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1 loooooooooooooo

1.1 looooooooooooooooooooo taji—ale oooo

0000000 1000000000000000000000 tajicalc 00000000, OO
00000000000, 0000 “10000000000000000000 Risa/Asir 000
000 taji-ale” (Risa/Asir Journal (2007)) 00DO00DO0O0O0O0O0O.

1.2 loooooooooooOooooooon
D000O00O0000O00oo0oag,

import("taji_alc.rr")$
gobooooobooobooboag.

1.2.1 taji_alc.cpfd

taji_alc.cpfd(num,den)
2 0000 num/den0000000O00O0ODO.

return switchD 00 1000, [[[00,j0oo0o000,004]),..),...] 00000.
switchD 100 11000, [[0D0,,00000,000],..]00000.
num (DOODDOOO0OD) D000
den (DOODDOOD) D000
000 (0D0ODODO0O000 QUOoOoDODoOO0) [[oo,o000),.. )] 00000
switch DOoooooo

case 0 : complete 000D DODOO00O0. (0OODODDDOOOODO)

case 1 : complete 1000000000, (DODDDOOOODODODO)

case 10 : 00O0DDO0O0ODOOODOOOODOOD. (DOODDOODDOOD)
case 11: 00000000 O0OOODOOOOO. (DOODDOODOOOOO)
default : case 0

° taji-alc.cpfd()[l,properDDDDDDDDDDD. gboodproper 0000000 OOOO
gooo,00b00booooboooooooobo.

e I000ODODU,ITIOO0DO complete00000,0000000OO0OODO 2000000
00. taji-alc.cpfd()000000O0O0OOODODODOO,00000000.000,00000
gboooboooooboobooog.

e den,0000000000DOD. (DO0DOOODODO,0D0000D0D0O00DO0DOOODOO.)
googooooboo,boobob,bbobbo,0oobooboobooboooboo. obo
gbooabooabooan.

[235] taji_alc.cpfd(x"3-x-1,x"4+2%x"3+2*%x"2+2xx+1) ;
[[[1/2*x-1, [x~2+1,1]11], [[-1/2, [x+1,2]],[1/2, [x+1,1]1]]]

[236] taji_alc.cpfd(x~3-x-1,x"4+2*x"3+2*x"2+2*x+1|switch=1);
[[[[x-2,2], [x"2+1,1]1]1], [[[-1,2], [x+1,2]], [[1,2], [x+1,1]]11]]
[237] taji_alc.cpfd(x"3-x-1,x"4+2%x"3+2%x"2+2*x+1|switch=10);
[[1/2%x-1,[x"2+1,1]1], [1/2*x, [x+1,2]]]
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[238] taji_alc.cpfd(x~3-x-1,x"4+2*x"3+2xx"2+2*x+1|switch=11);
[[[x-2,2], [x"2+1,1]1], [[x,2], [x+1,2]]]

oo

Changel.og
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1.2.2
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taji_alc.snoether

taji_alc.snoether (num,den)

= good num/denDDDDDDDDDDDDDDDDDDDDDDDDDDDD.

return [0O,0000000],..] 00000,
00000000,0000000000000000000
num (00DoOoOoDooO)ooo
den (00DoOoOoooO)ooo
OO0 (0D0DODO0000 QUoOooooDoo) [[co,o000),..)]0D0DO0.
switch ooooooo

case 0: 000D0OD0ODO [D0OODOOO,.]O0000000O.

case 1 : 00000000 [D0DO00OOOCOO,.]00000O0O0O.

case 10 : 0O0ODODOOOD [[0DOODOO,..],00]00000000
case 20 : 00O0DOODOD [[DOODOODOOO,.],00]00000000

default : case 0

e taji_alc.snoether() 0, den0 QODOOO0000,000000000000D0O00O00OO.
e den0,0000000D0DO0O0. (DODOOOOOODO,OO0D0DOOOOOOODOOODOO.)

O
O

o [J]

gbooooooboo,o00obo0obo, 000000, 00000000000 ooboobo. oo
uooobooogn.

00000 switchOOOOOO.

case 100, 000000000000 0O0O00OO,000000000C0C0COODOOOOOO0O

O
O

000. 0000000,0000000000000000000D0 (000000000
)00,000000000.

case 200, 000000000000 (DDDDDD),DDDDDDDDDDDDDDDDDD

O
O

O0000. 0000000000000000000000 (Do00OO00Oooo0)oaa,
000000000 (case 1000000)0,000000000000000000.

[296] taji_alc.snoether(1,[[x"3-x-1,3]1]1);
[[x~3-x-1,[9/529%x"2-27/1058*x+11/1058,-81/529*x~2-9/529*x+135/529,-49
05/12167*x~2+4563/12167*x+3270/12167]11]

[299] taji_alc.snoether(l, [[x~3-x-1,3]]|switch=1);

[[x"3-x-1, [[18*x72-27*x+11,1058], [-81*x~2-9*x+135,529] , [-4905*x"2+4563
*x+3270,12167111]

[297] taji_alc.snoether (1, [[x"3-x-1,3]]|switch=10);

[[x"3-x-1, [[414*x~2-621*%x+253,-3726%x"2-414%x+6210,-9810%x"2+9126*x+65
40],24334]111]

[298] taji_alc.snoether(1, [[x"3-x-1,3]]|switch=20);

[[x"3-x-1, [[[18*x"2-27*x+11,529], [-162*xx~2-18*x+270,529] , [-9810*x~2+91
26%x+6540,1216711,2]11]

[241] taji_alc.snoether(x~3+1,x"18-2*x"14+x~10-x"8+2%x"4-1|switch=10);
[[x"4+x~3+x"2+x+1, [[-2*x"2-x-2] ,50]], [x"4-x"3+x"2-x+1, [ [-2*x"3+4*x"2-x
-2],5011, [x~2+1, [[-x+1,8*x+5],32]], [x+1, [[-6,-39],320]1], [x-1,[[2,-24,6
71,32011]
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1.2.3 taji_alc.laurent_expansion

taji_alc.laurent_expansion(num,den)

return

num

den

switch

0000 num/den000000000000O0OODODODOOOODOO.

[DO,000000000),.] 00000,
0000000000, 000000000000000.

(0oooDoOoOoD)oo0o0

(booooooo)ooo
000 (00000000 QOO0O000D000)([[00,000],.] 00000

0DO0ooooo

case 0: 0000O00O00DOO [DO0OOOOODO,..]00O0D0O0O0OO.
case 1 : 0000000000 [DO0OO0OOO0DO,..]00O0D0O0O0OO.

case 10: 00OODODOODODO [[DDOOODOO,..], 0000000000
case 20 : 0000O0OO0OOO [[DODOOOOO,..],00]00000000
default : case 0

e taji_alc.laurent_expansion() O, taji-alc.snoether() 000D, 0000000000 DOO0O.

e taji_alc.laurent_expansion() 00, CO0 100000000000, QO0O0D0000000
000000000000000000. 00000000000000,000000000
00000000000000000000000. 000,100000000000000
00000000000, 00000000000000D0000DO0OO (000D0D)0000
oooooooo.

[354] taji_alc.laurent_expansion(x, (x-1)"3);

[[x-1,[1,1,011]

[356] taji_alc.laurent_expansion(x~5+x~4+x"3+x"2+x+1, (x74+1)7°3);
[[x~4+1,[1/64*x"2+1/64%x,1/16%x"3+1/16*x"2-3/128*x-5/128,-5/128*x"3-1/
8*x~2-3/16%*x]]]

go

Changel.og

Section 1.2.2 [taji_alc.snoether|, page 3
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1.2.

4 taji_alc.residue

taji_alc.residue(num,den)

2 0000 num/den00000000000OO.

return [0DD,00],...] DD0DOO
num (DOODDOO0OD) D000
den (0ooooopo)ooo
000 (0D0OD0ODO0O000 QUOoOoDoDoOo) [[oo,o000),.. ] 00000
switch DOoooooo
case 0 : J0O0D0OO0DOODOODOODOO.
case 1 : 000000000 DODOOO
default : case 0
pole Doooooo

[0o,.] 0000000000

e taji_alcresidue() 0, den0 QUOO0ODODOD,000000 (0O0ODODDDO)0000O0O

oood.
000000 pole0 0000000 OD0O0UOODO0OUOO. OODOOUDOOOODODO.

e taji_alcresidue()000000000000000,CO0 100000000000, QO0

oo

ooboobooboboobooboo. oobooboobo,0boobooboboobOoooo
000000000.000,10000000000000000000,000000000
00000 (bbDO0O)0D000D00ooooooo.

[219] taji_alc.residue(1,x74+1);

[[x~4+1,-1/4%x]]
D0D00000,00000000-1/4%0,x"4+10 (4000)0000000000000
gooobooboodg.

denO,0000000000O0O0O. (DDDDDDDDD,DDDDDDDDDDDDDDDD.)
goooooboob,0o00bog,obbbobo,dgobbbbboo0ooouobo. ooo
ogoooooooooao.
[221] taji_alc.residue(x"8,[[x"3-x-1,3]1]1);
[[x"3-x-1,-2243/12167*x"2+2801/12167*x+5551/12167]]
[222] taji_alc.residue(x~2+x, [[x+1,3],[x-1,3], [x"2+3*x-1,2]]);
[[x"2+3*x-1,-284/4563*x-311/1521], [x-1,89/432] , [x+1,7/432]]
[223] taji_alc.residue(x"2+x, [[x+1,3], [x-1,3], [x"2+3*x-1,2]] | switch=1)

[[x~2+3*x-1, [-284%x-933,4563]], [x-1, [89,432]], [x+1, [7,432]]]

[234] taji_alc.residue(x~2+x, [[x+1,3], [x-1,3], [x"2+3*x-1,2]] | switch=1,
pole=[x+1]1);

[[x+1,[7,432]]]

[225] taji_alc.residue(x~3+1,x"18-2*x"14+x"10-x"8+2*x"4-1);
[[x"4+x"3+x"2+x+1,-1/25%x"2-1/50*%x-1/25], [x"4-x"3+x"2-x+1,-1/25%x"3+2/
25%x"2-1/50%x-1/25], [x~2+1,1/4*x+5/32] , [x+1,-39/320], [x-1,67/320]]

ChangelLog
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1.2.5 taji_alc.invpow

taji_alc.invpow(poly,f,m)
2 000 Qx]/<f>000 poly 0000 mOOO0O0.

return oo

poly ooo

f QUOOoOOoOoooo
m oono

switch ooooooo

case 0 : DO O0OOODOOOODOODO.
case 1 : J00DOD0OODOOODOOODO.
default : case 0

e poly0 fO00DOOODODDOOOODO.

e JJI0OO0OO0OODODODODODOOO 200000. D0OOOOOOODODOOOOOOOOOOOO
ood.
[236] taji_alc.invpow(3*x"2-1,x"3-x-1,1);
-6/23%x"2+9/23*x+4/23
[237] taji_alc.invpow(3*x~2-1,x"3-x-1,1|switch=1);
[-6%x"2+9%x+4, 23]
[238] taji_alc.invpow(3*x"2-1,x"3-x-1,30|switch=1);
[1857324483%x~2-2100154824*x-477264412,266635235464391245607]

oo

ChangelLog
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1.2.6 taji_alc.rem_formula

taji_alc.rem_formula(polylist)
+ 000 f(x)000000000000000.

return switch OO0 O00ODOOO
polylist ~ f(x)0 QUODOOOODOO [[00,000,00000),...] 00000

switch goooooo
case 0: xO0ODODOOO,000000.
case 10 : f(x)00000OD,000000. (D0ODDDOOOODO)
case 20 : x O 0OOOOO, symbolicOOODDOO.
default : case 0
e 1000DOD,0D00D0D0O0DODODODOODO.
e 100DDODDOCODDODDOODOOD,switchODDOOODOO.

e switch=0 00000000000. 0000, f(x)=f1(x)"ml*2(x)" m20000. 000
[[f1(x),m1,21],[f2(x),m2,z2]] 0O0. 00000000,

[r_f1(x,21),r_f2(x,22)]

goooooooboo. ogbo,booodg

r(z) = rp(x, 21) + r(z, 22)

0000000000000 DD0O0O00. 0000 rfi(x,zi) O,

[p~(mi-1)(z)) 000000 x0 20000,...p~(0)(z) 000000 x0 zOO0O00]
gooobooon.

e switch=1000000000000. 0000, f(x)=fl(x) m0000. 000 [[fl1(x),m,z]]
O00.00000000,

[r-(m-1)(x,2),...,r_0(x,2)]

0D000000000.0000,00000

r(z) = rpo1(z,2) fr(x)™ + -+ ro(z, 2)

D000 fl(x)00000000000000000000. 0000 r-i(x2) 0,
[p"(m-1)(z) 000000 x02z0000,...,p7(0)(z2) 000000 x02z0000]
Dooooooo.

e switch=20 00000000000. symbolicO0O0O00 p~(m)(z) 0, p(x) 0 mO00000
zO0OOOOOOOOoOoooDOD.

e I000,000000UDDOOUUOOOODULUODOOOUDO. DUODOOO200000
gooooobooooobo. booo,

[228] taji_alc.rem_formula([[x"2+1,1,z]1]);

[[-1/2%z*x+1/2]]
O000000,x"2+410000 al,a20000000,z0 alda200000,
r(x)=(-1/2*%al*x+1/2)+(-1/2%a2*x+1/2) 000. 0000000, 00000000000
gooooa.

[583] taji_alc.rem_formula([[x-1,1,z1],[x-2,1,2z2]1]);
[[-x+2], [x-1]1]
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go

[584] taji_alc.rem_formula([[x-1,1,z1],[x-2,1,2z2]]|switch=20);
(-p~(0) (z1)+p~ (0) (22) ) *x+2*xp~ (0) (z1)-p~ (0) (z2)

[5687] taji_alc.rem_formula([[x-1,2,z1]]);

[[x-1,1]]

[588] taji_alc.rem_formula([[x-1,2,z1]]|switch=20);
p~ (1) (z1)*x-p~ (1) (z1)+p~ (0) (z1)

[494] taji_alc.rem_formula([[x-1,3,z1]]|switch=20);
1/2%p~(2) (z1) *x7~2+(-p~ (2) (z1)+p~ (1) (Z1) ) *x+1/2*xp~ (2) (z1) -p~ (1) (z1) +p~ (
0) (z1)

[229] taji_alc.rem_formula([[x+1,2,z1], [x"3-x-1,1,22]]);
[[-x"4-x"3+x"2+2*%x+1,-2%x"4-3%x"3+2%x " 2+5%x+3] , [(-1/23%z22"2-10/23*z2+1
6/23) *x"4+(-12/23*%22"2-5/23%22+31/23) *x"3+(-5/23*22"2+19/23%z2-12/23) *
X"2+(22/23%2272+13/23%x22-53/23) *x+16/23%22"2-1/23%z2-26/23] ]

[230] taji_alc.rem_formula([[x+1,2,z1], [x"3-x-1,1,22]] |switch=20);
(-1/23%p~(0) (z2) *z272-10/23*p~ (0) (z2) *z2-2%p~ (0) (z1)+16/23*p~ (0) (z2) -p
" (1) (z1) ) *x~4+(-12/23*p~ (0) (22) *z2~2-5/23*p~ (0) (22) *z2-3*p~ (0) (z1)+31/
23*%p~ (0) (z2)-p~ (1) (z1) ) *x"3+(=-5/23*p~ (0) (z2) *z2"2+19/23*p" (0) (22) *z2+2
*p~ (0) (z1)-12/23*p~ (0) (22)+p~ (1) (z1) ) *x"2+(22/23*p~ (0) (z2) *z2"2+13/23*
p~(0) (22) *z2+5*p~ (0) (z1)-53/23*p~ (0) (22) +2*p~ (1) (z1) ) *x+16/23*p~ (0) (22
)*z272-1/23*p~ (0) (22) *z2+3*p~ (0) (21)-26/23%p~ (0) (z2)+p~ (1) (z1)

[231] taji_alc.rem_formula([[x"3-x-1,2,z]]|switch=10);
[[[(3/23%z"2-4/23) *x~2+(-1/23*2+3/23) *x-4/23%z~2+3/23%z+4/23, (162/529%
z"2-174/529%z-108/529) *x~2+(-105/529%z"2+54/529%z+70/529) *x-108/529%*z"~
2+116/529%z+72/529] , [(-6/23%z"2+9/23%z+4/23) *x~2+(9/23%z~2-2/23%z-6/23
)*x+4/23*%z"2-6/23%z+5/23]]]

ChangelLog
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1.2.7 taji_alc.solve_ode_cp

taji_alc.solve_ode_cp(poly,var,exppoly)

return

poly

var

exppoly

switch

data

bbb bbbooooooooboobo

Pu(z) = f(2), u2(0) = cq, ..., u"V(0) = ¢,

gooooo.
000,POn0000000O0OOODODOOODO,f(z)OO0O0O0O0O0OOOO.

200000000.

000 1(00000000oooog)
0000000000 u(z)O,

u(z) = coup(2) + -+ + cno1Up_1(2) + v(2)

00D000D000000000. uw(2),...,u,—1(2) 00000000000, v(z)0
0opoooo0Oooooooo,

[U_O(Z) [ARN 7u—(n_1) (Z) 7V(Z)]
coooobcoo. cooooooo,0obcooooboocoon.
0002(00000ooooon)

data0000000000000,0000000000 w(z)0 ¢,... ¢y 000
000000000,0000000000000000000000000

000 (POoODOOOO)

000 (POODODODO QOOOOODOOOD)[[0o,000],.) 00000
000 (0Dooooon)
oo00000,0000000f(z)00000000O0O.

gbooooboood
case 0 : JO0O000O0OOODO 20000000000000000OO.
case 1 : 000000000 20000000000000000A0.

default : case 0

0oooooo
00000000 [c0,..,c(n-1)]000000000.

e J000DDDDDDD (DOODDDOOOODODDOD)ODDDOOOODO.

e 0020000 (DDDODCOOOCOOOODODDOODO). polyDOO0OO varOOOOOOO
ooooooo.

e 00DODDOOOw(2)0,000000v(0)=0,...,o™V(0)=0000000000000
ooooo.
[287] taji_alc.solve_ode_cp(x*(x-3)72,z,0);
([[x-3,0],[x,1]1], [[x-3,-2z+2/3], [x,-2/3]], [[x-3,1/3*z-1/9], [x,1/9]]]

[289] taji_alc.solve_ode_cp((x~3-x-1)"2,z,0|switch=1);

[[[x"3-x-1, [(92*2z+200) *x~ 2+ (-69%z-254) *x-92%z+43,529]]], [ [x~3-x-1, [(92
*z+420) *x "2+ (-46*xz-216) *x-161*xz-280,529] 1], [[x"3-x-1, [(-69%z-195) *x~ 2+
(23%z+327) *x+23%z+130,529]1], [[x"3-x-1, [(-161%z-270) *x" 2+ (69%z+290) *x+
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184*z+180,529]11]1, [[x"3-x-1, [-105*%x" 2+ (-23*z+54) *x+69*z+70,529]]1], [[x~3
-x-1, [(69*%z+162) *x~2-174*x-92%2z-108,529]1111]

[277] taji_alc.solve_ode_cp(x~2-4,z,0);
[[[x+2,1/2],[x-2,1/2]1], [[x+2,-1/4], [x-2,1/4]]]
[278] taji_alc.solve_ode_cp(x~2-4,z,0|data=[1,-1]1);
[[x+2,3/4], [x-2,1/4]]
[279] taji_alc.solve_ode_cp(x~2-4,z,0|data=[c0,c1]);
[[x+2,1/2%c0-1/4xc1], [x-2,1/2*c0+1/4*c1]]

oo

Changelog
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1.2.8 taj

taji_alc.s

return

poly

var

exppoly

switch

switch?2

i_alc.solve_ode_cp_ps
olve_ode_cp_ps(poly, var, exppoly)

s gobobobooboaoboabaoobooond

Pu(z) = f(2), u9(0) = cq,...,u"V(0) = c,_,
gooooooao.
000,0000000000000000, f(2)#£0000.
gooooood

ooo (PoOODDO)
000 (PODODOODOODQOOOOOOOD) ([[00,000),...]00000

000 (DoDOoooo)
f(zyDoDODOODOOO

goooood

case 0 : JO0OUODOODOO 200000000000 DOOODOOO.
case 1 : 0000000 DOO200000000000000O000O.
default : case 0

ogoooood

case 0 : J00OOOODOOOOOOO.

case 1 : D0 O0OO0OODOOOOO.

default : case 0

e 10020000 (DDD0D00DDODOOOOODODODOODN). polyD000O0O var0ODOOO0ODO

oood

[345]
[[x+3
[346]
[[x-1
[347]
[[x+3
[348]
[[x-2
[349]
=1);

[[x+1

[350]
+111)
[[x-1
x-3,[

go

ChangeLog

ooa.

taji_alc.solve_ode_cp_ps((x-2)*(x+3),z, [[x-1,1]11);

,1/201, [x-1,-1/4]1, [x-2,1/5]]
taji_alc.solve_ode_cp_ps((x-2)*(x+3),z, [[x-1,1]1] |switch2=1);
,—1/411

taji_alc.solve_ode_cp_ps((x-2)*(x+3),z, [[x-2,1]1]1);

,1/25], [x-2,1/5%z-1/25]]
taji_alc.solve_ode_cp_ps((x-2)*(x+3),z, [[x-2,1]] | switch2=1);
,1/5%z-1/25]]
taji_alc.solve_ode_cp_ps((x-2)*(x+3),z, [[x+1,1], [x-2,1]] | switch2

,=1/6], [x-2,1/5*z+2/75]]

taji_alc.solve_ode_cp_ps((x"3-x-1)*(x-3)"2,z, [[x-3,2], [x-1,3*z"2
, [-6*z"2-36%z-119,8]], [x"3-x-1, [42291*x~2+55504*x+32313,12167]], [
4232%z~2-4278%z-4295,97336]] ]
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1.2.9 taji_alc.fbt

taji_alc.fbt(num,den, var)
. pogd num/denl]l:l[][II:II:JI:ID[II:JDDDDDDDDDDDDDDDDDD

0o.
return [DooooooDo,.] 00000
num (DOODDOOD) D000
den (0oDooDoooo)ooo
000 (D0DDODO0O000 QOoOoOoDbODoOO0) [[oo,o000),.. ] 00000
var 000 (0ooooo)
switch ooooooo

case 0 : 00O 0OO0O0OOD 200000000 UUODO0OO0ODODOOO.
case 1 : D O00O0O0OO0O0OO0 20000000000LDDODLOOUOOOO.
default : case 0

e 00020000 (D0OOODDOCDDDOOOODDDDDOOOODO). num/den00000 var
gbooooobooooooo.

e taji_alc.fbt() O, Res(Rat*exp(z*x)) 000000000000 0000. 00000000
0000000000000,00000000000.

e J00DODOOODD taji-alcresidue() 00000000, 000 taji-alc.residue() 00O
gooooobooog.

[235] taji_alc.fbt(l,(x"3-x-1)"3,2);
[[x~3-x-1,(9/529%z"2-81/529%z-4905/12167) *x~2+(-27/1058*z"~2-9/529%z+45
63/12167)*x+11/1058*z"2+135/529*%z+3270/12167] ]

oo Section 1.2.4 [taji_alc.residue], page 6
Changel.og
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1.2.10 taji_alc.invfbt

taji_alc.invfbt (exppoly,var)
s ggboboboboboobooboobooboan.

return good
exppoly oooooooo
var 000 (00DDOooooooo)

switch ooooooo
case 0 : OOQOOOODO.
case 1 : OJOQQQg [DD,[I[I[I QDDDDDDDDDDD]DDDDDDDD.

default : case 0
e 00020000 (000D0DOO0DODOODOODODOODOD). 000000OO0OO.
e taji_alc.invfbt() O, exppoly O, Res(Rat*exp(z*x)) 000000000000, Rat00O0O
oo.
e taji_alc.fbt()DDOOOODO.
[8] taji_alc.invfbt([[x"3-x-1,2*x 2%z 2+x*z+1], [x"2+1,z*x+z"2]],z|swit

ch=1);
[3%x~14+14%x~12+39%x"11+33%x~10+179%x~9+206%x " 8+350*%x "~ 7+223*%x " 6+126%x"
B+176%x"4+107*x"3+101*x"~2+15*x-4, [[x"2+1,3], [x~3-x-1,3]]]

[9] taji_alc.fbt(3*x"14+14%x"12+39%x"11+33*%x"10+179%x~9+206*x~8+350*x"
T+223*%x"6+126%x"5+176%x"4+107*x"3+101*x"2+15*x-4, [[x"2+1,3], [x"3-x-1,3

11,2);

[[x"3-x-1,2*%z"2*%x"2+z*x+1], [x"2+1,z*x+z"2] ]
00 Section 1.2.9 [taji_alc.fbt], page 13
Changelog
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