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There are3 kinds of operators in KASH3

We use GMP and MPFR for big integers arithmetic an
high precision floats.
Example how many digits in/" 786967
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There are3 kinds of operators in KASH3

s+, —, %, /, andnod.

==, <, >, <=, >=and<>.
A comparison result is a boolean value:
TRUE, FALSE.
NB: Algebraic elements, ideals, matrices and
complex numbers can be compared siand<>.

We use GMP and MPFR for big integers arithmetic an
high precision floats.

Example how many digits in/" 786967
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There are3 kinds of operators in KASH3

s+, —, %, /, andnod.

==, <, >, <=, >=and<>.
A comparison result is a boolean value:
TRUE, FALSE.
NB: Algebraic elements, ideals, matrices and
complex numbers can be compared siand<>.

sBoolean values can be
manipulated via logic operatorapt , and, or .

We use GMP and MPFR for big integers arithmetic an
high precision floats.

Example how many digits in/" 786967
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Kash%( 12+75) = ( 3- 21) ;

Kash%9 nod 5;

Kash%not true;

Kash%t rue and f al se;

Kash%t rue or fal se;

Kash%not true and not fal se;
Kash%-45 < -61 and 7/ 3 > 2. 25;
Exercise

Using the functiorPr eci si on, give the global
precision for real and complex computations in KASH:
The division ofl1 by 7 with precision of80?
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Variables and Assignments

Values may be assigned to variables.
A variable name may be sequences of letters and digit
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Variables and Assignments

Values may be assigned to variables.
A variable name may be sequences of letters and digit

m Assignment operator [s=
= Examples:
= kash%a: = 1/ 3;
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Variables and Assignments

Values may be assigned to variables.

A variable name may be sequences of letters and digit

m ASsignment operator [s=

» Examp

m kas
» kas

es:
n%a:

N%A:

1/ 3:
56;
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Variables and Assignments

Values may be assigned to variables.

A variable name may be sequences of letters and digit

m Assignment operator [s=

» Examp

KaS
KaS

KaAS

es.

Nn%a.:
N%A:

N%C.

1/ 3:
56;
a+A;
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Variables and Assignments

Values may be assigned to variables.
A variable name may be sequences of letters and digit

m Assignment operator [s=
= Examp

KaS
KaS
KaAS

KaAS

es:
n%a.:
N%A:
N%C.

N%C

1/ 3;

56;

a+A

169/ 3; # the result?
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Examples of Functions

m Factori zat i on: finds the factorization of
elements fron¥, polynomials over a field or ideals
from a Dedekind ring.
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Examples of Functions

m Factori zat i on: finds the factorization of
elements fron¥, polynomials over a field or ideals
from a Dedekind ring.

m GCD, XGCD, LCM D v, nod
mlsSPrine, Next Prine
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. finds the factorization of
elements fron¥, polynomials over a field or ideals
from a Dedekind ring.

Exercises:
1) Use two methods to answer to the question:

Is17564719315564739731157 a prime

number?
2) Computed the GCD of 6543 and876 and a

solution( X, y) of 6543*x+876*y=d.
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A collection of objects separated by commas and
enclosed in brackets.

pr | mes:.:[ 2,3,5,7,11,17,19];
What ispri mes|[ 3] ?
L: =[5, 8, TRUE, 7/5, 1, X'3+8] ;

NB: We also get the Strings, the Ranges, the Sequenc
the Tuples.
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A collection of objects separated by commas and
enclosed in brackets.

pr | mes:.:[ 2,3,5,7,11,17,19];
What ispri mes|[ 3] ?
L: =[5, 8, TRUE, 7/5, 1, X'3+8] ;

Append_, Append, Add_, Add, Appl y_, Appl y

NB: We also get the Strings, the Ranges, the Sequenc
the Tuples.
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EXxercise Create a list. containingb integers.

Compute

Ap
Ap

D
D

Ap

D

y(L, i — 3x1);
y(L, Next Prine);
y(L, I sEven);
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KASH3 can handle multivariate polynomials.
~Irst create the polynomial algebra and then define the

polynomial in It.

Note thatZ, Q, R andC are predefined in KASH3.
Also the indeterminatX is predefined in KASH3 (as a
monomial overz).

f:= 5« X7-3*xX4+23;
Xx: =Pol ynom al Al gebra(Q ;
g: =x. 1"10+43+x Qx. 1°6- 3/ 8;
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x: =Pol ynom al Al gebra( Q) ;
Assi gnNames (Qx, ["x"]);

X: =CGenerat or (Qx, 1);

Qxy: =Pol ynoni al Al gebr a( Qx) ;
Assi gnNarmes_(Qxy, ["y"]);

y: =Gener at or (xy, 1) ;

HXy: =X"4+5% X*y"3- T*y 2+X*y+2;

Cont ent, Coeffi cients, Factori zati on,
Derivative, Discrimnant, Gal o1 s, GCD, LCM
HasRoot , | sl rreduci bl e, Maxi nal Or der |
Root s, Resul tant, Content AndPri mti vePart
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EXercises:

1) Define a polynomial with coefficients i@. Evaluate

It at 2, factorize it and give its formal integral.

2) Find a function in KASH3 to compute the cyclotomic

polynomial of degreés (the roots ar@7!" roots of the
unit).

3) Compute the Sylvester matrix 8fpolynomials with
different degrees and with coefficientsin Compute
the determinant of this matrix and compare it to the
resultant of the both polynomials.

4) Compute and factorize:

- X 2- X* Y+X*Z+Yy* Z
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First give a ring from which are the coefficients.
Then the number of rows and columns and finitely a lis
consisting of the entries.
M =
Matri x(~2,5,3,(2,4,7,8,9,3,4,6,5,2,1,6, 8,4, 3]);
It IS not necessary to define the ground ring.

N :=Matrix(2,3,[2,4,7,8,9,3|);
P .=
Matri x(4,[2,4/5,1,58,9,13,0,54,8,8,1,0,2,7,1,7]);

Ker nel Mat r i'x, Transpose, Sm t hFor m Adj ol nt
Gramvatri x, | sUni pot ent , Det er m nant
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EXercises:

1) the smith normal form of

A= Matriz(Z,3,3,(2,4,4,—6,6,12,10, —4, —16]);

Is A invertible? Compute its adjoint, its Gram matrix an
Its eigen values. Compute the smith normal formdof
2) Given the matrix\/ :=

Matri x(~2,5,3,(2,4,7,8,9,3,4,6,5,2,1,6, 8,4, 3]);
Compute 2 unimodular square matriégandT such that
P+ Mk T=S whereS =
Matriz(Z,5,3,(1,0,0,0,1,0,0,0,2,0,0,0,0,0,0]);

3) Create a square matrixx 5 with coefficients inQ
and find a function in KASH3 to compute Iits
determinant. Compute its inverse If it Is invertible.
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A finite extension of the field of rational numbe(s
It IS generated by the root of a monic irreducible
polynomial with coefficients ir¥..

Nunber Fi el d( X'2+2) ;
Nunber Fi el d( X'8+7* X'5+1) ;

Subfi el ds, | sSubfi el d, Equat i onOr der,
Maxi mal Or der, Gal ol s, Basi s, Uni t G oup,
Cl assG oup, A assNunber, Uni t Rank,
PrimtiveEl enent, R ngO | nt egers
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Exercise:

Compute the number field K generated by the
polynomial:

f:=X9-3*X6-9*x X" 3+3;

Compute a primitive element of K and a basis of K.
Compute the ring of integers of K and a basis of this rin
Compute the discriminamnt; of K (the discriminant of
the ring of integers of K) and the discriminadit of f .

Apply | sSquar e tod;/dx. Conclusion.
Compute the Galois group of K (the Galois group of the
generating polynomial).
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KASHS3 can handle p-adic rings and p-adic fields
Examples Zs, Q-

NAC
NAC
NAC

NAC

e
| C
e
| C

R ng( 3); give the3-adic ringZs
Ri ng( 3, 6); give the3-adic ringmod 3°6
~1 el d(11); give thell-adic fieldQq;

-1 el d( 11, 8); give thell-adic fieldmod11°8

PAdI cRI ng, pAdi cFi el d, Laur ent Seri esRi ng,
Def | ni ngPol ynom al , Resi dueCd assFi el d,
Tot al | yRam f i1 edExt ensi on, Factori zati on,
Uni f orm zi ngEl enent
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Exercise:
Compute the polynomidl: =Y"3+626 with coefficients
In the 5-adic ringnod 5°4. Factorize it.
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