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Chapter 1

User Manual

1.1 Introduction

isl is a thread-safe C library for manipulating sets and relations of integer points
bounded by affine constraints. The descriptions of the sets and relations may involve
both parameters and existentially quantified variables. All computations are performed
in exact integer arithmetic using GMP or imath. The isl library offers functionality
that is similar to that offered by the Omega and Omega+ libraries, but the underlying
algorithms are in most cases completely different.

The library is by no means complete and some fairly basic functionality is still
missing. Still, even in its current form, the library has been successfully used as a
backend polyhedral library for the polyhedral scanner CLooG and as part of an equiva-
lence checker of static affine programs. For bug reports, feature requests and questions,
visit the discussion group at http://groups.google.com/group/isl-development.

1.1.1 Backward Incompatible Changes
Changes since isl-0.02

e The old printing functions have been deprecated and replaced by isl_printer
functions, see Input and Output.

e Most functions related to dependence analysis have acquired an extra must ar-
gument. To obtain the old behavior, this argument should be given the value 1.
See Dependence Analysis.

Changes since isl-0.03

e The function is1_pw_gpolynomial_fold_add has been renamed to isl_pw_gpolynomial_fold_fold.
Similarly, is1 _union _pw_gpolynomial _fold_add has been renamedto isl union pw_gpolynomial fold fol



Changes since isl-0.04

o All header files have been renamed from isl_header.h to isl/header.h.

Changes since isl-0.05

e The functions isl_printer_print_basic_set and isl_printer_print_basic_map
no longer print a newline.

e The functions isl_flow_get_no_source and isl_union_ map_compute_flow
now return the accesses for which no source could be found instead of the itera-
tions where those accesses occur.

e The functions isl_basicmap_identity and isl map_identity now take a
map space as input. An old call isl map_identity(space) can be rewritten
to isl map_identity(isl_space map_from set(space)).

e The function is1 map_power no longer takes a parameter position as input. In-
stead, the exponent is now expressed as the domain of the resulting relation.

Changes since isl-0.06

e The format of isl printer print_gpolynomial’s ISL_FORMAT_ISL output
has changed. Use ISL_FORMAT_C to obtain the old output.

e The *_fast_* functions have been renamed to *_plain_*. Some of the old
names have been kept for backward compatibility, but they will be removed in
the future.

Changes since isl-0.07

e The function isl_pw_aff max has been renamed to isl_pw_aff union max.
Similarly, the function is1_pw_aff_add has been renamed to isl_pw_aff union_add.

e The isl_dim type has been renamed to isl_space along with the associated
functions. Some of the old names have been kept for backward compatibility,
but they will be removed in the future.

e Spaces of maps, sets and parameter domains are now treated differently. The dis-
tinction between map spaces and set spaces has always been made on a concep-
tual level, but proper use of such spaces was never checked. Furthermore, up un-
til is1-0.07 there was no way of explicitly creating a parameter space. These can
now be created directly using isl_space_params_alloc or from other spaces
using isl_space_params.

e The spacein which isl_aff, isl pw_aff,isl gpolynomial, isl pw_qpolynomial,
isl_gpolynomial_fold and isl _pw_gpolynomial_fold objects live is now a
map space instead of a set space. This means, for example, that the dimensions



of the domain of an isl_aff are now considered to be of type isl_dim_in in-
stead of isl _dim set. Extra functions have been added to obtain the domain
space. Some of the constructors still take a domain space and have therefore
been renamed.

e The functions isl_equality_alloc and isl_inequality_alloc now take an
isl_local_space instead of an isl_space. An isl_local_space can be cre-
ated from an isl_space using isl_local_space_from_space.

e The isl_div type has been removed. Functions that used to return an isl_div
now return an isl_aff. Note that the space of an isl_aff is that of relation.
When replacing acall to isl_div_get_coefficient byacalltoisl_aff get_coefficient
any isl_dim_set argument needs to be replaced by isl_dim_in. A call to
isl_aff from div can be replaced by a call to isl_aff floor. A call to
isl_gpolynomial_div(div) call be replaced by the nested call

isl_gpolynomial_from_aff(isl_aff floor(div))

The function isl_constraint_div has also been renamed to isl_constraint_get_div.

e The nparam argument has been removed from isl map _read from str and
similar functions. When reading input in the original PolyLib format, the result
will have no parameters. If parameters are expected, the caller may want to
perform dimension manipulation on the result.

Changes since isl-0.09

e The schedule_split_parallel option has been replaced by the schedule_split_scaled
option.

o The first argument of isl_pw_aff_cond is now an isl_pw_aff instead of an
isl set. Acall isl pw.aff cond(a, b, c) can be replaced by

isl_pw_aff cond(isl_set_indicator_function(a), b, c)

Changes since isl-0.10

e The functions isl_set_dim_has_lower_bound and isl_set_dim_has_upper_bound
have been renamed to isl_set_dim_has_any_lower_bound and isl_set_dim has_any_upper_bound.
The new isl_set_dim_ has_lower_bound and isl_set_dim has_upper_bound
have slightly different meanings.

Changes since isl-0.12

e isl_int has been replaced by isl _val. Some of the old functions are still
available in isl/deprecated/*.h but they will be removed in the future.



e The functions isl_pw_gpolynomial eval, isl_ union_pw_gpolynomial_eval,
isl pw_gpolynomial_fold_eval and isl_union_pw_gpolynomial_fold_eval
have been changed to return an isl_val instead of an isl_gpolynomial.

o The function is1l_band member_is_zero_distance has been removed. Essen-
tially the same functionality is available through is1_band member_is_coincident,
except that is requires setting up coincidence constraints. The option schedule_outer_zero_distance
has accordingly been replaced by the option schedule_outer_coincidence.

e The function isl_vertex_get_expr has been changed to return an isl multi_aff
instead of a rational isl_basic_set. The function isl_vertex_get_domain
has been changed to return a regular basic set, rather than a rational basic set.

Changes since isl-0.14

e Objects of type isl_union pw multi_aff can no longer contain two or more
isl pwmulti_aff objects with the same domain space.

o The function isl_union_pw multi_aff_addnow consistently computes the sum
on the shared definition domain. The function isl_union_pwmulti_aff union_add
has been added to compute the sum on the union of definition domains. The orig-
inal behavior of isl union pw multi_aff add was confused and is no longer
available.

e Band forests have been replaced by schedule trees.

e The function isl_union map_compute_flow has been replaced by the function
isl_ union_access_info_compute_flow. Note that the may dependence re-
lation returned by isl union_flow_get may_dependence is the union of the
two dependence relations returned by isl_union map_compute_flow. Simi-
larly for the no source relations. The function isl_union map_compute_flow
is still available for backward compatibility, but it will be removed in the future.

e The function isl_basic_set_drop_constraint has been deprecated.

e The function isl_ast_build_ast_from_schedule hasbeenrenamedto isl_ast_build node_from schedule_
The original name is still available for backward compatibility, but it will be re-
moved in the future.

e The separation_class AST generation option has been deprecated.

e The functions isl_equality_alloc and isl_inequality_alloc have been
renamed to isl_constraint_alloc_equalityandisl_constraint_alloc_inequality.
The original names have been kept for backward compatibility, but they will be
removed in the future.

e The schedule_fuse option has been replaced by the schedule_serialize_sccs
option. The effect of setting the schedule_fuse option to ISL_SCHEDULE_FUSE_MIN
is now obtained by turning on the schedule_serialize_sccs option.



1.2 License

isl is released under the MIT license.

Permission is hereby granted, free of charge, to any person obtaining a copy of this
software and associated documentation files (the ”Software”), to deal in the Software
without restriction, including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons
to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies
or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ”AS 1IS”, WITHOUT WARRANTY OF ANY
KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WAR-
RANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE
AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPY-
RIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LI-
ABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR
THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Note that by default isl requires GMP, which is released under the GNU Lesser
General Public License (LGPL). This means that code linked against is1 is also linked
against LGPL code.

When configuring with --with-int=imath, isl will link against imath, a library
for exact integer arithmetic released under the MIT license.

1.3 Installation

The source of isl can be obtained either as a tarball or from the git repository. Both
are available from http://freshmeat.net/projects/isl/. The installation process depends
on how you obtained the source.

1.3.1 [Installation from the git repository

1. Clone or update the repository

The first time the source is obtained, you need to clone the repository.
git clone git://repo.or.cz/isl.git

To obtain updates, you need to pull in the latest changes
git pull

2. Optionally get imath submodule

To build is1 with imath, you need to obtain the imath submodule by running
in the git source tree of isl



git submodule init
git submodule update

This will fetch the required version of imath in a subdirectory of isl.
3. Generate configure
./autogen.sh

After performing the above steps, continue with the Common installation instruc-
tions.

1.3.2 Common installation instructions

1. Obtain GMP

By default, building is1 requires GMP, including its headers files. Your distribu-
tion may not provide these header files by default and you may need to install a
package called gmp-devel or something similar. Alternatively, GMP can be built
from source, available from http://gmplib.org/. GMP is not needed if you build
isl with imath.

2. Configure

isl1 uses the standard autoconf configure script. To run it, just type
./configure

optionally followed by some configure options. A complete list of options can
be obtained by running

./configure --help
Below we discuss some of the more common options.

--prefix
Installation prefix for isl
--with-int=[gmp|imath]
Select the integer library to be used by isl, the default is gmp. Note that
isl may run significantly slower if you use imath.
--with-gmp-prefix
Installation prefix for GMP (architecture-independent files).
--with-gmp-exec-prefix
Installation prefix for GMP (architecture-dependent files).

3. Compile
make
4. Install (optional)

make install



1.4 Integer Set Library

1.4.1 Memory Management

Since a high-level operation on isl objects usually involves several substeps and since
the user is usually not interested in the intermediate results, most functions that return
a new object will also release all the objects passed as arguments. If the user still wants
to use one or more of these arguments after the function call, she should pass along a
copy of the object rather than the object itself. The user is then responsible for making
sure that the original object gets used somewhere else or is explicitly freed.

The arguments and return values of all documented functions are annotated to make
clear which arguments are released and which arguments are preserved. In particular,
the following annotations are used

_isl give
__isl_give means that a new object is returned. The user should make sure that
the returned pointer is used exactly once as a value for an __isl_take argument.
In between, it can be used as a value for as many __isl _keep arguments as the
user likes. There is one exception, and that is the case where the pointer returned
is NULL. Is this case, the user is free to use it as an __is1_take argument or not.
When applied to a char *, the returned pointer needs to be freed using free.

__isl null

__isl null means that a NULL value is returned.

__isl_take

__isl_take means that the object the argument points to is taken over by the
function and may no longer be used by the user as an argument to any other
function. The pointer value must be one returned by a function returning an
_-isl_give pointer. If the user passes in a NULL value, then this will be treated
as an error in the sense that the function will not perform its usual operation.
However, it will still make sure that all the other __isl_take arguments are re-
leased.

__isl keep

__isl_keep means that the function will only use the object temporarily. Af-
ter the function has finished, the user can still use it as an argument to other
functions. A NULL value will be treated in the same way as a NULL value for
an __isl_take argument. This annotation may also be used on return values of
type const char *, in which case the returned pointer should not be freed by
the user and is only valid until the object from which it was derived is updated
or freed.

1.4.2 Initialization

All manipulations of integer sets and relations occur within the context of an isl_ctx.
A given isl_ctx can only be used within a single thread. All arguments of a function



are required to have been allocated within the same context. There are currently no
functions available for moving an object from one isl_ctx to another isl_ctx. This
means that there is currently no way of safely moving an object from one thread to
another, unless the whole isl_ctx is moved.

An isl_ctxcanbe allocated using isl_ctx_alloc and freed using isl_ctx_free.
All objects allocated within an isl_ctx should be freed before the isl_ctx itself is
freed.

isl_ctx *isl_ctx_alloc(Q);
void isl_ctx_free(isl_ctx *ctx);

The user can impose a bound on the number of low-level operations that can be
performed by an isl_ctx. This bound can be set and retrieved using the following
functions. A bound of zero means that no bound is imposed. The number of op-
erations performed can be reset using isl_ctx_reset_operations. Note that the
number of low-level operations needed to perform a high-level computation may differ
significantly across different versions of isl, but it should be the same across different
platforms for the same version of isl.

Warning: This feature is experimental. is1 has good support to abort and bail out
during the computation, but this feature may exercise error code paths that are normally
not used that much. Consequently, it is not unlikely that hidden bugs will be exposed.

void isl_ctx_set_max_operations(isl_ctx *ctx,

unsigned long max_operations);
unsigned long isl_ctx_get_max_operations(isl_ctx *ctx);
void isl_ctx_reset_operations(isl_ctx *ctx);

In order to be able to create an object in the same context as another object, most
object types (described later in this document) provide a function to obtain the context
in which the object was created.

#include <isl/val.h>
isl_ctx *isl_val_get_ctx(__isl_keep isl_val *val);
isl_ctx *isl multi_val_get_ctx(

__isl_keep isl_multi_val *mv);

#include <isl/id.h>
isl_ctx *isl_id_get_ctx(__isl_keep isl_id *id);

#include <isl/local_space.h>
isl_ctx *isl_local_space_get_ctx(
__isl keep isl_local_space *1s);

#include <isl/set.h>
isl_ctx *isl_set_list_get_ctx(
__isl keep isl_set_list *1list);

10



#include <isl/aff.h>
isl_ctx *isl_aff get_ctx(__isl_keep isl_aff *aff);
isl_ctx *isl_multi_aff get_ctx(
__isl keep isl multi_aff *maff);
isl_ctx *isl_pw_aff get_ctx(__isl_keep isl_pw_aff *pa);
isl_ctx *isl_pw_multi_aff get_ctx(
__isl_keep isl_pw_multi_aff *pma);
isl_ctx *isl_multi_pw_aff_get_ctx(
__isl_keep isl_multi_pw_aff *mpa);
isl_ctx *isl_union_pw_aff get_ctx(
__isl_keep isl_union_pw_aff *upa);
isl_ctx *isl_union_pw_multi_aff get_ctx(
__isl_keep isl_union_pw_multi_aff *upma);
isl_ctx *isl _multi_union_pw_aff_get_ctx(
__isl_keep isl _multi_union_pw_aff *mupa);

#include <isl/id_to_ast_expr.h>
isl_ctx *isl_id_to_ast_expr_get_ctx(
__isl_keep isl_id_to_ast_expr *id2expr);

#include <isl/point.h>
isl_ctx *isl_point_get_ctx(__isl_keep isl_point *pnt);

#include <isl/vec.h>
isl_ctx *isl_vec_get_ctx(__isl_keep isl_vec *vec);

#include <isl/mat.h>
isl_ctx *isl_mat_get_ctx(__isl_keep isl_mat *mat);

#include <isl/vertices.h>
isl_ctx *isl_vertices_get_ctx(
__isl _keep isl_vertices *vertices);
isl_ctx *isl_vertex_get_ctx(__isl_keep isl_vertex *vertex);
isl_ctx *isl_cell_get_ctx(__isl_keep isl_cell *cell);

#include <isl/flow.h>
isl_ctx *isl_restriction_get_ctx(

__isl_keep isl_restriction *restr);
isl_ctx *isl_union_access_info_get_ctx(

__isl keep isl_union_access_info *access);
isl_ctx *isl_union_flow_get_ctx(

__isl_keep isl_union_flow *flow);

#include <isl/schedule.h>

isl_ctx *isl_schedule_get_ctx(
__isl_keep isl_schedule *sched);

isl_ctx *isl_schedule_constraints_get_ctx(
__isl_keep isl_schedule_constraints *sc);
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#include <isl/schedule_node.h>
isl_ctx *isl_schedule_node_get_ctx(
__isl_keep isl_schedule_node *node);

#include <isl/band.h>
isl_ctx *isl_band_get_ctx(__isl_keep isl_band *band);

#include <isl/ast_build.h>
isl_ctx *isl_ast_build_get_ctx(
__isl_keep isl_ast_build *build);

#include <isl/ast.h>
isl_ctx *isl_ast_expr_get_ctx(
__isl_keep isl_ast_expr *expr);
isl_ctx *isl_ast_node_get_ctx(
__isl keep isl_ast_node *node);

1.4.3 Return Types

isl uses two special return types for functions that either return a boolean or that in
principle do not return anything. In particular, the is1_bool type has three possible
values: is1l_bool_true (a positive integer value), indicating true or yes; isl_bool_false
(the integer value zero), indicating false or no; and isl bool_error (a negative inte-
ger value), indicating that something went wrong. The isl_stat type has two possible
values: isl_stat_ok (the integer value zero), indicating a successful operation; and
isl_stat_error (a negative integer value), indicating that something went wrong.
See §1.4.6]for more information on is1_bool_error and isl_stat_error.

1.4.4 Values

An isl_val represents an integer value, a rational value or one of three special values,
infinity, negative infinity and NaN. Some predefined values can be created using the
following functions.

#include <isl/val.h>

__isl _give isl_val *isl_val_zero(isl_ctx *ctx);
__isl_give isl_val *isl_val_one(isl_ctx *ctx);
__isl_give isl_val *isl_val_negone(isl_ctx *ctx);
__isl_give isl_val *isl_val nan(isl_ctx *ctx);
__isl _give isl_val *isl_val_infty(isl_ctx *ctx);
__isl_give isl_val *isl_val_neginfty(isl_ctx *ctx);

Specific integer values can be created using the following functions.
#include <isl/val.h>

__isl_give isl_val *isl_val_int_from_si(isl_ctx *ctx,
long i);

12



__isl_give isl_val *isl_val_int_from_ui(isl_ctx *ctx,
unsigned long u);

__isl_give isl_val *isl_val_int_from_chunks(isl_ctx *ctx,
size_t n, size_t size, const void *chunks);

The function isl_val_int_from_chunks constructs an isl_val from the n digits,
each consisting of size bytes, stored at chunks. The least significant digit is assumed
to be stored first.

Value objects can be copied and freed using the following functions.

#include <isl/val.h>
__isl_give isl_val *isl_val_copy(__isl_keep isl_val *v);
__isl_null isl_val *isl_val_free(__isl_take isl_val *v);

They can be inspected using the following functions.

#include <isl/val.h>

long isl_val_get_num_si(__isl_keep isl_val *v);

long isl_val_get_den_si(__isl_keep isl_val *v);

double isl _val_get_d(__isl_keep isl_val *v);

size_t isl_val_n_abs_num_chunks(__isl_keep isl_val *v,
size_t size);

int isl_val_get_abs_num_chunks(__isl_keep isl_val *v,
size_t size, void *chunks);

isl_val n_abs_num_chunks returns the number of digits of size bytes needed to
store the absolute value of the numerator of v. isl_val_get_abs num chunks stores
these digits at chunks, which is assumed to have been preallocated by the caller. The
least significant digit is stored first. Note that is1_val_get num si,isl val_get_den_si,
isl_val_get_d,isl_val _n_abs_num_chunks and isl_val_get_abs_num_chunks can
only be applied to rational values.

An isl_val can be modified using the following function.

#include <isl/val.h>
__isl_give isl_val *isl_val_set_si(__isl_take isl_val *v,
long i);

The following unary properties are defined on isl_vals.

#include <isl/val.h>

int isl_val_sgn(__isl_keep isl_val *v);

isl_bool isl_val_is_zero(__isl_keep isl_val *v);
isl_bool isl_val_is_one(__isl_keep isl_val *v);
isl_bool isl_val_is_negone(__isl_keep isl_val *v);
isl_bool isl_val_is_nonneg(__isl_keep isl_val *v);
isl_bool isl_val_is_nonpos(__isl_keep isl_val *v);
isl_bool isl_val_is_pos(__isl_keep isl_val *v);

13



isl_bool isl_val_is_neg(__isl_keep isl_val *v);
isl_bool isl_val_is_int(__isl_keep isl_val *v);
isl_bool isl_val_is_rat(__isl_keep isl_val *v);
isl_bool isl_val_is_nan(__isl_keep isl_val *v);
isl_bool isl_val_is_infty(__isl_keep isl_val *v);
isl_bool isl_val_is_neginfty(__isl_keep isl_val *v);

Note that the sign of NaN is undefined.
The following binary properties are defined on pairs of isl_vals.

#include <isl/val.h>

isl_bool isl_val 1t(__isl _keep isl_val *vl,
__isl_keep isl_val *v2);

isl_bool isl_val_le(__isl_keep isl_val *vl,
__isl_keep isl_val *v2);

isl_bool isl_val _gt(__isl keep isl_val *vl,
__isl _keep isl_val *v2);

isl_bool isl_val _ge(__isl_keep isl_val *vl,
__isl_keep isl_val *v2);

isl_bool isl_val_eq(__isl_keep isl_val *vl,
__isl_keep isl_val *v2);

isl_bool isl_val ne(__isl _keep isl_val *vl,
__isl _keep isl_val *v2);

isl_bool isl_val_abs_eq(__isl_keep isl_val *vl,
__isl_keep isl_val *v2);

The function isl_val_abs_eq checks whether its two arguments are equal in ab-
solute value.
For integer isl_vals we additionally have the following binary property.

#include <isl/val.h>
isl_bool isl_val_is_divisible_by(__isl _keep isl_val *vl,
__isl keep isl_val *v2);

An isl_val can also be compared to an integer using the following function. The
result is undefined for NaN.

#include <isl/val.h>
int isl_val_cmp_si(__isl_keep isl_val *v, long i);

The following unary operations are available on isl_vals.

#include <isl/val.h>

__isl_give isl_val *isl_val_abs(__isl_take isl_val *v);
__isl_give isl_val *isl_val _neg(__isl_take isl_val *v);
__isl _give isl_val *isl_val_floor(__isl_take isl_val *v);
__isl _give isl_val *isl_val_ceil(__isl_take isl_val *v);
__isl_give isl_val *isl_val_trunc(__isl_take isl_val *v);
__isl_give isl_val *isl_val_inv(__isl_take isl_val *v);
__isl_give isl_val *isl_val_2exp(__isl_take isl_val *v);

14



The following binary operations are available on isl_vals.

#include <isl/val.h>

__isl _give isl_val
__isl_take
__isl_give isl_val
__isl_take
__isl _give isl_val
__isl_take
__isl _give isl_val

*isl_val_min(__isl_take isl_val *v1,
isl_val *v2);

*isl_val_max(__isl_take isl_val *vli,
isl_val *v2);

*isl_val_add(__isl_take isl_val *v1,
isl_val *v2);
*isl_val_add_ui(__isl_take isl_val *vi1,

unsigned long v2);

__isl_give isl_val
__isl_take
__isl _give isl_val

*isl_val_sub(__isl_take isl_val *vl,
isl_val *v2);
*isl_val_sub_ui(__isl_take isl_val *vl,

unsigned long v2);

__isl_give isl_val
__isl_take
__isl _give isl_val

*isl_val_mul(__isl_take isl_val *vl,
isl_val *v2);
*isl_val_mul_ui(__isl_take isl_val *vl,

unsigned long v2);

__isl _give isl_val
__isl_take

*isl_val_div(__isl_take isl_val *vl,
isl_val *v2);

On integer values, we additionally have the following operations.

#include <isl/val.h>

__isl _give isl_val
__isl_give isl_val
__isl_take
__isl_give isl_val
__isl_take
__isl _give isl_val
__isl_take
__isl_give

*isl_val_2exp(__isl_take isl_val *v);
*isl_val_mod(__isl_take isl_val *vli,
isl_val *v2);

*isl_val_gcd(__isl_take isl_val *vl,
isl_val *v2);
*isl_val_gcdext(__isl_take isl_val *vl,
isl_val *v2, __isl_give isl_val **x,
isl_val **y);

The function is1_val_gcdext returns the greatest common divisor g of v1 and v2

GMP specific functions

as well as two integers *x and *y such that *x * vl + *y *v2 = g.

These functions are only available if is1 has been compiled with GMP support.

Specific integer and rational values can be created from GMP values using the fol-

lowing functions.

#include <isl/val_gmp.h>

__isl _give isl_val
mpz_t z);
__isl_give isl_val

*isl_val_int_from_gmp(isl_ctx *ctx,

*isl_val_from_gmp(isl_ctx *ctx,

const mpz_t n, const mpz_t d);
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The numerator and denominator of a rational value can be extracted as GMP values
using the following functions.

#include <isl/val_gmp.h>
int isl_val_get_num_gmp(__isl_keep isl_val *v, mpz_t z);
int isl_val_get_den_gmp(__isl_keep isl_val *v, mpz_t z);

1.4.5 Sets and Relations

isl uses six types of objects for representing sets and relations, isl _basic_set,
isl_basic_map, isl_set,isl map, isl_union_set andisl_union map. isl_basic_set
and isl_basic_map represent sets and relations that can be described as a conjunction
of affine constraints, while isl_set and isl _map represent unions of isl _basic_sets
and is1 _basic_maps, respectively. However, all is1_basic_setsor isl _basic_maps
in the union need to live in the same space. isl union_sets and isl union maps
represent unions of isl_sets or isl_maps in different spaces, where spaces are con-
sidered different if they have a different number of dimensions and/or different names
(see §1.4.8). The difference between sets and relations (maps) is that sets have one
set of variables, while relations have two sets of variables, input variables and output
variables.

1.4.6 Error Handling

isl supports different ways to react in case a runtime error is triggered. Runtime
errors arise, e.g., if a function such as isl map_intersect is called with two maps
that have incompatible spaces. There are three possible ways to react on error: to warn,
to continue or to abort.

The default behavior is to warn. In this mode, isl prints a warning, stores the last
error in the corresponding isl_ctx and the function in which the error was triggered
returns a value indicating that some error has occurred. In case of functions returning a
pointer, this value is NULL. In case of functions returning an isl_bool or an isl_stat,
this valus is is1_bool_error or isl_stat_error. An error does not corrupt internal
state, such that isl can continue to be used. isl also provides functions to read the last
error and to reset the memory that stores the last error. The last error is only stored
for information purposes. Its presence does not change the behavior of isl. Hence,
resetting an error is not required to continue to use isl, but only to observe new errors.

#include <isl/ctx.h>
enum isl_error isl_ctx_last_error(isl_ctx *ctx);
void isl_ctx_reset_error(isl_ctx *ctx);

Another option is to continue on error. This is similar to warn on error mode, except
that is1 does not print any warning. This allows a program to implement its own error
reporting.

The last option is to directly abort the execution of the program from within the isl
library. This makes it obviously impossible to recover from an error, but it allows to
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directly spot the error location. By aborting on error, debuggers break at the location
the error occurred and can provide a stack trace. Other tools that automatically pro-
vide stack traces on abort or that do not want to continue execution after an error was
triggered may also prefer to abort on error.

The on error behavior of isl can be specified by calling isl_options_set_on_error
or by setting the command line option --isl-on-error. Valid arguments for the func-
tion call are ISL_ON_ERROR_WARN, ISL_ON_ERROR_CONTINUE and ISL_ON_ERROR_ABORT.
The choices for the command line option are warn, continue and abort. It is also
possible to query the current error mode.

#include <isl/options.h>
isl_stat isl_options_set_on_error(isl_ctx *ctx, int val);
int isl_options_get_on_error(isl_ctx *ctx);

1.4.7 Identifiers

Identifiers are used to identify both individual dimensions and tuples of dimensions.
They consist of an optional name and an optional user pointer. The name and the
user pointer cannot both be NULL, however. Identifiers with the same name but dif-
ferent pointer values are considered to be distinct. Similarly, identifiers with different
names but the same pointer value are also considered to be distinct. Equal identifiers
are represented using the same object. Pairs of identifiers can therefore be tested for
equality using the == operator. Identifiers can be constructed, copied, freed, inspected
and printed using the following functions.

#include <isl/id.h>
__isl _give isl_id *isl_id_alloc(isl_ctx *ctx,
__isl_keep const char *name, void *user);
__isl_give isl_id *isl_id_set_free_user(
__isl_take isl_id *id,
__isl_give void (*free_user) (void *user));
__isl _give isl_id *isl_id_copy(isl_id *id);
__isl_null isl_id *isl_id_free(__isl_take isl_id *id);

void *isl_id_get_user(__isl_keep isl_id *id);
__isl_keep const char *isl_id_get_name(__isl_keep isl_id *id);

__isl _give isl_printer *isl_printer_print_id(
__isl_take isl_printer *p, __isl keep isl_id *id);

The callback set by is1_id_set_free_user is called on the user pointer when the
last reference to the is1_id is freed. Note that isl_id_get_name returns a pointer to
some internal data structure, so the result can only be used while the corresponding
isl_idis alive.
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1.4.8 Spaces

Whenever a new set, relation or similar object is created from scratch, the space in
which it lives needs to be specified using an isl_space. Each space involves zero or
more parameters and zero, one or two tuples of set or input/output dimensions. The
parameters and dimensions are identified by an isl_dim type and a position. The
type isl_dim_param refers to parameters, the type isl_dim_set refers to set dimen-
sions (for spaces with a single tuple of dimensions) and the types isl _dim in and
isl_dim_out refer to input and output dimensions (for spaces with two tuples of di-
mensions). Local spaces (see also contain dimensions of type isl_dim div.
Note that parameters are only identified by their position within a given object. Across
different objects, parameters are (usually) identified by their names or identifiers. Only
unnamed parameters are identified by their positions across objects. The use of un-
named parameters is discouraged.

#include <isl/space.h>
__isl_give isl_space *isl_space_alloc(isl_ctx *ctx,
unsigned nparam, unsigned n_in, unsigned n_out);
__isl_give isl_space *isl_space_params_alloc(isl_ctx *ctx,
unsigned nparam) ;
__isl_give isl_space *isl_space_set_alloc(isl_ctx *ctx,
unsigned nparam, unsigned dim);
__isl_give isl_space *isl_space_copy(__isl_keep isl_space *space);
__isl _null isl_space *isl_space_free(__isl_take isl_space *space);

The space used for creating a parameter domain needs to be created using isl_space_params_alloc.
For other sets, the space needs to be created using isl_space_set_alloc, while for a
relation, the space needs to be created using isl_space_alloc.

To check whether a given space is that of a set or a map or whether it is a parameter
space, use these functions:

#include <isl/space.h>

isl_bool isl_space_is_params(__isl_keep isl_space *space);
isl_bool isl_space_is_set(__isl_keep isl_space *space);
isl_bool isl_space_is_map(__isl_keep isl_space *space);

Spaces can be compared using the following functions:

#include <isl/space.h>

isl_bool isl_space_is_equal(__isl_keep isl_space *spacel,
__isl_keep isl_space *space2);

isl_bool isl_space_is_domain(__isl_keep isl_space *spacel,
__isl_keep isl_space *space2);

isl_bool isl_space_is_range(__isl_keep isl_space *spacel,
__isl_keep isl_space *space2);

isl_bool isl_space_tuple_is_equal(
__isl_keep isl_space *spacel,
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enum isl_dim_type typel,
__isl_keep isl_space *space2,
enum isl_dim_type type2);

isl_space_is_domain checks whether the first argument is equal to the domain
of the second argument. This requires in particular that the first argument is a set space
and that the second argument is a map space. isl_space_tuple_is_equal checks
whether the given tuples (isl_dim_in, isl dim out or isl dim_set) of the given
spaces are the same. That is, it checks if they have the same identifier (if any), the
same dimension and the same internal structure (if any).

It is often useful to create objects that live in the same space as some other object.

This can be accomplished by creating the new objects (see §1.4.10|or §1.4.13) based
on the space of the original object.

#include <isl/set.h>
__isl_give isl_space *isl_basic_set_get_space(
__isl keep isl_basic_set *bset);
__isl_give isl_space *isl_set_get_space(__isl_keep isl_set *set);

#include <isl/union_set.h>
__isl_give isl_space *isl_union_set_get_space(
__isl keep isl_union_set *uset);

#include <isl/map.h>
__isl_give isl_space *isl_basic_map_get_space(
__isl_keep isl_basic_map *bmap);
__isl _give isl_space *isl_map_get_space(__isl_keep isl_map *map);

#include <isl/union_map.h>
__isl_give isl_space *isl_union_map_get_space(
__isl_keep isl_union_map *umap);

#include <isl/constraint.h>
__isl_give isl_space *isl_constraint_get_space(
__isl_keep isl_constraint *constraint);

#include <isl/polynomial.h>

__isl_give isl_space *isl_gpolynomial_get_domain_space(
__isl_keep isl_gpolynomial *gp);

__isl_give isl_space *isl_gpolynomial_get_space(
__isl_keep isl_gpolynomial *qp);

__isl_give isl_space *isl_qgpolynomial_fold_get_space(
__isl_keep isl_gpolynomial_fold *fold);

__isl_give isl_space *isl_pw_gpolynomial_get_domain_space(
__isl_keep isl_pw_gpolynomial *pwqp);

__isl_give isl_space *isl_pw_gpolynomial_get_space(
__isl_keep isl_pw_gpolynomial *pwqp);
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__isl_give isl_space *isl_pw_gpolynomial_fold_get_domain_space(
__isl_keep isl_pw_gpolynomial_fold *pwf);

__isl_give isl_space *isl_pw_gpolynomial_fold_get_space(
__isl_keep isl_pw_gpolynomial_fold *pwf);

__isl_give isl_space *isl_union_pw_qgpolynomial_get_space(
__isl_keep isl_union_pw_gpolynomial *upwqgp);

__isl_give isl_space *isl_union_pw_gpolynomial_fold_get_space(
__isl_keep isl_union_pw_qpolynomial_fold *upwf);

#include <isl/val.h>
__isl_give isl_space *isl_multi_val_get_space(
__isl keep isl multi_val *mv);

#include <isl/aff.h>

__isl_give isl_space *isl_aff get_domain_space(
__isl_keep isl_aff *aff);

__isl_give isl_space *isl_aff_get_space(
__isl _keep isl_aff *aff);

__isl_give isl_space *isl_pw_aff get_domain_space(
__isl_keep isl_pw_aff *pwaff);

__isl_give isl_space *isl_pw_aff get_space(
__isl_keep isl_pw_aff *pwaff);

__isl_give isl_space *isl_multi_aff get_domain_space(
__isl keep isl multi_aff *maff);

__isl_give isl_space *isl_multi_aff get_space(
__isl_keep isl_multi_aff *maff);

__isl_give isl_space *isl_pw_multi_aff get_domain_space(
__isl_keep isl_pw_multi_aff *pma);

__isl_give isl_space *isl_pw multi_aff get_space(
__isl_keep isl_pw_multi_aff *pma);

__isl_give isl_space *isl_union_pw_aff_get_space(
__isl_keep isl_union_pw_aff *upa);

__isl_give isl_space *isl_union_pw_multi_aff_ get_space(
__isl_keep isl_union_pw_multi_aff *upma);

__isl_give isl_space *isl_multi_pw_aff get_domain_space(
__isl_keep isl multi_pw_aff *mpa);

__isl_give isl_space *isl multi_pw_aff_get_space(
__isl_keep isl_multi_pw_aff *mpa);

__isl_give isl_space *

isl multi_union_pw_aff get_domain_space(
__isl_keep isl _multi_union_pw_aff *mupa);

__isl_give isl_space *

isl_multi_union_pw_aff get_space(
__isl_keep isl_multi_union_pw_aff *mupa);

#include <isl/point.h>
__isl_give isl_space *isl_point_get_space(
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__isl_keep isl_point *pnt);

The number of dimensions of a given type of space may be read off from a space or
an object that lives in a space using the following functions. In case of isl_space_dim,
type may be isl_dim_param, isl_dim in (only for relations), is