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Stepl. D EHIZ

(HAFX120RDAEAR (RPN, ZLTHBAERAVXTY., 2BARRXFRX)OMED
EFERATEARILKTY)

in[-]:= ClearAll[" *"];
flx_] = x*5 -10x"3+5x"2+10x + 1;
vars = {a, B, ¥, 6, €};
vs = Permutations[vars].{1, 2, 3, 4, 5}; (xR (X) [CEBIHRELEIIIEEZS+)
coef = CoefficientList[f[x], x] // Reverse // Drop[#, 1] &;
{s1, s2, s3, s4, s5} = Table[SymmetricPolynomial[i, vars], {i, 1, 5}];
contents =
{s1 + coef[1], s2 - coef[2], s3 + coef[3], s4 - coef[4], s5 + coef[5], v-vs[1]};
GroebnerBasis[contents, {a, B, ¥, 6, €, V}1[11;
Factor[%]
V[x_] = (Listee%) [1] /. {v » x}
out[+ ]=
(-4375 + 2500 v - 125 V> + v°) (4375 + 2500 v - 125 V> + v°)

(-1225-1750 v - 808 v* - 125 v> + v°) (625 - 625 v - 625 v2 - 125 v* + Vv°)
(175 -125v - 525v? - 125 v’ + v°) (2525 + 1125 v - 425 v* - 125 V> + V°)
(-175+750 v - 350 v? - 125 v? + v*) (-175+ 2125V - 225 Vv* - 125 V> + V°)
(7525 +3375v -175v? - 125v> + v*) (8575 + 3500 v - 100 v> - 125 v° + v°)
(4825 + 3750 v - 180 v* - 125 v* + v°) (4975 + 2875V - 75 v* - 125 V> + V°)
(-1225+1250 v - 50 v? - 125 V> +Vv°) (1225+1250 v + 50 v* - 125 v* + V)

(-4975 + 2875 v + 75v? - 125 V> + v®) (-8575 + 3500 v + 100 v* - 125 v> + V°)
(-4825 +3750 v + 100 v2 - 125 v* + v°) (-7525+3375v + 175 v? - 125 v° + V)
(175 +2125 v + 225 v? - 125 v? + v°) (175 + 750V + 350 v - 125 v° + V°)
(-2525+1125v + 425 v* - 125 v? + v°) (-175- 125V + 525 v - 125 v> + v°)
(-625-625v +625v? - 125 v? + v®) (1225-1750 v + 800 v* - 125 V> + v°)

out[«]=
~4375 + 2500 X - 125 x> + x°
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Step2 . f (X)DEEZ[RIATTVEERT

In[e]:=
GroebnerBasis [contents, {a, vV}, {B, ¥, 6, €}] // PolynomialMod[Last[#], V[V]] &;
a'=a/.Solve[% == 0, a] [1] // Collect[#, V] &;

GroebnerBasis [contents, {3, v}, {a, ¥, 6, €}] // PolynomialMod [Last[#], V[Vv]] &;
B'=B/.Solve[% =0, B]1[1] // Collect[#, V] &;

GroebnerBasis [contents, {y, v}, {a, B, 6, €}] // PolynomialMod [Last[#], V[V]] &;
Yy' =y /.Solve[% == 0, y][1] // Collect[#, v] &;

GroebnerBasis [contents, {6, v}, {a, B, ¥, €}] // PolynomialMod [Last[#], V[Vv]] &;
6'=6/.5Solve[% =0, 6§][1] // Collect[#, V] &;

GroebnerBasis [contents, {e, v}, {a, B, ¥, 6}] // PolynomialMod[Last[#], V[V]] &;
€' =€ /.Solve[% == 0, e][1] // Collect[#, V] &;

{a', B',¥';6',€"}

Out[« ]=
{ 282 41v 103v? v 22v*
_— - + —_ +

43 43 215 215 5375
788 135v  293vZ 28v3 63v* 332 87v 142v? 19v: 32v*

-— + - - —_— - - + +

43 43 215 1075 5375 43 43 215 1075 5375
572 11ev 183v? 26V 37Vv* 398 103v 27v?  22v:  28Vv* }
_ - - + + -— 4 + - -

43 43 215 1075 5375 43 43 43 1075 5375

Step 3 . V(x)DAEZRIATTVERT

1= vs/.{aoa'yBoB',¥yo>¥',6>86",e>e"} // Simplify; (xvsDEFEZVTERT *)
PolynomialMod [V [#], V[V]] & /@%;
Position[%, @] // Flatten
vset =vs[[%] /. {a»a', B>B',¥y>¥y',6>6"',e»>€"'} // Collect[#, V] &
Outf~ ]=
{1, 34, 65, 91, 97}

Out[«]=
1410 162v 183vZ v 224 2530 513v  190vZ 23V 41v*
- +— + - + + -

=2 —
* 43 43 43 43 1075 43 43 43 215 1075
870 78v 48v? 4v:  9v* 1990 472v 135v? 22V 28Vv*

-— 4 - + +

43 43 43 215 1075 ’ 43 43 43 215 1075 }

+ — —
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Step4 . GaloisEf &K 5

in[-]- sols ={a'y, B', ¥', 6", €"'};
Table[
perm = sols /. {vset[1] - vset[i]l} // PolynomialMod[#, V[Vv]] &;
Table[FirstPosition[Simplify[perm - sols[k] {1, 1, 1, 1, 1}], 0] [11, {k, 1, 5}1 //
Flatten, {i, 1, 5}];
MatrixForm[%]

Out[+ ]//MatrixForm=

12345
51234
45123
34512
23451

WRODEZATE Gal = {Id, o, 0%, o3, 04} = <o>,0=(1, 2, 3, 4, 5)
Galld 5 R¥EIRFCs ¢ —BT 5. DRI Cs > (Id)
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