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4.0.1 base_cancel

base_cancel(S)
: It simplifies S by canceling the common factors of denominators and numerators.

Example:

base_cancel ([(x-1)/(x"2-1), (x-1)/(x"3-1)1);

4.0.2 base_choose

base_choose (L, M)
: It returns the list of the order M subsets of L.

Example:
base_choose([1,2,3]1,2);

It outputs all the order 2 subsets of the set {1,2,3}

4.0.3 base_flatten

base_flatten(S)
: It flattens a nested list S.

Example:

base_flatten([[1,2,3],4]1);

4.0.4 base_intersection

base_intersection(A,B)
: It returns the intersection of A and B as a set.

Example:

base_intersection([1,2,3],[2,3,5,[6,51]);
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4.0.5 base_memberq

base_memberq(A,S)
: It returns 1 if A is a member of the set S else returns 0.

Example:

base_memberq(2,[1,2,3]);

4.0.6 base_permutation

base_permutation (L)
: It outputs all permutations of L. BUG; it uses a slow algorithm.

Example:

base_permutation([1,2,3,4]);

4.0.7 base_position

base_position(A,S)
: It returns the position of A in S.

Example:

base_position("cat", ["dog","cat", "monkey"]) ;

4.0.8 base_prune

base_prune(A,S)
: It returns a list in which A is removed from S.

Example:

base_prune("cat", ["dog","cat", "monkey"]) ;

4.0.9 base_replace

base_replace (S, Rule)
: It rewrites S by using the rule Rule

Example:
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base_replace(x~2+y~2, [[x,a+1], [y,bl]);

x is replaced by a+1 and y is replaced by b in x~2+y~2.

4.0.10 base_set_minus

base_set_minus(A, B)

: A\ B
Example:

base_set_minus([1,2,3],[3,4,5]);

4.0.11 base_set_union

base_set_union(A, B)

: AUB
Example:

base_set_union([1,2,3],[3,4,5]);

4.0.12 base_subsetq

base_subsetq(A,B)
: if A C B, then it returns 1 else 0.

Example:

base_subsetq([1,2],[1,2,3,4,5]);

4.0.13 base_subsets_of_size

base_subsets_of_size(K,S)
: It outputs all subsets of S of the size K. BUG; it uses a slow algorithm. Do not input
a large S.

Example:

base_subsets_of_size(2,[3,5,3,2]);
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5.0.1 number_abs

number_abs (X)

Example:

number_abs (-3) ;

5.0.2 number_ceiling

number_ceiling(X)

Example:

number_abs(1.5);

5.0.3 number_factor

number_factor(X)

: It factors the given integer X.
Example:

number_factor(20) ;

5.0.4 number_floor

number_floor(X)

Example:

number_floor(1.5);
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5.0.5 number_imaginary_part

number_imaginary_part (X)

Example:

number_imaginary_part (1+2%@i) ;

5.0.6 number_is_integer

number_is_integer (X)

Example:

number_is_integer(2/3);

5.0.7 number_real_part

number_real_part (X)

Example:

number_real_part (1+2*@i);
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9.0.1 matrix_clone

matrix_clone (M)
: It generates the clone of the matrix M.

Example:

matrix_clone(matrix_list_to_matrix([[1,1],[0,1]11));

9.0.2 matrix_det

matrix_det (M)
: It returns the determinant of the matrix M.

Example:

poly_factor(matrix_det([[1,x,x"2],[1,y,y"2],[1,2,272]11));

9.0.3 matrix_diagonal_matrix

matrix_diagonal_matrix(L)
: It returns the diagonal matrix with diagonal entries L.

Example:
matrix_diagonal_matrix([1,2,3]);

References

matrix_list_to_matrix

9.0.4 matrix_eigenavalues

matrix_eigenavalues (M)
: It returns the eigenvalues of the matrix M.

Example:

matrix_eigenvalues([[x,1],[0,y]1]1);

13
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9.0.5 matrix_identity_matrix

matrix_identity_matrix (V)
: It returns the identity matrix of the size N.

Example:
matrix_identity_matrix(5);

References

matrix_diagonal _matrix

9.0.6 matrix_image

matrix_image (M)

: It computes the image of M. Redundant vectors are removed.
Example:
matrix_image([[1,2,3],[2,4,6],[1,0,011);

References

matrix_kernel

9.0.7 matrix_inner_product

matrix_inner_product (A, B)

: It returns the inner product of two vectors A and B.
Example:

matrix_inner_product([1,2], [x,y]1);

9.0.8 matrix_inverse

matrix_inverse (M)

: It returns the inverse of the matrix M.
Example:

matrix_inverse([[1,2],[0,111);
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9.0.9 matrix_kernel

matrix_kernel (M)
: It returns the basis of the kernel of the matrix M.

Example:

matrix_kernel([[1,1,1,1],[0,1,3,4]1]);

9.0.10 matrix_list_to_matrix

matrix_list_to_matrix(M)
: It translates the list M to a matrix.

Example:
print_xdvi_form(matrix_list_to_matrix([[1,1],[0,2]11));

References
matrix_matrix_to_list

9.0.11 matrix_matrix_to_list

matrix_matrix_to_list(M)
: It translates the matrix M to a list.

References
matrix_list_to_matrix

9.0.12 matrix_rank

matrix_rank (M)
: It returns the rank of the matrix M.

Example:

matrix_rank([[1,1,1,1],[0,1,3,4]1]1);

9.0.13 matrix_solve_linear

matrix_solve_linear (M, X, B)
: It solves the system of linear equations M X = B

15
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Example:

matrix_solve_linear([[1,2],[0,11], [x,y],[1,2]);

9.0.14 matrix_submatrix

matrix_submatrix(M, Ind)
: It returns the submatrix of M defined by the index set Ind.

Example:

matrix_submatrix([[0,1],[2,3],[4,5]1],[1,2]);

9.0.15 matrix_transpose

matrix_transpose (M)
: It returns the transpose of the matrix M.

References
matrix_list_to_matrix
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10.0.16 print_dvi_form

print_dvi_form(S)
: It outputs S to a dvi file.

Example:
print_dvi_form(x"2-1);

References

print_xdvi_form , print_tex_form

10.0.17 print_em

print_em(S)
: It outputs S by a font to emphasize it.

Example:

print_em(x"2-1);

10.0.18 print_gif_form

print_gif_form(S)

: It outputs S to a file of the gif format.
print_gif_form(S | table=key0)

: This function allows optional variables table

Example:
print_gif_ form(newmat(2,2, [[x"2,x], [y"2-1,x/(x-1)11));

References

print_tex_form

10.0.19 print_input_form

17
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print_input_form(S)
: It transforms S to a string which can be parsed by asir.

Example:

print_input_form(quote(x~3-1));

10.0.20 print_open_math_tfb_form

print_open_math_tfb_form(S)
: It transforms S to a tfb format of OpenMath XML.

It is experimental. You need to load taka_print_tfb.rr to call it.
Example:

print_open_math_tfb_form(quote(f(x,1/(y+1))+2));

10.0.21 print_open_math_xml_form

print_open_math_xml_form(S)
: It transforms S to a string which is compliant to OpenMath(1999).

Example:
print_open_math_xml_form(x~3-1);

References

www.openmath.org

10.0.22 print_output

print_output (Obj)

: It outputs the object Obj to a file. If the optional variable file is set, then it outputs
the Obj to the specified file, else it outputs it to "asir_output_tmp.txt". If the optional
variable mode is set to "w", then the file is newly created. If the optional variable is
not set, the Obj is appended to the file.

print_output(Obj | file=keyO, mode=key1)
: This function allows optional variables file, mode

Example:

print_output ("Hello"|file="test.txt");
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References
glib_tops, (,)

10.0.23 print_ox_rfcl100_xml_form

print_ox_rfc100_xml_form(S)
: It transforms S to a string which is compliant to OpenXM RFC 100.

Example:
print_ox_rfc100_xml_form(x~3-1);

References

WWW.Openxm. org

10.0.24 print_png_form

print_png_form(S)
: It transforms S to a file of the format png.

Example:
print_png_form(x~3-1);

References

print_tex_form

10.0.25 print_terminal_form

print_terminal_form(S)
: It transforms S to the terminal form???

10.0.26 print_tex_form

print_tex_form(S)

: It transforms S to a string of the LaTeX format.
print_tex_form(S | table=keyO0)

: This function allows optional variables table

The global variable Print_tex_form_fraction_format takes the values "auto", "frac", or "/". The
global variable Print_tex_form_no_automatic_subscript takes the values 0 or 1. BUG; A large input
S cannot be translated.
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Example:
print_tex_form(x*dx+1 | table=[["dx","\\partial_x"1]1);
The optional variable table is used to give a translation table of asir symbols and tex symbols.

References

print_xdvi_form

10.0.27 print_tfb_form

print_tfb_form(S)
: It transforms S to the tfb format.

Example:

print_tfb_form(x+1);

10.0.28 print_xdvi_form

print_xdvi_form(S)
: It transforms S to a xdvi file and previews the file by xdvi.

Example 0:

print_xdvi_form(newmat (2,2, [[x"2,x], [y"2-1,x/(x-1)11));
Example 1:

print_xdvi_form(print_tex_form(1/2));

References

print_tex_form , print_dvi_form

10.0.29 print_xv_form

print_xv_form(S)

: It transforms S to a gif file and previews the file by xv.
print_xv_form(S | input=keyO0,format=keyl)

: This function allows optional variables input, format

Example 0:
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print_xv_form(newmat (2,2, [[x"2,x], [y"2-1,x/(x-1)11));
Example 1:
print_xv_form(x+y | format="png");

If the optional variable format="png" is set, png format will be used to generate an input for
XV.

References
print_tex_form, print_gif_ form
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11.0.1 poly_degree

poly_degree(F)

: It returns the degree of F with respect to the given weight vector.
poly_degree(F | weight=key0, v=keyl)

: This function allows optional variables weight, v

The weight is given by the optional variable weight w. It returns ord,, (F')
Example:

poly_degree(x"2+y~2-4 |weight=[100,1],v=[x,y1);

11.0.2 poly_elimination_ideal

poly_elimination_ideal(I, VV)

: It computes the ideal intersection of I and the monomial ideal generated by VV.
poly_elimination_ideal(I, VV | grobner_basis=keyO, v=keyl)

: This function allows optional variables grobner_basis, v

If grobner_basis is "yes", I is assumed to be a Grobner basis. The optional variable v is a list of
variables which defines the ring of polynomials.

Example 0:
poly_elimination_ideal ([x"2+y~2-4,x*y-1], [x]);
Example 1:

A = poly_grobner_basis([x"2+y~2-4,xxy-1] |order=2,v=[y,x]);
poly_elimination_ideal(A, [x] |grobner_basis="yes");

References
gr , hgr , gr_mod , dp_*
11.0.3 poly_factor

poly_factor (F)
: It factorizes the polynomial F.

Example:
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poly_factor(x~10-y~10);

11.0.4 poly_gcd

poly_gcd(F,G)
: It computes the polynomial GCD of F and G.

Example:

poly_gcd(x~10-y~10,x"25-y"25);

11.0.5 poly_grobner_basis

poly_grobner_basis(I)

: It returns the Grobner basis of L.
poly_grobner_basis(I | order=keyO,v=keyl)

: This function allows optional variables order, v

The optional variable v is a list of variables which defines the ring of polynomials.
Example:

A = poly_grobner_basis([x"2+y~2-4,xxy-1] |order=2,v=[y,x]);

11.0.6 poly_hilbert_polynomial

poly_hilbert_polynomial (1)

: It returns the Hilbert polynomial of the ideal I.
poly_hilbert_polynomial(l | s=keyO,v=keyl)

: This function allows optional variables s, v

The optional variable v is a list of variables.
Example:

poly_hilbert_polynomial ([x1*yl,x1*y2,x2*yl,x2*xy2] |s=k,v=[x1,x2,y1,y2]);

11.0.7 poly_initial

poly_initial(I)
: It returns the initial ideal of I with respect to the given order.

23
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poly_initial(I | order=keyO,v=keyl)
: This function allows optional variables order, v

The optional variable v is a list of variables. This function computes in (/)
Example:

poly_initial ([x"2+y~2-4,x*y-1]|order=0,v=[x,y]);

11.0.8 poly_initial_coefficients

poly_initial_coefficients(I)

: It computes the coefficients of the initial ideal of I with respect to the given order.
poly_initial_coefficients(I | order=key0,v=keyl)

: This function allows optional variables order, v

The optional variable v is a list of variables. The order is specified by the optional variable order
Example:

poly_initial_coefficients([x"2+y~2-4,x*y-1]|order=0,v=[x,y]);

11.0.9 poly_initial_term

poly_initial_term(F)

: It returns the initial term of a polynomial F' with respect to the given weight vector.
poly_initial_term(F | weight=keyO,order=keyl, v=key2)

: This function allows optional variables weight, order, v

The weight is given by the optional variable weight w. It returns in,, (F')
Example:

poly_initial_term( x"2+y~2-4 |weight=[100,1],v=I[x,y]1);

11.0.10 poly_solve_linear

poly_solve_linear (Eqs, V)
: It solves the system of linear equations Eqs with respect to the set of variables V.

Example:

poly_solve_linear ([2*x+3*y-z-2, x+y+z-1], [x,y,z]);



0120: 00 (000000)

12 00 (00O0000)

25



0 130: OpenMath OO (1999 O) 26

13 OpenMath 0 0 (19990 )

‘oM’ 0000000000000OO0OO00ODOOO0DO. Java0O0DO0O0OOO0DO0O0OOODO0OO0OOOOOOO
go.

Author of OMproxy : Yasushi Tamura , tamura@math.kobe-u.ac.jp

13.0.1 om_start

om_start ()

: OMproxy 00O0O00ODO. O0DOOO CMO O OpenMath XML (CD’s in 1999) OO
ooooooooo.

return O

[155] load("om");
1
[160] om_start();
control: wait OX
Trying to connect to the server... Done.
0
[161] om_xml(<<1,0>>+2%<<0,1>>);
<OMOBJ><0MA><(0MS name="DMP" cd="poly"/>
<OMA><0MS name="PolyRing" cd="poly"/>
<OMI>2</0MI></0MA><0OMA>
<0MS name="SDMP" cd="poly"/>
<OMA><0MS name="Monom" cd="poly"/><0OMI>1</0OMI><0MI>1</0MI><0OMI>0</0MI></0MA>
<OMA><OMS name="Monom" cd="poly"/><0MI>2</0OMI><0MI>0</0MI><0OMI>1</0MI></0MA>
</0MA></0MA></0OMOBJ>
[162] om_xml_to_cmo(@);
(1) *<<1,0>>+(2) *<<0,1>>

13.0.2 om_xml

om_xml (s|proc=p)
s 0 CMO OO0 OpenMath 0 XML (CD’sin 1999) DO0D0DO0O.

return ooad
p O
s oooooo

e sO0 CMO ODOO OpenMath 0 XML (CD’sin 1999) 0O DDOO.

For (I=0; I<10; I++) {
A=2°T;
B = om_xml(A);
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C = om_xml_to_cmo(B);
print(A == C);
}

13.0.3 om_xml_to_cmo

om_xml_to_cmo(s|proc=p)
:: OpenMath 0 XML (CD’sin 1999) 00 s 0 CMO OOODO.

return oooooo
p O
s ooa

e OpenMath O XML (CD’sin 1999) OO s 0 CMO DOOODO.

27
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14 Differential equations (library by Okutani)

0000 ‘gr’, ‘Matrix’, ‘Diff’ 00 000.

OpenXM/Risa/Asir 0000000000,
load("Diff")$

oooooo.

Yukio Okutani 0000 Risa/Asir 00 0000000000000 D0O0OOOO0OOOOO. OOO
00000 odiff DOODOODO.

gobooobooboobooobooboboooboooboobbooboobo. boobooobobooo

ooooooao.
[[fasloa, - an]], .. ]

> fa0"

goo

gbooobod. boboaboan

(Zfam@a(i)) eu=0 (i=1,...,5)

al®)
000000000000000000000000000000000000.
([fars [0, a0 ] e, [ a®]), . ]
ooo0oo000d z0, +y0,+10000
([, [1, 0]], [y, [0,1]], [1, [0, O]]]
00000. 000000000000 28, +yd, +1,0,>+98,”0000

([l [1,01]; [y, [0, 1]], 1, 0, O]}, {1, [2, 011, [1, [0, 2]]]}

googobo. boobooboobooboobooboobooboobooboob. booboooo
00000o0o00oo. 0020000000 d2z0000000. 000 20,+y0,+100000

rxdr+y*xdy+1

ooooooo.

14.0.1 odiff_op_appell4d

odiff_op_appell4(a,b,cl,c2,V)
csappell0 FA4OOOODODOOOODOOOOOOO.

return oono
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a, b, cl, c2
ooad
Vv aoo

e odiff_op_appell4O .

[298] odiff_op_appelld(a,b,cl,c2,[x,y]1);
[ [ [-x"2+x,[2,01], [-2*y*x,[1,1]1], [-y~2,[0,2]],
[(-a-b-1)*x+c1,[1,0]], [(-a-b-1)*y,[0,11], [-b*a,[0,0]] 1,
[ [-y~2+y,[0,2]1], [-2*y*x,[1,1]], [-x"2,[2,0]],
[(-a-b-1)*y+c2,[0,1]], [(-a-b-1)#*x,[1,0]], [-b*a,[0,0]1] ] ]

14.0.2 odiff_op_tosml

odiff_op_tosmi(LL,V)
» 000000000000000 sml O0O0O00000d.

return ooad
LL oono
vV ooa

e J00DDODOOODDODOOODDODOOOODODO.
e odiff_op_tosmiO [

[299] odiff_op_tosmi([[[x,[2,0]],[-1,[0,0]11],
[[y,[0,211,[-1,[0,0111]1,[x,y]);
[+ C+ (D) x)dx™2+ (+ (1)), + (+ (1) y)dy'2+ (+ (-1))]

[300] odiff_op_tosmi([[[x,[1,0]], [y, [0,1]1],[1,[0,0]1]1],
[[1,[2,0]],[1,00,2]111], [x,y1);
[+ (+ @ x)dx+ (+ @ ydy+ (+ @), + (C+ (1) dx"2+ (+ (1)) dy~2]

[301] odiff_op_tosm1([[[1/2,[1,0]],[1,[0,0]1],
([1/3,[0,11]1,[1/4,[0,0]111], [x,y1);
[+ (C+(6)) dx + (+ (12)), + ( + (4)) dy + ( + (3))]

[302] odiff_op_tosmi([[[1/2*x,[1,0]1],[1,[0,0]]1],

[[1/3*y,[0,1]],[1/4,[0,0]111], [x,y1);
[+ (C+(6) x) dx + (+ (12)), + (+ (4 y) dy + ( + (3))]

14.0.3 odiff_op_toasir

odiff_op_toasir(LL,V)
» 00000000000000 LLO asir0000ooooog.

return ooad
LL oono
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|4 ooo
e odiff_op_toasirlll

[303] odiff_op_toasir([[[1/2*x,[1,0]1],[1,[0,01]1],
([1/3*y,[0,1]],[1/4,[0,0]1]11], [x,y1);
[1/2*x*dx+1,1/3*y*dy+1/4]

[304] odiff_op_toasir([[[x,[1,0]],[y,[0,1]1],[1,[0,0]1]1],

([1,[2,01],[1,00,2]111], [x,y1);
[x*dx+y*dy+1,dx"~2+dy~2]

14.0.4 odiff_op_fromasir

odiff_op_fromasir(D_list, V)
rasir0000000O0O00O0OOOCOOOOObObOObDOO.

return ooad
D_list ooa
Vv ooad

e odiff_op_fromasir0 0

[305] odiff_op_fromasir([1/2*x*dx+1,1/3*y*dy+1/4],[x,y]);
[[[1/2*x,[1,0]],[1,[0,0111,[[1/3«y,[0,11]1,[1/4,[0,0]11]]

[306] odiff_op_fromasir ([x*dx+y*dy+1,dx"2+dy~2], [x,y]);
((lx, (1,011, [y, [0,11], (1, [0,0]]1], [[1,[2,0]],[1,[0,2]]]]

14.0.5 odiff_act

odiff_act(L,F,V)
+ 00000 LOoOO0OO FOOoooo. voooooo.

return ggd
L o000 orOOQd
F gooo
1% goo

e odiff_actO O

[302] odiff_act([[1,[2]]],x " 3+x"2+x+1,[x]);
6%x+2

[303] odiff_act([[1,[1,0]1],[1,[0,1]11]1,x"2+y"2,[x,y]);
2%x+2%y

30
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[349] odiff_act(x*dx+y*dy, x"2+x*y+y~2, [x,y]);
2%X T2+ 2% y*kxX+2%y "2

14.0.6 odiff_act_appell4d

odiff_act_appelld(a,b,cl,c2,F,V)
2 00000 odiff_op_appell4d 0000 FOOOOOO.

return god
a, b, cl, c2

gooo
F ooo
1% aooo

e odiff_act_appelld4d O

[303] odiff_act_appell4(1,0,1,1,x"2+y"2, [x,y]);
[-6%x"2+4*x-6%y "2, -6%x"2-6%y " 2+4*y]

[304] odiff_act_appell4(0,0,1,1,x"2+y"2, [x,y]1);
[-4*x"2+4xx-4xy "2, —4*x "~ 2-4*y~ 2+4x%y]

[305] odiff_act_appelld(-2,-2,-1,-1,x"2+y"2,[x,y]);
[0,0]
14.0.7 odiff_poly_solve

odiff_poly_solve(LL,N, V)
» 00000000000000 NOOOOooooooooo.

return ggd
LL ooo
N oo

1% god

e odiff_poly_solveOO.

[297] odiff_poly_solve([[[x,[1,0]],[-1,[0,0]11],[[y,[0,11],[-1,[0,0]1]11],5, [x,y]);
[_4*xy=*x, [_4]]

[298] odiff_poly_solve([[[x,[1,0]],[-2,[0,0]11], [y, [0,1]1],[-2,[0,0]1]11],5, [x,y]);
[_33*yﬂ2*XA2,[_33]]

[356] odiff_poly_solve([x*dx+y*dy-3,dx+dy],4, [x,y]1);
[-_126%x"3+3*_126*y*x"2-3%_126*y~2*x+_126*y~3, [_126]]



0O 14 O : Differential equations (library by Okutani) 32

14.0.8 odiff_poly_solve_hgl

odiff_poly_solve_hgl(a,b,c, V)
s O000o00o0ooboOooooooooooon.

return ooo
a, b, c ooo
Vv ooad

e odiff_poly_solve_hgliODO.

[334] odiff_poly_solve_hgl(-3,-6,-5,[x]);
[_1*x76-2%_0*x"3+9/2%_0*x~2-18/5%_0*x+_0,[_0,_11]

[335] odiff_poly_solve_hgl(-3,-6,-7,[x]);
[-4/7*_2%x~3+15/7*_2xx~2-18/7*_2*xx+_2, [_2]]
14.0.9 odiff_poly_solve_appell4d

odiff_poly_solve_appelld(a,b,cl,c2,V)
s F4000000000000000O0OoOoOooOoon.

return ooad
a, b, cl, c2

aoo
1% ood

e odiff_poly_solve_appell4l .

[299] odiff_poly_solve_appell4(-3,1,-1,-1,[x,y1);
[-_26%x"3+(3%_26%y+_26) xx"2+3%_24xy"2kx—_24+y"3+_24*y~2, [_24,_26]]

[300] odiff_poly_solve_appell4(-3,1,1,-1,[x,y]1);
[-3%_45%y~2%x—_45%y~3+_45xy~2, [_45]]

14.0.10 odiff_rat_solve

odiff_rat_solve(LL,Dn,N,V)
» 00000000000000000 Dn, 000 NOOOOOOODOOOOOODOOOOOOO.

return aooo
LL ooo
Dn ooo
N oo
1% ooo
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e odiff_rat_solvell O.

[333] odiff_rat_solve([[[x,[1]],[1,[0]11]1],x,1,[x]);
[(_8)/(x),[_8]1]

[361] odiff_rat_solve([x*(1-x)*dx~2+(1-3*x)*dx-1],1-x,2, [x]);
[(_180)/(-x+1),[_180]]

[350] D = odiff_op_appell4(0,0,3,0,[x,y]1)$
[351] odiff_rat_solve(D,x"2,2,[x,y]);
[(_118%x"2-_114%y*x+1/2%_114%y~2+_114%y)/(x"2), [_114,_118]]

33
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15 D-module (library by Okutani)

0000 ‘gr’, ‘zm’, ‘Matrix’, ‘Diff’, ‘Dmodule’ OO O ODO.
OpenXM/Risa/Asir 0000000000,
load("Diff")$ load("Dmodule")$
gooooo.
Yukio Okutani 0000 D-O000O000 sml 0000000000000 O0O0O0OOO. OOOOO
000 odmodule. O0OOOOO.
15.0.1 odmodule_d_op_tosml

odmodule_d_op_tosml(LL, V)
» 0000000000000 00 sm1 OODOOOOOO.

return oono
LL ooad
Vv oono

e J00DODDODOODDDODOOODOOOODDO.
e JO0OOO diff_op_tosm1OOO0OO.
e odmodule_d_op_tosmi [

[299] odmodule_d_op_tosmi([[[x,[2,0]1],[-1,[0,0]1],
[ly,[0,2]11,[-1,[0,0111], [x,y1);
[+ C+ (D) x)dx™2+ (+ (1)), + (+ (1) y)dy'2+ (+ (-1))]

[300] odmodule_d_op_tosmi([[[x,[1,0]], [y, [0,1]1],[1,[0,0]11],
([1,[2,01],[1,[0,211171, [x,y1);
[+ (+ @ x)dx+ (+ @ y)dy+ C+ @), + (+ (1)) dx"2 + (+ (1)) dy~2]

[301] odmodule_d_op_tosmi([[[1/2,[1,0]],[1,[0,0]1],
((1/3,00,111,[1/4,[0,0]111], [x,y1);
[+ (+(6)) dx + (+ (12)), + ( + (4)) dy + ( + (3))]

[302] odmodule_d_op_tosmi1([[[1/2#*x,[1,0]1],[1,[0,0]11],

[[1/3*y,[0,1]1,[1/4,[0,0111], [x,y1);
[+ (C+ () x)dx+ (+ (12)), + (+ (4 y)dy + ( + (3))]

15.0.2 odmodule_d_op_toasir

odmodule_d_op_toasir(LL, V)
» 00000000000000 LLO asir0000ooooog.
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return oono
LL ooad
Vv oono

e JODOODO diff_op_toasirogn.

e odmodule_d_op_toasir(l [

[303] odmodule_d_op_toasir([[[1/2*x,[1,0]],[1,[0,0]1]1],
([1/3*y,[0,1]1],[1/4,[0,0]11], [x,y]);
[1/2*x*xdx+1,1/3*y*xdy+1/4]

[304] odmodule_d_op_toasir([[[x,[1,0]], [y, [0,1]1],[1,[0,0]]],

(f1,[2,011,[1,[0,2]111], [x,y1);
[x*dx+y*dy+1,dx"2+dy~2]

15.0.3 odmodule_d_op_fromasir

odmodule_d_op_fromasir(D_list, V)
rasir0000000O0O0OOO0bOOCcbOOOobOOobobOoOobooa.

return ooo
D_list ooad
Vv oono

e JODOODO diff_op_fromasirdOoonO.

e odmodule_d_op_fromasirt [

[305] odmodule_d_op_fromasir([1/2*x*dx+1,1/3*yxdy+1/4], [x,y]1);
([[1/2*x,[1,0]],[1,[0,0]1],[[1/3*y,[0,1]],[1/4,[0,0]1]1]]

[306] odmodule_d_op_fromasir([x*xdx+y*dy+1,dx"2+dy~2], [x,y]);
([lx, (1,011, [y, 0,111, (1, [0,0]1],[[1,[2,0]],[1,[0,2]1]1]1]

15.0.4 odmodule_ch_ideal

odmodule_ch_ideal (D_ideal, V)
:: D_ideal O characteristic ideal DO 0O OO .

return ooad
D_ideal ooo
Vv ooad

e D_ideal O generic parameter 1000000000,
e odmodule_ch_idealll O
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[344] odmodule_ch_ideal([x*dx+y*dy+a,dx"2+dy~2], [x,y]1);
[x*dx+y*dy,dx"2+dy "2, y*dy*dx-x*dy~2, (x"2+y~2) *dy 2]

[348] odmodule_ch_ideal(diff_op_appelld(a,b,cl,c2, [x,y]),[x,y]1);
[-x*dx~2+y*dy~2, 2xy*x*xdy*dx+ (y*x+y~2-y) *dy "2,
(2%y~2-2%y) *dy ~2*dx+ (-y*x+3*y~2+y) *dy~3,

2xy*xxdy” 2*xdx+ (y*x "2+ (~2%y " 2-y) *x+y~3-y~2) *dy "~ 3]

15.0.5 odmodule_singular_locus

odmodule_singular_locus(D_ideal, V)
:» D_ideal O singular locus0 0000,

return ooad
D_ideal ooo
Vv ooad

e D_ideal O generic parameter 1000000000,

e odmodule_singular_locusO [

[356] D = diff_op_appelld(a,b,cl,c2,[x,y1)$
[357] odmodule_singular_locus(D, [x,y]);
[-y*x ™3+ (2%y~2+2xy) *x "2+ (—y " 3+2%y " 2-y) *x]

[358] D = diff_op_hgi(a,b,c,[x]1)$

[359] odmodule_singular_locus(D, [x]);
[x~2-x]

15.0.6 odmodule_restriction

odmodule_restriction(D_ideal,V, Rest)
it D_ideal 0 0 OO restrictionO0O0000O.

return ooo
D_ideal ooo
\% oono
Rest ooo

e D_ideal O generic parameter 1000000000,

e odmodule_restrictionO .

[345] odmodule_restriction([x*dx+y*dy+a,dx~2+dy~2], [x,y], [yl);
[[2, [-x*dx-a,-e0*x*dx-eO*a-e0]]]
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15.0.7 odmodule_elimination

odmodule_elimination(D_ideal, V, Elim)
:: D_ideal O elimination ideal DO OO O.

return ooad
D_ideal ooo
1% agoo
Elim aooo

e D_ideal O generic parameter 1000000000,

e odmodule_eliminationl OJ.

[346] odmodule_elimination([x*dx+y*dy+a,dx~2+dy~2], [x,y], [[y],[0]11);
[x"2%dx"2+(2*%a+2) *x*dx+a”2+a]

[347] odmodule_elimination([x*dx+y*dy+a,dx~2+dy~2], [x,y], [[y]l, [bl]);
[(x72+D72) *dx "2+ (2*a+2) *x*dx+a~2+a]

37
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16 DSOLV O [

gooo0oo0ooo0oo0oooooboobooooooboooOoo0obooo0. ocooboooobooobooo [SST]IZI
O0000. 00000000000000 load("dsolv"); O0O0OODOOO. O0ODOOOO Diff O
00 Dmodule DO OODO.

OpenXM/Risa/Asir 0000000000,
load("dsolv");$
gooooo.

oo0oogobobog oex_sm1 DOOOOODO. ODOOOOOOOOODOO smiO0OO00OOOOOODOO
oooooo.

16.1 OO0

16.1.1 dsolv_dual

dsolv_dual(f,v)
» fO000OoOooao

ooo ooo
fv ooo

e 00 vOOODDOUDOUO,fOODODDOUDOOODO.

e fO00UO0DODUOD,vOODUODODOUODOOODODOO, primary 00000000, primary
goooo,0ooboobooooobooog.

Algorithm: 000000 [SST] O Algorithm 2.3.14 000000, 000000 x,y, .. 00000
log(x), log(y), ..., 0000000,0000 log 0000, f_(x->x*dx, y->y*dy, ...) 000000
00000000000000.

[435] dsolv_dual([y-x"2,y+x"2], [x,y]);

[x,1]

[436] dsolv_act (y*dy-sml_mul (x*dx,x*dx, [x,y]),log(x), [x,y]);
0

[437] dsolv_act(y*dy+sml_mul (x*dx,x*dx, [x,y]),log(x), [x,y]);
0

[439] primadec([y~2-x"3,x"2xy 2], [x,y]1);
[[[y~2-x"3,y"4,x"2*xy"2], [y,x]]]

[440] dsolv_dual([y~2-x~3,x"2*xy"~2], [x,y]);
[x*y~3+1/4*x"4xy, X"2%y, x*y~2+1/12%x"4, y~3+x" 3%y,
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X"2, x*xy, y 2+1/3*x"3, x, y, 1]

[441] dsolv_test_dual();
Output is omitted.

16.1.2 dsolv_starting_term

dsolv_starting_term(f,v,w)
» 000000000 fO0O0 wOOOOODO Staringterms 00000, 000, vOOO

agoo.
aoo ooo
f,v, w ooo

e IJ00IOD0OUDD fOUD wOOOUOUOO Staringterms 00000. 000, vOODOOOOO.

e D00DOODOODODO: [[el,e2,..],[s1,s2,..]] 000 el O exponent 0000000 sI 00
00o000OO00000000,0000.

e [0 Dsolv_message_starting_term 0 1 000000, 0000000000000 O0OOODO
oooooooo.

Algorithm: Saito, Sturmfels, Takayama, Grobner Deformations of Hypergeometric Differential
Equations ([SST]), Chapter 2.

[1076] F =sml gkz( [ [[1,1,1,1,1],(1,1,0,-1,0],[0,1,1,-1,0]], [1,0,0]11);

[ [x5*dx5+x4*dx4+x3*dx3+x2*xdx2+x1*dx1-1,-x4*dx4+x2*dx2+x1*dx1,
—x4*dx4+x3*xdx3+x2*dx2,
-dx2*dx5+dx1*dx3,dx5"2-dx2*dx4] , [x1,x2,x3,x4,x5]]

[1077] A= dsolv_starting term(F[0],F[1],[1,1,1,1,01)$

Computing the initial ideal.

Done.

Computing a primary ideal decomposition.

Primary ideal decomposition of the initial Frobenius ideal

to the direction [1,1,1,1,0] is

[[[x5+2*x4+x3-1,x5+3*x4-x2-1,x5+2*x4+x1-1,3*%x5"2+ (8*x4-6) *x5-8*x4+3,

x5"2-2xx5-8%x4"2+1,x5°3-3%x5"2+3*x5-1],

[x5-1,x%x4,x3,%x2,x1]11]

——————————— root is [0 000 1]

——————————— dual system is
[x572+(-3/4*x4-1/2*x3-1/4*x2-1/2%x1) *x5+1/8*x4"2
+(1/4%x3+1/4%x1) *x4+1/4%x2%x3-1/8%x2"2+1/4*x1%x2,
x4-2%x3+3*x2-2*x1,x5-x3+x2-x1,1]

[1078] A[O];
[L0o00011]]
[1079] map(fctr,A[1]1[0]);
[[[1/8,1],[x5,1], [1og(x2)+log(x4)-2*1log(x5),1],
[2x1log(x1)-log(x2)+2*x1log(x3)+log(x4)-4xlog(x5),11],
[[1,1],[x5,1], [-2*1log(x1)+3*x1og(x2) -2*1log(x3)+log(x4),1]1],
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[[1,1], [x5,1], [-log(x1)+1log(x2)-1log(x3)+log(x5),11],
[[1,1],[x5,1]1]1]

40
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17 GNUPLOT OO

00000 GNUPLOT O ox OO0 ox_sml_gnuplot 0000000000000 0OOO. ODOOO
0000000 ‘gnuplot’ 00OO0OOODOO. gnuplot O ‘$(0penXM_HOME) /1ib/asir-contrib/’ O
oo.

nobuki@yama:~$ asir

This is Risa/Asir, Version 20020802 (Kobe Distribution).

Copyright (C) 1994-2000, all rights reserved, FUJITSU LABORATORIES LIMITED.
Copyright 2000,2001, Risa/Asir committers, http://www.openxm.org/.

GC 6.1(alphab5) copyright 2001, H-J. Boehm, A. J. Demers, Xerox, SGI, HP.
PARI 2.2.1(alpha), copyright (C) 2000,

C. Batut, K. Belabas, D. Bernardi, H. Cohen and M. Olivier.
OpenXM/Risa/Asir-Contrib(20020804), Copyright 2000-2002, OpenXM.org
help("keyword"); ox_help(0); ox_help("keyword"); ox_grep("keyword");

for help messages (unix version only).

[255] gnuplot.start();

0

[257] gnuplot.gnuplot("plot sin(x**2);");
0

DDgnuplot.heat(dt,step)DIZIDDIZID GNUPLOT OOOOOOOOOOOOOO0OO. 00000
gooooad
ou  0*u
=2 u(t,0)=u(t,1) =1
5 =~ g Wb0)=ut1)
agoood
u(0,z) =2z, (0<x<0.5), ul,x)=1—=2z, (0.5<x<1)

0000000000000 0<t<dtxstep 00000O0O. OO [0,1] O Heat N OOODOODO
0. static 00 Heat_N OO0 gnuplot.set_heat NOOOODO. 00O Courant-Friedrichs-Levi O
dt*Heat_N*Heat N0 0.5 000000,00000000000000. CFLOOOOODODOOO,O00
gooobbbooooono.

gnuplot.set_heat_N(20); gnuplot.heat(0.001,30);  (CFL number is 0.4)
gnuplot.set_heat_N(20); gnuplot.heat(0.003,30); (CFL > 0.5 unstable)

Author of GNUPLOT: Thomas Williams, Colin Kelley

17.1 OO0O0O

17.1.1 gnuplot.start

gnuplot.start ()
i Localhost 0 ox_sml_gnuplot 0OODODO.

return oo
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go

Localhost O ox_sml_gnuplot D00O0O0O. 00000 ox_sml_gnuplot OO0OOOOODO.
Xm_noX =1 000000, ox_sml_gnuplot 00 debug window OO0 O0O.
OO0000, Gnuplot_proc DOODOODO.

P = gnuplot.start();

ox_launch, gnuplot

17.1.2 gnuplot

gnuplot.gnuplot(s|proc=p)

» GNUPLOT OOOOO sOOO0O0OO0OOO.

return oo
p O
s ooo

42

e J00DO0O GNUPLOT ODDDOODO sO0D000. 000000000 GNUPLOTODOOOOOOO

000, ox_sml_gnuplot 00000 GNUPLOT ODODOOOOODOO.

e GNUPLOT DOODDOODDOODOOUDODDODO.
e GNUPLOT O ~O0O0O0U0DOO. ODOO0O,*000.

uo

[232] P = gnuplot.start();

0

*Plot 3 dimensional graph.

[233] gnuplot.gnuplot("splot x**2-y**2;"|proc=P);
0

*Plot 2 dimensional graph.

[234] gnuplot.gnuplot("plot [-pi:pi] [-2:2] cos(x);");
0

*0Output a graph as a postscript figure.

[235] gnuplot.output(|file="hoge.eps");

0

[236] gnuplot.gnuplot("plot sin(x)*cos(x);");

0

[237] gnuplot.gnuplot(|file="x11");

0

*Plot 3 dimensional graph hiding unvisible lines.

[236] gnuplot.gnuplot("set hidden3d");

%237] gnuplot.gnuplot ("splot (x**2+y**2)*sin(x**2+y**2)");
?238] gnuplot.gnuplot("set isosamples 50");

%239] gnuplot.gnuplot ("splot (x**2+y**2)*sin(x*x*2+y**2)") ;

ox_launch, gnuplot.start, rtostr, gnuplot.plot_dots
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oono O0000,00000;00000 GNUPLOT,D0oOO0O0O, ISBN4-924998-11-7

17.1.3 gnuplot.plot_dots

gnuplot.plot_dots(d,s|proc=p)
2 0000 dO0O000 sO0O0oooo.

return oo

p U

d aooo

s oOdo ooo o

e 00 dOUODOO sO000DOO.sOOOO0ODOODODO: "style color point". OO0 style 00O
lines, points, linespoints, impulses, dots, steps, errorbars, boxes, boxerrorbars 0O 00O . color
00 1 (red), 2 (green), 3 (blue), 4, ... ,80000. point 0 100 800000O0. color, point
goooooo.

e d==[]100000000000000000.

[239] P = gnuplot.start();

0

[240] gnuplot.plot_dots([ 1,0);

0

[241] for (I=0; I<10; I++) gnuplot.plot_dots([[I,I"2]]," lines ");
[242] A =T 1;

(]

[243] for (I=0; I<10; I++) A = append(A,[ [I,I"2]]1);

[244] A;

(fo,ol, 1,11, [2,4],(3,9],[4,16],[5,25],[6,36],(7,49], [8,64],[9,81]]
[245] gnuplot.plot_dots(A," lines ");
0

oo gnuplot.start, plot "fileName" with options(GNUPLOT command), gnuplot.clean,
gnuplot
17.1.4 gnuplot.heat

gnuplot.heat (dt, step)
s ddooobooooooon.

return oo
dt ogooooa
step RN

e DO0O0D0DOO du/dt =d 2 u/dx~2, u(t,0) = u(t,1) =000000 u(0,x) = x (0 <= x <= 0.5),
u(0,x) =1x (0.5<=x<=1.00000.
e Heat NOODOOODOODODOODO.
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e IOOOOODO pde_heat_demo DODOODOOO.

[232] Heat_N = 20$
[233] gnuplot.heat(0.001,30)$

17.1.5 gnuplot.output

gnuplot.output (| file=s)
¢ GNUPLOT OO OO0 sOO0OOODOO0ODO0ODDOODODOODOO.

return Void
S String

e GNUPLOT 00000 sOO00000000OOOOOOOOOO.
e s "x11"0OODO,0000000000000,00, X110 display O graphics 000000.

[273] gnuplot.output(|file="hoge.eps");
Graphic output of GNUPLOT will be written to hoge.eps as a Poscript file.

0
[274] gnuplot.gnuplot("plot tan(x)+sin(x);");

0

[275] gnuplot.output();

Usage of gnuplot.output: gnuplot.output(|file="string")
gnuplot.output (|file="x11")

Output device is set to X11

go gnuplot

17.1.6 gnuplot.plot_function

gnuplot.plot_function(f|proc=p)
@ gnuplot 000D fOO0DOOOODOOOD.

ooo oo
p O
f O00000000ooooo

e gnuplot 0000 fO0000000O0OODOO.

[290] gnuplot.plot_function((x+sin(x))"2);

0
[291] gnuplot.plot_function([x,x"2,x73]);

0

oo gnuplot.to_gnuplot_format
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17.1.7 gnuplot.stop

gnuplot.stop()
: GNUPLOT OO UOO,0000 fifoOOOOOODO.

return Void
s String

e GNUPLOTOUOD,00000000DO0OUDOOOODDOODODO fifoODOOOODOO.
e I0DO fifoODOODOOO gnuplot 0O0DOO.

[273] gnuplot.stop()

ood gnuplot.start

17.1.8 gnuplot.setenv

gnuplot.setenv (key, value)

return Void
key String
value Object

e key O "gnuplot.callingMethod" 00O "plot.gnuplotexec".

Use the old method to communicate with gnuplot (version 3).

This method does not use mkfifo, but we need a patched version of gnuplot.
[273] gnuplot.setenv("gnuplot.callingMethod",0);
[274] gnuplot.setenv("plot.gnuplotexec",getenv("OpenXM_HOME")+"/bin/gnuplotdox");

Calling your own gnuplot binary.
[274] gnuplot.setenv("plot.gnuplotexec","/cygdrive/c/program files/gnuplot/pgnuplot.ex

oo gnuplot.start
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19 Graphic Library (2 dimensional)

00000 glibO, Risa/Asir 0 0000000000 (drawobj) 0000,00 BASICOOODODO
gooooobooooboon.

19.0.1 glib_line

glib_line (X0, Y0,X1,Y1)

: It draws the line [X0,Y0]- [X1,Y1] with color
glib_line(X0,Y0,X1,Y1 | color=key0)

: This function allows optional variables color

Example:

glib_line(0,0,5,3/2 | color=0xff00£ff);

19.0.2 glib_open
glib_open()
: It starts the ox_plot server and opens a canvas. The canvas size is set to Glib_canvas_x

X Glib_canvas_y (the default value is 400). This function is automatically called when
the user calls glib functions.

19.0.3 glib_plot

glib_plot (F)
: It plots an object F' on the glib canvas.

Example 0:
glib_plot([[0,1],[0.1,0.9],[0.2,0.7],[0.3,0.5],[0.4,0.811);
Example 1:

glib_plot(tan(x));

19.0.4 glib_print

glib_print(X,Y, Text)
: It put a string Text at [X,Y] on the glib canvas.
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glib_print(X, Y, Text | color=key0)
: This function allows optional variables color

Example:

glib_print (100,100, "Hello Worlds" | color=0xff0000);

19.0.5 glib_ps_form

glib_ps_form(S)
: It returns the PS code generated by executing S (experimental).

Example 0:
glib_ps_form(quote( glib_line(0,0,100,100) ));

Example 1:

glib_ps_form(quote([glib_1ine(0,0,100,100),glib_1ine(100,0,0,100)1));

References
glib_tops

19.0.6 glib_putpixel

glib_putpixel(X,Y)

: It puts a pixel at [X,Y] with color
glib_putpixel(X,Y | color=key0)

: This function allows optional variables color

Example:

glib_putpixel(1,2 | color=0xffff00) ;

19.0.7 glib_tops

glib_tops()

48

: If Glib_ps is set to 1, it returns a postscript program to draw the picture on the

canvas.

References

print_output
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19.0.8 glib_window

glib_window(Xmin, Ymin, Xmax, Ymax)

: It generates a window with the left top corner [Xmin, Ymin] and the right bottom
corner [Xmax,Ymax]|. If the global variable Glib_math_coordinate is set to 1, math-
ematical coordinate system will be employed, i.e., the left top corner will have the
coordinate [Xmin, Ymax].

Example:

glib_window(-1,-1,10,10);
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20 Mathematica [ [J

00000 Mathematica D ox OO0 ox_math 0000000000 OOOODOO. DOODOOOO
0000 ‘W’ 00000000000000000 lead("m")$ 0000000000 0O0OOOODOODOO
O00000. ‘m’ 0 ‘$(0OpenXM_HOME) /1ib/asir-contrib’ 00O 0.

O0: ox_reset OO OO.

nobuki@yama:~$ asir

This is Risa/Asir, Version 20020802 (Kobe Distribution).

Copyright (C) 1994-2000, all rights reserved, FUJITSU LABORATORIES LIMITED.
Copyright 2000,2001, Risa/Asir committers, http://www.openxm.org/.

GC 6.1(alpha5) copyright 2001, H-J. Boehm, A. J. Demers, Xerox, SGI, HP.
PARI 2.2.1(alpha), copyright (C) 2000,

C. Batut, K. Belabas, D. Bernardi, H. Cohen and M. Olivier.
OpenXM/Risa/Asir-Contrib(20020804), Copyright 2000-2002, OpenXM.org
help("keyword"); ox_help(0); ox_help("keyword"); ox_grep("keyword");

for help messages (unix version only).

[258] load("m")$

m Version 19991113. mathematica.start, mathematica.tree_to_string, mathematica.n_Eigen
[259] mathematica.start();

ox_math has started.

ox_math: Portions copyright 2000 Wolfram Research, Inc.

See OpenXM/Copyright/Copyright.mathlink for details.

0

[260] mathematica.n_Eigenvalues([[1,2],[4,5]1]1);

[-0.464102,6.4641]

Mathematica is the trade mark of Wolfram Research Inc. This package requires Mathmatica Version
3.0, so you need Mathematica to make this package work. See http://www.wolfram.com. The
copyright and license agreement of the mathlink is put at OpenXM/Copyright/Copyright.mathlink
Note that the licence prohibits to connect to a mathematica kernel via the internet.

Author of ox_math: Katsuyoshi Ohara, ohara®air.s.kanazawa-u.ac.jp.

20.1 OO4gdo

20.1.1 mathematica.start

mathematica.start ()
:: Localhost 0 ox_math OO OOO.

return oo

e Localhost 0 ox_math O00OO0O. 00000 ox_math OO0OOOOOO.
e Xm noX=1000000, ox_math 00 debug window 0 O00OOO.
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e I0OOODO M_procOOOOOOO.
P = mathematica.start()

oo ox_launch

20.1.2 mathematica.tree_to_string

mathematica.tree_to_string(t)
;v oxamath 000 Mathematica 0000000 ¢t0 asir 000000,

return ooad
t ooad

e t 0 ox_math 00O Mathematica OODODODOO.
e ox_math 000 Mathematica OO0O00OD00O ¢t0 asir000000O.

e tI000OD asir000U0ODOO0OO,000O0D0O00O0DOOOOOOOOUODO. tOODOODOOOOO
gboogoboooobo,booboobobooboobob,m_D000O0OO0O0ODOODOO,000
gboooboooobooon.

[267] mathematica.start();

0

[268] ox_execute_string(0,"Expand[(x-1)"2]1");
0

[269] A=ox_pop_cmo(0);

[Plus,1, [Times,-2,x], [Power,x,2]]

[270] mathematica.tree_to_string(A);
(D+(=2)*(x))+((x)"(2)

[271] eval_str(Q);

X"2-2*x+1

[259] mathematica.tree_to_string(["List",1,2]);

[1, 2]

[260] mathematica.tree_to_string(["Plus",2,3]);

(2)+(3)

[261] mathematica.tree_to_string(["Complex",2.3,4.55]);
mathematica.complex(2.3 , 4.55)

[362] mathematica.tree_to_string(["Plus", ["Complex",1.2,3.5],1/2]);
(mathematica.complex(1.2 , 3.5))+(1/2)

[380] eval_str(Q);

(1.7+3.5%Q@1i)

oo ox_pop_cmo, eval_str, mathematica.rtomstr

20.1.3 mathematica.rtomstr

mathematica.rtomstr (t)
2 t00000 Mathematica DODDOOOQOOOOOO.
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return oono

t

gooood

t 00000 Mathematica 0000000000 000000. 0000, asir000000 [,]10
000, Mathematica 00 {,}000. 00000000000000.

[259] mathematica.rtomstr([1,2,3]);

{1,2,3}

[260] mathematica.rtomstr([[1,x,x"2],[1,y,y"2]1]1);
{{1,x,x72},{1,y,y"2}}

O000D000000. D000 mathematica.inverse(M) O ox_math 0OO0OO0O MOODOO

0000000000. mathematica.inverse(M) 00D O0OD r_tostr(M) ODOO0 asir D000
Mathematica 000000000 ox_execute_string 0 Mathematica 0D O0O0O00O0O0O00OO.

uo

def inverse(M) {
P = 0;
A = mathematica.rtomstr(M);
ox_execute_string(P,"Inverse["+A+"]");
B = ox_pop_cmo(B);
C = mathematica.tree_to_string(B);
return(eval_str(C));

}

[269] M=[[1,x,x"2],[1,y,y°2]1,[1,2,2z"2]1];
[[1,x,x"2],[1,y,y"2],[1,z,2z"2]]

[270] A=mathematica.inverse(M)$

[271] red(A[0][0]1);

(zxy) / (x72+ (~y-2z) *x+z*y)

ox_execute_string, ToExpression(Mathematica), mathematica.tree_to_string
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21 OpenXM-Contrib [0 [ [0 [

21.1 OO

21.1.1 ox_check_errors2

ox_check_errors2(p)
» 0000 pUbOd0ODbOO0ODOODODOODOODOODOODODODODOO.

return ooad
p O

e 1000 pUOODbOO0ODOODLOODLDLOODOODLOODLOODLOODOOD.
e JOUOOOODOOOODODLOOODO.

[219] P=sml.start();

0

[220] sml.sm1(P," O get ");

0

[221] ox_check_errors2(P);

lerror ([7,4294967295,executeString: Usage:get])]

Error on the server of the process number = 1

To clean the stack of the ox server,

type in ox_pops(P,N) (P: process number, N: the number of data you need to
pop)

out of the debug mode.

If you like to automatically clean data on the server stack,

set XM_debug=0;

93
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22 OXshell OO0

OXshell 0DODOODOOOOOO oxserver 100000000000, 0000 OpenXM/src/kan96xx/Doc/oxshe
000 OpenXM/doc/Papers/rims-2003-12-16-ja.tex 00O .
22.0.1 oxshell.get_value

oxshell.get_value(NAME, V)
: It get the value of the variable NAME on the server ox_shell.

Example:

oxshell.set_value("abc","Hello world!");
oxshell.oxshell(["cp", "stringIn://abc", "stringOut://result"]);
oxshell.get_value("result");

References
oxshell.oxshell , oxshell.set_value

22.0.2 oxshell.oxshell
oxshell.oxshell(L)
: It executes command L on a ox_shell server. L must be an array. The result is the
outputs to stdout and stderr.
Example:

oxshell.oxshell(["1s"]);

References
ox_shell , oxshell.set_value , oxshell.get_value

22.0.3 oxshell.set_value

oxshell.set_value(NAME, V)
: It set the value V to the variable Name on the server ox_shell.

Example:

oxshell.set_value("abc","Hello world!");
oxshell.oxshell(["cat", "stringIn://abc"]);

References
oxshell.oxshell , oxshell.get_value
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23 pFqO0 000 (0)00000

0000000000 pFq (,F,) 0 (0)000000000000D000O00OO00ODOO0ODODOO.
OpenXM/Risa/Asir 0000000000,
load("pfpcoh.rr")$ load("pfphom.rr")$

goooog.

23.0.1 pfp_omega
pfp_omega(P)
: It returns the Gauss-Manin connection Omega for the generalized hypergeometric

function P F P-1 (aal,aa2, ...; ccl, cc2, ...;x) .

Define a vector valued function Y of which elements are generalized hypergeometric function
f1=F and f2=xdf_1/dx, f3=xd f_2/dx, ... It satisfies dY/dx= Omega Y. Generalized hypergeo-
metric function is defined by the series p F p-1(aal,aa2, ...; ccl, cc2, ...;x) = sum(k=0,infty; (aal)_k
(aa2) k .../( (1)k (ccl)k (cec2) k ... ) x7k)

Example:

pfp_omega(3);

23.0.2 pfpcoh_intersection
pfpcoh_intersection(P)
: pfpcoh_intersection(P) returns an intersection matrix for cocycles associated to the

generalized hypergeometric function p F_(p-1).

This program pfpcoh.rr computes an intersection matrix S of cocycles of p F p-1 and compares
it with the matrix obtained by solving a differential equation for intersection matrix.

Algorithm: Ohara, Sugiki, Takayama, Quadratic Relations for Generalized Hypergeometric Func-
tions p F p-1

Example:

load("pfpcoh.rr")$
S=pfpcoh_intersection(3);

Author : K.Ohara
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23.0.3 pfphom_intersection

pfphom_intersection(P)
. intersection matrix of homology cycles.

Computing intersection matrix of cycles associated to p F_(p-1). As to the meaning of parame-
ters cl, 2, c3, ..., see the paper Ohara, Kyushu J. Math. Vol. 51 PP.123.

Algorithm: Ohara, Sugiki, Takayama, Quadratic Relations for Generalized Hypergeometric Func-
tions p F p-1

Example:

SS = pfphom_intersection(3)$
You get the intersection matrix of homologies for 3 F 2.

Author : K.Ohara

23.0.4 pfphom_monodromy_pair_kyushu

pfphom_monodromy_pair_kyushu(P)

It returns the pair of monodromy matrices.
Algorithm: Ohara, Kyushu J. Math. Vol.51 PP.123 (1997)

Example:

MP = pfphom_monodromy_pair_kyushu(3)$

You get a pair of monodromy matricies for 3F2 standing for two paths encircling 0 and 1.
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24 PHCO O

00000 PHCpack O ox OO0 ox_sml_phc 00000000000 DODO0O0OD. 0DOOOOD
0000 ‘phe’ D0O0O0ODO0OO. phe O ‘$(OpenXM_HOME) /1ib/asir-contrib’ O OO.

nobuki@yama:~$ asir

This is Risa/Asir, Version 20020802 (Kobe Distribution).

Copyright (C) 1994-2000, all rights reserved, FUJITSU LABORATORIES LIMITED.
Copyright 2000,2001, Risa/Asir committers, http://www.openxm.org/.

GC 6.1(alphab) copyright 2001, H-J. Boehm, A. J. Demers, Xerox, SGI, HP.
PARI 2.2.1(alpha), copyright (C) 2000,

C. Batut, K. Belabas, D. Bernardi, H. Cohen and M. Olivier.
OpenXM/Risa/Asir-Contrib(20020804), Copyright 2000-2002, OpenXM.org
help("keyword"); ox_help(0); ox_help("keyword"); ox_grep("keyword");

for help messages (unix version only).
[255] phc.start();

0

[257] phc.phc([x"2+y~2-4,x*y-1]);
The detailed output is in the file tmp.output.x*
The answer is in the variable Phc.
0

[260] Phc ;

([[-0.517638,0], [-1.93185,0]],
[[1.93185,0],[0.517638,0]],
[[-1.93185,0],[-0.517638,0]],
[[0.517638,0],[1.93185,0]]1]

[261]

Author of PHC pack: Jan Verschelde.

000 1: Jan Verschelde, PHCpack: A general-purpose solver for polynomial systems by homotopy
continuation". ACM Transaction on Mathematical Softwares, 25(2): 251-276, 1999.

000 2: Cox, D., O’Shea, Little, J., Using Algebraic Geometry, Springer. Mixed volumes 0 0 O
gooooo.

24.1 0O0O0O0O

24.1.1 phc.start

phc.start()
:: Localhost 0 ox_sml_phc OO OOO.

return oo

e Localhost O ox_sml_phc JO0ODO0O. D0OOO0O ox_sml_phc 00ODOOOODODO.
e Xm noX=1000000, ox_sml_phc 00 debug window 00O 0O0.
e J0OOODO Phc_proc OODOODODO.
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P = phc.start()

oo ox_launch, phc

24.1.2 phc.phc

phc.phc(s|proc=p)
» PHCpack 0000000 sODO0O0O0OO0O0OO0OOOOOOODOOO.

return oo
p O
s ooo

e J0D0UO0UD SUUOUUDUDUDUDODODOOO PHC pack 000O. PHC pack 0O0OOOOO Jan
Verschelde 000. 0000000000 www.mth.msu.edu/"jan 00 0. PHC pack 0O0OOO
00000000ooooooooo0000oooooo, 000d0oooooooooao, black-box
solver 000 OOOODO. black-boxsolver 00D 0O0O0000O0OO,0000000. 000000
000000000000 0O0,000000 PHCpack OO0, 00000000000000.

e PHCOODODOOOO tmp.phc.out.pid, tmp.input.*, tmp.output.* J0O000. OO0 pid O
ox_sml_phc 000OOO0DOD0ODOD. ODOO0OD tmp.output.* 00 PHC pack 00O OO0OOODOO

oboooboobooobooboooooobooo.
e 0J0OOIUODUDOD length(s) DOODOOOODOO.

Algorithm: Jan Verschelde, PHCpack: A general-purpose solver for polynomial systems by homo-
topy continuation". ACM Transaction on Mathematical Softwares, 25(2): 251-276, 1999.

[232] P = phc.start();

0

[233] phc.phc([x"2+y~2-4,x*y-1] |proc=P);

The detailed output is in the file tmp.output.x*

The answer is in the variable Phc.

0

[234] Phc;

[[[-1.93185,0],[-0.517638,0]11,
[[0.517638,0],[1.93185,0]],
[[-0.517638,0],[-1.93185,0]],
[[1.93185,0],[0.517638,0]]]

[[x=[real, imaginary], y=[real,imaginary]], the first solution
[x=[real, imaginary], y=[real,imaginary]], the second solution

oo ox_launch, phc.start, ‘$ (OpenXM_HOME) /bin/lin_phcv2’(original PHC pack binary
for linux)
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25 Plucker U0 [0 [

25.0.1 plucker

(m+1)xn 000000, dy,...,im,J 0000000000000000 p;,.,;, 00000,

Plicker 00000
m—+1

> (=1 Dty i i Pioiyimss =0

k=0

O000.000000000,00 Plicker 0000000000000 0OOOO.

25.0.2 plucker_relation

plucker_relation(L,M)
wIndex 00O L, M OOOOO PluckerOOQOOOO.

return quote
L ood
M ood

e L OO, Plucker 000D 49,...,%, 0, M OO, Plucker 0000 jo,...,Jme1 0000,

[297] A = plucker_relation([1,2],[3,4,5,6]);
quote(y_1_2_3*y_4_5_6-y_1_2_4xy 3 _5_6+y_1_2_b*y_3_4_6-y_1_2_6*y_3_4_5)
[298] eval_str(print_terminal_form(A));
y_4_5_6%y_1_2_3-y_3_5_6xy_1_2_4+y_3_4_6%y_1_2_5-y_3_4_bxy_1_2_6

25.0.3 plucker_y

plucker_y (L)
s Index OO0 LOOOODOOOOODO.

return o0
L oono

e Index U0 LODOODOOUDOOOOOO. DOODOODDOODOOOODOO.

[297] plucker_y([1,2,3]);
v_1.2_3

[298] plucker_y([2,1,3]);
-y_1_2_3
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25.0.4 plucker_index

plucker_index (V)
: It gets the index of the variable V.

Example:

plucker_index(plucker_y([1,2,3]));

60
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26 SM100

00000 sml 0 ox OOO ox_sml_forAsir 0000000000 O0OOOODO. ODOODOOOO
0000 ‘sm’00000000. ‘sml’ O ‘$(0OpenXM_HOME) /lib/asir-contrib’ 0O0O. 0000
sml1 OO00000O00OCOO0OO0O0OO0O0OO0OO0O0O0. O0bO000obO0o0oooboobooboooobooooon
O00000000. sm1 O0000O00O0O OpenXM/doc/kan96xx 00O 0.

obooboooboooboooooboooboooobo,0bo0o0obo0oo0oooboooboobooo. 0booog
gboooboooobooboooog.

00 X:=C\{0,1}=C\V(z(x—1)) 00000000000000000000000. X000
0000000000000000,0 2=0,s=1000000000000000 100000000
0000000.00000,10000000000000000 2000.sn10 0000000000
000000 10000000000000000.

nobuki@yama:~$ asir

This is Risa/Asir, Version 20020802 (Kobe Distribution).

Copyright (C) 1994-2000, all rights reserved, FUJITSU LABORATORIES LIMITED.
Copyright 2000,2001, Risa/Asir committers, http://www.openxm.org/.

GC 6.1(alphab) copyright 2001, H-J. Boehm, A. J. Demers, Xerox, SGI, HP.
PARI 2.2.1(alpha), copyright (C) 2000,

C. Batut, K. Belabas, D. Bernardi, H. Cohen and M. Olivier.
OpenXM/Risa/Asir-Contrib(20020804), Copyright 2000-2002, OpenXM.org
help("keyword"); ox_help(0); ox_help("keyword"); ox_grep("keyword");

for help messages (unix version only).

[283] sml.deRham([x*(x-1),[x]]);
[1,2]

The author of sm1 : Nobuki Takayama, takayama®math.sci.kobe-u.ac. jp

The author of sm1 packages : Toshinori Oaku, oaku@twcu.ac. jp

Reference: [SST] Saito, M., Sturmfels, B., Takayama, N., Grobner Deformations of Hypergeometric
Differential Equations, 1999, Springer. See the appendix.

26.1 ox_sml_forAsir [0 U [J

26.1.1 ox_sml_forAsir

ox_sml_forAsir
s asird0d0dgd smiO0O0O.

e 000 ox_sml_forAsir 0 asir000000 sml.start OOO0O0O0O sm1 OOO0OODO.

googoooa,

ox_sml_forAsir = ‘$ (OpenXM_HOME) /1ib/sm1/bin/ox_sml’ + ‘$ (OpenXM_HOME) /1ib/sm1/callsmil.sml’
(macro file)

+ ‘¢ (OpenXM_HOME) /1ib/sm1/callsmib.sml’ (macro file)
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0o0,00000bbo0oob0og,dbnon current directory, $(LDAD_SM1_PATH), $(OpenXM_HOME)/lib/sm1,
/usr/local/lib/sm1 OOOOOCODOODO.

e NODOUOOODDOODDODOD:smM1OI00DOOOO0OOOODODODOOOOOOODODODOODODODOOO
‘$ (OpenXM_HOME) /src/kxx/oxserver00.c’, ‘$ (OpenXM_HOME) /src/kxx/smlstackmachine.c’

26.2 JOOUO

26.2.1 sml.start

sml.start()
:: localhost 0 ox_sml_forAsir 00O QOQ0DOODO.

return oo

localhost O ox_sml_forAsir O0OO0O0OD0. OO0 ox_sml_forAsir 00 O0O0ODO.
e XmnoX=10000000 ox_sml_forAsir 00 0000O000OO0O0OOOOOOOOOO.

e 000 ord00d00O0OODOODODLOOOOODOODOOLOODO. ODODOO,00 xOdxOOODOO
000 (dx09/0x000)000000000,sm1 000000000000, 00 00000
OO000xDO0OO0O00O0OO00O0OO0OO0O0O0OOO0O00DODO. O0DbO0O0,00 ccO sm1O00D0O0O0OO
gooooooao.

e a0 z0OOOO,d0 o000000,0000,x0, ..., x20, yO, ..., y20, 20, ..., z20 0, 0000
000000000000000000 (cf. Smi_ord_list in smi).

00000 static Sml_proc 00U0O0. 000000 OODO sml.get_Sml_proc() O0OOOO
oooooo.

[260] ord([da,a,db,bl);
[da,a,db,b,dx,dy,dz,x,y,z,dt,ds,t,s,u,v,w,
......... omit .......... i,

[261] axda;

ax*xda

[262] cc*dcc;

dcc*cc

[263] sml.mul(da,a, [a]);
a*da+1

[264] sml.mul(a,da,[a]);
a*xda

00 ox_launch, sml.push_intO, sml.push_polyO, ord

26.2.2 sml.sml

sml.sml(p,s)
000 sm1O0O0OO0OO0O sOO0OO0OO0OOOOOOOOOO.
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return oo
p O
S oono

e 00D p0O sm1000D00000OD sO000O0ODODODODOODO. (DOOOO,0000 0)

[261] sml.sm1(0," ( (x-1)"2 ) . ");

0

[262] ox_pop_string(0);

X" 2-2%x+1

[263] sml.sm1(0," [(x*(x-1)) [(x)]] deRham ");

0
[264] ox_pop_string(0);
(1, 2]
00 sml.start, ox_push_intO, sml.push_poly0, sml.get_Sml_proc().

26.2.3 sml.push_intO

sml.push_intO(p,f)
: 0000o0o0 foooa pQLooOoogdg.

return oo
p O
f oooooa

e type(f) 0 2(0000D)D00O0,f 0000 (type==7)000000, ox_push_cmo 000D
oooooooo.

e type(f) 0 0 (zero) 00ODDO,000000,32bit00000000. 00 ox_push_cmo(P,0) O
0000000 CMONULLOO0OO0ODOO,000000,32bit0000000000000O.

e sm1 0000,32bit 000 bignum 0000000000 . type(f) O 1(D)DDD,DDDDD
32 bit integer 00000000, ox_push_cmo(p,1234) O bignum O 1234 0 sm1 D0OOOO0OO
goooboobooog.

Ubo0ob0000 ox_push_cmo DUOOOO0OOOOOOOOOODO.

[219] P=sml.start();

0

[220] sml.push_intO(P,x*dx+1);
0

[221] A=ox_pop_cmo(P);

x*xdx+1

[223] type(A);

7  (string)

[271] sml.push_int0(0, [x*(x-1),[x]]);
0
[272] ox_execute_string(0," deRham ");
0
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[273] ox_pop_cmo(0);
[1,2]

Reference

ox_push_cmo

26.2.4 sml.gb

sml.gb([f,v,w] |proc=p,sorted=q,dehomogenize=r)
mvO00OOOOOOOOOoOOoO fooocooooocoooao.
sml.gb_d([f,v,w]|proc=p)
:vOOOOOOOOOOOO fO00000O00O0O0O0O0. OO0000O0O0OoOoOoOoooo.

return oono
D, qr g
f,v, w ooo

e vIOUDODOODDDODDOD fODODDODOODODOOD.

e Weight 000D wOOOODOOO. 00D0OOO, graded reverse lexicographic order 00000
ooooooooooo.

e sml.gb 00000 fOO0O0OO0OODDODODODODOOOOOODOD (wDOOOOO )OO0 0DODOO
000D (wDODOOOOD)OOODDOO.

e sml.gb_d 000000D00000D0000O. 00000000000000000000000O0O
00000000000000000000. 0000 [0000000,00000000,00000
0,000000000000000000000]000.

e Termorder 00 000000000000,000000000000000000000 (SST OO
0 Section 1.2 000). 00000 hOOOODOO.

e 000DOODD q0O0OODOODOOOD,3000000000,00000000000000
000000000000 0000D00000D000000000000. 000000000000,
000000000. 00000000 r000000000000,000000 dehomogenize O
00 (0000 hO 1000000).

[293] smi.gb([[x*dx+y*dy-1,x*y*dx*dy-2], [x,y1]1);
[ [x*dx+y*dy-1,y~2%dy~2+2], [x*dx,y ~2*dy~2]]

0000000,00 {20, +y9, —1,5°0; +2} 01<9,<0, <y<x<---000000 graded
reverse lexicographic order 000 0000000000. 00 {«0,,y%9,} 0000000000000
O leading monomial (initial monomial) 00 0.

[294] sml.gb([[dx"2+dy~2-4,dx*dy-1]1, [x,y], [[dx,50,dy,2,x,111]1);
[[dx+dy~3-4*dy,-dy 4+4*dy~2-1], [dx,-dy~4]]

000000000000000 m = 2%'050¢ 000 m' = 2%y?8507 0000 weight vector
(dx,dy,x,y) = (50,2,1,0) 000000000 (000 m O 50c+2d+a>50c +2d +a 000
m' 00000 )0000000000000000D reverse lexicographic order 000000 (00O
50c +2d 4+ a = 50¢ + 2d’ + o’ 0O O reverse lexicographic order 000 000).
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go

[294] F=sml.gb([[dx"2+dy~2-4,dx*dy-1], [x,y], [[dx,50,dy,2,x,1]1]1] |sorted=1);
map (print,F[2] [0])$
map (print,F[2] [1])$

[595]
sml.gb([["dx*(x*dx +y*dy-2)-1","dy*(x*dx + yxdy -2)-1"],
[x,y],[[dx,1,x,-1],[dy,1111);

[[x*dx"2+(y*dy-h~2) *dx-h"3,x*dy*dx+y*dy " 2-h"2*dy-h~3,h"3*dx-h"3*dy] ,
[x*dx~2+(y*dy-h~2) *dx , x*xdy*dx+y*dy~2-h~2*dy-h~3,h"3*dx] ]

[596]
sml.gb_d([["dx (x dx +y dy-2)-1","dy (x dx + y dy -2)-1"],
"x,y",[[dx,1,x,-1],[dy,1111);
[[[e0,x,y,H,E,dx,dy,h],
(to,-1,0,0,0,1,0,01, (0,0,0,0,0,0,1,01,(1,0,0,0,0,0,0,0],

(o,1,1,1,1,1,1,01,(0,0,0,0,0,0,-1,0], [0,0,0,0,0,-1,0,0],

(o,o0,0,0,-1,0,0,01, (0,0,0,-1,0,0,0,0],[0,0,-1,0,0,0,0,0],

[0,0,0,0,0,0,0,1]17,
[[(1)%<<0,0,1,0,0,1,1,0>>+(1)*<<0,1,0,0,0,2,0,0>>+(-1)%<<0,0,0,0,0,1,0,2>>+(-
1) *
<<0,0,0,0,0,0,0,3>>,(1)%*<<0,0,1,0,0,0,2,0>>+(1)*<<0,1,0,0,0,1,1,0>>+(-1)*<<0,0,0
,0,0,0,1,2>>+(-1)*<<0,0,0,0,0,0,0,3>>,(1)%*<<0,0,0,0,0,1,0,3>>+(-1)*<<0,0,0,0,0,0
,1,3>>],

[(1)*<<0,0,1,0,0,1,1,0>>+(1)*<<0,1,0,0,0,2,0,0>>+(-1)%<<0,0,0,0,0,1,0,2>>, (1)*<
<0,0,1,0,0,0,2,0>>+(1)%*<<0,1,0,0,0,1,1,0>>+(-1)*<<0,0,0,0,0,0,1,2>>+(-1)*<<0,0,0
,0,0,0,0,3>>, (1)%<<0,0,0,0,0,1,0,3>>]1]

sml.reduction, sml.rat_to_p

26.2.5 sml.deRham

sml.deRham( [f, v] |proc=p)

00 Cn - (the zero set of f=0) 000000000000 00O00DODOOOOOODO

oooooa.
return ooad
p O
f 000 000 oboo
% oono

0000000 X=Cn\V(f)000000D000000000000. 0000, [dim H0(X,C),
dim H~1(X,C), dim H~2(X,C), ..., dim H*n(X,C)] 00 O.

vO0O0OO0OOO0O0O. n=1length(v) OODO.

sml.deRham 000 000000000000, 0000 sml.deRham(0, [x*xy*z*(x+y+z—-1)*(x—
y),[x,y,z]]1) 0000000000000 0OOO.

b-000000000000000, ox_asir O ox_sml_forAsir 00000000 DOOO. OO
gd
sm1(0," [(parse) (oxasir.sml) pushfile] extension"); 0000 ,ox_asir00000000
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00000000 00b0o0obO0ob. Db00b000 ox_asir_forAsirJoooooooonong
gooooo.

e sml.deRham 0 ox_reset(sml.get_Sml_proc()); 0D 0ODOO, 00 sml ODO0O0O0OO0O0O0OO
000000000000000000000,0000 ox_shutdown(smi.get_Smi_proc()); O,
ox_sml_forAsir 000 shutdown 0000000000000 OOO.

[332] sml.deRham([x"3-y~2, [x,y]1]);

[1,1,0]
[333] sml.deRham([x*(x-1),[x]1]1);
[1,2]
oo sml.start, deRham (sml command)
Algorithm:

Oaku, Takayama, An algorithm for de Rham cohomology groups of the complement of
an affine variety via D-module computation, Journal of pure and applied algebra 139
(1999), 201-233.

26.2.6 sml.hilbert

sml.hilbert ([f, v] |proc=p)

» 000000 fOOOODDODOODODOOOOOO.
hilbert_polynomial (f,v)

» 000000 fOoOOOODDODOODOOoOoOOOooOOo.

return oono
p O
f,v oono

e J0000ODO fODOD vDDODODODODDODOOOOOOD h(k)OOOODO.

e h(k) =dimQFk/I\cap FkODODO FkOOODO kDODODODODODDODODODOOOOOOOO.IO0OO
00000 fooooooooooooo.

e sml.hilbert 00000000 : 00O0D0OOOOOD fOO0O0O0ODOOOOOOOOO. OO,O
000000 fOOOD0O0UDO0O0O0O0OO0,000000 initial monomial 0000000000000
00.00000,00 f00000000000000DO00DO000O00000000000000
oooobD. boboooobooog,sm1 O000000DO0000ODO asirgonoQg.

[346] load("katsura")$
[351] A=hilbert_polynomial(katsura(5), [u0,ul,u2,u3,u4,ub]);
32

[279] load("katsura")$

[280] A=gr(katsura(5), [u0,ul,u2,u3,u4,us5],0)$

[281] dp_ord();

0

[282] B=map(dp_ht,map(dp_ptod,A, [u0,ul,u2,ul,ud,usl));
[(1)*<<1,0,0,0,0,0>>,(1)*<<0,0,0,2,0,0>>, (1)*<<0,0,1,1,0,0>>, (1)*<<0,0,2,0,0,0>>,
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(1)%<<0,1,1,0,0,0>>, (1) *<<0,2,0,0,0,0>>, (1) *<<0,0,0,1,1,1>>, (1) *%<<0,0,0,1,2,
(1)*<<0,0,1,0,2,0>>,(1)%<<0,1,0,0,2,0>>, (1)*<<0,1,0,1,1,0>>, (1)*<<0,0,0,0,2,
(1)%<<0,0,1,0,1,2>>,(1)*<<0,1,0,0,1,2>>,(1)*<<0,1,0,1,0,2>>,(1)*<<0,0,0,0,3,
(1) *<<0,0,0,0,4,0>>,(1)*<<0,0,0,0,1,4>>, (1)*<<0,0,0,1,0,4>>,(1)*<<0,0,1,0,0
(1) *<<0,1,0,0,0,4>>,(1)*<<0,0,0,0,0,6>>]

[283] C=map(dp_dtop,B, [u0,ul,u2,u3,ud,ub]l);

[u0,u3"2,u3*u2,u2"2,u2*ul,ul"~2,ub*ud*u3,ud " 2*xu3,ud " 2*u2,ud " 2*ul,ud*u3d*ul,
ub”"2xud”"2,ub"2*%ud*u2,ub"2xud*xul,us5"2*xu3d*ul ,ub*ud~3,ud"4,ub"4xud,ub"4*u3,
ub~4*xu2,ub"4*ul,u5"6]

[284] sml.hilbert([C, [u0,ul,u2,uld,us4,us5]]);

32

ood sml.start, sml.gb, longname

26.2.7 sml.genericAnn

sml.genericAnn([f,v] |proc=p)

» ffs0000000000000000. vOOOOODOOOOO. 000,s0 v[0jOO
0,f000 rest(v) 00000000,

return god
p a

f goo
\% ooad

e 00DOD,fsO00000000D0O0DOOOOOO. vOODOOOODOOOO. 0O0O,s0O v[0jOO
O,f000 rest(v) 00DDOODODODO.

[695] sml.genericAnn([x"3+y~3+z73, [s,x,y,2]]1);
[-x*dx-y*dy-z*dz+3*s,z"2*dy-y~2*dz,z"2*dx-x"2*dz,y "~ 2*dx-x"2*dy]

oo sml.start

26.2.8 sml.wTensorO

sml.wTensorO([f,g,v,w] |proc=p)
wf0 g0 D-module 0000 0OOOOODOOOOOO.

return oono

p ad
f,g,v,w OO0

e f0 gOD-O0DOODD 0D00O0DOOODOOO.
e vODOOODOOODD. wi weight 0000000, 00 wli)j00OO v[i] O weight 000,

e sml.wTensor0 O ox_sml 0 wRestriction0 000000 . wRestrictionO O, generic 0 weight
0000 wOOOOOOOOOODODOOOO. Weight 0000 w O generic 0000000000
goooo.

vV Vv
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e FOUOOD GO fO gl0O0O0OUODOOOD.ODDOUDO,00D000D0D0O0 OO0 FGOOOOO

oooooooo.
00 f,g0 DOOODODOOUOOOOO,000,0000000 DrOo00OUOOO.

[258] sml.wTensorO([[x*dx -1, y*dy -4], [dx+dy,dx-dy~2], [x,y],[1,2]11);
[[-y*xxdx-y*x*dy+4*x+y] , [G*x*dx " 2+5*x*dx+2*y*dy "2+ (-2%y-6) *dy+3] ,
[-25*x*dx+ (~b*y*x—2%y~2) *dy "2+ ((5*y+15) *x+2*y " 2+16%y) *dy-20*x-8*y-15] ,
[y~ 2xdy "2+ (-y~2-8*y) *dy+4*y+20]]

26.2.9 sml.reduction

smil

.reduction([f,g,v,w] |proc=p)

return ood
f ooo
g, VvV, w god
p O (oxssml OOOOOODO)

e 00000 f O homogenized 000000000,00000 gO000 (reduce) 00;000,0
0000, fO000000OO0O00ODOOOO0. 00000 vOOOOO. wOOOOOOODOOOOO O
0000000000,0000000. sml.reduction_noH O, Weyl algebra O .

e J0OO0ODDDOODDDO: [r,e0,[cl,....cm],g] 00O g=[gl, ..., gm]000,c0f+clgl+..+cm
gm=r00000. r/c0 0 normal form 0O00O.

e 1IUI0IO,00I0I0IOIOOODO reducible 00O OOOOO.

e 00 sml.reductiond(P,F,G) 000 sml.reductionnoH d(P,F,G) 0, 000000000.
[259] sml.reduction([x"2+y~2-4, [y 4-4*y~2+1,x+y~3-4*y], [x,y]11);
[x"2+y~2-4,1,[0,0], [y 4-4*xy~2+1,x+y~3-4x*y]]

[260] sml.reduction([x"2+y~2-4, [y~4-4*y~2+1,x+y~3-4x*y], [x,y], [[x,1111);
[0,1, [-y~2+4,-x+y~3-4x*y], [y 4-4xy~2+1 ,x+y~3-4xy]]
oo sml.start, d_true_nf

26.2.10 sml.xml_tree_to_prefix_string

sml.xml_tree_to_prefix_string(s|proc=p)

» XML OOOOO OpenMath 0000 sO000O00OO0OO.

return String
p Number
s String

XML OOOOO OpenMath OOO0O0O sOO0O0OO0O0OO0OOO.
00000 om*000000D0OOO.
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e om_xml_to_cmo(OpenMath Tree Expression) 0 CMO_TREE 0O0OO. asir 000 CMO OO
D0oooDOoooo.
e java0DODODOODO. (DOODO, /usr/local/jdkl.1.8/bin 00D ODO0OO0OO00DO0OO0ODO0ODO.)

[263] load("om");

1

[270] F=om_xml(x~4-1);

control: wait 0X

Trying to connect to the server... Done.

<0OMOBJ><0OMA><0MS name="plus" cd="basic"/><0OMA>

<0MS name="times" cd="basic"/><0MA>

<0OMS name="power" cd="basic"/><0OMV name="x"/><0MI>4</0MI></0MA>

<OMI>1</0MI></0OMA><0OMA><OMS name="times" cd="basic"/><0MA>
<0MS name="power" cd="basic"/><0MV name="x"/><0MI>0</0MI></0OMA>
<OMI>-1</0MI></0MA></0MA></0MOBJ>

[271] sml.xml_tree_to_prefix_string(F);
basic_plus(basic_times(basic_power(x,4),1) ,basic_times(basic_power(x,0),-1))

0o om_x*, OpenXM/src/OpenMath, eval_str

26.2.11 sml.syz

sml.syz([f,v,w] |proc=p)
¢ vOODOOOODOODOOOO fO syzygy D000,

return ooad
p O
f,v, w ooo

e J0DODDDODDOOD: [s]gm,t]]. 000 sO fO vOOODOODOODODOODOO syzygy
000d. g0 f O weight vector w 0000000000000. mO00000 fO000000OOg
0000000000, t+0000000 g0 syzygy 000. 00000,000000000: g=
mf,sf=0.

e Weight 000D wOUOOOOOO. 00D0OOO, graded reverse lexicographic order 00000
ooooooooooo.

e Termorder 0000000000 DODOOO,00000000000000000000O (SSTOO
0 Section 1.2000). 000D0DD0 hOOOOOODO.

[293] sml.syz([[x*dx+y*dy-1,x*y*dx*xdy-2], [x,y]1]1);

[[[y*x*dy*dx-2,-x*dx-y*dy+1]1], generators of the syzygy
[[[x*dx+y*dy-1], [y"2*dy~2+2]], grobner basis
[[1,0], [yxdy,-111, transformation matrix

[ [y*x*dy*dx-2,-x*dx-y*dy+1]1]]

[294]sml.syz ([ [x"2*dx " 2+x*dx+y~2*dy~ 2+y*dy-4,x*y*dx*dy-1], [x,y], [[dx,-1,x,1]11]1);
[[[y*x*dy*dx-1,-x"2*dx"2-x*dx-y 2*dy~2-y*dy+4]], generators of the syzygy
[[[x"2%dx"~2+h"~2*x*dx+y~2*dy~2+h~2xy*dy-4*h~4] , [y*x*dy*dx-h~4], GB
[h~4%x*dx+y~3*dy”3+3+h~ 2%y~ 2%dy~2-3%h~4*y*dyl],
[[1,0],[0,1], [y*dy,-x*dx]], transformation matrix
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[[y*x*dy*dx-h~4,-x"2*dx"2-h"2*x*dx-y ~ 2*dy~2-h"2*y*dy+4*h~4]]]]

26.2.12 sml.mul

sml.mul (f,g,v|proc=p)
»sml0O0O0 0 fOOO g0 vOOOOOODOOOOOOODOOOOOOO.

return ooooooooo
p g

f,g ooooooooo
v ooad

e smlOOD O fOUD g0 vOODOOODODDODOODDOOODODOODOODOO.
e sml.mul_h O homogenized Weyl 00O 0O.

e BUG: sml.mul(pO*dp0,1, [p0]) O dpO*p0+1 0D 0. d0DOOO00DDOOO0O0OOOOOODODO
00000,000000000000000.

[277] sml.mul(dx,x, [x]);

x*xdx+1

[278] sml.mul([x,y],[1,2],[x,y]);

xX+2%y

[279] sm1.mul([[1,2],[3,4]11,[[x,y],[1,2]1],[x,y1);
[[x+2,y+4], [3*x+4,3*y+8]]

26.2.13 sml.distraction

sml.distraction([f,v,x,d,s] |proc=p)
sml 0 0O distraction 0O0O00O000OO.

return ooo
p a

f agoo
v,x,d,s ooo

e 00D p0O sm1 0000, f O distraction 0 vOOODODDODOODOOODOOOO.
e x dO,0000,distract 000 x00O,dO00000O0O. Distraction 000,s00000000
goo.

e Distraction 00000 x*x O x00000000000O. 0000 Saito, Sturmfels, Takayama
: Grobner Deformations of Hypergeometric Differential Equations O page 68 0O D

[280] sml.distraction([x*dx, [x], [x],[dx],[x]1]1);
x

[281] sml.distraction([dx"2, [x], [x], [dx],[x]]);
X"2-x

[282] sml.distraction([x~2, [x], [x], [dx], [x]1]1);
X" 2+3%x+2
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[283] fctr(Q);

[[1,1], [x+1,1], [x+2,1]]

[284] sml.distraction([x*dx*y+x~2%dx"~2*dy, [x,y], [x], [dx], [x]]);
(x72-x) *dy+x*y

oo distraction2(smi),

26.2.14 sml.gkz

sml.gkz([A, B] |proc=p)
200 ADDODDOOO BOOOOO GKZ O (A-hypergeometric system) 0000 .

return ooad
p O
A, B Ooono

e 0 ADDDDODOD BOOOOO GKZ O (A-hypergeometric system) 0000 .

[280] sml.gkz([ [[1,1,1,1],[0,1,3,4]1]1, 1[0,2]1 1);

[ [x4*dx4+x3*dx3+x2*dx2+x1*dx1,4*x4*dx4+3*x3*dx3+x2*%dx2-2,
-dx1*dx4+dx2*dx3,-dx2" 2*dx4+dx1*dx3"2,dx1"2*dx3-dx2"3,-dx2*dx4"~2+dx3" 3] ,
[x1,x2,x3,x4]]

26.2.15 sml.appelll

sml.appelll(alproc=p)
«F1000 FDOOOOOOoOoOOOOO.

return ooad
p O
a ooa

e Appell 000 F10D0D 00 nO0O0O0DDOO Lauricella 000 F_D(a,bl,b2,....bn,c;x1,...,.xn) O
0000000O0o0ooo0. oog, a=(acbl,...bn). 000000000 OO0OO.

e sml U000 appelll 00 DO0OO0O00OD0O0O, 0000000000000 OOOOOOOOO.

[281] sml.appelll([1,2,3,4]);

[[((—x1+1) *x2*dx1-3*x2) *dx2+ (-x1"2+x1) *dx1"2+(-5*x1+2) *dx1-3,
(-x272+x2) *dx2" 2+ ((-x1*x2+x1) *dx1-6*%x2+2) *dx2-4*x1*dx1-4,
((-x2+x1) *dx1+3) *dx2-4*dx1], equations

[x1,x2]] the list of variables

[282] sml.gb(@);
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[[((—x2+x1) *dx1+3) *dx2-4*dx1, ((-x1+1) *x2*dx1-3*x2) *dx2+ (-x1"2+x1) *dx1~2
+(=5xx1+2) *dx1-3, (-x272+x2) *dx2" 2+ ((-x2"2+x1) *dx1-3*x2+2) *dx2
+(-4xx2-4%x1) *dx1-4,

(x27°3+ (—x1-1) *x2"2+x1*x2) *dx2" 2+ ((-x1*x2+x1°2) *dx1+6*x2"2

+(=3*%x1-2) *x2+2*x1) *dx2-4*x1 " 2*%dx1+4*x2-4%*x1] ,

[x1*dx1*dx2,-x1"2%dx1"2,-x2"2*dx1*dx2, -x1*x2"2*dx2"2] ]

[283] sml.rank(sml.appelll([1/2,3,5,-1/3]1));
3

[285] Mu=2$ Beta = 1/3$

[287] sml.rank(sml.appelll([Mu+Beta,Mu+l,Beta,Beta,Betal));
4

26.2.16 sml.appelld

sml.appell4(alproc=p)
»F4000 FCOOOODODOOODOOO.

return ooad
p O
a ooad

e Appell 000 F4 000 00 nO000O0O0O Lauricella 000 F_C(a,b,cl,c2,...,cn;x1,...,xn) O
000000000000. 000, a=(ab,cl,...cn). 0000000000000,

e sml 000 appelll 0000000000, 00000000000000000DO0DOODO.

[281] sml.appell4([1,2,3,4]);
[[-x272%dx2" 2+ (—2*x1*x2*dx1-4%x2) *dx2+ (-x1"2+x1) *dx1 "2+ (-4*x1+3) *dx1-2,

(—x272+x2) *dx2" 2+ (—2%x1*x2*dx1-4*x2+4) *dx2-x1"2*dx1"2-4*x1*dx1-2] ,
equations

[x1,x2]1] the list of variables

[282] sml.rank(Q);
4

26.2.17 sml.rank

sml.rank(al|proc=p)
2 000000 aO holonomic rank O O0O.

return O

p O
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oono

e I00OOO al, generic point 000000000 OO. 0OO0OOO, holonomic rank 000.
e alJ0I0O0ODDODDOOUOUOOODDODODOOO.
e a [ regular holonomic 00 00 sml.rrank O holonomicrank 00 0. 000000000000

sml.rank OO O0O.

[284] sml.gkz([ [[1,1,1,1],[0,1,3,4]1]1, [0,2] 1);

[ [x4*dx4+x3*dx3+x2*dx2+x1*dx1,4*x4*dx4+3*x3*dx3+x2*%dx2-2,
-dx1*dx4+dx2*dx3, -dx2"2*dx4+dx1*dx372,dx1"2*dx3-dx2"3,-dx2*dx4"2+dx3"3],
[x1,x2,x3,x4]]

[285] sml.rrank(Q);

4

[286] sml.gkz([ [[1,1,1,1],[0,1,3,4]1]1, [1,211);

[ [x4*dx4+x3*dx3+x2*dx2+x1*dx1-1,4*x4*dx4+3*x3*dx3+x2*dx2-2,
-dx1*dx4+dx2*dx3,-dx2" 2*dx4+dx1*dx3"2,dx1"2*dx3-dx2"3,-dx2*dx4"~2+dx3"3] ,
[x1,x2,x3,x4]]

[287] sml.rrank(Q);

5

26.2.18 sml.auto_reduce

sml.auto_reduce(s|proc=p)

2 000 "AutoReduce" O sO0ODO.

oono ad
p O
S O

e s 1000,000000000000D000O0O0, reduced 00000000,
e s 0000,00000000O000O0Treduced000000000OOODO. OOOODOOOOOO.

26.2.19 sml.slope

sml.slope (ii, v, f filtration, v_filtration| proc=p)

» 000000 ii0 slope0Od.

return O

p a

i Ooo0 (0DOD)
v oo0O (0D)

ffiltration OO0 (weight vector)
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v_filtration
000 (weight vector)
e sml.slope 00000 DOO i O V filtration v_filtration 0000000000000 (geomeric)
slope 00OO0O.
e vUDOOODODO.
e I000,00000000DDODODOOD.D00DDOO0OO 1000 slope, 2000, 00 weight

vector O 0 0O O O microcharacteristic variety 0 bihomogeneous 000 .

Algorithm: "A.Assi, F.J.Castro-Jimenez and J.M.Granger, How to calculate the slopes of a D-
module, Compositio Math, 104, 1-17, 1996" 00O 0. Slope 00000000, 00000000, 00O
oooooo,Slepe000O0OOOO.

[284] A= sml.gkz([ [[1,2,3]1]1, [-3] 1);

[285] sml.slope(A[O],A[1],([0,0,0,1,1,1],(0,0,-1,0,0,1]);

[286] A2 = sml.gkz([ [[1,1,1,0],[2,-3,1,-31], [1,0]11);
(* This is an interesting example given by Laura Matusevich,
June 9, 2001 %)

[287] sml.slope(A2[0],A2[1], [0,0,0,0,1,1,1,1],[0,0,0,-1,0,0,0,1]);

oo sm.gb

26.2.20 sml.ahg

sml.ahg(A)
: It idential with sm1.gkz(A).

26.2.21 sml.bfunction

sml.bfunction(F)
: It computes the global b-function of F.

It no longer calls sm1’s original bfunction. Instead, it calls asir "bfct".
Algorithm: M.Noro, Mathematical Software, icms 2002, pp.147-157.
Example:

sml.bfunction(x"2-y~3);
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26.2.22 sml.call_sml

sml.call_smi(F)
: It executes F on the sm1l server. See also sml.

26.2.23 sml.ecart_homogenizeOlIdeal

sml.ecart_homogenizeO1Ideal (A)

: It (0,1)-homogenizes the ideal A[0]. Note that it is not an elementwise homogeniza-
tion.

Example:

inputl
F=[(1-x)*dx+1]$ FF=[F,"x,y"]$
sml.ecart_homogenize01Ideal (FF);
intput2
F=sml.appelll([1,2,3,4]);
sml.ecart_homogenizeOl1Ideal(F);

26.2.24 sml.ecartd_gb

sml.ecartd_gb(A)
It returns a standard basis of A by using a tangent cone algorithm. h[0,1](D)-
homogenization is used. If the option rv="dp" (return_value="dp") is given, the an-
swer is returned in distributed polynomials.

Example:

inputl
F=[2%(1-x-y)*dx+1,2* (1-x-y) *dy+1]$
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1111$
sml.ecartd_gb(FF);
outputl
[[(-2%x-2xy+2) xdx+h, (-2%x-2%y+2) *dy+h] , [ (-2*x-2%y+2) *dx, (-2*x-2%y+2) *dy]]
input2
F=[2%(1-x-y)*dx+h, 2% (1-x-y) *dy+h] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1,dx,1,dy,1]], ["noAutoHomogenize",1]1]1$
sm1.ecartd_gb(FF);

26.2.25 sml.ecartd_gb_oxRingStructure

sml.ecartd_gb_oxRingStructure()
: It returns the oxRingStructure of the most recent ecartd_gb computation.
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26.2.26 sml.ecartd_isSameIdeal_h

sml.ecartd_isSamelIdeal_h(F)
: Here, F=[II,JJ,V]. It compares two ideals II and JJ in h[0,1](D)-alg.

Example:

input
IT=[(1-x)"2*dx+h*(1-x)]$ JJ =

V=[x1$
sml.ecartd_isSameIdeal_h([II,JJ,V]);

[(1-x)*dx+h]$

26.2.27 sml.ecartd_reduction

sml.ecartd_reduction(F,A)
It returns a reduced form of F in terms of A by using a tangent cone algorithm.

il[O,l](D)—homogenization is used.

Example:

input
F=[2%(1-x-y)*dx+h, 2% (1-x-y) *dy+h] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1]111$
sml.ecartd_reduction(dx+dy,FF) ;

26.2.28 sml.ecartd_reduction_noh

sml.ecartd_reduction_noh(F, A)
It returns a reduced form of F in terms of A by using a tangent cone algorithm.

h[O,l](D)—homogenization is NOT used. A[0] must not contain the variable h.

Example:

F=[2*(1-x-y) *dx+1,2* (1-x-y) *dy+1] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1]1118
sml.ecartd_reduction_noh(dx+dy,FF);

26.2.29 sml.ecartd_syz

sml.ecartd_syz(A)
: It returns a syzygy of A by using a tangent cone algorithm. h[0,1](D)-homogenization

is used. If the option rv="dp" (return_value="dp") is given, the answer is returned in
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distributed polynomials. The return value is in the format [s,[g,m,t]]. s is the generator
of the syzygies, g is the Grobner basis, m is the translation matrix from the generators
to g. t is the syzygy of g.

Example:

inputl
F=[2*(1-x-y) *dx+1,2* (1-x-y) *dy+1] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1111$
sml.ecartd_syz(FF) ;
input2
F=[2*(1-x-y) *dx+h, 2* (1-x-y) *dy+h] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1,dx,1,dy,1]1], ["noAutoHomogenize",1]11$
sml.ecartd_syz(FF) ;

26.2.30 sml.gb_oxRingStructure
sml.gb_oxRingStructure()
: It returns the oxRingStructure of the most recent gb computation.
26.2.31 sml.gb_reduction
sml.gb_reduction(F,A)
: It returns a reduced form of F in terms of A by using a normal form algorithm.
h[1,1](D)-homogenization is used.
Example:
input
F=[2*(h-x-y) *dx+h"~2,2* (h-x-y) *dy+h~2] $
FF=[F,"x,y", [[dx,1,dy,1], [x,-1,y,-1,dx,1,dy,1]11]1$
sml.gb_reduction((h-x-y) "2xdx*dy,FF) ;

26.2.32 sml.gb_reduction_noh

sml.gb_reduction_noh(F,A)
: It returns a reduced form of F' in terms of A by using a normal form algorithm.

Example:

input
F=[2%dx+1,2*dy+1]$
FF=[F,"x,y", [[dx,1,dy,111]1$
sml.gb_reduction_noh((1-x-y) "2*xdx*dy,FF) ;
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26.2.33 sml.generalized_bfunction
sml.generalized_bfunction(l,V,VD, W)
: It computes the generalized b-function (indicial equation) of I with respect to the
weight W.
It no longer calls sm1’s original function. Instead, it calls asir "generic_bfct".

Example:

sml.generalized_bfunction([x"2*dx~2-1/2,dy"2], [x,y], [dx,dy],[-1,0,1,0]1);

26.2.34 sml.isSameldeal_in_Dalg

sml.isSameIdeal_in_Dalg(l,J, V)

: It compares two ideals I and J in D_alg (algebraic D with variables V, no homoge-
nization).

Example:

Inputl
II=[(1-x) "2*dx+(1-x)]$ JJ = [(1-x)*dx+1]$ V=[x]$
sml.isSameIdeal_in_Dalg(II,JJ,V);

26.2.35 sml.restriction

sml.restriction(l,V,R)

: It computes the restriction of I as a D-module to the set defined by R. V is the list
of variables. When the optional variable degree=d is given, only the restrictions from
0 to d are computed. Note that, in case of vector input, RESTRICTION VARIABLES
MUST APPEAR FIRST in the list of variable V. We are using wbfRoots to get the
roots of b-functions, so we can use only generic weight vector for now.

sml.restriction(l,V,R | degree=key0)
: This function allows optional variables degree

Algorithm: T.Oaku and N.Takayama, math.AG /9805006, http://xxx.langl.gov
Example:

sml.restriction([dx"2-x,dy~2-1], [x,y], [y]1);

26.2.36 sml.saturation
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sml.saturation(T)
: T = [I,J,V]. It returns saturation of I with respect to Jinfty. V is a list of variables.

Example:

sml.saturation([[x272,x2*x4, x2, x4°2], [x2,x4], [x2,x4]11);
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27 TIGERS O[O

00000, tigers ox server ox_sml_tigers 000000000000 OO0OOOOO.

27.0.1 tigers.tigers

tigers.tigers(alproc=a)

+: 00000000 pO tigersJO0O0O0O0O a0O000000OO0OO0OOOOOOOODOOO
booobobooooobooooooboo.

oono oono
p 0
a ooo

e JIDDOODODO pO tigers0ODODDOD al000D0DDDDODDODOODODODODODODOOOOOO
gboooboooboobooon.

e Tigers 0 00D 0D0O0O00UDO0OOODO reduced 0000000000000 0OOODOOOOOO
O000000. 00000000,00000000000000 state polytope DO000OOO0OOO
. 0ogoooobbooooooog, o
B.Sturmfels, Grobner bases and Convex Polytopes
000. Tigers O Birk Hubert 00O00O0O0O. 000000000000 OOO0OOOOOOO
B.Huber and R.Thomas, Computing Grobner Fans of Toric Ideals
gooooooao.

[395] A=[[1,1,1,1],[0,1,2,3]11%

[306] S=tigers.tigers(A)$

[307] length(S);

8

[308] sS[0];
(cre,0,1,01,0,2,0,011,(11,0,0,11,[0,1,1,01],[[0,1,0,1],[0,0,2,0]1]
[309] S[1];
tcrfs,o0,0,11,00,1,1,011,([0,2,0,0],[1,0,1,0]],[[0,1,0,1],[0,0,2,0]11]

00000,A00000000000000000000O000O0O0O00O0OOO SOO0OoOoOo. oo
000,800000000000. [[il,i2,..],[j1,j2, ..]] 0000000000 exponent 0000
oooooo,20000000. DDDD,S[O]DDDDDDDDD
x1 x3 - x272, x1 x4 - x2 x3, x2 x4 - x372
oo0o, <x1 x3, x1 x4, x2 x4> 000 initial ideal OO 0.
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28 DOOOO

gbboooobooooboobooooboooobooboooboobobooon.

28.0.1 util_filter
util_filter (Command, Input)

: It executes the filter program Command with the Input and returns the output of
the filter as a string.

util_filter (Command,Input | env=key0)
: This function allows optional variables env

Example:

util_filter("sort","cat\ndog\ncentipede\n");

28.0.2 util_find_and_replace

util_find_and_replace(W,S, Wnew)
: It replaces W in S by Wnew. Arguments must be a list of ascii codes.

28.0.3 util_find_substr
util_find_substr(W,S)

: It returns the position of W in S. If W cannot be found, it returns -1. Arguments
must be a list of ascii codes.

28.0.4 util_index

util_index (V)
: It returns the name part and the index part of V.

Example:
util_index(x_2_3)

References

util_v
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28.0.5 util_load_file_as_a_string

util_load_file_as_a_string(F)
: It reads a file F' as a string.

28.0.6 util_part

util_part(S,P,Q)
: It returns from Pth element to Qth element of S.

28.0.7 util_read_file_as_a_string

util_read_file_as_a_string(F)
: It reads a file F as a string.

28.0.8 util_remove_cr

util_remove_cr(S)

: It removes cr/1f/tabs from S. Arguments must be a list of ascii codes.

28.0.9 util_timing

util_timing(Q)
: Show the timing data to execute Q.

Example:

util_timing( quote( fctr(x~50-y~50) ));

28.0.10 util_v

util_v(V,L)
: It returns a variable indexed by L.

Example:
util_v("x",[1,3]);

References

util_index

82



0280:00000

28.0.11 util_write_string to_a_file

util_write_string_to_a_file(Fname,S)
: It writes a string S to a file Fname.

83
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29 OO0

obobobobobobooooooooooobO. bobobobobobobOobobobobo
goo.

29.0.1 todo_parametrize

00000 todo_parametrize/todo_parametrize.rr 00000000000, 000000000
0000000000000, paramerize U000000000DO0. 0000 todo_parametrize_ja.texi
O00.0000000000000000C0000D000000. 0000000000 module 0000
00000000, 000b000b000b00D0oOooooooon.

[1205] load("todo_parametrize/todo_parametrize.rr");

1

[1425] parametrize(y~2-x"3);

[155%t7"2+20%t+1,720%t"4+1044%t~3+580%t "2, 155*%t "4+20*t~3+t~2, (-x) /(y)]
[1426] parametrize(y~2+x~3);

[-t,1,t73,(-x)/(y)]



g

HEN

(Index is nonexistent)

(Index is nonexistent)

85
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