Asir

Asir User’s Manual
Asir-20030424 (Kobe Distribution)
April 2003

by Masayuki Noro, Takeshi Shimoyama and Taku Takeshima




Copyright @ FUJITSU LABORATORIES LIMITED. 1994-2000. All rights reserved.
Copyright 2000-2003, Risa/Asir committers, http://www.openxm.org/.



0 10 Introduction

1 Introduction

1.1 00oboogga

goboobooooboobooooobg.

1. Introduction
00000000, notation 00O OO0DOO

2. Risa/Asir
Asir 000, 000000000

3. O
Asir DO 0OD0O0O

4. 00000 Asir
Asir DO0O0OOODOO

5. 0O QOO
goboooooboooon

6. DOooog
goboodgboboooboooboo

7. 0ooo
gobobobobooob,bobob

. bhOobOoboDbO
gobooboobbooo,0gnooo

9. boOobOoOobDDbOon
gobooboogoo,0obooan

10 DOOOoOOoOoo0og
goboobooobo,o0obooo

11. OO0
gbobod,booboobooboob,obboobgoab,oob,an

1.2 Notation

do0obodoooo,0db0o0oo0bodboooobO. ooboooobooooo.
e 00D, 0000OD0DOODOODO.
gcd ), gr()
e JI0DDOO0ODOODOODDO,DOOO0DOOD.
int, poly
e J0DDODO,00D0DO0DOODOOODOODOODODOO.
‘dbxinit’, ‘asir_plot’
e J0D0DODODO,0DDOO0DOODOODO.

(0] 1;
1
[1] quit;
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e J00DOOO,l0D00OODDOOO0DOODDOOO.
[Boehm,Weiser]

e JO00ODOOO,DOO000D0O0O0O0,00OOCOOOODO. ODO,000D00000O0DO0,
Ox0o0oog.
setprec([n]), diff (rat[, varn]*)
e shell (csh) DOODODO0ODO %00000.000,000000000,rcot00000
O0000oooooooo #00D000O.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
A
e J0UDUDUD Z, 00000 QU000 R, UUODOO0 COOOO GF(q) (@qOOO
0)ooo.

1.3 000

Risa/Asir (‘asir2000.tgz’), PARIOOOOO0OO (‘pari.tgz’) 000 Windows 0000
O (‘asirwin-ja.tgz’, ‘asirwin-en.tgz’) D0 OO0 ftp 000000,
ftp://ftp.math.kobe-u.ac. jp/pub/asir
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2

Risa/Asir

2.1 Risa 000 Asir

Risal, 0000000000000 O0OO/0000000000OO. Risa00000O0O
goooag.

googond

O00,Risa000000000O0COOOOOO (O,00000)DOD000000O0O
oobo0o0ood, UNIX O 1ibe.a’ JO0OOO0OO,0000000D0O0OO0O. ODO
00,CO000 0000000000, 0000000000000 Asir000O00O0O
gobooooooo.

ooooon

Risa 00O, OOOOOOOODO, [Boehm,Weiser] ODOODODOOOOODODOO
(gc-6.1alphab) DO O0O0O0O. OOODOOOOOODOODODO (DO GCOOO)OOO
0000000000000 Do0d,Risad00000D0O0O0ODOOO0ODOOOODOO0O
oooag.

Asir

Asir 0, Risa 000000000000 O000O0DOOOO. RisaOO, 000000
J000000oooobooOOo00o00000oogg. Asir00000000ooooon
doo,CO0b0o0bodpodo. oo, codpdooobdnooobOonOog dbxd
ooooooooooo.

2.2 Asir 000

Asir 0, 00000,0000000000D000D0C0OO0C0O. 00 Asir0DO00OD0OODO
gobobobobobobobo.oboooooooooooboooooooooo.

coOooooooon
0,000,0000000(0)

0000,00000

000000000

000000 (0000,GCD,00000000)
0000000000000 (00000000000)

dbx 000000

000000

PARI (6.1.1300parid p.3500) 0000000000000000
UNIXOODODOOOOOO (Open XM)

2.3 Installation

goooobooboo,booboobboobooboooo

noro@math.kobe-u.ac. jp

OO0 email OOOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOOOODO ‘asir.tgz’ O0O0O0O0. 000000 gzipOOOOO
good, bbbl gzipdddo. OO0, 00000000OOOUULUUUOOO. DO
0000 ‘/usr/local/liv’ 0 ‘asir’ 0000000 O0OODOOOOOOOOODOOOOO
000000. 000bd0oo0oooooooooooooooooo.

# gzip -dc asir.tgz | ( cd /usr/local/lib; tar xf - )

OO00O0000O0oooog, ssoMEd 0 0DODOODd.

% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
0000,0000000000000000000O ASIR_LIBDIROOOOOOOOOO.

% setenv ASIR_LIBDIR $HOME/asir
Asir 000,000000000000 ‘asir 000. ‘/usr/local/bin’ OO O OODOO
gddboootdobooodotboooouoooouoooouooooooao.

# 1n -s /usr/local/lib/asir/asir /usr/local/bin/asir
000 ‘esiry00oooo.

% /usr/local/bin/asir

This is Risa/Asir, Version 20000821.

Copyright (C) FUJITSU LABORATORIES LIMITED.

1994-2000. All rights reserved.
(o]

2.3.2 UNIX source code version

O0,000000000000000D00000000. 0000, 000000o0400
doooooa.
e bin
PARIOOO Asir OOOQOOOOOO
e lib
PARIDOOO Asir 0ODO OO0
e include

PARIOOOOOCOOO

gbobooboooboooooboboboobooobob. root DOODOODOODO
O, ‘Yusr/local’ DO OOOOOOOOOOOOOOO. OO, 0O0D0OOOOOO
TARGETDIR 00O O.

OO0 PARIODOOODODOOODOOODDOOODDOOO. pari.tgz’ 0000, 00000
gooboooo,0boobooon.

% gzip -dc pari.tgz | tar xvf -
% cd pari

% ./Configure --prefix=TARGETDIR
% make all

% su

# make install

# make install-lib-sta

make 00 O00D0OOO0OOCOO,00000D0O.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

b

O000,xx 00000D0000ODOOO0OD OSOO0ODOOO. GpOOO0ODOOOOD

O0000,asir2000 000 0000O00O00O0OOODOOOOOOONO.

‘asir2000.tgz’ 0O OO0, 00000CODOOOOOCOOO,DO000C0000OO0DOOD
oo.

% gzip -dc asir.tgz | tar xf -

% cd asir2000

% ./configure --prefix=TARGETDIR --with-pari --enable-plot
make

su

make install

make install-1lib

make install-doc

exit

+H+

H OHF H H R

2.3.3 Windows version

Ob0000000 ‘asirwin-ja.tgz’ 0O0O. OO, ‘gzip.exe’, ‘tar.exe’ OO 0O,
‘asirwin-ja.tgz’ 00O 0O0O00O0O00OO0O0OO0DOOO. 000 3000000000000
000000, 0000ooo0o (bosoooon0) oo

C:\...> tar xzf asirwin.tgz

O00000,Asir 000000000 (Asir 00000000O0)0000O. Asir000
O0000000000000 ‘pin’ 0 ‘asirgui.exe’ (GUI), ‘engine.exe’ (00 ) 00O
0000. ‘asirgui.exe’ 00000000000 Asir 0O0ODOOO.

24 DU00O0OO0o0obooooao

goobooboooobooooboooo.

-heap number
Risa/Asir 00, 4KBOOOOOOOODOOOOODOOOOODOOOO. O
O00000,00 heap000,16 0000 (64KB) DOOOOO,0000
00000, -heap 0000. O0O0ODOOOOOOO. heapOOOOO, heap()
000000000000 (boooon).

-adj number
000000000, 000000000000D0,GCO000D0000. num-
ber 000 10000D0000O0OCDO.O0000O0DOO 3000.D0000 1O
O00O0O0 GCOUODOOODOOODOODOODOOO. heepODOOODOOODO
oo,GCO0O0OO0OOOOOOOOOOOOOO,000000O0 (DOO Y
oooog.

-norc 0000000 ‘$¢HOME/ .asirrc’ OO O 0O0O.
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-f file o0o0dopooog, file000000O0OD0O00OOOOO. ODODODOOOOODO
gooooo.

-paristack number
PARI (6.1.1300pari0p.3500) 000000000000 0ODO. OOOODO
O.0000000 1MB.

-maxheap number
heap OO0DOOO0ODOOODO. OOOODOO.O00O00DOOODOO. UNIXODO
O,0000 1imit 0000000000 datasize 00000000 OODO
O,-maxheap 0000000000000 heapOOOOOOOODODODODD
ooo.)

25 0000

Ase 000000000000 OOOOODOOOD. UNIXOOOOOODOO shelOODOO
0000000000000, shell0 re000000O0O00O. Windows NT OO, [00O]->[0
O00-»>00]00000. Windows 95/98 00, ‘c:\autoexec.bat’ 0 00 O reboot OO .

e ASIR_KEY
UNIXOOO,Asir DO0O0OODO0O0O0ODOO keyOOODOOOODOOO Asir
UbO0Db00.keyDO 160 80 30000000,
% cat asir_key
cf6£236¢c 61a35091 dddc4529 geisha
82281685 d1929945 a8bd24ca yorktown
34b75d30 63£8df93 3e881113 nyanchu

gboobobobodbubid keyOoobobooobobooobobgoooo.
keyOUDODODOODOD,00000D00D00D0D0O0. keyOOOooooo, O
goboooooon.

1. 0000 ASIRKEYOOOODOODOOO
2. 00000000000 ‘asir_key’

3. 0000 ASIRLLIBDIR O0OO0O0OO0OOODOODO (DooOOOO
‘/usr/local/lib/asir’) O ‘asir_key’

e ASTIR_LIBDIR
Asir 000000 O0ODOOOOO,0D000000O0O0O0O0O0O0O0O0OOOO0O0O0O00O0
0000000. 0000000 UNIXOOO ‘/usr/local/lib/asir’, Windows O O
O Asr 00 00000000D0O9iv 0000O0oooooon.

e ASIRLOADPATH
ooobooooooboubuobobooob UNIXOoOoOo w7, WindowsO OO 7y 00
goboob.oobooooboobooboobbo.oboooboooob,0boo
00000000 ASIRLOADPATH U O OOODOO, 00000000 DO0ODDOO0
goo.

e HOME
-norc O O0O00O000D00OOOOODO, ‘$HOME/ .asirrc’0000, 000000000
O000.HOMEOOODOOOOOOD,UNIXOOOOOODOoOOOoOO, Windows O
O0 Asir 00000000 (get_rootdir() D0ODODD0OOOOOODO) O ‘.asirrc
oo, ggoooooooo.
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26 J0ODOOOOO

Asir 000000,
(0]

000000000000, 0000000000. ‘$HOME/ .asirrc’ (Windows 000 0O,
HOMEOOOOOOOOOOODO get_rootdir() 000000000 OOOODO ‘.asirrc’)
O000000000,0000000 Asr 00000000000 O0O0O0O0O0O0O,000
ooo.

gobooboooboobbo.0bodbd,end; OO0 quit; OO0O0O0O0OO0O0OOOO0O
ooo.ooo,yyooo0¢booooooboooooooo0o. syyoooooooobog,
‘¢ 0oooooooon.

% asir

[0] A;

0

[1] A=(x+y)~5;

X"5+5%y*x"4+10%y " 2%x"3+10%y " 3*x"2+5%y "4*x+y~5

[2] A;

X"5+5¥y*x"4+10%y " 2%x"3+10%y " 3*x"2+5xy "4*x+y~5

[3] a=(x+y)~5;

evalpv : invalid assignment

return to toplevel

[3] a;

a

[4] fctr(A);

([1,1], [x+y,5]]

[5] quit;

h
gboodo,A ax,y0O0OoOoO0o0ooooooo. A00D0DO0ODOO0ODOODODOO0O, a,x,y0
gbooobooobooobooob. ooboobbobooboooboooobgo,boobooboobo
ggbo. boogobbooob,bbgoobba,g,goobooobooboooboboao
oo,co0oooooooooooooo.oo,ooo0ob000000000o0o0oooooo,
goo,bo0ooboobooobbooob. booob,0bboo0obbooo,0bboo
O subst) OOODOOOOOOODO.

27 0ogad

o0o0o0o0o0o0o00O0O000000O00,000000000 (000 C-¢, Windows, DOS
ugoobO c-xuogoog.

@ (x+y)~1000;
C-cinterrupt ?(q/t/c/d/u/w/?)

gobooooobooon.

q Asir 0O0O0OO. (O0OOO)
t O00000o0oD. (0ooo)
c goooood.

d goboooboooob.ogoboooboo bobsbogbbodp25000.
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u register_handler () (7.5.6 U0 ox_reset ox_intr register_handler0p.90 0 O ) O
O00o000oo0o0ooO0oooOooooOo.(oooono)

W ggodoooooboobobboooooad.

? gooooooooooo.

28 JOooog

gbooobobobooboboobobobooboboobooboono,oboboobo
goboboooobooboooboooboboooboobooooboobooobobooobo. bboo
gboboogbog,baobboobuodgbuoobuooboobo. bbobbooboobobobo
gobobobo,bobooboboboboboboboboboob. bob,0bo0bob
gobooboooboooboooo.

goo,0dboobooocgboobboooobobob0obDobooboobUobbO. UNIXOD
Ub,00000000D00 internal error 000000, 0000000000000,
gobooooboooon.

SEGV

BUS ERROR
gobooboooob,obogbooboobobbbooboobooboobo
googbobooboboo.bgoobobgoobob,0oboboob,bo
o0 NULLOOOOooooooooooooogoogo,oooooogoogoo.

BROKEN PIPE

gobooboooooboo,oboobboobooboboooboooobooon
00000 (bO0oU0ooO0O0U0oO0oUbOOOoUoobOOoUOD)O,0000
gbobodboobboobooobobooobuoaboo.

goboodaobg,gbbooobuobbogb,ugobboobobboobbooboo
goboogoobo,oooooobobob,oboboooooboboboboobooob,on
gobooooboobobooboon.

29 D0ogdg,goon

ecg0obuoobOoboOobDbOObOOOD.boobooobboooo.

on n0000000.
Q@ ooooooo.

i oooo.

epi ooo.

Qe oooooo.

e 200 GF(2) 00000000000 (00O0).

@>, @<, @>=, 0<=, @==, Q&&, Q| |
quantifier elimination 0000, 000000000
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[0] fctr(x~10-1);

[[1,1], [x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]

[1] ee[3];

[x"4+x"3+x"2+x+1,1]

[2] eval(sin(@pi/2));

1.000000000000000000000000000000000000000000000000000000000

[3] eval(log(@e),20);

0.99999999999999999999999999998

[4] e@o[4][0];

X"4-x"3+x"2-x+1

[56] (1+@i)"5;

(-4-4%@i)

[6] eval(exp(@pix*@i));

-1.0000000000000000000000000000

[7] (@+1)"9;

(@~9+0@"8+@+1)
00d0Dd0oodo0odooooooo0oooDoooOoooooDooooo,oooo
O0,000000000000000000000000O0O0. O0,000000000
JoooooooO0O, 0000 Gcoooooooooooooooo. boooooag,
delete_history() (6.12.13 0 O delete_historyOp.800 0 )0 O000ODO.
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3 0

3.1 Asir 00O OQOQOO

Asr 00000, 000000000O0C000O0DOOOO,000DOOOODOOOOD
O,000000000 RsaODDOOODOOOOOOOOOO0ODOODOOOOOOOD. OO
goobobo,0b0b0obuobuobou0. obob, 00000 b wypeOQ UOODOODDOD
OO0oOoO00D.000,Asir0000D0O0O0OOOC0O0ODOOODOOOOOOODOODOO.

00
o000 o0DOOO0ODOOObOOOOOOO.oO,COO0ODoODOOOOD
OO0D0O0O0O000.00D0,000 Asird type(0) DO 0OODO.

10
1 2/3 14.5 3+2xQi
oo,000000000000O0DOO.00O0DOOCOO0O0OO00.
2000 (booo)
x afo (2.3*x+y)~10

gooo,0gbogoob,bboboobooboboobo,oobo11000
000000000000000. 81000O0OO0oO0ooOoOoOdp.100000.) O
go,0obbooboooboooobodobo obb ooo.

3goo @uooooog)
x+1)/(y~2-y-x) x/x
000DbO,0000D00D00Db0Ob0,0000 redO) DO0DOO0DOOOOOOOO
O000.000,0000 GECDOOOOOOOOOODOOOOOO,0000
goooooooooo.

4000
0 [1,2,03,4]1, [x,y]l]
0000000000000. 1 0000000000.0000000000
000, car(), cdr(), cons() 0000000000, 00000000000
000, lindex] 00000000000000000O0000000000C
00.000
(0] L =1[[1,2,3],[4,[5,6]]1,7]%
(1] L[{11[1];
[5,6]
00000000,000,00 (00,0000)00,0000000000
0D00000,000000000000000000000000, 0000
000000000000 00000000,000000000000000
000000000000 0000000000000.
50000

newvect(3) newvect(2,[a,1])

0000, newvect) U0 UODOODOODOOOOOOO. DODODO 2000
oboboooobo,00b0,00000 o0 1000100000000
gboo.ooobobo o 2000,01o0bo00boobooobooboooboobog.
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6 U0

Tooo

sunon

11

obooooobobooogb,b0obo0b0 ob0obOod. b0n lindex] O
goooboob. oboobo,boog,0bo0,00,0bo0obobooooon
gobooobooooobo,obboobooooboobooonooboooo.

(0]
[0
[1]
[2]
[3]
[ [
[
[
(4]
[
(5]
[0

newmat (2,2)

A3 =
00 ]
for (I=0;I<3;I++)A3[I] = newvect(3);

for (I=0;I<3;I++)for(J=0;J<3;J++)A3[I][J]=newvect(3);

newvect (3);

]

L B
O O M
O O O
O O O
O O M
O O O
O O O
[

01
11
11

| NS N [y S

]

.I_II_IO

(0001 [0001]]

)

r/
o -
—

O O O O O -~
(@) (@)
[ N e e o)

O O O OmMm >
w w w

newmat (2,3, [[x,y], [z]])

000000 newmat() OOOODOOODOOOD. ODOOO,00000000
gooooOoOoOoOoOOOOOOOOOOO,0000D000 (DOOODOOO
00oo0)0,0000000000,00000000O0DOO0OO0OD. DOO,
gooobooobobooboobooob. ogobboo,obbooboboooon
goooao.

(o]
[0
[0
[1]
[0
[2]
5

M=newmat (2,3);
00 ]

00 ]

M[1];

00 ]

type (QQ) ;

IIafoll

gooo,0go0boooboooboboo. booobboobbooobo
goboog,bog 20000b0000000.

(o]

IIafoll+lltakell ;

afotake

newstruct (afo)

Asr 00O0O0OO0O0DO,COO0O0O0O0O0ODOOOOOOO0DOObO.OoOOoOD

gboobodgbooobobobobooboba,boobooboboobog.
sougnoanboo

2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 0000000000000 o,ooooobooooooooooa
doooooOo,0o0ooooboo0d0oooooooooooooooon
00,000000000000D0D0000D00O0 AsirJO0O0DDOOOODODOO
Oo. g0 go8uuonoouoooooodyp.100000.
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io00ooOononO 32bit OO
11000000oan

00000,0pen XMOOOOOOOOOOOOOOOOODOO.
12 GF(2) 0000

oo,00 200000000000000DO00DO0O00OO0OO0ODOODOOO.
13 MATHCAP OO OOODO

Open XM ODOODO,00C0000CC0OOC00O00O00O00OCOCOCUUOODOOOOOO.

14 first order formula

quantifier elimination D 0000 O0OO0O0OO0O0OO.

15 matrix over GF(p)

gboboboobon.

16 byte array

000D bytedd OO
-1voIboOooooQd

gbobOo-1oooobooboobobooboobobooooobooboon.

3.2 000

0 goo
0000,0000000 (bignum) 0000000 OODO. DOOOOOOO
goobooooo.

1 gooooon
obobobobobobobobob. Asir)D000OD0DO, 00000000
00000000000 0DO0O00O0. 000, ctrl() ODOO bigfloat 0O DO
OO00O0O0DOOd biglleat OO ODODO.

[0] 1.2;

1.2

[1] 1.2e-1000;

0

[2] ctrl("bigfloat",1);

1

[3] 1.2e-1000;
1.20000000000000000513 E-1000

goboooooboboooooob,booobbboooobboo,ooobooon
goooood.
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goog
gotobooonoboobodbp129000.

bigfloat
bigfloat 0, Asir 00 PARI O OOOODODOOOOODODODO. PARIOOO
OO, biglleat 0, 000000000 DOO, 0000 10000000000
OO0O0dd. ctrl(O O bigloat OO D ODOOOOOO, 000000000
00 biglloat 0 OO0OO0OO. OOODOOOOOODO 100 9000000O0,
setprec() DO OOOOODOODO.

[0] ctrl("bigfloat",1);

1

[1] eval(2°(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

[3] eval(27(1/2));

1.41421356237309504880168872420969807856967187537694807317. . .
eval() O, ODOOOODODODDODDODODOOOOOOOOOOOOOOAO.
setprec() DO DOOOOODODO, DODOUOOODODODOOOOOOO, PARI
000000000000 0000000000D000000. ({(undefined)
O eval devalO p.(undefined) 0 0 0O, 6.1.13 O O parild p.35.)

oDoo
0000,000,0000000, bigoat 000, 00000 a+bxei (6i 00
000)000000000000.00,0000000 real(), imag() OO
oooo.

gboobobobob

ooboooobgobogo,obg 2~2robboooobobD. ooboboo
oo, 0o0oboooboboooboboooboboboooooboboo,booooon
gbobooboobooboooboooboobb. ooboooooboobo
00000000, setmod() D0 O0O0O0O0O0OO pO000O0O GF(p)OOODO
gobobobo.

gooooooooo
gbboobooboobod.boobog,bobibd simp_f£ 00000
gbobooooo.

002000000
00 200000000000000.0020000 FO,0000 [F:GF(2)]
0On0000,GF2) 0000 n0000 f(t) 000 F=GF(2)[t]/(f(t)) OO
00000. 000,GF®2)[t) 00 ¢0,f(t)000000000000000
0000000,0000,F00gmodf0,g f00000 20000000
0000000000.

roOoobOobOOobOobOoboboboboboobo.

e Q@
eI OOODO,0DDbO0O0O0O,000OObOUO0O0OO0OOOOO,dO0O
DDDDDDDD,F:GF(2)[t]/(f(t))DDDD tmod fO000O0O0O. OO
0,e0000000 FOOOOOOODO. (e10+e+1 O O)
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e ptogf2n
ooobo1g000o0gno,ptegf2n OO ODOOD FOODODODO.
e ntogf2n

goboboobo,bobob0o FOoOOoOOO.boboboob, 100,16
0O (xO00OO00),20 (obOOODO)0O0OOOOOODODO.

e OO
ooooooboob rO0O00ODO0O0O0ODOD0, simp_f£ 00000
oogd.

8 ot prnd0ooono

000 pn(p000000,n0000)0,00 p000 GF(p)000O0 n
0000 m(x) O setmod_ff 0000000000000 O000. 00000
0 m(x)00000 GF(p) 0000000000000.

9 00 prn000000 (000)

000 p-n0000 (pn0 2°2900,p0 27140000 n0 1)0,00 p
0000000 n0 setmod_ff 000000000000 0000. 0000
000000,p0 2°1400000,GF(prn)0000000000O0OOO
0000,0000000000000.00000,0000000000,0
0000000000000, p0 214 00000000000000000
000,00000000000000000000000000000000
oo.

Uboobobboobodbd setmod_f£f DUOOO. DOOOOOOOOOOOO, O
gboooooooogo,ooooooboobobobooboooooooobobobobon, b
goobooo.

3.3 Jonoog

000000000000 0D0ObOOoOoboO. Asir00,00000000,000000
ooooo,00,’oboo0o0obbo0obo0oooo0o0,ooboooboooooooo
oooooboOopbooooboooDOo. Asik0O0O0DOOoO0OO0,000b000O0bDObOO
gobobobo,obgoobo,b0cooooooooooboon.

0 gooond
gobooboobobdoa.gbboooboobooooooboon.

[0] [vtype(a),vtype(aA_12)];
[0,0]

1 good

ucO) O, 0000000000 00ODODOOOODODOO. O000,0000
gooooboooooo, oo oooog, bgooooooooaa
gbdoooooooobooooooouooboooboooouooouoooog
ao.

[1] U=uc(O;

_0

[2] vtype(U);

1
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gooo
0do0o0doO0,00000000000,000000000 AsirdO0O0ODOO
000000, sin(x),cos(x+1) OO0, 00000000D000O0DOO00DO. O
gdodbooooouo, oo 1000000, ooboood
obod,bddepi 00OL0OODO e OO DOOODOODOO.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

[5] vars(V"2+V+1);

[sin(x)]

goo
0000000, fname(args) DO0O0O0O0ODOODOO, fname 0000000

gobo.ogbobog,boobobogbooobgoab,ooboobobo,bo
gbobobobo,0bobobobobobobobo.

[6] vtype(sin);
3
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4 OO0O0O0O Asir

Asr OO0O0OOO0ODOO,DOD00O0,GCDOOOOODOOOOO,bDOO0bOO0OO0ODOODO,
gbooboboboobobdooboboboobobuooboboboo,bobbodobo
gboooooobobobobooooooobooboboboobooboooboobobon.
000000 Asr 0000O0. O0O00O,0000000000000000O00C00ODODOO
gobooobooooboobooooboobooooog.

4.1 00 (COOD0O0O0)

Asir 0000 COOOOODODOO. ODOOOOO0O0O0OoOooDoODOoO. boObO,0000
Asir 0000000 0OOO0OODODO,00000DOO00O0O0O0O0DOOO0OOoOooDbOOoOooOg.
e JUOOOOOO.
JddoooooOo,Asr 00000OO0OOODOOOOOODOOOOOOOOO. ODOO,
I I A A
(0] A =1;
1
[1] type(d);
1
2] A = [1,2,3];

[1,2,3]
[3] type(A);
4

e JOUODOUDO,0DbO0DODODODODODLODODODO.
Ub0D0,extern 000000 DO0O,00000000000000000.0000O,0
gobobooooobobooobbooo 200000000000, 0boooboobog,oo

gobobooboobooooboboooboboooboboooboboooboboo. obboo
gbobodgboooood.

1. bOobooooooboooobOo,0b0b0obbo0nD,bdbOgl extern OO
gbobobo,obobobobobobobobobon.

2. extern 000000 DOODOODODOODODODODO.

% cat afo

def afo() { return A;}
extern A$

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(6] A =1;

1

[6] afo();

0

[7] bfo();

1

e DD OODOODDOODLO,0DbO,0DO0DLOODODO.
o00O0,00000C0000DO00000O00DOODO0OO0bL. Asik0DO0O0ODO
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00000, 000000000000000000000000D000D00D000O0
oooooOooo,0d0,0boo000o00oogooo0oobooobooOoooo.

e switch U, goto OO 0.
goto UOUODOO, 0000000000 OOULOOOOOOOOOODOODO.

e 00OODO, for (A;B;C) 00D, while(a) 0 A,B,cO0D0D0D0O00D0OOO0.
000,000000000000000000000000.

gooooboooo,oobobooooobobooog.

e J0IDODOO0ODOO,00D COUOODODODOOODODOO.

e ODODOODO.
ooooboooboooooobbooobooo,bboobobooobbo,cbbobooooo
gbobobooboooooo,0bobobon.

o LHUDODOUODOODLOODLDOOOOO.
obobobo,42120000000000p.23000.

4.2 000000 O0OOo4go

4.2.1 000 OOOO

O00000000000 def’ 0000. 000000000000 00000000O0
0,0000000000000.00(0000000000)00000000000C0
00000,00000000000. ctrl() 00000 verbose 1000 on 00000
ooo,

afo() redefined.

gbooboboooooboboobo. oboobooobooobo,oboobooboobonoobo
gb,0bbooboooboodgboo. boobobbobooboobuooboobonbbo
goo.

/% X! */

def £(X) {
if (!X )
return 1;
else
return X * f(X-1);

/¥ C; (0 <@ < N, 0 < j < i) x/

def c(N)
{
A = newvect(N+1); A[0] = B = newvect(1); B[0] = 1;
for ( K=1; K <= N; K++ ) {
A[K] = B = newvect(K+1); B[0] = B[K] = 1;
for ( P = A[K-1], J =1; J < K; J++ )
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B[J] = P[J-1]1+P[J];
}

return A;

}

2000000,00 N1 00000 (ADOD)OO0DOOO. A[IJOOO 14100000
o,0o0ooooobobogob ,c,0oboooooooog.

0000, CO0d000O0000DO000ooo0ooD,Asic00D000O0OODOOOO
goooood.

4.22 00O0O0O0O0O0O0O

ooooOooD,Asr000000DOOCOOOCOODOOOOOODOODOOO.

g ooooooo,boboo0oobooo,00,:o0bogoon

oooboOooboooooboOo,Asc000oo0oooobooooooooD
goooobg,boobooooboo,obooboboo.boooobooo
gooogobgoboo,booboobooboboobobo.obob,0obgooon
gboboooboooboobooobooo. bboob ooobobooooboa.

[0] X~2+X+1;
1

[1] X=2;

2

[2] X~2+X+1;
7

goo ooooooo,boo0oobooo,00,:o0bogoon

ooooo,0b00b0obooooboboobooobooDOo. Asieoooo,
goboobooooboooboooobo,bobobbooboobboob.

[3] X=x;

X

[4] X~2+X+1;
X" 2+x+1

4.2.3 OO

def sum(N) {
for (I =1, S=0; I <=N; I++)
S += I;
return S;

}

oob,100N0doboodoboooddlD s.emOQUOODOO0OO. O0DO0OO0O sum(N)
gNOooooo. oboobog,1booo0boooobobo,ooboboooooooooboobg, o
oooooooo fyoo0oooooboooooobob0.obooboooboobo.oboo, o
goboooooob,gobooobooboooob,oboobooboooboobo. boo, b
googo.oog,o0bgo,bogboobobboboo.boobo,booboobo
gooboobooobog,booboooobooboobo,0booboobobo,bog,
gobooboooboobo,oboobbooooobobooon.
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def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I <L; I++)
M[I] = 0;
}
00000,00000000 oOO0bOOo0OOoooOOoDOoDOoDOoDOODO. 0oO,00000
goooooooboo,0bo00obo0oo0oooboobooooooooog. boboono,
goooooodb,bo0b000obO0ob0obooo0ooOobO. bobDoboboooooobooon
goooo.

4.2.4 0000

coOono v/« 0 «/0000o0oooooo0oooooon.
/*

* This is a comment.

*/

def afo(X) {

000000 0d0d0d00oOooooDo,0bo000oOooooooa. /7« 0o0o0ooo
Jo000O000dO0oobOo0oOoon, bo0o0on «/ 0000000000 Ooooooa.
0000000, 00o0booooobo0od000o0o0oooooooooooon, #if o,
#endif 000000, (4211 0000000000p.22000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOODOODO,

def OO MWO,00,...,00) A
0
O

o
¥

0000000000.00000,000000000000000,000000000
000,000000000000000000000C00. 000000000,0000
O.000,

S = sum(N);

oooo,000000 (000 ¢)000000000. O00000000 return
O,break 00000000 0ODODODOODODO. if 00 for D000 (A10O0O0O0O0OODO
p.151) 000000000, 000000O0,0000000C000OOUDOOO. OO0,
gooooobgooooboooobgooo. obooboo, o yYooobobooo
g, 0oobbooboooboooobo.ooboooog.
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if (I ==0){

J=1;
K = 2;
L = 3;

¥

‘yobooooooooooooo.oooo,Yoob‘yooooooboooo,ifdn
goboobooobobooood.

4.2.6 return [

return 00,

return [0 ;

return;

U20000000.0000b000b000b0b0boboboo.bbobobooboobo 0o
go.boodgb,ggbooobobogboobbooboon.

4.2.7 if [

if 0gn

if (0O ) if (0O )
O 00 O
else

0

g200000.0000000000000O0,00000 1f0000000O00ODODO
o.00oooogooo.

if (0O )

if (0O ) O
else

O

Uoo0o0,000000,else0000,000 if00000O0D0OODO0O0OO,0000,00
o0 2000 if000000b0b0o0. booo,2000 if00000000,000
gobooobO,0bbobbo0bd,else00, 0000 if 000000000000
gooooooo.boobg,booon,

if (0 ) {
if (O ) O else O
}

gooboobooo. obooooooboooo,

if (0O ) {

if (0O ) O
} else

O

goobooooboooon.
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4.2.8 000U, break, return, continue

goboodbooonon, whileld, forO,do 00 300000.

e while [
ooo,

while ( O ) O

0,000,000000,0000 000000 0O0000000O0O0O0OO0O. O
00000 1000,00000000000.
e for [
ooo,
for (O00O0O-1; O; O0DO0-2) O
0,000
000-1 (00O00O0oooooo)
while ( O ) {
0
O00-2 (00O0O0OO0OOoOoOono)
}
gooooo.

e do [J

do {
O
} while ( O )

u,00 b0boobudabboobuoobboobbod whileddooooog.

0000000000000, break 000 return 00O 0O0O. OO0, 0000000000
gooooodOO0O0 conmtinue OO DO.

e break
break 00, 00000000O0O0O0OOOOO0O.

e return
return 00, 000000000000 00O0O00,0000000000000A0.

e continue
continue U0, 00000O000O0OOOOOO0O0OO. 00O for000d,0n0noon
0000000, whileOOOODODOOQOoOoOQOOQ.

4.29 0D0O0OOO

00000,000000000000000000000DO0000000. O0O0O0o
00000000, 00o0d,struct 0000 OODOO. O00O0O0ODOO0ODO,000000
newstruct 000 00000. 0O00OOO0ODOOOO,000 ->-000000000.000
ooooooo,->000000000000a0.

[1] struct rat {num,denom};
0

[2] A = newstruct(rat);
{0,0}
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[3] A->num = 1;
1

[4] A->den = 2;
2

[5] A;

{1,2}

4.2.10 JO00O0O40O40

gbobobobobob,bobobobobo.

e 0O0DOO,O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000
2/3000.0000,00000 (0000000)000000000000000
ooo.

x+1 A~2+Bxafo X/3

gbooboooooon
gooo,g0,bogboboobbodbbooobboobboobboo.ogobo
gobobooobooooboob. opbooboboooboobg,obo,0o00o00,0
goboooboooobooboooooooan.

V[0l M[1][2]
e 0000
000 (==),00000 (1=),00 (>, <, >=",«=")0 2000000. 0000
0000 1,0000000000.
e OO0

000 (%), 000 (11’)020000,00 ()00000000.00000 1,
0000,

o [0
JoddoDo < 000. 0000, 000000000000 bOOOO00000oDO
OO00. (‘4= ==, %=", ¢/=" °=)
A=2 Ax=3 (000 A=A«3000; 0O00O000O0OO0O0O0O)
o IOOONO
ooooooooooooon.
o 4+ -7

gobg,bbogbooboo,obbooooobobg,bogd.

A++ 0O0O0O0 AOO, A= A+1
A-- 0O0O0OO0 AOO, A=A-1
++A A = A+1, OOO0O0O0OO
--A A= A-1, OOOOOOO

4.2.11 000000

Asir 0000000 COOODODOOOODObO. cOoobOooOo,0b0oboOoog cppd
OoooDooOo,b0000bo000ooDbo0g,Asir DO000O0O0ODODODOOOOOOO
gooudd cpp 00 boogoob. DO0bboooobboooooo
#include, #define, #if 0O OO OO
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oo

#include

crpUO0OO00OO0O0O0O0OO,00000000000, #include00000O0O0OO

goooobooooobooooooood.

#define

gooO,COO00b0O00oDoO0boo0ooDooooog.

#if

/x,x/ 0000000000000 00DO000,b00000DO00000DODO0ODOO
DoODO0, #if o, #endif DO OO ODOODODO.

OO0, defs.h’ 00000 0OOODODO.

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

ZERO O
NUM 1

POLY 2
RAT 3

LIST 4
VECT 5
MAT

P WNEP, O N

DO

Q

S
N_
N_
N_
N_
N_
V_
V_
V_

"UC:HOW:DFUO

1
F 2
V_SR 3

isnum(a) (type(a)==NUM)
ispoly(a) (type(a)==POLY)
israt(a) (type(a)==RAT)
islist(a) (type(a)==LIST)
isvect(a) (type(a)==VECT)
ismat(a) (type(a)==MAT)
isstr(a) (type(a)==STR)
FIRST(L) (car(L))
SECOND(L) (car(cdr(L)))
THIRD(L) (car(cdr(cdr(L))))

FOURTH(L) (car(cdr(cdr(cdr(L)))))

DEG(a) deg(a,var(a))

LCOEF (a) coef(a,deg(a,var(a)))
LTERM(a) coef(a,deg(a,var(a)))*var(a) deg(a,var(a))

TT(a) car(car(a))
TS(a) car(cdr(car(a)))
MAX(a,b) ((a)>(b)7(a): (b))

4.2.12 0000000

ooooboobD NOOOoooboooo,obobobo,NOOOobDobobobooooo

go.
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[0] def factor(A) { return fctr(d); }
[1] factor(x~5-1,3);

evalf : argument mismatch in factor()
return to toplevel

goboooobbooobboooobboo, 000, obbboooobbooon
gbo,00b0oooboobooobpoboooobooaoo.

% cat factor
def factor(F)
{
Mod = getopt(mod) ;
ModType = type(Mod);
if ( ModType == 1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr (F,Mod) ;
}
[0] load("factor")$
[1] factor(x~5-1);
[[1,1], [x-1,1], [x"4+x"~3+x"2+x+1,1]]
[2] factor(x~5-1|mod=11);
[([1,1], [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

2000 factorO DOOO0OOOOO,000D0ODODOOOO0OODO x5-1000
U lmod=11 OD0ODOODOOD. OO0, 000000,med 000 keyword DODOO 11 00O
gobobooboooobobooobboobg. boooobooobboooooboobo. bboo
getopt(mod) DO DO OO0ODOOODOO. 1000D0000COODmedD0OO00OOODO
OO0DO0O0DO0O0D0, getopt(mod) OO OODO -100000000DO0O.ODOODOO,00
ocoooooooo fooboooboboooo.syoooobo,0o0oooo0b0bboo, s, 0o
gopbooboooooboon.

[100] =xxx(1,2,x"2-1,[1,2,3]|proc=1,index=5);



os50 0000 25

5 o

5.1 oo

cOO00O0O00ODOOUODOOObOO0O0ODO0OU0D dax0O,000000O0O0OO0OO0O0ODDOODO
ooD0,000000,0000000D000DO0ODOOODOO0O0. Asir00,dex0O0
gbobooboobboo.gboobboobooob,od0boabn debug; DOOODO.

[10] debug;
(debug)

goo,0bogo,b0o0oooooooooooooon.
e IDODOODODOODLOODOOODO

e JOUODOO @wDhUODODOD

e DD OODLOOODDOO

gbobo,bo0oboobooboob,obooooobooboobbobbonboo
gbobooboobooboooboo,oobobooboobooboooob,obo
gobobooobooooo.

e crror() DO DOOODOOODO

5.2 JOOUOggdg

gobobdg dex 000000 0O0O0ObOOo0oobOooonbon. 0d,gdb000ononOoong
ggbobodobbuooobobdg. gbbuoob aexgdbbodobog, step, next U, U
gboboooooobgobo.boog,1gb0ob0ob0ooooog,0b0odiyd next
oooooobobooboobooog. boO,dex 000 “Ldbxinit’ DO OO0ODOODO, dox 00O
OaliasOOOO0OOODOOO.

step gobooobooo.obooboobooobooo,booooon.
next goobooooboog.

finish ggoooooooobooobobobooboboooooooooboooooooa. ooo
stepUOOOOOOOOO0OOO.

cont
quit oobooooooooo,o0o0ooooa.

up [n] 000000000 10 (00 n0O0O0O0OO0 nO)0O0O0.000OO0O,000
goobooboooboboobooooobg,bboooboo.

down [n] 0O0O00OO0OOOOO 10 (D0 nO00O0OO0 nO)00OO.

frame [n] OOO0ODOOO,00000D0C000DCO.000DOOO,000000DO
udbob 00000000, ODO00o0boobobbodbibUdd where OO
gobodgboobobuogboo,boobobuooboobboaoo.

list [startline]

list function
000,000 startline, 000 functionODOOO0 100000000000
gono.
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print expr
expr O QOODO.

func function
00000 function OO O0O0O.

stop at sourceline [if cond]

stop in function
sourceline 00,000 function 000000000000 DOOOODO. OO0O
gooooo, oo ooobooboboboboooooo. if0ogooag,
cond 0000, 000 o0bOO0OdOoOoOoobOOOobO,oobooobooo.

trace expr at sourceline [if cond]

trace expr in function
stop 0000000, trace 0000 expr 00000000, 00000000
oooooo.

deleten UO0O0O0O0OD0O0OO0 nOO0OOOO.
status gbobooboobooooooooo.
where gbobobobobobobobobo.

alias alias command
command O alias 00 O000OO0O.

print UOUOO0O0O, 0000000000000 00000000O00O00. 000,0000
gbobobobob,bobobobobgobooboooboog.

e OODODODOO
ggoooboboooooobob, oo boobobuoo, oo
A O A
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
e OODODODOO
doooooobobbobo,print 0o ooon.
(debug) print length(List)
length(List) = 14
O00D00,00 List 0000000000 0O0000 lengthO OOOOOOOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) =1
oooo,000000 ceUOOODOOOOODOOOOOODOOOO,O00OD00O0
Joooooopoboobbooooogoooo.

oo,00bdbo0oboboobobobobobobDo,0b0obgbD0oUn bsave() O
goboobooobbooobooobooboooooobbooboad.
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(debug) print bsave(A,"savefile")
bsave(A,"savefile") = 1

goboooobboooobbobuooobobooobobO,print D000O0O0ODOO0O
gbooodboobooo,obobooboboooobobobooboboboooono
gobodoboobboobooobobooog.

53 UUogooon

goobo,boboooooooooboboboboboooo,oooboobobobob
oo.

% asir

[0] load("fac")$

[3] debug$

(debug) list factorial
1 def factorial(X) {

2 if ( 'X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 }

7  end$

(debug) stop at 5 <-—- 0000000oooo
(0) stop at "./fac":5

(debug) quit <-- O0000000000od

[4] factorial(6); <-- factorial(6) O OOO0O
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <-- 0JO00000O0ooooooggoon
oon

factorial(), line 5 in "./fac"

(debug) print X <—- X 00oood

X=6

(debug) step <-- 000000 (oooo)
stopped in factorial at line 2 in file "./fac"

2 if ( 1X)

(debug) where

factorial(), line 2 in "./fac"
factorial(), line 5 in "./fac"
(debug) print X

X =25

(debug) delete O <-—- 00000000 oOOO
(debug) cont <-—- 00oo

720 <-- Qg = 6!

[5] quit;
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54 JUOUOOODODOOOOOOOO

OO0DOo0DO, Asir O, 0000 ‘$HOME/ .dbxinit’ OOOO0O. OOODOOOO, dbx O
ooobooooooboooooboboooobo0oo0oobDoog, Asir0,alias 0000
gooo.gooo,

% cat ~/.dbxinit

alias n next
alias c cont
alias p print
alias s step
alias d delete
alias r run
alias 1 list

alias q quit
0000000, print,cont 00, 00000000O0DOCOOOODOOOOOOODO,O
o000 p,cO00,0000000000C0.00,00D0000000D00,a1ias0DOO
OO0 oliasOOOOOODO.

lex_hensel(La, [a,b,c],0,[a,b,c],0);

stopped in gennf at line 226 in file "/home/usr3/noro/asir/gr"

226 N = length(V); Len = length(G); dp_ord(0); PS = newvect(Len);
(debug) p V
V = [a,b,c]

(debug) c
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6 oo

6.1 DOUOU

6.1.1 idiv, irem

idiv(il,i2)
s ggooooog.

irem(il,i2)
2 00000000a.

return gd

il i2 RN

i10 i200000000000,00D000¢0.

20 0000000000,
gobodbog,boobboobuooobuooboooboo.
i1%i20,00000000000000000 irem(QO 0000O0O0OOOOODOOOO.

e OO DOO sdiv,srem JOOO.

[0] idiv(100,7);
14

[0] idiv(-100,7);
-14

[1] irem(100,7);
2

[1] irem(-100,7);
-2

RN 6.3.8 0 U sdiv sdivm srem sremm sqr sqrm[] p.41, 6.3.10 O O %0 p.43.

6.1.2 fac

fac(i) = igog.
return ud
i 00
e iOODODOODO.

e iJOOOODOCODO.

[0] fac(50);
30414093201713378043612608166064768844377641568960512000000000000
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6.1.3 igcd,igcdcentl

iged(il,i2)
+ 000 GCD (D DO0OO)

igedentl ([i])
00 GChbOoOOoOooooon

return oo

il i2i ad

e iged O i1 0 20 GCDODOODO.

e J0ODDODOOOUOOO,0TOODDOODODODDOOOOOOO.

e JOODODOO, ged,gedz O ODOO.

e 00 GCDOODODODOODOODD, igedentl OODOOODO.

0 Euclid 00O (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2,30 [Weber] ODOO.
goodo 3gouou,ouooa.

[0] A=lrandom(1074)$
[1] B=lrandom(1074)$
[2] C=lrandom(1074)$
[3] D=A*C$

[4] E=AxB$

[5] cputime(1)$

(6] igcd(D,E)$
0.6sec + gc : 1.93sec(2.531sec)
[7] igcdentl(1)$

[8] igcd(D,E)$
0.27sec(0.2635sec)
[9] igcdentl(2)$
[10] igcd(D,E)$
0.19sec(0.1928sec)
[11] igcdentl(3)$
[12] igcd(D,E)$
0.08sec(0.08023sec)

RN 6.3.19 0 U gecd gedzl p.48.
6.1.4 ilcm

ilem(il,i2)
s ggooooooo.

return o
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il i2 oo
e U0 i1,i20000000000.
e JOOOCODOODODO.

g 6.1.30 0 iged igedentll p.30, 6.1.9 0 U mt_save mt_loadl p.32.
6.1.5 inv

inv(i,m) : mQO0000 i000O0
return gd

im oo

e ia=1mod (m) D000 a00O0OO.

e i mUIODOODOOOODOODDOO,invO ODOOODODOODOOO.

[71] igcd(1234,4321);

1

[72] inv(1234,4321);

3239

[73] irem(3239%1234,4321);
1

oo 6.1.30 0 iged igedentlD p.30.
6.1.6 prime, lprime

prime (index)

1prime (index)
= ggooa

return 0

index o

e prime(), lprime) O ODOODO0OODOOOODOODOODOOOOOOO. index O 00
00000,00000000000D00D000. prime() O 16381 00OO0OOO0O
OO0 19000, 1prime () 0,100 SOODOOOODOOOOODOO999000. 00
gbobobobobooboboboOon.

e JUUIDDOOUODOODOODODOO, pari(nextprime,number) 0 0O0O.

[95] prime(0);

2

[96] prime(1228);
9973

[97] 1lprime(0);
99999989

[98] 1prime(999);
0

HEN 6.1.13 0 U paril p.35.
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6.1.7 random

random ( [seed])
s gooooog.

seed

return goao

e 10 2°32-10000O00O0O0OOONO.

e IIOIOOOOODO,O0D0D0O0 seeddJOOOODOODOO,0000000O.

e default 0 seed 0O OO0, 00000000O0,000000D0000O0O0O0O0ODO
good.

e J0D-0000000O0 Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
gooodooo,obooobbooooooooboon.

e OO 2719937-1 0 0O000OONO.
e mt_save 00O state OO OO0 save UOO. OO0 mt_load OO OOOOOOO
0,00 Asir 0000000000000 0DOO0OO0DODOOO0DOO0.

gd 6.1.8 0 0 1lrandom0 p.32, 6.1.9 0 O mt_save mt_loadl p.32.
6.1.8 lrandom

lrandom(bit)
s o0ooooooooog.
bit
return oon
e U0 bitDODOODOODODODODO.
e random U0 O O0ODOOOODOOO,D00 bitOOODODOOODOO.

od 6.1.7 0 O random{ p.32, 6.1.9 0 O mt_save mt_loadl p.32.
6.1.9 mt_save, mt_load

mt_save (fname)
s 0o0go0poooooooggoooogooog.

mt_load (fname)
2 0000000000000 00O0oOb0ooOooooo.

return oQooO 1

fname ood

e JO00ODODOCOCODO,00DDOCDOOOUOUIUO,ODO0O0OOUOODOD,O0O00O Asir
oooooooooooooogoooo.
[340] random() ;
3510405877
[341] mt_save("/tmp/mt_state");
1
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[342] random();

4290933890

[343] quit;

% asir

This is Asir, Version 991108.

Copyright (C) FUJITSU LABORATORIES LIMITED.
3 March 1994. All rights reserved.

[340] mt_load("/tmp/mt_state");

1

[341] random();

4290933890
gd 6.1.7 0 O random0 p.32, 6.1.8 0 O 1random[] p.32.
6.1.10 nm, dn
nm(rat) srat Q.
dn (rat) srat 000.
return ooooooood
rat ooooooogn

o DD OODOODOODDOODLOODDOODO.

o LIODODOOO,b00D00O0O,00O0O00D0DOO.

o LIOUOODOO, 00O, b000O0DOOO0OOLOO. Ob0ODbLOOObLD,bO0000O0
OO0o0o0o0b0. redO OD0OOODOOOOOOODOO.

[2] [nm(-43/8),dn(-43/8)]1;
[-43,8]

[3] dn((x*z)/(x*xy));

y*X

[3] dn(red((x*z)/(x*xy)));
y

gd 6.3.20 0 O redl p.49.
6.1.11 conj, real, imag

real (comp)
:comp OO QOOO.

imag (comp)
s comp U000,

conj (comp)
s comp 0O O0QOdQOO.

return comp
ggdd
e ODODO,00,00,00OODD.
e 0D, 000U0UOOODODO.
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[111] A=(2+@i)"3;

(2+11%01i)

[112] [real(A),imag(A),conj(A)];
[2,11, (2-11*0i)]

6.1.12 eval, deval

eval(obj[,precl)

deval (obj)
sobjOOD0OOO.

return gooooo

obj good

prec oo

e obj000IDOOOOOODOODOOOODO.
e deval UUDDOUOOOUOOOOOD eval OO, 0000000O000O.

e eval OO0, 000 PARI (6.1.1300parilp.35) OO0O. deval OOOODO, O
00 cOpDooooooooooooon.

e deval D DOODODOODO.

e eval OO0, prec000OOOO, 000,100 prec00O0OOOOO. prec U
0000000,0000000000000000. (6.1.1400setprecOp.36000.)

gooooo, ooogo.
sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a”"b)
e DD IUIUUUUUUULD. UUD eiUUUOO eval,deval UOODODO.

i 0oo0O
opi ooQ
Qe oooooo

[118] eval(exp(@pi*@i));
-1.0000000000000000000000000000
[119] eval(2-(1/2));
1.414213562373095048763788073031
[120] eval(sin(@pi/3));
0.86602540378443864674620506632
[121] eval(sin(@pi/3)-3"(1/2)/2,50);
-2.78791084448179148471 E-58
[122] eval(1/2);

1/2

[123] deval(sin(1) "2+cos(1)°2);
1
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RN

6.12.1 00 ctrll p.73, 6.1.14 0 O setprecl p.36, 6.1.13 U U parill p.35.

6.1.13 pari

pari (func, arg, prec)

+PARIOOO funcOO0OOODO.

return func OO0O0ODO.

func
arg

prec
[ ]

PARI OO OO
func OO 0O

g
PARIOODOOOODOO.

PARI [Batut et 2a1.] 0 Bordeaux 00000000000 OODOOOOOOODOODO
O00.PARIODOOOOOOOODOOODOOO,0000000000000O0O
00 (bignum, bigfloat) D000, 00000000 biglloat 0OOOOOODODOODO
000000000 0ooooOd. PARIOODOOOOOODOOODOOODOOOOODOO
000000000000, 00,gp’ 000 PARIDODOO0O0O0O0O0O0OOOOOOO
UNIXOOOOODOOOOooooDoOOoooooooooo.0oooooooggd 2.0.17beta
000000 ftp site (0000 ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00O anonymous ftp 00O 0.

O0000 prec0000D00OO0OOOO. precO00D00OODOO setprec() UOOODO
gooog.

O0D0o0DOo0D PARIODOOOOOOOOOD. DOOD1000 Asir00OD0O0O
gbobobob0obobOob.0bobobUobUobUob PARIDODOOOOOOO
oogd.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classno2,
conj, content, denom, det, det2, detr, dilog, disc, discf, divisors,
eigen, eintgl, erfc, eta, floor, frac, galois, galoisconj, gamh, gamma,
hclassno, hermite, hess, imag, image, image2, indexrank, indsort, initalg,
isfund, isprime, ispsp, isqrt, issqfree, issquare, jacobi, jell, ker,
keri, kerint, kerintgl, kerint2, kerr, length, lexsort, 1ift, lindep, 111,
111gl, 1llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,
lllgramkerimgen, 111int, 11lkerim, 11lkerimgen, 11lrat, Ingamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pnqgn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
roots, rootslong, round, sigma, signat, simplify, smalldiscf, smallfact,
smallpolred, smallpolred2, smith, smith2, sort, sqr, sqred, sqrt, supplement,
trace, trans, trunc, type, unit, vec, wf, wf2, zeta

Asir OO0000O0O0ODO PARIOOOOOOODOOODO,ODO00000O0D0O00ODO
gbobobobobobob.

/* D00000ooooooo. =/

[0] pari(eigen,newmat(2,2,[[1,1],[1,2]11));

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]
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/1 00000000000, =/
[1] pari(roots,t”2-2);
[ -1.41421356237309504876 1.41421356237309504876 ]

RN 6.1.14 0 0 setprecl p.36.
6.1.14 setprec

setprec([n])
wbiglloat 0000 nOOODODOO.

return oo

n RN
e IIDDOODO,bigloat 100D nOODOOOD. DOOODOODDOODODOO, OO
ogooooooooooaa.
e bigfloat D000 PARI (6.1.1300parilp.35) 00 O0O0OOO.
e biglloat 100D ODOODOOOODO. bigloat 0 flagd on OO OO OD0, ctrl OODO.
o JUUDODODODODOUOUOOOO, 000000 UbLOOObObn. ounoon
gobooooooogd.
[1] setprec();
9
[2] setprec(100);
9
[3] setprec(100);
96
00 6.12.1 00 ctrl0p.73, (undefined)d eval devalll p.(undefined), 6.1.13 O
U parill p.35.

6.1.15 setmod

setmod ([p])

20000 GF(p)OOooog.
return 00
n 2727 0oonoad

e JUDUD GF(p) UUUDD.OODODODO.
e OOODOOODOUODL,0DbOODOODOLOODOODOODOODLOO,DODO
0000000 p0O0O0 GF(p) DOODDOODOOOOO.

e JIDDOODLOODDOODL U 100DDOODLOODDOUODPI390DO.

[0] A=dp_mod(dp_ptod(2*x,[x]),3,[1);
(2) *x<<1>>

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3
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[2] A+A;
(1) *<<1>>

oo 8.9.120 0 dp_mod dp_ratU p.116, 3200000 O p.12.
6.1.16 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
2 000000000 32pvit000oooon.

return oooDb 3a2pit0000b0oboon
n 27320000000

int32 Oooo0 32bit 00O

e J0DOD (UD 1)ODOOOO 32pbit 00 (OO0 10)0000,000000000
go.

e 2bit DUD OpenXM OUODOUODOOOOODO,000000OD00OD0ODODODLOOODO
goog.

HEN O70000000p.82,32000000p.12.

6.2 bit 00

6.2.1 iand, ior, ixor

iand(il,i2)
+» bit 00O and
ior(il,i2)
xbit 000 or

ixor(il,i2)
: bit 00O xor

return 0
il i2 oo
e [ i1,i200000 bitOODOOOODOO.

o DD ODODOO,DO0DOODO.

[0] ctrl("hex",1);

0x1

[1] iand(Oxeeeececececeececeececee,0x2984723234812312312);
0x4622224802202202

[2] ior(0xala0al0alalal0alal,0xb0cObObObObOLOD) ;
Oxabacabababababab

[3] ixor(Oxfffffffffff,0x234234234234);
0x2cbdcbdcbdcb

RN 6.2.200 ishift0 p.38.
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6.2.2 ishift

ishift (i, count)
:: bit shift

return 0

i count RN
e 0D i0DOODOO bit DD OO shift OO .
e iJ00IDDOOO,0D0D0O00DOO.
e count 100000 shift, 00000 shift 00 O.

[0] ctrl("hex",1);

ox1

[1] ishift(0x1000000,12);

0x1000

[2] ishift(0x1000,-12);

0x1000000

[3] ixor(0x1248,ishift(1,-16)-1);

aad 6.2.1 0 O iand ior ixorU p.37.

6.3 0O, 000000

6.3.1 var

var(rat) = ratQ0QQonQo.
return oogd

rat ggdd

e J0OIDODOODO,3100Asir00000O0D0Op.10000.

e JI0DOUODUOODDOUODOODDOODO.
X,¥,2,4,V,W,p,q,T,8,t,abcde fghijklmnnol00d00000
oo.

[0] var(x~2+y~2+a”2);

X

[1] var(axbxcxdxe) ;

a

[2] var(3/abc+2*xy/efg);
abc

o 6.3.7 0 O ordd p.41, 6.3.2 0 O vars p.39.
6.3.2 vars

vars(obj) : objO000000O0OOOODO.
return goo
obj oo
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e JI0OODOOOOOOOOOOOOOOOO.
o OO OOUOOOOODODOO.
[0] vars(x"2+y~2+a~2);
[x,y,al
[1] vars(3/abc+2*xy/efg);
[abc,xy,efg]
[2] vars([x,y,z]);

[x,y,z]
RN 6.3.1 0 O vard p.38, 6.3.3 0 O ucl p.39, 6.3.70 0 ord p.41.
6.3.3 uc
uc() s 0d0000obOoOooooooooo.

return vtype 1 10000
e ucOO DOODODOODODO, 0,1, 2. 000000000D0O.

e ucO) UDUODUOODODO,0DUODUOODODOODODODODDUDO. ODO,O
gogbobobooooboboooobooboooo,ooobooboooooobooooobooboao
gobooobooboooooooog.

e DOIUDOOO (vtype U 0) 00O DOOODO rtostr(), strtov() OO ODO.

e uc()) DODOODOODOOOOOOOOOODOO (vtype)D 1000. (3.3DDDDDD
O0p.14000.)

[0] A=uc();

_0

[1] B=uc();

1

[2] (ucO+uc())"2;

_272+42%_3%_2+_3"2

[3] (A+B)~2;

_072+42%_1%_0+_1"2

gd 6.8.3 0 U vtypel p.64, 6.10.1 0 O rtostrl p.65, 6.10.2 U O strtovl p.66.

6.3.4 coef

coef (poly,deg[,var])
spoly 0 var (D0ODOO0OD)000ODO degDOODO.

return ggdod
poly aooo
var gdd
deg ooo

e poly 0 var 0000 deg 000O0O0D0ODODO.
e var 1,00000000 var(poly) 0000000.
e var 00000000, var 00000000000 OOOOOOO.
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[0] A = (x+y+z)~3;

X" 3+ (3*y+3%z) *x "2+ (3%y " 2+6%z*ky+3%2"2) *x+y " 3+3*z*y " 2+3%2z" 2%y+z" 3
[1] coef(A,1,y);

3*X"2+6%z*x+3%2" 2

[2] coef(A,0);

Y~ 3+3%z*xy " 243%z" 2%xy+z" 3

ud 6.3.1 0 O vard p.38, 6.3.5 U U deg mindegU p.40.
6.3.5 deg, mindeg

deg(poly, var)
wpoly 0,00 var 00000000

mindeg(poly, var)
wpoly 0,00 var 00D00DODOD.

return goao
poly aooo
var oood

o UDODOOODLOOUODLD var OODLODOOOO,0000O0O0DOOO.
e U0 vward0nDOoOonooonoOoOO.

[0] deg((x+y+z)~10,x);

10

[1] deg((x+y+z)~10,w);

0

[75] mindeg(x~2+3*x*y,x) ;
1

6.3.6 nmono

nmono (rat)

cratQQo0QO0O0OOn.
return goao
rat oood

e 000DDDDDOOOD 00000D0D0D0DDDOOOOOODOOO.

e 000D0D0D0D0,000000000000000

e 000D (3300000000p.14)0,00000000000000000. (100
oooooo.)

[0] nmono ((x+y)~10);

11

[1] nmono((x+y)~10/(x+z)~10);
22

[2] nmono(sin((x+y)~10));

1

HEN 6.8.3 0 O vtypel p.64.
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6.3.7 ord
ord ( [varlist])

2 O0o00o0oon
return goOooon
varlist oooooa

41

e OO ODOO,DOO0DOODDOODOODO,DDODDOODDOODDODDOODO
oooOoOooo. 000000000000, .ra® 0000000000 O0O0O0O00O0

go.

e JOUDODODOODOUDOODODODLD,DOO0ODODDLODOODLODOODODO
gboobooobooboobobobbooboo.bob,0bo0obooboobo
O,Asir 00000,0000,0000000000000D000DO0ODODO0. 0DO
gobobobooobobooooobooboooooooooooo,oboboooooboobgao

goooog.
[0] ord();

x,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,_z,_u,_v,

_w,_p,_9q,.r,_s,_t,_a,_b,_c, d,_e,_f, g, h,_1i,_j,_k,_1,_m,_n,_o,
exp(_x), (Lx)~(_y),log(_x), (_x) " (_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2),cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx™2+1)7(-1/2) ,(x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);

[dx,dy,dz,a,b,c,x,y,2,u,v,w,p,q,Tr,s,t,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,
_Z,_u,_v, w, p, q,.r,_s,_t,_a, b, c, d, e, f, g, h, i, j, k,_ 1, m,_n,
_o,exp(_x), (_x)"(_y),log(_x),(_x)"(_y-1),cos(_x),sin(_x),tan(_x),

(-_x"2+1)"(-1/2) ,cosh(_x),sinh(_x),tanh(_x),
(_x"2+1)°(-1/2),(_x"2-1)"(-1/2)]

6.3.8 sdiv, sdivm, srem, sremm, sqr, sqrm

sdiv(polyl,poly2[,v])
sdivm(polyl, poly2,mod[,v])

s polyl O poly2000000000000DOOO0DOOOODOOOO.
srem(polyl, poly2[,v])
sremm (polyl, poly2,mod[,v])

s polyl O poly2 0000000000000 OOOOOODOOOOO.
sqr(polyl,poly2[,v])
sqrm(polyl, poly2, mod[,v])

@ polyl O poly2000000000C0O0ODOOODOOOOO,O000O00O0.

return sdiv(), sdivm(), srem(), stemm() : 000, sqr(), sqrm() : [0, 001 00

ooo

poly1 poly2
ooo

v goo
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mod oo

e polyl O poly2 0000 var(poly2) (00 vODOOOOOO v)0OOOOO0O0OO
O,poly20,000000.

sdivm(), sremm(), sqrm() 0 GF(mod) DO 0OODODO.

gobbooob,00bboooboboooboboooboboo, bbb boUoU0bOoUg poly2
U000, polyl DOOODOODOOOO polyl UDUODO poly20000000O0OOD0
goboodoboboo.ooboo,booboboobooooboobb,obboobooo
gobodgboboooboo,gboobobuoobboooboobobo. boo,booobooo
gboboboobobooooooo.

000000000, poly200000,00000000,0000, poly2 0 polyl O
00000000000000000O0000.

sqr(OO DO00D0OO0OO0DOO0O0OOOODOOODO.
oooboo,D0dn idiv, irem g0 00O,
oooooobooobo voooo.

[0] sdiv((x+y+z)~3,x"2+y+a);

x+3%y+3*z

[1] srem((x+y+z)"2,x"2+y+a);
(2%y+2%2z) *x+y "2+ (2%z-1) xy+z~2-a

[2] X=(x+y+z)*(x-y-2)~2;

X"3+(~y-2z) *x "2+ (~y " 2-2%z*y-z"2) kx+y " 3+3%kz*ky " 2+3%z" 2xy+z"3
[3] Y=(x+y+z) 2% (x-y-2);

X734+ (y+2) *x "2+ (-y " 2-2%z*y-2"2) *x~y " 3-3*z*y " 2-3*%z"2%y-z"3
[4] G=gcd(X,Y);

X"2-yT2-2%z*xy-z"2

[5] sqr(X,G);

[x-y-z,0]

[6] sqr(Y,G);

[x+y+z,0]

[7] sdiv(y*x~3+x+1,y*x+1);

divsp: cannot happen

return to toplevel

RN 6.1.1 0 0 idiv irem[ p.29, 6.3.10 O O %0 p.43.
6.3.9 tdiv

tdiv(polyl, poly2)
wpolyl O poly2000000000DOOO0O.

return obobobobo,obogoooogoo o
polyl poly2
ooo
e poly2 0 polyl DO DODOUODOODOODODOODODO.

e OO DODODODDODODODDDDOOOODLODODOD, 000000 OOOOoon,
tdiv) OO00O000D0OCOO00OO00DOoOoOoO.
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[11] Y=(x+y+z) "5x(x-y-2z)~3;

X™8+(2%y+2%z) *x T+ (-2%y " 2-4*z*xy-2%z"2) *x "6

+(-6%y~3-18*z*xy~2-18%z"2xy-6%z"3) x5

+(6xy"5+30%z*y " 4+60%z" 2%y~ 3+60%z" 3%y " 2+30*z"4*y+6%z"5) xx"3

43

+(2ky " 6+12%zxy "5+30%z" 2ky ~4+40%Z " 3%y " 3+30%2 "4y " 2+12kz " 5ky+2%2 " 6) *x "2

+(—2%y " T-14%z%y " 6-42%2" 2%y " 5-T0%z" 3%y ~4-T0%2"4*y~3-42*%z"5*y "2
—14%Zz"6%y—2%2"7) *x-y " 8-8*zxy " T-28%z"2xy " 6-56%z"3*xy " 5-70xz"4xy "4

—56*z"bxy~3-28*z" 6%y 2-8*z " 7*xy-z"8

[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);

[13] I;
5

RN 6.3.8 0 U sdiv sdivm srem sremm sqr sqrml] p.41.

6.3.10 %

poly %y m 0000000

return gobooobood

poly oooooooooood
m ud

e poly UODUOUOD mOUOOOOODOODLOOOOOOODO.

e IDODOODOODDOODDO.

e poly DODOOODOO. OOOO,000D000D00CODOODOO irem() ODODO

goboodgbooogo.

e poly U, mUODOODO0ODOODOODODOO, 00000000 OOO.

[0] (x+2)°5 % 3;
X"B+xT4+x73+2%X T 2+2%x+2
[1] (x-2)"5 % 3;
X"5+2*%xT4+x"3+x 7 2+2%x+1
[2] (-5) % 4;

3

[3] irem(-5,4);

-1

gd 6.1.1 0 0 idiv ireml p.29.
6.3.11 subst, psubst

subst (rat[, varn,ratn] *)

psubst (rat [, var, rat] )

crat0 varn 0 ratn 000 (n=1,2,... 00000000 0OO0O0O).

return goao
rat ratn goao
varn goo

o LIODODOODLOOODLOO,0Db0O0ODLDLOOOD,0b0bOO0ObOOObbOOODbOOn.
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e subst(rat,varl,ratl,var2rat2,...) O, subst(subst(rat,varl,ratl),var2,rat2,...) 00O
goooa.

o DD OODLOOODDOODLOOODLDO,ODOO0D0DLO0ObOOODDOObOOOnDD.

e subst() O, sin() OO0DDO0OOOOODODODOOOOOOO. psubstO) O, OO0
00000000 oO000oooOo00oooo, 000D 00oooboOoO0. (partial
substitution 00 0 0O)

e Asir00,000000DOCO0ODOOOOOOOD,0DOO0ODDO,OD00D0O0OOD
gboobooooboboob.oobooboboobog,boboboobooboobo
gb,uogbbooo,boobbooobooobbooobgobboobbooboobog.

goboobobooobooooog.

[0] subst(x"3-3*y*x"2+3*y~2*x-y~3,y,2);
X" 3-6*%x"2+12%x-8
[1] subst(@Q,x,-1);

=27
[2] subst(x"3-3*y*x"2+3*xy~2*xx-y~3,y,2,x,-1);
=27
[3] subst(x*y~3,x,y,y,X);
x"4
[4] subst(x*y~3,y,X,X,y);
y 4
[5] subst(x*y~3,x,t,y,x,t,y);
y*x~3
[6] subst(x*sin(x),x,t);
sint (t)*t
[7] psubst(x*sin(x),x,t);
sin(x)*t
6.3.12 diff

diff (rat[, varn]*)

diff (rat, varlist)
srat 0 varn O000O varlist 00000O0000O00OO.

return g

rat 000 (booboooooooo)
varn goo

varlist ooooooo

e JOUODUDODUOD varnODUODO varlist U0 OODODOODOODOODO.

e D0DDDDO0D,00000000. 000, diff(ratx,y) O, diff(diff(ratx),y) O
ooooad.
[0] diff ((x+2*y)~2,x);
2%x+4*y
[1] diff ((x+2*y)"2,x,y);
4
[2] diff(x/sin(log(x)+1),x);



oed OO0OOOOO 45

(sin(log(x)+1)-cos(log(x)+1))/(sin(log(x)+1)"2)
[3] diff(sin(x), [x,x,x,x]);
sin(x)

6.3.13 res

res(var, polyl,poly2[, mod])
mvar OO0 polyl O poly20000O.

return gdgd
var gdd
polyl poly2
goo
mod 00

e JOUODOUODN polyl O poly20,00 var DOODODODODO.
o IODODOODOOODDOODO.
e U0 mod ODODOO, GF(mod) DOODODOOOO.

[0] res(t, (£73+1)*x+1, (£73+1)*y+t);
-Xx"3-x"2-y"3

6.3.14 fctr, sqfr

fctr(poly)
s poly UOOOODOOOOO.

sqfr(poly)
s poly UOODOODOODO.

return goao

poly 000000000

e NOUODODOOO polyOODOOODODO. fctr(O ODOOODDOO,sqfrO O0OOODO
gog.

e 00O [[DOO,1,[00,000],..]00000.
e 000D OO0 OO-000 000 poly 000DO

e 00O O, (poly/000)0,00000,000 GCDO 1000000000000
000000000, (ptozp() OO)

[0] fctr(x~10-1);

[[1,1],[x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1], [x"4-x"3+x"2-x+1,1]]
[1] fctr(x™3+y~3+(z/3) "3-x*y*z);

[[1/27,1], [9%x™2+(~9%y-3%z) xx+9xy " 2-3*zxy+z"2,1] , [3*x+3*y+z,1]]
[2] A=(atb+c+d)"2;
a”2+(2%b+2xc+2%d) *a+b "2+ (2% c+2%d) ¥b+c " 2+2xd*c+d "2

[3] fctr(A);

[[1,1], [at+b+c+d,2]]

[4] A=(x+1)*(x"2-y"2)"2;
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XT5+XT4-2%y T 2%x " 3-2%y " 2*x " 2+y " 4d*xx+y 4
[5] sqfr(A);

(01,17, [x+1,1], [-x"2+y~2,2]]

(6] fctr(A);

(01,11, [x+1,1], [-x-y,2], [x-y,2]]

g 6.3.15 0 O ufctrhintl p.46.
6.3.15 ufctrhint

ufctrhint (poly, hint)
s dd0ooooo 1o0o00o0oooooa

return goo
poly oooooOo 1o000oa
hint oood

e JODODOOOOO hintOODDODOOOOOOOODOODOOOO polyOOOOOOO
O fctrO ODOODOODODOO. poly0,dO00O00OODOODOOOOOODODOOOO (D
ogooouooooooon DIL129) JdddddddOfd,dddd0ooogo doo
ogo00do.0oo0o0ooooocoooon.

[10] A=t~9-15%t~6-87*t~3-125;

t79-15%t"6-87*t~3-125

Omsec

[11] N=res(t,subst(A,t,x-2%t),A);
-x"81+1215%x"78-567405*xx"75+139519665*xx"72-19360343142*xx~69
+1720634125410%x~66-88249977024390*xx~63-4856095669551930*xx~60
+1999385245240571421%x~57-15579689952590251515%x"54
+15956967531741971462865*x"51

+140395588720353973535526123612661444550659875*x~6
+10122324287343155430042768923500799484375%x"3
+139262743444407310133459021182733314453125

980msec + gc : 250msec

[12] sqfr(N);

[[-1,1], [x"81-1215%x"78+567405%x~75-139519665*x"72+19360343142*x" 69
-1720634125410*x~66+88249977024390*x~63+4856095669551930*x~60
-1999385245240571421*x~57+15579689952590251515%x"54

-10122324287343155430042768923500799484375*xx"3
-139262743444407310133459021182733314453125,1]]

20msec

[13] fctr(N);

[[-1,1], [x"9-405*x"6-63423*x~3-2460375,1],
[x718-486*x"15+98739%x"12-9316620*x~9+945468531*x~6-12368049246%x"3
+296607516309,1] , [x~18-8667*x~12+19842651*x"6+19683,1],
[x~18-324%x"15+44469*x~12-1180980*x~9+427455711*x~6+2793253896%*x" 3
+31524548679,1],

[x~18+10773%x~12+2784051*x~6+307546875,1]]



oed OO0OOOOO 47

167.050sec + gc : 1.890sec

[14] ufctrhint(N,9);

[[-1,1], [x"9-405*x"6-63423%x"3-2460375,1],
[x"18-486*x"15+98739%x"12-9316620*x~9+945468531*x~6-12368049246*x "3
+296607516309,1], [x~18-8667*x~12+19842651*x~6+19683,1],
[x"18-324*x"15+44469%x~12-1180980%*x~9+427455711*x~6+2793253896*x"3
+31524548679,11,

[x"18+10773%x"12+2784051*x"6+307546875,1]]

119.340sec + gc : 1.300sec

g 6.3.14 0 0 fctr sqfr p.45.

6.3.16 modfctr

modfctr(poly, mod)
s 0000000ooooooo

return goo
poly goOoooooo
mod oood

e 2720000000 med 0000000000000 poly 0000000000,
e 00O [[DOO,1,[00,000],..]00000.
e 0000000 DOD-000 000 poly00D0DO.

e J00D0DODODOUDDDODODODOODOUOD fetr_ff0000. (0 100000ODODOODO
0000p.139,10.5.16 O O fetr ff{0 p.148 0 O ).

[0] modfctr(x~10+x~2+1,2147483647);
[[1,1], [x+1513477736,1], [x+2055628767,1] , [x+91854880,1],
[x+634005911,1], [x+1513477735,1] , [x+634005912,1],
[x~4+1759639395*x~2+2045307031,1]]
[1] modfctr (2%x76+(y ~2+2z*y) *x"4+2%z*y " 3%x"2+(2%z~ 2%y~ 2+z" 3xy) *x+2"4,3) ;
[[2,1], [2*x"3+z*y*x+z"2,1] , [2%x " 3+y " 2*x+2%z"2,1]]

RN 6.3.14 0 0 fctr sqfr p.45.
6.3.17 ptozp

ptozp(poly)
s poly OOOOODOOODOODOOODODOO.

return oood

poly aooo

e JO0IDOODDOO polyUOODOOODDOODOD,00DODODODOO GCDO 100
oooooo.

e I00IDDODD,00DD0O0DOODOODDO,0DDOODOODODOO,O0D000
oooooooooooooooon.

e J0IDOODOODO redO ODOODOODODOODODOOD,DODODODODODOODO
o00oO00,00000D00000nm(O O0,00000000,000000000O
00000000, 0000000o0o0oooooooog.
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[0] ptozp(2*x+5/3);
6*x+5

[1] nm(2*x+5/3);
2%x+5/3

ao 6.1.10 0 O nm dn0 p.33.
6.3.18 prim, cont

prim(poly [,v])
: poly 000000 (primitive part).

cont (poly [,v])
: poly OO0 (content).

return poly
oooooooo
s ooo
e poly U0OOD (U0 vOODODOOUOD v)OUOOOOODOOO,0000DOD.

[0] E=(y-2z)*(x+y)*(x-2)*(2*x-y) ;
(2%y-2%2) *x7~ 3+ (y"2-3*zxy+2%2"2) *x "2+ (-y " 3+2" 2%y ) *x+z*y " 3-2" 2%y "2
[1] prim(E);
2xx "3+ (y-2%z) *x "2+ (-y " 2-z*y) *x+z*y "2
[2] cont(E);
y-2z
[3] prim(E,z);
(y-2z) *x-z*y+z"2

gd 6.3.1 0 O varO p.38, 6.3.7 0 O ord p.41.
6.3.19 gcd, gcdz

gcd(polyl, poly2 [, mod])

gcdz (polyl, poly2)
: polyl O poly2 O ged.

return goao

poly1 poly2
oood

mod oo

e J00ODODODOOODD (GCD)DODODO.

gcd() JO0DOO0ODDOODOOODOD GCDODOO.OODODO,DOD0000000,00
oobO GChbO 100bOb0OobooOoo,0o0o0,b0boc0oo0oob 1000,

gcdz() O polyl, poly2 OOOO00OOOOODOO,0000D00000000 GCD O
Oo0.0000,gedO 000, 0000000 GCDODOODOOODOO.

e 00 mod 0000, ged) O GF(mod) 000 GCD OODO.

gcd(), gedz() Extended Zassenhaus 000 00O0000. O0OO0OO0O GCD O PRS
ocoooooooooooOOO,00000,G6CbO0 100000O0O0O0O0O0O0O00O00.
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[0] gcd(12*(x~2+2*%x+1) "2,18%(x"2+(y+1) *x+y) "3) ;
X" 3+3%x72+3*x+1

[1] gcdz(12%(x"2+2%x+1) "2,18% (x"2+(y+1) *x+y) "3) ;
6xx”3+18*x"2+18*x+6

[2] gecd((x+y)*(x-y) "2, (x+y) "2*(x-y));

x"2-y"2

[3] ged((x+y)*(x-y) "2, (x+y) "2*(x-y),2);

X" 3+y*x"2+y " 2%x+y "3

g 6.1.30 0 iged igedentlD p.30.
6.3.20 red

red(rat) = ratO0000000O.

return goo

rat oogd

e Asir0O0O0DOOOO0DOOOODOOOODO.ODO,DO00DOOODOOOOD,OD
gbobodgboobobuoobooob.oobbooboobibd red Q.

e EZGCDODODO rat 0O0O,0000000.

e JO0D0ODOOOODODOOOUIODO,DOO0O0GCDO 100000DO0DOOOO. O
gbobobobobooboboboboboo.

e GCDUUDUOUODOODOO,00b0OU0DODODODODODOODUOODDObODOODOO.
go,0b,0boboboboboobooooooobobo,bobobobnooboOoo
000. 0000000000 0,00b0b0obO, 0000000 OooDd.

[0] (x"3-1)/(x-1);

(x"3-1)/(x-1)

[1] red((x"3-1)/(x-1));

X" 2+x+1

[2] red((x"3+y~3+z"3-3*x*xy*z)/(xt+ty+z));
X" 2+ (-y-2) *x+y " 2-z*y+z"2

[3] red((3*x*y)/(12%x"2+21%y~3*x)) ;

(y) / (4*x+T*y~3)

[4] red((3/4%x~2+5/6%x)/(2xy*x+4/3*x)) ;
(9/8*x+5/4) / (3%y+2)

ud 6.1.10 0 O nm dn0 p.33, 6.3.19 0 O gcd gedzU p.48, 6.3.17 O O ptozpl p.47.

64 DUUOOOOOO

6.4.1 umul, umul_ff, usquare, usquare_£ff, utmul, utmul_£ff

umul (p1,p2)
umul _ff(pl,p2)
- 0o00oo0oooooo

usquare(pl)
usquare_ff(pl)
» 000000000 200



oed OO0OOOOO 50

utmul (p1,p2,d)
utmul _ff(pl,p2,d)

00000000000 (DOODOooooo)

return goOooon
pl p2 oooooo

d

gooo
gobobobobob,bobobobobobobobobobOobobo.

umul (), usquare ), utmul O 00000000000, 00000000000000
O0.000000 GF(p)DOODOOOO,000 000 pOOOOOOOODODOO.

umul_ff(), usquare_ff(), utmul _ffO 0, 0000000000000, 00000
ooo0oooooooo. oo, 0000000000, boooooooooon
ooooo0o, 0000000000000 oooooon
o000 simp_£fOQ DD DODO0ODODOOODOOODOOOODOOO.

umul _£ff (), usquare_ff(),utmul _ff() O, GF(2"n) 000000000000 OO.

umul O, umul _££() DO OO pl, p2 OO, usquare(), usquare_f£f() 0O OO pl O
20,utmul O, uvtmul _££fO 0000 pl,p2000,dO00O0OOOOOO0O.

0000, set_upkara() (utmul, utmul_ff DO 000 set_uptkara()) DO O0OOO0
O000odobooobooobOoooog, set_upfftO DO DOOOOOOODOOO
0000 Karatsuba O, 000000 FFTOOOOOODODDDODODOOOO. OOO
0, 000000 FFTOOOO, 00000 10000000 miOooadad, pl,p20
000 miOOOOoDOoooooooooo, FFToooo, 00ooooooooon
0o0. 000, 000oboooooboo, 000000 oooooooooon
000,0000 ShoupOOODOOOO [Shouwp]l] DODOODODODODO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

[178] setmod_ff(2°160-47);
1461501637330902918203684832716283019655932542929
0sec(0.00028sec)

[179] A=randpoly_£ff(100,x)$
0sec(0.001422sec)

[180] B=randpoly_£ff(100,x)$
0sec(0.00107sec)

[181] for(I=0;I<100;I++)Ax*B;

7.77sec + gc : 8.38sec(16.15sec)

[182] for(I=0;I<100;I++)umul(A,B);
2.24sec + gc : 1.52sec(3.767sec)

[183] for(I=0;I<100;I++)umul_ff(A,B);
1.42sec + gc : 0.24sec(1.653sec)

[184] for(I=0;I<100;I++)usquare_ff(A);
1.08sec + gc : 0.21sec(1.297sec)

[185] for(I=0;I<100;I++)utmul _ff(A,B,100);
1.2sec + gc : 0.17sec(1.366sec)

[186] deg(utmul_£f(A,B,100),x);

100
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oo 6.4.3 0 0 set_upkara set_uptkara set_upfftl p.52, 6.4.2 U 0 kmul ksquare
ktmull p.51.

6.4.2 kmul, ksquare, ktmul
kmul (p1,p2)

s ggbooaboboaoodgd

ksquare(pl)
»0000DooCcoo 200

ktmul (pl,p2,d)
00000000000 (DOoDooooo)

return gooooo
pl p2 gogooog
d gooOoao

e N0UIDOOOODOO Karatsuba 0O OO.
e JOUDOD wml ODODOUOO,0000000000 FFTODODODODODODO.
e GF(2n)OJOOODODODODODODOOOOOOODODO.

[0] load("code/fff");

1

[34] setmod_ff (defpoly_mod2(160));
x7160+x75+x"3+x72+1

[35] A=randpoly_ff(100,x)$

[36] B=randpoly_ff(100,x)$

[37] umul(A,B)$

umul : invalid argument

return to toplevel

[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara( [threshold])
set_uptkara([threshold])
set_upfft ([threshold])
»10000000000000 N~2, Karatsuba, FFT OOOO0OO0O0OOOO

oood
return goooooog

threshold 0O000O
e JIID,0000D00D00DODODODO,00D0O0D0ODODODODOODODN.

e JOOUDOUODOUODL,D0 NODUODUODODOOLOO N200OODUOD,DO0DOOO
Karatsuba OO0 0000, 0000000 rPFTOO0OOOOOOOOOOD.DOOODO
goboooboog.

o IO, 00000O0DOODOOODLODOODN.

HN 6.4.2 00O kmul ksquare ktmull p.51, 6.4.1 00O umul umul_ff usquare
usquare_£ff utmul utmul_f££0 p.50.
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6.4.4 utrunc, udecomp, ureverse

utrunc(p,d)
udecomp(p,d)
ureverse (p)
= 000000000

return 00000000000000000000
p 0ooooQ
d oooo

e pODOD xO0OD. 0000 p=pl+x-(d+)p2 (p1 00DO dOD)0O00O0OD.
utrunc() O pl 000, udecomp() O [pl,p2] 0O O.

e p000D0 e0D0,i0000D0 plij]0000, ureverse() O ple]+ple-1l]x+... OO 0.
[132] utrunc((x+1)~10,5);
252%xx"5+210%x"4+120%x"3+45%xx " 2+10*x+1
[133] udecomp((x+1)~10,5);
[252%x"5+210%x"4+120%x " 3+45*%x " 2+10%x+1 ,x"4+10*x " 3+45%x"2+120*x+210]
[134] ureverse(3*x~3+x"2+2%x) ;
2%x"2+x+3

g 6.4.6 0 U udiv urem urembymul urembymul_precomp ugcdll p.53.

6.4.5 uinv_as_power_series, ureverse_inv_as_power_series

uinv_as_power_series(p,d)
ureverse_inv_as_power_series(p,d)
» 0000000000, 0000

return gooooo
p goOooon
d gooo

e uinv_as_power_series(p,d) U, 0000 000O0O0O0OO pO00,pr-1 00000
0Od+1 00000000 00 d00000 rO000n0.

e ureverse_inv_as_power_series(p,d) O p OOOBDO e QO oOGOOoOAO,
pl=ureverse(p,e) 0000 uinv_as_power_series(pl,d) 00O00O0.

e rembymul_precomp() DO OO00OOOOOOO, ureverse_inv_as_power_series() O
O0000000o0o0O00oooon.
[123] A=(x+1)"5;
X"5+5*%x74+10%x"3+10%x " 2+5*%xx+1
[124] uinv_as_power_series(A,5);
-126%x"5+70%x"4-35*%x"3+15%x"2-5%x+1
[126] AxR;
-126%x~10-560%x"9-945%x"8-720*x"7-210*x"6+1
[127] A=x"10+x"9;
x~10+x79
[128] R=ureverse_inv_as_power_series(A,5);
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-X"5+x74-x"3+x"2-x+1
[129] ureverse(A)*R;
-x"6+1

ud 6.4.4 00 utrunc udecomp ureversell p.52, 6.4.6 0 U udiv urem urembymul
urembymul _precomp ugcdl p.53.

6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)

urem(pl,p2)

urembymul (p1,p2)
urembymul_precomp (pl,p2,inv)

ugcd(pl,p2)
s ooooobooog, GCb

return gooooo

plp2inv 00OOOOC

e JO00UDOOO pl, p2000, udiv 00O, urem, urembymul OO0, uged O GCD OO
0.0000,000000000000000000000000. urembymul 0O, p2
00000000, p2000000000000000,00 20000000000,
00o0oooooooooon.

e urembymul_precomp U, U0 UOUOUUOOOOOOOOO0OOODOOOOOOOOLOOOO
O000. 0 3000,00000 ureverse_inv_as_power_series() U0 OODOO
oogd.

[177] setmod_£f£f(27160-47);
1461501637330902918203684832716283019655932542929
[178] A=randpoly_ff(200,x)$

[179] B=randpoly_ff(101,x)$

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul(A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

[184] R=ureverse_inv_as_power_series(B,101)$
0.04sec + gc : 0.03sec(0.063sec)

[185] urembymul_precomp(A,B,R)$
0.03sec(0.02501sec)

RN 6.4.5 0 Juinv_as_power_series ureverse_inv_as_power_seriesl] p.52

6.5 DDOOUOOOO
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6.5.1 car, cdr, cons, append, reverse, length

car(list) ' 0000 LstOOOODO.
cdr(list) 0000 LstO0O0O0ODO0OOOOOOODOOO.

cons (obj, list)

2 list 0000 objOODODOODODO.

append (list1, list2)

< listl O list200000 10000000.

reverse (list)

slist 0O00O00oOoooo.

length (list)
s list OO0,

return car() : U0, cdr(), cons(), append(), reverse() : U IO, length() : U
00

list list1 list2
ooo

obj 00

0000 [objlobj2..] 00000. objl 00D0O0O0D0OD.

car(O 0,0000 st UODOOOOOOD. ODO0OO0ODOOOODOOODO,0D000
oooboo.

cdr() 00,0000 st OO0ODOOOODOOODOOOODOODO. DODOODOOO
gobodb,ogboooogab.

cons() U, st 0000 objUOODODOODODODODO.

append() O, Ilist]1 0000 List20000000000000000 [Lst1 DO0OOO
O,ist2000000]00000.

reverse() O, list 000 ODOODOODODOODO.

lengthO) O, st UOOOO0O0OO0. DOOOOOOOODOODODOO, size() OO
oo.

gboboobooobog,boobboobooaboo.

U000 n0000000D000D,cdrO 0 n0OOO0D00OD car(O ODOODOODOO
oooobooobobo,bgbobo0o,0oob,00oboooobobo,boboobog [ad
gobooboboooboooboboobooooobo. oobo,oobobooooboo,oooo
ubobd nbOoobbog,bboobogbboobooaboan.

cddrO U0DD0O0DO0O0ODOOD0ODOO,append) O, 00000 10000000O00ODOO
00 cons() UO00O0OOOOOOO,0 10000000000 DOOODOODODODODOO
O000000000. reverse() DOOOOOOOOO.

[0] L = [[1,2,3],4,[5,611;

[[1,2,3],4,[5,6]]

[1] car(L);

[1,2,3]

[2] cdr(L);
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[4,[5,6]]

[3] cons(x*y,L);
[y*x,[1,2,3],4,[5,6]]
[4] append([a,b,c],[d]);
[a,b,c,d]

[56] reverse([a,b,c,d]);
[d,c,b,al

[6] length(L);

3

[7] L[2][0];

5

6.6 0

6.6.1 newvect

newvect (lenl[, list])
200 lenO0000O0O0OOOO.

return gooo
len goo
list goo

e 00 lenDOO0D0OOOOODODO. D 20000000,00000D000DOODO. O
20000000,00000D00DO0OOOODOO,0DbO0OOODODLOOOOODOn.
gobo,0booboobo,obboob ooobbOoo.

O0000oo0ooo,0000000 len-100000. (0 10000000OODOOOO.

)
goooooboo,oobboobobooobboobbooboboobboooboobon,
000000000000 000000000 displacement (00)000000000O0
gobodgbobooo,bodgb,oobooobuoobboobooobg.ogboo
go,bo0boobo,boboboboooobooboobobobobobob,bobobo,
gobooboooboobooon.

Asir O0,00000,00000000000.0D000DOO00O0O0DOOODOOOD
gboobo,gbobobobobobobobon.

00000000 sizeO OOOOOOODO.

goboooboobooboboboobo,bbobbob,oobobbobbobbo
gooboooog.

[0] A=newvect(5);

[o00O0OO0]

[1] A=newvect(5,[1,2,3,4,[5,61]1);
[ 1234 [5,6] 1]

[2] A[O];

1

[3] A[4];

[5,6]
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[4] size(A);

[5]

[5] def afo(V) { V[0O] = x; }
[6] afo(A)$

[7] A;

[ x 234 [5,6] 1]
oo 6.6.4 0 O newmatO p.57, 6.6.5 0 O sizel p.58, 6.6.2 0 O vtoll p.56.
6.6.2 vtol
vtol (vect)

2 000000000 oooo.
return oood
vect gooao
e 00 nOODOOO vect O [vect[O],...,vect[n-111 OOOOOOOOOO.

e J000OOOO0ODOOOOO newvect() OODO.
[3] A=newvect(3,[1,2,3]);
[123]
[4] vtol(A);
[1,2,3]

oo 6.6.1 0 O newvectl p.55.
6.6.3 newbytearray

newbytearray (len, [listorstring])
00 len O bytearray D OO ODO.

return byte array
len ooo
listorstring

o0ooo0oooon

e newvect 000 OO0 byte array 00 OO O. similar to that of newvect.
e J0O0O0O0OOODODOOOOOODOOOOO.
e bytearray 000000 DOOOOOODODOOODO.

[182] A=newbytearray(3);

[00 00 00|

[183] A=newbytearray(3,[1,2,3]);

[01 02 03|

[184] A=newbytearray(3,"abc");

|61 62 63|

[185] A[0];

97

[186]1 A[1]1=123;

123

[187] A;

|61 7b 63|
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oo 6.6.1 0 O newvectO p.55.
6.6.4 newmat

newmat (row,col [,[[a,b,...]1,[c,d,...]1,...1])
crowd col0OO0O0OOODOODO.

return o
row col goao
abcd oo

e row J colUDUODOODOOD. O 3000000DO,0Db0D0 ocbO0bODbDODn. O
30000000,00000000000D0OO0,000,0000000 (DODOOO
000000)000000000. 0000,000000000,000000 00
goooag.

e JOODODOO size(®) ODOODOO.

e MOUODOOOO,MIIODOO I0OOOO0DOOODOOOOOODOOD.DOOD
gobo,bo0obobgobgooooooboo,oooo0bobobooboobo,boob0o0on
gobooboooooooog.

e OO ODOOODOODOODLO,DOODLOODL,DDbDbODDbOODDODbDDbDODLO

gooo.

(0] A = newmat(3,3,[[1,1,1],[x,y],[x"2]11);
[111]
[xyo0]

[ x°2 00 ]
[1] det(A);
-y*x”2

[2] size(A);
[3,3]

[3] A[1];
[xyoO0]

(4] A[11[3];
getarray : Out of range
return to toplevel

gd 6.6.1 O O newvectU p.55, 6.6.5 0 U sizel p.58, 6.6.6 U U det invmatl p.58.

6.6.5 size

size (vect|mat)
2 lveet 0001000 [matOd00 ,mat 0007,

return oood
vect gooao
mat o

e vect U, mat DO 0ODOOOOOOODOOO.
e /ist DOODODO length(OO,0000000O0O00O00O0O nmono() OOODO.
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[0] A = newvect(4);

[ 00O0O0]1]

[1] size(A);

[4]

[2] B = newmat(2,3,[[1,2,3],[4,5,6]1]1);
[123]

[456]

[3] size(B);

[2,3]

RN 6.5.1 0 0 car cdr cons append reverse lengthll p.54, 6.3.6 U [J nmono[] p.40.
6.6.6 det,invmat

det (mat[,mod])
cmatd0oO0oO0Q0gono.

invmat (mat)
cmat 0 O0gooQooOono.

return det: O, invmat: O OO
mat ad
mod RN

e det U0 mat DO ODOO0DOO. invmat U000 mat JO00DO00O0O0O. ODOOO
(oo,00jobobob,bgboob,0co/b0 ooboooog.

e [0 modDDDD,GF(mod)DDDDDDDDDD.
e JII0I0O0O0OUODUDDDOUOOOIOUOL, 0000 UOUOUOUOOOODODODODODODOO
gooooogpooogooboooouobouooooo.
[91] A=newmat(5,5)$
[92] v=[x,y,z,u,v];
[x,y,z,u,v]
[93] for(I=0;I<5;I++)for(J=0,B=A[I],W=V[I];J<5;J++)B[J]=W"J;

[94] A;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22z3z"4]
[1uu2u3u4]
[1vv2v3vid]
[95] fctr(det(A));

([1,1], u-v,1], [-2z+v,1], [-z+u,1], [-y+u,1], [y-v,1], [-y+z,1], [-x+u,1],
[-x+z,1], [-x+v,1], [-x+y,1]]

[96] A = newmat(3,3)$

[97] for(I=0;I<3;I++)for(J=0,B=A[I],W=V[I];J<3;J++)B[J]=W"J;

[98] A;

[ 1 xx2]1]

[1yy2]

[1z2z2]

[99] invmat(A);
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[[ —zxy 2+z" 2%y z*x"2-z2"2%x -—y*x"2+y~2xx ]

[ y72-272 -x"2+2z"2 x72-y"2 ]

[ -y+z x-z -x+y 1, (-y+2)*x"2+(y~2-2"2) xx-2z*y " 2+2"2%y]
[100] A*B[0];

[ (~y+2)*x"2+(y"2-2"2) *x-2*y~2+2" 2%y 0 0 ]

[ 0 (-y+2)*x"2+(y~2-2"2) *x-z*y " 2+z"2*y 0 ]

[ 00 (-y+z)*x"2+(y~2-2"2) *x-2*y"2+2" 2%y ]
[101] map(red,A*B[0]/B[1]);
[100]
[010]
[LO0O01]
oo 6.6.4 00 O newmat[ p.57.
6.6.7 gsort

gsort (array [, func])
200000 array OO0 OG0 Q.

return array (000D00;000000000)
array ogoogog

func ooood
e IODODOODO quicksort OO OOMO.

o IO UOOOOODLUODLOODLO,Ob0bObOObLObLOObLObLObLbOObObOn0On
gbobobobon.

e (0,1,-1000 200000 func0O0O0ODOOOODO, func(A,B)=1 0000 A<BO
gbo,00boboooooobooooooooo.

e JOUODOOLOODOOLO,0DbODODODODODODO.

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-1 01234667291

[1] def rev(A,B) { return A>B?-1:(A<B?71:0); }

[2] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-1]),rev);
[976643210-11]

ud 6.3.7 0 O ordd p.41, 6.3.2 0 U varsU p.39.

6.7 00O

6.7.1 newstruct
newstruct (name)

00000 nameOOQOQOQOQOQOOO.
return gog

name goo
e OO name OO OOOOOOOODO.
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e IIDDO,name 00 00O0ODOOOODOOODLOODLDDOODODO.

e 0ODOODOODOO ObUODLDOODOODLO.ODDLDODODDOODO,DDO
> Q0000o0ogooboooooon.

[0] struct 1list {h,t};

0

[1] A=newstruct(list);
{0,0}

[2] A->t = newstruct(list);
{0,0}

[3] 4;

{0,{0,0}}

[4] A->h = 1;

1

[6] A->t->h
2

[6] A->t->t
3

(71 A;
{1,{2,3}}

ud 6.7.200 arfregll p.60,4.2900000000Op.21

]
N

1]
w

6.7.2 arfreg

arfreg(name, add,sub, mul, div, pwr, chsgn, comp)
s 0000000000000 o0oo.

return 1

name oogd

add sub mul div pwr chsgn comp
ooooooo

e name OO0 DOO0ODOODODOOODOODODO.
o DD ODODOODLOODDOOODOO.

add(A,B) A+B
sub(A,B) A-B
mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A

comp(A,B)
1,0,-1 according to the result of a comparison between A and B.

% cat test
struct a {id,body}$
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def add(A,B)

{

¥

C = newstruct(a);
C->id = A->id; C->body
return C;

def sub(A,B)

{

}

C = newstruct(a);
C->id = A->id; C->body
return C;

def mul(A,B)

{

}

C = newstruct(a);
C->id = A->id; C->body
return C;

def div(A,B)

{

}

C = newstruct(a);
C->id = A->id; C->body
return C;

def pwr(A,B)

{

by

C = newstruct(a);
C->id = A->id; C->body
return C;

def chsgn(A)

{

¥

C = newstruct(a);
C->id = A->id; C->body
return C;

def comp(A,B)

{

if ( A->body > B->body )
return 1;

A->body+B->body;

A->body-B->body;

A->body*B->body;

A->body/B->body;

A->body~B;

—-A->body;

else if ( A->body < B->body )

return -1;
else

61
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oo

return O;

}

arfreg("a",add,sub,mul,div,pwr,chsgn,comp)$
end$

% asir

This is Risa/Asir, Version 20000908.
Copyright (C) FUJITSU LABORATORIES LIMITED.
1994-2000. All rights reserved.

[0] load("./test")$

[11] A=newstruct(a);

{0,0}

[12] B=newstruct(a);

{0,0}

[13] A->body
3

[14] B->body
4

[15] AxB;
{0,12%}

3;

4;

6.7.1 0 OnewstructU p.60, 4290000000 0p.21

6.8 UUUOO4UU

6.8.1 type
type(obj) = obj0 O (ODO)DOOO.
return RN
obj oo
e objd DOODDOODODO.
0 0
1 0
2 000 (0OO0D)
3 000 (Dooooo)
4 ooOo
5 oo
6 oo
7 oon
8 ooOo
9 goooooo

2bit 000000

—
o

62



oed OO0OOOOO

11 ooooooogon
12 GF(2)0DOoOoO
13 MATHCAP OOOODOO
14 gopoogooo
-1 VOoID ODOOo0oOoO
e JOUDOUDLOOUDO,ntype OO . UODODUODODODOO, veype DODOO.
gd 6.8.2 0 Ontypel p.63, 6.8.3 U 0 vtypell p.64.
6.8.2 ntype
ntype (num)

cnum (D)0 0 (00)000.

return ggdd
obj O
e JIODOOODOODO.
0 ooo
1 ooooooo
2 goood
3 00000000 (bigfloat)
4 goo
5 gooond
6 oopooooo
7 oo 2000000

e newalg(x"2+1) 0O 0ODOODOO,0000 ei0,00000D000D00DODO.
e JODODOOOO,0YDODODODDOOOOOOOOP.129000.
(0] [10/37,ntype(10/37)]1;

[10/37,0]

[1] [10.0/37.0,ntype(10.0/37.0)];

[0.27027,1]

[2] [newalg(x~2+1)+1,ntype(newalg(x~2+1)+1)];
[(#0+1),2]

[3] [eval(sin(@pi/6)) ,ntype(eval(sin(@pi/6)))];
[0.49999999999999999991 , 3]

[4] [@i+1,ntype(@i+1)];

[(1+1%@i) ,4]

HEN 6.8.1 0 O typel p.63.
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goooogd

6.8.3 vtype

vtype (var)

cvar (000)0 0 (00)000

return o0

var

goo

e var (U0 )0U000DOO0ODODO. 00D 3300000000p.14000.

0
1
2
3

00000 (a,b,x,afo,bfo,....etc)
uwc() DO0OO0OOOO0O (L0, _1, _2, ... ete)
0000 (sin(x), log(a+l), acosh(1), @pi, @e, ... etc)

000 (0000000,00000000,00000 : sin, log, ...

64

ete)

e 2a(); 0D (D0UD0OUD)00DUDO ntype(a) 0 3000.0000 a000O
gooboobooobooon.

e Cpi,Ce 00D OOOOOOODODO,evalO),pari() DOOOOOOOOOOOO.

HEN

6.9

6.8.1 0 O typel p.63, 6.8.2 1 U ntypel p.63, 6.3.3 U U ucl p.39.

goboooogd

6.9.1 functor, args, funargs

functor (func)

cfunc O0O0O0000D00OO.

args (func)

s fune OOODOOOOOCOODO.
funargs (func)

it cons (functor (func) ,args (func)) OO O.
return functor() : 000, args(), funargs() : OO0
func gooboobooooo

e 00DDOOODOO, vtypeO) OO D,
e 000D func0000,0000000000.

e U0,00000C0DODOODOOODOOUULDDOD FOOODO (xF)(x)0x000O
gbobobooboboooooooooooo.

[0] functor(sin(x));

sin

[0] args(sin(x));

[x]

[0] funargs(sin(3*cos(y)));

[sin,3*cos(y)]

[1] for (L=[sin,cos,tan];L!=[];L=cdr(L)) {A=car(L);
print (eval ((*A) (@pi/3)));}
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0.86602540349122136831
0.5000000002
1.7320508058

oo 6.8.3 0 U vtypel p.64.

6.10 U0 oooogda

6.10.1 rtostr

rtostr(obj)
sobj000O0OOODO.

return oo

obj oad

e JOUODUDODLO obhjOODOIDODO.

o OO DOOODLDDDOOOODLDDOOOUOOUODLDLDDOOO,000bbObOOoOObDOO
gbobodgboooood.

e I, 000D0DO0OD0DOODLDOODODO, strtov DO OO.

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+l|1|l ;

afol

RN 6.10.2 0 U strtovl p.66, 6.8.1 U U typel p.63.

6.10.2 strtov

strtov(str)

cstr (000)0000000OO.
return goao
str O0o00o0oooooooooo

e DD OODOODDOODOODOOODO.

o DD OODOOODLOODDOO,0D0DbOOO0DOO,0O0,0000000 _O00O0O
goboooboog.
rtostr() U0 OO0, 0000000000 00DOOOOO0O0ODOOOOOOD.

[0] A="afo";
afo
[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)]1);}
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[af00,2]
[afo1l,2]
[afo2,2]

gd 6.10.1 0 O rtostrl p.65, 6.8.1 0 U typel p.63, 6.3.3 U U ucl p.39.

6.10.3 eval_str

eval_str(str)
cstr (000)0D0000.

return goOooon

str Asir 0 parser O OOODOOOO
e Asir 0 parser 0000000000000 0ODOOODOO.
e 0IDDOODO,0D0D0O0OO0ODOO.
e DDODOD rtostr() OO OODDO.

[0] eval_str("1+2");

3

[1] fctr(eval_str(rtostr((x+y)~10)));
[[1,1], [x+y,10]]

ud 6.10.1 0 O rtostrl p.65

6.10.4 strtoascii, asciitostr

strtoascii(str)
s 000000o0oooooooa.

asciitostr (list)
2 000000000000 00oOooon.

return strtoascii():0 00 ; asciitostr():0 00
str ggdod

list 100 2600000000 O0O0O0O

e strtoascii() 0O 0O0O0O0OOOOUOOOOOODO. OO0O0OoOOoUoUoooOooUoooo
goo.

e asciitostr() O asciitostr() DOOOODODO.

[0] strtoascii("abcxyz");
[97,98,99,120,121,122]

[1] asciitostr(@);

abcxyz

[2] asciitostr([256]);

asciitostr : argument out of range
return to toplevel
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6.10.5 str_len, str_chr, sub_str

str_len(str)
s 0o00oooooao.

str_chr (str,start,c)
»0000000oooooon.

sub_str(str,start, end)
2 0000000a0.

return str_len(), str_chr():00; sub_str():0 0O
str c oon

start end 0000
e str_len() DOOOOOOOOO.

e str_chrO O str0 start 000000000 OOOOODOCO cODOOODOOODO
gobooob. boboobo ooobOobo. boobobboboobobobon 10
go.

e sub_str() O,str 0 start OO0 end DOO0OOOO0O0OOODOOODOOO.

[185] Line="123 456 (x+y)“3“;

123 456 (x+y)"3

[186] Spl = str_chr(Line,0," ");

3

[187] DO = eval_str(sub_str(Line,0,Sp1-1));

123

[188] Sp2 = str_chr(Line,Spl+1," ");

7

[189] D1 = eval_str(sub_str(Line,Spl+1,8p2-1));
456

[190] C = eval_str(sub_str(Line,Sp2+1,str_len(Line)-1));
X" 3+3%y*x"2+3%y " 2%x+y”3

6.11 00O

6.11.1 end, quit

end, quit
s goooboooboobobooboooo.gboboooooooboobobooon
gopoooog.

e end, quit 000000000000, O’00000000O00000.0000A0
googoooobobobooboo. bog,0oobobbobooboobobooboobo
gooooogd.

e DODOODO,bO00D0DOUOODODOUOO,DOO0ODLDOODLOOODLDO,0DO
ooobooobooboooooobOo, bbb b0obg,00b0ob0b00bOd ends
goobooooon.
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[6] quit;

b
o0 6.11.2 0 0 loadU p.68.
6.11.2 load

load ("filename")
:: filename OO0 0O0O.

return (110)

filename 00000 (0DOO)

e J0IDODOODODOD,040000000 AsirOp.l600. O0DODOODOODO
0000000, cpp0000D0,COOODOODOONO #include, #define 000 OD0
goog.

e DD OODOODDOOODOO1IDOO,bOODDOODbDO OO,

e JIDDOO VDOUOD0DOODDOO,‘ODhO0ODODOODDOODDOOODOO
00000000 bU00U0. OobU00OU0bo,0b0O0 ASIRLOADPATHOOODODOOO
goobodbobooobuooobogoobo.ooboobboobodgobooboag,
0000000000000 (00000000 ASIR.LIBDIROOOOOODOOOOO
O0D)00000D0. Windows 000O0O, ASIR_LIBDIROOO0000000O0OOO,
get_rootdir()/lib 0000 0OO.

e J00IOODODOODOO,end$ 0000 load) DOOODOOODOOODOODO,DODO
0ooooooooo. 000, 00000000 bUobb00bOUObU0bOOn end$ O
000000000000, (end; DUO0OOOU,end0000 000O00UOOOUDO, end$
oooooo.)

e Windows OODOOODOOOODOOODOOOO rooon.

o0 6.11.1 0 0 end quitO p.68, 6.11.3 0 O which{ p.69, 6.12.14 0 0 get_rootdir
p-80.

6.11.3 which

which("filename")
00 filename 000, load() OOOOOODODOODO.

return oogd

filename 00000 (0DO0O)O0OOO

e load) ODOOOOOOOOOOOOOOOODDOOO,0O0O0O0O0OOODOOCOCODO
ooooooooo,0000o0oobcobo o0o0ao.
e J0ODODOODOOOOO load) ODODO.
e Windows DOOOOOOODOOOOOOOOO v,/70000.
[0] which("gr");
./gb/gr
[1] which("/usr/local/lib/gr");
0
[2] which("/usr/local/lib/asir/gr");
/usr/local/lib/asir/gr
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RN

6.11.2 0 0 loadU p.68.

6.11.4 output

output (["filename"])

»0D000000 flenameOOODOOODOOOODOO.

return 1

filename ooooo
e Asir 0000000 DODO,000000000DO0DOO0O0. OO0,000000000,

oo

gboboboboboboboboobo,bobobg.

69

O00O0OO000O00000DOD0O0OD, 00 output(“filename") OOOOO. 0,000

0000000000 O00DO0ODOOO,00000 output() DO DOOO.

O0DO0o0DO0O0 filename OOO000O0O0O, 000000000000 0ODOO,000

gobooboo,0oboobbooboo,boobobooobo.

goooooobog " ogobooobooboooboooboobo,oobob,ooboooooo

gobooboobobogo,boobboobooaobboon.

oo0oobobooooobooobobobooboOoDbOon, ctri(techo",1) DODOODODO

goboobooboooooooog.

goboodobo,oobooobobooboooboboobooboboobooonooboa.

O0000,0000 (vtypeO OO0)OO0OOOOOOODODOODOOODOOODOO, bload(),

bsave() DO OO0, 00,0000000000.
Windows OO0 O DOOO0OODOODOODODOODOO //70000.

[83] output("afo");
fectr(x™2-y~2);
print("afo");
output () ;

1

[87] quit;

% cat afo

1

(84] [[1,1], [x+y,1], [x-y,1]]
[85] afo

0

[86]

6.12.1 0 0 ctrld p.73, 6.11.5 0 O bsave bloadll p.70.

6.11.5 bsave, bload

bsave (obj, "filename")

= filename O obj 00000000 O0DODO.

bload("filename")

w filename 00 000000O0O0O00O00O0ODOO.

return bsave() : 1, bload() : OO ODODOOO
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obj gobo,0bo0booobooboo

filename ooOooo

e bsave() DU DDOUODODOODOOODOODOODOOLODOODODO. bload() O,
bsave() DUODOUODOO0O0OOOOOODOODODODODODOO. OODOODOoOoOoooOoD
000000000,0000,0000 (veype(O) O0)00000O0O0DO,00000
gobodgboooboobooobooobood.

e output() U0 DOOOO0OOO,0000000000000DOO0O,bsave() OOODO
U000 pvleadO DODOOO,000000D00ODOODOOD,DOO0,000D000O0
go.

o JOUOOOO,000ODODODODOODODDODODODDUIOOOOOODOOOO,00Ugooo,
gooooooooooooooooooooooon.
e Windows OOOODOOOODOOOOOOODO <,o00o0o0.
[0] A=(x+y+z+u+v+w) "20$
[1] bsave(A,"afo");
1
[2] B = bload("afo")$
[3] A == B;
1
[4] X=(x+y)"2;
X" 2+2xykx+y”2
[5] bsave(X,"afo")$
[6] quit;
% asir
[0] ord([y,x]1)$
[1] bload("afo");
Y2+ 2%xky+x"2

oo 6.11.4 0 0 outputd p.69.
6.11.6 bload27
bload27 ("filename")
2 0000000 bsave file 00 OO0

return goooooo

filename ooooo

e OO0, 00DOOO,1000 2rbit00000OO0OD,0D000 1000 32 bit
gboogbD. 000b,000 vsave UOOOOOO0OO0OOOOODODODOOO
gobD.0dbboo0bO00bbo0o0oDbOdl vlead27r DO ODO.

e Windows 00 O0DDOO0ODOOODODOODDOO ¢, oo0OA.
aad 6.11.5 0 0 bsave bloadll p.70.

6.11.7 print

print(obj [,nl])
. obj00DDOD.
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return 0
obj aad
nl ooo (o)

e objOUIOODOODODO.

e 1 2000000,0000,200000,0000.02000 1000,0000,
gbobobooboobooobo,gobobobboboboobo.o 2000 2000,0
gobodboooboobooood.

e JOUDUODOLOOD OUOUDUODL, printO; UDUODOO,00DOD ODODODO.
printQO$ 0000, 000 0oO0O00OO0ODOO.
e 00O obj0l0D0IDODODODO objUbOdDODOODODO.
[8] def cat(L) { while (L !'= [1 ) { print(car(L),0); L = cdr(L);?}
print(“ " ; }
[9] cat([xyz,123,"gahaha"])$
xyz123gahaha

6.11.8 open_file, close_file, get_line, get_byte, put_byte, purge_
stdin

open_file("filename" [, "mode"])
» filename OO0 O0OD0O0O0O.

close_file(num)
U000 numO0O00O00OO0OOOOOODO.

get_line([num])
U000 numUooooooO 1000.

get_byte (num)
2000 numO0O00000O 100000.

put_byte (num,c)

000 numOO000O0O0O0 1000 cOOO.
purge_stdin()
purge_stdin()

s 0booboougoooaoon.

return open_file() : OO (DODO); close_file() : 1; get_line() : OO O; get_
byte(), put_byte() : OO

filename ooo0o0o (ooo)
mode oogd

num 0000 (000O0000)

e open_file() OOOOOODODOOOOO. mode OOOOOODOOOODODO, mode 00O
ooooooo,co0ooboobnb fopenO ODOODOOOOODOCOOO. OOOO
googooooboog w",0obbgobo a0 gboobo,bo0boooo
ooodoobob0.bobo0bob0obb0.0bob0obb0o0b0dn close_fileO
goooood.
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RN

get_line() D0 UO0O0ODOOUODOODOODODODO 1DO0OLO,0D00D00DODO.DODO
goog,b0ooobo 1000,

get_byte() DD UOODOO0O0ODOOODOOOODOO 1000DOODOOODO.
put_byte() DODOOO00O0OOOODOOODOOO 10000DO,0000D00000O

gog.

00000000000 0O0D0 get_1ine() JOOOOOO,000 0000.

obooooooobo,0b0b0obn sw_str() UOOOOOODOODOOOOOOOO
eval_str() DO OOODOOOOOOODO.

purge_stdin() 0, 0000000000000. 0000 get_line() DJOODOODO
gdooooooboooou, oo oooouoooooooooa
gopooogoooog.

[185]
0

[186]
12345

[187]
67890

[188]
0
[189]
0
[190]
1
[191]
1
[192]
12345

(193]
54
[194]
7890
[195]
[196]
[197]

[198]
123;
123;

[199]

Id = open_file("test");

get_line(Id);

get_line(Id);

get_line(Id);

type (QQ) ;
close_file(Id);
open_file("test");

get_line(1);

get_byte(1);

/* the ASCII code of ’6’ */
get_line(1);

/* the rest of the last line */
def test() { return get_line(); %}
def testl() { purge_stdin(); return get_line(); }
test();

/* a remaining newline character has been read */

/* returns immediately */
testl1();

/* input from a keyboard */

/* returned value */

6.10.3 0 0 eval_str[ p.66, 6.10.5 0 O str_len str_chr sub_strl p.67.
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6.12 OO

6.12.1 ctrl

ctrl("switch" [, o0bjl)
OO0

return
switch

obj

goboooood
googd

gooo
Asir 00 O0O0O0ooooOo,obooog.
switch OO0 OO0, 0000000000O0O0O0OO.
obj OO UODOUODOODOO,0000000OO.
gbobooboobbooooda. bboobooobooooboa.
ooooooDbOoOo.0obob,ond 1L,off0 OOODOO.

cputime

nez

echo

bigfloat

adj

verbose

hex

on00 CPUtime 000 GCtimeOOO,off 00 OOODODO. cputime()
O000. ctrl("cputime",onoff) O cputime(onoff) DO OOOO.

EzGCDOOOOOOOOOOO.O00ODOOOO1000,0000000
goooa.

on 0000000 OOODOOOOO,of0DO0OODOOOODOOO.
output O ODOOD0OO0OOO0OOOOOO.

on U0, 0000000000 bigloat J0UDO, 0000000 PARI
(6.1.1300parilp.35) 00 00O0O0O0O. O0OODDOOOOOOOO 9000
0.00000D000D00000 setprecOO ODOODO. of 00,0000
gobodbo,oobooobobooboon.

goooooboooobooboo.1gbooooooboobo.ooo
obob 3. 10000,0000000000D00000DOO0O0ODO
ooobooo. booboobooobobooboboo. 24b000b00DbO
obooboboobpbhOnOO.

onUU,00000000000000O00O00¢0O.

1000,000 0x0000 16000000000D00.-1000,1600
O,00 ‘rroobbogspoooouoooooogn.

fortran_output

ox_batch

ox_check

1000,0000000 FORTRANOOOODOO.OOOooog <o
0000 «+¥00000.(0o0000ooo o.)

1000,0000000000000000000000 flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p.82000.

1000,00000000000000DO0OOO0ODOOOODLDDO. o
000000. (0000000 1) 070000000p.82000.



oed OO0OOOOO 74

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap JO0OO0DOO.
(0000000 1) O70000000p.82000.

ud 6.12.6 00U cputime tstart tstopl p.76, 6.11.4 U0 outputl p.69, 6.1.13

0 0 paril p.35, 6.1.14 00O setprecd p.36, (undefined) eval devalll
p.(undefined).

6.12.2 debug

debug »gogoooooooon.
e debug O DOOODOOODODOO,)’ODOODOCOOODO.

e NOUIDODOODOOOOODOUDOD (@ebug) DOD,000DODOODOOOCOODO.
quit 00000000 0Oo0ooooo0.

e J0O0DODDOODOOOOOODOD OS000000O0ODOp25000.
[1] debug;
(debug) quit
0
(2]

6.12.3 error

error (message)
000000000000 00000000.

message ggdd

o DO, 000000000, 0000O0O0O0O0D0OO0OODODLDODLOODLOOOOOnO,DO
oooooooobo,00oboobooogoooobpoboboboDbDOboOg. error() O,
gobobobobobobobobobobobobobobobon.

e Ul00,errorO UL OO0ODOOODLODLOODLODLOODLOODLD,DODODO.

e O00U0O0ODOCOOO,DO00O00UOO,D00DDOOOOOD errorO OOOOODO
gobogboo,gbooboooboabooobodaon.

% cat mod3
def mod3(A) {
if ( type(A) >= 2 )
error("invalid argument");
else
return A % 3;
}
end$
% asir
[0] 1load("mod3");
1
[3] mod3(5);
2
[4] mod3(x);
invalid argument



06

oo

O oooood (0]

stopped in mod3 at line 3 in file "./mod3"

3 error("invalid argument");
(debug) print A
A =x

(debug) quit
return to toplevel

(4]
6.12.2 0 0 debugl p.74.

6.12.4 help

help(["function"])

s ggooaboooon.

return 0

function ooo

gobod,buoagbboobooob. boobooboboobbooboa,oboo
OO000o00DO0o0oboO relp 00o0ooooooboOoboOoOoOoDOObO,DO
OO PAGERUODDDOOOODOOO,0000 mre’ O0UOOODOOOOOODODOO
goo.

0000 LANG 0000000000,0000 "japan" 000 "ja_JPr 000000,
‘help’ 000 OO ‘help-jp 000D ODO0OOODOOOD. 0000000, ‘help-eg’
0000000000000,

Windows 000, 00000000 0OO0O0ODO0OO0OOCOOOODOOODOO,0D000O0
O HTMLOOOOOOO0DOO0oO0oOoooooooDo.

6.12.5 time
time () 2 00000000000000 chULDOODODO GCOooOooOooOo
return goao

cePUOOOOO GCOOOOOOOOOODOOOODOO.

GCoOOoOob,00poo0obooooobboOooboooobpobogog,cpugboo,O0on
OocePUODOO GCOUOODOODOOO,00bDbOOOD.

time() OOO0ODOO,00000000000000 CeUODO,GCOO,DODO000DO
gooogoboobooogoob,boboobobbooooboboboobooboobooboobo
Oo. 0000, ceudn (O),ccO0 (OH), 0000 @OOH, D000 (O)]10
obobobo.1oo0bo0obobo 40b0bD0D.

ooo00o0oOoD0,00D00 time() OO0, 00000000 CPUOO,GCOODOO
go.

gogbboboooboboooob,obbuoooobbuoooobbooobbobogao
gbobooooooooo.

ctrl() O cputime() ODUODO cputime OO UOD on DO OOOOOOOO, 0000
goboobooboooboob,0oooboobboobo.gob,0o0boboooboo
oO0,000000000000DO00O00DO,time() DO0DOODOOOOD.
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e getrusage() UU OO UNIXOUODO time() 0D O0OO0D0O0O0DOOOO, Windows 95,
NWooODoooooooooOodooooooDoOooooOooooDooooD. ooOo, o
doboooo,0bp00d0boooooooog.

[72] TO=time();
[2.390885,0.484358,46560,9.157768]

[73] G=hgr(katsura(4), [u4,u3,u2,ul,u0],2)$
[74] Ti=time();
[8.968048,7.705907,1514833,63.359717]

[(r5] ["cpu",Ti[0]-TO[O],"GC",T1[1]-TO[1]1];
[CPU,6.577163,GC,7.221549]

RN 6.12.6 U O cputime tstart tstopl p.76.
6.12.6 cputime, tstart, tstop

cputime (onoff)
20000000 cputime 0O O00O0OO0O. O0O0D0ODOOOODODO.

tstart() :: CPUtime DO OO.

tstop() = CPUtime DOODOOODOOO.
return 0
onoff ooo (oo)

e cputime() 0,000 0000 CPUtme OO0ODOD0OO. O0DODOOODOODOODO.
e tsart 1O ODOO,*O)’O000O0,CPUtme 000ODOONO.

e tstop0OOODO, ()’IOO,CPUtme 00000, 0000000.

e cputime(onoff) 0 ctrl("cputime",onoff) OO0 DO DOODO.

e tstart, tstop U, 000 UO0OO0OOOOOOOOOOOOOOOO, 00000000
ooooooD,time(Q OOO0ODOOOOOODOO.

e cputime() OO0 on,of 0,00000 on, of 000,0000000000000
0000000000000.000,0000000000,00000000000
000 cputime(1) 0000000000000 OO0OO.

[49] tstart$

[50] fctr(x~10-y~10);

[[1,1], [x+y,1], [x"4-y*x"3+y~2*x"2-y " 3*x+y~4,1], [x-y,1],
[x"4+y*x"3+y~2xx"2+y " 3*x+y~4,1]]

[51] tstop$

80msec + gc : 40msec

oo 6.12.5 0 0 timel p.76, 6.12.1 0 O ctrl0 p.73.

6.12.7 timer

timer (interval, expr, val)
»000o0o00oooooooon.

return o
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interval oooo (O)
expr ooogao

val goboobooobooon

e timer() 0, 0000000000D0DOOO. DOOODDOOOOODODODOOODODOO
0o0O.000000b00ooopooooo,0 300000,
e 1 300000,00000000000ODOOODOOODOOO.
[0] load("cyclic");
1
[10] timer(10,dp_gr_main(cyclic(7),[c0,cl,c2,c3,c4,c5,c6],1,1,0),0);
interval timer expired (VTALRM)
0
[11]

6.12.8 heap

heap() 0000000000000, (Do:000)

return goao

e J0IUUDOODUD (UL :00U)000. OOUDLDO,Asr 0000DOOOOO,
gobobobooobboooobooboooobo,bboooobbooooboboo
gbo.0boobooooobog,obooboboobooboboob,oobobooobooo
oooooooobooo,oStboboboooobbooooooooDoboOoobDooOoooo
gobogooab.

e J0IDODOODOODODO,DO0D0O0 -aqjODOO0OD0ODODO,GCOODOODODOD
goooooao.
% asir -adj 16
[0] load("fctrdata")$
0
[97] cputime(1)$
Omsec
[98] heap();
524288
Omsec
[99] fctr(Wang[8])$
3.190sec + gc : 3.420sec
[100] heap();
1118208
Omsec
[101] quit;
% asir
[0] load("fctrdata")$
0
[97] cputime(1)$
Omsec
[98] heap();
827392
Omsec
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[99] fctr(Wang[8])$
3.000sec + gc : 1.180sec
[100] heap();

1626112

Omsec

[101] quit;

RN 24000000000000000p.5.

6.12.9 version
version()
cAsir OO0 QOQ0QOQoooQo.

return goo
e Asir 00O 0O0OOOOOOOODO.

[0] version();
991214

6.12.10 shell

shell (command)

ccommand OO0 O00O00O00O0O0O0OOOOOO.

return oogd

command 000

78

e command O CO system() OO0O0O0OOO0DOOOOOOOOOODO.OODOODO

gogooaooobon.
[0] shell("1s");

alg da katsura
algt defs.h kimura
alpi edet kimura3
asir.o fee mfee
asir_symtab gr mksym
base gr.h mp
bgk help msubst
chou hom P
const ifplot proot
cyclic is r
0
(1]

6.12.11 map

map (function, arg0,argl, . . .)

2 0gb0,00b00oooooboooo.

return arg0 U0 DOOO0ODOOODOOO
function 000

ralg
ratint
robot
sasa
shira
snfl
solve
sp
strum
sugar

suit

test
texput.log
wang
wang_data
wt
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arg0 000,0000,00

argl .. 00 (0D00OOO)

e arg0) JO0OO0OODOODOODO, argl OOOOOOOOOOODOO function OO0OO0O,
arg0 U0 0DO0O0O0O0ODOOOOOOODOOOOOOODOOODOODbOOOObOOODnDOg
gooo.

e function 0, 00000000DOOOOOCOODOO.
e function 00 O0O0OOODODOOOOO.

e arg0 J000,0000,0000000,00 arg0, argl, ... 000000 function O
DOoooooooooo.

[82] def afo(X) { return X°3; }
[83] map(afo,[1,2,3]);
[1,8,27]

6.12.12 flist

flist () s ggbooobobooboooboboobooboboon.

return goooooo
e JO0O0ODOO0O0O0OOOOOOO,ODODODOOO0O0O0OOOOODODODDOOODODOOOO.
e JI0OODOOOOOOOOOLOOOODOO.

[771 flist(Q);
[defpoly,newalg,mainalg,algtorat,rattoalg,getalg,alg,algv,...]

6.12.13 delete_history

delete_history([index])
»D0D000000DOO.

return 0

index gobooboooobooo
e JOUODOOLO,0DbO0DODODODODODODODO.
o LIODODOODO,00Db0O0DLOOODDOODO.

e OOODOOODL,0DbObODOODOODOODOODOODOODLDOODOO, DO
U000 enumber D0 ODOOOOODOODOO. DODOLO,bD0Db0D00ODLDODOOOO
goboooboooobooobooooog.

O0o0oo0ooobooooooooooo, 0000000 ooooooooooon,
bsave() DO 0O0OODOODOODOODOO, delete_history) DUODODOODOOOOODO
ogooooooon.

[0] (x+y+z)~100%

[1] @O0;

[2] delete_history(0);
[3] @O0;
0
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6.12.14 get_rootdir

get_rootdir()
s Asir O0O00O0O0O0ODDOOCODOOOO
return uod

e UNIXOODOO,ODODOO ASIR_LIBDIROOOODOOOODOOODOOOO,DOO000O0O0
00000 ‘/usr/local/lib/asir’ 00O0O.

e Windows 00 00O, ‘asirgui.exe’ 000000000 (pin’ OOO0ODO0OOOOOO
0)ooooooooooooo.

o IOJUOODOOOODLDOOOODDODOOOUODLDDODOOOODDLDOOOODDODO,DDOO
gobooboobboobooobbooobuooboobbooboobobog.

6.12.15 getopt

getopt ([key])
»gogooooooon.
return gooooo

e 0OUO0ODODL,0Db0O0ODbOODUODDLODLOO.DOODDLODODODLOODODO
00000000000,0000000000000000 (421200000000
O0p.2300). 0000000000 UOOOODOOOODODOODDOOODODOOOOO.

e JOUODUODOODLDODO, getopt() U [[keyl,valuell, [key2,value2],...] OO
O00000.000,kxey 0000000000000 0O00ODOOO0O, valueOOOO
ooo.

e JIOOUDUDLD keyODOUOUOODODOOLDODODOUODOODO,0O0DOOD. O
o0ooooooooOo,volbOOOOoOoOO0 (0000 -1)000d. getopt() OO0
OoooD typeO OOODOOOO,000000000D00000D0O00O0O00O0DOO
goo.

e 100DOO0DOOODDOODODOOODOO,DO00DDOOO0DOODO,
xxx(A,B,C,D|x=X,y=Y,z=27)
oooog,rrogo, key=valued *,’00000000O0O0DODODODOO.

HEN 42120000000000p.23,6.8.100 typel p.63.

6.12.16 getenv

getenv(name)
»000ooooog.

return
name goao
e OO0 name OO OOO.

[0] getenv("HOME");
/home/pcrf/noro
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[AEEREERRE

7.1 OpenXM

Asir 0, 000000000000000000O, OpenXM (Open message eXchange
for Mathematics) DO OO00O0O0O0OOOO. OpenXM O O00OOO0OOOODOODO,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ O OO0DODOO0ODO.

OpenXM UOUOOODOO,0000000D0COC0D0O0O00DOOOODLODOOOODOO
oodno. OpenXM OO0OOO

1. cient 0 server D OOO0O0OO0OOO0DOOODOOODODOOODO.
2. server OO0 OOOODO.

3. client 0 server 00000000 OOODODOOO.

4. server O DOO0OO, client OO OOODOO

O0O000000DOo0O0DD.sercver DOOOO0ODOOOODOO. 0000, client OO0
gooobooooboboob,0bgboibb sercver O 0O0O0ODOOOO, 00000000
gobo,0b0bo0oboobbooboobboob,o0oboobobooooban.

OpenXM O00O0OO0OO0O0OOODOO,0000000 server DOOODOOOOOOODOO,
cient 0 O00O00O0OO0DOO,0000000000000DOODOOO.

0000000,00000000000000000000 CMO (Common Mathe-
matical Object format), 00 0000000000000 SM (Stack Machine command)
00o00.0000,00000000,00000000000000 OX expression [
gogoooaooon.

OpenXM O OOOOOOOOOOODODO,O0O0,server 000000, 000000003
ooooDb. ObOoO, ox_launch(), ox_launch_nox(), ox_launch_generic() OO0
Jdddddoooo. 000, 0000000 server 00000000 O0OOOOOOO
Oo0o00ooooon.

ox_push_cmo ()
o000 server O OOOOOO

ox_pop_cmo ()
U000 server OO OO0OOOOOO.

ox_cmo_rpc()
server O O00O0O0O0O0O,0000000000.

ox_execute_string()
server 0000000 (Asir U0 Asir 00) 000000000 server 00O
oo0,0000000000.

ox_push_cmd ()
sMOOOoooo.

ox_get ()
uobooooobooooooog.
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7.2 Mathcap

server, client D00, OpenXM OO 0OOOOOOOODOCMOOOODOOO,SMOOO
000000000000 00. 0000000000, 0000000000, 00000
oo0oodooo. ogoo,openXM OO0, 00000000000O00O00 CMO, SM O
0000000000, 00bdbDdodoooboD0oD0ooooooOoooooooon.
000000000 Mathcap OO 0. Mathcap O CMO OO O0OOOOODOO, 0000
O032bit0000000000O0. 0000000, MathcapOODOO 300000,

[version O O, server U |, SMtaglist,[[0Xtag,CMOtaglist]|, [0Xtag,CMOtaglist],...]]

O00000000. [0OXtag,CMOtaglist) 0, OXtag 000 0000000000O0O
oo,goobocococMouooogoooooooooobbo.boooooobooooboboono, o
00 ‘ex_asir 0o, CMO 0D0OD0O0OO, Asir 00000 DOODOODO,CcMOO0ODO
gobooboooboboobooobobooooo.

OboopDooo0,bdb00bbd Mathcap DOODDOODOOOODOO, Mathcap OO
Uboobooboooboob,ctrl 00000 "ox_check" DOOOOOOOOO. OOOOO
000000 10,00000000000000. ctrl("ox_check",0) DODOOOOODO
gboboboobon.

3 0000oonononboon

O00000000000,0000000000 serverJ00000000000OO0O0
0o0oDOo00ooOo0. Oo0000ooo0oo, 000000000, 000000,00000
O0,Asir 000000000 DOOOO0OD,000000000000D00000D00C000
000D000. 000000000000 32bit00000000, ox_push_cmd() OO0
00O0DOO000.000,0000000000000D0000D0000O000. SM_xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O0ODO.

gboo,00obooooobooboobob,obooobobooooboboboooobon
goo.

SM _popSerializedLocalObject=258
server 0 ‘ox_asir 0000, 0000 cMOOOOODOOODOOOODOOODO
gobooooooooo,oooooa.

SM_popCMO=262
CMOOODOOOODOOODOOOOOOD,00D0OOO.

SM _popString=263
o0oooooooooooo,000o0o00oooooooooooo.

SM_mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
000000000000 DODOdDOo,0do0o0oooooooooon
oooo.

SM _setName=266
0000000000000 DO0DO0DOD,0000o000o0ooooooon
O0DOO000O.00o0bOOo0n0,server D00 OOOO0OODODOO.
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SM _evalName=267
0J0dDO0000D0o0ooo0ooooU0oo0oo0o,0oDooooooooon.

SM _executeStringByLocalParser=268
O00D0000O0000O0O0DOd, server 00O parser, evaluator 0 OO0, O
gboobobooboo.

SM _executeFunction=269
00odDoOdDoO,000,00000,000000o00d0,0ooooooon
ooooooooog.

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
ooooooooog.

SM _shutdown=272
server O OOOOOO, server DO OOOO.

SM _setMathcap=273
000000000 client  mathcap OO0, server 00000000,

SM _getsp=275
0000000ooo0ooooooooooooooooon.

SM_dupErrors=276
0000000000000 D00D00D0000,00000000000000

goog,b0oooobooon.

SM _nop=300
oooooo.

7.4 0000

O0O0DOO0O000O0,000D0000000DbOO. exesiry oo, 0oooog
gobodgboooboobooon.

7.4.1 00ODDOOO0O0OOO

OpenXMserver 00000000000 ODOO,0000000CMOO000D0OOO
oooooooooob.booooooooboo,oooposMoooooooooobooo, o
ooboooboooboo,boboobbogob0 sMuoobooobooooooooooooo
goboooog.

[340] ox_launch();

0

[341] ox_rpc(0,"fctr",1.2*x);

0

[342] ox_pop_cmo(0);

error([8,fctrp : invalid argument])
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7.4.2 0000

ox_reset() UOOODOOO server OO OOOO, 0000000000 O0OCOO. OO
O00,000 Asic) 000000000 O0DOOOOOO0O0OO0DOO, OpenXM server
oobooobobo. obo,0bbo0bo0,b0000b0b00bbo0bbo0DOn ox_rpe()
Oooooobd, ox_pop_cmo() OO, 00000000 ODOLO,0000ODODOOODO
gooooobooob.booboooobaooooon.

743 U00O0OO0O0OO0OoobobbOOoOoOon

server D0, client 00D 0O0OOO0OOOCOOCOOCOOOOOOOOOOO,server JOOOO
ooooooooooooooooooooooooO. 0000,sercver DO0OOO0O0O0O0O
oooDo00obo0o0bon, client OO0 ox_rpe(id,"debug") OO OODO, server U 0
000000000000 0000000000O0O0O0O0O0O00000. 000000000
O0oOooooDooog,leg00 xterm’ OOOO00OD0. OOOO0OO0O0ODODOOOOO, quit
oooooooo.

7.5 UUouooooog

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir] ,command])
ox_launch_nox([host[,dir] ,command])
2000000000000 ooooooo.

ox_shutdown (id)
s 000ooooooobo,0oooooo.

return gd
host goooooo
dir command
oon
id oo

e ox_launch() O, 000 host OOODODO command 0000, 00000O0OOOO
0ddddd. 000 300dd, hoest OO, dir OO ‘ox_launch’ 0OOOOO0O
0000000000000, ‘ox_launch’ 0 command 00O00O0O0O. host 0 000,
Asir 00000000 DOO0OO0OO0OO0OOODOOOO0OO. ODODbOOOd, host O 0, dir O
get_rootdir() DUOODOUOODODODOODNO, command 0000000000 ‘ox_asir’
goooao.

e hostO 0, 00000000 loccall DOOOODOOO,dir00gonoo.DOOO, dir
O get_rootdir() DO OUODOOOODOOODOOO.

e command O /0000000000, 0000000000.00D0000DO,dir0O
oooboboboooo.

e UNIX OOUOOODO, ox_launch() O, command OO OO0, OOO0ODOOODOOO
00000 ‘xterm DO0OD0OO. ox_launch_nox() O,X 00000000, 0000
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xterm’ OO0 00000000000 ODOOOODOOO. O0O0O, command 0000
‘/dev/null’ 00O ODO0O. ox_launch() 00000, 0000 DISPLAYOODOODOO
0000000, ox_launch_nox() OOOOODODOO.

gbobobobobobobobobo.

Asr 00000000 OOO0ODOOOOOOOODODOOCOODOOOD. 0DO,0000
OO0DO00ODO0OD server, client O O0OODO negotiation DO O OO0, 00000
gbobobooboboooooooooooo.

host 0O0OO0OODOOOOOO,00D0O00DOOOCOD. OODO,Ask0D000CODO
oo A tbobboobuoobboobuoobbo sgon.

1. OO0 BO ““/.rhosts’ 0, 000 AODODOODODODO.

2. ‘ox_plot’ U0, X 000000000 0ODOODOO0ODO,Xserver OO, 0000
000 authorize UOO. xhost OO UODOODUODOODOODOODOO.

3. command 00000, 000000000000 OOOODODOO, ‘“.cshre’ OO
0000000000 (eMBOO)OODOOOOOOODOOOOO.OOODOOO
OO0 limit stacksize l6m OO QO QOQOODO.

command 0, X O000O0000O000D0O0O,display00000000DOCOODO,O
goobOobobbpispLAYODODODO.

0000 ASIRRSHOODOOOOOOODOO,O000D0OCO00D000DCO0O0D0O ‘rsh’
goboobooooooobooooo. oon,

% setenv ASIR_RSH "ssh -f -X -A "

O00,000000000 ssh’00000,X11 0000 forwarding OODO. OO
00 ssh 00O00oooon.

ox_shutdown() OO0ODO id00O0O0OOOODOOOCOODO.

Asr JO0Q00Q0DO00ooobooboboobooooobooboboboDoo,oooooob
gobooboooboobooo,bogoobobo,bbooobbobooooobboon.
Asr 0O0O0D0O0OO0DO,0000000000DOO0O0ODO psOODOOOOD,OO
Asr 0O00OOO0D0OOOO0OOO0OODOOOO,kxi110000000.

log OO0 ‘xterm’ 0 ‘-name ox_term’ OO0 0OODODOOOO. OO0, ‘ox_term’ [
0000000000 xterm’ OOO0OO0OD0OOODO,log0 ‘xterm’ 000000
ooobooooo.ooo,

ox_xterm*iconic:on
oxX_xterm*scrollBar:on
ox_xterm*savelLines:1000

000, icon OO0, scrollbar OO, scrollbar 00O O0OOO0OOOO 10000, 000
oooooo.

[219] ox_launch();

0

[220] ox_rpc(0,"fctr",x~10-y"10);

0

[221] ox_pop_local(0);

[[1,1], [x~4+y*x"3+y~2%x"2+y " 3*x+y~4,1],
[x~4-y*x~3+y~2%x"2-y " 3xx+y~4,1], [x-y, 1], [x+y,1]]
[222] ox_shutdown(0);

0
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oo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.89, 7.5.8 U] ox_pop_cmo
ox_pop_localll p.92, 7.5.15 0 0 ifplot conplot plot polarplot plotover[]
p-96

7.5.2 ox_launch_generic

ox_launch_generic (host,launch, server, use_unix, use_ssh, use_x, conn_to_serv)
s 0000000000000 oooooo.

return 0
host ooooog o

launcher server
oono

use_unix use_ssh use_x conn_to_serv
RN

e ox_launch_generic() U, 000 host UL, 0000000000 launchOO OO0
00000 server 00 000. 0000000, 0000 protocol000,X 000 /0
O0,rsh/ssh 000000000, connect 0000000000000 OOOO.

e host 1 0000, Asir DO ODOOODOODOOO, launch, server 000 O000O. OO0
O, use_unix 0O 0 0O0ODOO0O, UNIX internal protocol O OO OO .

e use_unix 0 1000, UNIX internal protocol 00 OO . 0 0 OO, Internet protocol O
ooo.

e usessh 0 1000, ‘ssh’ (Secure Shell) 000000000, 00000000000
O0. ‘ssh-agent’ OO0 O UODOODOODOOO,00000O00DODODOD.O0OOO
‘sshd’ DO 0OD0O0O0O0OODO,0000 s’ 0000000, 000000O000O000OO
oo, ggooooooobooo.

e usex 1 1000,X000000000,0000000 DISPLAYOOOOOO, log
O00 ‘xterm’ 0000 server 0O0DO0O0OCO. DISPLAY OOOOODOOCOOOOOO
O00,0000 XOOOOOoooOg. DISPLAY OOODOODOOOODOODODOODOO
g,0o0oboboo,booboooboooboooooboa.

e conn_toserv 0 1 000, Asir (client) DO0OOO0OO0OOOO, client O bind,listen
0,0000000000 connect JO. conn_toserv 0 0000, 000000000O
O bind, listen O, client O connect O O.

[342] LIB=get_rootdir();
/export/home/noro/ca/Kobe/build/0OpenXM/lib/asir

[343] ox_launch_generic(0,LIB+"/ox_launch",LIB+"/ox_asir",0,0,0,0);
1

[344] ox_launch_generic(0,LIB+"/ox_launch",LIB+"/ox_asir",1,0,0,0);
2

[345] ox_launch_generic(0,LIB+"/ox_launch",LIB+"/ox_asir",1,1,0,0);
3

[346] ox_launch_generic(0,LIB+"/ox_launch" ,LIB+"/ox_asir",1,1,1,0);
4

[347] ox_launch_generic(0,LIB+"/ox_launch",LIB+"/ox_asir",1,1,1,1);
5
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[348] ox_launch_generic(0,LIB+"/ox_launch" ,LIB+"/ox_asir",1,1,0,1);
6

NN 7.5.100 ox_launch ox_launch_nox ox_shutdownp.85, 7.5.2 00 ox_launch_
genericl p.87

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
: port 00O

try_bind_listen(port)
: port 0O OO bind, listen

try_connect (host, port)
:: port OO OO connect

try_accept (socket, port)
:: connect 0 0O 0O accept

register_server (control_socket, control_port,server_socket,server_port)
:: connection 00 0 0O 0O control socket, server socket 00 00 [

return generate_port() OO0 0ODOOOOO0OO. OO0OOODO.

use_unix 0000 1

host gooo

port control_port server_port
goooooon

socket control_socket server_socket
oo

e JOIDDIOO,00DIO0ODODOUOODODODDOOUOOODODODOODOOODODOO.

e generate_port() DO OODOO0O port DOOODO. ODOODODOOOOO 000D,
Internet domain O socket OO OO port OO, O0OOOOOOOO, UNIX domain
(host-internal protocol) DO 00, 0000000000. port 000 random OO0
ooo0,00 port DOOQOOOOOOOOO.

e try_bind_listen() O,00000 port UODO, 00 protocol OO UOO O socket 0
00, bind, listen OO. OOD0OO0OO,socket 0O0ODOOO. OO0O0O0OO,-1000.
e try_connect() 0,000 host O port port 000 connect O O0O. OOOOODO,

socket ODOUOOO. O00O0OODO -1D000O.

e try_accept() O, socket 0000 connect OO0 accept U, 00000 OOO socket
000.000000 -1000.00000000,socket 00000 closeOO0O. O
O port O, socket O protocol OO OOODODOOODO.

e register_server() U, control, server OO0 0O OO socket 0O OO0 O, server list O

U000, o0x_push_cmo() OO OOD0OOOODOOOODOODO.

O0D0000ooooo,shell) DOOODOOO.

[340] CPort=generate_port();
39896
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[341] SPort=generate_port();

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5

/*
000, ox_launch O OO
% ox_launch "127.1" 0 39716 37043 ox_asir "shio:0"

*/
[344] CSocket=try_accept(CSocket,CPort);
6
[345] SSocket=try_accept(SSocket,SPort);
3
[346] register_server(CSocket,CPort,SSocket,SPort);
0
uad 7.5.1 OO0 ox_launch ox_launch_nox ox_shutdown[] p.85, 7.5.2 O0Oox_

launch_genericl p.87, 6.12.10 O 0O shelll p.78, 7.5.7 OO ox_push_cmo
ox_push_localll p.91

7.5.4 ‘ox_asir’

‘ox_asir’ O, Asir 000000000 OpenXM OOO0OODOODOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox O0O0O0O0O. OO0 XOOOOOOOOOOOOOOO
ooooa.

[5] ox_launch();
0

[5] ox_launch_nox("127.0.0.1","/usr/local/lib/asir",
"/usr/local/lib/asir/ox_asir");

0
[7] RemoteLibDir = "/usr/local/lib/asir/"$
[8] Machines = ["sumire","rokkaku","genkotsu","shinpuku"];

[sumire,rokkaku,genkotsu, shinpuku]

[9] Servers = map(ox_launch,Machines,RemotelLibDir,
RemoteLibDir+"ox_asir");

[0,1,2,3]

oo 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdownl] p.85

7.5.5 ox_rpc, ox_cmo_rpc, ox_execute_string

ox_rpc (number, "func" ,arg0, .. .)
ox_cmo_rpc (number, "func" ,arg0, . ..)
ox_execute_string(number,"command", .. .)

s ggbooaboaoodgd

return 0
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number 0O (DO0O00OOOO)
func oo0o
command 000

arg0 ... o0 (oo)
e UOU number OODOODOODOODOODODO.
e JOUODODLOODODLO,0DOO0CDODO.

e ox_rpc() 00,0000 ‘ox_,asir’ 0O000OD0OOO0DOODOOODO. ODODOOODOODO,
ox_cmo_rpc() 0O OO.

e IIDDOONO ox_pop_local(), ox_pop_cmo() DO ODODOODO.

e UDOOD ‘ox_asir O0OOODO (DOD0 Kan OO0 ‘ox_smi’'0D0) ODOODOO,
Open XM UO0O0O0O0ODOO0ODOOOOOOODOOOOOOODOODOOOO.

e ox_execute_string 0, 000000 command 00000000000 OOOO0O
000,000000000000DbO00bO000D0DbOoOoDbOoa.
[234] ox_cmo_rpc(0,"dp_ht",dp_ptod((x+y)~10, [x,y1));
0
[235] ox_pop_cmo(0);
(1)%<<10,0>>
[236] ox_execute_string(0,"12345 % 678;");

0
[237] ox_pop_cmo(0);
141
g 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.92

7.5.6 ox_reset,ox_intr,register_handler
ox_reset (number)
s gooobooooo

ox_intr (number)
000000 SIGINT OO

register_handler (func)
s 000o0oooooooooooon

return 1
number O (0Dopooooo)
func goooono o

e ox_reset() 0,000 number UOOUODOOODOOOO,000000DOODOODOO.

e JOOODOODODODLOODO,00DODODODOOLODODODODODOO,DOODO
goobo,gbobobuobobobobon.

gbobob RUNOOOOOOoOO,b0boboboobooobobooboo.

e OO0 DODOODOO,00DbODOODLOODODDODL. ODO0bO0ODbODO
goobooooon.
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e ox_intr() 0,000 number 0O OD0OO0O0OOO SIGINTOOOOO. SIGINT OO
0000000000000 000000, ‘ox_asiry 00,0000 debug mode O
00. XOdoOooobooooo,bgoobooobooboooooobgooonoon
oo.

e register_handler() U, C-cU00U00O0O0O0O0O0O0O0O0O,uD00000000O,0000
0000000 fune() DODODOODODODOOOOOOO. ODDODODOO, ox_reset() OO
00000000,00000000000 OpenXMserverJOOOOOOOOOOO
oo.

e func0 0O0DODOOODOOO,0DO000000O0O.
[10] ox_launch();

0

[11] ox_rpc(0,"fctr",x"100-y~100);

0

[12] ox_reset(0); /*x xterm DOODOODODO */
1 /* usrl : return to toplevel by SIGUSR1 OUODOODODO. */
[340] Procs=[ox_launch(),ox_launch()];

[0,1]

[341] def reset() { extern Procs; map(ox_reset,Procs);}
[342] map(ox_rpc,Procs,"fctr",x~100-y~100);

[0,0]

[343] register_handler(reset);

1

[344] interrupt ?(q/t/c/d/u/w/?7) u

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

gd 7.5.50 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.89

7.5.7 ox_push_cmo, ox_push_local

ox_push_cmo (number, obj)
ox_push_local (number, obj)
2 obj 0000 number OOOOOODODO

return 0
number O@oooooo)

obj oooogoo

e 100 number 0O0O0ODOO objOOOOO.

e ox_push_cmo 0, Asir 000 Open XM O0ODODODOOOODOOODO.

e ox_push_local 0, ‘ox_asir’, ‘ox_plot’ D000 O0OOOOODOOODOOOODOO.
e JO00ODODOUODUODUODUODOD,ODODODODO.

oo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.89, 7.5.8 0] ox_pop_cmo
ox_pop_localll p.92
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7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
20000000 number 0O00O0OOOOOOO.

return goooo

number 0O (Oooooon)
e J0OIDDOD number 00000 DODOO0OODOODODODO.
e ox_pop_cmo 0, Asir 000 Open XM 000000 O0ODOOOODOO.

e ox_pop_local U, ‘ox_asir’, ‘ox_plot’ DO OOODOOOOOOOOODOOODODOO
oo.

gbobooodobobooobo.booboobuobon, ox_push_cmd O SM_popCMO
(262) 0 0 O SM_popSerializedLocalObject (258) 0O OO 00O, ox_select OO0
D00 ready DOODODO0OOOODODOOOO ox_get OO,

[3] ox_rpc(0,"fctr",x~100-y~100);

0

[4] ox_push_cmd(0,258);

0

[56] ox_select([0]);

(0]

[6] ox_get(0);

[[1,1], [x"2+y~2,1], [x"4-y*x"3+y " 2%x"2-y " 3*x+y~4,1],...]

od 7.5.5 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.89, 7.5.9 0 U ox_push_
cmd ox_syncl p.92, 7.5.12 0 O ox_select p.93, 7.5.10 0 U ox_get p.93

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
2 0000000 number 0000000000 command ODOO0O0O.

ox_sync (number)
20000000 number 000000 OX.SYNCBALLOODOODO.

return 0
number O(@ooooon)

command 0O (00O00O00OO)
e 000 number OOODDOODOOOODOO OX.SYNCBALLOOODO.

e Open XM OOODOOOOOODDO OX.DATA, OX_COMMAND, OX_SYNC_BALLO
Jogbooooo. oo, boboobobooboboobobooobooboooobon,
gobogboobboobooobooobgad.

e OXSYNCBALL O ox_reset UO00OODOOO,00000000C0O0DO,0000
oOooOo0o0oDOOoOobooOo.00,00000n0 OXSYNCBALLOOOOOD.

od 7.5.5 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.89, 7.5.6 JJ I ox_reset
ox_intr register_handler[] p.90
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7.5.10 ox_get

ox_get (number)
20000000 number 0000000 OODODOOODOO.

return gooono

number O@Uooooono)

e NUUDDOD number 0O OO0DOOUODOOODOOOODO. DOOOODOODOOD
oooboboobooooo.
e ox_push_cmd DO ODOOOODOOO.
e ox_pop_cmo, ox_pop_local [, ox_push_cmd 0 ox_get UL DO UOUODOOODOOONO
oo.
[11] ox_push_cmo(0,123);
0
[12] ox_push_cmd(0,262); /* 262=0X_popCMO */
0
[13] ox_get(0);
123

gad 7.5.8 U 0 ox_pop_cmo ox_pop_localll p.92, 7.5.9 U 0 ox_push_cmd ox_sync]
p-92

7.5.11 ox_pops

ox_pops (number [, nitem])
0000000 number 00000D0D0OOO0DOOOOOODODOOO.

return 0
number O (Dooooon)
nitem oood

e JJ0OOOU0O number 00D DO0OODOOODOOOOODODOODO. nitem OO0
0000000 nitemO, 00000000 10000O00.
[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);

0
[71] ox_pop_cmo(0);
6
g 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.92

7.5.12 ox_select
ox_select (nlist [, timeout] )
s 000000000000 OoOoooon.
return goao
nlist 0O (Dooooooo)oooo
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timeout O
e 00000 niist 00000000 OODDOOOODOOOODOODOODOODOODODOO
o0o.

e JOUDOUUDU RUNUDDUODO,0b0O0bLODbODODbOUODbDODbOO. OO, timeout
gobooboogoDoo, timeout DO OODO.

e ox_push_cmd() 00 SM_popCMO O O O O SM_popSerializedLocalObject DO OO OO,
ox_select() Oready D0DOODODOD0O0O0OO0O ox_get() 00 O00DO, ox_pop_local(),
ox_pop_cmo OO0 0000000 DOO0O0OOOODDOD.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

[222] ox_rpc(2,"fctr",x~500-y"500);
0

[223] ox_rpc(1l,"fctr",x~100-y~100) ;
0

[224] ox_rpc(0,"fctr",x"10-y~10);

0

[225] P=[0,1,2];

[0,1,2]

[226] map(ox_push_cmd,P,258);
[0,0,0]

[227] ox_select(P);

(o]

[228] ox_get(0);

[[1,1], [x"4+y*x"3+y~2*%x"2+y~3*x+y~4,1],
[x"4-y*x"3+y~2*x"2-y 3*x+y~4,1], [x-y,1], [x+y,1]]

oo 7.5.8 U 0 ox_pop_cmo ox_pop_localll p.92, 7.5.9 U 0 ox_push_cmd ox_syncl]
p.92, 7.5.10 0 O ox_get p.93

7.5.13 ox_flush

ox_flush(id)
0000 o0ood flush

return 1

id ooooooon

e JOODODODODODOOO of DODO,000,0000000000000000 flush O
ono.

e DO0IDOOODO "etrl"OODOODO "ox_batch" 00O OO on/off 00O .

e JOUDOOODOOOOOODOO, ctrl(ox_batch",1) JOODOOOOO onOODODO,
0000000000 ODODODO0000 flushOOODO0O,overheaed OODOOO00OD0O0O0O
O0.000000000,00D0 ox_flush(id) ODODODOD,000000000 flush
goooood.
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e ox_pop_cmo, ox_pop_local U000, 0000000 DOOO0O0OODOOOOODODODO
OO00O0o000O00,00000D0000000D0 flkshOOOOODOO.

[340] ox_launch_nox();

0

[341] cputime(1);

0

7Te-05sec + gc : 4.8e-05sec(0.000119sec)
[342] for(I=0;I<10000;I++)ox_push_cmo(0,I);
0.232sec + gc : 0.006821sec(0.6878sec)
[343] ctrl("ox_batch",1);

1

4 .5e-05sec(3.302e-05sec)

[344] for(I=0;I<10000;I++)ox_push_cmo(0,I); ox_flush(0);
0.08063sec + gc : 0.06388sec(0.4408sec)
[345] 1

9.6e-05sec(0.01317sec)

RN 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.92, 6.12.1 0 O ctrlU p.73
7.5.14 ox_get_serverinfo

ox_get_serverinfo([id])
: server 0 Mathcap, OO0 OO0DOOOOODODOOO

return goao

id goobooood
e 0 idOOUODODO,0D00D0OCO0O0 idOOOOOD Mathcap OODOOODOOODO.

e JOUIDODOODL,0000DOO0O0DOODLOODOODOD Mathcap OO o, O
oboobooog.

[343] ox_get_serverinfo(0);
[[199909080,0x_system=ox_sml.plain,Version=2.991118 ,HOSTTYPE=FreeBSD],
[262,263,264,265,266,268,269,272,273,275,276],

[[514], [2130706434,1,2,4,5,17,19,20,22,23,24,25,26,30,31,60,61,27,
33,40,16,34]11]]

[344] ox_get_serverinfo();

[[0, [[199909080,0x_system=ox_sml.plain,Version=2.991118,
HOSTTYPE=FreeBSD] ,

[262,263,264,265,266,268,269,272,273,275,276] ,
[[514],[2130706434,1,2,4,5,17,19,20,22,23,24,25,26,30,31,60,61,27,33,
40,16,341111,

[1,[[199901160,0%x_asir],
[276,275,258,262,263,266,267,268,274,269,272,265,264,273,300,270,271],
[[514,2144202544] ,
[1,2,3,4,5,2130706433,2130706434,17,19,20,21,22,24,25,26,31,27,33,60],
[0,11111]

RN 7.2 0 0 Mathcapl p.83.
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7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot (func [,geometry] [,xrange] [,yrange]l [,id] [,name])
s 200000000000000000.

conplot (func [,geometry] [,xrangel [,yrange]l [,zrange] [,id] [,namel)
»2000000000000000000.

plot(func [,geometry] [,xrange]l [,id] [,name])
21 0000000000000.

polarplot (func [,geometry] [,thetarange]l [,id] [,name])
s doo0oooooooooooon.

plotover (func,id, number)
s 000000000000 ooooooo.

return gd

func oono

geometry xrange yrange zrange
ooo

id number 00O

name goo

e ifplot() 0,20000 funcO0O00000O0DOOCDOOOOOOO. conplot() O,
ooooooobD,00b00b0o0b00. plotO 0 10000000DO0O0OO0ODO.
polarplot() O OO0 r=f(theta) 00000000 ODO0OODODOOODO.

e 0000 OpenXMODODODOODODODOOOD. UNIXOODO ‘ox_plot’ O, Windows
000 ‘engine’ 0000000000000, 0000 Asr 00000000000
00000D0.000000 ‘ox_plot’0id0 id0000DOODOOO0O, 000000
00000.id00D0000O0000O,000000000000A0, ‘ox_plot’ 000
000000000000. ‘ex_plot’ 000000000 ODOONO, ox_launch_nox()
O000000ooOono, ‘ex_plot’ 00000, 00000000.

e N0OUO0O,funcO000O0OCO.OO00O0O0DOOOODODOOOO.OODODODOOOODO
000000000 (Doobo)ooooo.

geometry 0000000000000000 [xy]0OO0OO. ([300,300]. )

xrange yrange
O0000D00o0oo, [vyvmingvmax) JO000. (0000000 [v,-2,2].)
000000000, func000000000D0O0O0O0ODODOOO %, 0
o000 yOOUODLOOODO.000OU0bO0O0D00D xrange, yrange 0 0 0
00.00,func0 100000,000000000000.

zrange conplot() UD0OOUOOOOUOO. OO0 [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000 ([z-
2,2,16].)

id O00000000,0000 ox_launch() DOOODDODOOOODOO. (O
0000000,00000000000000000OO.)
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name 00000000, (Plet.) D0OO0DO0O0DOOO0OOOO0DOODO namen/m
gooD.0o00,000000 n0D00O000, mO000O00000O00O0O
O0.00000,plotover() ODOODOODO.

o DD OODLOOODLODOODODOUODLOOODODOOO 1280000.
e plotover() 0, 00000000D00C0O,00000 20000000000000OO.

e JOUOO0ODODODOUODO,0000ODODODLODOODOODLODODOODOO
gboooooboooobooobobooog,obooooooboboboooboob. o
goboobooogoboboobo.boboobobobobobooooobo,0booo
gooooooboboooboooboooogoboobouobo.obobogbooboob, oo
oooboob,0ooo,bob0bobobobobobooDooooooboo. 0bon
0000 precise 0 on 000,000000000 window OOOOOOOO.

o LIUDODOUODLOOODLODODLODO,DbOO0ObLOODLbOOObLOOObLbOOObOd.

e conplot() DO DOOODOOODOOODOOO,ODO000O00OO0OODOOODOODOOD
goooogo,0boboboooooob,boobobooooobogoboboboon
goo.

e UNIXOUDUOODUODOUODOUODUDOODUODLOO,0bO0ODLO. UNIXUODOO
goooooog.

quit window 00 0O0O0O. OOOOOOODODO, ox_reset() OODODO.

wide (OO 0O)
goooooooooo coooooooooo. oooooooood
gooooooooooooooooooooboo. oooboooobooooo
o0, 0000oboooooobooooooog.

precise (0O 0O)
00000,0000000,0000000000.000, funcOd0000O
000 20000000000000000. 0000000 Sturm OO
gooooo,0o0go0ooooboooobooooooog, oogon
goooooboooooooogoooo. oo, 0boooooooon
oo, oboooboooobooo, oo buooooooon
O00000000000000. ((xt2+y"2-1)2000000000.)

formula ogooooooooo.

noaxis (0O 0O)
goooog.

e ‘ox_plot’ JUDUO0OODODOOODUODLO,0Db0DbOODODOODObODDbOUODOD,
‘.cshrc’ 00 UO0O0O0OOOOOODO (I6GMBOD)OOOOOOOOOOOOOO. O
OO0O0O0000 1imit stacksize 16m OO QOO 0O0OO.

e XODODOOUOUDODOODODOUODODDO resource OO OODOOOOODOOCOD
OO0OO0OO0OD0DDDOresource 000000000000 OOOO0OO0OOOOOOODO
plot*xform*shapeStyle U [rectangle, oval, ellipse, roundedRectangle [ [
oooogo

plotx*background:white
plotx*form*shapeStyle:rectangle
plot*form*background:white
plotxform*xquit*background:white
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plot*form*wide*background:white
plot*form*precise*background:white
plot*form*formula*background:white
plot*form*noaxis*background:white
plotxform*xcoord*background:white
plotxform*ycoord*background:white
plotxform*level*background:white
plot*form*xdone*background:white
plot*form*ydone*background:white

uo 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownU p.85, 7.5.6 U [J ox_reset
ox_intr register_handler(] p.90

7.5.16 open_canvas, clear_canvas, draw_obj, draw_string
open_canvas (id [, geometry])

00000000 (boOooDo)Dooooo.

clear_canvas (id, index)
20000000000 0.

draw_obj (id, index, pointorsegment [, color])
s 0goopooooooooguooog.

draw_string(id, index, [x,y],string [,color])
s o0oooooooooogooo.

return 0

id index color x y

RN
pointorsegment

goo
string aod

e 0000 OpenXM OO0 ‘ox_plot’ (Windows 000 ‘engine’) DO DDOODODODO.

e open_canvas J, 000000000 (0D000O0)00000O. geometry 00000
00000000 pixel 000 [xy] 00000, default size 0 [300,300]. 0000
00000000, 0000 OpenXM OO0DOOO0DOODOO pushO0O. OODODOODO
draw_obj U O OOOODODOOO,ox_pop_cmo U O OOOOODDOOOOODOOO.

e clear_canvas [, 000 idid, 0000 idindex 00000000 0O0O0ODOOODO
oo.

e draw_obj 0,000 idid, DO0O0ODO idindex 00000000 ODOODOODOOO
000000. pointorsegment O [x,y] 0000000, [xy,uv] 000 [xy], [uv] O
oo0doooooooouoo. oooboooooo,googooooooooooon
O0,00000000000. 00 pixelOOOODODODO. color OOOOOOOO,
color/65536 mod 256, color/256 mod 256, color mod 256 0 0 0 OO Red, Green, Blue
00 (00 255)0000.

e draw_string J, 000 idid, 0DOUODO idindex OO0 O0OD0O0O0OOOO0OOODOOOO
0000.000 [xy]OOOOOODO.



o770 Oogoo 98

[182] Id=ox_launch_nox(0,"ox_plot");

[183] open_canvas(Id);

[184] Ind=ox_pop_cmo(Id);

[185] draw_obj(Id,Ind, [100,100]);

[186] draw_obj(Id,Ind, [200,200],0xffff);

[187] draw_obj(Id,Ind,[10,10,50,50],0xff00£ff);

[187] draw_string(Id,Ind, [100,50],"hello",0xf£££00);

[189] clear_canvas(Id,Ind);

00O 7.5.1 O 0 ox_launch ox_launch_nox ox_shutdown[ p.85, 7.5.6 [0 J ox_reset
ox_intr register_handler[p.90, 7.5.8 U ox_pop_cmo ox_pop_localllp.92.
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 UUoguoogn

8.1 UDLUOUO4Oug

000000000,00000000000000. 000000 (typed 2)0,000
0000000000000000. 0000,000000000000 1000000,
0000000,00 1000000000,00000000000000000.000
00,00,000000000000000000000000000000000.
(+y+z)?=1-2+2-y+(22) 2+(22) y+ (1 2?)
00000,0000,00000000000000000000000000000
(x+y+z2)P=1-2"+4+2-2y+2-22+1-y*+2-yz+1-2?
0000000000000, 000000000000000000000000000
000000000000000000. 0000,00000000,000 900000

Asr 00000000000 OOO0O0ODOOO.O0DO, 00000000, 00bDb000OD
ogooboog.

O (terem) OO0O0OO0O0.0000,00 10000000.Asir00000,
<<0,1,2,3,4>>

gjooooooo, o0, oooooboboboobob. oogg,s0bo0o0o00
. 0000 a,b,c,d,eJUIUUOOOOMO b*xc™2xd"3%xe~4 U 0O 0.

000 (term order)
gogodgdoooooboobbbo,ddduoooooooobboboooada.
1. 0000 t0onOo £>1
2. t,s,ud00000,t>s000 tu>su

0000o00o0ooU0o0o0ooOoU0O0. 000000 oUD (Dooooo)o
0000 (0,0000000D0)D0000O0O0OD.

000 (monomial)
gooooo.
2%<<0,1,2,3,4>>
gogodaoooobo,bb,bdduuauoooo.
0000 (head monomial)
00 (head term)
000 (head coefficient)

goboobooobobooboboooobo,booobooobobg. bbooooon
gobodboooo,oobobooobo,oobooobooo,ooboboa.

82 OO ULon

ooboooboobobooboboobUuOobibdg dp_gr_main() 000 dp_gr_mod_main(),
dp_gr_f_main() U0 3000000000 0ODO0O,000,00000000000000
ooooooOooo0oOooooOooooOoO0oDbo0o0.obooooooDooOo0,000n ‘gre
O leadO) ODOOOOO0ODOOOODODOOOODD. grd,Asr00000000OOOO
gbobobobon.

[0] load("gr™)$
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83 oo

‘e’ 00000 OOoO0oOoUOooOoooobOo,booboboboboobobboooobooOoD
0000 30000.000,plist 00000000, vlist OO (00O0)0000, order
gooodo,pb 227000gobOOn.

gr (plist, vlist, order)
Gebauer-Moeller (1 0 O useless pair elimination criteria, sugar strategy 00 0 O
Traverso 0 0 O trace-lifting 00 00O Buchberger 0000000000000
00o0bo0oooO0ooo.ooooDoooooooo.

hgr (plist, vlist,, order)
oooooooooooD grOQUOOOOoOooOoOOOOOOOOOOOO,D
000, interreduce 0000 gr(O OO0O0OO0OO0O0O0OOOOOOOODOOO.
0000000 (000000000 U0O0D0) 00O, sugar strategy D000
dddddodouuouo. booobobO, strategy UOUOUOOOO strategy
gobodbooobobuoobboooboobbooobuouoboboooob.

gr_mod (plist, vlist, order, p)
Gebauer-Moeller [0 0 0 useless pair elimination criteria, sugar strategy 00 0 O
Buchberger 000000000 GF(p) DODOODOOOOOOODO.

84 JUDOOOOOOO

Oo0oooooooobooo, g0 oooooooooooo,ooooon
oooooob.0db0o,000000 dp_gr_flagsO DODOOOODODOOOOODODO.
0000 dp_gr_flagsO ODOODOODO,000000000DO0DOODO,0000000A0O
goooo.

[100] dp_gr_flags();

[Demand,0,NoSugar,0,NoCriB,0,NoGC,0,NoMC,0,NoRA,0,NoGCD,0,Top,0,

ShowMag,1,Print,1,Stat,0,Reverse,0,InterReduce,0,Multiple,0]

[101]

goo,0dodooobboooodd. on oo, 0o0ggg ooooooooao.

O0000000000O0O0O0OO0O o(eff)y0OO.

NoSugar on O U0, sugar strategy U0 0 O 0 O Buchberger I normal strategy 0 O 0O O

oo.

NoCriB onJ00,00000000000,00 BOOOOOO.

NoGC on000,000000D000O0CO00ODOOODOOOOOOODOODO.

NoMC on000,000000O0O0CCCOOOOOO00O0O0O0OOOOOOOOOOO
ooo.

NoRA on 000,000 reduced 00000000 O0O0ODO interreduce OOOODO.

NoGCD on000,00000000D000O00O0OOODO,00D00OO00ODO,O00
O content OO ODO.

Top on 000, normal form OO0 0000000 OOODOODO.

Reverse on 000, normal form O0000 reducer 0, 00000000000 OO00O0
ood.



og8d OO

Print

PrintShort

Stat

ShowMag

Content
Multiple

Demand

goooooo 101

onJ00O,000000D00O0DLOOOO0ODLOODLDOOODbOObDDbDOOn.

on 00Print 0 of OO0, 0000000CO00OOOCOOODOOOODOOO.

onl Print 0 of OO0, Print 0 on DOODOOOOOOODOOO,0000
gbobooooo.

onl PrintJ on 000, 0000000000,0000000000000
gooooo,oo0b,obpboobooooooooo.

0 O0Jooooobbo, bbb b0bboUoOo, DodUbooooboo
Content 100000000 OODO GCDOOODOO,00 GCDOOOOOO
O00000O0.Content 0 1 000,0000000GCDOOOOOODOODO
000DO0O0O0OD0OO,Content 0 2000000,00000000000000
O0,000000000000. backward compatibility 0 0 O 0 Multiple O
oo0ooooooo.

0000000000 (D0o0)o0oo0o0ooO,00000DO00O0O0OO00O
gboo,bgbooboooboobooobobooboboob,o0bo0obon
00 normal form 0000, 000000000D000DOOCO. OO0O0O0O,O
gboboobooobooboooboooboooboboobooboob.oobooooboo
gobodobooooboobbooboobbooboobooboa,boaoo
gbobobobobobob.

Print 0 0OD0O0ODOODODOOODOODOOOODOO.

[93]
mod=

gr(cyclic(4), [c0,c1,c2,c3],00$
99999989, eval = []

(0) (0)<<0,2,0,0>>(2,3) ,nb=2,nab=5,rp=2, sugar=2,mag=4
(0) (0)<<0,1,2,0>>(1,2) ,nb=3,nab=6,rp=2, sugar=3,mag=4
(0) (0)<<0,1,1,2>>(0,1) ,nb=4,nab=7,rp=3, sugar=4,mag=6

(0) (0)<<0,0,3,2>>(5,6) ,nb=5,nab=8,rp=2, sugar=5,mag=4
(0) (0)<<0,1,0,4>>(4,6) ,nb=6,nab=9,rp=3, sugar=5,mag=4
(0) (0)<<0,0,2,4>>(6,8) ,nb=7,nab=10,rp=4, sugar=6 ,mag=6
....gb done

reduceall

membercheck

(0,0)

(0,0)(0,0)(0,0)

gbcheck total 8 pairs

UP=(0,0)SP=(0,0)SPM=(0,0)NF=(0,0)NFM=(0.010002,0) ZNFM=(0.010002,0)
PZ=(0,0)NP=(0,0)MP=(0,0)RA=(0,0)MC=(0,0)GC=(0,0)T=40,B=0 M=8 F=6

D=12
[94]

ZR=5 NZR=6 Max_mag=6

00000000 mod, eval O, trace-liftinge 0000000000 . mod 00O, eval OO
gobodbooobobooboooboooo.

goboobooobbooobooobobooobooobbooboaa.
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(TNF) (TCONT)HT (INDEX) ,nb=NB,nab=NAB,rp=RP, sugar=S,mag=M
gooooooooo.

TNF

normal form 0000 (O)
TCONT

content 1 OO0 (O)
HT

goooooooonon
INDEX

S-00000ooooooooooooooog
NB

oo, ggoooooooog
NAB

Jooooooooooooo
RP

gooooon
S

obodboodn sugar 00O
M

O000000000000000000 (ShowMag 0D on DO OOOOODO.)

000,00000000000. 0000000, (0000 ODODOO0,000 20000
O0,00000 GCooooooog.)

UP

gooboboboboobobooo
SP

ooobOo s-ooooooo
SPM

ooobOo s-oo0ooooo
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO,000 reduction OO OOOOO
PZ

content 0 0O 00O
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NP

gbobobobobobboboobobouoouoouooog
MP

S-0000ooooDoboobOobOobooboon
RA

interreduce 00 0 0O O
MC

trace-lifting 0000, 0000000000000 OCO0O
GC

0odbobOOobOobobOobobobobboooo
T

gobooooboogn

B, M, F,D
O criterion OO0O00O0OO0O0O0OOO

ZR

00 reduce UOODOOOO
NZR

00000000 reduce O ODOODOO
Max_mag

gobooboob,0o0bboooboobooon

85 0o

goooog,oboboboooboboboooobooboboooobobob.boobob
gobooobooboob,0oboobbobbobbooboobOoob,0bbooboo
g.gobo,0obbooboooboooboobooobooboboob.booobo,a,
gboboooboooboooboooo.

goboobooobobooob 3gaoo.

0 (DegRevlex; OO ODOODOONO)
gboo,b0b0o0booobooboooboboobobooo. bob,0obooon
gobooboodobobooooo,gobobooob. ogbboobbooooo
g,0boooogb,boboooobooogo,gbobooooooboon
gopboobooooboon.

1 (Deglex; 0OOOODODODO)
gogooo, bbb boobobbbbooooooooboooboobobo,
DegRevlex U D OODDOO0ODOODDOOODOODOD. O0ODO,00000
O0o0ooooooooooo, 000 ooooooooooan.

2 (Lex; ODODOO0O)
ooooooooooooo, oo ooooooooa
ogooooooooooooooooo. oo, 00000000, ggoooao
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oboboooboobobooboboobobD. obogD, egrO,hgerOQ UDODODO
gobooboooooboon.

goboooboooboboobooooobooooob,ooboboobooboboo.ooa,
(fo1,r1],[02,L2],...]

0D00D000.0i00,1,2000000,Li000000000.00000,00000
00 L1,l2,..00000000,0000000000,00 01,02,..00000000
000000000000000000.0000000000000000000

goo,0boobooboobboooboobo. o0, nOdm00b0oo0bO0 MODOOO
goooood.

1. 00mOD0O0O0D0O0O vODO Mv=00 v=0000.

2. 000000000 mb ooooboobo0ob vOoDO,MvD OODODODODO
oo.

0D00,2000000 +,s000,t>s0,Mt-s)0000000000000,000
00000000000O0oooo.

o000, grOUD0O0OD0OO0O0OODOODOODO, 000000 dp_ord) OOUODO,0D
goboobooooboobooon.

gooooooobooogbooo oo oooooobobooboooooo
[Becker,Weispfenning] DO O OOODOO.
Jooooooobbo,bbodddoooooobboobobboooog.
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t]1,2);
[x"2-2%y 7T+ (-41%t72-13%t-1) xy "2+ (2%t "17-12%t " 14+42*%t " 12+30*%t " 11-168*t "9
—40*t"8+70*t " 7+252+t"6+30%t " 5-140%t"4-168*t"3+2+t"2-12%t+16) *xz" 2%y
+(=12*%t716+72%t713-28*t"11-180*%t"10+112%t " 8+240%t " 7+28*t"6-127*t"5
-167*t"4-55%t"3+30%t " 2+58*t-15) *z"4,
(y+t72%272) *x+y "7+ (20%t "2+6%t+1) xy "2+ (-t "17+6%t " 14-21%t~12-156%t"11
+84%t"9+20%t " 8-35*%t " 7-126%t " 6-15*%t "5+T70*t "4+84*t " 3-t " 2+5xt-9) *z" 2%y
+(6*t"16-36*t " 13+14%t"11+90%t~10-56*%t"8-120*t " 7-14*t " 6+64*t"5+84*t"4
+27%t"3-16%t"2-30%t+7) *z"4,
(£73-1) *x-y 6+ (-6%t"13+24%t"10-20%t " 8-36*t " 7+40%t " 5+24*t"4-6xt"3-20%t"2
—6*%t—1) *y+(t~17-6%t"14+9%t " 12+15%t"11-36%t"9-20%t " 8-5*t " 7+54*t"6+15%t"5
+10*%t~4-36%t"3-11%t"2-5*%t+9)*z"2,
-y~ 8-8*t*xy 3+16%2" 2%y 2+ (-8*%t " 16+48%t"13-56*t"11-120%t " 10+224*t"8+160*t"7
—56%t76-336%t"5-112%t"4+112%t " 3+224*t " 2+24*t-56) *z"4*xy+(t"24-8*t"21
+20%t719+28%t718-120%t"16-56%t"15+14*t~14+300*t " 13+70*t~12-56*t"11
—400%t~10-84*t"9+84*t " 8+268*t " 7T+84*t"6-56%t " 5-63*t "4-36*t~3+46%t"2
—12%t+1) %z, 2% t*y " 5+zky "2+ (2%t " 11+8%t "8-20%t "6-12%t " 5+40*t " 3+8*t "2
—10%t-20) *z " 3*y+8%t~14-32%t"11+48*t 8-t "7-32xt " 5-6*t "4+9*t"2-t,
—zky "3+ (7724 T 4+3%kt 7241 ) ky+ (-2% L T6+4* L T3 +2%E-2) %272,
2%t 2%y " 3+z 7 2%y "2+ (-2%t "5+4%t " 2-6) *z"4*y
+(4%t"8-t"7-8%t " 54+2%xt"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2xt " 3xy+ (—tTT+2%LT4+E72-) %272,
—tkzZKy " 2-2%Z " Bky+t "8-2%t "5-t "3+t "2,
—t 3%y " 2-2%t 2%z " 2%y+ (£ "6-2*%t " 3-t+1) *z"4,z"5-t"4]
[93] gr(B, [t,z,y,x],2);
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[x"10-t,x"8-z,x"31-x"6-x-y]
oood [x,y,z,t] OO0OD0ODOOODOOO,0000000,0000000000. 00
0,00 [t,z,y,x] O0OODOO,BO0O00OO00ODO0OOODOODOOOO.O00O0OOO, DO
0000000000o00oooooo0,000 (boooo)ooo,000 (boooo)
gooooobooboboo,obgoooob, s, z,yOUOoxDbOOOooboobooooD
doodoo00oOo0odbOdoDodoOo. 0doododobooboo,0o0booooooa
Jddodooopoooooooo,jogooooooooon.

8.6 UUUUIUOULUOLOOUOUOoOoooLon

gr() 000000000000, 0000,000000000Q0Q0O0OD (DOO)DO,O
000000000000 000,0000000000000000D000000000
0,0000,00000,0000000000.

[64] gr([a*x+bxy-c,d*x+exy-f], [x,y],2);

[(-e*a+d*Db) *x—f*b+e*c, (—e*xa+d*b) *xy+f*a-d*c]
O0000,a,b,c,d000000000OO0O0O.0000,00000 F=Q(ab,c,d)
02000000 FxyOOOODODOOODOOOODODOOOOOO. OODODOOOOO,O
000000000000 00000. 0000, 000000000000 000000o0
00000, 00000000000000000,00000000000000000O00
0Jo0o0ddooO0d0oodooo0O0d. oo, 00000000 o0ooooo,o00ooao
000000000000 000000000ooo0O0. 0000, 000000000000
dooooooooooooooag.

8.7 LUOU

00000000000 0000000,00 geOOOO0DODOODOO,D0000O0 (O
00000ooo0o00)00oooo0oo0oooO,00000000OD000O0LODOOO
googooboooboobooboobobobo.ob,oboobo0obooboobOoobo
oooboob,0o0boboobbogbbodgbO, Buchberger O DO O0OOOOOOOODO
gbooobooobooooboooboooboobooboo. boobooobooboboao,bo
oooooooD grogobbooobbo0oob.boo 200000,0000 wviistl, O
OO0 order O OUOODOOODOOOOOOODOODOO ghasel, 0000 viist2 00O
gobooboobbooboobooooboooo.

tolex(gbase, viistl, order, vlist2)
000o00d,ghase 00000 D0ODOO0O0OODOODOOOOODOODOOO. OO
000,0000000000000,0000000000D0O0000D00O0
0000,00000000 Hensel DOOODODOODOOODDOO.

tolex_t1(gbase, vlist1, order, vlist2, homo)
00000,0000000000000 Buchberger 000O000OD0OO0O0O
0000000,0000000000000D00000DO00DO00A0 trace-lifting
000000000000000, 0000000 o0o0,0ogooooooo
00ooo,0000000000000d0ooooooog, 00 Buchberger
0do0o0ddood0ooodooodoooooOo. 00,000 o0bOoooo
000,000000 1000000000000 0000000D00O000
00od0o0o. 00000, 00oo0,db0do0oooooooooooon
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O0.(00000000. )00 homoO 00000, hgr() DOOODDOODODO
gooboooogo.

goo,ob00bobooobo,0o0oboboooboboboboboobooo,ogbooob
oooo,b0o0obooooboob0oobobo0bD grogbbbobob. DobbOo
gobooboobooooboooo.

8.8 Weyl 00O

gobog,0gobobooooobobooobobboooobbooobboooob, o
gooboooobog,bogoboobbooboooboooob.boobbooobonb, o
oooooo,WeylODO, 00000000 bO0obOobOoOooobooboboooooon
00 Risa/Asir O00O0OOOOO.

O KOO nOO Weyl OO D=K<x1,...,xn,D1,...,Dn> [

xi*xj-xj*xi=0, Di*Dj-Dj*Di=0, Di*xj-xj*Di=0 (i!=j), Di*xi-xi*Di=1

000000 0oO0oooOoooaon. D O OO00ODO KIxi,...,xn] O0000O
oopooooogd, pi O xi ODDODOOODOO. ooooooo, o ood,
x17il*...xxn~in*D1°ji*.. . xDn"jn 000000 XK OOODOOOOOOODOOOOOOO
O.Risa/Asir 00000,000000,0000000000%<<i1,...,in,j1,...,jn>>

Oo00. 0ooo,pooooboooooboooooboo. oooo,ooooooooan,
+,-000000000,000,000000000 dp_weyl_ mulO) ODOODOODOODOO
ooo.

[0] A=<<1,2,2,1>>;

(1)*<<1,2,2,1>>

[1] B=<<2,1,1,2>>;

(1)%<<2,1,1,2>>

[2] Ax*B;

(1)%<<3,3,3,3>>

[3] dp_weyl_mul(A,B);

(1)%<<3,3,3,3>>+(1)*%<<3,2,3,2>>+(4)%<<2,3,2,3>>+(4) *<<2,2,2,2>>

+(2)%<<1,3,1,3>>+(2)*<<1,2,1,2>>

0000000000000, WeylUOOOODOOODO,00DO0OODOOOOOO. dp_
weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4_mod_main(). U0, 00000, global b OO0 OOODOOODOOOODO.

89 OO LOLODLOOUOOO

8.9.1 gr, hgr, gr_mod, dgr

gr (plist, vlist, order)

hgr (plist, vlist, order)

gr_mod (plist, vlist, order, p)

dgr (plist, vlist, order, procs)
2000000000

return goao
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plist vlist procs

goo
order g,000ooooo
p 2727y 0o0ogn

00000000 ‘ger0O000oooon.

e 000D,000000 plist 0, 0000 vlist, 1000 order 0000000000
0000.grO,hgr(O) 0 00000, gromod() 0 GF(p) D00O0OOOOO.

e viist UDODUODOOD. vlist OO 0O0O0O0O0OO,D0D00D00D0ODODOD.

o gr(), tracelifting (0000000000 OOO) OO0 sugar strategy 00000,
hgr() O tracelifting 000000000 ODODOD sugarstrategy DOOO000ODODO.

e dgr() 0,gr(),dgr() JODOOOOOODO procs 20000000000000ODO
ugb,bogobouoabbogboobob. booboobba,obuoabbooboo
gbobobob,bobobobobobobobobob.

e dgr() 00OIDOODOOO,D00DOO0DOODODOODOOODOODCPUODOOOO,
goboobooobooboooobooboon.

[0] load("gr")$

[64] load("cyclic™)$

[74] G=gr(cyclic(5),[c0,cl,c2,c3,c4],2);
[c4~15+122*%c4~10-122%c4"5-1,...]

[75] GM=gr_mod(cyclic(5),[c0,cl,c2,c3,c4],2,31991)%
24628%c4~15+29453%c4~10+2538%c4"5+7363

[76] (G[0]1*24628-GM[0])%31991;

0

g o 8.9.6 U0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main
dp_weyl_gr_mod_main dp_weyl_gr_f_main[]p.112, 8.9.9 0 U dp_ordU p.114.

8.9.2 lex_hensel, lex_tl, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlistl,order, vlist2, homo)
0000000000000 00000000

tolex(plist, vlist1,order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, viistl, order, vlist2, homo)
s 0000000000 00,00000000000D000O000O0DO0OA0

return goo
plist vlist1 vlist2 procs
ooo
order 0,00000000
homo ooad

e O0IDOOOOD ‘gr0OOOODOOO.
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e lex hensel(),lex_t1() O0,000000 plist 0, 0000 vlistl, 0000 order O
oooooooooooo,bo0,bog0 viist2 000000 OO0OoOoooooo
oo.

e tolex(),tolex_t1() U, 0000 viistl, OO0 order UOOODOODOOOOOODO
U00oooo plist 00000 viist20000000000O0O0O0OO0OODO. tolex_d(O
O,tolex() 0000, 0000000,00000000 procsOO0O0DOOOODO
goog.

e lex hensel(),1lex_t1(O) U0OOOO, 000000000000 O0O0DOOOOOOOO
00. ([Noro,Yokoyama] [0 .)

N =

4.

vliistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

GoOoO000 vist2000000C00000000000000O0O0O00OO0OO pO
O0,GF(p) 000ODDDOODOOO0O0OO GpOODOO.

GpUOUoOOOooDOoOObO,GoO000D0O0O0 NFOOOOD.

GpOUOO fOO0O,fO0O00O0OO0O0OOOO,fOO00ODOOO0 NFODOOOD
O,000b000o0OoboOo,boobbo0O0oDoOobboOn Lfogo.

. Lf0,0 pO000000O00OO0O0O0OOO LfODODOO pOD0OO HenselOODODO

goog.

0000 GpOO0ODOOO0ODOOOOOODOOO0ODOOODOOODOOOODD
gooooo. obobobooooboboooobobooo, pogbbogoo
go.

e lex_tl(), tolex_t1() UDDOUODO,0D000DL0OO0DOODUOODOODOODOO
go.

1.
2.

3.

vlistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

Goo o0OOoODOObOOOU0OD,GohOOO0bDOO,GoOOOO viist20O000
coooooOoODOODOOOOOOO0O0000 po0O0,pOd000 trace-lifting
gbooobooboobooboobooboo,ooboboboooboboobo
goboobooobobooob.oooobooob,pdgobboooboon.

GoO 0o0D0OO00O00D0OD0O0,GoO0DO0O0O0O0,00,vlst20000000000
00oO000O000O0bO0O0b00 GloobOo,0bo0ob0oOooO0obobOooDo
gooboono. oo, gbobooobobo,bogooo,ogoooooboooo
000000000000 tracellifting 0O0O0O0OODOOOOCOD, 000000
gbooboboboboobooboobooboobgboog.

e NOODODOOODDO, lex_t1(), tolex_t1() OOOOOODO.

e homo I 00D DOUD,000D0ODOODNO Buchberger O ODOODOODODO, 0000
goog.

e tolex dO UUODOUODOUODOO,00000L0ODLODODOOUODLODODODOO
gobooboob,o0booobboobooboboon.

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,ud4,u3,u2,ul,u0l$
Omsec

[80] GO=hgr(K,V,2)$

91.558sec + gc : 15.583sec
[81] Gl=lex_hensel(X,V,0,V,0)$
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49.049sec + gc : 9.961sec

[82] G2=lex_tl1l(K,V,0,V,1)$
31.186sec + gc : 3.500sec

[83] gb_comp(GO,G1);

1

10msec

[84] gb_comp(GO,G2);

1

g 0 8.9.6 U0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main
dp_weyl_gr_mod_main dp_weyl_gr_f_main[] p.112, 8.9.9 O O dp_ordl p.114,
o700000gnfp.82

8.9.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d
lex_hensel_gsl(plist, vlist1l,order, vlist2, homo)

= GSLODOD0OO00O0O0DoOon

tolex_gsl(plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 000000000000, GSLO0bO00onoooooon

return goo

plist vlist1 vlist2 procs

ooo
order O,00000000
homo ooao

e lex_hensel_gsl() O lex_hensel() O, tolex_gs1() O tolex() OO ODO,0000

OO000. tolex_gsl dO) O, 00000,procs U0 O0ODOOOOODOOOOODOO
oogd.

e IO ODOODOODOD, ODDOODODOODOODODO [fo,x1-f1,...,xn-fn]
(f0,...n 0 x0 0 1 00DOD0) 00O (D00 SL ODOOD) 0DODOO,
[[x1,g1,d1],...,[xn,gn,dn],[x0,£0,f0°]] OOOOO (OO0 GSLOOOODO)
gobD. o000, g 0O,di*xf0’xfi-gi 0 foO0 00000000 x00 1000000,
00 fo(x0)=0 00 x0 000, [x1=g1/(d1*£0’),...,xn=gn/(dn*f0’)] 0O 0. O
J00d0d0d0oooooooooooooooon, telex()O DOODOODODODODDODODO
ooo.

e GSLODOOODOODOODOODOODOODOOOO,0DO00DO SLODOOD
o0Dbo0obOo0obDOooooooooog,0bo0oDb0O0. tolex_gsl dO DODOO
gooboog,gbooobooobobooobboobbooboboobboooboboa,
goobooooobooooboooo.

[103] K=katsura(5)$

[104] V=[u5,u4,u3,u2,ul,udl$

[105] GO=gr(K,V,0)$

[106] GSL=tolex_gsl(GO,V,0,V)$

[107] GSL[0];
[u1,8635837421130477667200000000%u0"~31-...]
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og

[108] GSL[1];
[u2,10352277157007342793600000000%u0"31~-. . .]
[109] GSL[5];
[u0,11771021876193064124640000000%u0"32~. . .,
376672700038178051988480000000%u0"31-. . .]

8.9.2 0 0 lex_hensel lex_tl tolex tolex_d tolex_t10p.108, O 70 00O
Uddp.82

8.9.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)

0000, b0b0b0ob0obobobobon

minipoly(plist, vlist, order, poly, v)

s ggoooooboooooo,bogbooboooboaaon

return goo
plist vlist 00O
order Oo,00000000
poly ooo
v ooo
homo oon

RN

gr_minipoly() DO OOOODOOODODOODO, minipoly) OOOODODOODOOODO
ooo.

0000 I00 KODOOOOOD KX]0 000000000, K[v]OO f(v) O f(p)
mod I0 000000000000 000000000000000.000000 p
0,0 10000000000,

gr_minipoly (), minipolyO) U, 000 pUODOOD0ODOODOO,vOODOODODOD
ooooog.

000000,0000000 100000000000000000,0000000
0000000, minipoly(), grominipoly() 000000000000000000
oooo.

gr_minipoly() O OOODOOODOOOO,00000D0O0O0O0COODOOO.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gsl(GO,V,0,V)$
17.123sec + gc : 2.590sec

[119] MP=minipoly(GO,V,0,u0,z)$
4.370sec + gc : 780msec

8.9.201 0 lex_hensel lex_tl tolex tolex_d tolex_t10 p.108.
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8.9.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
0 mod 0000000 OOODOOOOOOO

minipolym(plist, vlist1,order, poly, v, mod)
O mod 000000000 DOOO0ODODOOODOOODODOOO

return tolexm() : 000, minipolym() : O OO
plist vlist1 vlist2
goo
order g,0ogooooo
mod oo

e U0 plist UODODODO ODOODO viistl, D000 order, 0 mod DUODOOODOOODODO
goboooooon.

e minipolym() U minipoly DOOUODODOOODO modOODO.

e tolexm() 0 FGLM UOOOOODODODODODO vist2, OOOOO0OO0ODOOOOOOOOO
ogooao.
[197] tolexm(GO,V,0,V,31991);
[8271%u0~31+10435%u0"30+816*%u0"29+26809%u0"28+...,...]
[198] minipolym(GO,V,0,u0,z,31991);
2732+11405*%z"31+20868*z~30+21602*%z"29+. ..

o 8.9.2 0 U lex_hensel lex_tl tolex tolex_d tolex_t1[ p.108, 8.9.4 0 U gr_
minipoly minipolyl p.111.

8.9.6 dp_gr_main, dp_gr_mod_main, dp_gr_f_main, dp_weyl_gr_main,
dp_weyl_gr_mod_main, dp_weyl_gr_f_main

dp_gr_main(plist, vlist, homo, modular, order)
dp_gr_mod_main(plist, vlist, homo, modular, order)
dp_gr_£f_main(plist, vlist, homo, order)
dp_weyl_gr_main(plist, vlist, homo, modular, order)
dp_weyl_gr_mod_main(plist, vlist, homo, modular, order)
dp_weyl_gr_f_main(plist, vlist, homo, order)

2 000000000 (ooooo)

return goo
plist viist 000
order O0,0000000o
homo ooo

modular oooooooag

e 000000, 0D0DDODODODOOOOOOOODODODOOO, grO,hgrQ, gr_mod()
0000000000000 0000000000000. 0000 weylOODOODO
oo00,WeylOOOOODODODOODOOODOO.
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e dp_gr_f _main(), dp_weyl_f main() 0, 0000000000 0OO0OOOOOOO0O
ooood. ogo,0oonoo,simp_£f£fO 000, 0000000000000O000
ooooag.

e 00O homo O 00000, 0000O00OCOODO0O Buchberger 0ODOODOODODO
go.

e dp_gr_mod_main() 00000, modular O, GF(modular) 0000000000 . dp_
gromain() OO000, modular 00 D0O0O00O0O0O0OO.

1. modular O 100, trace-lifting 00 O000000. OO0 lprime(0) DO OODO
00000 lprimeO OOOOOOOCOOO.

2. modular 0 200000000,00000000000 tracelifting 000. O
gooboboboo,oboon.

3. modular 00000, -modular 0000000000 OD0ODOODNO, trace-lifting
ooboooO0ooOoOoooOoOooOoOooboOoboOo0oUobDoOobobooooDbogoDo.

e gr(P,v,0) O dp_gr_main(P,V,0,1,0), hgr(P,V,0) 00 dp_gr_main(P,V,1,1,0), gr_
mod(P,V,0,M) O dp_gr_mod_main(P,V,0,M,0) OO OOOOOODO.

e homo, modular 000 ,dp_gr_flags() OO0 O0O0ODOOOOODOOOOODOOCOOODO

oooo.
RN 8.9.900dp_ordd p.114, 8.9.8 0 0 dp_gr_flags dp_gr_print[p.114, 8.9.1 0
U gr hgr gr_modl p.107, 10.5.1 0 O setmod_££0 p.141, 84000000000
0000 p.101.

8.9.7 dp_f4_main, dp_f4_mod_main, dp_weyl_f4_main, dp_weyl_f4_mod_
main

dp_f4_main(plist, vlist, order)
dp_£f4_mod_main (plist, vlist, order)
dp_weyl_f4_main(plist, vlist, order)
dp_weyl_f4_mod_main(plist, vlist, order)
2 F4000000000000000000 (DDDDDD)

return oood
plist vlist 0O 00O

order g,000ooooo
e MIDUODUODOODODODODODODUODO.

e FAOOODOODO,J.C. Faugere 000 D0OOO0ODOOODOODOOODODOODOOO, DO
gobO,0b0bo0obooobboooboooboooboobooboooobaa.

e NODOODODODODODOD,DODODODODODO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() DO O O0OO.

RN 8.9.90 0 dp_ordd p.114, 8.9.8 0 0 dp_gr_flags dp_gr_print[p.114, 8.9.1 0
Ogr hgr gr_modU p.107, 84 0000000000000 p.101.
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8.9.8 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])
s ddo0oooobooooboooooa, oo

return goao
list ood
i oo

e dp_gr_main(), dp_gr_mod_main(), dp_gr_f main() OO O0ODOO0OO0OOOOODO
oooog,oooon.

o IODODOOODO,00D00O0O0DOODO.

e OO, ["Print",1,"NoSugar",1,... ] 00000000, 0000O00O0O0OO0O. O
goobooooobooooboooo.

e dp_gr_print() U, 000000 Print, PrintShort OO UODOO0O, 00000, O
oOoooOoobOooooooo

i=0 Print=0, PrintShort=0
i=1 Print=1, PrintShort=0
i=2 Print=0, PrintShort=1

O00,dp_grmain() JO00OO00O0O0O0O0OOO0ODOOOOOOODOOOO,0000
goboobobooobboooobooboo,boooobboooobbooooboboo
goog.

RN A000000O00ODOODOODOp.101
8.9.9 dp_ord

dp_ord( [order])
»0000opoooo,00

return 00000 (O,0o0o0D00000)

order g,0ogboooon

e JOUODODO,00D000 onderJO0UODO. DODOLOO,0Db0ODOODODOOODO
gooooo.

gobobobooobbooo,gooboboooobobooooobbooooobobooo
gboo,bobooooobobo,bgbooboboobooobobooooboobooooa.

gerO U0, 00000000000DO00O0O,000 dp_ordO DODOODO,000O
goboobo.boobo,bbooboooobog.

gobobobobobobo,ooobobooooboobobobob.0obo,0000
gobobobooobboooooboobooo,ooobboooobbooooboboo
goboo. oo, bo0booobooob,ogobbooboooobooobobooobooo
goboobooan.

o OUDODOODODODOODLODODDOODO,00DbO0ODLODOODODLOOn
goboobooobooon.
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[19] dp_ord(0)$

[20] <<1,2,3>>+<<3,1,1>>;
(1)*<<1,2,3>>+(1)*<<3,1,1>>
[21] dp_ord(2)$

[22] <<1,2,3>>+<<3,1,1>>;
(1)*%<<3,1,1>>+(1) *<<1,2,3>>

g gHU000DO0D0ODOOp.104

8.9.10 dp_ptod

dp_ptod(poly, vlist)
s gobooooboobooooboo.

return goooooo
poly aooo
viist oood

e 00D vlist UODOOUODOOOODOOODOOOODOOODOODOOOOD.
e vist 00OODODOOOOO,000000DOOOO0OODO

[50] dp_ord(0);

1

[51] dp_ptod((x+y+z)~2, [x,y,2]);

(1) *<<2,0,0>>+(2)*<<1,1,0>>+ (1) *<<0,2,0>>+(2) *<<1,0, 1>>+(2) ¥<<0,1, 1>>

+(1)*<<0,0,2>>

[52] dp_ptod((x+y+z)~2, [x,y]);
(1) %<<2,0>>+(2) %<<1, 1>>+ (1) %<0, 2>>+ (2%z) *<<1,0>>+ (2%z) %<<0, 1>>

+(z72)*<<0,0>>

oo 8.9.11 0 O dp_dtopl p.115, 8.9.9 0 U dp_ord p.114.

8.9.11 dp_dtop

dp_dtop(dpoly, viist)
00000000 00oooooo.

return goao
dpoly goooooo
viist goo

e J0ODODODOOO,0000O0O0OODODOOODODOOOOOOOOOOO.

e J0ODODOOO,0000OO0OOODDOOODOOOOOOOOOOODOOOOOD.
[63] T=dp_ptod((x+y+z)~2,[x,y]);
(1) %<<2,0>>+(2) %<<1, 1>>+ (1) %<0, 2>>+ (2%z) *<<1,0>>+ (2%z) ¥<<0, 1>>
+(z72) *<<0,0>>

[54] P=dp_dtop(T, [a,b]l);
z" 2+ (2%a+2%Db) *z+a " 2+2*b*a+b~2
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8.9.12 dp_mod, dp_rat

dp_mod (p, mod, subst)
2000000000000 0b0b0O0O0O0000a

dp_rat(p)
s dd0000bO0odoooobOooboooooa
return ogoooooo
p ooooooo
mod oo
subst ooad

e dp_nf _mod(),dp_true_nf mod() 0,00000000D00O0OCOOOOOODOOOO
O0.0000000,d9pmod() ODOOO0O0OOODOOOOOODOOOOOODO
ooooo. 0o0,0000000,000000000O0OO0000DO,0D0D000
Ooooooooooob,dp_rat() DOOOOO0O0O0O0OODO.

e NO0ODOUIDOODUODODODOO,DO0DO0O setmod) DOOOOODOODOOOODO
goobooooo.
e subst U, 00 000O0O0ODOO,00D0DO0ODODODODODODODODOODOOOOn

oooboOoOoOooooOoobOooOo,0ogooboogooooo, Chvar,valuel,, .. .1 00
goooood.

oo 8.9.15 OO O dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod[ p.117, 6.3.11 O
0O subst psubstl p.44, 6.1.15 0 O setmodU p.36.

8.9.13 dp_homo, dp_dehomo

dp_homo (dpoly)
»0o00oooooooo

dp_dehomo (dpoly)
s 0o0o0ooooooooooa

return goooooo

dpoly goooooo

e dp_homo() O, dpoly 0 OO ¢tO0DO0O,0000000D0001000,00000
000 ddeg(t) (dO dpoly DODOD)0O00OD0OOOOOOOOODO.

e dp_dehomo() U, dpoly DO UODUODODO, J00000O0OO0O0OO0OOOOOODODO
gooooo.

e J000,000D000DO0ODOODOODOOD,IDDODODODODDODODOODOO
oooooooon.
e hger O 000000, 000D00ODODOODO.
[202] X=<<1,2,3>>+3%<<1,2,1>>;
(1)*<<1,2,3>>+(3) *<<1,2,1>>
[203] dp_homo(X);
(1)%<<1,2,3,0>>+(3)*<<1,2,1,2>>
[204] dp_dehomo(@);
(1) *<<1,2,3>>+(3) %<<1,2,1>>
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oo 8.9.10 0 gr hgr gr_modl p.107.
8.9.14 dp_ptozp, dp_prim

dp_ptozp (dpoly)
s 0DO000Oo0o0ooOOooobooooooooboo Gebo 1000,

dp_prim(dpoly)
2 0000000000000 00O00000O00O000DO0 GEebOo 1000.
return goooooo

dpoly Doooooo

e dp_ptozp() O, ptozp() 00ODODDODODOOOOODONONONODOODD. 000000
00000,000000000000000000000

e dp_prim() U, 00000000000, D0D00D0ODODODODUODODOD.

[208] X=dp_ptod (3*(x-y)*(y-z)*(z-x), [x]);

(=3%y+3%2) ¥<<2>>+(3*y " 2-3%272) ¥<<1>>+ (=3*zxy " 2+3%2 " 2%y) *¥<<0>>
[209] dp_ptozp(X);

(—y+2) #<<2>>+ (y72-272) *<<I>>+ (—z%y " 2+2 " 2%y) #<<0>>

[210] dp_prim(X);

(1) #<<2>>+ (~y=2) *<<1>>+ (z*y) ¥<<0>>

RN 6.3.17 0 U ptozpl p.47.
8.9.15 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_nf (indexlist,, dpoly, dpolyarray , fullreduce)
dp_nf_mod (indexlist, dpoly, dpolyarray , fullreduce , mod)
» 0000000000000 0OD0O. (DbooooOooDODUOOoOoDOoO)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
0000000000 00O0DOO. (boooo [DO,0o0loooog)
return dp_nf() : O000OO0ODO0O,dp_true_nf() : OO0
indexlist 000
dpoly Doooooo

dpolyarray
00

fullreduce 0O 00O

mod 00
e J0ODODOO dpoly OODODOODOODO.

e dp_nf_mod(), dp_true_nf _mod() DO OO, dp_mod() OOODDO,000O0O0ODODOO
ooooooooooooooooan.

e JJ0J00D,00D00D0DDOOODOIOODO,dpnfO)O0DDOOODODOOODODODO.
000000000 dp_nf_mod() O00O0O0DOD0O,0000000000 dp_nf_mod()
ooooooo.
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e dp_true_nf(), dp_true_nf_mod() O, [nm,dn] OO0DOO0O0OO0O0OO. OO0, nm
000000, 000000000000000,dn 000000000 nm/dn 00O
ooooog.

e dpolvarray 00 00000000 0O0OODODODODODO, indexlist OOOOOOODOOO
dpolyarray 00000000000 QOOO.

o fullreduce 0 00O DOUOOUOODOODOOOOOOOOO. fullreduce 0 0O0OOOOO
ooooooooog.

e indexlist U U DOUODUODOODO, 0000000000 OOOODO.

e JOUD indexlist OO UODOUOLDOUOOODOUODODOODODOLO,D0DOLOOOO
gobooooooo.

e 0ODOODODUOODLDOODOLOODLOOODDOUOODODDOUODDOODDOODLO
gobD.00bboo0oboon, ponf, p_true_nf DOO0O0D0O0O.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[uO0,ul,u2,u3,udl$

[72] DPl=newvect(length(K) ,map(dp_ptod,K,V))$

[73] G=gr(K,V,2)$

[74] DP2=newvect(length(G) ,map(dp_ptod,G,V))$

[75] T=dp_ptod((u0-ul+u2-u3+ud)~2,V)$

[76] dp_dtop(dp_nf([0,1,2,3,4],T,DP1,1),V);

ud~ 2+ (6*u3d+2*xu2+6*ul-2) *ud+9*u3~ 2+ (6*xu2+18*ul-6) *u3d+u2”~2
+(6*ul-2)*u2+9*ul”~"2-6*ul+1

[77] dp_dtop(dp_nf([4,3,2,1,0]1,T,DP1,1),V);

-5*xud "2+ (-4*u3d-4*u2-4*ul) *ud-u3"2-3*xu3-u2"2+(2*ul-1) ¥u2-2*ul~2-3*ul+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*ud”~15+. ..

[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*xud”"15+. ..

[80] @78==079;

1

HRN 8.9.11 00 dp_dtopUp.115, 8.9.900 dp_ordUp.114, 8.9.12 001 dp_mod dp_ratl]
p-116, 8.9.26 0 U p_nf p_nf_mod p_true_nf p_true_nf_modl p.123.

8.9.16 dp_hm, dp_ht, dp_hc, dp_rest

dp_hm(dpoly)
s 0ooooooboo.

dp_ht (dpoly)
s goooogg.
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dp_hc (dpoly)
s gooooooao.

dp_rest (dpoly)
s ggbooboooooaboboooog.

return dp_hm(), dp_ht(),dp_rest() : OOO0O0O0O0O,dp_hc() : DO OODODODO

dpoly gboooooo
e DD, 0D000OD0DO0ODLOODDOODLOODDOODO.
e IIDODOODO pOObbOODOOO.

p =dp_hm(p) + dp_rest(p)
dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((ad6~2+7/10%a46+7/48)*u3"4-50/27*a46"2-35/27+a46-49/216)$
[89] T=dp_ptod (X, [u3,u4,a46])$
[90] dp_hm(T);
(2160) x<<4,0,2>>
[91] dp_ht(T);
(1)*<<4,0,2>>
[92] dp_hc(T);
2160
[93] dp_rest(T);
(1512)*<<4,0,1>>+(315) *<<4,0,0>>+(-4000) *<<0,0,2>>+(-2800) *<<0,0, 1>>
+(-490) *<<0,0,0>>

8.9.17 dp_td, dp_sugar

dp_td(dpoly)
s goooogoon.

dp_sugar (dpoly)
» 0000 sugar OO 0.

return goao
dpoly goooooo
onoff ooo

e dp_td() O, 000000, 0D000000DLOOODO0OODO.

e IIUODDOOODDOOODDO,sugar JOODOO0ODODOODDOO. DOODO O
gobooboobobooboooboboobooooboooo.

e sugar [, JUUO0U0O0OOODODOOODODOOOOO0OOOOOOOOUOUUUUULU
gooooono.
[74] dp_ord(0)$
[75] X=<<1,2>>+<<0,1>>$
[76] Y=<<1,2>>+<<1,0>>$
[77] Z=X-Y;
(-1)*<<1,0>>+(1) *<<0,1>>
[78] dp_sugar(T);
3
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8.9.18 dp_lcm

dp_lcm(dpolyl,dpoly2)
s 0000ooooo.

return gooooon
dpolyl dpoly2
oooooon
e JOODOOLOODLDOOLODLOOLOLDOOO.ODOO1IDODO.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>
RN 8.9.26 0 U p_nf p_nf_mod p_true_nf p_true_nf_modll p.123.

8.9.19 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0000.

return RN
dpoly1 dpoly2
ooooooo
e dpolyl D0O0ODO dpoly2 00 0000O0DOO0O 1,000000000000O.
e OO ODOOODODO,D00OO0OOUOOOODOOOOOODODO.

[148] C;
(1)%<<1,1,1,0,0>>+(1)*%<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>+(1)*<<1,0,0,1,1>>

[149] T;
(3)%<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>+(6)*<<1,1,1,0,0>>

[150] for ( ; T; T = dp_rest(T)) print(dp_redble(T,C));
0
0
0
1
RN 8.9.24 0 U dp_red dp_red_modl p.122.
8.9.20 dp_subd

dp_subd (dpolyl,dpoly2)
s gooooooood.

return goooooo
dpoly1 dpoly2
ooOooooo

e dp_ht(dpolyl)/dp_ht(dpoly2) 00O 0O0. 000000 1000.
e JI0DDO0ODOODODOODOOODDLOOODOOD.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)*<<0,1,1,1,1>>

HEN 8.9.24 0 O dp_red dp_red_modl p.122.
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8.9.21 dp_vtoe, dp_etov

dp_vtoe (vect)
s O0000oooOoooo

dp_etov (dpoly)
s 0000ooDnDoooog

return dp_vtoe: O UOOOOO, dp_etov: OO OO
vect goog

dpoly 0000000
e dp_vtoe() U,0000 vect 0O DOODOOOOODOOODOODO.
e dp_etov() O0,0000000 dpely 0ODOODOODOODOODODOODODODO.
[211] X=<<1,2,3>>;
(1)*<<1,2,3>>
[212] V=dp_etov(X);
[123]
[213] V[2]++$
[214] Y=dp_vtoe(V);
(1)*<<1,2,4>>

8.9.22 dp_mbase

dp_mbase (dplist)
:: monomial 0O 00O

return goooooooooo

dplist gobooboooboo

e 0000000O0ODODODOOOOOOOODDDD,000000000000000
dplist 0000, dplist 0 K[X]0OOOOOODOOO [0 00000,KO000000
000000 K[X]/I O monomial 000000000,

e J0DDDODOUUO,K[X]/IDO K-OODODODODODODOODDOODOO.

[215] K=katsura(5)$

[216] V=[u5,u4,u3,u2,ul,udl$

[217] GO=gr(K,V,0)$

[218] H=map(dp_ptod,GO,V)$

[219] map(dp_ptod,dp_mbase(H),V)$
[u0~5,u4*u0"3,u3*u0"3,u2*u0"3,ul*u0"3,u0"4,u3"2*ul, u2*u3d*uld,ul*u3d*uo,
ul*u2*ul,ul~2*%ul,ud*u0"2,u3*u0"2,u2*xu0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"~2,u4*ul,ud*ul,u2*ul,ul*ud,u0"2,us,uld,u2,ul,ud, 1]

go 8.9.1 0 U gr hgr gr_modl p.107.
8.9.23 dp_mag
dp_mag(p)

s dgooooooaobooo
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return O

p gboooooo

e J00DDODOODODODUULUODODDDODOOOD,DDOODOUO (ODODODOOOO)OOO
gooogobood.

o OO ODOOODOODOODOODOODDO.DODO,00DbO0DOODOODO
goboooboooobo,obbbooooboboooboboobooooooboooooboobogaon
goog.

e dp_gr_flags() U, ShowMag, Print  on U0 O ODO0ODOO0OOODOOOOODOOOO
000 dp_magO) OOOODOOOOOOO.

[221] X=dp_ptod((x+2*y)~10, [x,y1)$
[222] dp_mag(X);
115

oo 8.9.8 0 Udp_gr_flags dp_gr_printl p.114.
8.9.24 dp_red, dp_red_mod

dp_red(dpolyl,dpoly2,dpoly3)
dp_red_mod (dpolyl,dpoly2, dpoly3, mod)

s 0000ooo
return ggd
dpoly1 dpoly2 dpoly3
ooooooon
vlist oon
mod RN

dpolyl +dpoly2 DO DOO0ODOOODODO dpoly3 0O 100000O.
e dp_red_mod() DO OO, 0000000000 OOOLOOOOODOO.

U00000d dpoly2000000. O0ODO, dpoly2 0000 dpoly3s UO0OUODODO
gobobobobobobobobuobobuobob.

000000000,000,000000000,00 a b0 t000 a(dpolyl +
dpoly2)-bt dpoly3 000 O0O0O0DODO.

000, [adpolyl,a dpoly2 - bt dpoly3] 00O 0O O00D0OO.

[157] D=(3)%<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>;
(3)*<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>

[158] R=(6)*<<1,1,1,0,0>>;

(6)*<<1,1,1,0,0>>

[159] C=12%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>;
(12)%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>

[160] dp_red(D,R,C);
[(6)*<<2,1,0,0,0>>+(6)*<<1,2,0,0,0>>+(2)*<<0,3,0,0,0>>,
(-1)%<<0,1,1,1,0>>+(-1)%<<1,1,0,0,1>>]

HEN 8.9.120 U dp_mod dp_ratl p.116.
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8.9.25 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl, dpoly2, mod)

= S-000000d
return gogodooon
dpolyl dpoly2

ooooooo
mod oo

e dpolyl, dpoly2 0 SSO0O0O0D0O0DOOO.
e dp_sp_mod() 0000,00000000000000000O000.

e JODODODODO,0DDOODODOODODODODODODO,ODODODODODO,O0DO0DO0DOODODOOOOOO
goooooo.
[227] X=dp_ptod(x~2*xy+x*y, [x,y]);
(1) %<<2, 1>>+ (1) *<<1,1>>
[228] Y=dp_ptod(x*y~2+x*y, [x,y]);
(1) *<<1,2>>+(1) *<<1,1>>
[229] dp_sp(X,Y);
(-1)*<<2, 1>>+ (1) *<<1,2>>

g 8.9.12 0 [ dp_mod dp_ratl p.116.
8.9.26 p_nf, p_nf_mod, p_true_nf, p_true_nf_mod

p_nf (poly, plist, vlist, order)
p_nf_mod(poly, plist, vlist,, order, mod)
0000000000000, (D0D0booooooooooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist,, order, mod)
s 0o00oooooogood. (DDDDD ([OO0,00100000)

return p_nf - OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order o,00000o00o

mod oo

e ‘g JO0OOODOODO.
o LIODODO,00D00D0DOODLOOODDOOO.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod OO OOOOOOODOO
oog.

e poly 000 plist 0,0000 vlist 00000000 otypeOOOOOOOODOODO
0000od, dp_nf(Q, dp_true_nf (), dp_nf_mod(), dp_true_nf _mod() OO OO O.



o8l OO0O0OO0OO0OO0O000 123

e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce 0 1 000
gooagd.
e JO0ODODOOOOO0O0O0OOOOOODO.
e p_true_nf(),p_true_nf mod() DOODOOOOO,dp_true_nf (), dp_true_nf_mod()
goooo.
[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,u0l$
[81] G = hgr(K,V,2)$

[82] p_nf(K[1],G,V,2);

0

[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]

(84] L[0]/L[1];
1

NN 8.9.10 00 dp_ptodp.115, 8.9.11 00 dp_dtopUp.115, 8.9.900 dp_ord[p.114,
8.9.15 0 U dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod[ p.117.

8.9.27 p_terms

p_terms(poly, vlist, order)
s 000000000000 00oOooon.

return gdd
poly ooad
vlist gooo
order O, 00000000

e gr’JO0D00O0ODOOO.

e J0DDDOODOOOODDOOOODODDDODOOOODODN. viistOOO order 0000
odo0oOo0odoOoOo,000b0b000oo0o0ooobo0ooooobooooooo.

e 00O 0O0OOOOOODODDODODODOO,O0DDOOODODODODOOOOOOOOO
Ooooooooo.
[233] G=gr(katsura(5), [ub,ud4,u3,u2,ul,u0],2)$
[234] p_terms(G[0], [u5,ud4,ul3,u2,ul,ul],2);
[u5,u0°31,u0"30,u0"29,u0"28,u0"27,u0"26,u0"25,u0"24,u0"23,u0"22,
u0~°21,u0°20,u0°19,u0"°18,u0"17,u0"16,u0"15,u0"14,u0~13,u0"12,u0"11,
u0~10,u0"°9,u0°8,u0"7,u0"6,u0"5,u0"4,u0"3,u0"2,u0, 1]

8.9.28 gb_comp

gb_comp (plistl, plist2)
s 0oooooo,oooooobobooooooobooboooooDo.
return 0000 1

plist1 plist2
e plistl, plist2 0000, 000000000 OOOOOOODOOOODO.
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e 0ODOOODOOODOOODL,DOO0DLO,00DbDbOOO0ODDbOOObL,DO0ODLO
gobooboooboobooon.

[243] C=cyclic(6)$

[244] V=[cO0,c1,c2,c3,c4,c5]$
[245] GO=gr(C,V,0)$

[246] G=tolex(GO,V,0,V)$
[247] GG=lex_t1(C,V,0,V,0)$
[248] gb_comp(G,GG);

1

8.9.29 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)
cyclic(n)

hcyclic(n)
000000000

return goao

n g
e katsura() O ‘katsura’, cyclic() O ‘cyclic’ D00 OOODO0O.

e IDDOODLOOODDOODLDOO,0DDO00D0O00D0DO0O katsura, cyclic OO
gobooooboooood.

e cyclic U Arnborg, Lazard, Davenport U OO OOOOOOODOOODO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*xud+2*u3d+2*xu2+2*ul+2*xub-1, 2*ud*xu0-ud+2*xul*ud+u2~2+2*xub*ul,
2*xu3*xu0+2*ul*xud-ud+ (2xul+2*xub) *u2, 2xu2*xu0+2*xu2*xud+ (2*xul+2*xub) *u3
—u2+ul~2,2*xul*ul0+ (2*xu3+2*ub) xud+2*xu2*u3d+2*xul*u2-ul,
u0”"2-u0+2*ud " 2+2+xu3" 2+2*xu2 " 2+2*xul " 2+2*xu5" 2]

[90] hkatsura(5);

[-t+u0+2%ud+2*u3+2*xu2+2*xul+2*ub,
—udxt+2*xud*xu0+2*xul*uld+u2~2+2*xub*ul , —ud*t+2*xu3d3*u0+2*xul*xud+ (2*xul+2*ub) *u2,
—u2*t+2*xu2+u0+2*xu2*xud+ (2*ul+2*xub) ¥u3d+ul~2,
—ul*t+2*xul*u0+ (2*xu3d+2*ub) *ud+2*xu2+u3d+2*ul*u2,
—u0*t+u0"2+2*%ud " 2+2*%u3"2+2*xu2"2+2*xul " 2+2*xu5"2]

[91] cyclic(B);

[cH*cd*xc3*c2*xcl*xc0-1,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+chkcd*c3*c2xcl,
(((c3+ch) *c2+cb*cd) xcl+chxcd*c3) xcO+cdxc3*c2xcl+chxcd*c3*c2,
((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cd*c3*c2+c5*cld*c3,

(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+chbxcd, cO+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c~6+ch*cd*c3*xc2xcl1*cO0,
((((ch+cbh)*c3+chb*xcd) *xc2+cbxcd*c3) *cl+cbxcd*c3*c2) *cO+chb*cd*xc3*xc2*cl,
(((c3+ch)*c2+chb*cd) *cl+chbxcd*c3) *xcO+cd*c3*c2xcl+ch*cd*xc3*c2,
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RN

((c2+ch) *cl+chb*cd) *cO+c3*c2*cl+cd*c3*c2+cbxcld*c3,
(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+cbxcd, cO+cl+c2+c3+cd+c5]

8.9.11 0 U dp_dtopl p.115.

8.9.30 primadec, primedec

primadec (plist, viist)

primedec (plist, vlist)

0000000
return
plist gooooo
viist gooono

oo

primadec(), primedec U ‘primdec’ 0O OODODOODO.

primadec(), primedec() 00O 0OO0OOO0ODOOOOODOOOOOO,00000O
gbooboobo.

o0oo0o0ooO0o0ooOo0oOoo0d0ooOoOobO.Oo0oooO0oboobooOoooo.
primadec 0 [0 000, 00000001 0000000O.
primadec U D0 UOOOOOOODO.

gboooo,0boboobooboobooboboobobobobooboobboobon
U.00000000,000000 PRIMAORD, PRIMEORD OO DOODOO.

primadec O [Shimoyama,Yokoyama] 0O OO O0OOOCOOO0OOOOOODO.

ddddooououuuggdg, primedec UOOOOOO. 000, 00000000
odobbboodd, primadec U0 O OOUOOOOOO0OOOOOOOOOOO
ooo.
[84] load("primdec")$
[102] primedec([p*q*x—q 2%y 2+q 2%y, -p~2%X"2+p  2*X+p*q*y,
(q~3*y~4-2%q~3*y~3+q 3%y~ 2) *x-q " 3*y~4+q 3%y~ 3,
—q"3*y"4+2%q"3%y"3+(-q"3+p*q~2)*y"2], [p,q,x,y1);
[ly,x], Ly,pl, [x,9],[q,p], [x-1,q], [y-1,p], [(y-1) *x-y,q*y~2-2*q*y-p+q] ]
[103] primadec([x,z*y,wxy~2,w 2*xy-z"3,y"3], [x,y,z,w]);
[[[x,zxy,y"2,w 2xy-2z~3], [z,y,x]], [[w,x,z*y,2z"3,y"3], [w,z,y,x]]]

6.3.14 00 fctr sqfrJp.45, 85000000000 p.104.

8.9.31 primedec_mod

primedec_mod (plist, vlist, ord, mod, strategy)

s goooooo
return
plist gooooo
vlist googd
ord g, 00gooooo
mod ooo
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strategy od

primedec_mod() O ‘primdec_mod’ DO O OO ODOO. [Yokoyamal] OO OO DOOONO
ooooooooooooo.

primedec_mod() U O UODO0ODOODOOODOODODOOODOODLDO,0D00DO
goooood.

primedec_mod() 0, GF(mod) 00 OO0O0O0O0OOO. O0OO0OODOOOOOO,000
gooooogd.

000000,00000000000000000000O0O00O0 [viistord) 0000
gbobobobobooboboobon.

strategy 0 0 0 0000, incremental 0 component 00000000000 OOONO
early termination 0 00O . OO0, 000000000 0OO0OOOOO,0D0000DO
0b0,0000000000 overhead UOODODOODOO.

O0O00OO00OO0ODO0ODODODOO00000DOO dp_gr_print(2) OOOOODOOO
go.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t, y T 8+yT2+t, z"8+z"2+t]$

[247] primedec_mod(PP444, [x,y,z,t],0,2,1);
[[y+z,x+z,z"8+z"2+t], [x+y,y 2+y+z"2+z+1,z"8+z"2+t] ,
[y+z+1,x+z+1,2"°8+2"2+t], [x+z,y " 2+y+z " 2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+z+1,2"8+z"2+t] , [y+z+1,x"2+x+z2"2+z+1,2"8+z"2+t] ,
[x+z+1,y " 2+y+z"2+z+1,2"8+z"2+t] , [y+z+1,x+z,2"8+z"2+t],
[x+y+1,y " 2+y+2"2+2z+1,2"8+2"2+t], [y+z,x+z+1,2z"8+z"2+t]]

[248]

oo 6.3.16 U Omodfctrl p.47, 8.9.6 0 Udp_gr_main dp_gr_mod_main dp_gr_£f_
main dp_weyl_gr_main dp_weyl_gr_mod_main dp_weyl_gr_£f_main[] p.112,
8§5000000000p.104. 8.9.80 0 dp_gr_flags dp_gr_printl p.114.

8.9.32 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)

s bO0OOO0O

ann (f)

annO (f) 2 0000000 annihilator OO O

return goooooooo

f Ooono

plist oooooa

viist dvlist
ooooa

‘pfct’ JODODOODODOO.

bfunction(f), bfct(f) OOOO f O global bO0O b(s) OODOODO. b(s) O, Weyl
O00D0ODOO0OOD0OODOO DLs]l OO Px,s) OODOOO, P(x,s)f"(s+1)=b(s)f s [
000DbOD0O0OD00O v(s) OODO,000000000000.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DODODOOOO 10,00
00 weight 0000 global bODOOOODO. viistd x00,viist 0O0O0OO D-0O00O
oooooo.

e bfunction [J bfct DD DO OOUOO0O0O0O0O0O0O0OODO. OODDODODODODDOOOO
go.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] O0O00O0O
O0.000,a0 fO bOODOOOOO, st 0 ann(f) 0000 s$0,a0000
oooooo.

0000000, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x”~3+y~3+z73+x"2%y 2%z~ 2+x*y*z) ;
-9%575-63%s574-173%5"3-233*%s"2-154*s-40

[217] fctr(@);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3*dt+y*zxdt+dx,x*z*dt+4*y~3*dt+dy,
x*y*dt+b*z~4*dt+dz, -x"4-z*y*x-y 4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x],[dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000*s"9+101750*%s"8-79375*s " 7+35768*s~6-9277*s"5
+1278%574-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2*dy*x+3*dx*y "2, -3*dx*x-2*dy*y-6] ]

oo 8.80 0OWeyl U0 0 p.107.
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9 0uogoogon

9.1 DLOUuoggdgd

Asir 00000,0000000000000D0O0.000O0O0DOOOCOOO0OOO0,D
gooogoo.oooo,0oddg, oo oobooboobooboooo
god.goobbtbdo, bbb bbdoooobbbooouoboboobo
loboodoooooooobobododoo. oo, oobbbboo0ooooobLbobooo
ddd,reot OOy,

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

#1)

[2] [type(A0),ntype(A0)];

[1,2]
O0O000,a00 x 2+1=000,A1 0,00 A00O0O00ODO x~3+A0*x+A0=0 OO O OO
goooooo.

newalg() 0 O0OO0DOOOOOOO0ODOODOOOODOOODOO.
1. bobob0o 1000000000000 00.

2. newalg() U0 O0ODUODOOODODO,D0000D0O0OO0DODOODOODODODOD.
oooooo,0b0bb0od srem(O) UOO0DOODODOOOOODODOOOOD. OOO
g,0oobbooboo,boobbooooooboboon.

3. U0Db00b00b0 DOOo0obOoobbO0 recoct DOODODOOODOODOODOO
oo.

4. 000000,000000000000 recoct 000 oboooboobooobOoonOO
goooag.

newalg() U0 DOUODOOOOOO,1000 200000.00,000b00000D0O00DO
goooooooboo. bbooboboobooboobbooboboooboono,boo
gobog,boobooboooboobgon.

U0 newalg() DUODOUODODODODOODOOO,D00000O0DODO,DO0,0000DO
DDDDDDDDDDDDDD.(type(),vtype()DD.)DDD,DDDD,rootDDDD
oooooooooon.

[87] N=(A0"2+A1)/(A1"2-A0-1);

((#1+#072) / (#172-#0-1))

[88] [type(N),ntype(N)];

[1,2]
O000o0o00ood,reot #n OO0 UO0OOO. OD00O,000000000000O000O.
root 0000000 OO0ODOODO,0000 alg(n) OODOODODO. ODO,0000000,
000000 (D0O0O0000000O0D0)000 newalg() DOO0O0O, 000000000
odoooooooooooooooon.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root 000D0D0DOD, defpoly() 00DDODODODOO.

[96] defpoly(AO);
t#072+1

[97] defpoly(Al);
t#173+t#O*xtH#1+t#0

goboodbo,t#o,t#1 D0OUO0O0O #o, 1 UDOUOODOODODOO. ODOOODOOOOOO
oobooooood.varQ UOOOOOO0,0000 algv(n) JOOOODO.

[98] var(Q);
t#l

[99] algv(0);
t#0

[100]

9.2 DOOUO4ogdgd

goo,boobobogo,0bo0oboboo0ob. obobo,b0o0bobobobooboboob
go.oboooboob,boobooboboobbooboboooboobbOo,0oboo
O00D000O00O0O0DOO0DOOO0Ob. booog,sp0,egr 000 Asir 00ODODOO
gobooobooboooooooog.

[0] load("gr")$
[1] load("sp")$

oboob,00b00bogbg, ‘$HOME/ .asirrc’ DO O OOOOOODO.

root J DOOODODOO,0000000000.000,00000000000000
gobooboooboo,bboobooboobooobooobo. ob,obb o0obbO
gboobobobodobob,0oboboooobobooboboobooboboobo
goooo.

oo0o00,0b0b0ob0obobob, simpalg OODO.

[49] T=A0"2+1;
(#072+1)

[50] simpalg(T);
0

simpalg() DO O0UOOOO0ODOOODOOO,000000000DO.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0"2+A0+1)/(A0+3);
((#0~2+#0+1) / (#0+3))

[41] simpalg(T);

(3/10%#0+1/10)

[42] T=1/(A0"2+1);

((1)/(#072+1))

[43] simpalg(T);

div : division by O

stopped in invalgp at line 258 in file "/usr/local/lib/asir/sp"
258 return 1/A;
(debug)
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gooog,obobo obobobobobbbb b0 ooooooooooogo,oog
O000000 simpalgO) DO ODOOOOODODOODUODOD. simpalgO) O, 0000
gooooooooooooooooooan.

[43] simpalg(1/AO*x+1/(A0+1));

(—#0) *x+(-1/2*#0+1/2)

0ooboboooooboooonouboD, b simpalg) DO0ODOODUODOODODODO
0oooooo, 000000000000 ooooog, root OO
000Db0O0O0DbO00OO0DbOobOO.0000, algptorat() OODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0) ;

#1)

[85] T=(2*A0+A1xAO+A172)*x+(1+A1)/(2+A0);

(#172+#0*x#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(L#0+2) *t#172+ (t#0™2+2xt#0) ¥t #1+2%t#0 " 2+4*t#0) xx+t#1+1) / (t#0+2)

[87] algptorat(coef(T,1));

tH#17 2+t #O*t#1+2xt#0

00000, algptorat() 0,000, 000000 root 0, 0000000,0000 #n
D000 +#n 000000. 00000000, 0000000000000000000
00.000,000000000000,r0t00000000000000000000
oooo.

OO0, root DDOUOODOODOOO, 0000 root UOUOOUDUOODUOD rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]);

(((#0+2) / (#0+2) ) xt#1 72+ ((#0"2+2%#0) / (#0+2) ) xt#1

+((2%#072+4%#0) / (#0+2) ) ) *x+ ((1) / (#0+2) ) xt#1+( (1) / (#0+2) )

[89] rattoalgp(S, [alg(0),alg(1)]);

(((#0"3+6x#0"2+12*#0+8) *#1 "2+ (#0"4+6%#0 " 3+12*x#0 " 2+8*#0) *#1

+2%#074+12%#0 " 3+24%#0 " 2+16%#0) / (#0~3+6*#0"2+12%#0+8) ) *x

+(((#O+2) *#1+#0+2) / (#0"2+4*#0+4) )

[90] rattoalgp(S, [alg(l),alg(0)]);

(C(H#HO+2) *x#1 72+ (#0™2+2%#0) *#1+2x#0 " 2+4*#0) / (#0+2) ) *x

+((#1+1) / (#0+2))

[91] simpalg(@89);

(#172+#0*#1+2%#0) *x+ ((-1/5%#0+2/5) *#1-1/5%#0+2/5)

[92] simpalg(@90);

(#172+#0*#1+2%#0) *x+ ((-1/5*#0+2/5) *#1-1/5%#0+2/5)
rattoalgp() U, 00000000 root DOUDODODO 200000,00000,00000
godoudodoo. oo, oo oouoouoooooooooon
00O0DbO00OO0,00b0b0b0b00oD0OoboOo0oOobooOon. algptorat(), rattoalgp()
O, 0000000000000 0000oobooooooooooon.

9.3 DUUOobo 1000000 on

‘sp) 00,1 00000000,GCh, 0000000000000 DOOO0bOOO0ODOOOD
goobooooboooon.
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9.3.1 GCD

000000 GCD O cr_geda() DO ODOODOODO. DODOODOODODOODODODOODODO
000OO00d00o00pDO0OO0 GChboOoOopooOoOooO,00booooooobooooo.
[63] A=newalg(t~9-15*t"6-87xt"3-125);
(#0)
[64] B=newalg(75xs”2+(10%A"7-175%A"4-4T70*A)*s+3*A~8-45%xA"5-261*%A"2) ;
(#1)
[65] P1=75%x"2+(150*B+10*A~7-175%A~4-395%A) *x
+(75%B"2+(10%A"7-175%A"4-395%A) *B+13*A~8-220*%A~5-581%A"2)$
[66] P2=x"2+A*x+A"2$
[67] cr_gcda(P1,P2);
27*x+ ((#076-19%#0"3-65) *x#1-#0"7+19%#0"4+38*#0)

9.3.2 000U, 0000

Jododooo,dddddddooo GCbooOOoO00D0Dd0d0d0d00oOoOooOoooo
000D00000.000 asqO) OODO.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2%A-3) 2% (x"3-x-A)"2);

X" 11+ (#4+1) *x~ 10+ (—4*#4-8) *x "9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7

+(24%#4-6) *x "6+ (—29*#4-31) *x "5+ (—15*#4+28) *x "4+ (38*#4+29) *x~3

+(#4-23) *x~ 2+ (=21 *#4-7) *x+ (3*#4+8)

[118] asq(T);

[[x"5+(-2%#4-4) xx "3+ (-#4) *x "2+ (2%#4+3) *x+ (#4-2) , 2] , [x+(#4+1) ,1]]
ooooOooooa ,[D g,od D] doooobooo,0ooooooo,bboooooa
gooooooboo. oo, 0booobgooonoooooooog,onoogooon
ooo.
dddddooogogg, Trager 00000 o, oo gooag,
godoodoodoodootoouoouoouoooooooooog.

[119] af(T,[A]);

[[x"3-x+(-#4),2], [x"2+(-2*%#4-3) ,2], [x+(#4+1) ,1]1]

oo 200,02000,rcot0000O0OO0O. 0000O00O00O0OOO, 0000 root O
gbodotdotdotuod. recot 0000, oo, 0dbonoooooon
0o00o00d0oo00ooO0do. 0oooOo,0b00o000oog. oopoooooan.
gofddodoboooooboooooo, 000000000 100D ooooOooo
00,0000000000. 0000,000000000O000D0O000DO0OO00DOO0
oo00oo0ooooooooooooooo.

[120] B=newalg(x~2-2%A-3);

(#5)

[121] af (T, [B,A]l);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5) ,2], [x+(#4+1),1]]

9.3.3 UL OO

gobgooobooboob,0oboobbobbobbooboobg,booboooboo
oOoooOoooOooD.bog spOOODO.
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[103] sp(x"5-2);

[[x+(—#1) , 2%x+ ($O"3*#1"3+#0"4x#1" 2+ 2k #1+2%#0) , 2kx+ (~#0"4*#1°2)
2%x+(~#0"3+#1°3) ,x+(-#0)],

[[(#1), t#1 4+tH0O*t#1 " 3+L#0 2t #1 2+t #0 3+t #1+t#0°4], [ (#0) ,t#0°5-2]1]

spO0 1000,000 10000000, [lroot, algptorat(DOOOO)] ODOOO]
oooobgob. 02000 [root,algptorat(ULDUODO)] DOODLOO,0000O,
0o000dooooooooooooind recot 0. DOODOooooOOo,0dogoon
root UODOOOOOOOOOOOOOOOOOOOO.

0000 100000 10000000D0,0 2000 reot00O0DOOOOOoOO,spO
gbogboboobuobobobo. obobooboboobobobg,bobbodg 110
oooooooOo. «fOQU0b, 00000000, 0D00DOO00D0OODOODOOO.

94 Lo boobooobogd

9.4.1 newalg

newalg (defpoly)
sroot U U4Q.

return 0000 (root)

defpoly ooo

e defpoly OO ODDOOOUODOOODO (reoot)DODODODO.

e defpoly OO DOOOOOOOO,10000000000p.129000.
[0] AO=newalg(x~2-2);
(#0)

00 9.4.2 0 0 defpolyl p.133

9.4.2 defpoly

defpoly(alg)

croot 0OOODOODODO.
return oon
alg 0000 (root)

e rootalg 00O DOOODOOO.

e root Il #n U000, 0000OO0OOOOO t#n OO O.
[1] defpoly(A0);
t#072-2

HEN 9.4.1 0 UOnewalgll p.133, 9.4.30 0 algl p.134, 9.4.4 0 U algvl p.134
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9.4.3 alg

alg(i) » 00000000000 reoot OO,
return 0000 (root)

i gd

e root #1 00O 0O.
e #i 000000 DODOODOOO,alg() ODODODODO.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

g 9.4.1 0 Unewalgllp.133, 9.4.40 0 algvl p.134

9.4.4 algv

algv (i) calg() O00O0OOOOOOOO.
return goo

i ud

o OO t#iODO.

e t#i D000 0O0OODOODODOO,algv( ODOODOODODOO.

[4] var(defpoly(AO));
t#0

[5] t#0;

syntax error

0

[6] algv(0);

t#0

ud 9.4.1 0 Unewalgll p.133, 9.4.20 O defpolyl p.133, 9.4.3 0 0 algl p.134

9.4.5 simpalg

simpalg(rat)

s 000oo00oooooooooooon.
return goo
rat goao

e s 0O0OOODOODO.

e J,000,0000000D0D00DDO,0D000 rect00bbooonboOooDO.
e DD, 0D000OD0DO0ODLOO,DUO0 reotnognO.
gobodobo,ooboooobgoon.
gboboobo,ooboobooobobooooaoo.
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[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp™)$

[46] simpalg((1+A0)/(1-A0));

(-2*#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(-2%#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1)) / (x+(-#0+1))

9.4.6 algptorat

algptorat (poly)

2 00000000 root O, 0000000000000 .
return ggdod
poly aooo

e sy JODOODODOOO.
e JOUDOUDOOUD root#n 0OUOD t#n 00O ODODODO.

[49] algptorat((-2*alg(0)+3)*x"2+(1/7*alg(0)-3/7));
(-2%t#0+3) *x"2+1/7*t#0-3/7

gd 9.4.2 0 0O defpolyl p.133, 9.4.4 0 0 algvl p.134
9.4.7 rattoalgp

rattoalgp(poly, alglist)
200000000 reot 0000000 DDO reot 0O OODOO.

return ggd
poly ooo
alglist aooo

e sy JODOOODOOO.

e 02000 root HOOOOMODO. rattoalgpO) U,00 root HOOOOOOOO, O
U000 root OO OODO.

[561] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7),[alg(0)]);
(—=2*#0+3) *x "2+ (1/7*#0-3/7)

gd 9.4.300alglp.134, 94400 algvlp.134
9.4.8 cr_gcda

cr_gcda(polyl, poly2)
2000001000000 GCD

return goao
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poly1 poly2
ooo

e sy OO on.
e 200 1000000 GCDOOODO.

[76] X=x"6+3*x"5+6*x"4+x"3-3*x"2+12*x+16$

[77] Y=x"6+6*x"5+24%x"4+8*%x~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

oo 8.9.10 0 gr hgr gr_modl p.107, 9.4.10 0 U asq af af_noalgll p.136
9.4.9 sp_norm

sp_norm(alg, var, poly, alglist)
000000000000

return goo

var poly OO OO
poly 1000004
alg root

alglist root 0O OO

e ‘s 0O0OOODOODO.

e poly 0,alg0000000000.0000,K = Q(alglist \ {alg}) 00000, poly
0000 alg0,alg 0 KOOOOOOOOODOOOOOOOOOO.

e JOO KOODOOODODO.

e 10D I0OUDUIODODOODOODOO, D0D0LOO0ODOUODODOODLOUOODOOOO
oo, ddgoobodoooobooooonl. ogdonb usELRESUO 1000000
oo, ogooooouoooooouooooogd.

[0] load("sp")$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1,[A1,A0]);
X" 6+ (2%#0) xx "4+ (#0~2) *x~ 2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);

X" 12+2xx"8+5xx"4+1

gd 6.3.13 0 O resl p.45, 9.4.10 0 U asq af af_noalgl p.136
9.4.10 asq, af, af_noalg

asq(poly) = 00000 10000000O0O00OOO

af (poly, alglist)
af _noalg(poly, defpolylist)
s doo0ono 1o0o0o000oooon
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return goo

poly

goo

alglist root 0O OO

defp

olylist root DD UIDUODUODOOODUODODODOODO
oooo0 spy000googog.

root UOOODOODODODODOODOODOO0OOO0OO0OOD, reot 00D ODODO,
crgcda() DOOOOOOOOOOOOOODOODO.

afO 0,000000,00000 2000,rect000oonoOoonooOon.
alglist UUODOO0ODO root U, 000000000000 00O0O0O0O0DOO0O0OO0O.

af(F,AL) 0000, AL OOOOOOOO0OODODODO, OOoooooogoogooao.
Al=[An,...,A1] 0D00O0CO0,0 Ak 0O, 000000C000D0O0O00OODO, O
gbobobobobobobobobobobob.

[1] Al = newalg(x"2+1);

[2] A2 = newalg(x~2+A1);

[3] A3 = newalg(x"2+A2*x+A1);
[4] af (x"2+A2*xx+A1,[A2,A1]);
[Lx™2+(#1) *x+(#0) ,1]]

af_noalg U0, poly OOODOOD0O0O0ONO ai0D00ODO viODOOODOO. defpolylist
O, [[vn,dn(vn,...,v1)],...,[vl,d(v]))]] D00O0O0000O. 000 di(vi,...,v1) O ai 000
ooobobobobobob vyOOoooooooooo.

[1] af_noalg(x~2+a2xx+al, [[a2,a2"2+al],[al,a1"2+1]]);
[[x~2+a2*x+al,1]]

000,00000000,0000000 [00,000)0000000. af_noalg
00,00 000000000, defpolylist 000000000 ODOOOOO.

ooboooobooooboooog, polyoooooooooo.

[98] A = newalg(t~2-2);

(#0)

[99] asq(-x"4+6%x"3+(2%alg(0)-9)*x"2+(-6*alg(0))*x-2);
[[-x"2+3*x+(#0) ,2]]

[100] af (-x"2+3*x+alg(0), [alg(0)]);

[[x+(#0-1),1], [-x+(#0+2) ,1]]

[101] af_noalg(-x~2+3*x+a, [[a,x72-2]1]);

[[x+a-1,1], [-x+a+2,1]]

g 9.4.8 00 cr_gecdall p.135, 6.3.14 0 O fctr sqfrl p.45
9.4.11 sp, sp_noalg
sp(poly)

sp_noalg(poly)

s ggooooooo.

return goo

poly

goo
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e ‘s UOUODOODODO.

000000 100000 polyODOOODO,000000000 polyO 10000
gobobobo.

Oob0,polyO0OO0ODOOOO0,000000,000D0O000DOOODOOOODO
O.sponoalg 00, 00000000,0000000 (OO0 #0000 t#i) 000
gopbod.bobogoDb,spnoalg OO0, 0000O0OO0DOODOOODODOODO.

000000, [root,algptorat(defpoly(root))] DO O OOOOOOOOOOO. O
o0, 0000oboboob,bbdbddd,dd recot 000000000 OOOOOO.
0o00,0000 root00ooonoong.

spO 0,0000000000000 sp_norm() 000D 0ODOO0ODO. DODOOODO
0,0000000000000000000,00000000000000000DOA0,
0000000000 OO00000O0O0000D0. 0000 USELRESO 1000000
0o000,0000000000000000000.

[101] L=sp(x~9-54);

[[x+(-#2) ,-Bd*xx+ (#1"6%#2"4) ,54*x+ (#1"6x#2"4+54x#2) ,

BAxx+(—#1"8x#272) , -54*x+ (#1"5%#27°5) ,54*x+ (#1 " 5x#2 " 5+#1"8%#2°2) ,

—BAxx+ (—#1"7*#2°3-54%#1) ,b4*xx+ (-#1"7*#2°3) ,x+(-#1)],

[[(#2),t#2"6+t#1 " 3xt#2"3+t#176], [(#1) ,t#1°9-54]11]

[102] for(I=0,M=1;I<9;I++)M*=L[0][I];

[111] M=simpalg(M);

-1338925209984*x~9+72301961339136

[112] ptozp(M);

-x"9+54

g 9.4.10 00 asq af af_noalgl p.136, 9.4.2 0O0defpolylp.133, 9.4.6 O
Ualgptoratl p.135, 9.4.9 0 U sp_norm[] p.136.
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10 OO0 oooood

10,1 oo obooaga

Asir 00000,0000,00000 GF(p),00 20000 GF(2°n), GF(p) 0 nO0O
0 GF(p'n) D00000. 000000, setmod_££f() 000O0D0D00.

[0] P=pari(nextprime,2750);

1125899906842679

[1] setmod_ff(P);

1125899906842679

[2] field_type_ff();

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);

x"50+x74+x"3+x72+1

[6] setmod_ff(F);

x"B0+x74+x"3+x72+1

[6] field_type_ff();

2

[7] setmod_ff(x"3+x+1,1125899906842679) ;

[1*x~3+1*x+1,1125899906842679]

[8] field_type_ff();

3

[9] setmod_ff(3,5);

[3,x"5+2%x+1,x]

[10] field_type_ff(Q);

4

setmod_ff() 0,00000000000000O00O0OODOODOODOO.OODOO0OO p

000 GF(p),n0000 f(x) 00, f(x) mod 2000000000 GF(2°n) 0000
000o000o0oo00oo0. 00,0000000000000000. 0000 32000
O00Op12000. setmod_££() DO 00D O0OOODOOOOODOODOO,00D00000O
ooo.

gbooobog,booobbboooobobooooobobooobobooboboo,oan
gbbooboobuoobooobooobobobo.ob,obbooboobuooboobobobo
g.o0g,b0bo0obobgoboboobooobooooooooooboboo,ooooobooooob
goboobooooog,0boobooobg.

0000000000,0000000000,0000001000.000,0000
00000000000,GFR(p) 000 6,GF(2°n) 000 7000.

goooooooooo,0booooooooooooan. (}F(p) oo0, simp_f£f() O
ao.
[0] P=pari(nextprime,2°50);
1125899906842679
[1] setmod_ff(P);
1125899906842679
[2] A=simp_ff(27100);
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3025

[3] ntype(@Q);

6
O00,GF(2"n)0J000000O0O0OOOO.

[0] setmod_ff(x"50+x"4+x"~3+x"2+1);

x"B50+x"4+x"3+x"2+1

[1] A=0;

(®

[2] ptogf2n(x~50+1);

(@~50+1)

[3] simp_£ff(QQ);

(@"4+@°3+0"2)

[4] ntogf2n(2710-1);

(@"9+@"8+@"7+@"6+@"5+@"4+0@"3+0"2+0+1)
O0000000000,000000000.e0 GF(2"n)0O,GF(2)0O00O0DODOOO.

000D 32000000p.12000.

10.2 DOOO0OO0 1000b0uood

i’ 00, 00000 100000000,00000,DDF,0000,00000000
gooooobooooooon.

O000,000 [00,000]00000000,000 monicO000,000000
gobogooan.

gooboo,0ooooobooobbo gebooooboouoobooobbooooouoDbog
gboobooooo.

O0o0o0obOoooog,DbF OO0, 00000000000, Berlekamp OO0 OO0
0000000,000000000000000O0,D0000 Cantor-Zassenhaus 00000
oooboboo,obooooboooooono.

103 OO oooobooood

googooboooboobobo,0oboobobuoobboobobooboooboboon
O0o00. 000 sffetr() O0O0O. OO0, modfectr) O, 00000000000O00O00O0O
oooo0oO0o,00bbo,bo000o00bbo0ooogon, stfetrOQ ODO0O0ODDO,000
gboboodgboooboda,booooaobbooog.

104 ODOOOOOOOOOOOOOO

gbobooobooboboobboobobooobooob,o0boboooboooboon
go.

O0000000,00 200000 [abjO0O0O. a, b00000O0O0O, setmod_ff 00
000000000000 On0g, yr2=x"3+ax+b, 00 200000 y 2+xy=x"3+ax~2+b
goo.

ooooooo0,00000000000000. 0000000, 00 (ecm_add_
£f£()), 00 (ecm_sub_£f£()) 0000000000 DOO (ecm_chsgn_£f£f()) 000000
god.dodoooo,ooboboboobooouooooaaa,
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e JODODOO O.
e J0UJ0O0OOD,00 300000 [xyz.00O0,z00000.

0000000. xyz 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]0OOODODOOO0000000000,[xy1]000
0000000000000. 000000000000000,2z000 10000000
0,00000000000000 x,y000 20000000000.

105 DOOooooboooooa

10.5.1 setmod_ff

setmod_£f ([prime| poly])
setmod_£f (prime,n])
s 000000,000000000000,00000000

return goooooo

prime oo
poly GF(2)OOO0OO0O 100000
n gooad

e JODDDOO prime 00, GF(prime) 00000000 OOO.

e JOODUDOO poly OO, GF(2~deg(poly mod 2)) = GF(2)[t]/(poly(t) mod 2) OO0
gooooooo.

e UUD p0 n0O0O,GF(prn) 0000000O0ODOOO. ponO 22900000000
ooo.o0o0,p0d 2r1400000,n0 1000000000.

e 0000D,00000000000 GF(prime) 000 prime, GF(2°n) 000000
00000.0000 GF(p™n) (p°n0 2714 00) 000, [p,defpoly,prim_elem] O O
O.000,defpoly O, n000000000, primelem0,GF(p™n) 0000000
ogoooa.

e GF(2"n)OUJUODODOO,GF(2)0 n000D0O0ODO0OOODOO,0000OO0DOOO,
defpoly_mod2() DO O DOOOODOO.

[174] defpoly_mod2(100);
x7100+x715+1

[175] setmod_ff (QQ);
x7100+x715+1

[176] setmod_ff();
x~100+x~15+1

[177] setmod_ff(2,5);
[2,x75+x"2+1,x]

HEN 10.5.14 0 0 defpoly_mod2[] p.147
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10.5.2 field_type_ff

field_type_ff()
s doo0oooooooooa

return o
e JI0OOOOOOOOOOODODOO.
e JODDDOO 0,GF(p) 00O 1,GF(2"n) 00 2000.
[0] field_type_ff(Q);
0
[1] setmod_ff(3);
3
[2] field_type_ff();
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff();
2

ud 10.5.1 0 O setmod_£f£f0 p.141
10.5.3 field_order_ff

field_order_£ff ()
s 0oooooooooogdg

return o
e J00DDODUDUUDDD (LUDLD)UODO.

e J0DDDOODOO GF(qg OO qOOO.

[0] field_order_ff();

field_order_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3
[1] field_order_ff();
3
[2] setmod_ff(x"2+x+1);
X" 2+x+1
[3] field_order_ff();
4
00 10.5.1 0 O setmod_ff0 p.141

10.5.4 characteristic_ff

characteristic_ff()
2 00000000000

return o
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e DD OODOODDOODO.

e GF(p)0DODO p, GF(2°n) 000 2000.

[0] characteristic_ff();
characteristic_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3

[1] characteristic_ff();
3

[2] setmod_ff(x"2+x+1);
x"2+x+1

[3] characteristic_ff();
2

ud 10.5.1 0 O setmod_£f£f0 p.141
10.5.5 extdeg_ff

extdeg_ff()
= 00000000000,0000000000

return o0
e 00O ODOOODODOO,000ODbOUOOODOOOO.

e GF(p)0ODO 1,GF(2"n) 000 nOOO.

[0] extdeg_ff();
extdeg_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3

[1] extdeg_ff();

1

[2] setmod_ff(x"2+x+1);
x"2+x+1

[3] extdeg_ff();

2

ud 10.5.1 0 O setmod_f£f0 p.141
10.5.6 simp_£ff

simp_£f (obj)
»0,00000000D00COO000000OO

return goooooo
obj goooooo
o 1, 000000 OOOOOOOOOOOODODOO.

o LI, 000000 OLOODLOO,DOU0,00b0O0LOOODLDDbDOObOOObOOnOO.
e NO0IDOOOOD,0000DOOOOUOUDD reduction OO OOOOODDO.
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e OODOODODODOODL,DO0ODODLOODLODLO,bO0DbODDOODODO.
Oo0bOob0obOobobOon ptesfpO ODODO.

[0] simp_ff((x+1)710);
x"10+10%x"9+45%x"8+120%x " 7+210%x " 6+252*%x " 5+210*%x"4+120*x " 3+45%x " 2+10*x+1
[1] setmod_ff(3);

3

[2] simp_ff((x+1)710);
1%x710+1%x"9+1*x+1

[3] ntype(coef (0@,10));
6

[4] setmod_f£f(2,3);
[2,x"3+x+1,x]

[5] simp_ff(1);

@_0

[6] simp_ff(2);

0

[7] ptosfp(2);

@_1

gd 10.5.1 0 0O setmod_££[1 p.141, 10.5.8 U U 1mptopl p.144, 10.5.10 U U gf2nton[]
p-145, 10.5.13 0 U ptosfp sfptopl p.147

10.5.7 random_ff

random_£ff ()
2 00000 0o0ooon

return goooo
e JIOOOOOOOOODO.

e random(), lrandom() U0 0O 32bit OO ODODOOOODOOO.

[0] random_ff();

random_ff : current_ff is not set
return to toplevel

[0] setmod_ff(pari(nextprime,2740));
1099511627791

[1] random_ff();

561856154357

[2] random_ff();

45141628299

gd 10.5.1 00 setmod_£f£f p.141, 6.1.7 0 0 random[J p.32, 6.1.8 0 I 1random[] p.32
10.5.8 lmptop

1mptop (obj)
» GF(p) DUOOOOODODOOODOOOO
return goooooo

obj GF(p) 00000
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e GF(p) JODDODODODODOOOODODODODO.

e GF(p)UUOD,000 pUOD0OOO0UDODOOODOUOD. DUDODOOOOO,00000O0O
000000 (000 oboooooooooo.

[0] setmod_ff(pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1xx710+1099511627781%x"9+45%xx~8+1099511627671*x"7+210*x"6
+1099511627539*%x"5+210%*x"4+1099511627671*x"3+45%x"2+1099511627781*x+1
[2] setmod_ff(547);

547

[3] F=simp_ff((x-1)"10);
1%x710+537%x"9+45%x " 8+427*x"7+210%x"6+295%x"5+210%x"4+427*x"~3
+45%x72+537*x+1

[4] lmptop(F);
x"10+537*x"9+45%x"8+427*x"7+210%x"6+295*%x"5+210%*x"4+427*x"3
+45%x72+537*x+1

[5] 1lmptop(coef(F,1));

537
[6] ntype(@Q);
0
00 10.5.6 0 O simp_££[] p.143

10.5.9 ntogf2n

ntogf2n (m)
+ 0000 GF(2°n) 00000

return GF(2"n) OO

m gooog

e 00 m0O 2000 m=m0+ml*2+..+mk*2°k 000, GF(2"n)=GF(2)[t]/(g(t)) O
0 mO+mI*t+...+mk*t"k mod g(t) OO O.
e JIIDDOOODODODOODDOODOOODDOOONO,simp_f£OO0O0O0OOOOODODO.
[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] N=ntogf2n(2°100);
(@7100)
[3] simp_ff(N);
(@"13+0~12+@~11+@"10)

g 10.5.10 0 0 gf2ntonl p.145
10.5.10 gf2nton

gf2nton(m)
» GF(2~n)00000D00ODOO

return gooao
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m GF(2"n) OO
o gfonton U UUOOODO.

[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=gf2nton(27100);
(@°100)
[3] simp_ff(N);
(@~13+0@~12+@"11+0@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_£ff(N));
15360

HEN 10.5.10 0 O gf2ntonl p.145
10.5.11 ptogfon

ptogf2n(poly)
2 0000000 GF(2~n)00OOODO

return GF(2"n) OO

poly 0ooooQ

e poly 00D GF(2"n) 00000 0OO.000,2000000000000. poly 0O
U0 e0DOODODOODOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] ptogf2n(x~100);
(@~100)

RN 10.5.12 0 0 gf2ntopl p.146
10.5.12 gf2ntop

gf2ntop(ml(,v])
+ GF(2"n) 000000000

return goOooon
m GF(2"n) OO
v ooo

e mUUO0O0OD00ODO,0000000000000000D00OO.

e vIIUODOOOO,OOD ptogfon() DI UDOOODUDDOOOO (DODOOODO x),
godooooooooooodooooooooooooon.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=simp_ff(gf2ntop(2°100));
(@"13+0@"12+@"11+0"10)
[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t710

go 10.5.11 0 O ptogf2nl p.146
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
0000000000, o000

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OODOODOO
000.000000000000D0DO0O0ODO00.00D0D0O00,0D00000000
00000,00 p00d0 pO0Od0O0,pd x0000OCOO0OODO,0000000
O00.000,GF3"5) 0 GF3)[x]/(x™5+2*x+1) 0000000, 00000000
xJ00O0O0O0O0O0O0 k000 ek O000D0D0OOOO0.0000,000 23=2%3"2+3+2
0,2%2+x+200000,00000 x 1700 x5+2*%+1 000000, 01700
oooog.

e sfptop() O ptosfp() OO ODOODOO.

[196] setmod_£ff(3,5);
[3,x°5+2%x+1,x]

[197] A = ptosfp(23);

Q_17

[198] 9%*2+3+2;

23

[199] x~17-(2*x"2+x+2);
X"17-2%x"2-x-2

[200] sremm(@,x"5+2*x+1,3);

0
[201] sfptop(A);
23
ad 10.5.1 0 O setmod_£f£f0U p.141, 10.5.6 U U simp_£f£f[ p.143

10.5.14 defpoly_mod2
defpoly_mod2(d)

©» GF(2)0ODooOOooooooooo
return goo

d ooo
o ff’00OULDODODODO.
e J0DDDODOD dUOOO,GF(2)0 dOODOOOOOODODO.
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e I OO 30D0O0O0ODOO,0 2000Db0O0ODOOODOD 30D,00 0030
goboobooo,o0so0oog,b 200b000bo0o0boob,o0bog 3
goboboboboboob,bobob 40000000000ODODODODO.

ud 10.5.1 0 O setmod_£f£f0 p.141

10.5.15 sffctr

sffctr(poly)

2 0000000000000D0000
return goo
poly Oo0oo0o0o ooao

e JOODL,00D0O0DODODODODODODODODOD.

e 00O, [[flmI],[f2,m2],..] D0DO0O0O0O00. 000,fi0 monicOO00O0, mi 00
goooood.

[0] setmod_f£f(2,10);

[2,x710+x"3+1,x]

[1] sffctr((z*xy 3+z*y)*x"3+(y 5+y 3+zxy 2+2z)*x"2+z" 11xy*x+z"10*%y~3+z"11) ;
[[@_0,1], [@_O*z*y*x+@_0*y~3+@_0*z,1], [(@_0*y+@_0) *x+@_0%*z"5,2]]

ud 10.5.1 0 O setmod_££f0 p.141, 6.3.16 U U modfctr p.47
10.5.16 fctr_ff

fctr_ff (poly)
1 0000000000000000

return goo

poly 00000 100000
“$f£00000000.

e 0000OOD,000000000000O0O00000O0.

000, ([fl,ml],[2m2],.] 00000000. 000, 0 monic 00000, mi OO
ooooooo.

poly 000D0DOO0O000OO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);
[[1%x+14123390394564558010,1] , [1*x+6782485570826905238,1] ,
[1*xx+15987612182027639793,1], [1*xx~2+1%x+1,1]]

ud 10.5.1 0 O setmod_f£f0 p.141
10.5.17 irredcheck_ff

irredcheck_£f (poly)
21 0000000000000000
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return 011

poly 00000 100000
e $ff’000DO0D0D0ODO.
e 00000 10000000000000,00000 1,000000000.

[178] setmod_ff(2°64-95);
18446744073709551521

[179] ] F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

o0 10.5.1 0 0O setmod_f£0 p.141
10.5.18 randpoly_ff

randpoly_ff(d,v)
00000 0000 10000000 o

return goao
d oogd
\% oood

o ffEPOIDODOOODODO.

e d00OD0,000 v,OOUOUOOODOOOODOODODOOOoOooo1ooooooooOoo.
000 random_f£(O DOOOO0OOO.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_ff();
[180] randpoly_£ff(3,x);
17135261454578964298*x~2+4766826699653615429*x+18317369440429479651
[181] randpoly_£ff(3,x);
7565988813172050604*x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x~2+10243690944992524936*x+4063829049268845492

ud 10.5.1 0 O setmod_££f0U p.141, 10.5.7 U U random_££[1] p.144
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_£ff

ecm_add_£ff (pl,p2,ec)
ecm_sub_£f(pl,p2,ec)
ecm_chsgn_ff(pl)

00000000 00,00,00

return gooooono o
pl p2 o0 300o00ooog o
ec oo 200000
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e 0000000000000, e 0000000000000 pl,p200 pl+p2, O
pl-p2, 00 -p1 OODO.

ecd,00000000000000000DO0, y~2=x"3+ec|0)x+ec[l],00 2000
y " 2+xy=x"3+ec[0]x"2+ec[l] D OO .

e 0,00000,000000000D00O0.

pl,p2000 300000000,0000000000000DO0. 0DODO, DO 3
gbooooooooooo.

ooooo 3ooobobooo,030bb0 ob0bbo,1b0b0oobo.0boboobo
gobobobobobob,b100,0 20000 30000000000.

pl,p20000000000O0000O00000O00O0O0.

[0] setmod_f£ff(1125899906842679)$%

[1] EC=newvect (2, [ptolmp(1),ptolmp(1)]1)$

[2] Ptil=newvect(3,[1,-412127497938252,1]1)$%
[3] Pt2=newvect (3, [6,-252647084363045,1]1)$%
[4] Pt3=ecm_add_ff(Ptl1,Pt2,EC);

[ 560137044461222 184453736165476 125 ]

[5] F=y~2-(x"3+EC[0]*x+EC[1])$

[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]1/Pt3[2]);
0

[7] ecm_add_ff(Pt3,ecm_chsgn_ff(Pt3),EC);

0

[8] D=ecm_sub_ff(Pt3,Pt2,EC);

[ 886545905133065 119584559149586 886545905133065 ]
[9] D[0]1/D[2]==Pt1[0]1/Pt1[2];

1

[10] D[1]1/D[2]==Pt1[1]1/Pt1[2];

1

oo 10.5.1 0 O setmod_££0 p.141
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OO0 A OO0

Al O00O0O0OO

<d>:
c(<Od>¢)
<O><ggdood> <d»>
‘42 <>
‘- <>
<0ood>
000> <O00000> <d0>
<O00O00O> “++°
000> ¢-=
‘440 000>
‘-—> <kgoOo0d»>
‘1 <0d>
<O> ‘7?2 <d> “:?> <O>
<O0O> “C <OOd> ¢)?
<d00O> “C <g00d> ‘> <0Ooogoogos> <)
<good»>
<goOooogs>
000>
000>

(4.2.10DDDDDDDDDp.22DDD.)
<OoOog»>:
<O0O> [‘[°<O>¢]°]*
<0oOooood>:

C4r o o t/) (%: (A;(D)

(==) (=) (g () (=) (5= ‘&&? t||7
gbogogd>:

C—» (+=; [qup—) {*=7 (/=; (%=1 C~—»
<gog>:

<d>

<O> [¢,” <O>]%*
ggogag>:

alphabet UODOOOOO ‘=2 <O>

<O00oooods>:

<0ggoood>

<QgOO0O00> [¢,> <0000O0>]*
<god>:

‘> <O0O0> ¢]°
<g0>:

oo00o0oooooogd X,Y,Japan OO)

(42200000000000p.18000O.)

<0 0>:
oO0000oooooO0 (fctr,ged O0O)
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<OgoOoo0>:
goo>
<0>

<ggo>:
oooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.18000O.)
<O >:

000>

<000oo»>

<0O0o0oo»>

<0goggd>

(3.2000000p.12000.)
<O000>:
o0, 1, -2, 3/4
<O0000>:
0.0, 1.2e10

<OOoOoOo>:
newalg(x~2+1), alg(0)~2+1

(0900000000000 O0Op.1290003.)

<000>:
1+0i, 2.3%@i

<ggo>:
‘v goooobooob

<gbodgodao>:
‘<2 <O 0O0O> “>>

(0800000 UOOOOOOp.100DDOO.)

<O >:
<O> <0 0>
<gad>
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0>
‘return’ <O> <O 0>
“if> < <O0O00> 9’ <O0>
“4f <O O0O> )’ <O> ‘else’ <O>
‘for’ ‘(> <O0OO> ¢;? <AOO0O> ¢;> <OO0O> )’ <O>
‘do’ <O > ‘while’ (> <OO0O> ¢)’ <O0O>
‘while’ ‘(> <OO0O> ¢ <O>
‘def’ <O 0> “C <OO0O> ¢) > <kO0O0O00O><O000> ¢}
‘end(quit)’ <O 0>

(4250000p.19000.)
<O 0>:
‘;) ‘$7
<O0O00O0>:
[‘extern’ <O 0> [¢,” <O 0O>]* <O 0O>]x*
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<gQd>:
‘{2 <0O0o> 3

0oOag»>:
[<O>]*

152

A2 J00D0D0O0OO0DODOOOOOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobobooboono. boobooobooboooobooobo.

il

‘alpi’
ngk’
‘cyclic’
‘katsura’
‘kimura’

‘defs.h’

‘fctrtest’

‘fctrdata’

0000000000 2000000000000000O0 (D 1000000
000000O0p.139000.)

0000000000oOooOO0O. (b8OoUUUUUoooDoOoOp.100DDOO))

000000000000O0O0,00000. (090000000000000
p.120000.)

000000000 000,000000000000D000O0O. (8.9.2900 kat-
sura hkatsura cyclic heyelicO p.1250 00 .)

0000000000, (42110000000000p.22000.)

000000000000 0DOO00. REDUCE O ‘“factor.tst’ DO0OD0ODO
oobo0oOooboooobboO0.odb,leadO ODO0OO0OOOODOOO. OO
OO0 Asir0O000D0OO0OOOCOO0ODOOOOOOODOOODOOOO.

‘fetrtest’ DO OODODOODOOO,0000000000. Algll1OD0ODOO
00000, af() (9.4.10 0 O asq af af noalg p.136) DO O O0ODO.

[45] load("sp"™)$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Algl[5];

X"9-15%x"6-87*x"3-125

Omsec

[177] af(Alg[5], [newalg(Alg[5]1)]);

[[1,1], [75%x" 2+ (10%#0"7-175%#0"4-4T70%#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[75%x" 2+ (—10*#0"7+175%#0"4+395*#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[25*x~ 2+ (25*#0) *x+ (#0"8-15*#0"5-87*#0"2) , 1],
[x~2+(#0) *x+(#0"2) ,1]1, [x+(-#0) ,1]1]
3.600sec + gc : 1.040sec
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‘ifplot’ OO (7.5.150 O ifplot conplot plot polarplot plotoverdp.96) DO OO0 . IS[]
goooooooobo,o0o s, D,C,sO000O0O0OOOOO, 000,000, d
000 (Coo)oooooooooo.

‘num’ obobobobobooboo.
‘mat’ gboobobobobobobo.

‘ratint’ O000O0O0O0O0OO. sp’,‘gr’ J00. ratint() DOOODOOOODOOOOO
g,0o0goobooboobooo.bogoog.

[0] load("gr")$

[45] load("sp")$

[84] load("ratint")$

[102] ratint(x~6/(x"5+x+1),x);

[1/2*%x"2,

[L(#2) *1og(-140%x+(-2737*#2"2+552*#2-131) ),
161%t#2°3-23%t#2°2+15xt#2-1] ,

[(#1)*x1og (=5*x+(-21*#1-4)) ,21*t#1"2+3*t#1+1]1]]

oooono,xte/(x"6+x+1) JOOOOODOOOOOODOO. ODOO 200000
ooooooobo,01oo0boooobobooo,020b00oooboOoon.
ooboooOobOoOooDoOoooOo,o00n, root*xlog(poly) ,defpoly] O
oboooob0. 0b0,000000000, defpoly DOUODOO root U
000 rootxlog(poly) DO DOODUOODDOODUOODOODODOO. OO
UpolyOroot DOODOOO, root UOODODODODDOOO polylOODOOO
gbooooooooob.ogobob,b0b0o 20000000000 0ODO,
obobobobobobobobobo.

‘primdec’ UDO0OU0O0O0OO0ODOO0ODOOODODOOO0ODOODOOODOODOODOOOO
(8.9.30 O O primadec primedecl p.126 0 O ).

‘primdec_mod’
0000000000000 0000000000 (8.9.31 00 primedec.modO
p.12700).

‘bfct’ bOOO0OO. (8.9.320 O bfunction bfct generic_bfct ann ann00 p.127 0 0).

A3 000DOO0OOOO

DOSO,Windows 000000000 DOOOOOO0ODOOODODOOOOO0ODOOODOO
goooboooboboooobo. UNIXOogoooooooobooooobooooo,boo
oo0o0o0o00ooOo0o0ooOOo0Ooboo0obOo0o0. o000 As'DO000O0OOOO ftp O
Ooo0o. ftpserver 00000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOOODOOOOOOODOOOOOO
oobDOoooOoooOono. wWindow OOOOODOOODOODOOOOOOOOOODOO
goooo0oooOoOo0o0ooooooOoO0. oooooooooooooooooO,0000
0000000000000 00000. 000000000 ooD, 00000000000
0000000000000 0000. 0000000000 readonly OO0, 00000
oooooooooooooooo.
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A.3.1 fep

fep00,SRAO0OOOOOODOCOODOOOOODOOOODO,00DODOO0DOOOOODOO
O0000DCO0.0000D0D0C0O00 esiryd00D0O0O00O0O0O viDbOOO emacs
ooooooo0ooooOobobo eshoOoOoOooooOoboOOoODOODO.

% fep asir

[O] fctr(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]

[1] ! /* 11+Return */
fctr(x~5-1); / 00000000000000 =/
/* 00O +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep00000000DOOD0ODO0OO0O0OO0ODO,000000000 makedDOODOO (OS)

ooooOooO0o.0oo00oo0oooooobOo0oooboo0ooUoDo,ftpoobDbOO
goo.

A.3.2 asir.el

‘asir.el’ O, Asir 0 GNU Emacs 0000000 OOO0 (COODOOOODO
(YVE25250@pcvan.or.jp). ‘asir.el’ 00000, 000 emacs 00000 DOO0OOOO,
O0000,000000 completion 0O00OOO0O0OO.

‘asir.el’ 0 PC-VAN OO UOUOOOOOOODO,000000D0CO000O0DODODOOO,O
o0 ftp00pDoOooog.

oooooo,0bbodn,esir.el’ J000O00OO00O0O0ODOO.

A4 000D0O0OODOOOO

Asir 0000000000 ODOO0O0O0O0OOO0CODOOOOOO, OpenXM OO0
o0, o0ooo0ooOoooooooooooDooD. opoopoo, GCcoooo
0000 ‘libasir-gc.a’ 0000 OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) JO0OOO. 0000 OpenXM OO0 000000 O0OOOOOOOODO
O,0000O0penXM 000000000 0ODOO0OOODO. OpenXM root 000000
O$0penXM_ HOMEO OO. O0OOOOOODODOOO ‘$0penXM_HOME/1ib’ OO OOODOO.
Oooooooooo 3000oo.

e ‘libasir.a’

PARL X11 0OOODODOODOOO. 00000 ‘libasir-gc.a’ J0000O.

e ‘libasir_pari.a’

X11O0OoDOobobobo.ooooO ‘libasir-ge.a’, ‘libpari.a’ 00O 0.

e ‘libasir_pari_X.a’

00000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OOOOOO

ooooooo.

gbooooboobooobbooboaa.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 00000000000 CMODODOOODODOODO
O0000. byteorder 0 0 O0OOOOO0OO byteorder 0O0O0O. 1 000 network
byteorder 00 0O0O. OO0OOO0OOOOOO 0,0000 -10000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODOODO Asir 00000 O0ODOODOODODOODO push O0O.
It converts CMO data pointed by cmo into an Asir object and it pushes the object
onto the stack.

e int asir_ox_peek_cmo_size()
O0DoO0oDOo0o0OoD Ase DOO0O CcMOOODOOOODOOOOOO. OD0O
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asir OO0O0O popd,CMOOOODOO eclio00OOOOO0O
goo,cMoOoOO0O0ooDoO. oooo,eMOD0DDOO0OD0 Imit 000000000
-1000. emo 000000000 Imit0OO00000O0OO00OO0OOO. ODOOOO
cCMOODOODOODOODODOODODOODOO, asir_ox_peek_cmo_size 00 00O.

e void asir_ox_push_cmd(int cmd)

oooooobooob0 emddD0OOOO.

e void asir_ox_execute_string(char *str)
Asr OO00OO0O0DO0O ser 0000,0000000000 pushOO.

include OO 0O header file O ‘$0penXM_HOME/include/asir/ox.h’ O00O0O. OO
header file 00, OpenXM 0000000 tag, command 0O O0O000O0O0O0O. O0O0O
(‘$0penXM_HOME/doc/oxlib/test3.c’) 00000000 OOOO.

#include <asir/ox.h>
#include <signal.h>

main(int argc, char **argv)
{
char buf [BUFSIZ+1];
int c;
unsigned char sendbuf [BUFSIZ+10];
unsigned char *result;
unsigned char h[3];
int len,i,j;
static int result_len = 0;
char *kwd,*bdy;
unsigned int cmd;

signal (SIGINT,SIG_IGN);
asir_ox_init(1); /* 1: network byte order; 0: native byte order */
result_len = BUFSIZ;
result = (void *)malloc(BUFSIZ);
while (1) {
printf ("Input>"); fflush(stdout);
fgets (buf ,BUFSIZ,stdin) ;
for (i = 0; buf[i] && isspace(buf[il); i++ );
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if ( !'buf[i] )

continue;

kwd = buf+i;

for ( ; bufl[i] && !isspace(buf[il); i++ );
buf [i] = 0;

bdy = buf+i+l;

if ( !strcmp(kwd,"asir") ) {

sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf);

else if ( !strcmp(kwd,"push") ) {
h[0] = 0;

h[2] = 0;

J=0;

while (1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if ( lc )
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = O;
} else
h[0] = c;
bdy++;
}
if ( n[o] )
fprintf (stderr,"Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo(sendbuf) ;
}
else if ( !strcmp(kwd,"cmd") ) {
cmd = atoi(bdy);
asir_ox_push_cmd(cmd) ;
else if ( !strcmp(kwd,"pop") ) {
len = asir_ox_peek_cmo_size();
if ( !len )
continue;
if ( len > result_len ) {
result = (char *)realloc(result,len);
result_len = len;
}
asir_ox_pop_cmo(result,len);
printf ("Output>"); fflush(stdout);
printf ("\n");
for (i =0; i< len; ) {
printf ("%02x ",result[i]);
i++;
if ( 1(i%16) )

156
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printf("\n");
}
printf ("\n");
}
}
}

00000000, keyword body 00 100000000000 keyword O0OO00O0O
oooooooo.

e asir body
body O Asir D O0O0D0OO00D0OOOODO,000000000DO0 pushO0. asir_ox_
execute_string() DO DO ODOO.

e push body
body 0 16 00000000 CMOUODODOODOODO,Asir00000O0OODOODODO
0000 push O0O. asir_ox_push_cmo() OO OOODO.

® pop
000bOobOOobOobOobOoboo cMOODOODO,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() 0O OOODO.

e cmd body
body 0 SMOOODOOODOD,0000. asir_ox_push_cmd() 0O OO0ODO.

A5 00O

A.5.1 Version 990831

40000000.000 32bit00,00000000D0D0OO00OO0ODO, 000000
ooobooooobobobooob.obog,Windows DOOO,plot UOODOODOO, 00
goog.

0000000000000 00000,00D0000 bsavefile00O0O0OO00OQO bload27
gooboogboog,booboon.

A.5.2 Version 950831

A.5.2.1 O0O0OO

e JO0ODODODOOOOOOOOOODO.

e finish OO OGO OO.

e up,down, frame IO O0OD0OO, 00 00O00OOODOOODOO0O.
e trace 1O OIOODO.

Ab5.22 J0ODOOOO

e sdivQ) DODOOOO,000C0O0DOOODOOO.
e sdivm() OO0, 0000000000D00OCODO.
e det(), resO DO0OOOO,0000O0DOOOOOODO
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e vtol() (0OUDDOODDDOOODODOO)OODO.
e map() O ODO.

Ab5.23 000O0O0OO

e JI0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) D000, 0000000D00O00DO.

e JO0OOOOOOOOOOODO.

o JIOIDOOOOOOOOOOOOONO.
pgoddoooooooodododooooooooon.
ooooooooboooooooog.

Ab5.24 00O

goboboooo,bobon.

e JO0OIDOD GCDOOOODOOUODOOOOOOD.
goboooooobooooog.

Windows 0O 00O .

A.5.3 Version 940420

gooogo.
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[Batut et al.]

Batut, C., Bernardi, D., Cohen, H., Olivier, M., "User’s Guide to PARI-GP",
1993.

[Becker,Weispfenning]
Becker, T., Weispfenning, V., "Groebner Bases", Graduate Texts in Math. 141,
Springer-Verlag, 1993.

[Boehm,Weiser]
Boehm, H., Weiser, M., "Garbage Collection in an Uncooperative Environ-
ment", Software Practice & Experience, September 1988, 807-820.

[Gebauer,Moeller]
Gebauer, R., Moeller, H. M., "An installation of Buchberger’s algorithm", J.
of Symbolic Computation 6, 275-286.

[Giovini et al.]
Giovini, A., Mora, T., Niesi, G., Robbiano, L., Traverso, C., ""One sugar cube,
please" OR Selection strategies in the Buchberger algorithm", Proc. ISSAC’91,
49-54.



OO0 A OO 159

[Noro,Takeshimal
Noro, M., Takeshima, T., "Risa/Asir — A Computer Algebra System", Proc.
ISSAC’92, 387-396.

[Noro,Yokoyama]
Noro, M., Yokoyama, K., "A Modular Method to Compute the Rational Uni-
variate Representation of Zero-Dimensional Ideals", J. Symb. Comp. 28/1
(1999), 243-263.

[Saito,Sturmfels, Takayama]
Saito, M., Sturmfels, B., Takayama, N., "Groebner deformations of hypergeo-
metric differential equations", Algorithms and Computation in Mathematics 6,
Springer-Verlag (2000).

[Shimoyama, Yokoyama]
Shimoyama, T., Yokoyama, K., "Localization and primary decomposition of
polynomial ideals", J. Symb. Comp. 22 (1996), 247-277.

[Shoup] Shoup, V., "A new polynomial factorization algorithm and its implementation",
J. Symb. Comp. 20 (1995), 364-397.

[Traverso]
Traverso, C., "Groebner trace algorithms", Proc. ISSAC "88(LNCS 358), 125-
138.

[Weber] Weber, K., "The accelerated Integer GCD Algorithm", ACM TOMS, 21,
1(1995), 111-122.

[Yokoyama]
Yokoyama, K., "Prime decomposition of polynomial ideals over finite fields",
Proc. ICMS, (2002), 217-227.



oo

/2 43
A

af 136
af_noalg .............. ... 136
Alg . 134
algptorat ............ .. ... ...l 135
ALEV . o 134
AN . ot e 127
ANN0 . .. 127
append. ... 54
arfreg....... ... .. 60
AT S et 65
asciitostr ....... ... 67
oo 136
B

bECt . o 127
bfunction ........... ... .. ... 127
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N
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ntogf2n....... ... ... 145
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NEYDPE . oot 63
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