As an alternative to embedding, the racket

executable can also be run in a subprocess, and that choice may be better for many purposes.
On Windows, MzCom provides another option.

The Racket run-time system can be extended with new C-implemented functions. Histori-
cally, writing an extension could provide performance benefits relative to writing pure Racket
code, but Racket performance has improved to the point that performance benefits of writing
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C code (if any) are usually too small to justify the maintenance effort. For calling func-
tions that are provided by a C-implemented library, meanwhile, using with foreign-function
interface within Racket is a better choice than writing an extension of Racket to call the
library.

8.4 Racket BC and Places

Each Racket place corresponds to a separate OS-implemented thread. Each place has its
own memory manager. Pointers to GC-managed memory cannot be communicated from one
place to another, because such pointers in one place are invisible to the memory manager of
another place.

When place support is enabled, static variables at the C level generally cannot hold pointers
to GC-managed memory, since the static variable may be used from multiple places. For
some OSes, a static variable can be made thread-local, in which case it has a different address
in each OS thread, and each different address can be registered with the GC for a given place.

In an embedding application, the OS thread that originally calls scheme_basic_env is the
OS thread of the original place. When scheme_basic_env is called a second time to reset
the interpreter, it can be called in an OS thread that is different from the original call to
scheme_basic_env. Thereafter, the new thread is the OS thread for the original place.

8.5 Racket BC and Threads

Racket implements threads for Racket programs without aid from the operating system, so
that Racket threads are cooperative from the perspective of C code. Stand-alone Racket may
uses a few private OS-implemented threads for background tasks, but these OS-implemented
threads are never exposed by the Racket APL.

Racket can co-exist with additional OS-implemented threads, but the additional OS threads
must not call any scheme_ function. Only the OS thread representing a particular place can
call scheme_ functions. (This restriction is stronger than saying all calls for a given place
must be serialized across threads. Racket relies on properties of specific threads to avoid
stack overflow and garbage collection.) In an embedding application, for the original place,
only the OS thread used to call scheme_basic_env can call scheme_ functions. For any
other place, only the OS thread that is created by Racket for the place can be used to call
scheme_ functions.

See[§17 “Threads (BC)”|for more information about threads, including the possible effects
of Racket’s thread implementation on extension and embedding C code.
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8.6 Racket BC, Unicode, Characters, and Strings

A character in Racket is a Unicode code point. In C, a character value has type mzchar,
which is an alias for unsigned — which is, in turn, 4 bytes for a properly compiled Racket.
Thus, a mzchar* string is effectively a UCS-4 string.

Only a few Racket functions use mzchar*. Instead, most functions accept char* strings.
When such byte strings are to be used as a character strings, they are interpreted as UTF-
8 encodings. A plain ASCII string is always acceptable in such cases, since the UTF-8
encoding of an ASCII string is itself.

See also[§11.3 “Strings™|and [§20 “String Encodings (BC)"|

8.7 Racket BC Integers

Racket expects to be compiled in a mode where short is a 16-bit integer, int is a 32-bit
integer, and intptr_t has the same number of bits as void*. The long type can match
either int or intptr_t, depending on the platform. The mzlonglong type has 64 bits for
compilers that support a 64-bit integer type, otherwise it is the same as intptr_t; thus,
mzlonglong tends to match long long. The umzlonglong type is the unsigned version of
mzlonglong.
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9 Embedding into a Program (BC)

The Racket run-time system can be embedded into a larger program. The embedding process
for Racket CGC or Racket 3m (see[§8.2 “CGC versus 3m’)) is essentially the same, but the
process for Racket 3m is most easily understood as a variant of the process for Racket CGC
(even though Racket 3m is the standard variant of Racket).

9.1 CGC Embedding

To embed Racket CGC in a program, follow these steps:

* Locate or build the Racket CGC libraries. Since the standard distribution provides 3m
libraries, only, you will most likely have to build from source.

On Unix, the libraries are "libracket.a", "librktio.a", and "libmzgc.a"
(or "libracket.so", "librrktio.so", and "libmzgc.so" for a dynamic-library
build, with "libracket.la", "librktio.la", and "libmzgc.1la" files for use with
libtool). Building from source and installing places the libraries into the installa-
tion’s "1ib" directory. Be sure to build the CGC variant, since the default is 3m.

On Windows, link to "1ibracketz .d11" and "libmzgcz .d11" (where x represents
the version number). At run time, either "libracketz .d11" and "1libmzgcz .d11"
must be moved to a location in the standard DLL search path, or your embedding
application must “delayload” link the DLLs and explicitly load them before use.
("Racket.exe" uses the latter strategy.) See also [§30 “Linking to DLLs on Win-|
dows”™

On Mac OS, dynamic libraries are provided by the "Racket" framework, which is
typically installed in "1ib" sub-directory of the installation. Supply -framework
Racket to gcc when linking, along with -F and a path to the "1ib" directory. Be-
ware that CGC and 3m libraries are installed as different versions within a single
framework, and installation marks one version or the other as the default (by setting
symbolic links); install only CGC to simplify accessing the CGC version within the
framework. At run time, either "Racket . framework" must be moved to a location
in the standard framework search path, or your embedding executable must provide a
specific path to the framework (possibly an executable-relative path using the Mach-O
Q@executable_path prefix).

* For each C file that uses Racket library functions, #include the file "scheme.h".

The C preprocessor symbol SCHEME_DIRECT_EMBEDDED is defined as 1 when
"scheme.h" is #included, or as O when "escheme.h" is #included.

The "scheme.h" file is distributed with the Racket software in the installation’s "in-
clude" directory. Building and installing from source also places this file in the in-
stallation’s "include" directory.
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e Start your main program through the scheme_main_setup (or
scheme_main_stack_setup) trampoline, and put all uses of Racket functions
inside the function passed to scheme_main_setup. The scheme_main_setup
function registers the current C stack location with the memory manager. It
also creates the initial namespace Scheme_Env* by calling scheme_basic_env
and passing the result to the function provided to scheme_main_setup. (The
scheme_main_stack_setup trampoline registers the C stack with the memory
manager without creating a namespace.)

On Windows, when support for parallelism is enabled in the Racket build (as is the
default), then before calling scheme_main_setup, your embedding application must
first call scheme_register_tls_space:

scheme_register_tls_space(&tls_space, 0);

where t1s_space is declared as a thread-local pointer variable in the main executable
(i.e., not in a dynamically linked DLL):

static __declspec(thread) void *tls_space;

Changed in version 6.3: Calling scheme_register_tls_space is required on all Windows variants,
although the call may be a no-op, depending on how Racket is built.

Configure the namespace by adding module declarations. The initial namespace con-
tains declarations only for a few primitive modules, such as '#),kernel, and no bind-
ings are imported into the top-level environment.

To embed a module like racket/base (along with all its dependencies), use raco
ctool --c-mods (dest), which generates a C file (dest) that contains modules in
bytecode form as encapsulated in a static array. The generated C file defines a de-
clare_modules function that takes a Scheme_Env*, installs the modules into the
environment, and it adjusts the module name resolver to access the embedded declara-
tions. If embedded modules refer to runtime files that need to be carried along, supply
--runtime to raco ctool --c-mods to collect the runtime files into a directory;
see §12.2 “Embedding Modules via C” for more information.

Alternatively, use scheme_set_collects_path and
scheme_init_collection_paths to configure and install a path for finding
modules at run time.

On Windows, raco ctool --c-mods (dest) --runtime (dest-dir) includes in
(dest-dir) optional DLLs that are referenced by the Racket library to support extflon-
ums and bytes-open-converter. Call scheme_set_dl1l_path to register (dest-
dir) so that those DLLs can be found at run time.

Access Racket through scheme_dynamic_require, scheme_load, scheme_eval,
and/or other functions described in this manual.

If the embedding program configures built-in parameters in a way that should be con-
sidered part of the default configuration, then call scheme_seal_parameters after-
ward. The snapshot of parameter values taken by scheme_seal_parameters is used
for certain privileged operations, such as installing a PLaneT package.

33



* Compile the program and link it with the Racket libraries.

With Racket CGC, Racket values are garbage collected using a conservative garbage col-
lector, so pointers to Racket objects can be kept in registers, stack variables, or structures
allocated with scheme_malloc. In an embedding application on some platforms, static vari-
ables are also automatically registered as roots for garbage collection (but see notes below
specific to Mac OS and Windows).

For example, the following is a simple embedding program that runs a module "run.rkt",
assuming that "run.c" is created as

raco ctool --c-mods run.c "run.rkt"

to generate "run.c", which encapsulates the compiled form of "run.rkt" and all of its
transitive imports (so that they need not be found separately a run time).

"main.c"

#include "scheme.h"
#include "run.c"

static int run(Scheme_Env *e, int argc, char *argv[])

{
Scheme_0Object *a[2];

/* Declare embedded modules in "run.c": */
declare_modules(e);

alo0] scheme_make_pair (scheme_intern_symbol ("quote"),
scheme_make_pair(scheme_intern_symbol("run"),
scheme_make_null()));

a[1] = scheme_false;
scheme_dynamic_require(2, a);

return O;

}

int main(int argc, char *argv[])
{

return scheme_main_setup(l, run, argc, argv);

}

As another example, the following is a simple embedding program that evaluates all expres-
sions provided on the command line and displays the results, then runs a read-eval-print
loop, all using racket/base. Run
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raco ctool --c-mods base.c ++1ib racket/base

to generate "base.c", which encapsulates racket/base and all of its transitive imports.

"main.c"

#include "scheme.h"
#include "base.c"

static int run(Scheme_Env *e, int argc, char *argv[])
{

Scheme_0Object *curout;

int 1i;

Scheme_Thread *th;

mz_jmp_buf * volatile save, fresh;

/* Declare embedded modules in "base.c": */
declare_modules(e);

scheme_namespace_require(scheme_intern_symbol("racket/base"));

curout = scheme_get_param(scheme_current_config(),
MZCONFIG_OUTPUT_PORT) ;

th = scheme_get_current_thread();

for (i = 1; i < arge; i++) {
save = th->error_buf;
th->error_buf = &fresh;
if (scheme_setjmp(*th->error_buf)) {
th->error_buf = save;
return -1; /* There was an error */
} else {
Scheme_0Object *v, *a[2];
v = scheme_eval_string(argv[i], e);
scheme_display(v, curout);
scheme_display(scheme_make_char('\n'), curout);
/* read-eval-print loop, uses initial Scheme_Env: */
al[0] = scheme_intern_symbol("racket/base");
a[1] = scheme_intern_symbol("read-eval-print-loop");
scheme_apply (scheme_dynamic_require(2, a), 0, NULL);
th->error_buf = save;
}
}
return O;

}
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int main(int argc, char *argvl[])
{
return scheme_main_setup(l, run, argc, argv);

}

If modules embedded in the executable need to access runtime files (via racket/runtime-
path forms), supply the --runtime flag to raco ctool, specifying a directory where the
runtime files are to be gathered. The modules in the generated ".c" file will then refer
to the files in that directory; the directory is normally specified relative to the executable,
but the embedding application must call scheme_set_exec_cmd to set the executable path
(typically argv [0]) before declaring modules.

On Mac OS, or on Windows when Racket is compiled to a DLL using Cygwin, the garbage
collector cannot find static variables automatically. In that case, scheme_main_setup must
be called with a non-zero first argument.

On Windows (for any other build mode), the garbage collector finds static variables in
an embedding program by examining all memory pages. This strategy fails if a program
contains multiple Windows threads; a page may get unmapped by a thread while the col-
lector is examining the page, causing the collector to crash. To avoid this problem, call
scheme_main_setup with a non-zero first argument.

When an embedding application calls scheme_main_setup with a non-zero first argu-
ment, it must register each of its static variables with MZ_REGISTER_STATIC if the vari-
able can contain a GCable pointer. For example, if curout above is made static, then
MZ_REGISTER_STATIC(curout) should be inserted before the call to scheme_get_param.

When building an embedded Racket CGC to use SenoraGC (SGC) instead of the default
collector, scheme_main_setup must be called with a non-zero first argument. See §12]
[*Memory Allocation (BC)”|for more information.

9.2 3m Embedding

Racket 3m can be embedded mostly the same as Racket, as long as the embedding program
cooperates with the precise garbage collector as described in[§12.1 “Cooperating with 3m”}

In either your source in the in compiler command line, #define MZ_PRECISE_GC be-
fore including "scheme.h". When using raco ctool with the --cc and --3m flags,
MZ_PRECISE_GC is automatically defined.

In addition, some library details are different:

* On Unix, the libraries are just "libracket3m.a" and "librrktio.a" (or
"libracket3m.so" and "librktio.so" for a dynamic-library build, with
"libracket3m.la" and "librktio.la" for use with 1ibtool). There is no sepa-
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rate library for 3m analogous to CGC’s "libmzgc.a".

* On Windows, link to "libracket3maz .d11". There is no separate library for 3m
analogous to CGC’s "1libmzgcz .1ib".

¢ On Mac OS, 3m dynamic libraries are provided by the "Racket" framework, just as
for CGC, but as a version suffixed with " _3m".

For Racket 3m, an embedding application must call scheme_main_setup with a non-zero
first argument.

The simple embedding programs from the previous section can be processed by raco ctool
--xform, then compiled and linked with Racket 3m. Alternately, the source code can be
extended to work with either CGC or 3m depending on whether MZ_PRECISE_GC is defined
on the compiler’s command line:

"main.c"

#include "scheme.h"
#include "run.c"

static int run(Scheme_Env *e, int argc, char *argv[])
{

Scheme_0Object *1 = NULL;

Scheme_0Object *a[2] = { NULL, NULL };

MZ_GC_DECL_REG(5) ;
MZ_GC_VAR_IN_REG(O, e);