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0 10 Introduction

1 Introduction

1.1 00oboogga

gobodoboooobooboooobg.

1. Introduction
00000000, notation 00O OO0DOO

2. Risa/Asir
Asir 000, 000000000

3. 0
Asir DO 00O

4. 00000 Asir
Asir DO0O0OOODOO

5. 0O OO
goboooooboooon

6. DOOO0O0O
goboodgboboooboooboo

7. 0ooo
gbobobobooob,bobob

§. oOooooond
gobooboobbooo,ogonooo

9. DOOoOobooOooobo
goboobooooo,0obooon

10 ODOOO0OOoOoog
goboobooobo,o0obooo

11. OO0
gbobod,boobuooboooob,obboobdgab,gob,an

1.2 Notation

do0obodoOooo,0dbo0oo0bodboooobO. ooboooobooooao.
e 00D, 0D000OD0DOODOODO.
gcd O, gr()
e JI0DDOO0ODOODOODDO,DOOO0DOOD.
int, poly
e J0DDODO,00D0DO00DOODOOODOODOODODOO.
‘dbxinit’, ‘asir_plot’
e JID0DODODO,0DDOO0DOODOODO.

(0] 1;
1
[1] quit;
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e JO0ODODOO, ] 000OO0ODODOODODODOOOOOO.
[Boehm,Weiser]

e JOOOOO,000DODLDOO, I ODOODOODO. DO,000O0DODOOO,
Ox0o0oog.
setprec([n]), diff (rat[, varn]l*)
e shell (csh) DOODODOU0ODO %00000.000,000000000,rcot00000
O0000oooooooo #00000O.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
/A
e J0UDUDUD Z, 00000 Q, U000 R, UODOO 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/0000000000D0. Risa0000O0O
goooag.

gooond

O00,Risa000000000O0COODOOOO (O,00000)D0OD000000O0O
o0o0o0o0oo0d, UNIX O ‘1ibe.a’ JO00OOO0OO, 000000000000, ODO
00,CO000 0000000000, 0000000000000 Asir000O00O0O
gobooooooo.

ooooon

Risa 00O, ODOOOOOOOODO, [Boehm,Weiser] DOODODDOOOODODODODO
(gc-6.1alphab) DO O0O0O0O. OOODOOOOOOOODODO (DO GCOOOD)OOO
0000000000000 oDo0d,Risad00000D0DO0O0ODOOO0ODOOOODOO0O
oooag.

Asir

Asir 0, Risa 0000000000 D0O0O000O0DOOOO. RisaOO, 000000
0000000o0ooobooOoOo0o0o0000d0ogg. Asir00000000ooooon
doo,CO0b0od0bodpodo. oo, codpdooobdnooonoonoog dexd
ooooooooooo.

2.2 Asir 000

Asir 0, 00000,0000000000D000D0C0OO0C0O. 00 Asir0O00OD0OODO
gobobobobobobobo.obooooooooooooooooooooo.

cOoOooooooon
0,000,0000000(0)

0000,00000

000000000

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

dbx 000000

000000

PARI (6.1.14 00 parid p.3900) 0000000000000 000O
UNIXOODODOOOOOO (Open XM)

2.3 Installation

gboooboboobog,booboobboobooboooo

noro@math.kobe-u.ac. jp

O0 email OOOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOOOOO ‘asir.tgz’ O00O0O0. 000000 gzipOOOOO
oo, bbbl gzipddo. 00O, 00000000OOOUOUUUUOOO. DO
0000 ‘/usr/local/liv’ 0 ‘asir 00000000 OODOOOOOOOOOOODOOO
000O000.000bd0oo0o0ooooooo0ooooooooo.

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

000000000 Oo0OOg,$soMEd O ODODOODOd.

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

% setenv ASIR_LIBDIR $HOME/asir
Asir 000, 000000000000 ‘asir OO0O. ‘/usr/local/bin’ OOOOOO0O
gddboootdobooodotboooouoooouoooouoooooao.

# 1n -s /usr/local/lib/asir/asir /usr/local/bin/asir
000 ‘esiry000oooo.

% /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, 000000000
doooooad.
e bin
PARIOOO Asir OOOQOOOOOO
e lib
PARIOOO Asir 0ODQDOOO
e include

PARIOOOOOOOO

gbobooboooboooobobobooboobob. root DOODOODOODO
O, ‘Yusr/local’ DO OOOOOOOOOOOOOOO. OO, O0O0D0OOOOOO
TARGETDIR 00O O.

OO0 PARIODOOODODOOODOOODOOOODDOOO. pari.tgz’ OO0O0O,000000
goobogoo,0boobooon.

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

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

% su

# make install

# make install-lib-sta

make 00 O000OOOO0COO0,00000D0O.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

b

O000,xx 00000000 0ODOO0O0OD OSOO0OOOO. GpOOO0ODOOOODO

O0000,asir2000 0000 000O0000OOODOOOOOOONO.

‘asir2000.tgz’ OO0, 000000000 OODOO,000DOODOO0OC0O0
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 O HF H H R

2.3.3 Windows version

Ob0000000 ‘asirwin-ja.tgz’ 0O0O. OO, ‘gzip.exe’, ‘tar.exe’ OO OO,
‘asirwin-ja.tgz’ 000000000 0OO0O0OO0DOOO. 000 3000000000000
000000, 00000o000o0 (bosSOoooon0) oo

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

O00000,Asir 000000000 (Asir 00000000O0)0O000O. Asir000
O0000000000000 ‘pin’ 0 ‘asirgui.exe’ (GUI), ‘engine.exe’ (00 ) 00O
0000. ‘asirgui.exe’ 00000000000 Asir0O0ODOOO.

24 D00O0O0o0obooooao

goboobooobooooboooo.

-heap number
Risa/Asir 00 ,4KBOODOOOOOODOOOOODOOOOODOOOO. O
O000O00,00 heap00O0,160000 (64KB)DOOOOO,0000
00000, -heap 0000. O00D0OOOOOOO. heapdOOOO, heap()
000000000000 (boooon).

-adj number
000000000, 000D000000000D0,GCO000D0000. num-
ber 000 10000D0000O0ODO.O0000ODOO 300D0.D0000 1O
00000 GCOUODOOODOOODOODOODOOO. heepODOOOOOOD
oo,GCO0O0OO0OOOOOOOOOOOOODO,00000O0O0 (DOO ¥
oooog.

-norc 0000000 ‘$HOME/ .asirrc’ OO O 0O0O.



020 Risa/Asir 6

—quiet gbobobobobooboo.

-f file ooodoooog, file00D000O0CODO0OOODOO. ODODODOOOODO
gooooo.

-paristack number
PARI (6.1.1400parilp.3900) 0000000000 OOODO. ODOODODO
O.0000000 1MB.

-maxheap number
heap 0O0OOOOOCOCO. ODOOOCC.OO0OODODODODOOO. UNIXOO
0,0000 1imit 000000000ODO datasize O0OOOOOCOOOOO
0,-maxheap D0 0OO0O0O000O00O00O0O0 heap0O0OO0O0OO0O0O0O0OOODO
000

25 0000

Asr 000000000 DOOOOOO0O0DOOO. UNIXOOOOODOO shelOODODO
0000000000000, shell0 re000000000. Windows NT OO, [O00]->[0
000]->00]00000. Windows 95/98 0 00, ‘c:\autoexec.bat’ 00 0O reboot O 0.

e ASIR_LIBDIR
Asir 00000000000 DO, 000000000000 DO0oOoooooooon
00000OdO. bOoOoOoOoD0O UNIX OOO ‘/usr/local/lib/asir’, Windows O
00 Asir 000000000000 1iv 00000000000 DO. 0oooooo
ASIRLOADPATH O DO ODOOODDOOODO.

e ASTR_CONTRIB_DIR
Asir O asir-contrib 000000, 0000 OpenXM/asir-contrib 00000000
000000000 o0D00D000o00oU0oDOO0. OODoooo0oQg UNIX OO0
O ‘/usr/local/lib/asir-contrib’, Windows 000 Asir 0O OO0O0OOOOOO
‘lib-asir-contrib’ 00000000 OO0OO. OO0OODODOO ASIRLOADPATH OO
O0D0O00000D00O. This environmental variable will become obsolete.

e ASTRLOADPATH
Oo0o0o00obDO00obOO00DO0O0DbO UNIXOODO 2, WindowsO OO 7y 00O
goboooob.oogbooboobogobobobobobo.ooooooooo,0o0oon
U00DO00b00O0 ASIRLOADPATH OO DO OODOO,0D00DOO0ODLODOODDO0O
goo.

e HOME
-norc 0 O000000D0OCOOOODO, ‘$HOME/ .asirrc’0000, 000000000
OO0O0O0.HOMEOOODOODOOOOD,UNIXODODOOOODOOOO, Windows O
O0 Asir 00000000 (get_rootdir() 00D OD0OOOOOODO) O ‘.asirrc
oo, ggooobooooo.

26 DOOOoOooooO

Asir DO0ODOOO,
(o]

000000000000, 0000000000. ‘$HOME/.asirrc’ (Windows 0000,
HOMEOOOOOOOOOOODO get_rootdir() 000000000 OOOODO ‘.asirre’)
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ooboobooo,0gbbgbb Asc 000000000000 DOODOOO,D00
oogd.

goboobooboobbo.0bodbd,end; 000 quit; OO0O0O0O0OO0O0OO0OOO
ooo.ooo,yyooo0¢boooooooboooboooboo0o. 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
gboodb,A ax,y0OO0OOO0O0OOD0OOOO. AO0DODOODODODOOO, a,x,y0
gboooboooboooooob. oobobbobooboooboooobo,boobooobo
ggbo. bogobobooob,bboooobobga,g,gooboooboobooobooo
oo,coooooooobbooooooo. oo, ooboobooobb0oobooooDog,
goo,booobobooobbooob. boboob,0bboo0obbOooo,0obboo
O subst) OOODOOOOOOODO.

27 00gng

00o000o0000000000000,000000000 (000 C-¢, Windows, DOS
ugobO c-xagoog.

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

goboobooboon.

q Asir 0O0O0OO. (O0OOO)

t Ooooooooo.(oooo)

c ooooooo.

d oooooooooo.00oooobco0oo os0000000p29000.

u register_handler () (7.5.6 0 O ox_reset ox_intr register_handlerd p.101 0 O )
O00000oo0o0ooO0o0oooUooOonD. (booo)

W o00000000OoO000000000O.

? gobodgboooboon.
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28 ODOOOO

gboobobobooboboobobobooboboobobobo,obobooobo
gogbbuooobbuooobuooobboooboboooobboobbuooob. bbao
goooogo,bgboboooobobooooobogb.oooooboobobooobob
gooboooobo,00boooboobbooboooboobobo. ogb,bo0boo
goobooooobooooboooo.

goo,0dbogbooogboobbooboobobob0oboDobooboobDUobbO. UNIXOD
Ub,0000000000 internal error 000000, 0000000000000,
gooboooboooon.

SEGV

BUS ERROR
gobooboooob,obogobooboobobbbooboobooboobo
gooogbobooboboo.bgooboboobob,0oboboob, oo
U0 NULLOOOOooooooooooooooogo,oooooogoogo.

BROKEN PIPE
gbobobobobo,oboooooobooogooooooooooooon

00000 (b0oo0oUo0ooO0oUO0oOoUOoOoDOoOoUOOooO)O,000o
goboobooobboooboobooboooboooo.

goooooobg,0obooooboobboobo,ogbobooboobbooboobooooo
gobooodg,bboobbooboobouo,ggbbooboooboboobboobb, oo
gbboogoboobboobadan.

29 00ogg,goon

ecObuoobObOOobDbOObOOOD.bOoOoboobbooog.

on n0000000,.
0@ ooooooo.

0i oooo.

opi ooo.

Qe oooooo.

d 200 GF(2) 00000000000 (0O0).

@>, 0<, @>=, O<=, 0==, Q&&, Q] |
quantifier elimination 0000, 000000000

[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] @@[3];

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

[2] eval(sin(@pi/2));
1.000000000000000000000000000000000000000000000000000000000

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

0.99999999999999999999999999998
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(4] eo[4][0];

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

[6] (1+@i)~5;

(-4-4%01)

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

-1.0000000000000000000000000000

(7] (@+1)"9;

(@~9+0@"~8+0+1)
ggooooooboobbuooooooooobobbb b0 oooob,oooo
g, obbgoogobboooboooobboooobbooo. oo, bboooooaa
ocoooooooOo,o00b0b0 Gecobooooooooooooooo. ooboooog,
delete_history() (6.14.150 O delete_historyOp 9100 ) 0000O0O.
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3 0

3.1 Asir OO0 O0OQOQOO

Asr 00000, 000000000O0C00O0DOOOO,000DOOOODOOOOD
O,000000000 RsaODDOOODOOOOOOOOOODOODOOOOOOODO. OO
ooobobo,0b0bobdobuobo0. obob,00b0b0Uob wypeOQ UOOOODODOD
OO0oOoOO00D.000,Asr0000D0OO0O0OOOCO0ODOOODOOOOOOODOOOO.

00
oOoo0Oo0DOOO0ODOOOOOOOOOO.oDO,COO0ODoOoODOOOOD
OO0D0O0O0O000.00D0,000 Asird type(0) DO 0OODO.

10
1 2/3 14.5 3+2xQi
oo,000000000000O0DO.0O0ODOOCOO0OOOO.
2000 (booo)
x afo (2.3*x+y)~10

gooo,0ogbgoob,bboboobooboboobo,oobo11000
000000000000000. 81000000000 0Op.111000.) O
go,00bbooboooboooobodobo obb ooo.

300 @uoooog)
x+1)/(y~2-y-x) x/x
0000O,0000D00D00Db0b0,0000 redO) DODO0ODOOOOOOOO
O000.000,0000 GECDOOOODOOOOOODOOOOO0O,0000
goooooooooo.

4000
0 [1,2,03,4]1, x,y]l]
0000000000000. 1 0000000000.0000000000
000, car(), cdr(), cons() 0000000000, 00000000000
000, lindex] 000000000000000000000000000C
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
oboboooobOo,00b0,00000 o0 1000100000000
gboo.ooobobo o 2b000,01o0bo0boobooobooboboobog.
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00000000000000,000000 000000. 000 [index] O
ooooooo. oooo,0000,0ooo, 0o, jgooooooooa
ogoooooooboo,jgooooooonoooooooooon.

[0] A3 = newvect(3);

L000O0]

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

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

[3] A3;
[[L[LO0OO0OO0O]J[0o00]J[000O1]]1]
[LOO0OO0O]1TLOO0OO0O]TTLO0OO0O0OT]1
[LOO0OO0O]1T[LOO0OO0O]TTLO0OO0OO0OT1T1I1
[4] A3[0];
[[L0OO0OO0O][O0O0O0O]1TT[O0O0O0OT1]1]
[5] A3[0][0];
[L000]
6 00
newmat(2,2) newmat(2,3,[[x,y],[z]])
000000 newmat() DOODODOOOOOOO. OOOO,00000000
gooooOoOoOoOoOOOOOOOOOOO,0000000 (DOOODODOO
00o0o0)0,0000000000,00000000O0DOO0OO0OD. DOO,
00O0000o0000oOoooO0. DdDdoo,00000DoOoooooon
ooooo.
[0] M=newmat(2,3);
[L000O0]
[00O0]
(1] M[1];
[0o0O0]
[2] type(@Q);
5
7000
e ngfo
0000,0000000000D00000. 00D00o00oo0oooOoooooon
0odoOo,000 200000000000.
[0] "afo"+"take";
afotake
gonoad

newstruct (afo)

Asr 0O0O00O0O0OO0DO,COO0O0O0O0O0DOOOOOOODOObO.OoOOoOoD
gboobodgbooobobobobooboboa,boobooboboobog.

ououooono
2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 000000000000 o, ooooobooooooooooa
Oo0o0oooo, 00000000 ooooooooooooooa
00,0000000000000D0000D00 Asir JO0O0DDOOOODODOO
Oo.dodooooo o8uuonououoooooodyp.111gog.
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00000000 32bit OO
11000000 oaon

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

obo,00 200000000000000DO00DOO00OOO0ODOODOOO.
13 MATHCAP OO DOOODO

Open XM ODOODO,000000CC0O0OC00O00O00O00OC00OCUUOODOOOOOO.

14 first order formula

quantifier elimination 0 0000000 OO0O0OO.

15 matrix over GF(p)

goboogboooo.

16 byte array

OoOoD byted OO
-1voIbooQoooQd

gbobOgo-1oooobooboooboobooboboooooboboon.

3.2 000

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

1 gooooon
obobobobobobobobob. Asir)D000OD0O, 00000000
00000000000 0DO0O00O0. 000, ctrl() ODOO bigfleat 0O DO
OO0O0O0CO0DOOd 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

gobobooooboboooooob,booobbboooobboo,oooboobon
goooood.



o3gd O

13

gooo
o9ouopouoooboooonodbp142000.

bigfloat
bigfloat 0, Asir 00 PARI O OOOODODOOOOODODODO. PARIOOO
OO0, biglleat 0, 00D O0O000O0O0OODOO, 0000 10000000000
OO0O0dd. ctrl() O bigloat OO D ODOOOOOO, 000000000
00 biglloat 0 OO0OO0ODO. OOODOOOOOODO 100 9000000O0,
setprec() DO OOODOODOODO.

[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, OOOOOODODDODDODOOOOOOOOOOOOOOOAO.
setprec() DO DOOOOODODO, DODODOOODODOOOOOOO, PARI
000000000000 0000000000000000. ({(undefined)
O eval devalO p.(undefined) O 0O O, 6.1.14 O O paril p.39.)

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

gboobobobob

gobooooobobo,bogo 272r0o0o0oobooobb. boboooobo
oo, 0o0oboooobobooobobooobboboooobooboo,boooobooon
gboboobooboobooobooboobb. ooboooooobooboo
O0000000,setmod() 00000 OO0O0OO pO000O0O GF(p)OOODO
gobobobo.

gooooooooo
gbboobooboobodg.boobog,bobibd simp_f£ 00000
gbobooooo.

002000000
00 200000000000000.0020000 FO,0000 [F:GF(2)]
On0000,GF2) 0000 n0000 f(t) 000 F=GF(2)[t]/(f(t)) OO
00000. 000,GF®2)[t) 00 ¢g0,f(t)000000000000000
0000000,0000,F00gmodf0,g f00000 20000000
0000000000.

rooboboobOobOobobobobobobo.

e Q@
elIUIOOOODO,0Db0O0O0O0O,000OOOUO0O0OO0OOOOO,O0
DDDDDDDD,F:GF(Q)[t]/(f(t))DDDD tmod fO000O00O. OO
0,e0000000 FOOOOOOODO. (e 10+e+1 O 0O)
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11

14

e ptogf2n
oobO0o0o 1000000, ptegt2n 0000000 FOOOOODOO.
e ntogf2n
oooooobo,b0oood0o0 roooboob. oobooboooo,1004, 16
O ((xO0O000),20 (obOOOO)DO0OO0O0D0OODODO.

e OO
oooooobobob rO0O0O0ODOD0O0O0ODOD0, simp_f£ 00000
oogd.

Ub prn00000O0O

000 pn(pO000000,n0000)0,00 pO000 GF(p) 0000 n
0000 m(x) 0 setmod_ff 0000000000000 000. 00000
0 m(x) 00000 GF(p) 0000000000000.

00 prn000000 (D0D0)

000 prn0000 (p°n0 22000,p0 2140000 n0 1)0,00p
0000000 00 setmod_ff 0000000000000 O000. 0000
000000,p0 271400000, GF(prn) 00000000000000O
0000,0000000000000.00000,0000 000000,0
0D000000000000. p0O 2°1400000000000000000
000,00000000000000000000000000000000
oQ.

U0 prpn00noonobOo0obooonon

gobo,0b0b0 prn00000D0O0 mOOODLOOODOO. 00 pOOOOO
U0 n,m0 setmod_f£ 0000000000000 0O0D0O. 00000 mO
goboodobooooooa,boobbooboobooboooboooobooon
U.0b0d0d e g,

goooooboognd
o90oooooboboooobp.142000.

U000b0obDoOobodnd setmod_f£f 00000, DOOOOOOOO0DOODOO, O
gobooobooobg,booboobobobbobboobooboobuoobooon, o
gooooo.

3.3 DOoga

ooboooobooooboobobooooo. AsieJ0,00000000,000000
goooo,bo,‘ooobobobobobooboobogb,bobobbooboooobob
00000000000 000O0DO. Asr000O0ODO0O0OOO,000000000D00
gobooooo,oboo,boobooagbooooobgoa.

0

ooood
0oooooooooo.0ooooooo0oogooooooooo.
[0] [vtype(a),vtype(aA_12)];
[0,0]
oooo
uwe(O) 0, ’000000C000DOCOOODOOOODO.OO00OO,000D
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gogooboooobooo,ogbbooobbboo,oobbbooobobo
ooooo0ooooodoooogoooooooobooooooooooa
oo.

[1] U=uc(O;

_0

[2] vtype(U);

1

oooao
J000d0o0,00000000000,000000000 Asir000O0ODOO
000000,sin(x),cos(x+1) 000, 0000000000D0DO0O00DO. O
0000000000, 0000d0 100000ooooooo. oooooo
O0000,000epi 0000000 @ OI00000D0O0OODOOO.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

[6] vars(V-2+V+1);

[sin(x)]

ggdod

0000000, mame(args) 00000000000, mame 0000000
ygo.doooo,oooboboobobobbotbddooo,ouobobooob, oo
I I A A

[6] vtype(sin);
3
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4 00000 Asir

Asr OO0O0OOOOO,DO00O0,GCDOOOOODOOOOO,DOO0bOOO0O0ODOODO,
gbooboboboobobdooboboboobobuooboboboo,bobbodoobo
gboboooooboobobobooooooobooboboboobooooboobobon.
oooodnbD As) D000 0O. ODDOODO, 0000000000 DODbDODObOObODbOOD
goboooboooobooboooooboobooooog.

4.1 00 (COODOO0)

Asir 0000 COO0OOOODODO. DOOOOO0O0O0O0OoooODOoO. OoObO,0000
Asir 00000D0OO0O0ODOOODOO,0000D0O000O000D0O000DOO00DOOOOOd
e JUOOOOOO.
JddoooooOo,Asr 0000O0OO0OOODOOOOOODODOOOOOOOO. ODOO,
I I T A A A
[0] A =1;
1
[1] type(d);
1
[2] A = [1,2,3];

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

e JOUODOUODLO,0DbO0DODODLODODODLODODODO.
Ub0D0,extern 000000 DO0O,00000000000000000.0000O,0
gobobooooobobooobbooo 200000000000, 0boooboog,oo

goboboobooboooobobooobooboooboboooboboooboboo. oboboo
gbobodgboooood.

1. bO0booooooboooobo,0b0b0obb0nD,b0obgl extern OO
gbobobo,gbobobobobobobobobon.

2. extern U0 0D0000DOODOODODOODODODODO.

% cat afo

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

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(5] A =1;

1

[6] afo();

0

[7] bfo();

1

e DD OODOODDOODLO,0DbO,0DO0DOODODO.
o000,00000C0000DO0000000DOOD0OO0bL. Asik0DO00O0ODO
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gbooo,0o0boboobgooooboobooobobobobooboooboobon
oboobobob,bob,0cobogboobooboobooooooooouooooDog.

e switch U, goto O ODO.
gotoOOODODO,0000000000DO0O0O0O00O0DOODOOOODO.

e 0DDODOD, for (A;B;¢) 000, while(A) 0 A,B,CO00D0DDOOODOD.
000,000000000000000000000000.
000000000,000000000000000
e 0000O0OODOD,000 COODD00OOOODOOON.
e DDDDODODOD.

0000o0o00obOOo0oO00oooOOo0ooOOo,b0Do000booogoooboo,cooooooo
goooobooooobooobo,gobooooog.

e JIOOUOUDOUOUDOUDLDOU. Emacs-LispU000O0O0OOOO. ODOOO,4.21
obobobobobp1700n DODO.

e JOUODUODOUDUODODUDODOD.
gbobobo,42120000000000p.24000.

Asir0000000D0DOO0ODOOODODOOODOOOOn.
cooood:
break, continue, do, else, extern, for, if, return, static, struct, while
coooooog:
def, endmodule, function, global, local, localf, module
0oo:

car, cdr, getopt, newstruct, map, pari, quote, recmap, timer

4.2 JO00OO0O0O0OOoOoOooo

4.2.1 JO00O0ODOOO

000000000000 ‘def’ 0000. 000000000000000000000O
0,0000000000000.00(0000000000)000000000000
0D0000,00000000000. ctrl() 00000 verbose 1000 on 00000
ooo,

afo() redefined.

gboboobooboooboboobo. oboobooboob,0oboobuoobobobobobo
go,0b0o0ogooboobobooob.0oboooboobobooooboboboboooobob
goo.

/% X! %/

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

/* ;C; (0 < i < 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++ )
B[J] = P[J-1]1+P[J];

}
return A;
}
/* A+ B x/

def add(A,B)
"add two numbers."

{

return A+B;

¥

2000000,00 N1 00000 (ADODO)OO0DOOO. A[IJOOO I100000
Oo,000booobobooob ,c,00b0ooooooboog.

000000, 00b00b0b00bU0b0b0bb00b0U0bDU0bDU Emacs-Lisp000dnog

0ooboboooboobodboob0bU0b0oboobdbdnelpadd) DUOOODODODO
goooooo

HEN 6.14.4 U 0 helpl p.86.

ooobo,codbbooooooboboooobooooooD,Asic00D0OO0O0OO0ODOOOO
gobobobo.

4.2.2 00O0O0OO0O0O0O

oooboboo,Asr 0000 boboboboboboboboboboD.

RN ooobobo,gbooboobo,go,coooogoog

0000000000000 00,Asir 00000000000 O0O0O0DOODOO
000000,0000000000,000000000. 0000000000
00000000, 0d00do00oo0oDo0oooDo. oooo,000oon
Jddddoopoooooood.oddd0 oodooooooo.

[0] X~2+X+1;

1

[1] X=2;

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

oo gooooboo,b0bobgobo,0b,booboob,0opDoobOoon
gboooboboobo,bobooobob.oobob,0boboooboon
OOooOoOo0oDoOooob. Asie 00000, 00000000DOC00OO0DOOODO
gbo,ogbbooobooboooood.

[3] X=x;

x

[4] X~2+X+1;

X" 2+x+1

[6] A="Dx’*(x-1)+x*y-y;
(y+Dx) *x-y-Dx

[6] function foo(x,y);
[7] B=foo(x,y)*x"2-1;
foo(x,y)*x"2-1

4.2.3 U0

def sum(N) {
for (I =1, S=0; I <=N; I++)
S += I;
return S;
}
o0o0,100 NOO0000OO00o00oooD suem(O) OOO0OO0O0O. O00O0O0O0O sum(N)
O Nfgooooo. oooo,1ooooobogooo,goooooobooooooo, o
jojooddddOo ¢«y000dd0ooooooboooODb0. 0000000 oo. oooa, o
0Jo0ooO0dooOOo,0d0o0b0ddooodo,oobooooooooooo. oo,
0ooo0.odo,0o0o0b,00ddddoobbobouoo. o000, 0ogoooon
N I A e A
gooooooooo,jgooooooooooooon.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0;
}
oo0ood, 0000000 oboooooobobooooooooooo. bo,o0o0on
JodoodbOdoo,00bdoodoodbooooodobOO0ooDo0ooooOooD. oooag,
0o0oo0ooooo, 0000 oooobog. oo boooooooon

goooag.

424 0000

cooo v/« 0 «/000b0o0ooooo00oooooon.
/*

* This is a comment.

*/
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def afo(X) {

0000000000000 00000,0000dooOoooooog. ¢/« 000000
Jo00o00D0D0doooooo0O, 000000 «/0000b00ooooooooao.
00000000, 00000000000D0D0D0D0DOoOooOooOooOog, #if o,
#endif 000000, (42110000000000p.23000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOODOOO,

def OO (QO,00,...,00) 1
g
g

O

}
gooooooboo. goooo,ogobgooonouooooobo,oo0obogooon
oo, oottt on. oo oouoo,oboan
0.o000,

S = sum(N);
gooo,odoood (‘;’DDD ‘$’)DDD|:||:|D|:|D|:|. Oo0O0O000dddd return
O,break 0000000 0O0OODODOODODO. if00 for D000 (A100O0O0O0OODO
p.166)DDDDDDDDD,DDDDDDD,DDDDDDDDDDDDDDDDD.DDD,
oooDoOoooobooodooooooooO. bobooooo,Yo Yoooooooo
g, 0o0douooooouoooou. ooooooon.

if (I ==0){

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

}

‘yoooooooooooooo. oooo,YYoooyoooobooooono,ifdo
goobobobobooboo.

4.2.6 return [

return 00O,

return [ ;

return;

g20000000.00000000000O00DOODO0OO.DOODOO0ODO0bO OO0
gbo.0oobo,o0boooboboobooobobooooon.
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4.2.7 if [

ifgog
if (0 ) if (0 )
0 0o 0

else
O

O0200000.00000000000000,00000 if000000000O00O0OO
O.0000000000.
if (0O )
if (0O ) O
else
O
0000, 000000,elsed 0,000 if0000D0O00O0OOODO,0000,00
00 2000 ifd000000000. D000, 2000 ifd0oooooo,o0on
O000000,0000000000,elsedd0,0000 if000O00O0O0OO0O0OOOO
oooooooo.ooo,oooo,
if (0O ) {
if (O ) 0O else O
}
dooooooo.ooooooooooooag,
if (0 ) {
if (0O ) O
} else
O
ooOoooooooao.

oogbogbod,toplevel I if DOOO0OOODO $000 ;000000000O00O. OO
goboooboooobooobooon.

4.2.8 00O, break, return, continue

UbobobobOob,whiled, for0,do 00 300000.

e while O
ooo,

while ( O ) O
g,0bd,0 bogobo,0bbo ooobboo b oobbooboobboo. o
gobool1gob,0b0bo0obooooog.

e for [
oog,
for (O0O0O-1; O; O000O0-2) O
O,000
O00-1 (0O00O0O0OooOoooog)
while ( O ) {
O
O00-2 (0DOOOOOOOO0O)
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}
oooooo.
do O

do {
0
} while ( O )

g,00 0boobuodabboobuooboobbod whileOOoooog.

Jd0d0d00d0d0ooOoDDoOO,reaxk 000 return 00 00. OO0, 0000000000
O00O000000 continue OO OO.

break

break 00, 0000000000 OOOOO0O.

return

return 00, 000000000000 0O0O0O0O0O, 0000000000 0O0O0O0O.
continue

continue U0, 00000000000 0O0O0ODO0O0O. 00O for g, 0b000n00
gobodbO0,whileODOODOOODODOODO.

4.29 0D0O0OOO

gboboo,obbooobboobboooboboobbooobooo. bboon
gbooobooobo.oobo,struct 00000000, OO00000O0O00OO00O, asir J
gboobooboobobooboboobuoboob.obooob,0bdbdl struct_
type UODODOODOOO. OOD00OD00DO0O,000000 newstruet OO OO0OOO0O. O
goobooboo,0d0b »00o0booboo.boobboobobog,>0000obo
goooood.

RN

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

[2] A = newstruct(rat);
{0,0}

[3] A->num
1

[4] A->den
2

[5] A;
{1,2}

[6] struct_type(4);
1

1;

2;

6.7.1 O 0 newstructU p.67, 6.7.3 0 U struct_typel p.69

4.2.10 JO00OO0od

goboooboooooboo,boooooooboon.

0ooo, O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (D0O0OODUOO)0OD0O0ODOOOOUOOOOOOO
oogd.

x+1 A"2«B*afo X/3
gbooboooooon
gooo,g0,bogbooboobbodbboooboboobboobbo0o.ooobo

oo oboooboobooboob. opboobobooboobgog,ob0,00000,0
goboooboooboboooboobooonoo.

v[0] M[1][2]
e OOODO
000 (=="),00000 (‘1=), 00 (>, <, >=',<=")0 2000000. 0000
0000 1,0000000000.
e 0OO

000 (&%), 000 (‘110 20000,00 ()00000000.00000 1,
oooo.

o [1[J
o000 << 000.0000,00000000000D0D0O0DDODO00O00O0OO0ODOO
ooo. (c+=77 c_=7’ 4*=77 L/=77(~=7)
A=2 Ax=3 (000 A=A«x3000; 0O0000OO0O0O0)
e JOODOOO
O00000o0ooOoooon.
.4++7’(__7

gobog,0booboooboo,obboooooboobog,bbon.

A++ O0O0OO ADO, A=A+
A-- 0O0O0OO ADO, A=A-1
++A A=A+, JOOOOOO
--A A=A-1, JOOOOOO

4.2.11 JO0O0O0ooo

Asir 0000000 COOODOODOOODOOO. CcCOOobOooOo,0bD00Oon0g cppd
0000DbO00,00000b000b0o0bOoob0,Asr0D00O000OOO0ODODOOODO
oododo cppgoobobobbbbbbbo0d. Do boooo
#include, #define, #if J OO OO DO.

e #include
UNIX 00 00000000000, Asir 000000000000 (D000
ASIRLIBDIR 0000000000 0O0O0) O #include 0O OODODOODOOOO
gobooooboouobooo. UNIX OOUODO ecppbbooobbooobrboag,
#include 00000000000 OO0OOOOOOOOOOOOOOO.

o #define
oooO,CcoObo0boooobooooooobooooao.

o #if
/¥, x/ 0000000000000 00000,00000000000000O00O00O00O0
000000, #if 0, #endif 0O DO OOOODODO.

OO000,defs.’ O00D0O0OOOCOODO.
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#define ZERO O
#define NUM 1
#define POLY 2
#define RAT 3
#define LIST 4
#define VECT 5
#define MAT
#define STR
#define N_
#define N_
#define N_
#define N_
#define N_
#define V_
#define V_ 1
#define V_PF 2
#define V_SR 3

#define isnum(a) (type(a)==NUM)

#define ispoly(a) (type(a)==POLY)

#define israt(a) (type(a)==RAT)

#define islist(a) (type(a)==LIST)

#define isvect(a) (type(a)==VECT)

#define ismat(a) (type(a)==MAT)

#define isstr(a) (type(a)==STR)

#define FIRST(L) (car(L))

#define SECOND(L) (car(cdr(L)))

#define THIRD(L) (car(cdr(cdr(L))))

#define FOURTH(L) (car(cdr(cdr(cdr(L)))))

#define DEG(a) deg(a,var(a))

#define LCOEF(a) coef(a,deg(a,var(a)))

#define LTERM(a) coef(a,deg(a,var(a)))*var(a) "deg(a,var(a))
#define TT(a) car(car(a))

#define TS(a) car(cdr(car(a)))

#define MAX(a,b) ((a)>(b)7(a): (b))

cooDoooooOOobOooOooDOOoDbOO,0000000D $0O000OO0DbODOO. 0o
U0 LisTU0dooooog st oo, $DopooooogotLIsT$ oD
goooood.

O WNEFE ON®

=

0

"U%HOCUD>’;UD

4.2.12 0000000

goooboob0 NOOOobooboooo,oboobo,NOOODOobuobobooooo
go.

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

evalf : argument mismatch in factor()
return to toplevel

goboooobbooobboooobboo, 000, obbbooooobbooon
gbo,00booooboobooobobooooaoo.
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% 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]1, [x+2,1], [x+10,1], [x+7,1], [x+8,1]1]

2000 factor(O) OOOODODODOODO,0000000000000O00O x"5-1000
O lmod=11 00 00O0D0OO. OD0O,000000,medd0O0 keyword DDOOO 11 00
000000000000 00000. Doo0o0o0o0o0o0o0o0oooOooooo0. oooo
getopt(mod) 0O OO0 ODOODOO. 1000000DO00D0ODmed000OD0OOOODOO
ooooonooog, getopt(mod) DUDOD -100000000O0ODO. ODODODO,00
doooobOooo ffobooobooo. cryoooobo,oo0booooooa, <,y od
pgodooooooooon.

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

Ooo, O00oood keyl=valuel,key2=value2,... O 0O OO ¢’ 00O
oO00Doo0ooODoo0OO, ODO0OODOODO option_list OO0 O0OO0OODOO
[["keyl",valuell, ["key2",value2],...] U0 UODO0OOODOOOODODO.

[101] dp_gr_main([x~2+y~2-1,x*y-1]|option_list=[["v", [x,y]], ["order", [[x,5,y,1]1111)

O0,00000 getopt) DODODODOODODOODODOO,D0D0ODODODODO,
oodoo0oooooooooooooooooon.

% cat foo.rr
def foo(F)
{
OPTS=getopt () ;
return factor(F|option_1ist=0PTS);
}
[3] load("foo.rr")$
[4] foo(x~5-1|mod=11);
[[1,1], [x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]]

4.2.13 0000

000000000000 000,0000000000000000000 (module)
oboo.oooboooooobooogogooooogoooog.

module stack;

static Sp $
Sp = 0%
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static Ssize$

Ssize = 100%$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

def push(A) {
if (Sp >= Ssize) {print("Warning: Stack overflow\nDiscard the top"); pop();}
Stack[Sp] = A;
Sp++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return 0;}
Sp—-;
A = Stack[Sp];
return A;

}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print (stack.pop());
print (stack.pop());
}
000000 module 000000 O endmoduled 0 0. OOODOODOOOODODOO
00.00000000000000000 staticOOOODO. 00OO0OO0OOOOOODO
0000000000000 00D00. 0000000000000 extern0OODOO.

U00D000000000D00 lecalf DODOOODOODOOODDO. DOODOD
push O pop DO ODODOO0O. DOOODOODOO.

00000 moduleName DO OO O OO0 functionName DO D OO0 OOOOOOONO
00 moduleName.functionName(OO 1, 00 2, ... ) 0000000. 000000000
O0,00000000.00000,00000000000000 stackOOOQOOQOOO
push, pop O ODOODO.
stack.push(2);
print( stack.pop() );
2
00000000000 00000000. 00000000 00000b0000o0o0n
0000000000 000o0o0oooOoaoo.

Jooooooodoooooooooooooooooo. boooooobooooon
Uoodobobb, 00 module_definedp U OO DOODOOOOO. DOOOOOLOOOOO
goboooooooooo.

if (!module_definedp("stack")) load("stack.rr") $

asir 000000000 OOOOOO. 00000000 stackOOOOOOOOOO

O0,lccal A; DOOOOOODOOOODOOOO. OODOOO local DOOOO, 0000
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goooogo.boooobobooboobo,ooboobobooooboboboboooobob
g.0bobooboobdoobooobobbobooboo,0oobooboobonoobo
goooooog.

gbobooboobooboboooobboboobooboobooboobbon
g,000bbooboobbooboobobooboobbooboonoobon.

/* Prototype declaration of the module stack */
module stack;

localf push $

localf pop $

endmodule;

def demo() {

stack.push(1);
print (stack.pop());

module stack;
/* The body of the module stack */
endmodule;

gbobobobooobobobooboobooboobooooobooboa,bobooboon = 0
goo.

def afo() {
S = "afo, afo";
return S;
}
module abc;
localf foo,afo $

def foo() {
G = ::afo(Q);
return G;

}
def afo() {
return "afo, afo in abc";

}
endmodule;
end$

[1200] abc.foo();
afo, afo

[1201] abc.afo();
afo, afo in abc

00 6.12.1 0 O module_1list0 p.81, 6.12.2 00 U module_definedpl p.81, 6.12.3 O
U remove_module[] p.82.
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5 o

5.1 oo

cOO0O00O00DOOU0DOOO00OO0O0DO0OU0D dax0O,000000O0O0O0O0O0ODOODO
ooD0,000000,0000D000DO00DOO0ODOOODOO0O0. Asir00,dex0O0
gbobooboobbo.gboobboobooob,o0bodabn debug; DOOODO.

[10] debug;
(debug)

goo,0oogo,b0ooooooooooooooboon.
e DD ODODOODLOODOOODO

e JOUODOO @wDLUODODOD

e DD OODLOOODDOO

gbobo,bo0oboobooboob,obooboooboooboobbobbonoo
gboboobuoobooboooboo,oobboobooobooobobooob,obo
gobobooboobooooo.

e crror() DO DOOODOOODO

5.2 O OUO4ggdgd

gobobdg dex 000000 O0O00ooObOooobooooboob. 0d,gdb000onooong
ggbobodobobooobobdg. gbbuoob aexddbbodobog, step, next U, U
gboboooooobgobo.boog,1gb0ob0oboboooog,000odiyd next
ooooooboboobooboobog. bO,dex 000 “Ldbxinit’ DOOODOODO, dox 00O
OaliasOOOO0OODOODOO.

step goobooobooo.obooboobooobooo,booooon.
next goooooboog.

finish ggooooooobooobobobotboooooooooboooooooa. ooo
stepUUOOOO0OOOO0O0OOO.

cont
quit ooooooooooo,o0o0ooooa.

up [n] 000000000 10 (00D n0O0O0O0OO0 nO)0O0O0.00O0O0O,000
goobooboooboobooooobg,bbooobo.

down [n] 0O000OO0OOOOO 10 (00 nO00O0OO0 nO)00OO.

frame [n] OOOODOOO,00000D0CO00O0DCO.000DOOO,000000DO
Udbob 00000000, bO00o0boobobbodbbUdd where OO
gobodgbooobuooboo,boobobooboobobooaboo.

list [startline]

list function
000,000 startline, 000 functionOD O OO0 100000000000
gono.
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print expr
expr O QOODO.

func function
00000 function OO OODO.

stop at sourceline [if cond]

stop in function
sourceline 00,000 function 000000000000 DOOOODO. OO0O
000000, 00000000000000D0D000D0OD. if00000,
cond J000O0,000 000000CO00DOOOO,ODDOO0DOO0O0DOO.

trace expr at sourceline [if cond]

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

deleten 00000000 nOO0OOOO.
status gbobobooboooooooo.
where gbobobobobobobobobo.

alias alias command
command O alias 00 O00OO0O.

print UOOO0O0O, 0000000000000 00000000O00O00. 000,0000
gbobodgboobobo,oboobbuoobooaobboobaa.

e OODODODOO
gogooobobobouooooobob,doooobbboooooobnboobobuooo, oo
gooooooobon.

(debug) print A
A=2

(debug) print A=1
A=1 =1

(debug) print A
A =1

e ODODOOO

doooooobobbobo,print 0o ooon.
(debug) print length(List)
length(List) = 14
000D00,00 List 0000000000 0O000O0 lengthO OOOOOOOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) = 1
oooo,000000 cePUOOODOOOOOOOOOOODOOOO,OO0000O0
I A I I A

oo,00bdboo0oboboobobobobbobDo,0b0obgb00oUub bsave() O
goboobooobbooobooobooboobooobbooboa.
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(debug) print bsave(A,"savefile")
bsave(A,"savefile") = 1

gobooooboboooobbobuooobobooobobO,print D00O0O0ODOO0O
gbooodboobooo,oboboobobooooboboboobobobooono
gobodgboobbooboobobooog.

53 UUogooon

goobo,boboooooooboobouoboboboboooo,boooboobobobob
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 <-- 000000000oog

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

5 return X * factorial(X - 1);

(debug) where <-- 0JO00000ooooooggoon
ooo

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

(debug) print X <—-X00ooood

X=6

(debug) step <-- 000000 (Coooo)
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 o000
(debug) cont <-—- 0o0oo

720 <-- Qg = 6!

[5] quit;
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54 DD0OOOOOOODODOOOOO

OO0DOoO0DO, Asir O, 0000 ‘$HOME/ .dbxinit’ OOOO0O. OOOOOOO, dbx O
ooobooooooboooooobboooobo0ooooobDDoog, 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, 00000000O0DOCOOOODOOOOOODO,O
oob0p,cO00,00000000000C.00,00D0000000D00,1ias0DOO
OO0 aliasOOOOOODO.

lex_hensel(lLa, [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) ¢
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6 JUuooon

6.1 DOOU

6.1.1 idiv, irem

idiv(il,i2)
s ggooooog.

irem(il,i2)
2 00000000a.

return gd

il i2 RN

i10 200000000000,00D0000.

20 000000000O0O.
gobodbog,boobboobuooobuouoboooboo.
i1%i20,00000000000000000 iremQO 0000O0O0OOOODOOOO.

e JIODODOO sdiv,srem OO QO0O.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

oo 6.3.8 0 0 sdiv sdivm srem sremm sqr sqrm[] p.45, 6.3.10 O O %0 p.47.

6.1.2 fac

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

e iJOOOODOODO.

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

iged(il,i2)
+ 000 GCD (D OO0O0O)

igcdentl ([i])
00 GChboOOOoOoooon

return oo

il i2i ad

e iged [ i1 0 20 GCDODOODO.

e JODDOOOOOOO, OO DOODODDODOOOOOOO.

e JOODODOO, ged, gedz O ODODO.

e 00 GCDOODOIDODOOODOUODD, igedentl OODOOODO.

0 Euclid 000 (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2,30 [Weber] ODO0O.
goodo 3gooou,ouooad.

[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 6.3.20 0 U ged gedzlO p.53.
6.1.4 ilcm

ilem(il,i2)
»ggooooooo.

return o



oed OO0OOOOO 34

i1 i2 oo
e U0 il,i20000000D0O0ODO.
e D ODOOODODO.

oo 6.1.30 0 iged igedentl p.34, 6.1.10 0 O mt_save mt_loadl p.36.
6.1.5 isqrt

isqrt(n) - O00O0O0OOOOOOOOOOOOOO.
return oooao
n o0oogo

6.1.6 inv

inv(,m) : mQO0000 000
return ud

im RN

e ia=1mod (m) D000 a00O0OO.

e i mUIODOODOOOODOODLOO,invO DOOODDOODOOO.

[71] igcd(1234,4321);

1

[72] inv(1234,4321);

3239

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

go 6.1.3 00 iged igedentl p.34.
6.1.7 prime, lprime

prime (index)

lprime (index)
»0oooo

return o

index o

e prime(), lprime() OOODOOO0ODOOOODOCOOODOOOODOOODO. indexOd 00O
o0DoO0oO0,0000000D000D000D00. prime() O 16381 00000000
OO0 19000, 1prime () O, 100 SOUODOOOODOOOOODOO999000. 00
goboobooobooboobooobO.

e JOUIDUDOUDUDUDUDLOD, pari(nextprime,number) OO DO .

[95] prime(0);

2

[96] prime(1228);
9973
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[97] 1lprime(0);
99999989

[98] 1lprime(999);
0

00 6.1.14 0 0 parill p.39.
6.1.8 random

random ( [seed])
s gogooog.

seed

return goao

e 10 2°32-10000O00O0O0OOOO.

e 000ODDOOODOO,0D000 seed00OD0DOOO0DO,0DOO00D0O00O.

e default 0 seed 00000, 000000000,0000000000000000
goog.

e U00-000D00OODO Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
N A A A

e OO 2719937-1 0 00O0OODO.

e mt_save 00O state OO OO0 save UOO. OO0 mt_load OO OOOOOOO
0,00 Asir 0000000000 DOOOO0DOOODOOODOOO.

gd 6.1.9 0 O 1randomU p.36, 6.1.10 O U mt _save mt_loadll p.36.

6.1.9 lrandom
lrandom(bit)
s goooooooono.
bit
return goao

e O bt OOODOOODOOOODOO.
e random OO0 O0O0OD0OODOCOO,000 bitOODOODOOOO.

gd 6.1.8 0 O randomU p.36, 6.1.10 O U mt _save mt_loadll p.36.
6.1.10 mt_save, mt_load
mt_save (fname)

s ggboooboboobooobooboobooboo.

mt_load (fname)
s 000000000000 000oLObOoooooog.

return ocooO 1
fname oood
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e JOODODODOOCODO,0D0DODOCODOOOOOOO,OO00O0O0O0ODODO,O000 Asir

goboobooooboobooooobg.

[340] random();

3510405877

[341] mt_save("/tmp/mt_state");

1

[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
ad 6.1.8 0 O random(] p.36, 6.1.9 0 O 1random[] p.36.
6.1.11 nm, dn
nm (rat) srat 000,
dn(rat) srat 000,
return gooooooo
rat oogoooooon

e JOUODOUODOODODLODODLODODODODO.
e JOODOOL,00DO0D0ODO,00D0DO00DO0O0O.

o IOOODOO, 00O, b0000DOOO0ODLOO. O0DOO0ODLOD,bO0000O0O

O0000000.red) 0000000 OOOOOOO.
(2] [nm(-43/8),dn(-43/8)];
[-43,8]
[3] dn((x*z)/(x*y));
y*X
[3] dn(red((x*z)/(x*xy)));
y

gd 6.3.21 00 0 redl p.54.
6.1.12 conj, real, imag

real (comp)
s compO0QO0QO0Ond.

imag(comp)
:comp U ogn.
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conj (comp)
s comp U oggn.

return comp

ggd
e JODODO,00,00,0000DODO.
e DD, 0b0O0ODDOODO.

[111] A=(2+@i)"3;

(2+11%@1i)

[112] [real(A),imag(A),conj(A)];
[2,11,(2-11%@1)]

6.1.13 eval, deval

eval(obj[, prec])

deval(obj)
mobj0ODOOO.

return googoon

obj good

prec ud

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

e eval OO, 000 PARI (6.1.1400parilp.39) O0O0O. deval DOOODO, O
00 coboboboboboboboo.

e deval U DO ODODOODO.

e eval OO0, prec 0000000, 000,100 prec0000O0O0O0O0. prec O
O0000000,0000000000000000. (6.1.1500setprecOp.40000.)

gooooo, oooo.
sin, cos, tan,

asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a”b)
e DD IDUIUUUUUUULD. UUD eiUUUUOU eval,deval UOODODO.

i 0ooO
opi 00O
Qe oooooo

[118] eval(exp(@pi*@i));
-1.0000000000000000000000000000
[119] eval(2°(1/2));
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oo

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

6.14.1 00 ctrll p.84, 6.1.15 0 O setprec p.40, 6.1.14 0 O paril p.39.

6.1.14 pari

pari (func, arg, prec)

» PARIOODO funcOOOODO.

return func O0O00O0ODO.

func
arg

prec
[ ]

PARIOOOO
func 000

RN
PARIOODOODOODOO.

PARI [Batut et al.] 0 Bordeaux 000000000000 OCOO0O0O0O0O0O0O0OO
OO00.PARIOOOOOOOOODOO0ODOOO,000DOO0O0DOOOOODOO
00 (bignum, bigfloat) 0000, 00000000 biglloat 00O 0OOOOOOOO
O00000OOoOo000oDooOoO. PARIOOODOODOOOODOODOOOODODOO
Ooooo0ooooooo,on,ge’ 000 PARICOOOOOOOOOOOOOO0O
UNIXOOOOOOoOOooooOoooooooooooo.0oooooooOog 2.0.17beta
000000 ftp site (0000 ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00 anonymous ftp 00O .

O0000 prec0000D00OO0OOOO. precO00D00OODOO setprec() UOOODO
goooag.

O0D0O0OD0O0OD PARIOOOOOOOOOOD. ODDOOD1000 Asir00O0O0
OOooOoO00oOo0o0DoOboO.00oooO00oDOOo0oDOoO PARIODOOOOOODO
goo.

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,
111gl1, 11llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,

lllgramkerimgen, 111int, 111kerim, 111kerimgen, 11lrat, 1lngamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pngn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
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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

e Asir JODOOOODODO PARIOOODOOOODOOOOOO,000O0CO0O0DOOODO
gobodgboobooood.

/ 0000000000000 . =/

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

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]

/1 00000000000 . %/

[1] pari(roots,t”2-2);

[ -1.41421356237309504876 1.41421356237309504876 ]

g 6.1.15 0 0 setprecl p.40.
6.1.15 setprec

setprec([n])
wbiglleat 0000 nOO00OODODO.

return 0

n 0

e JOODODOOO,bigloat OO DO nODOOOOD. OOOOOODOODOOOO,O0DO
gboboboobooooooo.

e bigfloat D000 PARI (6.1.1400parilp.39) D00 O0OOOO.
e bigfloat 0000000 OO0OOO. bigloat 0 flag on OO0 O0O0O, ctrl OOO.

e DO ODODDOODOODL,0DODOODLOO0ODODDODLOODL. O0DbODO
goboooobooooog.

[1] setprec();

9

[2] setprec(100);
9

[3] setprec(100);
96

oo 6.14.1 OO0 ctrl0 p.84, (undefined)d eval devalll p.(undefined), 6.1.14 O
U paril p.39.

6.1.16 setmod

setmod([p])

0000 GR(p) D0DODO.
return oo
n 2727 dogooao

e JUDD GF(p)UUODDO.OODODODODO.



oed OO0OOOOO 40

e JOOODOODODODLO,00O0ODOODODODLOOLODOODODODOO,DOOO
0000000 p0O0OD0O GF(p)OODODOOODOOODDO.

e JOUODOOUOOLOODOOLOODLDOLO DlOODODODODODODOP.15400.

[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

[2] A+A;

(1) *x<<1>>

ad 8.10.13 0 O dp_mod dp_ratU p.129, 3.20 000 0 0O p.12.
6.1.17 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
000000000 3a2pbit00oooon.

return oooDb 3a2pit0b0b00oboboon
n 27320000000

int32 ooooD 32bit OO

e JUDD (DUD 1)OOOUOUO 32bit 00 (OO 10)0D000,0000000000
go.

e 2bit DUD OpenXM ODUODOUODOOOOODO,000000OD00OD0ODODOLOOODO
goog.

g o70000000p.93,32000000p.12.

6.2 bit 00

6.2.1 iand, ior, ixor
iand(il,i2)
x bit 000 and

ior(il,i2)
»bit OO0 or

ixor (il,i2)
+ bit OO0 xor

return 0
il i2 oo
e 0 il,i200000 bitOOOODOOODO.
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e JOUODOUODLOODO,0DO0DODO.

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

0x1

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

[2] ior(0xa0alal0alal0alalal,0xb0cObObObObLOLOD) ;
Oxabacabababababab

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

RN 6.2.2 00 ishift[ p.42.

6.2.2 ishift

ishift (i, count)
:: bit shift

return o

i count ud
e 00 i0ODOODO bitOODOO shift dO.
e iNJ00DDOO,0D0D000D0O.
e count 000000 shift, 00000 shift 00 O.

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

0ox1

[1] ishift(0x1000000,12);

0x1000

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

0x1000000

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

ud 6.2.1 0 O iand ior ixorU p.41.

6.3 UUU,000uon

6.3.1 var

var(rat) = ratQO0QO00O0.
return goo

rat goao
e 10DDOOODOO,3100Asir0000D0O00OO0p.10000.
e JI0OODOOOOOOOOOOOOOOOODO.

41

X7Y7Z7u7v7w7p7q7r7s7t7a7b7C?d7e?f7g7h7i’j7k717m7n707DDDDDDDD

go.
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[0] var(x~2+y~2+a”2);

X

[1] var(axbkc*dxe);

a

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

oo 6.3.70 0O ordl p.45, 6.3.2 0 U vars p.43.

6.3.2 vars

vars(obj) = obj0 0000000000,
return gdd

obj 00
e JO0IDODOODUODODODODODODO.
e 00IDDOODOOODDDOODOO.
[0] vars(x~2+y~2+a”2);
[x,y,al
[1] vars(3/abc+2xxy/efg);
[abc,xy,efg]
[2] vars([x,y,z]);

[x,y,z]
00 6.3.1 0 0 vard p.42, 6.3.3 0 O ucO p.43, 6.3.7 0 O ord0d p.45.
6.3.3 uc
uc() s 0o00oo0ooooooooooon.

return vtype 0 10000
e uc() ODODODO, 0,1, 2. 00000000000

—-_ty =

e ucO) UOOOIDOOOODO,ODO0DOODOODODODODODOODOOOO. DOO, D
gobooobooboobooboooboobooo,bboobooboboobooboboobon
gobooboobooobooooog.

e DOODOOO (vtype I 0) 00 DODOOODO rtostr(), strtov() 0O ODO.

e uc(O) DOIODODODODOOOODODODDODODODOD (vtype) I 1000. 33000000
O0p.14000 )
[0] A=uc(Q);
_0
[1] B=uc(Q);
21
[2] (ucO+uc())"2;
_272+2%_3%x_2+_372
[3] (A+B)~2;
_07242%_1%_0+_1"2

ud 6.8.3 0 O vtypel p.71, 6.10.1 O O rtostrU p.73, 6.10.2 0 O strtovl p.73.
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6.3.4 coef

coef (poly,deg[,var])
mpoly O var (D0O0OUO0OO)000O0O degODODOO.

return goo
poly aooo
var gdd
deg goo

e poly O var OO0 degOODOODODOODO.
e var 0, 00000000 var(poly) DODDOOODO.
e var UODOUOUODOUOO,var OO DOO0ODLOOODODOOODOOODODO.

[0] A = (x+y+z)~3;

K73+ (3*y+3%2) *x 72+ (3%y " 2+6%zky+3%2"2) *x+y " 3+3*z*y " 2+3%z" 2%y+z" 3
[1] coef(A,1,y);

3*xX"2+6%Zz*xx+3%2z" 2

[2] coef(A,0);

y T 3+3%z*y " 2+3%z" 2%y+z"3

g 6.3.1 0 O varD p.42, 6.3.5 0 U deg mindegl p.44.
6.3.5 deg, mindeg

deg(poly, var)
cspoly 0,00 var 0O00OO0ODODOO.

mindeg(poly, var)
- poly 0,00 var 00000ODDO.

return goao
poly aooo
var goao

e JOUDODODOUOLOD varOOLOOOOLODO,0DODODODO.
e U0 var DOOOOOODOODOODO.

[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)
cratQQo0O0000O0O.

return goao
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rat oogd
e JI0OOOOOOOOOO OOUOOUOOUOOOUOOOUOOOOO.
e JO0ODODOOO,00000O0OOODOODODODOO.

e U000 (330000000014 0,000D00D0DOOOOOODOOOODO. 10O
oooooo.)
[0] nmono ((x+y)~10);
11
[1] nmono ((x+y)~10/(x+z)"~10);
22
[2] nmono(sin((x+y)~10));
1

oo 6.8.3 0 0O vtypel p.71.
6.3.7 ord

ord ([varlist])
20000000

return gooooo

varlist gooooo

e OO ODOO,DO0ODDOODOODLOODO,DDODDODDODDODDODLO
oooboooo.0ooobooooboood,rd) D0O0DOOOODODOOODODOO
go.

e JUDODODOOOODLDOOOODOO, 000D DOOOO0ODLDbDOOOODbDDO
gbooboooboooboobobobooboo. bob,0bo0oboooobooobo
O,Asir) 00000, 0000,0000000000000D000DO0ODO0. 0DO
gbooooboobooboooboooobooboboo,booboobboobOon
goobooo.

[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,_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),

(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,2z,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1l,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),

(Lx"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 poly2 0000000000 0O0ODOOOODODOODO.
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srem(polyl,poly2[,v])
sremm (polyl, poly2, mod[,v])
mpolyl O poly2000000000000DOO0OOOOODOOOOO.
sqr (polyl,poly2[,v])
sqrm(polyl, poly2,mod[,v])
s polyl 0 poly2 0000000000000 0O0ODOO0OO,000000.

return sdiv(), sdivm(), srem(), sremm() : OO0 0, sqr(), sqrm() : [0 ,0071 00

ooo
polyl poly2

ooo
s ooo
mod oo

e polyl O poly2 0000 var(poly2) (00 vODOOOODOO v)0OOOOO0OO
O,poly20,000000.

sdivm(), sremm(), sqrm() 0 GF(mod) DO 0O DODO.

oooogogg,oooboobooboobobbooooooo,ooobboooDoOon poly2
U000, polyl DOOODOODOOOO polyl DDOUODO poly2 00000000000
ooboooboobo.oooboo,booboboobooooboobob,obobooobooo
gobodgboboooboo,gboobobuoobbooboobob. boo,boobooo
gboboboobobooooooo.

000000000, poly200000,00000000,0000, poly20 polyl O
ooooOoooOoOoooooooobooboooo.
sqr(OO DO00D0OO0O0DOOO0OooOooobobogoo.
e 00OIDODOO,000 idiv,iremO0000.
ooooooooooo »o0ooo.
[0] sdiv((x+y+z)~3,x"2+y+a);
X+3*xy+3*z
[1] srem((x+y+z)~2,x"2+y+a);
(2xy+2%z) *x+y~2+(2*z-1) *y+z"2-a
[2] X=(x+y+z)*(x-y-2)~2;
X3+ (—y-2) *x "2+ (~y " 2-2%z*y-2"2) kx+y " 3+3*z*ky " 2+3%z" 2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);
X3+ (y+2) *x "2+ (-y " 2-2%zxy-2"2) *x-y " 3-3%z*y " 2-3%z " 2%y-z"3
[4] G=gcd(X,Y);
X"2-y"2-2%zxy-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

oo 6.1.1 0 0 idiv irem[ p.33, 6.3.10 0 O %0 p.47.
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6.3.9 tdiv

tdiv(polyl, poly2)
mpolyl O poly2000000000DOOO0O.

return gopboobooo,0ooboboooboo o

polyl poly?2
ooo

e poly2 0 polyl DDODODOUODODOODODOODODO.

e OO DODODODODODODODDDOOOODLODODOD, D0O0O0O0ODO0DOOOOOooon,
tdiv() OO00O0O00D0OOCOO00OO00DOOCO0OOO.

[11] Y=(x+y+2z) "5*(x-y-2)"3;
KT8+ (2%y+2%2) *x T+ (—2%y " 2-4xz*y-2%2"2) *x "6
+(=6%y~3-18%z*y 2-18xz"2*y—-6%z"3) *x"5
+(6*y " 5+30*zxy"4+60%z" 2%y~ 3+60%z" 3xy " 2+30*z " 4*y+6%z"5) *x"3
+(2%y~6+12%zxy " 5+30%2" 2%y "4+40%2" 3xy " 3+30%2"4xy " 2+12%2 " 5xy+2%2"6) *x "2
+(~2%y " 7-14%z%y~6-42%z"~ 2%y " 5-T0%z" 3%y ~4-70%z"4*y~3-42%z"5*y "2
—14%z"6%y—-2%z"7) *x—y "~ 8-8%zxy " 7-28%z" 2%y~ 6-56%z" 3%y " 5-70*z"4*xy~4
—-56%z" 5%y~ 3-28%z" 6%y 2-8%z"7*y-z"8
[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] 1;
5

RN 6.3.8 0 0 sdiv sdivm srem sremm sqr sqrml] p.45.

6.3.10 %

poly ym = QO0QO0QOQOQonOg
return ooooooood
poly oooooooooooo

m o0
poly DOO0O0D mUOODDODOOOOODODDOOOOODODOO.
O0o0oooooooooooo.

poly OODODOOOO. O0OD0O,0000000000000DO00O0O0 irem(O) ODOO
gooooooooo.
poly OO0, mO000D000O0OODODOO,O0000000000O.
[0] (x+2)°5 % 3;
XT5+XT4+x T 3+2%x T 2+2%x+2
[1] x-2)°5 % 3;
XT5+2*%xT4+x 7 3+x 7 2+2%x+1
(2] (-5) % 4;
3
[3] irem(-5,4);
-1

oo 6.1.1 0 0 idiv irem[ p.33.
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6.3.11 subst, psubst

subst (rat[, varn,ratn] *)
psubst (rat [, var, rat] )
crat0 varn 0 ratn 000 (n=1,2,... 00000000 0OO00O0O).
return oo
rat ratn oo

varn goo
e JODODOOOOUOUOO,00OOODOODD,000000O0OOOOOOODOO.

e subst(rat,varl,ratl,var2rat2,...) O, subst(subst(rat,varl,ratl),var2rat2,..) 00O
goooag.

o DD OODOODDOODLOOODDOO,DOO0DDOODOOODDOObOOODD.

e subst() O, sin() OO0DDOO0OOOOODODODOOOOOOO. psubst() O, OO0
oodboooooooooooboooooo, oo booooooooo. (partial
substitution 00 0 0O)

e AsirJ0,000000DOCO0ODOOOOOOOD,0DOOODDO,OD00DO0O00OOD
gboobooooboboab.oobooboboobog,boboboobooboobo
gbo,uogbbooo,boobboooboobooobgooboobobooboobog.

e DD OODOODDOODDO.

e substU U0 rat DO OO, 00,00, 0000000000000 000000, 00
Uoo0oooooboooooooood subst OO
[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)
srat0 varn O00O0 varlist OO0 O00O0O0OOOOOO.

return O
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rat DDD(DDDDDDDDDDD)
varn goo
varlist goooooo

e JOUODUDODUD varnODUODO varlist U0 ODOODOODOODOODO.

e 000D0DO0D,00000000. 000, diff(ratx,y) O, diff(diff(ratx),y) O
goooa.
[0] diff((x+2*xy)~2,x);
2%x+4xy
[1] diff((x+2%y)~2,x,y);
4
[2] diff(x/sin(log(x)+1),x);
(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 ediff

ediff (poly [, varn] *)

ediff (poly, varlist)
spoly O varn 0000 varlist 000000000 OO0ODOOOO.

return goo

poly goo
varn goao
varlist ooooooo

e 000DDODDO, OD0DO0DODODO0DO. 000, ediff(polyx,y) O,
ediff(ediff(poly,x),y) 00O OOO.
[0] ediff ((x+2xy)~2,x%);
2%x72+4*y*x
[1] ediff ((x+2*y)~2,x,y);
dxyxx

6.3.14 res

res(var, polyl, poly2[,mod])
mvar 0000 polyl O poly20000.

return oon
var goo
polyl poly?2
oono
mod RN

e JOODOONO polyl O poly20,00 var 0O ODOODODOODO.
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e JOUODODLOODODLODODO.
e 00 mod 0000, GF(mod) DOOODDOOOO.

[0] res(t, (t73+1)*x+1, (£73+1)*y+t);
-X"3-x"2-y"3

6.3.15 fctr, sqfr

fctr(poly)
s poly UOOOODOOOOO.

sqfr(poly)
s poly OODDOODOOOO.

return goao

poly gbobobobo

e JOOUDUODLOO poly UODODOOD. fctrO UUODOUODUOO, sqfrO) UDOOODO
goo.

e 00O [[0OO,1,[00,000],..]00000.
e 0000 DO0O0DOO0-000 000 poly0000.

e 00D O, (poly/000)0,00000,000 GCDO 1000000000000
000000000, (ptozpO) O0)

[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*2z) *x+9xy " 2-3*zxy+z~2,1] | [3*x+3*y+z,1]]
[2] A=(a+b+c+d)"2;

a2+ (2*%b+2xc+2%d) *a+b~2+(2xc+2*d) *b+c"2+2*d*c+d "2

[3] fctr(A);

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

[4] A=(x+1)*(x"2-y"2)"2;

XT5+XT4-2%y T 2%x " 3-2%y " 2*x " 2+y " d*xx+y T4

[5] sqfr(A);

[[1,1], [x+1,1], [-x"2+y~2,2]]

[6] fctr(A);

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

oo 6.3.16 0 O ufctrhint p.50.
6.3.16 ufctrhint
ufctrhint (poly, hint)
00000000 10000000000
return ggdod

poly goboob 100000
hint goo
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e 1I0DDOODOO Aint OOODDOODOODOOODOOODODO polyOOOOODOO
O fctrOQ DOODOODODOO. poly U,d000O0O0OOODOOOOOODOOOOOO (D
ooooOOoOOoOOoOOoOoOooOnOn D11142) o0, ddooooogo doo
gooo.ooobooooooooon.

[10] A=t~9-15%t~6-87xt~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%xx~66-88249977024390%x~63-4856095669551930*x~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*x"3
-139262743444407310133459021182733314453125,1]]

20msec

[13] fctr(N);

[[-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*xx"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] ]

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
+31524548679,1],

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

119.340sec + gc : 1.300sec

oo 6.3.15 0 O fctr sqfrd p.50.

6.3.17 modfctr

modfctr (poly, mod)
0000000000000 0

return goao
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poly gbooboobooo

mod aooo

e 2729000000 mod D0ODOODOODOODOODO polyOO0OOOOOOOO.
e OO [[DOO1L,0O,000],...]O0O0OOO.

e 00 0000 UOD OO0 ODOO polyOOODO.

0000000000000000000 fetr_f£f0000. (0D 1000000000
0000p.154,10.5.16 O O fetr ff0 p.163 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*x™6+(y~2+z*y) *x"4+2%z*y 3*x "2+ (2%z 2%y~ 2+z"3*y) *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]]

oo 6.3.15 0 U fctr sqfrl p.50.

6.3.18 ptozp

ptozp(poly)
s poly OO0OODODOODOODOOODODOO.

return oood

poly aooo

e 00D0OODO poly 00DODODODOODO,000000000 GCDO 100
oooooo.

e J0IDDOUODDO,00DO00ODOODOODOO,0DDOODOOODOOOO,O00O00
ooooooooooooooog.

e J0IDOODOODO redO ODODOODOODOODODOOD,DO0D0ODODODODOOD
ooooo,00b000b000t O O0,0000000D0,00D0000DO
00000000, 0000000000000000000.

e D0UUD factor UODDOODUDDOOUUOOOUUD [ge]000. 000 cOOODO
000,g00000000000O0O00OOOOO, poly=c*gO0O0.

[0] ptozp(2*x+5/3);
6*x+5

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

ad 6.1.11 0 0 nm dn0 p.37.
6.3.19 prim, cont

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

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

v ooo

e poly 0000 (OO vODODOOOUOO v)yOOOOODOOODO,00D0000.
[0] E=(y-2z)*(x+y)*(x-2) *(2*x-y) ;
(2xy-2%z) *x" 3+ (y"2-3*z*y+2*%z"2) *x "2+ (~y~3+2"2%y) *x+2z*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-2
[3] prim(E,z);
(y-2z) *x-z*y+z2"2

ud 6.3.1 0 O varU p.42, 6.3.7 0 O ordl p.45.

6.3.20 gcd, gcdz

gcd(polyl, poly2 [, mod])

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

return oo

poly1 poly2
oono

mod oo

e JIUOOUDDODUDDO (GCD) DO ODO.

gcd() JOOOODOOOOOODODO GCDOOO.OOODO,DO000D000DO,0D0
oob GChb O 1gooogooooo,ooo,bocooooob 1000,

gedz() O polyl, poly2 00000000000, 000000000000 GCD O
00.0000,gd() 000,0000000 GCDOOOOOOOOOOO.

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

gcd (), gecdz() Extended Zassenhaus 00O D0OOOOO0O. OOO0O0O GCD O PRS
oooooboooooobooooo,0oooboo,GCbUu 1obooooboooooDoo.

[0] gcd(12*(x~2+2*xx+1) "2,18%(x"2+(y+1) *x+y) "3) ;
X73+3%x72+3*%x+1

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

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

xX"2-y~2

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

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

HEN 6.1.30 0 iged igedentl p.34.
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6.3.21 red

red(rat) wratQ00O0Q00000O.
return goo
rat ooo

93

e Asir U UODODO0O0ODOOOODOOOODO.ODO,bO00DO0OODLOOOOD,OD
gobooboooboobooob.00obbo0obio0obibg redadDO.

e EZGCD ODODO rat 0O0O,0000000.

e JO00O0OOOOODODOOUIDODODO,DOO0O0GCDDO 10000O0DO0DODBOOO. O
gboboboboboobobobuoboboo.

e GCDOOODODOOOUOO,0000C0DOOOOODOOOOOODOOOOODD.
gg,bou,gobooobuoobboobobooboboab,buoobooaooboo

000.00000000000,0000000,0000000000.
[0] (x"3-1)/(x-1);
(x73-1)/(x-1)
[1] red((x"3-1)/(x-1));
x"2+x+1
[2] red((x"3+y~3+z"3-3*x*y*z)/(x+y+z)) ;
X2+ (-y-2) *x+y " 2-z*y+2"2
[3] red((3*xxy)/(12%x"2+21%y~3%x));
(y) / (4*x+T*xy~3)
[4] red((3/4xx~2+5/6%*x)/(2xy*x+4/3*x)) ;
(9/8%x+5/4) / (3*xy+2)

ud 6.1.11 0 O nm dn0 p.37, 6.3.20 U O gcd gedzU p.53, 6.3.18 O O ptozpl p.52.

64 DOOOOOOOO

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

umul (p1, p2)
umul _ff(pl,p2)
s 0o00oooooooo

usquare(pl)
usquare_ff(pl)
» 000000000 200

utmul (p1,p2,d)
utmul_£ff(pl,p2,d)
00000000000 (DOOoooooo)

return goOooon
pl p2 oooooo

d goog
o DD OODOUOODLO,00b0O0ODLOOObOOODOOODODOObOOODnDD.
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umul (), usquare (), utmul ) 00O OUOO00O0O0OO0O0O,0000000000000O
O00.000000 GF(p)DOOOOODO,000 000 pOOOOOOOOODOO.

umul _ff (), usquare_ff(), utnul _ff() 0, 0000000000000, 00000
000d0O00O0DO00OO0. 000, 000000000 o0O,0oDOoopooOooOoooon
000000, 0000000000000 odooooooDoooDooDoOooDgon
0000 simp_ffO) 0000000 ODODOODODODOO.

umul_£f (), usquare_ff (), utmul_£f£f() 0, GF(2n) D000 O0O0OO0OOOOOOO.

umul ), umul_f£() OO0 00O pl, p2 00, usquare(), usquare_f£() 0000 pl O
20, utmul(), wtmul_££() 0000 pl, p2 000,d000000000.

e JUDDO, set_upkara() (utmul, utmul_ff 00 000 set_uptkara()) 000000
000DO0D0000D00000000000, set_upfftO O0DODOODOODOODOODO
0000 Karatsuba O, 000000 FFTOOOODOODDODDDODDODODOOOO. ODOO
0,000000 FFTOOO0,00000 10000000 miOO00O, pl, p2 0
000 miOOOOOOOOOOOOOO, FFTOOOO,000000000000
ogo. oo, 0jgooboogoooo, g0 boooooooooon
O000,0000 ShoupO0OODOOOO [Shouwpl] DODOODODOODOODO.

[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++)A*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_ff(A,B,100),x);

100

HEN 6.4.3 0 U set_upkara set_uptkara set_upfftl p.56, 6.4.2 0 [0 kmul ksquare
ktmull p.55.

6.4.2 kmul, ksquare, ktmul
kmul (p1,p2)
s 0obooooboooobg

ksquare(pl)
000000000 200
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ktmul (pl,p2,d)
»0o00oo0oooooo (DDDDDDDD)

return gooooo
pl p2 goOooon
d gooao

e NO0IDOOOODOO Karatsuba 0O OO.
e JOUDUODwml OOD0OOO,0000000000 FFTODODOODODODODO.
e GF2'n)JDODUDUDDOODDOOOODOOODO.

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

1

[34] setmod_ff(defpoly_mod2(160));
x7160+x"5+x"3+x"2+1

[35] A=randpoly_f£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])
1 0000000000000 N2, Karatsuba, FFTOOOOOOOODODO
ooOo

return gobooooood

threshold 0000
e J00D,000000D00DO0DODODO,00D00O0O0DODOODODOODODN.

e JOOUOODOUODL,0D0 NODODODODOOLOO N200OODUOD,DO0D0O0OOO
Karatsuba OO0 0000, 0000000 rPEFTOOOOOOOOOOOD.DOOODO
goboogobood.

e DO, 000DO0DLOODDOODOO.

HN 6.4.2 00 kmul ksquare ktmull p.55, 6.4.1 00 umul umul_£ff usquare
usquare_ff utmul utmul_££0 p.54.

6.4.4 utrunc, udecomp, ureverse

utrunc(p,d)
udecomp (p,d)
ureverse (p)
s O0o0oooooo

return ubobooobooobboobooobooboon
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b
d

gooobgo
gooo

e pO0DD xO0D. 000D p=pl+x~(d+l)p2 (pl 0000 d0O0) 000000,
utrunc() O pI 000, udecomp() O [pl,p2] OO O.

e p000D0 e0D,i0000D0 plij]0000, ureverse() O ple]+ple-1l]x+... OO O.

HEN

[132] utrunc((x+1)~10,5);
252*xx75+210*%x74+120*x " 3+45*x"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

6.4.6 0 UJ udiv urem urembymul urembymul_precomp ugcdll p.58.

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)

s 0ooooooboob,oo0oa

return goOooon

p
d

o

gooooo
gooog

uinv_as_power_series(p,d) 0, 0000 0000000 pO00,pr-1 00000
0d+1 0000000000 d00000 roooo.

ureverse_inv_as_power_series(p,d) O p O0OOBDO e QO OGOGoOAO,
pl=ureverse(p,e) 0000 uinv_as_power_series(pl,d) 00 00O0.
rembymul_precomp() D0 OOO00O0O0OOO, ureverse_inv_as_power_series() [
goooooooooooooon.

[123] A=(x+1)"5;
X"B5+5*%x74+10%x " 3+10*%x"2+5*%x+1

[124] uinv_as_power_series(A,5);
-126%x"5+70%x"4-35%x"3+15*xx"2-b5*xx+1

[126] Ax*R;
-126%x"10-560%x"9-945%x"8-720*x"7-210*xx"6+1
[127] A=x"10+x"9;

x~10+x"9

[128] R=ureverse_inv_as_power_series(A,5);
-X"Bb+x"4-x"3+x"2-x+1

[129] ureverse(A)*R;

-x"6+1

6.4.4 U0 utrunc udecomp ureversell p.56, 6.4.6 O [ udiv urem urembymul
urembymul_precomp ugcdl p.58.
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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 0000o0oooo, GCh

return gooooo

plp2inv OUOOOOO

e J00ODOO pl, p2000, udiv 00, urem, urembymul OO0, uged O GCD OO
0.0000,00000000000000DOO0O0OO0O0DOO. urembymul O, p2
ooo0doood,p20000000000D00OO0OO,00 20000000000,
ododbDoooooooooo.

e urembymul_precomp O, 00000000000 OCOOOOOOODOOOODOOOODO
O000.0 3000,00000 ureverse_inv_as_power_series() OJ00OODO0O
ooog.

[177] setmod_ff(2°160-47);
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)

g 6.4.5 0 Juinv_as_power_series ureverse_inv_as_power_seriesl p.57.

6.5 Jooong

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

car(list) = 0000 LstOOODOO.
cdr(list) 0000 LstOOOOOOOOOOOOOOO.

cons (obj, list)
2 list 0000 objO0ODOODODOODO
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28

append (list1, list2)

@ listl O list200000 10000000.

reverse (list)

s list 000000000.

length (list| vect)

s list 000,000 vect DOO.

return car() : OO, cdr(), cons(), append(), reverse() : OO 0O, length() : O
oo

list list1 list2
ooo

obj aad

0000 [objlebj2,..1 OODOUODO. obj1 DODOODOODODO.

car(O 00,0000 st JODOOOOOOD. ODO0OO0ODOOOODOOODO,0D000
ooooboo.

cdr(O) U,0000 st OOODOO0OOODUODOODODOOOO. DOODOODO
goboobo,o0obooooboon.

cons() U, list 0000 objUDODODOODODODODO.

append() O, list] 0000 Lst2000000000000000O0 [lst1 00000
O,ist2000000])00000.

reverse() U, list 000000000 O0DOOOO.
length() O, Ilist 000 veet 00O 0OO00O0O0O. OO00OOODODOOO,size() 00O0OO.
goboobooobogo,boobboobooaboo.

0000 n0O0000000000,cdrO 0 nO000000 car() DO0OO0O0OO
ooooooooOo,b0oo0oOo,b0o00b0,0000o000o0oD,0b0b00b0n0 [n]
gboboboboboboboboboobob.goo,boboboboOo,0000
oobd nDO00D0OO,0000D00D0OO0ODO0ODDOOO0.

cdr() DO0OO0O0000000O0DO,append) 0, 00000 10000000000
U0 consO U0OO0O0OODODOO,0D10000D0ODOOODODDOODODODOO
D0O0DbO0Ob0ODbO. reverse() DODOOOOOODOO.

(o] L =1_I1,2,3],4,[5,6]];
[(r1,2,31,4,[5,611]

[1] car(L);

[1,2,3]

[2] cdr(L);

[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]

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

[6] length(L);

3
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[7] length(1ltov(L));
3

(8] L[2][0];

5

6.6 00

6.6.1 newvect, vector, vect

newvect (lenl[, list])
vector (lenl[, list])
00 lenO000O000O0O0O0ODO.

vect ([elements] )
s elements OO0 OO0O0O0O0O0OOOOOO.

return gooao
len goao
list goao

elements 00000
e vect O OOOOOOOOOOOOOODO.
e vector  newvect DO O OOO.

e newvect U0 lenDODOOD0ODOOOO. O 20000000,000000000
gbobO. 0 20000000,00000000000000,000000000000
gobobo.ooboo,0bobobobo,oo0oboob o0obobOoD.

O00000oo0o,0000000 Ilen-100000. (0 100000000OOOOO.

)

e JODODOOO0ODL,DO0DDOODDOODDOODDOODDOODODOODODO,
000000000000 000000000 displacement (00)000000000O0
ugobodgbobooo,bogb,oobooobuoobbooboobobo.ooooo
gb,ggbooa,bgobgogoboodgbuoobuooboobooboa,boobooa,
gbobobobobobobob.

Asir 00,00000,0000000000O0.O0000DOO00O0DOOODOOOD
gbobo,gbgobobobobobobobob.

00000000 sizeO OOOOOOODO.

goboooobooboboboobo,bbobboob,oobobboboboboboo
goooooog.

[0] A=newvect(5);

[000O0OO0]

[1] A=newvect(5,[1,2,3,4,[5,61]1);
[1 234 [5,6] 1]

[2] A[O];

1

[3] A[4];
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[5,6]

[4] size(A);

[5]

[5] length(A);

5

[6] vect(1,2,3,4,[5,6]1);
[1234 [5,6] ]

[7] def afo(V) { V[0] = x; }
[8] afo(A)$

[9] A;

[ x 234 [5,6] 1]

60

RN 6.6.5 00 newmat matrixp.62, 6.6.7 00 sizellp.63, 6.6.200 1tovlp.61, 6.6.3

0 0 vtoll p.61.

6.6.2 ltov

ltov(ist) :: 000000 OOOOOOO.
return gooao

list oon
o DO Lst ODDOOODOODODDOODOOO.
e JOODODO newvect(length(list), list) OO OO.

[3] A=[1,2,3];
[4] 1tov(A);
[123]

ud 6.6.1 0 O newvect vector vectl p.60, 6.6.3 U U vtoll p.61.

6.6.3 vtol

vtol (vect)
s 0ogoooogooogg.

return goo

vect gooo

e U0 nOODODOO wvect O [vect[0],...,vect[n-11] O0ODOOOODOODO.

e JO0IDDOUOODOOODDOONO newvect() OODO.

[3] A=newvect(3,[1,2,3]);
[123]

[4] vtol(A);

[1,2,3]

gd 6.6.1 O O newvect vector vectl p.60, 6.6.2 0 U 1tovl p.61.
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6.6.4 newbytearray

newbytearray (len, [listorstring])
=00 len 0 bytearray DO OO DO.

return byte array
len ooo
listorstring

oooooooog
e newvect 000000 byte array 00 OO O. similar to that of newvect.
e NOIDDOODOODODOOODOOODODOO.
e bytearray 00000000000 ODOODOODO.

[182] A=newbytearray(3);

|00 00 00|

[183] A=newbytearray(3,[1,2,3]);
01 02 03]

[184] A=newbytearray(3,"abc");
l61 62 63|

[185] A[O0];

97

[186] A[1]=123;

123

[187] A;

|61 7b 63|

ad 6.6.1 O 0 newvect vector vectl p.60.
6.6.5 newmat, matrix

newmat (row,col [,[[a,b,...],[c,d,...],...11)

matrix(row,col [,[[a,b,...]1,[c,d,...],...11)
crowd colOOOOOODOOO.

return oo
row col ooao
abcd 00

e matrix U newmat OO O ODO.

61

e row colUDUODOODOOD. O 3000000DO,0Db0bD ocb0DbODbDODn. O
30000000, 0000000oLO00UoOO0,000, 0000000 (DooOOo
000000)00O0000000. 0000,000000000,000000 00

goooo.
e NOODODOONO size(O O OOODO.

e MOUODOOOO,MIIDODOO IDUOOODOOODOOOODODOOODOODO.OOOO
gobo,000booobooobooo,booobooobooobo,oo0boo

gobooooooboooog.
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e JOOODOODODODLOODODOD,DODODODL,DO0OLODODODOODODODLOOODO
oooo.

(0] A
[11
[xy 0]

[ x°2 00 ]

[1] det(A);

-y*x”2

[2] size(A);

[3,3]

[3] Al1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

newmat (3,3, [[1,1,1], [x,y],[x"2]11);
]

O O

ad 6.6.1 00 0 newvect vector vectl p.60, 6.6.7 0 U size[d p.63, 6.6.8 0 J det nd_
det invmat[ p.64.

6.6.6 mat, matr, matc

mat (vector[,...])
matr(vector[,...])
s goggpooooooooggooo.

matc (vector[,...])
s 00ooodooooooooooon.

return o

vector gooooooo
e mat D matr DO O OODO.

e JOODODOODOODODODOOLO.ODOD,DO0DODODOO,DO0OOODO OO
goooo.

(0] matr([1,2,3],[4,5,6],[7,8]);
[123]
[ 456]
80 1]
matc([1,2,3],[4,5,6]1,[7,8]1);

| e I e IO e T e B |
WN PN

7]
8 ]
0]
.6.5

gd 6 U 0 newmat matrix[] p.62

6.6.7 size

size (vect| mat)
[veet OOO] 000 matO0O0O ,mat 0007,
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return oogd
vect gooad
mat o

e vect UDU, 000 mat UOODOUODOODOODOODOO.
e vect U OO length() DODOOODOOODODO.

e Jist 0000 lengthOU,00000O0O0DOOOODOO nmono() OO ODO.

[0] A = newvect(4);

[00O0O0]

[1] size(A);

[4]

[2] length(A);

4

[3] B=n

[123]

[456]
[4] size(B);
[2,3]

ewmat(2,3,[[1,2,3],[4,5,611);

oo 6.5.1 0 0 car cdr cons append reverse lengthll p.58, 6.3.6 U [0 nmono[] p.44.
6.6.8 det, nd_det, invmat

det (mat[,mod])
nd_det (mat[,mod])
s mat00000000.

invmat (mat)
cmat0000000O0O.

return det: U, invmat: O OO
mat gd
mod oo

e det O nd det U000 matOOO0O0O0O0O0OO. invmat OO0 mat OOO0O0OO
0.0000 (Do,00]l]00bo0o,0o0booo,0o0/0b0 0boOoooaag.

e 00 mod 0O0OUDO,GF(mod) DOOOOOOODOO.

o IO ODOOODOODLOOODODLODLO,0D0DbODbOOO0ODbLODbLOObDOObOObOOnOn
gbobodboobbooobooobboooboaboo.

e nd det UOUIDDOODUOODOODDODOODLOODODDOODLOO.DOODODDO
gobopoboobooboboobo,buo0booboobooboonbog,big det
gobooooboooon.

[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]1=W"J;
[94] A;

[ 1 xx"2x"3 x74 ]
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~ ~

L I e B |
= e
=& N <
N NN
e N <
W w w

y y4 ]
z z"4 ]
u u4 ]
[1vv2v3vi4]
[95] fctr(det(A));

(f1,11, fu-v,11, [-2z+v,1]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 xx"2]

[1yy2]

[1z2z"2]

[99] invmat(A);

[[ —zxy 2+z" 2%y z*x"2-z"2%x —y*x"2+y ~2%x ]

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

[ -y+z x-z -x+y ], (~y+2)*x"2+(y~2-2"2) xx-z*y " 2+z2" 2%y]
[100] Ax*B[O];

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

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

[ 0 0 (-y+z)*x"2+(y~2-2"2) *x-z*y 2+z" 2%y ]
[101] map(red,A*B[0]/B[1]);
[100]
[010]
[001]
ud 6.6.5 U [ newmat matrix[ p.62.
6.6.9 gsort

gsort (array [, func])

return
array

func

oo

20000l array OO0 Q0.
array (00000;000000000)
gooond

oooond

OO00000 quicksort DODOOOO.

gbooodoboobooobobob,0oboobooobobooboobobonoooobo
goboogboooon.

0,1,-1000 200000 funceO00O0DOOOOODO, func(A,B)=1 0000 A<BO
gbo,0obobooooboooboooooooaoo.

goboobooboo,boobboobooboboob.

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

[1] def rev(A,B) { return A>B?7-1:(A<B?71:0); }

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

6.3.7 0 O ordd p.45, 6.3.2 0 O varsU p.43.

64
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6.6.10 rowx, rowm, rowa, colx, colm, cola
rowx (matrix,i,j)
s 0i00d0djooooog.

rowm (matrix,i,c)
0100 cOgng.

rowa (matrix,i,c)
01000 i00 cOOOOO.

colx (matrix,i,j)
01000 jO000000.

colm(matrix,i,c)
20100 cO0O0.

cola(matrix,i,c)
01000 i00 cOOOOO.

return oo
i j 00
c oo

e JO0ODDOOOOOOOOOOODOODO.
e JO0ODDOOOOOOOOOODO.
[0] A=newmat(3,3,[[1,2,3],[4,5,6],[7,8,9]1]);

[123]

[ 456]

[ 7891

[1] rowx(A,1,2)$
[2] A;

[123]

[ 7891

[ 456]

[3] rowm(A,2,x);
[123]

[ 7891

[ 4%x 5%x 6%xx ]
[4] rowa(A,0,1,z);
[ 7*z+1 8%z+2 9%*z+3 ]
[789]

[ 4xx 5%x 6*x ]

od 6.6.5 0 [ newmat matrix[] p.62

6.7 000

65
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6.7.1 newstruct

newstruct (name)
00000 nameOOOOOOOOO.

return oood

name goo
e U0 name 0O0OOOOOOOODO.
e J00O0OO,name DO O0OO0OOOOOOOOOOOOODODOO.

e OO0 U0UIUUOUOULD - bbbOUOO0. U000 OUUOLLbD,bOO
> pgbggbogooboogboan.

[0] struct list {h,t};

0

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

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

[3] A;

{0,{0,0}}

[4] A->h = 1;

1

[5] A->t->h
2

[6] A->t->t
3

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

RN 6.7.20 0arfregll p.67,4.2900000000p.22

1]
N

]
w

6.7.2 arfreg

arfreg(name,add,sub,mul,div, pwr, chsgn, comp)
» 0000000000000 D0O0o0.

return 1
name goao

add sub mul div pwr chsgn comp
oooooogo
e name 00000000 O0O0OOODOOOODOO.

e JOUDODODODODODOOODODO ODODODO. ODODOODLODODODOOO
gbobobobon.

e JOD0ODODOOOOOO0OO0OO0OOOOODODO.
add(A,B) A+B
sub(A,B) A-B
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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,bodyl}$

def add(A,B)

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

A->body+B->body;
+

def sub(A,B)

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

A->body-B->body;
b

def mul(A,B)

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

A->body*B->body;
b

def div(A,B)

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

A->body/B->body;
}

def pwr(A,B)

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

A->body~B;
}

def chsgn(A)

{

C = newstruct(a);
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RN

goooogd

C->id = A->id; C->body = -A->body;
return C;

}

def comp(A,B)
{
if ( A->body > B->body )
return 1;
else if ( A->body < B->body )
return -1;
else
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 O newstructl p.67,4.2.90 0000000 p.22

6.7.3 struct_type

struct_type (namelobject)

s ggboooobooabobon.

return o0
name goao
object aooo

68

e 000 name O OOOD, 000 object DOUODOOOODODODOOOODO. OODO
goobg-100d.

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

[11] A=newstruct(list);
{0,0}
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[12] struct_type(A);

3
[13] struct_type("list");
3
00 6.7.1 0 OnewstructO p.67,4.290 0000000 p.22

6.8 DDOOOOOO

6.8.1 type

type(obj) = objd O (DDO)0O0ODO.

return RN
obj 00
e obj0 DODODOODO.
0 0
1 0
2 o000 (Dooo)
3 O00 (booooo)
4 oon
5 oooo
6 oo
7 oon
8 oon
9 ooooooo
10 32bit OOOODOO
11 ooobobobo
12 GF(2) 0000
13 MATHCAP OO OODOO
14 oooboooon
-1 volbOoooooo

e IIDDOODOO,ntype OUODO. ODOO0DOODDOOODO,veypeUDODOO.

HEN 6.8.2 0 Ontypel p.71, 6.8.3 U O vtypel p.71.
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6.8.2 ntype
ntype (num)
coum (0)0 0 (00)000.
return goo
obj O
e DO0ODOOODDOO.
0 000
1 o0oooo0o
2 oooo
3 00000000 (bighoat)
4 ggdod
5 googn
6 gooooono
7 od 2000000

e newalg(x"2+1) JODOUOOD0O0O,0000 ei0,000000000000O.

e JODODOOOO,0OODODDOOOUO0OOOOP.142000.
[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]

00 6.8.1 0 O typed p.70.
6.8.3 vtype
vtype (var)
cvar(000)0 0O (OD)DOO.
return HEN
var goo
e var (U0 )0000DO0O0ODODO. 00D 3300000000p.14000.
0 00000 (a,b,x,afo,bfo,....etc)
1 uc() OOO0DODOOOODO (L0, _1, _2, ... etc)

2 0000 (sin(x), log(a+l), acosh(1), @pi, @e, ... etc)

70
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3 000 (0000000,00000000,00000 : sin, log, ... etc)

e a(); U000 (DDDDDODODO)DODOOOO ntype(a) 0 3000. 0000 aO0OO
goboboooooooo.

o LHUDODOUODLOODLDOODLOOUODLDOOODO function OO O.
e Qpi,Ce 00OOOOOOOODODO,evalO,pari() DO0OO0OOOOOOOOO.

00 6.8.1 0 O typel p.70, 6.8.2 0 O ntyped p.71, 6.3.3 0 0 uc p.43.

6.9 DUUOgoon

6.9.1 call

call(name, args)
2 00 name 0O0OOO.

return OO0 name() OO ODO.
name 000000000 (Dobooooooo)
args gogooon

e 00DO0O0DOO, veype) OOD.

e 100D DOOOOOODDODODOOODDDODO (xname)() OODO, ODOOOOOODO
call() DOODOOO.
[0] A=igcd;
igcd
[1] call(A,[4,6]);
2
[2] (*A) (4,6);
2

RN 6.8.3 0 0O vtypel p.71.
6.9.2 functor, args, funargs

functor (func)
s func000000O00O0ODO.

args (func)
cfunc 0000000O0O00OO.

funargs (func)
it cons (functor (func) ,args(func)) O OO.

return functor() : OO0, args(), funargs() : 0O 0O

func 0000000000
e 00O00DOD0DOOO, vtype() OOO.
e 0000 func0000,0000000000.

e 00,000000DDOO0ULDOOUODOOULODOO FOOUODO (*F)(x)0x0O00O0O
goboobooobobooboooboobooooo.
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[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 ((xA) (@pi/3)));}
0.86602540349122136831
0.5000000002

1.7320508058

oo 6.8.3 0 O vtypel p.71.

6.10 JO00OOoOoooad

6.10.1 rtostr

rtostr(obj)
sobj000D0ODO0ODO.

return oon

obj oo

e JOUDUDOUDLO objOODODODLO.

e OO DODOOUODDDOOOODLDDOOUOOUDLDDOUO,00UDDDbOOODLDDO
gobooobooooog.

o LI, 000O0D0O0D0DOODLODOODODO, strtov O ODO.

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+"1";

afol

RN 6.10.2 0 O strtovl p.73, 6.8.1 O O typel p.70.
6.10.2 strtov

strtov(str)
cstr (000)0000000OO.
return goao

str goboooboobooobooooo
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e JOUODOODODOLODDOLODODLODODO.

e DD OO0ODOODLOODDOO,00DDLOODODO,DO,0000000

goooooog.

73

_goo

e rtostr() UO0OOO,00000DOO0OO0OO0O0DOOOOOODOODOOOODO.

[0] A="afo";
afo

[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)1);}

[afo0, 2]
[afo1l,2]
[afo2,2]

gd 6.10.1 0 O rtostrU p.73, 6.8.1 0 O typel p.70, 6.3.3 0 O ucl p.43.

6.10.3 eval_str

eval_str(str)
cstr (000)00000.

return goooono

str Asir 0 parser OO0 OQODOOOO

e Asir0 parser 000000000 0ODOOOODOOODOODO.
e JO00ODOODOODOO,0DbODODODO.

e OOODODO rtostr() O DOOODO.

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

3

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

gd 6.10.1 0 0 rtostrd p.73
6.10.4 strtoascii, asciitostr

strtoascii(str)
s 000000o0o0ooooooag.

asciitostr (list)
s 0oggpooogooouoggooog.

return strtoascii():0 00 ; asciitostr():0 00
str gdd
list 100 26 000000000000

e strtoascii() D0 OUODOOO0OOOOODOOOO. ODbOoOOODLOOODOOOOD

gog.

e asciitostr() O asciitostr() OOOOOODO.
[0] strtoascii("abcxyz");
[97,98,99,120,121,122]

[1] asciitostr(@);
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abcxyz

[2] asciitostr([256]);

asciitostr : argument out of range
return to toplevel

6.10.5 str_len, str_chr, sub_str

str_len(str)
s goggooogg.

str_chr(str,start,c)
2000000000000 o0o.

sub_str(str,start, end)
s O0o0oooooao.

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

start end 0000
e str_len() OOOOOOOOOO.

e str_chrO O str0 start 0000000000 OOOODOCO cODOOODOOODO
gobooob. boboobo obobOob0. boobobbobooboboD 10
go.

e sub_str() O,str 0 start 00U end DOO00OOO0O0OOO0ODOOODOOO.

[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,Sp2-1));
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 OO0

6.11.1 end, quit

end, quit
s gooobooobogobobooooo.gboboooooooboobobooon
goboooboog.
e end, quit 000000000000, O’00000000O00000.0000A0O
gooooooboobooboo.bog,o0obobobobooboooboobonooo
goooood.
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e JOUODODO,DO0DODODODOOLOOL,DOO0ODODODODLODODOO,DOO
ooobooobooboooooobOo,bdb0obob0obg,00b0ob0b00bUd ends
goobooooon.

(6] quit;

/A
ad 6.11.2 0 0 loadU p.76.
6.11.2 load

load("filename")
:t filename OO 0O 0O0O.

return (110)

filename 00000 (OOO)

e JJ0DOUOODOODODOUDD,04000000D0 AsirtDp.l600. ODODOODDOODO
0000000, cppO000DOO,COOO0O0OODOQO #include, #define 00 OO0
gooo.

o LIODODOODLOOODLODOODODOO1IOOO,0000DO00O0O0 oObOO.

e JOODODODO ¢VOOOOOODODODODDO, OOODODODODOOODOOODOOOOO
00o0ooooooooD. 0000000, 0000 ASIRLOADPATH OO DO DO OO
JooddooooobooOooooooo. ooooo0dddddoooooooon,
0000000000000 (00000000 ASIR.LIBDIROOOOOODOOOOO
O0D)0000D0D0. Windows 0000, ASIR_LIBDIROOO0O000000O0OOO,
get_rootdir()/1ib 00O ODOO.

e 00000D000000D,end$ 0000 load) 0000000 OOOOOOO,O00O
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000,end 0000 000000000, end$
oooooo.)

e Windows OODOOODOOOOOOODOOODO ,ro0on.

oo 6.11.1 0 O end quitl p.75, 6.11.3 U O whichD p.76, 6.14.16 O U get_rootdir[
p-92.
6.11.3 which

which("filename")
00 filename 000, load() 0O0OO0OO0OODODOOODO.

return goao

filename 00000 (0O0O0)O0O0OO0

e load() DOODODOOODODOOOOOOUOODOOOD,0DOOODOOODOOOD
gbobobobo,obogboobooboobob.

e JOIDOOOODOODNO 1load) OOO.
e Windows OODOOODOOOODOOODOOODO ,ro0on.
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[0] which("gr");

./gb/gr

[1] which("/usr/local/lib/gr");

0

[2] which("/usr/local/lib/asir/gr");
/usr/local/lib/asir/gr

6.11.2 0 0 loadl p.76.

1.4 output

output (["filename"])

0000000 filenameODOOODOOODOOOODOO.

return 1

filename oopooag

oo

Asr 0000000000, 00D000CO0DOO0OO0OD. OO,b00000DO0O,
gbobobobobobobobob,boboobg.

OO00O0oO000O000O0o0oDOOD, 00 output('filename") OOOOO. 0,000
oooo00oDbOOoooo00DOoOoboOO,00b00 output() JODOOO.

00000000 filename OO0O00O0O0O0O,000C0000O0COOCODOO,000
goboodgboo,gboobbooboa,boaobboogoog.

goooooog " obogoboooooboobooboooo,oobobo,ooboooooo
gobodgboobobog,boobboooooboboaon.

O000DOO0O0000OO00O0ODOoO0OOOOoDOO, ctri(techot,1) OODODODO
goboooboobooobooooboog.

goboodo,o0booobobooboooboboobooboboobooonoobooa.

O000,0000 (veypeO O0)000D0O0O0O0O0OOOOOOOOOOO, bload(),
bsave() DUODOODO,00,0000000000.

Windows OO0 O DOOO0OODOODOODODOODO ,/700D00.

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

1

[87] quit;

% cat afo

1

(841 [[1,11, [x+y,1], [x-y,1]1]
[85] afo

0

[86]

6.14.1 00 ctrll p.84, 6.11.5 O O bsave bloadll p.78.
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6.11.5 bsave, bload

bsave (obj, "filename")
:w filename 00 obj 000000 O0O0OODO.

bload (" filename")
: filename 000 O00O00O0ODDOOOOODOOO.

return bsave() : 1, bload() : OO ODODOODO
obj oboob,00boobooogobooogoo

filename ooooo

e bsave() UOUDOUDOOOOOOODODOOOOOOOOODODO. bpload() O,
bsave() DUODOUODOO0O0O0O0OOOODOODODOODODODOO. ODODODOOOOOOOD
O000000o00,0000,0000 (veype(O) O0)OO0OO0OOOOODO,00000
gobooboooobooboooooooboon.

e output() U0 DOOOO0OOO,0000000000000DOO, bsave() OOODO
0000 pvleadO DODOOO,000000D00ODOODOOD,DOO0,000D000O0
go.

o [IUOOOO,000I0O0DOO0OUOLOOUO0OOUOOOUOODLOO,OUooOOOd,
dodo00oooooooooOooo0ooo0o0oooooon.
e Windows OOOOOOOOOOOOOOOOO ¢<vo0ooan.
[0] A=(x+y+z+utv+w) "20$
[1] bsave(A,"afo");
1
[2] B = bload("afo")$
[3] A == B;
1
[4] X=(x+y)~2;
X" 2+2xy*kx+y”2
[6] bsave(X,"afo")$
[6] quit;
% asir
[0] ord([y,x]1)$
[1] bload("afo");
Y2+ 2%xky+x72

RN 6.11.4 O U outputU p.77.

6.11.6 bload27

bload27 ("filename")
2 0000000 bsave file 0O OO0O

return gooooog

filename ooooo

e JOOO,00000O0,1000 27bhit0000D00ODLO0OO,D0000 1000 32 bit
goboogo. 0Dogb,bdd esave U0 0OO0O0ODOOODOOOODODOODODOO
gobO.ddbobobobooboonobOdn vlead27 DO ODO.
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e WindowsUUDUOODODODOODOODOOOODO ,/roooon.

ud 6.11.5 0 O bsave bloadl p.78.
6.11.7 print
print(obj [,nl])
xobjO0OODOO.
return 0
obj oo
nl ooo (o)

e objOUILOODOODODO.

o 1 2000000,0000,200000,0000.02000o0000,0000,
gobooboooogobobo,0oboooobooboboo.020b0 2000,0
goboobooooboobooooobg.

e JO0OOOOCOOD ODOODOO,print(); OOODOOO,0000000000DO.
printQO$ 0000, 000 0oOO0OOODO.

e JOUO objO0ODOUIDODODODL objUbODODODOD.

[8] def cat(L) { while (L !'= [1 ) { print(car(L),0); L = cdr(L);?}
print(""); }

[9] cat([xyz,123,"gahaha"])$

xyz123gahaha

6.11.8 access
access(file)
s file0000O0O00OOO0O.

return (110)

file gooond
e fleOOOODODO 1,0000000000DO.

6.11.9 remove_file

remove_file (file)

s file000O0ODO.
return 1
file gooond

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

open_file("filename" [,"mode"])
» filename OO O0ODOO0O.
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close_file(num)

000 numO00000000D00OO0.

get_line([num])

2000 numUO4O0oOooooO 1000.

get_byte (num)

000 num 0000000 100000.

put_byte(num,c)

2000 numO00000 1000 cO0OO.

purge_stdin()

s gboooooooooooooo.

return open_file() : OO (D ODO); close_file() : 1; get_line() : OO O; get_

byte(), put_byte() : OO

filename 00000 (OOO)
mode oon

num

0000 (0000000)

open_file() JOOODOOOOODOCOO. modeJO0DODOOOODOOOOO, mode OO
ooooooo,cooooboobnb fopenO ODOOOOOOODOCOOO. OOOO
gbooooooobo w',00b0b00o0 "="0b.00b0bo, 00000000
0000000Db0. 000000000 b0. 00000000000 close_file(O)
O000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 O O
ggooooooo, bbb, n. oo oobobn
gooaag.

get_line() 00 DO0OOO0ODOOOODODOOOO 1DO0O,0000D0C000.00DO
goobog,booobgo 1000,

get_byte() DUOODOOUODOOOODODOODO 1000000OOODOO.

put_byte() DD O0ODOUODODUO0ODOODOODOOO 100000, 0b000bOobDOoOoD
goo.

U0boo0ooDoobooOnoD get_1ine() DO OOODOO, 000 0000.

000000000, 000000 sub_str() OODODOOOOODODODOOOOODODO
eval_str() DOOOOOOOOOODOO.

purge_stdin() 0, 0000000000000. 0000 get_line() DO OOODO
gooooooooDoOoOO,0000000000D0DDOOOOOOOOOOOOO0
oooooooooo.

[185] Id = open_file("test");

0

[186] get_line(Id);

12345

[187] get_line(Id);
67890

[188] get_line(Id);
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0
[189]
0
[190]
1
[191]
1
[192]
12345

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

[198]
123;
123;

[199]

RN

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 test1() { purge_stdin(); return get_line(); 1}

test();

80

/* a remaining newline character has been read */

/* returns immediately */
testl1();

/* input from a keyboard */

/* returned value */

6.10.3 0 0 eval_str[ p.74, 6.10.5 0 O str_len str_chr sub_strd p.75.

6.12 JUUOogoooon

6.12.1 module_1list

module_list ()

return

:0o0oooooooooooooboon.
oobobobobobooboo.

[1040] module_list();
[gr,primdec,bfct,sml,gnuplot,tigers,phc]

HEN

421300000000p.25000

6.12.2 module_definedp

module_definedp (name)

return

name

00000 nameO0O0O0OOOOOO.
(110)
goooono

e IUDODOO name 0O UOUODODO 1,0000000 0o000O.
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[100] module_definedp("gr");
1

g 6.12.1 0 Omodule_listOp.81,4.2.1300000000p.25000.
6.12.3 remove_module

remove_module (name)
00000 nameOQOQOQOnQ.

return (110)

name goooono
e JIODUOOO 1,O00ODODO ODOOO.

[100] remove_module("gr");
1

RN 421300000000p.25000.

6.13 U0UOO

6.13.1 dacos, dasin, datan, dcos, dsin, dtan

dacos (num)
2 000 Arccos(num) 00 0OO.

dasin(num)
2 000 Arcsin(num) 00 0O0O.

datan (num)
= 000 Arctan(num) 0000,

dcos (num)
2 000 cos(num) DO OO.

dsin(num)
2 000 sin(num) OO0O0O.

dtan (num)
= 000 tan(num) OO0 O00O.

return goooooo

num O
e JI0OOOOOOOUOOOUOLOOUOOOO.

e JJ000O0ODO COOOOOOOOOOODOOODOD.OO0ODOO,000O00000O0O
ooobobobobobobobobo.

e DD OODOODLOODDOODLOODDOODOODLDOODD.
e CpiJ0IDOOODLODOODDOODLOOODDOOODOO.

[0] 4xdatan(l);
3.14159
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6.13.2 dabs, dexp, dlog, dsqrt

dabs (num)
000 |lnuml OOOO.

dexp (num)
2 000 exp(num) O0O0DO0O.

dlog(num)
= 000 log(num) DODODO.

dsqrt (num)
: 000 sqrt(num) 0000

return goooooo

num O
e OO0 ODOODOOODOODO.

e 000000 COODOODOUOOOUODDOODOOODO.OOOOO,DD0DOO0O0O000OO
goboobooobooboooboobobon.

e dabs(O0 dsqrtOUIDODOOOODOOOOOOOODOOODOOOODOOOOD
gooo.

e il O0OODLDOLDODLDODLDODODLDODODO.

[0] dexp(1);
2.71828

6.13.3 ceil, floor, rint, dceil, dfloor, drint

ceil (num)
dceil (num)

cnum O00000000000000.
floor (num)
dfloor (num)

cnum 000000000000 0OO0.
rint (num)
drint (num)

cnumO00000000.

return 0o

num U

e dceil, dfloor, drint U ceil, floor, rint DO OO OO.

e J0DOUO0ODUUODDOUODLO,DDbOUODbLODODDOObDDbDOODDOObbLUODD.
o I DODODOUODODOODDOUODODUOODDOUOUDUOODDODD.

epi 000000 DOOO0DLOObOOObDDbDOOn.

[0] dceil(1l.1);
1
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6.14 00O U
6.14.1 ctrl
ctrl("switch" [, o0bj]l)

S ERERERE
return goooooon
switch ooooo
obj oooo

Asir 000 O0O0O0ooooOo,opooog.

switch OO0 OO0, 0000000000O0O0O0OO.

obj OO UODOUODOODOO,0000000OO.
gbobooboobboobooo. bbooboobooooboa.
ooooooDbOoOo.0obob,ond 1,of0 OOODOO.

cputime

nez

echo

bigfloat

adj

verbose

quiet_mode

prompt

hex

real_digit

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

EzGCDOOOOOOOOOOO.O00ODOOObO1000,0000000
goooa.

on 0000000 OCOODOOOOO,of0DO0OODOOOODOOO.
output O ODOODOO0OOOOOOOO.

on U0, 0000000000 bigloat JDUDO, 0000000 PARI
(6.1.1400parilp.39) 00 00000O. OOODOOOOOOOO 9000
0.00000D000D00000 setprecO DOODO. of 00,0000
gobodbo,ogbooobobooboon.

goooooboooobooboo.1obooooooboobo.ooo
obob 3. 10000,0000000000D00000DOO0O0ODO
oooooo. booboooobobooobuoboo. 24b000b00bO
gbobooboodpsdnn.

onUU,00000000000000O00O00¢0O.

1000,00000000000000.240000000000000
OO0p5000.

o0O0000DOODbOODOODODO. 10b0oD0OoDOoD0o0ooOOoon. cOoo
0000000000000 00000OOOooOoOoDOOOOO. O (asirgui
O0000):  ctrl("prompt","\033[32m[%d] := \033[0m")

1000,000 0x0000 1600000000D0O.-1000,1600
o,00 rgoobogspubobuobuobobon.

goboooboooobooobooooog.
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double_output
1go0,00oo0goobodgnod dddddd D00 O0OO0OO.

fortran_output
1000,0000000 FORTRANOOOOOOO.OOOOOO 'O
0000 «»¥’00000.(0o00ooooo.)

ox_batch 1000,0000000000000000000000 flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p.93000.

ox_check 1000,00000000000000O0O0O00O0O0O0O0DOO0OO00O. 0
000000.(0000000 1) O70000000pY300O0O.

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap JO0OODOO.
(0000000 1) 070000000p.93000O.

0 6.14.6 00O cputime tstart tstopl p.87, 6.11.4 OO outputU p.77, 6.1.14
O0parilp.39, 6.1.15 O0OsetprecOp.40,  (undefined)l eval devalll
p.(undefined).

6.14.2 debug

debug »gooooooooon.
e debug OO DODOOOOOO, ()’ODODODODO.

e JO0IDOODODODUDDODDO @ebug) ODODO,0000DOO0DOODODOODO.
quit O ddoooogooooon.
e JIDODOODLOODDOUODLO OSUbDUOODOP290DO.
[1] debug;
(debug) quit
0
[2]

6.14.3 error

error (message)
000000000000 00000000.

message goo

e 0D, 000000D0O0,00D00DO0DODOOOODODODLODODOOO,DO
ooooooogo,0bo0bboobobooboobobobobooooogn. error() O,
gbobooboobboobooobooobuooboobbooboan.

e D00,error() DOO0OOODOOOOOODOODOOOO,DD0O0OOD.

e JOUIUUDDOOO,DOU0O0O0ULL,D00DLDOOOOD erxroxrO OOOOODO
gobooboo,0booboboooboobobooobooon.

% cat mod3
def mod3(A) {
if ( type(d) >= 2 )
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g

6.14.

help(

return

error("invalid argument");
else
return A % 3;
}
end$
% asir
[0] load("mod3");
1
[3] mod3(5);
2
[4] mod3(x);
invalid argument
stopped in mod3 at line 3 in file "./mod3"

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

(debug) quit
return to toplevel

(4]
6.14.2 0 0 debugll p.85.

4 help

["function"])
s 000o0oooooo.

0

function ooo

o LIDODOO,0D000O0DO0ODLOOUOD. DOOODLOOODODOODLObOOOnO,o0nOO
000000000000 ‘relp 0000000OO0OoOOOOOOODOODO,DO
OO0 PAGERUODDOOOODOOO,0000 mre’ O0OOODOOOOOODODOO

O

uo.

85

e JOOO LANGUDOODODOODOODO,D0D00 "japan" O0O0O"ja_JP" 000 0ODOO,
‘help’ DD OO0 ‘help-j’ OO0 O00O0O0O0OO0ODOOO. OOODOOOO, ‘help-en’

O

ubooboooboooobooaa.

e Windows U0, 0000000 00OOODOOOO0ODOOODOOOODO, 00000

O

6.14.

time ()

return

HTML OOOOOOOoOOoooooooobooDo.

5 time

goo

e CPUODODOOO GCOUDOOUOUODOUDOODOODO.
e GCOODODO,0DO000O0DOOUDODOUODOOOODDOOO,CPUDODODO,ODO

O

ckUOODOO GCOOOOOOOOO,bboObooOoo.

s 0O0o0boboooooooboboobo cekvbgbboo gecooooooo
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e time() OO0DODOD,0000000O00O0O0O0O0O0 CPUDLDDO,GCOO,0000O
gbooobobgooobo,oobobbooboboobobooooboboobo
Oo.oooo, fecpu0nO (O),ccO0 (O), 0000 (0DOO),0000 (OH1O
obobobo.1o0b0bbo 4000000,

e NO0OOODODOO,DO00D time() OO,0D00000O0COCPUDO,GCOOODO
go.

e JUDODODOOODDDOOO,D0DDLODOOODDOOOODDODbDOOODDO
goboooboooboobooan.

e ctrl() U cputime() ODUODO cputime OO 0O0D on ODODOODOODOODOO, 0000
oooooooOoooooo,b0o00ooboooboOobobo.oob,b0o000oobO0oOoDo
oOo,00b00o0bbo0oo0oobbo0boo0uDn,time OODOOOOOOODO.

e getrusage() OO0 UNIXOODO time() ODOOOOOOODOOOO, Windows 95,
ggUouooboobooobobooobboobLbooLobbooobDbUooL. oo, o
o0o0ooO0oo,0000000000000.

[72] TO=time(Q);
[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]

(751 ["CpU",T1[0]-TO[O],"GC",T1[1]1-TO[1]];
[CPU,6.577163,GC,7.221549]

HEN 6.14.6 U O cputime tstart tstopl p.87, 6.14.8 0 U currenttimel] p.88.
6.14.6 cputime, tstart, tstop

cputime (onoff)
2000 0000 cputime JOOODOOO. ODOOODOOODODOODO.

tstart() : CPUtimeO0OO0O.

tstop() = CPUtime 00OO0OOOCOOO.
return 0
onoff ooo (oo)

e cputime() 0,000 0000 CPUtime 00D O0O0O. O0DDOOODODOOODO.
e tsart JOODODO, (’0O00,CPUtime 000O0OODO.

e tstopUDODOOO, OO0, CPUtme 00000, 0000000O0.

e cputime(onoff) O ctrl("cputime",onoff) ODOOOOO.

e tstart, tstop U, 000000 0OOO0OOOOODOOOOOODOO,0D000000O
OO0o0oO00D0,+time(O) OOODOOOOOODOO.

e cputime() OO0 on,off 0, 00000 on,of 000, 0000000000000
0000D0d00DOd0oOoDO. 000, 0000000 oOdo,00o0oo0oooooon
000 cputime(1) 0O ODOODOODOOOODOOOOOO.

[49] tstart$
[60] 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],
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[x"4+y*x~3+y " 2%x"2+y " 3*x+y~4,1]]
[51] tstop$
80msec + gc : 40msec

gd 6.14.5 0 0 timel p.86, 6.14.8 0 U currenttimel p.88, 6.14.1 O O ctrl p.84.
6.14.7 timer

timer (interval, expr, val)
2000000000000 oo.

return ud

interval oooo (o)

expr ogoogog

val ooboooooooooo

e timer() U, 00 U0D000ODOODOO0ODOLO. bOODODUODOOOODODODOODODO
gob.o0boobobooboobobooooo,03boooo.

e J300000,0000000D0DLOO0ODOOODOODODOOD.

[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]

6.14.8 currenttime

currenttime ()
2 000o00on
return 19700 10100000 o00000000O00O.
e currenttime() 0D UO0OOD. UNIXOOO, time(3) D0OO0O0O0O0OOOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
0000000000

return 1

interval oooo (boooo)
e sleep() U,00000000D0CO0O. UNIXOOO,usleepOODOOOOOOOOO.

[0] sleep(1000);
1
[1]
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6.14.10 heap

heap()

return goao

RN

ooooo0oOoOoODoOOoO (OO

00000000 0ooooD. (Do:0o0o)

88

:000)000. 00000, Asir 0000000 0g,

gogboboboooobobooooboobooooooboo,bbooooboboooooboobogo
ugb.0booboooboga,gobuoobbooboobboob,oobbooboo
goooopoooooo,oSoooooooooOoOoOOOObOObOO0oOoOoOogoOogOoo

goboobogo.

oooooooOooDboOo,00bb ~-adqjOOoO000DO,GCOOOOOOODO

ooooooao.
% 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
[99] fctr(Wangl[8]1)$
3.000sec + gc : 1.180sec
[100] heap();
1626112
Omsec
[101] quit;

24000000000000000p.5.

6.14.11 version

version()

s Asir 0O0DOO0O0OOO.

return goao
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e Asir HODOUODOOOOOODO.

[0] version();
991214

6.14.12 shell

shell (command)
s command O0O00000O000O00O0O0OOO.
return oood

command 000

e command 0 CO system() 000000000 DODOOOOOOOODO.O0ODOOCOO
gooboooo.

[0] shell("1s");

alg da katsura ralg suit
algt defs.h kimura ratint test
alpi edet kimura3 robot texput.log
asir.o fee mfee sasa wang
asir_symtab gr mksym shira wang_data
base gr.h mp snfl wt
bgk help msubst solve
chou hom P sp
const ifplot proot strum
cyclic is r sugar
0
(1]
6.14.13 map

map (function, arg0,argl, . . .)
000, 00000o0oboooooon.

return arg0 0O DODO0OO0O0O0OOO
function ooo
arg0 0oo0,0000,00

argl .. 00 (0D0OO0O)

e arg) 00D ODODOOODODO, argl OO0ODOOODOOODODOO function O0OODODO,
arg0 DO 00000 0O0DOO0DOOODOODOOOOO0O00DLO0bOo0ooboOonDn
goog.

e function 0, 00000000DOOOOOCOODO.
e function OO OOOOODOODOOO.

e arg0 0000,0000,0000000,00 arg0, argl, .. 000000 function O
00000000000,

e map U0OD function D0 O00O0O0O0O0O0O,00000000000000O0O00O0OOO
UoDb0. 0000000 parseerror HO0O. D00 map 000 car,cdr D00 OO0
000000000, Asir 00000000DOOD0O0OODOODOOODOODODO. ODODOO
Umap UOUOU0O mep DO O OOOQOQOQUQn.
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[82] def afo(X) { return X°3; }
[83] map(afo,[1,2,3]);
[1,8,27]

6.14.14 flist

flist () s ggboooooboobooobobooboobooboon.

return goooooo
e J0ODODOOOOOOOOOOO,ODOODODOOO0O0OOOOOOOOOOODOOOO.
e JI0OIOOODOOOOOOUOOUOUDODOO.

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

6.14.15 delete_history

delete_history([index])
2 000oooooo.

return 0

index Oooooooooooo

e JOODODOOCO,00O0DOCODOOOUOOODODODOODODOO.

e JOODODOOCO,00D0DDOODOOOOOODO.

e JO00OODODODDODO,0000O0O0OOODODOOOOOOOOOOOOOOOODOO,D
000 enumber 000000000 O0OOO. O0DO0OO,000000000000
O0oo0oooooooooooooo.

e JJ000ODOOUUIDDDODODOUOL,000DDODOUDDODODOUOOODDODO,
bsave() 0O D00OO0OOODOODOODOO, delete_history) OODOODOOOODOOODO
ooooooooo.

[0] (x+y+z)~100%
[1] @0;

[2] delete_history(0);
[3] @O;
0

6.14.16 get_rootdir

get_rootdir()
sAsr 00DO00D000D0O0O00DOO00
return oon
e UNIXOODOO,ODODOO ASIR_LIBDIROOOODOOODODOOODOOO,DO00O0O
OO0Oddd ‘/usr/local/lib/asir’ OGO 0O.
e Windows 00 00O, ‘asirgui.exe’ 000000000 (pin’ DO0ODO0OOOOOO
0)0oooooooooooo.

o LIJUODODOOOODLDOOOUODDODODOUOOODLDDLODOOOODLDOOOODLDODO,DDOO
gobodgboobboobooobboobuooboobbooboobobg.
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6.14.17 getopt

getopt ([key])
s 0o0o0o0oooooag.
return gooooo

o IUDOUOODOODLO,0000D00O0DODLDOOLOO. DOO0DLOObOOObOO0ObOnDO
000000000O00,00000000000000ODO0O (421200000000
O0p2400). D0O0O0OD0O0OO0O0O0OO0OOOOOOOOOOODOOODOOOOOO.

e JOODOODODODOODO, getopt() O [[keyl,valuel], [key2,value2],...] OO
O00000.000,key00000000O0DDOOCOOOO0O0OO,valueO oo
ooo.

e NO0OUOODDOD keyUOODOODDOODUOOODODOOOODL,00O0ODO. O
O00oooOoooo,volboooOoooo (00O -1) 000, getopt() OO0
ooogD typeOQ UODODOLOOO,0000D0DOO00ODO0ODODLDOODOODODLO
goo.

e JIID0ODODODODODODOOO,0D0ODODODODOn,
xxx(A,B,C,D|x=X,y=Y,z=2)
ooooo,‘rogo, key=valued *,’000000D00O0ODODODODOO.

oo 42120000000000p.24, 6.8.100 typel p.70.
6.14.18 getenv

getenv(name)
»0000ooooog.

return
name goao
e OO0 name OO OO OQO.

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

7.1 OpenXM

Asir 0, 000000000000000000O, OpenXM (Open message eXchange
for Mathematics) DO 0000000000, OpenXM O0OOODOOOODOOO,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ OO 00O OODO.

OpenXM UOUOOODOO,0000000D0COD0O00O0DOOOODLODOOOODOO
oodno. OpenXM O0OOOO

1. cient 0 server O OO O0O0OO0OOO0DOOODOOODODOOODO.
2. server OO0 OOOODO.

3. client O server 00O O0O0OOO0OOOOOODODOO.

4. server O DOO0OO, client OO OOODOO

O0O000o0oO00oD0o00DD.sercver DOOOO0ODOOOODO. 0000, client OO0
goooboooobobob,0bgboibb sercver U0 0OO0ODOOOO,0D000000DO
gobo,0b0bo0oboobobooboobboob,o0obooboooobon.

OpenXM 0000000 OODOO,0000000 sercver DOOODOOOOOOODOO,
cient 0 0O000O0OO0DO,0000000000000DOODOOO.

0000000, 00000000000000000000 CMO (Common Mathe-
matical Object format), 00 0000000000000 SM (Stack Machine command)
00o00.0000,00000000,00000D000000000 OX expression [
gogoooaooon.

OpenXM O OOOOOOOOOOODODO,O0O0,server 000000, 000000003
ooooDb. ObOoO, ox_launch(), ox_launch_nox(), ox_launch_generic() OO0
O00d0d0oooodo. ooo,0b000ob secver OO0 O0O0O0OO0OOO0OOOOODOO
Ooo0oo0ooooon.

ox_push_cmo ()
o000 server O OOOOOO

ox_pop_cmo ()
U000 server OO OOOOOOOO.

ox_cmo_rpc()
server O O000O0O0O0O,0000000000.

ox_execute_string()
server 00000000 (Asir U0 Asir 00) 000000000 server 00O
o0,0000000000.

ox_push_cmd ()
sMOOOoooo.

ox_get ()
uobooooobooooooog.
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7.2 Mathcap

server, client D00, OpenXM OO OOOOOOOODOCMOOODOOOO,SMOOO
000000000000 00. 0000000000, 0000000000, 00000
oooodooo. ogoo,openXM OO0, 000000000000O00O00 CMO, SM O
0000000000, 000000000000 ooooooOooDooooooo.
000000000 Mathcap OO 0. Mathcap O CMO OO O0OOO0OOODOO, 0000
O032bit0000000000O0. 0000000, MathcapODODOO 300000,

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

O00000000. [0OXtag,CMOtaglist) 0, OXtag 0 0000000000000
go,ooobocococMouooogoooooooooobbo.bgoooooboboooobobooo, o
00 ‘ex_asir oo, CMO D0OD0O0OO, Asir 00000 DOODODO,cMOO0ODO
gobooboooboboobooobobooooo.

OboobDoooo,bdb0b0bd Mathcap DOODDOODOODOODOO, Mathcap OO
Uboobooboooboob,ctrl 00000 "ox_check" OOOOOOOOOO. OOOOO
000000 10,00000000000000. ctrl("ox_check",0) DODOOOOODO
gboboboobon.

3 0000oonononbobon

O00000000D000O,00000D00000 server 0O000OOOOOODOODOODO
00oDOo00ooOo0. 0000000000, 000000000, 000000,00000
O0,Asr 000000000 D0OOOO0ODO,000000000000D00000D00C0O0
000D000. 000000000000 32bit00000000, ox_push_cmd() OO0
000DOO000.000,0000000000000D0000000000. SM_xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O0ODO.

gboo,00oboooooboboobob,oboooboboooobooboboooobon
goo.

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

SM_popCMO=262
CMOOODOOOODOOODOOOOOOD,00D0OOO.

SM _popString=263
0J00D0D0000000o0o0,00b00b00b00b00o00ooDoooooon.

SM_mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
000000000000 DODOdDOo,0do0ooooooooooon
oooo.

SM _setName=266
0000000000000 D0DO0DODOD,0000o000o0oo0ooooon
O0DOO000O.000bOOo0n0,server D00 OOOO0OODODOO.
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SM _evalName=267
0J0dDO0000D0o0oo0oo0oo0oo0oo0o,0oooooooooon.

SM _executeStringByLocalParser=268
0000000000000 DOd, server 00O parser, evaluator 0 OO0, O
dooooooooo.

SM _executeFunction=269
00odoOdDO,000,00000, 00000000000, 0ooooooon
ooooooooog.

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
oooooooooog.

SM _shutdown=272
server O OO0O0OOO, server DO OOODO.

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

SM _getsp=275
00000000000 ooooooooooooooon.

SM _dupErrors=276
0000000000000 D00D00D0000,00000000000000

goog,b0oooboon.

SM _nop=300
oooooo.

7.4 0000

O00DO0O000O0,0000000000DbOO. 'ex_esiry oo, 0oooog
gobodgboooboobooon.

7.4.1 00ODDOOO0OO0OOO

OpenXMserver 00000000000 ODOO,0000000CMOO00D0OOO
oooooooooob.booooooobooo,ooobosMoooooooooobooo, o
ooboooboooboo,bobboobbogob0 sMuodboooboooooooooobooboo
gobooooog.

[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 0J0O0OO

ox_reset() UODOOOOO server O OOOOO,0000O0O0O0O00COOCOO. OO
O00,000 Asic) 000000 00OO0O0DOOOOOO0O0OO0DOO, OpenXM server
oobooobobo. obo,0b0bo0bo0,b0o0000ob00bbo0bbo0DOn ox_rpe()
Oooooobd, ox_pop_cmo) U0, 00000000 ODOLO,00DL00ODODOOODO
gooooobooob.booboooobooobooon.

743 0000000 O0OobObOOOoO0oOon

server D0, client 00 0O0OOO0OOOOOCOCOCOOOOOOOOOOO,server JOOOO
ooooooooooooooooooooooooO. o000,sercver DO0OO0OO0O0O0O0O0
oooDo00oDbo0o0bon, client D00 ox_rpe(id,"debug") OO OODO, server U 0
000000000000 0000000000O0O0O0O0O0O00000. 000000000
O0O0oooDooog,log00 xterm’ OOOO00OD0. OOOO0OO0O0ODOODOOOOO, quit
oooooooo.

7.5 Uonouoooooon

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir] ,command])
ox_launch_nox([host[,dir] ,command])
s doodddoooooooooboodgn.

ox_shutdown (id)
s 00o0ooooooobo,ooooooo.

return gd
host ooooooo
dir command
oon
id oo

e ox_launch() O, 000 host OOODODO command 0000, 00000O0OOOO
0ddddd. 000 30d0dd, host OO, dir 00O ‘ox_launch’ 0OO0OOO0O
000000000 D0D0O00d. ‘ox_launch’ 0 command 000O0O0O. host 0 0 OO,
Asir 00000000 DOO0OO0OO0OO0OOODOOOO0OO. ODOoDbOOOd, host O 0, dir O
get_rootdir() DU ODOUODOODODOODO, command DO00O0O0ODOO0OOO ‘ox_asir’
goooao.

e hostO 0, 00000000 locall DOOOODOOO,dir00gonoo.DOOO, dir
O get_rootdir() DODOODOOOODOODOOO.

e command 0 /0000000000, 0000000000.00D0000DO,dirDO
oooboboobooooo.

e UNIX OOOOODO, ox_launch() O, command OO OO0, OOOODOOODOOO
00000 ‘xterm D00 OO, ox_launch_nox() O,X 00000000, 0000
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xterm’ 000000000000 O00ODOOODOODO. D000, command 0000
‘/dev/null’ OO0 0OODOO. ox_launch() 00000, 0000 DISPLAYOODOODOO
0000000, ox_launch_nox() OOOOODODOO.

gbobobobobobobobobo.

Asir 0000000 ODODOOOODODOOOODODOOOOODOOOOO. Obo,0000
000000000 server, client 00000 DO negotiation 0O OO0O0O, 00000
oo0DbOodooooooooooooooog.

host 0O0OOOODOOOOODO,00D000DOOOCOD. OODO,Ask000O0CODO
oo A tbobbooboobboobuoobbo sgon.

1. 0OOD0 BO ““/.rhosts’ I, 000 AODUODOODOODODO.

2. ‘ox_plot’ U0, X00000000O0ODODOOODO,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 O0000000000D00OO,display00000000D0COODO,O
gboobOobobbpisprAYODODODO.

0000 ASIRRSHOODOOOOOOODO,O000D00O00000DOC0O0D0O0 ‘rsh’
goboobooooooobooooo. oon,

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

O00,000000000 ssh’00000,X11 0000 forwardingOODO. OO
00 ‘ssh’" 000O0ooooo.

ox_shutdown() OO0OD0 id00O0OO0OOO0ODOOOCOODO.

Asir JO0O000DO0Ooo0oobooboboooboooooboboboboDoo,oooooob
gobooboooobooboo,boooobobo,bboooboboboooobbooo.
Asr 0O0O0DO0OOO0DO,0000000000DOO0O0ODO psOODOOOD,OO
Asr OO00OO0OO0D0OOOO0OOOODOOOO,kxi110000000.

log OO0 ‘xterm’ 0 ‘-name ox_term’ OO0 OODODOOOO. OO0, ‘ox_term’ [
0000000000 xterm’ OOO0OO0OO0OOODO,log0 ‘xterm’ 000000
ooobooooo.ooo,

oX_xterm*iconic:on
ox_xterm*scrollBar:on
ox_xterm*xsavelLines:1000

000, icon OO0, scrollbar OO, scrollbar 00O O0OOOOOOO 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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od 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringl] p.100, 7.5.8 0O U ox_
pop_cmo ox_pop_localllp.103, 7.5.15 O O ifplot conplot plot polarplot
plotover[ p.107

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() O, 000 host U0, 0000000000 launchO0OO0O0O
00000 server 00 000. 0000000, 0000 protocol000,X 000 /0
O0,rsh/ssh 000000000, connect 0000000000000 OOOO.

e host 1 0000, Asir D DOOOOODOODOOO, launch, server 000 O000O. OO0
O, use_unix 0O 0000000, UNIX internal protocol D OO OO .

e use_unix 0 1000, UNIX internal protocol 0000 . 0 0 OO, Internet protocol O
ooo.

e usessh 0 1000, ‘ssh’ (Secure Shell) 000000000, 00000000000
O0. ‘ssh-agent’ OO0 O 0ODO0ODOODOODO,00000O00DODODOD. O0OOO
‘sshd’ DO 0OD0OO0O0OODO,0000 s’ 00000O0OO,000000O000O000OO
oo, ggooooooobooo.

e usex 1 1000,X000000000,0000000 DISPLAYOOOOOO, log
O00 ‘xterm’ 0000 server 0O0DO0O0OCO. DISPLAY OOOOODOOOOOOOO
000,0000 XOOOOOooog. DISPLAY OOOO0OODOOOOODODOODO
g,0o0obooboo,b0ooboooboooboooooboa.

e conn_toserv 0 1 000, Asir (client) D0OOOO0O0OOOO, 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.96, 7.5.2 00 ox_launch_
genericll p.98

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
;o port O OO

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

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

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

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

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 JOIDUIOO,00DIO0ODODOOOODODDOOUOOOODODOOOOODODOO.

e generate_port() DO OODOO0O port OOOODO. OOODODODOOOO 0oO0OO,
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() 0, 00000 port D000, 00 protocol OO OO socket OO
00, bind, listen OO. OO0O0OO,socket 0O0ODOOO. OOO0O0OO,-1000.
e try_connect() 0,000 host O port port 000 connect O O0O. OOOOODO,

socket 00 O00O0O0O. 000O0DOO -1000.

e try_accept() O, socket OO0 connect OO0 accept U, 00000 0OO socket
000.000000 -1000.00000000,socket 00000 closeOO0O. O
O port O, socket O protocol OO OOODODOOODO.

e register_server() U, control, server OO 0O OO socket 00O ODO O, server list O

U000, o0x_push_cmo() OO OOODODOODOOOODOODO.

0000000000, shell) 00O00CODODO.

[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

/*
OO0, ox_launch OO0
% 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 OO ox_launch ox_launch_nox ox_shutdownl[] p.96, 7.5.2 O0Oox_

launch_genericl p.98, 6.14.12 O 0O shellll p.90, 7.5.7 OO ox_push_cmo
ox_push_localll p.102

7.5.4 ‘ox_asir’

‘ox_asir’ 0, Asir 00000000 OpenXM OODOOOODO0OOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox OO0O0O0O. 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_shutdown[ p.96

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 gubooaboboaoodgd

return 0
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number 0 (00O0OO0ODO)
func oo0o
command 000

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

e ox_rpc() 00,0000 ‘ox_,asir’ 0O000OD0OOO0DODOOODO. ODODOOODOO,
ox_cmo_rpc() 0O OO.

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

e UDOODO ‘ox_asir O0OOODO (DOD0 Kan OO0 ‘ox_smi’'0D0) ODOODOO,
Open XM UO0OO0O0OD0OO0ODOOOOOOODOOOOOOODOODODOOO.

e ox_execute_string 0, 000000 command 00000000000 OOOO0O
000,00 0000000000DbO00bO0O00D0bOOoOoDOoaa.
[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.103

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 (OoobooooD)
func goopoogoo o

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

e JOOODOODODODLOODO,D0DOODODODLOOLDOODODODOO,DOOO
goobo,gbobobuoboboboboo.

gbobob RUNOOOOOOoOO,b0boboboobooobobooboo.

e OO0 DODDOODOO,00DbODOODLOODODDODL. ODO0bO0ODODO
goobooooon.
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e ox_intr() 0,000 number UO0ODOOOOODDO SIGINTUODOOUOO. SIGINT OO
ooobooooooobouobuobobog, ‘ex_casiry 00,0000 debug mode U
oob. Xoboooogooooo,bgboooboobooboboooooobgoooooon
go.

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

e func0 0O0ODOODOOO,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/?) 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.100

7.5.7 ox_push_cmo, ox_push_local

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

return 0
number O@oooooo)

obj oooogo

e 100 number 0O0O0ODOO objOOOOO.

e ox_push_cmo 0, Asir 000 Open XM O0ODODOOOOODOOODO.

e ox_push_local [, ‘ox_asir’, ‘ox_plot’ 0000 OOOOOODOOODOOOODOO.
e JO0IDODOODUODOUODUODOD,DODODODOO.

od 7.5.5 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.100, 7.5.8 0 U ox_pop_
cmo ox_pop_localll p.103
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7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
20000000 number 0O0DOODOODOODO.

return gooono

number O(@ooooon)
e JOUDOOUOO number 0O0DOODOODOODODOODOODO.
e ox_pop_cmo O, Asir 000 Open XM O0O0OOOOO0OOODODODOD.

e ox_pop_local U, ‘ox_asir’, ‘ox_plot’ DO OOODOOOO0OOOOODODOODODOO
oQo.

O00000oooO0o0oOoDoooDO. 00000000 on, ox_push_cmd 0 SM_popCMO
(262) 0 0O SM_popSerializedLocalObject (258) 00 O D000, ox_select OO0
OO0 ready OODODOODOOOOO0O0O0DODD ox_getOOOOO.

[341] ox_cmo_rpc(0,"fctr",x"2-1);

0

[342] ox_pop_cmo(0);

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

[343] ox_cmo_rpc(0,"newvect",3);

0

[344] ox_pop_cmo(0);

error([41,cannot convert to CMO object])

[345] ox_pop_local(0);

[L00O]

oo 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringl] p.100, 7.5.9 0 0 ox_push_
cmd ox_syncl p.103, 7.5.12 0 O ox_selectl p.105, 7.5.10 0 U ox_getU p.104

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
» 0000000 pumber UO0DODOOODOOODO command OOOODO.

ox_sync (number)
0000000 number 000000 OXSYNCBALLOODOOO.

return 0
number O (OoobooooD)

command 0O (00O000O0OO)
e 000 number OOODOODOOOODOO OXSYNCBALLOOODO.

e Open XM UOODODODOOOOODO OX.DATA, OX_COMMAND, OX_SYNC_BALL O
sobgoogob. oo, 0boogbooboboooboooboobooboooobog,
gbobobobobobobobuobobon.

e OXSYNCBALL O ox_reset UO00OODOO0O,0000000000D00,0000
oOooOoO00oDOOoOobooOo.00,000000 OXSYNCBALLOOOOOD.
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[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],...]

RN 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringllp.100, 7.5.6 U U ox_reset
ox_intr register_handler[] p.101

7.5.10 ox_get

ox_get (number)
0000000 number 00000 O0OOOOOODODODO.

return gooono

number O@oooooo)

e JOUDUDU number UOUODUODODUODODODODOO. ODOODODODODOODO
oooooooobooon.

e ox_push_cnd JOOOOOOODODO.

e ox_pop_cmo, ox_pop_local U, ox_push_cmd U ox_get DO O UOOOOOOOONO
o0.
[11] ox_push_cmo(0,123);
0
[12] ox_push_cmd(0,262); /* 262=0X_popCMO */
0
[13] ox_get(0);
123

g 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.103, 7.5.9 0 U ox_push_cmd ox_sync[]
p-103

7.5.11 ox_pops

ox_pops (number [, nitem] )
2 0000000 number 00000000 DOODODOODOODOODOO.

return 0
number 0O (DO0O0OO0OODOO)
nitem goao

e JDDODDODOD number OO0DOODDODODOOODODODDDOODODOO. nitem 0000
0000000 nitemd, 00000000 100000.
[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);
0
[71] ox_pop_cmo(0);
6
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RN 7.5.8 0 O ox_pop_cmo ox_pop_localll p.103
7.5.12 ox_select

ox_select (nlist [, timeout])
0000000000000 ooooon.

return oon

nlist 0O (Dooooooo)oooo

timeout 0

e 100ODODOO nist DO0DOOODODOOODODODOOOODOOOOODODODOOODODOO
agd.

e JOUDODOOUODO RUNUODODO,0D00000DODODOODODOO. OO, timeout
gbooboboobon, timeout DOOODO.

e ox_push_cmd() 00 SM_popCMO 0 0 SM_popSerializedLocalObject DO OO OO,
ox_select) Uready DD OUOODODOOOON ox_get() DO DOOO, ox_pop_local(),
ox_pop_cmo(O0 0000000 DOOOOOOOOOO.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

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

[223] ox_rpc(l,"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);

(0]

[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]]

RN 7.5.80 0 ox_pop_cmo ox_pop_localllp.103, 7.5.9 0 U ox_push_cmd ox_sync[]
p-103, 7.5.10 0 U ox_getU p.104

7.5.13 ox_flush

ox_flush(id)
2 000000000 flush

return 1
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id gbooboobooo

e JOIDODOODOOODO of OOO,000,00000000D000DO0ODOOC flush O
oo.

e DO0ODOOODO "etrl"OOOOO "ox_batch" 00O OO on/off 0O DO .

e JOUODUODOODLDUODLDODOO, ctrl("ox_batch",1) DODUOODOOLO on OOODO,
O00D00ODO0O0ODOOCODODODO0O0O00 flushOOODODO,overheaed OODOOO0O0DOODO
O0.000000000,000 ox_flush(id) ODODODODO, 000000000 flush
goooood.

e ox_pop_cmo, ox_pop_local 00D, 0000000000000 0000O0000O
000000000,0000000000000 lushO0OO0OO0O00OO.

[340] ox_launch_nox();

0

[341] cputime(1);

0

7e-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 7.5.80 0 ox_pop_cmo ox_pop_localllp.103, 6.14.1 O O ctrll p.84
7.5.14 ox_get_serverinfo

ox_get_serverinfo ([id])
:server [0 Mathcap, 000 0OD0OO0OODOODODOO

return goao

id gobooooboood
e U0 idOUODUODO,000D000D0 dODUODOD Mathcap OODODOODOODOO.

e JOIDODOODL,0O000O0OO0DOUODOODOODODO MathcapOWOoooo, O
gobobobo.

[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,
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40,16,34]1111,

[1,[[199901160,0x_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 U Mathcapl p.94.
7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot(func [,geometry] [,xrange] [,yrange] [,id] [,name])

s2000000000000O0000OO0.

conplot (func [,geometry] [,xrange] [,yrange] [,zrange] [,id] [,name])
»2000000000000000000.

plot (func [,geometry] [,xrange]l [,id] [,name])
1 0000000000000.

polarplot (func [,geometry] [,thetarange] [,id] [,name])
s 0000ooooooooooon.

plotover (func,id, number)
»00000oooooooooooogon.

return od

func ooo

geometry xrange yrange zrange
ogd

id number 00

name oon

e ifplot() 0,20000 funcO0O00OO0ODOO0ODOOODOOODOO. conplot() O,
OooooooOo,000000000. plotO 0O 100000000000 OOO.
polarplot() O OO0 r=f(theta) 000000000000 OOOOO.

e O0O0OO OpenXM UOOODDDOOOODODOOO. UNIXODOD ‘ox_plot’ O, Windows
000 ‘engine’ 0000000000000, 0000 Asir000000000OO
O000D0D0.000000 ‘ex_plot’'0 id0O id00O0O0ODOOOOOO,000000
O00O0O0.id00DO0O000O0b0O,000D000DO00bDOOn, ‘ex_plot’ 000
000000000000. ‘ex_plot’ 00000DOOODOODOONO, ox_launch_nox()
0000000000, ex_plot’ 000000, 000000000.

e 1000, func0000O0O0.0000O0OCCOCOCOODOODODOD.DO00OOOCDODDODODO
000000000 (Dooo)ooooo.

geometry ODO00000D000000D0000 [xy] 00000, ([300,300]. )

xrange yrange
00o0ooooog, [vywmingvmax] 00000, (0000000 [v,-2,2].)
000000000, func0000000D0OOOOOODODODOOOO %, 0
oood yOoouoboOobo.0ooo4oboO0oDoOdD xrange, yrange 1 00
OoO0.00,func0 100000,000000000000.
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zrange conplot() U0OOUOOOOOO. OO0 [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000 ([z-

2,2,16].)

id 000000000,0000 ox_launch() O0ODOOODOOOOODO. (O
0000000,00000000000000000OO.)

name 00000000, (Plet.) OO0ODOOODODDOOODODOOOODO name:n/m

000.000,000000 nO0ODDOCOO,mO00O0O0O0OODDOCODO
O0.00000,plotover() OOODOODO.

o IUDDOODOOODLODOODODOUODLOOODDOOO 1280000.
e plotoverO) O, 00000000 0ODOO,0D0L000 200000000L00OD0ODOO.

e JOUDODODODOODO,0D00O0ODODODLODOODOODLDODODOODODO
gbooooboooboobobobooboob,obobboboobooboboob. o
gbooobobooboobo. oboboobuooobobooboobo,bobobo
gbooboooboooboboboobobboboo.booboooboooo,bo
gobodb,oabb,obboobooobuobboobooboboob.boo
U000 precise 0 on U000, 000000000 window OOOQOOOODO.

o LIUODOODLOOODLODOODODO,DOO00bLOODOOObOOObLbOOODbOOn.

e conplot() 0O0DOO0ODOOODOODOOO,ODO000OCO0OCOOOOODOOODOOD
gboooo,bogbboobboobbob,oobobooboobbobboboo
gog.

e UNIXOUODOODODOODOODODLOOODLODOOO,0Db0000. UNIXODOO
goboogobood.

quit window D O0O0O0O. OO00OO0OO0O0ODO, ox_resetO) ODODODO.

wide (0O O)
goooooooooo coooooooooo. oonoooooood
gooooooooooooooooooooo. oooboooooood
o0, 0000o0b00o0oooobooooooog.

precise (U O0O)
ooooo,00b00000,0000oboo0oo0.oono, funcgon
oob20000000000000D00.000D0000 Sturm OO
ooooobo,0boooobooobooboobooogoobo,obooooD
0000000000 0DO00DOO000O. ODo0O0,0000000O0D00O
o00OO00.00b0o0obOo0ooOoOooOo,0bobogboooooooboobooo
O000000000000O00. ((x"2+y"2-1)2000000000.)

formula ogooooooooao.
noaxis (0 O0O)
oooooo.

e ‘ox_plot’ JUDUO0OODODOODUODLO,0Db0DbOODDODOODObODbOUODOD,
‘.cshrc’ D0 UO0O0O0OOOOOODO (I6GMBODO)OODODOOOOOOOOOOO. O
0000000 1imit stacksize 16m OO QOO 0O0OO.

e X UUUOOOUDDDOUOOOUDDDOO resource O ODDO0OODOOODODOOOOO
gbO0db000O0Oresource OO 0OO0OD0OOOO0OOO0OOMMDOOOOOOOOOOO
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plot*xform*shapeStyle U [rectangle, oval, ellipse, roundedRectangle [ [
oooogo

plotx*background:white
plotxform*shapeStyle:rectangle
plot*form*background:white
plotxform*xquit*background:white
plotxform*widexbackground:white
plotxform*precisexbackground:white
plotxform*formula*background:white
plot*form*noaxis*background:white
plot*form*xcoord*background:white
plot*form*xycoord*background:white
plotxform*level*background:white
plot*form*xdonex*background:white
plotxform*ydone*background:white

0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.96, 7.5.6 (I [J ox_reset
ox_intr register_handler[] p.101

7.5.16 open_canvas, clear_canvas, draw_obj, draw_string
open_canvas (id [, geometry])

00000000 (boooo)ooooo.

clear_canvas (id, index)

s goooooooooo.

draw_obj (id, index, pointorsegment [, color])
s 000000b00o0b0oOooobooooo.

draw_string(id,index, [x,y],string [,color])
»0o00oo0ooooooooon.

return 0

id index color x y

RN
pointorsegment

goo
string agoao

e 0OODO OpenXM OO0 ‘ox_plot’ (Windows 0O 0O ‘engine’) 00O OODODODO.

e open_canvas U, 000000000 (D0O0OO0D0)00000. geometry 00000
00000000 pixel 000 [xy] 00000, default size O [300,300]. 0000
0o0ooooobo,0obdno OpenXM OODOODOODO pusshOO. DOODOO
draw_obj DO OD0O0OOODOO, ox_pop_cmo UOODOOOOOOOODOODODOODO.

e clear_canvas U, 000 idid, 00000 idindex 0000000000 DOOOOO
gagd.

e draw_obj U, 000 idid, DODO0OD idindex OO0O0000O0O0O0OODOODOODOOO
O000000. pointorsegment 0 [x,y] 0000000, [xy,uv] 000 [xy], [uv] O
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oo0fdoooooooooo. oooboooooo,0ooooooooooooon
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 0,000 idid, U0 DOUODO idindex OO0O0OD0OO0OD0OOO0OOODOOOO
0000.000 [xy]OOOOOODO.

[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]);
0[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",0xff£ff00) ;
?189] clear_canvas(Id,Ind);
0
0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.96, 7.5.6 [0 [ ox_reset

ox_intr register_handler[] p.101, 7.5.8 [ U ox_pop_cmo ox_pop_localll
p-103.
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 ubuuouogon

8.1 DLUOUOUg

000000000,00000000000000. 000000 (typed 2)0,000
0000000000000000. 0000,000000000000 1000000,
0000000,00 1000000000,00000000000000000.000
00,00,000000000000000000000000000000000.
(t+y+z)?=12+2-y+(22) 2+(2 2) y+ (1 2?)
00000,0000,00000000000000000000000000000
(x+y+z2)P2=1-2"+2-2y+2-22+1-y*+2-yz+1-2?
0000000000000, 000000000000000000000000000
000000000000000000.0000,00000000,000 900000

Asr DO00O00OO00O0OOO0O0OOO0O0ODODOO.O0DO, 00000000, 00bDbO0O0D
oooboog.

O (terem) OO0O0OO0OO0.0000,00 10000000.Asir00000,
<<0,1,2,3,4>>

gjooooooo, o0, ooooobobobobobob. oogg,sb0bo0o0o00
. 0000 a,b,c,d,eUIUUOOOOMO b*xc™2xd"3%xe~4 U 0O 0.

000 (term order)
gogodgdoooooboobbbo,bdduooooobooobboooada.
1. 0000 toono £>1
2. t,s,u000000,t>s0O00 tu>su

0000o000oU00o0o0o0ooUO00. 000000000 (Dooooo)o
0000 (0,0000000D0)D000O00O0ODO.

000 (monomial)
gooooo.
2%<<0,1,2,3,4>>
gogodooooobo,bb,bdduugauoooo.
0000 (head monomial)
00 (head term)
000 (head coefficient)

goboobooobobooboobooobo,boooboooobobg. bbooooo
goboodboooo,oobobooobo,oobooobooo,oobooboa.

82 OO ouon

oooooboobobooboboobUuOobbg dp_gr_main() OO0 dp_gr_mod_main(),
dp_gr_f_main() U0 3000000000 0ODO0O,000,00000000000000
oooooooboo0oOooooOooooOoOoDooO0oO0.obooooooDooOoo,o0oon ‘g
O leadO ODOOOOODOOOOODOOOODDO. grd,Asir00000000O0OOO
gboboboobon.

[0] load("gr™)$
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83 UDOUOOO

‘e’ DO0O00O0OO0OOO0OOO0ODOOOOODO,ODO00O00DOOOODObDODOOObOOOD
0000 30000.000,plist 00000000, vlist 00O (00O0)0000O, order
gooodo,pb 22700 o0goboOn.

gr (plist, vlist, order)
Gebauer-Moeller O [0 0 useless pair elimination criteria, sugar strategy 0 O O
Traverso 0 0 O trace-lifting 0 0 00O Buchberger 0000000000000
00o0bOo0oo0o0o0oo.oogoooooogoooo.

hgr (plist, vlist,, order)
oooooooooooD grOQUOOooooobOOOOOOO0OOOoO,o
000, interreduce 0000 gr(O OO0O0OO0OO0O0O0DOODOOOOOODOOO.
0000000 (0000000000 0O0D0) 000, sugar strategy D000
dddddooouuouo. oooobobO, strategy UOUOOOOO strategy
gobodbooooboobboooboobbooobuoobboooob.

gr_mod (plist, vlist, order, p)
Gebauer-Moeller [0 0 0 useless pair elimination criteria, sugar strategy 00 0 O
Buchberger 000000000 GF(p) DODOOOOOOOOODO.

84 UUDOOOOOOO

Oo0oooooooobooo, g0 oooooooooooo,ooooon
oooopoob.0db0o,000000 dp_gr_flagsO DUODOOODODODOOOODODO.
0000 dp_gr_flagsO ODOODOODO,000000000DODOODO, 00000000
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,0dogoooboboooodd. on oo, 0o oobooooooao.

O000000000O0O0O0OO0O o(eff)y0OO.

NoSugar on O U0, sugar strategy [0 0 O 0 O Buchberger I normal strategy 0 O 0O O

oo.

NoCriB on 00O, 00000000000, 00 BOOOOOO.

NoGC on000,000000000DOCOOO0OO0ODOODOOOODOODO.

NoMC on00,00000000DOO0O0ODOOOODOOUODOOODOOOOOD
ooo.

NoRA on 000,000 reduced JO0OOODOOOOOOO interreduce DOODODO.

NoGCD on000,00000000D000O000OOODO,00D00DOO00ODO,O00
O content O DO ODO.

Top on OO0, normal form OO0 O0O0OO000O0OOOODOODO.

Reverse on 000, normal form O0000 reducer O, 00 000000000000
oogd.
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Print on000,0000000000O000O0O0O0OOOOOOOOOO0O0.
PrintShort

on00Print 0 of 00O, 0000000O0O0000O0ODODOOOOOOODO.
Stat onl Print 0 of 000,Print 0 on OO0 000000 OOODODO,0000

gbobooooo.

ShowMag onl Print0 on OO0, 0000000000,000000000000O0
gooodgo,oob,0p0boobooooooooo.

Content

Multiple 0 OOODODOOOO, 00000O0O0DOOOOCOOO,0O0DODODOOO
Content 100000000 OODO GCDOOODOO,00 GCDOOOOOO
O00000O0.Content 0 1 000,0000000GCDOOOOOODOODO
000000000, Content 0 2000000,00000000000000
O0,000000000000. backward compatibility 0 0 O 0 Multiple O
gboobooooo.

Demand

0000000000 (D0o0)o0ooO0oU0ooO,00000D0O0000O000
gboo,bgboobooobooboooboobooboboob,o0booboon
00 normal form 0000, 000000000DO0O0O0DOOCO. OO0O0O0O,O
gboboobooobooboooboooobooobobooboboob.oobooooo
gobodobooooboobbooboobbooboobooboa,boaon
gboboboboboboo.

Print 0 0O0O0ODOOODOOOODOOOOOOODOO.

[93] gr(cyclic(4), [c0,c1,c2,c3],008$

mod= 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 ZR=5 NZR=6 Max_mag=6
[94]
00000000 mod, eval O, trace-liftinge 0000000000 . mod OD0OO, eval OO
O000000O00o000OooOooboooooonn.

gbobooboobboooboooboboobooobbooboad.
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(TNF) (TCONT)HT (INDEX) ,nb=NB,nab=NAB,rp=RP, sugar=S,mag=M
goooooooooo.

TNF

normal form 0000 (O)
TCONT

content 1 OO0 (O)
HT

gdoooooooon
INDEX

S-00000o0ooooooooooooog
NB

oo, ogoooboooobog
NAB

Jooooooooooooo
RP

gooooon
S

Uobodboodn sugar 00O
M

O000000000000000000 (ShowMag 0D on DO OOOOODO.)

000,00000000000. 0000000, (00000 DODOO0,000 20000
O0,00000 GCooooooog.)

UP

00o0oooooooooooog
SP

ooobo s-ooooooo
SPM

ooobOo s-ooooooo
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-0000ooooDobOoboobOoboobon
RA

interreduce 00 0 0O O
MC

trace-lifting 0000, 0000000000000 0CO0O
GC

0odbobOOobOobobOobobobobboooo
T

gobooooboogn

B, M, F,D
O criterion OO0O00OO0OO0O0O0O0OO

ZR

00 reduce UOODOOOO
NZR

00000000 reduce O ODOODOO
Max_mag

gobooboob,0o0boooboobooon

85 0o

goooog,gboboboooboboboooooboboooobobob.boobob
gobooobooboob,0oboobbobbobboobooboob,0obbooboo
g.oobo,0obbooboooboooboobooooboobobooob.booobob,a,
goboooobooobooooboooo.

goboobooobobooob 3gaoo.

0 (DegRevlex; OO ODOODOONO)
gboo,b0b0o0boooobooboooboboooboobooo. bob,0obooon
gobooboooboboobooo,gobobooob. ogbboobobooooo
g,0boooogobo,bobooogbooogo,gbobooooobooboon
gopbooboooobooo.

1 (Deglex; 0OOOODODOO)
gogooo, bbb oboobobbbbooooooobbooboobobo,
DegRevlex U D OODDOO0ODOODDOOODOODD. O0ODO,00000
0o0ooooooooooo, 0o ooooboooooooan.

2 (Lex; ODODOO0O)
ogoooooooooogoo, oo ooooooooa
ogooooooooooooooooo. oo, 00000000, gggogoao
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ooboooooooooobouooDo0. oood,erO,hegerOQ DODOODO
gboobobooboooooo.

gobooobooobobooboooooboooooob,oobobooboooboboo. oo,
(fo1,r1],[02,L2],...]

0D00000.0i00,1,2000000,Li000000000.00000,00000
00 L1,l2,..00000000,0000000000,00 01,02,..00000000
000000000000000000.0000000000000000000

goo,0bogbooboobbooboobo. 00, nOdm0bO0o0bO0 MODOOO
gooooogd.

1. 00mOD0O0O0D0O0O vODOO Mv=00 v=0000.

2. 0b0ob0oob00ob0O0mbooooboobOO0b vODOO,MvDO OODOODODODO
oo.

0D00,2000000 +,s000,t>s0,Mt-s) 0 000000000000,000
00000000O000O0oooo.

o000, grOUDO0OD0O0O0OODOODODO, 000000 dp_ord) OOODO,0DO
goboobooooboobooon.

ofdooboooooouoooooboooobooooooooooogann
[Becker,Weispfenning] DO O DOOODOO.
O00o00ooooooo,0j0o0oooooooooooooooon.
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t],2);
[x72-2%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*%t"16+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) *xx+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) *xz"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%t"19+28*%t"18-120%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 " 7+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+ (7T 2% T 4+3%kt T2+t ) ky+ (m2% L T6+4* L T3 +2%E-2) %272,
2%t T 2%y " 3+z7 2%y "2+ (-2%t "5+4%t " 2-6) *z"4x*y
+(4%t7"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,
—txzky " 2-2%Z " 3ky+t"8-2%t "5-t"3+t72,
—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"8-2,x"31-x"6-x-y]
ooog x,y,z,t] DODOO0OODOOODOOO,000000O0,000D000O00D0O0.0DO
o,0o0 [t,z,y,x] UOOOO,BO0OO00OOODODODODODOODOO.OO00OOOOO,DO
goooooooooooooooog, oo (D oo D) ogod,ood (D goo D)
goooooooooob,ggooodod, s, z,ydddd xdddooooooooog
O0o0o0b00oodoooooooooboo. oo ooooooobo,0boooooooon
ooooooooboooooooo,gooobooooooooaa.

8.6 Weight

O00000000000,0000 weight (00)000000000000O0O0OO0O
oo.
[0] dp_td(<<1,1,1>>);
3
[1] dp_set_weight([1,2,31)$
[2] dp_td(<<1,1,1>>);
6
gobodbodoboobo, bbb oobboobboobooboo.bogo
000 weight 0 1000000000D00O0ODO. 0O0D00O0O,00,00,00000 weight
00000 1,230000000.0000,<<1,1,1>»>0000 (00000000000
weight D00 0) O 1*1+1x2+1x3=6 DO 0. weight 00000000, 000000000
0000000000000, D00, weight 0ODODOOODOODOO,0000 weighted
homogeneous 0 0 0000 OOO0OOODOO.

0000000 weight 00000000 weight vector 000. 0000000000
0,000000000000,000000000000000000 sugar weight 0 O
0000O00. sugar strateey 0000, 00000000000000000. 000, O
00000000000000 weight vector O, sugar weight 0 000000000000
00,00000000000000.0000,0000000000000000000
0.0000,00000000000000,000 weight vector 000000. 00, O
000000,00000000000000000 1000 00 weight vector 0000
0000000000,0000000 tie breaking 0000000000.

weight vector D 0 00O dp_set_weight() 0O OOO00O0OOO0O,0000000000
000000 (boo0o,0000)00000OOOO00DO0OOOO0O. D0oO,000
ooboooobooooooo.

[64] B=[x+y+z-6,xxy+y*z+z*x-11,x*xy*z-6]$

[65] dp_gr_main(Blv=I[x,y,z],sugarweight=[3,2,1],order=0) ;
[z73-6%2"2+11%z-6 ,x+y+2-6, -y "2+ (-2+6) *y-z"2+6%z-11]

[66] dp_gr_main(Blv=[y,z,x],order=[[1,1,0],[0,1,0]1,[0,0,111);
[x"3-6%x"2+11%x-6,x+y+2-6,-x" 2+ (-y+6) *x-y " 2+6*y-11]

[67] dp_gr_main(Blv=[y,z,x],order=[[x,1,y,2,2,3]1]1);
[x+y+2-6,x"3-6*%x"2+11*x-6,-x" 2+ (-y+6) *x-y "~ 2+6*y-11]

OO00OO0O0DOo00oO,0000 option OOODOOODOODO. ODODOODO vOOO
00000, sugarweight U 0O O sugar weight vector U, orderd 0000 0OD0OODOOODO
00.000000000 order 0000 matrixorder 00O0000O. O0O0O0O,0000
O weight vector 000000000 weight 00O00OO0. O0O0ODOOODOOOOO, O
000 weight vector 00O O0O0ODOOOO0ODOOOOO. O0DOCOOODO oOOD.DOOO
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O00O,order 0 00O0O0ODOODOOOO0OOOOO.OODODODOO, tiebreaker DO OOOO
gooobobooboboobo.0bobdgol, dp_gr_main, dp_gr_mod_main 0J 00
oobodbooooboobod,grogoobooboooboboooog.

.7 U uouubuouooooon

grO000000O0OO0DOOOO,00D0O0,000000000DOO0DODO (oO)Oo,o
00000D0o00Do0oDoOdo, 0000000000 oOooooDoooOooooon
0,0000,00000,0000000000.

[64] gr([a*xx+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]
O00000,a,b,c,d000000000O0OO0OO.0000,00000 F=Q(ab,c,d) O
02000000Fxy|0O0OO0O0OOOOOOOOODODODODODOOO. OOODDOOOODO,O
000000000 00000o000. 0000, 00000000000 oooooooo
00000, 00000000o00o0oo0ooOo, 000000000 ooooogooa
0000D00000oooooO0o0. 00, 0000000000000 0DO, 000000
0000000000000 oOoooodoooOo. oo, 00bo0ooooooaon
dooooooooooooooag.

8.8 LUJUU

O00000O00oOoO0o00ooO0o0oUoD,00 grOOO0DDODOOOO,0D00000 (O
00000o00o0O000)00U0ooo0o0oU0ooO,000000000O0D0DObDOODOO0
gbobooboobuoobooobooobobo. ob,obooboobuooboobobobo
ooboo0ooo,0000uobobob0o00unD, Buchberger OO OO0OOO0OODOOOO
googoooboobooboobobooboo.booboobooboboboo,bo
oooooood ‘gergbobbobogobobbo. 000 20b000,0000 vlistl, O
OO0 order O O0O0OD0OO0ODOOCOOOOODOODDOO ghaseD, 0000 viist2 00
gbobodboobboobooobobooobuoaboo.

tolex(gbase, viistl, order, vlist2)
00dOo0d,ghase 00000 DO0ODO0OOO0OODODOOOOODODOOO. OO
000,0000000000000,0000000000D0000000O0
0000,00000000 Hensel DOOODOOODOOODDOO.

tolex_tl1(gbase, vlist1, order, vilist2, homo)

00000,0000000000000 Buchberger 00000000000
0000000, 00000000000000000000000 trace-lifting
00000000o0o0oooon,do0doooonoon,0nooonoooon
00000, 000000000bO00000b0bo0O00o0o0Od, 00d Buchberger
do0bood0doOooobOooobobOooooOoooboo. 00,000 o0bOoOooo
000,000000 1000000000000 00D0O00D0OO0OO0OO0DOO
Jo00000d.0odoOo,00o0d0,0po00bopooobooooooooo
O0.(00000000. )00 homoeO 00000, hegr) DOODOODOOO
oooooooon.

gobo,obooobobooo,obbooobbooobbooobboo,o0bbOoo
oooo,bdboboboobooooboboobUn g 0obobobob. obDoob
goobooooobooooboooo.
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8.9 Weyl 00O

00000, 0000000000000 o000 booooo, O
oooooooboo,00o00o0oooooooooboooooboo. booooboooao, O
000000, Weyl OO, 00000D00O0OO0DOO0OO0OOOO0OODOOOODOOODOO
00 Risa/Asir 00000000,

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

Oo0o0ooooooooooad. D O OO0OO0O K[xi,...,xn] OOOODO
OoooooooOo, pi O xi OO0OOOODOD. ooooooo, o ooao,
x17il*. . .*xxn"in#D1"jix. . *Dn"jn DO O 000 XK OODOODOOODODOOOOo4OoOO
O.Risa/Asir 00000,000000,0000000000<<i1,...,in,j1,...,jn>>
ogo0.0odd,pdooodooobodoobobo. oo, o0ooooooa,
+,-000000000,000,000000000 dp_weyl_ mul(O) 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] AxB;

(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>>

OoooooooogoooD, WeylDOOOOOOOOO,0D0OO00000D0D000. dp_

weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4_mod_main(). OO, 00000, global b OO0 ODOODOOOODOODOO.

8.10 UL UL UouoooLon

8.10.1 gr, hgr, gr_mod, dgr

gr (plist, vlist, order)

hgr (plist, vlist, order)

gr_mod (plist, vlist, order, p)

dgr (plist, vlist,, order, procs)
20000000040

return goo
plist vlist procs
oono
order 0,00000000
P 2°270000Oo

e O0IDOOOOD ‘grr0OO0OODOOO.
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e 00DD,000000 plist 0, 0000 vlist, 1000 order 1000000000
0000.grO,hgrO 0 00000, gromedO) 0 GF(p) D0O00O0OOOO.

e viist UDODOUODOOD. viist DODOOO0OOOOO,D0D00D00D0ODODOD.

e gr(), trace-lifting (00D D ODO0O0O0OODOOO) 00O sugar strategy 00000,
hgr() O trace-lifting 000000000 OOOODO sugar strategy 00 O0O00O0O0O.

e dgr() 0,gr(O,hgr() JODOOOOOODO procsD 20000000000000ODO
gbo,0o0o0o0oooooooooob. booobobob,b0oboobooooooon
goboobog,boobbooobooboboooboooo.

e dgr() DO0OIDOODOOO,OD00DO0OOODODOODOOODOODOCPUODOOOO,
gobooboooobooboooobooboon.

e 10ODDOO pist DO0D0OOO0ODODOOODDOOODODOOOOODDODOOODODOO
00. 0000,000000D00D00D000000000 dp_sortd0onoonOoOonO
O000000. 000000000000 0o0oo0b0oo0oo0b0o0oo0ob0o0ooboOoon
000 vlist 000000000000 0OO0 (ooo).

[0] load("gr")$

[64] load("cyclic")$

[74] G=gr(cyclic(5),[c0,c1,c2,c3,c4],2);
[c4~15+122%c4~10-122%c4"5-1,...]

[75] GM=gr_mod(cyclic(5), [c0,c1,c2,c3,c4],2,31991)$
24628%c4~15+29453*%c4~10+2538%c4"5+7363

[76] (G[0]*24628-GM[0])%31991;

0

oo 8.10.6 0 0 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.124, 8.10.10 O O dp_ordl p.127.
8.10.2 lex_hensel, lex_tl, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlist1l,order, vlist2, homo)
000000000 000000000000

tolex(plist, vlistl, order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, viistl, order, vlist2, homo)
0000000000 00,00000000000O000O000D0DO0O00

return oon
plist vlist1 vlist2 procs

ooo
order O, 00000ooo
homo ooad

e JOUODLODLOD ‘gry0buboDbO.

e lex hensel(),lex_t1() O0,000000 plistd, 0000 vlistl, 0000 order O
oooooooooooo,bo0,bog0 viist2 000000 OoOO00oOoooooo
oo.
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e tolex(),tolex_t1() U, 0000 viistl, OO0 order O UOODODOOOOOODO
U00o0oOo plist 00000 viist200000000000O0O0OO0O0ODO. tolex_d(O
O,tolex() 0000, 0000000,00000000 procsOO0O0DOOOODOO
goog.

e lex_hensel(),lex_t1() OO0O0O0,0000000000000000000000O
00. ([Noro,Yokoyama] OO .)

[NCR

4.

vliistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

GoooOO0Ovst2000000000DO0O0O0ODOOOO0ODOOO0ODO0OO pO
O00,GF(p) 0000000000000 GpOOOOO.

GpOUOOOOODOODO,GoO0OO0O0DOOO NFOOOOD.

GpOUOO fOO0O,fO0O000OO0O0OCOOO,fOO0O0ODOOO0 NFODOOOD
Oo,000b00o0obobO,boobboO00oDoobboOn Lfogo.

. Lf0O,0 p00000O000OO0O0O0OOO LfFODODOO pO0O0OO HenselJODODO

goog.

Ooob0 GgpOOOOOOODOOOOOODOOOUODOOOOOODOOODO
ogoboobg. oobooboboobooboboobg,pb0O0bO0DbO
go.

e lex_tl(), tolex_t1() DD DOUODO,0D000DLOO0DOODOODLDOODOODODO
go.

1.
2.

3.

vlistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

GoD 0000D0ODOO0O0O00DbO,GoD0O00000,GoO0000O viist20000
O000DO0O0O000DOOO0O00obODOC0O00D pODO0O,pO000O0 trace-lifting
gbooboobooboobobobooboo,gobobobooaobobogoobo
gbobodgbooboboogb.ooboogo, pggbboooboab.

GoO 0D0OO0O0O00OD0OD0O0,GoO0DO0O00O0,00,vist20000000000
00ob0o00O00O0O0bOO00b0O0 GloobOo,0bo0oobDoOooOobobOooDo
goobobooo. oo, gbobooobobo,booooo,ogooooobobooo
000000000000 tracellifting 0 O0O0O0OODOOCOOD, 000000
gbooboboobooboboobooboooboobgoobooog.

e JOOODODODODOO, lex_t1(), tolex_t1(O) OO OOOOO.

e homo 0 0OOIDOOO, 00000000 Buchberger OO0 ODOOODOOOO,O0000
goog.

e tolex dO UUDOUODOUODOO,00000L0ODLODODOOUODLODODODODO
gobooboob,o0booboboobooboboon.

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,u4,u3,u2,ul,u0l$
Omsec

[80] GO=hgr(K,V,2)$

91.568sec + gc : 15.583sec
[81] Gl=lex_hensel(K,V,0,V,0)$
49.049sec + gc : 9.961sec

[82] G2=lex_tl1l(K,V,0,V,1)$
31.186sec + gc : 3.500sec
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[83] gb_comp(GO,G1);
1

10msec

[84] gb_comp(GO,G2);
1

g 8.10.6 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.124, 8.10.10 00 dp_ord0p.127, O
r00b0b0000p.93

8.10.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d
lex_hensel_gsl (plist, vlist1, order, vlist2, homo)

= GSLOODOO00OO0O0Doooon

tolex_gsl (plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 0000000O00DOO0O0,GSLO0bOoooooooaon

return oood

plist vlist1 vlist2 procs

ooo
order O, 000dooon
homo ogoo

e lex_hensel_gsl() U lex_hensel() U, tolex_gsl() O tolex() DO ODO, 0000
O0000. tolex_gsl dO O, 00000,precs 000000 OODOODOOODOODO

goao.

e 00O OOO0DOOODDO, bOODOODOODDOODO [f0,x1-f1,...,xn-fn]
(f0,..fn 0 x0 0 1 0O0OO0) OO0 (00D SL ODDDO) 000O0OO,
[[x1,gl,d1],...,[xn,gn,dn], [x0,£0,£0°]] OOOOO (D00 GSLOOOOO)
gobD. 000, gi 0,di*f0’xfi-gi 0 foO0 00000000 x00 1000000,
00 fo(x0)=0 00O x0 OO0, [x1=g1/(d1*£f0’),...,xn=gn/(dn*£0’)] 0O O. O
000000000000 DOO0O00D0O0O0O0nDO, telex() DOODODOOOODDOOO
goao.

e GSLODOOODOODOUODOUODDOODOOOOOOO,0D00DO SLODOOD
O0DO00DOo0DOO00O0O000OO00O0O,0Db00000. tolex_gsl_ dO ODODOO
gogboodg,gboboodgbooobbooobbooboboobboobbuoobooboa,
gboboboobooooooooo.

[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-...]
[108] GSL[1];
[u2,10352277157007342793600000000%u0"~31-. . .]
[109] GSL[5];
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[u0,11771021876193064124640000000%u0"32~-. . .,
376672700038178051988480000000*u0~31~. . .]

gd 8.10.20 0 lex_hensel lex_tl tolex tolex_d tolex_t10p.120, 0 7O O OO
000p.93

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)
2 0000,0000000000D0000000

minipoly(plist, vlist,order, poly, v)
2000000000000, 000000000000

return ooo

plist viist 000

order O,00000000

poly ooo

v ooo

homo ooo

e gr minipoly() DOUODODOODOODODOOODDO, minipoly) DODOODOOODOOODO

ooo.

e J0DD 100 KOOOODDO KX D 000000000, K([v] OO f(v) O f(p)
mod | 00000000 D00000 000000000000000. 000000 p
0,0 I0000000000.

e gr_minipoly(), minipoly() 0,000 pO0O00D000000,vO00000000
ooooo.

e JOOUDO,00D00DODO100OODOOLDOODLODLDOODOL,ODOO0DOOO
O000000, ninipoly(), gr_minipoly() 0O OO0 0OOO0O0OOO0DOOOODO
oooo.

e gr minipoly() O DOUOODOODOOOOO,00000DOODLOOOODOO.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gs1(GO,V,0,V)$
17.123sec + gc : 2.590sec

[119] MP=minipoly(GO,V,0,u0,z)$
4.370sec + gc : 780msec

oo 8.10.2 0 0 1lex_hensel lex_tl tolex tolex_d tolex_t10 p.120.
8.10.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
O mod 000000 0OOOOOOOOOOO

minipolym(plist, vlist1, order, poly, v, mod)
0 mod 000000000 OOOOOOOOOOOOOO
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return tolexm() : 000, minipolym() : OO O
plist vlist1 vlist2
goo
order O, 00goooon
mod oo

e 0 plist UUDODOO ODDOODO wiistl, 0000 order,  mod DOOOD0OOOOODO
gboobooooo.

e minipolym() U minipoly DOOUODOOOODO modOUOO.
e tolexm() O FGLM OODOOOOOOODODO viist2, 0000000 OOOOODOODO

oooog.
[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);
z732+11405%xz"31+20868*%z~30+21602*xz"29+. . .

oo 8.10.200 lex_hensel lex_tl tolex tolex_d tolex_t1Up.120, 8.10.400 gr_
minipoly minipolyl p.123.

8.10.6 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)
000000000 (ooooo)

return ggd
plist viist 000
order O0,00000000
homo ooad

modular OQO0O000O0O0OO

e JI0ODOOODO,0D00D0DOODDODODODOODOODODOO, grO,hgr(), gr_mod()
0000000DbO00OOO00O00bO0DOO0ODOO0ODOoOoD. o000 weylOOOODOO
o00,Weyl OOOOOODODOOOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 000000000000000O0OOOO
oobooOo.0o00,00000,sinp_f£fO 000, 0000000000D000D0O0
ogoogo.

e 100 homo 0 00000, 000ODDOOODODONO Buchberger DD DOOODOONO
0oo.

e dp_gr_mod_main() 00000, modular O, GF(modular) 000000000 O. dp_
gromain() OO0O00, modular 0000000 O0O0OO.
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1. modular O 1 00, trace-lifting 00 000000. 000 lprime(0) OO DODOO
U00Db0O 1prime() DODOODOODODOO.

2. modular 0 200000000,00000000000 trace-lifting OO0O. O
ogooooooooo,odooa.
3. modular 00000, -modular 000000000 O0DOOOOOQO, trace-lifting
odo0o0oodoboooooooooooooooooooooobooooooa.
e gr(P,v,0) 0 dp_gr_main(P,V,0,1,0), hgr(P,V,0) 0 dp_gr_main(P,V,1,1,0), gr_
mod (P,V,0,M) O dp_gr_mod_main(P,V,0,M,0) DO ODOOOOODO.
e homo, modular 000, dp_gr_flagsO 00000000 OOOODOOOOODOOOO
oooo.

RN 8.10.1000 dp_ordUp.127, 8.10.9 00 dp_gr_flags dp_gr_printp.127, 8.10.1
U0 gr hgr gr_mod[p.119, 10.5.1 0 U setmod_£f£f0p.156, 8400 000000
ooooddp.112.

8.10.7 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)
»F40000000000000O0D0O0CODO (booooo)

return goo

plist vlist 0O 0ODO

order g,0o0obooooon

e MIDUODUDODUODUODUODODODODODO.

e FAOOODODODODO,J.C Faugere 0O 0ODOOOOO0ODODOOOOOODOODOOO, O
gob,0bbooboobbooboobboooboobboobon.

e J00ODODUOODOUODDOD,U0DOODDOODOO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() OO0O0OOO.

oo 8.10.1000 dp_ordUp.127, 8.10.9 00 dp_gr_flags dp_gr_printlp.127, 8.10.1
O0gr hgr gr_modd p.119,840000000000000p.112.

8.10.8 nd_gr, nd_gr_trace, nd_f4, nd_f4_trace, nd_weyl_gr, nd_weyl_
gr_trace

nd_gr (plist, vlist, p, order)

nd_gr_trace(plist, vlist, homo, p, order)

nd_£4 (plist, vlist, modular, order)

nd_f4_trace(plist, vlist, homo, p, order)

nd_weyl_gr (plist, vlist, p, order)

nd_weyl_gr_trace(plist, vlist, homo, p, order)
000000000 (oooog)
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return goo
plist vlist OO0
order O,0000000o
homo ooo

modular O0000D00O0O

ugd

goboooboo,0bo0boooobooboobboobon.

nd_gr0,p0 0000000000 Buchberger O ODOOODOOOOO. pO 200
0000000, GF(p) OO Buchberger 00 OO0OOOOOOO.

nd_gr_trace U0 nd_f4_trace UOUODOOOU trace DODOUODOOODOOOO. pO
oooo01000,00000D00Db0000D0O0,00000D0 traceOO0OnDoDO
O000.p0 200000, traced GF(p) DOOOOOO. trace 00000000
gobobooobobo.pbobO0Ob,b0Db0DO0ODOODODLDODLO.ODODO, P
O-1goboogooooobboooobo,0obbogoobooboooobobooobboooDo
O000000Db0O0. nd_f4_trace 0, 00000000, 0000000 F40ODO
ooo0o0o0ooOoOoooOo0,00o00bob0 oboOOobOOOODO Ss-OboboOoooDo
oooooOoOoob,00oo000obooo0obDo0oooDoOoOobL.ObbooOoooo
OO000O00D0O0O0bOO0000O0,nd_gr_trace DO0OO0DOOOODOOOODO.

nd_f4 0 modular 0 O U ODODOO0OODODO, modular HOOUOOOODODODOOODODO
o0 rM40O00b00oooboon.

nd_weyl_gr, nd_weyl_gr_trace U Weyl DO DO ODOO.
oO0o0oOd0oDO,0000bOo0O0boo0ooogoo.

000 dp_gr_main, dp_gr_mod_main 00000000, 000000000000
oo.

[38] load("cyclic")$

[49] C=cyclic(7)$

[50] V=vars(C)$

[51] cputime(1)$

[62] dp_gr_mod_main(C,V,0,31991,0)$
26.06sec + gc : 0.313sec(26.4sec)
[53] nd_gr(C,V,31991,0)$
ndv_alloc=1477188

5.737sec + gc : 0.1837sec(5.921sec)
[54] dp_f4_mod_main(C,V,31991,0)$
3.51sec + gc : 0.7109sec(4.221sec)
[65] nd_£4(C,V,31991,0)$

1.906sec + gc : 0.126sec(2.032sec)

8.10.10 O O dp_ordU p.127, 8.10.9 0 U dp_gr_flags dp_gr_printl p.127, 8.4
ooooooooooboogOp.12.

8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])

s ggboooboooobooobooa,od
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return oogd
list ooo
i 00

e dp_gr_main(), dp_gr_mod_main(), dp_gr_f_main() DO O0ODOO0OO0OOOOOO
ooooo,oooo.
e JI0DDOODO,00DOODDOODO.

e OO0, ["Print",1,"NoSugar",1,... 1] 00000000, 0000000000O. O
gbobogbooobooobooaoo.

e dp_gr_print() U,000000 Print, PrintShort DO D ODOO0O,000OO0O. O
oodbOoboOobobooboo

i=0 Print=0, PrintShort=0
i=1 Print=1, PrintShort=0
=2 Print=0, PrintShort=1

O00,dp_grmain() JO00OO00000O0O0O0O0ODOOOODOOODOOOO,00D00
goboboobooobobooooobooboo,boooobobooooobbooooobobooon
goog.

oo A00000D0DO0O0O0OOOp.112
8.10.10 dp_ord

dp_ord([order])
s ggoooooo,on

return 00000 (O,0o0o0D00000)

order g,0o00ooooo

e J0UDLDOO,000DD00 oderb00IO0O. ODO00ODOO,000DOODO0OOD
oooboo.

gbooooboobooboo,oooobooobooboooboboooboobooDbOoon
goo,b0bobogboobob,obooooboooboobooooobooobooon.

grO U0, 00000000000O00000,000 dp_ordO DODOODO,000DO
gobodbo.booba,bbogboooboog.

e 0O DOODODOODOO,DOODL0DOODLDOODLOOODO. O0OL,O0bO
gobobooboooobobooooboobooo,ooboobobooooobobooooobobogoo
ugbooo. oo, bo0booooooob,oobboobooooboobobooobooo
gobogooab.

gboboooboboboobobgoooobobuoo,gboboobobobooobo
gooboobooobooon.

[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>>
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oo §5000000000p.115

8.10.11 dp_ptod

dp_ptod(poly, vlist)
s 00o0oooooooooooon.

return gooogooo
poly aooo
vlist ooo
e JO0ODO viist 00D ODOODOODOODOODOODOODOODOODODODOD.

e vist 00OO0DODOODOCOO,000000DOOOOOODOO

[50] dp_ord(0);

1

[51] dp_ptod((x+y+z)~2,[x,y,z]);

(1) *<<2,0,0>>+(2)*<<1,1,0>>+ (1) *<<0,2,0>>+(2) *<<1,0, 1>>+(2) *<<0,1, 1>>
+(1)%*<<0,0,2>>

[62] dp_ptod((x+y+z)~2, [x,y]1);

(1) *<<2,0>>+(2) *¥<<1,1>>+ (1) %<0, 2>>+ (2*z) #¥<<1,0>>+ (2*z) *<<0, 1>>

+(z"2)*<<0,0>>

RN 8.10.12 0 O dp_dtopl p.128, 8.10.10 U U dp_ordl p.127.

8.10.12 dp_dtop

dp_dtop(dpoly, viist)
s doo0oooooooooooon.

return goao
dpoly gooooog
viist oood

e JOUODOOLODL,DODODODODODODODODODODOD.
e JOUODOOLO,0DbO0DODODODODODODODODODODODODO.

[563] 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);

Zz" 2+ (2%a+2%Db) *z+a "~ 2+2*b*xa+b~2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
s 00O oogooooogoooog

dp_rat (p)
s 00O oogooooogoooog
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return ooooooo

p ooooooo
mod 00
subst ooo

e dp_nf _mod(), dp_true_nf mod() U,00000000000O00CO0O0O0DOOOOODO
ob.000o00oub,dpomod() DOODODDOODODOODOOODOOOODOOUODOODOOO
gooobo. go,0boo0ooo,booboboooboboooboobog,oobooboao
oooooooooooo,dp_rat() DOOOOO0OOODODO.

e JOUDUOUODUODUOUDO,000DL0O setmod) DUDOUODLUODOOODODODO
gobooooog.

e subst 0, 000000000, 00000C000O000DOODOOOO0OODOOD
oooooboooooboooobooo,bogboobo0oooog, Chvar, valuel, .. 1 00
gooooog.

oo 8.10.16 U U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modU p.130, 6.3.11 O
0 subst psubst p.48, 6.1.16 O O setmod p.40.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
s ggbooaboboaoodg

dp_dehomo (dpoly)
= 000000000000 00

return goooooo

dpoly oooooon

e dp_homo() U, dpoly 0 OO ¢t00DO0,00000000001000,00000
000 ddeg(t) (d0O dpoly 00DD0D)0000O0O0OOOODOOO.

e dp_dehomo() O, dpoly O DOODOODO, 00000000 ODOOOOODOOCOODO
gooooo.

o OO0, 000D0DOO0DDOODDOODOODOODL,ODDOODOODDODbDOODO
goobooooon.

e hger O UDUODOD,000D00ODLDODLDODOO.

[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>>

HEN 8.10.1 0 U gr hgr gr_modll p.119.
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8.10.15 dp_ptozp, dp_prim

dp_ptozp (dpoly)
s 0000000000000 bOOoOOobOO0 GCb o 1o0Oo0O.

dp_prim(dpoly)
2 0000000000000 00O00O00000ooOoo0D GEebo 1000.
return goooooo

dpoly goboogoo

e dp_ptozp() O, ptozp() 00000000 ODDDOOOOOOONONDD. 000000
00000,000000000000000000000.

e dp_prim() O, 00000000000, 0000D0000000DO00OOOOODO.

[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>>

HEN 6.3.18 O U ptozpU p.52.
8.10.16 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. (bobooooOooOoooooooD)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
s 0000000000000 0D. (o000 [0bo,00100000)
return dp_nf() : O000OO00OO0O, dp_true_nf() : O0ODO
indexlist 000
dpoly ogoooooo

dpolyarray
00

fullreduce 0O 00O

mod 00
e JOODOODOO dpoly ODODODODO.

e dp_nf_mod(), dp_true_nf _mod() UDOUD, dp_mod) ODODOO0O, 00000000
O0000o0o0ooobooooooooon.

e JU0OUOODL,0D00D0UODOUODOUODLO,dnfOUODODODOODOODODO.
0o0oooboodn dponf_mod) UDOOUODOO, 0000000000 dp_nf_mod()
goooood.
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ood

dp_true_nf (), dp_true_nf_mod() O, [nm,dn] 00000000 00O. 00O, nm
000000, 000000000000000,dn 000000000 nm/dn 00O
goooa.

dpolyarray OO D 0OU0O0OD0O0O0ODOOD0ODOOODO, indexlist DO ODODOOODOOO
dpolyarray OO0 OO UODOOOOOOOOO.

fullreduce 0 0 000000 DO0OOO0OOOOOOOOO. fullreduce 0 00O O0ODOOO
ooo0ooooooo.

indexlist 0000000000, 000000000000000.

U000 indexlist OO OOO0OOO0O0OOOODOODOODOODOO,OD0Db0OO00O0OO
goboooooon.

goboooboobboobboobooobooboboobboobbooboo
gobD.00bboo0oboon, ponf, p_true_nf DOO0D0O0O.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[uO0,ul,u2,u3,usdl$

[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*u2+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%ud "2+ (-4*u3-4*u2-4*ul) *ud-u3d"2-3*u3d-u2" 2+ (2*xul-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

8.10.12 00 dp_dtopUp.128, 8.10.10 00 dp_ordp.127, 8.10.13 0 1 dp_mod dp_
ratl p.129, 8.10.27 0 O p_nf p_nf_mod p_true_nf p_true_nf_modl p.136.

8.10.17 dp_hm, dp_ht, dp_hc, dp_rest

dp_hm(dpoly)

s gboooooooo.

dp_ht (dpoly)

s ggooaoo.
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dp_hc (dpoly)
s gooooooao.

dp_rest (dpoly)
s o0ooooooooooon.

return dp_hm(), dp_ht(),dp_rest() : OO0O0O0O0O0O,dp_hc() : DOOODOODO

dpoly gboooooo
e DD, 0D00OO0OD0DOODLOODDOODLOODDLOOODO.
e IIDODOODO pOObbOODbOOO.

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>>

8.10.18 dp_td, dp_sugar

dp_td(dpoly)
s goooogoon.

dp_sugar (dpoly)
» 0000 sugar OO 0O

return goao
dpoly goooooo
onoff ooo

e dp_td() O, 000000, 0D000000DLOOOO0OODO.

e IIUODDOOODDOOODDO,sugar HOODOO0ODODOODDOO. DOODO O
goboobooobobooboooboboobooooboooboo.

e sugar [, JUUO0O0O0OODODODOOODODODOODOO0O0OOOO0O0OOUOUUUUULU
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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8.10.19 dp_lcm

dp_lcm(dpolyl,dpoly2)
s 0ooooooo.

return gooooon
dpolyl dpoly2
oooooon
e JOODOOOLOODOOLODLODOLOLDOOO.ODOO1IDODO.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>
RN 8.10.27 0 O p_nf p_nf_mod p_true_nf p_true_nf_modl p.136.

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0D000.

return RN
dpolyl dpoly2
ooooooo
e dpolyl D0O0ODO dpoly2 00 0000O0DOO0O 1,00000000o0000O.
e 00D ODOOODODO,D00OO0OOUOOOOOOOOOODOO.

[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 8.10.25 0 O dp_red dp_red_modll p.135.
8.10.21 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 JI0DDO0ODOUOUODODOODOODDLOOODOOOD.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)*<<0,1,1,1,1>>

HEN 8.10.25 0 O dp_red dp_red_modll p.135.



o8l OO0O0OO0OO0OO0O000 133

8.10.22 dp_vtoe, dp_etov

dp_vtoe (vect)
00000000000

dp_etov (dpoly)
s 0000oonooooag

return dp_vtoe: O UOOOOO, dp_etov: OO OO
vect goog

dpoly 0000000

e dp_vtoe() U,0000 vect DO DOODOOOOOOOODOODO.

e dp_etov() 0,0000000 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>>

8.10.23 dp_mbase

dp_mbase (dplist)
:: monomial 00000

return gbobooboogbod

dplist gobooboobooo

e I00000O0OODOODOOOOOOOODDDD,000000000000000
dplist 0000, dplist 0 KX 0OOODOOODOOO [0 00000,KO000000
000000 K[X]/I O monomial 000000000,

e J0DDDODOUUO,KX]/IDO K-OODDODODODODODOODOODOOO.

[215] K=katsura(5)$

[216] V=[u5,u4,u3,u2,ul,u0l]$

[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*ul,ul*u3d*uo,
ul*u2*ul,ul~2*%ul,ud*u0"2,u3d3*u0"2,u2*u0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"~2,ud*ul,ud*ul,u2*ul,ul*ud,u0"2,us,uld,u2,ul,ud, 1]

go 8.10.1 0 U gr hgr gr_modU p.119.
8.10.24 dp_mag

dp_mag(p)
s gooopooooooogdg
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return O

p gboooooo

e J00DDDOODODUDUULUODODDODOOD,DDOODOUO (ODODODDOOOO)OOO
gooogobood.

o OO ODOOODOODOODOODOODDO.ODO,00DbO0DOODOODO
gobooobooobo,obbbooooboboooobooboooooboooooboobogan
goog.

e dp_gr_flags() U, ShowMag, Print  on U0 O OD0O0ODOO0OOODOOOOODOOOO
000 dp_mag) ODOOOOODOOOODO.

[221] X=dp_ptod((x+2*y)~10, [x,y1)$
[222] dp_mag(X);
115

oo 8.10.9 0 0O dp_gr_flags dp_gr_printl p.127.
8.10.25 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 goo
mod RN

dpolyl +dpoly2 DO DOO0ODOOODODO dpoly3 0O 10000O.
e dp_red_mod() DO OO, 000000000 DOOOOLOODLOOOOO.

U00000d dpoly2000000. 00O, dpoly2 0000 dpoly3s UO0OUODOO
goboboboboboobobobuobobuobob.

000000000,000,000000000,00 a b0 t000 a(dpolyl +
dpoly2)-bt dpoly3 00000 O0DODO.

000, [adpolyl,a dpoly2 - bt dpoly3] 00O 0O O00OD0OO.

[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 8.10.13 0 00 dp_mod dp_ratll p.129.
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8.10.26 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl, dpoly2, mod)

= S-00000o0d
return gogodooon
dpolyl dpoly2

ooooooo
mod oo

e dpolyl, dpoly2 0 S-00000000.
e dp_sp_mod() 0000,00000000000000000O000.

e JODODODODO,0DDOODODOODODODODODDO,ODODODODDO,O0O0DODODODOOOOOOO0O
ooooooao.

[227] X=dp_ptod(x~2*y+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 8.10.13 U O dp_mod dp_ratl] p.129.
8.10.27 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, (D0D0Dbooooooooooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist,, order, mod)
s O0000o0ooooooon. (DDDDD (OO, 001 DDDDD)

return p_nf - OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order 0o,00000o00o

mod oo

e grJO0OOODOODO.

e JO0ODO,000000000DO0ODDOODOO.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod DO OOOOOODOODOO
oo.

e poly OO0 plist 0,0000 vlist 00000000 otypeOOOOODOOODOODO
0000od, dp_nf(Q, dp_true_nf (), dp_nf_mod(), dp_true_nf _mod() OO OO O.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce O 1 000
ooog.

o LIUDODOUOODLOOODLDOODODOODO.

e p_true_nf(),p_true_nf mod() DOODOOOOO,dp_true_nf (), dp_true_nf_mod()
ooooag.
[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

oo 8.10.11 0 O dp_ptodU p.128, 8.10.12 0 O dp_dtopU p.128, 8.10.10 O O dp_ord
p-127, 8.10.16 O O dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.130.

8.10.28 p_terms

p_terms(poly, vlist, order)
s 000000000000 0Ooooon.

return gdd
poly goo
vlist gooo
order O, 00000000

e gr’ 100 0O0ODOOO.

e J0D0DDODOOOODDODOOODODDDODOOOODODN. viistOOO order 0000
odo0oOo0odoOoOo,000b0b000oo0o0ooobo0ooooobOooooooo.

e JIIUI0OO0OOOOOOODODDODODODODOO,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]

8.10.29 gb_comp
gb_comp (plistl, plist2)
0000000, 00000000000O0DDOOODOOOO0O.

return 0000 1

plist1 plist2
e plistl, plist2 0000, 000000000 OOOOOOODOOOODO.
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e JOUODODODODODODOODO,0O0DODL,0DO0ODODODLODO,DO0D00O0
obobobobobobobob.

[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

8.10.30 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)
cyclic(n)

hcyclic(n)
000000000

return goao

n g
e katsura() O ‘katsura’, cyclic() U ‘cyclic’ 00O 0O0ODO0O.

e IDDOODLOOODDOODLDOO,0DDO00DO00D0DO0O katsura, cyclic OO
gobooooboooood.

e cyclic U Arnborg, Lazard, Davenport U U OO OOOOODODOOODO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(b);

[u0+2*xud+2*u3d+2*xu2+2*ul+2*xusb-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*xu0d+2*xu2*ud+ (2*ul+2*xub) *xu3
—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*ud+2*u2+2*xul+2*ub,

—udxt+2*xud*xu0+2*xul*ud+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*xul*u2,
—u0*t+u0"2+2*%ud " 2+2*%u3"2+2*xu2"2+2*%ul " 2+2*xu5"2]

[91] cyclic(6);

[cB*cd*xc3*c2*xcl*xc0-1,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+ch*kcd*c3*c2xcl,
(((c3+ch) *c2+cb*cd) xcl+chxcd*c3) xcO+chd*c3*c2xcl+chxcd*c3*c2,
((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cd*c3*c2+c5*cid*c3,

(c1+ch) *cO0+c2*xcl+c3*c2+cd*c3+chbxcd, cO+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c"6+ch*cd*c3*xc2xcl1*cO,
((((ch+cbh)*c3+chb*xcd) *xc2+cbxcd*c3) xcl+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+cbhb) *c1+chb*cd) *cO0+c3*c2*xcl+cld*xc3*xc2+c5xcd*c3,
(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+cbxcd, cO+cl+c2+c3+cd+c5]

8.10.12 0 O dp_dtop p.128

8.10.31 primadec, primedec

primadec (plist, viist)

primedec (plist, vlist)

0000000
return
plist gooooo
viist gooono

oo

primadec(), primedec U ‘primdec’ 0O OODODOODO.

primadec(), primedec() 00O 0OO0OO0ODOOOOODOOOOOO,O00000O
ooooooo.

0000000ooooooo00ooooDO. 00oDooooo0OoUoooDOoO.
primadec 0 [0 000, 00000001 0000000O.

primadec U DO OOOOOOODO.
oooooo,000ooo00oooooooooooobooooobooooooOoo
0.00000000,000000 PRIMAORD, PRIMECRD OODOOOODOO.
primadec 0 [Shimoyama,Yokoyama] 00O ODOOOOOOOOOOOOOO.
00000000000 000, primedec 0000000, O0O0,00000000

ugboobooobooob,primadec U0 00000000 O0OOOOOO0O0O0O0O00O0O
goo.

[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,

(g~ 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,y]);
[Ly,x1,[y,pl,[x,q],[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 2xy-z"3,y"3], [x,y,z,w]);

[[[x,z*y,y"2,w 2*y-2"3], [z,y,x]], [[w,x,z*y,z"3,y"3], [w,z,y,x]1]

6.3.15 0 0 fctr sqfrJp.50, 8.5 0000000 00O p.115.

8.10.32 primedec_mod

primedec_mod(plist, vlist, ord, mod, strategy)

s gooooon
return
plist oooooo
vlist ooooad
ord O, 00goooon
mod ooo
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strategy od

oo

primedec_mod() O ‘primdec_mod’ OO O OOODOO. [Yokoyamal] OO O OO OONO
ooooooooooooo.

primedec_mod () U O UODUOODOODOOODOODOODOOODOODLDO,0D00DO
goooood.

primedec_mod() 0, GF(mod) 00 OO0O0O0O0OOO. O0OO0OODOOOOODO,000
gooooogd.

000000,0000000000000000O0000O0O00O0 [viistordl 0000
gbobobobobooboboobon.

strategy 0 0 0 0000, incremental 0 component 00000000000 OOO0O
early termination 0 00O . OO0, 000000O0O0O0OOOOOOO,0DO000DO
0b0,0000000000 overhead UOODOODOODOO.

O0O00OO00OO0ODO0ODODODOO00000DOO dpgr_print(2) OOOOODOOO
go.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t, yT8+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+2z+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,z"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,z"8+z"2+t]]

[248]

6.3.17 0 Omodfctrl p.51, 8.10.6 U 0 dp_gr_main dp_gr_mod_main dp_gr_£_
main dp_weyl_gr_main dp_weyl_gr_mod_main dp_weyl_gr_f_main[]p.124,
8§5000000000p.115. 81090 0dp_gr_flags dp_gr_printU p.127.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
s bhbO0OOO0O

ann (f)

annO () 0000000 annihilator OO0 O

return goooooooo

f ooao

plist oooooao

viist dvlist
o0ooDoo

‘pfct’ JODOOODODOO.

bfunction(f), bfct(f) OOOO f O global bOO b(s) OODOODO. b(s) O, Weyl
O00D0ODOO0OOD0OODO DLs]l OO P(x,s) OODOODO, P(x,8)f"(s+1)=b(s)f s [
000DOD0O0OD00O v(s) OODO,000000000000.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DOODOOOO 10,00
00 weight 0000 global bODODOOODO. viistd x00, viist 00000 D-0O00O
oooooo.

e bfunction [0 bfct DD DO OOUOO0O0O0OOO0O0ODODO. ODODDDOODODDOOOO
go.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] O0O00O00O
O0.000,a0 fO bOODOOOOO0O, 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(Q);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4*x"~3xdt+y*z*dt+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%s7"9+101750%*s"8-79375%s~7+35768%s~6-9277*s"5
+1278%s"4-72%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, [2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y-6]]

oo 8.900Weyl 000 p.119.
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g ubogoooonbd

9.1 DLUogggdgd

Asir 00000,0000000000000D0O0.0000O0DOOOOCOOOOOO0,D
gooooo.oooo,00ddgd, oo bobooobooboooboooo
god.oobbotbdo, bbbt bbbooooobbboooouoboboobo
l1oboodgooooobooobobododoo. oo, oobbobboooooooobLbobooo
uddd,reot DOy,

[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 A00O0O000ODO x~3+A0*x+A0=0 OO OO0
goooooo.

newalg() 0 O0OO0D0OOOOOOO0ODOODOOOODOOODOO.
1. bobobOo 1000000000000 0o0.

2. newalg() U0 O0ODUODOOODODO,D0000DO0OO0DODOODOODODODOD.
oooooo,0bobod srem(O) UOODOODODOOOOODODOOOOD. OOO
g,0oobbooboo,boobbooooooboboon.

3. 000000Db00 0bO00obbuobbO0 recot OO0 DOODOODOOODOO
oo.

4. 000000,000000000000 reoct000oobooonboobooobOononOOg
gooodg.

newalg() U0 DOUODOOOOOO,1000 200000.00,000b00000D00DOO
goooooooboo. bbooboboobooboobbooboboooboono,boo
gobog,booboobooobobon.

00 newalg() 0000 OO0ODOODODOOOO,00000000000,00,00000
O0000000000000. (typeO, vtype() 00.) O0OO0,0000,root 0000
oooooooooog.

[87] N=(A0"2+A1)/(A172-A0-1);

((#1+#072) / (#172-#0-1))

[88] [type(N),ntype(N)];

[1,2]
O0000o0oood, reoth #n 00O UO0OOO. O0O0O,000000000000O00O0OO.
root 0000000 O0ODOODO,0000 alg(n) OOOODODO. ODO,0000000,
000000 (D0O0O0000000O0D0)000 newalg() DO0OO,000000000
00000oooooooooooooon.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root UOODODOONO, defpoly() DOOODODOOO.

[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 UDOUUOODOOODOOO. ODOOODOOOOOO
oobooooood.varQUOUOOOOO0,0000 algv(n) JOOOODO.

[98] var(Q);
t#l

[99] algv(0);
t#0

[100]

9.2 DDOOO4Oo4gdgd

goo,booboobogo,0boo0boboo0ob. obobo,b0o0bobooobooboboob
go.oboooboob,booboooboobboobboooboobbOo,0oboo
0000000000 DO0O0DOOO0Ob. booog,sp0,gr’ 000 Asir 00OODOO
gobooobooboooooooog.

[0] load("gr")$
[1] load("sp")$

ooob,00b0bDgbg, ‘$HOME/ .asirrc’ DO O OOOOOODO.

root J DOOODODOOO,0000000000.000,00000000000000
gobooboooboo,bbooboobooboooboooboobo.ob,obb o0obbO
gbogboboboobob,0obobobooobobooboboobooboboobo
goooo.

oo0o00,0b0b0ob0obobob, simpalg OODO.

[49] T=A0"2+1;
(#0°2+1)

[50] simpalg(T);
0

simpalg() DO O0UOOOOODOOODOOO,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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ocoooo,0o00 ob0boO0O0OoOOO0OO0OODOOO0 OCOODODOOOODODO,DO0O0
0000000 simpalg() 000000000000 DODODODO. simpalg() O,0000
O0o0oooooopooooooooooo.

[43] simpalg(1/AO*x+1/(A0+1));

(-#0) *x+(-1/2%#0+1/2)

0oobobooooobogooouoboD, b simpalg() DO0ODOOODOODODODO
goboboono,bbooobboobbooobbooobbooobbogg, root OO
OO00OOoO000O00D0OO0b0OO0.00D0, algptorat() OODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0);

#1)

[85] T=(2*A0+A1*AO+A172)*x+(1+A1)/(2+A0);
(#172+#0*x#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(t#0+2) #t#172+ (L#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#0O

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 UOUOOUDOUOODUOD rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]1);

(((#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%#0 " 4+12%#0 " 3+24%#0 " 2+16%#0) / (#0"3+6*#0"2+12%#0+8) ) *x

+(((#HO+2) *#1+#0+2) / (#0"2+4*#0+4) )

[90] rattoalgp(S, [alg(l),alg(0)]);

CC(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() O, 00000000 root DOUDODODO 200000,00000,00000
godoudodoo. oudo, oo oouoooooooooon
000DOO00OO0,00b0b0b0b00b00ooOo0oOo0oOooO. algptorat(), rattoalgp()
O, 0000000000000 ooobooooooooooon.

9.3 DOUooooobbooood

gbooobooobd,reot 000000 0ODOO0ODOO0ODODOODOODODODODOO.
gboooo,bobooboobooboboobooboboboooo,boboo,0oo0ooooo
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goooogoooboooobo.ooooboo,obobooooboboboooobob
gobooboooob,0bboooobbboooobobboooobobbooooobobogoon
U.0b000bogbbog,pAlg0obbOo0boobooonooonbOoOgn. pAlgid
gobodboooob.ogbogo,booboboooboooboboooog.

DAlg OOset_field) ODOOOOODOOODOODOODOOODOOOODOOOD. OO
O00,newalg) DO OUODOO0OOODOOOODODO algtedalg) DO DOODO, 0000
O0000D0000 dptodalg() DODUDUOD 20000. OO DAlgOOOODOODO
g,000boooboobooon.

[0] A=newalg(x~2+1);

(#0)

[1] B=newalg(x"3+A*x+A) ;

(#1)

[2] set_field([B,A]);

0

[3] C=algtodalg(A+B);

((1)*<<1,0>>+(1)*<<0,1>>)

[4] C°5;
((-11)%<<2,1>>+(5) %<<2,0>>+ (10) *<<1, 1>>+(9) *<<1,0>>+ (11) *<<0, 1>>
+(-1)*%<<0,0>>)

[5] 1/C;

((2)%<<2,1>>+ (1) *<<2,0>>+ (1) *<<1, 1>>+(2) *<<1,0>>+(-3) *<<0, 1>>
+(-1)*<<0,0>>)/5

00000, Qab) (a~2+1=0, b~3+ab+b=0) 0000, (a+h)"5 OO0 1/(a+b) OO O
(00D0)0000. 00000000000000,00000000000000000
oo.

94 DUUOOOO 100000000

‘sp) 00,1 00000000,GCDh, 0000000000000 0O0ODOOOOOOO
oboobobooboo.

9.4.1 GCD

000000 GCD O cr_geda() UODOOOOOO. OO0OO0DOOOODOOODOOO
oooooooboooobo Geboooooboooo,0booboooobogooon.

[63] A=newa1g(t‘9—15*t‘6—87*t“3—125);

(#0)

[64] B=newalg(75xs"2+(10*A"7-175%A~4-4T0*A)*s+3*A~8-45%A"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*xx+((#0°6-19*%#0"3-65) *#1-#0"7+19*#0~4+38*#0)
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94.2 JOOOO, 0000

ooodoo,000b0o0bo0obobo0 GbooOoOoOoOooOOoDOOoOoDbDOobObOOoDOoOoboOo
OO00O0O0000.000 asqO) OOO.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2*%A-3) 2% (x"3-x-4)"2);

X711+ (#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]]

oooo0oo0o,[00,000j0o0000U0O00, 00000000, 00000000

goboooboo.obb,00boobboobboobobooobo,0bbooboo
goo.

obobooooobobD, Trager 00000000 O0O00O0ODOO,D00000000O,
gbobobobobobobobobobobobobobobobobo.

[119] af(T,[A]);

[[XA3_X+(_#4) ’2] ) [Xh2+(_2*#4_3) ,2] ) [X+ (#4+1) ) 1]]
odd 200,00 2000,recot000000O0O. 0000OO0ODOOOO,0000 rootO
Jdododoooooood. root DOODOOODODODODO. ODOOO, 00000000000
ooo0oooooooooo. boooo, oo ooobo. ooooooooo.

goboboobobooooooobo,boooboboobbo1b000o0boobooo
go,boobooobooo. oooo,obbooboooboobboobboobooon
gbobobobobobobobobob.

[120] B=newalg(x~2-2*A-3);

(#5)

[121] af (T, [B,Al);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5),2], [x+(#4+1) ,1]]

9.4.3 DO DOOO

O0o0o00ooooooboo, 0000000000000 o,0b0oooooon
ooDoDooooooo.oono spOO0OO.
[103] sp(x~5-2);
[[x+(-#1) ,2%x+ (#0"3%x#1 " 3+#0 " 4x#1 "2+ 2% #1+2*x#0) , 2xx+ (-#0"4*x#1°2) ,
2xx+(-#0"3*x#1°3) ,x+(-#0)],
[L(#1) ,t#1"4+t#HO*t#1 "3+t #O 2%t #1 2+t #0 "3kt #1+t#0~4], [ (#0) ,t#0°5-2]11]

sp(O 0 1000,000 10000000, [[root, algptorat(0OO0O00)] 0OODO]
oooobgob. 02000 [root,algptorat(ULDUODO)] DOODLOO,0000O,
dodoobobobbiboooooubb recot 0. bbb o, oo
root UODODOOUOUOUOUOUOUOOOOULOOOOOOOg.

oobo0d1go00bo100b00boob,0 2000 reoot 0D ooboonboog, spO
goooboboooboobobo.gboboobobooobobobg,bobbo0 110
OO0o0o0o0o00. «fO U000, 0000DO00O0,0DO0O0DOO00DOO00ODOODOO.
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9.5 DO0O0OO0Ooooboboooa

9.5.1 newalg
newalg (defpoly)

s root U UOOUO.
return 0000 (root)

defpoly aooo

e defpoly D0 DDDO0ODOOOOOOO (root) DOOODO.

e defpoly OO0 0ODO0OOOOOODO,910000000000p.142000.
[0] AO=newalg(x~2-2);
(#0)

HEN 9.5.2 0 0O defpolyl p.147

9.5.2 defpoly

defpoly(alg)

sroot UODOODOODODO.
return goo
alg 0000 (root)

e rootalgODOODOOOOOO.
e root Il #n I 0O0, 0000O0OOOOOO t#n OO DO.
[1] defpoly(AO);

t#072-2
0o 9.5.1 0 Onewalgd p.147, 9.5.3 0 0 algl p.147, 9.5.4 0 0 algv p.148
9.5.3 alg
alg(i) 00000000000 reootOODO.
return 0000 (root)
i ud

e root #1 O 0O.
e #i IO 0000 0ODODOODUOOO,lg() ODODODODO.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

HEN 9.5.1 0 U newalgl p.147, 9.5.4 0 0 algvl p.148
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9.5.4 algv

algv (i) walg() OO0O0OOOO0OOOO.
return goo

i 00

e DO t#i 0ODO.
e t# IO UODUODODODODOD,algv() DOOOODOODOO.
[4] var(defpoly(A0));
t#0
[5] t#0;
syntax error
0
(6] algv(0);
t#0

gd 9.5.1 0 O newalgll p.147, 9.5.2 0 O defpolyl p.147, 9.5.3 0 O algl p.147

9.5.5 simpalg

simpalg(rat)

s 000oo00oooooooooooon.
return goo
rat goo

e ‘s JO0OOODOODO.

o 1, 000,0000000DL00000DO,0000 recotdOnonoonboooonOon.
e DD, 000O0OD0DO0ODLOO,DU0 reotnognO.
gobodgb,oobooobooan.
gboboobo,obobooboooboboooobooaoo.

[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))

9.5.6 algptorat

algptorat (poly)
2 00000000 root O, 00000000000O0O.

return goao



090 0000000000 148

poly aooo
e ‘s 0O0OOODOODO.
e IUOUOOUD reot#n U U0 t#n OO OUODO.
[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

RN 9.5.2 0 O defpolyl p.147, 9.5.4 O O algvl p.148
9.5.7 rattoalgp

rattoalgp (poly, alglist)
200000000 root OD0OOO0O0O0DOD reot0OODODOO.

return oon
poly aooo
alglist ooo

e ‘s 0O0OOODOODO.

e 2000 root UDUDODOODNO. rattoalgp() O, 00 root U UDODOOODO, O
000 recot OOOODOO.

[51] 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 9.5.300algl p.147, 9.5.4 0 0 algvl p.148
9.5.8 cr_gcda

cr_gcda(polyl, poly2)
» 000001000000 GCD

return goo

polyl poly2
ooo

e ‘spy OO onon.
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)

HEN 8.10.1 0 U gr hgr gr_modll p.119, 9.5.10 0 00 asq af af_noalgll p.150
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9.5.9 sp_norm

sp_norm(alg, var, poly, alglist)
s 0000000oooooo

return gdd

var poly OO0
poly 100004
alg root

alglist root 0O OO

e ‘s UOUODOODOD.

e poly 0,alg 0000000000. D000, K=Q(alglist \ {alg}) 00000, poly
0000 alg0,alg0 KOOOOOODOODOODOOODODOODO.

e 00 KOODODOOODO.

e JI0IODDODOOODDODODOUOODDO,DDODOOODDODOOOODDOODOOODDOO
000O,00000000000D0O000000. 0000 USELRESO 1000000
Jodd0o,000boooooooo00ooooon.

[0] load("sp")$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1l, [A1,A0]);
X"6+(2%#0) *x "4+ (#072) xx "2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);

X" 12+2%x"8+b*xx"4+1

ud 6.3.14 0 O resl p.49, 9.5.10 0 U asq af af_noalgl p.150
9.5.10 asq, af, af_noalg

asq(poly) = 00000 10000000OO00OOO

af (poly, alglist)
af_noalg(poly, defpolylist)
00000 10000000000

return gdad
poly ooo
alglist root O OO

defpolylist root DO ODOOUODOOOODOOODOOOOOO
e JOODO spODODODO.

e root HUUDODUOODODOOUOODOOOOOODLOODDOOO, reot 0O oonon,
cr_geda() DOOOOOOODOODOOOODOOO.

e 2f O 0, 000000, 00000 2000, recot 000D OnonDOong.
e alglist UODOUOODO root U, 00000000000 OO0O0OOODOOODOOO.
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oo

af(F,AL) 0000, AL OOOOO0O0O0O0o0oooDO, ocoooooogogooao.
Al=[An,...,A1] ODO0OO,0 Ak 0O, 000000CO00DOOODOOODO, O
ooooOoooOoooboooooOooboooobooboooo.

[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*x+A1, [A2,A1]);

[[x™2+ (#1) *x+(#0) ,1]]

af_noalg 00, poly OOODOO0O0OODN ai0D0O0ODO viODOOODOO. defpolylist
O, [[vn,dn(vn,...,v1)],...,[vld(v]))]] D000O0O0000O. 00O di(vi,...,vl) O ai00O0O
oooooooooooooo vyoooooooooobaa.
[1] af_noalg(x~2+a2+*x+al,[[a2,a2"2+al], [al,al"2+1]]);
[[x"2+a2*x+al,1]]

000,00000000,0000000 [00,000)0000000. af_noalgO
00,00 O0OOCO0ODOO0O,defpolylist DOOOOOODOOODOOOOO.

oboobobobobobobg, poly DOOOOOoOoOoOoOOO.

[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,x"2-2]]);

[[x+a-1,1], [-x+a+2,1]]

9.5.8 0 0 cr_gcdal p.149, 6.3.15 0 O fctr sqfr p.50

9.5.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)

s ggobooooooo.

return goao

poly

goo
‘sp) DO0OOoOoooo.

000000100000 poly DODDOUODO, 000000000 poly 10000
goooood.

Od0,polyDO000DOOOO0,000000,000DC00DOOODOOOODO
O.sponoalg 00, 00000000,0000000 (DD #0000 t#i) 000
gbobOo.00000,spnoalg 000, 000000DOO0OO0DOOODODO.

000000, [root,algptorat(defpoly(root))] DOOOOOOOOOOOOO. O
Jo0,0000oboboob,bbdbddd,dd recot 000000000 OOOOOO.
oo, dddd rcot dooooogn.

spO 0, 0000000000000 sp_norm() DODOODODOO. ODOOODO
g,ggboboooboobobooboboo,oboooobooobooooboobooooa,
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gboodbooboobuooboboobobobo0o.bo0b vuselREsSU 1000000
oooOo,0000bo0boooobooobooooo.
[101] L=sp(x~9-54);
[[x+(—#2) ,-54*x+(#1"6%#274) ,54*xx+ (#1"6*#2"4+54%#2) ,
B4xx+(~#1"8*#272) ,-54xx+(#1 " 5x#275) , 54*x+ (#1 5+#2"5+#1"8*#2°2) ,
=54xx+ (~#1"7*#273-54x#1) ,54xx+(~#1"7*#2°3) ,x+(-#1)],
[L(#2) ,t#276+t#1 " 3*t#2°3+t#1°6], [(#1) ,t#1°9-54]1]1]
[102] for(I=0,M=1;I<9;I++)Mx=L[0] [I];
[111] M=simpalg(M);
-1338925209984*x79+72301961339136
[112] ptozp(M);
-x"9+54
gd 9.5.10 00O asq af af_noalgl p.150, 9.5.2 OO defpolyl p.147, 9.5.6 U
O algptoratl p.148, 9.5.9 00 U sp_norm[] p.150.

9.5.12 set_field

set_field(rootlist)
s 00000000o0ooooag.

return 0
rootlist root 0O OO
e root OO0 rootlist 000D O0O0OOODODOOOODOOOOOO.

e root DO UDODODDOODODDOOOO, rootlist 00000000 ODDOOODO. (0O
o0o0ooooooo.)
[0] A=newalg(x~2+1);

(#0)
[1] B=newalg(x~3+A);
(#1)
[2] C=newalg(x~4+B);
(#1)
[3] set_field([C,B,A]);
0
go 9.5.13 0 0 algtodalg dalgtoalg dptodalg dalgtodpl p.152

9.5.13 algtodalg, dalgtoalg, dptodalg, dalgtodp
algtodalg(alg)
= 0000 algO DAlgODOOODO.

dalgtoalg(dalg)
© DAlgdalg 00D0OOODODO.

dptodalg(dp)
= 00000 dpUO DAlgODOOODO.

dalgtodp (dalg)
= DAlgdalg UUOODODOODODOOOO.
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return O000,DAlg 000 [DOU0OO,00]0000O
alg root JOOOOOO

dp goboogboogooo
e root U UDOODO,DAlgIDDOOD0ODOOODODOODODOO.
e DAlg 0D UDODOODNO, set_field() OO DOODUODODOODODODODOO.

e dalgtodp() U, 00 000D00OO0DOOOOOOO,00000DO0ODLOOOODOODO
oogd.

e algtodalg(), dptodalg) DO D OOOOOODOOO.
[0] A=newalg(x~2+1);
(#0)
[1] B=newalg(x~3+A*x+A);
(#1)
[2] set_field([B,Al);
0
[3] C=algtodalg((A+B)~10);
((408) %<<2,1>>+(103) *<<2,0>>+(-36) *<<1, 1>>+(-446) *<<1,0>>
+(-332) *%<<0, 1>>+(-218) *<<0,0>>)
(4] dalgtoalg(C);
((408%#0+103) *#1~2+ (-36*#0-446) *#1-332x#0-218)
[56] D=dptodalg(<<10,10>>/10+2%<<5,5>>+1/3%<<0,0>>);
((-9) %<<2,1>>+(57) %<<2,0>>+(-63) *<<1, 1>>+(~-12) *<<1,0>>
+(=60) ¥<<0, 1>>+(1) ¥<<0,0>>) /30
[6] dalgtodp(D);
[(-9)%<<2,1>>+(57) *<<2,0>>+(-63) *<<1, 1>>+(-12) *<<1,0>>
+(-60) *<<0, 1>>+ (1) *<<0,0>>,30]

HEN 9.5.120 U set_fieldl p.152
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10 0o ooon

10,1 oo obooagdad

Asir 00000,0000,00000 GF(p),00 20000 GF(2°n), GF(p) 0 nO0O
0 GF(p’n) 000000. 000000, setmod_££0) 00000O0OO.

[0] P=pari(nextprime,2~50);

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+x"2+1

[56] 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
000000000000, 00,0000000000000000.0000 32000
O00Op.12000. setmod_££ () U0 00D O0OOODOOOOODOODOO,00D00000ODO
ooo.

gboboobog,booobbbooooboboooooboboooboboboobooboo,oan
gbobooboobuoobooobooobobobo.ob,obooboobuooboobaobobo
g.0og,b0bo0obobgoboboooboooboooooooooobobo,oooooooob
goboobooooog,obooboooobg.

0000000000,0000000000,0000001000.000,0000
00000000000, GF(p) 000 6,GF(2n) 000 7000.

goooooooooo,0ooooooooooooan. GF(p)DDD,Simp_ff() O
go.
[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
00,GF(2"n)000000000OODOO.

[0] setmod_ff(x~50+x"4+x"~3+x"2+1);

x"B50+x"4+x"3+x"2+1

[1] A=e;

(®

[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)U0O00O0OOOO.

0000 32000000p.12000.

10.2 ODOOO0OO0 1000o0oood

i’ 00, 00000 100000000,00000,DDF,0000,000000000
gooooobooooooon.

O000,000 [00,000]00000000,000 monicO000,000000
gobogooab.

Ooo0oO0oO0,000000oooo Gebooooooooooooobooooooo
gboobooooo.

O0o0o0obOoooog,DbF OO0, 00000000000, Berlekamp OO0 OO0
0000000,000000000000000O0,D0000 Cantor-Zassenhaus 00000
oooboboo,ob0obooooooooo.

103 OO ooooouoood

googoobooooboobbo,0obooobuoobboobboooboooboon
O000. 000 sffetr() OO0O. OO0, modfectr) O, 0000000000O00O00O00O0O
oooo0oOo,00bo,bo000o00bbo0oboogon, stfetrOQ ODO0O0ODDO,000
gboboodgboooboda,boobooaobbooog.

104 ODOOOOOOOOOOOOOO

googoobooooboobboobooobooob,o0obobooobooboboon
go.

goodoooo,oon 200000 [ab]DDD.a,bDDDDDDD,setmod_ffDD
00D0D000D0O000000D0, yr2=x"3+axtb, 00 200000 y 2+xy=x"3+ax~2+b
ooo.

00000000, 000000000 ooooo. oobobooooo, oo (ecm_add_
£f£()), 00 (ecm_sub_ff()) 0000000000000 (ecm_chsgn_£f£f()) 000000
ogo.ggoooo,goooboooooooooa,
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e JODODOO O.
e J0D0DDODO,00 300000 [xyz.OOO,z000000.

0000000. xyz 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]0OOODODOOO0OO000000000,[xy1]000
0000000000000. 000000000000000,2000 10000000
0,00000000000000 x,y000 20000000000.

105 DOUOOOoooooooao

10.5.1 setmod_ff

setmod_£f ([pldefpoly2])
setmod_£f ([defpolyp, pl)
setmod_ff([p,n])
s oo, dougooouoooo,oooouoooad

return gogoooon

p oo

defpoly2 GF(2) 0000 100000
defpolyp GF(p) OOOO 100000
n goood

000000 pO0,GF(p)D00O0ODODODOOOO.

000000 defpoly2 00, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
2)000000Uoooo.

000 defpolyp O p 00, GF(p~deg(defpolyp)) 00000000000,

000 pUO nO00,GF(prn) 00000000000, prn0 272900000000
gboo.o0o,pd 2714 00000,n0 1000000000.

00000,00000000000 GF(p)OOO p,GF(2"n) 0000000000
0. 0000 setmod_ff(defpoly,p) 000000 GF(p~n) OO0, [defpoly,p] OO
0.0000 setmod_ff(p,n) 000000 GF(p~n) OO0, [p,defpoly,prim_elem] O
O0.000,defpoly O, n0000000O00, primelem 0, GF(pn)00000O00O0
goooood.

GF(2~n)0O0O00O0OOO,GF(2)0n00000O00OOOOO,0D0000OQ0DDOO,
defpoly_mod2() DO O OOOODOO.
[174] defpoly_mod2(100);
x~7100+x715+1
[175] setmod_ff (QQ);
x7100+x715+1
[176] setmod_ff();
x~100+x715+1
[177] setmod_ff (x"4+x+1,547);
[1*x"4+1*x+1,547]
[178] setmod_ff(2,5);
[2,x"5+x"2+1,x]
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oo 10.5.14 0 U defpoly_mod2[] p.162
10.5.2 field_type_ff

field_type_ff()
0000000000000

return 0o
e JO00DDODOODODDOOOOODO.
e JODODDOO 0,GF(p) 00O 1,GF(2°n) 00 2000.
[0] field_type_ff();
0
[1] setmod_ff(3);
3
[2] field_type_ff(Q);
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff(Q);
2

ud 10.5.1 0 O setmod_££0 p.156
10.5.3 field_order_ff

field_order_£ff()
s 0000000o0ooooo

return o
e J00DDODOUULDDOD (LLUDD)OLODO.

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
ud 10.5.1 0 0O setmod_££0 p.156

10.5.4 characteristic_ff

characteristic_ff()
2 00000o00o0ooo
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return oo

HEN

gobodgboobooood.

GF(p) UOO 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

10.5.1 0 00 setmod_f£[1 p.156

10.5.5 extdeg_ff

extdeg_ff()

s ggbobooooboaboo,obnuoabobaoood

return oo

e 0000OOODOO0O000,0000000000000.
e GF(p)0OO 1,GF(2"n) 000 nOOO.

RN

[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

10.5.1 0 00 setmod_f£[1 p.156

10.5.6 simp_£ff

simp_£ff (obj)

return

obj

0, 0000000b0o00b0obo0obooaoo
goooaoo

gboooooo

o L, 0J0OU0OODOODLOODLDDOOOLOOODLDO.
o LI, 0000D000DOO0ODOOO,DO00,00000O0OO0DODOODDOOODbOOOnOO.

157
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e NOUIDOOOD,00U0DDOODLDOUODD reduction OO OOOOODDO.

e DO ODOOODODODDOOD,DOO0DODLOODODLO,bD0DbODOODODO.
DoobOobOobOobobOon ptesfpO ODODO.

[0] simp_ff((x+1)710);
Xx"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(©@Q,10));
6

[4] setmod_ff(2,3);
[2,x"3+x+1,x]

[5] simp_ff(1);

@_0

[6] simp_ff(2);

0

[7] ptosfp(2);

Q_1

g 10.5.1 0 0O setmod_££[] p.156, 10.5.8 U U Imptopl p.159, 10.5.10 U U gf2ntonl]
p-160, 10.5.13 0 U ptosfp sfptopl p.162

10.5.7 random_ff

random_£ff ()
s o0ogopooogono

return gooono

o OOOOOOOOOODO.

e random(), lrandom() OO0 32bit OO O DOOOOOODODOO.
[0] random_ff();
random_ff : current_ff is not set
return to toplevel
[0] setmod_ff (pari(nextprime,2740));
1099511627791
[1] random_ff(Q);
561856154357
[2] random_ff();
45141628299

og 10.5.1 00 setmod_f£f[1 p.156, 6.1.8 0 O random[] p.36, 6.1.9 O [0 1random[] p.36
10.5.8 1lmptop

1mptop (obj)
» GF(p) DOODOO0OO0OOOO0OO0ODO0OOO

return goooooo
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obj GF(p) 00000
e GF(p) 000DD00O0O0DOOOODOD.

e GF(p)UUOD,000 pUODOOOULDODOODOODOD. DUDODOOOOO,00000OO
000000 (@CMOo00 oboooooooooo.

[0] setmod_ff (pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1%x710+1099511627781*x~9+45%x~8+1099511627671%x"7+210*x"6
+1099511627539%x"5+210%*x"4+109951162767 1*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%x"2+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%x"2+537*x+1

[5] lmptop(coef(F,1));

537
[6] ntype(@Q);
0
oo 10.5.6 0 0 simp_££[ p.158

10.5.9 ntogf2n

ntogf2n (m)
0000 GF(2°n) 00000

return GF(2"n) OO

m gooad
e 000 mO 2000 m=mO+mI*2+.+mk*2°k 00O, GF(2°n)=GF(2)[t]/(g(t)) O
0 mO0+mI*t+..+mk*t"k mod g(t) OO O .
e IID00I0ODODUOLODODOLODODOODOD,simp_f£O)O0D00OOOODOOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] N=ntogf2n(27100);
(@~100)

[3] simp_ff(N);
(@°13+@"12+@"11+@"10)

g 10.5.10 O 0 gf2ntonl p.160
10.5.10 gf2nton

gf2nton (m)
+ GF(2"n) 000000000

return gooao
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m GF(2~n) 00O
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+@"12+@"11+@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_ff(N));
15360

ao 10.5.10 0 O gf2ntonl p.160
10.5.11 ptogfon

ptogf2n(poly)
0000000 GF(2°n) 00000

return GF(2"n) OO

poly 0ooooQ

e poly 00D GF(2"n) 0000 00OO.000,2000000000000. poly 0O
U0 e0DOODODOODOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] ptogf2n(x~100);
(@~100)

ao 10.5.12 0 O gf2ntopl p.161
10.5.12 gf2ntop

gf2ntop(ml(,v])
+ GF(2"n) 000000000

return goOooon
m GF(2"n) OO
v ooo

e mUUJ0O0OD00ODO,0000000000000000D00OO.

e vOIUIUODOOOO,OOD ptogfon() DI UDOOODUDDOOOO (DODDOOODO x),
godooooooooooodooooooooooooon.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=simp_ff(gf2ntop(2°100));
(@"13+0@"12+@"11+@"10)
[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t 710

oo 10.5.11 0 O ptogf2nl p.161
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
s 0000000000, 000

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OODOODOO
000.000000000000D0DOO0O0ODO00.00D0D0O00,0D00000000
00000,00 p00d0 pO0Od0O0,pd x0000OCOO0OODO,0000000
O00.000,GF(3"5) 0 GF3)[x]/(x™5+2*x+1) 0000000, 00000000
xUJ00O0O0O0O0O0O0 k000 ek O000D0DOOOO0.0000,000 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
0o 10.5.1 0 O setmod_££f0 p.156, 10.5.6 U U simp_£f£f[ p.158

10.5.14 defpoly_mod2
defpoly_mod2(d)

» GF(2)0O0ooO0ooooooood
return goo

d ooo
o ff’00OOLOOODODO.
e J0DDDODOD dOUOO,GF(2)0 dOODOOOODOODODO.
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e U0 OO 30000DOO0ODLO,D 2000000D0ODODLO 300,00 0030
gobooobooo,o0so0ooag,b 200000bo0boob,o0bog 3
goboboboboboob,bobob 40000000000DODOODODO.

ud 10.5.1 0 O setmod_££f0 p.156

10.5.15 sffctr

sffctr(poly)

2 0000000000000D0000
return goo
poly Oo0o0oo0o ooao

e JOODL,00DO0DODODODODODODODODOD.

e 00O, [[flmI],[f2,m2],..] 000000 00. 000,fi0 monicOO00O0O, 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]]

RN 10.5.1 0 O setmod_££[1 p.156, 6.3.17 0 O modfctr p.51
10.5.16 fctr_£ff

fctr_ff (poly)
1 0000000000000000

return goo

poly 00000 100000
£ 00000000.
e 00000DD0,0000000000000000O0O00OO0.

000, ([fi,ml],[2m2],.] 00000000, 000, 0 monic 00000, mi 00
ooooooo.

poly OOODOOOOOOO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1] , [1*x+6782485570826905238,1],
[1%x+15987612182027639793,1], [1*x"2+1*xx+1,1]]

ud 10.5.1 0 0O setmod_££0 p.156

10.5.17 irredcheck_ff

irredcheck_£f (poly)
2 10000000000000000
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return 011

poly 00000 100000
e $ff’000O0D00ODO.
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

oo 10.5.1 0 O setmod_f£[1 p.156
10.5.18 randpoly_£ff

randpoly_ff(d,v)
00000 0000 10000000 o

return goao
d oogd
A% oood

o ffEPIDODOOODODO.

e dIUIDO,000 v,OOOODOOOODODODOOOODDODODOO1O0DOO0O00OOODOOO.
000 random_£f£f() OOOOOODO.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_ff();
[180] randpoly_ff(3,x);
17135261454578964298%*x~2+4766826699653615429*xx+18317369440429479651
[181] randpoly_£ff(3,x);
7565988813172050604*x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x72+10243690944992524936*x+4063829049268845492

0o 10.5.1 0 O setmod_££[1 p.156, 10.5.7 0 0 random_££[1 p.159
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)

000000000 0,00,00

return gooooono o
pl p2 o0 300000000 o
ec oo 200000
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00000000000000,e 0000000000000 pl, p200 pl+p2, O
pl-p2, 00 -p1 OODO.

ecd,00000000000000000DO0, y2=x"3+ec0)x+ec[l],00 2000
y ™ 2+xy=x"3+ec[0]x"2+ec[1] O O 0.

e I0,00000,000000000D0O0.

pl,p2000 300000000, 0000000000000D00. 0DODO,0O 3
gbobooooooooooo.

gbodgbo 3soboboaoga,b3sbooouobobo,1bobogb.oooooo
gobobobobobob,b100,0 20000 30000000000.

pl,p20000000000O0000O00000O00O0O0.

[0] setmod_ff(1125899906842679)%

[1] EC=newvect (2, [ptolmp(1),ptolmp(1)]1)$

[2] Pti=newvect(3,[1,-412127497938252,1]1)%
[3] Pt2=newvect(3,[6,-252647084363045,1]1)%
[4] Pt3=ecm_add_ff(Pt1,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]/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[11/D[2]==Pt1[1]/Pt1[2];

1

o 10.5.1 0 00 setmod_f£[1 p.156
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o0 A 00

Al O00O0O0OO

<gd>:
ce<Od>¢)?
<O><0gdood> <d»>
‘40 <>
‘= <>
0>
<O00O><O00000> <0>
<O0O00O> “++°
<gOo0> ‘“-=
‘440 000>
‘——> <OgQOo»>
‘10 <d>
<O> ‘7> <Od> ‘.2 <>
<O0O> ¢ <OOd> ¢)?
<d00O> “C <d00d> ‘> <0Ogoogoogos> <)
<good»>
<goOooogs>
000>
000>

(4.2.10DDDDDDDDDp.ZQDDD.)
<OgoOOd>:
00> [“[’<O>¢]1°7%
<ggoofd>:

C4r o o t/) (%; (A;(D)

‘== 1= (0 >0 k=0 =0 g ||
<OOgoggs>:

C—» (+=; «_=») {*=7 (/=; (%=) C~—»
<goad>:

<d>

<O> [¢,” <O>]%*
<googdns>:

alphabet UODOOOOO ‘=2 <O>

<00oooods:

<0goood>

<QgOO0O00> [¢,> <0D000O0>)=*
<goad>:

‘> <O0O0> ¢]°
<g0>:

0000000000 X,Y,Japan OO)

(42200000000000p.18000O.)

<0 0>:
oO0000oo0ooooO0 (fctr,ged O0O)
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<goOoog>:
goo>
<0>

<ggo>:
oooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.18000O.)
<O >:

000>

<000o»>

<0O0oOoo»>

<0oOod>

(3.2000000p.12000.)
<O00O0>:
o0, 1, -2, 3/4
<0O00O00>:
0.0, 1.2e10

<OOoOoO>:
newalg(x~2+1), alg(0)~2+1

(0900000000000 O0O0p.142000.)

<000>:
1+0i, 2.3*@i

<ggo>:
‘v gooooboob

<goooods>:
‘<2 <JOd> >>»?

(08000 D0OOULOOODUDOOp111000.)

<O >:
<O><O00>
<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’ ‘(> <O0O0O> ¢;? <AOOO> ¢;> <OO0O> )’ <O>
‘do’ <O > ‘while’ (> <OO0O> ¢)’ <O0O>
‘while’ ‘C <OO0O> ¢’ <O>
‘def’ <O 0> “C <OO0O> ¢) > <kOO0O00O><O000> ¢}
‘end(quit)’ <O 0>

(4250000p20000.)
<O00>:
RN
<0Oooog>:
[‘extern’ <O 0> [¢,” <O0O>]* <O 0O>]*
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<O 0O>:

‘2 <0O0o> 3
0oOag»>:

[<O>]*

A2 J00DO0OO0OO0ODODOOOOoOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobobooboonbo. boobooobooboooobooobo.

i i 0000000000 2000000000000000O0 (D 1000000
000000O0p.154000.)

‘gr’ O0000000000oOooO. (b8OoUUUUUboOoOoDOOp.111D0DO0O))

‘sp’ oo0o0o0o0OO0OO0O0O0O0O00O0,b0000. (D90ObOOODOoODODDDOO
p.142000.)

‘alpi’

ngk’

‘cyclic’

‘katsura’

‘kimura’® O0000O000OO0OCOOO,00000000000C0O0O0O. (810300
O katsura hkatsura cyclic heyclicO p.138 0 0 O )

‘defs.h’ O000000O0OO0OOO. (42110000000000p.23000.)

‘fctrtest’
00000000 ooooouoo0. REDUCE O ‘“factor.tst’ OO0 OO OO
Od00dooooooood. odd,lead) ODOODOOOOOODOOO. OO
OO0 Asir 000000000 OO0O0OO0OOODLOOOOOOOOO.

‘fctrdata’

‘fetrtest’ 0O OODODOODOOO,0000000000. Algll1OD0ODOO
00000, af() (9.5.10 0 O asq af af noalgl p.150) D OO OODO.

[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"4-470%#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], [x+(-#0) ,1]]
3.600sec + gc : 1.040sec
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‘ifplot’ OO (7.5.1500 ifplot conplot plot polarplot plotoverdp.107) OO0 OO O . IS[]
goooooooobo,o0o s, D,C,sO000O00O0OOOO, 000,000, 0d
000 (Coo)oooooooooo.

‘num’ oboboboboboboo.
‘mat’ gboobobobobobobo.

‘ratint’ O0000O0O0O0OO. sp’,‘gr’ J00. ratint() OOOODOOOODOOOOO
g,00goobooboobobooo.boooog.

[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]]

ooooo,xte/(x"6+x+1) O OOOODOOOOOODOO. ODOO 200000
ooooooobo,0 1oo0boooobooboboo,020b00b00oboOoon.
OoboooOobDOoOo0oDOoOoooOo,0o0On, [root*xlog(poly) ,defpoly] O
oboooob0o. 0b0,000000000, defpoly DOUODOU root U
OO0 rootxlog(poly) DO DOODUODODOODUOODOODODOO. OO
UpolyOroot DOOOOO, root UOODODODODODOOO polylOODOOO
oooooooooob.ocgbob,b0b0o 200000000000DO,
gbobobobobobobobobo.

‘primdec’ 000000000000 OCOOO0O0OOO0OOCOOOOOOOOOOOOOOO
(8.10.31 O O primadec primedecO p.139 0 O ).

‘primdec_mod’
0000000000000 0oO0o0oooOoO (8.10.3200 primedec.modO
p.14000).

‘bfct’ bOOO00OO. (810.33 0 O bfunction bfct generic_bfct ann ann00 p.140 0 O).

A3 000DO0OOOO

DOS O, Windows 000000000 DOOOOOO0ODOOODODOOOOO0ODOOODOO
goooboooboboooboo. UNXObogoboooooobooooobooooo,boob
oo0o0oo00ooOoO0o0oOOo0oOoboo0Oob0Oo0O0.obDo0 As'DO000OOODOO ftp O
Ooo0O. ftpserver 00000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOOODOOOOOOODOOOOOO
oobDOoOooOoooOono. wWindow OOOOODOOODOODOOOOOOODOOODOO
goooo0oooOoOo0oU0oooooooO0.ogoooooooooooooooO,0000
0000000000000 00000. 0000000000D, 00000000000
0000000000000 000O0. 0000000000 readonly 00OD0,00000
gooooooooooooooo.
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A.3.1 fep

fep00,SRAO0OOOOCOODOOOODOOOOODOOOODO,00DODOO0O0DOOOOODOO
O0000DCO0.0000D0D0C0O00 esiryd00DO0OO00O0O0O viDbOOO emacs
ooooo0oo0ooooOobobO eshoOOoOoooOoOobOOOODOODO.

% 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); /x 00000000000000 *x/
/* 00O +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep00000000DOD0ODOOO0O0OO0ODO,000000000 makedDOODOO (OS)

ooooOooO0o.0oo00oo0oooooobo0ooOoboodooooDo,ftpo0bDbOO
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 000000 OOOOO,
O000O0,000000 completion 0O00OOO0O0OO.

‘asir.el’J PC-VAN OO UOOOOOOOODO,000000D0CO000O0DODOOO,O
OO0 ftp00DO0OO00O0O.

oooooo,0bbodn, fesir.el’ J000O0OO00OOODOO.

A4 000D00O0OODOOOO

Asir 0000000000 ODOO0O0O0O0OOO0CODOO0OOOOO, OpenXM OO0
o0, oo0ooo0ooOooboooooooopDooD. ooopoo, GCoooo
0000 ‘libasir-gc.a’ 0000 OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) JO0OO0O. 0000 OpenXM OO0 00000 ODO0OOOOOOOODO
O,0000O0penXM 00000000 0O0ODOOO0OOODO. OpenXM root 000000
O$0penXM_ HOMEO O0O. OJ0OOOOOOODOOO ‘$0penXM_HOME/1ib’ OO OOODOO.
Oooooooooo 3000o0o.

e ‘libasir.a’

PARL, X11 0OOODODOOOOO. 00000 ‘libasir-gc.a’ 00000O.

e ‘libasir_pari.a’

X11000O000OO0OO0oO0O0. 00000 ‘libasir-gec.a’, ‘libpari.a’ 000.

e ‘libasir_pari_X.a’

00000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OOOOOO

ooooooo.

gboooboboobooobboooboaa.
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e int asir_ox_init(int byteorder)
O0D0O000000. byteorder 0 0O00O00DOO0O0O CMODOOOOODODODO
OO000. byteorder 0 0O0OOOOOOODO byteorder DODOO. 1 000 network
byteorder OO 0O0O. OOODOOOOOOO 0,0000 -1000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODOODO Asr 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()
OO0DoO0DOo00OD Ase 0OO0O0 CcMOOODOOOODOOOOOO. ODOO
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asir OOO0DO popd,CMOOOOOO ecio00OOOO0O0O
goo,cMOoOO0O0ooDoO. oooo,cMO0ODO0DO0OD0 mImit 000000000
-1000. ecmo 000000000 Imit0O00000O0OO0OO0OOO. ODOOOO
cCMOODOODOODOODODOODOODOODOO, asir_ox_peek_cmo_size 00 00O.

e void asir_ox_push_cmd(int cmd)

oooooobDooob0 emddD0OOOO.

e void asir_ox_execute_string(char *str)
Asir OO0O0O0O0D00OO ser 0000,0000000000 pushOO.

include OO0 header file O ‘$0penXM_HOME/include/asir/ox.h’ O00O0O. OO
header file D0, OpenXM OO O0OODOO tag, command OO0 O0O0O0O0OOOO. OO0O
(‘$0penXM_HOME/doc/oxlib/test3.c’) 00O O0O0O0O0OODOOO.

#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; O: 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 ( ; buf[i] && !isspace(buf[i]); i++ );
buf [i] = 0;

bdy = buf+i+l;

if ( !stremp(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 ( 'c)
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) )

171
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printf("\n");
}
printf ("\n");
}
}
}

00000000, keyword body 00 100000000000 keyword 00 O0OODO
oooooooo.

e asir body
body O Asir 00000000 OODO,000000000DO0 pushODO. asir_ox_
execute_string() DO DO ODOO.

e push body
body 0 16 J0DO00O0OOODO CMOODODOODOODO,Asir00000O0DOODOODODO
0000 push O0O. asir_ox_push_cmo() OO OOODO.

¢ pop
0o00bOobOOobOobOOobOoboOo ecMOODOODO,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 322pit00,00000DO00DO0OO0ODOODODO,0D0ODOD
ooobooooobobobooob.obog, Windows DOOO, plot UOODOODOO, 00
goog.

00000000000 0000000,00D0000 bsavefile0O0O0OOO00O0O bload27
goobogboog,booboon.

A.5.2 Version 950831

A.5.21 O00O0OO

e JO0ODODODOOOOOOOOOODO.

e finish OO QOOO.

e up,down, frame 0O O0OD0OO, 00 00O00OOODOOODOOO.
e trace 1D UOOODO.

Ab5.22 J0ODOOOO

e sdiv) DODOOOO,0000O0DOOODOO.
e sdivm() OO0, 0000000000O0COO.
e det(), resO DOOOOO,0000O0DOOOOOODO
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e vtol() (0OUODOODUDOOODODOO)OODO.
e map() O ODO.

Ab5.23 00O0O0O0OO

e JI0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) D000, 0000000D00O00DO.

e JI0OOOOOOOOOOODO.

o OO OOIOOOOOOOOOONO.
pgoddoooooooodododooooooooon.
ooooooooboooooooog.

Ab5.24 00O

dooboooo,oo0boon.

e JIODDOO GCDOOODDOODOODDOODO.
doodDoooooooooo.

Windows OO 0O 0O.

A.5.3 Version 940420

gooogo.
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af 150
af_noalg ........... ... ... 150
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algptorat ............. ... ... ...l 148
algtodalg ..............oiiiiiii 152
AlEV . 148
AN ot e 140
ANNO0 . L 140
append. ... 58
arfreg. ... ... 67
AT o ot 72
asciitostr ....... ... . 74
o< 150
B

DECt . 140
bfunction .......... ... 140
bload. ... ..ot 78
bload27 ... ..o 78
bSave. ... 78
C

Call . 72
AT o ettt e 58
CAT .ttt 58
o2 83
characteristic_ff................... ... ... 157
Clear_CanvVas ........ouetenimneneneennan.. 109
close_file ... 79
OB ot 44
oo 2 - 66
COLM .ottt 66
COLX Lttt 66
COMJ .\ttt et e e e 37
conplot. ... ..o 107
COTIS & ettt ettt e e e e e 58
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