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0 10 Introduction

1 Introduction

1.1 00oboogga

goboobooooboobooooobg.

1. Introduction
00000000, notation 00O OO0DOO

2. Risa/Asir
Asir 000, 000000000

3. O
Asir DO 0OD0O0O

4. 00000 Asir
Asir DO0O0OOODOO

5. 0O QOO
goboooooboooon

6. DOooog
goboodgboboooboooboo

7. 0ooo
gobobobobooob,bobob

. bhOobOoboDbO
gobooboobbooo,0gnooo

9. boOobOoOobDDbOon
gobooboogoo,0obooan

10 DOOOoOOoOoo0og
goboobooobo,o0obooo

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

1.2 Notation

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

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

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

1.3 000

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

Risa/Asir

2.1 Risa 000 Asir

Risal, 0000000000000 O0OO/0000000000OO. Risa00000O0O
goooag.

googond

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

ooooon

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

Asir

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

2.2 Asir 000

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

coOooooooon
0,000,0000000(0)

0000,00000

000000000

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

dbx 000000

000000

PARI (6.1.14 00 parid p.3900) 0000000000000000O
UNIXOODODOOOOOO (Open XM)

2.3 Installation

goooobooboo,booboobboobooboooo

noro@math.kobe-u.ac. jp

OO0 email OOOOODOO.
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2.3.1 UNIX binary version

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

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

OO00O0000O0oooog, ssoMEd 0 0DODOODd.

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

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

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

% /usr/local/bin/asir

This is Risa/Asir, Version 20000821.

Copyright (C) FUJITSU LABORATORIES LIMITED.

1994-2000. All rights reserved.
(o]

2.3.2 UNIX source code version

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

PARIOOOOOCOOO

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

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

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

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

% su

# make install

# make install-lib-sta

make 00 O00D0OOO0OOCOO,00000D0O.



020 Risa/Asir 5

% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

b

O000,xx 00000D0000ODOOO0OD OSOO0ODOOO. GpOOO0ODOOOOD

O0000,asir2000 000 0000O00O00O0OOODOOOOOOONO.

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

% gzip -dc asir.tgz | tar xf -

% cd asir2000

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

su

make install

make install-1lib

make install-doc

exit

+H+

H OHF H H R

2.3.3 Windows version

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

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

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

24 DU00O0OO0o0obooooao

goobooboooobooooboooo.

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

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

-norc 0000000 ‘$¢HOME/ .asirrc’ OO O 0O0O.
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—-quiet gobooboooooboooog.

-f file ooooooogo, fled00O0O00O0OOOO0OOODO. DOODOOOOD
ooooboo.

-paristack number
PARI (6.1.1400parilp.3900) 0000000000 OOODO. OODOODO
0.0000000 1MB.

-maxheap number
heap OO0 DOOO0ODOOOO. ODOOODOO.0000DOOODODO. UNIXOD
O,0000 1imit 0000000000 datasize 00000000 O0ODO
0, maxheap OO0 O0O0O00OD0OOO0OOODO heapODOOOOODODODOOOODO
ooo.)

25 0000

Asr 00 D0O0O00O00DOOOO0OO000ODO0O0O. UNIXOOOOODODO shelOODODO
O000000000000,shell0 re000000000. Windows NT OO, [00]->[0
000]->00]00000. Windows 95/98 0 O, ‘c:\autoexec.bat’ 00 00O reboot O 0.

e ASIR_KEY
UNIXDOOO,Asir DO0O0OUODO0O0O0OD0O0 keyOOODOOOODOOO Asir
gobOodb.keyO 160 80 300000O0O0O,
% cat asir_key
cf6£236c 61a35091 dddc4529 geisha
82281685 d1929945 a8bd24ca yorktown
34b75d30 63£8df93 3e881113 nyanchu

UbooobobobDoobobidd keyOOobobooooooooboooooa.
keyUUOOOOOOOOO, 0000000000000, keyoQOooobog, O
goboboboobon.

1. D000 ASIRKEYDODOOOOOODOO
2. 00000000000 ‘asir_key’

3. 0000 ASIRLLIBDIR O0OO0OOODOOOOOOO (oOOOOODOO
‘/usr/local/lib/asir’) O ‘asir_key’

e ASIR_LIBDIR
Asr 0O00000O0O0ODOOOO,00000000O0O00DOODOODOOODOOD
oooOO0o0o0oO0.b0o000000 UNIXOOO ‘/usr/local/lib/asir’, Windows O 0
O Asir 0O000O0OO0D0OQOO00O0 1iv 0000000000 0O0.

e ASTRLOADPATH
oboobooooooboobuobobooob UuNIXOoOoO w7, WindowsOD OO 700
gboboob.oobooboboobooboobbo.oboooboooob,oboo
UdbbogdgbOog ASIRLOADPATH U O OUOODOO, D00b0b0OO0bObDOoabDDOn
gog.

e HOME
-nporce HOO0ODOOOOOODOOODOO, ‘$HOME/ .asirrc’0 000, 00 00O00O0OODO
OO0O0OC.HOMEOOODOOOOOOD,UNIXOOOOOODOOOO, Windows O
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OO0 Asir 00000000 (get_rootdir() O0ODDOO0OO0O0O0OODO) O ‘.asirrc
goo,0booooooog.

26 DOOOOoOoO

Asir 000000,
[0]

000000000000, 0000000000. ‘$HOME/ .asirrc’ (Windows 0000,
HOME OO OOOOOOODOOO get_rootdir() D00 DDOOODDOODOOO ‘.asirrc’)
oobDoOoDOo0oo0,00b0b00ob0b Ask)OD00DOO0ODOOOOOODOODOOO,D0O0
goo.

gboboobooboobbdo.0obudbd,end; 00O quit; UUOODO0OO0OOOOOO
ooobo.ooo,yyooo0¢ogoooooboooobogoooo. syyooboooobooobog,
‘$ooooooooo.

% 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"B+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
goodb,A e, x,yODOOOOOOODOOO. AODDOODOODOOOODOO, a,x,y0
gooobooobooboob.oobobboboobooboobo,boobobbo
gobo. booobobooob,bbgoobobg,g,o00boooooboooboboon
oo,cooooooobobooooooo. oo, oobooooobboooboooooDoog,
gob,buoobobuooobbuooob. booob,bbooobbuooo,uobobao
O substO) DOODOOOOOOODO.

27 00gn

gooooOoOoOoOOoOoOoOOOOOOOO,000000000 (000 C-¢, Windows, DOS
oo cx0booo.

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

oooooo0o0ooooo.
q Asir 00000, (0000)
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t O00oo0o0ooo.(Dooon)

c ooooooo.

d oOooOoO00oDOOoOobD.bo00ooO0oUoDbOo OosO00DbOODbOp2900DO.

u register_handler () (7.5.6 U0 ox_reset ox_intr register_handler0p.99 0 O ) O
00000000000000000ooOo. (Dooo)

W 0000000o0oooooooooooog.

? oooooooooooo.

28 0J0OO0OO

gooobobobooboboobobobooobobooboobono,oboboobo
goboboooobobooobooobobooobooboooobooboobobooobo. bboao
gboobooboo,booboobuodgbooobooboobo. obobbooboobobobo
gobobobo,boboobobobobobobobooboboob0. bob,0bo0bob
gobooboobooooboooo.

goo,00bogbooogoboobbooooboboboboobooboobDobbO. UNIXOD
Ub,0000000000 internal error U OO000O0, 0000000000000,
goboogboooon.

SEGV

BUS ERROR
gobooboooob,obogbooboobobbbooboobooboboobo
gbooogbobooboboo.bgooboboobob,0oboboob, oo
U0 NULLOOOOooooooooogoooogoogo,oogoooogoogoo.

BROKEN PIPE
goboodoboooooo,oboobboobooboboooboooobooon

00000 (boOoooo0o0o0ooO0oUbOoOOooOoooOOoUoooD)O,0000
gbobobobobobobobobobobob.

goboboboobo,0boboboboboboo,bobobobooboooooboobob
gooooo,bboobbooobo,ogbboobbooobboobboobb,oo
gobooooboobobooboon.

29 DOogdg,goon

ecuggobuodoboboobobooboob.booboobbooog.

on n0000000.
Q@ ooooooo.
i oooo.

opi ooo.

Qe gooooo.
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0 200 GF(2) 00000000000 (000).

@>, 0K, @>=, @<=, 0==, 0&&, @] |
quantifier elimination 0000, 00000000O0O0

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

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

[1] ee[3];

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

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

1.000000000000000000000000000000000000000000000000000000000

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

0.99999999999999999999999999998

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

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

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

(-4-4%@i)

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

-1.0000000000000000000000000000

[7]1 (e+1)"9;

(@~9+@~8+0+1)
0000000000000 0000000000000o0oOo000o0ooog, 0000
O0,000000000000000000000000D0DOO. OO0,000000000
JoodoopoooO0O, 0000 GcOoopooobooooooooooo. boooooa,
delete_history() (6.14.150 O delete_historyOp.890 0 ) 0000 DODO.



o3gd O 10

3 0

3.1 Asir 00O OQOQOO

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

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

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

gooo,0gbogoob,bboboobooboboobo,oobo11000
000000000000000. 81000000000 0Op.109000.) O
go,0obbooboooboooobodobo obb ooo.

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

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

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

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

Tooo

sunon

11

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

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

newmat (2,2)

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

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

newvect (3);

]

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

01
11
11

| NS N [y S

]

.I_II_IO

(0001 [0001]]

)

r/
o -
—

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

O O O OmMm >
w w w

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

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

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

M=newmat (2,3);
00 ]

00 ]

M[1];

00 ]

type (QQ) ;

IIafoll

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

(o]

IIafoll+lltakell ;

afotake

newstruct (afo)

Asr 00O0O0OO0O0DO,COO0O0O0O0O0ODOOOOOOO0DOObO.OoOOoOD

gboobodgbooobobobobooboba,boobooboboobog.
sougnoanboo

2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 0000000000000 o,ooooobooooooooooa
doooooOo,0o0ooooboo0d0oooooooooooooooon
00,000000000000D0D0000D00O0 AsirJO0O0DDOOOODODOO
Oo.0dooodo go8uuonoouoooooodyp.109000.



o3gd O 12

io00ooOononO 32bit OO
11000000oan

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

oo,00 200000000000000DO00DO0O00OO0OO0ODOODOOO.
13 MATHCAP OO OOODO

Open XM ODOODO,00C0000CC0OOC00O00O00O00OCOCOCUUOODOOOOOO.

14 first order formula

quantifier elimination D 0000 O0OO0O0OO0O0OO.

15 matrix over GF(p)

gboboboobon.

16 byte array

000D bytedd OO
-1voIboOooooQd

gbobOo-1oooobooboobobooboobobooooobooboon.

3.2 000

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

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

[0] 1.2;

1.2

[1] 1.2e-1000;

0

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

1

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

goboooooboboooooob,booobbboooobboo,ooobooon
goooood.
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goog
o9ouopouooobooboobodbp14000 0.

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

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

1

[1] eval(2°(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317. . .
eval() O, ODOOOODODODDODDODODOOOOOOOOOOOOOOAO.
setprec() DO DOOOOODODO, DODOUOOODODODOOOOOOO, PARI
000000000000 0000000000D000000. ({(undefined)
O eval devalO p.(undefined) 0 0 0O, 6.1.14 O O parild p.39.)

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

gboobobobob

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

gooooooooo
gbboobooboobod.boobog,bobibd simp_f£ 00000
gbobooooo.

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

roOoobOobOOobOobOoboboboboboobo.

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

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

e OO
ooooooboob rO0O00ODO0O0O0ODOD0, simp_f£ 00000
oogd.

8 ot prnd0ooono

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

9 00 prn000000 (000)

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

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

3.3 Jonoog

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

0 gooond
gobooboobobdoa.gbboooboobooooooboon.

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

1 good

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

[1] U=uc(O;

_0

[2] vtype(U);

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

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

goo
0000000, fname(args) DO0O0O0O0ODOODOO, fname 0000000

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

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

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

4.1 00 (COOD0O0O0)

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

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

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

gobobooboobooooboboooboboooboboooboboooboboo. obboo
gbobodgboooood.

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

2. extern 000000 DOODOODODOODODODODO.

% cat afo

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

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(6] A =1;

1

[6] afo();

0

[7] bfo();

1

e DD OODOODDOODLO,0DbO,0DO0DLOODODO.
o00O0,00000C0000DO00000O00DOODO0OO0bL. Asik0DO0O0ODO
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goooo,bbooobobbooobbboooobboooobboooobbOoo
gooboooboog,bog,bo0boboooboobooobooboooobon.

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

e 0DDDOD, for (A;B;¢) 000, while(A) 0 A, B,CO0D0D0DDOOODOD.
000,000000000000000000000000.
000000000,000000000000000
e 0000O0DOODOD,000 COODO00OOOODOOOO.
e DDDDODODOD.

0000ooO00obOOo0oO00oooOOo0ooOOo,bo000booogoooo,coboooooo
gooooboooobooobo,gobooooog.

e JIOOUOUDOUOULDOUDLDOU. Emacs-Lisp0000O0OO0OOOO. ODOOO,4.21
obobobobobp170n DODO.

e JOUODUODOUDUDODUDODOD.
gbobobo,42120000000000p.24000.

Asir0000000ODODOO0ODOOODODOOODOOOOn.
cooood:
break, continue, do, else, extern, for, if, return, static, struct, while
cooooooag:
def, endmodule, function, global, local, localf, module
0oo:

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

4.2 JO00OO0O0O0OOoOoOoao

4.2.1 JO00O0ODOOO

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

afo() redefined.

gbbobooboooboobo.oboobooboob,0oboobuoobobobobobo
go,b0b0o0ooboobobooob.0boooobobooooboboboooboobob
goo.

/% X! %/

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

/% C; (0 < i < N, 0 < j < i)

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-11+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 1100000
Oo,000b00o0obooob ,c,0bob0ooooooog.
000000, 00b00bD0b00bU0b0b0bb00b0U0DU0DbDU Emacs-Lisp0O0dnog

0ooboboooboobodboob0bob0obooobdbOnelpadd) DOODODODODO
goooooo

HEN 6.14.4 O 0 helpl p.84.

ooobo,cogbboooooobbooouoooooooD,Asic00D0OO0O0OO0ODOOOO
gobobobo.

4.2.2 00O0OOO0O0O0O

oooboboo,Asr 0000 boboboboboboboboboboD.

RN goobobo,gbobobo,go,oooobooog

0000000000000 o00,Asr 000000000 O0O0OOO0DOODOO
000000,0000000000,000000000. 0000000000
00000000, 0000do0ooo0DooooooDo. oooo,000oon
Jddddoopoooooood.oddd0 oodooooooo.

[0] X~2+X+1;

1

[1] X=2;

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

oo goooooo,b0bobgobo,0b,boobgoob,0opnoobOon
gbooooboboobo,booboobob.oobob,0boooobooon
oOooOoO0o0oDoOooob. Ask 00000, 00000000DOOCOODOOODO
gbo,uogbbooboaobooood.

[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;
}
o0o0,100NO0O00000000000D0 suem() OOO0OO0O0O. 0000000 sum(N)
O Nfgooooo. oooo,1o0ogobogooo,gogooooobooooooa, o
jojoodddodOo ¢«y0o00dd0oooooooooODL0. 000000 ooo. oooa, o
0Jo0oo0dooOOo,0d00b0b0ddoood0,oo0oo0ooooooooo. oo,
ogooo0.odoo,0o0o0b, 000 ooobobouoo. o000, 0oooooon
N I A e A A
goooooooboo,jgooooogooouoooon.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0;
}
ooood, 0000000 ooooooobobooooooooooo. oo, o0oon
JoodoodbOdoo,00bdoodo0odbooDooo0obOOoDOo0ooooOooD.oooa,
0o0oo0ooooo, 00000 oogooooboog. oo o0oooooon

goooao.

424 0000

coOono v/« 0 «/00000o0o0o0o0o0000ooooon.
/*

* This is a comment.

*/
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def afo(X) {

00o000000d0o0ooooooooo, 0Do0o0ooooooooa. /< 0o0oooo
00000o0ooooooooon, o0ooon «/ o00d0o0ooooooooooao.
ogoooooono,dboooboooonooooonooooonooooonoon, #if o,
#endifDDDDDD.(4.2.11DDDDDDDDDDp.QBDDD.)

#if 0

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOODOOO,

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

O

}
gooooooboo. gooobo,ogobooonoooooobo,oo0obogooon
oo, dogoodoboodotdouoboooouon. oo oouoo,oboan
0.o0o00,

S = sum(N);
gooo,oooood (‘;’DDD ‘$’)DDD|:||:|D|:|D|:|. Oo0O0O00dddd return
O,break 000000000 DODOOOO. if00 for 000 (A100O0OO0OOOODO
p.162)DDDDDDDDD,DDDDDDD,DDDDDDDDDDDDDDDDD.DDD,
doooOoooooboodooobooooooO. bobooooo,Yo YyYoooooooo
g, 0o0douoooouooood. oobooooon.

if (I ==0){

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

}

‘yoooooooooooooo. oooo,Yoooyooooobooooono,ifdo
gooboboboboboo.

4.2.6 return [J

return 00O,

return [ ;

return;

g20000000.00000000000O00DODOOO.DOODOOODO0ObD OO0
go.0oobo,o0booooboobooobbooobooon.
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4.2.7 if [

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

else
O

O0200000.00000000000000,00000 if000000000O00O0OO
O.0000000000.
if (0O )
if (0O ) O
else
O
0000, 000000,elsed 0,000 if0000D0O00OOOODO,0000,00
00 2000 if0000000000. O0o0oOo,2000 ifd0oooooo,o0on
O000000,0000000000,elsed00,0000 if000O0O000OOO0OOONO
oooooooo.ooo,oooo,
if (0O ) {
if (O ) 0O else O
}
dooooooo.ooooooooooooag,
if (0 ) {
if (0O ) O
} else
O
oooooooooao.

oooogbod,toplevel I if DOOOOOODO $000 ;0000000000O. OO
gobooobooooboobooon.

4.2.8 OO, break, return, continue

UbobobobOob,whiled, for0,do 00 300000.

e while O
ooo,

while ( O ) O
g,0bo,0 boobo,0bbo oo0obboo b oobboobOoobbOoo. o
goboobol1gob,0b0bo0obooooog.

e for [
oog,
for (O0O0O-1; O; O000O0-2) O
O,000
O00-1 (0O00O0O0Ooooooog)
while ( O ) {
O
O00-2 (DOOOOOOOO0O)
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T
oooooo.
e do [

do {
0
} while ( O )

u,00 0boobuoobboobuooboobbod whileddOOooooog.

0000000000000, preak 000 return 0000. OO, 0000000000
O00O000000 continue OO OO.

e break
break 00, 0000000000 OOOOO0O.

e return
return 00, 000000000000 00O00O0,0000000000000A0.

e continue
continue U0, 0 0000O000O0OODOOOOOOO. 00O for00d,00n0non
0o000ddodo,whileOOODODODOOOOOOO.

4.29 00000

gobog,obbooobboobboooboboobbooobooo. bboon
gboboobooobo.oobo,struct U00000000. OO00O000O0O00OO0O, asir J
gbogboboobobooboboobuoboob.oboob,0bdbdl struct_
type UODODOODOOO. OO00O0D00DO0,000000 newstruet OO OO0OOODO. O
goobooboo,b0db »00o0bo0oboo.boobboooboboo,>0000oo
goooood.

[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;

gd 6.7.1 O 0 newstructU p.65, 6.7.3 0 U struct_typel p.67

4.2.10 JO00OO04Od

goboooboooooboo,boooooooboon.

e 0O0DOO,O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (D0O0OOUOO)0OD0O0OODOOOODOOOOOOO
goo.

x+1 A"2«B*afo X/3
gbooboooooon
gooo,g0,booboboobbodbboobboobboobbo0o.ogobo

oo obooobooobooob. opboobobooboobg,ob0,00000,0
gobooobooooboobooooooon.

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[]
Jo0oddoD «<000.0000,00000000000D0O0ODODO00O00OO0ODOO
ooo. (c+=77 c_=7’ 4*=7’ L/=77(~=7)
A=2 Ax=3 (000 A=A«3000; O00O000O0OOOOO0)
e JOODOOO
O00000o0ooooooon.
.4++7’(__7

gobog,bboobooboo,obboooooboobog,bbon.

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

4.2.11 000000

Asir 0000000 COOODOODOOODOOO. CcOOobOooOo,0b00Oo0O cppd
0000DbO00,00000b000b0o0obOoobo,Asr0D00O000OOO0ODODOOODO
oododo cppooobbbobbbbbbobod. oo bouooo
#include, #define, #if J OO OO DO.

e #include
UNIX 00 00000000000, Asir 000000000 0ODO (DO0ODO
ASIRLIBDIR 0000000000 0O0O) O #include D00 OODODOODOOOO
goboooobooouobooo. UNIX OOUODO ecppUbboobbooobrboag,
#include 0000000000000 OOOOOOOOOOOOOO.

o #define
oooO,coObo0boooobooooooobooooao.

o #if
/¥, */ 0000000000000 00000,00000000000000000
000000, #if 0, #endif 0O DO OOOOODO.

OO000,defs.’ 0000O0OOOCOODO.
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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))

coooooooOobOooOooDO0oOoDbOO,0000000D $0O000OO0DbODOO. OO0
U0 LisTU0oUoooooog LSt oo, $0opogogoogotLIstT$ oD
goooood.

O WONEF,HONO

=

0

"U%HOCUIP?UD

4.2.12 0000000

gobooboobD NOOOboobooboo,oboobo,NOOUODobobobooooo
go.

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

evalf : argument mismatch in factor()
return to toplevel

goboooobbogoobboooobboo, 000, obbboooobbooon
gbo,00booooboobooobooboobooaoo.
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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) ;
T
[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,00000000000000O0 x"5-1000
O Imod=11 0000O00O0O. OD0O0,000000,med 000 keyword DDOOO 11 00
000000000000 00000. o000 0o00o0o0o0oooOoOoooo0. oooao
getopt(mod) 0O OO0 ODOODOO. 100000000000 med000OD0OOOODOO
Ooooonooog, getopt(mod) DUDOD -100000000O0ODO. ODODODO,00
doooobooo fobooobooo. cryooooo,oobooooooa, <,y o0
pgodooooooooon.

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

Ooo, O0o0ooo keyl=valuel,key2=value2,... O 0O OO ¢’ 00O
OO0o0DoooODoo0O, ODO0OODOODO option_list OO0 O0O0OO0OODOO
[["keyl",valuell, ["key2",value2],...] UO0ODO0OOODOODOODODO.

[101] dp_gr_main([x~2+y~2-1,x*y-1]|option_list=[["v", [x,y]], ["order", [[x,5,y,11111)

O0,00000 getopt) DODODODOODODOODOOO,DO0D0ODODODODO,
ooooo0oooooooooooooooooon.

% 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 DO00O00

000000000000000,0000000000000000000 (module)
oboo.oooboooooobooogogogoooogoooog.

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;

T
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print(stack.pop());
print (stack.pop());
}
000000 module 0OOOOO O endmodule U0. DOO0OOOOODOOODOO
O0. 00000000 0ouuoouuon staticOO0ooo. dodoooooooon
gbdboootooboooooudouo. oo obooUg extern oo,

U00Db000000000D00 lecalf DODOOODOODOOODDO. DOODOD
push O pop OO ODODOO0O. DOODODOODOO.

00000 moduleName DO OO O OO0 functionName DO D OO0 OOOOOOONO
0 moduleName.functionName(OOO 1, 00 2, ... ) 000000O00. 000000000
O0,00000000.00000,00000000000000 stackOOOOQOOQOOO
push, pop O ODOODO.
stack.push(2);
print( stack.pop() );
2
00000000000 000O0O0000. 00000000 00000b0000oO0o0an
0000000000 000o0ooooaoon.

Jooooooooooooooooooooooooo. boooooobooooon
oodobobb, 00 module_definedp U UOODOODOOOOO. DOOOOOOOOO
goboooooooooo.

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

asir 000000000 OOOOOO. 00000000 stackOOOOOOOOOO

O0,lccal A; DD OOOOODOOOODOOOO. OODOOO local DOOOO, 0000
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goooboo.goboooboobooob,0bobboboboobooboobooboobo
g.0bgobooboobdooboooobbobooboo,0oobooboobonbobo
goooooog.

gbooboobgoobooboboooobbobooboobooboobobbon
g,000bobooboobobooboobobooboobbooboonoobon.

/* 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;

gbboboboooobobobobooboobooboooooboobog,boobooboon = 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 Omodule_listU p.79, 6.12.2 U U module_definedpl p.79, 6.12.3 O
[ remove_modulel] p.80.
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5 o

5.1 oo

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

[10] debug;
(debug)

goo,0bogo,b0o0oooooooooooooon.
e IDODOODODOODLOODOOODO

e JOUODOO @wDhUODODOD

e DD OODLOOODDOO

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

e crror() DO DOOODOOODO

5.2 JOOUOggdg

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

step gobooobooo.obooboobooobooo,booooon.
next goobooooboog.

finish ggoooooooobooobobobooboboooooooooboooooooa. ooo
stepUOOOOOOOOO0OOO.

cont
quit oobooooooooo,o0o0ooooa.

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

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

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

list [startline]

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

func function
00000 function OO O0O0O.

stop at sourceline [if cond]

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

trace expr at sourceline [if cond]

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

deleten UO0O0O0O0OD0O0OO0 nOO0OOOO.
status gbobooboobooooooooo.
where gbobobobobobobobobo.

alias alias command
command O alias 00 O000OO0O.

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

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

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

goboooobboooobbobuooobobooobobO,print D000O0O0ODOO0O
gbooodboobooo,obobooboboooobobobooboboboooono
gobodoboobboobooobobooog.

53 UUogooon

goobo,boboooooooooboboboboboooo,oooboobobobob
oo.

% asir

[0] load("fac")$

[3] debug$

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

2 if ( 'X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 }

7  end$

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

(debug) quit <-- O0000000000od

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

5 return X * factorial(X - 1);

(debug) where <-- 0JO00000O0ooooooggoon
oon

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

(debug) print X <—- X 00oood

X=6

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

2 if ( 1X)

(debug) where

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

X =25

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

720 <-- Qg = 6!

[5] quit;
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54 JUOUOOODODOOOOOOOO

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

% cat ~/.dbxinit

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

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

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

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

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

(debug) c
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6 oo

6.1 DOUOU

6.1.1 idiv, irem

idiv(il,i2)
s ggooooog.

irem(il,i2)
2 00000000a.

return gd

il i2 RN

i10 i200000000000,00D000¢0.

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

e OO DOO sdiv,srem JOOO.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

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 iOODODOODO.

e iJOOOODOCODO.

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

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

igedentl ([i])
00 GChbOoOOoOooooon

return oo

il i2i ad

e iged O i1 0 20 GCDODOODO.

e J0ODDODOOOUOOO,0TOODDOODODODDOOOOOOO.

e JOODODOO, ged,gedz O ODOO.

e 00 GCDOODODODOODOODD, igedentl OODOOODO.

0 Euclid 00O (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

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

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

[4] E=AxB$

[5] cputime(1)$

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

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

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

ilem(il,i2)
s ggooooooo.

return o
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il i2 RN
e I il,i20000000D0O0ODO.
e D ODOOODODO.

oo 6.1.3 00 iged igcdentlU p.34, 6.1.10 U O mt_save mt_loadl p.36.
6.1.5 isqrt

isqrt(n) = O00O0O0OO0OOOOOOOOOOOOO.
return oooao
n o0oogo

6.1.6 inv

inv(,m) :mQO0000 000
return ud

im oo

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 RN

index o

e prime(), lprime() DOODOOO0ODOOOODOOO0ODOOODOOODO. indexO 00O
O0DoO0oO0,0000000D000D000D00. prime() O 16381 00000000
Ooo0 19000, 1prime () O, 100 SOUODOOOODOOOOODOO999000. 00
goboobooobooboobooobO.

e JOUIDUDOUDUDUDUDLDOUD, pari(nextprime,number) OO 0O .

[95] prime(0);

2

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

[98] 1lprime(999);
0

g 6.1.14 0 0 paril p.39.
6.1.8 random

random ( [seed])
s gogooog.

seed

return goao

e 10 2°32-10000O000O0OOOOO.

e 000IODDOOODOO,0D000O seed000OD0DOODO0ODO,0DOO00D0O00O.

e default 0 seed 00000, 000000000,0000000000000000O
goog.

e U00-000D00ODODO Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
0 A A

e JOO 2719937-1 0 00O0OODO.

e mt_save 00O state OO OO0 save UOO. OO0 mt_load OO O OOOOOO
0,00 Asir 0000000000 D0DOOO0DOOODOOOODOOO.

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 goooooogono.
bit
return goao

e O bit DOODOOODOOOODOO.
e random OO O0O0ODOOODOCOO,000 bitOODOODOOOO.

gd 6.1.8 0 O random0 p.36, 6.1.10 U 0 mt _save mt_loadll p.36.
6.1.10 mt_save, mt_load
mt_save (fname)

s gobooobbooboooboobobobooboo.

mt_load (fname)
s 00000000000 bL0000OoLObOogOoooog.

return oQoO 1
fname oood
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e I0I0DDOOODD,DD0O0D0DOO0DDODODOO,DO00DDO0O0O0OO,O000 Asir

goboobooooboobooooog.

[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 1lrandom[] p.36.
6.1.11 nm, dn
nm (rat) csrat000O.
dn(rat) srat 000,
return gooooooo
rat oogoooooon

e JOUODOUODOODODLODODLODODODODO.
e JOODODO,0D0DO0DO0DO,00D0O000O0O.

e LIUUODODOO, 00O, b000O0DOO0ODLOO. OO0DbOOObOD,bO0000O0

O0000000.red) 000O000O0OOOOOOO.
[2] [mnm(-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 compO0QOQO0O0d.

imag(comp)
comp U ogn.
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conj (comp)

s comp OO ogogn.

return comp

ooo
000000,00,00,000000
0000,0000000000

[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

obj DU UODUODOODODOODODOODODO.
deval DU UOO0O0OO0O00O0O0O00OO0 eval OO0, 0000000000.

eval 00000, 000 PARI (6.1.1400parilp.39) O0OO. deval DODOODO, O
o0 cobooooooooooboooon.

deval DO OOOODODOO.

eval 0O OO0, prec 0000000, 000,100 prec0000000O0O0. prec O
O0000000,0000000000000000. (6.1.1500setprecOp.40000 )

goobooo, gooao.
sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a”b)
ooooooobbobbood. b ei 000000 eval,deval HOOODO.

i 0DooO
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.82, 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 funeOOOODO.

return func O0O0O0ODO.

func
arg

prec
[ ]

PARIOOOO
func 000

RN
PARIOODOOOOOO.

PARI [Batut et al.] 0 Bordeaux DO O U000 0OO0OOOODODODODOOOOOODO
OO00.PARIOOOOOOOOODOOODOOO,000DOO0O0ODOOOODO
00 (bignum, bigfloat) 0000, 00000000 biglloat D0O0OOOOOOOOO
O0000DOOoOoO00OopDooOoO. PARIOOODOODOOOODOODOOOODODOOO
goooooooooog,on,ge 000 PARICOOOO0O0O0OOOOO0O0O0O0O
UNIXOOOOOOOOOOoOoooooooooooo.oooooooooO 2.0.17beta
000000 ftp site (0000 ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00 anonymous ftp 00O O .

O0000 prec0000D00OO0OOOO. precO00D0O0OODOO setprec() UOOODO
goooao.

O0D0O0ODO0O0OD PARIOOOOOOOOCOOD. ODOOD1000 Asir000O0
oO0oOoO00oOo0o0DoObOO.00oooO00DOOo0DOoO PARIODOOODOOODO
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, 1ispsp, isqrt, issqfree, issquare, jacobi, jell, ker,
keri, kerint, kerintgl, kerint2, kerr, length, lexsort, 1lift, lindep, 111,
111gl1, 11llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, 1lllgramkerim,

lllgramkerimgen, 111int, 111kerim, 111kerimgen, 111lrat, Ingamma, 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 10 000OODOO PARIOODOOODOODDOODODO,00O0OOO0OODOOODOO
gooooggpoooggoo.
/* 0000000 0Oooog. =/
[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 setprecU p.40.
6.1.15 setprec

setprec([n])
wbiglleat 0000 nOO0O0ODODO.

return 0

n 0

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

e bigfloat D000 PARI (6.1.1400parilp.39) D00 O0OOOO.
e bigfloat 1000000 OO0OO. bigloat 0 flagl on OO0 O0O0O, ctrl OOO.

e OO0 DODOODOODL,0DODDLOODLOO0ODODODODLOODL.O0DbODO
gooboooobooooog.

[1] setprec();

9

[2] setprec(100);
9

[3] setprec(100);
96

oo 6.14.1 00 ctrl0p.82, (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 0oogao

e JUDD GF(p)UUODODO.OODOODODO.



oed OO0OOOOO 40

e OOODOOODOODL,0DbOODOODOODOODODODOODLOO,DODDO
0000000 p0O0O0 GF(p) DOODDOODOOOOO.

o IUDODOODLOOUODDOODO O 10LDLOODLOODLDDOOOP.15000.

[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.126, 3.20 000 0 0 p.12.
6.1.17 ntoint32, int32ton

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

return oooD 3a2pitb0b00oboboon
n 27320000000

int32 ooooD 32bit 00O

e JUDD (DUU 1)OOOUOUO 32bit 00 (DODO 10)0000,0000000000
go.

e 32bit DUD OpenXM OUODOUOODOOOODO,000000OD00OD0ODODODLOOODO
goog.

g o70000000p91,32000000p.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 bitOOODODOOODO.
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e DD OODOO,DOO0DOODO.

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

0x1

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

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

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

00 6.2.2 0 0 ishift0 p.42.
6.2.2 ishift

ishift (i, count)
:: bit shift

return o

i count ud
e 00 i0ODOODO bitODODOO 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 UUO,000uon

6.3.1 var

var(rat) = ratO0QO000.
return goo

rat goao
e 10D0DOOODOO,3100Asir0000D0DOO0Op.10000.
e JIO0OODOOOOOOOOOOOOOOOODO.

41

X7Y7Z7u7v7w7p7q7r7s7t7a?b7C?d7e?f7g7h7i’j7k717m7n707DDDDDDDD

go.
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[0] var(x~2+y~2+a”2);

X

[1] var(axb*cxd*e) ;

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 JO0IDODOODODOODODODODODO.
e JOUDUODOODUODUODUODOD.
[0] vars(x~2+y~2+a”2);
[x,y,a]
[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 ord0 p.45.
6.3.3 uc
uc() s 0o00oo0oooooooooooan.

return vtype 0 10000
e ucO) ODOUODODO, 0,1, 2. 00000000O00OO.

-ty =

e ucO) UOOOIDOOOOODO,ODO0DOOOODODODODOODOOOO. DOO, DO
gobooobooboobooboooboobooo,0oobobobobooboobobooboon
gobooboobooobooooog.

e DOODOOO (vtype I 0) 00 DOD0ODODO rtostr(), strtov() 0O ODO.

e uc(O) DODODODODODOOOOODODDODODODOD (vtype) I 1000. 33000000
O0Op.14000.)

[0] A=uc();

_0

[1] B=uc();

_1

[2] (ucO+uc())~2;
_272+42%_3%_2+_3"2
[3] (A+B)"2;
_07242%_1%_0+_1"2

ud 6.8.3 U O vtypel p.69, 6.10.1 O O rtostrU p.71, 6.10.2 0 O strtovl p.71.
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6.3.4 coef

coef (poly,deg[,var])
mpoly O var (D00OUO0OO)000O0O degDOOO.

return goo
poly aooo
var gdd
deg goo

e poly O var OO0 degOODOODODOODO.
e var 1, 00000000 var(poly) DOODODODODO.
e var HODODODODDOO,var OO0 0OOOOOODOODODOOOOO.

[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%2" 2%y+z" 3
[1] coef(A,1,y);

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

[2] coef(A,0);

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

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

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

mindeg(poly, var)
- poly 0,00 var 0000D0ODDO.

return goao
poly aooo
var goao

e JOUDODLOODOUOLD varOLDOOOOLODO,0DODODODO.
e U0 var DOODOODOODOOODODO.

[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)
cratQo0oO0O0OOon.

return goao
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rat goo
e JI0OOOOOOOOOO OOUOOUOOUOOOUOOOUOOOOO.
e J00ODOOO,000I0O0OO0OOOOOODODOO.

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 O vtypel p.69.
6.3.7 ord

ord ([varlist])
20000000

return gooooo

varlist gooooo

e OO ODOO,DO0ODOODOODLOODO,DDODDODDODDODDODLDO
oooboooo.0ooboooooboobd,ord) D0O0DOOOODODOOODODOO
go.

e JUDODODOOOODLDOOOODOO, 000D DOOO0ODbLDbDOOOODbDDO
gbooboooboooboobobobooboo. bob,ob0o0boooboooo
O,Asir) 00000, 0000,0000000000000D000DO0ODO. 0DO
gbooooboobooboooboooobooboboo,booboobboobon
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), (Lx)~(_y),log(_x), (_x)~(_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x),sinh(_x) ,tanh(_x),

(Lx"2+1)7°(-1/2) ,(_x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);
[dx,dy,dz,a,b,c,x,y,2z,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,
_zZ,_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)7°(-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 poly2000000000000DOOO0DOOODODOOOO.
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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 O poly2000000000000O0O0OODODOOO,00000A0.

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 vODOOOOOO v)0OOOOO0O0OO
O,poly20,000000.

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

oooogogg,ooooboooboboobbooooooo,oooboooDboDOon poly2
U000, polyl DOOODOODOOOO polyl UDOUODO poly2000000OO0O0OODO
ogoboodoboobo.oooboo,booboboobooooboobb,obobooobooo
gobodgboboooboo,gboobobuoobbooboobob. boo,boobooo
gbobobooboooooooo.

000000000, poly200000,00000000,0000, poly20 polyl O
ooooooooooooooooboboooo.
sqr(O DO00D0OO0O0DOOOOooOooDboboooo.
e 000IDODOO,000 idiv,iremO0000.
ooooooooooo »oooo.
[0] sdiv((x+y+z)~3,x"2+y+a);
X+3*y+3*z
[1] srem((x+y+z)~2,x"2+y+a);
(2%y+2%2z) *x+y~2+(2%z-1) xy+z"2-a
[2] X=(x+y+z)*(x-y-2)~2;
X734+ (—y-2) *x "2+ (—y " 2-2%z*y-2"2) kx+y " 3+3*z*xy " 2+3%z" 2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);
X3+ (y+2) *x "2+ (-y " 2-2%zxy-2z"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,®);
[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,0ooboboooobooo

polyl poly?2
ooo

e poly2 0 polyl DDUODODOUODODOODODOODODO.

e OO DODODODODODODODDDOOOODLOODODOD, D0O0O0O0ODO0OOOOOOoon,
tdiv() OO00000D0OC0O00O00DOOCO0OOO.

[11] Y=(x+y+z) "b*(x-y-z)~3;
X"8+(2xy+2%2) xx " T+ (—2%y " 2-4*z*y-2%z"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%x2 " 5xy+2%2"6) *x "2
+(~2%y " 7-14%z%y~6-42%z"~ 2%y " 5-T0%z" 3%y ~4-T70%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] I;
5

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

6.3.10 %

poly Y m = QO0QO0QOQoQonog
return ooooooood
poly oooooooooooo

m o0
poly DO0O0O0O mUOODDODOOOOODODOOOOODDOO.
O0o0oooooooooooo.

poly OOOOOOO. OO0O0O,00000000O0OOOOOOOO0O irem() OOO
gooooooooo.
poly OO0, mO000D000O0OODODOO,O0000000000O0O.
[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
(21 (-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] *)
crat 0 varn 0 ratn 000 (n=1,2,... 00000000 0OO0O0O).
return oo
rat ratn oo

varn goo
e J0ODODOOOOUOUOO,0TOODDOODD,000000OOOOOOOODOO.

e subst(rat,varl,ratl,var2,rat2,...) O, subst(subst(rat,varl,ratl),var2rat2,..) 00O
goooag.

o DD OODOODDOODLOODDO,DOO0DDO0ODOOODDOObOOODD.

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

e AsirJ0,000000DOCO0ODOOOOO0OOD,0DOO0ODDO,OD00D0000ODO
gboobooooboboaob.oobooboboobg,bobobooboobooobo
go,00b00b0g,00o0booooooooboooooooooooooooooo.

e DD OODOODDOODDO.

e subst 0 rat DO OO, 00,00, 0000000000000000000, 00
Uo0o0ooooonoooooooood 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)
crat0 varn OO0 OO0 varlist OO0 O00OO0OOOOOO.

return O
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rat DDD(DDDDDDDDDDD)
varn goo
varlist goooooo

e NO0IDODOUOODOO varnODODOO varlist OOODOOOOOOODO.

e 000D0DO0D,00000000. 000, diff(ratx,y) O, diff(diff(ratx),y) O
goooao.
[0] diff((x+2*y)~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 O0O0ODOOOO.

return goo

poly ooad
varn goao
varlist ooooooo

e 000DDODDOD, O0DO00DO0ODODO0DO. 00O, 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);
Axy*xx

6.3.14 res

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

return oon
var goo
polyl poly?2
oono
mod o

e JOODOONO polyl O poly20,00 var 0OODOODODOODO.
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e DD OODOODDOODO.
e 00 mod 0000, GF(mod) DOOODOOOO.

[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 UOOOODOOODOO.

sqfr(poly)
s poly OOODOODOODO.

return goao

poly gbobobobo

e JOOUDOUODLOOO poly UODUODOOOD. fctrO OUODOUODUOO, sqfr() UDOODODO
goo.

e 00D [[0OO,1,[00,000],.]00000.
e 0000 D0O0O0DOO0-000 000 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;

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

[3] fctr(A);

[[1,1], [at+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*kx+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 ufctrhint0 p.50.
6.3.16 ufctrhint
ufctrhint (poly, hint)
= 00000000 10000000000
return gdd

poly goboob 100000
hint goo
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e 100DDOODDOO Aint OOODDOODDOODOOODOOODDO polyOOOOODOO
O fctrQ DOODOODODOO. poly U,d00O0O0O0OOODOOOOOODOOOOOO (D
ouobooOoOoOOoOoooOooOon D11140) oo, oo oog 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 0 fctr sqfrd p.50.

6.3.17 modfctr

modfctr (poly, mod)
0000000000000 0

return goao
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poly goboobood

mod oon

e 2720000000 mod OODOODDOODOOODDO poly OODDOOODOOODO.

e 00O [D0D,1,[00,000),.]00000.

e D0 O OO0 DOODDLO OOO polyOOOO.
0000000000000000000 fetr_f£f0000. (0D 1000000000
0000p.150,10.5.16 O O fetr ff0 p.159 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]]

NN 6.3.15 0 U fctr sqfrl p.50.
6.3.18 ptozp

ptozp (poly)
s poly OO0OOODOOODOODOOODODOO.

return oood

poly aooo

e JOUDOODDOO polyUODODOUOODDUODOD,00DbODODODOO GCDO 100
oooooo.

e J0IDDODDO,00DO0O0ODOODOODOO,0DDOODOOODOOOO,O0O0O0
oo0ooooooooooooog.

e J0IDOODOOD redO ODOODOODODOODODOOD,DO0DODODODODOD

ooooo,0000000000omO OO0,00000000,000000000
gobobobob,bobobobobobobobobon.

e D0UUDN factor UODDOODUDDOOUUOOOUUD [ge]000. 000 cOOOO
000,g00000000000000OOO0O, poly=c*gO00.

[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
oOooooooo

v ooo

e poly 0000 (OO vODODOOOOO vyOOOOODOOODO,000000.
[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-2z
[3] prim(E,z);
(y-z) *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 JIUJDOOUDDODUDDO (GCD)OODO.

gcd() JOOOODOOOOOODODO GCDOOO.OODOO,DO000O000DO,0D0
oob GChbO 1goooooooo,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 0O DOO0O0O00. OOOOO GCD O PRS
ooooboooooobooooo,ooooboo,GCbUu 1oboooooboooooDoo.

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

[1] gcdz(12%(x™2+2%x+1)"2,18% (x"2+(y+1) *x+y) "3) ;
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] ged((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 U0 DOOO0O0ODOOOODOOOOO.ODO,bO00DOOODLDOOOOD,OD
gobooboooboobooob.00obbo0obo0obib0 reddDO.

e EZGCD ODODO rat OO0, 0000000.

e JO0D00OOOOODODOOUIDODODO,DOO0O0GCDDO 100000O0DODOO. O
gbobobobobooboboboboboo.

e GCDOOODODOOOUOO,0000C0DOOOUOODOOOOOODOOOOODD.
go,bo,go0booobuoobboobbooboboab,buoobbooaooboo

O00.00000000000,0000000,0000000000.
[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((3/4%x~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 _£f (pl,p2)
s 0o00oooooooo

usquare(pl)
usquare_£ff(pl)
»D0D00000000 200

utmul (pl1,p2,d)
utmul _£ff(pl,p2,d)
00000000000 (DOODooooo)

return goOooon
pl p2 oooooo

d goog
o DD OODOOODLO,00b0O0ODLOOODbOOODOOOODOObOOODnDD.
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umul (), usquare(), utmul () DO ODOO0O0O0O0OOO,00000000000O00O
0O0.000000 GF(p) DDOOODOO,000 000 pO0OD00OOODOOODOO.

umul _ff (), usquare_ff(), utnul _£ff() 0, 00000000000O0O0O,00000
00d0O00O0dDOO00OO0. 000, 0000000 oOoo0O,0oDooooOooOoooon
000000, 000000 b0oo0o0bDoo0odoooooooooDooDoooDgon
0000 simp_ffO 000000000 ODOODODODOO.

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

umul ), umul_££() OO0 00O pl, p2 00, usquare(), usquare_f£() 0000 pl O
20,utmul O, uwtmul _ffO) 0000 pl,p2000,d00O0OOOOOO0O.

e UUDDO, set_upkara() (utmul, utmul_ff 00000 set_uptkara()) 000000
000000000000 00000000, set_upfftO ODOOOOODOODOODO
0000 Karatsuba O, 000000 FFTOOOOOODDODDODDODODOOOO. ODOO
0,000000 FFTOOOO0,00000 10000000 miOO00O, pl, p2 0
000 miOOOOO0OOOOOOOOO, FFTOOOO,000000000000
ogo. oo, 0jgo0obooooooo, o000 oooooooooon
O000,0000 ShoupOOODOOOO [Shouwpl] ODODOODODOODODO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

[178] setmod_ff(2°160-47);
1461501637330902918203684832716283019655932542929
0Osec(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_£f£f(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

RN 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)
2 000000000o 200
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ktmul (pl,p2,d)
»0o00oooooooo (DDDDDDDD)

return gooooo
pl p2 goOooon
d gooao

e NO0IDOOOODOO Karatsuba 0O OO.
e JOUDUODwml OO0O0O0O,0000000000 FFTODODODODODODO.
e GF2'n)0DOUDUDUDDOODDOOOODODOODO.

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

1

[34] setmod_ff(defpoly_mod2(160));
x7160+x"5+x"3+x72+1

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

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

[37] umul(A,B)$

umul : invalid argument

return to toplevel

[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara( [threshold] )

set_uptkara( [threshold])

set_upfft ([threshold])
21 0000000000000 N2, Karatsuba, FFTOOOOOOOOODO
ooOo

return gobooood

threshold 0000
e J00D,00000000D00D0O0DODO,00D00O0O0D0ODOODODOODOO.

e JOOUDOODOODL,D0 NODODODODLDOOLOO N200OODUOD,DO0D00O0OO
Karatsuba OO0 0000, 0000000 rPEFTOOOOOOOOOOOD.DOOODO
goboogoobood.

e DO, 000DO0ODOODDOODOO.

HN 6.4.2 00 kmul ksquare ktmull p.55, 6.4.1 00 umul umul_£ff usquare
usquare_£ff utmul utmul_££f0 p.54.

6.4.4 utrunc, udecomp, ureverse

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

return uboobooobooobooboobooobooboon
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b
d

gooooo
gooo

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

e p000D0 e0D,i0000D0 plij]0000, ureverse() O ple]+ple-1l]x+... OO 0.

HEN

6.4.

[132] utrunc((x+1)~10,5);
252*xx75+210*xx74+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%xx"2+120*x+210]

[134] ureverse(3*x~3+x"2+2%x) ;
2%x"2+x+3

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

5 uinv_as_power_series, ureverse_inv_as_power_series

uinv_as_power_series(p,d)
ureverse_inv_as_power_series(p,d)

s 0gooooboob,o0oa

return goOooon

b
d

o

gooooo

gooog

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

ureverse_inv_as_power_series(p,d) O p OOOBDO e QOOGOGOAO,
pl=ureverse(p,e) 0000 uinv_as_power_series(pl,d) 00 000.

rembymul_precomp() D0 OOOO0O0O0OOO, ureverse_inv_as_power_series() [
ooooooooooooooon.

[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%x"2-b*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 ureversel] 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 00000ooooo, GCh

return gooooo

plp2inv OOO0O0OO

e J00ODOO pl, p2000, udiv 00, urem, urembymul OO0, uged O GCD OO
U.0b000,boobooboobbooboobbobbool. urembymul O, p2
ogoooooog,p20000ooooooooo,od 20000000000,
gdodboooooooooon.

e urembymul _precomp O, 00000000000 OCOOOOOOODOOOODOOOODO
O000.0 3000,00000 ureverse_inv_as_power_series() 0D00OODO0O
ooo.

[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 JOooong

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

car(list) = 0000 LstOOODOO.
cdr(list) = 0000 LstOOO0OOOOOOOOOOOO.

cons (obj, list)
s list 0000 objO0OODOOOODOO.
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append (list1, list2)

< listl O list200000 10000000.

reverse (list)

s list000000000.

length (list| vect)

s list 000,000 vect OO0,

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

list list1 list2
ooo

obj aad

000D [objlebj2,..1 OODOUOO. obj1 DODOODOODOO.

car(O 00,0000 st JODOOOOOOD. DO0OO0DOOOODOOODO,0000
ooooboo.

cdr(O) U,0000 Ist DOODOOD0OOODUODOODODOOOO. DODODOODO
gobodbo,ooboooobgoon.

cons() U, list 0000 objUDODODOODODODODO.

append() O, list] D000 Lst2000000000000000O0 [lst1 00000
O,ist2000000])00000.

reverse() U, list 0000 O00O0O0O0OO0DOOOO.
length() O, Ilist 000 veet 0O 0O0O0O0OO. OO0OOODOOO,size() 00O0OO.
gboboobooobog,boobboobooaboo.

0000 n0O0000000000,cdrO 0 nO000000 car() OOOOO0OO
ooooooooo,b0oo0boOo,b000b0,0b0o00obo0oo0oD,0b0b000n [n]
gboboboboboboboboboobob.goo,b0oboboboOo,000o0
oobd nDO00OD0OO,0000DO0DOOO0ODO0ODDOOO0.

cdr() DO0OO0O0000000O0DO,append) 0, 00000 10000000000
U0 consO U0OO0O0OODODOO,0D10000D0ODODO0ODOODODODODOO
D0O0DbO0ObO0ODbO. reverse() DOOODOOOODOO.

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

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]1]

[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

newvect (lenl[, list])
00 len0000O00O0O0OOO0O.

return gooOoao
len ooo

list goo

e U0 lenDO0D0O0OOOODO. D 20000000,00000000DO0ODO. DO
20000000, 00000000DO00O0O0DO,0D0O00DbLO0DbOOOODbDO0OD.
gooa,b0booboooboo,oboboob oboobobon.

O00O0oooo,0000000 Ilen-100000. (0 100000000CODOOO.
)

goboogoboo,oobboobboobboobboobboobbooobooboa,
000000000000 00000000O0 displacement (00)000000000O
gobooboooo,bgob,o0bboooboobboobbooobo.ooboo
go,00booo,booobooboobooboobooobooboo,booobooag,
goboooboooooboobooon.

Asir O0,00000,00000000000.0D000DOO000DO0OODOOOD
oboobo,gbogbobobobobuobobon.

00000000 sizeOQ ODOOOOOOO.

0oooooooodoooboooooo, 00000, 0000 oogooon
goooooono.

[0] A=newvect(5);

[0o0O0O0OO0]

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

[2] A[O];

1

(3] A[4];

[5,6]

[4] size(A);

[5]

[6] def afo(V) { V[0] = x; }

[6] afo(A)$

[7] A;

[ x 234 [5,6] ]

0o 6.6.5 00 O newmatl p.62, 6.6.6 U 0 sizell p.63, 6.6.2 0 O 1tovU p.61, 6.6.3 O
U vtoll p.61.
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6.6.2 ltov

ltov(ist) :: 000000OOOOOOO.
return gooao

list ooo
e 00 st OO0OOOOODODDOOODOOO.
e 00000 newvect(length(list), list) OO ODO.

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

oo 6.6.1 0 U newvectl p.60, 6.6.3 0 U vtoll p.61.
6.6.3 vtol

vtol (vect)
s 0o0ooogooooooono.

return goao
vect gooao
e 00 nOOOOO vect O [vect[O],...,vect[n-111] OOOOOOOOOO.

e JOIDDOUOODOOODOONO newvect() ODOO.

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

[4] vtol(A);

[1,2,3]

RN 6.6.1 U O newvectU p.60, 6.6.2 0 O 1tovU p.61.
6.6.4 newbytearray

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

return byte array
len oon
listorstring

ooooooooo
e newvect OO OODO byte array O 00O 0ODO . similar to that of newvect.
e NOIDDOODOODODOODOOODODOO.
e bytearray 0000000000000 O0OOO.

[182] A=newbytearray(3);

|00 00 00|

[183] A=newbytearray(3,[1,2,3]);
[01 02 03|
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[184] A=newbytearray(3,"abc");
|61 62 63|

[185] A[0];

97

[186] A[1]=123;

123

[187] A;

|61 7b 63|

od 6.6.1 O 0 newvectd p.60.
6.6.5 newmat

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

return o0
row col goao

abcd 00

e row J colUDODOOODOOD. O 30000000O,0000 00b0Db0ODOD. O
30000000, 0000U00oO0o0UooOO,000,0000000 (DoDOO
000000)o00O0O000000.0000,000000000,000000 00
goooo.

e JOODOODOO size() ODOODOO.

e MOOOOOO,M[I]ODOO I00OO0O0DOO0OODOOOOOODOOD.DODOODO
gobo,tog0booooboooobooo,booobooooboooobo,ooobooo
gobodgboobooood.

o DO ODOOODLOOOOOODOO,DOO0ODOODL,ObDbObObOObLDbOObDbOOnDO
goog.

(0] A
(11
[xy 0]

[ x°2 00 ]

[1] det(A);

-y*x”2

[2] size(A);

[3,3]

[3] A[1];

[xyoO0]

(4] A[1]1[3];

getarray : Out of range
return to toplevel

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

O O

0o 6.6.1 0 O newvectd p.60, 6.6.6 0 [ sizel] p.63, 6.6.7 0 O det invmatl[] p.63.

6.6.6 size
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size (vect| mat)
lveet OOO]1 000 [matd00O0 ,mat 0007,

return goao
vect gooao
mat o

e vect U0, 000 mat OO ODODOOOOODODODOO.
e vect UODODO length) OOOOOOOOODO.
e Jlist 0000 lengthOO,0000O0O0ODOOOODOO 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);

gd 6.5.1 0 O car cdr cons append reverse lengthll p.58, 6.3.6 U [J nmono[] p.44.
6.6.7 det,invmat

det (mat[,mod])
csmatdO0QO0QO0Q0ggno.

invmat (mat)
cmatdddgooooao.

return det: 0, invmat: O OO
mat ud
mod oo

e det UUUDO mat OO UODOUOODO. invmat U0 0O mat OO ODOOOO. OOOO
(OO0,00]000000,000D00,00/000000000.

e [0 modDDDD,GF(mOd)DDDDDDDDDD.

e 000000 ODOODDODODOUOOOUOUOO,I000O0OOUOOOOOOOODODODODOO
gooooogoooggoouogoboouogooo.
[91] A=newmat(5,5)$
[92] v=[x,y,z,u,v];
[x,y,z,u,v]
[93] for(I=0;I<5;I++)for(J=0,B=A[I],W=V[I];J<5;J++)B[J]=W"J;

[94] A;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22z"3z"4]
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[1uu?2u3ud]
[1vv2v3v4d]
[95] fctr(det(A));

(f1,11, [u-v,11, [-z+v,1], [-z+u,1], [-y+u,1], [y-v,1], [-y+z,1], [-x+u,1],

[-x+z,1], [-x+v,1], [-x+y,1]]
[96] A = newmat(3,3)$

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

[98] A;

[1xx"2]

[1yy2]

[1zz"2]

[99] invmat(A);

[[ -zxy " 2+z" 2%y z*x"2-z2"2%x -y*x"2+y ~2%x ]
[ y72-272 -x"2+2z"2 x"2-y~2 ]

[ -y+z x-z -x+y ], (~y+2)*x"2+(y~2-2"2) *x-z*y " 2+2" 2%y]
[100] AxB[0];

[ (-y+2)*x72+(y"2-272) *x-z*y " 2+z" 2%y 0 O ]
[ 0 (—y+z)*x"2+(y"2-2"2) *xx-z*y 2+z" 2%y 0 ]

[ 0 0 (~y+z2)*x72+(y~2-2"2) *x-2z*y~2+2 2%y ]
[101] map(red,A*B[0]/B[1]);
[100]
[010]
[001]
oo 6.6.5 0 0 newmat[ p.62.
6.6.8 gsort

gsort (array [, funcl)
200000 array DOOOODO.

return array (00000;000000000)
array gooond

func ooooo
e IODODOO quicksort DD OODO.

63

o O ODOODODOODODODODO,0DODOO0ODODLOOODODLDODOODbODbOOnn

goboogboooon.

e (0,1,-1000 200000 funcO00O0O0ODOOOODO, func(A,B)=1 0000 A<BO

gbo,oobbooobooboooobogoaoo.
o IODODOODLOOODODO,0b00OO0ODDOOOOOODDOON.

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-1012346679]

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

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

gd 6.3.7 0 O ordl p.45, 6.3.2 0 O varsU p.43.



oed OO0OOOOO 64

6.7 OO0

6.7.1 newstruct

newstruct (name)
2 00000 nameO00000OOOO.

return oogd

name goo
e U0 name 0O0OOOOOOOOO.
e OO0, name DO OOOOODOOOOODOOOOOODONO.

e JI0D0D0ODDOODOO ->0O000DOD0DOODOO.ODOODDOOODOO,DOO
->00000000000o0ooo.
[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
[7]1 A;
{1,{2,3}}

ud 6.7.200 arfregl p.65,4.290 0000000 p.22

]
N

]
w

6.7.2 arfreg

arfreg(name, add,sub, mul, div, pwr, chsgn, comp)
s 000000000oObo0ooooo.

return 1
name gdod
add sub mul div pwr chsgn comp
ooooooo
e name 10000000 OODODOOODOODODO.

o IO DOOODODOOUODODOOOOOODO oLOODL. ObhOoOoDLDbOoOobboOoOoonoo
goboodgboooo.

o DD ODODOODLOODDOOODOO.
add(A,B) A+B
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sub(A,B) A-B
mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A
comp(A,B)

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

% cat test
struct a {id,body}$

def add(A,B)

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

A->body+B->body;
b

def sub(A,B)

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

A->body-B->body;
}

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;
b

def chsgn(A)
{
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C = newstruct(a);
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;

RN 6.7.1 0 OnewstructU p.65, 42900000000 p.22

6.7.3 struct_type

struct_type (name|object)
s ggoooobooooboo.

return o0
name goao
object aooo

e 00O name 000000, 000 object 000D O0OODOOOODOOOOO. OODO
gooo -1ggg.
[10] struct list {h,t};
0
[11] A=newstruct(list);
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{0,0%}

[12] struct_type(A);

3

[13] struct_type("list");
3

RN 6.7.1 0 O newstructl p.65,4.2.90 0000000 p.22

6.8 UDOOUOO4U4

6.8.1 type

type(obj) = obj0 O (OO)DOO.

return RN
obj 00
e obj0 DODODOODO.
0 0
1 O
2 oo0O (Cooo)
3 000 (Doooon)
4 oono
5 oooo
6 oo
7 oon
8 oon
9 ooooooo
10 2bitd0ogoon
11 ooobooooo
12 GF(2)OoOooO
13 MATHCAP OO OODOO
14 ooooooo
-1 volb Oooooo

e IIIDDOOONOO,ntype DOUODO. DOODOOOODDOOODO,veype O ODOO.
ud 6.8.2 00 O ntypel p.69, 6.8.3 0 U vtypel p.69.
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6.8.2 ntype
ntype (num)
cnum (0)0 0 (00)000.
return goo
obj O
e DODDODODODOOODO.
0 ooo
1 0000000
2 0000
3 00000000 (bigloat)
4 goo
5 gooond
6 goboogoo
7 oo 2000000

e newalg(x"2+1) JODOUOOD0O0O, 0000 ei0,00000000O000OO.

e JODODOOOO,0OODODDOOOUOUOOOOp.140000O.
[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 typel p.68.
6.8.3 vtype
vtype (var)
wvar (000)0 O (00)00DO.
return ud
var gdd
e var (U0 )0000DO0O0ODODO. 00D 3300000000p.140000.
0 00000 (a,b,x,afo,bfo,....etc)
1 uc() OOODODOOOODO (L0, _1, _2, ... etc)

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

68
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3 000 (000000 0,00000000,00000 : sin, log, ... etc)

e a(); 000 (DDDDODOODO)DODOOOO ntype(a) 0 3000.0000 aO0OO
goboboooooooo.

o LHUDODUODLUOLDOODLOUODLOUOODO function U O O.
e Qpi,Ce 000OOOOOOODODO,evalO,pari() DO0OO0OOOOOOOOO.

00 6.8.1 0 O typel p.68, 6.8.2 0 0 ntypel p.69, 6.3.3 0 0 ucl p.43.

6.9 DUUOooon

6.9.1 call

call(name, args)
00 name OO QO QO0O.

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

e 00DOODODO, vtypeO) OO D.

e 000D OOOOODODODOOODDODODO (xname)() OODO, ODOOOOOODO
call() DOODOOO.
[0] A=igcd;
igcd
[1] call(A,[4,6]1);
2
[2] (xA) (4,6);
2

HEN 6.8.3 U O vtypel p.69.
6.9.2 functor, args, funargs

functor (func)
s func000000O0O0ODO.

args (func)
cfunc 0000000O0O00OO.

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

return functor() : OO0, args(), funargs() : 00O

func 0000000000
e 00O0O0D0D0DOOO, vtype() OOO.
e 0000 func0000,0000000000.

e 00,0000000DO0OUODOOUODOOUODODO FOOUOD (*xF)(x)0x0O0O0O0O
goboobooobobooooobobooooo.
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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 U O vtypel p.69.

6.10 J0OO0OoOooga

6.10.1 rtostr

rtostr(obj)
mobj000D0ODOODO.

return oon

obj oo

e JOUDUDOUDLUO objOODODODLO.

e OO DOOODDDOOOODDOOUOOUDLDDOUO,0UDDbDbOOODLDDO
gobooobooooog.

o LI, 000O0D00D0DOODLODOODODO, 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.71, 6.8.1 O O typel p.68.
6.10.2 strtov

strtov(str)
cstr (000)00000O00OO.
return goao

str goboooboobooobooooo
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e DD OODOODDOODOODDOODO.

e O DOO0ODOODLOODDOO,00DOODDO,DO,0000000

goooooog.

71

_goo

e rtostr() UO0OOO,00000DOOO0O0OOO0DOOOOOODOODOOOODO.

[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 0 rtostrU p.71, 6.8.1 0 O typel p.68, 6.3.3 0 O ucl p.43.

6.10.3 eval_str

eval_str(str)
cstr (000)00000.

return gooooo

str Asir 0 parser OO OQODOOOO

e Asir0 parser 00000000000 OOODOOOODOODO.
e JO00IDOODOODOO,0DbODODODO.

e OOODODO rtostr() O DOOODDO.

[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.71
6.10.4 strtoascii, asciitostr

strtoascii(str)
s 000000o0oooooooag.

asciitostr (list)
s 0oggpoooggoouoggooog.

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

e strtoascii() JO0OUODOOO0OOOOODOOOO. ODbOoOOOOLOOODOOOOD

ooo.
e asciitostr() 0O 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 a00.

sub_str(str,start, end)
s O0o0o0ooooao.

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

start end 0000
e str_ len() OOODOOOODODO.

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

e sub_str() O,str 0 start 00U end DO0OD0OOO0O0OOO0ODOOODOOO.

[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 goooogooboobobooooobo.gboboooooooboobobooon
gooboooog.
e end, uit 000000000000, O’00000000O00000.0000A0O
gooooooboobooboo. bog,oobobobobooboooboobonoo
goooood.
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e 0ODOODO,bO0OD0DUOODODLOUOO,DOO0ODLDOODLDbOOODbLDO,0DO
oooboooboobooobooobOo,bdb0obob0obg,00b0ob0b00bOd ends
gooooooan.

(6] quit;

b
ud 6.11.2 0 0 loadUd p.74.
6.11.2 load

load("filename")
:: filename OO0 OO0

return (110)

filename 00000 (OOO)

e JJ0IDOOODOODODOUDD,04000000D0 AsirtODp.1600. ODODOODDOODO
0000000, cppO000DOO,COO0O0OOOQO #include, #define 00 OO0
gooo.

o LIODODOODOOODODOODODOO1IOOO,0000O000O00 oOOO.

e JOOODODO ¢VOOOOOODODODODDO, OOODODODODOOOOOODOOOOO
00o0ooooooooD. 0000000, 0000 ASIRLOADPATH OO OO DO OO
JoodddoooobobooOooooooo. ooooo0ddddooooooooon,
0000000000000 (00000000 ASIR.LIBDIROOOOOODOOOOO
O0D)00000D0. Windows 0000, ASIR_LIBDIROOO0000000O0OOO,
get_rootdir()/1lib 0O O ODOO.

e 00000000000D,end$ 0000 load) 00000000 OOOOOO,O00O
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000,end 0000 000000000, end$
oooooo.)

e Windows OODOOODOOOOOOODOOODO ,ro0on.

oo 6.11.1 0 0 end quit0 p.73, 6.11.3 0 U which[ p.74, 6.14.16 U U get_rootdirl]
p-90.
6.11.3 which

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

return goao

filename DO0O000 (D00)O000 0

e load() DOODODOOOOOOOODOOOODOOOD,0DOOODOOODOOOD
gobobobobo,obogbooboobooobon.

e DOIDODOOODOOD 1load) OOO.
e Windows OODOOODOOOODOOODOOOO ,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.74.

6.11.4 output

output (["filename"])

» 0000000 filenameO0OOODOOODOOOODOO.

return 1

filename oooDoo

RN

Asir 0000000000, 00D000C0DOO00OO00OD. ODO,b00b000DO0O,
gbobobobobobobobob,boboobg.

OO00O0oO000o000O0o0oDOOD, 0O output('filename") OOOOO. 0,000
oooo00oDO0oooo00DOoobDbOO,00b00d output() JODOOO.

00000000 filename OO0O00O0O0O0O,000C0000O00COOCODOO,000
goboodgboo,gboobboobooa,boobboooog.

goooooog " obogoboooooboobooboooo,oobobo,ooboooaoo
gobodgboobobog,boobboooooboboon.

O000D0O0O0O00OO0b0O0ODOoO0OOOOoDOO, ctri(techot,1) OODOODODO
goboooboobooobooooboog.

goboodo,o0boooboobooboobobooboooboboobooonooboa.
O000,0000 (veypeO O0)0D00D0O0O0OO0DOOOOOOOOOOOO, bload(),

bsave() DUODOODO,00,0000000000.
Windows OO0 O DOOO0OODOODOODODOODO v//70000.

[83] output("afo");
fctr(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.82, 6.11.5 O O bsave bloadll p.76.
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6.11.5 bsave, bload

bsave (obj, "filename")
:w filename 0 obj 000000 OO00OO0O.

bload (" filename")
: filename 000 O000O0ODDOOOOODOOO.

return bsave() : 1, bload() : OO ODODOODO
obj oboob,00b0obooboobooogooo

filename ooooo

e bsave() UOUDOUDOODOOOOUODODOOOOOOOOODODO. bload() OO,
bsave() DUODOUODOO0O0O0OOODOODOODODODODOO. OODODOOOOOOD
O000o000o0O0,0000,0000 (veype(O) O0)OO0OO0OODOOODO,00000
gobooobooooboobooooboooboon.

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

o LIOUOUDLOO,DObUO0DbLODLOLOLOODLOLOODbLObLOObLObLO,bOoboon,
gboboboboboobooooooooooboooo.

e Windows 10000000 OOOOOOOOO ,rooon.

[0] A= (X+y+z+u+v+w) ~20%
[1] bsave(A,"afo");

B = bload("afo")$
[3] A == B;

[4] X=(x+y)~2;

X" 2+2%ykx+y~2

[6] bsave(X,"afo")$
[6] quit;

% asir

[0] ord([y,x1)$

[1] bload("afo");
Y2+ 2%xky+x72

RN 6.11.4 O U outputU p.75.
6.11.6 bload27

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

return goooooo

filename ooooo

e JOOO,00000O0,1000 27bhit0000D0ODLOOO,D000 1000 32 bit
goboogo. 0Doob,bdd esave U0 0OO0OO0DOO0ODOOOODODOODODOO
gobO.ddbbobobooboonobodn vlead27 DO ODO.
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e Windows 100 0D00D00O0OOOOOOOOO ,oboo0O.

ud 6.11.5 0 O bsave bloadl p.76.
6.11.7 print
print(obj [,nl])
xobjO0O0ODOO.
return 0
obj oo
nl ooo (oo)

e objOUIOODOODODO.

o 1 2000000,0000200000,0000.02000 1000,000¢0,
gbooooooogobobo,oobooooobooboboo.0 2000 2000,0
goboobooooboobooooobg.

e JO0OOOOCOOD ODOODOO,print(); OOOOOO,0000000000DO.
printQ$ 0000, 000 oOO0OOODO.

e JOUO objO0ODOUIDODODOD objUbODODODOD.

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

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

xyz123gahaha

6.11.8 access
access(file)
s fle0000OO00OOO0O.

return (110)

file goood
e fileOOOODODO 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 OOO0ODOO0O.
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close_file(num)

000 numO00000000D00OO0O.

get_line([num])

2000 numUO40O0o0go0O 1000.

get_byte (num)

000 numO0000000 100000.

put_byte(num,c)

2000 numO000000 1000 cO0OO.

purge_stdin()

s gboooooooooooooo.

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

byte(), put_byte() : OO

filename 00000 (OOO)
mode ooo

num

0000 (0000000)

open_file() JO0ODODOOOOODOCOO. modeJO0DOOOOODOOOOO, mode OO
ooooooo,cooooboobnb fopenO ODOODOOOOODOOOO. OOOO
gbooooooobo w',00b0b000 "="0b.00b0bo,00b0b000
0000000Db0. 000000000 b0. 00000000000 close_file(O)
O000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 0O O
gooooooo,oboboo,bbotbdddduo0don. oo obobn
gooag.

get_line() 00 DO0OOO0ODOOOODODOOOO 1D0O0O0,0000D0000.00DO
goobog,booobgo 1000,

get_byte() DUOODOODOUODOOOODODOODO 10000000OOODOO.

put_byte() U0 O0ODOUODOUO0ODOODOOOOO 100000, 0b000bObDOoOoO
goo.

U0o0o0ooDooboboOnD get_1ine() DO OOODOO, 000 0000.

000000000, 000000 suwb_str() OODODOOOOODODODOOOOODODO
eval_str() DOOOOOOOOOODODO.

purge_stdin() 0, 0000000000000. 0000 get_line() DO OOODO
goooooooobbooo, bbb oooooooooon
gobooooboooo.

[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();

78

/* a remaining newline character has been read */

/* returns immediately */
testl1();

/* input from a keyboard */

/* returned value */

6.10.3 0 0 eval_str p.72, 6.10.5 0 O str_len str_chr sub_strd p.73.

6.12 JUUOpogogooon

6.12.1 module_1list

module_list ()

return

:0o0ooooooooobooooooon.
oboobobobobooboo.

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

HEN

421300000000p.25000

6.12.2 module_definedp

module_definedp (name)

return

name

00000 nameO0O0O0O0OOOOO.
(110)
goooono

e IIDODOO name 0O UOUODODO 1, 0000000 0000O.
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[100] module_definedp("gr");
1

g 6.12.1 0 Omodule_1listO p.79,4.2.1300000000p.25000.
6.12.3 remove_module

remove_module (name)
00000 nameOdOoQoonQ.

return (110)

name gooooo
e JODDUOOO 1,O00ODODO ODOOO.

[100] remove_module("gr");
1

RN 421300000000p.25000.

6.13 U0 OO

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

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

dasin(num)
2 000 Arcsin(num) 00 00O.

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

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

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

dtan(num)
2 000 tan(num) OO0 O00O.

return goooooo

num O
e JI0OOOOOOOOOOUOULOOUOODOO.

e JJ00O0O0ODO COOOOOOOOOOODOOODOD.OO0ODOO,00O00000OO
ooobobobobobobobobo.

e DD OODOODLOODDOODLOODDOOODLOODLDOODD.
e i DOUOODODOODDOODLOOODDLOOODOO.

[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) 0000,

dlog(num)
2 000 log(num) DODODO.

dsqrt (num)
= 000 sqrt(num) 0000

return gooooog

num O
e OO0 ODOODOOODOODO.

e 000000 CODODOODOUOOOUODDOODOOODO.OOOOO,DD0DO0O0O000OO
goboobooobooooboooboon.

e dabs(O0 dsqrtOUUIDODOOOODOOOOOOOODOOODOOODODOOOOD
gooo.

e GpiIOUODOOODODOOOLOOODDOOOOO.

[0] dexp(1);
2.71828

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

ceil (num)
dceil (num)
cnumO00000000000000.
floor (num)
dfloor (num)
cnum 000000000000 0OO0.
rint (num)
drint (num)
cnumO00000000.

return oo

num U

e dceil, dfloor, drint U ceil, floor, rint 0O OO OO.

e J0DOUOUODUUODDUOODLO,DDbOUbLODODDOUOUObDDbDOODDbUOUObbLUODD.
o DO DODOUODODDODDOUODODUOODDOUODUOODDODDO.

epi 000000 DOOO0DbOObbOObDDbOOn.

[0] dceil(1.1);
1
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6.14 OO

6.14.1 ctrl

ctrl("switch" [, o0bjl)
OO0

return
switch

obj

goboooood
googd

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

cputime

nez

echo

bigfloat

adj

verbose

quiet_mode

prompt

hex

real_digit

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

EzGCDOOOOOOOOOOO.O00ODOOOO1000,0000000
goooa.

on 0000000 OOODOOOOO,of0DO0OODOOOODOOO.
output O ODOOD0OO0OOO0OOOOOO.

on U0, 0000000000 bigloat J0UDO, 0000000 PARI
(6.1.1400parilp.39) 00 00000O. OOODOOOOOOO 9000
0.00000D000D00000 setprecOO ODOODO. of 00,0000
gobodbo,oobooobobooboon.

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

onUU,00000000000000O00O00¢0O.

1000,00000000000000.240000000000000
ODOp5000.

oc0O0000DOODOODOODODO. 10b0D0OoDO0oo0oooOOoon. CcOoo
0000000000000 00000OO0OOoODOOOOOO. O (asirgui
O000):  ctrl("prompt","\033[32m[%d] := \033[0m")

1000,000 o0x0000 1600000000D0O.-1000,1600
o,00 rgoobogos8spubobuobobobon.

goboooboooobooobooooog.
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double_output
1go0,00oo0goobgnbod dddddd D00 O0OO0OO.

fortran_output
1000,0000000 FORTRANOOOOOOO.OOOOOO 'O
0000 «»«’00000.(0oo0ooooo.)

ox_batch 1000,0000000000000000000000 flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p9o1000.

ox_check 1000,00000000000000O0O0O00O0O0O00O0O00OO00O. 0
000000.(0000000 1) O70000000pY910O0O0O.

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap JOOODOO.
(0000000 1) O70000000Op91000O.

0 6.14.6 00O cputime tstart tstopl p.85, 6.11.4 OO outputl p.75, 6.1.14
O0parilp.39, 6.1.15 O0OsetprecOp.40,  (undefined)d eval devalll
p.(undefined).

6.14.2 debug

debug = 0ogooooooon.
e debug OO DOODOOOOOO, O’ODODODODO.

e JO00DOODODODUDDODDO @ebug) ODODO,0000DOO0DOODODOODO.
quit 0 ddooooogooooon.
e JIDODOODLOODDOUODLO OSObDUOODOP290DO.
[1] debug;
(debug) quit
0
[2]

6.14.3 error

error (message)
000000000000 00000000.

message ggdod

e D, 00000000, 0000D0O0O0O0DOOOODODODLODODOOO,DO
oooooboooo,0boobboooboooboobobobobooooogn. error() O,
gbobooboobboobooobooobuooboobbooboan.

e D00,error() DOOOOODOOOOOODODODOOOO,0D0O0OOD.

e JOUUUDDOOO,DO0UO0O0OUOL,D00DLDOOOOD erroxrO OOOOODO
gobooboo,0booboboooboobobooobooon.

% cat mod3
def mod3(A) {
if ( type(h) >= 2 )
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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.83.

6.14.4 help

help(["function"])

s gogooooooon.

return 0

function ooo

o LIDODOO,0000O0DOO0ODLOOUOD. DDOOODLOOODDODOODLObOOObO,o0nOn
OO000O000O00000O relp 000000OO0OoOOObOOOODOObDO,DO
OO0 PAGERUODDOOOODOOO,0000 mre’ O0OOODOOOOOODODOO

goo.

83

D000 LANG 000D0000000,0000 "japan" 000 "ja_JPr 000000,
‘help’ 000 DOO ‘help-jp 000D ODO0OOODO0O0OD. 0000000, ‘help-eg’

gooooobooooooon.

e Windows U0, 0000000 00OOODOOOO0ODOOODO0OOODO, 00000

O HTML OOOOOoDOooooooooooooo.

6.14.5 time

time ()

return

goo

e CPUODODOOO GCOUDOOUOUODOUODOODODOODO.
e GCOUODODO,0D0CO00O0DOOUDODOUODOOOODDOOO,CcPUODODO,ODO

O

ckUOODOO GCOOOUODOOOOO,bboObOoOoo.

»0D0o0bobooooooobboobo cekvubgbboo gecooooooo
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e tine() 00O0ODD,00000000000000 CPUODO,GCOO,00000
gbooobobgbooobo,o0bobbooboboobobooooboboobo
Oo.oooo, fecpu0DO (O),ccO0 (O), 0000 (0DOO),0D000 (OH1DO
obobobo.100b00bbo 4000000,

e NO0OOODODOO,DO00D time() OO,0D00000OO0COCPUDOO,GCOOODO
go.

e UODODODOOODDDOOO,D0DDLODOOODDOOOODDDbDOOODDO
gobooobooooobooon.

e ctrl() U cputime() ODUODO cputime OO0 0D on ODODOODOODOODOO, 0000
ooooooooooooo,0ooobooobo0oobo.oob,bbo00oboOoDo
oo,00b00bbo0obo0oobbo0bo0uDn,time OODOOOOOOODO.

e getrusage() OO0 UNIXOODO time() ODOOOOOOODOOOO, Windows 95,
gfUouoobobooobobooobbooobDbooLobboobDbUooL. oo, O
0O0o0oo0oo,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.85, 6.14.8 0 I currenttimel] p.86.
6.14.6 cputime, tstart, tstop

cputime (onoff)
2000 0000 cputime JOOODOOO. DDOOODOODDOODO.

tstart() : CPUtime O0OO0O.

tstop() = CPUtime 0O0O0OOOCOOO.
return 0
onoff ooo (o)

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

e tstopJDOOOO, (OO0, CPUtme 00000, 0000000O0.

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

e tstart, tstop U, 00000 0OO0OOOOOODOOOOOODOO, 00000000
ooobobO,timeOQ UOODODODODODO.

e cputime() OO0 on,off 0, 00000 on,of 000, 0000000000000
0000D0d00DO0oOoDO. 000, 0000000000, 00o0oo0ooooon
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~2xx"2+y " 3*x+y~4,1]]
[51] tstop$
80msec + gc : 40msec

gd 6.14.5 0 0 timel p.84, 6.14.8 0 U currenttimel p.86, 6.14.1 O O ctrl p.82.
6.14.7 timer

timer (interval, expr, val)
2000000000000 oo.

return ud

interval oooo (o)

expr ogoogog

val goboooooooooo

e timer() U, 00 U0D000ODOODO0OODOLO. bOODOUODOOOUODODODDOODOO
gob.o0boobobooboobobooooo,03boooo.

e J300000,0000000D0DLOO0ODODOODODODODOOD.

[0] load("cyclic");

1

[10] timer(10,dp_gr_main(cyclic(7),[c0,c1,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() OO UO0OOD. UNIXOOO, time(3) DOO0O0O0OOOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
0000000000

return 1

interval oooo (booon)
e sleep() U,00000000D0COO. UNIXOOO,usleepOOOOOOOOOOO.

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

heap()

return goao

RN

oooo0oooOOooOoOOoO (OO

000000000 oooD. (Do:0o0o)

86

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

gogboboboooobobooooboobooooooboo,bboooooboboooobooboobogn
ugb.0bogobooobg,gobuoobbooboobboob,oobbooboo
goooopoooooo,oSoooooooooOoOOOObOObOOOoOoOoOoOogoo

gooboobooo.

oooooooOooDboOo,00bb -~-adqjOOoO0O0OO0ODO,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()

cAsir 0O0D0OO0O0OO00OOO.

return goao
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e Asir U0 D0O0OOD0OODOODOODO.

[0] version();
991214

6.14.12 shell

shell (command)
s command O0O00000O000O0O0O0OOO.
return oood

command 000

e command 0 CO system() 000000000 DOOCOOOOOOODO.OODOOCODO
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, 00000000000000.

return arg0 DO DODO0OOO0OOOO
function ooo
argl 0o0,0000,00

argl ... OO0 (boooo)

e arg0 000000 ODODO, argl 00000000 OO0O0DOO function DO 000,
arg0 DO O00O0O0OD0DDOOO0O0ODOOOO0O0O0OODDLOOO0OUDbObObOOoOoUbObOOoOo
goog.

e function 0, 0000000000000 OOO0O.

e function 00O ODOODOODOODODO.

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

e map U0OD function D0 0000000, 000000000000000O00O00O0OOO
UobD0. 0000000 parseerror HO0. D00 map 000 car,cdr D00 OO0
000000000, Asir 00000000 DOOD0O0OODOODOOODOODODO. ODODOO
Umap UOUOU0O map DO O OOOQOQQUQn.
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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 ggbooobobooboooboboobooboboon.

return goooooo
e J0ODODOOOOOOOOOOO,ODOODODOOO0O0OOOOOOOOOOODOOOO.
e JI0OIOOODOOOOOUOOOUOUDODOO.

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

6.14.15 delete_history

delete_history([index])
s 0DO0O00o0oooo.

return 0

index Oooooooooooo

e JOODODOOCO,00O0DOCODOOUOOODODODODODOO.

e JOODODOOCO,00O0DOODOOOOOODO.

e JO00OODODODDODO,0000O0O0OODODODOOOCOOOOOOOOOOOOOOO,D
000 enumber 000000000 O0OOO. O0DO0OO,0000000000000
oooooooooooooooooo.

e J000D0ODOUUDDDODODOUOL,000DDODOUDDODODOOODODOO,
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 00DO0000O0D0O0O00DOOO0O
return oon
e UNIXOODOO,ODODOO ASIR_LIBDIROOOODOOODODOOODOOO,DOO000O0O
OO0Oddd ‘/usr/local/lib/asir’ OGO O.
e Windows 00 00O, ‘asirgui.exe’ 000000000 (pin’ ODO0ODO0OOOOOO
0)0oooooooooooo.

o LIUOODOOOODLDOOOODLDODODOUOOODLDODOOOODDLDOOOODLODODO,DDOO
gobodgboobbooooobboobuooboobbooboobobg.
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6.14.17 getopt

getopt ([key])
s 0o0o0ooooooag.
return gooooo

o IUDOUOODOODLO,0000D0O00DODLDOOLOO. DOO0DLOObOOObOOO0bOOonDO
000000000O00,00000000000000OD0O0O (421200000000
O0p2400). 00000000000 DOOODOOOOODOODOODOOOOOO.

e JOUODOODODODOODO, getopt() O [[keyl,valuel], [key2,value2],...] OO
O00000.000,key00000000O0DDOOOCO0OO0O0O0O,valueO oo
ooo.

e NO0OUOOODDOD keyUOODOODDOODUOOODOOOOODO,D0OODDO. D
O00oooooooo,volbooooooo (0O0oo -1) 000, getopt() OO0
ooodgD typeOQ UODODOODOO,0000D0DOO00ODO0OD0ODLODODOODODLO
goo.

e J0IDODODOODODODODOOO,0D0ODODODODOn,
xxx(A,B,C,D|x=X,y=Y,z=2)
ooooo,‘rogno, key=valued *,’00000000DOODODOODOO.

oo 42120000000000p.24, 6.8.10 0 typel p.68.
6.14.18 getenv

getenv(name)
= 0000ooooog.

return
name goao
e OO0 name OO0 4OQ.

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

7.1 OpenXM

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

OpenXM UOUOOODOO,0000000D0COC0D0O0O00DOOOODLODOOOODOO
oodno. OpenXM OO0OOO

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

3. client 0 server 00000000 OOODODOOO.

4. server O DOO0OO, client OO OOODOO

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

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

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

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

ox_push_cmo ()
o000 server O OOOOOO

ox_pop_cmo ()
U000 server OO OO0OOOOOO.

ox_cmo_rpc()
server O O00O0O0O0O0O,0000000000.

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

ox_push_cmd ()
sMOOOoooo.

ox_get ()
uobooooobooooooog.
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7.2 Mathcap

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

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

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

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

3 0000oonononboon

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

gboo,00obooooobooboobob,obooobobooooboboboooobon
goo.

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

SM_popCMO=262
CMOOODOOOODOOODOOOOOOD,00D0OOO.

SM _popString=263
o0oooooooooooo,000o0o00oooooooooooo.

SM_mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
000000000000 DODOdDOo,0do0o0oooooooooon
oooo.

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

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

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

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
ooooooooog.

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

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

SM _getsp=275
0000000ooo0ooooooooooooooooon.

SM_dupErrors=276
0000000000000 D00D00D0000,00000000000000

goog,b0oooobooon.

SM _nop=300
oooooo.

7.4 0000

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

7.4.1 00ODDOOO0O0OOO

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

[340] ox_launch();

0

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

0

[342] ox_pop_cmo(0);

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

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

743 U00O0OO0O0OO0OoobobbOOoOoOon

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

7.5 UUouooooog

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

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

ox_shutdown (id)
s 000ooooooobo,0oooooo.

return gd
host goooooo
dir command
oon
id oo

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

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

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

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

gbobobobobobobobobo.

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

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

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

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

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

command 0, X O000O0000O000D0O0O,display00000000DOCOODO,O
goobOobobbpispLAYODODODO.

0000 ASIRRSHOODOOOOOOODOO,O000D0OCO00D000DCO0O0D0O ‘rsh’
goboobooooooobooooo. oon,

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

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

ox_shutdown() OO0ODO id00O0O0OOOODOOOCOODO.

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

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

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

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

[219] ox_launch();

0

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

0

[221] ox_pop_local(0);

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

0
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oo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.98, 7.5.8 UL ox_pop_cmo
ox_pop_localllp.101, 7.5.15 00 ifplot conplot plot polarplot plotoverl]
p-105

7.5.2 ox_launch_generic

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

return 0
host ooooog o

launcher server
oono

use_unix use_ssh use_x conn_to_serv
RN

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

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

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

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

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

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

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

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

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

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

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

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

NN 7.5.100 ox_launch ox_launch_nox ox_shutdownp.94, 7.5.2 00 ox_launch_
genericll p.96

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
: port 00O

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

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

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

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

return generate_port() OO0 0ODOOOOO0OO. OO0OOODO.

use_unix 0000 1

host gooo

port control_port server_port
goooooon

socket control_socket server_socket
oo

e JOIDDIOO,00DIO0ODODOUOODODODDOOUOOODODODOODOOODODOO.

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

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

socket ODOUOOO. O00O0OODO -1D000O.

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

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

U000, o0x_push_cmo() OO OOD0OOOODOOOODOODO.

O0D0000ooooo,shell) DOOODOOO.

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

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5

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

*/
[344] CSocket=try_accept(CSocket,CPort);
6
[345] SSocket=try_accept(SSocket,SPort);
3
[346] register_server(CSocket,CPort,SSocket,SPort);
0
uad 7.5.1 OO0 ox_launch ox_launch_nox ox_shutdownl[] p.94, 7.5.2 O0Oox_

launch_genericl p.96, 6.14.12 O 0O shellll p.88, 7.5.7 U0 ox_push_cmo
ox_push_localll p.100

7.5.4 ‘ox_asir’

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

[5] ox_launch();
0

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

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

[sumire,rokkaku,genkotsu, shinpuku]

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

[0,1,2,3]

oo 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdown[ p.94

7.5.5 ox_rpc, ox_cmo_rpc, ox_execute_string

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

s ggbooaboaoodgd

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

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

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

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

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

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

0
[237] ox_pop_cmo(0);
141
g 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.101

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

ox_intr (number)
000000 SIGINT OO

register_handler (func)
s 000o0oooooooooooon

return 1
number O (0Dopooooo)
func goooono o

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

e JOOODOODODODLOODO,00DODODODOOLODODODODODOO,DOODO
goobo,gbobobuobobobobon.

gbobob RUNOOOOOOoOO,b0boboboobooobobooboo.

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

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

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

0

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

0

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

[0,1]

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

[0,0]

[343] register_handler(reset);

1

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

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

gd 7.5.50 0 ox_rpc ox_cmo_rpc ox_execute_stringl[] p.98

7.5.7 ox_push_cmo, ox_push_local

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

return 0
number O@oooooo)

obj oooogoo

e 100 number 0O0O0ODOO objOOOOO.

e ox_push_cmo 0, Asir 000 Open XM O0ODODODOOOODOOODO.

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

oo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.98, 7.5.8 0] ox_pop_cmo
ox_pop_localll p.101
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7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
20000000 number DODOODOODOODO.

return gooono

number O(@ooooon)
e J0ODODODODO number 00DO0OODOOOOOOODDODO.
e ox_pop_cmo 0, Asir 000 Open XM 000000 O0ODOOOODOO.

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

gobooboobodboobdo. gubobobobbd, ox_push_cmd U SM_popCMO
(262) 0 0O SM_popSerializedLocalObject (258) 00 O O000, ox_select OO0
OO0 ready OODODOODOOOOO0O0O0DODDO 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 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.98, 7.5.9 0 U ox_push_
cmd ox_syncl p.101, 7.5.12 0 O ox_selectU p.103, 7.5.10 0 O ox_getU p.102

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
20000000 pumber UO0DODOOODOOODO command ODOOODO.

ox_sync (number)
0000000 number 000000 OXSYNCBALLOODOOO.

return 0
number O (Oooooon)

command 0O (0000O00OO)
e 000 number OOODOODOOOODOO OXSYNCBALLOOODO.

e Open XM UOODODODOOOOODDO OX.DATA, OX_COMMAND, OX_SYNC_BALL O
sobooogb. oo, 0boogboobooboooboooboobooboooobog,
gboboboboboboboboboboo.

e OXSYNCBALL O ox_reset UO00OODO0O0O,0000000000D00,0000
oOooOoO00oDOOoOobooOo.00,00000n0 OXSYNCBALLOOOOODO.
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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], [Xx"4-y*x"3+y 2*x"2-y " 3*x+y~4,1],...]

gad 7.5.5 0 U ox_rpc ox_cmo_rpc ox_execute_stringl] p.98, 7.5.6 U [J ox_reset
ox_intr register_handler[] p.99

7.5.10 ox_get

ox_get (number)
0000000 number 000000 OOOOODODODO.

return gooono

number O@oooooo)

e JOUDUODUO number UOUODUODODODODODODOO. ODODODODODOODO
goooobooobooon.

e ox_ push_ecnd JOOOOOOODODO.

e ox_pop_cmo, ox_pop_local U, ox_push_cmd U ox_get OO UOOOOOOOODO
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.101, 7.5.9 0 U ox_push_cmd ox_sync[]
p.101

7.5.11 ox_pops

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

return 0
number 0O (DO0O00OOOO)
nitem goao

e JODODODODOD number O0OODDODDOOODDDDDOODODOO. 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.101
7.5.12 ox_select

ox_select (nlist[, timeout])
0000000000000 ooooon.

return oon

nlist 0O (Dooooooo)oooo

timeout 0

e 100ODODOO nist DO0DOOODODOOODODODOOOODOOOOODODOOODODOO
agd.

e JOUDODOOUODO RUNODDODO,0D00000DODODOODODOO. OO, timeout
gobooboogoo, timeout DO OODO.

e ox_push_cmd() [0 SM_popCMO [0 0 O SM_popSerializedLocalObject DO OO OO,
ox_selectO) Uready DD OUOODODOOOON ox_get() DO DO OO, ox_pop_local(),
ox_pop_cmo(O0000D0O0O0ODOOOOOOOOOO.

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.101, 7.5.9 0 U ox_push_cmd ox_sync[]
p-101, 7.5.10 0 U ox_getU p.102

7.5.13 ox_flush

ox_flush(id)
2 000000000 flush

return 1
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id goboobood

e NOIDODOODOOODO of OOO,000,00000000D000DO00O0OOC flush O
oo.

e D0IDOOODO "etrl"JODOOO "ox_batch" 00O OO on/off 0O DO.

e JOUDUODOODLDUODLDODOO, ctrl("ox_batch",1) DODUDOOOLO on OOODO,
O00D00ODO0O0ODOOCODODODO0O0O00 flushOOODO0O,overheaed OODOOO0O0DOODO
O0.000000000,000 ox_flush(id) ODODODODO, 000000000 flush
goooood.

e ox_pop_cmo, ox_pop_local 00D, 0000000000000 0000O0000O
000000000,0000000000000 lushO00O0OO00O0OO.

[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 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.101, 6.14.1 O O ctrl p.82
7.5.14 ox_get_serverinfo

ox_get_serverinfo ([id])
:» server 0 Mathcap, OO0 OO0D0OOOOOOODOOO

return goao

id gobooobooo
e U0 idOUODUODO,000D000D0 dODUODUOD Mathcap ODODOODOODOO.

e JOIDODOODL,0O000DOO0ODOUODOODOODODO MathcapOOOoooo, O
gboobobo.

[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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40,16,341111,

[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.92.
7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot (func [,geometry] [,xrange] [,yrange]l [,id] [,name])

200000000000 0O000O0OO0.

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

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

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

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

return od

func ooo

geometry xrange yrange zrange
ogd

id number 00O

name oon

e ifplot() 0,20000 funcO0O00OO0ODOO0ODOOODOOODOO. conplot() O,
OooooooOo,000000000. plotO 0 100000000000 OOO.
polarplot() O OO0 r=f(theta) 0000000000000 OOOO.

e 0O0OO OpenXM UOOODODOODOODODOOO. UNIXODOD ‘ox_plot’ O, Windows
000 ‘engine’ 0000000000000, 0000 Asir000000000O0OO0
O000D0D0.000000 ‘ex_plot’'0d id0O idO0OO0ODOOOOOO,000000
O00O0O0.id00D0O000O0b0O,000D000D0OoDoogn, ‘ex_plot’ 000
000000000000. ‘ex_plot’ 00000DO0OODOODOONO, ox_launch_nox()
0000000000, ex_plot’ 000000,00000000.

e 000, func0000O0O0.000O0O0OCCCOOODOODODOD.DO00OOOCDODODODO
000000000 (Dooo)ooooo.

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

xrange yrange
000o0ooooog, [vywmingvmax) 00000, (0000000 [v,-2,2].)
000000000, func0000000D0OODOOOOODODOOO %¥,0
oo0od yOobuoboOoo.ooouobooDoOdD xrange, yrange 0 0 0
o0.00,func0 100000,000000000000.
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zrange conplot() OO0 UOOOODOO. OO0 [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000, ([z-

2,2,16].)

id 000000000,0000 ox_launch() OODOOODOOOOOO. (O
0000000,000000000000000D000OO.)

name 00000000, (Plet.) OO0ODOOODODDOOODOOOOODO name:n/m

000.000,000000 nOODDOCOCO,mO00O0O0O0OODODOCODO
O0.00000,plotover() OOODOODO.

o IIDDOODOODDOODDOUODLDOODDOOO 1280 000.
e plotover) O, 00000000 0ODOO,0D0000 200000000L00OD0ODOO.

e JOUDODODODOODO,0D00O0ODODOOLODOODOODLOODODOODODO
gbooooooboobobobooboob,obobbobooboobobob. o
gbooobobooboobo. oboboobuooobobooboobo,boboboo
gbooboooboooboboboobobboboo.boobooboooo,bo
gobodb,oabb,obboobooobuobboobooboboob.boo
U000 precise on U0 0O, 000000000 window OOOQOQOGOOO.

o LIUODOUODLOOODLODOOODLDO,DbOO0bOOODbLOOObLOOObLbOOObOOd.

e conplot() OO0DOOODOOODOODOOO,ODO000O0O0O0OODOOODOOODOOD
gboooo,boobboobboobbob,oobobooboobboobboboo
gogd.

e UNIXOUDOODODLOOODOODODLOOODLOOLOOO,0Db0000. UNIXODOO
goboogobood.

quit window D O0O0O0O. OO00OO0OO0O0O0O, ox_resetO) ODODODO.

wide (0O O)
goooooooooo coooooooooo. oooooooood
gooo0oboooooooooooooocouoo. ooooouooobooo
o0, 0000o0bo0ooooobooooooog.

precise (U O0O)
ooooDo,00b00000,0000boo0o0o0. 000, func0don
oob20000000000000D00.000D0000 Sturm 00O
ooooobo,0boooobooobooboobooogoobo,oboogoo
0000000000 0DO0o0DOO0o00O. Oo0O0,00000000000O
o00OO00.00ob0o0obOo0ooO0oOooOOo,0b0ogboooooooboobooo
000000000000O00. ((x"2+y"2-1)2000000000.)

formula ogooooooooao.
noaxis (0 O0O)
oooooo.

e ‘ox_plot’ JUDUO0OODODOOODUODLO,0Db0DbOODODOODObODDbOUODOD,
‘.cshrc’ D0 0O0O0O0OOOOOODO (I6GMBODO)OODODOOOOOOOOOOO. O
OO0O0O0000 1imit stacksize 16m OO QOO 0O0OO.

e X UUUOOOUDDDOUOOUDDDOO resource O ODDOOODOOODODOOOOO
gb0odb00b0O0Oresource OO 0OO0ODOOOO0OOO0OOMMDOOOOOOOOOOO
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plot*xform*shapeStyle U [rectangle, oval, ellipse, roundedRectangle [ [
oooogo

plot*background:white
plotx*form*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
plotx*form*level*background:white
plotx*form*xdone*background:white
plotxform*ydone*background:white

0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.94, 7.5.6 [0 [ ox_reset
ox_intr register_handler[] p.99
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 000000b00o0b0o0oOooobooooo.

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

return 0

id index color x y

RN
pointorsegment

goo
string agoao

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

e open_canvas U, 000000000 (D00OO00)00000. geometry 00000
00000000 pixel 000 [xy] 00000, default size O [300,300]. 0000
oo0oooooOo,000d OpenXM OOODOODOOODO push OO, DODOOOO
draw_obj DO ODOO0OOODODN, ox_pop_cmo UOODOOOOOOOODOODODOODO.

e clear_canvas [, 000 idid, DODO0ODO idindex OODOO0O0O0O0O0OO0O0OO0OOO
gogd.

e draw_obj U, 000 idid, DODOUOD idindex OO0O0000O0O0O0OODOODOODOOO
O000000. pointorsegment O [x,y] 0000000, [x,yuv] 000 [xy], [uv] O
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oo0fdoooooooooo. ooooooooo,0oooooooooooooon
O0,00000000000. 00 pixelOOOODODODO. color OOOOOOOO,
color/65536 mod 256, color/256 mod 256, color mod 256 0 0 0 O O Red, Green, Blue
00 (00 255)0000.

e draw_string 0,000 idid, H0DOUODO idindex OO0 0OOD0O0O0O0OOO0OOODOOOO
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",0xf££ff00);
?189] clear_canvas(Id,Ind);
0
0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.94, 7.5.6 [0 [ ox_reset

ox_intr register_handler[] p.99, 7.5.8 00U ox_pop_cmo ox_pop_localll
p.101.
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 UUoguoogn

8.1 UDLUOUO4Oug

000000000,00000000000000. 000000 (typed 2)0,000
0000000000000000. 0000,000000000000 1000000,
0000000,00 1000000000,00000000000000000.000
00,00,000000000000000000000000000000000.
(+y+z)?=1-2+2-y+(22) 2+(22) y+ (1 2?)
00000,0000,00000000000000000000000000000
(x+y+z2)P=1-2"+4+2-2y+2-22+1-y*+2-yz+1-2?
0000000000000, 000000000000000000000000000
000000000000000000. 0000,00000000,000 900000

Asr 00000000000 OOO0O0ODOOO.O0DO, 00000000, 00bDb000OD
ogooboog.

O (terem) OO0O0OO0O0.0000,00 10000000.Asir00000,
<<0,1,2,3,4>>

gjooooooo, o0, oooooboboboobob. oogg,s0bo0o0o00
. 0000 a,b,c,d,eJUIUUOOOOMO b*xc™2xd"3%xe~4 U 0O 0.

000 (term order)
gogodgdoooooboobbbo,ddduoooooooobboboooada.
1. 0000 t0onOo £>1
2. t,s,ud00000,t>s000 tu>su

0000o00o0ooU0o0o0ooOoU0O0. 000000 oUD (Dooooo)o
0000 (0,0000000D0)D0000O0O0OD.

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

goboobooobobooboboooobo,booobooobobg. bbooooon
gobodboooo,oobobooobo,oobooobooo,ooboboa.

82 OO ULon

ooboooboobobooboboobUuOobibdg dp_gr_main() 000 dp_gr_mod_main(),
dp_gr_f_main() U0 3000000000 0ODO0O,000,00000000000000
ooooooOooo0oOooooOooooOoO0oDbo0o0.obooooooDooOo0,000n ‘gre
O leadO) ODOOOOO0ODOOOODODOOOODD. grd,Asr00000000OOOO
gbobobobon.

[0] load("gr™)$
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83 oo

‘e’ 00000 OOoO0oOoUOooOoooobOo,booboboboboobobboooobooOoD
0000 30000.000,plist 00000000, vlist OO (00O0)0000, order
gooodo,pb 227000gobOOn.

gr (plist, vlist, order)
Gebauer-Moeller (1 0 O useless pair elimination criteria, sugar strategy 00 0 O
Traverso 0 0 O trace-lifting 00 00O Buchberger 0000000000000
00o0bo0oooO0ooo.ooooDoooooooo.

hgr (plist, vlist,, order)
oooooooooooD grOQUOOOOoOooOoOOOOOOOOOOOO,D
000, interreduce 0000 gr(O OO0O0OO0OO0O0O0OOOOOOOODOOO.
0000000 (000000000 U0O0D0) 00O, sugar strategy D000
dddddodouuouo. booobobO, strategy UOUOUOOOO strategy
gobodbooobobuoobboooboobbooobuouoboboooob.

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

84 JUDOOOOOOO

Oo0oooooooobooo, g0 oooooooooooo,ooooon
oooooob.0db0o,000000 dp_gr_flagsO DODOOOODODOOOOODODO.
0000 dp_gr_flagsO ODOODOODO,000000000DO0DOODO,0000000A0O
goooo.

[100] dp_gr_flags();

[Demand,0,NoSugar,0,NoCriB,0,NoGC,0,NoMC,0,NoRA,0,NoGCD,0,Top,0,

ShowMag,1,Print,1,Stat,0,Reverse,0,InterReduce,0,Multiple,0]

[101]

goo,0dodooobboooodd. on oo, 0o0ggg ooooooooao.

O0000000000O0O0O0OO0O o(eff)y0OO.

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

oo.

NoCriB onJ00,00000000000,00 BOOOOOO.

NoGC on000,000000D000O0CO00ODOOODOOOOOOODOODO.

NoMC on000,000000O0O0CCCOOOOOO00O0O0O0OOOOOOOOOOO
ooo.

NoRA on 000,000 reduced 00000000 O0O0ODO interreduce OOOODO.

NoGCD on000,00000000D000O00O0OOODO,00D00OO00ODO,O00
O content OO ODO.

Top on 000, normal form OO0 0000000 OOODOODO.

Reverse on 000, normal form O0000 reducer 0, 00000000000 OO00O0
ood.
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Print on000,0000000000O0000O0O0OOOOOOOOOOO.
PrintShort

on00Print 0 of 00D, 00000000O0000O0OO0DOODOOOOOODO.
Stat onl Print 0 of 000,Print 0 on DO 00000 OOOODODO,0000

gbobooooo.

ShowMag onl Print0 on OO0, 0000000000,000000000000O0
gooooo,oo0b,obpboobooooooooo.

Content

Multiple 0O OOOODOOOO, 0D000O0O0O0ODOOOO0OO, U0OU0DbDOODOOO
Content 100000000 OODO GCDOOODOO,00 GCDOOOOOO
O00000O0.Content 0 1 000,0000000GCDOOOOOODOODO
000DO0O0O0OD0OO,Content 0 2000000,00000000000000
O0,000000000000. backward compatibility 0 0 O 0 Multiple O
gboobooooo.

Demand

0000000000 (D0o0)o0oo0o0ooO,00000DO00O0O0OO00O
gboo,bgbooboooboobooobobooboboob,o0bo0obon
00 normal form 0000, 000000000D000DOOCO. OO0O0O0O,O
gboboobooobooboooboooboooboboobooboob.oobooooboo
gobodobooooboobbooboobbooboobooboa,boaoo
gbobobobobobob.

Print 0 0OD0O0ODOODODOOODOODOOOODOO.

[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 00O, eval OO
odo0ooooooooooooooooon.

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

TNF

normal form 0000 (O)
TCONT

content 1 OO0 (O)
HT

goooooooonon
INDEX

S-00000ooooooooooooooog
NB

oo, ggoooooooog
NAB

Jooooooooooooo
RP

gooooon
S

obodboodn sugar 00O
M

O000000000000000000 (ShowMag 0D on DO OOOOODO.)

000,00000000000. 0000000, (0000 ODODOO0,000 20000
O0,00000 GCooooooog.)

UP

gooboboboboobobooo
SP

ooobOo s-ooooooo
SPM

ooobOo s-oo0ooooo
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO,000 reduction OO OOOOO
PZ

content 0 0O 00O
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NP

gbobobobobobboboobobouoouoouooog
MP

S-0000ooooDoboobOobOobooboon
RA

interreduce 00 0 0O O
MC

trace-lifting 0000, 0000000000000 OCO0O
GC

0odbobOOobOobobOobobobobboooo
T

gobooooboogn

B, M, F,D
O criterion OO0O00O0OO0O0O0OOO

ZR

00 reduce UOODOOOO
NZR

00000000 reduce O ODOODOO
Max_mag

gobooboob,0o0bboooboobooon

85 0o

goooog,oboboboooboboboooobooboboooobobob.boobob
gobooobooboob,0oboobbobbobbooboobOoob,0bbooboo
g.gobo,0obbooboooboooboobooobooboboob.booobo,a,
gboboooboooboooboooo.

goboobooobobooob 3gaoo.

0 (DegRevlex; OO ODOODOONO)
gboo,b0b0o0booobooboooboboobobooo. bob,0obooon
gobooboodobobooooo,gobobooob. ogbboobbooooo
g,0boooogb,boboooobooogo,gbobooooooboon
gopboobooooboon.

1 (Deglex; 0OOOODODODO)
gogooo, bbb boobobbbbooooooooboooboobobo,
DegRevlex U D OODDOO0ODOODDOOODOODOD. O0ODO,00000
O0o0ooooooooooo, 000 ooooooooooan.

2 (Lex; ODODOO0O)
ooooooooooooo, oo ooooooooa
ogooooooooooooooooo. oo, 00000000, ggoooao
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oboboooboobobooboboobobD. obogD, egrO,hgerOQ UDODODO
gobooboooooboon.

goboooboooboboobooooobooooob,ooboboobooboboo.ooa,
(fo1,r1],[02,L2],...]

0D00D000.0i00,1,2000000,Li000000000.00000,00000
00 L1,l2,..00000000,0000000000,00 01,02,..00000000
000000000000000000.0000000000000000000

goo,0boobooboobboooboobo. o0, nOdm00b0oo0bO0 MODOOO
goooood.

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

2. 000000000 mb ooooboobo0ob vOoDO,MvD OODODODODO
oo.

0D00,2000000 +,s000,t>s0,Mt-s)0000000000000,000
00000000000O0oooo.

o000, grOUD0O0OD0OO0O0OODOODOODO, 000000 dp_ord) OOUODO,0D
goboobooooboobooon.

gooooooobooogbooo oo oooooobobooboooooo
[Becker,Weispfenning] DO O OOODOO.
Jooooooobbo,bbodddoooooobboobobboooog.
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t]1,2);
[x"2-2%y 7T+ (-41%t72-13%t-1) xy "2+ (2%t "17-12%t " 14+42*%t " 12+30*%t " 11-168*t "9
—40*t"8+70*t " 7+252+t"6+30%t " 5-140%t"4-168*t"3+2+t"2-12%t+16) *xz" 2%y
+(=12*%t716+72%t713-28*t"11-180*%t"10+112%t " 8+240%t " 7+28*t"6-127*t"5
-167*t"4-55%t"3+30%t " 2+58*t-15) *z"4,
(y+t72%272) *x+y "7+ (20%t "2+6%t+1) xy "2+ (-t "17+6%t " 14-21%t~12-156%t"11
+84%t"9+20%t " 8-35*%t " 7-126%t " 6-15*%t "5+T70*t "4+84*t " 3-t " 2+5xt-9) *z" 2%y
+(6*t"16-36*t " 13+14%t"11+90%t~10-56*%t"8-120*t " 7-14*t " 6+64*t"5+84*t"4
+27%t"3-16%t"2-30%t+7) *z"4,
(£73-1) *x-y 6+ (-6%t"13+24%t"10-20%t " 8-36*t " 7+40%t " 5+24*t"4-6xt"3-20%t"2
—6*%t—1) *y+(t~17-6%t"14+9%t " 12+15%t"11-36%t"9-20%t " 8-5*t " 7+54*t"6+15%t"5
+10*%t~4-36%t"3-11%t"2-5*%t+9)*z"2,
-y~ 8-8*t*xy 3+16%2" 2%y 2+ (-8*%t " 16+48%t"13-56*t"11-120%t " 10+224*t"8+160*t"7
—56%t76-336%t"5-112%t"4+112%t " 3+224*t " 2+24*t-56) *z"4*xy+(t"24-8*t"21
+20%t719+28%t718-120%t"16-56%t"15+14*t~14+300*t " 13+70*t~12-56*t"11
—400%t~10-84*t"9+84*t " 8+268*t " 7T+84*t"6-56%t " 5-63*t "4-36*t~3+46%t"2
—12%t+1) %z, 2% t*y " 5+zky "2+ (2%t " 11+8%t "8-20%t "6-12%t " 5+40*t " 3+8*t "2
—10%t-20) *z " 3*y+8%t~14-32%t"11+48*t 8-t "7-32xt " 5-6*t "4+9*t"2-t,
—zky "3+ (7724 T 4+3%kt 7241 ) ky+ (-2% L T6+4* L T3 +2%E-2) %272,
2%t 2%y " 3+z 7 2%y "2+ (-2%t "5+4%t " 2-6) *z"4*y
+(4%t"8-t"7-8%t " 54+2%xt"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2xt " 3xy+ (—tTT+2%LT4+E72-) %272,
—tkzZKy " 2-2%Z " Bky+t "8-2%t "5-t "3+t "2,
—t 3%y " 2-2%t 2%z " 2%y+ (£ "6-2*%t " 3-t+1) *z"4,z"5-t"4]
[93] gr(B, [t,z,y,x],2);
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[x"10-t,x"8-z,x"31-x"6-x-y]
ooog x,y,z,t] DOO0OO0OO0OD0OO0ODOOO, 0000000, 000D000O00Q0O0.0DO
0,00 [t,z,y,x] DOOOO,BOOO00ODOODODOODOODOODLOO.OOOOOOO, DO
000000000000 000000O,000 (bOboOoO0)ooo,000 (oooo)
goooooboooboboo,obgoooob, s, z,yOOOxDOODOOOOODODOODO
JodooooOo0o0o0odbooOo000. oooobobooooooobo,00000oooooo
0doo0ddoodoDoOodoodo,0opobooooooooaoan.

8.6 Weight

O00000000000,0000 weight (00)000000000000O0OOO0O
oo.
[0] dp_td(<<1,1,1>>);
3
[1] dp_set_weight([1,2,31)$
[2] dp_td(<<1,1,1>>);
6
gobooboobogobo, bbb oobboobboobooboo.bogo
000 weight 0 1000000000D00O0ODO. 0O000O0O,00,00,00000 weight
00000 1,230000000.0000,<<1,1,1>»>0000 (00000000000
weight D00 0) O 1*1+1x2+1x3=6 D0 0. weight 00000000, 000000000
000o000oboopooobO. bODo, weight 0ODODOOODOODOO, 0000 weighted
homogeneous 0 0 OO0 O0D0OOO0OOODOO.

0000000 weight 00000000 weight vector 000. 0000000000
0,000000000000,000000000000000000 sugar weight 0 O
0000O00. sugar strategy 0000, 00000000000000000. 000, O
0000000000000 0 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 0 000 dp_set_weight() OO ODOO0OO0OOO, 0000000000
000000 (booo,0000)00000OOO00DO0OOOO0O. D0oO,000
oooooobooooooo.

[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],[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]

OO00OO0O0DOo00O,0000 option OOODOOODOODO. ODODOODO vODOO
00000, sugarweight U 0O O sugar weight vector U, order0 0 000 0O0ODOOONO
00.000000000 order 0000 matrixorder 00O0000. O00O0O0,0000
O weight vector 000000000 weight 00O00OO0. O0O0ODOOODOOOO,O
000 weight vector 00O O0O0ODOO0OO0ODOOOOO. O0DOOCOOODO oOOD.DOOO



o8l OO0O0OO0OO0OO0O000 115

O00O,order 00000 DOODOOOOOOOO.OO0DODODOO, tiebreaker DO O0OOO
gooobobooboboobo.0obobdgob, dp_gr_main, dp_gr_mod_main 000
ooobooooooboobod,groogooboobooooboooog.

.7 U uuubuouooooon

grO 0000000OO0DOOOO,000O0,00000D0000DOO0ODODO (oO)Oo,o
00000Ddo0oooooodo,Ddo0do0oDdoooooooDoooOoooon
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
02000000Fxy0O0O0O0OD0OOOOOOOODOODODODOOO. OOODODOOODO,O
000000000 00000000. 0000, 000000000000 o00oDoooo
00000, 00000000o0o0o0oo0ooOo, 000000000 ooooogooa
0J000DO00O0o00oooopoO0o. 00, 0000000000000 0DO, 000000
0000000000000 oDOooodoooO. oo, 00o0ooooooaon
dooooooooooooooag.

8.8 LUUU

O000o00O00o00O0o00oooO0UoD,00 grOOOO0DDODOOOO,DD00000 (O
00000000O000)00U0ooOo0o0U0oOooO,000000000D0D0DUObDoODOO0
gbooboobuooooobooobobo. ob,obooboobuooboobonbobo
oobooO0ooOo,00000bobo0o00unD, Buchberger OO O0OO0OO0OODOOOOO
googoboooboobooboobobooboo.boobooboobobobo,bo
oooooood ‘erybobbobogobobbo. 000 20b000,0000 viistl, O
OO0 order DO O0O0OD0OO0ODOCOOOOOODOODDOO ghaseD, 0000 viist2 00
gbobodboobbooobooobbooobuoaboo.

tolex(gbase, viistl, order, vlist2)
00dOo0d,ghase 00000 D0D0ODO0OO0OODODODOOOOODODOOO. OO
000,0000000000000,0000000000D0000000O0
0000,00000000 Hensel DOOODOOODOOODDOO.

tolex_tl1(gbase, vlist1, order, vilist2, homo)

00000,0000000000000 Buchberger 00000000000
00000oO,00000000000000000000000 trace-lifting
000000000o0o0oodon,do0doooDnoon,0noooonoooon
00000, 000000000b00000b0oboOoo0oOoonod, 00d Buchberger
do0oOo0doOooobOoooobobOooobooOoooboo. 00,000 o0bOoooo
000,000000 1000000000000 00D0O00D0OO0ODOOO0DOO
000000.00000,00000,00000000000000000A0O
O0.(00000000. )00 homoeO 00000, hegr) DOODOODOOO
oooooooon.

gogbo,obooobobooo,obbooobobooobobooobboo,o0bbOoo
oooo,b0obgboboboooobuoboobUnD ‘g 0oboboobob. obooob
gobooooobooooboooo.
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8.9 Weyl O [

o000, 0000000000000 o000 booooo, O
oooooooboo,00bo0o0oooooooooboooooboo. boooooboooao, O
Oo0ooOo,Weyl OO, 00000D0000DO0O0OO0O0OOO0OODOOOODOOODOOO
00 Risa/Asir 00000000,

OKXKOO 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

do0ooooooooboooao. D O OO0OO0O K[xi,...,xn] OOOODO
oooooooo, pi O xi ODO0OOOODODO. ooooooo, o ooo,
x17il*. . .*xxn"in#D17jix. . *Dn~jn DO O OO0 XK OODOODOOODODOOOOOOoOO
O.Risa/Asir 00000,000000,0000000000<<i1,...,in,j1,...,jn>>
ogo0o.0odo,pdooodooobdoo0obo. 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] Ax*B;

(1)*<<3,3,3,3>>

[3] dp_weyl_mul(A,B);
(1)%<<3,3,3,3>>+(1)*%<<3,2,3,2>>+(4)%<<2,3,2,3>>+(4) *<<2,2,2,2>>
+(2)%<<1,3,1,3>>+(2)*%<<1,2,1,2>>

OoooooooogoooD, WeylDOOOOOOOOO,0000000D0000. 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 UoouobLon

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°27000n0Oo

e O0IDODOOOD ‘gr0OOOODOOO.
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e 0000,000000 plist0,0000 viist, 1000 order 1000000000
0000.grO,hgrO 0 00000, gromodO) 0 GF(p) D0O00OOOOO.

e viist UDODOUODOOD. vist DOODO0O0OOOO,0D00000D0ODO0ODODO.

e gr(), trace-lifting (00D D ODO0OO0O0OOOOO) 0O0DO sugar strategy 00000,
hgr() O trace-lifting 000000000 OOOODO sugar strategy 00 O0O0O0O0O0O.

e dgr() 0,gr(O,hgr() UODOODOOOODO procsD 20000000000D000ODO
gbo,0000oooooooooob. boboobobob,b0obooooooooon
goboobog,boobboooboobboooboooo.

e dgr() DO0OIDOODOOO,OD00D0O0OCOODODOODOOODODODCPUODOOO,
gobooboooobooboooooboobooo.

e 100ODDOO pist DO0DOOO0ODODOOODDOOODODOOOOODDODOOODODOO
00. 0000,000000D00D00D000000000 dp_sortd0onoonOoOonO
O000000. 000000000000 0o0oo0b0oo0oo0b0o0oo0b0o0oobooOoon
000 vlist 000000000000 0OO (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,cl,c2,c3,c4],2,31991)8$
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.122, 8.10.10 O O dp_ordl p.125.
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, vlist1,order, vlist2)
tolex_d(plist, viist1, order, vlist2, procs)
tolex_t1(plist, viistl, order, vlist2, homo)
s 0000000000 00,00000000000O000O0O00D0OO00

return oon
plist vlist1 vlist2 procs

ooo
order O, 0000ooon
homo ooad

e JOUOLDOUDLOUD ‘gry0buoboDbO.

e lex hensel(),lex_t1() O0,000000 plistd, 0000 vlistl, 0000 order O
oooooooooooo,bo0, o000 viist2 00000 O0DOoOO0O0Ooooooo
oo.
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e tolex(),tolex_t1() U, 0000 viistl, OO0 order O UOODODOOOOODODO
U00oOoOo plist 00000 viist200000000000O0O0O0O0O0ODO. tolex_d(O
O,tolex() 0000, 0000000,00000000 procsOO0O0DOOODOO
goog.

e lex_hensel(),lex_t1() O0O0O0O0,0000000000000000000000O
00. ([Noro,Yokoyama] OO .)

[NCR

4.

vliistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

GoooOO0vst2000000000DO0O00DOOO0O0ODOO0O0ODOOO pO
O00,GF(p) 0000000000000 GpOOOOO.

GpOUOOOOODOODO,GoO0OO0O0DOOO NFODOOOD.

GpOUOO fOO0O,fO000OO0O0OCOOO,fOO0OODOOO0 NFODOOOD
Oo,000b00o0OobobO,boobbo0obDoobboOon Lfogo.

. Lf0O,0 p00000O000O0O0O0O0OO LfFODODOO pO0O0OO HenselJODODO

goog.

o000 GgpOOOOOOODOOOOOODOOOUODOOOOOODOOODO
ogoboobdg. oobooboboobooboboobg,pb0O0bO0DbO
oo.

e lex_tl(), tolex_t1() DD DOUOD,0D000DL0OO0DOODOODLOODOODODO
go.

1.
2.

3.

vlistl, order 0000000000 GoOOOOO. (lex_hensel() OO. )

GoD 0000D0ODOO0O0O00DbO,GoD0O00000,GoO0000 viist20000
O000DO0OO0000ODOO0O00obODOC0O00nD pODOO,pO0O00O0 trace-lifting
gboobooobooboobobobooboo,gobobobooaobobogobo
gbobogbooboboogb.oobobogo, pggbboobodab.

GoO 0D0OO0O0O00OD0OD0O0,GoO0DO0O00O0,00,vlst20000000000
00bO0o00O00o0OO0bO0O0bO0O0 GloobOo,0bo0oboooobobOooo
goobooo. oo, gbobooobob,boobooo,ogoooooboooo
000000000000 tracellifting 0 O0O0O0OODOOOOD, 000000
gbogbobobooboboobooobooboobgooboog.

e JOOODOODODOO, lex_t1(), tolex_t1(O) OO OOOOO.

e homo U 0OOIDOO, 00000000 Buchberger OO ODOOODOOOO,O0000
goog.

e tolex dO UUDOUODUODOO,00000L0ODLODODOOUODLODLODODODO
gobooboob,o0booobboobooboboon.

[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[]1p.122, 8.10.10 00 dp_ordlp.125, O
r0b0b0Db0Op91

8.10.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d
lex_hensel_gsl (plist, vlist1, order, vlist2, homo)

= GSLOODO00OO00DOoOo0

tolex_gsl (plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 000000D0O00DbOO0O0,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 OD,0000
O0000. tolex_gsl dO O, 00000,precs 000000 OODOODOOODOODO

goao.

e 00O OOO0ODOODDO, bOODOODOODDOODO [f0,x1-f1,...,xn-fn]
(f0,..fn 0 x0 0 1 0O0OO0) OO0 (00D SL ODDDO) 000OO,
[[x1,gl,d1],...,[xn,gn,dn], [x0,£f0,£0’]] OOOODO (D00 GSLOOOOO)
goD. 000, gi 0,di*xf0’xfi-gi 0 fo0 00000000 x00 1000000,
00 fo(x0)=0 00O x0 OO0, [x1=g1/(d1*£f0’),...,xn=gn/(dn*£0’)] 0O O. O
000000000000 DOO000D0O0O0O0nDO, telex() DOODODOOOODDOOO
goao.

e GSLODOOUODOODOUODOUODOODOOOOOO,0D000DO SLODDOOD
O0DO00DOo0DOO00O0O000O00O0O,0b00D000. tolex_gsl dO ODODOO
gogbood,gbooobooobbooobboobboobboobbuoobooboa,
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*xu0~31-...]
[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_t1llp.118, 0 70O OO
O000p91

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)
2 0000,0000000000000000A0

minipoly(plist, vlist,order, poly, v)
2000000000000, 000000000000

return ooo

plist viist 000

order O,00000000

poly gooo

v ooo

homo ooo

e gr minipoly() DOUODODODOODODOOODDO, minipoly) DODOODODOODOOODO

ooo.

e J0DD 100 KOOOODDOK[X] O 000000000, K[v] OO f(v) O f(p)
mod | 00000000 D00000 000000000000000. 000000 p
0,0 I0000000000.

e gr_minipoly(), minipoly() 0,000 pO0O00D0O00000,vO000000000
ooooo.

e 00000DO,0000000 100000000000000000,0000000
0000000, minipoly(), gr_minipoly() 000000000000000000
oooo.

e gr minipoly() O DOUOODOODODOOOO,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.118.
8.10.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
0O mod 0000000 0OOCOOOOOOOOO

minipolym(plist, vlist1, order, poly, v, mod)
0 mod 000000000 OOOOOOOOOOOOOO



o8l OO0O0OO0OO0OO0O000 121

return tolexm() : OO0, minipolym() : OO
plist vlist1 vlist2
ooO
order O,00000000
mod oo

e 0 plist UUDODOO ODOODO wiistl, 0000 order, d mod DOOOD0OOOOODO
gboobooooo.

e minipolym() U minipoly DOOUODOOOODO modOUOO.
e tolexm() 0 FGLM OOOOOOOOODODO vist2, 000000 OCOOOOODOODO

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.118,8.10.400 gr_
minipoly minipolyl p.121.

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 (oooon)

return ggd
plist viist 000
order O0,00000000
homo ooad

modular gooooood

e JI0ODOOODO,0DD00D0DOODODODODOODOODODOO, grO,hgr(), gr_mod()
0000000DbO0O0OoOO00OO00bO0DooOO0ObOO0DOooD. o000 weylOOOODOO
o00,Weyl OOOOOODODOOOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 0000000000000000O00O0OO
oobobo. obo,000ob,simp_ffO U000, 000000000 0DO0OOOO
ooOooo.

e 100 homo 0 00000, 000ODDOOODODONO Buchberger DD DOOODOONO
oo.

e dp_gr_mod_main() 00000, modular O, GF(modular) 0000000000 . dp_
gromain() OO000, modular 0000000 O0O0OO.
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1. modular 0 100, tracelifting 0000O0O000. 00O 1prime(0) OJO0O0O0ODO
O000dd lprimeO OOOOOOOOOO.

2. modular 0 200000000,00000000000 tracelifting 000O. O
goobooboooboo,o0on.

3. modular 00000, -modular 0000000000 ODOODOODO, trace-lifting
oooooooooooooooooobooOobooOoOoDboOobobooooDboooDo.

e gr(P,v,0) O dp_gr_main(P,V,0,1,0), hgr(P,V,0) O 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 OOOOOODO.

e homo, modular 000, dp_gr_flagsO 0O00O0O0OO00O0OOO0OOODOOOOODOOODO
oooo.

go 8.10.10 00 dp_ordUp.125, 8.10.900 dp_gr_£flags dp_gr_printUp.124, 8.10.1
U0 gr hgr gr_modl p.117, 10.5.1 J U setmod_£f£f0p.162, 8400000000
0oobodbdp.110.

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)
2 F4000000000000000000 (DDDDDD)

return oood
plist vlist 0O 00O

order g,0o00ooooo
e MIDUDUDODUODUODUODODODODUODO.

e FAOOODOOODO,J.C. Faugere 000 D0OO0ODOOODOOODOOODODOODODOOO, DO
gobO,0b0b0o0boobobooobooobooboooboobobooobon.

e NO0DOOIDODODODODOD,DO0DODODODODO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() DO O O0OO.

oo 8.10.10 00 dp_ordUp.125, 8.10.9 00 dp_gr_£flags dp_gr_printUp.124, 8.10.1
O0gr hgr gr_.modd p.117, 840000000000 0ODOOp.110.

8.10.8 nd_gr, nd_gr_trace, nd_f4, 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_weyl_gr (plist, vlist, p, order)
nd_weyl_gr_trace(plist, vlist, homo, p, order)
000000000 (oooon)

return goao
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plist vlist 000
order O, 0000oooo
homo aooo

modular O0O000O00O0O
e DD OOD,0D0DbO0ODLOODDOODLOODDLDOODO.

e nd gr,pd 0000000000 Buchberger 0O0000000O00OO.p0O 200
0000000, GF(p) OO Buchberger 00 OO0O0O0OOOOO.

e nd gr trace U0 UOUODODOO trace UOODOUOOODODOOO. pO O0OODO 1000,
oboooooboooobob,b0bob0ob trace00000ODOOOOOO.pO 20
0000, traced GF(p) D0O0O0O00OO. trace 0000000 O0DOOODOOOODO
gbo.pb0000,000000000000D0O00.0000O,p0 1000000
goboobooo,oobbbooooboboooobooboooooboboooooboobogoon
go.

e nd f40, 00000 FA0O0OO0OOOODOODO.
e nd_weyl_gr, nd_weyl_gr_trace 0 WeylOOODOOO.
e JOUODOUODO,0Db0DbUODODUODODODOD.

e U dp_gr_main, dp_gr_mod_main UUOUOOOUOO, JO0O0O0O0OO0ODOOOOO
go.

[38] load("cyclic™)$

[49] C=cyclic(7)$

[60] V=vars(C)$

[51] cputime(1)$

[52] 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)$
3.51lsec + gc : 0.7109sec(4.221sec)
[(65] nd_f4(C,V,31991,0)$

1.906sec + gc : 0.126sec(2.032sec)

uag 8.10.10 O O dp_ordl p.125, 8.10.9 0 U dp_gr_flags dp_gr_printl p.124, 8.4
oboobobobobobdp.11o0.

8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])
s 0bboooooooooooob,bn

return goao
list oood
i oo
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e dp_gr_main(), dp_gr_mod_main(), dp_gr_f_main() DO O0ODOO0OO0OODODOOO
oooood,oooo.

goboooboo,obooboooood.

ooo, ["Print",1,"NoSugar",1,...1 00000000, 0000000000. 0
gobooboobooooboooo.

e dp_gr print() 0, 000000 Print, PrintShort DO OOO0OO,00000. O
oooooooooooooo

i=0 Print=0, PrintShort=0
i=1 Print=1, PrintShort=0
=2 Print=0, PrintShort=1

O00,dp_grmain() JO00O0O00O0OO0OOOO0ODOOOOOODOOOO,00D00
gbooooboobooboooboobo,bobboobobobobooboobooboobon
goog.

HEN 400000000000 0OOP.110

8.10.10 dp_ord

dp_ord([order])
2 0o0o0o0oooo,on

return 00000 (o,0oooooon)

order g,0o00ooooo

e NOIDOOO,000D0D00O onderbO0OO0O.000DOOO,000D0O00O0O0O0OODO
gooogo.

gogbobobooobbooo,goobboooobbuoooobboooobboOoo
gboo,bobooooobobo,bgboobobobooobobooobobooooo.

grO 00, 00000000D00000DOO,000 dp_ordO 0OOOO,000DO
gobobob.ooooo,obobobooobooo.

goboobobooboob,0oooboobboobooboboo. obo,0bo0o
gogboobooooboboooobooboooo,ooobooboooooobobooooobooboaon
gobOo. oo, bogboooooob,oobbodgboooboaboboobooo
gbobooooo.

gboboobobobooboboooobobuoo,gbobooboboboooobo
goboobooobooon.

[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>>

RN gL000000D00O0p.113
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8.10.11 dp_ptod

dp_ptod(poly, vlist)
s 00000000 ooooooo.

return goooooo
poly ooad
viist oood

e 00D vlist UODOOODOOOODOOODOOOODOOODOODOOOOD.
e vist 000D OOOOO,000000DOOOOOODO.

[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>>

[52] dp_ptod((x+y+z)~2, [x,y]);

(1) *<<2,0>>+(2) *<<1,1>>+ (1) %<<0,2>>+ (2*z) #¥<<1,0>>+ (2*z) *<<0, 1>>
+(z"2)*<<0,0>>

HEN 8.10.12 0 O dp_dtopll p.126, 8.10.10 00 U dp_ordU p.125.

8.10.12 dp_dtop

dp_dtop(dpoly, viist)
00000000 000ooooon.

return oood
dpoly O0oo0oOooo
viist ood

e DD OODO,0DDO0DLOODDLOOODOODOOODOODO.
e DD OODL,00Db0O0ODLOODDOODLOODDOOODOODDOODOO.

[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>>
+(z"2)*<<0,0>>

[54] P=dp_dtop(T, [a,b]);

z"2+(2*%a+2*b) *xz+a " 2+2*b*a+b "2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
0000000000000 000000000

dp_rat (p)
s 00dopooooooogoooouogooog

return goooooo
p ooooooo
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mod oo

subst oogd

e dp_nf_mod(),dp_true_nf mod() 0,00000000000OCOODOOOOODOOODO
ob.000o0ounb,dpomod() DOODODODODODOOOODODOOOODUOOOOODOOO
000d0o0. 00,0000000,0000000000D00D0000,00000A0
000bO0oOOobOooon,dp_ratO 0O0ODOODODOODODO.

e 100DDOOOODDODOOO,IODDOO setmed() JODDOOODDOOOODODOO
oooooooo.

e subst 0, 000000000, 000000000000D0000DO0O0O0D0DODOODOO
0000d00oo0ooooOoooo,0oooooooogn, [hvar,valuel,...] OO
ooooooao.

ud 8.10.16 U U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modU p.128, 6.3.11 O
U subst psubstU p.48, 6.1.16 O O setmodU p.40.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
00000000000

dp_dehomo (dpoly)
0000000000000 0O

return goooooo

dpoly gobogooo

e dp_homo() U, dpoly 0 OO ¢tO00O0O0O,000000000DO010D00,00000
000 ddeg(t) (dO dpoly 00DD0)0000O0OOOOOODOOO.
e dp_dehomo() O, dpoly OO0UODOO0O, 00000000 0OOO0OOODOOODODO
oooooo.
e 000, 000000D0O000DDODOOODOOO,00DDO0ODOOODOOOODO
oo0ooooooo.
e hger O 0D0ODOD,000D00ODODOODO.
[202] X=<<1,2,3>>+3%<<1,2,1>>;
(1)%<<1,2,3>>+(3)*<<1,2,1>>
[203] dp_homo(X);
(1)%<<1,2,3,0>>+(3)*<<1,2,1,2>>
[204] dp_dehomo(@);
(1) *<<1,2,3>>+(3) *<<1,2,1>>

g 8.10.1 0 U gr hgr gr_modU p.117.
8.10.15 dp_ptozp, dp_prim

dp_ptozp (dpoly)

s 0000000000000 bOoo0bOoOo Gebo 14000,
dp_prim(dpoly)

s d00000b000O000oDbOOo0bOo0o0obDbOo0ooboOoOo Gebo 1000.
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return gooooog

dpoly goooooo

e dp_ptozp() O, ptozp() 000D DODO0OOOOODONONONOOOOO. 000000
00000,000000000000000000000.

e dp_prim() O, 00000000000, 0000D0000000DOO00OO0O0O0ODO.

[208] X=dp_ptod(3*(x-y)*(y-z)*(z-x), [x]);

(=3*y+3%2) ¥<<2>>+ (3*y " 2-3*z"2) *<<1>>+ (=3kz*ky " 2+3%2 "~ 2%y ) ¥<<0>>
[209] dp_ptozp(X);

(~y+2) #<<2>>+ (§72-272) *<<I>>+ (—zky " 2+2 7~ 2%y) #<<0>>

[210] dp_prim(X);

(1) *%<<2>>+ (—y-2) #<<1>>+ (z*xy) *<<0>>

oo 6.3.18 0 O ptozp 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)
000000000000 00O0O. (bobooooOooooooooon)

dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)

dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
»0000000000ooooOO. (boooo [DO,b0o0]loooon)

return dpnf() : OOOO00O0OO, dp_true_nf() : 00O

indexlist OO0

dpoly ooooooo

dpolyarray
oo

fullreduce 0O 00O

mod 00

e J0ODOODOO dpoly OOODOODOODO.

e dp_nf_mod(), dp_true_nf _mod() DD OO, dp_mod) DODOO0O, 00000000
O0000o0o0ooobooooooon.

e 00000, 000000O0DDODODOOOOO,dpnfO D0ODOODODOOOOODODO.
000000000 dpnf_mod() OO0O0O0D0OO,0000000000 dp_nf_mod()
ooooooao.

e dp_true_nf(), dp_true_nf_mod() O, [nm,dn] DOOOO0OOODOO. OO0, nm
000000,000000000000000,dn 000000000 nm/dn OO
ooooog.

e dpolyvarray 0000000000 OOD0OOOODOO, indexlist OO0O00OOO0OOOO
dpolyarray 0000 O00O0OOOOOOO.

o fullreduce 0 00D DODOUOODOODOOOODOOOOO. fullreduce 0 0O0OOOOO
ooooooooog.
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e indexlist U U DOUODUODOODO,000000000O00OOOOODO.

e 00D indexlist 00O ODOOOODODOOODOOODOOOOOO,0000000DO
gbobobobob.

o LIUODOOODLODUUODLDOOLUOODLOUOLODDLDOUOOLODDUODLDOODLbDOODLO
gboo0. 0000000000, ponf,p_truenf JOOO0OO0O.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[uO,ul,u2,u3,us4l$

[72] DPi=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+u4)~2,V)$

[76] dp_dtop(dp_nf([0,1,2,3,4],T,DP1,1),V);

ud "2+ (6*ud+2+u2+6*ul-2) *ud+9*u3" 2+ (6*u2+18+ul-6) *u3d+u2"2

+(6xul-2) *u2+9%ul"2-6*ul+1l

[77] dp_dtop(dp_nf([4,3,2,1,0],T,DP1,1),V);

-5%u4 "2+ (-4*u3d-4*u2-4*ul) *ud-u3"2-3*u3d-u2" 2+ (2*ul-1) *u2-2*ul"2-3*xul+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%ud”~15+. ..

[80] @78==079;

1

o 8.10.1200 dp_dtopdp.126, 8.10.10 0 0 dp_orddp.125, 8.10.13 00 dp_mod dp_
ratl p.126, 8.10.27 0 O p_nf p_nf_mod p_true_nf p_true_nf_modl p.134.
8.10.17 dp_hm, dp_ht, dp_hc, dp_rest
dp_hm(dpoly)
»0D000000DOo.

dp_ht (dpoly)
s go00ooooo.

dp_hc (dpoly)
s gooooooa.

dp_rest (dpoly)
0000000000000 0oo.

return dp_hm(), dp_ht (), dp_rest() : DOODOOOO,dp_hc() : DOOODODOO

dpoly Doooooo
e 0000,000000000000000000000000
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e IIDDOODL pOODbDOODOO.

p =dp_hm(p) + dp_rest(p)

dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((a46~2+7/10%a46+7/48)*u3~4-50/27+ad6"2-35/27+a46-49/216)$
[89] T=dp_ptod (X, [u3,u4,ad6])$
[90] dp_hm(T);
(2160) *<<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 gooooooon.

dp_sugar (dpoly)
20000 sugar 0O 0.

return goao
dpoly ooOooooo
onoff ooo

e dp_td() O,000000,0000000D0CO0O0C0OODO.

o IIODODOOODODOODDO,sugar OO DOOO0OD0ODOODODOOO. DOODO O
gbobodbooobobooboobobooboooboboaoo.

e sugar 1, 0000000000 ODOOODOODOOODODOOODOOOODOOODOOD
goooooo.
[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

8.10.19 dp_lcm

dp_lcm(dpolyl,dpoly2)
= 00o0o0ooog.

return goooooo
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dpoly1 dpoly2
ooooooo

e JI0OODOOOOOOOOOOOOOOO.OOO 1000.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>

oo 8.10.27 0 0O p_nf p_nf_mod p_true_nf p_true_nf_modl p.134.

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0oog.

return oo
dpolyl dpoly2
ooooooo
e dpolyl D000 dpoly2 00 00D00O0ODOO0O 1,000000000000O.
e JI00DOO0ODOODL,0dDOOODDOODOOODDOOODOO.

[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
oo 8.10.25 0 O dp_red dp_red_mod[ p.133.

8.10.21 dp_subd

dp_subd (dpolyl,dpoly2)
s gooooooood.

return ogoooood
dpolyl dpoly2
ooooooo
e dp_ht(dpolyl)/dp_ht(dpoly2) OUODOO. DODOOOO 1000.
e JO0ODODOO0O0O0O0OOOOODODDOODODOOOOO.
[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.133.
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8.10.22 dp_vtoe, dp_etov

dp_vtoe (vect)
s O0000oooOoooo

dp_etov (dpoly)
s 0000ooDnDoooog

return dp_vtoe: O UOOOOO, dp_etov: OO OO
vect goog

dpoly 0000000
e dp_vtoe() U,0000 vect 0O DOODOOOOODOOODOODO.
e dp_etov() O0,0000000 dpely 0ODOODOODOODOODODOODODODO.
[211] X=<<1,2,3>>;
(1)*<<1,2,3>>
[212] V=dp_etov(X);
[123]
[213] V[2]++$
[214] Y=dp_vtoe(V);
(1)*<<1,2,4>>

8.10.23 dp_mbase

dp_mbase (dplist)
:: monomial 0O 00O

return goooooooooo

dplist gobooboooboo

e 0000000O0ODODODOOOOOOOODDDD,000000000000000
dplist 0000, dplist 0 K[X]0OOOOOODOOO [0 00000,KO000000
000000 K[X]/I O monomial 000000000,

e J0DDDODOUUO,K[X]/IDO K-OODODODODODODOODDOODOO.

[215] K=katsura(5)$

[216] V=[u5,u4,u3,u2,ul,udl$

[217] GO=gr(K,V,0)$

[218] H=map(dp_ptod,GO,V)$

[219] map(dp_ptod,dp_mbase(H),V)$
[u0~5,u4*u0"3,u3*u0"3,u2*u0"3,ul*u0"3,u0"4,u3"2*ul, u2*u3d*uld,ul*u3d*uo,
ul*u2*ul,ul~2*%ul,ud*u0"2,u3*u0"2,u2*xu0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"~2,u4*ul,ud*ul,u2*ul,ul*ud,u0"2,us,uld,u2,ul,ud, 1]

go 8.10.1 0 U gr hgr gr_modU p.117.
8.10.24 dp_mag

dp_mag(p)
. 000000000000
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return O

p gboooooo

e J00DDODOODODODUULUODODDDODOOOD,DDOODOUO (ODODODOOOO)OOO
gooogobood.

o OO ODOOODOODOODOODOODDO.DODO,00DbO0DOODOODO
goboooboooobo,obbbooooboboooboboobooooooboooooboobogaon
goog.

e dp_gr_flags() U, ShowMag, Print  on U0 O ODO0ODOO0OOODOOOOODOOOO
000 dp_magO) OOOODOOOOOOO.

[221] X=dp_ptod((x+2*y)~10, [x,y1)$
[222] dp_mag(X);
115

oo 8.10.90 U dp_gr_flags dp_gr_printl p.124.
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 oon
mod RN

dpolyl +dpoly2 DO DOO0ODOOODDO dpoly3 0O 100000O.
e dp_red_mod() DO OO, 00000000 OOOOOLOOOOODOO.

U00000d dpoly2000000. O0ODO, dpoly2 0000 dpoly3 DO0OUODOO
goobobobobobobobuobobuoboo.

000000000,000,000000000,00 a b0 t000 a(dpolyl +
dpoly2)-bt dpoly3 000 O0O0O0DODO.

000, [adpolyl,a dpoly2 - bt dpoly3] 00O 0O O00D0OO.

[157] D=(3)%<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>;
(3)*<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>

[158] R=(6)*<<1,1,1,0,0>>;

(6)*<<1,1,1,0,0>>

[159] C=12%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>;
(12)%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>

[160] dp_red(D,R,C);
[(6)*<<2,1,0,0,0>>+(6)*<<1,2,0,0,0>>+(2)*<<0,3,0,0,0>>,
(-1)%<<0,1,1,1,0>>+(-1)%<<1,1,0,0,1>>]

HEN 8.10.13 0 00 dp_mod dp_ratll p.126.
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8.10.26 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl, dpoly2, mod)

= S-000000d
return gogodooon
dpolyl dpoly2

ooooooo
mod oo

e dpolyl, dpoly2 0 SSO0O0O0D0O0DOOO.
e dp_sp_mod() 0000,00000000000000000O000.

e JODODODODO,0DDOODODOODODODODODODO,ODODODODODO,O0DO0DO0DOODODOOOOOO
goooooo.
[227] X=dp_ptod(x~2*xy+x*y, [x,y]);
(1) %<<2, 1>>+ (1) *<<1,1>>
[228] Y=dp_ptod(x*y~2+x*y, [x,y]);
(1) *<<1,2>>+(1) *<<1,1>>
[229] dp_sp(X,Y);
(-1)*<<2, 1>>+ (1) *<<1,2>>

g 8.10.13 U O dp_mod dp_ratl] p.126.
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, (D0D0DbooooooooUooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist,, order, mod)
s 0o00oooooogoog. (DDDDD [OO0O,00100000)

return p_nf - OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order o,00000o00o

mod oo

e ‘g JO0OOODOODO.
o LIODODO,00D00D0DOODLOOODDOOO.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod OO OOOOOOODOO
oog.

e poly 000 plist 0,0000 vlist 00000000 otypeOOOOOOOODOODO
0000od, dp_nf(Q, dp_true_nf (), dp_nf_mod(), dp_true_nf _mod() OO OO O.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce 0 1 000
gooagd.
e JO0ODODOOOOO0O0O0OOOOOODO.
e p_true_nf(),p_true_nf mod() DOODOOOOO,dp_true_nf (), dp_true_nf_mod()
goooo.
[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,u0l$
[81] G = hgr(K,V,2)$

[82] p_nf(K[1],G,V,2);

0

[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]

(84] L[0]/L[1];
1

oo 8.10.11 0 O dp_ptodU p.126, 8.10.12 0 O dp_dtopU p.126, 8.10.10 O O dp_ord[
p-125, 8.10.16 O O dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.128.

8.10.28 p_terms

p_terms(poly, vlist, order)
s 000000000000 00ooOoooDo.

return gdd
poly ooad
vlist gooo
order O, 00000000

e gr’O0D00O0ODOOO.

e J0D0DDODOOOODDOOOODODDDODOOOODODN. viistOOO order 0000
0do0oOo0odoOoOo,000b0b000oo0odoobo0ooooobooooooo.

e JIIUIU0OO0OOOOOOODODDODODODODOO,O0DOOODODODODOOOOOOOOO
Ooooooooo.
[233] G=gr(katsura(5), [ub,ud4,u3,u2,ul,ul0],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)
s Oooobooo,oooooobobooooooobooboooooDo.
return 0000 1

plist1 plist2
e plistl, plist2 0000, 00000000 0O0OOOOOOODOOOODO.
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e 0ODOOODOOODOOODL,DOO0DLO,00DbDbOOO0ODDbOOObL,DO0ODLO
gobooboooboobooon.

[243] C=cyclic(6)$

[244] V=[cO0,c1,c2,c3,c4,c5]$
[245] GO=gr(C,V,0)$

[246] G=tolex(GO,V,0,V)$
[247] GG=lex_t1(C,V,0,V,0)$
[248] gb_comp(G,GG);

1

8.10.30 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)
cyclic(n)

hcyclic(n)
000000000

return goao

n g
e katsura() O ‘katsura’, cyclic() O ‘cyclic’ D00 OOODO0O.

e IDDOODLOOODDOODLDOO,0DDO00D0O00D0DO0O katsura, cyclic OO
gobooooboooood.

e cyclic U Arnborg, Lazard, Davenport U OO OOOOOOODOOODO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*xud+2*u3d+2*xu2+2*ul+2*xub-1, 2*ud*xu0-ud+2*xul*ud+u2~2+2*xub*ul,
2*xu3*xu0+2*ul*xud-ud+ (2xul+2*xub) *u2, 2xu2*xu0+2*xu2*xud+ (2*xul+2*xub) *u3
—u2+ul~2,2*xul*ul0+ (2*xu3+2*ub) xud+2*xu2*u3d+2*xul*u2-ul,
u0”"2-u0+2*ud " 2+2+xu3" 2+2*xu2 " 2+2*xul " 2+2*xu5" 2]

[90] hkatsura(5);

[-t+u0+2%ud+2*u3+2*xu2+2*xul+2*ub,
—udxt+2*xud*xu0+2*xul*uld+u2~2+2*xub*ul , —ud*t+2*xu3d3*u0+2*xul*xud+ (2*xul+2*ub) *u2,
—u2*t+2*xu2+u0+2*xu2*xud+ (2*ul+2*xub) ¥u3d+ul~2,
—ul*t+2*xul*u0+ (2*xu3d+2*ub) *ud+2*xu2+u3d+2*ul*u2,
—u0*t+u0"2+2*%ud " 2+2*%u3"2+2*xu2"2+2*xul " 2+2*xu5"2]

[91] cyclic(B);

[cH*cd*xc3*c2*xcl*xc0-1,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+chkcd*c3*c2xcl,
(((c3+ch) *c2+cb*cd) xcl+chxcd*c3) xcO+cdxc3*c2xcl+chxcd*c3*c2,
((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cd*c3*c2+c5*cld*c3,

(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+chbxcd, cO+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c~6+ch*cd*c3*xc2xcl1*cO0,
((((ch+cbh)*c3+chb*xcd) *xc2+cbxcd*c3) *cl+cbxcd*c3*c2) *cO+chb*cd*xc3*xc2*cl,
(((c3+ch)*c2+chb*cd) *cl+chbxcd*c3) *xcO+cd*c3*c2xcl+ch*cd*xc3*c2,
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RN

((c2+ch) *cl+chb*cd) *cO+c3*c2*cl+cd*c3*c2+cbxcld*c3,
(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+cbxcd, cO+cl+c2+c3+cd+c5]

8.10.12 0 O dp_dtop p.126

8.10.31 primadec, primedec

primadec (plist, viist)

primedec (plist, viist)

0000000
return
plist gooooo
viist gooono

oo

primadec(), primedec O ‘primdec’ OO OO DOODO.

primadec(), primedec() 00O 0OO0OOO0ODOOOOODOOOOOO,00000O
gbooboobo.

o0oo0o0ooO0o0ooOo0oOoo0d0ooOoOobO.Oo0oooO0oboobooOoooo.
primadec 0 [0 000, 00000001 0000000O.
primadec U D0 UOOOOOOODO.

gboooo,0boboobooboobooboboobobobobooboobboobon
U.00000000,000000 PRIMAORD, PRIMEORD OO DOODOO.

primadec O [Shimoyama,Yokoyama] 0O OO O0OOOCOOO0OOOOOODO.

ddddooououuuggdg, primedec UOOOOOO. 000, 00000000
odobbboodd, primadec U0 O OOUOOOOOO0OOOOOOOOOOO
ooo.
[84] load("primdec")$
[102] primedec([p*q*x—q 2%y 2+q 2%y, -p~2%X"2+p  2*X+p*q*y,
(q~3*y~4-2%q~3*y~3+q 3%y~ 2) *x-q " 3*y~4+q 3%y~ 3,
—q"3*y"4+2%q"3%y"3+(-q"3+p*q~2)*y"2], [p,q,x,y1);
[ly,x], Ly,pl, [x,9],[q,p], [x-1,q], [y-1,p], [(y-1) *x-y,q*y~2-2*q*y-p+q] ]
[103] primadec([x,z*y,wxy~2,w 2*xy-z"3,y"3], [x,y,z,w]);
[[[x,zxy,y"2,w 2xy-2z~3], [z,y,x]], [[w,x,z*y,2z"3,y"3], [w,z,y,x]]]

6.3.15 00 fctr sqfrJp.50, 85000000000 p.113.

8.10.32 primedec_mod

primedec_mod (plist, vlist, ord, mod, strategy)

s goooooo
return
plist gooooo
vlist googd
ord g, 00gooooo
mod ooo
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strategy od

oo

primedec_mod() O ‘primdec_mod’ DO O OO ODOO. [Yokoyamal] OO OO DOOONO
ooooooooooooo.

primedec_mod() U O UODO0ODOODOOODOODODOOODOODLDO,0D00DO
goooood.

primedec_mod() 0, GF(mod) 00 OO0O0O0O0OOO. O0OO0OODOOOOOO,000
gooooogd.

000000,00000000000000000000O0O00O0 [viistord) 0000
gbobobobobooboboobon.

strategy 0 0 0 0000, incremental 0 component 00000000000 OOONO
early termination 0 00O . OO0, 000000000 0OO0OOOOO,0D0000DO
0b0,0000000000 overhead UOODODOODOO.

O0O00OO00OO0ODO0ODODODOO00000DOO dp_gr_print(2) OOOOODOOO
go.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t, y T 8+yT2+t, z"8+z"2+t]$

[247] primedec_mod(PP444, [x,y,z,t],0,2,1);
[[y+z,x+z,z"8+z"2+t], [x+y,y 2+y+z"2+z+1,z"8+z"2+t] ,
[y+z+1,x+z+1,2"°8+2"2+t], [x+z,y " 2+y+z " 2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+z+1,2"8+z"2+t] , [y+z+1,x"2+x+z2"2+z+1,2"8+z"2+t] ,
[x+z+1,y " 2+y+z"2+z+1,2"8+z"2+t] , [y+z+1,x+z,2"8+z"2+t],
[x+y+1,y " 2+y+2"2+2z+1,2"8+2"2+t], [y+z,x+z+1,2z"8+z"2+t]]

[248]

6.3.17 O O modfctrl p.51, 8.10.6 J 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.122,
8§5000000000p.113. 810900 dp_gr_flags dp_gr_printl p.124.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
bO0OOO0O

ann (f)

annO () +: 0000000 annihilator 00O O

return goooooooo

f ooao

plist oooooao

viist dvlist
o0ooDoo

‘pfct’ JODOOODODOO.

bfunction(f), bfct(f) OOOO f O global bO0O b(s) OODOODO. b(s) O, Weyl
O00D0OD0OO0OOD0OODOO DLs]l OO Px,s) OODOOO, 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 DODODOOOO 10,00
00 weight 0000 global bODOOOODO. viistd x00,viist 0O0O0OO D-0O00O
oooooo.

e bfunction [J bfct DD DO OOUOO0O0O0O0O0O0O0OODO. OODDODODODODDOOOO
go.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] O0O00O0O
O0.000,a0 fO bOODOOOOO, st 0 ann(f) 0000 s$0,a0000
oooooo.

0000000, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x”~3+y~3+z73+x"2%y 2%z~ 2+x*y*z) ;
-9%575-63%s574-173%5"3-233*%s"2-154*s-40

[217] fctr(@);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3*dt+y*zxdt+dx,x*z*dt+4*y~3*dt+dy,
x*y*dt+b*z~4*dt+dz, -x"4-z*y*x-y 4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x],[dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000*s"9+101750*%s"8-79375*s " 7+35768*s~6-9277*s"5
+1278%574-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2*dy*x+3*dx*y "2, -3*dx*x-2*dy*y-6] ]

oo 8.900Weyl 000 p.117.



090 0000000000 139

9 0uogoogon

9.1 DLOUuoggdgd

Asir 00000,0000000000000D0O0.000O0O0DOOOCOOO0OOO0,D
gooogoo.oooo,0oddg, oo oobooboobooboooo
god.goobbtbdo, bbb bbdoooobbbooouoboboobo
loboodoooooooobobododoo. oo, oobbbboo0ooooobLbobooo
ddd,reot OOy,

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

#1)

[2] [type(A0),ntype(A0)];

[1,2]
O0O000,a00 x 2+1=000,A1 0,00 A00O0O00ODO x~3+A0*x+A0=0 OO O OO
goooooo.

newalg() 0 O0OO0DOOOOOOO0ODOODOOOODOOODOO.
1. bobob0o 1000000000000 00.

2. newalg() U0 O0ODUODOOODODO,D0000D0O0OO0DODOODOODODODOD.
oooooo,0b0bb0od srem(O) UOO0DOODODOOOOODODOOOOD. OOO
g,0oobbooboo,boobbooooooboboon.

3. U0Db00b00b0 DOOo0obOoobbO0 recoct DOODODOOODOODOODOO
oo.

4. 000000,000000000000 recoct 000 oboooboobooobOoonOO
goooag.

newalg() U0 DOUODOOOOOO,1000 200000.00,000b00000D0O00DO
goooooooboo. bbooboboobooboobbooboboooboono,boo
gobog,boobooboooboobgon.

U0 newalg() DUODOUODODODODOODOOO,D00000O0DODO,DO0,0000DO
DDDDDDDDDDDDDD.(type(),vtype()DD.)DDD,DDDD,rootDDDD
oooooooooon.

[87] N=(A0"2+A1)/(A1"2-A0-1);

((#1+#072) / (#172-#0-1))

[88] [type(N),ntype(N)];

[1,2]
O000o0o00ood,reot #n OO0 UO0OOO. OD00O,000000000000O000O.
root 0000000 OO0ODOODO,0000 alg(n) OODOODODO. ODO,0000000,
000000 (D0O0O0000000O0D0)000 newalg() DOO0O0O, 000000000
odoooooooooooooooon.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root 000D0D0DOD, defpoly() 00DDODODODOO.

[96] defpoly(AO);
t#072+1

[97] defpoly(Al);
t#173+t#O*xtH#1+t#0

goboodbo,t#o,t#1 D0OUO0O0O #o, 1 UDOUOODOODODOO. ODOOODOOOOOO
oobooooood.varQ UOOOOOO0,0000 algv(n) JOOOODO.

[98] var(Q);
t#l

[99] algv(0);
t#0

[100]

9.2 DOOUO4ogdgd

goo,boobobogo,0bo0oboboo0ob. obobo,b0o0bobobobooboboob
go.oboooboob,boobooboboobbooboboooboobbOo,0oboo
O00D000O00O0O0DOO0DOOO0Ob. booog,sp0,egr 000 Asir 00ODODOO
gobooobooboooooooog.

[0] load("gr")$
[1] load("sp")$

oboob,00b00bogbg, ‘$HOME/ .asirrc’ DO O OOOOOODO.

root J DOOODODOO,0000000000.000,00000000000000
gobooboooboo,bboobooboobooobooobo. ob,obb o0obbO
gboobobobodobob,0oboboooobobooboboobooboboobo
goooo.

oo0o00,0b0b0ob0obobob, simpalg OODO.

[49] T=A0"2+1;
(#072+1)

[50] simpalg(T);
0

simpalg() DO O0UOOOO0ODOOODOOO,000000000DO.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0"2+A0+1)/(A0+3);
((#0~2+#0+1) / (#0+3))

[41] simpalg(T);

(3/10%#0+1/10)

[42] T=1/(A0"2+1);

((1)/(#072+1))

[43] simpalg(T);

div : division by O

stopped in invalgp at line 258 in file "/usr/local/lib/asir/sp"
258 return 1/A;
(debug)
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gooog,obobo obobobobobbbb b0 ooooooooooogo,oog
O000000 simpalgO) DO ODOOOOODODOODUODOD. simpalgO) O, 0000
gooooooooooooooooooan.

[43] simpalg(1/AO*x+1/(A0+1));

(—#0) *x+(-1/2*#0+1/2)

0ooboboooooboooonouboD, b simpalg) DO0ODOODUODOODODODO
0oooooo, 000000000000 ooooog, root OO
000Db0O0O0DbO00OO0DbOobOO.0000, algptorat() OODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0) ;

#1)

[85] T=(2*A0+A1xAO+A172)*x+(1+A1)/(2+A0);

(#172+#0*x#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(L#0+2) *t#172+ (t#0™2+2xt#0) ¥t #1+2%t#0 " 2+4*t#0) xx+t#1+1) / (t#0+2)

[87] algptorat(coef(T,1));

tH#17 2+t #O*t#1+2xt#0

00000, algptorat() 0,000, 000000 root 0, 0000000,0000 #n
D000 +#n 000000. 00000000, 0000000000000000000
00.000,000000000000,r0t00000000000000000000
oooo.

OO0, root DDOUOODOODOOO, 0000 root UOUOOUDUOODUOD rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]);

(((#0+2) / (#0+2) ) xt#1 72+ ((#0"2+2%#0) / (#0+2) ) xt#1

+((2%#072+4%#0) / (#0+2) ) ) *x+ ((1) / (#0+2) ) xt#1+( (1) / (#0+2) )

[89] rattoalgp(S, [alg(0),alg(1)]);

(((#0"3+6x#0"2+12*#0+8) *#1 "2+ (#0"4+6%#0 " 3+12*x#0 " 2+8*#0) *#1

+2%#074+12%#0 " 3+24%#0 " 2+16%#0) / (#0~3+6*#0"2+12%#0+8) ) *x

+(((#O+2) *#1+#0+2) / (#0"2+4*#0+4) )

[90] rattoalgp(S, [alg(l),alg(0)]);

(C(H#HO+2) *x#1 72+ (#0™2+2%#0) *#1+2x#0 " 2+4*#0) / (#0+2) ) *x

+((#1+1) / (#0+2))

[91] simpalg(@89);

(#172+#0*#1+2%#0) *x+ ((-1/5%#0+2/5) *#1-1/5%#0+2/5)

[92] simpalg(@90);

(#172+#0*#1+2%#0) *x+ ((-1/5*#0+2/5) *#1-1/5%#0+2/5)
rattoalgp() U, 00000000 root DOUDODODO 200000,00000,00000
godoudodoo. oo, oo oouoouoooooooooon
00O0DbO00OO0,00b0b0b0b00oD0OoboOo0oOobooOon. algptorat(), rattoalgp()
O, 0000000000000 0000oobooooooooooon.

9.3 DUUOobo 1000000 on

‘sp) 00,1 00000000,GCh, 0000000000000 DOOO0bOOO0ODOOOD
goobooooboooon.
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9.3.1 GCD

000000 GCD O cr_geda() DO ODOODOODO. DODOODOODODOODODODOODODO
000OO00d00o00pDO0OO0 GChboOoOopooOoOooO,00booooooobooooo.
[63] A=newalg(t~9-15*t"6-87xt"3-125);
(#0)
[64] B=newalg(75xs”2+(10%A"7-175%A"4-4T70*A)*s+3*A~8-45%xA"5-261*%A"2) ;
(#1)
[65] P1=75%x"2+(150*B+10*A~7-175%A~4-395%A) *x
+(75%B"2+(10%A"7-175%A"4-395%A) *B+13*A~8-220*%A~5-581%A"2)$
[66] P2=x"2+A*x+A"2$
[67] cr_gcda(P1,P2);
27*x+ ((#076-19%#0"3-65) *x#1-#0"7+19%#0"4+38*#0)

9.3.2 000U, 0000

Jododooo,dddddddooo GCbooOOoO00D0Dd0d0d0d00oOoOooOoooo
000D00000.000 asqO) OODO.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2%A-3) 2% (x"3-x-A)"2);

X" 11+ (#4+1) *x~ 10+ (—4*#4-8) *x "9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7

+(24%#4-6) *x "6+ (—29*#4-31) *x "5+ (—15*#4+28) *x "4+ (38*#4+29) *x~3

+(#4-23) *x~ 2+ (=21 *#4-7) *x+ (3*#4+8)

[118] asq(T);

[[x"5+(-2%#4-4) xx "3+ (-#4) *x "2+ (2%#4+3) *x+ (#4-2) , 2] , [x+(#4+1) ,1]]
ooooOooooa ,[D g,od D] doooobooo,0ooooooo,bboooooa
gooooooboo. oo, 0booobgooonoooooooog,onoogooon
ooo.
dddddooogogg, Trager 00000 o, oo gooag,
godoodoodoodootoouoouoouoooooooooog.

[119] af(T,[A]);

[[x"3-x+(-#4),2], [x"2+(-2*%#4-3) ,2], [x+(#4+1) ,1]1]

oo 200,02000,rcot0000O0OO0O. 0000O00O00O0OOO, 0000 root O
gbodotdotdotuod. recot 0000, oo, 0dbonoooooon
0o00o00d0oo00ooO0do. 0oooOo,0b00o000oog. oopoooooan.
gofddodoboooooboooooo, 000000000 100D ooooOooo
00,0000000000. 0000,000000000O000D0O000DO0OO00DOO0
oo00oo0ooooooooooooooo.

[120] B=newalg(x~2-2%A-3);

(#5)

[121] af (T, [B,A]l);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5) ,2], [x+(#4+1),1]]

9.3.3 UL OO

gobgooobooboob,0oboobbobbobbooboobg,booboooboo
oOoooOoooOooD.bog spOOODO.
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[103] sp(x"5-2);

[[x+(—#1) , 2%x+ ($O"3*#1"3+#0"4x#1" 2+ 2k #1+2%#0) , 2kx+ (~#0"4*#1°2)
2%x+(~#0"3+#1°3) ,x+(-#0)],

[[(#1), t#1 4+tH0O*t#1 " 3+L#0 2t #1 2+t #0 3+t #1+t#0°4], [ (#0) ,t#0°5-2]1]

spO0 1000,000 10000000, [lroot, algptorat(DOOOO)] ODOOO]
oooobgob. 02000 [root,algptorat(ULDUODO)] DOODLOO,0000O,
0o000dooooooooooooind recot 0. DOODOooooOOo,0dogoon
root UODOOOOOOOOOOOOOOOOOOOO.

0000 100000 10000000D0,0 2000 reot00O0DOOOOOoOO,spO
gbogboboobuobobobo. obobooboboobobobg,bobbodg 110
oooooooOo. «fOQU0b, 00000000, 0D00DOO00D0OODOODOOO.

94 Lo boobooobogd

9.4.1 newalg

newalg (defpoly)
sroot U U4Q.

return 0000 (root)

defpoly ooo

e defpoly OO ODDOOOUODOOODO (reoot)DODODODO.

e defpoly OO DOOOOOOOO,910000000000p.140000.
[0] AO=newalg(x~2-2);
(#0)

00 9.4.2 0 0 defpolyD p.144

9.4.2 defpoly

defpoly(alg)

croot 0OOODOODODO.
return oon
alg 0000 (root)

e rootalg 00O DOOODOOO.

e root Il #n U000, 0000OO0OOOOO t#n OO O.
[1] defpoly(A0);
t#072-2

HEN 9.4.1 0 Unewalgll p.144, 9.4.30 0 algl p.145, 9.4.4 0 U algv p.145
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9.4.3 alg

alg(i) » 00000000000 reoot OO,
return 0000 (root)

i gd

e root #1 00O 0O.
e #i 000000 DODOODOOO,alg() ODODODODO.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

g 9.4.1 0 Unewalgll p.144, 9.4.4 0 0 algvl p.145

9.4.4 algv

algv (i) calg() O00O0OOOOOOOO.
return goo

i ud

o OO t#iODO.

e t#i D000 0O0OODOODODOO,algv( ODOODOODODOO.

[4] var(defpoly(AO));
t#0

[5] t#0;

syntax error

0

[6] algv(0);

t#0

ud 9.4.1 0 Unewalgll p.144, 9.4.2 0 0 defpolyl p.144, 9.4.3 0 O algl p.145

9.4.5 simpalg

simpalg(rat)

s 000oo00oooooooooooon.
return goo
rat goao

e s 0O0OOODOODO.

e J,000,0000000D0D00DDO,0D000 rect00bbooonboOooDO.
e DD, 0D000OD0DO0ODLOO,DUO0 reotnognO.
gobodobo,ooboooobgoon.
gboboobo,ooboobooobobooooaoo.
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[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp™)$

[46] simpalg((1+A0)/(1-A0));

(-2*#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(-2%#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1)) / (x+(-#0+1))

9.4.6 algptorat

algptorat (poly)

2 00000000 root O, 0000000000000 .
return ggdod
poly aooo

e sy JODOODODOOO.
e JOUDOUDOOUD root#n 0OUOD t#n 00O ODODODO.

[49] algptorat((-2*alg(0)+3)*x"2+(1/7*alg(0)-3/7));
(-2%t#0+3) *x"2+1/7*t#0-3/7

gd 9.4.2 0 0O defpolyl p.144, 9.4.4 0 0 algvl p.145
9.4.7 rattoalgp

rattoalgp(poly, alglist)
200000000 reot 0000000 DDO reot 0O OODOO.

return ggd
poly ooo
alglist aooo

e sy JODOOODOOO.

e 02000 root HOOOOMODO. rattoalgpO) U,00 root HOOOOOOOO, O
U000 root OO OODO.

[561] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7),[alg(0)]);
(—=2*#0+3) *x "2+ (1/7*#0-3/7)

gd 9.4.300alglp.145, 9.4.4 0 0 algvl p.145
9.4.8 cr_gcda

cr_gcda(polyl, poly2)
2000001000000 GCD

return goao
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poly1 poly2
ooo

e sy OO on.
e 200 1000000 GCDOOODO.

[76] X=x"6+3*x"5+6*x"4+x"3-3*x"2+12*x+16$

[77] Y=x"6+6*x"5+24%x"4+8*%x~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

oo 8.10.1 0 U gr hgr gr_modU p.117, 9.4.10 U 00 asq af af_noalgl] p.147
9.4.9 sp_norm

sp_norm(alg, var, poly, alglist)
000000000000

return goo

var poly OO OO
poly 1000004
alg root

alglist root 0O OO

e ‘s JO0OOODOODO.

e poly 0,alg0000000000.0000,K = Q(alglist \ {alg}) 00000, poly
0000 alg0,alg 0 KOOOOOOOOODOOOOOOOOOO.

e JOO KOODOOODODO.

e 10D I0OUDUIODODOODOODOO, D0D0LOO0ODOUODODOODLOUOODOOOO
oo, ddgoobodoooobooooonl. ogdonb usELRESUO 1000000
oo, ogooooouoooooouooooogd.

[0] load("sp")$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1,[A1,A0]);
X" 6+ (2%#0) xx "4+ (#0~2) *x~ 2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);

X" 12+2xx"8+5xx"4+1

gd 6.3.14 0 Oresl p.49, 9.4.10 0 U asq af af_noalgl p.147
9.4.10 asq, af, af_noalg

asq(poly) = 00000 10000000O0O00OOO

af (poly, alglist)
af _noalg(poly, defpolylist)
s doo0ono 1o0o0o000oooon
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return goo

poly

goo

alglist root 0O OO

defp

olylist root DD UIDUODUODOOODUODODODOODO
oooo0 spy000googog.

root UOOODOODODODODOODOODOO0OOO0OO0OOD, reot 00D ODODO,
crgcda() DOOOOOOOOOOOOOODOODO.

afO 0,000000,00000 2000,rect000oonoOoonooOon.
alglist UUODOO0ODO root U, 000000000000 00O0O0O0O0DOO0O0OO0O.

af(F,AL) 0000, AL OOOOOOOO0OODODODO, OOoooooogoogooao.
Al=[An,...,A1] 0D00O0CO0,0 Ak 0O, 000000C000D0O0O00OODO, O
gbobobobobobobobobobobob.

[1] Al = newalg(x"2+1);

[2] A2 = newalg(x~2+A1);

[3] A3 = newalg(x"2+A2*x+A1);
[4] af (x"2+A2*xx+A1,[A2,A1]);
[Lx™2+(#1) *x+(#0) ,1]]

af_noalg U0, poly OOODOOD0O0O0ONO ai0D00ODO viODOOODOO. defpolylist
O, [[vn,dn(vn,...,v1)],...,[vl,d(v]))]] D00O0O0000O. 000 di(vi,...,v1) O ai 000
ooobobobobobob vyOOoooooooooo.

[1] af_noalg(x~2+a2xx+al, [[a2,a2"2+al],[al,a1"2+1]]);
[[x~2+a2*x+al,1]]

000,00000000,0000000 [00,000)0000000. af_noalg
00,00 000000000, defpolylist 000000000 ODOOOOO.

ooboooobooooboooog, polyoooooooooo.

[98] A = newalg(t~2-2);

(#0)

[99] asq(-x"4+6%x"3+(2%alg(0)-9)*x"2+(-6*alg(0))*x-2);
[[-x"2+3*x+(#0) ,2]]

[100] af (-x"2+3*x+alg(0), [alg(0)]);

[[x+(#0-1),1], [-x+(#0+2) ,1]]

[101] af_noalg(-x~2+3*x+a, [[a,x72-2]1]);

[[x+a-1,1], [-x+a+2,1]]

g 9.4.8 00 cr_gecdall p.146, 6.3.15 0 U fctr sqfrl p.50
9.4.11 sp, sp_noalg
sp(poly)

sp_noalg(poly)

s ggooooooo.

return goo

poly

goo
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e ‘s UOUODOODODO.

000000 100000 polyODOOODO,000000000 polyO 10000
gobobobo.

Oob0,polyO0OO0ODOOOO0,000000,000D0O000DOOODOOOODO
O.sponoalg 00, 00000000,0000000 (OO0 #0000 t#i) 000
gopbod.bobogoDb,spnoalg OO0, 0000O0OO0DOODOOODODOODO.

000000, [root,algptorat(defpoly(root))] DO O OOOOOOOOOOO. O
o0, 0000oboboob,bbdbddd,dd recot 000000000 OOOOOO.
0o00,0000 root00ooonoong.

spO 0,0000000000000 sp_norm() 000D 0ODOO0ODO. DODOOODO
0,0000000000000000000,00000000000000000DOA0,
0000000000 OO00000O0O0000D0. 0000 USELRESO 1000000
0o000,0000000000000000000.

[101] L=sp(x~9-54);

[[x+(-#2) ,-Bd*xx+ (#1"6%#2"4) ,54*x+ (#1"6x#2"4+54x#2) ,

BAxx+(—#1"8x#272) , -54*x+ (#1"5%#27°5) ,54*x+ (#1 " 5x#2 " 5+#1"8%#2°2) ,

—BAxx+ (—#1"7*#2°3-54%#1) ,b4*xx+ (-#1"7*#2°3) ,x+(-#1)],

[[(#2),t#2"6+t#1 " 3xt#2"3+t#176], [(#1) ,t#1°9-54]11]

[102] for(I=0,M=1;I<9;I++)M*=L[0][I];

[111] M=simpalg(M);

-1338925209984*x~9+72301961339136

[112] ptozp(M);

-x"9+54

g 9.4.10 00 asq af af_noalgl p.147, 9.4.2 0O 0defpolylp.144, 9.4.6 O
Ualgptoratl p.146, 9.4.9 0 U sp_norm[] p.147.
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10 OO0 oooood

10,1 oo obooaga

Asir 00000,0000,00000 GF(p),00 20000 GF(2°n), GF(p) 0 nO0O
0 GF(p'n) D00000. 000000, setmod_££f() 000O0D0D00.

[0] P=pari(nextprime,2750);

1125899906842679

[1] setmod_ff(P);

1125899906842679

[2] field_type_ff();

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);

x"50+x74+x"3+x72+1

[6] setmod_ff(F);

x"B0+x74+x"3+x72+1

[6] field_type_ff();

2

[7] setmod_ff(x"3+x+1,1125899906842679) ;

[1*x~3+1*x+1,1125899906842679]

[8] field_type_ff();

3

[9] setmod_ff(3,5);

[3,x"5+2%x+1,x]

[10] field_type_ff(Q);

4

setmod_ff() 0,00000000000000O00O0OODOODOODOO.OODOO0OO p

000 GF(p),n0000 f(x) 00, f(x) mod 2000000000 GF(2°n) 0000
000o000o0oo00oo0. 00,0000000000000000. 0000 32000
O00Op12000. setmod_££() DO 00D O0OOODOOOOODOODOO,00D00000O
ooo.

gbooobog,booobbboooobobooooobobooobobooboboo,oan
gbbooboobuoobooobooobobobo.ob,obbooboobuooboobobobo
g.o0g,b0bo0obobgoboboobooobooooooooooboboo,ooooobooooob
goboobooooog,0boobooobg.

0000000000,0000000000,0000001000.000,0000
00000000000,GFR(p) 000 6,GF(2°n) 000 7000.

goooooooooo,0booooooooooooan. (}F(p) oo0, simp_f£f() O
ao.
[0] P=pari(nextprime,2°50);
1125899906842679
[1] setmod_ff(P);
1125899906842679
[2] A=simp_ff(27100);
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3025

[3] ntype(@Q);

6
O00,GF(2"n)0J000000O0O0OOOO.

[0] setmod_ff(x"50+x"4+x"~3+x"2+1);

x"B50+x"4+x"3+x"2+1

[1] A=0;

(®

[2] ptogf2n(x~50+1);

(@~50+1)

[3] simp_£ff(QQ);

(@"4+@°3+0"2)

[4] ntogf2n(2710-1);

(@"9+@"8+@"7+@"6+@"5+@"4+0@"3+0"2+0+1)
O0000000000,000000000.e0 GF(2"n)0O,GF(2)0O00O0DODOOO.

000D 32000000p.12000.

10.2 DOOO0OO0 1000b0uood

i’ 00, 00000 100000000,00000,DDF,0000,00000000
gooooobooooooon.

O000,000 [00,000]00000000,000 monicO000,000000
gobogooan.

gooboo,0ooooobooobbo gebooooboouoobooobbooooouoDbog
gboobooooo.

O0o0o0obOoooog,DbF OO0, 00000000000, Berlekamp OO0 OO0
0000000,000000000000000O0,D0000 Cantor-Zassenhaus 00000
oooboboo,obooooboooooono.

103 OO oooobooood

googooboooboobobo,0oboobobuoobboobobooboooboboon
O0o00. 000 sffetr() O0O0O. OO0, modfectr) O, 00000000000O00O00O0O
oooo0oO0o,00bbo,bo000o00bbo0ooogon, stfetrOQ ODO0O0ODDO,000
gboboodgboooboda,booooaobbooog.

104 ODOOOOOOOOOOOOOO

gbobooobooboboobboobobooobooob,o0boboooboooboon
go.

O0000000,00 200000 [abjO0O0O. a, b00000O0O0O, setmod_ff 00
000000000000 On0g, yr2=x"3+ax+b, 00 200000 y 2+xy=x"3+ax~2+b
goo.

ooooooo0,00000000000000. 0000000, 00 (ecm_add_
£f£()), 00 (ecm_sub_£f£()) 0000000000 DOO (ecm_chsgn_£f£f()) 000000
god.dodoooo,ooboboboobooouooooaaa,
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e JODODOO O.
e J0UJ0O0OOD,00 300000 [xyz.00O0,z00000.

0000000. xyz 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]0OOODODOOO0000000000,[xy1]000
0000000000000. 000000000000000,2z000 10000000
0,00000000000000 x,y000 20000000000.

105 DOOooooboooooa

10.5.1 setmod_ff

setmod_£f ([prime| poly])
setmod_£f (prime,n])
s 000000,000000000000,00000000

return goooooo

prime oo
poly GF(2)OOO0OO0O 100000
n gooad

e JODDDOO prime 00, GF(prime) 00000000 OOO.

e JOODUDOO poly OO, GF(2~deg(poly mod 2)) = GF(2)[t]/(poly(t) mod 2) OO0
gooooooo.

e UUD p0 n0O0O,GF(prn) 0000000O0ODOOO. ponO 22900000000
ooo.o0o0,p0d 2r1400000,n0 1000000000.

e 0000D,00000000000 GF(prime) 000 prime, GF(2°n) 000000
00000.0000 GF(p™n) (p°n0 2714 00) 000, [p,defpoly,prim_elem] O O
O.000,defpoly O, n000000000, primelem0,GF(p™n) 0000000
ogoooa.

e GF(2"n)OUJUODODOO,GF(2)0 n000D0O0ODO0OOODOO,0000OO0DOOO,
defpoly_mod2() DO O DOOOODOO.

[174] defpoly_mod2(100);
x7100+x715+1

[175] setmod_ff (QQ);
x7100+x715+1

[176] setmod_ff();
x~100+x~15+1

[177] setmod_ff(2,5);
[2,x75+x"2+1,x]

HEN 10.5.14 0 O defpoly_mod2[] p.158
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10.5.2 field_type_ff

field_type_ff()
s doo0oooooooooa

return o
e JI0OOOOOOOOOOODODOO.
e JODDDOO 0,GF(p) 00O 1,GF(2"n) 00 2000.
[0] field_type_ff(Q);
0
[1] setmod_ff(3);
3
[2] field_type_ff();
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff();
2

ud 10.5.1 0 O setmod_£f£f0 p.152
10.5.3 field_order_ff

field_order_£ff ()
s 0oooooooooogdg

return o
e J00DDODUDUUDDD (LUDLD)UODO.

e J0DDDOODOO GF(qg OO qOOO.

[0] field_order_ff();

field_order_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3
[1] field_order_ff();
3
[2] setmod_ff(x"2+x+1);
X" 2+x+1
[3] field_order_ff();
4
00 10.5.1 0 O setmod_f£f[ p.152

10.5.4 characteristic_ff

characteristic_ff()
2 00000000000

return o
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e DD OODOODDOODO.

e GF(p)0DODO p, GF(2°n) 000 2000.

[0] characteristic_ff();
characteristic_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3

[1] characteristic_ff();
3

[2] setmod_ff(x"2+x+1);
x"2+x+1

[3] characteristic_ff();
2

ud 10.5.1 0 O setmod_f£f0U p.152
10.5.5 extdeg_ff

extdeg_ff()
= 00000000000,0000000000

return o0
e 00O ODOOODODOO,000ODbOUOOODOOOO.

e GF(p)0ODO 1,GF(2"n) 000 nOOO.

[0] extdeg_ff();
extdeg_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3

[1] extdeg_ff();

1

[2] setmod_ff(x"2+x+1);
x"2+x+1

[3] extdeg_ff();

2

ud 10.5.1 0 0 setmod_££0 p.152
10.5.6 simp_£ff

simp_£f (obj)
»0,00000000D00COO000000OO

return goooooo
obj goooooo
o 1, 000000 OOOOOOOOOOOODODOO.

o LI, 000000 OLOODLOO,DOU0,00b0O0LOOODLDDbDOObOOObOOnOO.
e NO0IDOOOOD,0000DOOOOUOUDD reduction OO OOOOODDO.
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e OODOODODODOODL,DO0ODODLOODLODLO,bO0DbODDOODODO.
Oo0bOob0obOobobOon ptesfpO ODODO.

[0] simp_ff((x+1)710);
x"10+10%x"9+45%x"8+120%x " 7+210%x " 6+252*%x " 5+210*%x"4+120*x " 3+45%x " 2+10*x+1
[1] setmod_ff(3);

3

[2] simp_ff((x+1)710);
1%x710+1%x"9+1*x+1

[3] ntype(coef (0@,10));
6

[4] setmod_f£f(2,3);
[2,x"3+x+1,x]

[5] simp_ff(1);

@_0

[6] simp_ff(2);

0

[7] ptosfp(2);

@_1

gd 10.5.1 0 O setmod_££[] p.152, 10.5.8 0 U Imptopl p.155, 10.5.10 O O gf2ntonl]
p.156, 10.5.13 U U ptosfp sfptopll p.158

10.5.7 random_ff

random_£ff ()
2 00000 0o0ooon

return goooo
e JIOOOOOOOOODO.

e random(), lrandom() U0 0O 32bit OO ODODOOOODOOO.

[0] random_ff();

random_ff : current_ff is not set
return to toplevel

[0] setmod_ff(pari(nextprime,2740));
1099511627791

[1] random_ff();

561856154357

[2] random_ff();

45141628299

gd 10.5.1 0 0 setmod_£f£[1 p.152, 6.1.8 0 U random[] p.36, 6.1.9 0 0 1randomU p.36
10.5.8 lmptop

1mptop (obj)
» GF(p) DUOOOOODODOOODOOOO
return goooooo

obj GF(p) 00000
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e GF(p) JODDODODODODOOOODODODODO.

e GF(p)UUOD,000 pUOD0OOO0UDODOOODOUOD. DUDODOOOOO,00000O0O
000000 (000 oboooooooooo.

[0] setmod_ff(pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1xx710+1099511627781%x"9+45%xx~8+1099511627671*x"7+210*x"6
+1099511627539*%x"5+210%*x"4+1099511627671*x"3+45%x"2+1099511627781*x+1
[2] setmod_ff(547);

547

[3] F=simp_ff((x-1)"10);
1%x710+537%x"9+45%x " 8+427*x"7+210%x"6+295%x"5+210%x"4+427*x"~3
+45%x72+537*x+1

[4] lmptop(F);
x"10+537*x"9+45%x"8+427*x"7+210%x"6+295*%x"5+210%*x"4+427*x"3
+45%x72+537*x+1

[5] 1lmptop(coef(F,1));

537
[6] ntype(@Q);
0
00 10.5.6 0 O simp_££[] p.154

10.5.9 ntogf2n

ntogf2n (m)
+ 0000 GF(2°n) 00000

return GF(2"n) OO

m gooog

e 00 m0O 2000 m=m0+ml*2+..+mk*2°k 000, GF(2"n)=GF(2)[t]/(g(t)) O
0 mO+mI*t+...+mk*t"k mod g(t) OO O.
e JIIDDOOODODODOODDOODOOODDOOONO,simp_f£OO0O0O0OOOOODODO.
[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] N=ntogf2n(2°100);
(@7100)
[3] simp_ff(N);
(@"13+0~12+@~11+@"10)

g 10.5.10 O 0 gf2ntonl p.156
10.5.10 gf2nton

gf2nton(m)
» GF(2~n)00000D00ODOO

return gooao
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m GF(2"n) OO
o gfonton U UUOOODO.

[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=gf2nton(27100);
(@°100)
[3] simp_ff(N);
(@~13+0@~12+@"11+0@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_£ff(N));
15360

ao 10.5.10 0 O gf2ntonl p.156
10.5.11 ptogfon

ptogf2n(poly)
2 0000000 GF(2~n)00OOODO

return GF(2"n) OO

poly 0ooooQ

e poly 00D GF(2"n) 00000 0OO.000,2000000000000. poly 0O
U0 e0DOODODOODOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] ptogf2n(x~100);
(@~100)

RN 10.5.12 0 0 gf2ntopl p.157
10.5.12 gf2ntop

gf2ntop(ml(,v])
+ GF(2"n) 000000000

return goOooon
m GF(2"n) OO
v ooo

e mUUO0O0OD00ODO,0000000000000000D00OO.

e vIIUODOOOO,OOD ptogfon() DI UDOOODUDDOOOO (DODOOODO x),
godooooooooooodooooooooooooon.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=simp_ff(gf2ntop(2°100));
(@"13+0@"12+@"11+0"10)
[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t710

go 10.5.11 0 O ptogf2nl p.157
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
0000000000, o000

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OODOODOO
000.000000000000D0DO0O0ODO00.00D0D0O00,0D00000000
00000,00 p00d0 pO0Od0O0,pd x0000OCOO0OODO,0000000
O00.000,GF3"5) 0 GF3)[x]/(x™5+2*x+1) 0000000, 00000000
xJ00O0O0O0O0O0O0 k000 ek O000D0D0OOOO0.0000,000 23=2%3"2+3+2
0,2%2+x+200000,00000 x 1700 x5+2*%+1 000000, 01700
oooog.

e sfptop() O ptosfp() OO ODOODOO.

[196] setmod_£ff(3,5);
[3,x°5+2%x+1,x]

[197] A = ptosfp(23);

Q_17

[198] 9%*2+3+2;

23

[199] x~17-(2*x"2+x+2);
X"17-2%x"2-x-2

[200] sremm(@,x"5+2*x+1,3);

0
[201] sfptop(A);
23
ad 10.5.1 0 O setmod_££f0 p.152, 10.5.6 U U simp_£f£f[ p.154

10.5.14 defpoly_mod2
defpoly_mod2(d)

©» GF(2)0ODooOOooooooooo
return goo

d ooo
o ff’00OULDODODODO.
e J0DDDODOD dUOOO,GF(2)0 dOODOOOOOODODO.
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e I OO 30D0O0O0ODOO,0 2000Db0O0ODOOODOD 30D,00 0030
goboobooo,o0so0oog,b 200b000bo0o0boob,o0bog 3
goboboboboboob,bobob 40000000000ODODODODO.

ud 10.5.1 0 O setmod_£f£f0 p.152

10.5.15 sffctr

sffctr(poly)

2 0000000000000D0000
return goo
poly Oo0oo0o0o ooao

e JOODL,00D0O0DODODODODODODODODOD.

e 00O, [[flmI],[f2,m2],..] D0DO0O0O0O00. 000,fi0 monicOO00O0, mi 00
goooood.

[0] setmod_f£f(2,10);

[2,x710+x"3+1,x]

[1] sffctr((z*xy 3+z*y)*x"3+(y 5+y 3+zxy 2+2z)*x"2+z" 11xy*x+z"10*%y~3+z"11) ;
[[@_0,1], [@_O*z*y*x+@_0*y~3+@_0*z,1], [(@_0*y+@_0) *x+@_0%*z"5,2]]

ud 10.5.1 0 O setmod_££f0 p.152; 6.3.17 U U modfctrl p.51
10.5.16 fctr_ff

fctr_ff (poly)
1 0000000000000000

return goo

poly 00000 100000
“$f£00000000.

e 0000OOD,000000000000O0O00000O0.

000, ([fl,ml],[2m2],.] 00000000. 000, 0 monic 00000, mi OO
ooooooo.

poly 000D0DOO0O000OO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);
[[1%x+14123390394564558010,1] , [1*x+6782485570826905238,1] ,
[1*xx+15987612182027639793,1], [1*xx~2+1%x+1,1]]

ud 10.5.1 0 0O setmod_££0 p.152
10.5.17 irredcheck_ff

irredcheck_£f (poly)
21 0000000000000000
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return 011

poly 00000 100000
e $ff’000DO0D0D0ODO.
e 00000 10000000000000,00000 1,000000000.

[178] setmod_ff(2°64-95);
18446744073709551521

[179] ] F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

oo 10.5.1 0 O setmod_f£f[1 p.152
10.5.18 randpoly_ff

randpoly_ff(d,v)
00000 0000 10000000 o

return goao
d oogd
\% oood

o ffEPOIDODOOODODO.

e d00OD0,000 v,OOUOUOOODOOOODOODODOOOoOooo1ooooooooOoo.
000 random_f£(O DOOOO0OOO.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_ff();
[180] randpoly_£ff(3,x);
17135261454578964298*x~2+4766826699653615429*x+18317369440429479651
[181] randpoly_£ff(3,x);
7565988813172050604*x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x~2+10243690944992524936*x+4063829049268845492

ud 10.5.1 0 O setmod_££f0 p.152, 10.5.7 U U random_££0 p.155
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_£ff

ecm_add_£ff (pl,p2,ec)
ecm_sub_£f(pl,p2,ec)
ecm_chsgn_ff(pl)

00000000 00,00,00

return gooooono o
pl p2 o0 300o00ooog o
ec oo 200000
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e 0000000000000, e 0000000000000 pl,p200 pl+p2, O
pl-p2, 00 -p1 OODO.

ecd,00000000000000000DO0, y~2=x"3+ec|0)x+ec[l],00 2000
y " 2+xy=x"3+ec[0]x"2+ec[l] D OO .

e 0,00000,000000000D00O0.

pl,p2000 300000000,0000000000000DO0. 0DODO, DO 3
gbooooooooooo.

ooooo 3ooobobooo,030bb0 ob0bbo,1b0b0oobo.0boboobo
gobobobobobob,b100,0 20000 30000000000.

pl,p20000000000O0000O00000O00O0O0.

[0] setmod_f£ff(1125899906842679)$%

[1] EC=newvect (2, [ptolmp(1),ptolmp(1)]1)$

[2] Ptil=newvect(3,[1,-412127497938252,1]1)$%
[3] Pt2=newvect (3, [6,-252647084363045,1]1)$%
[4] Pt3=ecm_add_ff(Ptl1,Pt2,EC);

[ 560137044461222 184453736165476 125 ]

[5] F=y~2-(x"3+EC[0]*x+EC[1])$

[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]1/Pt3[2]);
0

[7] ecm_add_ff(Pt3,ecm_chsgn_ff(Pt3),EC);

0

[8] D=ecm_sub_ff(Pt3,Pt2,EC);

[ 886545905133065 119584559149586 886545905133065 ]
[9] D[0]1/D[2]==Pt1[0]1/Pt1[2];

1

[10] D[1]1/D[2]==Pt1[1]1/Pt1[2];

1

oo 10.5.1 0 00 setmod_f£f[1 p.152
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OO0 A OO0

Al O00O0O0OO

<d>:
c(<Od>¢)
<O><ggdood> <d»>
‘42 <>
‘- <>
<0ood>
000> <O00000> <d0>
<O00O00O> “++°
000> ¢-=
‘440 000>
‘-—> <kgoOo0d»>
‘1 <0d>
<O> ‘7?2 <d> “:?> <O>
<O0O> “C <OOd> ¢)?
<d00O> “C <g00d> ‘> <0Ooogoogos> <)
<good»>
<goOooogs>
000>
000>

(4.2.10DDDDDDDDDp.22DDD.)
<OoOog»>:
<O0O> [‘[°<O>¢]°]*
<0oOooood>:

C4r o o t/) (%: (A;(D)

(==) (=) (g () (=) (5= ‘&&? t||7
gbogogd>:

C—» (+=; [qup—) {*=7 (/=; (%=1 C~—»
<gog>:

<d>

<O> [¢,” <O>]%*
ggogag>:

alphabet UODOOOOO ‘=2 <O>

<O00oooods>:

<0ggoood>

<QgOO0O00> [¢,> <0000O0>]*
<god>:

‘> <O0O0> ¢]°
<g0>:

oo00o0oooooogd X,Y,Japan OO)

(42200000000000p.18000O.)

<0 0>:
oO0000oooooO0 (fctr,ged O0O)
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<OgoOoo0>:
goo>
<0>

<ggo>:
oooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.18000O.)
<O >:

000>

<000oo»>

<0O0o0oo»>

<0goggd>

(3.2000000p.12000.)
<O000>:
o0, 1, -2, 3/4
<O0000>:
0.0, 1.2e10

<OOoOoOo>:
newalg(x~2+1), alg(0)~2+1

(0900000000000 O0OOp.140000.)

<000>:
1+0i, 2.3%@i

<ggo>:
‘v goooobooob

<gbodgodao>:
‘<2 <O 0O0O> “>>

(080OD0UDOOUOOOODOOpP.109000O.)

<O >:
<O> <0 0>
<gad>
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0>
‘return’ <O> <O 0>
“if> < <O0O00> 9’ <O0>
“4f <O O0O> )’ <O> ‘else’ <O>
‘for’ ‘(> <O0OO> ¢;? <AOO0O> ¢;> <OO0O> )’ <O>
‘do’ <O > ‘while’ (> <OO0O> ¢)’ <O0O>
‘while’ ‘(> <OO0O> ¢ <O>
‘def’ <O 0> “C <OO0O> ¢) > <kO0O0O00O><O000> ¢}
‘end(quit)’ <O 0>

(4250000p20000.)
<O 0>:
‘;) ‘$7
<O0O00O0>:
[‘extern’ <O 0> [¢,” <O 0O>]* <O 0O>]x*
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<gQd>:

‘{2 <0O0o> 3
0oOag»>:

[<O>]*

A2 J00D0D0O0OO0DODOOOOOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobobooboono. boobooobooboooobooobo.

‘fEf 0000000000 2000000000000000O0 (D 1000000
O0000O0O0p.150000.)

‘gr’ O000000000O0OooOO. (b8OoUUUUOUbOooDoOOp.1090O0O))

‘sp’ o0o0o0o0O0O0OO0O0O0OO0O00O0,00000. (D90OOOOODOODODDDO
p.140000.)

‘alpi’

ngk’

‘cyclic’

‘katsura’

‘kimura’® O0000O000OO0OCOOO,00000000000C0O0O0O. (810300
0 katsura hkatsura cyclic heyclicO p.136 00 O )

‘defs.h’ O000000O0O0OOO. (42110000000000p.23000.)

‘fctrtest’
0000000000 ooouoo0. REDUCE O ‘“factor.tst’ OO OO OO
Od0odooooooood. odd,leadO) ODOODOOOOOOOOO. OO
OO0 Asir 000000000 OO0O0OO0OOOOOOOOOOOO.

‘fctrdata’

‘fetrtest’ DO OODOODOODOOO,0000000000. Algll1OD0ODOO
00000, af() (9.4.10 0 O asq af af noalg p.147) DO O O0ODO.

[45] load("sp"™)$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Algl[5];

X"9-15%x"6-87*x"3-125

Omsec

[177] af(Alg[5], [newalg(Alg[5]1)]);

[[1,1], [75%x" 2+ (10%#0"7-175%#0"4-4T70%#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[75%x" 2+ (—10*#0"7+175%#0"4+395*#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[25*x~ 2+ (25*#0) *x+ (#0"8-15*#0"5-87*#0"2) , 1],
[x~2+(#0) *x+(#0"2) ,1]1, [x+(-#0) ,1]1]
3.600sec + gc : 1.040sec



OO0 A OO 164

‘ifplot’ OO (7.5.1500 ifplot conplot plot polarplot plotoverdp.105) OO0 OO O . IS[]
goooooooobo,o0o0 s, D,C,sO00000OOOOO, 000,000, 0d
000 (Coo)obooooooooo.

‘num’ oboboboboboboo.
‘mat’ gboobobobobobobo.

‘ratint’ O0000O0O0O0OO. sp’,‘gr’ J00. ratint() DOOODOOOODOOOOO
g,00goobooboobooo.bogoog.

[0] load("gr")$

[45] load("sp")$

[84] load("ratint")$

[102] ratint(x~6/(x"5+x+1),x);

[1/2*%x"2,

[L(#2) *1og (-140%x+(-2737*#2"2+552*#2-131) ),
161%t#2°3-23%t#2°2+15xt#2-1] ,

[(#1)*x1og (=5*x+(-21*#1-4)) ,21*t#1"2+3*t#1+1]1]]

ooooo,xte/(x"6+x+1) O OOOODOOOOOODOO. ODOO 200000
ooooooobo,01o0booooboboboo,020b00oooboOoon.
OoboooOobDOoOooDoOoooOo,o0On, root*xlog(poly) ,defpoly] O
oboooob0. 0b0,000000000, defpoly D0OUODOO root U
000 rootxlog(poly) DODOODUODODOODUOODOODODOO. OO
UpolyOroot DOOOOO, root UOODODODODODOOO polylOODOOO
oooooooooob.ocgobob,b0b0o 200000000000O0DO,
ogbobobobobobobobobo.

‘primdec’ ODUO0OOD0O0O0OODOODOODOODOODODODOODOODOODODODODODO
(8.10.31 O O primadec primedecO p.137 0 0O ).

‘primdec_mod’
0000000000000 0oO0o0oooOoO (8.10.3200 primedec.modO
p.13700).

‘bfct’ bOOOOO. (8.10.33 0O bfunction bfct generic_bfct ann ann00 p.138 0 O ).

A3 000DOO0OOOO

DOSO,Windows 000000000 DOOOOOO0ODOOODODOOOOO0ODOOODOO
goooboooboboooboo. UNIXObogoooooooobooooobooooo,boo
oo0o0o0o00ooOo0o0ooOOo0Ooboo0obOo0o0. o000 As'DO000O0OOOO ftp O
Ooo0o. ftpserver 00000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOOODOOOOOOODOOOOOO
oobDOoooOoooOono. wWindow OOOOODOOODOODOOOOOOOOOODOO
goooo0oooOoOo0o0ooooooOoO0. oooooooooooooooooO,0000
0000000000000 00000. 000000000 ooD, 00000000000
0000000000000 0000. 0000000000 readonly OO0, 00000
oooooooooooooooo.
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A.3.1 fep

fep00,SRAO0OOOOOODOCOODOOOOODOOOODO,00DODOO0DOOOOODOO
O0000DCO0.0000D0D0C0O00 esiryd00D0O0O00O0O0O viDbOOO emacs
ooooooo0ooooOobobo eshoOoOoOooooOoboOOoODOODO.

% fep asir

[O] fctr(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]

[1] ! /* 11+Return */
fctr(x~5-1); / 00000000000000 =/
/* 00O +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep00000000DOOD0ODO0OO0O0OO0ODO,000000000 makedDOODOO (OS)

ooooOooO0o.0oo00oo0oooooobOo0oooboo0ooUoDo,ftpoobDbOO
goo.

A.3.2 asir.el

‘asir.el’ O, Asir 0 GNU Emacs 0000000 OOO0 (COODOOOODO
(YVE25250@pcvan.or.jp). ‘asir.el’ 00000, 000 emacs 00000 DOO0OOOO,
O0000,000000 completion 0O00OOO0O0OO.

‘asir.el’ 0 PC-VAN OO UOUOOOOOOODO,000000D0CO000O0DODODOOO,O
o0 ftp00pDoOooog.

oooooo,0bbodn,esir.el’ J000O00OO00O0O0ODOO.

A4 000D0O0OODOOOO

Asir 0000000000 ODOO0O0O0O0OOO0CODOOOOOO, OpenXM OO0
o0, o0ooo0ooOoooooooooooDooD. opoopoo, GCcoooo
0000 ‘libasir-gc.a’ 0000 OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) JO0OOO. 0000 OpenXM OO0 000000 O0OOOOOOOODO
O,0000O0penXM 000000000 0ODOO0OOODO. OpenXM root 000000
O$0penXM_ HOMEO OO. O0OOOOOODODOOO ‘$0penXM_HOME/1ib’ OO OOODOO.
Oooooooooo 3000oo.

e ‘libasir.a’

PARL X11 0OOODODOODOOO. 00000 ‘libasir-gc.a’ J0000O.

e ‘libasir_pari.a’

X11O0OoDOobobobo.ooooO ‘libasir-ge.a’, ‘libpari.a’ 00O 0.

e ‘libasir_pari_X.a’

00000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OOOOOO

ooooooo.

gbooooboobooobbooboaa.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 00000000000 CMODODOOODODOODO
O0000. byteorder 0 0 O0OOOOO0OO byteorder 0O0O0O. 1 000 network
byteorder 00 0O0O. OO0OOO0OOOOOO 0,0000 -10000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODOODO Asir 00000 O0ODOODOODODOODO push O0O.
It converts CMO data pointed by cmo into an Asir object and it pushes the object
onto the stack.

e int asir_ox_peek_cmo_size()
O0DoO0oDOo0o0OoD Ase DOO0O CcMOOODOOOODOOOOOO. OD0O
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asir OO0O0O popd,CMOOOODOO eclio00OOOOO0O
goo,cMoOoOO0O0ooDoO. oooo,eMOD0DDOO0OD0 Imit 000000000
-1000. emo 000000000 Imit0OO00000O0OO00OO0OOO. ODOOOO
cCMOODOODOODOODODOODODOODOO, asir_ox_peek_cmo_size 00 00O.

e void asir_ox_push_cmd(int cmd)

oooooobooob0 emddD0OOOO.

e void asir_ox_execute_string(char *str)
Asr OO00OO0O0DO0O ser 0000,0000000000 pushOO.

include OO 0O header file O ‘$0penXM_HOME/include/asir/ox.h’ O00O0O. OO
header file 00, OpenXM 0000000 tag, command 0O O0O000O0O0O0O. O0O0O
(‘$0penXM_HOME/doc/oxlib/test3.c’) 00000000 OOOO.

#include <asir/ox.h>
#include <signal.h>

main(int argc, char **argv)
{
char buf [BUFSIZ+1];
int c;
unsigned char sendbuf [BUFSIZ+10];
unsigned char *result;
unsigned char h[3];
int len,i,j;
static int result_len = 0;
char *kwd,*bdy;
unsigned int cmd;

signal (SIGINT,SIG_IGN);
asir_ox_init(1); /* 1: network byte order; 0: native byte order */
result_len = BUFSIZ;
result = (void *)malloc(BUFSIZ);
while (1) {
printf ("Input>"); fflush(stdout);
fgets (buf ,BUFSIZ,stdin) ;
for (i = 0; buf[i] && isspace(buf[il); i++ );



OO0 A OO

if ( !'buf[i] )

continue;

kwd = buf+i;

for ( ; bufl[i] && !isspace(buf[il); i++ );
buf [i] = 0;

bdy = buf+i+l;

if ( !strcmp(kwd,"asir") ) {

sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf);

else if ( !strcmp(kwd,"push") ) {
h[0] = 0;

h[2] = 0;

J=0;

while (1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if ( lc )
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = O;
} else
h[0] = c;
bdy++;
}
if ( n[o] )
fprintf (stderr,"Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo(sendbuf) ;
}
else if ( !strcmp(kwd,"cmd") ) {
cmd = atoi(bdy);
asir_ox_push_cmd(cmd) ;
else if ( !strcmp(kwd,"pop") ) {
len = asir_ox_peek_cmo_size();
if ( !len )
continue;
if ( len > result_len ) {
result = (char *)realloc(result,len);
result_len = len;
}
asir_ox_pop_cmo(result,len);
printf ("Output>"); fflush(stdout);
printf ("\n");
for (i =0; i< len; ) {
printf ("%02x ",result[i]);
i++;
if ( 1(i%16) )

167
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printf("\n");
}
printf ("\n");
}
}
}

00000000, keyword body 00 100000000000 keyword O0OO00O0O
oooooooo.

e asir body
body O Asir D O0O0D0OO00D0OOOODO,000000000DO0 pushO0. asir_ox_
execute_string() DO DO ODOO.

e push body
body 0 16 00000000 CMOUODODOODOODO,Asir00000O0OODOODODO
0000 push O0O. asir_ox_push_cmo() OO OOODO.

® pop
000bOobOOobOobOobOoboo cMOODOODO,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() 0O OOODO.

e cmd body
body 0 SMOOODOOODOD,0000. asir_ox_push_cmd() 0O OO0ODO.

A5 00O

A.5.1 Version 990831

40000000.000 32bit00,00000000D0D0OO00OO0ODO, 000000
ooobooooobobobooob.obog,Windows DOOO,plot UOODOODOO, 00
goog.

0000000000000 00000,00D0000 bsavefile00O0O0OO00OQO bload27
gooboogboog,booboon.

A.5.2 Version 950831

A.5.2.1 O0O0OO

e JO0ODODODOOOOOOOOOODO.

e finish OO OGO OO.

e up,down, frame IO O0OD0OO, 00 00O00OOODOOODOO0O.
e trace 1O OIOODO.

Ab5.22 J0ODOOOO

e sdivQ) DODOOOO,000C0O0DOOODOOO.
e sdivm() OO0, 0000000000D00OCODO.
e det(), resO DO0OOOO,0000O0DOOOOOODO
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e vtol() (0OUDDOODDDOOODODOO)OODO.
e map() O ODO.

Ab5.23 000O0O0OO

e JI0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) D000, 0000000D00O00DO.

e JO0OOOOOOOOOOODO.

o JIOIDOOOOOOOOOOOOONO.
pgoddoooooooodododooooooooon.
ooooooooboooooooog.

Ab5.24 00O

goboboooo,bobon.

e JO0OIDOD GCDOOOODOOUODOOOOOOD.
goboooooobooooog.

Windows 0O 00O .

A.5.3 Version 940420

gooogo.
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