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input: A pos

Procedure S(lI:VEQX
output: All n

fori=1,2,...k—1do
for j =i+1,.., k do

end
form=1i+1,..,kdo

gmit = gmi — Imiqil,
end
end
end
Set gi; =0 (1 € j<i<k)
Seti=k, T; ¢, and U; = 0;

labell:  =z; + 1;
if z; > UB(z:) then
i =1+ 1; goto labell;

tive definite matrix A and a constant ¢ > 0
zer0 x = (21, ..., 2x) € Z* satisfying q(x) = x*Ax < ¢

begin
Set gij = aij (1 Si<j<k) reac Lu-/’[

forl=m,.. k do ] U4 deco “p
Aot lf”w
e

&

label0: Z=m; UB(z:)= |2 - Ui} i = [-2 - Ui] - 1;

ifi > 1 then
i=i-LUi= E;-H-l 9i;%j; Ti = Tiga = qigaia (@ig1 + Viga); l
goto label0; '
else .f‘
if x # 0 then ‘
print x, —x, and ¢(x) = ¢ = 71 + qui(z1 + U1)?; goto labell;
end

.;éosU'sJ“‘/ﬂ/é
C LJ“Q/.
whe ve ¢

# _ /__ Cdf A WAl f\‘\
@i = Giji Gij = Qi/qu f,y“"l" v 2C Aol */’/KBQL{

Hod Loz Jbal=0
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OLVERX lasa sulyrowlive, e Jime fov problecs #3
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Procedure RBASIS
input: b,,..., bkia basis of rank k > 2
output: by, ...,by a Minkowski reduced basis .
begin

r=1; A, =Zb,; b, = by;

while r < k do

Compute pr4y1, = (bry1, by >/|b‘,l2 for1<j<r
Set byys = brys - E 2 N-r+l,.7h.n
Compute fr41,; such t.hat Byt =bryy — Z)_l Br41,bj;
Set Bryy = ||bri1l/|Brys|] and ey = 1;
Whlle E"'H _<_ £r+1 do
Set B(€r41) = |bria|® = &1pa[brss [
Call SOLVEQX to compute M defined by
M= {x= Z:,‘ £ibi € Ar + Zbryy | [x = rpabrga|* < Bléra)}
if M # ¢ then
for j = Hunr+1 do

Let x; [be minimal in A such that ged(¢;,...,&+1) = 1 and x; < by;

if no sych x; exists then x; = 0;
end
if x; # 0 |exists for some j (1 < j < r+1) then
for each j with x; # 0 do
Let U be a unimodular matrix of size r + 2 — j aver integers,
whose first column is (&, ..., £41);

Trangform the bases bj, ..., br41 into the new ones b; = x;, b},

y b +1,‘by U.Siflg (b",, sy b;..y,‘) = (bJ, ay hr+))U;
Update b; (j €1 <7+ 1) and the coordinates of x; (i > j);
end

Let jo be the smallest index for which a transformation occurred;

if jo £ then r = jo; A, = Zb, + -+ + Zb,; goto labell;
else {ryr|= &g + 15
end

Arg1 = A +#br+l; r=r+1

label0: end

end
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Procedure SUCC

input: b,,...,bs a
output: |yi, ..., |yx
begin

r=1;A, = Zb,; b
while r < & do
Compute pir41,;
Set E),-H = .
Compute fr4y,;
Set Br4y = [|bry
While f'-+1 S B
Call SOLVEQ
Set x = b + £,
Compute m; (1
if (x| < |yr4a]

whose first co

Let j € {1, ...,
Set a = ged(m;, ..., Mr41);
Let U be a upimodular matrix of size r 4+ 2 — j over integers,

basis of rank k > 2
the successive minima

1 =biy; =b; 1<j<k);

= (b, +1,5 >/|BJ[2 for1<j<r

- _,.1 #r+11b1)

such that byy; = byyy — ZJ=l Brt1,5bj;
1[/Bras|] and érqy = 1;

L1 do

X to compute b € A + & 41(bypyy —
r1bryr;

€4 £ r+1)such that x = Z::ll
then

r+1} be minimal with |x| < [y;(;

B'.q.x) of shortest length;

m;by;

lumn is (mj/a,...,Mpry1/a);

Transform the bases by, ., ,b,.H into the new ones bj = 2 (x - f;; m;b;),
b;+1> ;br+x by using (b v brgy) = (b 1200 De +1)U
Update b; (j|<i <7+ 1);

Set y; = x and r = j;
goto label(;
else &, 41 = €r 41 + 1
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end
Ar.q.x =A,+Zb 41 r=mrt L
label0: end
end
2 L 3
4 L T 5 »; 3
A - ¥, A Adlyndtl]
DA.J,L AT

/
-‘f'( «70 ‘J{'/\c «.l.(a./tzc-’z

/ér";-l: ‘, 2 2.’

MJL <

/‘/ L{“ A
2
L —
’c-.l-l)"“’f-' w !7-(‘4_' & L&f])ﬂ.if
LLL  bans v/ j= ! )N 1, A

-37=

}_
g
(A=)
| ¢ 1
ol
s
.



gﬁ{au LLL BATELY Cb"“f""‘ﬁa VL{*C« ZLL LQJ'I‘J ]Lif Ctj/‘d(w
(c‘,'f"aéfcc L»-/cht- [‘x_) ) 7(’(( aca/e.»:\(’ (‘k{'fjcf '/cr X .

UJ(. wie JE—J:C)Q?,?] _Bv_m‘r:.- naa x

—f“L_ L,& '/“’Cf we u-uﬂ\)( hagj

[bel. 7 ho
(*4 ¢ /o

(Ch o Bows) bds For
Lbens /,Z,‘P/gouUfh

d UICJ G .F/oa-j'n-z -Pa;au?{‘ -uefdfo"\ 4O

) A Scé\uovf 7y
A/o F a__-/('ﬂ\‘h-(.ff'l\(_' ceeled

ne wpeaw 27’-! F/e(_ (re

Procedure LLLBASIS
input: by,.., b
output: by,.., by
begin
ms=2;
Compute the Gra
while m < k da
for j=m-1,..,1do
if |pm,j| > 1/2 then
by, = by~ I'I-ng'l:bn
fori=1,...,j do

m = max(m|- 1,2);
elsem=m+|;
end
end

€ Z* a basis of rank k > 2
a LLL basis with § <§ < 1

[.u:\-Sch.midt. coefficients pij (1 < j < i< k) and |Byf?,..., |bal?;

Homi = fom,i = [om, 3 4,51

end
end
ifé]E,,_dz > [bwm|? + phmeilBm-1]? then
Swap b, and b,,_;, where b,,.; is replaced by b,, + p...,..._lﬁ,.._,;

E_o-(ymu?. ( | Le H_{'_f‘_g . LENSTRA (vert pf_)f.) o
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Procedure LENSTRA
input: b, ...,by € GF[q,2]* a basis of rank k > 2
output: by,..., by a reduced basis permuted so that (2.4)—(2.6) hold
begin
m = 0; |bo| = —o0;
while m < k do
Renumber {bm41,...,bi} in such a way that [byy1| = minm+1<ick [bil;
if m > 0 then
Construct A = (@ij)1<i,j<m be an m x m matrix such that a;; € GF(q)
be the coefficient ofs“’" inbjforl<i<m+land1<j<m;
Let x =*(21,..,2m) and b = *(@m+1,1, ., Gm+1,m) be in GF(g)™;
Solve Ax = b;
Put: Bumt: = bpgs = 211 z;b;zlb"‘“i"b‘l;
if lbm-i-ll =‘|h,_“+]| then
bm41 = by}

8

Permute the coordinates of by, ..., bk 80 that [bpgim+1]| = [bmtil;
m=m+1;
else
bm+1 = buygs;
m =max{l| |b| £ lbm4i|,1 =0,1,...,m};
end
end
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