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2 00 MagmaOOODOO

MagmaOOOOOOOOODOOO S0000000000000000000000O0O00O00O0O0O
gooboobooboobboobooboobboo™@ooobbooboobbobLobo
gooboboooboobboobooobooobooboboobbobooboobo
goboobuogboobboobuoobboobbooboobooobooboobboon
0000000000 000000000000 PARI/GPOOOOOODOOOOO Singular O
gbooooooboboooooboboooOMagma D0 OD0OooboboooobOoDO
goobboooobobboooboboboobbbooobbbooobbbooobbboon
gboobobooboboobooboboobobooboboobobboboboobo
OCOO0OMagmaOOODOOOOODOOOOOOOOODOOOODOOODOOOOODDOOOO
0000000000000 0oDooO0OooDMagmaOOOOODOOOOOOODOOOOO
OOOMaple0O0DOOOO0OO0OODOCOOOOOODOOOOOOODOOOOOODODOOOO
gooooooboooboobooobooboboobobooboobooboooobobooboboOoDbo
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3 0DOooo
goooood MagmaDDDDDDDDDDDDDD
> 32123*1000; // 00000000000
32123000
> 24100;
1267650600228229401496703205376
> q:=2430 div 17; // 0000000000000
> r:=2430 mod 17; r; // 00000000000D00000
13
> 2430 eq 17*q+r; // 0000000
true

gobooboogooog

o JOUOODODOODOO

e JOI0ODDOODDO //ODDOODO

o OOODO =000

e JIIDDO=0000eqO00000000D0DOO00DO 1t0 gtOO0O

goooooo
OO0 MagmaOODOOOODOODO0OO0G+2X 000000000
> (x+2)420;
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>> (x+2)1720;

A

User error: Identifier ’'x’ has not been declared or assigned
000000000000 0oUoOoO0MagmaOODODOODOOOOOOODODODDODOO

e NOOOUOOODOOLOOODODOOOODOOOODODOO

oooood
> PZ<x>:=PolynomialAlgebra(Integers());
000000000000 000000000 Zx]OPpZOOODODOODODOOOOO xO0

000000000000 x000000000D0OO0O0OO000000000000034d
> (x+2)420;

X220 + 40*x719 + 760*xA18 + 9120%xA17 + 77520%*x416 + 496128%x15
2480640%x214 + 9922560*xA13 + 32248320%xA12 + 85995520%xA11
189190144*x210 + 343982080*x49 + 515973120*x28 + 635043840*xA7
635043840*%x46 + 508035072*%xA5 + 317521920*%x%4 + 149422080*x/3
49807360*x42 + 10485760*x + 1048576

Factorization($1);

— VvV + + + +

<X + 2, 20>

]

Oooooo0oooooooooo8noooo $10000000000000
> (x+1)44/3;

>> (x+1)44/3;

A

Runtime error in ’/’: Argument 2 is not a unit

> x+D*4/(-1);

-x* - 4%x*3 - 6%x*2 - 4%x - 1
00000 (x+1)*/30000000000000000000 30 Zx]0000000000
0000D000000000000000000 -1000000 (x+1D)*-H000000
goooooooooOOO00OOO0OOOobOOObDOObOO0boooDOoOoOoOoOoOoOoOg
oo0000o00oooooDO0oDOo0o00oooooOoOo0oooooooooODoooooo
gooooOoooooooooo

000000000000 00000000000000000000000000000
> PQ<y>,u:=ChangeRing(PZ,Rationals()); PQ;

Univariate Polynomial Ring in y over Rational Field

d0000000000000000000000000000000000000000
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D00 QyloooOooOoOoo0u:Zx]->Qyl]OOOODOOOODODOO
> u((x+1)44);

YA + 4%yA3 + 6%yA2 + 4%y + 1

> u((x+1)44)/3;

1/3*%yAr4 + 4/3%yA3 + 2%yA2 + 4/3%y + 1/3

go0oO0oOoCo Qloooooooo

> g:=((2%yr2+4*y)"6+2)/2; g;

32%yA12 + 384%yAll + 1920%yA10 + 5120%yA9 + 7680%yA8 + 6144%yA7
+ 2048*yr6 + 1

> Discriminant(g);

10600800317279999363377910513664

> Factorization($1);

>> Factorization($1);

A

Runtime error in ’'Factorization’: Bad argument types

Argument types given: FldRatElt
gUOO0O00OUOOODObOOO0ooOooDbObOoooUDobObObOo0ooULDobObboooUb Do
gjdooooooobobobobbbbbbtbtbdddooooooLD Db bboboboD

0000000000000 0000000 IntegersOQUO0O0OD0OOODOOODDOOONO
> Factorization(Integers()!$1);

[ <2, 79>, <3, 13>, <11, 1> ]
O000000000MagmaO0OO0O0O0O0O0O0O0O0OO00O0O0O0O00OO0OO0OOOOOOOOO
discrim 0000000 DiscriminanttD 00 0000000000000 O0O0O0OOOOO0OO
0000000000000 00000000000O00oO00o0ooooooo

00000 MagmaOOOOOODODOOUOOOOODOOOOMagmaOOOOOOOOOOOO
00000000000 MagmaOOOOOOOOOOODO

4 OO MagmalOODOOO
D00000000Magma000000000000000000000000000O0
O0000OMagmal 1994000000000000004,00000000000000000
0E00D0000000000000000000 MagmaOODOOOO0OOO0O0O0OOOO
OO000O0MagmaOOOOOOOOODOOOOOOOOMagmaODOOOODOOODOOOO
OO0000O000OCOO00OOoO0oO0oood MagmaDOOOOOOOODOOOUOODOOODDOO

e NOOOOOODOODLOOODOODODOO

Y0000ooon Magma O website 00 Magma OO O OOO0O [PI000000000O0O0DO0O0OO0OO0OO0O0O
oooo



Bulletin of JSSACVol. 18, No. 2, 2012 109

coooooooooooobobooboOooooooOooboOooooooOobooOooooooOooOoOooo
cobOoobOoboobooobOobooOoOoOoOoOoboboOobOOoOobOOoOoOo0oOoOoOoOoOoOobOboOboOon
goooOOoOoOOoOooOooob0oooooooooooOo MagmaOOOOOOOOODOOODOOO

000000 0O0o00oooooooooa
> G<a,b>:=Group<a,b | a5, br2, a*b = a*-1 >; G;

Finitely presented group G on 2 generators
Relations
ar5 = Id(G)
br2 = Id(Q)
a‘rb = ar-1
> #G;
10
¢O0000000O000oOoOooOooOo 10ooooooooon

G=(ab|ad =eb’=eblab=a").

ooooooooooooooooooan
> H,i:=sub<G|a>; H;

Finitely presented group H on 1 generator
Generators as words in group G
H.1=a
> 1(H.142);
ar2
HO aO0UOO0OODOOOOOO0O0OH.10D00O0O0O00O00OO0ODOOOO0i00O0O0O0O0H"E->G

O0000HOOOODOODOOOOOOODOOOOoO0oOoooog
> IsNormal (G,H);

true

> Q, p:=quo<G|H>; Q;
Finitely presented group Q on 2 generators
Relations
Q.145 = Id(Q
Q.242 = Id(Q
Q.14Q.2 = Q.14-1
Q.1 = Id(®
> #Q;
2
00Q=G/HO0000000000000 p:G—-Q=G/HOOODOOO
> p(@);
Q.1
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> Kernel(p);
Finitely presented group on 2 generators

Generators as words in group G

$.1 = a
$.2 = Id(G)
> p(i(H.1));

Q.1
cooooboboooooboobooooooOooOoooooobooooooobobooOooobooOooOoOon
cooooooooooooo

S MagmaUUOUOOOOO
MagmaOOODODOOOOOOOO0OODOOOOOOO0O0ODOCOOOOO0O0MagmalOOO0O
0000000000 MO0000000000000 MagmaDOOOODOOO0OO0DO0OO0O00OO
0000000000000000000000000000000000000000000
D00 MagmaOOOOOOO0O0O0O000000D0000000OO00OO0O0 [B]0[@0000
000000000000000000000000000000000000000000
O0000OMagma0000000000000000000D000D0O0OO0DOOO0OOOOO0
oooooog

5 00000

oooobobooooooooooboooooooooooooooobooogooooooa
coooobooOOoO0oOoO0oob0oO0oOooooooooOoOoOOOOOOOOOODDOCObOOO1IO1
ogooooooooOoOOOOOODOOO0OO0OO0OO0O0O0O0OMagma00000000000000
ooooooo

D000 fF=x+x*-24¥>-100000000000000S000000000000
> _<x>:=PolynomialRing(Rationals());

> f:1=x26 + x*4 - 2%xA2 - 1;

> Factorization(Integers() !Discriminant(f));
[ <2, 6>, <7, 4> ]
0000000000 f000000 6000000000 0OODOODODODOODOODODOO

goooooo
> Gf:=GaloisGroup(f); Gf;

Permutation group Gf acting on a set of cardinality 6
Order = 12 = 242 * 3

(1, 3, 2)(4, 6, 5

@2, 5@, 6)
> IsAbelian(GE);

false




Bulletin of JSSACVol. 18, No. 2, 2012

> [g‘subgroup : g in Subgroups(Gf) | g‘order eq 3];
[
Permutation group acting on a set of cardinality 6
Order = 3
(1, 3, 2)(4, 6, 5)
1
> IsNormal (Gf,$1[1]);

false

111

oooO0OO0O0OD0OD0O0O0000O0OMagmaO0O000O0O0O0O00O0O0O0O0O0O00O00 CayleyDODOO
cooooooooooooooooOooboOoOooooooOobOOoboOoOoooooobooOoboboOoOoo

goOoCocOoOOOOO0OO0OOO0000o0o0o0oo0ooooo0o0 MagmaOODODODO

ooooobeGefid 60000000000 DODOOOOD f00000O00DODOOOOODOO
oo0O0120000000000000CO00030000000000000000 12000
ocoooooOooOoooooo40000000000000000 MagmaOOOOOOOO

> IsIsomorphic(Gf,AlternatingGroup(4));
true Homomorphism of GrpPerm: Gf, Degree 6, Order 242 * 3 into
GrpPerm: $, Degree 4, Order 222 * 3 induced by

(1, 3, 2)(4, 6, 5) |-—> (2, 3, 4

2, 5@G, 6) |--> (1, 9@, 3)

cooooooooooof000ooooooooooooooooon

> S<b>:=SplittingField(f); S;
Number Field with defining polynomial xA12 + 4*xA10 + 10%xA8
+ 34%*xA6 - 7%x74 + 98%*x*2 + 49 over the Rational Field

> Factorization(PolynomialRing(S)!f);

0000oo0o00oo00£0sO010000000000000000000 1200000

SOMagmaOOOOOOO0O00O0000000000000000000000000

> G, A, tau:=AutomorphismGroup(S) ;
> G;
Permutation group G acting on a set of cardinality 12
Order = 12 = 242 * 3
(1, 2, 4@, 8, 9¢, 11, 6)(7, 12, 10)
(1, 3, 5@, 6, 7)(4, 10, 8)(9, 12, 11)
> A;

Set of all automorphisms of S

¢O0doobOOoOobooooboooboooOobOOoOobOOoO00obOb0cOob0OO00 AODDOO tauOd
coooboooocooooooobcOoooooooboOoooooobooooooooooggo
oo0O00ADOOOOOOCOOOOO0OOOO0O0O0O0 cOODOOOOObPOOOOOOOOOO
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00000000000 OO0 AdOO0O0DDOODOOOOOOOO0OO000000ad
> G.1;

(1, 2, 4)(3, 8, 9, 11, 6)(7, 12, 10)

> tau(G.1) (b);

1/22806*(-284*bA11 - 191*bA10 - 1138*%b*9 - 295*bA8 - 3261*bA7

- 111%b*6 - 11090*bA5 - 908*br4 + 2277*%bA3 + 19089*br2 - 42259*b

- 16576)

Oo0fdoooooooooooodo coooooooooooooooooooon

> SG:=Subgroups(G); SG;
Conjugacy classes of subgroups

[1] Order 1 Length 1
Permutation group acting on a set of cardinality 12
Order = 1
[2] Order 2 Length 3
Permutation group acting on a set of cardinality 12
Order = 2
(1, 12)(2, 9@, 7)4, 11)(, 106, 8
[3] Order 3 Length 4
Permutation group acting on a set of cardinality 12
Order = 3
(1, 2, 4)(, 8, DG, 11, 6)(7, 12, 10)
[4] Order 4 Length 1

Permutation group acting on a set of cardinality 12
Order = 4 = 242
(1, 12)(2, DG, 74, 11X, 10)(6, 8)
(1, 6)(2, 10 (3, 4G, D7, 11)(8, 12)
[5] Order 12 Length 1
Permutation group acting on a set of cardinality 12
Order = 12 = 242 * 3
(1, 2, 4)(3, 8, DG, 11, 6)(7, 12, 10)
(1, 12)(2, DG, 74, 11, 10)(6, 8)
(1, 6)(2, 10 (3, 4, D@7, 11)(8, 12)

000000000 000000 SsOoooonoooooooo
> FixedField(S,SG[2] ‘subgroup);

Number Field with defining polynomial x4A6 + 8*xA5 + 40%xA4 + 272%xA3
- 112*x*2 + 3136*x + 3136 over the Rational Field

> FixedField(S,SG[3]‘subgroup);

Number Field with defining polynomial xA4 + 8*x%3 + 40%xA2 + 160%x

+ 336 over the Rational Field

> FixedField(S,SG[4] ‘subgroup);

Number Field with defining polynomial xA3 + 8*x42 - 16*x - 64 over
the Rational Field

> FixedField(S,SG[5] ‘subgroup);

Rational Field
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000000000 oOo0obOooooooog
> FixedGroup(S,FixedField(S,SG[4] ‘subgroup));

Permutation group acting on a set of cardinality 12
Id($
(1, 6)(2, 10, 4G, D@, 11, 12)
(1, 8, 5@, 114, 7, 12)(9, 10
(1, 12)2, 93, D, 1D, 186, 8)
Mapping from: GrpPerm: $, Degree 12 to GrpPerm: G

> IsIsomorphic($1,SG[4]‘subgroup);
true Homomorphism of GrpPerm: $, Degree 12, Order 242 into
GrpPerm: $, Degree 12, Order 242 induced by
Id($) |--> Id($)
(1, 6)(2, 103, 4, D@, 1D, 12) |--> 1, 12)2, 93, D
4, 1D, 106, 8)
(1, 8)(2, 5)(3, 11)(4, 76, 12)(9, 10) |--> (1, 6)(2, 103, D
(5, D@, 11X, 12)
(1, 12)(2, 9@, 74, 11)(, 10)(6, 8 |-—> (1, 8)(2, 5@, 1D
4, 706, 12)(9, 10
goobobboooobbtoooubobboooobboooobbooobbooobboobooo
gboooobobooooobodMagmaOUO OO0 OobooooobobooooboDbo
ddooooooooooobon

52 00O0OOO

O0MagmaOOOOOOODOOODODOODOOOOODOODOODODOOODOOODOOD
goboobooboooboobuoobbooobooboobmbooboobboboobo
O000b0o0ob0O0 MagmaDDOODOOODOOOOODOODOODOODODOOOOODODO
gobooboboobobooboboobobuoobobooboboboboobobboobo
O0OMagmaOOOOOOODODOOOOOOODOODOOOOODODOODOODOODODOOO
obooooooboboOMagmaD OO OO0 OOOOOODODODOODOOOODOODODO
gobogbobooboboobobooboboobobooboboobobooboba
obooobooboob MagmaOOOUOOOOOODOOOOODOOOUODOOODODODO
goboobodn

doodododoododpDooooooooooo22«(7,3, Hhoodoooooooooa
> D1:=Design<2, 7|{1,2,3}, {1,4,5}, {1,6,7}, {2,4,7},

> {2,5,6}, {3,5,7}, {3,4,6} >; DI1;
2-(7, 3, 1) Design with 7 blocks

> Design<2,7|IncidenceMatrix(D1)> eq D1;

true
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200000000000000000O000D000000O0O00D0O D D1IOODOOO0OOOO
O0000020000000D100000D0C00000ODOO0OO0OO0O00OOOOOOOO
0000000000000 O0OUOUOdPetersengraphl 000000000 QgQd

> G:=Graph<10|{1,2},{1,5},{1,6},{2,3},{2,7},{3,4},{3,8%},{4,5},{4,9},
> {5,103},{6,8},{6,9},{7,93},{7,10},{8,10}>;

> Graph<10|AdjacencyMatrix(G)> eq G;

true
20000000000000000000000O0CCOOOOOOOO0O0O0O0O0OO00O0OO0
coooooooooooooooooobocOoooooobobOOoboOoOoooooooboboOooono
ooo0O0O0O000000000000000C0CO000D0000000 MagmaOOOOOOO

oooooooao
> Cl:=LinearCode(D1,GF(2));

> C2:=LinearCode(ChangeRing(AdjacencyMatrix(G),GF(2)));
2-4n-1,2n-1,n-1) 0000000000 4p00000000000000O0O0OOCO0O

0000000oooooooOobDOoooooon
> destoHmat :=function(D)

function> Ml:=IncidenceMatrix(D);

function> n:=Ncols(M1);

function> J:=Matrix(Integers(),n,n,[1 : i in [1..n42]]);
function> M2:=VerticalJoin(

function> Matrix(Integers(),1,n,[1 : i in [1..n]]),2*M1-1);
function> M3:=HorizontalJoin(Transpose(

function> Matrix(Integers(),1,n+1,[1 : i in [1..n+1]])),M2);

function> return M3;

function> end function;
000000000000 00O destoHmat 000000000000 DOODOOODOODOO
00000000000 000000000000000000000 HmattodesOO OO OO
00400000000 HO i0 jOOOD0ODOOD i0000003-@n,2n,n-1)0000
0000DoD0o0O0oDbO0o0 jopoooooooooooon 2-Gn-1,2n-1,n-1)000000

gooo
> Hmattodes:=function(H,i, j)

function> HD1:=HadamardRowDesign(H,i);
function> HD2:=Contraction(HD1,Point(HD1,j));
function> return HD2;

function> end function;
2-4n-1,2n-1,n-1)0000000000 4000000000000 O0OO0OOCOOOO
OO0 ep=2000000000000
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> Hl:=destoHmat(D1l); [IsHadamard(H1), Nrows(H1) eq 8];
[ true, true ]

> Hmattodes(H1,1,1);

2-(7, 3, 1) Design with 7 blocks

DI1O0ODODO 8000O0OOODOHIOUOODUOOOOHIOO 2«(7,3,h)O00000OOooOoOooOoO
o00o0ODoO0O0o0o0o0OHIOOOO0O00 2«(7,3,) 0000000 DIO0O0O0OOOOOOOOO

0000000000000 00000000000000000000000000M™
> {IsIsomorphic(D1,Hmattodes(H1,i,j)):i,j in [1..8]};

{ true }
Magma OOODOOOOODOODOOOOODOOOOOODOODODOOODOODOODOODOOO

000000000000 DO0b0b0ob00 MagmaOOOODOODODOOOODODOO
> AutH:=HadamardAutomorphismGroup (H1) ;

> AutD:=AutomorphismGroup(D1);

> AutG:=AutomorphismGroup(G) ;

> [#AutH,#AutD, #AutG];

[ 21504, 168, 120 1]

Magma OOOOOOOODOOOOOOOOOODOOOOOOOOOODOOOOOOOODOOO

Oooooooooooooooooonong

> gl:=Sym(7)'(2,5,7)(3,4,6); g2:=Sym(7)!(1,3,2)(5,6,7);

> PSL:=ProjectiveSpecialLinearGroup(2,GF(7));

> f:=hom<PSL -> AutD | PSL.1 -> g1, PSL.2 -> g2>;

> [£(PSL) eq AutD, #Kernel(f) eq 1];

[ true, true ]

PSLOO AutDO0O OO f000000000O000DOODO0OOO0DOODOOOOOODOOd

0opl00d00d00d0dDDOOonoOodD PSLR,7H) 0000000000 DOOd
godooobdooooobooooobboo0ooDboooboOboo0obL0 chbobooooboooa

000000000 20000 50000000000000
> [IsConnected(G), IsRegular(G), Diameter(G) eq 2, Girth(G) eq 5];

[ true, true, true, true ]
0000000000000o0O0OD0O00000DU0D000OooOooOOoOoO0ooUOooooOO
gdooooOoOoQoOoOoO0UOO0O0O0™WOoL0UL000LO0DLOUULDUDULODUUUULUOLOUOO
gdooooOoOoOoOoOoOoOooooooooo

6 MagmaOOOODOO
Magma OODOODOO0OO0O0OO0O0DO0OO0O0OD0OO0O0OD0OOO0ODO Magma [0 web site

http://magma.maths.usyd.edu.au/magma/

OO0O0OO0OMagmaOOOOOOO0O0O0O0O0O0O0O0O0O0O0O0O00000000000000000
cooboooobooooooooOooOoOoOooOboOoOobOOoOoOoOoOoOoOoOoDObocOoOobooOon
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61 0OO0OOO

Magma OO OOOO0O0O0OO0O00O0OO00O00000O00O0 MagmaOOOOOOOOOOOO
oooO0oO0ooOO0O0O0oO0oO0oO0O0O PDFOOOOOOOS0000000000000000000O
oooooOo0O0O00000000000000000 [@MO0OO0O000O000 “The magma
language”[ “Sets, sequences, and mappings”[ “Basic rings and linear algebra” 0 3000000
O000bo0o0o00ooO0o00ooOooo0ooooon

0000000000000 000MagmaJ 0000000000000 OOOO0OODOO
000000000000 000MagmaODOO0OOO0O00O00O0O0O00OO0O0O0O0OODOOO
0000000 webODOOODODODODOOrank 0000000000000 D0O00D0OY0

> ?rank
O00OMagma OO DOO0O0OO0O000O0000OD00OHTMLOOOOOOO0O00O “Index”0000
o00oo0o0oo0ooo0o0ooo0ooo0ooOo0ooOo0oooo0oooooo0ooo0n
00 Rank(A) : Mtrx -> RngIntElt0 00000 O0OO “Given an m X n matrix A over a
ring R, return therank of A” 0 0000000000000 0000O0O0OOO0OOOOO

62 MagmaODOOODOOO

Magma Conference 0 0 00O O0O0O00OODODODO 200500000000 70000000
O000o0o0o0o0oo20100 10000000000000000 MagmaOOOOOODOOO
O0OMagma0OOO0OO0OO0O0O0OO00O000O0O0OO0O RIOOOOOO0OO0OOCOOOOO
00000000000 MagmaOOOOOODOO0O0OO0O0000 MagmaOOODOOOOOOOO
0000000000 (sooo00oo0oooo0oooooo 7000000000000
000000000000000 MagmaOOOOOOOOMagmaOOOOOOOOOOOO
Oo0ooooooooooo
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