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Complex Numbers have a default precisiorsof

One can change the precision to arbitrary

The complex numbdr such thal "2=- 1 is predefined
In KASHS3.

52.= 3+2x|; 2°3;2°1/8;
Exp(2+Pl +x1); (2+9%1 )/ (1+5+1);
NB: most real functions can be applied to complex
numbers.

Log (to the natiJreI base), Argunent, Modul us,
Conmpl exConj ugat e, | nagi nary, Real , Ganmma,
Compl exToPol ar, Squar eRoot , ...
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Exercises 1) Using the relation

Gamma( z+1) =z« Ganma( z) Vz € C such that
Re(z) > 0, show thatGanma( n) is a positive integer
Vn € N\{0}.

2) Give the polar form of:

4-T+1 ;

1/ (3+1) ;
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KASH3 can handle integral ideals and fractional ideals

L: =l deal (Z, 5);
J: =l deal (Equati onOrder (X2+1),[7, 123]);
Ki =(1/2)xl deal ( Maxi mal Or der ( X'3+2), 4, 9);

M =Maxi mal Or der ( X'2+5) ;
N: =l deal (M Matrix(Z,2,2,[1,1,0,2]));
Resi dued assFi el d(N) ;

nt ersection, | sPri ne, Absol ut eNor m
Dl VI sors, Degree, |nertiabDegree,
sPrinci pal , Ram fi cati onDegr ee,
MakeCopri ne, Basi sMatri x, ...
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The dictionary between fractional ideals and rational
numbers:

ntegral ideals <+« integers
~ractional ideals— (non zero) rational numbers

nclusion — divisibility
Sum — GCD
Intersection — LCM
Product «— product

If (I;);c; are pairwise coprime ideals then
mz‘eJ l; = HjeJ ]j'
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Exercises:

1)l deal (Z, 6, 9);

2) Compute the intersection, the sum and the product «
a) 12Z and9Z.
b) 5Z and7Z.

3) Compute the maximal ordéyof f : =X"2+5.
Compute the ideal generated b7 and33 Iin A. Isit a
principal ideal? Give the generator. Give the divisors o

J. Is it possible to coumpute the residue class field df
IsAaPID?
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Create the residue class rifigm7 using the function
Resi dueC assRi ng orl nt eger R ng.

A. =Resi dued assRi ng( 6) ;
NE: We use the functiokl enent or Coer ce to
coerce an element in a set.

El enent ( Resi dueC assRi ng(5), 16543) ;

Mul ti pli cat .i ve& oup, Uni t G oup, S ze,
PrimtiveEl enent, Addi ti veG oup, ...
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EXxercises
1) Find a function to compute all the square roots of the

unity in the residue class ring of integersdulo 9.
2) Compute the inverse @f3467879 and765432198673
In the residue class ring of integers)dulo 11. Compute

all the units.
3) Compute the order df in the residue class ring of

Integersmodulo 7°7.
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Create the finite fields using the functions
FiniteFi el dorG-.

A =FiniteFi el d(5);

B: =Fi niteFiel d(3,2);

C.=FiniteField(9),

Char acteri sticPol ynom al,
Def I ni ngPol ynom al , Mul ti plicativeG oup,
PrimtiveEl enent, PrimtivePol ynom al , ...
EXxercises:

1) Find a function to compute all the irreducible
polynomials of degree in the finite field of sizé.

2) Compute all the&s' and the3" roots of the unity in
the finite field of sizey.
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In KASH3 lattices are represented as matrices. We cal
compute the Gram matrix and a LLL-reduced basis of
lattice.

LLL applied to a matrix M returns a matrix L whose
rows are a LLL reduced basis for the lattice (over a rea
subring) spanned by the rows of M together with a
unimodular matrix T ove¥Z such that L =T * M, and the
rank of M.

Also, we getLLLG am it returns a LLL-reduced form
of the Gram matrix M, together with the corresponding
transformation matrix T and the rank of M.
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Examples
N.=Matrix(Q3,[1/2,3,2,3,0,1,2,9/2,2]);
LLL(N) ;

A =G amvatri x(N);

LLLG an( A) ;

EXxercises:

1) Compute a square matrixx 4, named A, with
coefficients INQ. Compute a unimodular matri¥ such
that B.A has its rows LLL reduced basis for a lattice
over a real subring. Give the rank of A.

2) Is it possible to compute tHel LG ammatrix of

M =Matrix(4,[1/2,3,2,5,3,7,8,9,2,8,5,6,5,9,6,2]);
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