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Practice 1: Getting familiar with FpyLLL

The goal of this lab is to familiarize yourself with basic routines implemented in the FPyLLL library [1].
Documentation is available at https://readthedocs.org/projects/fpylll/downloads/pdf/latest/

1 LLL

1. Generating a random q-ary matrix.

from f p y l l l import *
import copy
A = IntegerMatr ix . random( 30 , "qary" , k=15 , b i t s=30 )
p r i n t (A)
dim = A. nrows
p r in t ( ’ dimension : ’ , dim)

2. GSO object, norm computation, and LLL reduction

M = GSO.Mat(A, f loat_type="d" ) #f loat_type \ in { ’d ’ , ’ dd ’ , ’ qd ’ , ’ mpfr ’ }
p r i n t (M. get_r (0 , 0 ) )
p r i n t (M. d) # l a t t i c e dimension
p r in t (M.B) # input ba s i s
M. update_gso ( ) # compute a l l i n t e r e s t i n g matr i ce s (R- f a c to r , mu, . . . )
p r i n t (M. get_r (1 , 1 ) )
p r i n t (A[ 0 ] . norm ( ) ** 2 ) # f i r s t b a s i s norm
pr in t ( ’ b e f o r e : ’ , [M. get_r ( i , i ) f o r i in range (dim) ] ) # a l l r_ i i

L = LLL . Reduction (M, de l t a=0 . 99 , eta=0 . 501 ) # c r e a t i n g an LLL ob j e c t
L( ) # run LLL
pr in t ( ’ a f t e r : ’ , [M. get_r ( i , i ) f o r i in range (dim) ] )
p r i n t (A)

3. Transformation matrix

A = IntegerMatr ix . random( 100 , "qary" , k=50 , b i t s=30 )
dim = A. nrows
Ac = copy . deepcopy (A) # copy o f A
U = IntegerMatr ix . i d e n t i t y (dim)
UinvT = IntegerMatr ix . i d e n t i t y (dim)

M_transf = GSO.Mat(Ac , f loat_type="qd" , U = U, UinvT = UinvT) #U - - t rans fo rmat ion
matrix mapping A to LLL- reduced Ac

pr in t ( M_transf . inverse_transform_enabled ) # LLL computes U

L = LLL . Reduction (M_transf , d e l t a=0 . 99 , eta=0 . 501 )
L( )
p r i n t (Ac [ 1 ] )
p r i n t ( (U*A) [ 1 ] )

2 Enumeration

https://readthedocs.org/projects/fpylll/downloads/pdf/latest/


A = IntegerMatr ix . random( 45 , "qary" , k=25 , b i t s=30 )
M = GSO.Mat(A)
L = LLL . Reduction (M, de l t a=0 . 99 , eta=0 . 501 )
L( )
M. update_gso ( )

enum = Enumeration (M, s t r a t e gy=EvaluatorStrategy .BEST_N_SOLUTIONS, sub_so lut ions=True ) #
i n i t i a t e the ob j e c t Enumeration

r e s = enum . enumerate ( 0 , 45 , 0 . 9*M. get_r (0 , 0 ) , 0 ) # launch enumeration
p r in t ( ( [ i n t ( r e s [ 0 ] [ 1 ] [ i ] ) f o r i in range ( l en ( r e s [ 0 ] [ 1 ] ) ) ] ) )
#f o r a , b in enum . sub_so lut ions :
# pr in t ( a , b )

p r i n t (enum . get_nodes ( ) ) # number o f v i s i t e d nodes

3 BKZ

Main source of the code: https://www.maths.ox.ac.uk/system/files/attachments/lab-02.pdf

1. Part 1: Launching BKZ

from f p y l l l import *
from f p y l l l . a l gor i thms . bkz import BKZReduction
from math import l og

from f p y l l l . a l gor i thms . bkz2 import BKZReduction as BKZ2
import matp lo t l i b . pyplot as p l t

A = IntegerMatr ix . random( 60 , "qary" , k=30 , b i t s=30 )

bkz = BKZReduction (A) #i n s t a n t i a t i o n c l a s s BKZReduction
p r in t ( ’ b e f o r e BKZ: ’ , l og (A[ 0 ] . norm ( ) , 2 ) )
bkz (BKZ. EasyParam( 20 , max_loops=8 ) ) #block s i z e 15 ; maxloops = number o f bkz

tour s
p r i n t ( ’ a f t e r BKZ: ’ , l og (A[ 0 ] . norm ( ) , 2 ) )
bkz (BKZ. EasyParam( 15 , max_loops=8 ) , t r a c e r=True )
p r i n t ( bkz . t r a c e . get ( ( " tour " , 1 ) ) . r epo r t ( ) ) #f o r t r a c e r=True

k = 40
f l a g s = BKZ.AUTO_ABORT
#pr in t ( ’ f l a g s : ’ , f l a g s , BKZ.AUTO_ABORT, BKZ.MAX_LOOPS,BKZ.VERBOSE)
par = BKZ. Param(k , s t r a t e g i e s=BKZ.DEFAULT_STRATEGY, max_loops=8 , f l a g s=f l a g s ) #

i n s t a n t i a t i o n c l a s s o f BKZ parameters
#bkz = BKZ2(A) #one way to i n s t a n t i a t e BKZ # or
#bkz = BKZ2(GSO.Mat(A) ) # another way to i n s t a n t i a t e BKZ
bkz = BKZ2(LLL . Reduction (GSO.Mat(A) ) ) #th i rd way to i n s t a n t i a t e BKZ
_ = bkz ( par ) # run BKZ with f l a g s
p r i n t ( l og (A[ 0 ] . norm ( ) , 2 ) )

2. Part II: tracing how ri,i’s change during BKZ

A = IntegerMatr ix . random( 80 , "qary" , k=40 , b i t s=45 )
k = 42
tour s = 3

LLL . reduct ion (A)
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M = GSO.Mat(A)
M. update_gso ( )
d = A. nrows

co l ou r s = [ "#4D4D4D" , "#5DA5DA" , "#FAA43A" , "#60BD68" , "#F17CB0" , "#B2912F" , "#
B276B2" , "#DECF3F" , "#F15854" ]

norms = [ [ l og (M. get_r ( i , i ) ) f o r i in range (d) ] ]
p l t . p l o t ( norms [ 0 ] , l a b e l=" l l l " , c o l o r=co l ou r s [ 0 ] )

par = BKZ. Param( b lock_s ize=k , s t r a t e g i e s=BKZ.DEFAULT_STRATEGY)
bkz = BKZ2(M)

f o r i in range ( tour s ) :
bkz . tour ( par )
norms += [ [ l og (M. get_r ( j , j ) ) f o r j in range (d) ] ]
p l t . p l o t ( norms [ i+1 ] , l a b e l=" tour %d"%i , c o l o r=co l ou r s [ i+1 ] )

l egend = p l t . l egend ( l o c=’ upper c en te r ’ )
p l t . show ( )

4 G6K

1. Launch SVP with sieving

from f p y l l l import *
from g6k import *
from g6k . u t i l s . s t a t s import S ieveTreeTracer
from g6k . a lgor i thms . bkz import pump_n_jump_bkz_tour
from f p y l l l . u t i l import gau s s i an_heur i s t i c
from math import sq r t

n = 60
A = IntegerMatr ix . random(n , "qary" , k=30 , b i t s=30 )
g6k = S i eve r (A, seed=0x1337 ) # g6k has i t s own seed

g6k . i n i t i a l i z e _ l o c a l ( 0 , 0 , n ) # s i e v e the e n t i r e ba s i s
g6k ( a lg="bgj1 " ) #a lg \ in {"nv" , " gauss " , "hk3"}
v = g6k . b e s t_ l i f t s ( ) [ 0 ] [ 2 ]
p r i n t ( ’ bes t l i f t s ’ , g6k . b e s t_ l i f t s ( ) )
w = A. mu l t i p l y_ l e f t ( v ) # w = v*A
pr in t ( ’ norms : ’ , sum(w_**2 f o r w_ in w) , A[ 0 ] . norm ( ) ** 2 )

2. Simulate BKZ with sieving

n = 60
A = IntegerMatr ix . random(n , "qary" , k=30 , b i t s=30 )

g6k = S i eve r (A, seed=0x1337 ) # g6k has i t s own seed
g6k . i n i t i a l i z e _ l o c a l ( 0 , 0 , n )
sp = g6k . params . new ( )
sp . threads = 1
#g6k ( a lg="bgj1 ")

t r a c e r = SieveTreeTracer ( g6k , root_labe l=( " bgj1 " ) , s t a r t_c l o ck s=True )
f o r b in ( 20 , 30 , 40 , 50 , 60 ) : # p r og r e s s i v e BKZ

pump_n_jump_bkz_tour( g6k , t race r , b , pump_params={"down_sieve" : True} )
p r i n t (b , A[ 0 ] . norm ( ) ** 2 )

Page 3



Список литературы

[1] The FPLLL development team. fpylll, a Python wrapper for the fplll lattice reduction library, Version:
0.5.9, 2023. Available at https://github.com/fplll/fpylll

Page 4

https://github.com/fplll/fpylll

	LLL
	Enumeration
	BKZ
	G6K

