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0 10 Introduction

1 Introduction

1.1 00obogga

goboobooooboobooooobg.

1. Introduction
00000000, notation 00 OOO0DOO

2. Risa/Asir
Asir 00, 000000000

3. O
Asir 0O OO0

4. 0O0OOO Asir
Asir 000 QOQOQOoOoOoO

5. ooOno
ubbooboogboobo

6. 000000
gboboboboobooobooboob

7. 0000
gboboobooboob,00booo

. DOOoOooboogooo
ubobooboogbooob,o0ooo

9. DooobOoOoooo
ugbobooboabob,0obobon

10. OOOobOOoboOooo
oboooooooo,0bobo

11. 00O
gbooboo,b0oooboobogobb,0obbooboob,00b, o

1.2 Notation

0doooooooo,0dooboboooooobooo. obooooooooa.
o 1OID,0D00DODOOOOODODOO.
gcd ), gr
o OO DOUOODODUOOODL,DU0O0ODLDDOOO.
int, poly
o IUIDOO,00bUIO0O0DLOOUO0OOLODLOUOOODOOOn.
‘dbxinit’, ‘asir_plot’
e I00DDODO,0D0D00DDOOOOODO.

[0] 1;
1
[1] quit;
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e JO0ODODOO, ] 000O0ODOODODDOOOOOOO.
[Boehm,Weiser]
e 0000, 00000O0OOO, JOOOOODODODO. ODO,0000000000,
(I+x00000.
setprec([n]), diff (rat[, varn] *)
e shell (csh) 00DOOUOO %00000.000,000000000,rcot00000
0000000000000 #00000.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
%
e J0DDODOD Z, 00000 Q,000 R, 0U0000 CUOOUOO GF(q) (qOOO
O)ooo.

1.3 0000

Risa/Asir (‘asir2000.tgz’), PARIOOOOO00OO (‘pari.tgz’) 000 Windows 0000
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,000000000000O0O0OO0OO/00000000000.Risa00000O0O
goood.

gooond

O00,Risa0000000000COODOOOO (O,00000)0OD0000000O
O0obO0o0o0Og, UNIX O ‘1ibe.a’ 00000, 0000000000D0. ODOO
00,CO000 000000D0000,0000000000000 Asir000O0D00O
goobooboooon.

ooooon

Risa 00O, DOOOO0ODOOOO, [Boehm,Weiser] D OOOODOOOOOOO
(gc-6.1alphab) OO O0O0O0O. OOOOOOOOOODOOO (DO GCOOO)OOO
0000000000000 DOd,Risad00000D0DO0O0DOOOODOOOODOO0O
ooono.

Asir

Asir 0, Risa 0000000000000 O0O0DODODODOO. RisaOD, 0000000
0000000 0oOO0O0O000000000ogo. Asir0000000000O00ODOO
0ood,cCcOb0dooopoodo. oo, cOo0p0nooonoonoooDooong dabx d
ooooooooooo.

2.2 Asir 0000

Asir 0, 00000,0000000000D000000000. 00 Asir000DO0OODO
gobogoboobooboboo.boobbooboobbooboobboooboobg.

CcoO0OoOooooon
0,000,0000000(0)

0000,00000

000000000

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

dbx 000000

oooooo

PARI (6.1.1400pariD p.3900) 0000000000000000
UNIX 000000000 (Open XM)

2.3 Installation

gboooboboobog,booboobbooboobooooboo
noro@math.kobe-u.ac. jp

OO0 email OOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOUOUDOD ‘asir.tgz’ 000000 . 000000 gzipOOOOO
0000,000 gzipOODOOO. 0O0,000000000000000000. OO0
0000 ‘/Yusr/local/liv’ U ‘asir 00O ODOO0OOODOODOODOODOODOODODOOO
0O00000. 0000000000000 00D000OO000000.

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

Oooooooooooo, sHovED 0 O0O0O00oon.

% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
O000,0000000000000000000 ASIR_LIBDIROOOOOOOOOO.

% setenv ASIR_LIBDIR $HOME/asir
Asir 000,000000000000 ‘asir 000. ‘/usr/local/bin’ DO ODOODOO
000000000000 00oo0o0ooooooo0oooooooooon.

# 1In -s /usr/local/lib/asir/asir /usr/local/bin/asir
000 ‘asir 0O0O0QOGO0O.

% /usr/local/bin/asir

This is Risa/Asir, Version 20000821.

Copyright (C) FUJITSU LABORATORIES LIMITED.

1994-2000. All rights reserved.

(0]

2.3.2 UNIX source code version

00,000000000000000O0O000000b0. 0O0bO0O0,0000b00000
ooooooo.
e bin
PARIOOO Asir OODOOOODOODO
e lib
PARIOOO Asir OO OODO
e include

PARIOODOOODOOO

ubooboobooooooboboobobooboobon. root UDOOOODOODO
O, ‘“/usr/local’ O0OOOOOOOOOOOOOOOO. OO, 000DOODOOCO
TARGETDIR 0 0O0O.

OO0 PARIDOODODODOODOOOOO0OO0OODDOO. ‘pari.tgz2’ 0000, 000000

Ooo00o0o0dOo,00000ooo.

% gzip -dc pari.tgz | tar xvf -

% cd pari

% ./Configure --prefix=TARGETDIR

% make all

% su

# make install

# make install-lib-sta

make 0 O0O0D0OO0OOOCOO,0000000.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

yA

O000,xx 0000000000000 O OSOO0DOOO0O. GgpOODDOOOODO

O0000,asir2000 0000 000O0O00O0OOODOOOOOOONO.

‘asir2000.tgz’ 0000, 00000O0CO0OOCOOO0OO, D00O0O0ODbDODODOO
go.

% gzip -dc asir.tgz | tar xf -

% cd asir2000

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

su

make install

make install-1lib

make install-doc

exit

+H+

HOoH H H R

2.3.3 Windows version

OD0000000 ‘asirwin-ja.tgz’ 0O0O. OO, ‘gzip.exe’, ‘tar.exe’ DO OO O,
‘asirwin-ja.tgz’ 000000000 O0OO0O0OO0DOOO. 000 3000000000000
00oo0o0,000000000((MosSuoooo)oo

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

O00000,4Asir 000000000 (Asir D00000000)0000. Asir000O
O00000000000000 ‘pin’ 0 ‘asirgui.exe’ (GUI), ‘engine.exe’ (00 ) OO0
O000. ‘asirgui.exe’ 00000000000 Asir OOODODOO.

24 0D00O0O0O0O0OODOOOO

gboooooboobooboooobg.

-~heap number
Risa/Asir 00, 4KBO0OO0O0O00OO0ODOOOOODOOOODOOOODO. O
O000000,00 heapO00O0O,160000 (64KB)OOOOOO,0000
O0O000,-heap000O0. 0O00D0DCOOOOO. heapdOOOO, heapO
O0000000ooo0oO0 (ooooo).

-adj number
O000000ODOO0O,0000D000000o0boo,GCo00oooood. num-
ber 00O 100000000DOCO.O0000OOOO 300D0.D0000 1O
O0b0O0 GCOUODOOUODOODOoUODOUOnDbOO. heep00OOoooooDO
oo,GCoOoOoOoOopoOoOoOoOOOOODODOOO,0000000 (DOO g
oooo.

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

-f file oooodooooDo, file000000OOODOODOOOO. ODOODOOOOO
gooooo.

-paristack number
PARI (6.1.1400parilp.3900) 0000000000 OCOODO. ODDODODOO
O.0000000 1MB.

-maxheap number
heap OO0DOOO0ODODOOO0. 0ODCOO0OD. DOOOOOOODODO. UNIXOO
O0,0000 1imit 0000000000 datasize OO0O0O0O00O0OOOOO
0,-maxheap 100 00000000000 heapOOOOOODODODDODODODO
ooo.)

25 0000

Asr 0000000000 OCO0OO00O0DOO0OO.UNIXOOOODODOOO shelOODODO
0000000000000,shell0 re000000000. Windows NT OO, [00O]->[0
O0D0->00]00000. Windows 95/98 0 0, ‘c:\autoexec.bat’ 00 00O reboot O 0.

e ASTR_LIBDIR
Asir 00000000000 DO, 0000000000000 0D0D0DO0ODOoOoOoOg
000o0OO0OdOd. ObOO0O0O0O0oD UNIX OOO ‘/usr/local/lib/asir’, Windows O
00 Asir 00O0DO0OO0OD0O0O0OOO0 iy 000000000 DO0ODO. 000o0o0oon
ASIRLOADPATH O OO ODOODDOOODO.

e ASTR_CONTRIB_DIR
Asir O asir-contrib 000000, 0000 OpenXM/asir-contrib 00000000
udoobooooobobobbbotbodooobb0UoUUg. bbobbbbooo UNIX Od
O ‘/usr/local/lib/asir-contrib’, Windows 000 Asir 00O 0OOO0OO0OO0ODOO
‘lib-asir-contrib’ 0O O00O0O0OODOOO. OOOODOOO ASIRLOADPATH OO
OO0O0O000D0000. This environmental variable will become obsolete.

o ASTRLOADPATH
000000000000 DO0Db0o0000 UNIXODOO 7, WindowsOODO 700
oooooO0.oooo0oooooooooboU00.oooooooooD,00oo
UU00U000000 ASIRLOADPATH DO DO ODODO,00000O0O0ODOOOOOOO
ggo.

e HOME
-norc 1O 0O0000D0O0O00OO00ODOO, $HOME/ .asirrc’d 000, 000000000
O000.HOMEOOOOOOOOOOO,UNIXOOOOOOOOOODO, Windows O
OO0 Asir 000000000 (get_rootdir() OO0 OOOOOOOODO)DO ‘.asirrc’
goo,0booooooogg.

26 DOOOOOOO

Asir 000000,
(o]

000000000000, 0000000000. ‘$HOME/.asirrc’ (Windows 0000,
HOMEOOOOOOOODOODOO get_rootdir() D00 ODD0OOOOOODODOO ‘.asirrc’)
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ooboobooo,0gbob0bb As,0D000O00DOOO0ODOODOODOO,D00
oogd.

gboboobooboobbo.0bodbd,end; OO0 quit; OO0O00O0OO0O0O0OOOO
ooo.ooo,yyooo0¢booooooooobooooboOo. yybobooooooboo,
‘$0oooooooo.

% asir

[0] A;

0

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

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

[2] A;

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

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

evalpv : invalid assignment

return to toplevel

(3] a;

a

[4] fctr(A);

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

(5] quit;

)
Uoodb,Aa,x,y0OOOOODOODOODOO. AOO0DODOODOOODODO, a,x,y0
boogboooboooboob. obbobooboobbobooboooboo,boooboaoog
ugboo. booooboobobo,bbooboboo,g,ggbobooooboboooboboo
oo,coooooooooooooobo. o0, ogooboooobboobboooDboboon,
goo,b0ogdbbooobobooobb. booob,bbooobobooo,0bboo
O subst() DOOODOOODOOOO.

27 gggng

000000000000000000,000000000 (D00 C-¢, Windows, DOS
ogboo c-xtobooogo.

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

goooooboooboooon.

q Asir 00000, (D0OOO)

t O0ooO0ooooOo. (Dooo)

c ooooooo.

d O0000o0oooDooO. 000000000 O50000000p.29000.

u register_handler () (7.5.6 00 ox_reset ox_intr register_handler0p.99 0 O ) O
000o0o00oo0o0ooo0oooUooO.(Dooo)

W O00000000O0O000000000O.

? gboobobobobob.
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28 ODO0OOO

gbooboboobobobooboboobobooooboboo,oboboobo
gogbbuooobbouoooboooboooobobooobboobboooboob. bbbao
goooogoo,bgboboooobobooboooogob.oooooboobobooobob
gooboooob,0o0booobooboboooboobbooboo.o0b,bo0oboo
gbobooboooooobooboooog.

goo,0dboobooogbobbooboobobob0oboobooboobUobbO. UNIXOD
Ub,0000000000 internal error J0O0O00O0,00000000000DO0O0,
gbooboobooooo.

SEGV

BUS ERROR
goboobooooob,googooooobobbboobooboobooDbo
gbooobgbooboboo. bobooboooob,boo0obooo,bd
U0 NULLOOOOooooooooooooooog,ooooooooon.

BROKEN PIPE
bobooboobooboo,obobooboobogobooooooooooooon

00000 (000000000000 00O0DU0o0O0O0ooO)0,0000
gboobooobooboobboobooboooboobg.

uboboobooo,0boobobooboobooobo,oooboobobobboobobooooo
gbbodb,bogobooobbo,ogbobobbuoobobooobobooobo,oo
goobooobobobobobobo.

29 00O0o0O,0004d

ecboonboOoOobOoOobDbOOoO.boooboobooaon.

en n0000000.
e 0oooooo.

i 0ooQ.

epi 0oQ.

Qe 0ooooo.

e 200 GF(2) 00000000000 (0OO0).

@, @<, @>=, @<=, @==, 0%&, Q| |
quantifier elimination 0000, 0000000003

[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] eo0[4][0];

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

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

(-4-4%01)

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

-1.0000000000000000000000000000

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

(@79+@"8+0+1)
ggooooooooobboooooooooooobob bbb oou,guga
g, bogbobogoogoooooouooooobbouodoooobb. oo, b0bbooouoaa
oooooooogo,o0d0obo Gcoboboooooooooooooobo. oobooooo,
delete_history() (6.14.150 O delete_historyd p.8900) 0000 ODO.
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3 0

3.1 Asir O OOQOQOO

Asir 00000, 000000000000DOO0000O0O,0D0O0O00DODOO0OOODO
O,000000000 RsaJ0OOUOOOOO0OOoOoDOOOOoOO00oDOooDOOD. o0
goobob,0b0bobob0obobo.0cobobo,00ob0onb0g wypeO DODOOODO
OO00O0OO0O0D.0O00,Askr0000D0OCO0O0OOO0O0ODOOOO0OODOODOOOOD.

00
oo0obOoO0DOOODOOOOOODOO.OO,COOO0ODOoOODOOOO
OO000O0OO0D0C0C.000,000 Asird type(0) DO 0O0ODO.

10
1 2/3 14.5 3+2%0i
gbo,0obdodobboobuooboo.oboobooboboon.
2000 ooo)
x afo (2.3*x+y)"10

gooo,0boobogo,bobboboobooboobob,0bo01000
00000000000000OO0. 810000000 O0oOOp.109000.) O
go,oobboobooobooobodab obb ooo.

300 @ooooo)
(x+1)/(y~2-y-x) x/x
00D00,00000000000,0000 red) 000OO0DOODOOODOO
0O000.000,0000 GCDOOOODOODOOOODOOOO0OO,0000
oooooooooog.

4000
0 [1,2,[3,4]1, [x,y]l]
0000000000000, 1 0000000000.0000000000
000, car(), cdr(), cons() 0000000000, 00000000000
000, [index] 0000000000000000000000000000O
O0. 000
(0] L =1[[1,2,3],[4,[5,6]]1,7]$
(1] L[11[1];
[5,6]
0oooooO0o0o0,000,00 (00,0000)00,0000000 000
O00000,000000000000000000000000, 0000
00000000000000000000,000000000000000
0000000000000 00000O0000OOO.
50000

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

U0000,newvect) UDOUODOODODOODODOD.DODOODO 2000
oboopoooobobo,bobg,botdb ,01000100000000
ugbodg.bgboooboo2b0b,b1o0booboobooooboboobg.



o3d O

6 U0

7TO40ono

sugn

11

ooobooobooooDbo,bo0gob o00boDO. OO0 [index] O
gooooob. ogoo,boobo,boboo,0b,boooboooboobg
ubobooboogbob,obobooboboobooboobooboobooooog.

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

newmat (2,2)

A3 = newvect(3);

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);

L B
O O M
O O O
O O O
—— o
e B B
O O M
O O O
O O O
[
—

—

— - O
—_

(0001 [000T7]]

I

m
o -
—_

O O O O O~
() (o)
[y W N e )

OO OO M >
w w w

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

OO0D000OD newmat() DOOODOOODOOOD. ODOOO,0000000O0
gooooOoOoOoOoOoOoOOOOOOOOO,0000000 (boooooo
000D0)D0,0000000000,00000D0O0DODO00DDODOO0.DOO),
ugbobooboboobobooobo. obpboobo,bboobbooooboo
ugboooo.

[o]
[0
[0
[1]

[0

(2]
5

M=newmat (2,3);
00 ]

00 ]

M[1];

00 1]

type (QQ) ;

llafoll

gbobo,00gbooobooobooob. bgobboobboobboo
gboooo,00b 200000000000.

(o]

llafoll+lltakell ;

afotake

newstruct (afo)

Asir 00000000, CO00000O0OoDooooooOU0Oooo0.oogoo
gbbobboobuoobouoobooboobobo,boobooboooboobo.

oubnoaonoog

2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 0d0doooobooooboooo,00oo0oooooooobooon
doooooOo,00po0ooobob0000ooooooooooooooooao
00,00000000000000000D0D0O Asir DO0O0DDOOOODDOO
oo.ddooooo go8uuonoouoooooodyp.109000.
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00000000 32bit OO
11000000000

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

uo,0b0200000000000000DO00DO0O00O00ODO0ODOOOODbO.
13 MATHCAP O OOODOO

Open XM OOOO,00000000000O00O0O0OOOOOOOOOOOO.

14 first order formula

quantifier elimination 000000000 OO0ODO.

15 matrix over GF(p)

gbobogoooaboo.

16 byte array

o000 byteO OO
-tvoIbooooono

ugbooo -1o00booobobooooobobooboooboooooanon.

3.2 000

0 godg
O000,0000000 (bignum) OO00O0OOOOODOO. DOODODODO
gooooooo.

1 ooooooo

O000ooDooooOooooooooo. Ase00O0O0O0O,00000000
0000000000000 DO000. 000, ctrl (O OO0 bigfloat OO0
000000000 biglleoat OO DO OODO.

[0] 1.2;

1.2

[1] 1.2e-1000;

0

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

1

[3] 1.2e-1000;

1.20000000000000000513 E-1000

goboooooboboooobooo,bbooobboboooooboo,ooooon
goooood.
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gooo
o9ouopouoooboobodbodbp14000b0O.

bigfloat
bigfloat O, Asir 00 PARIOOOOOOOOOOOOODODO. PARIDOOO
OO0, biglleat 0, 00 O000O0OD0OODOOO, 0000 10000000000
OO0Oddd. ectrl() O bigloat O OO ODDODODODODODO, DOOOOOOOO
00 bigloat 0O OOOODO. OOD0DOOOODOOO 100 90000OOOO,
setprec() DO OOOODODOODO.

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

1

[1] eval(2°(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317. . .
eval() 0O, O0ODODODDODDODOODOO0OO0OOUOODODOOOOOODOOOOOD.
setprec() JO0OO0ODODODODOO, O00ODODOOO0OOOOODOODODOO, PARI
000000000000 000000000U0ooooOOg. ((undefined)
O eval devall p.(undefined) 0 O O, 6.1.14 O O paril p.39.)

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

goobooboogoo

obobooobobogo,obg 2~2robdoooboobobD. boboooo
oo, gboboooobboooboboooboobooooboboooo,ooooog
ubbooboboobooboogbooobooobb. ooboobooboooboo
O0000000,setmod() 0000000000 pO000OD0OGF(p)OOODO
gooboooo.

ugbooboooobooaoo
ugbooboobboobbob.bobobob,d0bud simp_f£ 00000
goooooogo.

OO0 2000000

O00200000000000000.0020000 FO,0000 [F:GF(2)]

On0000,GF2)0000 n0000 f(t) D00 F=GF(2)[t]/(f(t)) OO

O0000. 000,GF2Q)t) 00 g0, ft) D00 0D0OOODUDODOOOODOO

0000000, b0000,FO00gmodf0, g, fOOOOD0 20000000

oooooooooao.

FOOOOOOOOOOOOOOooOOoOooOoooao.

e @
eDUIDOOOD,0bUUUO0O,D000OOODUOD0oOoOooOob,od

00000000, F=GF(2)[t]/(ft)) 0000 tmod f0000O. OO
0,e0000000 FOOODOOOO. (e~10+e+1 00)
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e ptogf2n
oboobo1go00ogno,ptegf2n OO ODOOD FOODOODODO.
e ntogf2n
gboobobo,bobo0bo FobooobD.bobobob, 100,16
0 (xO00O0O0),20 (obOOOD)OO0OO0OOOOODO.

o OO
obobooboboo0 rO00O0ODO0ODOODO0, simp_f£f 00000
ooog.

8 ub prndb0ognoo

000 pn(p000000,n0000)0,00 pd00 GF(p)000O n
0000 m(x) O setmod_ff 0000000000000 O000. 00000
0 m(x) 00000 GF(p) 0000000000000.

9 00 p'n000000 (00O0)

000 pn0000 (pn0 2°2900,p0 27140000 n0 1)0,00 p
0000000 n0 setmod_ff 0000000000000 000. 0000
000000,p0 21400000,GF(pn)00000000000000O
0000,0000000000000.00000,0000000000,0
0000000000000, p0 2°1400000000000000000
000,00000000000000000000000000000000
oo.

UboobuooboodboibD setmod_f£ 00U0OOO. DOUOOOOOOOOOOO, O
ooooooobgo,obobobobooooooooobooboboboboooboon, o
ogooooo.

3.3 Uouogng

OO00OO00O0000ODO0O0OO0bO0OOoODO. Asik00,000000OO0O0,0000000O
ooooo,0o0,‘o0oo0obbo0ooobo0oooboOo,0bgobooobooooon
OoboobOouooobooobooo. Asie)D00O0O0OO0OO0O,0D000DO0OO0ODLO
goboooo,0oboo,boobooboboobon.

0 googan
gbooobbooboda. bbogobouoaobboobuooboboon.

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

1 oooo

uwe() 0, ’000000C000DOOOOODOOO0ODODOO.OO0OO,000O
goooooooUoooo,000ooo0oUoooobo,00ooopoooooo
gooooooooOoOoOoOoOOoOODOOOOOODOODOOODOOODOODOOO
oo.

[1] U=uc();

_0

[2] vtype(U);

1
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oooad
0d0o00d0oO0,00000000000,000000000 AsirdO00OODOO
000000, sin(x),cos(x+1) OO0, 0000000D00000O000O. O
gdboootoooo, oo 1goboouoouoooo. oooood
O0000,000 i 0000000 e 0000000 OO0O0OO0.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

aoo
0000000, mame(args) 00000000 OOO, mame OODOOOODO

gboo.ooooo,bo0bobobobobobob,boboboobog,bo
obooooooob,oboboboboboooboooob.

[6] vtype(sin);
3



040 00000 Asir 16

4 00000 Asir

Asr 00000000, 0000,GCDOOOOOOOOOO,OD00DOObDOOODO,
gbgobodgboboobobooboboobobobooboboob,boboobo
gboooooooboboboboooooooobooboboboooooooobobon.
ooobobD As) DO0OO0O. OD0O0OLO,0b0b0obO0bDOoOo0oooobOobOobUODO
gbbooboobboobooboboobooobog.

41 00 (COO0OO0OD)

Asir 0000 COOOOOODOOD. DOOoOOoOOQOoOODODO. boo,0000
Asr OO00O0O0O0ODOOOOOOO,00000000DOOCO00OO00ODOOOOOODO

o JUODODODODO.

000000000, Asir0000O0O0O0O0ODOOOO00O00O00OOOOOOO. OO0
I A A I O A R

[0] A = 1;

1

[1] type(A);

1

[2] A = [1,2,3];

[1,2,3]

[3] type(d);

4

e JOUODODO,0D0O0DODODODODODODODODO.
U00O,extern 00000000, 00000000000000000.000DO,0
gboboooboobooobobooon 200000000000, boo0oobooOa,o00
gbbooobooobboobobooobboooboooobboono. obboo
gbooobbooogd.

1. OO0bO0O00oo0ooob0oo0oo0o0,000b0b0000,00000 externOO
gbobobo,obobobobobobobobobon.

2. extern U 000000000 DOO0ODOOODODOOODOO.

% cat afo

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

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(5] A =1;

1

[6] afo();

0

[7] bfoO);

1

o DD OODLOOODDOODLOO,0DbO,0DbO0O0OO0DODOO.
o000, 000000000D0000C00OC0DOODO0On. Asir0O0DOOOO
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gboobo,00boboobooboboobgoboobooboboobobod
gooboboob,bob,0cob0oboobooooboobooooooooobooDg.

e switch U, goto O ODO.
gotoOOODODO,0000000000D0O0O0O0O00O0DOOOOOODO.

e OODODD, for (A;B;¢) 000, while(A) 0 A,B,CO0D000D0D0ODD.
000,000000000000000000000000.
000000000,000000000000000
e« 000D00DDO0D,000 COD0O0DDD0OO0D00ODN.
e DDDDDOD.

oo0oOoO0o0oboOooOoOoDooOoO0DbOO,0b000obOoOooooo,cobooooDod
ubobooooobboobo,ooboooboog.

e JIOOUDDOUOUODODOLDOOUO. Emacs-LispO0DO0OOOOOODO. ODOODO,4.21
gbooooooobodplrdng OooQ.

o 0O DOODLOOODDOODOODOO.
ooogoobg,42120000000000p.24000.

Asr 000DO0O0OO0ODOO0DO0ODOOOODOOOooOOoO.
cooooo:
break, continue, do, else, extern, for, if, return, static, struct, while
coooooog:
def, endmodule, function, global, local, localf, module
oo:

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

42 00000000 0oo

4.2.1 JOO0odogog

000000000000 def’ 0000. 0000000000000 DOOO0OOO
0,0000000000000.00((@0000000000)000000000000
00000,00000000000. ctrl() 00000 verbose J000 on 00000
ooo,

afo() redefined.
0o0d0dDoodoDodDoOo. dbodoodoodo,0boo0oo0oooogoog

ubo,0booboooboobobo. bobooboobooobooobooboooboonbo
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)/
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]+P[J];

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

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

{

return A+B;

}

2000000,00N1 00000 (ADO0D0)O0000O0O. A[IJOOO Is1 00000
O,000o0o00oobooo ,c,00booobooooDo.

o0b0ob0o,0b00ob00b00bD0bD0b0bUob0obbUnd Emacs-Lisp 00000

0000000000000 0DODO00DO0O000O00OChelp(add) DOODOODOOO
gbooaoog

g 6.14.4 U 0 helpl p.84.

ooo0O,CcO0O000O0O00O00000000oooOoOoO,Asck 000000000000
goobooog.

4.2.2 00O0O0O0O0O0OO

O00O0o00D0,Asr000000DOOCOOOCOODOOOOOODOODOOO

RN ooooooo,bbo0oooo,00,0bogood

obooooobooboobogog,Asird0ooooooboooobooDbo
gbooobog,boobooobooboo,obooboboo.boooboobogooon
gboooboooo,boobooboooboboobobo. obob,0booon
uoboodooobooooboobooooo.ouobboooboobboOoOoDooOoo.

[0] X"2+X+1;

1

[1] X=2;

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

oo ooooooo,o0o0o0o0000,00, 20000o0o00,0000000A0
ogoooooooooo,00000oog. 0000, 00o0o0ooooaa
000DO00DOO00ooO0. Asie DO00O0O,00000000000000O0
o, 0dggoooooooooog.

[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 NOOODOOooOOoooooooD suemO) OOOO0O0O. 0000000 sum(N)
ONDOOOODOO.0b0oOO0,10000b0000b0bO,000o0boooobooooa,d
oododddoooDo <y0000boOooOooOoOoOoO0o0000. DoooooboooObO.oooa, a
odooooooo,o0o0o0o00b0000000, 000000000 0gooo. bbb, o
O0d0.000,0000,00000000D000O000.OD000O0O0,0000000A0
doobodoooooOo,000bodoob0o0ooooo,0b0o00boooooo,ooaq,
do0bodooooo,0b0oooboobooooooon.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0O;
}
JooddOd,b0boo0ob0o000d0 oooo0ooobobObObOoO00o0oOoOoOo. oOo,oooo00
Jdoodoododoo,00bdboo0bdodoodobdooDooooooooo. oooa,
doodoo0oo,000bd0bdobdooooDo0. 000000 booooDooooad

goooa.

4.2.4 0000

cOooo v/« 0 /0000000000000 00000O00O.
/%

* This is a comment.

*/
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def afo(X) {

0000000000000 00000, 0000000000 onoo. ¢/« 000000
00000D00000oDO0O, 000000 «/ 0000000000 oooooag.
0000000D,0d0d0d0d0000o00o0ooooooooooooag, #if o,
#endif 000000, (4211 0000000000p.23000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOO0OOODO,
def OO (QOO,00,...,00) {
g
U

¥

godouoooooo. oo, oo uoououoooo, toooouoooa
000, 0000000000000 ooooo. oooboooooo,oo0on
0.000,
S = sum(N);

oooo,0oo0oOooo (‘;’DDD ‘$’)DDDDDDDDD. OO0O0OO0O0O0O000 return
O,break DO O0O00O0O0OO0OOOOODOO. if 00 for 0o (A.IDDDDDDDD
p.162)DDDDDDDDD,DDDDDDD,DDDDDDDDDDDDDDDDD.DDD,
0do0o0oOoooooooooboooooboo. boooooo,Y O yoooooooa
O, dogtddbooodobooouou. oogouoouoon.

if (I ==0) A1

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

}

‘yoooooooooooooo. oboog,Yoooyooooboooooo,if 00
ooobooooooooooo.

4.2.6 return U

return [0,

return [ ;

return;

U20000000.0000000000000b00000.0b0b0b0oboboob 0g
ugb.boob,oo0booboobboobooboboon.
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4.2.7 if [

ifgJ00d
if (0O ) if (0O )
g oo g

else
O

0200000.00000000000000,00000 if0000000000OO0O
O.0o000o0o00oogd.
if ¢ 0O )
if (0O ) O
else
0

O0000,000000,else000,000 if0000DOOO0DOODOOO,O0000,00
00 2000 if0000000O0O0O. OD0O0O0O0,2000 if000000O0O0O,O000
000000, 0000000000,elsed0d0,0000 ifO0000O0OOOOOO0O
ooodoooo.oog,oooan,
if (0O ) {
if (O ) O else O

}
O0o00d0o0do0d.0ooooooooooon,
if (0 ) {
if (O ) 0O
} else
O

gbooooobooaoo.

OO00C00O0OO,toplevel 0 if OO0OO0OO0OO $000 ;0000000000. OO
gboooboboobouoaobooaon.

4.2.8 U U0, break, return, continue

0000000000, whiled, for O,do 00 300000O0.
e while [J
aooag,
while ( O ) O
0,000,0 00000, dddbo o000 Ooooooooobooooo. o
oo o o1000,0000000ooon.

e for [
ooo,
for (O000O-1; O0; OOO0O-2) O
o,000
O000-1 (00oooooooono)
while ( O ) {
O
O00-2 (DO0O0OO0OOO000O)
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}
oooooo.
e do [

do {
O
} while ( O )

U,00 bboobodoboboobobuooboobbod whileddOOoooog.

gbobodgbboooboodan,preak D00 return UUOO0O. OO, 00000000040
00000000 continue OO DO.

e break
break U0, 00000000 OO0OOOOONO.

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

e continue
continue U0, 0000000 0OOOOOOOOOO. OO0 forO00d,00nongg
0000000, whileOOODODDODOOOOOOO.

4.2.9 00000

gogbobg,ooboobooobooobbooobooobboobobooo. obobon
gbooobooobo.oobd,struct 00000000, O00OO0D0OOD0OOO0O, asir
gboobobuoboboobobuoobuoboob.obodb,bbdbdl struct_
type UDODODOODO. OO0D0O0D00D0O0,000000 newstruct DOOODOODOO. O
googoooboo,00b -000b0o0oboo.boobboobog,>0000040
goooooo.

[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;

uad 6.7.1 0 O newstructU p.65, 6.7.3 0 O struct_typel p.67

4.2.10 D000 00

ubobooboooboobo,oobooooobooon.

e 0ODOO,O
00, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (DOOUDLDOO)DOO0UDOOOUOOOUOOOO
oogd.

x+1 A~2«B*afo X/3
goobooooooon
goboo,0ob0,b00dbboobboobooobooboboobboob.oobo

ogoboboooboobooob. obbooboboobooo,0b,00000,0
gboobooobooobboobooobooboon.

v[0] M[1][2]
e 0ODODO
000 (==, 00000 (‘1=),00 (%), <,>=",«=")0 2000000. 0000
0000 1,0000000000.
e ODOO

000 (‘4¢), 000 (‘IIN)0 20000,00 (‘v)yOooOoOoooOo.0oO0ooOO 1,
ogoo.

o 10
00dd0d0o0O «<0ddd.0dd0,0obboo0d0o00ooooooboObOo00oOoon
oono. (4_'_=77 c_=77 c*=77 ¢/=7’ 4~=7)
A=2 Ax=3 (000 A=A«3000; OOO0OO0OOOOOO)
e JOODOOO
O00000o0o0oooooon.
.4++7’(__7

gobooa,0booboooboo,obbooooooobg,bobon.

A++ 0O0O0O0 A0OO, A= A+1
A-—- 0000 AO0O, A=A-1
++A A = A+1, O0OO0OO0ODOOO
--A A =A-1, O0OO0OODOOO

4.2.11 JO0O0O0o0ooo

Asir) 00O00ODO0OO0 COOODOODOOODOO. CcCOObOoOoOo,0b00O000d cppd
000o0DbO0o0,00000b00bOob0b00og,Asr0D00000DOODO0OODODOO
oooog cpp ooobbbbbbbbobog. oo oooobboog
#include, #define, #if JOOO0ODO.

e #include
UNIX 00 00000000000, Asir 00000000000 (OO0
ASIR LIBDIR 000000000 O0ODO) O #include 000000 OOOOODO
gobooooboouobboog. UNIX OOUOD ecppbbboobbooobbog,
tinclude 0000000000 O0O0OO0OO0OOOO0OOOOOOOO0O.

o #define
oooO,cObOo0oooooooooooooooag.

o #if
/¥, x/ 0000000000000 00000, 0000000000000 O0Oooaga
000000, #if 0, #endif 0O OO OOODODO.

OO000,defs.k’ 000D00O0OOOCOODO.
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#define ZERO O
#define NUM 1

#define POLY 2
#define RAT 3

#define LIST 4
#define VECT 5
#define MAT
#define STR
#define N_
#define N_
#define N_
#define N_
#define N_
#define V_
#define V_ 1
#define V_PF 2
#define V_SR 3

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

cio00oodobOobOooooOO0ooOoOdDOOo,000b0bO0OD $00OO0bOOoDOoDoOo. Ood
U0 LisTO0U0O0o0oooOo st oogo. s bobobobobtLstTs 0o
ogboogooog.

P WNFR,r ONO

=

0

"UgHOUCJ:D';UD

4.2.12 0000000

goooooboo NOOoOobobooog,oboubbo,NOODUODUODbUobboOoDooo
oo.

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

evalf : argument mismatch in factor()
return to toplevel

gogbobooobbooobboooobobooo,0o0,o0obobooobobooon
ub,g0booobooboobboobooboboooog.
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% cat factor
def factor(F)
{
Mod = getopt(mod) ;
ModType = type(Mod);
if ( ModType == 1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr (F,Mod);
}
[0] load("factor")$
[1] factor(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]
[2] factor(x~5-1|mod=11);
[[1,1], [x+6,1]1, [x+2,1], [x+10,1], [x+7,1], [x+8,1]1]

2000 factor(O) OOOODODODOODO,DDO0D0O00000000000O0 x~5-1000
O lmod=11 00 0O0O00OO. OD0O0,000000,med 000 keyword OOOO 11 00
0o0o00oooooooooobobo0o0. OO0 o0o000o0o0o00o0000o00o0. oooa
getopt(mod) U O ODUODODOODOO. 10000000 0U00ODOmed 0000OOOOO
OoobOobOoDg, getopt(mod) DUDOD -1 000000000 0O0. O0OOOO,00
0ooodooooo ff0db0ooobooo. fryooodbo,ooboo0ooooo, <,y oad
oooooooodgoodn.

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

oo, Oo0oo0oo0oo keyl=valuel,key2=value2,... OO OO ¢’ OO0
O00ooDoooDO, ODOOO0O0O0O00O option_list 000000 DOODO
[["keyl",valuell, ["key2",value2],...] UOUODOODOODOODOODODO.

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

Ob0,00000 getoptO) DODODODOODODOODOOO,0D0D00D00ODO0ODO0ODOO,
O0oo0oooooooooooooooooood.

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

4.2.13 DO0O0O0

0000000000000 00,0000000C00D0000000000 (module)
gob0.obogoboooooobooooooooooooooog.

module stack;

static Sp $
Sp = 0%
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static Ssize$

Ssize = 100%$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

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

}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print (stack.pop());
print (stack.pop());
}
000000 module 00 OOOO O endmoduled00. OOOOOOODOOODOOO
O0.00000000000000000 staticOOOOO. O0O0OO0OODOOOOOO
0000000000000 00000. 0000000000000 extern DOO0ODO.

U0b0b0000oooonooDbDD lecalf DODOOOOOOOODDDOD. DOOOO
push O pop DO O0OO0O0O. ODOODOODODOO.

00000 moduleName O OO OOOO functionName U OO 0OOOOOOOONO
0 moduleName.functionName(O O 1, 00O 2, ... ) 0000000. 000OO0ODOOOO
0,00000000.00000,00000000000000 stackOOODOOODOO
push, pop DO OO ODO.
stack.push(2);
print( stack.pop() );
2
0o00doooooOoOo0oo0o000000oo. oooooooboooo0oo0o0oooooon
O00000oO0oO0O0O0000000oooo.

000000000 0Dooo0o0oo00Dooooo00ooD. o0oooooooooog
00000000, 00 module_definedp 00O 00000 OOD0D. O0DO0ODOOOODOO
O00o0D0oOoOoooooog.

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

asir 000 0000000000000. 00000000 stackODOOOODOODOODOO

O00,1local A; 00O DDODODODODOODOO. ODOOD local OOODODO, 0000
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goooogo.oooooboboboo,0oboboboooooboobobooooobon
g.0ogboobooobooboobuoobobboboo,0o0oboobooboobo
goooooog.

gooobooboobooboboobooboobobobooobooboboboboobo
g, 000bobooboobbooboobbooboobboooboonboon.

/* 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;

gboboboboooobobobooboboobooooboboooo,boboobogan = 0
goo.

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

0o 6.12.1 U Omodule_1istU p.79, 6.12.2 0 U module_definedpl p.79, 6.12.3 O
[ remove_modulel] p.80.
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5 o

5.1 oo

cO0O0O0OO00DOOUObOO0O0OO0OU0ODOObD axO,00000DOOODOOOO0OOD
ooo0,000000,00000000000000C00D0O0OD. Asir00,dbx00
gbbodgboobbo. gboobbuooboob,bobbdodl debug; UOOQO.

[10] debug;
(debug)

goo,0boboo,booboooboobooooboon.
e DO ODDOODOODOODODO

e JO0ODOO DL UODODOD

o IUDODOODLOOODLODODO

ugbboo,bobboobooboobo,obooboooboobobboboboobg
ugbboobggbuooboobboo,ugoboobboobooboobo,0bd
gboooooooooooon.

e crror(O) 000OOODODOOO

5.2 O OUOggdg

uobobd dex DO booobbooooboabb. Obg,gdb00O0O0O0O0OU
oboobgoboooboobobg. bobobo0d ax00OO0OD0OOD0OODOO, step, next O, O
goooboooboobobob.bob,1obbo0obbobbobb,0b00bdn next
oooobooobooboooobo. dno,dex 000 “odbxinit’ OODOODOOO, dbx OO
O allasO000O0OOOCOO.

step gboooboboo.bboobbooooab,oobooaon.
next gbooabobod.

finish gboooboooobooboboooboooobooboobobooobo0o. 0ooo
stepUO0O0OOOODOOODOO.

cont
quit gbooooooooog,boobboo.

up [n] 000000000 10 (00 n00000 n0O)000.00000,000
goboooboooboobooooog,bbooog.

down [n] O0OOOOOOODO 10 (OO0 nO0O0OO0OO0 nO)D0ODODO.

frame [n] OOOODOOO,D0000000000C00.000D0O00O,000000DO
Ubob0 n0D0000000. O000DODOODODOO0O0O00 where U0
gobooboobbooboo,boobboobooboooobg.

list [startline]

list function
000,000 startline, 000 functionO00OO0ODO 100000000000
ooo.
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print expr
expr O OODO.

func function
00000 function OO OODO.

stop at sourceline [if cond]

stop in function
sourceline 00,000 function 000000000000 DOOOODO. O0OO
000000,000000000D00D000D0ODOO0OD. if00000,
cond J0000,000 00000000O0OC0O0OD,0C000DOODOOO.

trace expr at sourceline [if cond]

trace expr in function
stopUUOOOODO,trace UUUU expr U000, 0bnoooon
gooooo.

deleten UO0O0OO0OO0O00OO0 nOODODO.
status gooooooooooooooo.
where goooooooooooooooogon.

alias alias command
command O alias 00 O000O0O0O.

print UOOO00O, 0000000000000 00000000O000.000,0000
gbobobobob,bobobobobobooboobooDog.

e JOODODOO
goooooooooooooog,goooboooooooooooooo, on
goboooooooog.

(debug) print A
A=2

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

(debug) print A
A=1

e OO DOOO

doooooobobobobo,print 0o ooon.
(debug) print length(List)
length(List) = 14
O00D00,00 List 0000000000 0O0O0D0O0 lengthO OOOOOODOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) =1
0Jdo0o,000000 ceUDODOODODOOOOOODODODOOOO,ODOOOOO0
0ooooooooooooooboooooog.

00,00000D00000DbO000O00O00DO0,00DO00D0O0O bsave() O
ubboobooboboobbooboobbooboobbon.



os50 0O0OOao 30

(debug) print bsave(A,"savefile")
bsave(A,"savefile") = 1

gobooooboobooobobobuooobobooobboo,print 00000O0O0O00OOO
gbooodobooboo,gbobooboboooobobboobobonobaono
gbobooboobbooboooboboooog.

53 UUUooooy

goobo,boobooboobooboboobuooboobo,booboobbooobobo
go.

% asir

[0] load("fac")$

[3] debug$

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

2 if ( 'X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 7

7  end$

(debug) stop at 5 <-—- 00000000o0oo
(0) stop at "./fac":5

(debug) quit <-- J00000ooooog

[4] factorial(6); <-- factorial(6) OO OO0
stopped in factorial at line 5 in file "./fac"

5 return X * factorial(X - 1);

(debug) where <-- J000O00Ooooooooooon
oon

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

(debug) print X <—- X Q0ooood

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 O <-—- 00000000 oOOO
(debug) cont <--Q0Q0on

720 <-- Qg = 6!

[5] quit;
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54 D0OOO0OOOODODOOOOO

OO0D0O0D0O, Asir O, 0000 ‘$HOME/.dbxinit’ OOOOD0O. OOOODOO, dbx O
ooobooboooobboouoobboooobbo0oooooDoog, Asir 0, alias 0000
goobo.obo,

% 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
Uodboboodd,print, cont U0, 000000 0O0O0O0OOOO0OODOO0O0OODOO0O0O, O
udd p,cd,ddggoonooob. bbb, bbbbddduuddd, alias g
U000 aliasO0OODOODOO.

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

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

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

(debug) ¢
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6 JUuogon

6.1 OO0

6.1.1 idiv, irem

idiv(il,i2)
s 0000o0ooo.

irem(il,i2)
2 00000000a.

return o

il i2 oo

i10 i200000000000,000000.
20 o00O0O0O0OO0O0O0O.

gbobodgbog,boobbooboobboobooobbod.
i1%i20,0000000000000000D0 iremO OO0OO0OOOOOODOOOO.

e OO DOOMO sdiv,srem DO O0O.

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

6.1.2 fac

fac (i) = i1gog.
return RN
i oo
e iJOUODOODOODO.

e iJOODOODODOODO.

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

iged(il,i2)
+ 000 GCD (DDO0DO)

igedentl ([i])
00 GChbOoOOooooooo

return ud

il i2 1 oo

e igedD i1 0 20 GCDOOODO.

e JO0ODOODOODOOOO,0Db0ODbODODLOODLODLODLO.

e JODODODOOO, ged, gecdz OO DO.

e 00 GCDODOUOOOOODDOODODO, igedentl DODODOODO.

0 Euclid 00 0O (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

2,30 [Weber] OODO.
0000 300000,0000A0.

[0] A=lrandom(10~4)$
[1] B=lrandom(107~4)$
[2] C=1lrandom(1074)$
[3] D=A*C$

[4] E=A*B$

[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)

oo 6.3.20 O U gcd gedzO p.53.
6.1.4 ilcm
ilem(il,12)

s gobogooan.

return o
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il i2 oo
e I il,i2000000D0O0ODO.
e D ODODOODODO.

go 6.1.30 0 iged igedentl p.34, 6.1.10 0 O mt_save mt_loadU p.36.
6.1.5 isqrt

isqrt(n) = 0000000O0O0DOOOOCOOOO.

return good

n oood

6.1.6 inv

inv(i,m)  m0O0O000 i00O0
return oo

im oo

e ia=1mod (m)0000 a000O0O.

e i mUIOOODOOODODOODUODO, inv(O) DODODODODOODODO.

[71] iged(1234,4321);

1

[72] inv(1234,4321);

3239

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

un 6.1.30 0 iged igedentlD p.34.
6.1.7 prime, lprime

prime (index)

lprime (index)

s googoo
return oad
index 00

e prime(), lprime) DU U DOOOOOOODOOOODOOUOODOOODO. indexU 00O
00000,000000000D0000D000. prime() O 16381 D0 0OO0O0OO0O
OO0 19000, 1prime () 0,100 800000000 O0OODOO0O 999000, OO
gbooobobooboobboobad.

e JOIDDOUODOOOODOODOOO, pari(nextprime,number) 00O,

[95] prime(0);

2

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

[98] 1lprime(999);
0

gg 6.1.14 0 0 paril p.39.
6.1.8 random

random ( [seed])
s gogoooog.

seed

return goao

e 10 2°32-10000O000O0O0OOOO.

e 000IIODDOOODOO,0D000 seedD00OOOODODO,DOO00DO0O.

e default 0 seed 000000, 000000000, 00000000000D0000O
goog.

e 00U-000O0O0OUO Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
gogooooo,b0bbbbbooodooooon.

e OO 2719937-1 00 0ODOODO.

e mt_save U0 state IO OUOOO save UO0O. D00 mt_load DO O OOOOOO
0,00 Asir 0000000 DODODODODODODODOOOOOOOO.

gd 6.1.9 0 0 1randoml] p.36, 6.1.10 O O mt_save mt_loadl] p.36.
6.1.9 lrandom
lrandom(bit)
» 00000o0o0ooag.
bit
return ood

e U0 bitOOOOODOOOLOOOOODO.
e random U0 O O0OO0OOODOOO,000 bitOODOOOOOOO.

uad 6.1.8 U O random[d p.36, 6.1.10 0 O mt_save mt_loadU p.36.
6.1.10 mt_save, mt_load
mt_save (fname)

sgubboobuooboobobooboobobg.

mt_load (fname)
0000000000000 0D0000oooooon.

return ooOmO 1
fname 000
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e JOODODODOOODO,0D0DODOCODOOOOOOO,ODOO0O0O0O0O0ODOD,O000 Asir

gobooboooboboobooooog.

[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
od 6.1.8 0 O random(] p.36, 6.1.9 00 O 1random[] p.36.
6.1.11 nm, dn
nm(rat) crat000.
dn(rat) crat 000O.
return oooooooo
rat Ooo0ooooon

o JIDDOODOODLDOODOODLDOODODO.
e JOODOOO,DO0DODODO,DODOOODOO.

e JUOODOO,000DL,000D0DLOO0ODLDLOO. 0DbODOOODOO, 0000040

O0000000.red) 0 0O0O0O00O0O0OOOOOOO.
[2] [nm(-43/8),dn(-43/8)1;
[-43,8]
[3] dn((x*z)/(x*y));
V*X
[3] dn(red((x*z)/(x*y)));
y

g 6.3.21 0 O redd p.54.
6.1.12 conj, real, imag

real (comp)
s comp OO QOO.

imag (comp)
s comp UOOOO.
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conj (comp)
s comp U oggn.

return comp

gdd
e JODODDO,00,00,0000DODO.
e DD, 0b0O0ODDOODO.

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

(2+11%@1i)

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

6.1.13 eval, deval

eval(objL,prec])

deval(obj)
mobj0ODOOO.

return goooon

obj good

prec uad

e obhjOUIL00ODODOODLODLDOLOODLDODLODO.
e deval UUDUOUOOOUOOOOODLDD eval OO, 0000000O000O.

e eval OO0, 000 PARI (6.1.1400parilp.39) 000. deval DO OO0, O
OO0 cOobobobobobobooooo.

e deval O UOOOOODO.

e eval JOUD, prec 0000000, 000,100 prec0000O0O0OO. prec O
0000000, 00000000000000o0O. (6.1.1500setprecdp.40000.)

gooooob, goooa.
sin, cos, tan,

asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
e DD IDIUUUUUUUULD. UUUD eilUUUUO eval,deval UODODODO.

i 0oooO
opi 00O
Qe oooooo

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

1.414213562373095048763788073031
[120] eval(sin(@pi/3));
0.86602540378443864674620506632

[121] eval(sin(@pi/3)-3"(1/2)/2,50);
-2.78791084448179148471 E-58

[122] eval(1/2);

1/2

[123] deval(sin(1)"2+cos(1)°2);

1

6.14.1 00 ctrll p.82, 6.1.15 0 O setprecl p.40, 6.1.14 0 O parill p.39.

6.1.14 pari

pari (func, arg, prec)

»PARIOOO fune 0ODODODO.

return func O0O0OODO.

func
arg

prec
[ ]

PARIOOOO
func OO O

g
PARIOODOOOOOO.

PARI [Batut et al.] 0 Bordeaux 000 0000000000000 O00O0O0O00O0O
OOC. PARIOO00O00000OOOOODODDOOO,000000000000O00O00O
00 (bignum, bigfloat) 0000, 00000000 bigloat 00000000 OODO
O0O0000o0O0oO00o0DooOoO. PARIOOODOOOOOODODOOOODODOOO
000000000 000,00,p’ 000 PARIDODOODODOO0OOOOOOOOO
UNIXOODDODOOOOOOOOOooOoooooooo. 000000000 2.0.17beta
000000 ftp site (00 OO ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00O anonymous ftp 00O 0.

00000 prece000000O0O0O0OO. prec0000O0O00 setprecO) OOODODO
goooo.

OO00O0C0O00O0OD0 PARIODOODOOOOOOCO. DOOD1000 Asir00OD0O0O
oooooooOooooobobo.ooboboooobO0o0oDbboOo PARIOOOODOOODO
gog.

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, 1lift, lindep, 111,
111gl, 11llgen, lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,
1llgramkerimgen, 111int, 11lkerim, 11lkerimgen, 11lrat, lngamma, 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 HO0DOOOODODO PARIOOOOOODOOOODOO,000DOOO0DOOOO
gboaboboobogbood.

/* 0000000000000, =/

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

[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]

/¥ 1 00000oooooo. =/

[1] pari(roots,t”2-2);

[ -1.41421356237309504876 1.41421356237309504876 ]

g 6.1.15 0 0 setprecU p.40.
6.1.15 setprec

setprec([n])
wbigfleat 0000 nOOODODODO.

return aad

n aad

e NOODODOODO,bigloat D DOD nODOOOOO. OODOOOODOOODOOO,OD
oooooooooooo.

e bigfloat D000 PARI (6.1.1400parilp.39) 00 O00O00O0O.
e biglloat 000D OD0OD0OOODO. bigloat 0 flagd on 000000, ctrl OODO.

e JUUODODDDOUOODOOOOO,00DODUDO0OD0O0OOODODODODOO. O0ODOOO

gooooooooog.

[1] setprec();

9

[2] setprec(100);

9

[3] setprec(100);

96

0o 6.14.1 00 ctrl0p.82, (undefined)d eval devalll p.(undefined), 6.1.14 O
U parill p.39.

6.1.16 setmod

setmod ([p])

0000 GF(p)OOoono.
return g
n 2~270O0onoOd

e J00DO GF(p)OOOOO.OOOODODO.
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e JOOODOODODODLO,000O0DOODODODLOOLDODODOODODODL,OOOO
0000000 p0O0O0O GF(p) DOODODODDOOODOOO.

o UDODOODLOUOODLDOODLO O 100DLOODLOODLDOOOP.15000.

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

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3

[2] A+A;

(1) *<<1>>

0od 8.10.13 0 O dp_mod dp_ratU p.126, 3.20 000 00O p.12.
6.1.17 ntoint32, int32ton

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

return ooob 3a2pbit00o0ooooog
n 2°320000000

int32 ooon 32bit 00

e 100D (DD 1)OODOOO 32bit 00 (DODO 10)0000O,0000D0000O
uo.

e 32bit LD OpenXM UDUDUODUODOUODOO,0Db0Db0OOOLOODOOODODODO
goog.

guo g700b00b0gdop91,32000000p.12.

6.2 bit 00U

6.2.1 iand, ior, ixor
iand(i1,i2)
2 bit 000 and

ior(il,i2)
+bit 00O or

ixor (il,i2)
: bit OO0 xor

return aad
il i2 o0
e 0 i1,i200000 bitOOOODOOODO.
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e JOUODOUOOODO,0D0ODODO.

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

0x1

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

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

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

g 6.2.2 0 0 ishift[ p.42.

6.2.2 ishift

ishift (i, count)
:: bit shift

return o

i count oad
e IO i0DOODO bitOODODO shift ODO.
e iJO00OD0DOOO,00O0DOODO.
e count OO OODO shift, 00000 shift OOO.

[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 0 iand ior ixor[ p.41.

6.3 UUU, 0o

6.3.1 var

var (rat) crat0000.
return ogoao

rat aoo
e NO0ODOOOOD,3.100Asir00DO0OOOOp10000O.
o JOUODUODODODODODODODODO.

41

X?y’z’u’v’w7p’q7r)S7t7a7b7c7d’e7f’g7h’i7j5k71’m7n’o’DDDDDDDD

oo.
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[0] var(x~2+y~2+a”2);

X

[1] var(axb*c*dxe);

a

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

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

6.3.2 vars

vars(obj) = obj0O00000000O0ODO.
return gdad

obj 00

e JO00IDODODUODUODUODODODODO.

e JIDDOODOODLDOODOO.

[0] vars(x~2+y~2+a"2);
[x,y,al

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

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

[x,y,z]
ud 6.3.1 0 0 varU p.42, 6.3.3 0 O ucl p.43, 6.3.7 0 O ord p.45.
6.3.3 uc
uc() 2000000000 00OOooOooon.

return vtype O 10000

e ucOO)DOODOOOODO, _0,_1,_2,...0000000C0000O.

e uvcO UODOOIDDOODOODL,DO0DOOODOUDOOOODOOODOOOO. DOO,D
OO0DoDO00000OO00OO0ooOO0oOo0oOOd, 0000000 bOo00oO0bODo0o0ODo
OOo0Oo0o0oDbDooboooooo.

e DOOODODO (vetype U 0) D0 O0D0O0OODO rtostr(), strtov() DO ODO.

e uc(O) 000000 D0O00O0O0DOODOO0 (vtype) D 1000. (3.3000000
OO0p.14000))

[0] A=uc();

_0

[1] B=uc();

1

[2] (ucO+uc())"2;
_272+2%_3%_2+_372
[3] (A+B)"2;
_072+2%_1*%_0+_1"2

oo 6.8.3 0 U vtypel p.69, 6.10.1 0 O rtostrU p.71, 6.10.2 0 O strtovl p.72.
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6.3.4 coef

coef (poly,deg[,var])
wpoly U var (D0O0OU0O0O0O)000O0O degOOODO.

return goo
poly ooo
var gdad
deg ooo

e poly 0 var UOOO degODOOODODOODO.
e var 1, 00000000 var(poly) DOODODODOO.
e var O ODDOOOO,var O OOOOOODOOODDOOOOOO.

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

K73+ (3xy+3%2) *x "2+ (3%y " 2+6% 2k y+3%2"2) xx+y " 3+3kz*y " 2+3%z " 2%y+z"3
[1] coef(A,1,y);

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

[2] coef(A,0);

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

un 6.3.1 0 U var0 p.42, 6.3.5 0 U deg mindeg[] p.44.
6.3.5 deg, mindeg

deg(poly, var)
= poly 0,00 var 000000DD.

mindeg(poly, var)
= poly 0,00 var 0000D0ODD.

return aoo
poly ood
var aoo

e JOUODODODODLO varODLOOLOODLO,0DODODODO.
e U0 varooooooooooOonO.

[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)
cratQo0oO00O00O0.

return goao
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rat ood
e JI0OOOOOOOOOO OOUOOUOUOOUOUOOUOOOUOOOOO.
e JO0ODOOOO,00000O0OODODODOODOOOO.

e U000 (330000000014 0,000000C0DOO0O0DODOOOOODO. 10O
ooooog.)
[0] nmono((x+y)~10);
11
[1] nmono ((x+y)~10/(x+z)~10);
22
[2] nmono(sin((x+y)~10));
1

00 6.8.3 0 0 vtyped p.69.
6.3.7 ord

ord ([varlist])
s gogooog

return gooooo

varlist gooooo

e DO ODOO,000D00O0DOOLDOODLOO,DO0DDOODLOODLOODOODO
oooobOoOo.ooobooooooboodg,ora) ODLOOOOOODOOODODO
uo.

o IO DOODOUOOUODDODOOODLOO,bOO00OD0DLDbOOOUODODbDOOObDDOO
ubodbouooboooboobobobboboo. bob,obbooboobodgbdg
O,Asir) 00000, 0000,0000000000000D000D000D0O0. 000
gooboooobboooobbooooooboboooobob,obbbooooboboo
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,1,m,n,0,_x,_y,_z,_u,_v,
_w,_p,_9q,.r,_s,_t,_a, b, c, d,_e,_f, g, h,_1i,_j, k,_1,_m,_n,_o,
exp(_x), (_x)"(_y),log(_x),(_x)"(_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x) ,tanh(_x),
(Lx"2+1)°(-1/2),(x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);
ldx,dy,dz,a,b,c,x,y,2z,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,
_z,_u,_v,_w,_p,_q,.r,_s,_t,_a,_b, c, d,_e,_f, g, h,_i,_j,_k,_1,_m,_n,
_o,exp(_x), (Lx) " (_y),log(_x), (_x) " (_y-1) ,cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2),cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx~2+1)°(-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 0 poly2 000000000000 00DODOOOOO0ODOO.
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srem(polyl,poly2[,v])
sremm (polyl, poly2,mod[,v])
s polyl O poly200000000000O0OO0OOOODOOOOOO.
sqr (polyl,poly2[,v])
sqrm(polyl, poly2,mod[,v])
s polyl 0 poly2 0000000000000 0000O0OO,000000.

return sdiv(), sdivm(), srem(), sremm() : OO0, sqr(), sqrm() : [O,00]1 00

ooo
poly1 poly?2

ooo
v ooo
mod od

e polyl O poly2 0000 var(poly?) (00 vOOOOOOO v)0OODOOO0OO
O,poly20,000000.

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

e J0O0ODDOOOL,0OOOOOODDLDODDDOODO,D000UO0OOOO0OO poly2
U000, polyl DOOO0OOOOO0OO polyl UOUOD poly2000000000O0O0O
uooboodoobobo. ooboo,booobooboobooboobb,ooboooooad
ubobodgboooobog,gboobboobooboboobo. boo,boobooa
gbobobobobobobob.

000000000, poly200000,00000000,0000, poly20 polyl O
ooooOooboOoooooobooooooo.
sqr(O DO0ODOO0OO0OO0O0ODOODOOOOD.
e 00OIODOO,000 idiv,irem000O0.
ooooooooooo »0oo0o.
[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);
(2xy+2%z) *x+y~2+(2%z-1) *y+z"2-a
[2] X=(x+y+z)*(x-y-z)"2;
K73+ (~y-2) *x "2+ (—y " 2-2%z*y-2z"2) kx+y " 3+3*z*ky " 2+3%z " 2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);
K3+ (y+2) *x "2+ (-y " 2-2%zxy-2z"2) *x-y "~ 3-3%z*y " 2-3%z"2%y-z"3
[4] G=gcd(X,Y);
X"2-y " 2-2%zxy-z"2
[5] sqr(X,G);
[x-y-z,0]
(6] sqr(Y,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 iremd p.33, 6.3.10 0 O %0 p.47.
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6.3.9 tdiv

tdiv(polyl, poly2)
s polyl O poly2000000000DOO0OO.

return goboobogb,0oobooooog o

polyl poly2
ooOo

e poly2 0 polyl DD UODUODOODOUODOODODOODODO.

o OO ODODODOOODODOODODODODODODOOOOO, DODOO0O0O0O0O0O0OOOOOog,
tdiv() 00000000000 0000000O0.
[11] Y=(x+y+z) "5x(x-y-z)"3;
K78+ (2%y+2%2) xx " T+ (-2%y " 2-4*xzxy-2x2"2) *x"6
+(=6%y~3-18%z*y 2-18%z"2*y-6%z"3) *x"5
+(6*%y " 5+30%z*y " 4+60%z" 2%y~ 3+60%z" 3%y 2+30%z"4*y+6%2"5) *x "3
+(2%y " 6+12%z*xy " 5+30%2" 2%y " 4+40%2z " 3%y " 3+30%z"4xy " 2+12%z " 5xy+2%z2"6) ¥x "2
+(—2xy " T7-14%z%y~6-42%z" 2%y " 5-T0%z"3xy " 4-T0%z"4*y~3-42%z"5*y~2
—14%z"6*y—2%z"7) *x-y " 8-8*z*y " T-28%z" 2%y~ 6-56%z" 3%y~ 5-70*z"4*y~4
—-56%z" 5%y~ 3-28%z" 6%y 2-8%z " T*y-z"8
[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] I;
5

g 6.3.8 0 0 sdiv sdivm srem sremm sqr sqrm[] p.45.
6.3.10 %

poly %y m 0000000
return ooooooog
poly ooooooooooog

m oad
poly OOO00 mODOOODODOOOOOODODOOODOOO.
O00o0ooooooooooao.

poly OOODOOO0O. OOOO,000D000000000O00O0000 direm() OO0O
gddooooodo.
poly OO0, mO0O00000O0DOO0OOOO,D0000000000A0.
[0] (x+2)°5 % 3;
X"5+xT4+x 7 3+2%x T 2+2%x+2
[1] (x-2)"5 % 3;
X"B5+2%x74+x " 3+x 7 2+2%x+1
(21 (-5) % 4;
3
[3] irem(-5,4);
-1

gd 6.1.1 0 0 idiv iremU p.33.
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6.3.11 subst, psubst

subst (rat[, varn,ratn] *)
psubst (rat[, var,rat]*)
crat 0 varn 0 ratn 000 (n=1,2,... 00000000 O0OO0O).
return ood
rat ratn ooao

varn goo
e J0ODDOO0OOOUOO,000ODDOODODO,000000O0OOOODOODODOO.

e subst(rat,varl,ratl,var2,rat2,...) O, subst(subst(rat,varl,ratl),var2,rat2,...) 0 OO
ooooag.

o DD OODOOODLOODDOODLOO,bDO0DLOOO0DOObOOODODOOOnOO.
e subst() O, sin() DOODOOODOOODOOODOOODOODO. psubstO) O, OODO

00000000000 00oooo0Uoo,0oooo0oooooOg. (partial
substitution 00 0 0O)

e Asir 00, 000000D0DOO0DOOOOODOO,0D0O00O0O00,000D00O0
goooobooooooo. oo ooo,bbogooogoooon
gbo,0jdbbooo,boobbo0boobobo0bbooboboobboooboooo.

e OO DOOOODOUOOODO.

e substU U0 rat OO DO, 00,00, 0000000000000000O0000, 00
Uo0o0odoodbonouooooibibdd substd OO

[0] subst(x~3-3*y*x"2+3%y~2xx-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)
srat0 varn O00O0 varlist 00 O000OO0O0OO0O0OO.

return O



oe6d OO0OOOOO 48

rat OO0 (Cooooopoooono)
varn goo
varlist goooooo

e JOUDUDODUOD varnODUOD varlist U0 OOODOODODOODO.

e 000DDDO0D,00000000. 000, diff(ratx,y) 0, diff(diff(rat,x),y) O
goooo.
[0] diff ((x+2*y)~2,x%);
2%x+4xy
[1] diff ((x+2%y)~2,x,y);
4
[2] diff(x/sin(log(x)+1),x);
(sin(log(x)+1)-cos(Llog(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)
s poly varn 0000 varlist 0000000000 0O0OOOOO.

return ooo

poly oogd
varn agoo
varlist ooooooo

e JOUODOODOO, DDODODODOODODODO. 000, ediff(poly,x,y) O,
ediff(ediff(poly,x),y) DOOOODO.
[0] ediff ((x+2%y)~2,%);
2%x72+4xy*x
[1] ediff ((x+2%y)~2,x,y);
dxy*x

6.3.14 res

res (var, polyl, poly2[,mod])
mvar 0000 polyl O poly20000O.

return gono
var gono
poly1 poly2
ooo
mod oo

e 0J0D0O0ODO polyl O poly20,00 var 10000000000,
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e JOODOOLOODODLODODO.
e 00 mod 0O0ODO, GF(mod) DOODOOODO.

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

6.3.15 fctr, sqfr

fctr(poly)
s poly OOOODODOOODOO.

sqfr(poly)
s poly UODOOODOOO.

return ogoo

poly oooooooon

e JOULDODUODOUOUD polyUODUODOUODLDO. fctrOQ UUOOODOUODO, sqfrO) DOODODO
goo.

e 00D [[0ODO,1],00,000),.]00000.
e 0000 OO0 OO-000 000 poly000ODO.

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

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

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

[[1/27,1], [9%x7 2+ (~9xy-3*2z) *x+9xy " 2-3*zxy+z~2,1] , [3*x+3*y+z,1]]
[2] A=(a+b+c+d)"2;

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

[3] fctr(A);

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

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

XT5+XT4-2%y T 24X " 3-2%y T 2xx " 2+y " d*kx+y T4

[6] sqfr(a);

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

[6] fctr(A);

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

gd 6.3.16 U O ufctrhintU p.50.
6.3.16 ufctrhint
ufctrhint (poly, hint)
» 00000000 10000000000
return gdd

poly 000000 100000
hint ooo
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e 1I0DOODOO Aint OOODDOODOODOOODODOODODO polyOOOOOOO
O fctrQ DO0ODOODODOO. poly U,d0000O0ODOODOOOOOODOOOOOO (D
9DDDDDDDDDDDDDp.140)DDDDDDDDD,DDDDDDDDD dO0
gooo.obooooooooooboono.

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

t79-15%xt~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%xx~72-19360343142*x"69
+1720634125410%x"66-88249977024390*x~63-4856095669551930*x~60
+1999385245240571421%x~57-15579689952590251515*x~54
+15956967531741971462865*xx"51

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

980msec + gc : 250msec

[12] sqfr(N);

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

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

20msec

[13] fctr(N);

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

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

167.050sec + gc : 1.890sec

[14] ufctrhint(N,9);

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

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

119.340sec + gc : 1.300sec

RN 6.3.15 0 0 fctr sqfrd p.50.

6.3.17 modfctr

modfctr (poly, mod)
s 0000ooooooooobono

return ogoao
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poly

mod

HEN

gooboooo

000
220 000000 mod 0000000000000 poly 0000000000.
000 [[0o0,1,00,000),..]00000.
000 0000 00-000 000 poly 0000O.

0000000000000 00000D fetr_ff0000. (0D 100000000ODO
0000p.150,10.5.16 O O fetr ff0 p.159 0 O ).

[0] modfctr(x~10+x"2+1,2147483647);

[[1,1], [x+1513477736,1], [x+2055628767,1], [x+91854880,1],
[x+634005911,1], [x+1513477735,1], [x+634005912,1],
[x~4+1759639395*x~2+2045307031,1]]

[1] modfctr (2*x™6+(y~2+z*y) *x"4+2%z*y ~3*x "2+ (2*z 2%y~ 2+z"3*y) *x+2"4,3) ;
[[2,1], [2*x"3+z*y*x+2"2,1], [2*%x"3+y " 2*x+2%z"2,1]]

6.3.15 0 U fctr sqfrl p.50.

6.3.18 ptozp

ptozp(poly)

spoly UDODUODOODOODOODOOLOODOO.

return oogd

poly

0o

ooo

00000000 poly OOODOODOOODOO,000000000GCDO 100
gooooo.

gooogoboo,gobooobooobooo,bbooboboobooo,onbo
ubobooboobooooboon.

00000000 redO ODOODODODODODOD,0000O0O0OOODOOOOO
o000, 000t amO OO0, 0000000D,0000DOO0OO
Oo00oo0o0oo,0000o0o0o0oooooooooo.

00000 factor OO00O0DOO0O0OO0O0OOOODODOO [ge]000. 000 cOODODO
O00,g000000000CO0O0O0O000O0O0O, poly=c*g0O00O.

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

6*x+5

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

2*%x+5/3

6.1.11 U 0 nm dn[] p.37.

6.3.19 prim, cont

prim(poly [,v])

x poly 000000 (primitive part).

cont (poly [,v])

: poly OO0 (content).
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return poly
oooooooo

v ooOo

e poly 00O (OO vODODOODOUOO v)yOOODOODOOOO,000000.
[0] E=(y-2z)*(x+y)*(x-2)*(2*x-y) ;
(2xy-2%z) *x" 3+ (y"2-3*z*y+2%z"2) *x "2+ (~y " 3+272%y) *x+z*y " 3-2" 2%y "2
[1] prim(E);
2xx "3+ (y-2%2) *x" 2+ (-y " 2-z*y) *x+z*y "2
[2] cont(E);
y-z
[3] prim(E,z);
(y-2) *x-z*y+2"2

ud 6.3.1 0 0 varO p.42, 6.3.7 0 O ordU p.45.

6.3.20 gcd, gcdz

gcd(polyl, poly2 [, mod])

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

return aon

polyl poly2
oono

mod oo

e IJUOOUIOOODDOO (GCD)OODO.

gcd() UOOOODOOOOOODDO GCDOOO.OODOO,ODO0O0DO0OO0D,OO
0o0o GChbO 100ooooooo,0b00,00000ooo 1000.

gedz() O polyl, poly2 00000000000, 000000000000 GCDO
00.0000,ged() 000,0000000 GCDOOOOOOOOOOO.

e 00 mod 000D, ged() O GF(mod) 000 GCDOOO.

gcd(), gecdz() Extended Zassenhaus 0O D0OO00O0O00. ODOOO0O GCD O PRS
goooooooooooOoo,0000g,6Cb0 1ggoooooooooooo.

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

x"2-y~2

[3] gecd((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.34.
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6.3.21 red

red(rat) = ratQ0QO0Q0O0000O.
return goo

rat gdd

e Asir U DOOO0ODOOOODOOOD.ODO,DO00DOOODOOODO,O
gobooboobboobooooDob.00bbo0obo0bibd reda DO,

e EZGCDODOD rat ODODO,00000000O.

53

0

e JO0O0OOOOODODODOUOODO,ODOOO0GCDDO 10D0O00O0O0O0DODOO. O
gboboobooboboobooboboobooooo.

e GCDOOOODOOOUO,0000O0DOOOUOODOOOOOODOOOOODO.
ugb,bu,go0boobobodgbboobboobbooob,boooboooobooa

oo0d. 0ooooooboooo,0ddogoo,ooooooooog.
[0] (x~3-1)/(x-1);
(x73-1)/(x-1)
[1] red((x"3-1)/(x-1));
X" 2+x+1
[2] red((x"3+y~3+z"3-3*xxy*z)/(x+y+z));
X2+ (-y-2) *x+y " 2-z*y+2"2
[3] red((3*xxy)/(12%xx"~2+21%y~3%x)) ;
(y)/ (4*x+T*xy~3)
[4] red((3/4*x~2+5/6%x)/(2*xy*x+4/3%x));
(9/8*x+5/4) / (3xy+2)

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

64 DOUOOOOODOO

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

umul (p1, p2)
umul_f£f(pl,p2)
s 00000bOO0bOOoDO

usquare(pl)
usquare_ff(pl)
» 000000000 200

utmul (pl,p2,d)
utmul _£f(pl,p2,d)
00000000000 (DOoDooooo)

return goOooon
pl p2 oooooo

d goog
o DD OODOOODL,00b0O0ODDbOOODLOObOOOODDOObOOODnDD.
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umul (), usquare(), utmul ) 0O OOO00O0O0OO0O0O,00000000000000
O00.000000 GF(p)OOOOODOO,000 000 pO0OOOO0OOOOOO.

umul _ff(), usquare_ff(), utnul_ff() 0, 0000000000O00O0O,00000
0O00000o0Oo0ooD. 00o,00000000000,000000000000
000000, 0000000000000D00000D000D00DO0O0DO0DO0O0O0
0000 simp_ffO) 000D0ODODOODODOODOOODOOO.

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

umul ), umul_££() OO0 00O pl, p2 00, usquare(), usquare_f£() 0000 pl O
20, utmul(), wtmul_££() 0000 pl, p2000,d000000000.

e UDDODO, set_upkara() (utmul, utmul_ff OO0 000 set_uptkara()) 000000
000000000000 0D00D00000, set_upfft) OO0ODOOOODOODOODO
0000 Karatsuba O, 000000 FFTOODODODODDODDODDOOOOO. ODOO
0,000000 FFTOOO0,00000 10000000 mi0O000, pl, p2 0
000 miOOOODDODOOOOOOOOO, FFTOOOO,00000000000A0
go. oo, 0gooooooooboo,gboobdoooboooooonoooon
O00,0000 ShoupOODOODOODO [Shouwpl] DODOODODOODODNO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

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

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

[180] B=randpoly_ff(100,x)$
0sec(0.00107sec)

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

7.77sec + gc : 8.38sec(16.15sec)

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

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

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

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

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

100

g 6.4.3 0 U set_upkara set_uptkara set_upfftll p.56, 6.4.2 0 [0 kmul ksquare
ktmull p.55.

6.4.2 kmul, ksquare, ktmul
kmul (pl,p2)
s 0oooooboonbg

ksquare(pl)
» 000000000 200
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ktmul (pl,p2,d)
00000000000 (D0DO0DooDoon)

return gooooo
pl p2 goOooon
d gooao

e J0IODDOODOOO Karatsuba 0O OO.
e 000D wmul O0ODOOO,0000000000FFTOOOOOOOOODDOO.
e GF(2rn)ODODOOODOOODDOOODOOODOD.
[0] load("code/fff");
1
[34] setmod_ff(defpoly_mod2(160));
x7160+x"5+x"3+x72+1
[35] A=randpoly_ff(100,x)$
[36] B=randpoly_ff(100,x)$
[37] umul(A,B)$
umul : invalid argument

return to toplevel
[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara([threshold])

set_uptkara( [threshold])

set_upfft ([threshold])
21 0000000000000 N2, Karatsuba, FFTOOOOODOOOOO
ooD

return ubooooboobon

threshold O0DO0O
e 100D0,00000000D00D00D00O,00000D0O0O0OO0OOOODOOOO.

e JOUDOUODLOOLDO,00 NOOOODODODODODLD N2000000,0000D00
Karatsuba OO 0000, 0000000 rEFTOO0OOCOOOCOODOCO.OOOOO
goooooon.

e 00U, 00000D00OOODODOOODODO.
g 6.4.2 00 kmul ksquare ktmull p.55, 6.4.1 U0 umul umul_£f usquare
usquare_£ff utmul utmul_£f£f0 p.54.

6.4.4 utrunc, udecomp, ureverse

utrunc(p,d)
udecomp (p,d)
ureverse(p)
s 00oooooon

return ubooobooboobboobooboo
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b
d

gooobgo
gooo

e pO0DD xO0OD. 000D p=pl+x~(d+l)p2 (pl D0DD d00) 000000,
utrunc() O pl 000, udecomp() O [pl,p2] O0ODO.

e pOO0OO e0D0,i00D000 plij 0000, ureverse() O ple]+ple-1]x+... OO 0.

g

6.4.

[132] utrunc((x+1)~10,5);
252*%x75+210*%x"4+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 00 U udiv urem urembymul urembymul_precomp ugcdll p.58.

5 uinv_as_power_series, ureverse_inv_as_power_series

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

2 0ogooooboob,00oDd

return O0ooOon

p
d

uad

gooooo

good

uinv_as_power_series(p,d) 0, 0000 0000000 pO00,pr-1 00000
0Od+1 00000000 00 dODD0O0OD0 r0000d.

ureverse_inv_as_power_series(p,d) O p O0O0O0OO e O0O0OODO,
pl=ureverse(p,e) U0 U0 uinv_as_power_series(pl,d) D0ODOODO.

rembymul_precomp() DOUOOOOUODOOON, ureverse_inv_as_power_series() [
oooo0ooooooooooog.

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

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

[126] AxR;
-126%x710-560%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(4A,5);
-X"5+x74-x"3+x"2-x+1

[129] ureverse(A)*R;

-x"6+1

6.4.4 0 0O utrunc udecomp ureversell p.56, 6.4.6 O [ udiv urem urembymul
urembymul_precomp ugcdl] p.58.
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6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)

urem(pl,p2)

urembymul (pl,p2)

urembymul _precomp(pl,p2,inv)

ugcd(pl,p2)
s 0doobooood, GECb

return ogooooo

plp2inv O0O0O0O0OO

e 0O0ODOONO pl,p2000, udiv 00, urem, urembymul OO0, uged O GCD OO
0.0000,000000000000000000000000. urembymul O, p2
O000oo0o00,p2000000000000000,00 20000000000,
O00ooooooooooo.

e urembymul _precomp U, 000000000 O0OO0OO0O0O0O0OOODOOOO0OO0OO
O000. 0 3000,00000 ureverse_inv_as_power_series() ODO0OODO0O
ooo.

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

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

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul(A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

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

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

0o 6.4.5 0 U uinv_as_power_series ureverse_inv_as_power_seriesl p.57.

6.5 DUUOgug

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

car(list) = 0000 LstOOOODO.
cdr(list) 0000 LstO0O0O0ODO0OODOODOOODOOO.

cons (obj, list)
2 list 0000 obj OD0ODODOOODODO
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append (list1, list2)

s listl O list200000 10000000.

reverse (list)

s list 000000000.

length(list| vect)

2 list 000,000 vect OODO.

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

list list1 list2
ood

obj oo

0000 [objlobj2..] 00O00DO. objl 00OD0O0O0OO.

car() 0, 0000 Ist UOUODOODOODOD. DO0OODODODODbDODbOO,b00bO
goooaoo.

cdr() O,0000 Ist DO0OOD0ODODODOODOODODOODOD. DODbODOO
gbooooobo,obboobooaon.

consO) U, list OO0 obj DODOOOODOODOODOODOO.

append() O, list] 0000 Iist20000000000000000 [LUst1 OO00OOO
OJist2000000)]00000.

reverse() U, list 000000 OD0OOOODOODO.
lengthO) O, list 000 veet OO UOODO0OO. OODOOODOOOO,size(O 0O0OO.
gbobodgbooobog,boobboobooaboo.

0000 n00000000000,cdrO 0 nO000000 car() OOOOOODO
ooboooooo,0b00oboo,0b0ob,00b00oboobOoO0,00bD0O0D el
gboboobogobboobooooboobobo. oob,0obboobo,obbo
obood n0O000OO0O0,0000000D00DO0DODOODO.

cdr() UO0UODOODOO0OOODOODO, append) O, 00000 1 0000DO00ODOODOO
U0 consO UDOUODOOOOOOO,D0 1000000D00ODODODOOOODODOD
OO0D0OO00O0000. reverse() OOOODOOODODOO.

[0] L = [[1,2,3],4,[5,6]];
[[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,[5,61]
[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 00O

6.6.1 newvect

newvect (lenl[, list])

return

len
list

ud

U0 len00O0OD0OODOODODO.
gooo

ugoo

ugoo

U0 en0000000OO0OCO. 020000000, 000000000000. 0
20000000,000000000O00D00O0DO,0DO00DOODDODOODO0OD.
uboobg,boobobooboo,obooboobo oonoboon.

00o0oU0o0o0,0 o0000U0 len-1 00000, (0D 10000O00OOODODOODO.

ubobodbbg,obbuooobuoobboobboobooobooobooon,
O00000000000000000D000 displacement (00 )000000O00O0O
goooobogbo,0ooob,o0oboobobooboooboobobo.ggooo
go,0b0o0b,00boobooobooobooobobobbooboo,oobooon,
gobooobooooooobooon.

Asir O0,00000,00000000000.0000000DOO0ODDOOODOO
oobobo,goobooooobooooooooogon.

00000000 sizeQ OOOOOOOO.

goboobopooboobobobobobobo,bbopbob,o0b0o0oboboboobo
goooooog.

[0] A=newvect(5);
[0o00O0O0]

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

[2] A[0];

1

[3] A[4];

[5,6]

[4] size(A);

[5]

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

[7] A;

[ x 234 [5,6] 1]

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

ltov(ist) :: 000000OOOOOOO.
return gooao

list ooo
e 00 st 00DOODOODDOOODOOO.
e JO0ODOO newvect(length(list), list) OO OO.

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

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

vtol (vect)
s 00o0ogoooooooo.

return ood
vect gooo
e 00 nOOOODO vect O [vect[O],...,vect[n-111 OO OOO0OO0OOO.

e NUIDODUODLOUUDDOON newvect() ODDO.

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

[4] vtol(A);

[1,2,3]

ugd 6.6.1 0 O newvect p.60, 6.6.2 0 0 1tovl p.61.
6.6.4 newbytearray

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

return byte array
len ogdn
listorstring

oooooooog
e newvect 1O O OODO byte array 00O O OO . similar to that of newvect.
e I0IDDOIDDOODOODDOOODOOO.
e bytearray 000000000000 OODODOO.

[182] A=newbytearray(3);

|00 00 00]

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

[185] A[0];

97

[186] A[1]=123;

123

[187]1 A;

[61 7b 63|

oo 6.6.1 0 O newvectO p.60.

6.6.5 newmat

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

return oo
row col ood

abcd 00

e row 0 col 0OOOODOOODO. O 30000000O,0000000D000D0O. O
30000000, 00b00o0oooO0o00ooOO,000,0000000 (boDoOO
0000o00)00oo0o0oo00. 0000, 0000000D0O0,000000 00O
obooboo.

e 1O00DOODOO size() OO ODODO.

e MOODOOOO,MI]ODOO I0D0O0O0DOOOODOOODOOODOOOOD.OOODO
ugbbo,gubbuoobbuoobbodob,booobuooboboooba,ooboa
obooooooooooooo.

o IJ0DUODODODDLDODDODDL,DDUOODOO,00DbOO0ODbOO0ODbOODOOD
goog.

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

[xyo0]

[ x2 00 ]

[1] det(A);

-y*x”2

[2] size(A);

(3,3]

[3] Al1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

gd 6.6.1 0 O newvect p.60, 6.6.6 0 O sizel p.63, 6.6.7 0 [] det nd_det invmat[
p.63.
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6.6.6 size

size (vect| mat)
s lveet 0001000 [mat0O0O0O,mat000].

return goo
vect oooo
mat 0o

e vect U U, 000 mat UOUOUOOOOOOODODO.
e vect HOODO length) OOOOOODOODOO.
e Jist 00O lengthOU,000000O0ODOODOODOO nmono() OO ODO.

[0] A = newvect(4);
[L0O0O0O0]

[1] size(A);

[4]

[2] length(A);

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

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

det (mat[,mod])
nd_det (mat[,mod])
cmat 00 O0O04Oooono.

invmat (mat)
cmat 0O O0dooono.

return det: U, invmat: OO O
mat 00
mod 0od

e det U0 nd det 00 mat DUDUODODODO. invmat D00 mat J0O0O0O0ODO
Oo.goob ([bo,0o0lobogobogobo,obobo,gb/00 bobobon.

e U0 mod D000, GF(mod) DODOOODOOODO.

o D ODOODOODODOODODODLOO,00DODLOOO0DODODOODbODOnOn
gboboobooboooboobooobooboooo.

e nd det UOIDOOOUOODOOODODOOOOOODLOODOODLOOO.OOOOODOO
ubboobbobobobbobobga,buobbuoobuoobuoobodgbd,bdd det
oooooooooo.
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[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

BN R
N M
) y )
BN
v-h-h-h-h-b

x x°2 3 ]
[1yy27y3 ]
[1zz22z3 ]
[1uu2u3 ]
[1vv2v3vd]
[95] fctr(det(A)
[[1,1]1, [u-v,1], [—z+v, 11, [-z+u, 1], [-y+u,1], [y-v,1], [-y+z,1], [-x+u,1],
[-x+z,1], [-x+v,1], [-x+y,1]]

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

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

[98]A

[1xx72]
[1yy ]
[1zz2]

[99] invmat(A);

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

[ y72-2"2 -x"2+z"2 x"2-y~2 ]

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

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

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

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

gsort (array [, func])
00000 array OOOOOO.

return array (00000;000000000)
array googo

func goooo
e IODODOODO quicksort OO OODO.

o IO UODOODOOODLODOOODOO,0b0ObO0ODbLOLOOObLObLDObLDOObOObLOnOn
gboboodgbooon.

0,1,-1000 200000 fune00OO0ODODOOOO, func(A,B)=1 0000 A<BO
gb,00booboobooboobooooog.

ugbbooboobbgo,boobbodobooooboan.
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g

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-10123466729]
[1] def rev(A,B) { return A>B?7-1:(A<B71:0); }

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

[976643210-11
6.3.7 0 O ordd p.45, 6.3.2 0 U varsU p.43.

6.7 OO

6.7.1 newstruct

newstruct (name)

200000 nameO0O40O0O0O0O0OO.

return goo
name goo

o IUDODOO,name U0 0O0OO0ODOO0OO0OOOOOOODOOODOO.

Ub0b name OOOOOOOOODOO.

64

e 00O 0UUIUIUUOULD UL OLOLOOUOO. UUUOUOUObLDLDLDDO,Od

un

> [0gboooboobobobobon.

[0] struct 1list {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

[6] A->t->h
2

[6] A—>t->t
3

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

6.7.20 0arfregll p.65,4.2900000000p.22

]
N

]
w

6.7.2 arfreg

arfreg(name,add,sub, mul,div, pwr, chsgn, comp)

s goobobobobobobon.

return 1

name ogoo
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add sub mul div pwr chsgn comp
ooooooo

e name 10D DOO0OD0OOODOOOODOOODOO.
o DD OOODOOODLDOODDOODLDDO oLbOObL.ObhOoOobLbOOoObOOODDg

gboboooboooon.

o UDODOUOODOODLOODLDOODODO.

add(A,B)
sub(A,B)
mul (A,B)
div(A,B)
pwr(A,B)
chsgn(A)
comp(A,B)

A+B
A-B
A*B
A/B
A°B
-A

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;

}

def sub(A,B)

{

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

return C;

}

def mul(A,B)

{

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

return C;

}

def div(A,B)

{

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

return C;

}

A->body+B->body;

A->body-B->body;

A->body*B->body;

A->body/B->body;

65
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HEN

def pwr(A,B)

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

¥

A->body~B;

def chsgn(A)

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

}

—-A->body;

def comp(A,B)
{
if ( A->body > B->body )
return 1;
else if ( A->body < B->body )
return -1;
else
return O;

¥

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

% asir

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

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

[11] A=newstruct(a);

{0,0}

[12] B=newstruct(a);

{0,0}

[13] A->body
3

[14] B->body
4

[15] AxB;
{0,12}

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

3;

4;

6.7.3 struct_type

struct_type (name|object)

s gboooooooooogo.

return 0

66
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name ood

object ooo

e 00 name 000000, 000 object 0OODOOODODOOODOOODDOO. ODOO
gooo -1oog.
[10] struct list {h,t};
0
[11] A=newstruct(list);
{0,0}
[12] struct_type(A);
3
[13] struct_type("list");
3

ud 6.7.1 0 O newstructU p.65,4.2.90 0000000 p.22
6.8 UUOOUOn

6.8.1 type

type(obj) = objO0 O (OO)DOOO.

return uad
obj oo
e obj DOODOODOO.
0 0
1 O
2 oo00 (Cooo)
3 oo00 (ooooo)
4 goo
5 good
6 oo
7 ooo
8 ooo
9 goooooo
10 2bitdoogono
11 ooooooogn
12 GF(2)oOoOO
13 MATHCAP ODOODOODO

14 ooooooo
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-1 voIDb Oooooo
e J0IDODOODDO,ntype 000O0. DDDOODOOODDOO, veype OO ODO.
oo 6.8.2 0 O ntypel p.69, 6.8.3 0 O vtypel p.69.
6.8.2 ntype
ntype (num)
cnum (0)0 0 (00O)000O.
return gdod
obj O
e DOOIDDOOODOOO.
0 ooo
1 ooooooo
2 oooo
3 00000000 (bigfloat)
4 ooo
5 ooooo
6 oo0ooooo
7 002000000

e newalg(x"2+1) 00O0D0ODOO0,0000 €i0,000000000000.
e 10000O0D0OD,090000000000000p.140000.
[0] [10/37,ntype(10/37)1;

[10/37,0]

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

[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)))]1;
[0.49999999999999999991, 3]

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

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

0o 6.8.1 0 O typel p.68.
6.8.3 vtype

vtype (var)
cvar (0O0O)0 O (OO)0OOO.
return RN

var ooo
° var(DDD)DDDDDDDDD.DDD 3300000000p.14000.
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0 00000 (ab,x,afo,bfo,...etc)

1 uc() OOODODOOOODO (L0, _1, _2, ... etc)

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

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

e 2(); 00D (DDODDODOOD)OOODUUO ntype(a) 0 3000. 0000 aOOO
gboobooboboobon.

o IIDOODDOOODOODDLOODOODD function ODODO.
e Qpi,Ce DO0OOOOOO0ODOODO,eval),pari() OO0OOOOOOOOOOO.

0o 6.8.1 0 O typel p.68, 6.8.2 0 O ntypel p.69, 6.3.3 0 O uc p.43.

6.9 DOUOOOOOO

6.9.1 call

call (name, args)
00 name 0O OQO0O.

return 00 name() OO ODO.
name 000000000 (Doooooooo)
args gogooon

e 00O0O0DOO0DOO, vtype) OO D,

e 100I0OD0ODDOODDOODOOODDOODND (xname)() OO0, ODOODODOODO
call) DODODODODO.
[0] A=igcd;
igcd
(1] call(A,[4,6]1);
2
[2] (xA) (4,6);
2

g 6.8.3 U O vtypel p.69.
6.9.2 functor, args, funargs
functor (func)

s func0000000O00O0O.

args (func)
func000OD0OOOODOOO.

funargs (func)
it cons(functor (func) ,args(func)) 0O 0O.

return functor() : OO0, args(), funargs() : OO0
func oooooooooo
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000000000, veype) OO0,
0000 fune 0000,0000000000.

70

e 0U0,000000DO0OD0OOOOOOODOODODODO FOODOD (xF)(x)0xO0000O

oo

6.1

gbobooboobboobooboooobg.

[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(lL);
print(eval((xA) (@pi/3)));}
0.86602540349122136831
0.5000000002

1.7320508058

6.8.3 0 0 vtypel p.69.

o uobuoobnod

6.10.1 rtostr

rtostr(obj)
cobjO000O000O0ODO.

return ggad

obj 00

oooooobodg objuobbooooO.

e JOUOODODOODODOLODOODDODOODODO,Db0OODODDODOD

oo

gboogoobooboo.
gb,00boobbooboobod, strtov 00O,

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+"1";

afol

6.10.2 0 O strtovU p.72, 6.8.1 O U typel p.68.
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6.10.2 strtov

strtov(str)

cstr (000)0000000ODO.
return ooao
str Ooo0oooooooooono

e DD OODOODDOODDOODOODDO.

o DD ODDOODLOODOOO,00DbOO0ODDO,0O,0000000 _O000O
uboboobooag.

e rtostr() U0DOOO, 000000000000 DOOOOOODOOOOOOD.

[0] A="afo";

afo

[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)1);}
[afo0, 2]

[afo1l,2]

[afo2,2]

gd 6.10.1 0 O rtostrU p.71, 6.8.1 0 O typel p.68, 6.3.3 0 U ucl p.43.

6.10.3 eval_str

eval_str(str)
cstr (000)00000.

return gooooo

str Asir 0 parser OO0 OOO0DOO0O

e AsirJ parser 000000000000 DODOODOOOODOO.
e I0O00ODOOODD,0D00D0DOODO.

e NOUDOD rtostr() UODDOODODO.

[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 rtostrU p.71
6.10.4 strtoascii, asciitostr

strtoascii(str)
s 00o0ooooooooooo.

asciitostr (list)
s 00dgoooggoooogooog.

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

e strtoascii() DO OUODOOOOODOOODOOODO. ODOOOOODOOOODOOD
oog.

e asciitostr() O asciitostr() ODOUOODODOO.

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

[1] asciitostr(@);

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 goggooogo.

str_chr(str,start, c)
s 0000000o0ooooooo.

sub_str(str,start, end)
s go0ooogao.

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

start end 0000
e str_ len() ODOOOOOOOOO.

e str_chr() U strJ start OO0 ODUODOODOO0ODOODOODOO cOOO0ODOODODOO
ogoooboo. bboooob obooob. oooboboooobobooboooon -10
uo.

e sub_str() U, str 0 start OO0 end OO O0O0OOOOOOOOOOO.

[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,Spi-1));

123

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

-

[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*ky*x"2+3*y " 2*xx+y~3

6.11 OO0
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6.11.1 end, quit

end, quit
s 0oddooooobobotoddo. oo bobboooooubobooo
gogodooobono.

e end, quit 000000000000, O’0000000000000.00000O
gboooooooooobobo.obo,oboooboboboooobooobooobobo
ooobooo.

e DD OODLO,bO0D0DOODDOOD,DOOO0ODLOOO0DDOODODOO,0D0O
oO0DbOo0ooO0o0oCcO00OOoO0bOOoOD,00b0O0DbO0O0D0,00b000D0O0D ends
ubooboooboon.

[6] quit;

A
o0 6.11.2 0 0 loadU p.74.
6.11.2 load

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

return (110)

filename 00000 (ODODO)

e 10I00DODODODODO,D40000000 AsirOp.l600. OD0ODCOOOO
0000000, cpp0000ODO,COO0DOODONO #include, #define DO OO0
gooo.

o I0ODUOODDOODODOODLOO 1IDDO,bDOO0ODbOODbDD OoODOD.

e JODODODODO «,yoObOOOODODODODOO, . O00D0DODOOODODOODOOOOOO0O0
Oo0ooobooooboood. 0oboooono,bb0O0 ASIRLOADPATH OO DO OOO
gooooooboooooooooo. gogboooooooooooooooon,
0000000000000 (00000000 ASIR.LIBDIROOOOOOOOOOO
O000)000000. Windows 0000, ASIR_LIBDIROOOOOOOOOOOOO,
get_rootdir()/1lib 0000 0OO.

e J00D0D0DD0O0ODD,end$ 0000 load) 00000000000 DO0O,O00
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000, end 0000 000000000, end$
oooooo.)

e WindowsUUODOUODOOOODOODOOOOD ,/o0ooon.

oo 6.11.1 0 0 end quitl p.74, 6.11.3 0 U which{ p.74, 6.14.16 0 U get __rootdir[]
p-90.
6.11.3 which

which("filename")
00 filename 000, load() OOOODOOOODOOO.
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return ood

filename 00000 (ODOO)O0O0OO

e load) 0OO0ODODOOODODOOOOOUOODDOOOD,0DOOO0DOOOODOOOODO
ooooOoobOoOg,00bboobooooogoo.
e J0J0ODOOODDOONO load) ODOO.
e WindowsUUODOUODOOOODOODOOOOD /o000,
[0] which("gr");
./gb/gr
[1] which("/usr/local/lib/gr");
0
[2] which("/usr/local/lib/asir/gr");
/usr/local/lib/asir/gr

un 6.11.2 0 0 loadl p.74.
6.11.4 output

output (["filename"])
0000000 filenamedDODOOOOOODDOOO.

return 1

filename ooooo

e Asir 0O0O00OO0OODOOODO,0O000DOOO0OODOOOD. OO,0D00DOOOOD,
ubbooobuoobobooboobooo,boobobog.

OO000O000O00DOO0ODOOn0, 00 output(“filename") OOOOO. 0,000
OO000OO00D0OCO000O00DO0ObDOO,00000 output() DODOOO.

OO00OO0O0ODOO filename OOODOO0O0O,0000000O0COOOODO,0D0O0
gbooooobg,bboobuoobboo,oobbooboo.

o OO OOODO " ODLOOUODLOLOOOOOOODLOODO,ODO00,b000Db0000
gboooobooboa,boobboobuoobboon.

OO0DO0O0OO000O0ODO0ODOOOOOODODOOg, ctri(techot,1) OODOODOO
gbooboboobooaoboboad.

gbooooob,obbooboobboobooboboobobooboooooboon.

e DIDOO,0000 (vtype(O OD)ID0UDUODODOOOODOODOOOODOO, bload(),
bsave() DODOODO,00,0000000000.

Windows OO DOOOODOODOODODOODO <,/ 0000.

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

print("afo");

output ) ;

1

[87] quit;

% cat afo

1

(841 [[1,1], [x+y,1], [x-y,1]]
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[85] afo
0
[86]

aad 6.14.1 0 0 ctrld p.82, 6.11.5 0 0 bsave bloadll p.76.
6.11.5 bsave, bload

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

bload("filename")
:: filename OO0 000000 0OOOODOODOO.

return bsave() : 1, bload() : OO OOOODO
obj 0oo0O0,0000b000000ooad

filename o0oo0oo

e bsave() UDOUODOOODOODOODODOOOOODOODOODODLDOODO. pload() O,
bsave) DO O OUOOOOODOOO0ODOODOOODOOOO. DOOOOOODOOOD
0000000o0,0000,0000 (veypeO) O0)O0OO0D0OOOOO,00000
gbobooobooboobboobooboboon.

e output() DUOOODOOOOO, 0000000000 0O0O0OD0OO0O, bsave() DODODO
0000 vload) OOOOD,00D0O000O0OCOOODOO,DO0,0000D0C0O0
auo.

o IUDOODOO,bO0bO0ODLODLOODODLDOODObOOObOObOODDO,bOobOO00,
gbobobobobobobooboooooobooooo.

e Windows U0 DOOODOOOOOOODOOODO rooon.

[0] A=(x+y+z+utv+w) ~20$
[1] bsave(A,"afo");

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

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

X" 2+2%y*x+y T2

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

% asir

[0] ord([y,x1)$

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

an 6.11.4 O 0 outputU p.75.
6.11.6 bload27

bload27 ("filename")
2 0000000 bsavefile OOODOO
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return ooooooo

filename ooOooo

e OO0, 00DO00OO,1000 2rbit0000D0OO0OD,0D000 1000 32 bit
gbobogobD. ooob,0b00 vsave UOO0OO0OOO0OO0OOODODODODOOO
gboD.00b00bb0o0obO0o0boOonDD vlead27 DO ODO.

e Windows U DDOUOODOOODOOOOOOODO ,/ob0o0O.

od 6.11.5 0 00 bsave bloadll p.76.
6.11.7 print
print(obj [,nl])
mobjO00O0OOO.
return 0
obj o0
nl oo0 (oDo)

e objOODOOOODOOO.

e 1 20000D0O0O,D000,200000,0000.02000 1000,0000,
gbbobooboooboobo,oboboboboboboboob.o 2000 2000,0
uboboobooobboobooooboog.

e J0IDODODODO OODDOOD,print(); ODODODO,0000D0 0D0OODODO.
printO$ 0000, 000 0oO0D0ODODOO.
e 100 obj00OODOODOODOODO objObOODOODOODODO.
[8] def cat(L) { while (L !'= [] ) { print(car(L),0); L = cdr(L);?}
print(""); }
[9] cat([xyz,123,"gahaha"])$
xyz123gahaha

6.11.8 access
access(file)
s file000OOOOODODO.

return (110)

file gboogn
e fileOOODOOO 1,0000000000OO.

6.11.9 remove_file

remove_file(file)
cfile0000O0O.

return 1

file googn
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6.11.10 open_file, close_file, get_line, get_byte, put_byte, purge_

stdin

open_file("filename" [, "mode"])

: filename OO 0O0O0ODO0O.

close_file(num)

U000 numOO0O0O0DOODOOOOOO.

get_line([num])

2000 numO00000D0O 1000.

get_byte (num)

U000 numUO0000000 100000.

put_byte(num,c)

2000 numO0O0O0O0O0 1000 cOOO.

purge_stdin()

s gobooobooooobooooog.

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

byte(), put_byte() : OO

filename 00000 (DOD)

mod

num

e ugod

0000 (000D0O000)

open_file() DD DODOOOOO0DOOOO. modeJO0DDOOOODOOON, mode 00O
O0000000,CO00000000 fopen(O O0O0O0O0O0OOOOOOODO.OCOOO
goooooooodg w,goggoooob "=2"0b.0boodgg,0booogon
000000DO00.0000000D0000. 00000000000 close_file(O
O0000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 0 O
gobobobobo,0o00o0,0b0obobobobobob.0oboboooboobooon
goooo.

get_line() DO UOOODOOO0OODOOODOODOO1D0LO,00000D0ODO.DODO
gboobog,boobboo 1004d.

get_byte() DO OOO0OOODOOOOOODO 1000DOODOOOODO.

put_byte) D0 0OODOO0ODOOO0OOOOOO 100000,000000000O0
oogd.

UoobOobOoboboOobon get_line() DODLDODOOO,00D0 0000,

000000000, 000000 swb_str() OOOOOOOOOODOOCOOOOO
eval_str() DO0DOOODOOOOOOODO.

purge_stdin() 0, 0000000000000. 0000 get_line() OODODOOO
goooooboboobo,oobboboboboobooboboobobnoobo
goooooooog.

[185] Id = open_file("test");
0

[186] get_line(Id);

12345
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[187]
67890

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

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

[198]
123;
123;

[199]

RN

oood 78

get_line(Id);

get_line(Id);

type (@Q) ;
close_file(Id);
open_file("test");

get_line(1);

get_byte(1);

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

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

/* a remaining newline character has been read */

/* returns immediately */
test1();

/* input from a keyboard */

/* returned value */

6.10.30 0 eval_str p.72, 6.10.5 0 O str_len str_chr sub_strd p.73.

6.12 JO00O0O0O0OO0O00O0O

6.12.1 module_list

module_1list ()

return
[1040

s ggooobooooobooobooooo.

goooogopoooggono.
] module_list();

[gr,primdec,bfct,sml,gnuplot,tigers,phc]

RN

421300000000p.25000

6.12.2 module_definedp

module_def

inedp(name)
00000 nameOOOO0OOOOO.
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return (110)

name gooooo
e J00OUOO name 0OOUOOO 1,0000000 0000.

[100] module_definedp("gr");
1

oo 6.12.1 0 Omodule_listO p.79,4.2.1300000000p.25000.
6.12.3 remove_module
remove_module (name)

00000 nameOQOO0OO.

return (110)

name gooooo
e JI00OUODOOOO 1,000O0OOCODOO.

[100] remove_module("gr");
1

oo 421300000000p.25000.

6.13 U000

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

dacos (num)
= 000 Arccos(num) 0000,

dasin(num)
: 000 Arcsin(num) 000D

datan(num)
2 000 Arctan(num) O0000O.

dcos (num)
2 000 cos(num) DO O0O.

dsin(num)
: 000 sin(num) OO00O0O.

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

return goooooo

num O
e JIOOOOOOOOOOOOOOODOO.

e JO000OOIODO COOOOOOIODODOOUOODLOD.ODODOO,DOO0OOO0DODD
gbobobobobobobobobo.
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e JOUODOUOOODOLODDOLOLODOLODLODOLOODOLODODOO.
e CPi00OO0OODLOOOLOODLDOOLOODLDOLOODODO.

[0] 4*datan(1);
3.14159

6.13.2 dabs, dexp, dlog, dsqrt

dabs (num)
2000 |numl OOO0O.

dexp (num)
2 000 exp(num) OO0ODO.

dlog(num)
2 000 log(num) OO DO O.

dsqrt (num)
000 sqrt(num) OOOO.

return gooooono

num O
e JOOOOODOOOOOODO.

e J00OOOOCOODODOOOOOOOOOOODOD.OOOOO,ODO0O0O0000O00
oboooooouooooooobooooo.

e dabs(O0 dsqrtOUODOOOOODOOOODOOOOODOOOODOOODOOODOO
gooo.
e i IDODOODLOODODODODODODODO.

[0] dexp(1);
2.71828

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

ceil (num)
dceil (num)

cnum 00000000000 000.
floor (num)
dfloor (num)

cnum 000000000000 00.
rint (num)
drint (num)

scnum O0O0000000.

return oo

num 0
e dceil, dfloor, drint [0 ceil, floor, rint DO QO OO O.
e JO0ODDOOUOUOOOOOOO,DOODODOOUOUOODOOOOOODODOODDOOO.
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e JO0ODOODODODLODUODLODODLODLODLODODODODO.
e il 0O0OODLDOLOODLDOLDODLDODLDODODO.

[0] dceil(1.1);
1

6.14 OO
6.14.1 ctrl
ctrl("switch" [,objl)

. O0Ooggd
return gooooooo
switch ooooog
obj oooo

e Asir HODODOODOOOOD,0000DO.

e switch OO OO, 000000O00O0O0ODOODOODO.

e obj000IDOOOOOOO,OD0OOODOO.

o OO UOODOUODLOUODLDO. ODLOODLDDOODLOODDO.
e J0I0ODOOODD.O0OO,ond 1,of0 0OOODOOO.

cputime on0O0 CPUtimeO00 GCtimeOODO,off 00 OOOOO. cputime()
O00. ctrl("cputime",onoff) O cputime(onoff) OO OO OO.

nez EzGCDOOOOODOOOODOO.OOOOOO0 1000,0000000
ugboooao.
echo on0000DOOO0OO0OO0O0O0O00O0O0O0,of000O0O0OOODODODODDODO.

output OO OOODOOODOOODODOO.

bigfloat on U0, 0000000000 bigloat 00D DOO, 0000000 PARI
(6.1.1400parilp.39) 000 0000O. OODOOOOOOOODO 9000
0. 0000000000000 setprec() JOODO. off 00,0000
gooooob,0bbooboobboon.

adj ooboooooboooboooboo.100bo0oboobooobD.bgo
oboooD 3. 10000,000b00000b00b0b000bObOOo0DbOo
goobodoo. goobbooobbooobboo. 240000000
gbooobboo0phO0O0.

verbose onUU,0000000000000O0O00O0O.

quiet_mode
1000,000000b00o0boobo. 240000000000 DbDOO
Udp.b00O0O.

prompt o0O0O00O0OO0OOOO0ODOO0O0O.1000DO0DO0OOObOOOO. coo
0000000000000 00000000O0O0O0O0000. O (asirgui
O0000):  ctrl("prompt","\033[32m[%d] := \033[0m")
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hex 1000,000 0x0000 1600000000D0O.-1000,1600
Oo,00 ‘rgooogsboobobobobobon.

real_digit
gobooboobboobooobog.

double_output
1000,00000000000 dddddd0OOQODoOoonO.

fortran_output
1000,0000000 FORTRANODODOOOO.OOOOOO -0
0000 «+¥00000.(00000oo0g o.)

ox_batch 1000,000000000000000000000O flush.0000,
000,00000000 flush. (0000000 0) 070000000
p91000.

ox_check 1000,0000000000000000O0O0DOO00O0O0O0OOO0O0O.0O0
O000000.(0000000 1) 0O70000000p9100O0O.

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap DOOODOO.
(0D0O00O0O0DO 1) 0O7000000O0OpPY1ODOO.

0o 6.14.6 U0 cputime tstart tstopl p.85, 6.11.4 OO outputl p.75, 6.1.14
O0Oparilp.39, 6.1.15 OO0 setprecdp.40,  (undefined)d eval devalll
p.(undefined).

6.14.2 debug

debug s gooooooooo.
e debug O OOOOOODODOO,)OOODOCOOODO.

e JOUDUOOUDUOUDDUDODUDDLO (@ebug) OO, 0D000DODODODDOOD.
quit 00 d0dooooooooooo.
e J0DDOODOIOUOOOOOOD ODHO0OOODODODOP29000O.
[1] debug;
(debug) quit
0
(2]

6.14.3 error

error (message)
s do0o0oooooooboooooooooaa.

message good

o IO, 000000DL00O,00000LO0DOO0OODLDOOOODLDODbLDODLOOOOnDO,nOn
oooooooobo,0goooobooogooooobobobobDoOonog. error(O O,
gboboobooboobbooboobbooboobbooboon.

e 000,error() DOO0OOODOOOODOOODOOOOOOO,00D0O0O0DO.
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e JOUUUDDOOO,DOU00O0UOULL,D00DLDOOOOD erxrorO DOOOODO
gobooboo,0booboooboooooonoboooo.

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

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

(debug) quit
return to toplevel

(4]
oo 6.14.2 0 U debugl p.83.

6.14.4 help

help(["function"])
s doo0ooooooo.

return 0
function ogoo

o OO0, 0000O0DOO00DLOOUODL. DOOODLOOODODOODLOOODO,00bOO
OO00Oo000O0o0oO0oO relpddp0oooooobooobbOob0OoOooDOD, OO

OO PAGERUOOUDOOOODOOO,0000 mre’ D00OOO0ODOOOOODODOO
oood.

e 000D LANGOODOOODOODOO0O,0000 "japan" OO0 "ja_JPr 000000,
‘help’ 00O O ‘help-jp 00DD0ODO000OODO000. 0000000, ‘help-eg’
0000000000000,

e Windows U0, 00000000 0ODOODOO0ODLOODOODOOOODO, 00000
O HTML OODOODOODOO0DbOobOOoboboboo.

6.14.5 time

time () 2 0000000000000 0 chUOOOOO GCcoUooooooO
return ogoo
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e CPUODODODDO GCOOODOOOOUOODDODDOODDOO.

e GCOODOO,0D0O000O0DOOUDODOOUODOOOODOOO,cPUODODO,ODO
OcePUODOO GCOOODOOOOO,0O0b0OOOD.

e tine() OO0O0ODODO,0D00000DOOOOODOOO CPUOO,GCOO,DODO000O
ubooooboobooobo,ooboboboboboobobobooobobooono
O.oooo, feceuD (O),ccO0 (O), 0000 (0OO),0000 (0H1O
gboooooo.1000o00b 4000000,

e 00ODOOIDOO,DOU0DO time() OO,000000OO0O0CPUDOO,GCOOODO
ao.

e JOUOODODOODOUDOOD,D0DODLODOODDODOODODOODOD
goooooooogoooo.

e ctrl() O cputime() OO0 cputime OO0 OD on OODOODOODOODOO, 0000
gcoooooooooooOo,000b000ooooobo.oboo,0o0ooboo0bOo0o
00,0000000000000D0D00DOD000, time() O0DODODOODOO.

e getrusage() OO0O0O UNIXODOO time() DOOOO0ODOODOODOO, Windows 95,
woodoooodoooooOoOoOoOoOoOoddoUdooUoOooooooo. oo, o
odoooooo,0000o000opooooog.

[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]-TO[1]1];
[CPU,6.577163,GC,7.221549]

aad 6.14.6 0 U cputime tstart tstopl p.85, 6.14.8 0 U currenttimel p.86.
6.14.6 cputime, tstart, tstop

cputime (onoff)
2000 o000 cputime DO OODOOO. ODOOODOODOOODODO.

tstart() :: CPUtime 00O D0ODO.

tstop() = CPUtime OOODOOOODOO.
return 0
onoff o0oo (0o)

cputime () 0,000 0000 CPUtime OO0OO0O0OO. DOODOODOOODOODOO.
e tsart O OO0, O)O’0O0O,CPUtime 0000O0ODO.

e tstop JOOOD, ()’ 000,CPUtime 00000, 0000000.

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

e tstart,tstop ], 0000000000000000000000,00000000
0000000, +ime() 00000000000 OO.

e cputime() OO0 on,off 0,00000 on, of 0100,0000000000000
0000000000000.000,0000000000,00000000000
000 cputime(1) 0000000000 OOOOOOO.
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[49] tstart$

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

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

[51] tstop$

80msec + gc : 40msec

oo 6.14.5 0 O timel] p.85, 6.14.8 0 O currenttimel p.86, 6.14.1 0 U ctrll p.82.

6.14.7 timer

timer (interval, expr, val)

s goooooooooogog.

return gd

interval oooo (o)

expr gooon

val ooboooooooooo

e timer() 0, 00000000O0O00C0ODO. ODOOODOOOODOOOODOOO
gboo.oooooooooooooogogo,03gobooog.

e I 300000,000DO0DOODLDODODODOODOODDO.

[0] load("cyclic");

1

[10] timer(10,dp_gr_main(cyclic(7),[c0,cl,c2,c3,c4,c5,c6],1,1,0),0);
interval timer expired (VTALRM)

0

[11]

6.14.8 currenttime

currenttime()
20000000
return 19700 10100000000 O0OOOOO.
e currenttime() OO0 O0O0OOO. UNIXOODO, time(3) 00O0ODO0O0OOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
s 0ogobooooon

return 1

interval 0000 (DOOODO)
e sleep() 0,000000000000. UNIXOODO, usleep 00000000000.



oe6d OO0OOOOO

[1]
6.14.10 heap
heap() 00000000 oooooD. (Do:0o0)
return goao

0o

[0] sleep(1000);
1

O00oooooooo (oo

86

:000)000. 00000, Asr 000000000,

gobobooboooobobbooooboobooooooboo,bobooobobboooooboog
ub.0boobooooboa,oboooboobbooboob,boobooooog
oooooooooboo,oSsobbooooboooobooooooboboOoooDbooobon

gboooooooo.

OOooOo00oO0o0oOO0,00b0 ~-adqj0Oo0OOO0OO,GCOOODOODOOO

ooooooa.
% asir -adj 16
[0] load("fctrdata")$
0
[97] cputime(1)$
Omsec
[98] heap();
524288
Omsec
[99] fctr(Wang[8]1)$
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
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version()

D Asir 00D0O00O00OOO.

return goao

e Asir HODOOODOOOODOOODO.

[0] version();

991214

6.14.12 shell

shell (command)

s command O000000000COOO0OO.

return ooo

command 000

87

e command 0 CUO system() DOUO0O0OO0ODOOODOOOOOOODOO.ODOOOOO

goobobon.

[0] shell("1s");

alg
algt
alpi
asir.o
asir_symtab
base
bgk
chou
const
cyclic
0

[1]

6.14.13 map

da
defs.h
edet
fee

gr
gr.h
help
hom
ifplot
is

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

2 ggb,00boo0ooooobooooo.

katsura
kimura
kimura3
mfee
mksym
mp
msubst
p

proot

r

return arg0 DO OO OOOOQon

function oo

arg0 000,0000,00

argl ... 00 (000O0OD)

e arg0 J0OODODODOODO, argl ODODODODODODOO function D0ODOODO,
arg0 000000000 OOODOODOOOOODOOOOODbOObOOOOObOOODOD

goog.

e function 0, 00000000DOOCOOOOODO.

e function OO0 OODOOODOOOOOO.

ralg
ratint
robot
sasa
shira
snfl
solve
Sp
strum
sugar

suit

test
texput.log
wang
wang_data
wt
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e arg0 0000, 0000,0000000,00 arg0, argl,... 000000 function O
oooooooooog.

e map 000 function 000000 ODOO,0000000000000D0O0O0OOO0O
U00d0.0000dddd parseerror UOO. D00 map OO0 car, cdr U0 QO OO
000000000, Asir 00000000000 0D0000O0ODO0O0O0O0O. 0000
OUmep OO0 mep U000 oon.

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

6.14.14 flist

flist () s dgbobooobooboooobooboobooboon.

return oooooono
e JIODODODODOOOOUOUOOOO,DO0OODODODOO0O0OOOOOODOODOOODOO.
e JIOOOOOOOOOOOOOOODOO.

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

6.14.15 delete_history

delete_history([index])
s 0gooboooboo.

return 0

index ogbooooboooobooan
o IUODOOOO,00Db000DOOODLOODLOOODOOO.
o OO OOO,00DL0O0OODO0DOODLOOODO.

o IO DUOOO, 0000000 OOOO0O0O0ODOOOOOODOoOOnOn,
000 enumber 00000000 D0OODOO. O0DOO,000D00000000O00
gobooboobooobooboboooobg.
gogboooobooobobooboo,gbboobboobboobboobboa,
bsave() DO O0OOOODOODOODOO, delete_history) DODODOODOODOOODO
ogooooooon.

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

(1] ©o;

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

6.14.16 get_rootdir

get_rootdir()
s Asr OO0Q0O000O0O0O0OOOO0OOooOO



oe6d OO0OOOOO 89

return ood

e UNIXOODO,OODOO ASIR_LIBDIROUOOOODOOOOODODOOOO,O0OO0OO
OO0O0ggdg ‘/usr/local/lib/asir 0QQd.

e Windows 0000, ‘asirgui.exe’ 000000000 (pin’ O0OO00OO0O0O0O0DODO
0)ooooooooooooo.

o OO DOUOOLODLOUOOODLDDODOUOODLDLDDLODOOODDOOUOOOLDbDOO,bDbOO
gboboboboboobooboobooooooooboooooooobooooo.

6.14.17 getopt

getopt ([keyl)
s 00o0o0oooooo.
return gbooooo

o IDOUOODOD,0D000DO0DODDOODLOO. DODOODLOOObOOODODO
00000000O000,0000000000000DODO0O (421200000000
O0p2400). 000000000 OCOOOOOOOOOOOOOOOOOOOO.

e I0IDOODDOODODOO, getopt() O [[keyl,valuell, [key2,value2],...] OO
O00O000.000,key00000000O0DODOCDOOOO0O0O0O, valuedOO0O
ooo.

e JOUOODODDOO keyUODODDODOODOOODOOOOODLOD,DOODODO. DO
O000000000,volIDbOOO0O0000 (0000 -1)000. getopt() ODODO
ooboono typeOQ ODODOOUODO,0000DDOO0ODOUODODODOODOODOODO
goo.

e 10IDOIDODODODODODODO,0D0ODOODODODOOO,
xxx(A,B,C,D|x=X,y=Y,z=Z)
ooooo,proon, key=value 0 ;000000000 O0OOCOOCOOCOO.

oo 42120000000000p.24,6.8.100 typel p.68.
6.14.18 getenv

getenv(name)
= 0000000 og.

return
name aoao
e UUOOO name OO OOO.

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

7.1 OpenXM

Asir 0, 00000000000000000O0, OpenXM (Open message eXchange
for Mathematics) 00000000000 O. OpenXM 00000000 OOO,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ 000 O0O0O0OO.

OpenXM UOUOO0ODOO,000000000D0DO0OO0ODOOOOOODOOOODODO
oognb. OpenXM OO0OOO

1. client 0 server 000000000 O0OODODOODOOODO.
2. server HOOOOOQOQA.

3. client 0 server OO0 O0O0OO0OOOODOOODOOO.

4. server 0D OO0, client OODOOOOO0O

OO0DoOo0obo0oooo0.secver DOOOODOOOODDO. OOOO, client OO
ooooobooobooo,obb0obdd sercver HO0OOOO0OO0ODO, 00000000
gobo,00b0o0booobooboooboobboob,gobooboboooobon.

OpenXM 0000000 O0OO0DOO,0000000 sercver DOOODOOOOOOODO,
cient 0D 0O0O00OOO0DOO,0000000000DOO0ODOODOOO.

0000000, 00000000000000000000 CMO (Common Mathe-
matical Object format), 000 000000000000 SM (Stack Machine command)
go00o00.d00o0O,0000b0b00,0b0b0b0ob0b0b00O0n0g OX expression O
gboobooooboo.

OpenXM 00000000 O0DOODOODO,OO,server 000000, 00000000
O0000. ODO0O00O0, ox_launch(), ox_launch_nox(), ox_launch_generic() OO0
O000000000. 000,0000000 server 0000000000000 O0O0O
oo0ooooooog.

ox_push_cmo ()
o000 server OO OOOONO

ox_pop_cmo ()
0000 server 000000 OODOOO.

ox_cmo_rpc()
server OO0 O00000O,0000000000.

ox_execute_string()
server 0000000 (Asir 00 Asir 00) 000000000 server 00O
go,00o0oooooon.

ox_push_cmd ()
sMOOoOodooaa.

ox_get ()
O0000o0ooooooooooo.



o770 oOogo 91

7.2 Mathcap

server, client D00, OpenXM OO 0OO0OOOOOOODOCMOOODOOOO,SMOOO
0000000000000 0. 0000000000, 0000000000, 00000
oooDodoog. oooo,openXM 00, 00000000000O0DO0030 CMO, SM O
00d0Ddooodo,d000ododododoodoDooooooooooooog.
000000000 Mathcap DO O. Mathcap O CMO DO OOODOODOOO,D0000
O032bit000000000O00. 0000000, MathcapODOGOQO 300000,

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

O00oooooO0O. [0OXtag,CMOtaglist] 0, OXtag 00 0000000000000
go,goboocgococMouooogooooobooooo.booooooboooooooD, o
00 ‘ex_asir g, CMO DOD00O0OO, Asir 000000 0ODODO,cMOO0ODO
goboobooobbooboooboooog.

OoobDooo0,b0b00obibd Mathcap DOODOUODODOODOO, Mathcap OO
UboobooboooboobD,ctrl 00000 "ox_check" DOOOOOOOOO. OO0OOO
000000 10,00000000000000. ctrl("ox_check",0) DOOOOOODO
gboboobooooobooo.

3 00000oooboon

000000000000, 0000000000 server 0000000000000
O0D0D00D0O00. 0000000000, 000000000,000000,00000
O0,Asir 000000000000 0O000O0,0000000000000D00000D00O0O
000000.000000000000 32bit00000000, ox_push_cmd() OO0
0000000.000,00000000000000000000000. SM _xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O0DO.

gboo,000booobooboboobob,obooobobooooboobonoooobon
goo.

SM _popSerializedLocalObject=258
server 0 ‘ox_asir’ 0000, 0000 CMOOODOOOOODOODOODOOODO
goboooooooo,ooooodad.

SM_popCMO=262
CMOOODOOOODOOODOOODOOOD,00D0OOO.

SM _popString=263
0000000000000, 00b00b0000b00oo0ooooooon.

SM _mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
00000000000 DOO0DOdDoOoDOD, 000000000 DOooOood
oooo.

SM _setName=266
00000000000 D0D0DO0DO0O, 000000000 oDOooOooo
O0DOO000O. 0000000, server 0O0O0O0OOO0OOODOO.
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SM_evalName=267
0J00DO0000o0o0o0oo0oo0ooo0oo0o,0oooooooooon.

SM _executeStringByLocalParser=268
0000000000000 D0Od, server 00O parser, evaluator 0 OO0, O
gbooboboobono.

SM _executeFunction=269
0d0o0DOOdDO,000,00000,00000000000,000000000
oooooooooog.

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
oooooooooo.

SM _shutdown=272
server HOODOOOOO, server OO OOMO.

SM _setMathcap=273
000000000 client 0 mathcap OO0, server 00000000,

SM _getsp=275
0000000ooo0ooooooooooooooooon.

SM _dupErrors=276
0000000000000 D0000D0000, 0000000000000 0

goog,0oobooboon.

SM _nop=300
oooooo.

7.4 000

O0O0DO0O0O00O0,000000b0C00D0oO. exesiry oo, 0oooog
gbobobobooooooooo.

7.4.1 00ODDOO0O0O0OOO

OpenXMserver 00000000000 ODOOO,000000D0CMOO000DOOO
goooooooob.boooooooboo,ooobosMoooooooooobooo, o
goobobooooo, bbb SMOogboboooooobobobooog
gooboooog.

[340] ox_launch();

0

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

0

[342] ox_pop_cmo(0);

error([8,fctrp : invalid argument])
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7.4.2 0J0O0OO

ox_reset() UOOOOOO server O OODOOO, 000000000 0O0OOO. OO
OO0,000 Asc) 0000000 DOOODOOOO00O00DOODOOO, OpenXM server
gbobooobo. obo,b0obob0obo,bob0ob0b00ob0obU0obDU0boboOn ox_rpe()
Ooooooog, ox_pop_cmo() 00O, 0000ODOODOOOO0OLO,D000O0ODODOO
gbobooboobo. booboooooobooboon.

743 D00O0O0OO0OO0OoOobOoOoOooob

server U0, client 000000000000 DO0O0OOODOODOOOO,server0O0000O
gboooboobooboobogbooboobouobuobbo.gbgbo,server d0ogoooboonO
UooooopOobooogn, client OO0 ox_rpe(id,"debug") DO DO OO, server U O
000o0oooO0ooOO0ooD0bOOo0oDOOobOoO0o0oo0oooODOooDO0oO0. OooooooDbog
O0O0DODO0O000,logdD0 xter’ OO0 ODOO. OO0OD0OODOODOODOOODO, quit
oooooooo.

7.5 Uooooooon

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir] ,command])
ox_launch_nox([host[,dir] ,command])
s do00ooooooooooooooooo.

ox_shutdown (id)
s 000000000 DO,0ooooog.

return HEN
host goooog o
dir command
oon
id oo

e ox_launch() O, 000 host 0OOUODOO command OO OO, 0D00O0OOOODOO
O00000. 00O 3000d, host OO, dir OO0 ‘ox_launch’ 0O0OOOO0O
000000000 DODOO00d. ‘ox_launch’ 0 command 0O00O0O0O. host 0 000,
Asir 00000000 DOO0OO0OO0OO0O0OODODOOO0O0O. ODODOOOd, host O 0, dir O
get_rootdir() DUODODODODOOODON, command DOOOOD0OODODOO ‘ox_asir’
gooogd.

e hostO 0, 00000000 local DOOODODOOOO,dir0donoo0. 0000, dir
O get_rootdir() O OUOODOOODOOOODOO.

e command [ /0000000000, 0000000000.00000D0O,dir0O
oboobobobobon.

o UNIX OOUOUOOMO, ox_launch() O, command OO OO0, OOOOOOOODOO
00000 xterm’ OO0 0OOO. ox_launch_nox() O,X 00000000, 0000
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xterm’ 00 0000000000000 OODOOOO. D000, command 0000
‘/dev/null’ OO00OO0O0O. ox_launch() 00000, 0000 DISPLAYOODOODOO
0000000, ox_launch_nox() OOOOODODOO.

gobooboobbooboobooon.

Asir 00 00O0ODOO0OO0OODODOOODOOOODODODOOODODOOOODO. OO,D0000
000000000 server, client 0O OOODO negotiation 0O OOO0O, 00000
doodoboOodoodoooOooooooog.

host 00 ODOOODOOOCOODO,00DO0CODOOD. DOD,Asir0OO0OODO
U000 A 0000000000000 O0O00D000 BODOO.

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

2. ‘ox_plot’ U0, X00000000OO0ODOODOOOO,Xserver U0, 0000
000 authorize UOO. xhost OO UODOODODOODODOODOO.

3. command 00000, 000000000 O0OO0ODOOOOODOOO, ‘“.cshre’ OO
goooooooog (16MBDD)DDDDDDDDDDDDDD.DDDDDD
OO0 limit stacksize 16m OO OO 0O0OO.

command U0, X O00O0OO0O00O0O0DOO,display00000000O0O0O0OO,O
gobOoO0obO0odopiseAYOD D QOQOOoO.

OO000 ASIRRSHOODOOOOOOODOO,ODO000000D000000000 ‘rsh’
goobooooboooooooooo.gog,

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

O00,000000000 ssh’ 00000, X11 0000 forwarding JO0O. OO
U0 ‘ssh’ OOO0ODOODOO.

ox_shutdown() DO0OD i[d00O00O0O0OODOOODOCOOODO.

Asir 00000O0OO0OOCOOOOOOOOOOOOOOOODOOOO,DODO00DO0OD
ugooboooboboo,bgoobooog,bboooboboooooboboooon.
Asr OO00O00OO0O0ODO,0000000000000000 psOOOOOOO,OD0
Asr 0000000000 O00DOO0O0O,ki12 0000000.

log 000 ‘xterm’ 0 ‘-name ox_term’ OO0 0O0O0OO0O0O0O0O. OO0, ‘ox_term’ O
0000000000 ‘xtern’ JO000O00000O00O,log0 ‘xterm’ 0000000
oooooooo.ooo,

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

000, icon OO0, scrollbar OO, scrollbar 00D OOOOOODODO 10000, 000
oooooo.

[219] ox_launch();

0

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

0

[221] ox_pop_local(0);

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

0
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oo 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.98, 7.5.8 U ox_pop_cmo
ox_pop_localllp.101, 7.5.1500 ifplot conplot plot polarplot plotover[]
p-105

7.5.2 ox_launch_generic

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

return 0
host goooooo

launcher server
gog

use_unix use_ssh use_x conn_to_serv
RN

e ox_launch_generic() O, 000 host U0, 0000000000 launchOOOO0O
00000 server 00000. O000O00OO0,0000 protocol000,XO00/0
O0,rsh/ssh 000000000, connect 00000000000 O0OOOOO.

e host 0 0000, Asir 10D OODOODOOODOO, launch, server 00 0000O. OO0
O, use_unix 0O 0000000, UNIX internal protocol O OO OO .

e use_unix 0 1000, UNIX internal protocol 0000 . 0 00O, Internet protocol O
ooo.

e usessh 0 1000, ‘ssh’ (Secure Shell) 000000000, 00000000000
O0O. ‘ssh-agent’ OO 0O0O0ODOODOODO,000DO0ODO0ODODODOD. ODODOO
‘sshd’ O 0O0OO0O0OOOO,0000 ‘s’ 0000000, 0000000O00O00O00OO
oo, ggoboooooood.

e usex 1 1000, XO000000000,0000000 DISPLAYOOOOOO, log
O00 ‘xterm’ 0000 server 0O00O0OCOO. DISPLAY OODODOOOCOOOOOOO
OO00,0000 XOOOOOOooOO. DISPLAY OOOOODOODOOODODOODO
u,000booo,boobooobboooooobooon.

e conn_toserv 0 1 000, Asir (client) 00000O0OOODOO, 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/0OpenXM/lib/asir

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

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

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

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

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

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

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
;o port O OO

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

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

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

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

return generate_port() OO0 0OOOOOO0OO. OO0OOODO.

use_unix 0000 1

host ooo

port control_port server_port
ogoooooon

socket control_socket server_socket
oo

e JIDDOODOD,0D0DO0ODOODDOOODOODOOODOODOODODO.

e generate_port() DO OODOODO port OOOODO. OOODODOOODOO 000D,
Internet domain O socket OO OO port OO, O0OOOOOOOO, UNIX domain
(host-internal protocol) DO 00, 0000000000O. port 000 random OO0
0o0O0,00 port DODOOODODOOODOOO.

e try_bind_listen() O,00000 port OO, 0O protocol OO OO socket OO
00, bind, listen O0O. OO0O0O0OO,socket 0O0O0O0O0O. OOOOOO,-1000.
e try_connect() 0,000 host O port port OO connect 00O 0. OOOODO0O,

socket 0 O0O0O0O. 000OO0OO -1000.

e try_accept() U, socket DO OO connect OO accept U, 00 0OOOONO socket
O000.000000 -1000.00000000, socket000O0O0O closedOO. O
O port O, socket O protocol DO OOOODODOOONO.

e register_server() U, control, server OO 000 socket 00O O0O O, server list O

000, o0x_push_cno() OO 0OOO0ODODOOOOOODOO.

0000000000, shell) 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
uad 7.5.1 OO0 ox_launch ox_launch_nox ox_shutdownl[] p.94, 7.5.2 O0Oox_

launch_genericl p.96, 6.14.12 O 0O shelll p.88, 7.5.7 OO ox_push_cmo
ox_push_localll p.100

7.5.4 ‘ox_asir’

‘ox_asir’ O, Asir 00000000 OpenXM O000OODOOOODOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox DO O0O0. 000 XOOOOOOOOOOOOOOO
ooooad.

[5] ox_launch();
0

[56] 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,RemoteLibDir,
RemoteLibDir+"ox_asir");

[0,1,2,3]

od 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdownll p.94

7.5.5 ox_rpc, ox_cmo_rpc, ox_execute_string

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

2 0o0oooooooon

return 0
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number 0 (0O00OOOOO)
func oo0o
command 000

arg0 ... o0 (oo)
e 00O number 0O0DOODOODODODODO.
e JIDODOODOODD,0DDOODODO.

e ox_rpc() 00,0000 ‘ox_,asir’ 0ODOOODODOOODOOODO. DODOODODOO,
ox_cmo_rpc() O0OOO.

e IO00ODOODOO ox_pop_local(), ox_pop_cmo() OO DOODOODO.

e JIDOD ‘ox,asir’ 0UOOO (D00 Kan OO0 ‘ox_smi’W0) ODODOOO,
Open XM OO DOUO0ODOOODOOOODOOODOOOOOODOODOOOO.

e ox_execute_string 0, 000000 command OO0000000D0O0O00OCOOODOO
O00,00000D000000D0DO00bO0O00DOOOoOoDOOoaa.
[234] ox_cmo_rpc(0,"dp_ht",dp_ptod((x+y)~10, [x,y1));
0
[235] ox_pop_cmo(0);
(1)%<<10,0>>
[236] ox_execute_string(0,"12345 % 678;");

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

7.5.6 ox_reset,ox_intr,register_handler
ox_reset (number)
000000000

ox_intr (number)
000000 SIGINT OO

register_handler (func)
s 00o0oobooooooboooooo

return 1
number 0 (000O00O00O)
func oo0gooog o

e ox_reset() U,000 number 00 OOO0DOOOCOOO,0D0O0000D000000ODO.

o DD ODODODODODDO,bO0DOO0ODOODLOODOODLOODLO,bO00
ubobooo,boobooobobooboooog.

ooboo0oO0 RUNODOOOOO,000000bb00bbo0oobobogoboo.

ubogooobooboob,obooboboboobooboob.oboobodgbg
gbooabooboon.
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e ox_intr() 0,000 number UO0ODOOOODOOO SIGINTODOOOO. SIGINT OO
ooobooooonoobobuoboboog, ‘ex_casiry 00,0000 debug mode O
obo. Xboogooooooo,boooobgooooboooooobooooooo
ao.

e register_handler() U, C-c00000OD0O0ODOOOODO,uD0OD00O00OO0O,000
0000000 fune() DO0O0O0OO0OOOOOOOOO. O0OOOO, ox_reset() OO
00000000,00000000000 OpenXMserverJOOODOOOOOOODO
oo.

e func 00 ODOOODDO,0000D0O00O.
[10] ox_launch();

0

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

0

[12] ox_reset(0); /* xterm DOODO OO OO */
1 /* usrl : return to toplevel by SIGUSRL OODOOOO. %/
[340] Procs=[ox_launch(),ox_launch()];

(0,11

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

[0,0]

[343] register_handler(reset);

1

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

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

gd 7.5.5 0 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.98

7.5.7 ox_push_cmo, ox_push_local

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

return 0
number O@ooooon)

obj oooooo

e U0 number DODODOOO objOODOODO.

e ox_push_cmo O, Asir 000 Open XM ODODODDODOO0OOOODODO.

e ox_push_local 0, ‘ox_asir’, ‘ox_plot’ OO O0DOOOOOOODOOODOOOODOO.
e JO0IDOODOOOODOODOOO,0DO0DOODOOO.

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

ox_pop_local (number)
20000000 number OOOOOODOODODO.

return ogooono

number O (@oooooo)
e J00ODODODO number 000ODO0OODOOOOOODODODO.
e ox_pop_cmo [, Asir 000 Open XM 00000000 OCOODOOO.

e ox_pop_local U, ‘ox_asir’, ‘ox_plot’ DO ODOOO0OOOOODOOODODOOOO
ono.

ugboobdodbodbodobo. gbbbobobobobd, ox_push_cmd U SM_popCMO
(262) 0 OO SM_popSerializedLocalObject (258) D OO OO0, ox_select 00O
O00 reaedy O0O0DODOO00O0O0D0DO0O0O ox_getOOOOO.

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

0

[342] ox_pop_cmo(0);

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

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

0

[344] ox_pop_cmo(0);

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

[345] ox_pop_local(0);

[L00O0]

oo 7.5.5 0 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.98, 7.5.9 U [ ox_push_
cmd ox_syncll p.101, 7.5.12 0 0 ox_selectU p.103, 7.5.10 0 U ox_get] p.102

7.5.9 ox_push_cmd, ox_sync

ox_push_cmd (number, command)
20000000 number 0ODOO0OUOOOOO command OOOOO.

ox_sync (number)
» 0000000 number 000000 OXSYNCBALLOODOOO.

return 0
number O (Ooooooo)

command 0O (D0O0OOO00OO)
e 000 number OOODODOOOOOODOO OXSYNCBALLOOODO.

e Open XM UOODODODOOOODODOO OX.DATA, OX_COMMAND, OX_SYNC_BALL O
sobooogb. oo, ooogbooboobooobooooboooobooobon,
gboboboobobooboboboboobooo.

e OXSYNCBALL O ox_reset 000000, 00000D0000C0OO00O,000€0
OOo0Oo00oDbOoOooOoO0.00,00000D OXSSYNCBALLOOOOOD.
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[3] ox_rpc(0,"fctr",x"100-y~100);
0
[4] ox_push_cmd(0,258);
0
[6] ox_select([0]);
(o]
[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],...]
gad 7.5.5 0 U ox_rpc ox_cmo_rpc ox_execute_stringl] p.98, 7.5.6 U [0 ox_reset
ox_intr register_handler[] p.99

7.5.10 ox_get

ox_get (number)
20000000 number DODOODODOODODOODODO.

return gooono

number O@ooooon)
e JOUDUDU number U0 ODUODOUODODUODODO. DDODODODODOD
oboobobobobob.
e ox_push_cmd JOOOOOOODODO.
e ox_pop_cmo, ox_pop_local U, ox_push_cmd U ox_get DD DO DODOOOOOOOO
oo.
[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 U ox_pop_cmo ox_pop_localllp.101, 7.5.9 0 U ox_push_cmd ox_syncl]
p-101

7.5.11 ox_pops

ox_pops (number [, nitem])
» 0000000 number 000000 DOOOOOODODOOODOOODO.

return 0
number O (@Ooooooo)
nitem OO0

e JIODDODODO number 00O OOODOOOOODODOOOOOOO. nitem 0000
0000000 nitem O, 00000000 100000.
[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);
0
[71] ox_pop_cmo(0);
6
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HEN 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.101
7.5.12 ox_select

ox_select (nlist[, timeout])
s 0o00oo00oooooooooooon.

return oon

nlist 0O (Dooooooo)oooo

timeout O

e 100DODO nist DOOOODDOOODDODODOODODODODOOODODOOODODOO
od.

e NUUDOUDOOO RUNUODOOO,0DbO00ODO0ODLOOODOOOOD. OO, timeout
goboobogoo, timeout DOODODO.

e ox_push_cmd() 0 SM_popCMO [ [0 O SM_popSerializedLocalObject U O OO O,
ox_selectO) Oready UOOOOO0O0O0O0O0O ox_get(O OODODODO, ox_pop_local(),
ox_pop_cmo(OO 00000 OO0OODOOOODOOOO.

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

uo 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.101, 7.5.9 0 U ox_push_cmd ox_syncl]
p.101, 7.5.10 0 O ox_getl p.102

7.5.13 ox_flush

ox_flush(id)
;000000000 flush

return 1
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id gbooboooo

e NOIDODOODOOODO of OODO,000,00000000DO0O0DCOOOO flush O
go.

e D0ODOOODO "etrl"JOOOO "ox_batch" 00O OO on/off 0O 0.

e JOIDUODUODOODODLODO, ctri("ox_batch",1) DODOUODODODOO onODOODO,
O00OD0ODODOODOODOO0O0O00D flushOOODOO,overhead OOOO0ODOOOO
O0.000000000,000 ox_flush(id) OODODODO,000000000 flush
gboogoooo.

e ox_pop_cmo, ox_pop_local JU IO, J000O0O0ODOOOOOOOOOOOOOOO
00o0do0bOOo0oO,00b0dbo0o0oDbOo0n flkshOOQOOQODOOOO.

[340] ox_launch_nox();

0

[341] cputime(1);

0

7e-0b5sec + 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)

oo 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.101, 6.14.1 O O ctrl p.82
7.5.14 ox_get_serverinfo

ox_get_serverinfo([id])
:server 0 Mathcap, 00000000 DOOOOO0O

return agoo

id gbooaboban
e 0 dUODUUDO,0DU0D0ODLO dODODOODO Mathcap OO OOQOoOoQoQ.

e JUUDDOODL,O00OLOOODOODLOODLOOODO Mathcap OO, O
gooooog.

[343] ox_get_serverinfo(0);
[[199909080,0x_system=ox_sml.plain,Version=2.991118 ,HOSTTYPE=FreeBSD],
[262,263,264,265,266,268,269,272,273,275,276],
[[514],[2130706434,1,2,4,5,17,19,20,22,23,24,25,26,30,31,60,61,27,
33,40,16,34]11]]

[344] ox_get_serverinfo();

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

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

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

HEN 7.2 0 U0 Mathcapl p.92.
7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot (func [,geometry] [,xrange] [,yrangel [,id] [,name])

s20000000000000D0O00O.

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

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

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

plotover (func,id, number)
s O0000000000000000000.

return od

func ood

geometry xrange yrange zrange
ood

id number 00O

name goo

e ifplot() 0,20000 funcO0D0O0O0O0OO0OOOCOODOOODOO. conplot() O,
O0O0oobDOoO0o,000000000. plotO 0 10000000000O0O0O00O.
polarplot() O OO0 r=f(theta) 0000 DO0O0O0O0OOOOOODO.

e J00O OpenXM UOOODDDDDOCODODOCODODO. UNIXDODOD ‘ox_plot’ O, Windows
000 ‘engine’ 0 000000000000,0000 Asr 00000000000
OOO0OO0OO0OO0.000000 ‘ex_plot’0 id0 idO00O0O00O0O00O00,000000
00000.id00D00O0O00000,000000000000R0, ‘ox_plot’ 000
000000000000, ‘ex_plot’ 0000000000000, ox_launch_nox()
0000000000, ex_plot’ 000000,000000000.

e 0000, func000O0O0OD. OOO0O00ODDOOOODOOODOO.OOODODOODOOOO
000000000 (Doo0o)ooooo.

geometry 0000000000000000 [xy]0OO0OO. ([300,300]. )

xrange yrange
000000000, [vyvminymax] J0000. (0000000 [v,-2,2])
000000000, e 0000000000000000000 ‘), O
0000y 0000000. 0000000000 xrange, yrange 00 O
00.00,fnc0 100000,000000000000
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zrange conplot() D0OOUO0OOODOO. OOO [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000. ([z-

2,2,16].)

id O000000000,0000 ox_launch() 0O0OOOOODOOODO. (O
O000000,00000000000000O0OOO0O.)

name 00000000, (Plet.) 0O0DODOOUOOOODOOODOOO name:n/m

OO0Q0.000,000000 nO00OO0ODO,mDO0OOCOOOO0OOODO
O0.00000,plotover() OOODOODO.

o IO DOUOODLOOODDLOOODLOOODODOODOOOOn 1280000.
e plotoverO) U, 00000000 0ODOO, 00000 20000000000O00ODOO.

e JOOODODODOOLUODO,000O0ODODODODOOODOODODODOODODO
gobooobooboobbobobooboob,0bobboobobobooboonD. o
gbobooobooobooobdg. obobooobouoooboboobooog,boobo
gboobooboobobobobobbobooboo.boobooboooboo,bo
gboooob,ggbo,gbbooobuobboobuooboboobboobo.bod
O0O0D0 precised on U000, 000000000 window OOODOOOODO.

o IO DOUOOLOOODLDOODLO,DbO0bOOODDLOObLDOObLbOObOn.

e conplot() JO0OOOCOOODOOOOOO,DOU0DOOUODOODOODOODOOO
gbooboo,bbobbobboboboo,ggbobbobbobbobboobdg
gog.

e UNIXOUDOODODOODODLOODODODOOODODOOL,0DbOO0OD0OO. UNIXODOO
goboboooo.

quit window 0 O00O00. O000O0O0O0ODO, ox_reset() ODODODO.

wide (0O O)
00000000000 100000000000. 000000 DOOoOD
0O0000000000000D0000000O0. 00000000000
00,0000000000000000000.

precise (OO 0O)
goooo,0000000,000000oooL. 000, funeO OO0
oob 20000000000000DO00.D00D0O0O0O Sturm 00O
000000,00000000000D000000DOODOO,0000O
00000o0ooooo0o0oUooooo0. 0oo,000000000D0O
0o0000.00oo00oooooo0Oo,0gooooooogooooo
O0000000000DODOO00. ((x-2+y"2-1)2000000000.)

formula O00oOooooono.
noaxis (0O 0O)
ooo0ooo.

e ‘ox_plot’ O UOUOUODODOOUODOOO,DOOODOOUODODDODOOODODODODOO,
‘.cshrc’ O0O0O0O0ODODODOOODOD (I6MBOO)OOODODODODOOOODOOOO. O
0000000 1imit stacksize 16m OO0 0O OO0 O .

e X UUDOODDODOOOODODOOOU resource 1O OOOOOOOODODOOOOO
O00000D0OOresource 0000000000 DODMMOOOODDOOOOOODO
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plot*form*shapeStyle U Urectangle, oval, ellipse, roundedRectangle [ [
oooogo

plot*background:white
plotx*form*shapeStyle:rectangle
plot*form*background:white
plot*form*quit*background:white
plot*form*wide*background:white
plotxform*precisexbackground:white
plot*form*formula*background:white
plot*form*noaxis*background:white
plot*form*xcoord*background:white
plot*form*ycoord*background:white
plot*xform*level*background:white
plot*form*xdone*background:white
plotxform*ydone*background:white

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

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

> 00000000 (boooo)ooooo.

clear_canvas (id, index)

s goooooooooon.

draw_obj (id, index, pointorsegment [, color])
s 0000000000000 oooog.

draw_string(id,index, [x,y],string [,color])
s o000ooooooooooon.

return 0

id index color x y

oo
pointorsegment

oono
string ood

e 0000 OpenXM 00O ‘ox_plot’ (Windows OO0 ‘engine’) 0O OO0ODOOO.

e open_canvas 0, 000000000 (D0O0OOD0O)00000. geometry 00000
00000000 pixel 000 [xy] 00000, default size O [300,300]. 0000
O0000000,0000 OpenXM OD0O0OODOO0O pushODO. ODODOOOO
draw_obj OO UODOO0OD0OODOOO, ox_pop_cmo UOOODOOODOODOODOOODOODO.

e clear_canvas 1,000 idid, 0000 idindex 0000000 OO0ODOOOOO
ggd.

e draw_obj 0,000 idid, 00000 idindex 000000000000 DOODOODO
O000000. pointorsegment O [x,y] 0000000, [xy,u,v] 000 [xy], [u,v] O
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ggoooboooobobo. ogbbooooo,oooobobboooobooboboa
O00,00000000000. 00 pixelOOOODOODO. colorOO0O00OO0OO,
color/65536 mod 256, color/256 mod 256, color mod 256 O 0 0 O O Red, Green, Blue
00 (00 255)0000.

e draw_string J, 000 idid, 000D idindex OO0OO0O0OO0OD0O0OO0OODOOOO
O0000.000 [xyl]OOOOOODO.

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

?183] open_canvas (Id);
?184] Ind=ox_pop_cmo (Id) ;
?185] draw_obj(Id,Ind, [100,100]);
0[186] draw_obj(Id,Ind, [200,200] ,0xffff);
0[187] draw_obj(Id,Ind, [10,10,50,50],0xff00ff);
?187] draw_string(Id,Ind, [100,50],"hello",0xf£f££00);
?189] clear_canvas(Id,Ind);
0
0o 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdown[] p.94, 7.5.6 0 O ox_reset

ox_intr register_handler[] p.99, 7.5.8 [0 U ox_pop_cmo ox_pop_locall]
p-101.
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 Uuuuoogon

8.1 DL UOU4Ogg

000000000,00000000000000. 000000 (typed 2)0,000
gooooooooooooooo. oo, goooooooooog 1o0o0o0ooo,
gooooog,0b0 1gooobooooo, 0o ooooooooo. oon
00,00,000000000000000000O0O0O0O00000000000OO..
(t+y+2)?=1-2+2-y+(2-2) 2+(22) y+(1-2%)
dooo0o,0goo, 0o oooooooooon.
(x+y+z2)P=1-22+2-2y+2-22+1-y*+2-yz+1-2?
goooouoooooog, oo oonoooooooooon
doooooooooobooooooo. oooo,b0o000dogg,ooo 9ooooo
Asir 0000000 DOO0ODOOOOOOOO. 0DO0O0,00000000O0,00000000
goooooaa.
O (terem) OO0O0OOO0.0000,00 10000000.Asir00000,
<<0,1,2,3,4>>
0goooooooo,0o,jgoooooooobo. boog,soooooo
0.0000 a,b,c,d, e 00000000 bkc 2%d 3%e~4 00 0.
000 (term order)
gooboooooobooo, oo uoooooogooon.
1. 0000 t000 t>1
2. t,s,u000000,t>s000 tu>su

00000000o00o0o0oU0O00o0. 000000 D00 (Dooooo)o
0000 (0,00000000)000000OOO.

000 (monomial)
gooogo.
2%<<0,1,2,3,4>>
gobogbooob,od,boobouoaboaon.
0000 (head monomial)
00 (head term)
000 (head coefficient)

goboooobooooboboobo,boobobooooboo. bbooobood
gobooboob,ooboooobo,obboobooob,oobbon.

82 OO OoLnon

oooooboobooboobobUubobOUn dpogr_main() OO0 dp_gr_mod_main(),
dp_gr_f main() OO0 300000000COO0ODO,000,00000000000000
ooooooobooOoOooooOooooOoOoooOo0.oobooooDoO0oO0,o00n ‘g
O leadO O0DOOOOODODOOOOODOOOODDO. grd,Asr00000D00O0OOOO
gbooooooooo.

[0] 1load("gr")$
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83 UOOUOOO

‘e’ DO0O0DOOO0OO0ODOOOOODOOOO,ODO00DOO0bObOO0oOO0bObOOobOOoDbOODOO
0000 30000.000,plist 00000000, vlist OO0 (000)00O00O, order
goooobo,pb 22700000000.

gr (plist, vlist, order)
Gebauer-Moeller [0 0 0 useless pair elimination criteria, sugar strategy 0 O O
Traverso 0 O O trace-lifting 0 0 0 0O Buchberger 0000000000000
OO00o00o0ooooo. oooooooooooo.

hgr (plist, vlist, order)
oobboooboobboo grOUObOOODOOLODOODOODODOODL,O
000, interreduce DO0000 gr() 0000000000 OOODOOOOOO.
0000000 (0000000000000 )00OO, sugar strategy 1000
oddooooooo. oobbobDboO, strategy UOUOOOOO strategy
gbooobooboobboobuoobboboboobboooobg.

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

84 UUUUOLDODOO

do0ooooooooooo, o000 oooooooono,oooonon
000000D0.0000,000000 dp_gr_flagsO OODOOODOODOODOOODOODO.
0000 dp_gr_flagsO OO ODOODO,000000000DOOCDOOD,0O000O00OOO
ooooa.

[100] dp_gr_flags();

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

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

[101]

000, 000000bobo0o0odd. on0ooo, 00000 oobooooooao.

gooooOoooooooood O(OH)DDD.

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

ono.

NoCriB onJ00,0000000000D00O,00 BOOOOoOO.

NoGC on000,000000000000D0OOO0DOOODODOOODOODOOOD.

NoMC on000,0000000000D000DOOD0DODODDODODDOODOOOODOOd
ooo.

NoRA on 000,000 reduced 00000000 O0DODODO interreduce DO O0ODO.

NoGCD on000,0000000000D0DOOOO0DOOO,00DOOOODODOO,O00
[0 content 0 OO OO.

Top on 000, normal form 0000000000 OOOOO.

Reverse on OO0, normal form 00000 reducer 0, 000000 O0O0O0O0OOO0O
ooad.
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Print on00,0000000000O0000O0O0OOODOOOOOOOOO.
PrintShort

on00Print 0 of 00, 00000000O000000OO0DOOOOOOO0O.
Stat onl Print 0 of 000O,Print 0 on DO 0OO0000OOOODODODO,0000

gboooooooo.

ShowMag onl Print 0 on OO0, 0000000000,0000000000000
ubooboooo,oobo,obboobooobooooog.

Content

Multiple O UOO0OODODOOO, DO000O0O0OD0DDOODOOO0OLO, DOUObODUOODDbDOO
Content 000000 ODOODO GCDOOOODO,00 GCDOOODOOO
O0000O0. Content 0 1 000,0000000GCDOOODODOODOO
000000000, cContent 0 2000000,0000000000000
O0,000000D000000. backward compatibility 0 O O 0 Multiple O
ooooooogo.

Demand

0000000000 (DooO)0Do0ooo0oo,0000o0oUooooooo
ogooo,booobbooooboooobobooobboo,0ooo0ooboo
OO0 normal form 0000, 00000000 O0DOOODOOO. OO00O0O,DO
boobbobboobooboobuooboobobooob.obboobdg
gooooboobooboooboobooooboboobobobobob,bbooo
gooooboobooobooo.

Print 0 00 0OO0OO0O0O0O0O0O0OOOOODOOOODO.
[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-liftine D 000000000 . mod 00O, eval OO
000000000 0000oO0b00o0oOooon.

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

TNF

normal form 0000 (O)
TCONT

content 1 OO0 (O)
HT

ggoooooooon
INDEX

S-000D00D0O0DO0DO0DbO0bOO0bOoOoOoDOO
NB

oo, 0oooboboobooog
NAB

gooooooooooobog
RP

gogoooono
S

UoboobOodn sugar 00O
M

0000000000000 00000 (ShowMag D on DO OOOOOO.)

000,00000000000. 0000000, (00000 DODOO00,000 20000
Oo0,00000 GCoooooooo.,)

UP

oo0o0ooooooooooonog
SP

ooooo s-0ooogoooon
SPM

ooo0oOo s-0oo0goooon
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO, 000 reduction OO OO0OO
PZ

content O 0O 00O
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NP
goobooboobobuooboooboobooooo
MP
S-000o0oboobobobobobobooo
RA
interreduce 0 0 0O O
MC
trace-lifting 0000, 0000000000D0O00O0ODO0O
GC
gobodbooobuoobooobobooboboo
T
ooooooogn
B, M, F, D
U criterion 00 OO0 OQOQOQOOOO
ZR
00 reduce HOODOOOO
NZR
000D00D0OD reduce HODODOODOO
Max_mag

gboboobooob,ooboobobooooab

85 UUUUU

gboooboo,booboogboobooboobobboboboobooobooo. boboo
gbobooboobodo,oboobobobboobooboobooob,0obooboo
ug.obob,0oooooooooobooboobobobobobobob.ooooo, b,
goboobooboooobobooog.

gobooboobooob 300oo.

0 (DegRevlex; DO DODODOODOOO)
goo,bobooobgooooboobobooboboo.bob,0boboo
0oo0doooooooog,0ooo0ooog. boooooooooooao
g, 000000, jogoooobgooo, googoooooooooa
goooooooooooao.

1 (Deglex; DODOODOODOO)
ugooo,oogoooooooobooooooooooooboboooooaa,
DegRevilex UU D OUOOOUOODOOOODOOOOOOOD. ODOO,00000
gobobooogobobo,00b0booooboobooobobooogn.

2 (Lex; OOOODO)
0000d0oDO00ooooog,0b0d0o0o0odooo0oooooooooa
00000000000 0000000. 00,00000000,0000000



o8l OO0O0OOO0OO0O000 113

oobooooboooboobooog. obo0d,erO,hgrOQ OODOODO
goobooooooooon.

gboboobooobobooboooboooooboobo,ooboooboobooboobo. boa,
(foi,r1],[02,L2],...]

0D00000.0i00,1,2000000,Li000000000.00000,00000
00 L1,L2,..00000000,0000000000,0001,02,..00000000
00000000000 0000000.0000000000000000000.

goo,0b00boobooboboooboobo.0bd,n0dm0bO00o0O0 MOO0DO
gooooog.

1. 00mO000D0O0O vODOO Mv=00 v=0000.

2. 0b0ob0obO0ob00owmb o000 voDbO,MvD O0DOOOOOODOO
oo.

000,2000000 +,s000,t>s0,Mt-s) 0 000000000000,000
0000000000000000.

Uoodb,gerOUDO0O0OO00OD0OODODOOO,000000 dp_oxrd 0D ODODO,00
uboboobooboobooboon.

0o00oo0o0oU0ooDoU0OoooU0oooDUoUooDoUoUooDoODUoOoDoDoDUooDoooao
[Becker,Weispfenning] OO0 OO00OO0O0O.
00000000oo,000000oDooooo0o00oooooDoooDOo.
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t],2);
[x72-2%y 7T+ (-41%t"2-13%t-1) *xy "2+ (2%t~ 17-12%t " 14+42*%t " 12+30*%t "11-168*t"9
—40*t"8+70%t " 7+252%t " 6+30%t "5-140%t"4-168*t"3+2*t " 2-12*t+16) *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+t72%z72) xx+y "7+ (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*%t"16-36%t"13+14%t711+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+24*t"10-20%t "8-36*t " 7+40*t " 5+24*t"4-6*t~3-20%t "2
—6xt—1) *y+(t~17-6%t " 14+9%t " 12+15*%t~11-36%t"9-20*t "8-5*t " 7+54*t"6+15%t"5
+10%t74-36*%t"3-11*t"2-5%t+9) *xz"2,
—y~8-8%t*xy~3+16%z" 2%y 2+ (~8*t " 16+48%t"13-56%t"11-120%t~10+224*t~"8+160*t~7
—-56%t"6-336%t 5-112%t"4+112%t"3+224*t"2+24*t-56) *z~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, 2% t*xy " 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+9*t"2-t,
—zky "3+ (7T -2% 1 T 4+3%E 7241 ) ky+ (—2% L T6+4*E T3 +2%E-2) %272,
2%t 724y " 3+z7 2%y " 2+ (2%t "5+4%t " 2-6) xz"4x*y
+(4xt"8-t T-8*t " 5+2*%t"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2% L T 3ky+ (-t TTH2¥E T4+ 721 ) %272,
—txz*xyT2-2%z" 3xy+t T 8-2%t"5-t"3+t72,
—t7 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);



o8l OO0O0OOO0OO0O000 114

[x"10-t,x"8-2,x"31-x"6-x-y]
ooog x,y,z,t] DO0OO0OO0ODOOODOODO,000000L0,000D000D000O0. 0O
o,00 [t,z,y,x] OODO0O,BUOOOO0OOOOODOOODOOOO. DOoOoOOoOoOo,d
goooooooooooooooog,oon (DDDDD)DDD,DDD (DDDDD)
dddoooooooo,oooooun, s, z,ydd xdddooooooooaa
doooo0ooooooooooboo. oooboooooooobo,ooooooooon
0dooooooooooooooo,joonouoooooooaa.

8.6 Weight

00000000000,0000 weight (00)00000000O0O0O0O0OOOOO
ao.
[0] dp_td(<<1,1,1>>);
3
[1] dp_set_weight([1,2,3]1)$
[2] dp_td(<<1,1,1>>);
6
doddddddodoooo,oooooooooooooooooooooon. ooon
000 weight 0 10000000000 0OO0O. DO00OD0OO,00,00,00000 weight
00000 1,230000000.0000,<<1,1,1>»>0000 (00D0DO0DO0D0OO0OOOOO
weight D00 0) O 1*1+1x2+1x3=6 D0 0. weight 00000000, 000000000
0000000000000. 000, weight 00000000000, 0000 weighted
homogeneous 0 0 OO0 O0D0OOOOOODOO.

O00D0000 weight DODOO0OOODOO weight vector UOO. DOODOODODOO
O,000000000D000,00000D00C0DOO0ODO0O0O0 sugar weight OO
Uobobgd. sugar strategy OO0, 0000000 OOO0OOOOO0O00O. ODOO,d
DO0O0DO0O000oDOoOOnO weight vector U, sugar weight 0000000000000
go,b0o00boooboobbo0. oobo,oboooboooboobbooboboo
O.000b0,0b000obo0ooobooooog,bol weight vector DODOOOO. OO, O
OO00O0OO0O0,000000000D000DbO0ODb0 1000 00 weight vector OO0 O
OO0O0DO000000,0000000 tiebreakingOODOOOOOOODO.

weight vector 0 OO0 dp_set_weight() DO OOODOO0OODO, 0000000000
o0o0o0oo0 (booo,0000)00000bOOoO00OoOODOO00D. 00ooO,000
O0000o0ooooooon.

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

[65] dp_gr_main(Blv=I[x,y,z],sugarweight=[3,2,1],0order=0) ;

[z73-6%z"2+11%2z-6 ,x+y+2-6,-y "2+ (-2+6) *y-z"2+6%z-11]

[66] dp_gr_main(B|v=[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+6xy-11]

000dd0d0d0oOoOoOo,oooD option OOODODOODOOOO. OOOOOO vODODO

00000, sugarweight 0 O O sugar weight vector O, order0 0 0000000 0D0O0O
O00. 000000000 order 000 matrixorder 000000, OOOO,0000
O weight vector 00000000 weight 000000, OOOOOOOOODOOO, d
000 weight vector DO O0OO0OD0OO0ODOODOOO. OOODOOODOOOOODO.O00OO
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O00,order 0 00O0O0ODOODOOOOOO0OO.OO0DOODOO, tiebreaker DO OOOO
gbooobobooboobobo.0obobodn, dp_gr_main, dp_gr_mod_main 0 0
gboobobooooboouobob,gr0gbobobobO0bOobObODO.

.7 U uoooooobood

gr() J000D0ODO0ODOO0O0O,0000,00000000000000 (DODO)0O,0O
000000000 0odoooo, 00000000000 oDoooOooooooog
O,0000,00000,0000000000.

[64] gr([a*x+bxy-c,d*x+exy-f], [x,y],2);

[(-exa+d*b) *x-f*b+exc, (—e*a+d*b) *y+f*a-d*c]
O00000,a,b,c,d000000000O0OODO.O0000O,00000 F=Q(a,b,c,d)
02000000 Fxy|OOODODODODODODODODODODOOODOODOO. DODDODOODOOO,O
00000000000 0O00O000. 0000, 0000000D0000DoO0ooDoOoOoonog
00000,0000000000000000O0,00D0000000000000000
0000D00OO00oOooooooOoo. 00, 000000000000 DOoo,0o0o0ooon
00o0dododDOooodooooooooooOo. 0dooo,00ooooooooaoon
ooooooooooooooa.

8.8 U DUMO

O00o0o0o0oo0o0ooOo0oooOo,00 grOOO0DODOOOD,D0000D (O
00000oo0oo0o00)00oooOo0o0oU0oOoO,0000000O00D0DO0bDODOOO
gbooboobuoobooobooboob. ob,obooboobuoobooboobo
obobDoO0oo0,000000b0000000, Buchberger 00O 0O0O0OOO0ODOOOO
gbooobooobooboooboobooobobbo.booboobooboooo,bo
OO00D0O000D gewO0obO0O0obbo0oob. 000 200000,0000 wvlistl, O
OO0 order 0 0OOO0DOOOOOOODOODOOOODOO ghase D, 0000 viist2 00O
gbobooobobobobobobobobobon.

tolex(gbase, viistl, order, vlist2)
00000, ghase D0 00OO0DOODOOO0OODOODOODOOODODOOO. OO
000,0000000000000,0000000000DO0000D0DO0O00d
0000,00000000 Hensel DOOODODOODDOOODOO.

tolex_t1(gbase, vlistl, order, vlist2, homo)

00D000,0000000000000 Buchberger 00 O000D0OOOOOO
0000000,00000000000000000000000 trace-lifting
dodddooooooooooo,goooooooooo,onooooooon
00000O,000000000bO00000bO000bOO0bOOooO, 00 Buchberger
odoooooooboooooooooooooo. oo,0o0b0 oobooooo
0o0,000000 1000000000000 0000ooooooooa
dooooo. oo, gjgdoo,goooooboboooooooooa
DD.(DDDDDDDD.)DD homoO 00000, hegr() DODOOOOODO
gooooooon.

gooO,o00000b0000b0,bbboo0oboboobooobooboooboboog,o0bbOoon
gooOd,0o00b0o0oo0boo0boooO00b00D groobbobobo. ODobbo
gobogboooboboooooaoo.
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8.9 Weyl 00

Joodoo,ddddddddd00oooooooooooooooboooooo, O
doooooooo,0ooboooobOobooo0o0ddd0d0oooo. Oboooo0ooooa, o
000000, Weyl OO, 000000000000DO00DOODOODOODOOOOODODOO
00 Risa/Asir 0000O00O0O.

O0KXOO nOO Weyl OO D=K<x1,...,xn,D1,...,Dn> [

xi*xj-xj*xi=0, Di*Dj-Dj*Di=0, Di*xj-xj*Di=0 (i!=j), Di*xi-xi*Di=1

Oo0o0O0oO0O0o0obooooao. D O OODO0O KIxi,...,xn] O0O0OOODO
Jodododdodod, i O xi OO0OOOO0O0Od. oodooddoog, o odd,
x17il*...*xxn"in*D1"ji1*.. . #Dn"jn OO0 O0O0O0 X OOOOOOOOOOOOOOOO
O.Risa/Asir 00000,000000,0000000000%<<i1,...,in,j1,...,jn>>
god.oooo,p000000000000D0DO0DOoDOoO. ODOoO0O0,000000Oooa,
+,-000000000,000,000000000 dp_weyl_mulO UDODODOODOO
ooo.

[0] A=<<1,2,2,1>>;

(1)*<<1,2,2,1>>

[1] B=<<2,1,1,2>>;

(1)%<<2,1,1,2>>

[2] AxB;

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

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

oooopooooooooo,WeylDOOOODOOOO,00000000000. dp_

weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4 mod_main(). 0O, 00000, global b0 0O0O0OOOOOODODOO.

810 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)
000000000

return ogdn
plist vlist procs
o000
order O,00000004d
p 2~270O0gonodg

e JOOIDOOODODO ‘gr0DOoonoboOn.
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e 000D,000000 plist0,0000 vlist, 1000 order 1000000000
0000. grO,hgrO) 0 00000, gromodO) 0 GF(p) 000000000,

e vist HODDDOOOODO. viist DODOOOOOOO,00D00D00Db0ODbOObOn.

e gr(), trace-lifting (000000000 DOOOO) 00O sugar strategy 00000,
hgr() O trace-lifting 000000000 DOODODO sugarstrategy DO0O0OO0O0O0O.

e dgr() 0,egr(O,hgr() DDOOODODOODODO procsO 20000000000000O
gbO,00b0000000000000.0000b0o0bOob,000000o0o0ooon
gboogoboo,boobooboboobobooboobog.

e dgr() DOOOOOCOODO,OD00CO0COOODODOODOODOODOCPUDOOODOO,
gbooobobooboobboobooboboon.

e JOODOOD plist DO0ODOOOODOOOOODOOODOOOODOOOODOOD
gb.0000,0000000000D00D00D00D00OD0 dp_sort 00 onoon
gobogo. bboobbooobboobbooobboobbuooobobooon
000 viist 0000000000000 0 (0Oo0).

[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)8$
24628*xc4~15+29453%xc4~10+2538%c4"5+7363

[76] (G[0]1*24628-GM[0])%31991;

0

go 8.10.6 0 0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main dp_
weyl_gr_mod_main dp_weyl_gr_f_main[]p.122, 8.10.10 O O dp_ordl] p.125.

8.10.2 lex_hensel, lex_t1, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlist1l,order, vlist2, homo)
s 0000000000 L000O0Oooooooao

tolex(plist, vlist1, order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, vlistl, order, vlist2, homo)
s 0d0o0oooooooo, 0o ooooobooooo

return ooo
plist vlist1 vlist2 procs
oono
order O,00000000
homo ood

e ID0IDODOOOD ‘g 000O00ODDOO.

e lex_hensel(),lex_t1() 0,000000 plistd, 0000 vlistl, 0000 order O
000000000000, 000,0000 vist2000000000000000
oo.
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e tolex(),tolex_t1() 0O,0000 viistl, OO0 order 0000000 DOOOOODO
U00o0oO plist 00000 viist200000000000O0O0ODO0OODO. tolex_d(O
O,tolex() 0000, 0000000,00000000 procsO0O000DOCOOODO
goog.

e lex_hensel(),lex_t1(O U0ODO0O0O,00000000000000DOC0O0OOODO
O00. ([Noro,Yokoyama] O [J.)

N =

- w

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

Goooobo vist20000000000O000ODOOOODOOOOOOOOO pO
00,GF(p) 000000000 DOOOO GpOOOOO.

GpUOODOOOOOOD,GoOOO00O0OO NFOOOOD.

GpOUOO fOOO,fOODOOOODOOO,fOOO0OO0ODOOOO0 NFODOOOD
Oo,000bo0ooobobo,boobbo0ooooobboOon Lfrogo.

. Lf0O,0 p000000O0O0OOOODOO LfFODODOO pO0O0OO HenselJODODO

goog.

o000 GpOOOOOOODOOOOOODOOOODOObOOOODOOODO
goboobo. bobooboobooobobboboboobOo,pbobgobbObDO
oo.

e lex_tl(), tolex_t1() UDUOUOD, 00000000 OD0ODOODOOODOODOODO
go.

1.
2.

3.

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

GOO 0D0D0O0O00O00DOOOO,GoO0O0O0D00,GoO0ODOD viist20000
O0000O0O0O000DOOO0O00bOOO0O0O0D pO0DbO0O,pO0O00O0O trace-lifting
gbooobobooboboboboobob,oboouoboboboobooobood
ubbooobooboobb.goboobb,pgobooobboaob.

GoD o0ODO00ODOO0OO,GoODO0O0O0O0O,00,vst20000000000O
00O0o00OO00bO0O0DbOO0o00OO0 Gr1oo0oo,00bo0o0oo0oooOoooboOoo
gboboooo. oo, 0booboog,gooboobog,ooboooooboon
O0D00000000DO tracellifting 00000000 0OOOO,00000O
gbooboobooboobooboobobooboobgoboog.

e J0OOOODODOO, lex_t1(), tolex_t1(O) OO OODOOO.

e homo I 0OOIDOOO, 00000000 Buchberger OO OOOODOOOO,O0000
goog.

e tolex dO UUODOUODOODUODLO,000000DL0ODODODUODODOOUOODOOD
goboobogb,o0booobbooboobooon.

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,ud4,u3,u2,ul,u0l$
Omsec

[80] GO=hgr(K,V,2)$

91.568sec + gc : 15.583sec
[81] Gl=lex_hensel(K,V,0,V,0)$
49.049sec + gc : 9.961sec

[82] G2=lex_tl1l(K,V,0,V,1)$
31.186sec + gc : 3.500sec
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[83] gb_comp(GO,G1);
1

10msec

[84] gb_comp(GO,G2);
1

RN 8.10.6 U0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main dp_
weyl_gr_mod_main dp_weyl_gr_f_main[]p.122, 8.10.10 00 dp_ord0p.125, O
rO0000000p91

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

» GSLOO0O0O0DOOOO0OoOoo

tolex_gsl(plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 000000000000, GSLOD0bOOooOooo00oaoa

return goo
plist vlist1 vlist2 procs

ooo
order O0,00000000
homo ooagd

e lex_hensel_gsl() U lex_hensel() U, tolex_gsl() U tolex() UDOODO, 0000
OO0O00. tolex_gsl dO O,00000,proecs 00000O0DO0O0O0O0O0DOOOOO

goo.

e 00 OOODOODO, bOoODOOODOODDOODO [f0,x1-f1,...,xn-fn]
(f0,.fn 0 x0 0 1 0D0DOOD) 0O0OO0 (D00 SL OODOOO) 00000,
[[x1,gl,d1],...,[xn,gn,dn], [x0,£0,£f0°]1] OOOO0O (D00 GSLOOOOO)
gboo0. 000, g d,dixfo’*fi-gi 0 fod0 0000000 =x00 1000000,
00 fo(x0)=0 00O x0 OO0, [x1=g1/(d1*£f0’),...,xn=gn/(dn*£0’)] 0O O. O
J0ddd0dddooooooooooooon, telex() DOOOOOODODODODOO
goao.

e GSLODOOODOODOUODOOODOODOOOOOOO,0D0O0DO SLODOODO
OO0D0o0D0o0DOO0o0oDO0DOO0O0DOO,0b00D000. tolex_gsl dO ODODODO
goboobg,bobogbooobooooobobobgooooooboobobobooboon,
goboobooboooobooog.

[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[0];
[u1,8635837421130477667200000000*u0~31-...]
[108] GSL[1];
[u2,10352277157007342793600000000%u0~31-...]
[109] GSL[5];
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[u0,11771021876193064124640000000%u0"32~-. . .,
376672700038178051988480000000%u0~31~. . .]

gd 8.10.20 0 lex_hensel lex_tl tolex tolex_d tolex_t1l0p.118, 0 700 OO
O000p91

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)
2 0000,000000D00DOO0DOO0DOODOODO

minipoly(plist, vlist, order, poly, v)
20000000000 00,0000000000004

return oon

plist viist OO0

order O,00000000

poly ooo

v ooo

homo oono

e gr minipoly() DOUODOODODOOODOOODDO, minipely) DDOOODOOODOODO
ooo.

e 0UU IUDD KOOUDUUODO KXJ]UO 0OODODOUOOOO,K[v]OO f(v) O f(p)
mod I 00000000 CO0OOO OOD0ODOOODOOOOOOOO.OOOODOO p

o,0 rjobobooboobob.

e gr_minipoly(), minipoly() 0,000 pO000000000,vO000000000
ooooo.

o JOOUODOO,0D0O0O0DO0OD10DOOLODODOOOODODLOODL,DO0O0DODO
O000000,minipoly(), gr_minipoly() 00O OO0O0OOO0DOOOO0DOOOOOO
oooo.

e gr minipoly() UDUODUODOUODUODOODO,000000O00OOOLOOOOODO.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gsl1(GO,V,0,V)$
17.123sec + gc : 2.590sec

[119] MP=minipoly(GO,V,0,u0,z)$
4.370sec + gc : 780msec

oo 8.10.2 0 O lex_hensel lex_tl tolex tolex_d tolex_t10 p.118.
8.10.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
0 mod DO0000O0ODOOOOOODOOOOO

minipolym(plist, vlist1,order, poly, v, mod)
0 mod 000000000 DODOOODOOOOOOOOOO
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return tolexm() : 000, minipolym() : OO O
plist vlist1 vlist2

Oo0o0
order O,00000000
mod 00

e 0 plist UDODOO ODOOD viistl, 00O order, d mod D0ODOOODOOODO
gboobooooon.

e minipolym() U minipoly DODOUODOOODO modOOO.
e tolexn() O FGLM OODOOOOOOOODO viist2, OO0O0O0O0O0ODOODOOOOOOO

ooono.
[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+. ..

00 8.10.200 lex_hensel lex_tl tolex tolex_d tolex_t10p.118,8.10.400 gr_
minipoly minipolyl p.121.

8.10.6 dp_gr_main, dp_gr_mod_main, dp_gr_f_main, dp_weyl_gr_main,
dp_weyl_gr_mod_main, dp_weyl_gr_f_main

dp_gr_main(plist, vlist, homo, modular, order)
dp_gr_mod_main(plist, vlist, homo, modular, order)
dp_gr_f_main(plist, vlist, homo, order)
dp_weyl_gr_main(plist, vlist, homo, modular, order)
dp_weyl_gr_mod_main(plist, vlist, homo, modular, order)
dp_weyl_gr_f_main(plist, vlist, homo, order)

s 00ooogooa (DDDDDD)

return ggd
plist viist 000
order O, 0000doon
homo ooo

modular gooooood

e JI0ODOOODO,0D000DDOODOODODOODOODDOO,grO,hgr(), gr_mod()
0000000000 DO0D0O00O00DbO0oD0DOO00DO. o000 weylOOOODOO
o00,Weyl OOOOOODDODOOOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 00000000000000O0O0O00OOO
oboooo. obo,0o0b0ob,simp_ffO U000, 000000000 0ODO0OOOO0
ooooo.

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

e dp_gr_mod_main() 00000, modular O, GF(modular) 0000000000 . dp_
gromain() OO0D0D0, modular 000000 0OO0ODOO.
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1. modular O 100, trace-lifting D00 00000. 000 lprime(0) OOOOO
U0000O 1lprime() DODOODODOODO.

2. modular 0 200000000,00000000000 tracelifting000. O
gboboobooogoo,oonon.

3. modular 00000, -modular 00000000 D0OO0DOOO0OO, trace-lifting
0000000000000 bOO0bOobOOobOoboboboboboOooOoog.

e gr(P,v,0) O dp_gr_main(P,V,0,1,0), hgr(P,V,0) O dp_gr_main(P,V,1,1,0), gr_
mod(P,V,0,M) O dp_gr_mod_main(P,V,0,M,0) DOODOODOODO.

e homo, modular 000 ,dp_gr_flagsO 00 0O0ODO0O0D0OODOOODOOOOODOODO
oooo.

gg 8.10.1000 dp_ordUp.125, 8.10.9 00 dp_gr_flags dp_gr_printlp.124, 8.10.1
U0 gr hgr gr_modl p.117, 10.5.1 00 setmod_££f0p.152, 8400000000
0oOo0d0bdp.110.

8.10.7 dp_f4_main, dp_f4_mod_main, dp_weyl_£f4_main, dp_weyl_f4_
mod_main

dp_£f4_main(plist, vlist, order)

dp_£f4_mod_main(plist, vlist, order)

dp_weyl_f4_main(plist, vlist, order)

dp_weyl_f4_mod_main(plist, vlist, order)
»F40000000000000DO0O0O0OO (CoDoooo)

return oogod
plist vlist 000

order u,000ooooo
e MMUIDUODUODUODUODUDODODODLDODO.

e FAOOODOODO,J.C. Faugere 100 0O0O0ODOOODOODOODOODOODO, O
oo, 0boobobooboobboobooobboooboooboboon.

e 10D00I0ODOODDOODDOO,O00D0DOODOOODDOO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() 0O O 0O0ODO.

oo 8.10.10 00 dp_ordUp.125, 8.10.9 00 dp_gr_flags dp_gr_print[p.124, 8.10.1
U0gr hgr gr_ modU p.117, 840 00000000000 Op.110.

8.10.8 nd_gr, nd_gr_trace, nd_f4, nd_weyl_gr, nd_weyl_gr_trace

nd_gr (plist, vlist, p, order)
nd_gr_trace(plist, vlist, homo, p, order)
nd_£f4 (plist, vlist, modular, order)

nd_weyl_gr (plist, vlist, p, order)
nd_weyl_gr_trace(plist, vlist, homo, p, order)
2 000000000 (Cooooo)

return goao
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plist viist 0O0O0O

order O, 00000000
homo oon

modular 00000000

0o

gooboooboo,0bo0booobbooboooboboobon.

nd_grJ,p0 0000000000 Buchberger D0OOO0O0OOOOOOO.pO 200
0000000, GF(p) 00O Buchberger 00000000000,

nd_gr_trace U0 O0O0OO0OO trace UOODODOODOODOODO. pOO0OD0OOO 1000,
gbooobooboooobob,b0bobOob trace0000ODOODOOODO.pO 20
0000, trace0 GF(p) DO0ODO0OOOO. trace 0000000 DOOOOOOOOODO
ugb.pb0O0obobD, 000000000000 DO0. O000O,pO0 1000000
ugbooboodobo,oobobuooobobobooobobobuoooobobooooobobon
guo.

nd_f40,00000 F4000000000O00O0O.
nd_weyl_gr, nd_weyl_gr_trace  Weyl OO DOOO.
oo0o0ooO0O0,000000goooooooog.

000 dp_gr_main, dp_gr_mod_main U0 UO0O0O0O0O0, OO000O0O0O0O0O0OOOO
o0.

[38] load("cyclic")$

[49] C=cyclic(7)$

[50] V=vars(C)$

[51] cputime(1)$

[52] dp_gr_mod_main(C,V,0,31991,0)$
26.06sec + gc : 0.313sec(26.4sec)
[53] nd_gr(C,v,31991,0)0%
ndv_alloc=1477188

5.737sec + gc : 0.1837sec(5.921sec)
[54] dp_f4_mod_main(C,V,31991,0)$
3.51sec + gc : 0.7109sec(4.221sec)
[65] nd_f4(C,V,31991,0)$

1.906sec + gc : 0.126sec(2.032sec)

8.10.10 O O dp_ordU p.125, 8.10.9 U U dp_gr_£flags dp_gr_printl p.124, 8.4
ooobobobobobdp.a1o.

8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])

s ggooooooooboooboobo,obo

return goo

list

i

goo
oo
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e dp_gr_main(), dp_gr_mod_main(), dp_gr_f main() OO0 00000000 COOO
goooo,ooon.

gbooboobo,obooboooood.

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

e dp_gr print() 0,000000 Print, PrintShort 00O ODOODO,00000. O
OooooOooooooooo

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

O00,dp_grmain() 0000000000 OO0ODOOOOOOODOOO,000O0
gbooooboobooooboo,booboboobooboboobobon
goog.

g 400000000000 00Op.110

8.10.10 dp_ord

dp_ord([order])
s oooooooo,o00

return 00000 (o,ocopopooooo)

order o,00o0booooo

e I00IDDOO,000000 order00ODODO. ODOODOO,00D000O0DOODOO
gooooo.

goobooooboobooo,ggoboboooobboooobobooooooboo
ubogo,bobooboobobog,boboboobobooboboooboobooooa.

grO 00, 00000000D00000D000,000 dp_ordaO OOODO,000D0
goooob.oooobo,obobobobon.

uboobooobooobobooo,oobboobooboboobobooo. goboo,0obooo
ugboboboooboobooobbbouooo,gooboboboooooboboooobooboboan
gooo.obo,b0bob0obooboooobo,gbobgobobogooooboooooooon
googooooon.

gobobooboboobooboboooboboo,oboobooboboooobong
gbooooobooaboon.

[19] dp_ord(0)$

[20] <<1,2,3>>4<<3,1,1>>;
(1)*%<<1,2,3>>+(1)*<<3,1,1>>
[21] dp_ord(2)$

[22] <<1,2,3>>+<<3,1,1>>;
(1)%<<3,1,1>>+(1)*<<1,2,3>>

g gHU00lbbononbddp.113
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8.10.11 dp_ptod

dp_ptod(poly, vlist)
s 000000000 ooooooo.

return goooooo
poly ood
viist ood

e NO00ODO vlist UODOOUODOOOODOOODOOOODOOODOOODOODO.
e viist DO ODOOUOO0OO,000000DOOOO0O0ODO

[50] dp_ord(0);

1

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

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

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

(1) *<<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.126, 8.10.10 O U dp_ordl p.125.
8.10.12 dp_dtop

dp_dtop(dpoly, vlist)
s d0o0oooooooooooon.

return goo
dpoly gooooog
viist goo

o DD ODODOO,0DbO0DLO0O0ODLDOODODOOOOODDOOnOO.
o DD OODLO,00Db0O0DLOODDOODLOOODOOObOOODDbOOOnOO.

[63] T=dp_ptod((x+y+z)~2,[x,y]);
(1) *<<2,0>>+(2) %<<1,1>>+ (1) %<<0,2>>+ (2%z) *<<1,0>>+ (2%z) *<<0, 1>>

+(z272) %<<0,0>>
[54] P=dp_dtop(T, [a,b]l);
Z~ 2+ (2%a+2%Db) *z+a "~ 2+2*b*a+b~2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
s 0000ooooooobooonooooooon

dp_rat(p)
s 000000000000 00O0oLooLoboOoooo

return goooooo
p ooooooao
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mod 00

subst ood

e dp_nf_mod(),dp_true_nf mod() 0,0000000000O00O0OOOOOODOODOO
ob.000o0ouob,dpomod() DOOODODODODODOODODODOODUOODOOODOODOODO
00O000. 00,0000000,0000000000D000000,00000A0
Oo0bodboooboogd,dp_ratO DOOOOoOoobOooO.

e 1I0IDDOOODDOOOO,OIO0DODOO setmod() DD OOODODODODOOODODOO
oooooooo.

e subst 0, 000000000, 00000000000D0O000DO0O00DODOODOOO
000000D0D00o0ooooo,00000o0oo0o0oan, [Lvar,valuel,...]1 OO
ooooooag.

ug 8.10.16 U U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.128, 6.3.11 U
O subst psubstd p.48, 6.1.16 0 U setmodU p.40.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
s gobooboooboo

dp_dehomo (dpoly)
s 000000000000 on

return ogooooog

dpoly gooboooo

e dp_homo() O, dpoly 0 OO ¢tO000O0, 00000000001 000,00000
000 ddeg(t) (dO dpoly DOO0)00O00OO0O0OO0OODODOOO.

e dp_dehomo() O, dpoly OO ODOO0ODO,0000000DOO0OO0ODOOOOODOOO
gooooa.

o 0O, 00000 OUOOUOUODLDUOOLUUOOU, 0O UOLOUO0OUObLOn
ogooooooon.

e hger O JDDODOOD,0D0ODODODODO.
[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(Q);
(1)*<<1,2,3>>+(3) *<<1,2,1>>

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

dp_ptozp (dpoly)

s 0000000b0bO0b0obOobOobOo GEbo 1000,
dp_prim(dpoly)

s 000000O0bO0bO0bOOobOOooOobOOobOoOoOoOoOoOO Gebo 1000,



o8l OO0O0OOO0OO0O000 127

return ooooooao

dpoly goooooo

e dp_ptozp() 0, ptozp() 0000 ODODO0O0OOOOONONONOOOOOO. 000000
00000,000000000000000000000.

e dp_prim() O, 00000000000, 0000000 ODLDODODODLDODDODODOO.

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

(=3xy+3%2) k<<2>>+(3ky " 2-3%272) k<<I>>+(=Bxz*y " 2+3%2" 2%y ) ¥<<0>>
[209] dp_ptozp(X);

(—y+2) #<<2>>+ (y72-272) *<<1>>+ (—z*y " 2+27 2xy) ¥<<0>>

[210] dp_prim(X);

(1) *<<2>>+ (—y-2) *<<1>>+ (zxy) *<<0>>

0o 6.3.18 0 O ptozp p.52.
8.10.16 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_nf (indexlist, dpoly, dpolyarray , fullreduce)
dp_nf_mod (indexlist, dpoly, dpolyarray , fullreduce,, mod)
2 0000000000000 0U0. (bO0DLOooDUoOoUoooooon)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
00000000 0o0ooooO. (boooo [DO,00loooon)
return dp_nf() : O00OO00O0ODOO, dp_true_nf() : OO0
indexlist 000
dpoly Doo0ooooo

dpolyarray
oo

fullreduce 0O 00O

mod oo

e I00ODOOOO dpoly ODODODODO.

e dp_nf_mod(), dp_true_nf mod() OO OO, dp_mod() OODODODO, 000O0OOODOO
goooOoooooooooooon.

e JJ0O0O0ODO,0000D0O0DOODOODO,dnfO) 00DODODODODOOOOO.
U00o0oobodn dponf_mod() DO DOUODODOO,000000D0O0O0ODO dp_nf_mod(
ooooooao.

e dp_true_nf(), dp_true_nf_mod() O, [nm,dn] OO0OO0O0O00OOD0O. OO0, nm
000000, 000000000000000,dn 000000000 nm/dn 00O
ooooo.

e dpolyarray 000000000 DOODOOOODOO, indexlist 0000000000
dpolyarray OO0 0O QOO O0OQODOOOOO.

o fullreduce 0 0 DODOODOODOO0OOODOODOODOONO. fullreduce 0 0000000
oooooooooo.
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e indexlist DD DOUOODOOOD,0D000O00C0OO0DOOOOOO.

e 00D indexlist 00O ODO0OOO0DOOOODOOODOOOOOO,0D000000O
gboboooooobooo.

o JUDODOUOOOOODOUODLDOODLOOODOUOLDOOLOOODOOLDOO
Ub0. 0000000000, ponf,p_true_nf OO0 OD0ODO.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

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

[72] DP1l=newvect(length(K) ,map(dp_ptod,K,V))$

[73] G=gr(X,v,2)$

[74] DP2=newvect(length(G) ,map(dp_ptod,G,V))$

[75] T=dp_ptod((u0-ul+u2-u3+u4d)~2,V)$

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

ud" 2+ (6*u3+2*u2+6*xul-2) *¥ud+9*xu3”" 2+ (6*u2+18*ul-6) *ud3+u2"2

+(6*ul-2) *u2+9*ul~2-6*ul+l

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

-5%xu4 "2+ (-4*u3-4*u2-4*ul) *ud-u3~2-3*u3d-u2" 2+ (2*xul-1) *u2-2*ul~"2-3*xui+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488xud~15+. ..

[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488%xud~15+. ..

[80] @78==Q79;

1

og 8.10.1200 dp_dtoplp.126, 8.10.10 U0 dp_ordUp.125, 8.10.13 00 dp_mod dp_
rat0 p.126, 8.10.27 U O p_nf p_nf_mod p_true_nf p_true_nf_modl p.134.

8.10.17 dp_hm, dp_ht, dp_hc, dp_rest
dp_hm(dpoly)
»O0o0o0oooogag.

dp_ht (dpoly)
s goooooao.

dp_hc (dpoly)
s Qggoooogo.

dp_rest (dpoly)
s 0o00ooooooooooon.

return dp_hm(), dp_ht(),dp_rest() : DO OO0OO0O,dp_,hc) : ODOOOODOO

dpoly gbooboooo
o OO ,00DbO0OO0DOODLOODLODLOOLOOODODOOnOO.
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e JOUDUDLO pbObOODLODO.

p =dp_hm(p) + dp_rest(p)

dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((ad6~2+7/10%a46+7/48)*u3~4-50/27+ad6~2-35/27*a46-49/216)$
[89] T=dp_ptod (X, [u3,u4,ad6])$
[90] dp_hm(T);
(2160) *<<4,0,2>>
[91] dp_ht(T);
(1) *<<4,0,2>>
[92] dp_hc(T);
2160
[93] dp_rest(T);
(1512) %<<4,0,1>>+(315) *<<4,0,0>>+(-4000) *¥<<0,0,2>>+(-2800) *¥<<0,0, 1>>
+(-490) *<<0,0,0>>

8.10.18 dp_td, dp_sugar

dp_td(dpoly)
s ogooooooog.

dp_sugar (dpoly)
» 0000 sugar 0O 0.

return aogoo
dpoly ogooooog
onoff Oo0o0d

e dp_tdO) O,000000,0000C000000DCOOO.

o IO DOOODODOODDO,sugar DOODODOOOODOOODOOO. ODOOO O
gbbooobodgboobbooboobbooboobobg.

e sugar 0, 0000000000000 0O0OOODOO0ODOOOOOOOODOOOOOO
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

8.10.19 dp_lcm

dp_lcm(dpolyl,dpoly2)
s gogoooooo.

return goooooo
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dpoly1 dpoly2
ooooooon

e 0O OOOOOOOOOOOOOOO.OOO 1000O.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>

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

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0DoO.

return oo
dpolyl dpoly2
gooooon
e dpolyl 0OD0OUO dpoly2 0000000000 1,0OODODOODOOoOODO.
e JO00O0D0ODOODUODO,DUDODUODODUODODUODODO.

[148] C;
(1)*<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>+(1)*<<1,0,0,1,1>>

[149] T;
(3)%<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>+(6)*<<1,1,1,0,0>>

[150] for ( ; T; T = dp_rest(T)) print(dp_redble(T,C));
0

0
0
1
oo 8.10.25 0 O dp_red dp_red_modll p.133.

8.10.21 dp_subd

dp_subd (dpolyl, dpoly2)
s 0000ooooono.

return ooooodo
dpolyl dpoly2
ooooooao
e dp_ht(dpolyl)/dp_ht(dpoly2) OO DOUO. OOOODODO 1000O.
e JO0IDODODOODODOOOOOODOOOOOODOOOO.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)%<<0,1,1,1,1>>

0o 8.10.25 0 O dp_red dp_red_mod p.133.
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8.10.22 dp_vtoe, dp_etov

dp_vtoe (vect)
00000000000

dp_etov(dpoly)
2 0000oooOoooon

return dp_vtoe : 0O DODODOOO, dp_etov: UOOMO
vect oooo

dpoly ogoooooao

e dp_vtoe() I, 0000 vect DO ODOOODDOODOOODODOO.

e dp_etov() 0,0000000 dpolyDO0DODOODOODOODODOODOODOODOO.
[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 DO OO0O

return gboobooboooobo

dplist gbbooboabodgd

e 000000000 DO0ONOOOOONONONOOOD,000000000000000
dplist 1000, dplist 0 KX]0OOODOODOOOO I0 00000,KO000000
000000 K[X]/I O monomial 000000000.

e J0UUDOUDUDOU,KX|/IU K-OOOOODODOOOUOOOODO.

[215] K=katsura(5)$

[216] V=[u5,u4,u3,u2,ul,udl$

[217] GO=gr(X,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*xu0"3,ul*u0~3,u0"4,u3d3"2*xul,u2*uld*uld,ul*u3d*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,ud*ul,u3*ul,u2*uld,ul*ud,u0"2,usd,ud,u2,ul,ul,1]

un 8.10.1 U 0 gr hgr gr_modU p.117.

8.10.24 dp_mag

dp_mag(p)
2000000000000
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return O

p gooooon

e J00DDOODODUULODODODOODLOL,ODO0O0O0U0O0 (ODOOOOO)OOO
gboboogobood.

o DO ODOOODDODDODDOODOODO.ODDO,0o0b000DL0OODDOODO
uobobooboooobo,oobobooobbobuooobobooobbboooobooog
goog.

e dp_gr_flags() O, ShowMag, Print 0 on OO O OO0O0OO0OO0O0O0O0OO0DOOOOODO
000 dp_mag) OO0 OOO0O0O0O0OODO.

[221] X=dp_ptod((x+2*y)~10, [x,y1)$
[222] dp_mag(X);
115

oo 8.10.9 0 O dp_gr_flags dp_gr_printll p.124.
8.10.25 dp_red, dp_red_mod

dp_red (dpolyl,dpoly2,dpoly3)
dp_red_mod (dpolyl, dpoly2,dpoly3, mod)

s 0ooooog
return ggad
dpolyl dpoly2 dpoly3
ooooooo
vlist oono
mod oo

dpolyl +dpoly2 0000000 OOO dpoly3 0 1000DOO.
e dp_red_mod() DUOODO,0000000O0O00O0DOODOOOODOO.

0000000 dpoly2000000. OO0, dpoly2 0000 dpoly3 000000
000000000000000000000000.

000000000, 000,000000000,00 a,b, 0 t000 a(dpolyl +
dpoly2)-bt dpoly3 00000000,
000, [adpolyl,a dpoly2 - bt dpoly3] OO ODOOO0OO.
[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_ratU p.126.
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8.10.26 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpoly1,dpoly2, mod)

= S-000000
return uooooon
dpolyl dpoly2

ooooood
mod oo

e dpolyl, dpoly2 0 S-O000000OO0O.
e dp_sp_mod() DOD0O,00000000000D0O0DO0ODOODOODO.

e JOUODOOD,0DODODODOOOLOL,0DO0DODL,0DbODODLODODOD
ooooooo.

[227] X=dp_ptod(x~2xy+x*y, [x,y]);
(1)*<<2,1>>+(1) *<<1,1>>

[228] Y=dp_ptod(x*y~2+x*y, [x,y]);
(1)%<<1,2>>+(1) *<<1,1>>

[229] dp_sp(X,Y);

(-1) *<<2,1>>+ (1) *<<1,2>>

oo 8.10.13 0 O dp_mod dp_ratl] p.126.
8.10.27 p_nf, p_nf_mod, p_true_nf, p_true_nf_mod

p_nf (poly, plist, vlist , order)
p_nf_mod(poly, plist, vlist,, order, mod)
0000000000000, (D0D0boooooooooUooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist, order, mod)
s O000oooooooooon. (DDDDD (OO, o001 DDDDD)

return pnf : OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order u,gboo0bobob

mod oo

e g’ 00D00OOOO.

e 00O, 0000O0O0DDOODOOOOOODO.

dp_nf (), dp_true_nf (), dp_nf_mod(), dp_true_nf mod 00O ODODOOODOODODO
oo.

poly OO0 plist 0, 0000 vist OODODOOOODO otypeOOOOOODODOOOO
00000, dp_nf(), dp_true_nf (), dp_nf_mod (), dp_true_nf_mod() 0O O ODO.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce 0 1 000
oooad.
e JO0ODODOOOO0O0OO0OOOOODOD.
e p_true_nf(),p_true_nf mod() DOODOOOOO, dp_true_nf (), dp_true_nf_mod()
ooooo.
[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,u0l$
[81] G = hgr(K,V,2)$

[82] p_nf(K[1],G,V,2);

0

[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]

(84] L[0]/L[1];
1

oo 8.10.11 0 0 dp_ptodU p.126, 8.10.12 0 O dp_dtopl p.126, 8.10.10 O O dp_ord
p-125, 8.10.16 O U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.128.

8.10.28 p_terms

p_terms (poly, vlist, order)
000000000000 00o00o0.

return o
poly oo
vlist ood
order O, 00000000

o ‘gcr’JO00O0OODOODO.

e JOUDOUODLDOLOUDODUODUODUDUODUODLODLO. viistOOO order OO O
gboooooboog,booboobboobooboobobooboooboobg.

e JOUOODODOODODOLOODODODODLO,DD00OO0ODOOOODODOOODOD
gooooobog.

[233] G=gr(katsura(5), [u5,ud4,u3,u2,ul,ul],2)$

[234] p_terms(G[0], [u5,ud4,ul3,u2,ul,ul],2);
[u5,u0°31,u0"30,u0"29,u0"28,u0"27,u0"26,u0"25,u0"24,u0"23,u0"22,
u0~21,u0"20,u0"19,u0"18,u0"17,u0"16,u0"15,u0"14,u0"13,u0"12,u0"11,
u0~10,u0"9,u0"8,u0"7,u0"6,u0"5,u0"4,u0"3,u0"2,u0, 1]

8.10.29 gb_comp

gb_comp(plistl, plist2)
s ogoboob,ob0booboobbooboobboooobg.

return 0000 1

plist1 plist2
e plistl, plist2 0000, 00000O00ODOODOODODOODODOODO.
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e JOUODODODODODODODO,0DDOOL,D0DOO0ODODODO,DODOD
ogoobobobobobobob.

[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)
= 000000000d

return goo

n g
e katsura() O ‘katsura’, cyclic() O ‘cyclic’ ODO0OOOODOO.

e UIDODODODOODDOODDOO,000D0DO00DL0O00DOD katsura, cyclic 00U
uboboobooooog.

e cyclic U Arnborg, Lazard, Davenport OO DO OOOOOODOOONO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*ud+2*u3d+2*xu2+2*xul+2*xub-1, 2*ud*xu0-ud+2*ul*ud+u2 " 2+2*xub*ul,
2*xu3d*u0+2*ul*xud-u3d+ (2*ul+2*xub) *u2, 2*xu2*xud+2*u2*ud+ (2*ul+2*ub) *u3
—u2+ul~2, 2*%xul*ul+ (2*xu3+2*ub) *ud+2*xu2*xud+2*xul*u2-ul,
u0”"2-u0+2*%ud "~ 2+2+u3"2+2*xu2 " 2+2*ul "~ 2+2*xu5" 2]

[90] hkatsura(5);

[-t+u0+2*ud+2*uld+2*u2+2*%ul+2*ub,
—ud*xt+2xud*u0+2*xul*xud+u2”2+2*xub*ul , —~ud*xt+2*xu3d*u0+2*ul*ud+ (2xul+2*ub) *u2,
—u2*t+2*xu2*u0+2*xu2*xud+ (2*ul+2*ub) *u3d+ul "2,

—ul*xt+2xul*u0+(2*xu3+2*ub) *ud+2*xu2*u3d+2*xul*u2,
—u0*t+u0"2+2%ud " 2+2*%xu3 " 2+2*%u2 " 2+2*xul " 2+2*ub5"2]

[91] cyclic(6);

[c5*cd*xc3*c2xcl1*xcO0-1,
((((c4+chb)*c3+chb*cd) xc2+chxcd*xc3) *cl+chxcd*c3*c2) xcO+chkcd*c3*xc2%*cl,
(((c3+ch)*c2+ch*cd) *cl+ch*cd*c3) *cO+cd*c3*kc2*cl+c5*cl*c3*c2,
((c2+ch)*cl1+cb*cd) *cO+c3*c2*cl+cd*xc3*xc2+chxcd*c3,

(c1+ch) *cO+c2xcl+c3*c2+cd*xc3+chb*cd, cO+cl+c2+c3+cd+ch]

[92] hcyclic(6);

[-c~6+ch*cd*xc3*c2*xcl*cO,

((((ch+ch) *c3+chb*xcd) xc2+chbxcd*c3) xcl+chbxcd*xc3*c2) xcO+chkcd*c3*xc2*cl,
(((c3+cbh)*c2+ch*cd) *xcl+cbxcd*c3) *cO+cd*xc3*c2xcl+ch*cd*xc3*c2,
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RN

((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cd*c3*c2+c5*cid*c3,
(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+cbxcd,cO+cl+c2+c3+cd+c5]

8.10.12 0 O dp_dtop p.126.

8.10.31 primadec, primedec

primadec (plist, viist)

primedec (plist, vlist)

s O00000ogno
return
plist gooooo
viist gooono

oo

primadec(), primedec O ‘primdec’ DO OODODOODO.

primadec(), primedec() DO OO0O0OODOOOO0O0O0O0O0O0O0O000O0O0,000000
ooooooo.
oooooooooooooOoOooooooO.0oooOoOocoOoOooooooDoon.
primadec 0 [0 000, 00000001000000O.

primadec U DO OOOOOOODO.
oooooo,0000000000000O00O00O0OO0O00OOb0O00DO000
O.0000C000,000000 PRIMACRD, PRIMEORD DO OOOOOO.
primadec 0 [Shimoyama,Yokoyama] DU DO OODODOOODOODOOOOOO.

uoboboggbbooobod, primedec UDODOO0O0O. OO0, 00000000
Ubo0obobobod,primadec U000 0DO0O0OOODOODOOOOODOODOODOO
goo.

[84] load("primdec")$

[102] primedec([p*q*x—q 2%y 2+qQ 2%y, -p~2%X "~ 2+p~ 2*x+p*q*y,
(q~3*y~4-2%q~ 3%y~ 3+q~3%y~2) *x-q~ 3%y 4+q~3xy~3,

-q 3%y 4+2xq 3%y~ 3+(-q 3+p*q~2)*y~2], [p,q,x,y]1);

[Ly,x]1,Ly,pl, [x,q1,[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*y~2-2*q*y-p+q] ]
[103] primadec([x,z*xy,wxy~2,w" 2xy-z"3,y"3], [x,y,z,w]);

[[[x,z*xy,y"2,w 2xy-2z"3], [z,y,x]], [[w,x,2z*y,2"3,y"3], [w,z,y,x]]]

6.3.15 0 0 fctr sqfr0p.50, 85000000000 p.113.

8.10.32 primedec_mod

primedec_mod (plist, vlist,ord, mod, strategy)

s 0o0ooaga
return
plist googooo
vlist googono
ord o, 0oobooooo
mod oon
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strategy HEN

oo

primedec_mod() O ‘primdec_mod’ 0O O OO OOO. [Yokoyamal DO OO ODOODO
ooooooooooooo.

primedec_mod() DO DO UOODOODOOODOODOOODOOOODOODO,0000O
gbooooog.

primedec_mod() 0, GF(mod) 0000000 OO. OO0OOUODOOOOOO,000
gooooog.

000000,00000000000000000000000O0 [vlistordl DOO0O
obooboboobooooooooooo.

strategy 0 0 000 OO, incremental 0 component 00000000000 OOONO
early termination 0 00O . 000, 00000000O00O0O0O0OOOO,00000O
Ub0,000000D000 overhead DO ODOOOOODO.

000000000 0OO0ODbODODODO0O0OO0OO dp_gr_print(2) OOOOOOOO
guo.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t , Y 8+y 2+t ,278+z"2+t]$

[247] primedec_mod(PP444, [x,y,z,t],0,2,1);
[[y+z,x+z,2"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+z+1,2"8+z"2+t] , [y+z+1,x"2+x+z"2+z+1,2"8+z"2+t] ,
[x+z+1,y " 2+y+z"2+z+1,2"8+2"2+t] , [y+z+1,x+z,z"8+z"2+t],
[x+y+1,y " 2+y+z"2+z+1,2"8+z"2+t] , [y+z,x+z+1,z"8+z " 2+t]]

[248]

6.3.17 0 Omodfctrl p.51, 8.10.6 0 U dp_gr_main dp_gr_mod_main dp_gr_£f_
main dp_weyl_gr_main dp_weyl_gr_mod_main dp_weyl_gr_f_main[] p.122,
gHUDOUDOODOOOP.113. 81090 0 dp_gr_flags dp_gr_printll p.124.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
s bhbO0O00O0O

ann(f)

annO () +: 0000000 annihilator OO0 O

return gooooooono

f oono

plist oooooa

viist dvlist
ooooag

‘pfct’ JOOOODDOO.

bfunction(f), bfct(f) OOOO f O global bOO b(s) DODOODO. b(s) O, Weyl
OJO0pOO0O0O00OO00O0O0O DIs] OO P(x,s) OOODODO, P(x,s)f"(s+1)=b(s)f s O
O00DbO0b00Ob00O »(s)y OODO,00000000000O.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DOOOOOO 10,00
00 weight 0000 global bODODOO0O0O. viistd x-00,vlist 00000 D-O00O
oooooo.

e bfunction UJ bfct DD DDODOOO0O0O0OO0O0ODOD. ODO0OO0OO0OODDDODODOO
uo.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] OO0O0O0O0O
O0.000,a0 fO bOOOOOOO0O,list0 ann(f) 0000 s$0,a0000
oooooo.

0000000, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x~3+y~3+z73+x"2%y 2%z~ 2+x*y*z) ;
-9%575-63%s74-173%s5"3-233*s"2-154*s-40

[217] fctr(@);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3*dt+y*zxdt+dx,x*z*dt+4*y~3*dt+dy,
x*y*dt+b*z~4*dt+dz, -x"4-z*y*x-y 4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x],[dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000%s7"9+101750%s"8-79375%s~7+35768%s~6-9277*s"5
+1278%s"4-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2*dy*x+3*dx*y "2, -3*dx*x-2*dy*y-6] ]

o 8.900Weyl 000 p.117.
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9 ubogoogonod

9.1 DOLUgggdgd

Asir 0000, 00000000000D000D0. 0D00000DO0O0DOO0ODOO00O, d
00O0D0O00. 0000, db0000, 00000000000 DooOoooooooog
000. 00000000, 00db0000o0o0oooooooooooooooon
1000000000000 00D0000O. DO, 0000000 oDOooDO0DOooooog
0000, reot 00000OODO.

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

(#1)

[2] [type(AO) ,ntype(A0)];

[1,2]
O0000,A00 x"2+41=000,A1 0,00 A00D0O00DO0DO x"3+A0xx+A0=0 00000
oooooog.

newalg() O OO0DOOODOOOOOOODOOOOOOODOO.
1. OobOoobo0o 100000000 o0o00ooon.

2. newalg() U0 OODUODOOODODO,0D0000D000DODOODOODODODOD.
O0o0oDo0O0,000000 srem() OO0O0O0O0ODOOOODOOOOODOOOOD.DOOO
g,0oobbooboo,boobobooooooboon.

3. U0b00b00b0 DOOooDbOo0obi0O0 recoct DOODOOODODOOODOODOO
oo.

4. 000000,000000000000 rect 00000 0oooobooonoOobDOO
goood.

newalg() D0 DOUODOOOOOO,1000 200000.00,00000000D00O0O
gooooooooo. bboobobooboobobooboboobbooboboobo,ooo
ugbobog,bobobooboooboboon.

00 newalg() 0000000 O0OOOODOO,00000000000,00,00000
O0000000o0ooooo. (typeO, vtype() 00.) O00,0000,rcot 0000
goooooooooo.

[87] N=(A0"2+A1)/(A172-A0-1);

((#1+#072) / (#172-#0-1))

[88] [type(N),ntype(N)];

[1,2]
0o00o0oooob,reot #n 000D O0OO. OO0, 00000O000OO0OOODOO0O.
root 0000 ODOODOODOO,0000 alg(n) OOOODOODO. ODO,0000000,
000000 (D0O0O00000D00O0OD)000newalg() OO0ODO,000000000
000000ooooooooooooo.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root HOOODOONO, defpoly) DO DOUOODOO.

[96] defpoly(AO);
t#0"2+1

[97] defpoly(Al);
t#173+t#Oxt#1+t#O

gooboob,t#0,t#1 00000 #0, 1 D0D0ODODOODODO. ODOO0OOODOOOO
U00ob0ob0obb0.varO DODODO,0000 algv(m) DOOOOODO.

[98] var(Q@);
t#1l

[99] algv(0);
t#0

[100]

9.2 OO0 OO

goo,boooboobo,0oobbooob. bbo0,ob0bboobobooobboo
gb.0booboboob,0oobboobboobooooboooboboobobg,oooo
OO00O0CO0ODOO0DOO0O0OO0OOoOD. boooo,sp0,'gr 000 Asir HOOODOO
goboooboboooooooog.

[0] load("gr")$
[1] load("sp")$

oboob,00b00oogog, ‘$HOME/ .asirrc’ D OO ODOOOOODO.

root U ODUOOOOOODO,0000000000. O000,00000000000000
gbobobooboo,bobooboobooooooooogooooboo. oo, oboo0obOob
googboobobooobo,bobooboooobooobooobooboobooobooboon
gopooo.

O00D0O,000D0000000DO0, simpalg() OOO.

[49] T=A0"2+1;
(#072+1)

[50] simpalg(T);
0

simpalg() DO DO O0OOOOOOOOOO,0b00Db0ODODbDODO.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0~2+A0+1)/(AO+3);
((#072+#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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ooooo,0o00 ob0OO0O0OOOOO0OODOOOOOODODOOOODODOD,DO0O0
0000000 simpalg() 00000000000 ODDODOOD. simpalg() O0,0000
O0o0oUoooooooooooooooo.

[43] simpalg(1l/AO*x+1/(A0+1));

(-#0) *x+(-1/2%#0+1/2)

OO000000000DO0O00DODOO000,00 simpalg) OO0O0ODODOOOOOODODOO
0000000, 0000000000O0000D0DOO000D0DbOO000D0DOO0d, reoot OO
00000000000 0000. 0000, algptorat() ODODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0) ;

(#1)

[85] T=(2*A0+A1*A0+A172)*x+(1+A1)/(2+A0);

(#172+#0*#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(E#HO+2) *t#1 ™2+ (L#O ™ 2+2+t#0) *t# 1+ 24 t#0 ™ 2+4t#0) *x+t#1+1) / (t#0+2)

[87] algptorat(coef(T,1));

t#1 "2+t HO*LH1+2%t#0

00000, algptorat() 0,000,000000 root 0,0000000,0000 #n
0000+ 000000. 00000000, 0000000000000000000
00.000,000000000000,r00t00000000000000000000
oooo.

OO0, root DOODOOOODO,0000 root DOUODUODODOUODODO rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]1);
(C(#0+2) / (#0+2) ) *t#1 72+ ((#072+2x#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) *#1 "2+ (#0~4+6*#0 " 3+12%x#0 " 2+8*#0) *#1
+25#074+12%#07 3+24*#07 2+ 16 #0) / (#0"3+6*#0"2+12x#0+8) ) *x
+(((#O+2) *#1+#0+2) / (#0"2+4*#0+4) )
[90] rattoalgp(S, [alg(1l),alg(0)]);
(C(H#O+2) *#1 72+ (#072+24#0) ¥ #1+2x#0 ™ 2+4%#0) / (#0+2) ) *x
+((#1+1) / (#0+2))
[91] simpalg(@89);
(#172+#0*#1+2%#0) *xx+ ((-1/5%#0+2/5) x#1-1/5%#0+2/5)
[92] simpalg(@90);
(#172+#0*#1+2+#0) *x+ ((-1/5*%#0+2/5) *#1-1/5*#0+2/5)
rattoalgp() 0, 00000000 reoot 00 OODODO 200000,00000,00000
godooooooo. oo, oo oouoodoooooonooooood

oobooobOo,00bbo0oo00ob0ooboobbOobO. algptorat(), rattoalgp()
g,0o0gbobooboobbooobooobooboooboooboo.

9.3 U 10ooboboon

‘sp) 00,100000000,GCh,000DOO0O0OOO0O0OOOO0DOOoOobOOoOO0DOOn
goboogboooon.
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9.3.1 GCD

000000 GCD O ecr_geda() 0000 O0O00OD0. 0O0O00D0ODOO00ODODOOODOOOO
00000000000 GChbOO00OO00O00oO,000b0D0obOO0oDOoDOooDon.

[63] A=newalg(t~9-15%t~6-87xt~3-125);

(#0)

[64] B=newalg(75xs”2+(10%A"7-175%A~4-4T70%A)*s+3*A~8-45%xA"5-261*%A"2) ;

(#1)

[65] P1=75%x"2+(150*B+10*A~7-175%A~4-395%A) *x

+(75%B~2+ (10%A~7-175%A"4-395%A) *B+13*xA~8-220%A~5-581*%A"2) $

[66] P2=x"2+A*x+A"2$

[67] cr_gcda(P1,P2);

27*xx+((#076-19*%#0"3-65) *#1-#0"7+19*#0~4+38*#0)

9.3.2 00000, 0000

Jdodooo,dddddddddo GChboooDoOOOoDOoDoUooDDOOoDOoDoDoDOoOoOoOoOoa
boobobob. 000 asqO ODOO.

[116] A=newalg(x"2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2%A-3) 2% (x"3-x-4)"2);

X711+ (#4+1) *x~ 10+ (—4*#4-8) *x "9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7

+(24%#4-6) *x "6+ (-29*#4-31) *x "5+ (—15*#4+28) *x "4+ (38*#4+29) *x~3

+(#4-23) *x”" 2+ (21 %#4-7) *x+ (3*#4+8)

[118] asq(T);

[[x~5+(-2%#4-4) xx" 3+ (-#4) *x "2+ (2% #4+3) xx+ (#4-2) ,2] , [x+(#4+1) ,1]]
000o0oooo0o,[00,000|]00000o0o0,0000000O0,00000000
Jdddddd00. 00,0000 oobooooooo,00000004d
ooo.

00000000000, Trager OO0 O0O0O0OOO0ODOOODODOO,00D000O0DOO0O,
0000000000 00000b0000o0o0b0o0o0oobooOoOooooboo.

[119] af(T,[A]);

[[x"3-x+(-#4),2], [x"2+(-2*#4-3) ,2], [x+(#4+1) ,1]1]

000 200,0 2000,rcot 0000000. 0000DOOO0DOODO,0000 rootd
00o0oooooood. reot DOOOOOODODOD. DOOO,00000000000
JopooddoodoooddoD.0Dodooo,0b0ddo00dobo0d. opoooooao.
Jddddddd0dd0oogogog,b0oboobooO0ob0ob0obobobbb 10000000ooooao
00,0000000000. 0000,00b0000000b00o0o0ooooooogooag
0o00000ooooboooooooooaoa.

[120] B=newalg(x~2-2%A-3);

(#5)

[121] af (T, [B,A]l);

[[x+(#5),2], [x"3-x+(-#4) ,2], [x+(-#5),2], [x+(#4+1) ,1]]

933 OO0

ubooboobooboobodoo,obooboooboobobooobooog,boooooobooo
OoooOooDboooD.obog spOOODO.
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[103] sp(x~5-2);

[[x+(-#1) ,2xx+ (#0"3*#1 " 3+#0 " 4*x#1 "2+ 2*#1+2*%#0) , 2xx+ (—#0"4*x#1°2) ,
2xx+(—-#0"3*#1°3) ,x+(-#0)],

[LG#L) , t#1 7 4+t#0*xt#1 3+t #0"2xt#1 "2+t #0 " 3xt#1+t#0°4] , [(#0) ,t#0°5-2]1]1]

spO0 1000,000 10000000, [lroot, algptorat(ODOOOO)] ODOOO]
oooooooO. b0 2000 [root,algptorat(DOODOO)] DODOO,0D00ODOO,
0o0000oooonouoooooooind recot 0. DOoooooo,0ogooon
root UOOODOOOOODODOOOOOOOOOOOOO.

00001000001 00000000,0 2000 reot000noooooononO,spO
goooobooobobooobobo.gboooboobooboooboooo,0bbgb 10
oooboooobo. «fOQU00b,0b00b0000,00000DbO00DbO0O0DOOODDO.

94 DUUOOUOOLUOOLOOOUOo4og

9.4.1 newalg
newalg (defpoly)

s root U QOOO.
return 0000 (root)

defpoly o0ogd

e defpoly 0D DOODDOOOODOOODO (reot) DODODODO.

e defpoly O0DODODOOOOOOO,910000000000p.140000.
[0] AO=newalg(x~2-2);
(#0)

ao 9.4.2 00 defpolyl p.144

9.4.2 defpoly

defpoly(alg)

croot UOOOOOOOO.
return aoo
alg 0000 (root)

e rootalg00OOODOODOO.

e root I #n UUU0,000OOOO0ODODODO t#n OO DO.
[1] defpoly(AO);
t#072-2

g 9.4.1 0 Unewalgll p.144, 9.4.30 0 algl p.145, 9.4.4 0 U algvl p.145
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9.4.3 alg

alg(i) 00000000000 reoot OO,
return 0000 (root)

i gd

e root #1 000 0O.
e #i 000000 DOODO0ODOODOO,alg() ODODODODO.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

oo 9.4.10 UOnewalgll p.144, 9.4.40 0 algvl p.145

9.4.4 algv

algv (i) walg(@) 000000 O0OOODO.
return ggad

i oo

e OO t#iDO.

e t# JUIDOUODODODODLODLOOD,algv() UODODODODOODOO.

[4] var(defpoly(A0));
t#0

[56] t#0;

syntax error

0

[6] algv(0);

t#0

g 9.4.1 0 0O newalgll p.144, 9.4.2 0 0 defpolyl p.144, 9.4.3 0 U algl p.145

9.4.5 simpalg

simpalg(rat)

0000000000000 0000DD.
return ooad
rat ooad

o ‘spy JOUOOODOODO.
o 1, 000,000000000D00D0O0,0000 reot0dponoonoonboonn.

o 00O, 00D000000O0DO0O,000 recotOonnon.
gbogob,obbuoobooaon.
oooooo,bo0bobobobooboooobooo.
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[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp")$

[46] simpalg((1+A0)/(1-A0));

(-2%#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(—2%#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1)) / (x+(-#0+1))

9.4.6 algptorat

algptorat (poly)

200000000 reot O, 0000000000000 .
return gdd
poly ooo

e ‘s UOUIOUOOnDOD.
e IIDODOODO root#n U0 t#n 0D OODODO.

[49] algptorat((-2*alg(0)+3)*x"2+(1/7*alg(0)-3/7));
(-2%t#0+3) *x"2+1/7*t#0-3/7

gd 9.4.20 0 defpolyl p.144, 9.4.4 0 0 algvll p.145
9.4.7 rattoalgp

rattoalgp(poly, alglist)
200000000 root 000D DOODO reot 0O OODOO.

return oon
poly ooad
alglist ooo

e sy UOUOOUODbOOD.

e 2000 root UOOODOUD. rattoalgp() U, 00 root UOUDOOODOO, O
000 root DODOODOO.

[561] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7),[alg(0)]);
(-2*#0+3) *xx "2+ (1/7*#0-3/7)

un 9.4.300alglp.145, 9.4.4 0 0 algvl p.145
9.4.8 cr_gcda

cr_gcda(polyl, poly2)
200000 1000000 GCD

return ogoao
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polyl poly2
ooo

e sy OO onoon.
e 200 1000000 GCDOOODO.

[76] X=x"6+3*x"5+6*x"4+x"3-3*x"2+12*x+16$

[77] Y=x"6+6%x"5+24%x"4+8%x"3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

oo 8.10.1 0 U gr hgr gr_modU p.117, 9.4.10 U 0 asq af af_noalgl] p.147
9.4.9 sp_norm

sp_norm(alg, var, poly, alglist)
s 0000000ooooo

return goo

var poly 0O OO
poly 100000
alg root

alglist root 0O OO

o ‘sp JOODOODOODO.

e poly 0,alg0000000000. 0000, K = Q(alglist \ {alg}y) 00000, poly
0000 alg0,alg 0 KOOOOOOOOOOOOOOOOOOO.

e OO KOOOOODODO.

e IO UIODOUIOODOUODO,0D0OO0ODOUOODDODODOODLOOODOOOO
oo, ddogoobdoooobogoooon. ogon usELRESO 1000000
godo,0gbooooouooooooooouoon.

[0] load("sp™)$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1,[A1,A0]);
X" 6+ (2%#0) xx "4+ (#0°2) *x~ 2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);

X" 12+2xx"8+5xx"4+1

gd 6.3.14 0 Oresl p.49, 9.4.10 0 U asq af af_noalgl p.147
9.4.10 asq, af, af_noalg

asq(poly) = 00000 10000000O00OOO

af (poly, alglist)
af_noalg(poly, defpolylist)
s 00000 10000000040 o
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return oogd

poly

uoo

alglist root 0O OO
defpolylist root 000000000000 ODOODOODOO

oo

oooDb spy Doboooon.

root UOOO0OO0OO0ODOODODOODODODODODOODO, rect 0000 oo0O,
crgcda() DOOOO0OOOOOODOODOODOODO.

af(O 0,000000,00000 2000,rect000nOognoooonDOong.
alglist UODOUUOO root U, 00000000000 OO0OOOOOOOODOO0O.

af(F,AL) 0000, AL OO0OOOOO0OO0O0O0O0O, boocoooooooog.
Al=[An,...,A1] 0D00O0CO,0 Ak 0O, 000000000DOCOODOODO, O
gboboooobooboobooboooobooboooboon.

[1] Al = newalg(x"2+1);

[2] A2 = newalg(x"2+A1);

[3] A3 = newalg(x"2+A2xx+A1);
[4] af(x"2+A2*x+A1,[A2,A1]);
[[x~2+(#1)*x+(#0) ,1]1]

af_noalg 00, poly 000000000 ai 0000 vi 000000, defpolylist
0, [[vn,dn(vn,...,v1)],...,[v1,d(v1)]] 00000000. 000 di(vi,...,v1) O ai 000
00000000000000 vy0OOOODODOOOOO.

[1] af_noalg(x~2+a2+*x+al, [[a2,a2"2+al], [al,a1"2+1]]);
[[x"2+a2*x+al,1]]

000,00000000,0000000 [0D0,000]0000000. af_noalgl
00,00 O0ODODOO0O00OO,defpolylist 00 O0O0O0OO0ODOOOOOOO.

ooboooooooboboooog, polyooooooogooo.

[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]]

9.4.8 00 cr_gcdal p.146, 6.3.15 0 O fctr sqfr0 p.50

9.4.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)

s goooooooo.

return goao

poly

goo
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‘spy DOOoooooo.
OU00o0O0 100000 polyODDOOODL, 000000000 poly D 10000
gooboobo.

O0d0,polyO00O0DOOOO0,000000,000D0000DOOODOOODOO
O.sp_noalg 00, 00000000,0000000 (OO #0000 t#i)000
gboobo0.0o0o0bDb,spnoalg 000, 000000000DOO0OODOODODO.

000000, [root,algptorat(defpoly(root))] DO O DOOOOOOOOOOO. O
go0o,0000boboobobD,0dddd,dd recot 00000 ooooonoODO.
0o00,0000 root OO0 OOOO.

spO 0, 0000000000000 sponorm() DODUODOOODOO. ODDODOODO
g, 0ddooooooooboboooooo, o000 oooon,
goooooooooooooooooobod. o000 use_,RESO 1000000
goob,dogboobooooooooooooog.

[101] L=sp(x~9-54);

[[x+(-#2) ,-54xx+(#1"6x#274) ,54*x+ (#1"6%#2"4+54%#2) ,

54xx+ (—#1"8*#272) ,-54*xx+ (#1"5%#275) ,54xx+ (#1 " 5x#2 " 5+#1"8*#272) ,

=54xx+ (~#1"7*#2"3-54%#1) ,54xx+(-#1"7*#2°3) ,x+(-#1)],

[[(#2) ,t#276+t#1 " 3xt#2"3+t#17°6], [(#1) ,t#1°9-54]1]

[102] for(I=0,M=1;I<9;I++)M*=L[0][I];

[111] M=simpalg(M);

-1338925209984*x~9+72301961339136

[112] ptozp(M);

-x"9+54

g 9.4.10 00 asq af af_noalglp.147, 9.4.2 0O Udefpolyllp.144, 9.4.6 O
U algptoratl p.146, 9.4.9 0 O sp_norm[] p.147.
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10 0D0ogoooon

10,1 oo oboooagda

Asir 00000,0000,00000 GF(p),00 20000 GF(2°n), GF(p) 0 n OO
0 GF(p™n) D000O00. 000000, setmod_££() 00000000,

[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

[6] setmod_ff(F);

x"50+x74+x"3+x72+1

[6] field_type_ff();

2

[7] setmod_ff(x~3+x+1,1125899906842679) ;

[1*xx"3+1*x+1,1125899906842679]

[8] field_type_ff();

3

[9] setmod_ff(3,5);

[3,x"5+2*x+1,x]

[10] field_type_ff();

4

setmod_ff() 0, 0000000000000 0O0OOOOOOODOOO. O0OOOOO p

000 GF(p), n0000 f(x) 000, fx) mod 2000000000 GF(2™n) 0000
0dooodoooboooo. oo, 000000000 ooooooo. ooboo 3.2000
O00p.12000. setmod_ff() 0000000000 O0ODOOODOODO,0000000O00
ooo.

ugobobda,buogobbboooobboooobbboooobboooboog,ban
googoboobooooobooboboooo. oo, 00boboboooobobooboo
. 0b0,b000bo00ooboobbooboooboooboobob,o0bbooboo
gbooopoooobog,bogboogooboa.

oooooooooo,obgoboobooboobo,0bo0ob0ob 10b0.000,0000
00ooo0oooooo,GF(p)OODO 6,GF(2n) 000 7000,

00000000000,0000000000D0000. GF(p)ODDOO, simp_f£f() O
oo.
[0] P=pari(nextprime,2750);
1125899906842679
[1] setmod_ff(P);
1125899906842679
[2] A=simp_ff(2°100);
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3025

[3] ntype(@Q);

6
O00,GF(2n)00000000000O0OO.

[0] setmod_ff(x~50+x"4+x"~3+x"2+1);

x"B50+x"4+x"3+x"2+1

[1] A=0;

(®

[2] ptogf2n(x~50+1);

(@~50+1)

[3] simp_£ff(QQ);

(@"4+@°3+0@"2)

[4] ntogf2n(2710-1);

(@"9+@"8+@"7+@"6+@"5+@"4+Q@"3+0"2+0+1)
O0000000000,000000000.e0 GF(2"n)0O,GF(2)0O00O0OOOO.

0000 32000000p.12000.

10.2 000000 10000000 n

i’ 00, 00000 1000000D00,00000,DDF, 0000, 00000000
ubooooobooaboooon.

0000,000 [00,000]00000000,000 monicO0O0O,000000O
gboooooboon.

oooo0oOo,0ooo0oooooo GCbooooOoooooooooooooooo
ooooooogo.

0o0oo0oooooog,DbF 00O, 00000000000, Berlekamp OOOOOO
0000000,000000000000000,0000 Cantor-Zassenhaus 0000 O
ooo0Oo00oO00O,0bobobooobooo.

103 DO obobooboood

gobooboooboobobo,obbooobuoobbuoobbooboobboon
O000. 000 sffetrO ODO0O. OO0, modfectr) O, 000000000 OOODOO0O
ooooOoOo,00boo0,bo0000o00bo0oDooOon,stfetrQ ODO0O0ODO,000
gbobodgboobboo,boobooobboooog.

104 ODOOOOOOOOOOOOOO

goboooboobbooboooboobboobo,boobooboboobbon
go.

O00000000,00 200000 [abjU0O0. a, b000000O0O, setmod_£ff 00
O00D000Db0ODOO0ODbOD0Og, yr2=x"3+ax+b, 00 200000 y 2+xy=x"3+ax~2+b
goo.

00000000, 00000000000000. DO0O0OUDOD0O0O, 00 (ecm_add_
££()), 00 (ecm_sub_£f£f()) 0000000000000 (ecm_chsgn_£f£f()) 000000
ud.ooooo,bbobobobooouoooog,
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e JODODOO O.
e J0D0DDOO,00 300000 [xyz.O0OO,z00000.

0000000. xy2z 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]00OOO0O00000000000,([xy1]000
0000000000000. 000000000000000,2000 10000000
0,00000000000000 x,y000 20000000000.

10.5 DOOOO0ooooooao

10.5.1 setmod_ff

setmod_£f ([pldefpoly2])
setmod_f£f ([defpolyp, pl)
setmod_ff ([p,n])
s 000000,000000D0000D00,00000000

return uoodaoon

p gd

defpoly2 GF(2)0000 100000
defpolyp GF(p)O0OOO0O 100000

n goog
000000 poO0O,GF(p)0O0O0O0O0DODOODOOO.

000000 defpoly2 00, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
2)00000ooUoooo.

000 defpolyp O p 00O, GF(p~deg(defpolyp)) D0 O0OOODOOOODO.

000 pO nO00,GF(prn) 00000000000, prn0O 272900000000
gboo.00,p0d 271400000,n0 1000000000.

O00000,00000000000 GF(p)OOO p,GF(2"n)00000O0OOODO
0. 0000 setmod_ff(defpoly,p) 000000 GF(p™n) 00O, [defpoly,p] OO
0.0000 setmod_ff(p,n) 000000 GF(p~n) OO0, [p,defpoly,prim_elem] O
O0.000,defpoly O, n000000000, primelem 0, GF(pn)0000O00O0
ogoooood.

GF(2~n)0O0O0OO0OOO,GF2)0n0O000000DODODODOO,00000Q00O0O00O,
defpoly_mod2() 0O O0DOOODODODO.
[174] defpoly_mod2(100);
x~100+x~15+1
[175] setmod_£ff(QQ);
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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oo 10.5.14 0 O defpoly_mod2[] p.158
10.5.2 field_type_ff

field_type_ff()
0000000000000

return oo
e JO00ODDODOOODDOOOOODO.
e JODDDODO 0,GF(p) 00O 1,GF(2°n) 00 2000.
[0] field_type_ffQ);
0
[1] setmod_ff(3);
3
[2] field_type_ffQ);
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff(Q);
2

ud 10.5.1 0 O setmod_f£f0 p.152
10.5.3 field_order_f£ff

field_order_ff()
2 00000000o0oooo

return o
e J00ODODOODDULULDDD (UOOD)OLDODO.

e J0DDODOODOUO GF(q) 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
uad 10.5.1 0 O setmod_f£f p.152

10.5.4 characteristic_ff

characteristic_ff()
2 00000000000
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return oad

HEN

gbobogbooobobooood.

GF(p) UOO p,GF(2"n) 000 2000.
[0] characteristic_ff();
characteristic_ff : current_ff is not set
return to toplevel
[0] setmod_ff(3);

3

[1] characteristic_ff();
3

[2] setmod_ff(x"2+x+1);

X" 2+x+1
[3] characteristic_ff();

2

10.5.1 0 0O setmod_££0 p.152

10.5.5 extdeg_ff

extdeg_ff()

s ggboooboboooo,0buaboaoog

return oad

e 0000OOODOOO000,0000000000000.
e GF(p)0OO 1,GF(2"n) 000 nOOO.

oo

[0] extdeg_ff();
extdeg_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3

[1] extdeg_ff();

1

[2] setmod_ff(x"2+x+1);
X" 2+x+1

[3] extdeg_ff();

2

10.5.1 0 0O setmod_££0 p.152

10.5.6 simp_£ff

simp_£f (obj)

return

obj

g, 0bogoboobooaobboobgaaboo
gooooon

goooooo

e J,0J00DO0DODODODODODODODO.
o L, 000D00O0DLO0ODLOO,DOD0,0000000O0LDDOODbDOoObLOOnOO.

153
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e NOUIDOOOD,0D0UL0DOODLDOOLODOO reduction D OOODOODODOO.

e DO ODOODOODODDOOD,DO0DODLOODODO,OD0DbODOODODO.
OoobobooboboobOon ptesfpO OO ODO.

[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(©@,10));
6

[4] setmod_ff(2,3);
[2,x"3+x+1,x]

(5] simp_ff(1);

@_0

[6] simp_ff(2);

0

[7] ptosfp(2);

e_1

g 10.5.1 0 0 setmod_££[0 p.152, 10.5.8 U O ImptopU p.155, 10.5.10 0 O gf2nton]
p.156, 10.5.13 O U ptosfp sfptopl p.158

10.5.7 random_ff

random_ff ()
s 0gogoooggoo

return ogoooo

e JOODODOOOOOOOO.

e random(), lrandom() OO0 32bit 0O OO OODOOOODOO.
[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

HEN 10.5.1 00 setmod_£f£f01 p.152, 6.1.8 0 I random[] p.36, 6.1.9 0 0 1random(] p.36
10.5.8 1lmptop

lmptop (obj)
» GF(p) D0ODOOO0OODOOODOOOO

return goooooo
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obj GF(p) 00000
e GF(p) 000DD00O0O0DOOOODOD.

e GF(p)UOD,000 pOO0OOU0UDODOOODUOD. DODODOOOOO,000D0OOO
000000 (000 oooooooooooo.

[0] setmod_ff (pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1xx710+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);
1xx710+537*x"9+45%x"8+427*x"7+210%x"6+295%x"5+210%x"4+427*x"3
+45%x"2+537*x+1

(4] lmptop(F);

X"10+537*x " 9+45%x " 8+427*x " 7+210%x " 6+295*x " 5+210%*x~4+427%x"3
+45*x"2+537*x+1

[5] lmptop(coef(F,1));

537
[6] ntype(@0Q);
0
oo 10.5.6 O O simp_££f0 p.154

10.5.9 ntogf2n

ntogf2n (m)
0000 GF(2°n) 00000

return GF(2°n) OO

m goon
e 000 mO 2000 m=m0+ml*2+.+mk*2°k 000, GF(2°n)=GF(2)[t]/(g(t)) O
0 mO+mI*t+...+mk*t"k mod g(t) DO O.
o I0I00ODOODOUODOODOODOUODODODUOLOD,simp_f£O) 0D 0OODOODOODO.

[1] setmod_ff(x~30+x+1);
x~30+x+1

[2] N=ntogf2n(27100);
(@~100)

[3] simp_ff(N);
(@°13+@°12+@"11+@"10)

g 10.5.10 O 0 gf2ntonl p.156
10.5.10 gf2nton

gf2nton (m)
+ GF(2"n) 000000000

return gooao
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m GF(2°n) 0O
o gfonton U UUOOODO.

[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] N=gf2nton(27100);
(@~100)
[3] simp_ff(N);
(@~13+@~12+@~11+@~10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_ff(N));
15360

oo 10.5.10 0 O gf2ntonl p.156
10.5.11 ptogfen

ptogf2n(poly)
0000000 GF(2~n)00O0OODO

return GF(2"n) OO

poly oooooO

e poly DO0O GF(Q"H)DDDDD[ID. 000,20 00000000000. poly 00O
OO0 ed00O0O000OOOOooOoOO.
[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] ptogf2n(x~100);
(@°100)

g 10.5.12 0 U gf2ntopl p.157
10.5.12 gf2ntop

gf2ntop(ml,v])
+ GF(2°n) 000000000

return ooooog
m GF(2"n) OO
\% OO0

e mUOODOOD,0000000O00DOO0ODODOOODOO.

e vOOIOIDOODODOO,ODOD ptogfon() 000D OOOOODODOOO (DODOODO x),
gbooobooooooooooooooooooooooboooo.

[1] setmod_ff(x"30+x+1);
x"30+x+1

[2] N=simp_ff(gf2ntop(2°100));
(@"13+@"12+@~11+0@~10)

[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t 710

oo 10.5.11 0 O ptogf2nl p.157
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
s 000000000 o,ooo

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OODOOOO
000.000000000000D0DODOO0ODOOO0.0000O00,0D0D0000000
00000,00 p00d0 pO00d0O0,pd xO000O0OOOOOODO,0000000
O00.000,GF(3°5) 0 GF3)[x]/(x"5+2*+1) 0000000, 00000000
xO00O0O0O0O0O0O0 k000 ek 000000 DOO.0000,000 23 =2%3"2+3+2
0,25 2+x+2 00000,00000 x" 1700 x*5+2*+1 000000, e.1700
oooog.

e sfptop() O ptosfp() OO ODOODOO.

[196] setmod_£ff(3,5);
[3,x"°5+2%x+1,x]

[197] A = ptosfp(23);

Q_17

[198] 9%*2+3+2;

23

[199] x~17-(2*x"2+x+2);
Xx"17-2%xx"2-x-2

[200] sremm(@,x"~5+2*x+1,3);

0
[201] sfptop(A);
23
ad 10.5.1 0 O setmod_££f0 p.152, 10.5.6 U U simp_£f£[ p.154

10.5.14 defpoly_mod2
defpoly_mod2(d)

» GF(2)0O0oDoOOooooooooo
return goo

d ooo
o ‘ff’00OODOODOODO.
e J0DDDOODOD dUOUO,GF(2)0 dO0ODOOOODOODODO.
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e U0 OO 30000O0O0OLO,D 20000000O0DODO 300,00 0030
gooboobooob,ob0 so0oog,b 2000000000000,00000 3
gboobobooboboob,bobob 4000000000000 O0OOODO.

ud 10.5.1 0 O setmod_f£f0 p.152

10.5.15 sffctr

sffctr(poly)

2 000000000000 00000
return ooo
poly O0000 ooog

e JO0OO,D0DO0DODODODODODLODODLDODOO.

e 00O, [[flml],[f2m2],..] D0O0O0OO0O0O. 000, fi0 monicOOODO0O, mi 00O
goooooo.

[0] setmod_ff(2,10);

[2,x710+x"3+1,x]

[1] sffctr((z*xy 3+z*y)*x"3+(y b+y 3+z*xy 2+z)*x"2+z" 11xy*x+z"10%y~3+z"11) ;
[[@_0,1], [@_O*z*xy*x+@_0*y~3+@_0*z,1], [(@_0*y+@_0) *x+@_0%*z"5,2]]

0od 10.5.1 0 O setmod_££f[ p.152, 6.3.17 0 Omodfctr p.51
10.5.16 fctr_ff

fctr_ff (poly)
1 0000000000000000

return ooo

poly 00000 100000
“4f£°00000000.
e 000D0D0DD,00000000000000O000O0O

000, [[flml],[f2m2],.] 00000000. 000, i0 monic 00000, mi 00
ooooooo.

poly OOODOOOOOOO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1], [1*x+6782485570826905238,1] ,
[1*xx+15987612182027639793,1] , [1*x~2+1*x+1,1]]

ud 10.5.1 0 0 setmod_£f£0 p.152

10.5.17 irredcheck_ff

irredcheck_ff (poly)
1 0000000000000000
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return 011

poly 00000 100000
e $f£’000000DOD.
e 00000 10000000000000,00000 1,00000 0000,

[178] setmod_ff(2°64-95);
18446744073709551521

[179] 1 F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

oad 10.5.1 0 0O setmod_££[1 p.152
10.5.18 randpoly_£ff

randpoly_ff(d,v)
s 000ono oooo 1oo0oooooo

return goao
d ooo
\% ood

o ff’ 000 UODOODOO.

e dUUD,000 vvOOODOUOOUODODODOUODODODOOD 1OOOODOODOOO.
OO0 random_f£f() OOODOOOODO.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_£ff();
[180] randpoly_£ff(3,x);
17135261454578964298%*x~2+4766826699653615429*x+18317369440429479651
[181] randpoly_f£f(3,x);
7565988813172050604*x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x " 2+10243690944992524936*x+4063829049268845492

RN 10.5.1 0 O setmod_££0 p.152, 10.5.7 U U random_££01 p.155
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff

ecm_add_£f(pl,p2,ec)
ecm_sub_£f(pl,p2,ec)
ecm_chsgn_ff(pl)

s goooboooooo,od,o00

return gooooooo
pl p2 OO0 300000000 0
ec OO0 200000
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e D00D00O00000000D,ee0000000000000 pl, p200 pl+p2, O
pl-p2, 00 -p1 0O0O.

e cc,0000000000D00DODOOONO, y 2=x"3+ec[0]x+ec[l],00 2000
y " 2+xy=x"3+ec[0]x"2+ec[l] O OO .

e 0,00000,000000000O00.

e pl,p2000 300000000, 00000D0000O0DOODOO. ODODO,DO 3
gbobooooooooooo.

gboobo 3soboboaoa,b 3sbuoo oobba,1oobogb.onooooo
gooboooboooo,b100,0 20000 30000000000.

pl,p200000000000000000O00O000.

[0] setmod_ff (1125899906842679)%

[1] EC=newvect(2, [ptolmp(1),ptolmp(1)]1)$

[2] Ptil=newvect(3,[1,-412127497938252,1]1)%

[3] Pt2=newvect(3, [6,-252647084363045,1]1)%
[4] Pt3=ecm_add_ff(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]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]/D[2]==Pt1[1]/Pt1[2];

1

uagd 10.5.1 0 O setmod_££0 p.152
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OO0 A 00

Al O00OO0OO

<gd>:
c<Od>4)>
<O><gdoog> <d»>
‘40 <[>
‘- <>
0>
<O00O><O00000> <0>
<O0O00O> “++°
000> ¢-=
‘++ 000>
‘-—> <kOgoO0»>
‘1 <>
<O> 7?2 <d> “:? <O>
00> ¢ <OOd> ¢)?
<d00> “C <d00> ¢ <0Ogoogogos> <)
<goo»>
<O0O0oooo»>
000>
000>

(4210000000000p.22000.)

<god>:

<O0O> [‘[’<O0>¢]°]%
<OgOooogd>:

C4r oy ¢/7 ¢%; t*:(D)

(==) ¢!=7 Cgr) ) g=) (5= t&&; ¢||,
<Ogooogd>:

{=) (+=; ¢_=J t*=7 {/=7 (%=; f"=J
<gogd>:

<O >

<O> [¢,” <O>]*
<Ogooog>:

alphabet DO OOOOO =2 <O>

<OO0ooOooogds:
ggoooo»>
<gOO0oo»> [¢,> <0000o0>]*

OgoOoog»>:
‘> <kOOOo> ¢]°
<0 0>:
oooooooobogd X,Y,Japan O O)
(42200000000000p.18000O.)

<0 0>:
ooooooooog (fctr,ged O0O)
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<OgoOoo0>:
goo>
<0>

<ggo>:
ooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.18000O.)
<O >:

000>

<00o0oo»>

<00go»>

<0goggd>

(3.2000000p.12000.)
<O000>:
o, 1, -2, 3/4
<0O00d>:
0.0, 1.2e10

<Oooo>:
newalg(x~2+1), alg(0)~2+1

(090000 O0OODOOO0O0O0OOp.140000.)

<OgoOgd>:
1+@i, 2.3%01

<O0go>:
‘v gpobobgoo

<gooooo>:
‘<2 <dOd> >>?

(0800ULOOUUDOOUOOp.109000.)

<d>:
<O><O00>
<0 0>
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0O>
‘return’ <O > <O 0>
“4f ¢ <Od0O0O> 9’ <O>
4f (> <O OO> 9’ <O> ‘else’ <O>
‘for’ ‘(> <O0ODO> ;> <OOO> ¢;> <O0OO> ¢)’ <O>
‘do’ <O> ‘while’ ‘(> <OO0O> )’ <O0>
‘while’ ¢’ <O0O0O> ¢)’ <O>
‘def’ <O0O> “C <OO0O> <) > <O0000><O000> “‘p
‘end(quit)’ <O 0>

(4250000p20000.)
<O00>:
R
<O0O000d>:
[“extern’ <O 0> [¢,” <O 0O>1* <O 0O>]%*
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<O 0O>:
‘2 <O0O0o> 3

<0oOag»>:
[<O>]*

A2 J00D0OO0OO0ODbOOOOOoOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobbooboob. boobooboboobooobooobo.

i i 0000000000 2000000000000000O0 (D 10OO0DOO
O0000O0O0p.150000.)

‘gr’ O00000000oooooO0O.(b8UUUUUOoboOooOoOOp.109000O))

‘sp’ oo00o0o0o0oO0000000O0,00000. (D9000OODOOODOODDDOD
p.l40000.)

‘alpi’

‘bgk’

‘cyclic’

‘katsura’

‘kimra’> 000000000000, 0000000000000O0O00O. (810300
O katsura hkatsura cyclic heyclicd p.136 0 O O )

‘defs.h’ O00O0O0O0O0O0OOOO. (42110000000000p.23000.)

‘fctrtest’
00000000 O0ooooooO. REDUCE O ‘factor.tst’ OO OO OO
000oooooooood. odd,leadO) DOOOOOOODOOOO. OO
O0 Asir,) 0000000000 O0ODOO0OOO0OOOOOOOOODD.
‘fctrdata’

‘fetrtest’ DO OO0 0ODOODOODO,0000000000O0. Algll1ODOODOO
00000, af(O (9.4.1000asq af af noalgd p.147) OO0 OO OO .

[45] load("sp")$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Algl5];

X"9-15%x"6-87*x"3-125

Omsec

[177] af(Alg[5], [newalg(Alg[5]1)]);

[[1,1], [75%x"2+ (10*#0 " 7-175x#0"4-470%#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[75%x" 2+ (—10*%#0"7+175%#0~4+395*#0) *x
+(3*#0°8-45*#0"5-261*#0"2) ,1],

[25%x "2+ (25%#0) *x+ (#0"8-15*#0"5-87*#0"2) , 1],
[x~2+(#0) *x+(#0°2) ,1], [x+(-#0) ,1]]
3.600sec + gc : 1.040sec
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‘ifplot’ OO (7.5.1500 ifplot conplot plot polarplot plotoverdp.105) 00 OO O . IS[]
goooooooobo,obo  ,D,C, SsOO00O0OOOOOO,000,000,0
000 (boO0O)oooOooooooo.

‘num’ ugbooooboobooboobag.

4

mat’ oboooooooooooooon.

‘ratint’ O00O000O000O. ‘sp’,‘gr’000. ratint() OO0OO00O00O00D0OO
O0,00000000000000.00000A0.

[0] load("gr")$

[45] load("sp™)$

[84] load("ratint")$

[102] ratint(x~6/(x"5+x+1),x);

[1/2%x"2,

[[(#2)*log(-~140%x+ (~2737*#2°2+552%#2-131) ),
161%t#2°3-23*t#2°2+15%t#2-1] ,

[(#1) *Llog (-5*x+(-21*#1-4) ) ,21*t#1"2+3*t#1+1]]]

O0O000,x"6/(x"5+x+1) 0O OOOODOOOOOOD. OO0 20000
gboooobo,01bobooogobobooo,020b00oobOoon.
oobooooboooooooboog,ooun, [root*xlog(poly) ,defpoly] O
goboboooobD. o0b,0b0000b000d, defpoly DOUOODO root U
OO0 rootxlog(poly) DODOODODDOODOODOODLOODOO. OO
U polyDroot UOOOUOO, reot OO DODOOUOOO poly DD OOONO
goooooboooo.bobob,bob0b 200b000000DOOO,
gboooooooooooooooon.

‘primdec’ O00O0O0O0O0ODOOOO0OOOO0ODOODODODODOOOOOOODOOODODOOOO
(8.10.31 O U primadec primedecd p.137 0 0).

‘primdec_mod’
0000000000000 0000000000 (8.10.3200 primedec_modU
p.13700).

‘bfct’ bOOO00OO. (810.33 0 O bfunction bfct generic_bfct ann ann00 p.138 0 0 ).

A3 000DOOOoOO

DOS O, Windows 000000000 DOOOODOOO0OOOODOOODODOOOOOODO
gooooooboooobo. UNIXOoooooooooooooobooooo,boo
OO00DO0oO00DOOo00DOOoOo0oOOOo0OO0O0.00D0O AsrDO0DOOOD ftp O
OOooO. ftpserver 0000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOOODOOOOOOODOOOOOO
OoooooooboO0. window DOODOODOODOODOOODOOOOOOOOOO
ooooooooooOo0o0oooooU0. oo ooooo,bbo0d
go0oo0o0000O0O0O0000000. 00000000000, 000000D0DDOO0
000000000000 0ODOO00DO. 0000000000 readonly 0O0O,00000
goooooooooooooogd.
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A.3.1 fep

fep00,SRAOO0OOOOODOOCOODOOOOOOOOOD,00DDOO0ODOOOOODOO
O0000DCOO0.0000D0DCO0O00 esiryd00DO00O0O00O viDOOO emacs
OOo0oOo0O0oDbOOoO0oOo0o0D eshoODOOOOOOODOODOOOO.

% fep asir

[O] fctr(x"5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]

[1] ! /* !!14+Return */
fctr(x~5-1); /* 000000000 0oOoOooo =/
/* 00 +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep 0000000000000 O0ODODOODOD,0D00000000 makeOODODO (OS)

0o0oOo0dO00O.00bOoO0oOoOoboo0oo0oobooboogooooo,ftpOOODO
ooo.

A.3.2 asir.el

‘asir.el’ O, Asir 0 GNU Emacs 00000000 OO (DOOODOOOO
(YVE25250@pcvan.or.jp). ‘asir.el’ JO0O00O, 000 emacs 00000000 OOO,
OO00D00,000000 completion 0O0OOOOODO.

‘asir.el’ 0 PC-VANOOOODOOOOODOO,00000O0DOO0O0OOO0OOOOO,D
o0 ftp00D0OoO00O0O.

oboobob,b00bdD, esir.el’ D0O00ODOODOODODO.

A4 000D00O0ODO0DOOOOO

Asir 000000 0OO0DOO0OO0ODOOOO0ODOOODOOODOOO0OO0O, OpenXM OO0
oo, bboooooo0d0o0ooggooooboobo. ooogog, Gecoooo
0000 ‘libasir-gc.a’ 0000 OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) DO0OO0O. 0000 OpenXM OO0 0000 OOOOOODOOOODOO
00,0000 OpenXM O0OOD0OOD0OOOODOODOODOOOO. OpenXM root OO0 0OONO
O$0penxM_ HOMEO OO. ODDOODODOODOODOOODO ‘$0penXM_HOME/1ib’ OO OO ODOO.
oobooboobob 3ouboo.

e ‘libasir.a’

PARL X11 O0DOOOOOOODDO. OOOO0O ‘libasir-gc.2’ 0O00OD0O0O.

e ‘libasir_pari.a’

X110O0OooOo0OooOoO. 00000 ‘libasir-gec.a’, ‘libpari.a’ 00 0.

e ‘libasir_pari_X.a’

O0000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OOOODOO

ooooooo.

ubobooboobbooboobog.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 00000000000 CMODOODOOODODODO
O0000. byteorder 0 0 O0OOO0OO0OO byteorder 000OO. 1 000 network
byteorder O OO. OO0OOOOOODOO 0,0000 -1000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODODO Asir O0OD0O0OO0OODOOODOODO 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()
OO00O0OO0ODO0000 Asie) 0000 CcMOOOOOOOOOOOOOOO. ODO
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asir OO0O0O popd,CMOOOODOO ecloC0OOOO0O
ooog,cMOOO0O0O0o0OO0OO0O. oooo,cMOb0Ob0b0O0D Imit000000000O
-1 000. ecemo OO00O0D00O0O0O0 Imit00O0000000O0O0O000OO00O. ODOOOO
cCMOODOODOODOODOODOODOODOODOO, asir_ox_peek_cmo_size 00 0O0O.

e void asir_ox_push_cmd(int cmd)

oooooobogoob0 emddD0OOO.

e void asir_ox_execute_string(char *str)
Asir 000000000 str0000,0000000000 pushOO.

include 00O header file O ‘$0penXM_HOME/include/asir/ox.h’ O00O0O. OO
header file D0, OpenXM O OOOO0OO tag, command 00 O0O0O0OO0O0O0O. OOO
(‘$0penXM_HOME/doc/oxlib/test3.c’) 00O O0ODO00O0O0DOOO.

#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 = 0;
char *kwd,*bdy;
unsigned int cmd;

signal (SIGINT,SIG_IGN);
asir_ox_init(1); /* 1: network byte order; O: native byte order */
result_len = BUFSIZ;
result = (void *)malloc(BUFSIZ);
while ( 1 ) {
printf ("Input>"); fflush(stdout);
fgets(buf ,BUFSIZ,stdin) ;
for (i = 0; buf[i] && isspace(buf[il); i++ );
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if ( 'buf[i]l )
continue;
kwd = buf+i;
for ( ; buf[i] && !isspace(buf[il); i++ );
buf [i] = 0;
bdy = buf+i+l;
if ( !strcmp(kwd,"asir") ) {
sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf);
} else if ( !strcmp(kwd,"push") ) {

h[0] = 0;
h[2] = 0;
J=0;

while (1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if ( lc)
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = O;
} else
h[0] = c;
bdy++;
}
if ( n[0] )
fprintf (stderr,"Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo(sendbuf) ;
}

} else if ( !strcmp(kwd,"cmd") ) {
cmd = atoi(bdy);
asir_ox_push_cmd(cmd) ;

} else if ( !strcmp(kwd,"pop") ) {
len = asir_ox_peek_cmo_size();
if ( !len )

continue;
if ( len > result_len ) {
result = (char *)realloc(result,len);
result_len = len;
}
asir_ox_pop_cmo(result,len);
printf ("Output>"); fflush(stdout);
printf ("\n");
for (i =0; i< len; ) {
printf ("%02x ",result[i]);
i++;
if ( 1(i%16) )
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printf("\n");
}
printf ("\n");
}
}
}

00000000, keyword body 00 100000000000 keyword 00 O0OODO
oooooooo.

e asir body
body O Asir 00000000000, 0000000000 pushODO. asir_ox_
execute_string() DO O ODOO.

e push body
body 0 16 00000000 CMOUOODOODOOO,Asir0000000OODODOODO
0000 push O0O. asir_ox_push_cmo() OO DOOODO.

¢ pop
O000000000oOooooo ecMOUOOOO,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() 0O OODODO.

e cmd body
body 0 SMOOOOOODOO,0000. asir_ox_push_cmd() O0OOOODO.

A5 00O

A.5.1 Version 990831

40000000.000 32pit00,0000000000DO0OLOODLOO,0000D00O
O000O0O0O000OO000OCO0OO0D.000,WindowsOODOO,plot 0000000, 00
goog.

OO00DDOO0O000DDOO0O00000,000000 bsavefile0O0OOOOO0O bload27
goboodgboog,boobogn.

A.5.2 Version 950831

A.5.21 O0O0OO

e JO0ODODODOOOUOOOOOOOO.

e finish OO QOQOOO.

e up,down, frame OO UO0O0OO, 00 00O00OOODOO0ODOOO.
e trace 1O OON.

Ab.22 OO00O0ODOO

e sdiv) UOIDOOO,00000000DOO.
e sdivm() OO, 0000000000000ODO.
e det(), resO UIDOOOO,00O00O0DOODOOODO
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e vtol() (0OUODOODUDOOUODOO)OODO.
e map() O ODO.

A.b5.23 000O0O0OO

e JI0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) DO0DO0O,0000000D00DO00ODO.

e JOOOOOOOOOOOOO.
godooooooooooooood.
goddooooodoodoodooooooooon.
gooooOoooooooooooo.

Ab5.24 0O0OO

e JOODOODOOO,0ODODO.

e JIODDOO GCDOOODDOODOODDOODO.
dodbDoooDooooooo.

Windows OO0 0O.

A.5.3 Version 940420

goooboo.
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% D
PP 47 dabs. 81
dacos ... 80
dasin............ ... 80
A datan............i 80
dcedl ..o 81
ACCESS o ettt et s ACOS ..t 80
BF 147 debuUg..... 83
defpoly. ...t 144
af_noalg ........... ... ... 147 e£POly_mod2 ..o oo 158
Alg . 145 QOE -+ e 44
algptorat .................. i 146 delete hiSTOTY .......oooeeeeeennnnn.. ]9
AlGYV. ..o 5 det ... 63
=1 oo N 138 deval .. ..ot 38
ANNO0 . L 138 AeXP ..ot 81
APPENA . ..ot 58 dfloor.........iiiii 81
arfreg.... ... ... .. 65 dET . .ovvven i 117
Aiff . 48

AL ottt 70

. ALog . ..t 81
BSCLITOSEE - .wvvhr e 2 AN .o 37
o] 147 AP_AENOMO + -+ e e oot 127
dp_dtop........ooi 126
dp_etov. ... 132
B dp_f4 main ............. ... ... 123
dp_f4 mod_main................... ... ...... 123
bfct . 138 dp_gr_f_main ............................ 122
bfunction ........ ... ... ... . ... 138 dp_gr_flags ..ottt 124
bload.........oooiii 76 dp_grmain.............. ... ... .. 122
DLOAAT .ot 76  dp_gr_mod_main................ ... 122
bSave . ... 76 dp_grprint .............coooiiiiiiii 124
dp_hc..... ... 129
dp_hm. ... 129
C dp_homo............ ... ... . i 127
dp_ht.... ... ... 129
CALL ottt 70 dp_lem..... 130
CAT ottt 58 AP_mag. ..o 132
CAT .. 58 p_mDASE . ... . 132
. dpmod............ i 126
cell .o 81 S 128
characteristic_ff...................... ... 153 AP_DE_MOA oot 198
clear_cCanvas .............coiuiiiniiiiiin.. 107 AP_OTd . o\ oot 125
close_file ........ ... 78 Ap_Prim.......oouuiii 127
coef . 44 dp_ptod........ ... 126
COMT + vttt ettt et e 37 dp_ptozp ...... ... 127
COMPLOL - v e et e et ettt 105 dp_rat... ... 126
COMS o v ottt ettt et 58 dp_red. ... 133
Cputime. ..... ..o 85 dP_red.MOd. ....oovor 133
dp_redble ............ ... .. ...l 131
Cr_gcda......ooiiii 146 AP_TOSE . .o oot 129
Ctrl. 82 AP SP - o e e 134
currenttime ............. ... ... .. i 86 AP_SP_MOd © oottt 134
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dp_SUGAT .. ... 130
dp_td. ... .. 130
dp_true_nf ............. ... ... .. .o 128
dp_true_nf mod................ .. ... .. ..... 128
dp_vtoe........ ... 132
dp_weyl_f4 main........................... 123
dp_weyl_f4 _mod _main....................... 123
dp_weyl_gr_f main......................... 122
dp_weyl_gr main........................... 122
dp_weyl_gr_mod_main....................... 122
draw_obj ........ ... 107
draw_string ............ ... ... ... ..o 107
Arint . ... 81
ASin ..o 80
dsqrt ... ..o 81
dtan . ... 80
E

ecm_add_ff ........ .. ... 160
ecm_chsgn_ff ........ ... ... ... .. i 160
ecm_sub_ff ........ ... ... 160
ediff ... ... 49
BN . .. 74
L5t e 83
BVAL .t 38
eval_str....... ... 72
extdeg _ff ... ... L. 154
F

facC . 33
o v o 50
fetr_f£f. .. . . 159
field_order_ff ............ .. .. ............ 153
field_type_ff ...... ... ... ... ... ... L 153
flaist ..o 89
Flo0r . ..o 81
funargs........... ... 70
fUNCEOT . .t 70
G

gb_comp........ ... 135
BCA .o 53
generate_port ................. .. ... ... 97
generic_bfct.......... ... ... ...l 138
get_byte...... ... ... 78
get_line........... ... . ... 78
get_rootdir ........... ... .. .. L Ll 90
BeLenV. ... .. o 90
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gf2nton........ ... ... 156
gf2ntop................ 157
= ol 117
gr_minipoly ..... ... 121
Br_mOd. ... 117
H
heyclic.....oooo 136
heap........oo 87
help ... 84
hgr .. 117
hKatsSura . ...ovve e 136
I

1and. ... 41
AAAV . e 33
ifplot.. ... 105
iged. ..o 34
igedentl.. ... 34
0 5 (P 34
int32ton. ... ... 41
S 35
Invmat . .. ... 63
1 41
- L 33
irredcheck_ff ........... .. ... ... ... . ...... 159
ishift ... .. 42
ISQTE .o 35
Do s 41
K

RAESUTA. .ot ettt 136
Rmul . ... 55
ksquare.............iiitiiiiiiii i 55
Rtmul. ... ..o 55
L

length. ... .. ... ... 58
lex_hensel ..., 118
lex_hensel_gsl................ ..., 120
dex_ tl .. e 118
Imptop. ot 155
doad . ..o 74
Iprime....... ... 35
1random. . ..ot 36
IOV . et 61
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MAD . o et e e e e e e 88
mindeg. ... ..ot 44
minipoly ....... ... 121
minipolym ........... ... . ... ... 121
modfctr....... ... ... . L 51
module_definedp............................ 79
module_list ......... ...t 79
mt_load........... i 36
ME_SAVE. ..\ttt 36

nd_f4. ... 123
NA_Gr. ... 123
nd_gr_trace............. .. .. i, 123
nd_weyl_gr ...... ... 123
nd_weyl_gr_trace.......................... 123
newalg. ...ttt 144
newbytearray .................iiiiiiii., 61
NEWMAL . . .ttt et et e 62
Nnewstruct ........... o 65
NEWVECT . vttt et e 60
ot 37
01117 o Lo YU 44
ntogf2n........ ... .. 156
ntoint32. ... ... 41
NEYPE . . oot 69

OPEN_CANVAS .« .o vttt teeeieeieeeiaennnn 107
open_file ......... ... ... i 78
[ e Pt 45
OULPUL . ..ot 75
(3985 e T o 98
ox_execute_string.............. ... ... ..... 98
ox_flush .......... .. ... 103
OX_geL .. i 102
ox_get_serverinfo................ ... ... ... 104
ox_launch .............iuiiiiii 94
ox_launch_generic.......................... 96
0X_launch_NoX .........c.viiiiieennnnn.. 94
OX_POP_CIMO & vt ettetteeeeeeeeieaenns 101
ox_pop_local ........... ... ... ..., 101
OX _PODPS  « vttt e 102
ox_push_cmd ................ ... ... ... ..... 101
ox_push_cmo ................ ... ... .. ...... 100
ox_push_local ............................. 100
OX_TeSet . it 99
OX TP e ettt e 98

173

ox_shutdown ................. i, 94
OX_SYIC . o ettt e et et et e 101

pnf . 134
pnfmod ... 134
P_terms. .. ... 135
p_true_nf ....... .. ... 134
p_true.nf mod............ ... ...l 134
Pari ... .. 39
Plot .. 105
plotover ....... ... ... ... ..l 105
polarplot ........... ... ... 105
Prim..... ... 52
primadec .......... ...l 137
Prime........ ... ... 35
primedec ........... .. ... 137
primedec_mod ................. i, 137
print.......... . 7
psubst.............. 48
ptogfan....... ... 157
ptosfp..... ... .. 158
PtOZD ..o 52
purge_stdin ............ ... ...l 78
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