Asir

Asir User’s Manual

Asir-20100206 (Kobe Distribution)
February 2010

by Masayuki Noro, Takeshi Shimoyama, Taku Takeshima
and Risa/Asir committers




Copyright © FUJITSU LABORATORIES LIMITED. 1994-2000. All rights reserved.
Copyright 2000-2010, Risa/Asir committers, http://www.openxm.org/.



0 10 Introduction

1 Introduction

1.1 DOooooood

goboobooobboobooobog.

1.

10.

11.

Introduction

U0O0bO0bO00, notation 00O OOOO

Risa/Asir

Asir 000, 00000000O
0

Asir 0O0ODOO

00000 Asir
Asir 00O QOQOQOOOO

gooog
gbobogboogbooon

oooooo
gboboboboboboboob

gooo
goboobooboobo,oonboo

gobooboooo
gobooboooboobD,oonboo

goboooboogooo
gobooobooooo,obobgd

goboooboogn
gbobodgbooobo,ogbod

g

gboobo,obobobgobobgo,0oo0ooooooo,bob,bo

1.2 Notation

gbobobobo,obobobobobobob.oboobooooboooD.

e OO, 0D00O0OD0DODODOODO.

o DD ODO,00D0DO0DOODLOODDOODOOODDOOD.

o LIUODODODO,0b0DbOO0DbDOODLOOD.

gcd ), gr()
e OO UOODDOUODOODO,DO0OODDOOO.

int, poly
‘dbxinit’, ‘asir_plot’

[0] 1;
1
[1] quit;
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e JIDDOOO,lO0DO0OODOOODOODOODO.
[Boehm,Weiser]

e JOODOOO,000D00D0O0O0,0O0O0O0OO0ODO. OO,0000D0O0O0O00O,
Ox000oog.
setprec([n]), diff (rat[, varn] *)
e shell (csh) DODOOODO %00000.000,000000000,rcot00000
ooooOoooOooooOooO #000O0D.
% cat afo
afo
bfo
% su
Password:XXXX
# cp asir /usr/local/bin
# exit
b
e J0DDDOD Z, 00000 QU000 R,OUODODOO0 COOOO GF(q) (@qOOO
0)ooo.

1.3 0o

Risa/Asir (‘asir2000.tgz’), PARIOOOOO0OO (‘pari.tgz’) 000 Windows 00 00O
O (‘asirwin-ja.tgz’, ‘asirwin-en.tgz’) 00 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,000000000000CO0OO0OCO/0000000000OO.Risa00000O0O
goooo.

goood

O00,Risa000000000C0COOOOOO (O,00000)0O0000000O
Oooooob, UNIX O 1ibe.2’ DODOD0OO,000000000O0DO. ODOO
00,CO000 00D0000DOC00,00000000O0000D0 Asir000O0DO
goobooooooon.

ooooon

Risa 00O, ODOOOOOOOO, [Boehm,Weiser] ODOODODOOOODODODOO
(gec-6.1alphab) 00O O0OO. DOOOOOOOOOOOO (OO GCOOoO)OoOO
0000000000 DbOO0dDo0g,Risad00000O0O0OO0DOOODODOODODOOd
oooag.

Asir

Asir 0, Risa 000000000 O0D0O000O0DODOOOO. RisaOO, 000000
0000000000000 0000000000. Asir 0000000000000
ooo,COob0oo0bdpooobo. o0, chodbp0oooobonooobOonDog dexd
oooooooooo.

2.2 Asir 0000

Asir 0, 00000, 0000000000000000000. 00 Asr00000OD0OO
goboobogbbooboo. oboobooboboobooboooboooo.

CcOoO0ooooooo

0,000,0000000(0)

00O00,00000

0000oo0O0ooO

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

dbx 000000

oooooQ

PARI (6.1.1400paril p.3800)0000000000000000
UNIXOOOOOOOOO (Open XM)

2.3 Installation

gboooboobooobog,booboobobobobooboooobon

noro@math.kobe-u.ac. jp

OO0 email OOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOUOOUDOD ‘asir.tgz’ 000000 . 000000 gzipOOOOO
0000,000 gzipOOOODO. OO0,0000D00000D0DODOODOO. DOO
0000 ‘/usr/local/liv’ U ‘asir 0000000000 OODOOODOOODODOODOO
J0o00d0o.0o0oooboooooo0ooooooooooooon.

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

OooDOOoOobooOoooo,ssoMED0DOOOODOO.

% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
0000,00000000000000000D0O ASIR_LIBDIROOODOOOODOOO.

% setenv ASIR_LIBDIR $HOME/asir
Asir 000,000000000000 ‘asiry 000. “/usr/local/bin’ 0000000
JdoddooobooobOoOo00d00oooooooooobOoOo0o0o0ooooooo.

# 1n -s /usr/local/lib/asir/asir /usr/local/bin/asir
000 ‘asir 00O O0O0O.

% /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

go,0boobobbooboboobooboobob.boob,0bobboobon
gooooog.

e bin

PARIOODO Asir OOOO0OO0OOO
e lib

PARIOODO Asir OO QO QOOO
e include

PARIODOODOOODOO

gboboobooboboobobobonoooboon. root DOOOODOODO
O, ‘Yusr/local’ U0 OUOOOOOOOOOOOOOO. OO, 00D0O0OOO0O0O
TARGETDIR OO 0O.

OO PARIOOOODOOODOOODOOOODDOOO. pari.tgz’ 0000, 00000

ooooooo,boo0oboooon.

% gzip -dc pari.tgz | tar xvf -

% cd pari

% ./Configure --prefix=TARGETDIR

% make all

% su

# make install

# make install-lib-sta

make 00000000000, 0000000.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

yA

O000,xx 0000000000 OO0O0O00O OSOO00ODOOO. GpOOOoOOOOO

oo, asir2000 000000 0O00OO0OO0OOOOOOONO.

‘asir2000.tgz’ U OO0, J000000O0OO0OOODOOD, D0O0bLODbDOobOOob0On
o0.
% gzip -dc asir.tgz | tar xf -
% cd asir2000
% ./configure --prefix=TARGETDIR --with-pari --enable-plot
% make
% su
# make install
# make install-1lib
#
#

+H+

make install-doc
exit

2.3.3 Windows version

OO000b0000 ‘asirwin-ja.tgz’ OO0O. OO, ‘gzip.exe’, ‘tar.exe’ DO DO DO DO,
‘asirwin-ja.tgz’ 000 0000000000000. 000 3000000000000
000o000,000000000(DOSOO0000)O00

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

O00000,4sir 000000000 (Asr 000000000)0000. Asir000O
O00000000000000 ‘pin’ 0 ‘asirgui.exe’ (GUI), ‘engine.exe’ (00 ) 000
0000. ‘asirgui.exe’ 00000000000 Asir 0O0ODODOO.

24 D00O0O0O0OOOOOO

gooboobooboooboboooog.

-heap number
Risa/Asir 0 ,4KBO0000O0O0OOOOOOOCOOOOODOODODODOD. O
O00000,00 heap000,160000 (64KB) DOOOOO,0000
O0000O,-heap O0000. OOODOOOOOO. heapdOOOO, heap(O)
O00000000o0oooO (booooo).

-adj number
ooooooooo,00b0bobco0goooo,gCco0ooooDooOoO. num-
ber 000 10000D00000O0O0C.O000O0OO0DO 300D0.D0000O0 1O
O0b00O0 GCOUODOOUODOODOObDOUOboOO. heepDOoooooDO
O00,GCO000000000OO0O0UODOO,00000D0O (DDOO )
oooog.

-norc 0000000 ‘$HOME/ .asirrc’ OO O ODO.
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—-quiet gobooboogobooooobg.

-f file ooooooooo, fle0DbD0O0OO0CODOOOOOOCO. ODOODOOOOO
gooogo.

-paristack number
PARI (6.1.1400parilp3800) 00000000000 OOO. 00OOO
O.0000000 1MB.

-maxheap number
heap OO0DOOOODOOO. OD0OOOOO.O00O00DOCOODDO. UNIXOD
O,0000 1imit 0000000000 datasize 00000000 OOO
O,-maxheap 0000000000000 heapOOOOOOODODDDODODO
ooo.)

25 0000

AsirDO0O0OO0O0O0DOOOO0O0O0O0O0O00O00OCCO. UNIXOOOODDOOO shelOOODO
O000000000000,shell0 re000000000O. Windows NT OO, [00]->[0
000]->00]00000. Windows 95/98 0 O, ‘c:\autoexec.bat’ 00 00O reboot O 0.

e ASTIR_LIBDIR
Asir 00O00OO0ODODOOODODODO,D0D0D000000O0O0O0O0O0O0O0O0000000004
0000000. O0O0D0000 UNIX OOO ¢/usr/local/lib/asir’, Windows O
00 Asr 0000000 D0OO0O00 9iv 000000000000. 000O0oooo
ASIRLOADPATH U OO OOOOOOOOO.

e ASTR_CONTRIB_DIR
Asir O asir-contrib 000000, 0000 OpenXM/asir-contrib 00000000
00000000000 0000O000O0000O000. OD0b0O0000 UNIX OO
0 ‘/usr/local/lib/asir-contrib’, Windows 000 Asir 000000000 OO0O
‘lib-asir-contrib’ DO 000000 O0OODO. OOODOOODO ASIRLOADPATH OO
O0000000000. This environmental variable will become obsolete.

e ASTIRLOADPATH
oobooooooooboo0oobo0oobobO UNIXOODo 2, WindowsO OO 7y 00
goboob.oobogoobooboobooboo.obooboooboobo,oboo
000000000 ASIRLOADPATH OO DO OOODO,D000D0000D0O00000O4
goo.

e HOME
-norc O O0O0O000D00OO00OO0OO, ‘$HOME/ .asirrc’0000, 000000000
OO00O0.HOME D OOOUOOODODODOO,UNIXODODOOoOoooooOd, Windows U
OO0 Asir DO00O0O000DOD0 (get_rootdir() DO0ODODOOOOOODO) O ‘.asirrc
oo, goooooooon.

26 J0ODOO0OOOO

Asir 000000,
(o]

00000000000, 0000000000. ‘$HOME/ .asirre’ (Windows 00 00O,
HOMEOOOOOOOODOOODO get_rootdir() 00000000000 OO0O ‘.asirrc’)
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O0D0O0DO0O0D0O,0000000 Asr000D0OO0O0ODOOODOOODOOODOO,DOD0O0
goo.

gbobooboubuoobbd.0obudbd,end; 00O quit; UUOODO0OO0OO0OOO0O
ooo.ooo,yyooo0 ¢ ogooooobooobooooboo. syyoobooobooboooog,
‘' o0ooooooon.

% asir

(0] 4&;

0

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

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

(2] A;

XT5+5xy*xT4+10%y " 2x%x " 3+10*y " 3*kx"2+5*y " 4*x+y "5

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

evalpv : invalid assignment

return to toplevel

(3] a;

a

[4] fctr(A);

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

[5] quit;

h
gboodo,A ax,yOOOoooooooog. A000OO0O0O000O000O00, a,x,y0d
gboobooobooobobob.oobobboboobooboobo,bobobobobo
goo. obgoooboobogoo,bobgooboob,g,boobobooooboboobog
oO0,C000oo00oOoo0oOooo0. 00, 0gooo0obooobooogoooog,
goo,bo0o00bobooobooobb. booob,bboo0oobobooo,0bbao
O subst() OOOOOOOOOOO.

27 0ggag

O00o000o0O00000OO0O0O0OO0OO0O00,000000000 (000 C-¢, Windows, DOS
ugob c-xugoog.

@ (x+y)~1000;
C-cinterrupt ?(q/t/c/d/u/w/7?)

gooboobooobooon.

q Asir 00000.(0O000O)

t O00000ooooo. (ooo)

c ooooooo.

d O000O00D0O0O00.0D000000DO0O ODS00D00000p.28000.

u register_handler () (7.5.6 0 0 ox_reset ox_intr register_handlerd p.100 O O )
0000000000000 0000000OD. (D0O0o)

W oO0o0oO00ooooooooooooog.

? gobooboobooon.
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28 JOOOgd

googbogoboooboooogobooobooooobooboooobo,boboobob
gogobooobbooobooobbooobbooobobbooobobbooobb. bboo
gooobooo,boobooobooboobooobobbo.obobboobooboboo
gooogoobo,ooboooboboobobooboooboboobooo. oob,bo0oobooo
gbobooboobooobobooood.

goo,0dbogboooobobobooboobooboobobbogbooboobo. UNIXODo
Ub,0000000000 internal error 0 OO0000, 0000000000000,
gobodgboooon.

SEGV

BUS ERROR
gbooboboboobo,bobooooboooboboboboboboobg
gbooboobooobobooo. bgoooboooboabo,oboboooo, oo
o0 NULLOOOOOooOoogooooobgobobo,oo0obooooogon.

BROKEN PIPE

goboobooooobg,0obo0booboboobooobooboooba
00000 (0000000000000 bO0OU0OooOOOoDUoDO)O,0000
goboobooobobooobooboooboboooog.

goobobob,0boobobobobobo,boboboboobDoboobooooo
goboogo,obooooobobob,oboobooooobooboobobooooo,on
gboobooboboboboboobg.

29 000g,oggo

ecobuodobOoobbOoOobOoOobL.booboobobooog.

on n0000000.
ee 0oooooo.

H oooo.

opi ooo.

Qe oooooo.

o 200 GF(2) 00000000000 (000).

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

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

[[1,1], [x-1,1], [x+1,1], [x"4+x"3+x"2+x+1,1] , [x"4-x"3+x"2-x+1,1]]
[1] 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
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(4] eo[4][0];

X"4-x"3+x72-x+1

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

(-4-4%01)

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

-1.0000000000000000000000000000

[7] (@+1)"9;

(@79+@"8+0+1)
gogoooooooobbboooooooouoooobbbb oo o, oo
g, gooobboobooooobobboooooooobooobob. o, ogooobobobooo
doooobOooD, 0000 GCOoOooooobDOodooooobOOoOo. ooooooo,
delete_history() (6.14.150 O delete_historyOp. 9000 )0 000O0O.
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3 0

3.1 Asir U0 OOQOQOO

Asir 0000, 000000000000O0O0O000O0D,0DO0O00DODOO0O0OODO
0,000000fd0d RsaOUDODOOoOoooooooooogoooogoooogooo. oo
ooobob,0bobob0obuobuo. obob,00bobo0ob wypeOQ UOOOODODODO
ooooOooD. 000, Ask0000D0OO0O0OOOCOODOOOOOODOODOOOOD.

00
ooooOoO0ObOOOODOOODOOOOOO.oO0,COO0ODoOODOOOD
OO000O000O0.00D0,000 Asird type(0) DO 0OODO.

10
1 2/3 14.5 3+2%0i
o0, 000doobooooooboog. ooooooooooon.
2000 (0oOO0)
x afo (2.3*x+y)"10

gbooo,00ooob,0bobooobooboboooo,goobo11000
0000000000oooooOO0. 8l10ooooOoooOdp110000.) O
gb,uggbboobooboobboobo obb oog.

3gono @ooooo)
(x+1)/(y~2-y-x) x/x
0000,00000000000,0000 redOQ O000O0DOODOOODOO
0do000.000,0000 GChbOoOOoOoooOoooooooooo,o00oo
oooooooooog.

4000
0 [i1,2,03,41, [x,y]]
gooooobobooboobUo. Jobooboobobob.obooboobooo
000, carQ, cdrO, consO 000D OO0ODO0ODO, 00000000000
000, lindex] 000D0DO0DODOD0OODOODOODODOODOODOODOOOOO
oo.o000
(o] L = [[1,2,3],[4,[5,61]1,71%
(1] L[11[1];
[5,6]
ooooooooO,000,00 (DO,0000)00,0000000000
ooboo00oo,b00o0b0ob0oobOobO0obob0obOobDooOboOobOo,0bDOo0n
gbobobobobobobobobUub, bbb UobobUobobo
0d00bDOo0ooooooooooooooooooon.
50000

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

O00O00O,newvect) UOUODOODOODOOOOOOO. DODODO 2000
obobOonooobo,o0bo,00000 o0 1000100000000
oob.00boobo b 2000,010000000000O0ODOOOO.
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6 00

Tooo

sunon

11

oboooooboboooboob,b0oboob0 ob0obOod. bUb lindex] O
goooodbo. boobo,booo,0bo0,00,0bo0obbooooo
gbobodoboobb,obbooboobboobooboboooog.

(o]
[ O
[1]
[2]

A3 =
00 1]
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);

[3] A3;
[LLI[000]1[000]1[00O01]1
[[Too0o0]J[000][O0OO0O0OT1]1
[[000]1[0001[000111
[4] A3[0];
[[o0O0]J[O0O0O0O]1T[O0O0O0T1]]
[5] A3[0][0];

[L00O0]

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

O0D000D0 newmat() DO O0O0DOOODOOOD. ODOOO,00000000
go0o0oo0o0o0o0O0O0O000O0OO0OOO0O0O0O,0000000 (ODODOODOOO
0000)0,0000000000,000000000000DOO0O0. OO0,
gobooboooboboobobooob. ooboboo,obboobobooooo
goooagd.

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

M=newmat (2,3) ;
00 1]

00 1]

M[1];

00 ]

type (QQ) ;

IIafoll

gooo,gobbooobobuooooooo. buoooboooobooobood
gbobood,bodg 2000b0b00ooon.

(o]

IIafoll+lltakell ;

afotake

newstruct(afo)

Asir 00000000, CO0000gooooooocooOoOoO0.ooooo
gboooboobooooboboooobooob,boboboobooboboon.

opnoooon

2%<<0,1,2,3>>-3%<<1,2,3,4>>
oo, 0o, o000 goo
oo, obobbbbbbtddooooooobboboboobobooogo
00,00000000000000D00000 Asir000OO0OO0OODODO
gbo.bddbbo0o gosbouobuoobobuoobdyp110boO.
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io00ooononQ 32bit OO
11000000000

00000,O0pen XMOOOODOOOOOOOOOO0OOOODDO.
12 GF(2) 0000

go,0b0 200000000000 0b0ob0o0boboboboobooobg.
13 MATHCAP OO QOGOOO

Open XM OODODO,0C0CCOCOCOCOOCOOOOOOOOOOOOLDODOODOO.

14 first order formula

quantifier elimination 0 0000000 0OO0O0OO.

15 matrix over GF(p)

gobooboooon.

16 byte array

000D bytedd OO
-1voIb OOoogQd

gbobg -1ooobbooboabboobuoobboobuoobboon.

3.2 000

0 oon
0000,0000000 (bignum) 0000000000, OO0O0O0O0OOO
gooooooo.

1 gopboooo
000000000000 0DOOOob0. AskJ00O0OO,00000000
00000000000 O0DO0O0Og. OO0, ctr1() OOO bigfloat 0O DO
OO0O00OO00DOOd 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

gobooooobobooooboboo,booobbooboooooboo,ooooo
gooooogd.
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13

gooog
o9bouoouoooooooobodbp141000.

bigfloat
bigfloat 0, Asir 000 PARI O OODO0OODO0OOOOOODODODO. PARIOOO
Od, biglleat 0, 0000000 DOOOO,0000 10000000000
OO0Oodd. ctrl(O O biglloat OO O OOOOOO0O, 000000000
00 bigfloat 0 OO00OO0O0O. OOOODOOOOODO 100 90000000,
setprec() 0O O0O0OODOOOO.

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

1

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

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317. . .
eval() O, O00O00O0OO0OOOOOODOOOOODODOOOOOOOODOO.
setprec() 00 OOO0ODODODODO, OOD0DOODODOOOOOOODOO, PARI
000000000000 000O000DoOUoOOoooOOOn. ((undefined)
O eval devalO p.(undefined) 0 0 0O, 6.1.14 O O paril p.38.)

ooo
0000,000,0000000, bigoat 000, 00000 a+bxei (6 00
000)000000000000.00,0000000 real(), imag() OO
oDooo.

goobooooogoo

oboooobgoogo,obg 2~2roboboooooboobD. oobobgoo
g, gobobooobobooobobooobbooobobog,boobooo
gboboooooobogobooboboboooobobo.gbobobobooooon
00000000, setmod() D000OO0D0OUOO pO0OO GF(p)OOODO
gooooobgd.

obooboooboob
gbobooooobobobo.0boobogo,bob0b simp_f£ 00000
oooboooon.

002000000
00 200000000000000.0020000 FO,0000 [F:GF(2)]
0O0n0000,GF2) 0000 n0000 £(t) 000 F=GF(2)[t]/(f(t)) OO
00000.000,GFQ)[t) 00 ¢0,f(t)000000000000000
0000000,0000,F00gmodf0,g f00000 20000000
0oOoooo0o0oooo.

roobobooboboboboboboboobo.

e @
eI OOOOD,0000OD0DO,000dO0DOODLDOOOOOoOO,DOO
O000oOooo, F=GF2)[t)/(f(t)) DODDOD tmod fOO0OODO. OO
0,e0000000 FOOOOOOODO. (e°10+e+1 00O)
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10

11

14

e ptogfln
ooboOo 1000000, ptegt2n U0 0OO0OO00O FOOOOODOO.
e ntogf2n
ooooooo,b0ooood00 roooboob. ooboooo,10d4, 16
0 (x0000),20 (obODOOO)0OO0OO0ODODOO.

e OO
oooooobobo0 rO000ODOD0O0O0ODOD, simp_f£f 00000
goo.

ob prn000O0ODO

000 pn(pO000000,n0000)0,00 pO00 GF(p) 0000 n
0000 m(x) O setmod_ff 0000000000000 000. 00000
0 m(x) 00000 GF(p) 0000000000000.

00 prn000000 (0O0)

000 pn0000 (pon0 2°2900,p0 27140000 n0 1)0,00 p
0000000 o0 setmod_ff 0000000000000000. 0000
000000,p0 2°1400000,GF(p'n) 00000000000000
0000,0000000000000.00000,0000 000000,0
0000000000000, p0 2714 00000000000000000
000,00000000000000000000000000000000
oo.

U0 prnO000000DO0ODOOODOO

goo,000 prn 00000000 mOOOOOOOO. 00 pOO0oOO
U0 n,m0 setmod_££ 000000000000 O0O0OO0O. O0O0O0O0O mA0O
gbbodgboobobgoda,bugoboobobuogboobobooboonobd
U.0000 esdDO.

obooboboobo
g9bouooooobobobobp141000.

gboobobodbodbd setmod_f£f 0U00O0OO. DOOOOOOOODOOOO, DO
gooooooooboo,oogooooboboboooooooboooboboboboobooog, b
gooooo.

3.3 Uopoog

ooooboobuoboboboooboobo. Asc) U0, 000b00o0oboOo,00booo
goooo,bo,‘oogbooboboobogooobob,boboboboobooooboo
oooOO00ooObOOo0oO0oOooOoDOo. Asr0000ODOODO,000D000D0OODOO
gbobogbooa,obgog,boobouooboooobgod.

0

ooogoo

godootboouod. oodootdoouoooooooogoo.
[0] [vtype(a),vtype(aA_12)];
[0,0]

gooog
uwe(O O, ’000000000DOOO00O0ODOOOODOO.OO0OO,000D



og3d o

15

0000o0ooo0o0ooooO,0000oDoo000oooO,000o0ooDooooo
goooooOoooOoOoOoOoOoOoOoOoOOOOOOOOOODODOOODODODOO
oo.

[1] U=ucQ);

_0

[2] vtype(U);

1

oooad
OoooooO,0000o0ooooo0,0obooo0o0oonD AsirOO0O0OOO
000000, sin(x),cos(x+1) OO0, 000000000000O0000O. O
gddboooooud, oo 1o oooouooo. oooood
oo, epi U000l eeddgggoonoooon.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

ggd

0000000, mame(args) 00000000000, mame 0000000
gogd.gooa,gooboooobbododouooa,gooubboobooo, oo
gbobobobo,obobobobobobobobo.

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

Asir 0000000, 0000,GCDOOOOOOOODOO,ODO0O0OO0O0DOODOO,
gooobobobooboboooobobooboboboobobo,boboobo
gobobobopoobobbobobooobooboboobboboboooboobbobobonobon.
000000 Asr 0000O0. OO0D0O0,000000000C000O000O000O0O0O0OOO
gbobooboobbooboobbooboobog.

41 00 (COODOO0)

Asir 0000 COODDOOOOOOO. DO0O0ooOOOoOoO0OoOoooobD. oobo,bo00ad
Asr 0000000000000, 000O0O0O0O0DOO00000000O0ODOOOOOO
e JOOOOOO.
000000000, Asir 0000000000 DOOODO0DOOODODOOOOO. Oooa,
gooooooooo, g0 ooonooooooooooon.
[0] A = 1;
1
[1] type(A);
1
[2] A = [1,2,3];

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

e DD OOD,0D0DOO0ODLOODDOODDOODOODDO.
Ub00,extern 000000 DO0O,00000000000000000.0000,0
goboobooobobooobobuoono 2000000040000, boooboog,oo

ggbbodgbobooobboobobooobobuoobobbooobboo. obbao
gbobobobobo.

1. boboooooboobooobobOo,0b0b0o0bo0nD,b0bO0l extern OO
gboobobo,gbobobobobobobobobon.

2. extern 000000000000 DOODOOOODOO.

% cat afo
def afo() { return A;}
extern A$
def bfo() { return A;}

end$

% asir

[0] 1load("afo")$
[5] A = 1;

1

[6] afo();

0

[7] bfo(Q);

1

o DD OODLOOODLODOODLOO,0Db0O,0DbO00Ob00OO0ODDOO.
oooOo,000b00c0obo0oob0ooo0oobocobobobOoOoD. AskDOO0O0ODOO
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goooo,bboooobbdooobbbooobbbooobbooooobooboo
gooooboog,booo,bo0booobooboobooobboobooobooon.

e switch J, goto OO 0.
gotoOOOOO,0000000000D0O0O0O0O00O0DOOOOOOODOO.

e 00DODD, for (A;B;¢) 000, while(A) 0 A,B,CO0000D0D0ODD.
000,000000000000000000000000.
000000000,000000000000000
e« J00D00DD0D,000 COOD00DD0OOO00OD.
e 00DDODDD,

ooobooOoooooOoobboOoOooDbOo,bbo00boobooobbo,cooooooDo
goboodobooobboobo,goboooobog.

e JIDDOOUDDOUUDOOLDO. Emacs-Lisp0000O0O0OOOO. ODOOO,4.21
oboboboobobp1r00n0 OO

o DD ODDOODLOODDOODDO.
goboooo,42120000000000p.24000.

Asir 000000000 D0OO0ODOOOODOODOODOOO.
cooooa:
break, continue, do, else, extern, for, if, return, static, struct, while
cooooood:
def, endmodule, function, global, local, localf, module
0oo:

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

4.2 JO00O00O0O0OO0OOOO0O0O

4.2.1 0000000

000000000000 ‘def?’ 0000. 0000000000000 O00O0000CO0O
0,0000000000000.00(0000000000)000000000000
00000,00000000000. ctrl() 00000 verbose 1000 on 00000
ooo,

afo() redefined.
Jdo0o0d00Doo0oO0oDOodoO0. 0obodoo0oooo0, 0000000 oooooooo

gbo,0bboboobooboo.bogbooboobobobobboobooboobo
goo.

/x X! */

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

/¥ :C; (0 < i < N, 0 < j < i)x*/

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

}
return A;
}
/¥ A+ B x/

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

{

return A+B;

}
2000000,00 N1 00000 (ADOD)DOODOOO. A[IJOOO 1100000
o,0o0oboogooobooo 0, 0b0b0ooooooog.
000000, 0000bo0bo0b0bob0b0000DU0bD0obl Emacs-Lisp 000040

000000000 0DOO00DO00O0000O0O0OCRelp(aad)y DODOOODOO
goboogaoo

oo 6.14.4 U 0 helpl p.85.

gooo,cooOoOoOoOODODODODOODOOOOOOOO0,Asr 000000000000
oooboog.

4.2.2 00000000

OO00oOoO0O0D,Asr000000DOCOO0OOOODOOODOOODOOODO.

RN ooooooo,b0o00o0oboo,00,0bogooo

O00D0D0OO0000O0O00DOO0,Asr000D00O0O0OOOOODDOOODOO
gboooog,ooboobooooboob,obooboboo.bobooobobo
gbogbooboo,booooboobobobooboboog. obob,0obooboon
gbobobooboboooooo.oboooo oboboboboo.

[0] X"2+X+1;

1

[1] X=2;

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

ooad ooooooo,b0o00o0o000,00,’0o0bo0o00o,ogoooooao

Jododoooo0oodooo,0d0boo00o. ooooo,opoooooooa
OJ000dooDoooD. Asie00000,000000O0O0DOOODOOOO0O
oo, 0000oboooooooooa.

[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;
}
000,100 N0000000D0000000 sum() 0O00OO0O00O. 0000000 sum(N)
JgNOdOddddO0d. dddd,10000o0of0dfddddfd, 00000000 oooa, o
oooodooo (,y0000b00Dob0doobO00. 0oboooobooo. oooo,d
oJooooddooo,0jdoooddooodo,oobo0oooooooooO. oboa,  d
oooOd.oo0,0000,00000000D0O00O000. ODO00OO,00000oDoa
oooboobodooo,bo0dbooobOoo0bOooboo,0bo00booooao,ooa,
Jddddooooo,b0bo00d0000oooooo.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I <L; I++)
M[I] = 0O;
}
o000, 0d00dD0o00 oDOODOOD0DbOO0ODLDO0OO0ODOOdDO.OoOo,00oD000
ododoodbdoo,00bdodoodboooooo0bOooooooobOoo.oooa,
doodoodoo,000boo0bodo0bdooo0oo0. bo0boo0booobooooa

goooag.

4.2.4 0J0O0OO

cOooo v/« 0 «/0000000000000000000.
/*

* This is a comment.

*/
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def afo(X) {

oooooopbOobOoOoboOobOoOog,0o0boobobDOoboboboOo. y» O0bOobOoOO
00000000000 0o0ooDoO,000oon « 0000000000000000.
oooooooOo,00bboobobo0ooboobboobooooboOoooboOobooOon, #if o,
#endif 000000, (42110000000000p.23000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir 0O00OO0OODOO,
def OO MQO,00,...,00) 1

g
g

}

gdoooooodoo. oo, oo oooouod, oooouoooo
o000, 00o0b0o0oooooooobooooooooo. oooboooooo,oo0on
0.000,
S = sum(N);

oooo,oo0oooo (‘ﬂ ggono ‘$ﬁ goooooood. 0o00ooo0f0dnd return
O,break DO 0O0O00O0O0O0OO0OOOODOO. if 00 for 0o ( AlDJ00O0OoOoOOO
IL165) goooooooo,doooooo, 0o oooooooooo. ooo,
Jodooooooooooooooboooo. ooooooo,YoYyoooooooo
O, 00000oobooooooboo. oobooooon.

if (I==0){

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

}

‘yooooboooooooooo.gooog,oobyoooooobooobo, s 00
gobooboobooooobg.

4.2.6 return [

return 00,

return [0 ;

return;

Ug20000000.0b0o00b000obooobobboboo.bobobooboobo 0o
gbo.boodgb,ogboobbogboobbooboon.
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4.2.7 if [

if 000
if (0O ) if (0O )
0 oo 0

else
O

O0200000.00000000000000,00000 if00000000O00O00O0
O.0000000000.
if (0O )
if (O ) O
else
O
0000,000000,elsedd0,000 if0dooooboooooo,oooo,on
00 2000 if0000000000. O0000,2000 ifd000o0oooo,oon
00000oOo,0000000000,else000,0000 if000000O0ODODODOO
oooooooo.ooo,oooo,
if (0O ) {
if (O ) 0O else O
}
dooooooo.ooooooooooooag,
if (0O ) {
if (O ) O
} else
O
oooooooooao.

OO0D0OO0O0ODO,toplevel 0 if 00000000 $000 ;0000000000.00
gbobodgboobboobooob.

4.2.8 U OO, break, return, continue

gobo0boobDD, whiled, for0,do 00 300000.

e while [J
ooag,
while ( O ) O
0,000,0 00000,0000 000000 O0O000D0O0O0OODDOOOODOO. O
oo o o1000,00000000oon.

e for [
oog,
for (O00O0O-1; O0; OOO-2) O
Oo,000
O000-1 (00ooboooooono)
while ( O ) {
O
000-2 (DO0O0OOO0OOO0O000)
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}
oooooao.
do O

do {
0
} while ( O )

0,00 00o00o00oooooobooboobobinb whiledODOOODOODO.

Uboo0bobobobobO,preak 000 return OO0 . OO0, 0000000000
go0DbO00bO0dl continue DO ODO.

break

break 00, 0000000OO0OO0OOOOOO0O.

return

return U0, 00000000000 0O0O0OOO0O, 000000000 oOoooon.
continue

continue U0, 000000000 DOO0OO0OO0OD. 000 for00d,0oonon
gboboobo,whileOODOOOoaooooonQ.

4.29 00OO0OOO

gbobog,obboooboboooboboooboooobobooooboon. bbooon
goooooogo.booob,struct 000000000, OO00O0O0O0ODO0ODOO, asir 0
gbooobooboobooobooogbooboboo.booobo,0bbdb0 struct_
type UOO0O0OO0OD0O. OO0O0ODOO,000000 newstruct DOODOOODOO. O
goobooooo,b00b ->000b0o0bo0.boobooboboon,>000000
gooooog.

HEN

[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(A);
1

1;

2;

6.7.1 0 O newstructU p.66, 6.7.3 0 U struct_typel p.68

4.2.10 000000

gobooboobboo,booooaboon.

0oooo, O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (DUD0O0OOD)0D0DU00ODDOODODODOOOOOO
goo.

x+1 A~2%Bxafo X/3

gobooboobooo
gooo,0o0,b00booboobbogboooboobooobooooboono. ogoo
gobOobooooboobobooob. obbooboboobooo,obo,oo00o00,0
gbobodgboobboobooboboon.

v[o] M[1][2]
e OODODO
000 (==, 00000 (‘1=), 00 (>, <, >=',«=")0 2000000. 0000
0000 1,0000000000.
e OO0

000 (&), 000 (11’)020000,00 (¢)00000000.00000 1,
0000,

o 10
0o0oodono «=000. 0000, 000000000000000D0DO0000000
O00. (4=, ==, %= ¢/=" ~=)
A=2 Ax=3 (000 A=A3000; O0O0O0O000O00O0003)
e JOODOOO
oooooooobooooon.
o 47 =

gbobdg,bbogboobo,obboobooobog,boga.

A++ 0000 AOO, A= A+1
A-- 0000 AOO, A=A-1
++A A = A+1, OOO0O00O0OO
--A A= A-1, OOOODOOO

4.2.11 0000000

Asir, 0000000 CODOOOOO0ODDODOODO. COObOOO,0D000O00 cpp U
ogooobdbo, bbb oobuoboboog, Asr0D0doDoobooboobooboog
oo cpp 000000, DO00bODUOooUobbUobbboOoo
#include, #define, #if 0O O OO0

e #include
UNIX 00 000O0O0OoOooooo, Asir 000oOooooooooo (DDDD
ASIR_LIBDIRDDDDDDDDDDDD)D #include U O OOO0O0OOOONO
ooobooooogogoguog. UNIX ODOOoD cppODODODODDODOOODOO,
tinclude 000000000000 O0O00OO0O00OO0O0OOO0OOO0OO.

o #define
oo, cOddobooobobooo00ooooooo.

o #if
/¥, x/ 0000000000000 00000, 00000000000 000000O
0o0000gd, #if o, #endif OO OOOOODO.

o000, qdefs.’ O00D0O0OOOCOODO.
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#define ZERO O
#define NUM 1
#define POLY 2
#define RAT 3
#define LIST 4
#define VECT 5
#define MAT
#define
#define
#define
#define
#define
#define
#define
#define 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))

cOoooOdbDooDOooDo0obOobOOoDO,000b00D000D ¢$0b0oDOoD0bOODOo. 0o
OO0 L sTO00O0o0O0DOoObLIsT$d 000000, ¢ 000000000 ¢LIsT$DO0OO
gbooooogd.

O WONFP,ONO

=

0

Q

S < <=Z2=2=2Z=2=W0
o HQW®E o

4.2.12 0000000

goodooob NOOoooooboooo,oboobo,NOOoooboobogooboo
go.

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

evalf : argument mismatch in factor()
return to toplevel

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

2000 factor() JO0O0OO0OOODODO,000DOO0OOOODODOOO x"5-1000
O lmod=11 0000O000O. OD00O,000000,med 000 keyword D000 11 00
000000000000 00000. 000000000000 0ooOooo. oooo
getopt(mod) 00O OO0ODOOOODO. 100000000000 medD0OO00OOODOO
000000000, getopt(mod) OODOODO -1000000000DO. OO0DODO,O0
oo0oOOo0obOo0oDbD f00boo0bOo0oD. ‘ryooodbo,oo0booooooa, <,y o0
doooooooooooo.
[100] xxx(1,2,x°2-1,[1,2,3]|proc=1,index=5);
oodao, Oo0oood keyl=valuel,key2=value2,... 0O 0O OO *,’°
ooooooogaoao, O0D0OD0OD0OD0OD0O0O option_list O OO0 O00O0O0
[["keyl",valuell, ["key2",value2],...] 0O0ODOOOODOOOODOOO.
[101] dp_gr_main([x"2+y~2-1,x*y-1] |option_list=[["v", [x,y]], ["order", [[x,5,y,1]1111)
00,00000 getopt() DODOODOODOODOODOODOO,0D000D00D00D0O00O00,
oooooOoooobObOoOoo0o0o0o0oooooooo.

% cat foo.rr
def foo(F)
{

od
0od

OPTS=getopt () ;
return factor(F|option_list=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]]

4.213 00000

00000000000 0000,0000000000000000000 (module)
gobO.o0booobobooboooboboobooobooooog.

module stack;

static Sp $
Sp = 0%



040 00000 Asir 26

static Ssize$

Ssize = 100$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

def push(4) {
if (Sp >= Ssize) {print("Warning: Stack overflow\nDiscard the top"); popQ;}
Stack[Sp] = A;
Spt++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return 0;}
Sp—-;
A = Stack[Sp]l;
return A;

}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print(stack.pop());
print(stack.pop());
}
O00000 module O OOOO O endmoduled 0. DOODODODOODOODOO
0. 0ddouoobooooonouon staticUO00do. dodooooooooao
O00000oooooooooobooo. Do00ooboo0oooon externdOooong.

000000000000000 localf 00000000 O0O0ODOOO0O. 00000
push 0 pop 00000 O00. 000000O000O0.

O0000 moduleName U OO OO OO0 functionName U OO OOOOOOOONO
0 moduleName.functionName(OJO 1, 00O 2, ... ) 0000000. OOO0OOOOOO
O0,00000000.00000,00000000000000 stackOOODOODOOO
push, pop DO OO QOO.
stack.push(2);
print( stack.pop() );
2
00000000000 00000000. 0000000000000 oOooOoo0oOon
00o0000oo0oobooooooooooa.

000000000000 00000000000000. 000000 o0oo0o0oog
00000000,00 module_definedp 0O 000D DOO0ODOD. OOODDOODODOO
OO0ooooooooooo.

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

asir 000000000000 0000. 00000000 stack OO0 O0O0OO0ODOO

O0,lecal A; OO00OO0O0OD0O00OO0ODOOO. O0O0OD0O leocal DODODO,0000
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goooboo.gboobooboob,0booboobobobobboobooboobg
U.0boboooboooboobobbooboobooboo,oobooboobonboo
goboooboog.

gbooboobooobobbobobooboobooboobobooboooobooon
g, 0ogobbooboobbooboobboobooboooobooboon.

/* 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;

gbbobobooobbobobobooboboboobooboo,boboban = 0
gog.

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

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

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

}
endmodule;
end$

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

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

RN 6.12.1 00 O module_1listl p.80, 6.12.2 00 U module_definedpl p.80, 6.12.3 [
[J remove_modulel] p.81.
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5 o

5.1 DDOUogg

cOO0OO0OO00ODbOOoUObDOoOobObOOOOUUOD axO,0000O0DOODOObOOObOO
oobo,000000,0000000D0000O00DO0ObOO0O00. Asir00,dox 00
gboboboboboo.0bo0oobooboo0bD,0b0b0obn debug; UOODO.

[10] debug;
(debug)

goo,0bo0o,booboboooboobooooboon.
o DD ODDOODOODOODDO

e NO0IDODO @wOOOOOODO

o LIUDODOODLOOODLODODO

gbobda,bgoboobugobogbo,oboobooboobooboooboadgndg
gbobooooooogoboobobo,obobooboooboobobobobo,uno
gobooboooooboon.

e crrorO 000ODOOODOOO

5.2 DOOUOO4Oogdgd

ggbbd dexOD0Ooobbooobbooobbuooobb. dd,gdb00ognbonogg
gbobooooobobobo. bobooob ax 000000000, step, next U, O
gobooboobooboo.bdo,100b00boobdob,0obbobibg next
ooooooobooboobooog. 0o0,dax 000 “Ldbxinit’ DO OODOODO,dbx 00O
Oalias00O0OO00OOODO.

step gobooboo.obooboobobog,boobooon.
next goboogobood.

finish gogogoobboboboobobobotobooooooooobooooooo. oobo
step 0000000 O0ODOODO.

cont
quit ooooooooooo,ooooooa.

up [n] 000000000 10 (00 n00000 n0)000.00000,000
gooooboobboobooobooo,bbooog.

down [n] O0OOO0OOOOOD 10 (OO0 nOO0OOO0OO0 nO)D0DOO.

frame [n] OOOODOCOO,0D0000D0C000DO0CO.000DOOOO,000000DO
Ubob n00000000. 0D000ODODLODODOO0O0O0O0D where OO
gooboobooobobooboo,boobbooboobbooobg.

list [startlinel

list function
000,000 startline, 000 functionOOO0O0 100000000000
ooo.
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print expr
expr O QOODO.

func function
00000 function DO OO0O.

stop at sourceline [if cond]

stop in function
sourceline 10, 000 function 000000000000 DOODOOO. OOO
gooooo, oo oooboobobbobouooo. if0ggooag,
cond 0O000O0,000 o0D0ODOOODOOOOO,ODO0DOO0DODODAO.

trace expr at sourceline [if cond]

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

deleten 0OUO0O0OO0OO0O nODOODO.
status gobooboobbooboon.
where gobooboobboobooboon.

alias alias command
command 0 aliasO000O0O00O0O.

print HOO0O0O0O,00000000000000000000000.000,0000
gbobobobob,boboboboboboboboDbo.

e OODODOOO
gbbobooboobooobooboo,bobboboobooboobooboa,bo
gbobobobobo.

(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1

e JOODDOCOD

Oooooooooooob,print 00000COOOO.

(debug) print length(List)
length(List) = 14
O00D00,00 List 0000000000 0O0O0D0OO lengthO OOOOOODOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) =1
oo, 0000d0 ceUDOOOOOOOODODODODOOOOO,ODOO000
oooooooobooooooooooooog.

o0,000000000C0bOO00DO0b0OO0bDOO0,00000D0000 bsave() O
gbobogboobbooboobooboboobooobbon.
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(debug) print bsave(A,"savefile")
bsave(A, "savefile") = 1

oboboboooboboboboboboboobobDon,print 0000O00OODOOO
gboogoooboobo,booboobogoooboobooobobooboboobo
gbobooooooooooooooooon.

5.3 UUoooon

goobgo,b00boooboooboobobobboobobooooo,booboooboooboo
go.

% asir

[0] load("fac")$

[3] debug$

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

2 if (1X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 I

7  end$

(debug) stop at 5 <~--gooooooogoog
(0) stop at "./fac":5

(debug) quit <-—- J000oooooooo

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

5 return X * factorial(X - 1);

(debug) where <-- QJU0b0oobooboobooboo
oon

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

(debug) print X <--X0ooogo

X=6

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

2 if ( !X )

(debug) where

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

X=5

(debug) delete 0 <--goobobob odnd
(debug) cont <-- g0ogdo

720 <-- Qg = 6!

[5] quit;
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54 JUOUOOODOOOOOOOO

O0DO0o0DO, Asir O, 0000 ‘$HOME/ .dbxinit’ OOO0O0O. OOOOOOO, dbx O
gooobooboboobuobooboboboobbooobDuoDOD, Asir0,alias 0000
gooo.ooo,

% 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
dobodd,print,cont U0, 000000 0O0O0O0OOO0O0OODOOO0OOOOO0O, O
obobp,cO0,000000D00O0ODODO.00,000D0O0DL0DO0ODOO, aliasdbOd
000 alasOOOOOOO.

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 ooy

6.1 OO0

6.1.1 idiv, irem

idiv(il,i2)
s ggooooog.

irem(il,i2)

s 0o0oooooon.
return o
il i2 oo
i10 i200000000000,000000.
e 20 0O00O0O0ODODODOONO.
Oo0o0ooooo,0dooooooooooooooooooa.
i1%i20,00000000000000000 irem() JO00OO0OOOOODOODOO.

O0odoood sdiv,srem 0040 0.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

RN 6.3.8 0 U sdiv sdivm srem sremm sqr sqrm[] p.44, 6.3.10 O O %0 p.46.

6.1.2 fac

fac(i) 2 1000.
return oad
i oo
e iJOOODODDOO.

e iJOOOODOODO.

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

iged(il,i2)
» 000 GCD (0D00DO)

igedentl ([Q1)
s 00 GChOODOODODOOO

return ud

il i2 i oo

e igcdD i1 0 20 GCDOODOO.

e JOODOOODODLOOOLO,0DbODODODODODODO.

e IODDODOO, ged, gedz U DO DO DO.

00 GCDOOOOOODOOUODODOO, igedentl OOOODDO.

0 Euclid OO0 (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2,30 [Weber] OOO.
0000 300000,00000.

[0] A=lrandom(1074)$
[1] B=lrandom(10°4)$
[2] C=lrandom(10°4)$
[3] D=AxC$

[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)

g 6.3.20 0 U ged gedzl p.52.
6.1.4 ilcm

ilem(il,i2)
»0000000ooag.

return 0
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i1 i2 RN
e L0 il,i2000000000D0O.
e IO ODOOO ODOOO.

ud 6.1.3 00 iged igedentll p.33, 6.1.10 U O mt_save mt_loadl p.35.
6.1.5 isqrt

isqrt(n) = 000000 OOO0ODOOOOOOOO.

return googd

n good

6.1.6 inv

inv(i,m) : mO0O0O0O0 i0O0O
return RN

im o0

e ia=1mod (m)O0O0O0 a00O0OO.

e i mUODOODOODOODODOODUDO,invO) ODOODODODODODODO.

[71] igcd(1234,4321);

1

[72] inv(1234,4321);

3239

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

g 6.1.3 00 iged igedentlU p.33.
6.1.7 prime, lprime

prime (index)
lprime (index)

= 0oooo
return ud

index 00

e prime(), lprime() DO ODOOOODOOOODOOOODOOODOOO. indexO 00O
00o0o0O,00000000b000buobOoD. prime() O 16381 DDOODODOODO
oo0o 19000, 1prime () 0,100 800000 OOOODOODOOO 999000, OO
goboobooobboobooonobO.

e N0IDODOOODDOODDOOODO, pari(nextprime,number) O00O0O.

[95] prime(0);

2

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

[98] 1prime(999);
0

RN 6.1.14 0 0 parill p.38.
6.1.8 random

random ( [seed])
s ogooooog.

seed

return goao

e 0 2°32-100000O000O00O00OODODO.

e IIOIOOOODDO,ODODOO0 seeddDDODOODOOO,0000000O.

e default 0 seed 00O OO0, 00000000O0O0,0000000000DO00O0O0DOO
goog.

e J0D-0000000O0 Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
goooooo,0booboobooobooobooon.

e JOO 2719937-10000O0ODO.

e mt_save U000 state OO OO0 save UOO. OO0 mt_load OOOOOOOOO
0,00 Asir 0000000000000 O0DOOO0OOODODOO0.

oo 6.1.9 0 0 1randoml] p.35, 6.1.10 0 U mt _save mt_loadl] p.35.
6.1.9 lrandom
lrandom (bit)
s 00o00o0ooooa.
bit
return goao

e U0 bitDODOODODODODODO.
e random OO OOO0DOOOOO,000 bitOODOODOOOO.

ud 6.1.8 0 O randomU p.35, 6.1.10 O O mt _save mt_loadll p.35.
6.1.10 mt_save, mt_load
mt_save (fname)

sguboobbooboobooobboobgad.

mt_load (fname)
2 0000000000000 000O0oO00o0oOooOoooDO.

return ooOoO 1
fname ooao
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e JO0I0O0OOUDDO,ODO0O0DOCOOUDDOOUODOO,DO00DDOOOOOO,O000 Asir

goboooobooobbooboooboog.

[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
gd 6.1.8 0 O random0 p.35, 6.1.9 U O 1random[] p.35.
6.1.11 nm, dn
nm (rat) cratdgdg.
dn (rat) srat 000,
return odooooooo
rat Jododdoooon

o DD ODODOODLOODDOODOODLOOD.
e DD OO,bO0DOODL,00DbOODDOO.

o LIUUODOO, 00O, b0000DOUOOODLOO. OLODLOOOOLOL,bOo000bO0

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

oo 6.3.21 0 U redl p.53.
6.1.12 conj, real, imag

real (comp)
s comp OO Qogn.

imag (comp)
s comp U000,
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conj (comp)

s comp UUoogn.

return comp

ooo
000000,00,00,000000
0000,0000000000.

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

(2+11%@i)

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

6.1.13 eval, deval

eval (obj[,prec])

deval (obj)
xmobjOODOOO.

return gooooo

obj goood

prec oo

objDUODOUODODOODODOODODODOD.
deval DO D0O00OD0O0D00D00OO0Oeval OO0, 0000000000.

eval 00 000,000 PARI (6.1.1400parilp.38) OOO. deval DO DODODO, O
oo cobooooouobooboooon.

deval DO OOOODODOO.

eval 0O OO0, prec 0000000, 000,100 prec00000O0OOO. prec U
0000000,0000000000000000. (6.1.1500setprecOp.39000.)

gooooo, oooo.
sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
dodoooobobobbodod. 0ibd ei 00O DDOO eval,deval UOOOO.

i 0000
epi 000
Qe 000000

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

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)72);

1

6.14.1 00 ctrll p.83, 6.1.15 0 O setprecl p.39, 6.1.14 0 O paril p.38.

6.1.14 pari

pari (func, arg, prec)

» PARIOODO fune OO OODO.

return func OO0O0O0O.

func
arg

prec
[ ]

PARIOOOO
func OO 0O

g
PARIOODOOOOOO.

PARI [Batut et al.] 0 Bordeaux 000 0000000000000 000O0O0O0O
OCOO.PARIOOIO0O0O0OOOOOODODODOOOO,000000000000O0O00OO
00 (bignum, bigfloat) 0000, 00000000 bigloat DOODODOOOOODODO
OO0O0000OO0OOo000oOC0O0OO. PARIOOODOOOOOODOOOOODOOOOOO
00000000000 0,00,gp’ 000 PARIDOO0O0O0N0O0OOOOOOOOO
UNIXOOOOOODOOOO0OoooooooooooOo. 0oooooooo 2.0.17beta
000000 ftp site (D000 ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00 anonymous ftp 00O 0.

00000 pree0000D000O0DO0O0OO. precO0000OO00 setprecO) OOOODO
gopoog.

OO0DO0O0ODOO0OD PARIOOOOOOOOOODO. DOOD1000 Asir00OD0O0O
ooooo0ooOOoOoooOoboO.ooooO0o0oDOoOoDb0O PARIOOOODOOODO
oogd.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classno2,
conj, content, denom, det, det2, detr, dilog, disc, discf, divisors,
eigen, eintgl, erfc, eta, floor, frac, galois, galoisconj, gamh, gamma,
hclassno, hermite, hess, imag, image, image2, indexrank, indsort, initalg,
isfund, isprime, ispsp, isqrt, issqfree, issquare, jacobi, jell, ker,
keri, kerint, kerintgl, kerint2, kerr, length, lexsort, lift, lindep, 111,
111gl, 1llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,

lllgramkerimgen, 111int, 11lkerim, 11lkerimgen, 11lrat, Ingamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pnqgn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
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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 HODO0OOODOO PARIODOUODOOODOOODOO,000D0000D0O0OODO
gboboboboboooooo.

/ 0000000000000, =/

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

[ -1.61803398874989484819771921990 0.61803398874989484826 1]
[11]

/1 0000000000o0o. =/

[1] pari(roots,t~2-2);

[ -1.41421356237309504876 1.41421356237309504876 ]

RN 6.1.15 0 U setprecl p.39.
6.1.15 setprec

setprec([n])
wbiglloat 0000 nOOODODOO.

return oo

n oo

e JOUODODOOO,bigloat UUDDO nUOOOOOD. OOODOOODOODOOOO,O0D0
ooobobooobooog.

e bigfloat D000 PARI (6.1.1400parilp.38) D0 O0OOODOO.
e bigfloat 10 O0O0ODOOOOOOO. bigloat O flaglD on OO OODOO, ctrl OOO.

o IODOUOODOODOOOOOOD,0DbObDOODLOODLODOODbOOODL. O0bOOobO
gbobogbooobog.

[1] setprec();

9

[2] setprec(100);
9

[3] setprec(100);
96

00 6.14.1 00 ctrl0p.83, (undefined)d eval devalll p.(undefined), 6.1.14 O
U parill p.38.

6.1.16 setmod

setmod ([p])

0000 GF(p)OOooo.
return oo
n 2~2700gnOoo

e J00DDO GF(p)OOUODODO.OODODODODO.
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e DO ODOODOODL,0DbOO0ODLOODLOODOODOODLOODLOO,00DOO
0000000 pO0O0 GF(p) DOODOOOOOOOO.

e JOUODOOOODLOOLOOODOOLO DIODODODODODODOP.18300.

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

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3

[2] A+A;

(1) *x<<1>>

oo 8.10.13 0 O dp_mod dp_ratU p.127,3.20 00000 p.12.
6.1.17 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
2 000000000 32vit00000000.

return ooob 3a2pit 000000000
n 27320000000

int32 ooonD 32bit 00

e J0DD (DUD 1)ODOOODO 32pit 00 (DOO 10)0D000,000000000
oo.

e 32bit 000 OpenXM UOODOOOOOOODO,0DO0O00DDOOODOOODOOODOO
goog.

RN Ugrooboooobp92, 32000000p.12.

6.2 bit U0

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

ior(il,i2)
: bit OO0 or

ixor(il,i2)
¢ bit OO0 xor

return oo
il i2 o0
e 0[O i1,i200000 bitOODODOODODOO.
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o DD ODODOO,DO0DOODO.

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

0x1

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

[2] ior(0OxaOalalalalalalal,0xb0cObObObObOLODL) ;
Oxabacabababababab

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

g 6.2.2 00 ishift0 p.41.

6.2.2 ishift

ishift (i, count)

1 bit shift
return o
1 count oo

e 00 i0OODOO bitDODOOO shift ODO.
e iJOOD0OODOO,000000O.
e count OO OODO shift, 00000 shift O0OO.

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

0x1

[1] ishift(0x1000000,12);

0x1000

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

0x1000000

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

od 6.2.1 0 O iand ior ixor[ p.40.

6.3 OO, 000000

6.3.1 var

var (rat) crat0Q0O00O0.
return goao

rat goao
e JIDDOOODOO,3.100Asir0000D0DOOOp.10000O.
e JI0OIOOOOOOOOOOOOOOUODOO.

41

x,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,DDDDDDDD

go.
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[0] var(x~2+y~2+a”2);

x

[1] var(axbxcxdxe);

a

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

gd 6.3.70 O ordd p.44, 6.3.2 0 O varsU p.42.

6.3.2 vars

vars(obj) = objO000000O0ODOOODO.
return oon

obj aoad

e JO0UODUODUODUODUDUDUOUDUOUDOD.

e DD OODLOODDOODOO.

[0] vars(x~2+y~2+a”2);
[x,y,al

[1] vars(3/abc+2xxy/efg);
[abc,xy,efg]

[2] vars([x,y,z]);

[x,y,z]
ud 6.3.1 0 0 varU p.41, 6.3.3 0 Oucl p.42, 6.3.7 0 O ord p.44.
6.3.3 uc
uc() » 00000000000 O0ooOoooo.

return vtype O 10000

e ucOO)ODOODOOOODO, _0,_1, 2. 000000000D0O.

we() UOOODOOOOOO,00D00O0DO0ODOoOOODOODOO. OO, D
0000d0O0o0OO0DOOo0oOO0oOOo0oboO, 000000 0bD00oo00oDOoO0DOoDO
oOoooOo0oDooOooooooDo.

000000 (vtype 0 0) 0000000 rtostr(), strtov() 0O ODO.

uc() OO0OO0OO0OOO0O0DOOO0OO0O0O0 (Vtype) O 1000. (3.3DDDDDD
O0p.14000))

[0] A=uc();

_0

[1] B=uc();

21

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

_272+2%_3x_2+_372

[3] (A+B)"2;

_072+2%_1x_0+_1"2

ud 6.8.3 U O vtypel p.70, 6.10.1 O O rtostrU p.72, 6.10.2 0 O strtovl p.72.
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6.3.4 coef

coef (poly,deg[,var])
cpoly 0 var (00D ODD0OD)000ODO degDOODO.

return ggdod
poly ooo
var oon
deg aooo

e poly U var OO0 deg UDOODOODOODOO.
e var 1, 00000000 var(poly) DOODODODODO.
e var HODDODODOOO,var OO UOOOOODODDOODOOOOO.

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

K73+ (3*y+3%2) xx "2+ (3*ky " 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%*Zz"2

[2] coef(A,0);

YT 3+3*kzky T 243%27 2%xy+2" 3

oo 6.3.1 0 O varO p.41, 6.3.5 0 U deg mindegl p.43.
6.3.5 deg, mindeg

deg(poly, var)
s poly 0,00 var 000D ODOODO.

mindeg(poly, var)
cpoly 0,00 var 000DODOODO.

return goo
poly aooo
var goao

e IIDDOODOODD var DOODDOOD,00D0O0D0DOODO.
e Ul vwardonoooooobooon.

[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)
crat0Q00O000O0O0O.

return goao
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rat goo
e JODODODODODOOOOODOD OOODODODOOOOOODODOOOOOOO.
e JO0ODODOOO,00000O0OODOOOODODOOO.

e JJUO (330000000Up.14)0,0000000O0O0O0O0UOOUDLODO. (100
ooooog.)
[0] nmono((x+y)~10);
11
[1] nmono((x+y)~10/(x+z)~10);
22
[2] nmono(sin((x+y)~10));
1

RN 6.8.3 U O vtypel p.70.
6.3.7 ord

ord ([varlist])
s Qgogooog

return gooooo

varlist gooooo

e DOOODOO,DO0D0O0DOODLOODLO,DOO0DOODOODLOODbLO0ODOd
oooOoOoOooO. 000000000000, raO 0 0O0O0O0O0O0O0O0O0O0O0O0O0O0O
go.

o IOUDOODOOUODLDOOOOODLDOO,00b0ODbDOOUODLDDbODbDOOObLDbDOg
gboobogboobobooboobuoobooo. bob,obuooboobaboo
O,Asir) 0 O0O0O0,0000,0000000000000D000DO00OD0O0. 0DO
goboboboooobobooobbobuoooobbooooobob,obboooobobooo
gooooo.

[0] ord();
[X,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,l,m,n,o,_x,_y,_z,_u,_v,
_w,_p,-9q,.r,_s,_t,_a,_ b, c, d,_e, f, g, h, i,_j,_k,_ 1, m, n,_o,
exp(_x), (_x)"(_y),log(_x),(_x) " (_y-1),cos(_x),sin(_x),tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx"2+1) 7 (-1/2) ,(_x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);
ldx,dy,dz,a,b,c,x,y,2,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,
_o0,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 poly2 000000000 00D0DOO0DODOOODOOODODO.
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srem(polyl,poly2[,v])
sremm (polyl, poly2,mod[,v])
s polyl O poly2000000000000DO0O0OOOODODOOOOO.
sqr (polyl,poly2[,v])
sqrm(polyl, poly2,mod[,v])
s polyl O poly2000000000000DOO0OOOODO,00000A0.

return sdiv(), sdivm(), srem(), sremm() : OO0 0, sqr(), sqrm() : [0, 00100

o000
poly1 poly2

o000
v oono
mod oo

e polyl O poly2 0000 var(poly?) (00 vODOOOODOO v)JOOOOOOOO
O,poly20,000000.

sdivm(), sremm(), sqrm() O GF(mod) 000D OO,

0000000,000000000000000000,00000000000 poly?2
0000, polyl 0000000000 polyl D000 poly2 00000000000
00000000.00000,0000000000000000,00000000
00000000000,00000000000000000.000,000000
0000000000000000.

000000000, poly200000,00000000,0000, poly20 polyl O
000000000000000000000.

sqrO DO00O0DO0obOobobooooooon.
uboobooon,odn idiv, irem 000 0.
obobobobobo »bobo.

[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%z) *¥x+y "2+ (2xz-1) *y+z~2-a

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

X3+ (-y-2) *x" 2+ (~y " 2-2%z*y-z"2) *x+y " 3+3%z*y " 2+3%z"2*y+z"3
[3] Y=(x+y+z) 2% (x-y-2);

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

X"2-y"2-2%zxy-z"2

[5] sqr(X,G);

[x-y-z,0]

[6] sqr(Y,G);

[x+y+z,0]

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

divsp: cannot happen

return to toplevel

oo 6.1.1 00 idiv irem[ p.32, 6.3.10 O O %0 p.46.
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6.3.9 tdiv

tdiv(polyl, poly2)
@ polyl O poly200000000O0O0DOOONO.

return goboobooob,0oobooooog o

polyl poly2
ooo

e poly20 polyl 00000000 O0OCOOOOOOCOO.

e LOODOOODODOOODODOODDOOOOOLOOODOD, D0O0O0O0O0ODOOOOOoaoo,
tdivO DO0000000000000000DO.

[11] Y=(x+y+z) "b*(x-y-z)"3;
K78+ (2%y+2%2) xx " T+ (-2xy " 2-4xzxy-2%2"2) *x"6
+(=6%y~3-18%z*y 2-18%z"2*y—-6%z"3) *x"5
+(6*y~5+30%zxy"4+60%2z" 2%y " 3+60%2" 3xy " 2+30*z"4*y+6%2"5) *x "3
+(2%y~6+12%z*y " 5+30%2" 2%y "4+40%z" 3%y~ 3+30%z"4*y " 2+12%z" 5*xy+2%z"6) *x"2
+(=2%y " T-14%zxy~6-42%2" 2%y~ 5-70%2" 3%y ~4-70%z"4*xy~3-42%z"5*xy "2
—14%z"6%y-2%z"7) *x~y " 8-8%zxy " 7-28%2" 2%y~ 6-56%2" 3%y 5-70%z"4*y~4
—56*z"5xy " 3-28%z" 6%y " 2-8*z " 7T*xy-z"8
[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] I;
5

oo 6.3.8 0 U sdiv sdivm srem sremm sqr sqrml] p.44.

6.3.10 %

poly ym 0000000

return goooooon
poly gooooooooooo
m oo

poly OOO0O0O mOODOOOOOOODOOOOOODO.
gobooobooooooooog.

poly OODODOOOO. O0OO0O,00000000D0000D0DO0000 irem() OO0O
gooooooodan.
poly OO0, mO000D000D0OODOOO,00000000000.
[0] (x+2)°5 % 3;
XT5+XT4+x T 3+2%Xx T 2+2%x+2
[1] (x-2)"5 % 3;
X"B+2*%x74+x " 3+x 7 2+2*%x+1
(21 (-5) % 4;
3
[3] irem(-5,4);
-1

ud 6.1.1 0 0 idiv ireml p.32.
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6.3.11 subst, psubst

subst (rat[, varn,ratn] *)
psubst (rat [, var, rat] *)
crat0d varn 0 ratn 000 (n=1,2,... 000000000 O0O0O).
return oon
rat ratn ggdod

varn goao
e JI00IDDOUIOO0OODOOU,000ODLUOUOOLO, 00O LOOOUUOOODODOOO.

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

o IOUOOUODOOLUOOUOUODLUOOU, 0O ODLODULOUOLOUOOUObLOOn.

e subst() O, sin() D0ODDO0OOOOODDOOOOOOOO. psubstO) O, OO0
0000000000000 0000000,0000000000000. (partial
substitution 00 0 0)

e Asir 00, 000000DO0O0ODOO0O0OO0OOODO,ODOOO0O000,000O00O0O0O00
0000000000, booooooooooo,0b0oooooooooon
O0,000000, 0000000000000 ooooooooooooon.

o OUOOUODOUODOODOOO.

e substU U0 rat DU OO, 00,00, 0000000000000 000O00OO, O0
000000000 000oo0onbo0odd subst OO

[0] subst(x"3-3*y*x~2+3xy~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*y~2*x-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 00O varist 00 O000O0O0OOO0O0O.

return O



ged OOOOOO 48

rat 000 (Dooooopooooo)
varn goao
varlist ooooooao

e NOIDOOOODDOO varnODODOO varlist OOODOOODOOODO.

e 0000D0DD,00000000. 000, diff(rat,x,y) 0, diff(diff(ratx),y) O
ooOooo.
[0] diff((x+2*xy)~2,x);
2%x+4*y
[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 varnO0000 varlist 00000000000 OO0ODOO.

return goao

poly aooo
varn goao
varlist goooooo

e JOODODODO, ODDODODOODDODAO. 000, ediff(polyx,y) O,
ediff(ediff(poly,x),y) OO0 DO DOOO.
[0] ediff ((x+2%y)~2,%x);
2%x " 2+4%y*xx
[1] ediff ((x+2xy)"2,x,y);
Axy*x

6.3.14 res

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

return goo
var ggdod
polyl poly2
oono
mod oo

e 00D0O0ODO polyl O poly2 0,00 var 00000000 C0OO.
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e DD OODOODDODOD.
e U0 mod DODOO, GF(mod) DOODODOOOO.

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

6.3.15 fctr, sqfr

fctr(poly)
s poly UOOODODOOOO.

sqfr (poly)
s poly OOOOODOOO.

return ood

poly gopbooboogo

e JODOUDODLOO poly UODODOOOD. fctrO OUODOUODOO, sqfr() UDOOODO
goo.

e 00D [[0OO,1,[00,000],..]00000.
e 000D D00 DOO-000 000 poly 0000

e 00O 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%x7 2+ (~9%y-3%2z) xx+9xy " 2-3*z*xy+z~2,1] , [3*x+3*y+z,1]]
[2] A=(atb+c+d)"2;
a”2+(2xb+2xc+2+%d) ¥a+b” 2+ (2*c+2+%d) ¥b+c"2+2%d*c+d "2

[3] fctr(A);

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

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

XTE+xT4-2%y T 2%x T 3-2%y T 2%xx T 2+y T dkx+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]]

ud 6.3.16 0 O ufctrhintO p.49.
6.3.16 ufctrhint
ufctrhint (poly, hint)
200000000 10000Db0O0O0DbO
return ggd

poly 000000 100000
hint ooo
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e IIIDDUODDOD hint OOODDODDOODOOOOOODOO polyOOOOGOOO
O fctr() DO0OODOOOO. poly0,d0000O0OOOOOOOOOOOOOO (O
0000000000000 P14]) 000000000, 000000000 40O
odoo.ooooooooooooo.

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

t79-156%t"6-87*t~3-125

Omsec

[11] N=res(t,subst(A,t,x-2%t),A);
-X"81+1215*x"78-567405%x"75+139519665*x~72-19360343142*x"~69
+1720634125410*x~66-88249977024390%x~63-4856095669551930*x~60
+1999385245240571421*xx~57-15579689952590251515*x~54
+15956967531741971462865*%x751

+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]1]

20msec

[13] fctr(N);

[[-1,1], [x"9-405*xx"6-63423*x~3-2460375,1],
[x718-486*x"15+98739%x"12-9316620*x~9+945468531*xx"6-12368049246*x"3
+296607516309,1], [x~18-8667*xx~12+19842651*x"6+19683,1],
[x"18-324%x"15+44469*x~12-1180980%x~9+427455711*xx~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],
[x718-486*x"15+98739%x"12-9316620*x~9+945468531*x"6-12368049246*x"3
+296607516309,1], [x"18-8667*x"12+19842651*x"6+19683,1],
[x718-324%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.49.

6.3.17 modfctr

modfctr (poly, mod)
s 000ooooooooooo

return goao
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poly

mod

NN

goboooboo

000
2720 000000 mod 0000000000000 poly 00000000OO.
000 [[0o0,1,00,000),.]00000.

000 0000 00000 000 poly 0000O.

0000000000000000000 fetr_f£ 0000. (0 1000000000
0000p.153,10.5.16 0 O fetr_ff0 p.162 0 0).

[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]11]

[1] modfctr (2%x76+(y~2+z*y) *x"4+2%z*y " 3%x"2+(2*%z" 2%y~ 2+2" 3*y) *x+2"4,3) ;
[[2,1], [2%xx"3+z*y*x+z"2,1], [2*%x"3+y~2*x+2%z"2,1]]

6.3.15 0 0 fctr sqfr p.49.

6.3.18 ptozp

ptozp(poly)

s poly UDODUODOODODODODODO.

return goo

poly

oo

goo

00000000 poly OOODOODOOODOO,000000000 GCDO 100
gooooo.

gooogobo,ooboooobooobooo,booboboooboo,oboo
gbobooboobboobooon.

00000000 redO ODODOODODODOODOODO,000DO0OO0ODODODO
o000, 0b0b000b0dbt smO OO0, 00000000, 000000D0OO
oooooooo,000o0ooooo0ooooooooo.

00000 factor 0O0O0O0DO0O0OOOOOOOOO [ge]000. 000 cOOOO
O00,g0000000O0O00O0O00O0OOOO, poly =c*gO0O0O.

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

6*xx+5

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

2xx+5/3

6.1.11 0 0 nm dn0J] p.36.

6.3.19 prim, cont

prim(poly [,v])

: poly 000000 (primitive part).

cont (poly[,v])

: poly 000 (content).
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return poly
oooooooo

v ooo

e poly 0000 (OO vOODOODOOO vyOOODOODOOODO,000000.
[0] E=(y-z)*(x+y)*(x-2z)*(2*x-y);
(2xy-2%z) *x"3+(y"2-3%z*y+2%2z"2) *x "2+ (~y " 3+2" 2%y ) *x+z*y " 3-2" 2%y "2
[1] prim(E);
2xx "3+ (y-2%z) *x "2+ (—y " 2-z*y) *x+z*y "2
[2] cont(E);
y-z
[3] prim(E,z);
(y-2z) *x-z*y+z"2

uad 6.3.1 0 O varU p.41, 6.3.7 0 U ordU p.44.

6.3.20 gcd, gcdz

gcd(polyl, poly2 [, mod])

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

return ooo

polyl poly2
Ooono

mod oo

e J00DDODDUUUDD (GCD)TODODO.

gcd) DO OOODODOOODOODODO GCDODOO.OODOO,DO000D000D0,0D0
Ooo GCbO 1goooooooo,0oobooO0,00000000 1000.

gcdz() O polyl, poly2 OO0 OO00OO0OOOOCO,0000D000D000O0CO GCD O
Oo0.0000,gedO D00, 0000000 GCDODOOODOOODOO.

e 00 mod 0D0DD, ged) O GF(mod) 000 GCDOODO.

gcd(), gecdz() Extended Zassenhaus 00O O0O0OOO00O. ODOO0OO GCD O PRS
goooooooooboooooO,00000,G6CDO 100000O0O0O0O0O0O0OOO.

[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);

X7 3+y*x"2+y " 2%x+y "3

g 6.1.30 0 iged igedentl p.33.
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6.3.21 red

red(rat) = ratQ0QoooO0O0O.
return goao

rat ood

e Asir 000DO0OO0ODOOOOODODOOO.ODO,DO00DOOO0OODOOODO,OD
gboboobooobboobooobb.oobbo0obo0obid reddO0.

e EZGCD ODOD rat OO0, 00000D000.

e JJ0DOOOOODDOUDDOUODDO,0DODO0 GCDDO 10D0OO0OODOODODOODO. O
goboobooobooobobooboooboon.

e GCDUODOOUOUOODDOOUOO,0D000DLOUOODDOOO0DOOODODDOOODDOOO.
O0,00, 00000000000 00000000oo0o,000oooooooon
Ogo0.0ooooooooboo,goobbooog,onoogooooog.

[0] (x73-1)/(x-1);

(x73-1)/(x-1)

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

X" 2+x+1

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

[3] red((3*xx*y)/(12%xx"2+21*y~3%x));
(y)/ (4*x+Txy~3)

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

oo 6.1.11 0 O nm dn[ p.36, 6.3.20 U O ged gedz p.52, 6.3.18 U 0 ptozpll p.51.

64 J0OOOODOOOO

6.4.1 umul, umul_£ff, usquare, usquare_£ff, utmul, utmul_ff

umul (p1,p2)
umul _ff (pl,p2)
s 0o0oooboooooo

usquare(pl)
usquare_ff (pl)
»0D000000oo 200

utmul (p1,p2,d)
utmul _£f(pl,p2,d)
00000000000 (DOODooooo)

return gooooo
pl p2 goOooon
d gooao

o LIUODUOUODOUODL,00b0O0ODLDbOOLODDOOLOODLDbOOObLOOnO.



ged OOOOOO o4

umul (), usquare(), utmul () DO ODOO0O0O0O0OOO, 0000000000 0O0O0OO
O0.000000 GF(p)DOOOOOO,000 000 pOOOOOOOOODOO.

umul_ff (), usquare_ff(), utmul _ffO 0, 0000000000000, 00000
oo0o0oooooooo. oo, 00000000 oo, boooooooooon
o000, o000 ooooooooooooon
0000 simp_£ffO) 00000000000 ODOODOODOOO.

umul _£ff (), usquare_ff (), utmul _ff() O, GF(2"n) 0000000000 OOOO.

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

e U0DODO, set_upkara() (utmul, utmul_ff 00000 set_uptkara()) 000000
000000000000 00000000, set_upfftO ODOODOOOODOODOODO
U000 Karatsuba O, 000000 FFTOOOOOODOOOOOOOOD. 00O
0,000000 FFTOO0O00,00000 10000000 mi0O0O, pl, p2 0
o000 miOOOOOoOooooooood, FFTOODOO, 000dobooooooog
go. bbb, ooooou,oobbbobobbbobdddoooooon
OoO0,0000Shoup0O0O0DODOODO [shoup]l] DOOOOOOOOOO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

[178] setmod_£ff(27160-47);
1461501637330902918203684832716283019655932542929
0sec(0.00028sec)

[179] A=randpoly_ff(100,x)$
0sec(0.001422sec)

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

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

7.77sec + gc : 8.38sec(16.15sec)

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

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

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

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

[186] deg(utmul_ff(A,B,100),x);

100

g 6.4.3 0 0 set_upkara set_uptkara set_upfftl p.5d, 6.4.2 0 [ kmul ksquare
ktmull p.54.

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

ksquare(pl)
» 000000000 200
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ktmul (pl,p2,d)
00000000000 (DOoooooo)

return goOooon
pl p2 oooooo

d gooad
e 100DOODOOODO Karatsuba OO OO.
e J00ODDwmul OOOODO,0000000000FFTOOOOOOOOOODOO.
e GF(2n)JOUUOUDOODODDOOOOOODODO.

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

1

[34] setmod_ff (defpoly_mod2(160));
x7160+x75+x"3+x"2+1

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

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

[37] umul(A,B)$

umul : invalid argument

return to toplevel

[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara([threshold])
set_uptkara([threshold])
set_upfft ([threshold])
»10000000000000 N~2, Karatsuba, FFT 0OOO0OO00O0OOOO

ood
return goooooog

threshold 0O00O0O
e 0D, 0000D0DODODODOD,0DO0DODODODODODOODODn.

e JOOOOODOODL,0D0 NODODODODLDOOOO N200O0ODOD,D0000O
Karatsuba DO 0000, 0000000 FPEFTOOOOOOODOOOOD.DOOODO
gopboooog.

o DO, 00000D0DODODOODLODOODO.

g 6.4.2 00 kmul ksquare ktmull p.54, 6.4.1 00 umul umul_£f usquare
usquare_ff utmul utmul_££0 p.53.

6.4.4 utrunc, udecomp, ureverse

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

return gbobogboobboobooboooo
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b
d

gooooo
goog

e pO0DO xO0D. 000D p=pl+x~(d+l)p2 (p1 0000 d0O0) 000000,
utrunc() O pI 000, udecomp() O [pl,p2] 0O DO.

e p000D0 e0D0,i0000D0 plij]0000, ureverse() O ple]+ple-1l]x+... OO 0.

oo

6.4.

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

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

6.4.6 0 U udiv urem urembymul urembymul_precomp ugcdl] p.57.

5 uinv_as_power_series, ureverse_inv_as_power_series

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

2 0ooooboooob,o0oo

return gooooo
p goOooon
d oooao

ud

uinv_as_power_series(p,d) 0, 0000 0000000 pO00,pr-1 00000
0d+1 00000000 00 dODDO0OD r0000.

ureverse_inv_as_power_series(p,d) O p GO0OOBDO e O OOOO,
pl=ureverse(p,e) OO OO uinv_as_power_series(pl,d) O OOO0O.

rembymul_precomp() DOUODODOOUOODOOU, ureverse_inv_as_power_series() [J
0oobooooooooooog.

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

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

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

x~10+x"9

[128] R=ureverse_inv_as_power_series(A,5);
-X"b+x74-x"3+x72-x+1

[129] ureverse(A)*R;

-X"6+1

6.4.4 U0 utrunc udecomp ureversell p.55, 6.4.6 U [ udiv urem urembymul
urembymul_precomp ugcdll p.57.
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6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)

urem(pl,p2)

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

ugecd(pl,p2)
» 0000000040, GCD

return gooooo

plp2inv OOO0O0OO

e 00ODOO pl, p2000, udiv 00O, urem, urembymul OO0, uged O GCD OO
0.0000,000000000000000000000000. urembymul O, p2
00000000, p2000000000000000,00 20000000000,
o0o0oooooooooon.

e urembymul_precomp U, 0000000 OO0OOO0O0O0OODOOUOOOOOODOOOO
O000.0 3000,00000 ureverse_inv_as_power_series() D0 0OODO0O
gogd.

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

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

[180] cputime(1)$

Osec(1.597e-056sec)

[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)

oo 6.4.5 0 U uinv_as_power_series ureverse_inv_as_power_seriesl p.56.

6.5 DUOUO4QU

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

car(list) 0000 LstOOOODO.
cdr(list) 0000 LstO0O0O0OOO0OO0OOODOOOOOO.

cons (obj, list)
2 list 0000 obj OD0OOOOODODO
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append (list1, list2)

2 list1 O list2 00000 10000000.

reverse (list)

s list 0O00O00O0oooo.

length (list| vect)

2 list 000,000 vect 0DODO.

return car() : OO, cdr(), cons(), append(), reverse() : OO O, length() : O
o0

list list1 list2
ooo

obj oo

0000 [objlobj2..1 D000D0. objl 00D0O0O0D0OO.

car() 0, 0000 st DOODOODOODOUOD. ODbOoOOoOooooobooo,b0oonog
gooooo.

cdr(O) U,0000 Ist DOODOODOODODOODOODOOOO. DOODOODO
goboodobo,oobooooboooon.

cons() U, list 0000 objUDOUODODOODOODOODOO.

append() O, list] 0000 LIst2000000000000000O0O [Lst1 00000
O,ist2000000])00000.

reverse() U, list OO DO ODOOOOOOOOOO.
lengthOQ O, st OO0 vect OO DODODO0O0O. DDOD0OOOO0OOO,size(O 0OOO.
gbobobobooboo,obobobobobob.

0000 n00000000000,cdrO 0 nO000000 car() ODOOOOOO
ooooooooo,booobo0o,boobo,0b0b0ob0oobo0oD, 000000 [nd
goobodbooooboobobooboobobo.oob,0o0obboobo,0oboo
obobd n0OO00O0O0O0,0000D000000D0DO0ODOOODO.

cdrO 00000 ODOODO0O0ODO,append() U, 00000 10000O000OOODOO
U0 consO OD0OOODOODODO,0D100D00OD00O00O0ODO0ODOODODOOODOO
OO0O00O0O0DO0OO. reverse() DOOOOOOODO.

[0] L = [[1,2,3],4,[5,6]1];
[[1,2,31,4,[5,6]1]

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]]

[3] cons(x*y,L);

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

[6] reverse([a,b,c,d]);
[d,c,b,a]

[6] length(L);

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

(8] L[2][0];

5

6.6 U

6.6.1 newvect, vector, vect

newvect (len[, list])
vector (lenl[, list])
00 lenO00O000O0O0O00O0O.

vect ([elements] )
celements 0000000 0O0OOOOOOO.

return gooao
len ood
list oood

elements 00000
e vect U 0ODOODDOUOODOOOODOODOO.
e vector 0 newvect OO OOO.

e newvect 000 len 00O0O0O0OOO0OO. O 20000000,000000000
obo.020000000,00000000000000,00000D0O000O
gobobo.oooo,0bobobobo,ooogbob oobob oD,

O000ooooo,0000000 len-100000. (0 10000000OODODOOO.
)

gooooooboo,oobbooboooobbooobobooooboooooboooooboooa,
000000000000 000000000 displacement (00)00000000O0O
gobobobobo,0o0o0o,0bobobobobobobobobo.boboon
go,0gboog,booboobooboobooboobooboo,booboa,
goboobooobboooboon.

Asir O0,00000,0000000000D0.DO000DO0OODOOODOOOO
ooobo,gbgbobobobuobobobon.

00000000 sizeQ ODOOOOOOO.

o OO ODOOODLOODLDOODOODL,0bOODLOO,OD0DDbOODLDOODbDOODnOO
goooooog.

[0] A=newvect(5);

[0O0OO0O0OO0]

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

(2] A[0];

1

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

[4] size(A);

[5]

[5] length(A);

5

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

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

[9] A;

[ x234 [5,6] ]

60

NN 6.6.5 00 newmat matrix[p.61, 6.6.7 00 sizedp.62, 6.6.2 00 1tovp.60, 6.6.3

U 0 vtoll p.60.

6.6.2 ltov

ltov(list) :: 000000OOOOOOO.
return oooao

list ooo
e 0D st 00O0O0O0O0DDOOOODOOOO.
e OUUDODO newvect(length(list), list) DO DOO.

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

ad 6.6.1 0 0 newvect vector vectl p.59, 6.6.3 0 U vtoll p.60.

6.6.3 vtol

vtol (vect)
s 000000oooooon.
return goao

vect gooao

e U0 nOOODOO vect O [vect[0],...,vect[n-1]1]1 OODOODOODOODOO.

e JOIDDOUOODOODDOONO newvect() OOO.

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

[4] vtol(A);

[1,2,3]

ud 6.6.1 0 O newvect vector vectl p.59, 6.6.2 0 U 1tovl p.60.
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6.6.4 newbytearray

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

return byte array
len oon
listorstring

ooopoooooo
e newvect 000000 byte array 00 OO O . similar to that of newvect.
e JO0IDOOOODOODOOOODOODOO.
e bytearray 000000 O0D0OOODOOOODOO.

[182] A=newbytearray(3);

[00 00 00|

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

[184] A=newbytearray(3,"abc");
|61 62 63|

[185] A[0];

o7

[186] A[1]1=123;

123

[187]1 A;

|61 7b 63|

oo 6.6.1 0 O newvect vector vectl p.59.
6.6.5 newmat, matrix

newmat (row,col [,[[a,b,...]1,[c,d,...]1,...11)

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

return o0
row col goo
abcd oo

e matrix 0 newmat U OO O OO.

61

e rowd col 0O0O00OOODOOO. 0 30000000,000D0 00000000. O
30000000, 00b00o0o0ooOO0o00OOO0,000,0000000 (DoODOO
000000)o00O0000000.0000,000000000,000000 00

gopoo.
e JOUODUDODO size(O UDOODOO.

e MOUODOOO,MIl DOD0OO IDUOOODODODODODOODODOODOD.OOOO
gobo,b000boooboboooboob,boooboooboboooooboa,onoobooo

gbobogboogboooobd.
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e DO ODOODOODOODO,DOO0DOODL,DDbDbOODbOODbOODbDOODO
goog.

(0] A
[11
[xyo0]

[ x°2 00 ]

[1] det(A);

-y*x72

[2] size(A);

[3,3]

[3] Al1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

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

O O |

og 6.6.1 0 0 newvect vector vectl p.59, 6.6.7 00 U sizell p.62, 6.6.8 0 ] det nd_
det invmatU p.63.

6.6.6 mat, matr, matc

mat (vector[,...])
matr (vector[,...])
0000000000000 oooo.

matc (vector([,...])
s 000000000000 ooooo.

return 0

vector ogooooooo
e mat D matr OO O OODO.

e JOOODOODODODODOOLDO.ODOD,DO0DODODLOO,DO0ODOOD OO
goooo.

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

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

R
W N RN

7]
8 ]
0]
6.5

gd 6 U U newmat matrix[l p.61

6.6.7 size

size (vect| mat)
2 lveect 0001000 [mat000O ,mat0007.
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return goo
vect ogooo
mat 0

e vect 000,000 mat 00O0ODODOOOOOODODO.
e vect O ODO length() OOODOODOODOODO.

e Jist 0000 length(OO, 0000000000000 nmono() OO ODO.

[0] A = newvect(4);

[ 000O0]

[1] size(A);

[4]

[2] length(A);

4

[31 B=n

[123]

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

ewmat(2,3,[[1,2,3],[4,5,6]11);

oo 6.5.1 0 00 car cdr cons append reverse lengthl p.57, 6.3.6 U [J nmonol] p.43.
6.6.8 det, nd_det, invmat

det (mat[,mod])
nd_det (mat[,mod])
cmatdO0QO0QOoQoggno.

invmat (imat)
csmatdO0QO0QO0Q0ggno.

return det: U, invmat: 0O
mat oo
mod oad

o det UUDU nd_det UU0U mat DO DOUODOOODO. invmat U0 0O mat DOO0OOOO
o.00ob [oob,0oo0jooboooo,goooo,obo/0b0 boooooo.

e U0 mod OODOO, GF(mod) DODOOOOOODO.

o IO UOODLOOOLOOLOODLOOLOODLO,bO0bLObOUOULDbOObLObLObObOObObLd
gboboboboboboboboboboboo.

e nd det U000 IOOOOOOOOOOOOOOOOOOOOOOOOO.OOOOOOO
gooboooooooooooog,oobodoooooboibooooong, g det
goooooooon.

[91] A=newmat(5,5)%

[92] v=[x,y,z,u,v];

[x,y,z,u,v]

[93] for(I=0;I<5;I++)for(J=0,B=A[I],W=V[I];J<5;J++)B[J]1=W"J;
[94] A;

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

~

-~

~ -~

L B e B |
= e
e N<
e N<
N NN
e N<
w w w

y~4 ]
z"4 ]
u~4 ]
[1vv2v3vid]
[95] fctr(det(A));

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

[-x+z,1], [-x+v,1], [-x+y,1]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]1=W"J;
[98] A;

[1xx72]

[1yy 2]

[1z2z"2]

[99] invmat(A);

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

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

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

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

[ 0 (~y+2z)*x72+(y~2-2"2) *x-z*y~2+2" 2%y 0 ]

[ 0 0 (~y+z)*x"2+(y"2-2"2)*x-2z*y 2+2 2%y ]
[101] map(red,A*B[0]/B[1]);
[100]
[010]
[001]
gd 6.6.5 00 0 newmat matrix[ p.61.
6.6.9 gsort

gsort (array [, funcl)

return
array

func

RN

200000 array OOOOODO.
array (00000;000000000)
gooond

gooond

000000 quicksort 0OOOOO.

gboooobooboobobob,oboboboobobooboboboobabg
gboboboobon.

0,1,-1000 200000 funcO00OOO0OOOOO, func(A,B)=1 0000 A<BO
gb,uggbbooobogboooboooog.

goboobooobooo,boobbooooboooooaonoon.

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

[1] def rev(A,B) { return A>B7-1:(A<B?71:0); 1}

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

6.3.70 O ordd p.44, 6.3.2 0 U varsU p.42.

64
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6.6.10 rowx, rowm, rowa, colx, colm, cola
rowx (matrix,i,j)
01000 jO000000.

rown (matrix,i,c)
0100 cOOO.

rowa (matrix,i,c)
0100000 cOO00O0O0O.

colx (matrix,i,j)
= 01000 ;000000.

colm(matrix,i,c)
0100 cOOO.

cola(matrix,i,c)
201000 i00 cOOOOO.

return o0
i, j oo
c o0

e DD ODDOODOODOODDO.
o DD ODODOODOODDO.

[0] A=newmat(3,3,[[1,2,3],[4,5,6],[7,8,911);
[123]

[ 456]

91

owx(A,1,2)$

b

8
r
A
[12
8
5

D O W
—

7

4

] rowm(A,2,x);
1 23]

78 9]

4xx 5%x 6*x ]
] rowa(A,0,1,2);
T*z+1 8%z+2 9xz+3 ]
7891

4xx 5%x 6*x ]

oo 6.6.5 0 0 newmat matrix[] p.61

6.7 U OO
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6.7.1 newstruct

newstruct (name)
2 00000 nameO0000D0OOOO.

return goo

name goao
e OO name 00O OOOOOOOODO.
e I00O0OO,name DO OO0OODOOOOODOOOOOODODOO.

o LUDODOUOODLOOODLOUO >0000DUODLODOODLO.0DOODLDOOODOO,DbO0O
> Q0000o0oooooooooog.

[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—>%
3

[7]1 A;
{1,{2,3}}

ud 6.7.200 arfregl p.66, 42900000000 p.22

I
N

1]
w

6.7.2 arfreg

arfreg(name, add,sub, mul, div, pwr, chsgn, comp)
2 0000000000000 000.

return 1
name oogd

add sub mul div pwr chsgn comp
ooooooon
e name 000000000 O0DOODOODOODODO.

e J0ODOODDOODLOODODUOODD oDbOUODL.ODDbUOODLDOODOODODO
gobooboooon.

e JI0OOOOOOOOOOOOOOONO.
add(A,B) A+B
sub(A,B) A-B
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mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A
comp(A,B)

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

% cat test
struct a {id,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;
b

def mul(A,B)

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

A->body*B->body;
by

def div(A,B)

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

A->body/B->body;
}

def pwr(A,B)

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

A->body~B;
}
def chsgn(A)

{

C = newstruct(a);



ge6d

RN

goooog

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] Ax*B;
{0,12}

3;

4;

6.7.1 0 O newstructl p.66, 4.2.90 0000000 p.22

6.7.3 struct_type

struct_type (name|object)

s 0ogoooobooooon.

return o
name goao
object aooo

68

e UOUO name U0O0O0O0OO,000 object DO UODOOOODODDOOOOOOO. ODODO
goog -1000d.

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

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

3
[13] struct_type("list");
3
gd 6.7.1 0 0 newstructl p.66, 4.2.90 0000000 p.22

6.8 JUDOOOO

6.8.1 type

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

obj aoad
e objO0 ODOODOOODODO.

0 0

1 O

2 000 (0oo0)

3 000 (00D0Ooo0)
4 ooo

5 oooo

6 oo

7 ooo

8 ooo

9 ooooooo

10 32bit 000000
11 ooo0o0o0o0o00
12 GF(2) 0000

13 MATHCAP 000000
14 0o00o00O

-1 VOID 000000

e JO00ODOODOOOD,ntype 00OD. O0ODOODOODOODOO, veype OODOO.
ud 6.8.2 0 O ntypel p.70, 6.8.3 O O vtypel p.70.
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6.8.2 ntype
ntype (num)
cnum (0)0 0 (0O0)000O.
return goo
obj a
e JO0OIDODOODOO.
0 ooo
1 ooooooo
2 oooo
3 00000000 (bigfloat)
4 ooo
5 ooood
6 ooooooon
7 o0 2000000

e newalg(x"2+1) JOUODOODOO, 0000 ei0,0D00D0ODODODODO.

e JODDOOOOO,0YDODDODODDOOOUOOOOOp.141000.
[0] [10/37,ntype(10/37)];

[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%@1),4]

oo 6.8.1 0 0O typel p.69.
6.8.3 vtype
vtype (var)
wvar (000)0 O (0D0)DD0DO.
return RN
var goo
e var (U0 )0000DODOODODO.O0ODO 3300000000p.14000.
0 00000 (a,b,x,afo,bfo,....etc)
1 wc() 000000000 (L0, _1, _2, ... etc)

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

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

e 2a(); 0D (D0UD0OUD)000UDDO ntype(a) 0 3000.0000 a000O
gooboobooobooon.

e IIDDOODOUODLDODDOUDLOODDO functionODOO.
e Opi,Ce 00O OOOOOODODO,evalO,pari() DO0OOOOOOOOOOO.

0O 6.8.1 0 O typed p.69, 6.8.2 0 O ntypel p.70, 6.3.3 0 O ucO p.42.

6.9 DUUOOooon

6.9.1 call

call (name, args)
00 name 0O OOO.

return 00 name() OO ODO.
name 000000000 (Dooooooon)
args gooooo

e 00DOODDODO, vtype() OOD.

e 10000000 OODODODOOOOODDOD (xname)() OODO, OODOOOOOO
call() OJOODOODO.
[0] A=igcd;
igcd
[1] call(A,[4,6]1);
2
[2] (*A) (4,6);
2

g 6.8.3 0 O vtypel p.70.
6.9.2 functor, args, funargs

functor (func)
cfunc0O0O00OO0OOOO.

args (func)
cfunc 00O00000O0O0ODOO.

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

return functor() : 000, args(), funargs() : OO0

func 0000000000
e 00DDOODDO, vtypeO) OO D.
e 000D func0000,0000000000.

e U0,00000C0DDOOOOODLULUUUUDOD FOOUUOO (*xF)(x)0x0000O
gbobogboobboobooboooobg.
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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 ((*A) (@pi/3)));}
0.86602540349122136831
0.5000000002

1.7320508058

RN 6.8.3 0 O vtypel p.70.

6.10 DO Ooooog

6.10.1 rtostr

rtostr(obj)
sobjO0000O0O0ODO.

return ggd

obj 00

e JOUODUODLOODLDO obhjOODOIDODO.

e DO DOOODDDOOOODLDOOOODLDOOO,000bbObOOoOODbDDO
gobooobooooog.

o LI, 000000O0DOO0O0DOOODODO, strtov OO0,

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(®);

7

[4] B+“1";

afol

g 6.10.2 0 0 strtovl p.72, 6.8.1 O O typel p.69.
6.10.2 strtov

strtov(str)
cstr (000)000000O0ODO.
return ood

str gobodgboooobooooo
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e DD OODOODDOODDOODOODDO.

o DD OODLOOODLOOODOOOLO,0D0DOOODDO,O0O,0000000

gobooooboog.

73

_goo

e rtostr() UL OO0, 00000DOO0O0ODOOO0DOOOODOOODOOODOOODO.

[0] A="afo";
afo

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

[afo00,2]
[afol,2]
[afo02,2]

ud 6.10.1 0 O rtostrU p.72, 6.8.1 0 O typel p.69, 6.3.3 0 U ucl p.42.

6.10.3 eval_str

eval_str (str)
cstr (000)00000.

return gooooo

str Asir 0 parser 000000000

e Asir 0 parser 100000000000 DODOODOOOODOO.
e 00IDDOODO,D0O0O0O00ODDOO.

e OOUDDO rtostr() O OOODDO.

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

3

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

ud 6.10.1 0 O rtostrd p.72
6.10.4 strtoascii, asciitostr

strtoascii(str)
s gogoooogoooogo.

asciitostr (list)
s 000000000000 0oOoooon.

return strtoascii():0 00 ; asciitostr():0 00
str o000
list 100 26 000000000000

e strtoascii() JU0UDUODODO0OOLDODO0OOLOUOD. bOobOooOoobOoboOooboOoo

goo.

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

[1] asciitostr(Q);
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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 0ogooooooo.

str_chr (str,start,c)

s ggoooboooooboooo.

sub_str (str,start, end)

s ggbooooodg.

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

str ¢

goo

startend 0000

str_len() OOOOOOODODOO.

str_chr() O str 0 start U0 00000000000 O0O0O cOO0D0O0OOOOOOO
goboob. oboboobo ooobOobO. boobobobooboobooboD 1
go.

sub_str() O,str 0 start 0000 end UDODOODOODOODODOODODO.

[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,Spl-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 00O

6.11.1 end, quit

end, quit

74

0

s goboobooboobooobog. gboooooboobooboobooog

goooooog.

e end, quit O OOOO0OOOO0OOO,O’00000000O0O000O0. 00000
gbobooboooboobboboo. bbo,b0obooboobooboboboooonog

goooood.



ged OOOOOO (6]

e DD OOD,bO00D0DOODDOOD,DOO0ODLOOO0DOOODLOO,000O
oo0bOo0ooO0o0oCO0bOOoO0bOoO0D,00bO00D0O00,00D00DO00 ends
goboobooan.

(6] quit;

%
o 6.11.2 0 0 loadO p.75.
6.11.2 load

load("filename")
:: filename OO0 0O0O0O.

return (110)

filename 00000 (DOD)

e J0IDUDOUODODOD,040000000 AsirOp.l600. ODOOODOODO
0000000, cpp00000,CUOOODODOODO #include, #define 0O OO0
good.

e JOODOOOODLOODLOODODOOOO 1IDODLD,DODODODODODODOO.

e JO0OIDODOO vy DOOUDOODOODOO,yODOUODOUDDOUODOOOOOOO
O000000C000D0O0. O0O00000,0000 ASIRLOADPATHOODOOOOO
oooooooooooooOooooo.oooooooooooooooooooo,
0000000000000 (00000000 ASIR.LIBDIROOOOODODOOOO
000)000000. Windows 0000, ASIR_LIBDIROO0OOOOOOOOOOO,
get_rootdir()/1iv 00O ODO0O.

e 000D0D0D0O0DO0D,end$ 0000 load) 0000000000 D0OOO,O0
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000,end 0000 000000000, end$
0oooooo.)

e Windows UODOODODOOODOODOOOOD v/ro0on.

gd 6.11.1 0 O end quitl p.74, 6.11.3 U O which[ p.75, 6.14.16 00 U get_rootdir[
p-90.
6.11.3 which

which("filename")
= 00 filename 000, load() OO00OOOOOODOOO.

return goao

filename 00000 (DO0O)OD00O O

e load) DOOODOOODOOODOOODOOOD,0DOOODOOODOOOD
gboobobobo,oopgoboooooo obob.

e JOUIDDOOODDOOD load) DOO.
e Windows UODOOODODOOODOOODOOOOD v/rooon.
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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 loadU p.75.

1.4 output

output (["filename"])

»D0D000000 flenameOOODOOOOOOODO.

return 1

filename ooOooo

RN

Asir 000000000, 00booocgooooobob. oo, bb00obboooboo,
gobobobobobobobobob,boboog.

oooooooooDooobooOon, 0D output('filename") DOOOO. 0,000
0ooboboboboobobobbob00,0b0bd output) DODODO.

00000000 filename OO0O000O00,000000000000000,0000
gobobobo,obobobobobo,oboboboog.

goobodgboog »oogobooboboabbogbo,gobo,oobooaoobd
gbobobobooo,obobobobobobobo.

O00O0DO0o0o0O0O00ooO0bOo0o0OoDOobOOg, ctri(techot,1) OODOODODO
gobobobobobobobo.

gbobodbo,ogboobbooboobbooboobobooobooboon.

O0000,0000 (vtypeO OD)O0OOOO0OOODOOOODOOODOOOOO, bload(),
bsave() OO O0O0O,00,0000000000.

Windows 000000000 DOO0OOOO0ODO v0o0OD.

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

1

[87] quit;

% cat afo

1

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

0

[86]

6.14.1 00 ctrll p.83, 6.11.5 O O bsave bloadl p.77.
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6.11.5 bsave, bload

bsave (obj, "filename")
 filename 0 obj 000000 O0O0OOODO.

bload (" filename")
w filename 000000000 OOOODDOO.

return bsave() : 1, bload() : OOODODOOO
obj odood,0o000oooooooooa

filename ooooo

e bsave() DU DUOODOOOODOODOODOODLOOOODUODODODO. bload() O,
bsave() DUODOUODOO0OOOOOOODOODODODODOO. OODOoODOooOooooOon
000000000,0000,0000 (veype(O) O0)000O00O0OO,00000
gobodgboobbooboobbooboon.

e output() DO ODODODOO, 0000000000 0ODO0ODO0ODO, bsave() DOODO
U000 pvleadO DODOOO,000000D0OOOODOOD,DOO0,0000000
go.

e JO0O0OO0O,000O0DOODOOOODODODDOODODODOOOOOOOOOO,00O0OOO,
go00dooooooootooooooooooooon.
e Windows 000 000O0OO0OOOOOOOO ¢«,0Oa0A.
[0] A=(x+y+z+u+v+w) "20%
[1] bsave(A,"afo");
1
[2] B = bload("afo")$
[3] A == B;
1
[4] X=(x+y)~2;
X" 2+2%y*x+y”2
[5] bsave(X,"afo")$
[6] quit;
% asir
[0] ord([y,x]1)$
[1] bload("afo");
¥ 2+2xxky+x"2

o 6.11.4 O O outputl p.76.
6.11.6 bload27

bload27 ("filename")
0000000 bsave file D OO OO

return goooooo

filename ooooog

e JOOO,00000DO,1000 27bhit0000D0ODOO,D000 1000 32 bit
goboobogod. bogb,b0obd save 000000000 Oo00o0ooooonoOO
gbob.ogboboobbuodoboobbodl vlead27 DO ODO.
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e Windows 00 0DO00OO00O0OOOOOOOOO /ooo0O.

oo 6.11.5 0 O bsave bloadl p.77.
6.11.7 print
print(obj [,nI])
mobjdOOOO.
return 0
obj 00
nl ooo (o)

e objOUIDOODOODODO.

e J2000000,0000,200000,0000.020000000,0000,
gooogoboobooboob,oboboobboboboob.02b00 2000,0
goboobooobbooboooboog.

e JOUODOOOOOD ODOODOO,print(); OOODODOO, 00000 00000DO.
printQ$ 0000, 000 oO0O0OOODO.

e 000 obj00OOTOIDDOODODOO objDOOOOOOD.

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

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

xyz123gahaha

6.11.8 access
access(file)
s file000000O0O0ODO.

return (110)

file gooon
e fileOOOODODO 1,0000000000DO.

6.11.9 remove_file

remove_file(file)
s file000O0O0O.

return 1

file goood

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

open_file("filename" [,"mode"])
w filename OO O0O0O0O.
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close_file(num)

2000 numOO0000000O0O00O0O.

get_line([num])

U000 numOOD0OOD0O0OD 1000.

get_byte (num)

000 num 0000000 100000.

put_byte (num,c)

U000 numOO0O0O0O0 1000 cOOO.

purge_stdin()

s ggoooooboobooooobg.

return open_file() : 00O (O OO); close_file() : 1; get_line() : OO0 ; get_

byte(), put_byte() : OO

filename ooo0oOo (ooo)
mode ooo

num

0000 (0000000)

open_file() OOOOOODOOODOOO. modeOODODODOOODOOODOO, mode OO
0000000,CO00000000 fopen() OO0O0O0O0O0O0O0OOCOODO.O0O0O0O
goooooooog w,0ooggooob "a"0Ob. 0o, 0boooooo
0o0o0dooob0. 0bob000b0oob0. 000000 0ogOon close_file(O)
O0000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 O O
ggooooooo, bbb, ogoooooobobn
goooo.

get_line() 00 DO0OOOO0DOOOOODODOOO 1D00,00000000.00DO
gooob,b0oo0ooo 1000,

get_byte() 0O OOOOOODOOOOOODOO 1000DOODOOOODO.

put_byte() DD O0ODOODOOOOODOODOOOD 100000, 0000DbOb0OoOO
goo.

O0b00o00D0oO0bobo0o0DnD get_1ine() DO OOODOO, 000 0000.

Oo0oo0o0ooboO,000000 swb_str() OOO0OO0OO0OOOOOOOOOCOO
eval_str() DOOOOODOOOODOODO.

purge_stdin() 0, 0000000000000. 0000 get_line() 0OOOOD
0o0o0o0o0oooooooo, 0000000000 oooooooooooon
ooooooooog.

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

0

[186] get_line(Id);

12345

[187] get_line(Id);
67890

[188] get_line(Id);



ged OOOOOO

%189] type (QQ) ;

%190] close_file(Id);
t191] open_file("test");
1192] get_line(1);

12345

[193] get_byte(1);

54 /* the ASCII code of ’6’ */

[194] get_line(1);

7890 /* the rest of the last line */

[195] def test() { return get_line(); %

[196] def testl() { purge_stdin(); return get_line(); }

[197] test();

80

/* a remaining newline character has been read */

/* returns immediately */

[198] testl1();

123; /* input from a keyboard */
123; /* returned value */
[199]
ud 6.10.30 0 eval_str p.73, 6.10.5 0 O str_len str_chr sub_strl p.74.

6.12 0O ooooon

6.12.1 module_1list
module_list()
s godgpoooggoooogoon.

return gbobodgboogboooobd.

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

g 421300000000p.25000
6.12.2 module_definedp

module_definedp (name)
200000 name OOQOQOOODOODO.
return (110)

name gooooo

e JOUDOU name 000000 1,00000000000O.
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[100] module_definedp("gr");
1

gg 6.12.1 0 Omodule_1listp.80,4.2.13 0000000 Op.25000.
6.12.3 remove_module

remove_module (name)
00000 name O oooon.

return (110)

name gooooo
o IOUODOUODO 1,000UO0O OODOO.

[100] remove_module("gr");
1

g 421300000000p.25000.

6.13 U000

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

dacos (num)
000 Arccos(num) 0000

dasin(num)
2 000 Arcsin(num) 0000

datan (num)
= 000 Arctan(num) 00 O00O.

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

dsin(num)
2 000 sin(num) OO0ODO.

dtan (num)
2 000 tan(num) OO OO

return gooooog

num O
o 000D UIDOUODOUDOUODUODOO.

e 000000 CODOOOOUOOULUDODODOOOOO.ODODOOO,ODDODOOO0O0O0OO
gobooboooboobooobooobooon.

o DD OODOODLOOODDOODOODLOOODODOODLOODnOO.
e CPi00OO0OODLOOLOODLDOLOODLODLOODOOO.

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

dabs (num)
2000 |lnum|l OOOO.

dexp (num)
2 000 exp(num) 0000,

dlog(num)
2 000 log(num) OO ODO.

dsqrt (num)
= 000 sqrt(num) OO0OO.

return goooooo

num O
e JI0OOOOOOOOOOO.

e 000000 CODODOOOUOOUUODODOOOOUUO.OODOOO,ODOOO0OOO0OOO
goboobooobobooboobooon.

e dabsOU dsqrtQUOULDDOO0OD0OODOODLOOOODOODLOODOODODOODOD
goog.

e il O0OODLOLOODLODLOOLODLOODOODO.

[0] dexp(1);
2.71828

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

ceil (num)
dceil (num)
cnum O00000000000000.
floor (num)
dfloor (num)
cnumO00000000000000.
rint (num)
drint (num)
cnum O00000000O.

return o0

num g

dceil, dfloor, drint [0 ceil, floor, rint OO OO OO.
ooobodooooooobOoOo, 000000 boobOoooDoOOooboooog.
goobodbooobobooboooobooboobobooboooo.

ecpi DO00ODO0OODOODDOODDOOODODOODO.

[0] dceil(1l.1);
1
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6.14 OO0

6.14.1 ctrl

ctrl ("switch" [,objl)
S ERERERE

return
switch

obj

gobodgood
goood

goog
Asir 0O00ODOOOOOOO,00000.
switchOOO0O0O,00000000C000000DOO.
obj 00 O0O0ODOODOO,DOOO0COODO.
gbobodobogbobooobod. bbooboobooboboa.
Oo0000ooooo.0od0,onO 1,of 0 OO0OOOO.

cputime

nez

echo

bigfloat

adj

verbose

quiet_mode

prompt

hex

real_digit

on 00 CPUtime 000 GCtimeOOO,off 00 ODOODO0O. cputime()
O00. ctrl("cputime",onoff) O cputime(onoff) ODOOOOO.

EzGCDOOOOODOOOOOO.O0O0ODOoOoO11000,0000D000
goooadg.

on000000000000000O0,of000O0O0OOODDOODODODO.
output OO UO0OD0DOOOOOODOOO.

on00,0000000000 biglloat 00000, 0000000 PARI
(6.1.1400paril0p.38) 000 ODOOO. DO0OOODOOOOOO 9000
O0.00000000D000D00 setprecO ODOODO. of 00,0000
gbobobo,bobobgobobobon.

gboobboooooobobobob.1obooooboboboo.obo
gooobD 3. 10000, b0b00b0boo0booobbooooobog
obooooo. ooobooboooboboooboobo. 240000000
ubobooboddpsdno.

onU0,0000000000O0O0O0O0OOODO.

1000,00000000000000.240000000000000
OO0p5000.

od0ODOO0O0OO0ODbOODODbOOODO.1ODoOO00bOoOoOoooOooo. coo
0000000000000 0000O0O0ODODOOOOOOOO. O (asirgu
O0000): ctrl("prompt","\033[32m[%d] := \033[0m")

1000,000 xO00O0 16000000O00DOO.-1000,1600
o,00 ‘rgooogspubooboboboobon.

gobodgboobbooboobog.
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double_output
1000,00000000000 dddddd OO0 OOCOOODO.

fortran_output
1000,0000000 FORTRANOOOOOOO.OOOOOO o0
0000 «00000.(00000oo o)

ox_batch 1000,0000000000000000000000 flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p.92000.

ox_check 1000,000000000000000000O00O00O000O0OO0O. O
000000.(000000D0 1) O070000000p92000.

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap OO0O00DOO.
(0000000 1) O70000000Op.92000.

ud 6.14.6 00O cputime tstart tstopl p.86, 6.11.4 OO outputU p.76, 6.1.14
00O parill p.38, 6.1.15 00O setprecl p.39, (undefined)O eval devalll
p.(undefined).

6.14.2 debug

debug s 0o0o0o0oooooag.
e debug O ODOOODOOOOO,O’OO00O0O0DOO.

e J0D00ODOOODODOOODDOOODOD (@aebug) OO0, 0000000000000,
quit 000000000000000.
e NOUIDOOODOOOLOOOOD OSOOODDOODOP2800O.
[1] debug;
(debug) quit
0
(2]

6.14.3 error

error (message)
s ddo0oooooooboooooooooaa.

message ggd

o LD, 000000D00,0000O00O00DO0O0DO0OO0DOODLODLOODLOOODOO,DO
ooooooooo,000booocbo0ogoooooobooobooDOon. error() O,
gboboboboboboboboboboobobooboooboo.

e D00, errorO UODOOOODOOOOOODODOOOOO,0DOO0OODO.

e JI0DOIDOUDO,00D0O00DOO,0D00DOODOON error() DOOODOO
000000, 000o0ooooDOooobDooooon.
% cat mod3
def mod3(A) {
if ( type(d) >= 2 )
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HEN

6.14.

help(

return

error("invalid argument");
else
return A % 3;
¥
end$
% asir
[0] 1load("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 O debugl p.84.

4 help

["function"])
s ogooogooogono.

0

function ooao

o LIUDODOUO,0000DL0DOODLUODL. DOUObLOOLODbDOUObLbOOOO,o0bO0
O0oo0ooDoooboO relp 00b00oooOooobOOoOoOOoOoDoOOOD,DO
U0 PAGERUDUODODUODOODLODOUODL,DO00D mre’ U0DUODOOOUOODOOODO

O

oo.
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e 000D LANGOOOODDOOOD,0000 "japan" 000 "ja JPr 0O0O0O0O0O,
‘help’ 000 OO ‘help-ja’ 00000000 DO0O00O. 0000000, ‘help-en’

O

uboboobooboobgad.

e Windows 000, 0000000OC00DOO0O0ODOOOOOOCOOOODOO,0D000O

O

6.14.

time ()

return

HTML OOO000000000000000Db 0.

5 time

goo

e CPULODODOOO GCOODOOOODOODOOODOO.
e GCOODODO,0D0CO00O0DOOUODOOOUODODOOODOOO,cPUODODO,ODO

O

ceUOODOO GCcOOOoOoOoOoOooo,bboOooooo.

» 000000000000 00 ckUDODODOO GCOOOOOOO
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e tine() 0O0OJ0ODODO,0D00000DOOO0OODDOO CPUODO,GCOO,0000O
gbooboboobobooboo,boboboooboooooboboobobooobong
Oo.oooo, feceun (O),ccO0 (O), 0000 (0DOO),0000 (OH1O
gbobobo.1o00b00b0b0 4000000,

e NO0OOODODOO,DO00D time() OO,000000O0COCPUDO,GCOOODO
go.

o IOUDODODOUOOODLDOOOO,00Db0DbLOOOO0ODLDbDOOObLDDLDDbDOOODbLDOO
gbobooooooooo.

e ctrl() O cputime() OO0 cputime 00000 on OODOODOODOODOO,0000
goooooooooooo,000o000oooooo.ooo,0o0Dooobo0o
Ooo0,00000000000000DOCDOO00,time( 0O0O0DODDOCODODOO.

e getrusage() DO 00O UNIXOUODO time() 0DOOOO0D0OODOOOO, Windows 95,
o000 OO00d0ooodooOO00o0ooooooDbOO0OoooDoOoooD. ooO, o
oo0ooooo,0o00ooooooooon.

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

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

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

ad 6.14.6 0 U cputime tstart tstopl p.86, 6.14.8 0 U currenttimel p.87.
6.14.6 cputime, tstart, tstop

cputime (onoff)
20000000 cputime O0O0O0O0O0O. O0DOOOOOODOO.

tstart() ¢ CPUtimeO00OO0O.

tstop() = CPUtime 000000 OOO.
return 0
onoff ooo (o)

e cputime() 0,000 0000 CPUtime JO0DDOOO0O. ODOOOODDOOOODO.
e tsart 1O ODOO, O)’O000,CPUtme 000ODOONO.

e tstop O ODODO, (O’O0O0O,CPUtime 00000, 0000000.

e cputime(onoff) O ctrl("cputime",onoff) 0O O0OODO.

e tstart, tstop U, 000000 OOO0OOO0OOOOOOOO0O0OO,O00000000
ooooOooD,time(O OOODOOOOOODOO.

e cputime() OO0 on,off O, 00000 on,of 000, 000000000 0O0OOO
00d0000DO0DOO0DOO0. 0DO0o0,00000b0DO00O0oO,0O0oUooOoOoOon
000 cputime(1) 0O ODOOOODOOOOOOODOODO.

[49] tstart$
[60] fctr(x"10-y~10);
[[1,1], [x+y,1], [x"4-y*x"3+y~2*x"2-y " 3*x+y~4,1], [x-y,1],
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[x"4+y*x"3+y~2%x"2+y " 3*x+y~4,1]]
[51] tstop$
80msec + gc : 40msec

ud 6.14.5 0 0 timel p.85, 6.14.8 0 U currenttimel p.87, 6.14.1 O O ctrl p.83.

6.14.7 timer

timer (interval, expr, val)

s goooooooooooog.

return RN

interval oooo (o)

expr ooooa

val oooboooboboooo

e timer() 0,0000000C0OO0OCO0ODO. ODOQOODOOOODOOOODOOO
gob.od0boobbooboobobooooba, 0 3booon.

e U 300D00,00D0DO0DLOODDODOODOODLOODODO.

[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 000o0oon
return 19700 1010000000000 0000O.
e currenttime() 00O ODOOOD. UNIXOODO, time(3) 00OODOO0OOOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
»000o0pooCoood

return 1

interval 0000 (boooo)
e sleepO) U,000000000000. UNIXOUOO,usleepOOOODOOOQoooo.

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

heap()

return oo

RN

ooooooooDoDo (OO

0000000000000, (0o:000O)

88

:000)000. D0000,Asir 000000 ooog,

ggbbobuooobbboooobobooooobo,bboboodobobbooobobodg
gb.obobobobob,0ooooooooboooobob,bobooboobooon
oo0ooO0o0oOopbooOo,oSO0o0000o0obDoO00obooOOoooooOoOoDoOoOoDod

gooooooon.

O000000o0DoooD,0000 -adj 000ooooo,GgCcOobOOOObOO0On

ooooooaa.
% 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(Wang[8])$
3.000sec + gc : 1.180sec
[100] heap();
1626112
Omsec
[101] quit;

24000000000000000p.5.

6.14.11 version

version()

cAsir UO0D0OO0OO00O0OO0.

return goao
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e Asir 1O0DODOODODOOODOOODO.

[0] version();
991214

6.14.12 shell

shell (command)
ccommand OO0 O0O00O00O00O00OOOOOOOO.
return goo

command 000

e command 0 CO system() 000000000 O0O0OO0ODOOODO.O0ODDOOO
goooooboog.

[0] shell("1ls");

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, . ..)
»000,000000000D000DOO.

return arg0 DO DOO0OOOOOOO
function 000
arg0 ooo,oo0og,on

argl ... 00 (Dooon)

e arg0 0D DOOODDO0ODODO, argl ODOODOODDOOODOO function 00000,
arg0 DO OO0 O0O0OU0O0U0oobObOoooobobobooboboboooobbooon
goog.

e function 0, 00000000000 OOODOODO.

e function 00O ODOODOODOODODO.

e arg0 D000, 0000,0000000,00 arg0, argl,... 000000 function O
ooobooooooog.

e map U000 function 000000000, 000000000000DO0OC0OOOO0O0O
U00dd.d0dUduddd parseerror UOO. D00 map OO0 car, cdr UOOOO
000000000, Asir 0000000000000 00O00O0O0O0O0O0O. 0O00Od
Umap UUOUOUO map DO OO UOUOQOQUQ.
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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 () sggbboobboobooobboooboobooanoo.

return goooooo
e J0OD0DOO0O0OU0OOOOUOOO,DOODODOOOUOUOODOOODOODOODODOOOO.
e JIO0OOOOOOOOODOOOODOODOO.

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

6.14.15 delete_history

delete_history([index])
»000ooooooog.

return 0

index goboobooooobon
e DD ODOD,0D0DO0ODLOODLDODDOODOOD.
e DD OOD,00DOODLOODDOODO.

e JIODODODUIOO,00DODODUI0O0O0O0OOODDODUOOO0OODODODOUOOOOO, O
000 enumber OO OO0OO0OO0OO0O0OOO0OO. OOOODO,00000000000¢0
goboooooobooooooboooaa.
goooogobooooobooooobo, oo oogobouooooooon,
bsave() DO 0O0O0O0OODOODOODOO, delete_history) OODOODOODOODOOONO
goobooboooo.

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

[1] @O0;

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

6.14.16 get_rootdir

get_rootdir()
s Asir O00O00OO000O0ODOOCCOOO
return goo
e UNIXODOOO,OODDO ASIR_LIBDIROOOOODOOODOOOOOOO,0D000O
00000 ‘“/usr/local/lib/asir’ 0O 0.
e Windows 0000, ‘asirgui.exe’ 000000000 (pin’ OO0OD00OOOOOO
0)0oooooooooooo.

o LHUOODOOODLDOOOODLDOUOOUOOLDLDOOOODLDLDOOOOLDO,bDOO
gobooboobbooobooboobbooboobbooobooboo.
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6.14.17 getopt

getopt ([key])
= 0000Doooooo.
return gooooo

o LIOUODLOOLO,0b0O0DbOO0DOLOODLOO. bobObOobOoOoboOobobo
00000000000, 000000000000O000O (421200000000
O0Op.2400). 0000000000000 OO0OOOOODOOOOOOOOOO.

e JODOOOODOOODODOO, getopt() O [[keyl,valuell, [key2,value2],...] OO
gobodb. 000, keyOOOODDOODLOODODOOODOODO,valued0OOQd
oono.

e JUOOUOUDUDLD keyOUDOUUUDUOODODOUDODUDO,D0DOOD. O
00000o0ooooO,volDOOOOooOO (0000 -1)000d. getopt() OO0
OO000D typeO OOODOOO,00000000DCOOOODOOOODOLOO
goo.

e JI00DOD0ODOODOODDOODOO,ODO0ODOOODOODO,
xxx(A,B,C,D|x=X,y=Y,z=2)
ooood, oo, key=valued *,’00000000O0O00OOOO0OO.

gd 4.2120000000000p.24, 6.8.1 00 typel p.69.
6.14.18 getenv

getenv (name)
s 0oooooooo.

return
name goo
e OO0 name OO OO,

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

7.1 OpenXM

Asir 0, 0 0000000000000 O000O00O, OpenXM (Open message eXchange
for Mathematics) D000 O0O0O0O0OO0OOOO. OpenXM 0O0000O0O0ODOOOOO,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ 0O 0O OOOODO.

OpenXM UOUOOOODO,00000D0O00DOO0ODODOLODOODOODOODOODOODO
OO0O00. OpenXM OOODODO

1. client 0 server D0 000000000 ODOOOODOOO.
2. server O OOOOODO.

3. client 0 server 0000000000 OOODOODO.

4. server O DOO0OO, client DOOOOODOO

O000bD0b0o0bogboUgD.server DOO00O0ODOOOOOD. ODO0OO, client DODO
gooobobooobooo,00bobibd sercver O0OOO0OO0O0O, 00000000
gbooO,0b0boobooobooboooboobooobob,oobooboooboobon.

OpenXM U0ODO0OOO00OO0OOODO,0000000 sercver DOOODOOOODOOODOO,
cdient 0000000000, 000000O0000O0O0DOOODOO.

0000000, 00000000000000000000 CMO (Common Mathe-
matical Object format), 00 0000000000000 SM (Stack Machine command)
ooob00o.0b00o0,00b00b0b0,0b0ob0ob0obb00o0oOoo0og OX expression O
gbobooobon.

OpenXM 000000000 OO0O0ODO,O00,server 000000, 000000000
O0000O. O0OOD00, ox_launch(), ox_launch_nox(), ox_launch_generic() OO0
0000000000, 000,0000000 server 0000000000000 0O0O0O
ooopooooo.

ox_push_cmo ()
U000 server UOODOODOODO

ox_pop_cmo ()
Joddd server OO0 O0OOOOOOO.

ox_cmo_rpc()
server O O0O0O00O0O0O,0000000000.

ox_execute_string()
server DO0O000000 (Asir 00 Asir 00) 000000000 server 00
gbo,o0o0ooobooon.

ox_push_cmd ()
sMOOOoooao.

ox_get ()
O0o000ooooooooooog.
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7.2 Mathcap

server, client OO0, OpenXM 000000000 ODO0CMOOODOODOO,SMODOO
0o00bOobOobOOooOooDOoD. OobdbOobOobOOo,00b0bOO0bOobOOo,o0o0000
0o0O0bOOooOOooO. 0oooo,o0penXM OO0, 000000000000 O00O0 CMO, SM O
gobobooooooo,00b0oboboobo0oobobooDoooooobOobooooo.
0000ooobodn Mathcap OOO. Mathcap U CMO UDUOOO0OOODOO, 0000
O032bit0000000000O0. 0000000, MathcapOOODOQO 300000,

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

000000000, [0OXtag,CMOtaglist] 0, OXtag 000000000000 OOO
go,b0o0bob eMoooooboobobooooobo.obgobobobobobobooo, b
00 ‘ox_asir JO0OO0,CMOO0OOOCOO, Asir OO ODOOOOOOO,CMOODOO
ubobooboobboobooboooobg.

OO00O00OD0O0OO0,0000000 Mathcap ODOOOODOOODOO, Mathcap OO
gbouboboobob,ctri 00000 "ox_check" UOOUODOUOOOOO. OOOOO
ooooog10,00000000000000. ctr1i('ox_check",0) DOODOOODOO
goboobooon.

3 00uuuonoonoon

O000000000000,0000000000 serverJ0000000000O000O0O0
o0o0DOo00o0OOo0O. 0000000000, 000000000,000000,00000
O0,Asir 00000000O0DODOODOOO,000000000000000000DOO00
000D000. 000000000000 32bit00000000, ox_push_cmd() OO0
0000000.000,00000000000000000000000. SM_xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O0ODO.

gbodg,ugogooboodoooboobab,obooooobobooboboooan
oog.

SM_popSerializedLocalObject=258
server [ ‘ox_asir’ 00 00,0000 CMODOODO0ODOOOOODOOOOOO
o0o0ooooogoo,oooooo.

SM _popCMO0=262
CMOOOOOODOOOOOOOO0O0O0OO,00oooO.

SM _popString=263
0000000000000, 0000000000 oooooooog.

SM _mathcap=264
server [ mathcap 000 O0QO00O00O0O.

SM _pops=265
00000000 0ooo0ooo00ooooD,0D000o00ooooooooon
oooo.

SM _setName=266
000000000000 DOdDoOoDOo, 000000000 DOooOod
00D0O000. 0000000, server DO0O0D0OO0O0O0OODODOO.
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SM _evalName=267
0d0dboooooo0ooU0ooooUooo0ooo,doboooooooooo.

SM _executeStringByLocalParser=268
00D0D000000D000O00Od, server 00O parser, evaluator 0 OO0, O
oooooooooo.

SM _executeFunction=269
000000, 000,00000,00000000000,00000000
oooooooooo.

SM _beginBlock=270
oo0ooooooooog.

SM _endBlock=271
ooooooooog.

SM _shutdown=272
server O OO0OO0OO,server D0 OOON.

SM _setMathcap=273
000000000 client 0 mathcap OO0, server DO O0O0O0OOO.

SM _getsp=2T75
000o0000oo0ooDooooooooooooooon.

SM _dupErrors=276
O000000o00ooooooo0ooo0oo,000o0ooooooooon
o0o0o,0D0000000.

SM_nop=300
oooooo.

7.4 0000

Ooooooooo,000bo0oboo0oobbd. 'ex_esiryggoog,0gooog
ogboobobobobobobob.

7.4.1 OD0ODOO0OOOOO

OpenXMserver 000000000000 DOOO,0D000000CMOO000D00O0O
gooboboobob.ooboogoogoog,boboosMuoboooboboooobooog, b
o0oOoO0oOO0bOoO0,0b00b0000b0 sMOOOOoODOOoODOOoODOOoOoDOOoOOo
goooooog.

[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 0O0OO

ox_reset() UOOUOODOO server IO OODOOO,0000O0O00OO0O0O0OOO. DO
Ubo0o,0b00d Asr OO 0O0OD0O0O0OD0OODOODOOO0OOOO00OD0OO0O, OpenXM server
oooogoob. oo,boboobboo,bob00bob0obDooobDoobOon ox_rpe()
00000000, ox_pop_cmo() 00O, 000000COOOODO,00DOOOODODOO
gobooboob.boobooboboobooon.

743 00000000 OoODOOoOOon

server 00, client 0000000000000 0OOOOOOOOO,serverdd0O0O0
00000000 0o0obO0o0bOooooboooDboOoD.booo,server OOODDOOOOO
Oo0o0oopoOobooonogn, client 000 ox_rpe(id,"debug") OO DO OO, server U O
0ooo0oboo0ooobOooooooooOoooooboooooOOooO. ooboooooo
00O0000O0000,log00 xterm’ OO0OOD0O. OOOO0OOODOODODOO, quit
gooboooog.

7.5 Uonouooooon

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir] ,command])
ox_launch_nox([host[,dir] , command])
0000000000000 oooooo.

ox_shutdown (id)
s d0000D00ooooOo,0b0o0oboaa.

return oo
host goooooo
dir command
ooo
id oo

e ox_launch() O, 000 host 0O0O0ODODO command 0000, 0000000O00OO
00Oddd. 000 3000d, host OO, dir OO ‘ox_launch’ 0OOOOO0O
0000000000 D000. ‘ex_launch’ 0 command 00 0O0O0O. host 0 000,
Asir 0000000000000 DOOO0O0O0O0O. ODODOOOd, hest O 0, dir O
get_rootdir() DU ODOUODOODODOON, command DOODOODOOOOO ‘ox_asir’
ooooao.

e host 0 0, 00000000 loccall DOOOODOOO,dir00onoo. D000, dir
O get_rootdir() DO DOUODOOOODOOOODOO.

e command U /0000000000, 000DL0OO0O00OD00O. D00O00OOO, dir0
gooboobooobooon.

e UNIX OODOODO, ox_launch() O, command 00000, O0O00D0OO0O0O0OO0O
00000 xterm’ 0O OOO. ox_launch_nox() 0, X 00000000, 0000
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xterm’ 0000000000000 ODOODOODOODO. O0O0O, command 0000
‘/dev/null’ OOOODOO. ox_launch() OOODOO, 0000 DISPLAYOODOODOO
0000000, ox_launch_nox() DOOOODODODO.

gobooboobbooobooboon.

Asr 0000000000 OODOOOOO0ODOODODOOOODODOOO. bo,0O000
000000000 server, client 00 0O0OO DO negotiation 00 OO0OO, 00000
ooboooooobooooooooooog.

host 00 O0O0OODOOODOO,00000D0O000CODO. OODO,Asir0D000OODO
gboob A 0DbO0DO0ODbObOObOOoOOobooboooobo BOOO.

1. 000 BO ““/.rhosts’ 0,000 AODOOOODOOOO.

2. ‘ox_plot’ U0, X 00000000 OODODODODO,Xserver U000, 0000
U000 authorize UOO. xhost OO UODOODODOODODOODOO.

3. command 00000, 000000000 OO0ODOOOOODOOO, ‘“.cshre’ OO
goooooooon (16MBDD)DDDDDDDDDDDDDD.DDDDDD
OO0 limit stacksize l6m OO QOO OO0,

command U, X 0000000000000, display00000000O0000O0O,0O
gobOo0obodopiseAYODOGOOO.

0000 ASIRRSHOODOOOOOOODOO,00000000000000D00 ‘rsh’
goboboboobooooooooo.oog,

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

O00,000000000 ssh’ 00000, X11 0000 forwarding JO0O. OO
OO0 ssh’ DO0D0OO00OO0oboon.

ox_shutdown() OO0OD0 id 000000 OODOOOODOOODO.

Asr 000000O0O0ODOO0OO0ODOOODOOODOOODOOODOOODOOO,O00D0D0O0O
ggboobooobooog,boooobooo,bbooobobooobooboooon.
Asr OO00O0D0O0OOO0O0O,0000000000D000000 psOODOOOD,OO
Asr DO0D0O0O00OOO0ODOOODOO0O0D,ki12 0000000.

log 000 ‘xterm’ 0 ‘-name ox_term’ 00O O0OODODOODO. OO0, ‘ox_term’ [
0000000000 ‘xtern’ JO000O0000000O,log0 ‘xterm’ 0000000
oooooooo.ooo,

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

000, icon OO0, scrollbar OO, scrollbar D0 DO OOOOOOO 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 " 2xx"2-y " 3*x+y~4,1], [x-y,1], [x+y,1]]
[222] ox_shutdown(0);

0
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NN 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlIp.99, 7.5.8 U ox_pop_cmo
ox_pop_localllp.102, 7.5.15 00 ifplot conplot plot polarplot plotoverl]
p-106

7.5.2 ox_launch_generic

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

return oo
host oooooo o

launcher server
ooo

use_unix use_ssh use_x conn_to_serv
NN

e ox_launch_generic() 0,000 host U0, 0000000000 launchO00O0O00O0O
00000 server 00 000. 0000O00O0,0000 protocol 000,X 000 /0
O0,rsh/ssh 000000000, connect 000000000000 O00O0O0OO.

e host 0 0000, Asir 000000 OODODOO, launch, server 000 O000. OO0
O, use_unix 00000000, UNIX internal protocol 0 OO OO O.

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

e usesshd 1000, ‘ssh’ (Secure Shell) 0O OODOOOO, 00000000000
O0. ‘ssh-agent’ OO0 O ODOODOODOODO,0000000D0ODOODOD. O0OOO
‘sshd’ JO00O0OO0OO0OD0OO,0000 ‘vrsw0000000C,0D00000000000
gob,obbogbooobod.

e wsexJ 1000,X000000000,0000000 DISPLAYODDOOOOO, log
000 xterm’ OO0O0 server 000000 . DISPLAY OOOODOOOOOOODODO
O000,0000 XOOOooopoo. DISPLAYOODODOOOOOOOoOoOOoOoOoo
g,0oobooboo,boobbooobogboooboobon.

e conn_toserv 0 1 000, Asir (client) DO0OOO0O0O0O0OOO, client O bind,listen
0, 0000000000 connect JO. conn_toserv 0 0000, 000000000
O bind, listen O, client O connect O O .

[342] LIB=get_rootdir();
/export/home/noro/ca/Kobe/build/OpenXM/1lib/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

un 7.5.100 ox_launch ox_launch_nox ox_shutdownUp.95, 7.5.200 ox_launch_
genericl p.97

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
: port OO0

try_bind_listen(port)
: port 00O 00O bind, listen

try_connect (host, port)
: port 00O OO connect

try_accept (socket, port)
:: connect 0 00O accept

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

return generate_port() 000000 0O00D0. OO0ODOOO.

use_unix 0000 1

host ooo

port control_port server_port
0o0o0ooooon

socket control_socket server_socket
oo

0oodboboOo,0b00b0bOob0bO0bO0obOobobobooboboooo.

e generate_port() DO OODOODO port OOOD. OOODODOOODOO oO0OO,
Internet domain O socket DO OO port OO, 0OOOOOOOO, UNIX domain
(host-internal protocol) 0000, 0000000000, port 00O random 00O
0o0o0o,00 port DODOODOODOODOODO.

e try_bind listen() O,00000 port 000,00 protocol 00 OO0 socket OO

00, bind, listen OO. OOO0OOO,socket DO0ODOOO. OOOO0OO,-1000.

e try_connect() 0,000 host O port port 00 connect 0 O00. O0O00OO0ODO,
socket O0OOOO. O000OOOO -1000.

e try_accept() O, socket 0000 connect 000 accept O, 00000000 socket
O00.000000 -1000.00000000, socket 00000 closedOO. O
O port O, socket 00 protocol DO O OOO0OOOO0O.

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

000, o0x_push_cmo() 0D OO0OD0OD0ODODOODOODO.

000DbO00OOo0Oo0,snell) 00O00ODOODO.

[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
0o d 7.5.1 00 ox_launch ox_launch_nox ox_shutdown[] p.95, 7.5.2 0O0ox_

launch_genericl p.97, 6.14.12 0O 0 shelll p.89, 7.5.7 U0 ox_push_cmo
ox_push_locall p.101

7.5.4 ‘ox_asir’

‘ox_asir O, Asir 00 0O0O0O0ODOOO OpenXM OODODOOOODOOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox 00O 0O0O0O. OO0 XOOOOOOOOOOOOOOO
ooooog.

[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");

[031’2’3]

oo 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdown[] p.95

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 0goooooooog

return 0
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number 0 (000O00D00O)
func ogoog
command 000

arg0 ... oo (0o)
e 00O number 0O0OODOODOODOODOODO.
e IDODOODOODD,0DD OOODO.

e ox_rpc() O0,0000 ‘ox_,asir’ 0O000OOD0OO0OOODOOD. DOOOODOO,
ox_cmo_rpc() O0OODO.

e JOODOODOO ox_pop_local(), ox_pop_cmo() OO OO ODOO.

e 000D ‘ox,asir’ OD0OOOD (DO0OOU Kan OO0 ‘ox_sm’0D0) ODDOOO,
Open XM O00O0O0O0D0OO0ODOOOODOOODOOOODOOODOOOODOO.

e ox_execute_string 0, 000000 command OOO00O0O0O0O0O0OOOOOOOO
ooo,00000000000DODOOCODOO0O0O0OODDOO.
[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
HEN 7.5.8 0 O ox_pop_cmo ox_pop_localll p.102

7.5.6 ox_reset,ox_intr,register_handler

ox_reset (number)
s goggooogdg

ox_intr (number)
» O00oggpoQO SIGINT OO

register_handler (func)
000000000 0ooooooo

return 1
number 0 (000O00DO00O)

func ooOooog o
e ox_reset() 0,000 number 00000000000, 000000000000O00.

e DO ODOODOODOO,D0DLOODOODOODOODLOODLOO,00DOO
goooo,boobooobbooboooboog.

oobooo0 RUNODOOODOOO,00b000b0000bb0oooooDbog.

gboooboooobooboobo,goboobobobogboobobo.oboooboooo
goboooodan.
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e ox_intr(O U,000 number UOUODODOUODOODOO SIGINTOODOO. SIGINT O[O
000000000 000O00bDOO0n, ‘ex_,asiryddn,d0b000 debug mode O
ob. Xgooooooooo,boboooboobobooobbooboooooobo
go.

e register_handler() 0,Cc-c0000000C0O00O0O0,wu000D000D0O0,00O0
0000000 fune() DOOODOODODODOOOOOODO. DDODOOO, ox_reset() OO
0000bo0ooo,b0o0b0ob0b00obOod OpenXMserver O ODOOOOOOOOO
oo.

e func 00OD0ODOODOO,00D0000DO.

[10] ox_launch();

0

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

0

[12] ox_reset(0); /* xterm ODO0OOOOOO */
1 /* usrl : return to toplevel by SIGUSR1 OOOODODO. %/
[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

RN 7.5.5 0 0 ox_rpc ox_cmo_rpc ox_execute_string[] p.99

7.5.7 ox_push_cmo, ox_push_local

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

return 0
number O@ooooon)

obj oooooo

e 000 number 0O00OODOO obj 0 ODOONO.

e ox_push_cmo 0, Asir 000 Open XM O0DODOOOOODDOONO.

e ox_push_local U, ‘ox_asir’, ‘ox_plot’ DI OOODOOODOOOOOODODOOO.
e J00DODDOODOODDOODO,O0DODDOODOO.

guo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.99, 7.5.8 00 ox_pop_cmo
ox_pop_localll p.102



og7d ooao 102

7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
» 0000000 number D00 OODOOODODO.

return gooono

number O (Doooooo)
e JOUODOOUUODO number OO ODODOODOODOODOOO.
e ox_pop_cmo 0, Asir 000 Open XM OO0 O0OO00OOOOODOODO.

e ox_pop_local OO0, ‘ox_asir’, ‘ox_plot’ 00O OO0OO0OO0OOOOOOOOOOO
oo.

Oo00000opooOoOo0oOooooD. oooDoO0o00boo0, ox_push_cmd O SM_popCMO
(262) 0 O O SM_popSerializedLocalObject (258) 0O OO 00O, ox_select OO0
U000 ready UOODODOODOODOODOODO ox_get OO DOO.

[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);

L0O0O]

gd 7.5.5 0 U ox_rpc ox_cmo_rpc ox_execute_stringl] p.99, 7.5.9 U 0 ox_push_
cmd ox_syncl p.102, 7.5.12 0 0 ox_select p.104, 7.5.10 0 U ox_getU p.103

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
20000000 number 0000000000 command O0O000ODO.

ox_sync (number)
20000000 number 000000 OX.SYNCBALLOODOODO.

return 0
number 0O (DO0O00OODOO)

command 0O (00O0OOO00OO)
e 00O number 0O0DOODOODODODODO OXSSYNCBALLOOODO.

e Open XM UUODDODOOUOOODDO OX.DATA, OX_COMMAND, OX_SYNC_BALL [
Jogoooobo.bo,bobooboboobobooboboobobOooobon,
goboobooobooooboobooboon.

e OX.SYNCBALL O ox_reset UO00OODOOO,00000D00OO0CODO,000O0
ooooooboOobooo.00,00000n0 OXSSYNCBALL OOOOODO.
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[3] ox_rpc(0,"fctr",x"100-y~100);
0
[4] ox_push_cmd(0,258);
0
[5] ox_select([0]);
[0]
[6] ox_get(0);
[[1,1], [x"2+y~2,1], [x"4-y*x"3+y~2*x"2-y " 3*x+y~4,1],...]
o 7.5.5 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.99, 7.5.6 0 U ox_reset
ox_intr register_handler[] p.100

7.5.10 ox_get

ox_get (number)
= 0000000 number 0000000 OODODOOODOO.

return gooono

number O@ooooon)

e NOIDODOOD number 00O0ODOOUOOOOOOOOD. OOOOODOODOODO
goboobooobooon.

e ox_push_cmd UUOUOOOOOODODO.

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

oo 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.102, 7.5.9 0 [ ox_push_cmd ox_syncl
p-102

7.5.11 ox_pops

ox_pops (number [, nitem] )
0000000 number 000000 0OOO0DOOOOOODODOODO.

return 0
number O(@oooooo)
nitem oood

e 10DDOOD number JDDOODDOOODOOODDOOOODOOO. nitemd OO0
0000000 nitem O, 00000000 10000O0.
[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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o0 7.5.8 0 O ox_pop_cmo ox_pop_localll p.102
7.5.12 ox_select

ox_select (nlist[, timeout])
»00000ooooooooooogon.

return gdod

nlist O (Oooooooo)oooo

timeout 0

e 100ODODO nlist 0O0DOOODODOOOOODODOOODDOOODODOOODODOOO
oo.

e JOUDUOUDU RUNUDDUODO,0b0O0LODbUODOODbODO. OO, timeout
gbobooboogbo, timeout DO O0ODO.

e ox_push_cmd() 00 SM_popCMO [ 0 0 SM_popSerializedLocalObject DO OO OO,
ox_select) Oready OO OOOOD0OONO ox_get() ODODODOO, ox_pop_local(),
ox_pop_cmo OO0 O O0O0ODOOOCOOOOOOODODO.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

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

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

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

0

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

[0,1,2]

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

[227] ox_select(P);

(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]]

g 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.102, 7.5.9 0 U ox_push_cmd ox_sync[]
p-102, 7.5.10 0 O ox_getl p.103

7.5.13 ox_flush

ox_flush(id)
2 000000000 flush

return 1
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id goobooood

e J0ODDOOOOUOO of000,000,000000C000000000C flush O
oo.

e J0DDDOODO "etrl"OODOOO "ox_batch" DO OODO on/off 0OO.

e JOUDUODOODOODODO, ctrl("ox_batch",1) DODUOOOODO on OOODO,
O0O0D0ODOOO0ODOOOCCODOO0O0O00 flushOOODODO,overheaed OOOOOO0DOOO
O0.000000000,000 ox_flush(id) ODODODOD,000000000 flush
gbooboobo.

e ox_pop_cmo, ox_pop_local UUUU, 00000000 DODOODOOOOOOOOO
oooooooOoOo,00o00o0bo0boo00D flkshOOOOooODOO.

[340] ox_launch_nox();

0

[341] cputime(1);

0

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

1

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

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

9.6e-05sec(0.01317sec)

RN 7.5.80 0 ox_pop_cmo ox_pop_localllp.102, 6.14.1 0 O ctrll p.83
7.5.14 ox_get_serverinfo

ox_get_serverinfo([id])
> server 0 Mathcap, OO0 O0ODOOO0OOODODOO

return goao

id gbobooobgd
e U0 idOUODUOD,000000D0 dODUODOD Mathcap OODODOODODODOO.

e JOUIDODOODL,0000D0O0O0DOODLOODLOOOODO MathcapOOOOQOOO, O
ooooboog.

[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]1]]

[344] ox_get_serverinfo();

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

[262,263,264,265,266,268,269,272,273,275,276],
[[514],[2130706434,1,2,4,5,17,19,20,22,23,24,25,26,30,31,60,61,27,33,
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40,16,34]1111],

[1,[[199901160,0x_asir],
[276,275,258,262,263,266,267,268,274,269,272,265,264,273,300,270,271],
[[514,2144202544],
[1,2,3,4,5,2130706433,2130706434,17,19,20,21,22,24,25,26,31,27,33,60],
[0,111]11]

RN 7.2 0 0 Mathcapl p.93.
7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot (func [,geometry] [,xrange] [,yrangel [,id] [,name])

s20000000000000000D0.

conplot (func [,geometry] [,xrange] [,yrange] [,zrangel [,id] [,name])
2 2000000000000000000.

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

polarplot (func [,geometry] [,thetarange]l [,id] [,name])
s 000oooooooooooon.

plotover (func,id, number)
s 000ooooooooboooooooon.

return oo

func ooo

geometry xrange yrange zrange
ooo

id number OO

name oon

e ifplot() U0,20000 funcO0O00OOO0DOOO0ODOOODOOOO. conplot() O,
OooooooOo,000000000. plotO 0O 100000O000O0O0COOO.
polarplot() O OO0 r=f(theta) D0 O000DO0OOO0OOOOOOODO.

e 0000 OpenXM OOODOODOOODDOOO. UNIXOODO ‘ox_plot’ O, Windows
000 ‘engine’ 00000000 0ODODOO,0D000 AsrJ00D00O0OO0OOO
O000D0D0.000000 ‘ex_plot’0d id0O idO0OO0ODOOOOO,000000
oo0o00.id0o0D0o0booOoboo,000b0oooooboogn, fex_plot’ 00O
OooDooOOoooDoOO. ‘ex_plot’ D00O0ODOOOODOOOO, ox_launch_nox()
OoOobOobobon, ‘ex_plot’ DODOOOO,0D0DODODO.

e 0000, func00000OD0. 00000DDOOOODOODODOO.OOOODOOOOOO
000000000 (D0ooo)ooooo.

geometry 0000000000000000 [xy]0O000O. ([300,300]. )

xrange yrange
O0o0ooooog, vyvmingvmax) D0000. (D0OO0O0OO [v,-2,2].)
000000000, func000000O00OD0OOODOOODOODOOO x,0
0000 yOOOODOODO.0O0D0OODOO0O0D0O0O xrange, yrange 00 0 0O
ob0.00,funcd 100000,000000D00D00DA0O.
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zrange conplot() DOOOOOOOOO. OOO [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000, ([z-

2,2,16].)

id O000000000,0000 ox_launch() OODOOOOOOODODO. (O
0000000, 00000o0o0oooUoooooooo.)

name 00000000, (Plet.) OO0ODDOOODDODOOODOOOOOO name:n/m

gobO.0u040,0o000bd n 000000, mO00ooooobooooo
O.00000,plotover) DOOODODO.

e JOODOODOODOOLODLOOLOOLODOLOOLODODDOLOODO 12800000.
e plotover() 0, 000000000O00C0C,00000 20000000000000DO.

e OO DODOODDOOO,0000DDDOOODDDOOODDOOODDOO
gboooboooobobbobobooobooboob,obobobobooobooobooboo. o
gbooobooboooboobo. obobooboobobooboboo,bobooo
gboobouogboobobobobboobooboo.boobooboboa,bo
goboobob,booo,bobobobobobobobobobobobo. oo
U000 precise J on OO, 000000000 window DODOOOOOO.

e JO0ODOUOOODOOLOOLOLO,DbOUDOUODODOUODODODODODODO.

e conplot() D0 OOOOOODOOOOOO,DOO0DOO0ODOODOODOODOOO
gbooooo,0bogoboobobooooobo,oobooboboooooobobobo
goo.

e UNIXOUODOODOOOODOODODLODODODOODO,0DLO0O0DOO. UNIXODOO
goobooooo.

quit window 00 0O0O0O. OOOOOOODODO, ox_reset() OODODO.

wide (0O O)
goooooooooo ioocooooooooo. oooooooooo
gooooooooooooooooooooo.oooooobooooo
0o, 0000oboooooobooooooog.

precise (0O O)
gooooO,0000Q000,0000000OO0ODD. 000, funcO0OOO
000 20000000000000000.000D0000 Sturm OO
000000o,00000000000D00000DOOD00, 00000
0o00o0o0o0opoooo0oUoooooO. 0ODo,0D000000O0DOO
O0oo00.00oo0o0oooooodo,ogooooocooooooo
000000000000 00. ((x"2+y"2-1)2000000000.)

formula gooooooooo.
noaxis (00O O)
oooooo.

e ‘ox_plot’ OO UOUOUODDOOOUODDOO,D0OD0ODOOOODDODDOOUODODO,
‘.cshrc’ DO UO0O0OOOOOOODO (I6GMBODO)OODODOODODOODOOOOOO. O
OO0O00000 1imit stacksize 16m U OO 0O OO O .

e X UUUOOOODDOOOOODODOO resource UOOOOOOOOOODODOOOO
OO000000O0Oresource JO0DOOD0OO0OO0OO0ODODO0OMDOODOOOOODODDOO



og7d ooao 108

plot*form*shapeStyle U [rectangle, oval, ellipse, roundedRectangle U [J
oooogo

plot*background:white
plotxform*shapeStyle:rectangle
plotxform*background:white
plot*xform*quit*background:white
plot*form*widexbackground:white
plot*form*precise*background:white
plot*xform*formula*background:white
plot*form*noaxis*background:white
plotxform*xcoord*background:white
plot*form*ycoord*background:white
plotxform*level*background:white
plotxform*xdone*background:white
plotxform*ydone*background:white

uo 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl p.95, 7.5.6 O [ ox_reset
ox_intr register_handler[] p.100
7.5.16 open_canvas, clear_canvas, draw_obj, draw_string
open_canvas (id [, geometry])
00000000 (boOOooD)Doooo.

clear_canvas (id, index)
2 0000000000D0.

draw_obj (id, index, pointorsegment [, color])
2 0000000000000 b0oOo0o00.

draw_string(id, index, [x,y],string [,color])
2 0000000000000 0D.

return 0

id index color x y

oo
pointorsegment

ooo
string ogdd

e UODODO OpenXM OODO ‘ox_plot’ (Windows 000 ‘engine’) 0O ODODOODO.

e open_canvas J, 000000000 (0000O0)00000O. geometry 00000
00000000 pixel 000 [xy] 00000, default size 0 [300,300]. 0000
0Jo0opoooo00,0000 OpenXM OOODODOOOO pushOO. ODOOOO0O
draw_obj DO UODO0OD0O0OOODO, ox_pop_cmo UOODOOOOODOOODOODOOODO.

e clear_canvas U, 000 idid, UO00O0ODO idindex D00 O00O0OD0OOOOOOODOO
ogd.

e draw_obj 0,000 idid, 0000OD0 idindex 0000000000 ODODOOO
O000000. pointorsegment 0 [x,y] 0000000, [xy,uv] 000 [xy], [uv] O
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oofdoodoooooooo. boooooouo,goboogboooooooood
O0,00000000000. 00 pixelDOOOOOODO. colorO0O0O0OOO0O,
color/65536 mod 256, color/256 mod 256, color mod 256 0 0 0 OO Red, Green, Blue
00 (00 255)0000.

e draw_string 0,000 idid, 00000 idindex OO00OOO0O0O0D0OO0OOOOOOO
O0000.000 [xy]OOODOOOO.

[182] Id=ox_launch_nox(0,"ox_plot");

?183] open_canvas (Id) ;
?184] Ind=o0x_pop_cmo (Id);
0[185] draw_obj (Id,Ind, [100,100]);
?186] draw_obj(Id,Ind, [200,200],0xffff) ;
%187] draw_obj(Id,Ind, [10,10,50,50],0xff00ff) ;
?187] draw_string(Id,Ind, [100,50],"hello",0xfff£00) ;
?189] clear_canvas(Id,Ind);
0
uo 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl p.95, 7.5.6 O [ ox_reset

ox_intr register_handler(] p.100, 7.5.8 [ U ox_pop_cmo ox_pop_localll
p-102.
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g Uuouogn

8.1 DD OOOOO

000000000,00000000000000. 000000 (typeOd 2)0,000
I A A T T
gooooobo,bb1gbodboobobo,oboobbobboobooboo.bbo
0 I I
(z+y+2P=1-22+2-y+(2-2) -2+ (2-2)-y+(1-2?))
I A A
(x+y+2?2=1-2"42-2y+2-22+1-y*+2-yz+1-2°
goooobboboooo, bbb ooooooobbobbbooooooa
goobooboobooboobboob.boob,obbooboo,bobD 9oobnbOo
Asir 0000000 OOODOO0ODOODODOO. 00O, 0000000DO,0000000
goooooo.
O (term) OOO0OO0.O0000,0010000000. Asir00000O,
<<0,1,2,3,4>>
gooooooo, oo, oooooboboboobb. oggg,sbobooog
0.0000 a,b,c,d,e 00000000 bxc 2xd~3xe~4 00 0.
000 (term order)
gobooboobboob,ooboobbooobooboooboon.
1. 0000 t0on0 £>1
2. t,s,u00000O0,t>s000 tu>su

000000000000 000000. 000000000 (Dooooo)o
0000 (0,00000000)0D0000OOOO.

000 (monomial)
goodaoo.
2%<<0,1,2,3,4>>
gboboboobo,0ob,bobooooboobob.
0000 (head monomial)
00 (head term)
000 (head coefficient)

gobooogbboobboooo,boooboooboboo. bbooooo
gobodgboob,oobbooobo,obobooboob,oaobboa.

82 UUOOOLOO

ooooobooboooboboobdobiod dpogr_main() OO0 dp_gr_mod_main(),
dp_gr_f_main() 00 300000000O0COO,000,0000000000000O
oooooooobooooooOooobooooooo.obooooDboboOoo,o0on ‘gre
O leadO DD OOOO0ODOOOOODOOOODD. grd,Asir0000000O0OO0OO
gobooboooon.

[0] load("gr")$
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83 oo

‘er’ JO0U0O00O0ODODO0ODOODOODLUOD,DO00DbObDUOODbUObDOODbDObODbDObDOD
0000 30000.000,plist 00000000, vlist 0O0O (0DO00)D0000O, order
gooodo,pb 227rdb0ogoobogoa.

gr (plist, vlist, order)
Gebauer-Moeller 0 0 O useless pair elimination criteria, sugar strategy 0 O O
Traverso 0 0 O trace-lifting 00 00O Buchberger 000000000 OOOO
ooooooooooo.oooopoocoooooo.

hgr (plist, vlist, order)
oobooobboobobob grOUOObODO0ODOOODOOODOOODOO,O
000, interreduce 00000 gr(O O0O0O0OO0ODOO0O0OOOOOOOOOOO.
0000000 (0000000000 0OD0D) OO0, sugar strategy D000
oboooobooobbo. oboOoobO, strategy DOODODOOO strategy
Joooooooboobbboooooooooobooboobooooo.

gr_mod (plist, vlist, order, p)
Gebauer-Moeller 0 00 O useless pair elimination criteria, sugar strategy 0 O O
Buchberger 000000000 GF(p) DOODODOO0OOOOODO.

84 LUUUOUULDLODOOO

goooooooooooo, o000 ooooooob,0oogoon
0000000.0000,000000 dp_gr_flagsO OODOOODOODOODODOO.
0000 dp_gr_flagsO UDOODOODO,000000000DO0DOOD,0000O000OO0OO
ooooag.

[100] dp_gr_flagsQ);

[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]

000, 0000000000000d. on0ooo, 00000 ooboooobooao.

ooooooooooooood ()(oﬁ) ooo.

NoSugar on O 00O, sugar strategy 0 0 0 0O Buchberger 0 normal strategy 0O 0O 0O O

oo.

NoCriB onJ00,0000000000O0,00 BOOOOoOO.

NoGC on0J00,000000000O000DODOOO0DOOODOOODOODOOON.

NoMC on000,0000000000D000D000DOOO0DOODODODOODOOOODOO
ooo.

NoRA onJO0O,000 reduced 00000000 O0DODODO interreduce DO O0ODO.

NoGCD on000,0000000000D0DOOOO0ODOOO,00D0DOOOODOO,O00
0 content 0 OO OO.

Top on U000, normal form 000000000 O00000OO.

Reverse on OO0, normal form 00000 reducer 0, 00000000O0O0O0O0O0O
ooo.
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Print on00,0000000000O0O0O00OO0OO0OOODOOOOODOOOO.
PrintShort

on00Print 0 of 0D, 00000000000 00O0DCOODODOOOODODO.
Stat ond Print 0 of OO0, Print 0 on 00 0000000O0O000O,0000

gooboobooo.

ShowMag onl Print 0 on OO0, 0000000000,000000000000¢0
gooogo,oob,obbooboooboooog.

Content

Multiple 0 000OD0OODO, 00000COO0OOOOOOO, 0O00DOO0ODODOOO
Content D OO0D0O0OO0O0ODOO GCDOOOOO,00 GChDOOODOO
O00O0O0ODO.cContent 0 1000,0000000GCDOOOOOOOOO
000000000, Content 0 2000000,0000000000000
O0,000000000000. backward compatibility 0 O 0 0 Multiple O
ooooooooo.

Demand

0000000000 (0oo)0DooU0o0oo,0000000DOOo0O0OoO
goboo,bboobobogobobbooobooboboooobooboo,boooboobo
00 normal form 0000, 000000000O00O0OOCO. 00000, O
gbboobooboobooboobooboooboobobo.ooboooboo
gbobobobobobobobotbobobobobobob,boooon
gobooboobooooobg.

Print 0 000O0O0OO0O0OO0OOOOOOOOOOOOO.
[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 00O
0000000000 000O0o0b00o0o0ooan.

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

TNF

normal form 0000 (O)
TCONT

content 0000 (O)
HT

goooooooon
INDEX

S-000do00oOobOobdbOobOobOoboobo
NB

oo, ggoobobooooboog
NAB

gooooooboooooo
RP

gooooono
S

oobooboodn sugar 00O
M

000000000000000000 (ShowMag O on DO OO OOOO. )

000,00000000000.0000000. (00000 DOOO0,000 20000
O00,00000 Gecoooooooo.

UP

0O0ooo00ooooooooogoo
SP

00000 s-oogooooo
SPM

00000 s-oo0g0ooog
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO,000 reduction 00O OOOO
PZ

content 0 0O 00O
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NP
oooodoooboboooooobooooooo
MP
S-00000000000000000000
RA
interreduce 0 0 0O O
MC
trace-lifting 0000, 0000000000DOOCOODOO
GC
goboobooboboobooboobboobon
T
goooooogo
B, M, F, D
U criterion 00O O0OQOQOOOOO
ZR
00 reduce UOODOODOO
NZR
00000000 reduce ODODOODOO
Max_mag

gobooboogbo,o0booobobooooon

85 0o

goooboo,boo0boobooboobobobooboobooboboboob.bobbo
gobgoobooobooob,oboobobooboobooboboobboob,obooboo
ug.gob,obbooboooboobboobooboboobooooboob.boobo,da,
gboboobodgbooboodood.

gboboooooooobo 3oboo.

0 (DegRevlex; DODODOODODOOO)
goo,000o0oooooopopoooooooooooo.ooOo,pooooO
goooooooooOoOoo,0ooo0co000. cogoooooooooo
0,0000000,000000000000,000000000000O0RO
ooooooooooooo.

1 (Deglex; JOOOODODODO)
N I A I A A A
DegRevlex U O UOUODOOOODOOOOOOODOOOOO. OOO,00000
gooobooooooooo, 0o ooooboooooag.

2 (Lex; OOOOO)
Jdoddoooboooooo,00ddd00doooooooooooaao
JddobooOoodooo0oodobOoO0. o0, 000000 ooO,000oooa
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obobooobobobooboooboD. oogD, erO,hgrO OUDODOODO
gooooboooboobooon.

gbobogboobbooboobobooobooob,oobboobuoobooo.ooa,

(fo1,rL1],[02,L2],...]

000000.0i00,1,2000000,Li000000000.00000,00000
00 L1,l2,..00000000,0000000000,00 01,02,..00000000
000000000000000000.0000000000000000000.

gob,0b000boooboooboobbobbo. 00, nOdmb000000 MODOOO
gooooog.

1. 000000000 vODOO Mv=00 v=0000.

2. 000booobt0nb o00obbOo0ObO0vUOOUO, v OoDOODODDOODO
go.

o0D,2000000 t,s000,t>s0O,Mt-s) 0 00000COO0OODOO,D000
gbobooboobboobooon.

O0000,grO O00000ODOO0ODOOODO,0D00000O0apord) ODOOO,00
gbobooboobboobooon.

oo00ooo0ooooUooDoU0ooooUoooU0UooDoDooDoDoUooDoDoooo
[Becker,Weispfenning] 00O OOODOO.
00o000ooooo,000ooooooooo0o0ooooooooo
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,2z,t],2);
[x"2-2%y 7+ (-41%t"2-13*t-1) *y "2+ (24t "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) *z" 2%y
+(-12%t"16+72%t"13-28%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+t7 2427 2) *xx+y " 7T+ (20%t " 2+6%t+1) *y "2+ (-t~ 17+6%t " 14-21*%t"12-15%t"11
+84%t " 9+20%t " 8-35*%t " 7-126%t " 6-15%t "5+70*t "4+84*t " 3-t"2+5%t-9) xz" 2%y
+(6*%t716-36%t713+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,
(t73-1)*x-y "6+ (-6%t"13+24xt"10-20*%t " 8-36*t " 7+40*t "5+24*t"4-6*%t~3-20*%t "2
—6*xt—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%xt"5
+10*%t"4-36*%t"3-11*%t"2-5*%t+9) *xz"2,
—y"8-8*txy 3+16%z 2%y 2+ (-8xt"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) xz~4xy+ (£t~ 24-8%t"~21
+20%t719+28%t"18-120%t"16-56*t ~15+14*%t~14+300%t " 13+70*t~12-56*t~11
—400%t~10-84*t"9+84*t " 8+268*t " 7+84*t " 6-56*t"5-63*t"4-36*%t"3+46*t"2
—12%t+1) xz, 2xtxy " 5+zxy "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 " 7-324t " 5-6*%t "4+9xt"2-t,
=2y "3+ (£ 7T -2%t T4+3%t T 2+t) xy+ (—2*%L T6+4* LT 3+24£-2) %272,
2% 724y " 3+27 2%y "2+ (2%t "5+4xt " 2-6) ¥z " 4x*y
+(4*t7"8-t 7T-8*t "5+2*%t"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2%t " 3xy+ (—tTT+H2*¥L T44+E72-1) %272,
—tTxz*xyT2-2%z" 3ky+tT8-2%t"5-t"3+t72,
—t 3%y " 2-2%t " 2%z " 2%y+(t"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] DOO0OOODOOODOOO, 0000000, 0000000000.0DO
0,00 [t,z,y,x] O0OO0OO,BO0O00OO0OOOOOOOOOOO.O00O0OOOO, O
0000000000o0ooooooO,000 (boooO0)bDoo,000 (oooo)
goobooobooboboo,obgoooobo, s, z,yOOOxDOOOOoOOOoDbOODOOO
doodoo00o00odoodoo. doodbodoboobdo,g0boooooooa
0do0oO0ddoOo0odDobOOo0ooooD,00poooboooooon.

8.6 Weight

O00000000000,0000 weight (00)00000000000O0O0O0OOO
oo.
[0] dp_td(<<1,1,1>>);
3
[1] dp_set_weight([1,2,3]1)$
[2] dp_td(<<1,1,1>>);
6
0ooboooooooob, 0000000000 bobooooooDoobD. obooo
000 weight 0 1000000000DO0O00OO.000O0O0O,00,00,00000 weight
00000 1,230000000.0000,<<1,1,1>»>0000 (00DO0O0D0OO0OO0OOOOO
weight 00 0) O 1*1+1x2+1x3=6 D0 0. weight 00000000, 000000000
00000000 bO0oOooD. 0DbOO,weight 00000000 DO0O,0000 weighted
homogeneous D 0 OO0 DD OOOOODODOO.

0000000 weight DOOOOOOO weight vector D O00O. OOOOOOOOOO
0,000000000000,00000000000000000R0O sugar weight 00O
O00000. sugar strategy 0000, 00000000OOOOOOODOO. ODOO, O
O000000D00D00000 weight vector O, sugar weicght 000000000 OOO0O
00,00000000000000. 0000,000000000000O0oDoOooOooag
O0.0000,0000000000D0000O0,000 weight vector 0OOOOO. OO, 0O
000DO0,0000000000DO000000 1000 00 weight vector OO 00O
O00DbO0o0OOobOO0oO0,00Db0Db00D tiebreakingOOODOOOODOOO.

weight vector D 0 O 0 dp_set_weight) 0000000000, 0000000000
000000 (boo0,000o0)0o00o00oooO0o0oooOoOo0ObD.oooo,o000
oOoooOooobOooooooo.

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

[65] dp_gr_main(Blv=[x,y,z],sugarweight=[3,2,1],0order=0);
[273-6%2"2+11%2-6 ,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]

OobooOoDooooOo,0odn option OOOOODOOOD. DODOOD vODOO
00000, sugarweight 0 O O sugar weight vector U, order0 00000000000
O0.000000000 order 000DO matrixorder 00O0O0OO. OOOO,0000
O weight vector OO O DOO0O0OO weight DOOD0OOO0. OOO0ODOOODOODOO, O
OO0 weight vector 0O OO0ODOO0OODOOOOO0. O0DOOOOODO oOOD.DOOO
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O00,order UO0UODOODOOOOODOODOODO. OOODOODO, tie breaker DO OO OO
ggobbboooobbuoooub.bbbouooul, dp_gr_main, dp_gr_mod_main [0 00
oboboboobobooboob,gr0gbobobOobO0bObDObDODO.

.7 oo ubuouooooon

gr() 000000000000, 0000,00000000000O0DODO (DOO)0O,0
000000doU0oDooU0do, 000000000 oDooDOoooOooDoooOoog
O0,0000,00000,000000000A0.

[64] gr([a*x+bxy-c,d*x+exy-f], [x,y],2);

[(-e*a+dx*Db) *x—f*b+e*c, (—e*xa+d*b) *xy+f*a-d*c]
O00000,a,b,c,d00000000O00OOOO.0000O,00000 F=Q(a,b,c,d)O
02000000 FxyOOUODODOOODODOODUOODOOUOODDOO. DODODOOOOO,O
00000000000 bO0o0Od0. 00do,00b0o0b00ob0o0obooooogog
00000, 0000000000D00d0000oO0, 000000 0oooOooDOooooog
0J0d0D0d0OO00oOooooooUdo. D0, 000000000000 oDOoo,0ooooo
0000000000000 D00000000000. 0000,000000000000
ddoooooooooooooa.

8.8 LUU

000o0o0o0ooO0o0oooOo0oooo,00 grOOO0DODOOODO,000000 (O
00000ooo0o0o0)00ooooOoO0o0oUoOoO,0000000O0O00D0DOoODODOOO
gboooooboboooogboboooo.bo,0boooboobobooooboboo
oooboob,0000b00oboboobbogbn, Buchberger OO ODO0OOOOoooogoO
gbooobooobooobobboboobooboo. boobooboooboboo,bo
oooDoo00D gewodobOo0oooooonbo. oo 200000,0000 wviistl, O
OO0 order O O0O0ODOO0ODOOOODOOODOODOOO ghasel, 0000 viist2 00O
gbobobobobobobobobobooboon.

tolex(gbase, viistl, order, vlist2)
00dod,ghase 00000 DOODODOOODOODOODOOOOODODO. OO
000,0000000000000,0000000000O0D00000O00O04d
0000,00000000 Hensel DOODODODOODOOODDOO.

tolex_t1(gbase, vlistl, order, vlist2, homo)

00000,0000000000000 Buchberger 0O0O0O0O0OOOOOO
0000000,00000000000000000000000 trace-lifting
goddooooooooooo,goooooooooo,onooooooa
00000O,000000000bO00000bO0O00O0O000O0, O00d Buchberger
ogobooooooooooooboooooooo. oo,000 ooooooao
0o00,000000 1000000000000 ooooooooooon
ooooob.dgdodo,goooo, 0000 ooooo
DD.(DDDDDDDD.)DD homo O 00000 ,hegerO OODOODOOODO
goooooooo.

gogbo,ob000o0bobooo,oboboooobobooooboobooooboboo,o0bboo
oooOo,000bO00o0b0o00b0o0oO00b00U0D groobbobobO. bobbo
gbobogbodgbooobooood.
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8.9 Weyl [

gooobg,0booboobgoooobgoooobooooboobobooboooob, b
goboooboo,boooboobobooobooobooobob.boobboobon,o
ooooono,WeylODO, 000000 oooobobooooooooboboogonog
00 Risa/Asir 0000OO0O0OO.

O KOO nOO Weyl OO D=K<x1,...,xn,D1,...,Dn> [

xi*xj-xj*x1i=0, Di*Dj-Dj*Di=0, Di*xj-xj*Di=0 (i!=j), Di*xi-xi*Di=1

0O0000ooOooooooan. D O O00O00O0 KIxi,...,xn] O00O000OO
dodooodoog, i O xi OO0OOOO0OOd. ooooooog, o oodad,
x17il*...*xn"in*D17j1x. . #Dn~jn OO0 0000 X OOOODOOOOOOOOOOOO
O.Risa/Asir 00000,000000,0000000000<<i1,...,in,j1,...,jn>>

god. oooo,p00000000000000OO0OO. ODOoOO,0O0000000a4a4,
+,-000000000,000,000000000 dp_weyl_mul() OODOOODODOOO
ooo.

[0] A=<<1,2,2,1>>;

(1)%<<1,2,2,1>>

[1] B=<<2,1,1,2>>;

(1)*<<2,1,1,2>>

[2] A*B;

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

[3] dp_weyl_mul(A,B);

(1)%<<3,3,3,3>>+(1)%<<3,2,3,2>>+(4) %<<£2,3,2,3>>+(4) %<<2,2,2,2>>

+(2)%<<1,3,1,3>>+(2)%<<1,2,1,2>>

0000000000000, WeylUOOOODOOODOO,00000000000O. dp_

weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4_mod_main(). 00O, 00000,global b OO0 O00OO0DOOOOOOODO.

810 UL UL Uooooon

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)
»O00000oooan

return ggd
plist vlist procs
ooo
order O, 000dooon
P 2~27000nO0o

e JOIDOOOOD ‘grrbbononoOnO.
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e 0000,000000 plist0,0000 vlist, 1000 order 1000000000
0000. grO), hgr() 0 00000, gromed() O GF(p) 000D0O0O0DODODO.

e vist 00OODOOO0O. vlist IO0OOODOOO,0D0000000D0CO0OO.

e gr(), trace-lifting (0000000000 DOOO) 00D sugar strategy 00000,
hgr() O trace-lifting 000000000 ODDOOODO sugarstrategy D0 O0O0D0OOOO.

e dgr(O 0,gr(),hgrO DO0O0OOODOODO procsd 200000000000000O
o0, 0000000000, oo ooo, booooooooon
I I A I O A R I

e dgr() DO0OIDOOODOOO,ODO00DOUOOODOOODOOODOODCPUODODOO,
gbobodoboobbooboobbooboon.

e JOUIDOD plist 0O0DOO0DODUODOOODODOOODODOOODOODOOOOD
00.0000,0000000000000000000 dp_sort0000000O0
o0oooo. 0000000000000 000b0b0b00ObObObO0OD0ObOboOb0ODoOD0D0OD
000 viist 000000000 00000O (Oo0).

[0] load("gr")$

[64] load("cyclic™)$

[74] G=gr(cyclic(5),[c0,cl,c2,c3,c4],2);
[c4~15+122*%c4~10-122%c4"5-1,...]

[75] GM=gr_mod(cyclic(5),[c0,cl,c2,c3,c4],2,31991)$
24628%c4~15+29453%c4~10+2538%c4"5+7363

[76] (G[0]*24628-GM[0])%31991;

0

RN 8.10.6 U 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.123, 8.10.10 O O dp_ordl] p.126.

8.10.2 lex_hensel, lex_tl1, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlist1l,order, vlist2, homo)
s 000000000000 000oOooboooa

tolex(plist, vlist1,order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, vlistl, order, vlist2, homo)
s 000000000000, 0000000000D00D00DO0DOO0DOO0

return oon
plist vlist1 vlist2 procs
oono
order 0,00000000
homo ooad

e 0IDODOOOD ‘gr00OO0OODDOO.

e lex hensel(),lex_t1() O0,000000 plistd, 0000 vlistl, D000 order O
0000000 00bO00,000,0000 vist200000000000DOO0O0O0O
oo.



g8l OO0OOobOoOooogno 120

e tolex(),tolex_t1() U, 0000 viistl, OO0 order UOOODOODOOODOOODO
000000 plist 00000 viist20000000000000000O0. tolex_dO
O,tolex() 0000, 0000000,00000000 procsOO00O0DOOOODOO
gooo.

e lex_hensel(),lex_t1() UUODOOO, 0000000000 OCOOOODLDOODOOODO
00. ([Noro,Yokoyama] 000 .)

N =

4.

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

GoOoO000 vist20000000000000000000000O0O0O00O0 pO
00,GF(p) 0000000000000 GpOOOOO.

GpOUOOOOODOOO,GoO0O00DOO NFODOOOD.

GpUOUOO fOO0O,fO000O0O0OODOO,fOO0OO0ODOOO0 NFODOOOD
0,000000 00000,0000000D0D000000 LfOOO.

. Lf0O,0 pO000D0O0C0O0DOOO0ODOO LfODODOO pOD0OO HenselOODODO

goog.

0000 GpOOOODOOCOOOOOOOOOOODDOOOCOOOOOOOOO
goooobo. goobbboooobboooobbbuooo, pogboono
go.

e lex_tl(), tolex_t1() ODODOOO,0D00D0OO0O0OOOOOODODOODOOOCOOO
go.

1.
2

3.

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

Goo0 o000ODOOO0O0O0O0ODbO,GoDOO0O0D0O00,GoOO0OO viist20000
O0o0DOoOoO0ooDOoOoOooboDOoOo0O0ObD pODOO,pO0O000 trace-lifting
gbooobooooboboooooboooob,bobooooboobobobobooDbo
gobooboobooob.oobooob,pdobbobbOoon.

GoOoDOO0O0OODOOO,GoO0DOOO0OO0,00,vlst2000000000O
oooboooo0oo0oboo0obO0O0 Gioooo,0b0b00boooboooooo
gogboboodbo. boa,gbogabb,bgoboo,ggoboogobbgad
000000000000 tracellifting 0000000 OCO0OODO,00000O
gooboboobbooboobobooboobboob.

e NOODOOOODDO, lex_t1(), tolex_t1() OOODOOODO.

e homo U 0OOIDOO, 00000000 Buchberger DODODOOOOOOO,0000
gooo.

e tolex dO OO UODOODODO, 00000000 DLODODOOOOLOODODOD
gobooboogbo,oobooobobooooboooooaonboo.

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,u4,u3,u2,ul,ull$
Omsec

[80] GO=hgr(K,V,2)$

91.568sec + gc : 15.583sec
[81] Gl=lex_hensel(X,V,0,V,0)$
49.049sec + gc : 9.961sec

[82] G2=lex_tl1(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

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[l1p.123, 8.10.10 00 dp_ordp.126, U
T0o0obododp.92

8.10.3 lex_hensel_gsl, tolex_gsl, tolex_gsl_d
lex_hensel_gsl(plist, vlist1l,order, vlist2, homo)

» GSLOO0O0O0DOOOoOoOoo

tolex_gsl (plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlist1, order, vlist2, procs)
s 000000000000, GSLO0bO0o0noooooaon

return ggdod
plist vlist1 vlist2 procs

oono
order O,00000000
homo ooo

e lex_hensel_gsl() O lex_hensel() O, tolex_gsl1() O tolex() OO ODO,0000
O000. tolex_gsl_d() O, 00000,procs JOOOOODOOODOODODOODOO
ooo.

e 00 ODOODOODODL, DLOODODODODOODOODO [fo,x1-f1,...,xn-fn]
(f0,...n 0 x0 0 1 00D0O0) 00O (D00 SL ODOOOD) 0DOODOO,
[[x1,g1,d1],...,[xn,gn,dn],[x0,£f0,f0°]] OOOODO (OO0 GSLOOOOO)
ooD. o000, g 0,di*xf0’xfi-gi 0 foO0 00000000 x00 1000000,
00 fo(x0)=0 00 x0 000, [x1=g1/(d1*£0’),...,xn=gn/(dn*f0’)] 0O 0. O
Jddd0d0oooooooooooooooon, telex() DODODODODODODOOOOO
ooo.

e GSLODOODOODOODOOOODOOOOOODOO,0DO0O0DO SLODOODO
O0D0o0Db0o0DO0o0ODb0O0DO0O00O0,0D000000. tolex_gsl dO ODODOO
gooboo,0obooobooobooobboobobooobboobboooboboa,
goobooboobooobooooog.

[103] K=katsura(5)$

[104] V=[u5,u4,u3,u2,ul,u0l$

[105] GO=gr(K,V,0)$

[106] GSL=tolex_gsl(GO,V,0,V)$

[107] GSL[O0];
[u1,8635837421130477667200000000%u0"~31-...]
[108] GSL[1];
[u2,10352277157007342793600000000%u0~31-. . .]
[109] GSL[5];
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[u0,11771021876193064124640000000%u0"~32-. . .,
376672700038178051988480000000*%u0"31~. . .]

uad 8.10.20 0 lex_hensel lex_tl tolex tolex_d tolex_tllp.119, 0 7O OO0
000p.92

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)
s gooo,0dodooooooooooooao

minipoly(plist, vlist, order, poly,v)
00000000000, 0ooooboooooood

return ggdod
plist vlist OO0
order 0,00000000
poly ood
v oono
homo ooo
e gr minipoly() OOODODOODODOODODOODD, minipoly) OOOODODOODODOODO
ooagd.

e 0000100 KOODODDD K[X]O 000000000,K[v]O0O f(v)O f(p)
mod I0000000000000 000000000000000. 000000 p
0,0 I000000000O0.

e gr_minipoly(), minipoly() 0,000 pO0O00O0O00O0C0D,vOODOOOOOOO
ooooo.
e 0000O0D0,0000000100000000000000000,0000000

0000000, minipoly(), gr_minipoly() 00O D000 ODO0OOOOOOOOO
oooo.

e gr_minipoly) DO UODOUODOODOODODO,DO000OD0DODOODOODOODODO.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gsl(GO,V,0,V)$
17.123sec + gc : 2.590sec

[119] MP=minipoly(GO,V,0,u0,z)$
4.370sec + gc : 780msec

ud 8.10.2 0 U lex_hensel lex_tl tolex tolex_d tolex_t1lU p.119.
8.10.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
0 mod 00000O0O0OOOOOOOOOO

minipolym(plist, vlist1,order, poly, v, mod)
0 mod 0000000 ODOOODOOOOOOOOOODOO
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return tolexm() : OO0, minipolym() : O OO
plist vlist1 vlist2
ooo
order O,00000000
mod oo

e U0 plist UODUODODO UODLOODO viistl, OO0 order, 0 mod DODOOOOODOODO
gooooooon.

e minipolym() U minipoly DOOUODOOOODO modOODO.
e tolexn() O FGLM OODOODOOO0ODODO viist2, 000000000 OOO0ODOO

googgd.
[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);
z"32+11405%z"31+20868%z"30+21602*%z"29+. ..

RN 8.10.200 lex_hensel lex_tl tolex tolex_d tolex_t1Up.119,8.10.400 gr_
minipoly minipolyl p.122.

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)

2 000000000 (Dooooo)

return ggd
plist vlist 000
order g, 0o0gooooo
homo ooo

modular O0O000O0O0O0O

e JJ00DOD,000000000000000000000, gr(),hgrQ, gr_mod()
goOoOOOOODOOOO0O0OOO0O0OOUOUDOODL.ODOOO weylODOOOOO
o000, Weyl OOOOOODDODOODOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 00000000000OO0OO0ODOODOODO
oobooOo.000,00000,simp_f£QOQ 000, 000000000000000
gooono.

e 00O homo O 000DO,0000D0000O000 Buchberger 0D OO0O0OOONO
agd.

e dp_gr_mod_main() 00000, modular O, GF(modular) 0000000000 . dp_
gromain() OO000, modular 00 D0O0O0OOO0ODOO.



g8l OOooooogn 124

1. modular O 100, trace-lifting 0000000 0. 00O 1lprime(0) OODODOO
00000 1lprime() OOODODOOOOO.

2. modular 0 200000000,00000000000 trace-lifting 0O00O. O
oooboooboo,onDOon.
3. modular 00000, -modular 00000000000 OO0OOO, trace-lifting
0000000000000 0ODO0DOO0bOO0ODbOO0DbOO0obOO0bOOoODODOoDOOooDoOooDg.
e gr(P,v,0) 0 dp_gr_main(P,V,0,1,0), hgr(P,V,0) 0 dp_gr_main(P,V,1,1,0), gr_
mod(P,V,0,M) O dp_gr_mod_main(P,V,0,M,0) 0 O0OOOOCOODO.
e homo, modular D00, dp_gr_flagsO DODO0O0OD0OODOO0ODOODOOODOODOOODO
oooo.

oo 8.10.1000 dp_ordlp.126, 8.10.9 00 dp_gr_flags dp_gr_printlp.125, 8.10.1
O0gr hgr gr_modp.118, 10.5.1 0O setmod_ff0p.155, 8400000000
ooooddp.111.

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 F400000000000000O0000 (DDDDDD)
return oo
plist vlist 0O 00O

order o,0000o00oon

e FAODOOODOODOOOUODOODOOOODDOO.

e FAOOODOODO,J.C. Faugere 00 0DO00ODOOODODOOOOODODOOOOOO,DO
ooo0,00000000b0O000O000bDo0ooOoobboOooDoO.

e NIDOUODOODODODODUODL,DUDUODUDLODLUODO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() DO DO ODOO.

go 8.10.1000 dp_ordlp.126, 8.10.9 00 dp_gr_flags dp_gr_printllp.125, 8.10.1
O0gr hgr gr_.modd p.118, 8400000000000 0OOp.111.

8.10.8 nd_gr, nd_gr_trace, nd_f4, nd_f4_trace, nd_weyl_gr, nd_weyl_
gr_trace

nd_gr (plist, vlist, p, order)

nd_gr_trace(plist, vlist, homo, p, order)

nd_£4 (plist, vlist, modular, order)

nd_£f4_trace(plist, vlist, homo, p, order)

nd_weyl_gr (plist, vlist, p, order)

nd_weyl_gr_trace(plist, vlist, homo, p, order)
000000000 (ooooo)
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return ggd
plist vlist 0O 00O
order O, 00000ooo
homo ooad

modular O0O000O00O0O

gd

goboooboo,0oboobooobbooobooobooobobon.

nd_gr0,p0 0000000000 Buchberger O ODODOOOOODOO. pO 200
0000000, GF(p) OO Buchberger 0000000 O0OODO.

nd_gr_trace U U0 nd_f4 trace JOUODO0O0OU trace DO0D0ODOOOOOOO. pO
o0bOO0 1000,00b000000b000b00,00b0000 trace 000000
O000.p0 200000, traced GF(p) DOOOOODO. trace 00000000
gobobo oobobo.pbOobO0Ob,b0Db0DODOODOOODODO.ODODO, P
0-1godboobooboboboobobo,obobobboobooooboobDobobobo
O00o00o0boUdbOd. nd_f4_trace U, 00000000, 0000000 F4000
ooooooboOooooOo,00ooobob obbobOOOUODbb s-obooboooobo
gboooobooobooo,0oogboboobogobobooooboboooob.0ooooboon
gbooboboboboobboib0d,nd_gr_trace J0UOOO0ODOOODOODO.

nd_f4 0 modular 0 000 0OO0OO0OOO, modular JOODODOOOOODOOOOO
obob rM4bO00boobobooob.

nd_weyl_gr, nd_weyl_gr_trace 0 Weyl OO ODOOO.
obobobo,gbobobobobobobon.

U000 dp_gr_main, dp_gr_mod_main U0 000000, 000000000000
oo.

[38] load("cyclic")$

[49] C=cyclic(7)$

[50] V=vars(C)$

[61] 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)$
3.51sec + gc : 0.7109sec(4.221sec)
[55] nd_f4(C,V,31991,0)$

1.906sec + gc : 0.126sec(2.032sec)

8.10.10 O O dp_ordU p.126, 8.10.9 0 U dp_gr_£flags dp_gr_printl p.125, 8.4
oooooooboooboogdp.111.

8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])

s ggbooobooobgooobooa,od



g8l OO0OOobOoOooogno 126

return goo
list goo
1 oad

e dp_gr_main(), dp_gr_mod_main(), dp_gr_f main() OO0O0O0OO0O0OOO0DOOOO
oooog,oooo.
e JOODODDOO,00D0DDDOODDOO.

e OO0, ["Print",1,"NoSugar",1,... 1] 00000000, 0000000000O. O
gobooboobooobboooog.

e dp_gr print() 0,000000 Print, PrintShort 00O OO0OD0,00000. O
Oooooooooooooo

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

Ob00,dp_gromain() D000 0O0OUOO0ODOODOODOOOOOOOOODOO,0000
gobooboooobobooooobooo,bbooobobooobobbooooboog
goog.

HEN 4000000000000 Op.111
8.10.10 dp_ord

dp_ord([order])
» 00000000,00

return 00000 (ob,ooooooon)

order g, 0oobooooo

e JOUOUOO,00DL0UD orderJ0UOD00O. DODLOLOO,0Db0ODODLDODOOODO
gooooo.

gboobooboobooo,ooboboobgobooobooboboobobon
goo,b0boboobooboo,oboobooboooboobDooboobogDbooD.

grO 00, 00000000DOCO0O0ODOO,000 dp_ordO 0OOOO,000DO
gobodbo.boobdg,bbogboobodg.

goobodoboooobooobo,ooboboobobooobooobooboo. obo,0n0o0o
gogbobobooobobboooobooboooa,oooboobooobobbooooboog
goboo. ga,bugbobogbooo,booboobbuodgbbooboaonobdg
gbobooooo.

0oodooooooooooooooooooooo,b0gooooooooooon
oooooooooooa.

[19] dp_ord(0)$

[20] <<1,2,3>>+<<3,1,1>>;

(1) *<<1,2,3>>+(1)*<<3,1,1>>

[21] dp_ord(2)$

[22] <<1,2,3>>+<<3,1,1>>;

(1) %<<3,1,1>>+(1)*<<1,2,3>>
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RN gHU0D0DOODODOOOP.114

8.10.11 dp_ptod

dp_ptod(poly, viist)
s 0oo0oooooooooooon.

return goooooo
poly ooo
vlist ood

e N0OUD viist UODOUODOOUODOOOOOODOODOOOODOODO.
e vist DO ODOOOOOO,000000DOOOO0OODO

[50] dp_ord(0);

1

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

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

[62] dp_ptod((x+y+z)~2,[x,y]1);

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

g 8.10.12 0 O dp_dtopl p.127, 8.10.10 O U dp_ordU p.126.

8.10.12 dp_dtop

dp_dtop(dpoly, viist)
00000000 00Ooooooo.

return goao
dpoly goooooo
viist oood

e DD ODODO,0DO0DOODDOODDOODLOODDOOODO.
e DD OODL,00DbO0ODLOODDOODLOODOOODDOODLOODDO.

[63] T=dp_ptod((x+y+z)~2,[x,y1);

(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]);

272+ (2%a+2%b) *z+a " 2+2xbxa+b”~2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
2 0000000000000 b0OO0O0O0000a

dp_rat(p)
s 0000000000 DL0000O0oObbooooo
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return gooooono
p ooooooo
mod oo
subst ooo

e dp_nf_mod(),dp_true_nf mod() U, 000000000 OOOOOOOOOOOODO
ob.00o0booob,dpomod) DODODODOODODODODODODODODO
ggboobdg. oo, b0boooobobo,bodboboooboboooboo,oobobao
oooooooooobooo,dp_rat() DOOOOO0OOOODOO.

e JOUIDOODDUODODUDLO,00D0D0O setmod) DODODOODLOODODOOODODO
goooooog.

e subst U, 000000000, 000000000000 00DOODOOOOOODO
goooboobooooobobobog,goboboboobogoobon, thvar, valuel, . ..1 OO
oooobooo.

oo 8.10.16 U U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modU p.129, 6.3.11 O
O subst psubstU p.47, 6.1.16 O O setmodU p.39.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
»0o00oo0oooooa

dp_dehomo (dpoly)
s 000o0oooooooooao

return ogoooooo

dpoly Doooooo

e dp_homo() U, dpoly OO ¢tO00O0O0O,00D0000000DO1000,000000
000 ddeg(t) (dO dpoly DODOD)000O0O0O0OOOOOOODO.

e dp_dehomo() O, dpoly UOOO0OUODO, 0000000 OODOODOOODOODLOOOO
goooboo.

o LIUDOO,000D0O00DLOODLOOOOLOOODLOODL,DDbbOOLbOOLbOObLOOnOO
gboobooboodan.

e hger ) UDUODOOD,000OD0ODODLDODO.

[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.118.
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8.10.15 dp_ptozp, dp_prim

dp_ptozp (dpoly)
s 000000000000 0000O000 gGebOo 100a0.

dp_prim(dpoly)
s 0000000000000 bOO00bOO0o0bOoOoOoo0DbOoO0 GEbo 1000.
return gogoooon

dpoly ooooooon

e dp_ptozp() U, ptozp() UDOUOLDDOUODOOOODODOODOOODODOD. DODOODO
goboo,bobobooboooboooboooooaonbon.

e dp_prim() U, 00000000000, D000D0OLDODLODLOODLDODOODOOO.

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

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

(my+2) #<<2>>+ (y72-272) *<<1>>+ (—z*y " 2+27 2%y) *<<0>>

[210] dp_prim(X);

(1) *¥<<2>>+ (—y—2) *<<1>>+ (zxy) ¥<<0>>

oo 6.3.18 0 O ptozp p.51.
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)
» 0J00000000000000. (0000000 D0oDUOoDooon)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
0000000000 oC0oo0oOO. (boooo [DO,0o0]loooog)
return dp_nf() : 0000000, dp_true_nf() : 00O
indexlist 00O
dpoly ooooooo

dpolyarray
oo

fullreduce 0O 00O

mod 00
e 1ID0DOOODO dpolyOOOODODOOO.

e dp_nf_mod(), dp_true_nf _mod() DO OO, dp_moed() DOODODO, DD00OOODODOO
O0o0oooo0oooooooooo.

o I00IDO, 000000 OODODLODOO,dnfO UIOODODOODODOODOO.
O0O0000DO0 dponf_mod() OOOOODOD, 0000000000 dp_nf_mod()
goobooood.
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e dp_true_nf(), dp_true_nf _mod() U, [nm,dn] DOOOOOODODOO. OO0, nm
000000, 000000000000000,dn 000000000 nm/dn OO
ooooo.

e dpolvarray 0000000000000 DODODODODO, indexlist OOOOOOOOOO
dpolyarray 000000000 OOOOO.

o fullreduce 0 00O D0O0ODOODOOOOOOOOOOO. fullreduce 0 0O0O0OOOO
ooooooooog.

e indexlist 0O DOO0ODOOODO,0D000O0COO0ODOODOCOOO.

e JOOD indexlist OO UODOOODOODOODOUODODODOLOOO,DO0DOOOOO
goobooooooon.

e DDOODODOODLOODODOODDOODLDOODLOOODDOODDOODDOO
gobO.o0boooobodgn, ponf, p_true_nf 0D0OO0O00O0O.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[u0O,ul,u2,u3,u4l$

[72] DP1=newvect(length(X) ,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-uil+u2-u3+ud)“"2,V)$

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

ud~ 2+ (6*u3d+2*xu2+6*ul-2) *ud+9*u3~ 2+ (6*u2+18*ul-6) *u3d+u2~2
+(6*ul-2)*u2+9*ul~"2-6*ul+1

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

—-5%u4 "2+ (-4*u3d-4*xu2-4*ul) *ud-u3"2-3*xu3-u2"2+(2*ul-1) *u2-2%ul " 2-3*ul+1
(78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*xud”~15+. ..

[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*%xud~15+. ..

[80] @78==@79;

1

o0 8.10.1200 dp_dtopdp.127, 8.10.10 00 dp_ordUp.126, 8.10.13 00 dp_mod dp_
ratUp.127, 8.10.27 0 U p_nf p_nf_mod p_true_nf p_true_nf_modl p.135.
8.10.17 dp_hm, dp_ht, dp_hc, dp_rest
dp_hm(dpoly)
2 0000000D0O.

dp_ht (dpoly)
s gooogogn.
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dp_hc (dpoly)
s gooooooa.

dp_rest (dpoly)
0000000000000 0D0.

return dp_hm(), dp_ht (), dp_rest() : UOUODOUODOO,dp_,hcO : DO OOODODO

dpoly gobooooo
o LIIDODO,0000D0DOODLOOODDOODDOODOOODDO.
o IDODOODO pdbbOoOobOOO.

p = dp_hm(p) + dp_rest(p)
dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((ad6~2+7/10%ad6+7/48)*u3"4-50/27*ad6"2-35/27*a46-49/216)$
[89] T=dp_ptod (X, [u3,u4,a46])$
[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)
= 000000ooag.

dp_sugar (dpoly)
20000 sugar 0O 0.

return goao
dpoly goooooo
onoff oo0o

e dp_tdO) 0, 000000, 000000LOOOODOOOOO.

e DD DOOODDOODDO,sugar OO DOOO0D0ODOO0OODOOO. DOODO O
gbobooboobboobooobboooboobooooog.

e sugar 1, 000000000 DOO0OO0O0OOODOODOOODOOOOODOODOODOOOD
ooooooo.
[74] dp_ord(0)$
[75] X=<<1,2>>+<<0,1>>$
[76] Y=<<1,2>>+<<1,0>>$
[77] Z=X-Y;
(1) *<<1,0>>+ (1) *<<0,1>>
[78] dp_sugar(T);
3
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8.10.19 dp_lcm

dp_lcm(dpolyl,dpoly2)
»0DoOoooooo.
return gogoooon
dpoly1 dpoly2
ooooooon
e JOUODUOULOLOUULUOULODUOUUbODUD. OO 1IDUODO.
[100] dp_lem(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>
g 8.10.27 0 0O p_nf p_nf_mod p_true_nf p_true_nf_modl p.135.

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
s doodoooooooobooooon.

return 00
dpolyl dpoly2
ogoooooao
e dpolyl 00O0ODO dpoly2 00 00DO0DOOO 1,000000000000O.
e JO0ODODOOOOOO,00D0D0DDOODODOOOOOOOOODODO.

[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
g 8.10.25 0 O dp_red dp_red_mod[] p.134.
8.10.21 dp_subd
dp_subd (dpolyl, dpoly2)
s 0D000o0oooDoog.

return ooooooo

dpolyl dpoly2
ooodooo
e dp_ht(dpolyl)/dp_ht(dpoly2) OODOO. OOOOOO 1000.
e JO0ODOOO000O0OOOOODODOOOOOOOOO.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)%<<0,1,1,1,1>>

g 8.10.25 0 O dp_red dp_red_mod[] p.134.
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8.10.22 dp_vtoe, dp_etov

dp_vtoe (vect)
00000000000

dp_etov(dpoly)
s ggboboooobgabod

return dp_vtoe : UUODOOODODO,dp_etov: ODOOMO
vect gooog

dpoly ooooooao

e dp_vtoe() I, 0000 vect DOOODOODDOOOOODODOO.

e dp_etov() 0,0000000 dpoly OODODOODOODODODODODODO.
[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 D0 OO0

return gbobooboadgbod

dplist gobooboogbooo

e 000D0D0000OO0ODOONOOOOOONONONODD,000000000000000
dplist 1000, dplist 0 KX]0OOODODODOOOO 10 00000,K000000
000000 K[X]/IO monomial 00 0000000.

e J0U0OODUODDOL,KX]|/ID K-OOODODUOOOOOUOOOOO.

[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*u0, u2*ud3*ul,ul *u3*ul,
ul*u2*ul,ul " 2*%ul0,ud*u0”2,ud3*xu0"2,u2*%u0"2,ul*u0"2,u0"3,u3"2,u2*%u3,ul*u3,
ul*u2,ul”~2,u4*ul,ud3*ul,u2*ul,ul*ud,u0"2,us,ud,u2,ul,ul,1]

ao 8.10.1 0 O gr hgr gr_modU p.118.
8.10.24 dp_mag

dp_mag(p)
2000000000000



g8l OOooooogn 134

return O

p goobogooo

e J00DODOOODODOUOODOOODDOOODOOO,DDOO0OO0O0O (DODODODOOODO)ODOO
gooooooo.

o IO OODOOODOOOOOODOOODOODOOO.ODO,0o0b000bO0OO0ObOOOOO
gogbbobooob,oobbuooobbobuooobobooobboooobobog
gooo.

e dp_gr_flags() O, ShowMag, Print 0 on OO 0O0ODOOOOODOOOOOOOOODOO
000 dp_magO DOOOOOOCOOOO.

[221] X=dp_ptod((x+2*y)~10, [x,y]1)$
[222] dp_mag(X);
115

oo 8.10.9 0 0O dp_gr_flags dp_gr_printl p.125.
8.10.25 dp_red, dp_red_mod

dp_red(dpolyl,dpoly2,dpoly3)
dp_red_mod (dpolyl,dpoly2,dpoly3, mod)

s 0o000oooo
return gdd
dpolyl dpoly2 dpoly3
oooooon
vlist ooo
mod oo

dpolyl +dpoly2 OO UDDOUODOOOONO dpoly3 0 1000DOO.
dp_red_mod() 0000, 000000000DOC0OOOCOODOOO.

e JOUDOODOD dpoly2UODOUODLO. ODUODO, dpoly2 00OD0OO dpoly3 DD ODODO
gobooboooboobooobooboooboooog.

000000000,000,000000000,00 a b, 0 t000 a(dpolyl +
dpoly2)-bt dpoly3 10 000000.

000, [adpolyl,a dpoly2 - bt dpoly3] DO 0O0O0OOOO.

[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>>]

g 8.10.13 0 O dp_mod dp_ratl] p.127.
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8.10.26 dp_sp, dp_sp_mod

dp_sp(dpolyl, dpoly2)
dp_sp_mod (dpolyl, dpoly2, mod)
2 S-00o0ooo
return goooooo
dpolyl dpoly2
goooood
mod o0
e dpolyl, dpoly2 0 SOOO0O0O00OO.
e dp_sp_mod) UODODO,0000O0O00OOOOO0ODOOOOOODONO.

e 0ODOO,0Db00O0DUOOODLOUODLO,DOOO0ODLO,00DbDbOOO0ODLOOODLO
gooooog.

[227] X=dp_ptod(x~2xy+x*y, [x,y]);
(1)*<<2,1>>+(1) *<<1,1>>

[228] Y=dp_ptod(x*xy~2+xx*y, [x,y]);
(1)*<<1,2>>+ (1) *<<1,1>>

[229] dp_sp(X,Y);

(1) %<<2,1>>+ (1) *<<1,2>>

oo 8.10.13 U O dp_mod dp_ratll p.127.
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, (D0DOboooooooooooboo)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist, order, mod)
0000000000000, (000D [Do,00]100000)

return pnf : OO0, p_true_nf : OO0
poly ooo

plist vlist 0O 00O

order o,000oocooon

mod oo

e gr’0000OOOO.

e 00O, 0000O0DODDOCODOOOOOODO.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod DO O OODODOODOOODO
oo.

poly 000 plist 0, 0000 vist 00000000 otype 00000000000
00000, dp_nf(), dp_true_nf(), dp_nf_mod (), dp_true_nf_mod() DO O ODO.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce 0 1 000
oooo.

e JOUODOODOOLODOODOODOODOODO.

e p_true_nf(),p_true_nf mod() JOODODODODOO,dp_true_nf(),dp_true_nf_mod()
ooood.

[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,ud]$
[81] G = hgr(XK,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

g 8.10.11 0 0O dp_ptodU p.127, 8.10.12 0 O dp_dtopU p.127, 8.10.10 O O dp_ordl
p-126, 8.10.16 O U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.129.

8.10.28 p_terms

p_terms (poly, vlist, order)
0000000000000 00o00o0.

return gdd
poly aooo
vlist goo
order o, 000ooooo

e cr’JO0D0O0ODODOO.
e JO00IOODOOOOOOOOODDOOOOOOOODOOO. viistOOO order OO OO
gbdooodo, oot uooooboooooooooooa.
e 10D IODOUIODODOODLOUIODODOODLOO, 00000 DLOOO0ODOODOOOOOn
goooooono.
[233] G=gr(katsura(b), [ub,ud4,ul3,u2,ul,ul],2)$
[234] p_terms(G[0], [u5,ud,ul,u2,ul,ul],2);
[u5,u0°31,u0"30,u0"29,u0"28,u0"27,u0"26,u0"25,u0"24,u0"23,u0"22,
u0~"21,u0°20,u0"19,u0"18,u0"17,u0"16,u0"15,u0"14,u0"13,u0"12,u0"11,
u0~10,u0"9,u0"8,u0"7,u0"6,u0"5,u0"4,u0"3,u0"2,u0, 1]

8.10.29 gb_comp

gb_comp(plistl, plist2)
0000000, 0doobo0oooobooooooooooon.

return 00 00O 1

plist1 plist2
e plistl, plist2 0000, 00000000000000000000O0.
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e DD OODODOODDOODOD,000DO,00Db0O0O0DLOO0ODLO,b000D0O
gobooobooobooboobooon.

[243] C=cyclic(6)$

[244] V=[c0,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 oo
e katsura() U ‘katsura’, cyclic() O ‘cyclic’ DODODOODOO.

o IUDODOOOOODDOODLOO,0DDO00DLO0DL0DO00 katsura, cyclic 00
gbobodgbooobodgd.

e cyclic U Arnborg, Lazard, Davenport U O OO O0ODOOOODOOODO.

[74] load("katsura")$

[79] load("cyclic™)$

[89] katsura(5b);

[u0+2*%ud+2*xu3+2*xu2+2*xul+2*xub-1, 2*xud*u0-ud+2*xul*u3d+u2"2+2*xub*ul,
2*xu3*u0+2*ul*ud-u3d+(2xul+2*ub) *u2, 2*u2*ud+2*xu2*ud+ (2*xul+2*ub) *u3
—u2+ul~2, 2*xul*ul+(2*xu3d+2*ub) ¥ud+2*xu2*ud+2*xul*u2-ul,
u0"2-u0+2*xud " 2+2*%u3"2+2*%u2"2+2*xul " 2+2*ub"2]

[90] hkatsura(5);

[-t+u0+2%ud+2%ud+2*xu2+2*xul+2%ub,

—ud*t+2*xud* u0+2*xul*ud+u2” 2+2*xub*ul , —ud*t+2*xu3d*ul+2*xul*ud+(2*xul+2*ub) *u2,
—u2xt+2*xu2*xu0+2*xu2*ud+ (2*xul+2*xub) *u3d+ul "2,
—ul*xt+2xul*xu0+ (2*xu3+2*ub) *ud+2*xu2*u3d+2*xul*u2,
—u0*t+u0"2+2*ud " 2+2*xu3"2+2*xu2 " 2+2*%ul " 2+2*ub"2]

[91] cyclic(6);

[cE*cd*c3*c2*cl*cO0-1,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+chkcd*c3*kc2*cl,
(((c3+ch) *c2+ch*cd) *xcl+chxcd*c3) xcO+cd*c3*kc2*xcl+ch*cld*c3*c2,
((c2+ch) *cl+chb*cd) *cO+c3*c2*xcl+cd*c3*c2+chb*cd*c3,

(c1+ch) *cO+c2*cl+c3*c2+cd*c3+ch5*cd, cO+cl+c2+c3+c4+c5]

[92] hcyclic(6);

[-c~6+ch5*cd*c3*xc2xcl*cO,
((((ch+ch)*c3+chb*xcd) xc2+cbxcd*c3) xcl+cbxcd*xc3*c2) *xcO+chxcd*c3*xc2x*cl,
(((c3+ch) *c2+chb*cd) *xcl+chxcd*xc3) xcO+cd*c3*kc2xcl+c5*cl*c3*c2,
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RN

((c2+ch) *c1+chb*cd) *cO+c3*c2*xcl+cd*c3*c2+ch*cd*c3,
(c1+ch) *cO+c2*cl+c3*c2+cd*c3+chbxcd, cO+cl+c2+c3+cd+ch]

8.10.12 0 O dp_dtopl p.127.

8.10.31 primadec, primedec

primadec (plist, viist)

primedec (plist, vlist)

s 00ooggao
return
plist gooooo
viist goooo

RN

primadec(), primedec U ‘primdec’ U OO ODOODO.

primadec(), primedec) D0 DO 0OO0OOO0O0DOOOOOODODOOOOO,OD0000DO
ooooooo.
oooooooooooOoooOooobooOobO.boooooooboooboOooDo.
primadec 0 [000O0, 00000001 00000DO.

primadec U DO OOOOOODODO.

00000, 000b000O00bO0bOOo0oO0bOoO0oOoOobOoOooOOobDoOobDOoDo
0.000000D00,000000 PRIMAORD, PRIMECRD UODODOODODOO.
primadec O [Shimoyama,Yokoyama] DU O DOOOOOODOOODOOOODO.
O0DO00ODOO0O0O00OOOnD, primedec OO0OOOODO. ODOO,000000000

Ubooooobobood,primadec 000000 DO0OO0OOODOODOOOODOODOO
oogd.

[84] load("primdec")$

[102] primedec([p*q*x—q 2%y 2+q 2%y, —p~2%xX"2+p~ 2*x+p*q*y,
(q~3*y~4-2%q~ 3%y~ 3+q~3*y~2) *x-q " 3*xy~4+q~3*y~3,

-qQ 3%y 4+2xq 3%y~ 3+(-q~3+p*q~2)*y~2], [p,q,x,y]1);

[Ly,x],[y,pl, [x,9],[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*xy~2-2*q*y-p+q]]
[103] primadec([x,z*y,wxy~2,w 2xy-z"3,y"3], [x,y,2,w]);

[[[x,z*y,y"2,w 2*xy-z"3], [z,y,x]], [[w,x,z*y,z"3,y"3], [w,z,y,x]]]

6.3.15 00 fctr sqfr0p.49, 85000000000 p.114.

8.10.32 primedec_mod

primedec_mod (plist, vlist, ord, mod, strategy)

2 0o0o0oogad
return
plist gooooo
vlist goodn
ord g, ggogooon
mod gdd



g8l OOooooogn 139

strategy gd

g

primedec_mod() 0 ‘primdec_mod’ 00000 OOMO. [Yokoyama]l] DO OO ODOOD
gobooboooboobooo.

primedec_mod() 00O DOOOOODOODOOOOODOOOOODOOOO,0000O
gooboood.

primedec_mod() O, GF(mod) 00000000 0O. 0000000 OOOO,000
gooooog.

000000,0000000000000000000OO0DO0O0 [viistordl 0000
gooboobooobbooboooboog.

strategy 0 0 0 000D, incremental 0 component 00000000000 ODOOO
early termination OO0 0. 000, 00000000O00O0OOOODODOO,000000O
00,0000000000 overhead DOOOODOOODO.

O00ob0obOobO0obOoDO0DbOD0DbO0ObDOnO dp_gr_print(2) OOOOODOOO
oo.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t,y " 8+y 2+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+1,278+2"2+t], [x+z,y  2+y+z " 2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+2z+1,2"8+z " 2+t] , [y+z+1,x"2+x+2"2+z+1,2"8+z2"2+t] ,
[x+z+1,y " 2+y+z"2+2+1,2"8+2"2+t], [y+z+1,x+z,2"8+z2"2+t],
[x+y+1,y " 2+y+2"2+z+1,2"8+z"2+t] , [y+z,x+z+1,2"8+z"2+t]]

[248]

6.3.17 0 O modfctrl p.50, 8.10.6 U 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.123,
§H5000000D0OOP.114. 8.1090 0 dp_gr_flags dp_gr_printl p.125.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
s bhbOOOOO

ann (f)

annO ({) 0000000 annihilator 00O O

return goooooooo

f ogoo

plist oooooo

viist dvlist
oooog

‘pfct’ JODODOODODODO.

bfunction(f), bfct(f) OODOO f O global bOO b(s) OODOODO. b(s) O, Weyl
O00DpDODOO0OODOO0ODOO DLs]l OO P(x,s) DODOODO, P(x,s)f"(s+1)=b(s)f s [
000bO0bOO0bO »(s) DODO,000000OO0DOOOOO.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DODOOOODO 10,00
00 weight 0000 global bOOODOOODO. viistd x00, viist 0O0OOO D-O00O
oooooo.

bfunction U bfct UUOUODODOOOOODODOOOOO0OO0. DO00O0OOOOO0ODODOO
go.

e ann(f) O, f~s 0 annihilator ideal 00000 O0O. ann(f) O, [a,list] OOO0O0ODO
O0.000,a0 fO bOODOODODOOO, 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+z"3+x"2%y 2%z~ 2+x*y*z) ;
-9%5"5-63%s74-173%s"3-233%s"2-154*5-40

[217] fctr(Q);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3xdt+y*z*xdt+dx,x*z*dt+4xy~3*xdt+dy,
xxy*dt+5*z 4*dt+dz, -x"4-z*y*x-y 4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x], [dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000%s7"9+101750%s"8-79375%s"7+35768%s~6-9277*s"5
+1278%s74-72%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] ]

RN 8.900Weyl 0D Op.118.
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9 buogboogon

9.1 DDLOOggdgd

Asir 00000, 000000000000000.000O00DOO0O0ODOODODOODOO,d
gogoooo.oooo, 00, oo boobobobboooooga
gogd.gooboboooo, bbb ouobobboooooobooooobbooa
1000000000000 0000000. 00, 000000000000 ODOOO0O0
Jddd0d,root 0O0OOOQOQOOQ.

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

(#1)

[2] [type(AO) ,ntype(A0)];

[1,2]
doodg,Aaod x2+1=000,A1 0,00 AOOOOOO x~3+A0*x+A0=0 00 OO0
goooooo.

newalg() U0 0OOO0O0OOOO0ODOOODOOOOOOODOOOODO.
1. 00ooob 100000 oboooboooo.

2. newalg() OOOOODOOOOODOO,D00C00DO0O0OCODOOOODOOCOOD.
Oo0DoO0O0,000000 srem() ODOO0OO0ODOOOOOOOODOOOO.ODOO
g,gbogbooobogbobo,0ooooooooooooo.

3. 000000000 OD00O0oDDbDbDD reot DD DODOOOOOOOODDDO
go.

4. 000000,000000000000 rect0d00onoooooboooOobDOO
goooo.

newalg() OOOODOODOCOCOO,1000 200000.00,00000000000D0AO
gobooaoooooo. bboobobooobobbooboboobbooboboobo,boo
gboobo,gbobobgobobobo.

U0 newalg() DUODOODODODODOOO,D000000DO0ODO,0O0O0,0000DO
00000000000000. (typeQ, vtype() 00.) 000, 0000, root 0000
ogdoooooooon.

[87] N=(A0"2+A1)/(A172-A0-1);

((#1+#0°2) / (#172-#0-1))

[88] [type(N),ntype()];

[1,2]
goooooood, reot #n 0O0UOOOO. OO0, 00000000O00OO0OOONO.
root 0O0OO0O0O0OO0O0O0ODO,0000 alg(n) OODOODODO. ODO,000D0000,
000000 (D0O0O000000000)000newalg) DO0OO,000000000
odoooodooooooooooooo.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root 0000000, defpoly) OOODOOOOO.

[96] defpoly(A0);
t#072+1

[97] defpoly(Al);
t#173+t#0*xt#1+t#0

gooogo,t#o,t#1 DDOO0ODO #o, 1 0D UO0ODODOODODOO. DOODODOODLDOO
Oo0b0ob0ob0.varQO DUODOODOO,0000 algv() ODDODOODO.

[98] var(Q);
t#1

[99] algv(0);
t#0

[100]

9.2 DOOO0OO0OO

goo,boboooooob,booobboobo. bboo,ogbboooboboooobobo
go.0ob0oooboob,boooobooobbooboooobooboboobooo,obooo
Oo0DOo0O0OO00OoO0DOOoODOoOoo0O. booog,sp0,gr 000 Asir 00ODOOO
gobogboogoooooboog.

[0] load("gr")$
[1] load("sp™)$

ooob,00b00b0bg, ‘$HOME/ .asirrc’ DO O OOOOOODO.

root  DOOOOOOO,0000000000. 000,0000000000000A0
gobobooooooo,boooooocoooobooobobobobo.oo,0boo0obOob
goooobooobooboooo,bobooobooboooobooboooboooboooboo
gopoo.

O00D00,000D0000000D0, simpalg() OOO.

[49] T=A0"2+1;
(#0"2+1)

[50] simpalg(T);
0

simpalg() DO DO O0OOOOOOOOOO,0Db0bD0ODODbODO.

[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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ogoooo,ddon ooooooobobooobddo ooobbuooobuooo,0on
0000000 simpalg() 0000000000 00000O. simpalg) 0,0000
goooooooooooooooooooo.

[43] simpalg(1/AO*x+1/(A0+1));

(-#0) *x+(-1/2%#0+1/2)
ooobooooooouooobobon, DO simpalg) DOOODOODODOODODOO
gbodotoo,otodobotdodououououououoobooboan, root 0O
O00Db0o00obOooOOobOo0oOo. 0000, algptorat() OODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] A1=newalg(x*3+AO*x+AO);

(#1)

[85] T=(2*A0+A1xA0+A1°2)*x+(1+A1)/(2+A0);

(#172+#0x#1+24#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

CCCE#HO+2) *t#1 72+ (TH#O 2424t #0) *t#1+2%t#0 " 2+4*t#0) *x+t#1+1) / (t#0+2)

[87] algptorat(coef(T,1));

t#H1 72+t #HOXxt#1+2xt#0

00000, algptorat() 0,000, 000000 root 0,0000000,0000 #n
D000 +#n 000000. 00000000, 0000000000000000000
00.000,000000000000,re0t00000000000000000000
oDooo.

OO0, reot DDOUOODOODOOO, 0000 root UOOODDOODODNO rattoalgp() OO
oo.

[88] rattoalgp(S,[alg(0)]);

(C(#0+2) / (#0+2) ) xt#1 72+ ((#072+2%#0) / (#0+2) ) *t#1

+((2%#072+4%#0) / (#0+2) ) ) *x+ ((1) / (#0+2) ) xt#1+((1) / (#0+2) )

[89] rattoalgp(S, [alg(0),alg(1)]1);

(((#0~3+6%#0"2+12%#0+8) *x#1 "2+ (#0~4+6*#0"3+12*#0 " 2+8*#0) *#1

+2%#0°4+12%#0"3+24*#0"2+16%#0) / (#0~3+6x#0"2+12*#0+8) ) *x

+(((#O+2) *#1+#0+2) / (#0~2+4*#0+4) )

[90] rattoalgp(S, [alg(1l),alg(0)]);

CC(HO+2) *#1 72+ (#072+2%#0) *#1+2%x#0 " 2+4*#0) / (#0+2) ) *x

+((#1+1) / (#0+2))

[91] simpalg(@89);

(#172+#0*#1+25#0) *x+ ((-1/5*#0+2/5) x#1-1/5*#0+2/5)

[92] simpalg(@90);

(#172+#0x#1+2%x#0) *x+ ((-1/5%x#0+2/5) x#1-1/5%#0+2/5)
rattoalgp() O0,00000000O0 root 00OODODO 200000,00000,00000
godoudouoo. oo, oo oobooobuoooooboooooo
oboobobOo,b0b0b0buobuobobboobouobogog. algptorat(), rattoalgp()
0, 0000000000000 oooooooooa.

9.3 bbb booboon

gbooobooobd,recot 00boobonooobooobobooboooboboonbogon.
gbooboo,bugbgbuoooobobobuoooobobobga,bobo,oooaooo
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gooobooobooboobo.obgoob,0booboboboboboobooboobg
gobooboooobo,obbboooboboooooboboooobobooooboooo
U.0bogbogbod,pAlghbobbonoboobooboobbonon. bAlghd
gobobobobob.ooboo,oboboboboboboobon.

DAlg OUset_field) DUOOOOODOODOOOOOOOOOODOOODOOD. OO
U000, newalg() DDOUODO0OD0OODOODOODODO algtodalg) DODOOO, 0000
00000000 dptodalg() DODUODUODO 20000. 00O DAlgOOOOOOO
g, 0ooboooobooooon.

[0] A=newalg(x~2+1);

(#0)

[1] B=newalg(x~3+A*x+A);

(#1)

[2] set_field([B,A]);

0

[3] C=algtodalg(A+B);

((1)*<<1,0>>+(1) *<<0,1>>)

[4] C°5;
((-11)%<<2,1>>+(5) ¥<<2,0>>+ (10) *<<1,1>>+(9) *<<1,0>>+(11) *<<0, 1>>
+(-1)*<<0,0>>)

(5] 1/C;

((2)*%<<2,1>>+ (1) *<<2,0>>+ (1) *<<1, 1>>+ (2) *<<1,0>>+(-3) *<<0, 1>>
+(-1)*<<0,0>>) /5

00000, Q(ab) (a~2+1=0, b~3+ab+b=0) 0000, (a+b)"5 000 1/(a+bh) OO0
(000)0000. 00000000000000,00000000000000000
0o,

94 U0 10b00bLO0On

‘sp) 00,1 00000000,GCh, 0000000000 DOOOOO0O0ODOOOOOn
gobooooooon.

9.4.1 GCD

000000 GCD O cr_geda() UODOOOOOD. DOOODOOOODOOOOODOO
ooooooooooo Geboooooooo,b0ooo00o0ogoooooon.

[63] A=newalg(t~9-15%t~6-87*t~3-125);

(#0)

[64] B=newalg(75xs”2+(10%A"7-175%A"4-470%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*xx+((#0°6-19*%#0"3-65) *#1-#0"7+19*#0~4+38*#0)
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9.4.2 OO0OOO,000O0

oooooo,0b00b0o00bOob0ob0 gGCbooOoDOoOooOoDoOOobOoOOooOOobDOoOoDO
oooo0ooDO0o. 000 asqO OODO.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpa1g( (x+A+1) % (x"2-2%A-3) "2*%x (x~3-x-A) "2);

X711+ (#4+1) *x " 10+ (—4*#4-8) *x~ 9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7

+(24*%#4-6) *x~ 6+ (—29%#4-31) *x "5+ (-15%#4+28) *x "4+ (38*#4+29) *x"~3

+(#4-23) *x "2+ (21 *#4-7) *x+ (3% #4+8)

[118] asq(T);

[[x"5+(—2%#4-4) *x "3+ (—#4) *x "2+ (2x#4+3) *x+ (#4-2) , 2], [x+(#4+1) ,1]1]
ooooOoooO0o,[00,000jo00o00oO0,0000DOO0O0O, 00000000
000000000, 000, 000ooodo0oooooooooon,0ooooooon
ooag.

gboboooooon, Trager D00 00OO0O0OO0ODOOOOOOO,D0D0000000O,
gobooboobobooobooboobbooobooboooboobon.

[119] af(T, [A]);

[[x~3-x+(-#4),2], [x"2+(-2*#4-3) ,2] , [x+(#4+1) ,1]]
000 200,00 2000,rcot0000000. 000000O00O0O0OO, 0000 root O
0000o0ooooon. root OO0 OO0OOOOO. DOODO, 00000000000
gooooooobooooo. oo, oo oooo. ogooooooao.

gogboobooobbooboboooo,buooobboobbg 1bo000bobo0bbao
go,000o00oooob. obob,0bobobobobobobobooboogonog
gobooboobobooboobooboon.

[120] B=newalg(x"2-2%A-3);

(#5)

[121] af (T, [B,A]);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5) ,2], [x+(#4+1) ,1]]

9.4.3 U0O0ODOO

0o0o0o0oooooooo, 00000000, 0bbg0ooogooon
goboooooooo. oono spOO0OO.
[103] sp(x~5-2);
[[x+(—#1) ,2%x+ (#0~3%#1 " 3+#0 " 4*x#1 " 2+2%#1+2%#0) , 2*xx+ (—#0"4*#1"2) ,
2xx+(—#0"3*#1°3) ,x+(-#0) ],
[L(#1) , t#1" 4+t #O*t#1 3+t #0 " 2xt#1 "2+t #0 3kt #1+t#0~4] , [ (#0) ,t#0°5-2]]]

spO0 1000,000 1O0O0000O0O00, [lroot, algptorat(DOOO0O)] O0OOO]
O00o0DbOoOo0O. 02000 [root,algptorat(D0OODOO)] ODODODOO, 00000,
Uo0o0odoooooboooooonl recot 0. DUOOOOOOO,000goon
root UOOODODODOODOOODODOODLOODDOOD.

o0 1gbo0dbD1g0bo0ooon,g 2000 reot D00 oonooooog, spO
gbooooboobooboboobo. oboboobobooobooobg,bobog 110
oobooooboOo. «fOUO0b,0000Db00b0,0DO00bOO00DOODbOObODO.
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9.5 Lo ooooobgag

9.5.1 newalg
newalg (defpoly)

s root UOOODO.
return 0000 (root)

defpoly ooo

e defpoly OO DDOOUOOOODO (reoot) DODODODO.

e defpoly 00 0ODODODOODOO,9.10000000000p.141000.
[0] AO=newalg(x~2-2);
(#0)

g 9.5.2 0 0 defpolyl p.146

9.5.2 defpoly

defpoly(alg)

sroot OO OUOOOOO.
return agoao
alg 0000 (root)

e rootalg 00D OOODOOO.
e root Il #n U 0U0, 0000000000 t#n U0 DO.
[1] defpoly(AO);

t#072-2
gd 9.5.1 0 U newalgl p.146, 9.5.3 0 0 algl p.146, 9.5.4 O U algvl p.147
9.5.3 alg
alg(i) 00000000000 root OODO.
return 0000 (root)
i 0

e root#i O O.
e #i O UD0OL00ODLOLOODOOO,alg(h ODODODODO.
[2] x+#0;
syntax error
0
[3] alg(0);
(#0)

g 9.5.1 0 U newalgll p.146, 9.5.4 0 O algvl p.147
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9.5.4 algv

algv (i) walg() O00O0O0OO0O0O0OODO.
return goo
i gd

o OO t#i0ODO.

e t#i 000D ODOODODODOODO, algv() OOODOODOODOO.

[4] var(defpoly(A0));
t#0

[5] t#0;

syntax error

0

[6] algv(0);

t#0

g 9.5.1 0 U newalgll p.146, 9.5.2 0 O defpolyl p.146, 9.5.3 0 U algl p.146

9.5.5 simpalg

simpalg(rat)

2 0000000000000 bDooo00o.
return ooao
rat ooao

e ‘s UOUOOODOD.

o 1, U000,0000000000000O0,0000 recotdObonboboooonog.
e DD, 0D000D0DO0ODOOO,D0O0 reot OO OODO.
gbooboobo,boboobogooog.
gbooboobo,ooboobooobooooboooo.

[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp™)$

[46] simpalg((1+A0)/(1-A0));

(-2%#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(—2+#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1)) / (x+(-#0+1))

9.5.6 algptorat

algptorat (poly)
00000000 reotd,00000000000D0RO.

return goao
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poly gooo
e ‘s UOUOOODOD.
o JUUOIUDUOUNO root#n UUU t#n UOODODODO.
[49] algptorat((-2*alg(0)+3)*x~2+(1/7*alg(0)-3/7));
(—2%t#0+3) xx"2+1/7*t#0-3/7

g 9.5.2 0 0O defpolyl p.146, 9.5.4 O U algvll p.147
9.5.7 rattoalgp

rattoalgp(poly, alglist)
00000000 root 00 OO0O0OOOO root OO QOQUQ.

return ggd
poly ooo
alglist ooo

e ‘s JO0OOODOODO.

e 02000 root OOODOODO. rattoalgpO) 0,00 root O ODOOOOODO, O
OO0 root OO OOO.

[61] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7), [alg(0)]1);
(-2%#0+3) *xx "2+ (1/7*#0-3/7)

g 9.5.30 0 algll p.146, 9.5.4 U O algvl p.147
9.5.8 cr_gcda

cr_gcda(polyl, poly2)
200000 1000000 GCD

return goao

polyl poly2
o000

e ‘s 0O0OOODOODO.
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)

g 8.10.1 0 U gr hgr gr_modU p.118, 9.5.10 U 00 asq af af_noalgll p.149
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9.5.9 sp_norm

sp_norm(alg, var, poly, alglist)
s O000000o0ooooon

return goo

var poly 00O OO
poly 10oonon
alg root

alglist root 0O OO
e ‘s ODOODOO.

e poly 0,alg0000000000. 0000, K = Qalglist \ {alg}) 00000, poly
D000 algD,alg 0 KOOODOODOODODOODODOODOOODO.

e JOO KODODODOODODO.

e J0I0OUDODUOUUODUODUOD,DODUODUOOUOUODOOUOODOODOODO
000,000000000000000000. 0000 USELRESO 1000000
0000, 0000000000D0000bOO0Ooog.

[0] 1load("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]);
X766+ (2%#0) *x "4+ (#072) xx ™2+ (#0)

[42] sp_norm(A0,x,0@, [A0]);
x"12+2%x"8+5*xx"4+1

oo 6.3.14 0 O res p.48, 9.5.10 0 U asq af af_noalgl p.149
9.5.10 asq, af, af_noalg

asq(poly) = 00000 100000000000

af (poly, alglist)
af_noalg(poly, defpolylist)
00000 100000oogoon

return oon
poly ooo
alglist root 0O OO

defpolylist root 00000000 O0ODODOOODOOODOO
e NOODO sppODOOOODDOO.

e root HUUDODUUDOOOOOLOOOODOUOODLODOODLDOO, reot oo,
crgcda() DOOOOOOOOOODOOOODODO.

e 2f ) 0, 0000D00O,00000 2000, recot 000D ODODODO.
e alglist UODUUOD root U, 00000O0O0OOOOOO0OOOOOOODOOO.
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RN

af(F,AL) J0O0O0O, ALOO0ODOODODOODOOQODO, OD0DO0O0DO0OODOOO0ODO.
Al=[An,...,A1] 00000, D0 Ak O, 00000000000DOC00DO0O0O0O, O
gooooooooooooooooooooooo.

[1] Al = newalg(x~2+1);

[2] A2 = newalg(x~2+A1);

[3] A3 = newalg(x"2+A2*x+A1);

[4] af(x"2+A2*x+A1,[A2,A1]);

[[x™2+(#1) *x+(#0) ,1]]
af_noalg U0, poly UODUODOODOOODN aiODUODO viODODOODOO. defpolylist
O, [[vn,dn(vn,...,v1)],...[vl,d(v]))]] D00O0O0000O. 000 di(vi,...,vl) O ai 00O
0oooooooopooooo vjyOoOOoooooooooo.

[1] af_noalg(x~2+a2*x+al,[[a2,a2"2+al],[al,al1"2+1]]);

[[x~2+a2*x+al,1]]
000,00000000,0000000 [00,000]0000000. af_noalgO
00,00 000000000, defpolylist 000000000 0O0ODOOO.

oOo0oOoO00oDOOoOooboOooDoOo, polyOODOODOOOOOOODO.

[98] A = newalg(t~2-2);

(#0)

[99] asq(-x"4+6%x"3+(2%alg(0)-9)*x"2+(-6%alg(0))*x-2) ;
[[-x"2+3*x+(#0) ,2]]

[100] af (-x"2+3*x+alg(0), [alg(0)]);

[ [x+(#0-1),1], [-x+(#0+2),1]]

[101] af_noalg(-x~2+3*x+a, [[a,x"2-2]]);

[[x+a-1,1], [-x+a+2,1]]

9.5.8 00 cr_gcdall p.148, 6.3.15 0 O fctr sqfr0 p.49

9.5.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)

s gboooooooo.

return goao

poly

goo
‘sp) DOOOOO0ODOO.

000000 100000 polyODOOODO,00D000000C0 polyD 10000
gbooooog.

Od0,poly OOOODOOO,000000,0000000D0000DOOODOO
O.sponoalg 00, 00000000,0000000 (D0 #0000 t#i) 000
gopbod.bogoDb,spnoalg OO0, 00000O0DO0ODOODLODODODO.

000000, [root,algptorat(defpoly(root))] DOOOOOOOO0OOOOO. O
oo, 0dooobobobob,bbbdd,dd recot 0o,
oo, dddd rcot oo,

spOO 0,0000000000000 sponorm() OOOOODOOODO. ODOODOO
g, ggbobogboodgbobuoobobuob,oboooobobooboboooa,
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0000000000000 0DOO0O00DOOO0.000DbO UsSELRESDO 1000000
ooobh,0000b00bO0obOobOoboboobon.
[101] L=sp(x~9-54);
[[x+(-#2) ,-5d*xx+(#1"6*#274) ,54*x+ (#1"6*#2"4+54%#2) ,
54xx+ (—#1"8%#2°2) , —b4xx+ (#1"5*%#275) ,54*x+ (#1 "5*#2 " 5+#1"8x#2"°2) ,
—54xx+(—#1"T*#273-54*#1) ,54*x+(~#1"7*#2"3) ,x+(-#1)],
[L(#2) ,t#276+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 9.5.10 00 asq af af_noalgl p.149, 9.5.2 0O 0 defpolyl p.146, 9.5.6 O
U algptoratl p.147, 9.5.9 00 U sp_norm[] p.149.

9.5.12 set_field

set_field(rootlist)
s gogopooogoooogo.

return 0

rootlist root OO OO
e root UOOMO rootlist 0D OOOOODOOOOOOOOOODODO.
e root 1O DODDOODOOODODOOODO, rootlist 00000000 DOODOODO. (OO
o000oooooo.)
[0] A=newalg(x~2+1);

(#0)
[1] B=newalg(x"3+A);
(#1)
[2] C=newalg(x~4+B);
(#1)
[3] set_field([C,B,A]l);
0
g 9.5.130 0 algtodalg dalgtoalg dptodalg dalgtodpl p.151

9.5.13 algtodalg, dalgtoalg, dptodalg, dalgtodp
algtodalg(alg)
= 0000 algO DAlgODOOODO.

dalgtoalg(dalg)
 DAlgdalg 000000 DOOO.

dptodalg(dp)
200000 dpO DAlgOODOODO.

dalgtodp(dalg)
m DAlgdalg UUODODOODODOOOO.
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return O000,DbAlg 00D [DOOOO,00]0000O
alg root DO OOODOO
dp oo0oooooooon

e root UUUDOUUODN,DAlgUIDDOODODOOOOOODODOO.
e DAlg D UDODODO, set_field() OO DODODODODODODOODODOODO.

e dalgtodpO U, 00 000DO0ODO0ODODOODO,0D00OD0ODODODODODODODO
goo.

e algtodalg(), dptodalg() DO OO DOOODOOODDO.

[0] A=newalg(x~2+1);

(#0)

[1] B=newalg(x"3+A*x+A);

(#1)

[2] set_field([B,A]);

0

[3] C=algtodalg((A+B)~10);

((408) *<<2,1>>+(103) *<<2,0>>+(-36) *<<1, 1>>+(-446) *<<1,0>>
+(-332) *%<<0,1>>+(-218) *<<0, 0>>)

[4] dalgtoalg(C);
((408*#0+103) *#1 "2+ (-36*#0-446) x#1-332*#0-218)

[5] D=dptodalg(<<10,10>>/10+2%<<5,5>>+1/3%<<0,0>>);
((-9) %<<2,1>>+(57) *<<2,0>>+(-63) *x<<1,1>>+(-12) *<<1,0>>
+(-60) *<<0, 1>>+ (1) *<<0,0>>) /30

[6] dalgtodp(D);
[(-9)%<<2,1>>+(B57) *<<2,0>>+(-63) *<<1, 1>>+(-12) *<<1,0>>
+(-60) *<<0, 1>>+(1) *<<0,0>>,30]

ud 9.5.120 0 set_fieldO p.151
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10 oo ooood

101 oo obooagd

Asir 00000,0000,00000 GF(p), 10 20000 GF(2°n), GF(p) 0 n OO
0 GF(p’n) 0000O00. 000000, setmod_f£() 00000O00D0.

[0] P=pari(nextprime,2750);

1125899906842679

[1] setmod_ff(P);

1125899906842679

[2] field_type_ffQ);

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);

x"50+x74+x"3+x"2+1

[5] setmod_ff(F);

x"50+x74+x"3+x"2+1

[6] field_type_ffQ);

2

[7] setmod_ff(x~3+x+1,1125899906842679) ;

[1*x~3+1*x+1,1125899906842679]

[8] field_type_ffQ);

3

[9] setmod_f£f(3,5);

[3,x"°5+2%x+1,x]

[10] field_type_ffQ);

4

setmod_ff() 0, 000000000DO00DOOODODOOOOOOODO.ODOODOOO p

D00 GF(p), n 0000 f(x) 000, f(x) mod 2000000000 GF(2°n) 0000
ooo0ooooooooo. oo, 0o0oooboooooooooo. ooono 32000
O00Op.12000. setmod_f£fO) DD O 0OO00O0OODOOOOOODOOOO, 00000000
goo.

gbooog,gbooobooboboobobtbooboobobooboobooooob,bob
goooboooboobooboobobb. oo, oobooboboboboobbooobg
g.go,bo00bobooboobboobbooboooboobb,o0bboooboo
gooboooobooobog,0boobooooog.

oooooooooo,obgboobgobob,0bo0ob0ob 10b00.000,0000
O0oooo0ooooo,GF(p)OODO 6,GF(2n) 000 7000.

00000000000, 00000000000000. GF(p) OO0, simp_f£f() O
o0.
[0] P=pari(nextprime,2°50);
1125899906842679
[1] setmod_ff(P);
1125899906842679
[2] A=simp_ff(27100);
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3025

[3] ntype(@®);

6
O00,GF(2n)0000000O00O0OODODO.

[0] setmod_ff(x"50+x"4+x"3+x"2+1);

x"50+x74+x"3+x"2+1

[1] A=@;

(®

[2] ptogf2n(x~50+1);

(@~50+1)

[3] simp_£ff(@®@);

(@~4+@"3+0@"2)

[4] ntogf2n(2710-1);

(@"9+@"8+0"7+@"6+0@"5+@"4+Q@"3+@"2+0+1)
O000000000,000000000.e0 GF(2'n)0O,GF(2)0O00O0DODOOO.

o000 3.2000000p.12000.

10.2 DOUO0O0Ub0 1 00ogoon

“ff£’00,00000 1000000C00,00000,DDF, 0000, D000000£O
goboooboooboboon.

0000,000 [00,000]00000000,000 monicODO,000000
gbooboooooo.

O000O0O0,0000000000 GCbOOoOooOoOooOoOOooooooooooog
gooooooon.

ooooooooOooo,DbbrOO0O,000000O00000, Berlekamp OOODOOO
OOoooo0O0,00000000000DO00,0000 Cantor-Zassenhaus 0O O0OO
gbobobo,gbobogbobgobon.

103 DOOonoooooobooood

gbooooboobobooobooo,oboobboobooboboobbooboooon
O00D0. 000 sffetr(QO OO0, OO0, modfctr() 0, 0000000000000O00O00O0
oooooo,00bobo,bo0ooooboooooog, stfetrOQ ODO00OO0DDO, 000
gboboboboobooo,bobobobobobg.

104 DOUOOOUOUOOUooooon

gbooboooboobbooobooooboobobooboo,ooboooboboooboooon
go.

O0000000,00 200000 [abjO00O0. a b0000O00O0O, setmod_£ff 00
Uo0Db0bO0DbOobOonognog, y2=x"3+ax+b, 00 200000 y 2+xy=x"3+ax~2+b
gogd.

00000000, 00000000000000. 00000000, 00 (ecm_add_
£f£()), 00 (ecm_sub_£f£f()) 00000000000 OO (ecm_chsgn_£ff()) 000000
ud. doooao,ooboooooodoaaad,
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e JODODOO O.
e J0UU0OUD,00 300000 [xyz.000O,z00000.

D00000O0. xyz 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]0OOODODOOOOO00000000,[xy1]000
0000000000000. 000000000000000,2000 10000000
0,00000000000000 x,y000 20000000000.

105 DOOOOoooboooooa

10.5.1 setmod_ff

setmod_£f ([pl|defpoly2])
setmod_£f ([defpolyp, p]l)
setmod_ff([p,n])
s 000000,000000000000,000DOoobOOoo

return gogodaoon

p oo

defpoly?2 GF(2) 0000 100000
defpolyp GF(p)OOOO 100000

n oooo
000000 p0O0O,GF(p) D0O0D0O0OOOOOOO.

000000 defpoly2 00, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
2)000000oooooo.

e 00D defpolyp 0 p OO, GF(p~deg(defpolyp)) DODODOODODOOOODO.

000 pO0 nO00,GF(prn) 00000000000, pon0 272900000000
gob.dd,pb 271400000,n0 100000000O0O.

00000,00000000000 GF(p)OOO p,GF(2"n) 0000000000
0. 0000 setmod_£ff(defpoly,p) DO 0000 GF(p~n) OO0, [defpoly,p] OO
0.0000 setmod_ff(p,n) 000000 GF(p~n) 00O, [p,defpoly,prim_elem] O
O0.000,defpoly 0, n000000000, primelem 0, GF(p"n)0 00000
goooood.

GF(Q”H)DDDDDDD,GF(Z)D nd00000000000O, 0000000004,
defpoly_mod2() DD OODOODODO.
[174] defpoly_mod2(100);
x7100+x715+1
[175] setmod_ff (@) ;
x~100+x715+1
[176] setmod_ff();
x~"100+x"15+1
[177] setmod_ff(x"4+x+1,547);
[1*x~4+1%x+1,547]
[178] setmod_ff(2,5);
[2,x°5+x"2+1,x]
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go 10.5.14 0 O defpoly_mod20 p.161
10.5.2 field_type_ff

field_type_ff()
s o000oooooooooa

return o0
e JI0OOIOOODOOOOOOOOO.
e DOUIDOOO O0,GF(p) 0D 1,GF(2"n) 00 2000.
[0] field_type_ffQ);
0
[1] setmod_ff(3);
3
[2] field_type_ff(Q);
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ffQ);
2

o 10.5.1 0 O setmod_£f£00 p.155
10.5.3 field_order_ff

field_order_£ff()
2 0000000000000

return 0
e J00ODODODUDDDDOD (DODD)OODO.

e J0DDODODOOO 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
oo 10.5.1 0 O setmod_f£f[ p.155

10.5.4 characteristic_ff

characteristic_ff()
s 0000oooOoooo
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return o0
e JI0OOOOOOOOOOONDO.

° GF(p)DDD p,GF(?An)DDD 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_££fU p.155
10.5.5 extdeg_ff

extdeg_ff()
= 00000000000,0000000000

return o0

e JOUODODODOLO,0DbODODLODODODO.
e GF(p)ODOD 1,GF(2n) 000 nODODO.

[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 0O setmod_££01 p.155
10.5.6 simp_£ff

simp_£f (obj)
s 0, 00000000000000D0O0000
return goooooo
obj ooooooo
e 1, 00000DOODOODODDOODDOODODOO.
e 0, 000D000DOODOO,DOO0,00D0O0OODOODODODODOODOODO.
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e JOUDOUDLODL,DIDUDUDLUDODODN reduction DO DODOOODOODO.

o DO ODOOODOODLOODOODLO,DO0DLODLOODODLOO,bO0bOObDOObOOonOg.
0000000000000 ptosfp() OODODO.

[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]1 ptosfp(2);

@_1

oo 10.5.1 0 0O setmod_££0] p.155, 10.5.8 U U Imptopl p.158, 10.5.10 U U gf2ntonl]
p.159, 10.5.13 0 O ptosfp sfptopl p.161

10.5.7 random_ff

random_£ff ()
s 000oooooog

return gooono
e JI0OOOOOOOOODO.
e random(), lrandom() OO DO 32bit 00 O0O0O0OO0OOODOO.

[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

ggd 10.5.1 00 setmod_£f£1 p.155, 6.1.8 O U random[] p.35, 6.1.9 0 0 1randomU p.35
10.5.8 1lmptop

1mptop (obj)
» GF(p) DUOODODOO0ODODOOODOOOO

return goooooo
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obj GF(p) 00000
e GF(p) 00ODODOO0O0O0O0O0O0OOOOO.

e GF(p)UOD,000 pOOOOO0O0DOOOOOOD.DO0DODOOOOO,00D0D00OO
000000 (@000 oboooooooooo.

[0] setmod_ff (pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1%x710+1099511627781%x~9+45%x~8+1099511627671%x"7+210%x"6
+1099511627539*%x"5+210%x"4+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%x"2+537*x+1

[4] lmptop(F);
x"10+537%x"9+45%x"8+427*x"7+210%x " 6+295%x " 5+210%x~4+427*x"3
+45%x"2+537*x+1

[56] lmptop(coef(F,1));

537
[6] ntype(QQ@);
0
g 10.5.6 0 O simp_££0 p.157

10.5.9 ntogf2n

ntogf2n (m)
0000 GF(2°n) 00000

return GF(2"n) OO

m goad
e D00 mO 2000 m=m0+ml*2+. +mk*2-k 000, GF(2°n)=CGF(2)[t]/(g(t)) O
0 mO0+mI1*t+..+mk*t"k mod g(t) OO O .
e NODODDDDODODODOOOOOOOODOOOOO,simp_f£O O00000O0O0ODODODO.

[1] setmod_ff(x"30+x+1);
x"30+x+1

[2] N=ntogf2n(27100);
(@~100)

[3] simp_ff(N);
(@"13+Q@"~12+@~11+Q@"10)

oo 10.5.10 0 O gf2ntonl p.159
10.5.10 gf2nton

gf2nton(m)
©» GF(2~n)0O0O0O0OODODOO

return gooao
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m GF(2"n) OO
o gfonton U UUOOOD.

[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] N=gf2nton(27100);
(@~100)
[3] simp_ff(N);
(@~13+0@"12+@~11+@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gfonton(simp_£ff(N));
156360

g 10.5.10 O 0 gf2ntonl p.159
10.5.11 ptogf2n

ptogf2n(poly)
0000000 GF(2~n)00OODODO

return GF(2"n) OO

poly 0oo0oooO

e poly 000 GF(2°n) 0000000 .000,2000000000000. poly 00O
OO0 edbdoooooooon.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] ptogf2n(x~100);
(@~100)

g 10.5.12 0 0 gf2ntopl p.160
10.5.12 gf2ntop

gf2ntop(m(,v])
+ GF(2°n) 000000000

return gooooo
m GF(2"n) OO
\% oood

e mUUIODO0OD,00D0O0D00O0ODODOOO0ODOODLDOOD.

e vOIUODODOOOO,00DO ptogfon() 0 UDODOOODOUDODOOOO (DDODOOODO x),
gboboboobooobooooooooooooooooDoon.

[1] setmod_ff(x~30+x+1);
x~30+x+1

[2] N=simp_ff(gf2ntop(2°100));
(@"13+0@~12+@"11+@"10)

[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x"11+x"10
[208] gf2ntop(N,t);
t713+t712+t711+t710

RN 10.5.11 0 O ptogf2nll p.160
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
20000000000, 000

return goao

D ooo

e ptosfp() U, 0000000,000000000000000GF(prn)000OO0OO
go0.000000000ooooooooooO0. 000000, 0DooooooOgo
oooo0o,00 p0d0d p0dd0,pd xO0000CDOOOODO,000C0000
O00.000,GF@3°5) 0 GF3)[x]/(x™5+2*x+1) 000000 0,00000000
x0OUO0OOO0O0OO0 k000 e k0000000 D.0000,000 23 =2%3"2+3+2
0,2*%2+x+200000,00000 x" 1700 x5+2*%+1 000000, .17 00
oooog.

e sfptop() O ptosfp() DD 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
00 10.5.1 0 O setmod_££0 p.155, 10.5.6 0 U simp_££0 p.157

10.5.14 defpoly_mod2

defpoly_mod2(d)
» GF(2)UDU0000O0ooOooooo

return goao

d goo
o ffEP00DO0OOODODO.
e J0D0DODOD dOOO,GF(2)0 dOODOOODODOODODO.
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e I OO 3000O00DOO,0 200000O0DOOO0OOD 300,00 0030
gooboooboogo,o0sboooboo,b 200000boo0ooobo,ooobooa 3
gbobobooboboob,bobob 4000000000000D00OD0ODO.

HEN 10.5.1 0 O setmod_££0 p.155

10.5.15 sffctr

sffctr(poly)

000000000000 00000
return goao
poly ooooo ooo

e DD, 00DO0DOODLOODDOODLOODDOOD.

e 00O, [[flml],[f2,m2],..] 000000 00. 000,fi0 monicO00O000, mi 00
gooooogd.

[0] setmod_ff(2,10);

[2,x710+x"3+1,x]

[1] sffctr((z*xy 3+z*xy)*x 3+ (y 5+y~3+zxy 2+2)*x"2+z" 11*y*x+z2"10%y~3+z"11) ;
[[@_0,1], [@_O*z*y*x+Q@_0xy~3+Q_0%z,1], [(@_0*y+@_0) *x+@_0*z"5,2]]

oo 10.5.1 0 O setmod_££0 p.155, 6.3.17 U O modfctrl p.50
10.5.16 fctr_ff

fetr_ff (poly)
1 0000000000000000

return goao

poly 00000 100000
e £’ 000000 OD.
e 00000D0D0,00000000000000000000.

e 00O, [[fl,ml],[2m2],.] 00000000. 000, fi0 monic00000, mi 00
ooooooO.

poly UODODOODOODODO.

[178] setmod_£ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1] , [1*x+6782485570826905238,1],
[1*x+15987612182027639793,1] , [1*x~2+1*xx+1,1]]

ud 10.5.1 0 0O setmod_££0 p.155

10.5.17 irredcheck_ff

irredcheck_£f (poly)
1 0000000000000000
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return 011

poly 00000 100000
e £’ 000000 OO.
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

ud 10.5.1 0 0O setmod_£f£0 p.155
10.5.18 randpoly_£ff

randpoly_ff(d,v)
00000 o000 1oooooogo

return goao
d goo
\% ood

o ff’00O0OLOODOO.

e 000,000 vyOOOUOOOOOOOOUOOOOOoOooo 1oooooooooo.
000 random_£f£f() OOOOOOOO.

[178] setmod_£ff(2764-95);
18446744073709551521
[179] 1 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

od 10.5.1 0 O setmod_££[1 p.155, 10.5.7 O O random_££[ p.158
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff

ecm_add_£f(pl,p2,ec)
ecm_sub_£ff(pl,p2,ec)
ecm_chsgn_ff(pl)

s dooooooooo,odo,o0

return ooooooo o
pl p2 OO0 300000000 0
ec OO0 200000
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00000000000000,e 0000000000000 pl, p200 pl+p2, O

pl-p2, 00 -p1 OODO.

e cc0,000000D00DDOOOOOOOOODO, y 2=x"3+ec[0]x+ec[l], 00 2000
y " 2+xy=x"3+ec[0]x"2+ec[l] OO O .

e I, 00000,00000000D0DO.

pl,p2000 300000000, 0000000000D00000. 0DODO, O 3
oo ooooooooog.

goooo 3soooboooo,030bbobobbo,1b0boob.0bboon
goobobooboboob,b1o00,b 20000 300oboboobooOoO.

pl,p200000000000DOODOOOOODOODO.

[0] setmod_ff(1125899906842679)9%

[1] EC=newvect(2, [ptolmp(1),ptolmp(1)]1)$

[2] Pti=newvect(3,[1,-412127497938252,1])%
[3] Pt2=newvect(3,[6,-252647084363045,1])9%
[4] Pt3=ecm_add_ff(Pt1,Pt2,EC);

[ 560137044461222 184453736165476 125 ]

[5] F=y~2-(x"3+EC[0]*x+EC[1])$

[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]/Pt3[2]);
0

[7] ecm_add_£ff(Pt3,ecm_chsgn_ff(Pt3),EC);

0

[8] D=ecm_sub_ff(Pt3,Pt2,EC);

[ 886545905133065 119584559149586 886545905133065 ]
[9] D[0]/D[2]==Pt1[0]/Pt1[2];

1

[10] D[1]1/D[2]==Pt1[1]1/Pt1[2];

1

ud 10.5.1 0 0O setmod_££0 p.155
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00 A OO0

Al O00O0O0OO

<gd>:

((2<D>())

<O><O00000> <0>

‘0 <[>

‘= <>

<goo»>

OO0O><Ogggogoo> <d»>

<O000O> “++°

000> ==

‘“++ <O 00>

‘--> <OgQOo»>

‘10 <>

<Od> ‘7?2 <0O> ¢ <0O>

<O0O> ¢ <OOd> ¢)?

<d00> “C <000> ¢ <00oogoogos> <)

000>

<0O0oogo»>

000>

<0o0ogd>
(42.10000000000p.22000.)
<g0O0>:

00> [‘[°<O0>¢]°]=
<gO0000»>:

f+) € Gy t/) f%) ¢*)(D)

C==) (=) () (3 (g=) Cy=) (ge cII;
<gO0000»>:

() (+=; (_—=» {*=) ¢/=; t7=) C~_)
o

<OgoOd>:

<d>

<O> [¢,” <O>]*
<Ogooodo>:

alphabet DO OOOOO =2 <O>
<0Ooooogdd>:

<ggood»>
<OO00ooo> [¢, <OOoooos>]x

<OOOd»>:
‘> <Ooog»> ‘]°
<O 0O>:
ooooooooogd X,Y,Japan OO)
(42200000000000p.1800D0O.)

<gg>:
O000oO0Ooooon (fetr,ged O00O)
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<00O0>:
goog»>
<0>

<00O0>:
0000000000 (a,bCh,ci_2 O00O)

(42200000000000p.18000.)

<gd>:
<0O0d>
<0Oooo»>
<0ooo»>
0>

(32000000p.12000.)
ggo>:
0, 1, -2, 3/4
ggoo>:
0.0, 1.2e10

<OgOoogd>:
newalg(x~2+1), alg(0)~2+1

(090000000 DOOUOOOp.141000.)

<gogd>:
1+@i, 2.3%@1i

<0o0Oag»>:
‘o O00oQ00O0o00oa

boooog»>:
‘> <O O00O> >

(080U UooOoOoooUOdp.110000.)

<gd>:
<O> <O 0>
<0 >
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0O>
‘return’ <0O> <O 0>
“if’ ‘(> <QOO0> ¢)’ <«O0>
“Aif <O O0O> ) <O> ‘else’ <O>
‘for’ ‘(> <O0OO> “;» <QO0O> ¢;?» <«OO0O> )’ <O>
‘do’ <O> ‘while’ ‘(> <OO0O> ¢)’ <O00O>
‘while’ ‘(> <O OO> ¢)’ <O>
‘def’ <O 0> “C <O0OO> <)’ > <O0O000O0><O000> ¢}
‘end(quit)’ <O 0>

(4250000p20000.)
<O 0>:
R N
<ggod>:
[‘extern’ <O 0> [¢,” <O0O>]* <O 0O>]x*
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<gQd>:

‘> <«goo> p
<ggno»>:

[<O>]*

A2 J00DO0OooDbooOooboobg

0000000000000 (000000 ‘/usr/local/lib/asir’) 000000000
gboboobooobboobooobo. booboooboobooboooboooog.

i i 0000000000 2000000000000000O0 (D 1000000
O00000Op.153000.)

‘gr’ 0000000000000, (080000 DUO0OUOOOp.110000.)

‘sp’ 00000o00U0oo00oo0,00000. (D9000DUDOOOOUOOOOO
p.141000.)

‘alpi’

ngk7

‘cyclic’

‘katsura’

‘kimura’ 0o000o0oooO00OooOo0, b00ooooO0ooooOooooo. (8.10.300
O katsura hkatsura cyclic heyclicd p.13700 0 .)

‘defs.h’ 0O0OO0O0OOOOOO. (42110000000000p.23000.)

‘fctrtest’
00000000000 00000. REDUCE O ‘factor.tst’ DO OO OO
J00d0DoOo0000dd. 0dd,lead) DOOOOODOOODOOO. OO
00 Asir 0000000000 0OO0OOODOOOOOOOOOO.

‘fctrdata’
‘fetrtest’ 00000000000, 0000000000. Alg[] 00000
00000, afO (9.5.100 0 asq af af noalgl p.149) OO O OO O.

[45] load("sp")$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Alg[5];

X"9-165*%x"6-87*x"3-125

Omsec

[177] af(Alg[5], [newalg(Alg([51)]1);

[[1,1], [75*x" 2+ (10*#0"7-175%#0"4-4T70*#0) *x
+(3%#07°8-45*%#0"5-261*#0"2) ,1],

[75xx" 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) xx+(#0°2) ,1], [x+(-#0) ,1]]
3.600sec + gc : 1.040sec
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‘ifplot’

‘num’

3

mat’

‘ratint’

‘primdec’

168

00 (7.5.1500 ifplot conplot plot polarplot plotoverdp.106) D OO OO . IS[]
goooooooo,oo s, b, Cc,sO00000OO0OOO, 000,000, d
000 (hoo)booooooooo.

gbobobooboooobooo.
gopbooboooobooooag.

OboobOobgoDog. 'sp),'gry 000, ratint() DODOODOOOODOOOODO
g, 0ooboboobooobooo.ooobog.

[0] load("gr")$

[45] load("sp"™)$

[84] load("ratint")$

[102] ratint(x"6/(x"5+x+1),x);

[1/2%x°2,

[L(#2) *x1og(-140*x+(-2737*#2"2+552*#2-131)) ,
161%t#2°3-23%t#2"2+15xt#2-1] ,

[(#1)*Llog (=5*x+(—21*#1-4) ) ,21*t#172+3*t#1+1]]]

OO0000,x"6/(x"6+x+1) OO OOOODOOOOOOODO.O0D0O0 20000
goooobooobo,01b0oboooobobobo,020b0000bOo0n.
Oo0o0o00oooooooooob,0n0o0n, [root*xlog(poly) ,defpoly] O
oooooobO0. obg,0b0bob00obgn, defpoly DOODOO root U
000 root*xlog(poly) DODOOIDOOOODOODOOOOODOODOO. OO
UpolyOroot UODOOOO, root UOOOODODODOOO polyOODOOO
gboooooooobob.ooobob,b0b0o 200000000000DO,
gbobobobobobobobobo.

0o0o0oooboooooooooooooboooooooooooboooooo
(8.10.31 O O primadec primedec p.138 0 0O ).

‘primdec_mod’

‘bfct’

00000000000000000000000 (8.10.32 00 primedec_mod(
p.13800).

bO0O00OO. (8.10.33 O O bfunction bfct generic_bfct ann ann00 p.139 0 O ).

A3 0000OOOoDDOO

DOS O, Windows 0000000 O0ODOOODOOOOOO0ODOOODOOOOOODOO
gooobooboooboobo. UNIXObOoobooooobobooobobooooob,boob
ooooooobooobooooooooDobo0.0bo0 AsieDO000O0O0O0OD ftp O
O000. ftpserver 00000 130000000p2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOO0ODODOOOOOOO0ODOCOOO
ooboobOooooo. window OOOO0OOOOODOOODOOODOODOODOODO
0000000000000 00000. 0000000000 OoooooOoDoO,0000
00oo0o0000o0o0o0o00ooUo0. D00ooooooooD,000000ooogo
0000000000000 00DO0. O00000D00OD0O readonly OOO,00000
oooooooooooooooo.
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A.3.1 fep

fep00,SRAOO00OOOODOOODODOODOOOOOOCOCOCO,000000O0O0OOOOO
O0000D0O00. 0000000000 esixy 0000000000 viOOOO emacs
oobooooobooobbooooD eshooobooooooooooo.

% fep asir

[0] fctr(x~5-1);
[[1,1],[x-1,1], [x"4+x"3+x"2+x+1,1]]

[11 n /* !1+Return */
fctr(x~5-1); /# 00000000 oooooo =/
/* 0 0 +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep0 0000000000000 ODOOOODO,000000000 makeOOO OO (OS)

oooooobo.ooboooooooboobooboooooooDooDbOo,ftpoobbOO
goo.

A.3.2 asir.el

‘asir.el’” O, Asir O GNU Emacs 0O OOO0OO0OO0OO0OO0 (DOOOOOOO
(YVE25250@pcvan.or.jp). ‘asir.el’ 0000, 000 emacs 0000000 0OOOO,
00000,000000 completion 0O00OOO0OODOO.

‘asir.el’ 0 PC-VAN OO UOOOOOOOOO,000000D0C00000DOCOO,0O
OO0 ftp0O00ooooDoO0.

ooobob,b0bdb, esir.el’ D00 0OOOOODOOO.

A4 00000O0OODOOOOO

Asir OO000O0O00O0COOOO0OO0OOO0DOODOOOOOO0OCOO, OpenXM OO0
00, 000000O00O00O00O0DO0DO0OCOODOO0OOO0. ODOOODbO, GCOOooo
0000 ‘libasir-gc.a’ 0O OO OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) DO0OOO. O0OOO0 OpenXM OO0 O0OD0OOOOOOOODOOOODOO
O,00000pen XM O0000O0O0O0DOO0COOO0O0ODO. OpenXMrootOOOOOO
O$0penXM_ HOMELO OO. OO00OO0OO0OO0O0O0O0OOO ‘$0penXM_HOME/1iv’ OO OOODOO.
oooooooooo 300o0o0.

e ‘libasir.a’

PARI, X11 O0O0OO0OO0OO0OO0OCOO. 00000 ‘libasir-gc.2a’ 0O0000O.

e ‘libasir_pari.a’

X11ogooooooooDb. bboO0o00 ‘libasir-ge.a’, ‘libpari.a’ 0 0O0.

e ‘libasir_pari_X.a’

000o0000o0.Db0b000 ‘libasir-ge.a’, ‘libpari.2’ 000 X11 OOOOOO

ooooooo.

gbooobboogboaboooobgd.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 0 O000O0OD0OODOOO0 CMODOODOOODODOODO
OO000. byteorder 0 0 O0DOOOO0OOO byteorder OO O. 1 000 network
byteorder 00 0O0O. OO0OOOOOOOO 0, 0000 -10000.

e void asir_ox_push_cmo(void *cmo)
00O00OooOoo0O0O cMOODODO Asr O0O00O0O0ODOODOODOOOOO 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()
oopoDoOoDbOo0ooOoD Ase OO0O0 CcMOOODOOOODOOODOODO. 00O
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
OO0oo00o0o0Do Asic000O0O popO,CMOUOOOOO c;;oOO00OOODOO
gogo,cMoOb0O0OOOO. DooOo,cMOD0O0O000 ImitO0OOO0O0OOCOO
-1000. emo 000000000 Imit000D0000OODOODOOO. ODODOO
CMODOOOOOOODDOOODOOODDOO, asir_ox_peek_cmo_size 00O 0OO.

e void asir_ox_push_cmd(int cmd)
00D00o00oo0ooo0dg emddODO0O.

e void asir_ox_execute_string(char *str)
Asir 000000000 str 0000, 0000000000 pushOO.

include 0 OO header file 0 ‘$0penXM_HOME/include/asir/ox.h’ OO O. OO
header file D0, OpenXM OO O0OOO0O tag, command 0O O0O00O0O0O0OOO. OO0O
(‘$0penXM_HOME/doc/oxlib/test3.c’) 000000000 DODOO.

#include <asir/ox.h>
#include <signal.h>

main(int argc, char **xargv)
{
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 = O;
char *kwd, *bdy;
unsigned int cmd;

signal (SIGINT,SIG_IGN);
asir_ox_init(1); /* 1: network byte order; 0O: 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(bufl[i]); i++ );
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if ( 'buf[i] )
continue;
kwd = buf+i;
for ( ; buf[i] && !isspace(buf([i]); i++ );
buf [i] = 0;
bdy = buf+i+l;
if ( !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 ( 'c)
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = 0;
} else
h[0] = c;
bdy++;
}
if ( h[0] )
fprintf (stderr, "Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo (sendbuf) ;
}

} else if ( !stremp(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) )
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printf ("\n");
}
printf ("\n");
}
}
}

O0Ooo0DOoO0d, keyword body U0 100000000000 keyword JODODOOO
gooooooo.

e asir body
body O Asir 00000 DOODODO, 0000000000 pushOO. asir_ox_
execute_string() DO DO ODOO.

e push body
body 0 16 OODOO0OOOO CMOUODOOODOOO,Asik00000ODOOODOOOO
0000 push OO. asir_ox_push_cmo() 0O O0OODO.

® pop
0odbobOobobooboboo cMOUObOOD,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() OO OOOO.

e cmd body
body 0 SMODOODOODOODO,0000. asir_ox_push_cnd() O0O0OD0ODO.

As5 OO0

A.5.1 Version 990831

40000000.000 32pit00, 00000000000 0ODO0ODO,0D00DO0ODO
OOo0o0O000DOoO00DOOO00D. 000, Windows OOOO, plot00O0O00O0O,00
goog.

O0D0O0O00000000000000,000000 bsavefile0O0O0OOO0O0O bload27
gobobobob,bobgobon.

A.5.2 Version 950831

Ab.2.1 OO0OO

e J0ODODOOOOOOOOOOODODO.

e finish OO OQOODO.

e up,down, frame U O O0OD0OO, 00 00O00OOOOOODOOO.
e trace DO OOMN.

Ab.22 000000

e sdivOQ DUODOOOO,00000DOOOODOO.
e sdivm() OO, 0000000D0000O0COO.
e det(), resO DOIDOOOO,0000OODOOOOOODO
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e vtol() (0DDODODOUODOUDODDOO)DODODO.
e map() OOO.

A.b5.23 00DOO0OO

o JOIDDOOOODODOOODODODOO.

grm(), hgrm() 0 gr(), hgr(O 0 ODO.

grO,hgr) D000, 00000DO00ODODODO.
goooooooooooon.
gobooooobooooobooaa.
gobooboobobooboooboboobooboog.
e OO DUOIOOODODDODOUOOODODO.

Ab5.24 00O

oooooooo,oo0ooo.

0o0bOoOo GCbooooooooooooooag.
dooboooooooooo.

e Windows OO 0OO.

A.5.3 Version 940420

gooooo.

A6 OO
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