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1 oooo

1.1 oo

f_resO000,000000, densed0 O multipolynomial resultant 00 f_res.mres, sparse
00 O sparse resultant 00 f_res.sres, Dixon 00O resultant 00 f_res.dres, 00O
O00. 00,0 resultant 0000, 0000 ODO00OO00O0O0O,000000000 OO.

0000,0000,0,mixedvolume 0000 O0O00O,0000000 ¢ cddlib MixedVol
O0. OpenXM 00O ox_sres 0000O0O. ,000000000c Oc, OO make O,
‘OpenXM/src/ox_cdd’ 0 make, make install 00, asir 00 0000000000000, OO
Ou OO0 resultant 00 asir 00, ‘OpenXM/src/asir-contrib/packages/f_res/f_res.rr’
0. load 0,000y 00000000, 0,00000000,gnp0 O00D0O0O,00000
0000y D 2 00.0000,0000. 00, f_res.gnp(), f_res.float() 000 Oy .

1.2 Notation

000O0c 0000, support polytope 00000 OO. 00, (1,1) 000 [1,1] 4O, {(0,0),
(1,0), (0,1) } O polytope DO O OO [[0,0],[1,0],[0,1]1 1y 0O.

1.3 oooo

1.3.1 f_res.mres, f_res.mresM

f_res.mres(Equations, Vars )
:: Multipolynomial resultant 0O O O

f_res.mresM(Equations, Vars )
200 f_res.mres 000000

return

f_res.mres

oo o
f_res.mresM
O
Equaitons 00000
Vars ooooo.
O0Oc
rsc gd
rowidx
colidx
P g

sub oo
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e Fquations 000000 Vars 0O0OOOOO0O0O0O f_res.mres resultant OO
f_res.mresM resultant 00 O00DODODO.

e Fquations 00000Ou O0OO00OO00,000cOO00O.

e Rank Submatrix Construction 00O OOc rsc 1 000. O00,00000u 0O f_
res.submatrix OO0O0O0O,0000c OO OOO.

[0] FO = al*x + a2*y + a3$

[1] F1 = bl*x + b2*y + b3$

[2] F2 = c1*x”2 + c2*xy"2 + c3 + cdxx*y + cb*x + c6*y$

[3] f_res.mresM( [FO,F1,F2], [x,y] );

[ 000 a2 a3 a1 ]

[ 0a2 a3 0 a1l 0 1]

[ a2 a3 0 a1l 0 0 1]

[ 0Ob2 b3 0 bl 01

[ b2 b3 0 b1 0 0 ]

[ c2 c6 c3 c4 c5 c1 ]

[4] R = f_res.mres( [FO,F1,F2], [x,y] );
(-c3*b272+c6*xb3*b2-c2*xb372) *¥al "3+ (((2*c3*b2-c6*b3) *b1-c5*b3*b2+c4*b3~2) *a2+((-c
6*xb2+2*xc2*b3) *b1+c5*xb2"2-c4*b3*b2) *a3) *al "2+ ((-c3*b1"2+c5*b3*bl-c1*b3"2) *a2~ 2+ (
c6*b172+(-c5%b2-cd*b3) *b1+2*xc1*b3*b2) *a3*a2+ (-c2xbl~2+cd*b2*xbl-c1*b272) *a3"2) *a
1

[5] fctr( R );

[[-1,1],[a1,1], [(c3*b2"2-c6*b3*b2+c2*b3"2) *al "2+ (((-2*c3*b2+c6*b3) *bl+c5*b3*b2-
c4*b372) *a2+ ((c6xb2-2%c2%b3) *b1-c5*%b272+c4*b3*b2) *a3) *al+(c3*bl~2-c5xb3*bl+cl*b
372)*a2" 2+ (-c6*xb1"2+ (c5*b2+c4*b3) ¥b1-2*xc1*b3*b2) *a3*a2+ (c2xbl~2-c4d*b2*xbl+c1*b2"
2)*a3"2,1]1]

1.3.2 f_res.indexof

f_res.indexof (Element, List )
»O000oooooooon

FElement oooano
List oovooooodg

return List 00 FElement 000000, List Element 00000 -1.
e List 00 Element 00000000 . List Element 000 -1 0.
e Flement 00Oc OODODO.
e [0 flist UD,00 Asir OODO.

[0] f_res.indexof( 2, [1,2,3] );

1

[1] f_res.indexof( 4, [1,2,3] );

-1

[2] f_res.indexof( "nd_det", flist() );
31

[3] f_res.indexof( "nd_Det", flist() );
-1
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1.3.3 f_res.listadd

f_res.listadd(4, B )

. 0oooooo
A
B oo
return oo

e J0DDDODO ADODO BODO.
e 00 ADOD BOOODOOODO.

[0] f_res.listadd( [1,2,3], [4,5,6] );
[5,7,9]

[1] f_res.listadd( [a,b,c], [d,e,f] );
[a+d,b+e,c+f]

1.3.4 f_res.start

f_res.start(N)
;. ox_sres 00

N oo

return a

e OO N 100 GMP, 0000000000 OpenXM OO0 ox_sres0O0,000071 0O
goooo.

e 0D ODDOODOODOODO.
e IODODDODO .

1.3.5 f_res.float

f_res.float()
;. ox_sres 00
return a
e 00DO OpenXM U0 ox_sres 000000, 0000T00000O.
o OO 0OODODOOUIOOODODO.
e cOOIDOODODOTUODOODOO®OOODO.
e OO OOOODO .

1.3.6 f_res.gmp

f_res.gmp()
;. ox_sres 000
return g
e GMP OpenXM 00 ox_sres 000000, 0000T100000O.
o 0O DOODOOOOODODODODO.
e cUODOODOODOTODOOODOOOODODOO.
goooooooo.
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1.3.7 f_res.conv
f_res.conv(List)

:: polytope O OO
return ooooa

List gooooooo
e List T polytope 0O DO.
e OpenXM 00 ox_sres 000000 DOOOO.
e JODODODOOO.

[0] f_res.conv( [ [1,1],[0,0],[0,2],[2,0],[2,2] 1 );
(fo,ol,[0,21,[2,0],[2,2]]

1.3.8 f_res.support

f_res.support(Equation, Vars)
:: 00 support O

return googo
Equation 00O

Vars ooooo
e 00O Vars UUOODO Equation support 00OOOOO.

[0] f_res.support( x"2 + x*y + y~2, [x,y] );
([0,2],[1,1],[2,0]]

[1] f_res.support( x°2 + x*y + y~°2, [x,y,z] );
(fo,2,01,[1,1,0],[2,0,0]]

1.3.9 f_res.np
f_res.np(Equation, Vars)

:: Newton polytope O
return ooooo
Equation 00O

Vars ooooo
e 00 Vars U0 OO Equation Newton polytope JO0OO0OTODO.
e OpenXM 00 ox_sres JJOO0OODOOO.
[0] f_res.np( x°2 + x*xy + y~2, [x,y] );
([0,2],[2,0]]
[1] f_res.np( x"2 + x*y + y°2, [x,y,z] );
(fo,2,01,[2,0,0]]

1.3.10 f_res.msum

f_res.msum(Polytopes)
:: polytope O Minkowski sum O
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return agooood
Polytopes ODOQOOQOGOQOO
O0Oc

conv ao.
e Polytopes O ¢ polytope O Minkowski sum 0O 0O lattice points O .
e conv 100 Minkowski sum O00O. OpenXM 00 ox_sres 0000000 0OOO.

(o] Q1 = [[0,0],[1,0],[0,111$

[1] Q2 = [[0,0],[1,0],[0,1]1,[1,111$%
[2] f_res.msum( [Q1,Q1] );

(fo,o01, (0,11, [0,2],[1,0],[1,1],[2,0]]
[3] f_res.msum( [Q1,Q1] | conv=1 );
[[0,0],[0,2],[2,0]]

[4] f_res.msum( [Q1,Q1,Q1] | conv=1 );
[[0,0],[0,3],[3,0]]

[56] f_res.msum( [Q1,Q2] );

(fo,o01, (0,11, [0,2],[1,0],[1,1],[1,2],[2,0],[2,1]]
[6] f_res.msum( [Q1,Q2] | conv=1 );
[[0,0],[0,2],[1,2],[2,0],[2,1]1]

1.3.11 f_res.mvol

f_res.mvol(Polytopes)
:: polytope O mixed volume O

return a

Polytopes OOQOOO0OOOO
e varPolytopes O c¢ polytope O mixed volume O .
e Mixed volume 00O polytope DO OO0OOO.
e OpenXM U0 ox_sres 0000 DO0OOOODO.
(0] Q1 = [[0,0],([1,0],[0,1]11%
(11 Q2 = [[0,0],[1,0]1,[0,1],[1,1]11$
[2] f_res.mvol( [Q1,Q1] );
1
[3] f_res.mvol( [Q1,Q2] );
2
[4] f_res.mvol( [Q2,Q2] );
2

1.3.12 f_res.sres

f_res.sres(Equations, Vars)
:: sparse resultant 0 O 0O

return oo

Equations 00000
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Vars

O0Oc

ooooo

Vv oo
p O
sub oo

Equations 000000 Vars 00 Incremental algorithm u O resultant 00O .

e O0c v v-distance 0000,000000 [11,12,13,...]300.

e JDrank 00 GF(p) Oy 0,000000000c 0 subpOd 0DODODODDOOOODO. pO
O0cO pc.0O pOO0DO 65521 00,00 subO0OOO 53,59,... 0000.

OpenXM 00 ox_sres DO O0OOODOOO.

[0] FO = al*x + a2*y + a3$

[1] F1 = blxx + b2*y + b3$

[2] F2 = c1#x"2 + c2*y~2 + c3 + cdxx*y + cb*x + c6*y$

[3] R = f_res.sres( [FO,F1,F2], [x,y] );
(c3%b273-c6*b3*b2"2+c2*¥b3"2*b2) *al 2+ (((-2*c3*b2"2+c6*b3*b2) *b1+c5*xb3*b2"2-c4d*b
372*%b2) *a2+ ((c6xb2"2-2*%c2*xb3*b2) *b1-c5*b2"3+c4*b3*b2"2) *a3) *al+ (c3*xb2*xb1~2-c5*xb
3*xb2*xb1+c1*¥b372xb2) *a2" 2+ (—c6*b2*b1 "2+ (c5+%b272+cd*b3*b2) *b1-2*c1*b3*b2"2) *a3*a2
+(c2%b2xb1°2-c4*xb2"2xbl+c1*b2"3) *a3"2

[4] fctr( R );

[[1,1],[12,1], [(c3*b2"2-c6*b3*b2+c2*%b3"2) *al "2+ (((-2*c3*b2+c6*b3) *bl+c5*b3*b2-c
4xb372) a2+ ((c6*¥b2-2%c2*xb3) *b1-c5+%b272+cd*b3*b2) *a3) *al+ (c3*bl1~2-c5*xb3*bl+c1*b3
~2)*a2" 2+ (-cB6xb1"2+ (c5xb2+c4*b3) *b1-2*c1*b3*b2) *a3*a2+ (c2*¥b1~2-cd*b2*bl+cl*xb2"2
)*a3°2,1]]

1.3.13 f_res.dres, f_res.dresM

f_res.dres(Equations, Vars)

:: Dixon resultant O

f_res.dresM(Equations, Vars)

:: 00 Dixon resultant 0O 00O

return

f_res.dres

od
f_res.dresM
a
Equaitons 00000
Vars ooooo
O0Oc
norsc go

rowidx
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colidx
p O
sub oo

Equations 00000 Vars 00 Dixon 00 f_res.dres resultant 00, f_res.dresM
resultant 00 O0000OO.

Rank Submatrix Construction D000 O0Oc norsc 1 000O0.
O00000u O f_res.submatrix 00000, 0000c O00000O.

[0] FO = al*x + a2*y + a3$
[1] F1 = bl*x + b2*y + b3$
[2] F2 = c1*x”2 + c2*y~2 + c3 + cédxx*y + cb*x + cb6*y$

[3] f_res.dresM( [FO,F1,F2], [x,y] );

[ c1*b3*a2-cl1*b2*a3 —c2*b3*al+cd*b3*a2+ (c2*xbl-cd*b2)*a3 (c3*b2-c6*b3)*al+(-c3*b
1+ch5*b3) *a2+ (c6*bl-c5*b2) *a3 ]

[ 0 —c2%b2*al+c2xbl*a2 -c2xb3*al+c2*xbl*a3 ]

[ —c1xb2*al+cl*bl*xa2 -cd*b2xal+cd*bl*a2 -cd*b3*al+cl* b3*a2+(cd*bl-cl1*b2)*a3 ]
[4] R = dres( [FO,F1,F2], [x,y] );
(—c3*c2*c1*b2"3+c6*xc2*xcl1*b3*xb2"2-c2 " 2*%c1*xb3"2%b2) *al "3+ (((3*xc3*xc2*xcl*b2"2-2%c6*
c2*c1*b3*b2+c2"2*xc1*b372) *b1-c5*c2*xc1*b3*b2"2+cld*c2*xc1*b3"2*xb2) *a2+ ((—c6*c2*clx*
b272+2%c272%c1*b3*b2) *bl+c5*c2*cl1*xb2"3-cd*c2*xc1*¥b3*b272) *a3) *al~ 2+ (((-3*c3*c2*c
1*b2+c6*c2%c1*b3) *b1l "2+ (2*xch*xc2*xc1*b3*b2-c4*c2*xc1*b372) *b1l-c2*c1~2%b3"2%b2) *a2"
2+ ((2*cB*c2*cl1*b2-2%c27 2% c1*b3) ¥b1~2-2*c5*c2*c1*b2"2%b1+2*%c2*xc1”2*%b3*b272) *¥a3*a
2+ (-c272%c1*b2*%b1"2+cd*c2*xcl*b2"2xbl-c2*c1~2xb2"3) *a3"2) *al+ (c3*c2*xcl*xb1~3-c5*c
2*c1*b3%b172+c2*xc1”2%b372%b1) *a2 3+ (—c6*c2*xcl1*bl1” 3+ (cb*c2*cl*b2+cd*c2*xc1*b3) *b1l
~2-2%c2%c1”2%b3*b2%b1) *a3*a2 2+ (c2"2*cl*xbl~3-cd*c2*xcl1*xb2*bl " 2+c2*cl1~2%b2"2%b1) *
a3"2xa2

[5] fctr(R);
[[-1,1],[c2,1],[c1,1], [b2*al-b1*a2,1], [(c3*b272-c64b3*b2+c2*¥b3"2) *al 2+ (((-2*c3
*b2+c6*xb3) ¥b1+c5xb3*b2-c4*xb3~2) *a2+ ((c6*b2-2%c2*b3) *b1-c5*xb2~2+c4*b3*b2) *a3) *al
+(c3*b172-c5*b3*bl+c1*b37~2) *a2" 2+ (-c6xb1 "2+ (c5*b2+c4*b3) *b1-2*c1*b3*b2) *a3*a2+(
c2xb1°2-c4*b2xbl+cl1*b2°2)*a3"2,1]]

1.3.14 f_res.dixonpolynomial

f_res.dixonpolynomial (Equations, Vars)

:: Dixon polynomial O

return oo

Equaitons 00000

Vars ooogano

Equations 00000 Vars 0O Dixon polynomial 00, [ (Dixon polynomial), (OO
00)]O0O000.00000w O0O000O0c.00000DOO0OODOO.

[0] FO = al*x + a2*y + a3$
[1] F1 = bl*x + b2*y + b3$
[2] F2 = c1#x72 + c2*xy~2 + c3 + cdxx*y + cb*x + cb6*xy$

[3] f_res.dixonpolynomial( [FO,F1,F2], [x,y] );
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[(-_0*cl*b2*al+(_O*clxbl+cl*b3)*a2-cl*xb2*a3)*xx+(((-_1%c2-_0%c4)*b2-c2xb3) *xal+((
_1*c2+_0%c4)*bl+cd*b3) *a2+ (c2xbl-c4d*b2) *a3) *y+(c3*b2+(-_1*c2-_0*c4-c6) *b3) xal+(
-c3*b1+(_0*c1+ch) *b3) *a2+ ((_1*c2+_0*cd+c6)*bl+(-_O*xcl-c5)*b2)*a3,[ _0 _1 1]

1.3.15 f_res.matrixdecomp

f_res.matrixdecomp( Dpoly, UC, Vars )
:» Dixon polynomial 0O 0O0O.

return oo
Dpoly oo
uC

Vars oo

e dixonpolynomial Dpoly O UC monomial, Vars monomial 0000000 .

e 00O, [ (UC monomial O),(0),(Vars monomial 0) ] 000 ,sigmaP =V D_.P W
V,D_P, W OO.

[0] FO = al*x + a2*y + a3$

[1] F1 = bl*x + b2*y + b3$

[2] F2 = c1*x"2 + c2%y~2 + c3 + cd*x*y + cb*x + c6*y$

[3] D = f_res.dixonpolynomial( [FO,F1,F2], [x,y] )$

[4] M = f_res.matrixdecomp( D[0], D[1], [x,y] );

[[1 _1 _017,[ cl*¥b3*a2-cl*b2*xa3 -c2*b3*al+cd*b3*a2+(c2*xbl-c4*b2)*a3 (c3*b2-c6*
b3)*al+(-c3*bl+cb*b3) *a2+(c6xbl-c5*b2) *a3 ]

[ 0 —c2%b2*al+c2xbl*a2 -c2*xb3*al+c2*xbl*a3 ]

[ —ci1*b2*al+cl*bl*a2 -cd*xb2*al+cd*xbl*a2 -cd*b3*al+cl*b3*a2+(cd*bl-cl1*b2)*a3 ], [
xy11]]

[6] V = M[O]*M[1]$

[6] D[0] == V[0]*M[2] [O]+V[1]*M[2] [1]1+V[2]*M[2] [2];

1

1.3.16 f_res.submatrix

f_res.submatrix( Matrix )
:00c O rank OOD0OO.

return O
Matrix O
O0c
rowidx
colidx
p u
sub oo

e 0 Matrix rank 0D OO.
e Drank D0y 00000000 subOOOOO GF(p)LI,DI]. pUO0O0OcUO pOO.
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e J00D0cOO0DDODOODD. ¢cOO0O0DODO rowidx,colidx yO. 000 Matrix (i,j)
(rowidx[i],colidx[j]) DO Oc .

e 0 pOODOD 65521 00,00 subO0OODO 53,59,dots 00O O.

[0] M = newmat( 3, 3, [[1,0,0],[0,a,0],[0,b,0]1] );
[100]1]

[0ao0]

[0OboO]

[1] f_res.submatrix( M );

[10]

[ 0a]

[2] f_res.submatrix( M | rowidx=1tov([0,2,1]) );
[10]

[ 0b]



Index

Index

(Index is nonexistent)

(Index is nonexistent)

10
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