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Some new GP features

New default doctest and meta-command \z

GP has a new mode doctest for doctesting, which allows to
copy-paste examples from the documentation unmodified (with
prompt and results lines) and check whether results match.

In this mode, gp discards lines starting with a whitespace,
unless the first non-whitespace character is ’?’ followed by a
space, in which case the ’?’ is ignored, and the rest is
evaluated as usual.

This default can also be switched on and off using \ z.



Some new GP features

??nfeltispower includes this example:

? nf = nfinit (1+x72);

? nfeltispower (nf, -4, 4, &y)
$2 =1

7y

$3 = [-1, -11~
We copy-paste it in GP and check the result matches:

? \z
doctest =1

? ? nf = nfinit (1+x"2);

? ? nfeltispower (nf, -4, 4, &y)
%6 =1

? $2 =1

2 2y

%$8 = [-1, -11~

? $3 = [-1, -11~



Some new GP features

New meta command \ gf
When reading a GP file, the meta command \ gt allows to stop
the processing of the file. This can be useful if the file fails to
load due to a syntax error, or to add text at the end of the file.
$ cat <<EOF > gf.gp
a=2;
\gf
b=3;
EOF

? \gf
%$Goodbye!
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bitset,bitclear,bitflip

These functions allow to switch bits of integers in place as long
as it does not affect the most significant bit. This is faster than
copying the integers.

? N = 2764; bitset(~N,0); N - 2764

$10 = 1
? bitclear(~N, 0); N - 2764
%11 =0

? bitflip(~N,3); N - 2764
%12 = 8



Some new GP features

Example : Eratosthenes sieve

? sieve_slow(N) =

{

my (V. = 1<<(N+1)
vV -—=1,;, V -= 2;
for (p = 2,

1);

sgrtint (N),

if (bittest(V,p),

forstep (J

if (bittest (V, J),
.NJ,

vecextract ([0.

}

? sieve_slow (2720)

%14 =1
?OH#
* Kk %

N, p,
Vo-=273))))i

2*xp,
V) ;

== primes([1,2720])

last result computed in 11,137

ms.
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Eratosthenes sieve using bitclear

? sieve_fast (N) =

{

my (V = 1<<(N+2) - 1);
bitclear (~V, 0); bitclear(~v, 1);
for (p = 2, sgrtint (N),

if (bittest (V,p),

forstep (j = 2+p, N, p, bitclear(~V,3))));
vecextract ([0..N], V-(1<<(N+1)));
}
? sieve_fast (2720) == primes([1,2720])
%17 =1

? H#

* Kk ok last result computed in 157 ms.
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matmodhnf

matmodhnf reduce a vector modulo a HNF or SNF matrix.
This allows to implement operations in the quotient group.

? bnf=bnfinit (x"2+3321607); bnf.cyc
%19 = [63,3,3]

? pr2=idealprimedec (bnf,2) [1];

? c=bnfisprincipal (bnf,pr2,0)

%21 = [51,1,0]~
? matmodhnf (3xc,bnf.cyc)
%22 = [27,0,0]~

? bnfisprincipal (bnf, idealpow (bnf,pr2,3),0)
%23 = [27,0,0]~



Some new GP features

polclass, polmodular support for Atkin modular
invariants

polclass and polmodular now support Atkin modular
invariants of prime levels 3 to 31. They are numbered
103,105,...,131.

? polclass(-1243,111)

%24 = x"24+423608+x+107116

? polclass(-1243,117)

%25 = x"4-364+x"3+454086*x"2+2587732+x+3764513
? polclass(-1243,119)

%26 = x"4-270+x"3+114817+«x"2+383468+xx+325680

? polclass(-1243,129)

%27 = x"M4+86xx"3+1895%x"2-2246+xx+705
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ellmaninconstant
Let E a rational elliptic curve of conductor N,
ellmaninconstant (E) inconditionaly computes the Manin
constant of E. When N is large this is very slow. Instead
ellmaninconstant (E, 1) is fast and returns the values from
Cremona’s table, which should be correct at least up to 400000.
When N > 500000 it uses formulas due to Watkins which
return a conjectural multiple of the true value (1,2 or 3).

? E = ellinit ("59097a4");

? ¢ = ellmaninconstant (E, 1)
%29 = 2

? d = ellmoddegree (E)

%30 = 1558035/2
? dxc”2
%31 = 3116070

Note that since d is a half-inteaer. ¢ must be even.
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ellfromegn map

For hyperelliptic quartic and biquadratic curves, ellfromegn can
return the map from the curve to the elliptic curve.

2y ="y;

? [e,P] = ellfromegn(6*xy"2 - (x*4-1), [7,201)

%32 = [[0,0,0,144,0]1,[49/100,-8407/100011

? E = ellinit (e);ellisoncurve (E,P)

%33 =1

? [e,P] = ellfromegn(6xy"2 - (x"4-1), [x,vy])

%34 = [[0,0,0,144,0],[4/y"2%x"2,-4/y"3xx"5-4/y"3*x
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ellcharpoly

Let E be an elliptic curve, el1lcharpoly (E, p) returns the
characteristic polynomial of the Frobenius at p, which can be of
bad reduction.

El = ellinit ([2,5]1);
[ellcharpoly (E1l, 3),ellcharpoly (E1,101)]
36 = [x72 = 3*x + 3, x - 1]

Ep = ellinit ([2,5],3);
? ellcharpoly (Ep)
%38 = x"2 - 3xx + 3
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for curves over number fields

nf = nfinit(a”2+2); E = ellinit ([1,1+a]l,nf);
pr = idealprimedec (nf,19);

Cl = ellcharpoly(E,pr[1l])

%41 = x"2-2xx+19

? C2 = ellcharpoly(E,pr[2])

$42 = x"2+5%xx+19

? C1lxC2

%43 = x™4 + 3xx"3 + 28%xx"2 + 57xx + 361

? lfuneuler(E,19)

%44 = 1/(361xx"4 + 57xx"3 + 28%x"2 + 3xx + 1)

[EVEREIV NN



Some new GP features

genus2charpoly

An hyperelliptic curve in PARI is given by a polynomial P resp.
a pair [P, Q] of polynomials which define the curve y? = P(x)
resp. y? + Q(x)y = P(x) . genus2charpoly ([P,Q], p)
returns the characterictic polynomial of the Frobenius at p odd,
even at primes having bad reduction.

? genusZ2charpoly ([x"6+x+7,0],23)

%45 = x™3 + 4*xx™2 + 26xx + 23

? genusZ2charpoly ([x"6+x+7,0],29)

%$46 = x4 - 8xx"3 + 55%x"2 - 232%«x + 841

The L-function can be computed using 1 fungenus?.
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algisisom

algisisom tests whether two central simple algebras al and
al2 defined over the same number field K are isomorphic.

? nf = nfinit(y"2-2);

? al = alginit(nf, [1+y, -71);

? al2 = alginit (nf, [-1, 2xy-11);
? al3 = alginit (nf, [1-y, -71);

? algisisom(al,al?)

$ =1

? algisisom(al,al3)

$ =0

This is only a comparison of the Hasse invariants, and does not
compute the isomorphism.
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algisisom

It is also possible to check for local isomorphism, by specifying
a prime ideal or a embedding.

pr = idealprimedec (nf,2)[1];
algisisom(al,al3, pr)

= 1 \\ isomorphic locally at the prime ideal pr
algisisom(al,al3, 1)

= 0 \\ not isomorphic locally at s_1

(SRR EV]
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algskolemnoether

algskolemnoether returns the inner automorphism
representing a homomorphism between two central simple

subalgebras.
? al = alginit(nfinit(y"2-2),[-2,-3-vy]);
? u= [0..7]~; \\ generates a field in al
? fu = alginvol (al,u); \\ gquaternion conjugation
? g = algskolemnoether(al,u, fu);
? algisinv(al,q)
$ =1
? algmul (al,g,u) == algmul (al,fu,g)\\ g*u == fuxg

o\
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theta

theta can now compute the four Riemann theta functions
60,0, 00,1,01,0,01.1.

? theta(Pi/4,1I,0)

62 = [1.019058305468055683,0.9809291026403563209,
-0.7116251508695307681,-0.56772126724402360

theta (Pi/4,1,10,0])

63 = 1.0190583054680556828731549847647999690

theta(Pi/4,1I,[0,1])

64 = 0.98092910264035632094346828443641158712

? theta(Pi/4,I,[1,0])

%65 = -0.71162515086953076809304017121685276368

? theta(Pi/4,I,[1,1])

%$66 = —-0.56772126724402360029464917734390730387

o° o
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thetanull

thetanull returns Jacobi’s Thetanullwerte
[00,0(077)700,1(077)’91,0(077)7 4,1(077-)]

? thetanull (I, 0)

18 = [1.086434811213308015,0.9135791381561168214,
0.9135791381561168213,-2.848694603987787316]

? theta(0,I,0)

%19 = [1.086434811213308015,0.9135791381561168214,

% 0.9135791381561168213,0]

o° o

? derivnum(z=0,theta(z,I,[1,1]1))
%20 = -2.848694603987787316

? thetanull (I, [1,1])

%21 = —-2.848694603987787316
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elljacobi

elljacobi (z, k) returns the three Jacobi elliptic functions
[sn(z,k), cn(z,k), dn(z,k)].

? real(elljacobi(1l,5))
22 = [-0.1945192337542176057,0.9808987040972538924
0.2325009515933241321]
? elljacobi (x+0(x"~7),0)
= [x-1/6*x"34+1/120%«x"5+0 (x"7),
1-1/2*x"241/24xx"4-1/720%xx"6+0 (x"8),
1+0(x"14) ]

o° o
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fileextern

fileextern can be used for writing.

? f=fileextern("paste —-s","w");
? for(i=1,20,filewrite(£f,1));
? fileclose (f);



