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[FindGaloisGroup.nb | CE#% M523 B (CZ L\ /[ StepByStep Mathematica Program |% 5:X @} (CE
L, ZNEE>TRHET. £55A REICEIT2[Automated Mathematica Program | DA ZEES LT ¢
KEVFIH, ZNTEEBBBCHRYERA. WESHIERBETRE VS A(L C5_Solutions.nb/pdf ZEHE
<FEEW, IS, &YEELWERBAIXIFindGaloisGroup.nb/pdf & B,

Stepl. D EHIZ
(HAE 120RDF AR X ZRBDELER, ZLTHBARERVX)TT. 2B AERERX) DO
AFEEATERLKTY)

in[11:= ClearAll[" %"];
f[x_] = x*5 -5x + 12;
vars = {a, B, ¥, 6, €};
vs = Permutations[vars].{5, 2, 3, 4, 1}; (xR (X) [CERIPHRELEITTEEZS+)
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[1];
Factor[%]
V[x_] = (Listee%) [1] /. {v » x}
outlel- (148996000 - 1521500 v> - 12500 v* + 3325 v° - 110 v* + v'°)
(74554000 + 6730000 v + 1323500 v’ - 1435000 v° -
12500 v* + 26000 v + 3325 v° - 200 v/ - 90 v® + v'?)
(74554000 - 6730000 v + 1323500 v* + 1435000 v° - 12500 v* - 26000 v° + 3325 v° +
200 v/ - 90 v® + v'?) (1600000 + 5462500 v> - 87500 v* + 5125 v° - 50 v° + v'?)
(3546000 - 1290000 v + 2123500 v* - 11250600 v> + 147 500 v* + 6000 Vv° +
1325v® - 600 v/ - 10 v® + v'°) (3546000 + 1290000 v + 2123500 v* +
1125000 v* + 147500 v* - 6000 v° + 1325 v° + 600 v/ - 10 v° + v*?)
(4954000 - 6510000 v + 3743500 v* - 975000 V> + 107 500 v* - 6000 Vv° +
3325v® - 600 v’ + 10 v + v'°) (4954000 + 6510000 v + 3743500 v* +
975000 v’ + 167500 v* + 6000 v° + 3325 v° + 660 v/ + 10 v® + v*°)
(900000 - 537500 v* + 87500 v* + 125 v® + 50 v® + v'°) (1546600 - 1736000 v +
963500 v’ - 265000 v’ + 77500 v* - 10000 v° + 3325 v° - 200 v/ + 90 v® + v1?)
(1546000 + 1730000 v + 963 500 v* + 265000 v’ + 77500 v* + 16000 v° + 3325 v° +
200 v/ + 90 v® + v*°) (2304000 + 518500 v* + 72500 v* + 4325 v® + 110 v® + v1?)

Out[10]=
148996 000 - 1521500 x> - 12500 x* + 3325 x® - 110 x5 + x*°
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In[11]:=

Out[21]=

Step2 . f (X)DEEZ[RIATTVEERT

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',€"}

33144631 2652763177v  1597015v?> 54622489 v3 6619 v*

N _ _ _
{59 842152 11549535336 159579072 30798760896 9651960
339857 v° 63233 Vv° 66109 v’/ 8251 v8 15653 v°

+

7451313120 3191581440 615975217920 47873721600 1847925653760
6522187 234620657V 670241v?> 54622489 v3 20767 v*

+ +

29921076 5774767668 79789536 15399380448 19303920
339857 v° 21773 v® 66109 v’/ 37v8 15653 v°

+

3725656560 1595799720 307987608960 4787372160 923962826880
20100257 2937497v?> 7529 Vv* 19687 v® 8621 v&

+ +

29921076 79789536 9651960 1595790720 23936860800
6522187 234620657v 670241v> 54622489 V3 20767 v*

- + + +
29921076

5774767668 79789536 15399380448 19303920
339857 v° 21773 v® 66109 v’/ 37 V8 15653 v°

- + - +
3725656560 1595799720 307987608960 4787372160 923962826880
33144631 2652763177v  1597015v?> 54622489 v3 6619 v*

_ _ N _ _
59842152 11549535336 159579072 30798760896 9651960
339857 v° 63233 v® 66109 v’/ 8251 v& 15653 v°

+ +

- +
7451313120 3191581440 615975217920 47873721600 1847925653760}
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Step 3 . V(x)DEEZJR IR TTVTEERT

n22- VS /. {a»a'y, BB, ¥y ', 656"',e>e'} // Simplify; (xvsDEFEEVTERT *)
PolynomialMod [V [#], V[V]] & /@%;
Position[%, @] // Flatten
vset =vs[[%] /. {a»a', B>B',¥y>¥',6>6"',e»€"} // Collect[#, V] &
Out[24]=

(1, 24, 30, 34, 56, 65, 87, 91, 97, 120}

Out[25]=
{ 19032865 8896772159V 6958943 v2 54622489 v3 6983 v*
\' + + + - -
’ 59842152 11549535336 159579072 30798760896 1930392
339857 v° 110951 v® 66109 v’/ 9731 v8 15653 v°

+ + + +

7451313120 3191581440 615975217920 47873721600 1847925653760
8123275 3122004491v 14174419v> 54622489v>  21131v*

+ +

59842152 11549535336 159579072 30798760896 3860784
339857 v° 115123 v® 66109 v’/ 27343 V8 15653 v°

7451313120 3191581440 615975217920 47873721600 1847925653760
19032865 8896772159v 6958943 v2 54622489 v3 6983 v*

+ +

59842152 11549535336 159579072 30798760896 1930392
339857 v° 110951 v® 66109 v’/ 9731 V8 15653 v°

7451313120 3191581440 615975217920 47873721600 1847925653760 ’
8123275 3122004491v 14174419 v? 54622489 v3 21131 v*

+

+

59842152 11549535336 159579072 30798760896 3860784
339857 v° 115123 v® 66109 v’/ 27343 V8 15653 v°

+ +

7451313120 3191581440 615975217920 47873721600 1847925653760 ’
8123275 3122004491v 14174419 v2 54622489 v3 21131 v*

- + + +

59842152 11549535336 159579072 30798760896 3860784
339857 v° 115123 v® 66109 v’/ 27343 V8 15653 v°

+ + + +

7451313120 3191581440 615975217920 47873721600 1847925653760
19032865 8896772159v 6958943 v2 54622489 V3 6983 v*

- + - + +

59842152 11549535336 159579072 30798760896 1930392

339857 v° 110951 v® 66109 v’/ 9731 v8 15653 v°
+ +

7451313120 3191581440 615975217920 47873721600 1847925653760 ’
8123275 3122004491v 14174419 v? 54622489 v3 211314

+ - + + -

59842152 11549535336 159579072 30798760896 3860784

339857 v° 115123 v® 66109 v’/ 27343 V8 15653 v°
+ +

7451313120 3191581440 615975217920 47873721600 1847925653760,

19032865 8896772159V 6958943 v2 54622489 v3 6983 v* 339857 v°
+ + +

59842152 11549535336 159579072 30798760896 1930392 7451313120
110951 v°© 66109 v’ 9731 v& 15653 v°

— + —

y -V
3191581440 615975217920 47873721600 1847925653760 }
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Step4 . GaloisEf &K 5

inf26]:= sols = {a', 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, Length[vset]}];
MatrixForm[%]

Out[28]//MatrixForm=

1

NV R, R NUWRWDR
P RPNV WRAPDMWNDWUOW

VWA PwWUNR
AW pwunNnERr RN
W hAUNRPRERNDNUPMW

RAOESAHTIIROERICES.
{Id, (2, 5) (3,4), (1,2) (3,5),

(1, 5,4,3,2), (1,3) (4,5), (1,4, 2,5,3),
(1, 4) (2, 3), (1,3,5,2,4), (1,2, 3,4,5), (1,5) (2, 4)}
ZCo= (1, 2, 3, 4, 5, t = (2,3,5,4) 95,

FOBL ? = (2, 3) (4, 5) Lo THERSINZ2EIEEE D ¢ —ET 3.
C_r, Es;ki(ﬁ@%¥t§-5t, D5 = C5 + 'Ez C5
DRI Ds > Cs > {Id}

[part2.Dp5_Solution.nb (EEZERfEZK$HB) (CHE<]



