

    
      
          
            
  
Overview




fpylll

A Python (2 and 3) wrapper for fplll [https://github.com/fplll/fplll].
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 [http://fpylll.readthedocs.io/en/latest/?badge=latest]>>> from fpylll import *

>>> A = IntegerMatrix(50, 50)
>>> A.randomize("ntrulike", bits=50, q=127)
>>> A[0].norm()
3564748886669202.5

>>> M = GSO.Mat(A)
>>> M.update_gso()
>>> M.get_mu(1,0)
0.815748944429783

>>> L = LLL.Reduction(M)
>>> L()
>>> M.get_mu(1,0)
0.41812865497076024
>>> A[0].norm()
24.06241883103193





The basic BKZ algorithm can be implemented in about 60 pretty readable lines of Python code (cf. simple_bkz.py [https://github.com/fplll/fpylll/blob/master/src/fpylll/algorithms/simple_bkz.py]).
For a quick tour of the library, you can check out the tutorial [https://github.com/fplll/fpylll/blob/master/docs/tutorial.rst].


Requirements

fpylll relies on the following C/C++ libraries:


	GMP [https://gmplib.org] or MPIR [http://mpir.org] for arbitrary precision integer arithmetic.


	MPFR [http://www.mpfr.org] for arbitrary precision floating point arithmetic.


	QD [http://crd-legacy.lbl.gov/~dhbailey/mpdist/] for double double and quad double arithmetic (optional).


	fplll [https://github.com/fplll/fplll] for pretty much everything.




fpylll also relies on


	Cython [http://cython.org] for linking Python and C/C++.


	cysignals [https://github.com/sagemath/cysignals] for signal handling such as interrupting C++ code.


	py.test [http://pytest.org/latest/] for testing Python.


	flake8 [https://flake8.readthedocs.org/en/latest/] for linting.




We also suggest


	virtualenv [https://virtualenv.pypa.io/en/latest/] to build and install fpylll in


	IPython [https://ipython.org] for interacting with Python


	Numpy [http://www.numpy.org] for numerical computations (e.g. with Gram-Schmidt values)







Online

fpylll ships with Sage. Thus, it is available via SageMathCell [http://sagecell.sagemath.org/?z=eJxtjk1rwzAMhu-F_gfRUzpCKGODXXxwWTfGWlrWDPZBMWrjFK-2lcketPv1U0657CJePUiP1DIFaLuL9x5c6IgzXI1HGhQ8xWyPlleY2Z0rxthQKO5mJUy-kS-TEoLqu5O6kbp3OUmYjkcdu5hBf852VSQOhaCUGcXlbBKtJ2zMQMxXoljMnz-q-8WDfl3WZlu_6Hrx-C6LPWbb_ByykyFdQg82yBiKvafDyST3a9W13B-EaojyIp6NJ-qSui2h9XhMqles9JtZrteb7fT_h_8AredZkw==&lang=sage] and CoCalc [https://cocalc.com/] (select a Jupyter notebook with a Sage kernel). You can also fire up a dply.co virtual server [https://dply.co/b/pBZ2QbxW] with the latest fpylll/fplll preinstalled (it takes perhaps 15 minutes until everything is compiled).




Getting Started

Note: fpylll is also available via PyPI [https://pypi.python.org/pypi/fpylll/] and Conda-Forge [https://conda-forge.github.io] for Conda [https://conda.io/docs/]. In what follows, we explain manual installation.

We recommend virtualenv [https://virtualenv.readthedocs.org/] for isolating Python build environments and virtualenvwrapper [https://virtualenvwrapper.readthedocs.org/] to manage virtual environments.
We indicate active virtualenvs by the prefix (fpylll).

Automatic install


	Run bootstrap.sh

$ ./bootstrap.sh
$ source ./activate









Manual install


	Create a new virtualenv and activate it:

$ virtualenv env
$ ln -s ./env/bin/activate ./
$ source ./activate







	Install the required libraries - GMP [https://gmplib.org] or MPIR [http://mpir.org] and MPFR [http://www.mpfr.org]  - if not available already. You may also want to install QD [http://crd-legacy.lbl.gov/~dhbailey/mpdist/].


	Install fplll:

$ (fpylll) ./install-dependencies.sh $VIRTUAL_ENV





Some OSX users report that they required export CXXFLAGS="-stdlib=libc++ -mmacosx-version-min=10.7" and export CXX=clang++ (after installing a recent clang with brew [https://brew.sh]) since the default GCC installed by Apple does not have full C++11 support.



	Then, execute:

$ (fpylll) pip install Cython
$ (fpylll) pip install -r requirements.txt





to install the required Python packages (see above).



	If you are so inclined, run:

$ (fpylll) pip install -r suggestions.txt





to install suggested Python packages as well (optional).



	Build the Python extension:

$ (fpylll) export PKG_CONFIG_PATH="$VIRTUAL_ENV/lib/pkgconfig:$PKG_CONFIG_PATH"
$ (fpylll) python setup.py build_ext
$ (fpylll) python setup.py install







	To run fpylll, you will need to:

$ (fpylll) export LD_LIBRARY_PATH="$VIRTUAL_ENV/lib"





so that Python can find fplll and friends.

Note that you can also patch activate to set LD_LIBRRY_PATH. For this, add:

### LD_LIBRARY_HACK
_OLD_LD_LIBRARY_PATH="$LD_LIBRARY_PATH"
LD_LIBRARY_PATH="$VIRTUAL_ENV/lib:$LD_LIBRARY_PATH"
export LD_LIBRARY_PATH
### END_LD_LIBRARY_HACK

### PKG_CONFIG_HACK
_OLD_PKG_CONFIG_PATH="$PKG_CONFIG_PATH"
PKG_CONFIG_PATH="$VIRTUAL_ENV/lib/pkgconfig:$PKG_CONFIG_PATH"
export PKG_CONFIG_PATH
### END_PKG_CONFIG_HACK





towards the end and:

### LD_LIBRARY_HACK
if ! [ -z ${_OLD_LD_LIBRARY_PATH+x} ] ; then
    LD_LIBRARY_PATH="$_OLD_LD_LIBRARY_PATH"
    export LD_LIBRARY_PATH
    unset _OLD_LD_LIBRARY_PATH
fi
### END_LD_LIBRARY_HACK

### PKG_CONFIG_HACK
if ! [ -z ${_OLD_PKG_CONFIG_PATH+x} ] ; then
    PKG_CONFIG_PATH="$_OLD_PKG_CONFIG_PATH"
    export PKG_CONFIG_PATH
    unset _OLD_PKG_CONFIG_PATH
fi
### END_PKG_CONFIG_HACK





in the deactivate function in the activate script.





Running fpylll


	To (re)activate the virtual environment, simply run:

$ source ./activate







	Start Python:

$ (fpylll) ipython









Manual update of fpylll and fplll inside Sagemath 9.0+

The instructions are very similar to the manual ones above.


	Activate the sage-sh virtualenv:

$ sage -sh







	Install the required libraries - GMP [https://gmplib.org] or MPIR [http://mpir.org] and MPFR [http://www.mpfr.org]  - if not available already. You may also want to install QD [http://crd-legacy.lbl.gov/~dhbailey/mpdist/].


	Install fplll:

$ (sage-sh) ./install-dependencies.sh $SAGE_LOCAL





Some OSX users report that they required export CXXFLAGS="-stdlib=libc++ -mmacosx-version-min=10.7" and export CXX=clang++ (after installing a recent clang with brew [https://brew.sh]) since the default GCC installed by Apple does not have full C++11 support.



	Then, execute:

$ (sage-sh) pip3 install Cython
$ (sage-sh) pip3 install -r requirements.txt





to install the required Python packages (see above).



	If you are so inclined, run:

$ (sage-sh) pip3 install -r suggestions.txt





to install suggested Python packages as well (optional).



	Build the Python extension:

$ (sage-sh) export PKG_CONFIG_PATH="$SAGE_LOCAL/lib/pkgconfig:$PKG_CONFIG_PATH"
$ (sage-sh) python3 setup.py build_ext
$ (sage-sh) python3 setup.py install
$ (sage-sh) exit







	Verify the upgrade went well:

$ sage
sage: import fpylll
sage: print(fpylll.__version__)





The output should match the value of __version__ in src/fpylll/__init__.py [https://github.com/fplll/fpylll/blob/master/src/fpylll/__init__.py].








Multicore Support

fpylll supports parallelisation on multiple cores. For all C++ support to drop the GIL [https://wiki.python.org/moin/GlobalInterpreterLock] is enabled, allowing the use of threads to parallelise. Fplll is thread safe as long as each thread works on a separate object such as IntegerMatrix or MatGSO. Also, fpylll does not actually drop the GIL in all calls to C++ functions yet. In many scenarios using multiprocessing [https://docs.python.org/2/library/multiprocessing.html], which sidesteps the GIL and thread safety issues by using processes instead of threads, will be the better choice.

The example below calls LLL.reduction on 128 matrices of dimension 30 on four worker processes.

from fpylll import IntegerMatrix, LLL
from multiprocessing import Pool

d, workers, tasks = 30, 4, 128

def run_it(p, f, A, prefix=""):
    """Print status during parallel execution."""
    import sys
    r = []
    for i, retval in enumerate(p.imap_unordered(f, A, 1)):
        r.append(retval)
        sys.stderr.write('\r{0} done: {1:.2%}'.format(prefix, float(i)/len(A)))
        sys.stderr.flush()
    sys.stderr.write('\r{0} done {1:.2%}\n'.format(prefix, float(i+1)/len(A)))
    return r

A = [IntegerMatrix.random(d, "uniform", bits=30) for _ in range(tasks)]
A = run_it(Pool(workers), LLL.reduction, A)





To test threading simply replace the line from multiprocessing import Pool with from multiprocessing.pool import ThreadPool as Pool. For calling BKZ.reduction this way, which expects a second parameter with options, using functools.partial [https://docs.python.org/2/library/functools.html#functools.partial] is a good choice.




Contributing

fpylll welcomes contributions, cf. the list of open issues [https://github.com/fplll/fpylll/issues]. To contribute, clone this repository, commit your code on a separate branch and send a pull request. Please write tests for your code. You can run them by calling:

$ (fpylll) PY_IGNORE_IMPORTMISMATCH=1 py.test





from the top-level directory which runs all tests in tests/test_*.py. We run flake8 [https://flake8.readthedocs.org/en/latest/] on every commit automatically, In particular, we run:

$ (fpylll) flake8 --max-line-length=120 --max-complexity=16 --ignore=E22,E241 src





Note that fpylll supports Python 2 and 3. In particular, tests are run using Python 2.7 and 3.5. See .travis.yml [https://github.com/fplll/fpylll/blob/master/.travis.yml] for details on automated testing.




Attribution & License

fpylll is maintained by Martin Albrecht.

The following people have contributed to fpylll


	Eamonn Postlethwaite


	E M Bray


	Fernando Virdia


	Guillaume Bonnoron


	Jeroen Demeyer


	Jérôme Benoit


	Konstantinos Draziotis


	Leo Ducas


	Martin Albrecht


	Michael Walter


	Omer Katz




We copied a decent bit of code over from Sage, mostly from it’s fpLLL interface.

fpylll is licensed under the GPLv2+.
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fplll Modules

The modules in this category in some way represent classes or functions from fplll. They are typically implemented in Cython.


Integer Matrices

Dense matrices over the Integers.


	
class fpylll.fplll.integer_matrix.IntegerMatrix(arg0, arg1=None, int_type='mpz')

	Dense matrices over the Integers.


	
__copy__(self)

	Copy this matrix.






	
__getitem__()

	Select a row or entry.


	Parameters

	key – an integer for the row, a tuple for row and column or a slice.



	Returns

	a reference to a row or an integer depending on format of key





>>> from fpylll import IntegerMatrix
>>> A = IntegerMatrix(10, 10)
>>> A.gen_identity(10)
>>> A[1,0]
0





>>> print(A[1])
(0, 1, 0, 0, 0, 0, 0, 0, 0, 0)





>>> print(A[0:2])
[ 1 0 0 0 0 0 0 0 0 0 ]
[ 0 1 0 0 0 0 0 0 0 0 ]










	
__init__()

	Construct a new integer matrix


	Parameters

	
	arg0 – number of rows ≥ 0 or matrix


	arg1 – number of columns ≥ 0 or None








The default constructor takes the number of rows and columns:

>>> from fpylll import IntegerMatrix
>>> IntegerMatrix(10, 10) 
<IntegerMatrix(10, 10) at 0x...>

>>> IntegerMatrix(10, 0) 
<IntegerMatrix(10, 0) at 0x...>

>>> IntegerMatrix(-1,  0)
Traceback (most recent call last):
...
ValueError: Number of rows must be >0





The default constructor is also a copy constructor:

>>> A = IntegerMatrix(2, 2)
>>> A[0,0] = 1
>>> B = IntegerMatrix(A)
>>> B[0,0]
1
>>> A[0,0] = 2
>>> B[0,0]
1










	
__setitem__()

	Assign value to index.


	Parameters

	
	key – a tuple of row and column indices


	value – an integer








Example:

>>> from fpylll import IntegerMatrix
>>> A = IntegerMatrix(10, 10)
>>> A.gen_identity(10)
>>> A[1,0] = 2
>>> A[1,0]
2





Arbitrary precision integers are supported:

>>> A[0, 0] = 2**2048





The notation A[i][j] is not supported.  This is because A[i] returns an object
of type IntegerMatrixRow object which is immutable by design.  This is to avoid the
user confusing such an object with a proper vector.:

>>> A[1][0] = 2
Traceback (most recent call last):
...
TypeError: 'fpylll.fplll.integer_matrix.IntegerMatrixRow' object does not support item assignment










	
apply_transform(self, IntegerMatrix U, int start_row=0)

	Apply transformation matrix U to this matrix starting at row start_row.


	Parameters

	
	U (IntegerMatrix) – transformation matrix


	start_row (int) – start transformation in this row













	
clear(self)

	




	
classmethod from_file(type cls, filename, **kwds)

	Construct new matrix from file.

>>> import tempfile
>>> A = IntegerMatrix.random(10, "qary", k=5, bits=20)





>>> fn = tempfile.mktemp()
>>> fh = open(fn, "w")
>>> _ = fh.write(str(A))
>>> fh.close()





>>> B = IntegerMatrix.from_file(fn)
>>> A == B
True






	Parameters

	filename – name of file to read from










	
classmethod from_iterable(type cls, nrows, ncols, it, **kwds)

	Construct a new integer matrix from matrix-like object A


	Parameters

	
	nrows – number of rows


	ncols – number of columns


	it – an iterable of length at least nrows * ncols








>>> A = IntegerMatrix.from_iterable(2,3, [1,2,3,4,5,6])
>>> print(A)
[ 1 2 3 ]
[ 4 5 6 ]










	
classmethod from_matrix(type cls, A, nrows=None, ncols=None, **kwds)

	Construct a new integer matrix from matrix-like object A


	Parameters

	
	A – a matrix like object, with element access A[i,j] or A[i][j]


	nrows – number of rows (optional)


	ncols – number of columns (optional)








>>> A = IntegerMatrix.from_matrix([[1,2,3],[4,5,6]])
>>> print(A)
[ 1 2 3 ]
[ 4 5 6 ]










	
gen_identity(self, int nrows=-1)

	Generate identity matrix.


	Parameters

	nrows – number of rows










	
get_max_exp(self)

	>>> A = IntegerMatrix.from_matrix([[0,2],[3,4]])
>>> A.get_max_exp()
3





>>> A = IntegerMatrix.from_matrix([[0,2],[3,9]])
>>> A.get_max_exp()
4










	
classmethod identity(type cls, nrows, int_type='mpz')

	Construct a new identity matrix of dimension nrows × nrows


	Parameters

	nrows – number of rows.





>>> A = IntegerMatrix.identity(4)
>>> print(A)
[ 1 0 0 0 ]
[ 0 1 0 0 ]
[ 0 0 1 0 ]
[ 0 0 0 1 ]










	
int_type

	




	
is_empty(self)

	




	
mod(self, q, int start_row=0, int start_col=0, int stop_row=-1, int stop_col=-1)

	Apply moduluar reduction modulo q to this matrix.


	Parameters

	
	q – modulus


	start_row (int) – starting row


	start_col (int) – starting column


	stop_row (int) – last row (excluding)


	stop_col (int) – last column (excluding)








>>> A = IntegerMatrix(2, 2)
>>> A[0,0] = 1001
>>> A[1,0] = 13
>>> A[0,1] = 102
>>> print(A)
[ 1001 102 ]
[   13   0 ]





>>> A.mod(10, start_row=1, start_col=0)
>>> print(A)
[ 1001 102 ]
[    3   0 ]





>>> A.mod(10)
>>> print(A)
[ 1 2 ]
[ 3 0 ]





>>> A = IntegerMatrix(2, 2)
>>> A[0,0] = 1001
>>> A[1,0] = 13
>>> A[0,1] = 102
>>> A.mod(10, stop_row=1)
>>> print(A)
[  1 2 ]
[ 13 0 ]










	
multiply_left(self, v, start=0)

	Return v*A' where A' is A reduced to len(v) rows starting at start.


	Parameters

	
	v – a tuple-like object


	start – start in row start













	
ncols

	Number of Columns


	Returns

	number of columns





>>> from fpylll import IntegerMatrix
>>> IntegerMatrix(10, 10).ncols
10










	
nrows

	Number of Rows


	Returns

	number of rows





>>> from fpylll import IntegerMatrix
>>> IntegerMatrix(10, 10).nrows
10










	
classmethod random(type cls, d, algorithm, int_type='mpz', **kwds)

	Construct new random matrix.


	Parameters

	
	d – dominant size parameter, see below for details


	algorithm – type of matrix create, see below for details


	int_type – underlying integer type






	Returns

	a random lattice basis





Examples:

>>> from fpylll import FPLLL
>>> FPLLL.set_random_seed(1337)

>>> print(IntegerMatrix.random(10, "intrel", bits=30))
[  285965362 1 0 0 0 0 0 0 0 0 0 ]
[  714553900 0 1 0 0 0 0 0 0 0 0 ]
[ 1017994245 0 0 1 0 0 0 0 0 0 0 ]
[  256743299 0 0 0 1 0 0 0 0 0 0 ]
[  602398079 0 0 0 0 1 0 0 0 0 0 ]
[  159503182 0 0 0 0 0 1 0 0 0 0 ]
[  450941699 0 0 0 0 0 0 1 0 0 0 ]
[  125249023 0 0 0 0 0 0 0 1 0 0 ]
[  158876382 0 0 0 0 0 0 0 0 1 0 ]
[  514616289 0 0 0 0 0 0 0 0 0 1 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(10, "simdioph", bits=10, bits2=30))
[ 1073741824   50  556    5  899  383  846  771  511  734 ]
[          0 1024    0    0    0    0    0    0    0    0 ]
[          0    0 1024    0    0    0    0    0    0    0 ]
[          0    0    0 1024    0    0    0    0    0    0 ]
[          0    0    0    0 1024    0    0    0    0    0 ]
[          0    0    0    0    0 1024    0    0    0    0 ]
[          0    0    0    0    0    0 1024    0    0    0 ]
[          0    0    0    0    0    0    0 1024    0    0 ]
[          0    0    0    0    0    0    0    0 1024    0 ]
[          0    0    0    0    0    0    0    0    0 1024 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(10, "uniform", bits=10))
[  50 556   5 899 383 846  771 511 734 993 ]
[ 325  12 242  43 374 815  437 260 541  50 ]
[ 492 174 215 999 186 189  292 497 832 966 ]
[ 508 290 160 247 859 817  669 821 258 930 ]
[ 510 933 588 895  18 546  393 868 858 790 ]
[ 620  72 832 133 263 121  724  35 454 385 ]
[ 431 347 749 311 911 937   50 160 322 180 ]
[ 517 941 184 922 217 563 1008 960  37  85 ]
[   5 855 643 824  43 525   37 988 886 118 ]
[  27 944 560 993 662 589   20 694 696 205 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(5, "ntrulike", q=127))
[ 1 0 0 0 0  25  50  44   5   3 ]
[ 0 1 0 0 0   3  25  50  44   5 ]
[ 0 0 1 0 0   5   3  25  50  44 ]
[ 0 0 0 1 0  44   5   3  25  50 ]
[ 0 0 0 0 1  50  44   5   3  25 ]
[ 0 0 0 0 0 127   0   0   0   0 ]
[ 0 0 0 0 0   0 127   0   0   0 ]
[ 0 0 0 0 0   0   0 127   0   0 ]
[ 0 0 0 0 0   0   0   0 127   0 ]
[ 0 0 0 0 0   0   0   0   0 127 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(5, "ntrulike2", q=127))
[ 127   0   0   0   0 0 0 0 0 0 ]
[   0 127   0   0   0 0 0 0 0 0 ]
[   0   0 127   0   0 0 0 0 0 0 ]
[   0   0   0 127   0 0 0 0 0 0 ]
[   0   0   0   0 127 0 0 0 0 0 ]
[  25   3   5  44  50 1 0 0 0 0 ]
[  50  25   3   5  44 0 1 0 0 0 ]
[  44  50  25   3   5 0 0 1 0 0 ]
[   5  44  50  25   3 0 0 0 1 0 ]
[   3   5  44  50  25 0 0 0 0 1 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(10, "qary", k=8, q=127))
[ 1 0  50  44   5   3  78   3  94  97 ]
[ 0 1  69  12 114  43 118  47  53   4 ]
[ 0 0 127   0   0   0   0   0   0   0 ]
[ 0 0   0 127   0   0   0   0   0   0 ]
[ 0 0   0   0 127   0   0   0   0   0 ]
[ 0 0   0   0   0 127   0   0   0   0 ]
[ 0 0   0   0   0   0 127   0   0   0 ]
[ 0 0   0   0   0   0   0 127   0   0 ]
[ 0 0   0   0   0   0   0   0 127   0 ]
[ 0 0   0   0   0   0   0   0   0 127 ]





>>> FPLLL.set_random_seed(1337)
>>> print(IntegerMatrix.random(10, "trg", alpha=0.99))
[  228404      0     0      0     0     0    0    0    0   0 ]
[  -80428  34992     0      0     0     0    0    0    0   0 ]
[ -104323  -3287 24449      0     0     0    0    0    0   0 ]
[  -54019  -5306  9234  42371     0     0    0    0    0   0 ]
[  -17118 -13604  6537 -10587  4082     0    0    0    0   0 ]
[  108869   8134  4954 -17719 -1984 15326    0    0    0   0 ]
[ -111858  -7328  5192   8105 -1109  1910 5818    0    0   0 ]
[  -97654 -16219 -2181  14658 -1879  7195 -100 2347    0   0 ]
[  -46340  13109  6265  12205 -1848  6113 1049 -170 1810   0 ]
[   10290  16293  4131  -4313  -525  2068 -262  248  715 592 ]





Available Algorithms:



	"intrel" - (bits = b) generate a knapsack like matrix of dimension d ×
(d+1) and b bits: the i-th vector starts with a random integer of bit-length ≤ b
and the rest is the i-th canonical unit vector.


	"simdioph" - (bits = b_1, bits2 = b_2) generate a d × d matrix of a
form similar to that is involved when trying to find rational approximations to reals
with the same small denominator. The first vector starts with a random integer of
bit-length ≤ b_2 and continues with d-1 independent integers of bit-lengths ≤
b_1; the i-th vector for i>1 is the i-th canonical unit vector scaled by a factor
2^{b_1}.


	"uniform" - (bits = b) - generate a d × d matrix whose entries are independent
integers of bit-lengths ≤ b.


	"ntrulike" - (bits = b or q) generate a 2d × 2d NTRU-like matrix. If
bits is given, then it first samples an integer q of bit-length ≤ b, whereas
if q, then it sets q to the provided value. Then it samples a uniform h in the
ring Z_q[x]/(x^n-1). It finally returns the 2 x 2 block matrix [[I, rot(h)], [0,
qI]], where each block is d x d, the first row of rot(h) is the coefficient
vector of h, and the i-th row of rot(h) is the shift of the (i-1)-th (with last
entry put back in first position), for all i>1.


	ntrulike2" - (bits = b or q) as the previous option, except that the
constructed matrix is [[qI, 0], [rot(h), I]].


	"qary" - (bits = b or q, k) generate a d × d q-ary matrix with
determinant q^k. If bits is given, then it first samples an integer q of
bit-length ≤ b; if q is provided, then set q to the provided value. It returns
a 2 x 2 block matrix [[qI, 0], [H, I]], where H is k x (d-k) and uniformly
random modulo q. These bases correspond to the SIS/LWE q-ary lattices. Goldstein-Mayer
lattices correspond to k=1 and q prime.


	"trg" - (alpha) generate a d × d lower-triangular matrix B with
B_{ii} = 2^{(d-i+1)^\alpha} for all i, and B_{ij} is uniform between
-B_{jj}/2 and B_{jj}/2 for all j
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Linear Pruning

If we want to use pruning we can use the default pruning of fplll or to use our custom pruning. For instance, say that for some reason we want to use linear pruning. Then, we shall define the new linear pruning strategy as follows.

>>> def linear_pruning_strategy(block_size, level):
...  if level > block_size - 1:
...    raise ValueError
...  if block_size  < 5:
...    raise ValueError
...  from fpylll import BKZ
...  from fpylll.fplll.pruner import PruningParams
...  from fpylll.fplll.bkz_param import Strategy
...  preprocessing = 3
...  strategies1 = [Strategy(i) for i in range(6)]
...  for b in range(6, block_size+1):
...    if block_size == b:
...        pr = PruningParams.LinearPruningParams(block_size, level)
...        s = Strategy(b, [preprocessing], [pr])
...    else:
...        s = Strategy(b, [preprocessing])
...    strategies1.append(s)
...  param = BKZ.Param(block_size = block_size, strategies = strategies1)
...  return param





So, now we can define a new strategy that uses linear pruning

>>> LP = linear_pruning_strategy(10, 6)





Now, we shall compute the BKZ reduction of a large matrix using linear pruning.

>>> from fpylll import IntegerMatrix, BKZ, FPLLL
>>> A = IntegerMatrix(70, 71)
>>> FPLLL.set_random_seed(2013)
>>> A.randomize("intrel", bits=100)
>>> bkz_reduced = BKZ.reduction(A, LP)





Now, bkz_reduced is the BKZ reduced matrix of A using linear pruning with blocksize 10 and level 6. If we want to use the default strategy of fplll (which is faster than the previous linear pruning strategy) we use BKZ.DEFAULT_STRATEGY,

>>> param = BKZ.Param(block_size=10, strategies=BKZ.DEFAULT_STRATEGY)
>>> bkz_reduced_2 = BKZ.reduction(A, param)





and

>>> bkz_reduced == bkz_reduced_2
True
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Gauss Circle Problem

Using enumeration we can study the Gauss circle problem 1, i.e. the problem of finding the number N_R=|\{(x,y)\in {\mathbb{Z}}^2 : x^2+y^2\leq R^2 \}|. Gauss proved that N_R=\pi R^2 + Err(R), with |Err(R)|\leq 2\sqrt{2}\pi R. The following code will compute all the points in the set \{{(x,y)\in \mathbb{Z}}^2 : x^2+y^2\leq R^2\}:

>>> from fpylll.fplll.gso import MatGSO
>>> from fpylll.fplll.integer_matrix import IntegerMatrix
>>> from fpylll import FPLLL
>>> from fpylll import Enumeration, EvaluatorStrategy
>>> FPLLL.set_random_seed(1337)
>>> def gauss(radius, dim, nr):
...  A = IntegerMatrix.identity(dim)   #define the latttice Z^dim
...  M = MatGSO(A)
...  _ = M.update_gso()
...  enum = Enumeration(M, nr_solutions = nr)
...  e1 = enum.enumerate(0, dim, radius**2, 0)
...  return [tuple(dim*[0])] + [v for d,v in e1] + [tuple([-x for x in v]) for d,v in e1]





For instance N_2 is given by

>>> g = gauss(2, 2, 100)
>>> len(g)
13
>>> g
[(0, 0), (0.0, 1.0), (1.0, 0.0), (-1.0, 1.0), (1.0, 1.0), (0.0, 2.0), (2.0, 0.0), (-0.0, -1.0), (-1.0, -0.0), (1.0, -1.0), (-1.0, -1.0), (-0.0, -2.0), (-2.0, -0.0)]





For {\rm dim} = 2 is enough to choose the parameter nr = \lceil \pi R^2+2\sqrt{2}\pi R\rceil. For R=80 we get

>>> from math import pi, ceil, sqrt
>>> R = 80
>>> nr = ceil(pi*R**2 + 2*sqrt(2)*pi*R)
>>> len(gauss(R,2,nr))
20081





The parameter nr_solutions is by default 1. If we set say, {\rm{nr\_solutions}}= nr = \lceil \pi R^2+2\sqrt{2}\pi R\rceil, then the enumerate function will return, say the set \mathcal{A}_R=\{{\bf x}_1,...,{\bf x}_{n}\} (n
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Small solutions to a linear diophantine equation

Say we want find a small solution to a linear diophantine equation \sum_{i=1}^{n}a_ix_i=a_0. In general Euclidean algorithm will provide a solution in polynomial time. This method does not provide small solution in general. We can use the lattice from 1 to attack this problem. Let A be the basis:


\[\begin{split}A = \begin{bmatrix}
1 & 0 & 0 & \cdots & 0 & 0 & N_2a_1 \\
0 & 1 & 0 & \cdots & 0 & 0 & N_2a_2 \\
\vdots & \vdots & \vdots & \ddots & \vdots & \vdots \\
0 & 0 & 0 & \cdots & 1& 0 &N_2a_n \\
0 & 0 & 0 & \cdots & 0 & N_1 &-N_2a_0
\end{bmatrix}\end{split}\]

where N_1, N_2 are some positive integers. Say (x_1,x_2,...,x_n,x_{n+1},x_{n+2}) is a row of the LLL-reduced matrix of A. If x_{n+1}=N_1, x_{n+2}=0, then (x_1,...,x_n) is a solution of the linear equation. Say {\bf a} = (1124, 1799, 1151, 1979, 1799, 1625, 1077, 1666, 1438, 1739), a_0=22833, N_1=100, N_2=1000.:

::





>>> from fpylll import IntegerMatrix, LLL
>>> N1 = 100
>>> N2 = 10000
>>> a = [1124, 1799, 1151, 1979, 1799, 1625, 1077, 1666, 1438, 1739]
>>> a0 = 22833
>>> n = len(a)
>>> M = IntegerMatrix(n+1, n+2)
>>> for i in range(len(a)):
...     M[i, -1] = a[i]*N2
...     M[i,  i] = 1
...





>>> M[-1, -2] = N1
>>> M[-1, -1] = -a0 * N2





We can now apply LLL:

>>> L = LLL.reduction(M); print(L)
[  0 -1  0  0  1  0  0  0  0 0   0      0 ]
[  0  1  0  0  0  0  1  0 -2 0   0      0 ]
[ -1  0 -1 -1  0  0  1  0  1 1   0      0 ]
[ -1 -1  0  1 -1  0  1  1  0 0   0      0 ]
[  1 -1  0  0 -1  1  1 -1  1 0   0      0 ]
[  0  0  0  0  0  1 -2  1 -2 1   0      0 ]
[  0  0  0  0  0 -2  0 -1  1 2   0      0 ]
[ -1 -1  2  0  0  1 -1 -1  0 1   0      0 ]
[ -2  1 -2  3  0  2  0 -3 -1 0   0      0 ]
[  1  2  0  1  2  3  1  1  1 2 100      0 ]
[  1  0  0  1  0  0  0 -1 -1 0   0 -10000 ]





So a small solution is {\bf v} = ( 1,  2,  0,  1,  2,  3,  1,  1,  1, 2 ), with norm

>>> L.submatrix(0, 0, n, n)[-1].norm()  
5.099019513...






	1

	
	Aardal, C. Hurkens, A. Lenstra, Solving a linear Diophantine equation with lower and upper bounds on the variables. Integer programming and combinatorial optimization LNCS 1412, p.229–242, 1998.
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Tutorial


Matrix generators

>>> from fpylll import IntegerMatrix, FPLLL
>>> FPLLL.set_random_seed(1337)
>>> A = IntegerMatrix(9, 10)
>>> A.randomize("intrel", bits=10)





Matrix A is a (random) knapsack type matrix. That is of the form  [ {\bf a} | I_n], where {\bf a} is a column vector of dimension n, and I_n the n-dimensional identity matrix. Giving

>>> print(A)
[  50 1 0 0 0 0 0 0 0 0 ]
[ 556 0 1 0 0 0 0 0 0 0 ]
[   5 0 0 1 0 0 0 0 0 0 ]
[ 899 0 0 0 1 0 0 0 0 0 ]
[ 383 0 0 0 0 1 0 0 0 0 ]
[ 846 0 0 0 0 0 1 0 0 0 ]
[ 771 0 0 0 0 0 0 1 0 0 ]
[ 511 0 0 0 0 0 0 0 1 0 ]
[ 734 0 0 0 0 0 0 0 0 1 ]





Also, the following types of matrices are supported,

>>> from fpylll import FPLLL
>>> from copy import copy
>>> b = 10
>>> p = 521 # prime
>>> FPLLL.set_random_seed(1337)
>>> A = IntegerMatrix(6,6)
>>> B = copy(A)
>>> C = copy(A)
>>> D = copy(A)
>>> A.randomize("uniform", bits=b)
>>> B.randomize("ntrulike", bits=b, q=p)
>>> C.randomize("ntrulike2", bits=b, q=p)
>>> D.randomize("qary", bits=b, k=3)





For instance:

>>> print(D)
[ 1 0 0 858 790 620 ]
[ 0 1 0  72 832 133 ]
[ 0 0 1 263 121 724 ]
[ 0 0 0 877   0   0 ]
[ 0 0 0   0 877   0 ]
[ 0 0 0   0   0 877 ]





For a user defined matrix we use the method from_matrix:

>>> A = IntegerMatrix.from_matrix([[1,2,3,4],[30,4,4,5],[1,-2,3,4],[0,0,1,0]])








Gram-Schmidt tools

To compute the Gram-Schim