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0 10 Introduction

1 Introduction

1.1 00oboogga

goboobooooboobooooobg.

1. Introduction
00000000, notation 00O OO0DOO

2. Risa/Asir
Asir 00, 000000000

3. O
Asir OO OO

4. O0O0O0O0O Asir
Asir 0O0QO0O0OQ0OO0OOoOO

5. oQno
ubbooboogboobo

6. 000000
gbooboobooboobooobooob

7. 0000
gbooboobooboob,o0booo

. DOOoOobDoooo
oboboobooobooob,o0booo

9. DOooobOoOoooo
ubobooboaboob,obobon

10. OOOobOOoOOooo
oboooooooo,0bobo

11. OO
gooboo,bgoboobogbb,obbooboob,0o0b, o

1.2 Notation

O00ooo0ooO0,00b0000oo0oooooo0. 0oooooooooon.
e 00D, 0000DDODODOOODO.
gcd ), gr
e I00IDDOODOOODDODODO,DDOODOOODO.
int, poly
e 100IDDO,00DDOODO0ODDOODOODOOODONO.
‘dbxinit’, ‘asir_plot’
e I00DDODO,0D0D0O0DDOOOOODO.

(0] 1;
1
[1] quit;
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e JOUDDOO, I 000ODOODOOODOOODDO.
[Boehm,Weiser]
e JOODOODO,000DO0ODLOOO, I ODOODOODO. ODO,0000DODOOODO,
Ox00oog.
setprec([nl]), diff (rat[, varn] *)
e shell (csh) 00DOOOUOO %00000.000,000000000,rcot00000
OO00O0O00DOOoOoOoOOO #0000D.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
YA
e J0DDODOD Z, 00000 Q, 000 R,U0000 CUOUUO GF(q) (qOOO
O)ooo.

1.3 0000

Risa/Asir (‘asir2000.tgz’), PARIOOOO0O00OO (‘pari.tgz’) 000 Windows 0000
0 (‘asirwin-ja.tgz’, ‘asirwin-en.tgz’) 00000 ftp 000000,
ftp://ftp.math.kobe-u.ac.jp/pub/asir
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2

Risa/Asir

2.1 Risa 000 Asir

Risal, 0000000000000 OOO/00000000000O. Risa00000O0O
goood.

gooond

O00,Risa000000000C0COOOOOO (O,00000)00000000O
O0obO0o0o0g, UNIX O ‘1ibc.a’ 00000, 0000000000D0O. ODOO
00,CO000 000000D0000,0000000000000 Asir000O0D0O0O
gooboobooooo.

ooooon

Risa 00, DOOOO0ODOOOO, [Boehm,Weiser] D OOOODOOOOOOO
(gc-6.1alphab) OOO0O0O0. OOOOOOOOOODOOO (DO GCOOO)ODOoOO
0000000000000 DoOdd,Risad00000D000DOOOODOOOODOO0O
ooono.

Asir

Asir 0, Risa 00000000000 DOD0O0O0DODODODOO. RisaOD, 0000000
0000000 0oOO0O0O000000000ogo. Asir000000000O00O0DOO
0od,cCOb0dpoodpoodo. oo, chodpdnoooboooonooong dabx d
ooooooooooo.

2.2 Asir 0000

Asir 0, 00000,0000000000D00000C00O0000. 00 Asir000DOODO
goooooooooooooobo.obgbobobobobobobobobobo.

CcoOoOoooooon
0,000,0000000(0)

0000,00000

000000000

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

dbx 000000

oooooo

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

2.3 Installation

gboooboboobog,booboobbooboobooooo

noro@math.kobe-u.ac. jp

OO0 email OOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOOOODO ‘asir.tgz’ O0O0O0O0. 000000 gzipOOOOO
0000,000 gzipOODOOO. 0O0,000000000000000000. OO0
0000 ‘/usr/local/liv’ 0 ‘asir OO0 0O 0O0OO0O0OOODOODOODOODOODOODODOOO
0o00O000O. 000000 bo00ooooobooooooooooog.

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

oOoooOoooOoooog,¢HoMEdDODOODOOOO.

% gzip -dc asir.tgz | ( cd $HOME; tar xf - )
0000,00000000000000000D00 ASIR_LIBDIROOODOOOODOOO.

% setenv ASIR_LIBDIR $HOME/asir
Asir 000,000000000000 ‘asir 000O. ‘/usr/local/bin’ 00000 ODO
0000000000000 00oo0ooDO00oooooooooooog.

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

% /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

00,00000000000000000O00bO0O0o0o. 0ooo,000o00oD0o00oon
ooooooo.
e bin
PARIOOO Asir OO0DOOOODOODO
e lib
PARIOOO Asir OO OODO
e include

PARIOODOOCODOOO

uboobobooooooboboobobooboobonb. root UDOOOODOODO
O, ‘“Yusr/local’ OOOOOOOOOOOOOOOOO. OO, 000DOODOOCO
TARGETDIR 0 0OO.

OO0 PARIODDOOODOOODODOOODOOODODOOOD. pari.tgz’ 0000, 00000
gboooooo,boobboon.

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

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

% su

# make install

# make install-lib-sta

make 0 O00O00OO0OOOCOO,0000000.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

yA

O000,xx 0000000000000 0O OSO0O0DOOO0. GpOODDOOOOO

O0000,asir2000 0000 000O0O00O0OOODOOOOOOONO.

‘asir2000.tgz’ 0000, 000000O0O0OOODOOOO, D00O0OOODOOOOO
oo.
% gzip -dc asir.tgz | tar xf -
% cd asir2000
./configure --prefix=TARGETDIR --with-pari --enable-plot
make
su
make install
make install-1lib
make install-doc
exit

+H+

H H O OH R

2.3.3 Windows version

OD0000000 ‘asirwin-ja.tgz’ 0O0O. OO, ‘gzip.exe’, ‘tar.exe’ OO DO O,
‘asirwin-ja.tgz’ 0000000000 O0O0OO0DOOO. 000 3000000000000
000000, 0000o0oooo((Mosuoooo)oo

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

O00000,4Asir 000000000 (Asir D000000O00)0000. Asir000O
O00000000000000 ‘pin’ 0 ‘asirgui.exe’ (GUI), ‘engine.exe’ (00 ) OO0
OD000. ‘asirgui.exe’ 00000000000 Asir OOODODOO.

24 D00O0O0OOO0ODOOOO

gbooboooboobooboooobg.

-~heap number
Risa/Asir 00, 4KBOOOOOOOOOOOOODOOOODOOOODO. O
O000000,00 heapO00O0O,160000 (64KB)DOOOOO,0000
00000, -heap 000O0. 000O0OCOOOOO. heapdOOOO, heapO
O0000000ooO0oOo (ooooo).

-adj number
O000000D00,00000000000O0O0,GCO00DODO0O0OOd. num-
ber 00O 100000000DOCO. 0000000 300D0.D0000 1O
O00DO0O0 GCOUODOOODOOODOODOOODOOO. heepOOOOoOoOODO
oo,GCoOOoOoOoOoOoOoOoOoOOOOODOOOO,0000000 (DOO g
oooo.

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

-f file oo0oodooooog, file000000O0OO0ODOODOOOO. OODODOOOOOO
gooooo.

-paristack number
PARI (6.1.1400pari0p.3900) 0000000000 O0OODO. ODODODOO
O.0000000 1MB.

-maxheap number
heap 00OODOOOOCCOO.ODOOOCO.OO0ODDOOOCDODO. UNIXOO
0,0000 1imit 0000000000 datasize OO000000O0O0OOO
0, -maxheap OO0 000000000000 heap0O0DOO0OO0O0OOOODO
o0o.)

2.5 0000

Asr 0000000000 OCOOO0O0DOO0OO.UNIXOOOODODOOO shelOODODO
0000000000000, shell0 re000000000. Windows NT OO, [00O]->[0
O00->00]00000. Windows 95/98 0 0, ‘c:\autoexec.bat’ 00 00O reboot O 0.

e ASTR_LIBDIR
Asir 000000000000, 000000000000 00D00D00DOOoOoOoOg
0d000OO0OdOd. ObObO0oO0O0OoD UNIX OOO ¢/usr/local/lib/asir’, Windows O
00 Asir 000000000000 iy 00000000000 DO. 000o0ooon
ASIRLOADPATH D OO ODOODDOOODO.

e ASTR_CONTRIB_DIR
Asir O asir-contrib 000000, 0000 OpenXM/asir-contrib 00000000
doobooooobobobbbotbodooobb0UoUUg. bbobbbboog UNIX Od
O ‘/usr/local/lib/asir-contrib’, Windows 000 Asir OO0 O D0OOO0OO0OO0ODOO
‘lib-asir-contrib’ DO OO UODOODOUODOO. DUODOUODOOO ASIRLOADPATH OO
OO0O0000D0000. This environmental variable will become obsolete.

e ASTRLOADPATH
000000000000 0O0DbO0o0000 UNIXODOO 7, WindowsOODO 700
000000.000000000000O0C0COO0OO0.O0000000O0O0,000AO0
00000000 ASIRLOADPATH O DO DODODO,000000O0DODOOOOOOO
ggo.

e HOME
-norc 1O 0O0000D00OO00OO00ODOO, $HOME/ .asirrc’0 000, 000000000
O000.HOMEOOOOOOOOOOO,UNIXOOOOOOOOOODO, Windows O
OO0 Asir 000000000 (get_rootdir() 00 OOOOOOOODO)DO ‘.asirrc’
goo,0booooooogg.

26 DOUOOOOOO

Asir 000000,
(o]

000000000000, 0000000000. ‘$HOME/.asirrc’ (Windows 0000,
HOMEOOOOOOOODOODOO get_rootdir() DO00OOD0DOOOOOODODOO ‘.asirrc’)
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ooboobooo,00bobgbb As,0D00000DOOO0ODOODOOODOO,D00
oogd.

gboboobooboobbo.0bodbd,end; D00 quit; OO00O0O0OO0OOOO0O
ooo.ooo,yyooobooooooooooogoooboOo. yybobooooooboo,
‘¢ Joooooooo.

% asir

[0] A;

0

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

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

A
Uooob,Aa,x,y0ODOOODOODDOODOO. AOO0DODOODOODOD, a,x,y0
booobooobooooboob.obboboobbobooboobo,boooboaoog
ugboo. boooobodoob,bbodoboboo,g,goboboooobooboooboboo
oo,cooooooobooooooobo.oo,oooooooobobooobboOooDboboon,
ooo,bo0obgooooboboooob. obobobo,0b0oo0oobobo,0b000
O subst() DOOODOOOOOOO.

27 gggn

000000000o0o00oooo0o0n,000booo0oo (800 ¢-e Windows, DOS
oboo c-xuoooogo.

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

gboooooboooooo.

q Asir 0O0O0OO. (D0OOO)

t O0ooO0ooooo. (Dooo)

c ooooooo.

d O0000o0ooooO. 000000000 O50000000p.29000.

u register_handler () (7.5.6 00 ox_reset ox_intr register_handler0p.99 0 O ) O
00ooo00oo0o0ooo0oooooo0.(oooo)

W O000000000O000000000O0.

? gboobobobobob.



0 20 Risa/Asir 8

28 ODO0OOO

gboobobooboboobooboboobobooooboboo,obobooobo
ggbbuooobbuoooboooboooobboooobboobbooobb. bbao
goooogoo,bgboboooobobooooogob.oooooboobobooobob
gobooob,0o0boooboobobooboobbooboo.o0b,boo0boo
gboobooboooboooboooog.

goo,0dboobooogbobbooboobobob0oboobooboobUbbO. UNIXOD
U0,0000000000 internal error 000000, 0000000000000,
gboboobooooo.

SEGV

BUS ERROR
goboobooooob,googooooobobbboobooboobooDbo
gooobgobooboboo. bobooboooob,bo0obooo,bd
OO0 NULLOOOOooooooooooogoooogo,ooooooooon.

BROKEN PIPE
gboboobooboobo,0booboobooobogoboooooooooooooon

00000 (00000000000 000000DO000Uo0o0O)0,0000
gboobooobooboobboobooboooboobg.

uboboobooo,0booboboobobooobo,oooboobobobboobobooooo
ugbbodbo,booobooobbo,0obooboobobooobooobobooooboo,oo
goobooobobobobobobo.

29 000o0O,000d

ecbboonobOoOobOOoOobDbOOoO.boooboobooaon.

en n0000000.
ee 0oooooo.

H oooo.

epi ooo.

0e 0ooooo.

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

@>, 0<, @>=, @<=, 0==, 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] @@[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)"9;

(@"9+@"8+0+1)
ggodooooooobobbooooooooooobob bbb oUoU, oo g
g, uogbobogoooooooouoooogobbouodoooobb. oo, bbboooodaa
oooooooog,o00o0 Gcoobooooooooooopooo. ooboooog,
delete_history() (6.14.150 O delete_historyd p.8900) 0000 ODO.
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3 0

3.1 Asir 0O OOQOQOO

Asir 00000, 000000000000DOOO00O0OOO,0bOO00ODOO0O0ObDDO
O,000000000 RsaO0OOUOOOOO0OOOoDOOOOOOO0ODOODOOD. OO
ooobob,0b0o0b0ob0obobo.0cobobo,0b0ob0ob0g wypeO DODODODODO
OO000OO00D.0O00,Asr0000D0OCO0O0OO0O0ODOOOOO0OODOODOOOOD.

00
OOo0DbOoO0DOO0ODOOOOOODOOO.OO,COOO0ODOoODOOODO
OO00D0O0OO0D0CO.000,000 Asird type(0) DO 00ODO.

10
1 2/3 14.5 3+2x0i
O0,0000000C0C0000000.0000O0DODOOCDOOO.
2000 (@mooa)
x afo (2.3%x+y)~10

gooo,0boobogo,boboboboobooboboob,obo0 1000
00000000000000OO0. 810000000 O0oOOp.109000.) O
go,0obbooobooobooobodob obb ooo.

3goo @uooooo)
x+1)/(y~2-y-x) x/x
000DO,000000D00Db0b0,0000 redO) DODO0ODOOOOOOOO
O000.000,0000 GCDOOOODOODOOOODOOOO0OO,0000
goooooooooo.

4000
0 [1,2,[3,4]1, [x,y]l]
0000000000000, (1 0000000000.0000000000
000, car(), cdr(), cons() 0000000000, 00000000000
000, [index] 0000000000000000000000000000
O0. 000
(o] L =1[[1,2,3],[4,[5,6]]1,71%
(1] L[11[1];
[5,6]
oooooo0oo00,000,00 (00,0000)00,0000000 000
000000,000000000000000000000000, 0000
00000000000000000000,000000000000000
0000000000000 00000O00000On.
50000

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

U00O00,newvect) DO UODOODOODOODODOD. DODODO 2000
oboopoooobobo,bobg,botdb ,01000100000000
ubog.bgbooobo o 2b0b0,0100b0b0oboooooobooboobog.
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6 U0

7TO4ono

sugn

11

ooobooobooooDo,bo00oob o00boDO. OO0 [index] O
gooooob. ogobo,boobo,bboo,0b,boooboooobobg
uboboobogbob,0oboboobboobooobboobooooobg.

(o]
[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);

—, e
O O M
O O O
O O O
—— o
e B B
O O M
O O O
O O O
o
—

[

— O
—_

0001 [000T71]

3

m
o -
—_

O O O O O~
(@) (e}
[y W N e )

OO OO M >
w w w

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

OO0D000OD newmat() DO OODOOODOOOD. ODOOO,0000000O0
gooooOoOoOoOoOoOoOOOOOOOOO,0000000 (oooOooo
000D0)D0,0000000000,00000D0O0DODO0U0DDODOO.DOO),
gbobooobooobooobo. opboob,bboobboooboo
ugboooo.

(o]
[ O
[ O
[1]

[0

(2]
5

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

00 1]

M[1];

00 ]

type (QQ) ;

"afO"

gobo,ggbooobooobooob. bgobbuoobboooboboo
gboogo,00b 200000000000.

(o]

"af0“+"take“ ;

afotake

newstruct (afo)

Asir 00000000, CO00000O0OooDooOooOOoU0OoOoO0.oogoo
gbobobooboobooboooboobobo,boobooboooboobo.

oubnoaonoog

2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 000doooobooooboooo,o00oo0oooooooobooon
ooo0dooo,0ddoobooooooboooooooooooooooon
00,00000000000000000D0D0O Asir 0O0O0DDOOOODOO
Oo0. 0000 o8uuonooooooooodyp.109000.
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00000000 32bit OO
11000000oDoaon

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

go,002000000000000000O00DO0O00O0O0O0ODOOOOODAO.
13 MATHCAP O OOODOO

Open XM OODOOOD,0000000000000O00O0O0O0OOOOOOOOOO.

14 first order formula

quantifier elimination 0 0000000 OO0ODO.

15 matrix over GF(p)

ugbboogoooaboo.

16 byte array

U000 byteO OO
-1voIb oDoooog

gbooo -1o00boooboboooooboboobooonooooooaonon.

3.2 000

0 god
O000,0000000 (bignum) OO0O0O0OOODOOO. DOODODODOD
oooooooo.

1 ooooooo

0000ooDoooOoOooo00ooooo. AseD00O0O0O,00000000
0000000000000 D0000. 000, ctrl (O OO0 bigfloat OO0
000000000 bigleat OO 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,bbooobobobooooboboo,ooooon
goooood.
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gooo
ooouopouoooboobodnodbp1400bDO.

bigfloat
bigfloat 0, Asir 00 PARIOOOODODOOOOOOOODODO. PARIDOOO
oo, bigleat O, DO OOODODOODO, 0000 10000000DOOO
00000, ctrl(O O biglloat 000000000 DO, DO0OODODOOO0O
00 biglloat 0 O0OOOODO. OOD0DOOOODOOO 100 90000O0OOO,
setprec() OO OOOODOODO.

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

1

[1] eval(2°(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317 . . .
eval() U, U0ODOOUODODOOODODOUOODUOODUOODODDOUODOO.
setprec() DO ODOOOOOO, O0ODDDODOOOODODODOOOOO, PARI
0000000000000 000000000000000.  ((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.

gbooboboobob

goobooobog,ogo 272r0goooooooobo. boooobog
oo, 0bobooobboooboboooboobobooobobooo,ooooog
ubbooboboobooboogbooobooobb. oobooboooboooo
O0000000,setmod() 0000000000 pO000ODOGF(p)OOODO
ooooooo.

uboobooooboogoo
ugboobooobbobbob.bobobob,0d0bdd simp_f£ 00000
goooooogo.

o0 20000000
O00200000000000000.0020000 FO,0000 [F:GF(2)]
On0000,GF2)0000 nD0000O f(t) 00O F=GF(2)[t]/(f(t)) OO
O0000. 000,GFQt) 00 g0, f(t) D000D00OODU0DODOOOODOO
0000000, b0000,FO00gmodf0, g, fOOOOD0 20000000
oooooooooao.
FOOOOOOOOOOOOOOOOOooOOoooo.
e @

eI OOODO,0bUOUOUO0O,D000ObOODUOODOoOoOooOobO,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
ooobo1g0o0ogno,ptegf2n OO ODOOD FOOODODODO.
e ntogf2n
goobobo,bob0obo FOoOooooD.bobobob, 100,16
0 (xO00O0O0),20 (obOOOD)OD0OO0OOOOODO.

o 100
obobooobobo0 prO00O0ODO0ODOODOD0, simp_f£f 00000
goo.

8 ub prndn0oonono

000 pn(pO000000,n0000)0,00 pO00 GF(p) D000 n
0000 m(x) O setmod_ff 0000000000000 O000. 00000
0 m(x) 00000 GF(p) 0000000000000.

9 00 prnO000000 (0O0)

000 pn0000 (pn0 2°2900,p0 27140000 n0 1)0,00 p
0000000 n0 setmod_ff 000000000000 0000. 0000
000000,p0 21400000,GF(pn)00000000000000O
0000,0000000000000.00000,0000000000,0
0000000000000, p0 2°1400000000000000000
000,00000000000000000000000000000000
0o.

UboobuooboodgboibD setmod_f£ 00U0OO. DOUOOOOOOOOOOO, O
goooogooobg,0bobobobooobooooooboooboobobobobon, o
googooo.

3.3 onugng

OO0D0O00O0000ODO0O0OO0bO0OOODO. Asir00,000000D0O0,00000RO
ooooo,00,'o0oo0o0obo0ooobo0ooboOo,0bgobooobooooon
OoooOobOoooOoboooDbOoob. Asie)0D000O0ODO0OO0O,0000DO0OO0ODOO
gobobobo,obogobo,b0oooooooooooon.

0 googn
gbooobbooboda. bboobouoabboobuoobboon.

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

1 oooo

ucO O, 0000000000 00O0DOOO00O0OOOO. O000,0000
goooobooooooo,gooooouoooog, ooooooooon
gbdooodooootboooooouoouooooooooouooooa
od.

[1] U=ucQ);

_0

[2] vtype(U);

1



o3gd O

15

ogooao
Oooooo,0000ooooooo,0obooo0ooon Asie0O0O0O0OO
Oo0oddd, sin(x),cos(x+1) OO0, 0000O0O0O0DOOOOOOO0O. O
gddbooooooo, oo 1goboooouoooo. oooood
oo, tbb epi il eedgggnonoooon.

[3] V=sin(x);

sin(x)

(4] vtype(V);

2

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

[sin(x)]

goo
0000000, mame(args) 00000000000, mame OODOODOODO

ubob.gobuoda,buogboooobodoboobo,obboobogaa,bd
vboooooooo,oboboboooooooboooo.

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

Asr JO00OO0O0OO0O,0000,GCDOOOOOOOOOO,OD00DOODOOODOO,
gboobodgboboobobooboboobobobooboboob,boboobo
gboooooogoboboboboooooooobooboboboooooooobobon.
ooobdbD As) DO0OO0O. DOO0LO,0b0b0obO0bDobooooobobobUuDOg
gbobooboobbooboobobooboobog.

41 00 (CcooOoooo)

Asir 0000 COOOOOODOOD. DOOoOOOOO0oOODODO. ODoOo,0000
Asr OO00O0O0O0ODOOOOOOO,00000000DOOCO00OO00ODOOOOOODO

o [JUODODODODO.

000000000, AsirD000O0O0O0ODOOOOO00O0O0OOOOOOO. OO0
0oo0o0ooooobo, 00000000000 oooooooooon.

[0] A =1;

1

[1] type(A);

1

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

[1,2,3]

[3] type(A);

4

e JOUODODO,0D0O0DODODODODODODODODO.
U00O,extern 00000000, 00000000000000000.0000O,0
gboboooboobooobobooon 200000000000, boo0oobooOa,o00
gbobooobooobbooobooobobooooboooobobooo. obboo
gbooaobboooogd.

1. ODO0bO0oo0ooo0ooobooooo0,0b00b0bo0no,bdbdl extern OO
gbobobo,obobobobobobobobobon.

2. extern U 000000000 OO0ODOOODODOOODOO.

% cat afo

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

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(5] A =1;

1

[6] afo();

0

[7] bfo();

1

e DD OODOODDOODLO,0DO,0DbO00O0O0O0DODOO.
O00O0,00000C0000D000C00OO0DbDOODOOn. AsirP0O0DOOOO
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gboobo,00bg0boobgooboboobgoboobooboboobobod
gooboboob,bob,0cobobooboooobooboooobooouobooDg.

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

e 00DDOD, for (A;B;¢) 000, while(A) 0 A, B,CO0D0D0DDOO0OOD.
000,000000000000000000000000.
000000000,000000000000000
e 0000ODDOODDO,000 COOD00OOOODOOOODO.
e DODDOOOD.

o0oOoO0o0oOoOooO0OoooOU0bObOOo,0Db000obDoOogbooo,coooOooDood
uboboobooobboob,ooboooboog.

e JIOOUDODOUOUODODOLODOUOO. Emacs-LispO0ODO0OOOOOOO. ODOODO,4.21
obooooooobodplrong OooQ.

o 0D OODLDOODDOODOODODO.
ooogoobg,42120000000000p.24000.

Asir 000DO0OO0ODOO0OODOOODODODOOD
cooooo:
break, continue, do, else, extern, for, if, return, static, struct, while
cooooooo:
def, endmodule, function, global, local, localf, module
oo:

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

42 00000 0oooon

4.2.1 JO0O0dogog

000000000000 def’ 0000. 0000000000000 DOOOOOOO
0,0000000000000. 00 (0000000000)000000000000
00000,00000000000. ctrl() 00000 verbose J000 on 00000
ooo,

afo() redefined.
0000000000000 0. 00000000000, 000000000000000

ubo,0bo0boooboobo0. boboobooboooboooboobooobonobo
uoo.

/x X! x/

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

/% C; (0 < i < N, 0 < j < i)x/
def c(N)
{
A = newvect(N+1); A[0] = B = newvect(1); B[0] = 1;
for ( K =1; K <= N; K++ ) {
A[K] = B = newvect(K+1); B[0] = B[K] = 1;
for ( P = A[K-1], J =1; J < K; J++ )
B[J] = P[J-11+P[J];

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

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

{

return A+B;

}
2000000,00N1 00000 (ADO0D0)O00O00O0O. A[IJOOO Is1 00000
O,000000o0obooo c,00booobooooDo.
Jo0b0ob0o,0b00o00b00bD0bD0b0bU0b0obboUnd Emacs-Lisp 00000

O0000o0oob0b0bU0b0obob0o0DodbdbUnelp(adad) DOOOOOODOO
gbooaoog

g 6.14.4 O 0 helpU p.84.

oo, coggoboooooboboouuobboooob,AscgooooooooOO
goobooog.

4.2.2 00O0O0O0O0O0OO

0000000, Asr000000DOOCODOOCOO0ODOOODOOOODOODODOO.

RN gobobobo,gooooogo,oo,coooooog

obooooobooboobogog,Asicd0ooooooboooobooDbo
gbooobog,booboooboobooo,obooboboo.booooboooo
gboooboooo,boobooboooboboobobo. obob,0bonoon
uobooooobooooboobooooo.ouobboooboobboOoOoDooOoo.

[0] X"2+X+1;

1

[1] X=2;

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

ooad ooooooo,o0o0o0o0000,00, 20000000, 00000000
goooooooooo,0od00oogog. o000, o0o0oooooaa
00000000000, Asie DO000O0,000000000000000O0
g, 0ddooooouooooooaa.

[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 NOOODOOooOOooooooonD suemQO) OOOO0O0O. 0000000 sum(N)
U NOOooood. gooog,1o0o0goobooooo,gnoboooooooooooo, O
ooodddoono <y0000boooOooOooo00d0. DoooooboooObO. oooa,
000000000, 000000000000,0000000000000. 000,04
dooo.0og,0ooo, 0o oboobuoo. oobboo,0ogooooon
I I A A A A A
goooooooboo,jgooooooooooooon.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0O;
}
00000,00000000 0000000000000 O0O0O00O00.00,00000
oooooooooo,0o0o0o0o0oooobob oo oooooog. oooao,
o000, o000 ooobo0. oo oooooooon

goooa.

4.2.4 0000

cOooo v/« 0 0000000000000 00000O00O.
/*

* This is a comment.

*/
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def afo(X) {

000000 0o0o0o0ooooooooo, 0bo0oo0oooooooo. /000000
0o0o00oo0dooooooooon, oo0oon «/ 00000ooooooooooa.
0ooooooo, oo ondoooooooooooooonoon, #if o,
#endif 000000, (4211 0000000000p.23000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOO0OOODO,
def OO (QO,00,...,00) {
O
O

o
3

gooooooood. oo, g0 oooooooobo,oogoooooon
o, oot oooooooooodo. boouoouoooo,gooa
0.oo00,
S = sum(N);

oooo,000000 (000 %) 000000000. 000000000 return
O,break OO0 000000 OOOOOOO. if 00 for 0o (A.ll]l:ll:l[ll:ll:l[ll:l
p.162)DDDDDDDDD,DDDDDDD,DDDDDDDDDDDDDDDDD.DDD,
0do0o0oOoooooooooboooooboo. boooooo,Y O yoooooooa
O, 0oddooodobooooou. ooouoouoono.

if (I ==0) A1

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

}

‘yoooooooooooooo. obooo,YoooyYyooooboooooo,if 00
ooobooooooooooo.

4.2.6 return U

return [ [0,

return [ ;

return;

U20000000.000000000000000000.0000DOOOOOO OO
ugb.boob,ooboobooobboobooboboon.
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4.2.7 if [

ifgJ0ogd
if (0O ) if (0O )
g oo g

else
O

O0200000.00000000000000,00000 if0000000000OO0O
O.0o000o0o00oogd.
if ¢ 0O )
if (O ) O
else
0

0000,000000,else000,000 if0000D0O0O0DOODOOO,O0000,00
00 2000 if0000000O0O0O. OD00O0O0,2000 if00000O0OO0O,O000
000000, 0000000000,elsed0d0,0000 ifO0000O0OOOOOO0O
0ooodoooo.oog,oooan,
if (0O ) {
if (O ) O else O

}
O00000o0.00oooooooooon,
if (0O ) {
if (O ) 0O
} else
O

gboogooobooaoo.

OO000O0O0OO,toplevel 0 if OO0OO0OO0O0O $000 ;000000C00000O. OO
gboooboboobooboboon.

4.2.8 U U0, break, return, continue

0000000000, whileO, for0,do 00 300000.
e while O
ooo,
while ( O ) O
0,000,0 00000,0000 0000000 0000000000000. O
00000 1000,00000000000.

e for [
ooo,
for (O000-1; O; OOO0-2) O
O,000
O00-1 (OO0O0O0OOoOooooa)
while ( O ) {
O
O00-2 (DO0O0OO0OOO0O00)



040 00000 Asir 22

}
oooooo.
e do [

do {
O
} while ( O )

U,00 b0boobuodbboobobuooboobbod whileddOOoooog.

U0D0dboboobodn,vreak D00 return JOO0O. OO, 0000000000
UO00OO00b000dn0 continue DO ODO.

e break
break 00, 00000000 O0O0O0OOOONO.

e return
return 00, 000000000000 00O00O00,0000000000000A0.

e continue
continue U0, 00000O00O0O0OOOOOOOOO. 000 for00d,00nongg
0o0000ddo,whileOOOODODOOOOOOO.

4.2.9 0JO0O0OO0

gogbobo,ooboobooobooobbooobooobboobobooo. 0bobon
gbooobooobo.oobd,struct 00000000, O00O00D0OOD0ODOO0O, asir
gboobobuoboboobobuoobuoboob.obodb,bbdbdl struct_
type UDODOODODO. OOD0O0O00D0O0,000000 newstruct DOOODOODOO. O
googooboo,0d0b -»00o0booboo.bobobboobog,>0b0o0ba
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;

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

4.2.10 D000 00

uboboobooobooob,oobooooobooon.

e 0ODOO,O
00, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (DOODDOOO)0DO00O0DOODOODODODODOOO
oogd.

x+1 A~2«B*afo X/3
goobooooooon
goobo,0ob0,b00bboobboobooobooboboobbuoobL.oobo

gob oboooboobobooob. obbgoobbooboo,0b,00o0obo0,0
gbobooobooobboobooobooboon.

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

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

o 1[I
0d0d0doDo0O < 0ddd.0ddo,0oboo00o00doooboooboDbo00oOoOoon
oono. <4+=a7 c_=77 c*=7, ¢/=7’ L~=,)
A=2 Ax=3 (000 A=A«3000; OO00O0O0O0OOOOOO)
e JOODOOO
O00000o0ooooooon.
.(++7’(__7

gobooa,0booobooooo,obbooooooobg,bobon.

A++ 0O0OO0OO0O AD0O0O, A=A+
A-- O0O0OO ADO, A=A-1
++A A= A+1, OOODOOOO
--A A=A-1, JOOOOOO

4.2.11 JO0O00o0oo

Asir 000ODO0OO0 COOODOODOOODOODO. CcCOObOOoOo,0b00O000 cppd
0000DbO0O0,00000b000Db00b00DOO,AsrD00000DOODOOODODOO
Uoddddog cppooobbbbbbbbobod. bbb obboog
#include, #define, #if JOOO0ODO.

e #include
UNIX 00 DO0D0DOD0DOpDooog, Asir 00000 O0o00ooan (DDDD
ASIR_LIBDIRDDDDDDDDDDDD)D #include U O OOOO0OO0OOOONO
gobooooboouobboog. UNIX OOUOD ecppbbboobnbooobbog,
tinclude 0000000000000 OO0OOOO0OOOOOOOO0O.

o #define
oooO,cObooooooooooooooooooag.

o #if
/x,x/ 0000000000000 00000, 000000000000 O0Ooooaga
000000, #if 0, #endif 0O OO OOOODO.

OO000,defs.k’ 000D0O0OOOCOODO.
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#define ZERO O
#define NUM 1

#define POLY 2
#define RAT 3

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

cio00odobOoboOooooOooOoOdoDOo,000b0bO0OD ¢$0oOO0bOOoDOoooOo. Ood
OO0 LisTO0U0OoO0ooooOoLIstsbdpooogo. s bobobobob tLstTs 0o
ugboogooog.

O WNEF,r ONO

=

0

"U%HOUCJD>FUD

4.2.12 0000000

ooooobooob NODOOOooobooob,00obbo,NOOoDbbOoobooooo
oo.

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

evalf : argument mismatch in factor()
return to toplevel

gogbobooobbooobboooobobooo, o0, o0oboboooobobooon
ub,00bo0oooboobobooboobooooog.
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% cat factor
def factor(F)
{
Mod = getopt(mod) ;
ModType = type(Mod) ;
if ( ModType == 1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr (F,Mod);
}
[0] load("factor")$
[1] factor(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]
[2] factor(x~5-1|mod=11);
[[1,1],[x+6,1], [x+2,1], [x+10,1], [x+7,1], [x+8,1]1]
2000 factor() D00 O0ODOODO, J0000O0DOODODOOOO x°5-1000
O lmed=11 000 OOODO. OOO0,000000,mod 000 keyword DODOO 11 00
000000000 O0000oooO00. Obodgooooooooooooooo. ooog
getopt(mod) 000000000 0O. 100000000000 med 000000000
000000000, getopt(mod) 0O0DO0OO -10000000C0O0OC. ODOOOD,DO0

ooooooooo ifooooooooo. ‘ryooooo,oo0ooooooon, s, o0
gbooooboobooaboo.

[100] =xxx(1,2,x"2-1,[1,2,3] |proc=1,index=5);
aoa, ooogdo keyl=valuel,key2=value2,... oooao ¢, 00
O00ooDoooDOo, ODOOO0O0O000O0 option_list 000000 DOODO
[["keyl",valuell], ["key2",value2],...] U0 UODOODOODOODOODODO.
[101] dp_gr_main([x~2+y~2-1,x*y-1]|option_list=[["v", [x,y]], ["order", [[x,5,y,1111]1)
O0,00000 getopt) OO0DOOODOOOOOOODOO,00000DOOODODOOO,
00000D0OO00D0DO0o0o0oOoooooooOoooag.

% cat foo.rr
def foo(F)
{
0PTS=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 DO00O0O0

0000000000000 00,0000000C000000000000 (module)
gob0.dbooboooooobooooooooooogoooog.

module stack;

static Sp $
Sp = 0%
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static Ssize$

Ssize = 100%$

static Stack $

Stack = newvect(Ssize)$
localf push §$

localf pop $

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

}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print(stack.pop());
print (stack.pop());
}
000000 module 00O OO0 O endmoduled 00. OOOOOOODOOODOOO
O0.00000000000000000 staticOOOOO. O0O0OO0OODOOOOOO
0000000000000 00000. 0000000000000 extern DOO0ODO.

Ub0ob0o0o0b0bOo0obO0o0obO 1ecalf DODODOODOOODOOODOD. DOOOD
push O pop DO O0OD0OOO. ODOODOODDOO.

00000 moduleName O OO OOOO functionName D OO O0OOOOOOOO
0 moduleName.functionName(O O 1, 00O 2, ... ) 0000000. 0D00OO0ODOOOO
O0,00000000.00000,00000000000000 stackOOOOOOOO
push, pop DO OO ODO.
stack.push(2);
print( stack.pop() );
2
0000000000 0000O00000. 0000000000000 0o0oO0o0on
00o00o0o0o0oo0oobooooooobooa.

000000000 0Dooo0oo00Dooooo00ooD. o0oooooooooog
00000000, 00 module_definedp 00O 00000 OOD. O0DO0ODOOOODOO
O00ooooooooog.

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

asir 000 0000000000000. 00000000 stackODOOOODOODOODOO

O00,local A; 000 DDODODODODOOOO. ODOOD local OOODODO, 0000
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gooooo.booooobgobobo,0oboboboooooboobobooooobob
g.0o0obooboobooboobooboboboboboo,0o0oboobooboobo
goooooog.

gooobgoobooboobobuooboobooboboboobobobobboobo
g,000bbooboobbooboobbooboobboooboonboon.

/* 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;

gboboboobooobobobobooboboobooobooboooo,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 00 O module_1list0 p.79, 6.12.2 00 U module_definedpl p.79, 6.12.3 O
[ remove_modulel] p.80.
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5 o

5.1 oo

cOO000O00DOOU0ODbOOO00OO0OU0DOObD axO,00000DOO0O0ODODOOOO0OOD
oo0O,000000,00000000000000C00D0O0OD. Asir00,dbx00
gbobooboobbo. gboobobuooboob,b0obbodl debug; OUOOQOO.

[10] debug;
(debug)

goo,0bboo,boobobooobooboooboon.
e JIDOOODODOODOODOODODO

e OO0 @D UODODOD

o DD OODLOOODLODODO

ugbooo,bobbobobooboobo,0boobooboooboobobonoboong
ubboobogbuoobooboboo,uggoboobboobooboobob,0bd
gboooooooooooon.

e crror(O) 00OOODODOOO

5.2 O OUOogdg

uobobd dex OO0 booobbooooboabb. bd,gdb0O0O0O0O0OU
gboobooboooboobobg. bobobo0d ax00OO0D0OOD0OO0O, step, next O, O
goooboooboobobob.bob,1obboobbobbobb,0bd00bdn next
oooobooobooboooobo. do,dex 000 “udbxinit’ OOD0OODOOO, dbx OO
O allasO00D0O0OO0OCOO.

step gbooobooboo.boobobooooab,ggbooaon.
next gbooaboobod.

finish gogoboboobobbobodouoooooooobboboboooboboooboobob. boo
step U0 0O00OO0OOOOOODO.

cont
quit gbooooooooog,boobboo.

up [n] 000000000 10 (00 n00000 n0O)000.00000,000
goooobooooboobooooobog,bboooo.

down [n] O0OOO0OOOOODO 10 (OO0 nO0O0OO0OO0 nO)0ODOO.

frame [n] OOOODOOO,D0000000000C00.000D0O00O,000000DO
Ubob0 nO00000000. O00O0DODLOODODOO0O0O0O00 where U0
goboobogobooboo,boobboobooboboooobg.

list [startline]

list function
000,000 startline, 000 functionO00OO0OD0 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 0000000000000 OOO0DO. OO0
000000,000000000D00D000D0ODOO00OD. if00000,
cond 00000, 000 00000000 ODODOOO,00D0DOOCODOOOO.

trace expr at sourceline [if cond]

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

deleten U0O0OO0OO0O00OO0 nOODODO.
status gbooooooooooooooo.
where goooooooooooooooogon.

alias alias command
command O alias 00 O000O0O0O.

print O OO00O, 0000000000000 00000000O000.000,0000
gobodgboobobo,obboobobuooboaobboobaa.

e JODODODODOO
ggooobobotoooooobob, oo bobboooooonboobobooo, oo
gdooooooobonb.
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
e OODODOOO
doooooobobbbo,print 0o ooon.
(debug) print length(List)
length(List) = 14
O0000,00 List0000000O0DO0OCDOO0OO 1lengthO OOODOODOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) =1
0000, d0000db0 cekPUDOODOODOODODOOODOODO,D00000
I A A

00,00000D0000C0DOO000O00O00DO0O0,00D000D00O0 bsave() O
ubboobooboboobboobooboboobooobbon.
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(debug) print bsave(A,"savefile")
bsave(A,"savefile") = 1

gobooooboobooobobobuooobobooobboo,print U000 OO0O0ODOO
ugbooodobooboo,oboboobobooooboboboobobonooboono
gbobooboobbooboooboboooog.

53 UUUooooy

gooo,bobooooooooobogoboboboboboobo,bobooboobobobob
oo.

% asir

[0] load("fac")$

[3] debug$

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

2 if ( 'X)

3 return 1;

4 else

5 return X * factorial(X - 1);

6 7

7  end$

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

(debug) quit <-- 000000oooog

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

5 return X * factorial(X - 1);

(debug) where <-- JO00000O0ooooooooon
oono

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

(debug) print X <—- X 0Oooood

X=6

(debug) step <-- 000000 (oooo)
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=25

(debug) delete O <-—- 00000000 oOOO
(debug) cont <-—- 0O00o0oo

720 <-- Qg = 6!

[5] quit;
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54 D0OOOOOOODODOOOOO

OO0DO0O0D0O, Asir O, 0000 ‘$HOME/.dbxinit’ OOOOD0. OOOODOO, dox O
ooooobooooDbboouooDbbooobbo0oooooDo0og, Asir 0, alias 0000
gooo.goobo,

% 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
OO0O000DO,print,cont 00, 000000000ODOCOOOODOOOOODOO,O
OO0 p,cO00,00000000C00D.DO0,000D0000000DO0, aliasdO0OO
OO0 aliasOOODOOODO.

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 UOooon

6.1 OO0

6.1.1 idiv, irem

idiv(i1,i2)
s ggooooog.

irem(il,i2)
2 00000000a.

return o

il i2 oo

i10 i200000000000,000000.
20 o00O0O0OO0OO0O0OO.

gbobodgbog,boobbooboobboobooobbon.
i1%i20,00000000000000000 irem(O) OOOO0OOOOOODOOOO.

e JIDODODOODO sdiv,srem DO O0O.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

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

6.1.2 fac

fac (i) i1gog.
return RN
i OO
e i0JO00ODDODODO.

e iJOOOOD ODODODO.

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

iged(il,i2)
+ 000 GCD (D DO0DO)

igedentl ([i])
00 GCbOoOoooooooo

return oo

il1i21i od

e igcd [ i1 0 20 GCDOOODO.

e JOD0DOOOOOOO,D0DOODODODOOOOUOOOO.

e JODODODOOO, ged, gcdz OO DO.

e 00 GCDOOUOOOOODDOODODO, igedentl OODODOODO.

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=lrandom(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 0 U gcd gedzl p.53.
6.1.4 ilcm

ilem(il,12)
2 000000000.

return o0
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i1 i2 oo
e 0 il,i20000000D0O0ODO.
e D ODODOODODO.

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

isqrt(n) = 000000O0O0O00OO0DOOO0OOO.

return good

n oooO

6.1.6 inv

inv(i,m) = mQO0O00O0 iOd0O0O
return oo

im RN

e ia=1mod (m) 0000 a000O0O.

e i mUIOUOODUOOODODOODUDO, inv(O) DODOODDODODOODODO.

[71] igcd(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)

R ERERERERE
return o
index 00

e prime(), lprime) DU U DOOOOOODOOOODOOUOODOODODO. indexU 00O
00000,000000000D0000000. prime() O 16381 00000000
OO0 19000, 1prime () 0,100 800000000 OOODOO0O 999000, OO
gboooobooboobboobon.

e JO0IDUDUODUODUODODOOD, pari(nextprime,number) OO0 .

[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°32-10000O000O0OOOOO.

e 000IIODODOOODOO,0D00O seedD00OOOODODO,DOOO0DOO.

e default 0 seed 000000, 000000000,0000000000000000
goog.

e 00UI-000UO0O0UO Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
goooooo,bbbbbboo0oooooon.

e OO 2719937-1 00 0DOODO.

e mt_save U0 state OO UOOO save UOO. D00 mt_load DO OO OOOOO
0,00 Asir 00000 DO0ODODODODODODOODOOOOOOOO.

uag 6.1.9 0 O 1random[] p.36, 6.1.10 O U mt _save mt_loadl p.36.
6.1.9 lrandom
lrandom(bit)
s 0ogoboobooogo.
bit
return goo

e U0 bitUOODLOODOOOLOODOODO.
e random OO O0OO0OOODOOO,000 bitOODOOOOOOO.

uad 6.1.8 0 00 random[] p.36, 6.1.10 00 0 mt _save mt_loadl p.36.
6.1.10 mt_save, mt_load
mt_save (fname)

sggbboobuogboobobooboobobg.

mt_load (fname)
0000000000000 oDoonouoooooon.

return ooOmO 1
fname o0o0
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e JO0ODODODOOODO,0D0DODOCODOOOOOOO,ODOO00O0O0OODOD,O000 Asir
gboboboboboobobooboon.

[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
ud 6.1.8 U O random[] p.36, 6.1.9 O O 1randomU p.36.
6.1.11 nm, dn
nm (rat) crat000.
dn(rat) crat 000O.
return oooooood
rat Ooo0ooooon

e DD OODOODLDOODOODDOODOO.
e JOODOO,DO0DODOD,DODODOODOO.

o IOUOOO, 0000, 000000 O0OOUOOO. DO0OOOOOO, 000000
O0000000.red 00O0O0O00O0OOOOOOO.
[2] [nm(-43/8),dn(-43/8)];
[-43,8]
[3] dn((x*z)/(x*y));
y*x
[3] dn(red((x*z)/(x*y)));
y

o 6.3.21 0 O redO p.54.
6.1.12 conj, real, imag

real (comp)
s comp O QOQO0O.

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

s comp OO QOQggn.

return comp

ooo
000000,00,00,000000
0D000,0000000000

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

(2+11%@1i)

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

6.1.13 eval, deval

eval(objL,prec])

deval(obj)
mobjO0ODOOO.

return gogooon

obj good

prec ud

obj0UDOUODUODOODODODODODODOD.
deval DU UOO0O0OO0O0OO0O0O0O0ODO eval OO0, 0000000000.

eval 00000, 000 PARI (6.1.1400parilp.39) DO O. deval DO O OO, O
OO0 copoooooooboOooooon.

deval DO O0ODOOOOO.

eval 00000, prec0000000O,000,100 prec00000O0OO0O. prec O
0000000, 0000000000000000. (6.1.1500 setprecdp.4000 O .)

gooooob, obooa.
sin, cos, tan,

asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
doooooobbobbbood. bl ei 000000 eval,deval UOOODO.

i 0ooO
opi 00O
Qe oooooo

[118] eval(exp(@pi*@i));
-1.0000000000000000000000000000
[119] eval(27(1/2));
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oo

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

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

[122] eval(1/2);

1/2

[123] deval(sin(1)"2+cos(1)"2);

1

6.14.1 00 ctrll p.82, 6.1.15 0 O setprec p.40, 6.1.14 0 O paril p.39.

6.1.14 pari

pari (func, arg, prec)

»PARIOODO funcOOOODO.

return funpc O0O0OODO.

func
arg

prec
[ ]

PARIOOOO
func OO O

oo
PARIOODOOOODOO.

PARI [Batut et al.] 0 Bordeaux 000 0000000000000 O00O0O0O00O0O
O0C. PARIOO0O0000O0OOOODODDOOO,0000000O0000O0O0O0OO
00 (bignum, bigfloat) 0000, 00000000 bigloat 0O O00OO0OO0OOOOODO
O0O0000oOOoo0O0o0oDoOooO. PARIOOODOOOOOODODOOOODODOOO
o0o0COOoOOO0o0o0ooOg,0n0,gp 000 PARICOOOOOOOOOOOOO0O0O
UNIXOODDODOOOOOOOOoOooOoooooooo. 000000000 2.0.17beta
000000 ftp site (00 OO ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00O anonymous ftp 00O 0.

00000 prece000000O0O0O0OO. prec0000OO00 setprecO) OOODODO
goooo.

OO00O0O0O00O0OD0 PARIODOOODOOOOOOCO. DOOD1000 Asir00OD0O0O
oooooooOooooobobo.oobobooooO0oobDOoOo PARIOOOODOOODO
oog.

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, 1llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,
lllgramkerimgen, 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 J0IODDOOODO PARIOODDODODODOODOOODO,0D0OODDODODODOOO
goooooggoooggo.
/* OO0 00000000O0Oog. =/
[0] pari(eigen,newmat(2,2,[[1,1],[1,211));
[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]
/* 1 00000000000, =/
[1] pari(roots,t”2-2);
[ -1.41421356237309504876 1.41421356237309504876 ]

uo 6.1.15 0 0 setprecU p.40.
6.1.15 setprec

setprec([n])
wbigfleat 0000 nOO0ODODO0O.

return oo

n oo

e JOODODOODO,bigloat IO DOD nODOOOOO. OODOOOODOOODOOOO,ODO
oooooooooooo.

e bigfloat D000 PARI (6.1.1400parilp.39) D00 00O00O0O.
e biglloat 000D OD0ODOOOODO. bigloat 0 flagd on OO0 OD0OD0, ctrl OODO.

e JUIODODODDDOIOODOOO,00DODUDO0OD0OOOODODODODDOO. O0ODOOO

gooooooooog.

[1] setprec();

9

[2] setprec(100);

9

[3] setprec(100);

96

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

6.1.16 setmod

setmod ([p])

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

e J00ODO GF(p)OOOODO.OOOODODO.
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e JOOODOODODODLO,000O0DOODODODLOOLDOODOODODODL,OOOO
0000000 p0O0O0O GF(p) DOODODOOOODOOO.

o IUDODOOODLDOODDOODO O 100DOODLOODLDOOOP.I500DO.

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

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3

[2] A+A;

(1) *<<1>>

g 8.10.13 0 O dp_mod dp_ratl p.126, 3.20 00 00 O p.12.
6.1.17 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
2 000000000 3a2bit00goouoon.

return ooob 3a2pbit00o0ooooog
n 2°320000000

int32 ooon 32bit 00

e J00UD (DD 1)OODOOO 32bit 00 (DODO 10)0000,000000000
guo.

e 32bit LD OpenXM UDUDUODOUODOUODOO,0Db0Db0OOOLODODOOODODODO
goog.

g O700b00000p91,32000000p.12.

6.2 bit 00U

6.2.1 iand, ior, ixor
iand(i1,i2)
= bit 00O and

ior(il,i2)
2 bit OO0 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(Oxeeeeceeececeeceeeceee,0x2984723234812312312);
0x4622224802202202

[2] ior(0xa0alal0alal0alalal,0xb0cObObObObOLOD) ;
Oxabacabababababab

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

o 6.2.2 0 0 ishift[ p.42.

6.2.2 ishift

ishift (i, count)
:: bit shift

return o

i count 0o
e IO i0DOODO bitOODODO shift ODO.
e iJO00OD0DOOO,00DO0DOODO.
e count 1O O0OO0O shift, 00000 shift O00O0O.

[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 U, 0o

6.3.1 var

var (rat) crat0000.
return ooo

rat aoo
e 0OIDODOOOD,3.100Asir00D0O0OOOOp.10000O.
o JOUODODODODODODODODODO.

41
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[0] var(x~2+y~2+a”2);

X

[1] var(axbxc*dx*e) ;

a

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

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

6.3.2 vars

vars(obj) = obj000000000O0ODO.
return gdad

obj 00

e JO0IDUODOODODUODUODODODODO.

e JIDODOODOODLDOODOO.

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

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

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

[x,y,z]
gd 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() » 00000000000 O0DoOooon.

return vtype O 10000

e uc() ODOUDODO, L0, 1, 2,...0000000000O.

e uvcO UODOOIDOUOOODL,DO0DOOOOUDOOOODOODODLOOO. DOO,DO
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])
mpoly O var (D00OU0O0OO)000O0O degOOODO.

return gdd
poly ooo
var gdad
deg ooo

e poly 0 var 0000 deg DOO0D0OODODDO.
e var 1, 00000000 var(poly) DOODODODOO.
e var O ODDOOO,var O OOOOOODOOODDOOOOOO.

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

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

3*x"2+6*z*x+3%z2" 2

[2] coef(A,0);

YT 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)
spoly 0,00 var 00D0O0O0OOO.

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

return agoo
poly ood
var aoo

e JOUODODODODLO varOODLOOLOODLO,0DODODODO.
e U0 varoooooooooooO.

[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)
cratQooO0O0O0Oon.

return goo
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rat ood
e 00O OOOOOOO OCOUOOULUOOUOOOUODOOUOOOONO.
e JO0ODOOOO,00000OO0ODODDOODOOOO.

e U000 (330000000014 0,000D000C0DOOO0DODOOOOODO. 10O
oooooo.)
[0] nmono ((x+y)~10);
11
[1] nmono ((x+y)~10/(x+z)"~10);
22
[2] nmono(sin((x+y)~10));
1

oo 6.8.3 0 0 vtypel p.69.
6.3.7 ord

ord ( [varlist])
20000000

return gooooo

varlist googooo

e DO ODO,0O00DO0DOODLDOODLO,DOO0DOODOODLOODOODO
oooobOoOo.ooobooooooobood,ora) ODbOOOOOODOOODODO
uo.

o NUOUODODODOOOUODDODOOODLOOO,bOO00O0DLDbOOOUODODbDOOObDDOO
ubodgboooboooboobobobboboo. bob,obbooboobooogbg
O,Asir) 0000, 0000,0000000000000D000DO00D0O0. 000
gooboooobboooobboooooboboooobob,obbooooboboo
ogooooo.

[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,_1,_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,cl);
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+41)"(-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])
= polyl O poly2 0000000000000 O0O0ODODDOOOO.
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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 O poly2 000000000000 DOO0OOOODO,00000A0.

return sdiv(), sdivm(), srem(), sremm() : 000, sqr(), sqrm() : [O,00]1 00

ooo
poly1 poly?2

ooo
v ooo
mod oo

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

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

e JO0ODOOUL,0OOOOOODOLDODDDOODO, 00000000000 poly2
U000, polyl DOOO0OOO0OO0OO polyl UDOUOD poly2000000000O0O0
goboooboobo.gooboo,boooboobbooboobb,oobooooogd
ubobodgboooobog,gboobbooboobobooabo. bo0o,boobooa
gbbooboobobooobooab.

000000000, poly200000,00000000,0000, poly20d polyl O
oOooOoOo0oboOOoooOooobooooooo.
sqr(O OOO0DOOOO0OOO0OO0ODOODOOOOD.
e 00OODOO,000 idiv,irem0000.
ocooooooboooooD syoooo.
[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-2)~2;
X"3+(~y-2) *x "2+ (—y " 2-2%z*y-2"2) kx+y " 3+3*z*ky " 2+3%z"2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);
X3+ (y+2) *x "2+ (-y " 2-2%zxy-z"2) *x-y " 3-3%z*y " 2-3%z"2%y-z"3
[4] G=gcd(X,Y);
X"2-y"2-2%zxy-z"2
[5] sqr(X,G);
[x-y-z,0]
[6] sqr(Y,®);
[x+y+z,0]
[7] sdiv(y*x~3+x+1,y*x+1);
divsp: cannot happen
return to toplevel

oo 6.1.1 00 idiv iremd p.33, 6.3.10 0 O %0 p.47.
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6.3.9 tdiv

tdiv(polyl, poly2)
mpolyl O poly2000000000DOO0OO.

return goboobogob,0ooboboooog o

polyl poly?2
ooo

e poly2 0 polyl DO UODUODOUODOUODOODODODODO.

e JJ00OODOOOODOOOODUOOOUUODO,DO0O0DUDOOODOCOOD,
tdiv() D0 O00000000000000000.
[11] Y=(x+y+z) "5*(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"2xy-6%z"3) *x"5
+(6*xy " 5+30*z*y 4+60%z" 2%y~ 3+60%z" 3%y 2+30%z"4*y+6%z"5) *x"3
+(2%y " 6+12%z*xy " 5+30%2" 2%y " 4+40%2 " 3%y~ 3+30%z"4xy " 2+12%z " 5xy+2%276) *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"b*y~3-28%z" 6%y~ 2-8*%z"7*y-z"8
[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] I;
5

un 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 o
poly 0000 mUOOOOOOOOOOOOOOOOOO.
Ooo0oooooooooooo.

poly 0OO0OOO0O. OOOO,000D000000000O00O0000 direm() OO0O
gddooooodo.
poly OO0, mOOO0000O0DOO0OOOO,00000000000.
[0] (x+2)°5 % 3;
XT5+xT4+x 7 3+2%x T 2+2%x+2
[1] (x-2)"5 % 3;
X"5+2%x74+x " 3+x 7 2+2%x+1
(21 (-5) % 4;
3
[3] irem(-5,4);
-1

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

subst (rat[, varn,ratn] *)
psubst(rat[, var,rat]*)
crat0 varn 0 ratn 000 (n=1,2,... 0000000 O0OOO0O).
return uoo
rat ratn uod

varn ooo
e J0ODODOOOOUOOO,0TODDOODODO,000000O0OOOODOODODOO.

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

o DD ODODOODLOODDOUODLOO,bO0DOODODDOODbOOODDOOnOO.
e subst() O, sin() DOODOOODOOODOOODOOODOODO. psubst) O, OODO

00000000000 00oooo0U0ooD,00oo0o000ooooO0. (partial
substitution 000 0)

e Asir 00, 0000000DO00O00ODOOODOODOO,0000000,0000000A0
ygoobboooooooobo. bbb o,booouoboboboooon
00,000000,000000000000000O0COODODOOOOOOOOOO.

L I A

e substUU 0 rat OO, 00,00,0000000000000000000,00
Uooodooobbobbboooodd subst 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
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rat OO0 (Cooooopoooono)
varn goo
varlist goooooo

e JOUODUDOUODUD varnODUOD varlist U0 ODOUODOODOODOODO.

e J00UIDDOO,0D000DDOO. ODODO,diff(rat,x,y) 0, diff(diff(rat,x),y) O
ooooo.
[0] diff ((x+2*y)~2,x%);
2%x+4xy
[1] diff ((x+2%y)~2,x,y);
4
[2] diff(x/sin(log(x)+1),x);
(sin(log(x)+1)-cos(log(x)+1))/(sin(log(x)+1)"2)
[3] diff(sin(x), [x,x,x,x]);
sin(x)

6.3.13 ediff

ediff (poly [, varn] *)

ediff (poly, varlist)
spoly varn 0000 varlist 0000000000 OOOOOO.

return ooo

poly o
varn ogoo
varlist oo0ooooo

e UJUOOOOO, ODODOOOOLODOODDOO. 000, ediff(poly,x,y) O,
ediff(ediff(poly,x),y) DO OODODO.
[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 o

e 0J0D0O0ODO polyl O poly20,00 var 000000000 OO.
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e JOODOOLOODOOLODODO.
e 00 mod 0O0DDO, GF(mod) DOOODOOOO.

[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 OOOODOOOODOO.

sqfr (poly)
s poly OOOOODOODO.

return agoo

poly oooooooon

e JOULDODUDOUOUD polyUODUODOUODDO. fctrOQ UUOOODOUODO, sqfrO) DOODODO
ooo.

e 00D [[0ODO,1],00,000],..]00000.
e 0000 DOODOO-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%x" 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+ (2*%b+2xc+2%d) *at+b~2+(2xc+2*d) ¥*b+c"2+2*d*c+d "2

[3] fctr(A);

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

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

X5+ T4-2%y T 2%x " 3-2%y T 2xx " 2+y " d*kx+y T4

[5] 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)
s o0obo0obobo0 1b0b0obobobo
return gdd

poly 000000 100000
hint ooo
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e 100DOODOO Aint OOODDOODOODOOODODOODODO polyOOOOOOO
O fctrOQ DO0ODODODOO. poly U,d0000O0ODOOOOOOOODOOOOOO (D
9DDDDDDDDDDDDDp.140)DDDDDDDDD,DDDDDDDDD dO0
gooo.obooooooooooono.

[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

go 6.3.15 0 O fctr sqfrl p.50.

6.3.17 modfctr

modfctr (poly, mod)
s 0000000000000 n

return ogoao
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poly

mod

HEN

gooboooo

000
220 000000 med 0000000000000 poly 000000000O0.
000 [[0o0,1,00,000),.]00000.
000 0000 00000 000 poly 0000O.

0000000000000 00000D fetr_ff0000. (0D 10000000OODO
0000p.150,10.5.16 O O fetr_ff0 p.159 0 O ).

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

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

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

6.3.15 0 U fctr sqfrl p.50.

6.3.18 ptozp

ptozp(poly)

s poly DO00OO0OO0OOO0OOOODOODOOO.

return ood

poly

0o

ooo

O0000D0OD poly ODOOOOODOODOO,000000000 GCDO 100
gooooo.

ooboooobo,oobooobooobooo,bboobobooboo,onbo
ubobooboobooooobooon.

O0000000 redOQ ODO0O0D0OOO0ODOOODOOO,0DO000DOODOOOODOO
oopboo,00000b00o0t O OO0, 00000000, 0000000DO
goobooooo,boboboboboboboooboon.

00000 factor OOO0ODOO0O0OOO0OOOODODOO [ge]000. 000 cOODODO
O000,g0000000000000O00OOOO0O, poly =c*gO00.

[0] ptozp(2*x+5/3);
6*xx+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 000 (content).
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return poly
oooooooo

v ooo

e poly 0000 (OO vODODOOOUOO v)yOOODOODOOOO,0D00000.
[0] E=(y-2z)*(x+y)*(x-2)*(2*x-y) ;
(2xy—2%z) *x" 3+ (y"2-3*z*y+2%z"2) *x "2+ (~y " 3+2"2%y) *x+2z*y " 3-2" 2%y "2
[1] prim(E);
2xx "3+ (y-2%z) *x "2+ (-y " 2-z*y) *x+z*y "2
[2] cont(E);
y-2
[3] prim(E,z);
(y-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 IJUOODUOOODDOO (GCD)OODO.

gcd() UOOOODOOOOOODO GCDOOO.OODO,ODO0O0bDOOO0D,OO
oob0 GCb o 1ogooouoooo,ooob,0boboobooo 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 D0 OO O00O0OO0. OOOOO GCD O PRS
ooooboooooobooobo,0goobo,GCbU 1goobooooboooooboo.

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

[1] gcdz(12x(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);

X 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) cratQQO00O00000.
return oogd

rat goo

e Asir D0 DOOO0ODODOOODOOOD.ODO,DO00DOOODOOODLO,O
gobooboobboobooob.00obboobuo0bibd red DO,

e EZGCDOUDOD rat ODODO,00000000O.

53

O

e JO00O0OOOOODODODOUOODO,DOOO0GCDDO 10D0O0OO0OO0ODODOO. O
gboboobooboboobooboboobooooo.

e GCDOOOODOOOUO,0000O0DOOOOODOOOOOODOOOOODO.
ugb,bd,g0booboboobboobboobbooob,boo0obooobooo

OO00.00000000000,0000000,000000000A0.
[0] (x~3-1)/(x-1);
(x73-1)/(x-1)
[1] red((x"3-1)/(x-1));
X" 2+x+1
[2] red((x"3+y~3+z"3-3*x*y*z)/(x+y+z)) ;
X2+ (-y-2) *x+y " 2-z*y+2"2
[3] red((3*xxy)/(12%xx"~2+21%y~3%x)) ;
(y)/ (4*x+T*xy~3)
[4] red((3/4xx72+5/6%x)/(2*y*x+4/3%*x)) ;
(9/8%x+5/4) / (3%y+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 DUOOOOODOO

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

umul (p1, p2)
umul _f£f(pl,p2)
s 0000O0bOOooOooDd

usquare(pl)
usquare_ff(pl)
»goooooooo 200

utmul (pl1,p2,d)
utmul _£f(pl,p2,d)
00000000000 (DOoooooo)

return goOooon
pl p2 oooooo

d goog
o IUDODOODOOODL,00b0O0ODDOOODLDOODOOODODDOObOOODnDD.
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umul (), usquare(), utmul ) DO OOO00O0O0OO0O0O,00000000000000O
O00.000000 GF(p)DOOOOOO,000 000 pOOOOO0OOOOOO.

umul _ff(), usquare_ffO), utnul_ffO) 0, 0000000000000, 00000
O00000oo0ooD. 00o,00000000000,000000000000
000000, 0000000000000D00000D00000D00O0DO0000O0
0000 simp_ffO) 0O0D0DODODOODODOODODOODOOO.

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

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

e 000D, set_upkara() (utmul, utmul_ff DO 000 set_uptkara()) DO OO0O0O
O0000000000000000000, set_upfft() 0000000 DOOODOO
0000 Karatsuba O, 000000 FFTOODOOODODOOODODOOO. OOO
0,000000 FFTOOOO,00000 10000000 miOOOO, pl,p20
000 mi 000000000000 00, FFTO0OO0O0, 0000000000000
O0.000,000000000000,0000000000000000000A0
O00,0000 ShoupOODOODOODO [Shouwpl] DODOODODOODODNO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

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

[179] A=randpoly_ff(100,x)$
Osec(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)
s 0000oooooo 200
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ktmul (pl,p2,d)
00000000000 (ooooooo)

return gooooo
pl p2 ogoooon
d gooao

e J00ODDOCODOOO Karatsuba 0O OO.
e 000D wmul O0ODOOO,0000000000FFTOOOOOOOOODDOO.
e GF(2rn)ODODOOOUOOODDOOODOOODODO.
[0] load("code/fff");
1
[34] setmod_ff(defpoly_mod2(160));
x7160+x75+x"3+x72+1
[35] A=randpoly_ff(100,x)$
[36] B=randpoly_ff(100,x)$
[37] umul(A,B)$
umul : invalid argument

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

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara( [threshold])

set_uptkara( [threshold])

set_upfft ([threshold])
1 0000000000000 N2, Karatsuba, FFTOOO0O0OOO0O0OO
ooo

return gbooobooon

threshold 0O 0DO0O
e 100D0,00000000D00D00D00DO,000000O0O0OO0OOOODOOOO.

e JOUDODLOLDO,00 NOOOOODODODODL N200000D0,0D000D0O0
Karatsuba OO 0000, 0000000 rEFTOO0OOOCOOOCOODOCO.OOOOO
gboooobgad.

e 00U, 00000D00O0OODOOODODO.
g 6.4.2 00 kmul ksquare ktmull p.55, 6.4.1 00U 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 O00o0ooodon

return ubobooobooboobbooboooboo
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b
d

gooobgo
oooo

e p00D0 xOOD. 0000 p=pl+x(d+l)p2 (pl D0DD0 d0OO)0D0DODO.
utrunc() O pl 000, udecomp() O [pl,p2] ODODO.

e pUO0OO e0D0,i00000 plij 0000, ureverse() O ple+ple-1]x+... OO 0.

g

6.4.

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

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

6.4.6 0 U udiv urem urembymul urembymul_precomp 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)

»gooooboob,oo0og

return goOoooo

p
d

HRN

googogo

goog

uinv_as_power_series(p,d) 0, 0000 0000000 pO00O,pr-1 00000
0d+1 0000000000 d00000 roooo.

ureverse_inv_as_power_series(p,d) O p GOQOOBO e O 0O0ODOAO,
pl=ureverse(p,e) 0000 uinv_as_power_series(pl,d) 000OO0O.

rembymul_precomp() DOUOOOOUOOOON, ureverse_inv_as_power_series() [
o0ooo0o0oooooooooog.

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

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

[126] A*R;
-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(A,5);
-X"5+x74-x"3+x"2-x+1

[129] ureverse(A)*R;

-xX"6+1

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

udiv(pl,p2)

urem(pl,p2)

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

ugcd(pl,p2)
s 0o0O0oOOooboOoog, GCD

return ogooood

plp2inv O0O0O0OOO

e 0O0ODOODO pl,p2000, udiv 00, urem, urembymul 000, uged O GCD OO
O.0000,000000000000000000000000. urembymul O, p2
O000oo0o00,p2000000000000000,00 20000000000,
O00oDoooooooooo.

e urembymul _precomp U, 000000000 O0OOOO0O0O0O0OOODOOOO0OOOO
O000. 0 3000,00000 ureverse_inv_as_power_series() 00O ODO0O
ooo.

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

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

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul(A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

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

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

0o 6.4.5 0 U uinv_as_power_series ureverse_inv_as_power_seriesl p.57.

6.5 UOUUOgg

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

car(list) = 0000 LstOOOODO.
cdr(list) 0000 LstO0O0O0O0OO0OODOODOOODOOO.

cons (obj, list)
2 list 0000 obj0O0DOODOODOODO
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append (list1, list2)

2 listl O list200000 100000004.

reverse (list)

s list000000000.

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 UOUODODODOODO. ODO0OODODODbDODOO,b00bO
gooooo.

cdr() O,0000 Ist DO0OODODODODOODOODODOODOD. DODbODOO
gbooooobo,obboobooaon.

consO U, st OO0 obj DODOUOOODOODOODOODOO.

append() O, list] 0000 Iist20000000000000000 [LUstl1 OO0O0OOO
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 00

6.6.1 newvect

newvect (len[, list])

return

len
list

ud

00 lenO00000OO00OO0ODO.
gooo

oon

oon

U0 en0000000O0COO. 020000000, 000000000000. 0
20000000,00000D000DO0D0DOOD,0DO0ODOODODOODO0OD.
gboobg,booboobooboo,0booboobo oonoboon.

O0o0O0oooo,0000000 en-100000. (0 100000000OOOOO.

ugbobodbbg,obbuooobuoobboobbooboboooboobooobooon,
O00000000000000000D000 displacement (00 )00000000O0O
gbooobogbo,0ooob,ooboobobooboooboobobo.ooobooo
go,0bogob,oogbooboobooboobobobobooboo,ooboon,
goboooboooobooobooon.

Asir 00, 00000,00000000000.0000000DOO0ODDOOODOO
obobo,goobooooboobogoooogooon.

00000000 sizeQ OOOOOOOO.

gobooboooboobbobbobobo,bbobbob,o0boboboboboobo
goooooog.

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

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

[ x234 [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(list) :: 000000 OOOOOOO.
return gooao

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

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

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

vtol (vect)
s 0000o0oooOooooon.

return ood

vect gooo
e 00 nOOOODO vect O [vect[O],...,vect[n-1]11 OO OOO0OO0ODOO.
e J00O0OODODOOODOOONO newvect() OO DO.

[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 U 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 OO0 . similar to that of newvect.
e I0IDDOIDDOOODOODDOODODOOO.
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 col0OOO0OOOOOO.

return o
row col goao

abcd oo

e row d col 0OOOODOOODO. O 30000000, 0000000DO0O0DO. O
30000000, 00b00o0oooOO0o00ooOO,000,0000000 (boDoOO
0000o00)00oo0o0oo00. 0000, 000000000,000000 00O
goooo.

e NIIDOOODO size() DO ODO.

e MOODOOO,MI]ODOO I0DOO0O0DOOOODOOODOOOOOOOD.OOODO
ugbbo,ggbbuoobbuoobbodob,booobuooboboooba,oobog
obooooooooooooo.

o IJ0DUODODODDLDODDUODODL,DDOUOODODO,00DbUOO0ODbOO0ODOODOOD
goog.

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

[xyo0]

[ x*2 00 ]

[1] det(A);

-y*x”2

[2] size(A);

(3,3]

[3] A[1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

gd 6.6.1 0 O newvectd p.60, 6.6.6 0 O sizel p.63, 6.6.7 U U det nd_det invmatU
p.63.
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6.6.6 size

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

return ooo
vect ogooo
mat 0o

o vect UOU, 000 mat UOUOUOOOOOOOODODO.
e vect HODODO length) OO0 OOOOOODODO.
e Jlist 00O lengthOU,000000O0ODOODOODOO nmono() OO ODO.

[0] A = newvect(4);
[0O0O0O0]

[1] size(A);

[4]

[2] length(A);

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

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

det (mat[,mod])
nd_det (mat[,mod])
cmat 0000 4O0oono.

invmat (mat)
cmat 000 O04O0oono.

return det: U, invmat: 00O O
mat aoad
mod a0

e det U0 nd det 00 mat DUDODODOODO. invmat D00 mat 000000
Oo.goob [([bo,00lobogooobo,obobo,gb/00 bobobon.

e 00 mod 0O0DODO,GF(mod) DOOODOOOODOO.

e D ODODOODLODODODLODLO,00DbODLDOO0DLODLODOODODLOOn
gboboobooboooboobooobooboooo.

e nd det UOIDOOOUOODOOODODOOOOOODLODODOODLOOO.ODOODOODOO
ubboobbobbobbobobgog,buobbuoobuoobuoobodgbd,bdd det
gbooooooooo.
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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]=W"J;

[94] A;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22"32z"4]
[1uu2u3u4]
[1vv2v3v4d]
[95] fctr(det(h));

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

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

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

[1xx72]

[1yy2]

[1z2z2]

[99] invmat(A);

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

[ y°2-272 -x"2+z"2 x72-y"2 ]

[ -y+z x-z -x+y 1, (~y+2)*x"2+(y"2-2"2) *x-z*y " 2+2" 2*y]

[100] AxB[0];

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

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

[ 0 0 (~y+z)*x"2+(y~2-272) *x-2z*y 2+2" 2%y ]
[101] map(red,A*B[0]/B[1]);
[100]
[010]
L0O01]
uad 6.6.5 U O newmat p.62.
6.6.8 gsort

gsort (array [, func])
= 00000 array OO OODOO.

return array (00000;000000000)
array googo

func ooood
e JIODODOODO quicksort OO ODODO.

o O OOODOOODLODOOODOO,0b0ObOO0ODLOOOODLOODLOObLDOObOObOOn0On
gboboodgboooon.

e 0,1,-1000 200000 funcO0ODOOODODODODOO, func(A,B)=1 0000 A<BO
gbo,00booboboobooboooog.

ugbobooboobobgo,bboobboooooooboon.
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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?-1:(A<B71:0); }

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

[976643210-1]1]
6.3.7 0 O ordd p.45, 6.3.2 0 U varsU p.43.

6.7 UOUO

6.7.1 newstruct

newstruct (name)

200000 name0O40O0O0O0O0OO.

return goo
name goo

o IUDODOO,name U0 0O0OOOO0OO0OOOOOOODOOODOO.

Ub0 name O0OOOOOOOODOO.

64

e 00D UOUUIUIUUULD UL OLOLOOUOO. UUUOUOUObObLDLDDbD,Od

un

> gboooobggbbooobad.

[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

[5] A->t->h
2

[6] A—>t->t
3

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

6.7.20 0arfregll p.65,4.2900000000p.22

1]
N

]
w

6.7.2 arfreg

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

s gbobobobobobobon.

return 1

name agoo
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add sub mul div pwr chsgn comp
ooooooo

e name O UODDOO0ODOOODOOOODOOODOO.
o DD OODODOOODLOODODOODDO obOOOL.OLhOoOobLbOOoObOOOobDDOdg

goboogoboooon.

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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oo

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 OnewstructU p.65, 42900000000 p.22

3;

4;

6.7.3 struct_type

struct_type (name|object)

s gboooooooooogo.

return o

66
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name ood

object ooo

e 100 name 000000, 000 object 0OODOOODODOOODOOODDOO. OOO
oooo -1ooog.
[10] struct list {h,t};
0
[11] A=newstruct(list);
{0,0%}
[12] struct_type(A);
3
[13] struct_type("list");
3

uad 6.7.1 0 O newstructU p.65,4.2.90 0000000 p.22
6.8 UUUOOOOO

6.8.1 type

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

return uad
obj oo
e obj DOODOOODOO.
0 0
1 a
2 oo00 (Cooo)
3 oo00 (ooooo)
4 goo
5 good
6 EEN
7 ooo
8 ooo
9 goooooo
10 2bit00ogoono
11 ooooooogn
12 GF(2)o0oOO
13 MATHCAP ODOODOODO

14 ooooooo
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-1 volIbOooooo
e 0IDODOODDO,ntype 0000. DDDOODOOODDOO,veype OO ODO.
oo 6.8.2 0 O ntypel p.69, 6.8.3 0 0 vtypel p.69.
6.8.2 ntype
ntype (num)
cnum (0)0 O (00O)000O.
return gdod
obj O
e DOOIDODOOODOODO.
0 ooo
1 ooooooon
2 oooo
3 00000000 (bigfloat)
4 ooo
5 ooood
6 oo0ooooon
7 002000000

e newalg(x"2+1) JOUODOODOO, 0000 ei0,0D0000DODOODODO.
e 100O0ODOOODO,D9Y0DUIOO0ODODOOOOOOOOp.14000O0.
[0] [10/37,ntype(10/37)1;

[10/37,0]

(1] [10.0/37.0,ntype(10.0/37.0)];
[0.27027,1]

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

[3] [eval(sin(@pi/6)) ,ntype(eval(sin(@pi/6)))]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)0OODO.
return oo

var ogd
e var (000 )00000O0OOODO. 000 3300000000p.14000.
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0 00000 (a,b,x,afo,bfo,....etc)

1 uc() OOO0DODOOOODO (L0, _1, _2, ... etc)

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

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

e 2(); 00D (DODDODOODO)ODOODOUO ntype(a) 0 3000. 0000 aOO0O
gboobooboboobon.

o IIDOODDOODOODDODODOODD function OODODO.
e Qpi,Ce DO0OOOOOO0ODODODO,eval),pari() OO0OOOOOOOOOOO.

oo 6.8.1 0 U typel p.68, 6.8.2 0 U ntypel p.69, 6.3.3 U 0 ucll p.43.

6.9 DOUOOOOOO

6.9.1 call

call(name, args)
00 name OO OQO0O.

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

e 00OO0DODODOO, vtype) OO D,

e 000D ODDOODODOODOOODODOODND (xname)() OO0, ODOODODOODO
call) DOODODODO.
[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)

cfunc0000000O00O0O.

args (func)
func 000ODOOOODOOO.

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

return functor() : OO0, args(), funargs() : OO O
func oooooooooo
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000000000, veype) OO0,
0000 fune 0000,0000000000.
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e 00,000000D00OD0OOOOOOODOODODDO FOUODOD (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(L);
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

Oooooobog objuobboonooO.

o JOUOODODOODODOLODOODODOODODO,Db0OODLODODODOO

g

gboogooboooboo.
gb,00boobbooboobod, strtov oo,

[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 0 O typel p.68.
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6.10.2 strtov

strtov(str)

c»str (000)0000000ODO.
return ooo
str O0o0oooooooooon

e DD OODOODDOODDOODOODDO.

o DD ODODOODLOODOOO,00DbOO0ODDO,0O0,0D000000 _000O
uboooooog.

e rtostr() U0 DOOO,00000O0C000O0O0O0DOOOOOODOOOOOOD.

[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 O0O0O0DOO0O

e Asir0 parser 000000000000 DODOODOOOODOO.
e I000ODOOODD,0D00D0D0OODO.

e 0D0OODO rtostr() ODODODODO.

[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 rtostr p.71
6.10.4 strtoascii, asciitostr

strtoascii(str)
s 00o0ogoooooooooo.

asciitostr (list)
000000 ooogooog.

return strtoascii():000; asciitostr():0 00
str oo
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list 100 26 000000000000

e strtoascii() DO OUODOOOOODOOODOOODO. ODOOOODOOOODOOD
gog.

e asciitostr() 0 asciitostr() DOODOOOO.

[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 gUoggooogo.

str_chr(str,start, c)
s 00000o00oooooooo.

sub_str (str,start, end)
. go0ooogao.

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

start end 0000
e str_ len() OOOOOOOOODO.

e str_chr() U strJ start OO0 OUODOODOO0ODOODOODOO cOOO0ODOODOODOO
ogoooboo. oboooob obooob. ooobobooobooboboooon -10
uo.

e sub_str() U, str 0 start UOUODO end DO O0O0O0OO0O0OOOOOOOO.

[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*¥y*x"2+3%y " 2*xx+y”3

6.11 OO
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6.11.1 end, quit

end, quit
0o obbotbododo. ogoobobobboooooubnobooo
gogodooobono.

e end, quit 000000000000, O’0000000000000.00000
gbooooooooooboobo.gobo,gboooboboboooobooobooboobobo
ooobooo.

e DD OODLO,DbO0DDOODDOOD,DOOO0ODLOODODDOODODOO,0D0O
obobooooobobuoboooo,bob0oob00obOo,bob0b00b0bU ends
ubooboooboon.

[6] quit;

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

load("filename")
;v filename OO0 0O0O.

return (110)

filename 00000 (ODODO)

e 10IDUODODODODOD,D40000000 AsrOp.l600. O0OODOOODO
0000000, cpp0000OO,COOO0DOODONO #include, #define DO OO0
goono.

o 0DOODDOODODOODLOO IDDO,DDOO0ODbOObDD OoODOD.

e JODOODODO ¢vyOoObOOOODODODODOO, . O00D0DODOOODODOODOOOOOO0O
O0o0ooobooooboood. 0oboooono,b0d0 ASIRLOADPATH OO DO OOO
goooooobooooooooooo. gogouooooooooooooooon,
0000000000000 (00000000 ASIR.LIBDIROOOOOOOODOOO
000)000000. Windows 0000, ASIR_LIBDIROOOOOOOOOOOOO,
get_rootdir()/1lib 0000 0OO.

e J00DD0DD0O0ODD,end$ 0000 load) 0000000 D0O0O0DODO,O0
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000, end 0000 000000000, end$
oooooo.)

e WindowsUODOUODOOOODOODOOOOD ,/roooon.

od 6.11.1 0 0 end quitl p.74, 6.11.3 0 O whichU p.74, 6.14.16 U U get_rootdir[]
p-90.
6.11.3 which

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

filename 00000 (ODOO)OO0OOO

e load) 0O0OI0ODDOOODODOOODOOOODDOOD,0DOOODOOOODODOOODO
ooooOoobOoOg,00bboobooooogoD.
e J0J0ODOOODDOONO load ODOO.
e WindowsUODOOUODOOOODOOOOOOD /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 filenameOOODODOOOOOODO.

return 1

filename ooooo

e Asir 0O00DOOOOOODO,0O0O00DOOOOODOOOD. OO,000DODOOOD,
ubbooobuooboobooboobooo,boobobg.

OO00O0O000O00DO0ODbOOn0, 00 output(“filename") OOOOO. 0,000
OO000OO00D0OO000O00DO0ObDOO,00000 output() DODOOO.

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

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() : OOODODOODO
obj 0000,0000D0000DO000DO0

filename ooo0oo

e bsave() UDOUODOOODOODOODODOOOOODOODOODODLOOODO. pload() O,
bsave) DO OOOOOOODOOODOODOOODOOOOO. DOOOOOODOOOD
000000000,0000,0000 (veypeO) O0)0O00D0O0OOOO,00000
gbobooobooboobboobooboboon.

e output() DUOOODOOOOO,0D0000000000O0O0OD0O0O, bsave() DODODO
0000 vload) OOOOD,00D0O000OOCOOODOO,D0O0,0000D0O00
ao.

o IUDOODOO,bOb0O0ODLODLOODODLDOODObOOObOObOODDO,bOobOO00,
gogbooobbooobooobboobooobobooog.

e Windows U0 DOODOOOOOOODOOODO rooon.

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

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

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

X" 2+2%y*x+y”2

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

% asir

[0] ord([y,x1)$

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

an 6.11.4 O O outputU p.75.
6.11.6 bload27

bload27 ("filename")
2 0000000 bsavefile OOO OO



oed OO0OOOOO 76

return ooooooo

filename ooOooo

e OO0, 00DOOO,1000 2rbit0000D0OOOD,0D000 1000 32 bit
gbooogobo. obob,0b0 vsave UOOO0OO0OOO0OOOODODODODOOO
UoD.00b00bbo0ob0o0bbOnDD pvlead27 DO ODO.

e Windows OO DOOOODOOODOOOOOOODO ,/ooo0O.

od 6.11.5 0 00 bsave bloadll p.76.
6.11.7 print
print(obj [,nl])
sobjOOODOO.
return 0
obj oo
nl oo0 (oD)

e obj0OOOOODOOO.

e 1 20000DO0O,D0O00,200000,0000.0 2000 1000,0000,
goboobooboooboob,obobooboboboboob.o 2000 2000,0
uboboobooobboobooooboog.

e JOIDUODUOOD OUODDLUOD,printO; UDUODODO,0000D ODODOD.
printQO$ 0000, 000 000O0OO0OO.

e U0 objODODODLOOOODDOO objObOOODOOODO.

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

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

xyz123gahaha

6.11.8 access
access(file)
s file00000O00OO0O.

return (110)

file ugboogn
e fileOOODOOO 1,0000000000OO.

6.11.9 remove_file

remove_file(file)
s file00000O.

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 numOOD0O0D0ODODODO.

get_line([num])

2000 numO00000D0 1000.

get_byte (num)

U000 numU0000000 100000.

put_byte(num,c)

2000 numOO0O0O0O0 1000 cOOO.

purge_stdin()

s goboobooboobooooobg.

return open_file() : 0O (DO0O); close_file() : 1; get_line() : OO O; get_

byte(), put_byte() : OO

filename 00000 (DOD)

mod

num

e ugod

0000 (000D0O000)

open_£file() DDODODOOOOO0DOOO. modeJO0DOOOODOOONO, mode 00O
O0000000,CO00000000 fopen(O O0O0O0O0O0OOOOOODODO.OOODO
goooooooog w,gogoooob "2"0b.0ooogg,0booogon
000000DO00.0000000D000D0. 00000000000 close_file(O
O0000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 0 O
gobobobobo,0o00o0,0b0bobobobobob.0obobooboobooon
gooono.

get_line() DO UODOODOO0OOODOOODODOO1D0LO,00000D0O0O.DODO
uboog,b0ooboo 1004d.

get_byte() DO OOO0OOODOOOOOODO 1000DOODOOOODO.

put_byte) D0 0OODOO0ODOOO0OOOOOO 100000, 0D00000D000ODO
oood.

OO0b0O000D0O000000D0 get_1ine() JOOOODO,000 0000DO.

oOooO0ooooobo,o0b0b0obn suwb_str() UOOOODOODOOOOOOOOOO
eval_str() DO0DOOODOOOOOOODO.

purge_stdin() 0, 0000000000000. 0000 get_1line() OODOOOO
goooodoboboobo,oobboboboboobooboboboobobnoobo
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]

HEN

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(); 7
test();

/* a remaining newline character has been read */

/* returns immediately */
testl1();

/* 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 JO00O0OO0O0OO0ooon

6.12.1 module_list

module_list()

return
[1040

s ggbooobooooobooobooooo.

goooogopooogogono.
] module_list();

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

oo

421300000000p.25000

6.12.2 module_definedp

module_def

inedp(name)
00000 nameOOOOOOOOO.
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return (110)

name gooooo
e IUOUO name UUODOOOO 1,0000000 o0OO0O.

[100] module_definedp("gr");
1

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

00000 nameOQOO0OO.

return (110)

name gooooo
e JI00OUODOOOO 1,000OOODODOO.

[100] remove_module("gr");
1

g 421300000000p.25000.

6.13 U000

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

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

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

datan(num)
2 000 Arctan(num) 00 00O.

dcos (num)
=000 cos(num) 0O00OO.

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

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

return goooooo

num O
e JIOOOOOOOOOOOOOOODOO.

e JO000OOODO COOOOOOIODODOOUOODLOD.ODODOO,DOO0OO0O0DODDO
gobodgboooboobooobobon.
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e JO0ODODOODODLODODLODODODLODLODODODODO.
e CPil00O0OODLOOOLOODLDOLOODLDOLDODLODO.

[0] 4*datan(1);
3.14159

6.13.2 dabs, dexp, dlog, dsqrt

dabs (num)
2000 |num|l OO0O0O.

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

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

dsqrt (num)
2 000 sqrt(num) 000 0.

return oooooono

num O
e JOOOOODOOOOOODO.

e JOUUIOODCOOOUOILDLDOODOOULULODLDD.ODDDLDO,DOODOOODLDO
oboooooouoooouooobooooo.

e dabs(O0 dsqrtOUODOOOOODOOOODOOOOODOOOODOOODOOODOO
gooo.
e CPiJIDODOODODODLODODODODODO.

[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)

cnum O0O0000000O.

return oo

num 0
e dceil, dfloor, drint [0 ceil, floor, rint OO OO O.
e JO0ODODOOO0OOOOOOO,DOODODOOUOUOODODOOODOODOOODODOOO.
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e JO0ODODOODODLODODLODODODLODLODODODODO.
e il O0OODLOOLOODLOLDODLDODLDODODO.

[0] dceil(1.1);
1

6.14 OO

6.14.1 ctrl

ctrl("switch" [,obj]l)
20000

return goooooon

switch oooon

obj 0000

e Asir HODODOODOOOODO,0000DO.

e switch OO UOD,000000O00O0OODOODOODO.

e objOIOOOOOOO,DDOLOOLODO.

o DD UOODLDOUOOLOODLDO. ObOODLDOODLOODLDA.
e J0OJDODOOODD.OOO,ond 1,of0 0OODOOO.

cputime on0O0 CPUtimeDO00 GCtimeOODO,off 00 OOOOO. cputime()
O00. ctrl("cputime",onoff) O cputime(onoff) OO OO OO.

nez EzGCDOOOOODOOOODOO.OO0bOOOO0 1000,00000000
ugboooao.
echo on000O0DOOO0OO0OOOOO0OOOO,off00O0O0O0OOODODODODDODO.

output OO OUOODOOODOOODODOO.

bigfloat on U0, 0000000000 bigloat 00O DOO, 0000000 PARI
(6.1.1400parilp.39) 000 00O0O. O0ODOOOOOOOODO 9000
0. 0000000000000 setprec() JOODO. of 00,0000
gbooooob,0bbo0obooboboon.

adj gbooboobooooooboboob.1oboboboooboooo. bgo
oboooD 3. 10000,0b0b0b000b00b0obO0b00o0obOoobDooDbo
gobooo. gobobbooobobuooobboo. 240000000
gbooobboOg0phO0O0.

verbose onUU,0000000000000O0O000O.

quiet_mode
1000,000000000b0oob0o. 240000000000D0O0O
Udp.b00O0O.

prompt od00D0OdO0DO0OO0O0bOO0OOO0. 10Do0ddoDbOo0oDogoo. cOoo
00000000000000000000D0OD0O0O0O0000. O (asirgui
O0000):  ctrl("prompt","\033[32m[%d] := \033[0m")
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hex 1000,000 0x0000 1600000000D0O.-1000,1600
Oo,00 ‘rgooogsbouboboboboobon.

real_digit
gobooboobboobooobog.

double_output
10o0,000b00o0obdnod dddddd O 0DOoooogoo.

fortran_output
1000,0000000 FORTRANODODOOOO.OOOOOO «~'Qd
0000 «+¥00000.(0000oog o.)

ox_batch 1000,0000000000000000000000 flush.0000,
000,00000000 flush. (0000000 0) 070000000
p91000.

ox_check 1000,0000000000000000O00DOO00O0O0O0OO0O0O.0O0
O000000.(0000000 1) 0O70000000p9100O0O.

ox_exchange_mathcap
1000,0Xserver ODOODOOO0, 0000 mathcap DODOOODO.
(0000000 1.)0O7000000O0OpY10OOO.

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 Qoooooooon.
e debug O ODOOODOOOOO,O)’OO0O0O0O0DOO.

e JOUIDUOOUDLUODDUDDUDDLO @ebug) U0, 0D000DOODDODDOOD.
quit 100 0ooooooooooo.
e J0DDOODOIOOOOOOODD ODHO0OOODODOP2900O0O.
[1] debug;
(debug) quit
0
(2]

6.14.3 error

error (message)
s do0o0oooooooboooooooooaa.

message good

o IO, 000000DL00O,0000DLO0DLOO0OLOODLDOOOODLDODbDODLOOObDO,nOn
oooooooobo,000oboooboo0ooooooboobobobobDoOonog. error( O,
gbobooboobobooboboboobobooboboboooboon.

e D00,error() OOO0OOODOOOODOOODOOOOOOO,0O0D0OODO.
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e JOUUU0UDDOOO,DOU00O0UULL,D00DLDOOOOD exrorO DOOOODO
goboobo,0bo0boooboobooonooboooo.

% 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 O debugl p.83.

6.14.4 help

help(["function"])
s doo0ooooooo.

return 0
function ogoo

o LIDODOO,0D000O0DOO0DLOOUODLD. DOOODLOOODODODOODLOOODO,00bOO
OO00Oo000O0o0oboO0oO relpd0bo0ooooooooobobOob0OOoDO, OO

OO PAGERUOUDOOOODOOO,0000 mre’ D00O0O0DOOOOODODOO
oood.

e 000D LANGOODOOODOODOO0O,0000 "japan" OO0 "ja_Jpr 000000,
‘help’ 000D ‘help-jp 000000000 ODO0O00. 0000000, ‘help-eg’
0000000000000,

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

6.14.5 time

time () 0000000000000 0 ceUOOOUOO GCcoUooooQ
return ogoo
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e CPUODODODDO GCOOODOOOOUOODODDOODDOO.

e GCOODOO,0D0C000O0DOOUDODOOUODOOOODOOO,cPUODODO,ODO
OcCcPUODOO GCOOODOOOOO,0O0D0O00O0D.

e tine() 0O0O0ODODO,0D00000DOOO0OODODOO CPUOO,GCOO,O00000O
gbooooobobooobo,ooboboboobobooboboboooboboobo
O.oooo, feceub (O),ccO0 (O), 0000 @mOO),0000 (0H10O
gboooooo.100000b0 4000000,

e JO0ODOOOOD,DO0D00 time(O) OO0,00000000CPUDDO,GCODOODO
ao.

e JOUOODODOODOUDOOD,0DODLODOODDODOODODOODOD
goooooooogoogoo.

o ctrl() O cputime() OO0 cputime 00O OO0 on OODOODOODOODOO, 0000
gcoooooooooooOo,000b000ooooobo.oboo,0ooobobOo0o
00,0000000000000D0D0O0DDOO000, time() O0DODODDOODOO.

e getrusage() OO0O0O UNIXODOO time() DOOODOODOODODOO, Windows 95,
woooooooooooooooOoOoOoodddoooOooooooo. ooa, o
odoooooo,0000o0o00ooooog.

[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)
=000 0000 cputime DO O0ODOOO. ODODOODLOOOOOODODO.

tstart() : CPUtime O00O0O0O.

tstop() » CPUtime OOODOOOODOO.
return 0
onoff o0o (0o)

cputime () 0,000 0000 CPUtime OO0OOOOO. DOODOODOOODOODOO.
e tsart 0O O0ODO,)’0O00,CPUtime 00000OO0.

e tstop O OOODO,()’OODO,CPUtme 00000, 0D00O0ODOO.

e cputime(onoff) O ctrl("cputime",onoff) OO0ODODOO.

e tstart,tstop ], 0000000000000000000000,00000000
0000000,+ine() 00000O0O00O0O0D0OO.

e cputime() 00 on,off 0,00000 on, of 100,0000000000000
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%xx"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 ooooa

val ooboooooooooo

e timer() O,0000000C00O0O0OC0ODO. DOQOODOOOODOOOODOOO
gboo.oooooooooooooogogo,0 3gbooog.

e U 300000,00D0DOO0DUOODLDOODDOODLOODODO.

[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 1010000000000 OOOO.
e currenttime() 00000 UOOO. UNIXOODO, time(3) 00O0O0O0O0OOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
= 0000000000

return 1

interval 0000 (boooo)
e sleep() U, 000000000000O. UNIXOOO,usleepOOOOOOQOoooO.
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[1]
6.14.10 heap
heap() 00000000 0Uooo. (Do:oo0)
return goad

oo

[0] sleep(1000);
1

O00oooooooo (oo

86

:000)000. 00000, Asr 000000000,

gobobooboooobobobooooboobooooobobo,bobooobobboooooboog
ugb.0booboooooboa,oboooboobobooboob,boobooooog
oooooooooboo,oSuobboooobooooboooooobooooDbooooDon

gboooooooo.

OO00oOo000OO00DOO0O0,0000 -adqjO0OoO0OO0O0O,GCOOODOOOOOO

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()

cAsic OO0 0OOO0OO0OODO.

return goao

e Asir HODODOODOOOODOOODO.

[0] version();

991214

6.14.12 shell

shell (command)

s command O0O00000000COOO0OO.

return ooo

command 000

87

e command 0 CO system() OOO0O0OO0ODOOODOOOOOOODOO.ODOOOOO

goobooboo.

[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,00boo0ooooooooo.

katsura
kimura
kimura3
mfee
mksym
mp
msubst
p

proot

r

return arg0 DO DOOOOOOOUn

function ooao

arg0 000,0000,00

argl ... 00 (00O00O0D)

e arg0 J0OODOODODOODO, argl ODODODODOODODODOO function DODOODO,
arg0 000000000 OOODOODOOOOODOOOOODOObOOOOObOOODOD

goog.

e function 0, 00000000D0OCOO0OOODO.

e function 0D OOOODOOOOODO.

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,0000000000000D0O0O0OOODO
U00d0. 00000l parseerror UOO. D00 map OO0 car, cdr UOOOO
000000000, Asir 00000000000 0D0000O0ODO0O0O0OO. 0000
Umap UU0O0O map DO O UOOOOOODO.

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

6.14.14 flist

flist () s gbobooboobooooboobooboboon.

return oooooono
e JIDODODODOOOOUOOOOO,DD0OODODOOO0O0O0OOOOODOODOOODOOO.
e JIOOODOODOOOOOOOOOODOO.

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

6.14.15 delete_history

delete_history([index])
s 0goobooooo.

return 0

index gboooooboooooan
o IOODOOODO,00Db0O0DDOOODLOODLOOOODOOO.
o IOODOOODLO,00D00OO0D0DOODLOOODO.

o IOODDUOOO, 0000000 OOUIOO0O0ODOOOOOODOoOOnOn, O
000 enumber 00000000 DOOOOO. O0DOO,000D00000000O00
gobooboobooobooboboooobg.
gogboooobooobobooboo,gbboobboobboobboobboa,
bsave() DO 0O0OOOODOODOODOO, delete_history) DUODODOODOODOOODO
ogooooooon.

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

[1] @O;

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

6.14.16 get_rootdir

get_rootdir()
s Asir OO0Q0O000O0O0O0ODOOOOooOO
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return ood

e UNIXOODO,OODOO ASIR_LIBDIROOOOODOOOOODOOOOO,O0OO0OO
OO0O0ggg ‘/usr/local/lib/asir 0.

e Windows 0000, ‘asirgui.exe’ 000000000 (pin’ O0O0O0OO0O0O0O0DOO
0)ooooooooooooo.

o OO DOOOOLODLOOODLDDODOUOODLDDLODODOOODDODOOOOLDbOOO,DbDOO
gbobobobobooboobooboooooooboooooooobooooo.

6.14.17 getopt

getopt ([keyl)
»0000ooogoo.
return gbooooo

o DO ODODOD,0000DO0DODDOODLOO. DODOODLDOObOOO0DbDODO
00000000000,0000000000000D0ODO0O (421200000000
O0p2400). 000000000 OCOOODOOOODOOODOOODOOOOOOO.

e I0IDOODDOODODOO, getopt() O [[keyl,valuell, [key2,value2],...] OO
O00O000.000,key00000000O0DODOCDOOOO0O0OO, valuedOdO0Od
ooo.

e JOUOOODODODOO keyUODODODODOOOOODOOOOODOD,0O0ODODO. O
O0000000000,voIDbOOO00000 (0000 -1)000. getopt() ODODO
ooboono typeOQ DODOOUODO,0000DDOO0ODOUODODODLDOODOODOODO
ogoo.

e 10IDOIDODODODODODODO,0D0O0D0OODOODOODOOO,
xxx(A,B,C,D|x=X,y=Y,z=Z)
Ooodo,«raoo, key=value D ‘,’0000000O0O00OOCOOODOO.

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

getenv (name)
s goooooooao.

return
name aoao
e UUOODO 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/ 00O OOO0OO.

OpenXM UOUOOODOO,000000000O0DOOO0ODOOOOOODOOOODODOO
gognb. OpenXM OO0OOO

1. client 0 server 000000000 O0OODODOODOOODO.
2. server OO0 QO0QOQOODO.

3. client 0 server OO0 O0O0OO0OOOODOOODOOO.

4. server 0D O0O0O,client OO0DOOOOO0O

OO0DOo0o0bo0o0ooo0.secver DOOOODOOOODDO. OOOO, client OO
gboooobooobooo,obob0obdd sercver 0000000 O, 00000000
gobo,0b0boobooooobooboobboob,gobooboboooboon.

OpenXM 0000000 OODOO,0000000 sercver DOOODOOOOOOODO,
cient 0 O00O0O0OOO0DOO,0000000000DOOODOODOOO.

0000000, 00000000000000D000000 CMO (Common Mathe-
matical Object format), 000 000000000000 SM (Stack Machine command)
go0000.d00o0O,0000b0b00,0b0b0b0ob00b00O0n0gd OX expression [
gboobooooboo.

OpenXM 00000000 O0DOODOODO,OO,server 00000, 00000000
OO000O0. O0O000d, ox_launch(), ox_launch_nox(), ox_launch_generic() OO
0000000000, 000,0000000 server 0000000000000 O0O0O
Oo0ooooooog.

ox_push_cmo ()
o000 server OO OOOONO

ox_pop_cmo ()
0000 server 000000 OODOOO.

ox_cmo_rpc()
server 0000000, 0000000000.

ox_execute_string()
server 0000000 (Asir 00 Asir 00) 000000000 server 00O
go,00o0ooo0ooon.

ox_push_cmd ()
sMOOOodooad.

ox_get ()
ooo0o0o0ooooooooooo.
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7.2 Mathcap

server, client 000, OpenXM 00000000000 CMO 000000, SMOOO
00000000000000. 0000000000,0000000000,00000
O0000000.0000,0penXM 00, 00000000000000 CMO, SM O
O000000000,000000000000000000000000000000.
000000000 Mathcap 000, Mathcap 0 CMO 000000000 O, 0000
0 32bit 00000000000. 0000000, Matheap JODODO 300000,

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

O000oooooO0O. [0OXtag,CMOtaglist] 0, OXtag 00 0000000000000
go,goobocgococMouooogoooooobooooo.booooooooooooD, o
00 ‘ex_asir 0o, CMO D0OD00O0OO, Asir 000000 0ODODO,cMOUO0ODO
gobooboobbooboooboooog.

Oo0obOooob0,b0b00bb00 Mathcap DOODOUODUODOOODOO, Mathcap OO
UboobooboooboobD,ectrl 00000 "ox_check" DOOOOOOOOO. OO0OOO
000000 10,00000000000000. ctrl("ox_check",0) DOOOOOODO
gboobooooooo.

T3 00000oooboon

Oo000oboooboobOo,b0b00uboobg server DOODODOODDOODODODODOO
oooooooo. bobobooobob,0000bobooo,bobOoboo,0obO0ooog
O0,Asir 00000000000 ODOOO,000bO00O00bO00obDobDbOOoobDOoboboo
000000.000000Db00oog 3a2bit00000000, ox_push_cmd() OO0
0000000.000,00000000000000000000000. SM _xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O00O.

gboo,b00oboooooboboobob,obooobobooooboboboooobon
goo.

SM _popSerializedLocalObject=258
server 0 ‘ox_asir 0000, 0000 CMOODODOOOOODOODOOOOODO
00o0oooooooo,oooooo.

SM_popCMO=262
CMOOODOOOODOOODOOOOOOD,00bDOoOn.

SM _popString=263
0000000000000, 00b00b00b00b0D0o00ooooooon.

SM_mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
0000000000000 DodDoOoDOOD, 000000000 oDOooOood
oooo.

SM _setName=266
00000000000 D0D0DO0DOD, 000000000 oDooOood
O0DOO000.000D0000,server 0OO0O0OOO0OOODOO.
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SM _evalName=267
0J0d0DO0000o0o0oo0oo0oo0ooo0oo0o,0oooooooooon.

SM _executeStringByLocalParser=268
O0DO00O0000DOO00D0D0Od, server OO parser, evaluator 0 OO0, O
gbooboboobono.

SM _executeFunction=269
00dDoDOdoO,000,00000,00000000000, 00000000
ooooooooog.

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
oooooooooo.

SM _shutdown=272
server HOODOOOOO, server OO OOO.

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

SM _getsp=275
0000000ooo0ooooooooooooooooon.

SM _dupErrors=276
0000000000000 D0000D0000, 0000000000000 0

gooo,0oooboon.

SM _nop=300
oooooo.

7.4 0000

O0O0DO0O0O00O0,000b000b0bo00DOog. exesiry oo, 0oooog
gobodgboobobooboon.

7.4.1 0O0DDOO0O0O0OOO

OpenXMserver 000000000000 DOOO,0000000CMOO000DOOO
oooooooooob.bObogoooooooo,ooobosMooooooboooobooo, o
ooboooboooooo,oboboooo0 sMogboooobooobooboooooDo
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() UODOODOOO server OO ODOOO, 000000000 0O0OOO. OO
OO00,000 Asc) 000000 0DOOODOOOO0OO0OO0DOOODOOO, OpenXM server
oobooobo0. 0o,0b0b0bo0,b00b00bo0bbo0b0boUbOod ox_rpe()
OoOooooog, ox_pop_cmo() 00O, 0000ODOODOOOO0OLO,D000O0ODODOO
oboboobooogbo. boobooooobooboon.

743 D00O0O0O0O0OO0OODOOOoOoOoO

server U0, client 000000000000 DO0O0OOODOODOOOO,server00000O
goo0doobO0booboobooboobDobuobbo.gobobo,server d0ooooooO
U00oooopoOobooogn, client 00O ox_rpe(id,"debug") DO DO OO, server U O
000o0oooO0ooO0ooD0bOOoo0oDOOobOoO0oO0ooO0ooODOooDO0oO0. Ooooooobog
O0O0DOD0OO0000,legdD xterm’ OO0 ODO. OO0OO0OODOODOODODOODO, quit
oooooooo.

7.5 UUooooooon

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

ox_launch([host[,dir] ,command])
ox_launch_nox([host[,dir] ,command])
s 0000000000000 o0ooooo.

ox_shutdown (id)
s Jodo0oooooooo,ooooooao.

return g
host oOoooog o
dir command
oo0
id oo

e ox_launch() O, 000 host 0OOUODOO command OO OO, 0000O0O0OODOO
O00000. 000 3000d, host OO, dir OO0 ‘ox_launch’ 0OOOOO0O
000000000 DODOO00d. ‘ox_launch’ 0 command 00O00O0O0O. host 0 000,
Asir 00000000 DOO0OO0OO0OOODODODOOO0O0O. ODODOOOd, host O 0, dir O
get_rootdir() DUODODOODODOOUODON, command DO0OOOD0OODOOO ‘ox_asir’
gooogd.

e hostO 0, 00000000 local DOOODODOOO,dir0donoo0. 0000, dir
O get_rootdir() JOOOODOOODOOOODOO.

e command [ /0000000000, 0000000000.00000D0O,dir0
oboobobobobon.

o UNIX OOUOUOOMO, ox_launch() O, command OO OO0, OOOOOOOODOO
00000 xterm’ 00000, ox_launch_nox() O,X 00000000, O0000
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xterm’ D000 0ODO0O0O0O0O0O0O0O0ODOODOODOODO. ODOOO, command O0OO0O
‘/dev/null’ 0O O0OODO. ox_launch() OOOOO, 0000 DISPLAYO DO OOOO
O0O000dOod, ex_launch_nox() ODOOOODODODO.

gbobobobobobobobobo.

Asir 000000000 ODOOOODOOOODODOOOODODOOOODO. OO,0000
000000000 server, client 0O OOODO negotiation 0O OOO0O, 00000
dooodobOodoooooOodoooooog.

host 0O0ODOOODOOOCOODO,00DO0CODOOD. DOD,Asir0OO0OODO
ubobod A 0ooboobbooobooboooboda sgoo.

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

2. ‘ox_plot’ U0, X00000000ODO0ODOODOODOO,Xserver OO, 0000
000 authorize UOO. xhost OO UODOODODOODODOODOO.

3. command DO0000, 000000000 O0OO0ODOOOOODOOO, ‘“.cshre’ OO
oooOoooooOoao (16MBDD)DDDDDDDDDDDDDD.DDDDDD
OO0 limit stacksize 16m OO OO 0O0OO.

command U, X 00000000 0O0D00OO,display00000000O0O0O0OO,O
gobOo0obO0odopiserAYODO D OQOOO.

OO000 ASIRRSHOODOOOOOOODOO,ODO000C000D000D0C00000 ‘rsh’
ugbbooboobbooboobo. oo,

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

OO00D,00000000D ssh’ 00000, X11 0000 forwarding JOO. OO
U0 ‘ssh’ OOOO0OD0OODOO.

ox_shutdown() OO0OD i[d00O00O0OOODOOODOCOODO.

Asr 00000OO0OOCOOOOOOOOOOOOOOOODOOOO,DODO00DO00O0D
gooboooboboo,bgoobooobog,bboooboooooobooboooon.
Asr OO00O00OO0O0DO,0000000000000000 psOOOOOODO,ODO
Asr DO000O0O0D0OO0OO0O0O0DOO0O0O,ki120000000.

log 000 ‘xterm’ 0 ‘-name ox_term’ 000 0O0OO0OODOODO. OO0, ‘ox_term’ [
0000000000 ‘xtern’ JO000O0000000O,log0 ‘xterm’ 0000000
oooooooo.ooo,

ox_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 " 3xx+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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0og 7.5.500 ox_rpc ox_cmo_rpc ox_execute_stringlp.98, 7.5.8 0 ox_pop_cmo
ox_pop_localllp.101, 7.5.15 00 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 ooooog o

launcher server
oono

use_unix use_ssh use_x conn_to_serv

oo

e ox_launch_generic() U, 000 host U0, 0000000000 launchOOOO0O
00000 server 00O000. O000O00OO0,0000 protocol000,XO00/0
O0,rsh/ssh 000000000, connect 00000000000 O0OOODOO.

e host 0 0000, Asir 0D ODOOODOOODOA, launch, server 0O00000O0. OO0
O, use_unix 0O 000000, UNIX internal protocol DO O OO O .

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

e usessh 0 1000, ‘ssh’ (Secure Shell)) 000000000, 00000000000
O0O. ‘ssh-agent’ 0O 0O0O0ODOODOODO,0D00DO0ODO0ODODODOD. ODODOO
‘sshd’ DODOODOOO0OO,0000 rsh’ 0000000, 000000000000
gbob,0boobbooboon.

e usex 1 1000, XO000000000,0000000 DISPLAYOOOOOO, log
O00 ‘xterm’ 0ODO0O server 0O00O0COO. DISPLAY OOODOOOOOOOOOO
OO00,0000 XOOOOoOOOoOoOOd. DISPLAY OOODOODOODOOODODOODOO
g,000boog,booboobboobooobooon.

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



o770 OoOogoo 96

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

oo 7.5.100 ox_launch ox_launch_nox ox_shutdown[p.94, 7.5.2 00 ox_launch_
genericll p.96

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
:» port OO0

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

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

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

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

return generate_port() OO0 0ODOOOOO0OO. OO0OOODO.

use_unix 0000 1

host ooo

port control_port server_port
ogoooooon

socket control_socket server_socket
oo

e JIIDODO,0D00DO0DODODODODODODODODODODO.

e generate_port() DO OODOODO port OOOODO. OOODODOOODOO 000D,
Internet domain O socket OO OO port OO, O0OOOOOOOO, UNIX domain
(host-internal protocol) D000, 0000000000O. port 000 random OO0
0o0O0,00 port OOOOODODOOODOOO.

e try_bind_listen() U,00000 port UO O, 00 protocol 00O DO socket OO
OO0, bind, listen OO. OO0O0O0OO,socket 0O0O0O0O0OO0O. OO0OOOO,-1000.
e try_comnnect() 0,000 host O port port OO connect DO OO. OOOODO0O,

socket 00 00O0O0O. 000000 -1000.

e try_accept() U, socket DU O connect OO O accept U, 00 0OOOONO socket
000.000000-1000.00000000,socket 00000 closeOO0O. O
O port O, socket O protocol OO OOOODOOODO.

e register_server() U, control, server OO0 0O OO socket 00O ODO O, server list O

U000, ox_push_cmo() U ODOODODOODODOODOODO.

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

/*
OO0, 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 OO ox_launch ox_launch_nox ox_shutdownl[] p.94, 7.5.2 O0Oox_

launch_genericll p.96, 6.14.12 O[O shellU p.88, 7.5.7 O U ox_push_cmo
ox_push_locall] p.100

7.5.4 ‘ox_asir’

‘ox_asir’ O, Asir 000000000 OpenXM O000OOD0OO0ODOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox DO O0O0. 000 XOOOOOOOOOOOOOOO
ooooad.

[56] ox_launch();
0

[6] 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 0o0oo0oooooon

return 0
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number O (Oooooon)
func oo0o
command 000

argo0 ... o0 (oo)
e OO0 number OO0O0OOODOOOOOO.
e JOUODOUODOODODLO,ODOOCDLDOO.

e ox_rpc() 00,0000 ‘ox_,asir’ 0OD0OODODOOODOOODO. DODOODODOO,
ox_cmo_rpc() O0OOO.

e NIIOOODO ox_pop_local(), ox_pop_cmo() DO OODOODO.

e JIDOD ‘ox_asir’ 0UOODOO (D00 Kan OO0 ‘ox_smi’D0) OODOOO,
Open XM OO DOUO0ODOO0ODOOOODOOODOOOOOODOODOOOO.

e ox_execute_string 0, 000000 command 0000000000 OCOOODOO
000,00000Db000000D0bO00bOO00bDoOoOooDOoa.
[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)
2 000o0ooooao

ox_intr (number)
000000 SIGINT OO

register_handler (func)
s d0o0oobooooooboooooo

return 1
number 0 (00O0O00O00O)

func ooooog o
e ox_reset() 0,000 number 10D OO000O0OOO,000D0DO0O000O0DOOO0O.

o 0D DODODODODODDO,bOO0DOO0ODOO0ODLOODOODOODLO,DbO0D
ubooboo,boobooobobooboooog.

ooboo0oO0 RUNODOOOOO,00b0b000bboobooooobobogooo.

uboogooobooboob,obooboobboobooboob. obboobooonog
gbooaobooboon.



o770 OoOogoo 99

e ox_intr() 0,000 number UO0ODOOOODOODO SIGINTODOOOO. SIGINT OO
ooobooooooobobuoboboog, ‘ex_casiry 00,0000 debug mode O
obo. Xbooooooooo,boooobgobooobuobooobooboooooo
ao.

e register_handler() U, C-cU00000O0O0ODOOOODO,uD0OD00D00OO00O,000
0000000 fune() DO0O0OOOOOOOOOOO. OO0OOO, ox_reset() OO
00000000,00000000000 OpenXMserverJOOODOOOOOOODO
oo.

e func 00 0ODOOODDO,0000D0O00O.
[10] ox_launch();

0

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

0

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

[0,1]

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

[0,0]

[343] register_handler(reset);

1

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

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

oo 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)
xobj 0000 number OODOODOODODO

return 0
number O@ooooon)

obj oooooo

e 000 number 0OO0OOO obj0ODOOO.

e ox_push_cmo O, Asir 000 Open XM O0DODODDODOO0OOOODODO.

e ox_push_local U, ‘ox_asir’, ‘ox_plot’ U0 U000 O0OO0OOOOOOOOODO.
e JO0IDOOOOOOODOUDOOO,0DO0DbDOODODOO.

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

ox_pop_local (number)
0000000 number 000OD0O0OOCOOOO.

return ogooono

number O(@oooooo)
e J00O0ODODO number OODOOOODOOOOOOOOO.
e ox_pop_cmo U, Asir 000 Open XM O0ODOOOOOOOODODODOD.

e ox_pop_local U, ‘ox_asir’, ‘ox_plot’ DO 0ODOOO0OO0OOOOODOOODODOOOO
ono.

O000000ooO0o0o00ooUpooD. 000000000, ox_push_cmd O SM_popCMO
(262) 0 0O SM_popSerializedLocalObject (258) DO O OO0, ox_select 00O
OO0 ready OO0DODOOOOOOO0O00OOD ox_getODODOOO.

[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)
= 0000000 number UODOOOD0O0OOODO command DOODODO.

ox_sync (number)
» 0000000 number 000000 OXSYNCBALLOODOOO.

return 0
number O (Ooooooo)

command 0O (00O0000O0O)
e 000 number OOODDOOOOOODOO OXSYNCBALLOOODDO.

e Open XM UOODODODOOOOODOO OX.DATA, OX_COMMAND, OX_SYNC_BALL O
soboooogb. oo, ooogbooobooobooobooboooboobooboooboon,
gboboboobobooboboobooooooo.

e OXSYNCBALL O ox_reset 000000, 000000000000,000€0
OOo0oOo00oDOoOooOoO0.00,00000D OXSSYNCBALLOOOOOD.
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[3] ox_rpc(0,"fctr",x~100-y~100);
0
[4] ox_push_cmd(0,258);
0
[56] ox_select([0]);
(0]
[6] ox_get(0);
[[1,1], [x"2+y~2,1], [x"4-y*x"3+y " 2%x"2-y " 3*x+y~4,1],...]
gad 7.5.5 0 U ox_rpc ox_cmo_rpc ox_execute_stringll p.98, 7.5.6 U [ ox_reset
ox_intr register_handler[] p.99

7.5.10 ox_get

ox_get (number)
0000000 number 000000 OOO0OOODOO.

return gooono

number O@ooooon)
e J00DOODO number 00 0D0ODOODODODODO. OOODODODODODO
goobobooboobon.
e ox_push_ecmd JOOOOOOODODO.
e ox_pop_cmo, ox_pop_local U, ox_push_cmd U ox_get DO ODOOOOOOOOO
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 D0OOOOOODODOOODOOODO.

return 0
number O (@oooooo)
nitem OO0

e JIOODDODODO number 00O OOODOOOOODODOOOOOOO. nitemO0O00O
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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oo 7.5.8 0 O ox_pop_cmo ox_pop_localll p.101
7.5.12 ox_select

ox_select (nlist[, timeout])
s 000oo00ooooooobooooon.

return 0on
nlist 0O (Dooooooo)oooo
timeout 0
e 100ODODOO nist DOOOODODOOOODODODODOODODODOOOODODOOODODOO
od.

e NUUOUODOOO RUNUODOOO,0DbO00OD00ODOOODOOOOD. OO, timeout
goboobogoo, timeout DO ODODO.

e ox_push_cmd() O SM_popCMO U 0 O SM_popSerializedLocalObject U O OO O,
ox_selectO) Oready DOOOOO0O0O0O0O00 ox_get(O OODODODO, ox_pop_local(),
ox_pop_cmo OO 00000 DOO0OODOOOODOOOO.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

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

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

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

0

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

[0,1,2]

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

[227] ox_select(P);

(o]

[228] ox_get(0);

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

ao 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_get p.102

7.5.13 ox_flush

ox_flush(id)
2 000000000 flush

return 1
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id gbooboooo

e NOIDODOODOOODO of OODO,000,00000000DO0O0DCOOO flush O
go.

e DODODOOODO "etrl"OOOODO "ox_batch" 00O OO on/off 0O O.

e JOUIDUODUODOUOODLODO, ctri("ox_batch",1) DODOUODODODOO on ODOODO,
O00D0ODODOODOODOOO0O00D flushOOODODO,overhead OOOO00ODOOOO
O0.000000000,000 ox_flush(id) OOODODO,000000000 flush
gboobooooo.

e ox_pop_cmo, ox_pop_local JU IO, J000O0OO0OOOO0O0OOOOOOOOO
000000000, 000Db0DO0DbO0ODODbOO flushOOOOCODOODO.

[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)

RN 7.5.8 0 O ox_pop_cmo ox_pop_localll p.101, 6.14.1 O 0 ctrll p.82
7.5.14 ox_get_serverinfo

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

return agoo

id gbooabobon
e D i dUODOUUDO,0DU0DLODLO0 dODOODOODO Mathcap DO OOQOOoQoQ.

e JUUDDODL,O00OLODOOODOODOODOOODO Mathcap OO OO, O
goobooog.

[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]l [,yrange] [,id] [,name])

200000000000 00DO0O0DO.

conplot (func [,geometry] [,xrange]l [,yrangel [,zrange]l [,id] [,namel)
200000000000 0000000.

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

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

plotover (func,id, number)
0000000000000 000000.

return 0od

func ood

geometry xrange yrange zrange
oo

id number 00O

name goo

e ifplot() 0,20000 funcO0DO0O0O0OOODOOOODOOODOO. conplot() O,
O0ooobDOoO0o,000000000. plotO 0 10000000000O0O0O00O.
polarplot() O OO0 r=f(theta) 00000 D0O0OU0O0OOODOOODO.

e 0000 OpenXM OOODODOOTDOODOODOOO. UNIXOODO ‘ox_plot’ O, Windows
000 ‘engine’ 00000000 0ODODOO,0D000 AsirJ00D00OO0OO0OOO0O
O000D0D0.000000 ‘ex_plot’0d id0 idOOO0ODOOOODO,000000
oo0oo00.id0o0Do0ooo0o0oo,000b0ooooOooogg, fex_plot’ 00O
OO0DoOOoooDOoOO. ‘ex_plot’ D00O0ODOOODOOOOO, ox_launch_nox()
Oooboboobon, ‘ex_plot’ DOODOOO,0D0ODODODO.

e 0000, func000O00OD0. 0O00O00DDOOOODOOODOO.OOOODOODOOOO
000000000 (Dooo)ooooo.

geometry 0000000000000000 [xy]0O0O0O. ([300,300]. )

xXrange yrange
000000000, [vvminymax] 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() D0OO0OUO0OODOO. OO0 [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step D00. ([z-

2,2,16].)

id 000000000,0000 ox_launch() OO0ODOOO0DOOOO. (O
00oo0000,0000000000000000000.)

name 000D00000. (Plet.) D0OO0O0OO0DO0DO0O0DOOOOO namen/m

OO0Q0.000,000000 nO0O0OO0ODDO,mO0OOCOOOO0OOODO
O0.00000,plotover() OOODOODO.

o IO DUOOOOODDLOOOOLOOODLDDOODOOOOn 1280000.
e plotover) U, 00000000 0ODO0O, 00000 2000000000000ODO.

e JOOODODODOOUODO,0000ODODODODOOODOODODODOODOD
gbooboooboobboboboobooob,0boboboobobobooboob. o
gbobooobooobooobdg. oboboobouoooboboobooog,boobo
gboobooooboobboobobobbobooboo.boobooboooboo,bo
gboogob,ogbo,gbbooobuoabbogbooboboobbooo.bod
OO00D0 precised on U0OD0, 000000000 window OOODOOOODO.

o LIUDODOUOOLOOODLDLDOODLO,DbO0bLbOODbLOObLDOObLbOObOn.

e conplot() JO0OOOOOODOOOOOO,DOO0DOOUODODODOODOODOOO
gbooboo,bbobbobbobobobo,oobobobobboobboboboobg
gog.

e UNIXOUDOODODOODODLOODODODOOODODUOL,0DbOODOO. UNIXODOO
goboboooo.

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

wide (0O O)
00000000000 100000000000. 000000 DOOoOD
O0000000000000D0D00O0000O0. 00DODO0O0O0O0O0O00
00,0000000000000000000.

precise (0O 0O)
goooo,0000000,000000oooL0. 000, fune OO0
oob 20000000000000000.0000000 Sturm 00O
ooooooO,00000000000DOO0O000ODOC0O0O0,00D000
00000o0ooooo0o0oUooooo0. 0oo,000000000D0O
00000.000000ooooo0o,0gooooooogoooo
O0000000000OD0D0O00. ((x"2+y"2-1)2000000000.)

formula O0o0oOooooono.
noaxis (0O 0O)
oooooo.

e ‘ox_plot’ OO UODDDOOUODOOO,DO00OD0DDOOODODDOOODODOOO,
‘.cshrc’ O0O0O0O0ODODODOOODOD (I6MBOO)OOODODODODOOOODOOOO. O
0000000 1imit stacksize 16m OO0 OO0 0O O.

e X UUDOODODOOOOODODOOOU resource 1O OOOOOOOODODOOOONO
O00000D0OOresource 0000000000 DODMMOOOODDOOOOOODO



o770 OoOogoo 106

plot*form*shapeStyle U Urectangle, oval, ellipse, roundedRectangle [ U
oooogo

plot*background:white
plotx*form*shapeStyle:rectangle
plot*form*background:white
plotx*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
plotxform*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)ooooog.

clear_canvas (id, index)

»goooooooooon.

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

draw_string(id,index, [x,y],string [,color])
s 000ooooooooooon.

return 0

id index color x y

oo
pointorsegment

goo
string oo

e 00ODO OpenXM 00O ‘ox_plot’ (Windows OO0 ‘engine’) DO OO0ODDODOO.

e open_canvas 0, 000000000 (D0O0O0OD0O)00000. geometry 00000
00000000 pixel 000 [xy] 00000, default size 0 [300,300]. 0000
O0000000,0000 OpenXMOOOOOOOOO pushOO. OOOOOO
draw_obj OO ODOO0OD0OD0OO, ox_pop_cmo UOOOOOODOODOODOOODOODO.

e clear_canvas 1,000 idid, 0000 idindex 0000000 O0OOO0DOOOOO
ggd.

e draw_obj U, 000 idid, 0O00OODO idindex OO OOOODOOOODOOOODOO
O000000. pointorsegment 0 [x,y] 0000000, [xy,u,v] 000 [xy], [u,v] O
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ggoooboooobobobo. ogbbbooooo,oooobobboooobooboboa
O00,00000000000. 00 pixelOOOODODODO. colorO0O0000OO0OO,
color/65536 mod 256, color/256 mod 256, color mod 256 0 0 0 O O Red, Green, Blue
00 (00 255)0000.

e draw_string J, 000 idid, H0D0OUODO idindex OODOOO0O0OO0OD0O0OOO0OOOOOO
O0000.000 [xy]OOOOOODO.

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

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

ox_intr register_handler[] p.99, 7.5.8 [0 U ox_pop_cmo ox_pop_localll
p-101.
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 Uuuoooogon

8.1 DL UOUOgg

000000000, 00000000000000. 000000 (typed 2)0,000
0000000000000 0ooD. 0000,000000000000 1000000,
0000000, 00 1000000000,00000000000000000. 000
00,00,00000000000000000000000000O0O000000.
(rt+y+2)?=1-22+2-y+(2-2) 2+(22) y+(1-2%)
O0000,0000,000000000000000000D0O0O00O000DO0O00OA0.
(x+y+z2)P2=1-22+2-2y+2-22+1-y*+2-yz+1- 22
0000000000000, 00000000000 o0oDooooonooooooon
000000DoDooooooooooo. 0000, 00000000,000 900000
Asir 000000000000 O0DODOO0O0O. 000,00000000,0000000
ooooooo.
O (terem) OO0O0OO0O.0000,00 10000000.Asir00000,
<<0,1,2,3,4>>
Oo0ooooooo,00,00000000000. 0000,50000000
0.0000 a,b,c,d,e 00000000 b*c™2xd"3*e~4 000.
000 (term order)
0000000000000, 000000000000oooooon.
1. 0000 t000 t>1
2. t,s,u000000,t>s000 tu>su

00000000o00o0oo0oU0O0O00. 000000 D0OD0 (Dooooo)o
0000 (0,00000000)0000000OO.

000 (monomial)
goodaoo.
2%<<0,1,2,3,4>>
gogoooooobo,bbo,bdduuauoooo.
0000 (head monomial)
00 (head term)
000 (head coefficient)

gooooobooooboboobo,boobooboooobooo. bbooobooda
goboobooob,ooboobooobo,obboobooobo,ooboobon.

82 OO OLOO

goooobooboobooobobUubobOn dpogr_main() OO0 dp_gr_mod_main(),
dp_gr_f main() U0 3000000000000, 000,00000000000000
ooooooobooOoOooooooooOoOoooOo0.oobooooDboO0oOo,o00n g
O leadO ODDOOOOODODOOOOODOOOODDO. grd,Asr00000D00O0OOOO
gbooooooooo.

[0] 1load("gr")$
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83 UOOUOOn

‘g’ 0O0O0DOO0OOO0ODOOOOODOOOO,ODO00DOO0OOO0oOO0bOOOOODObOODbDOO
0000 30000.000,plist 00000000, vlist OO (00O0)00O00O, order
gooboobo,pb 2270000000O0.

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 0000000000 OOO
000000000oo00.0opoooopooooon.

hgr (plist, vlist, order)
OooooooooooD grOQUUOooooooOOObOOOO0OooooD,D
000, interreduce DO0000 gr() 0000000000 OOODODOOOOO.
0000000 (00000000000 D0O) OO0, sugar strategy 1000
000000000000, 0000000, strateey 000000 strategy
gboooobooboobbooboobbooboobboooobg.

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

84 UUUOULDODLDOO

doooooooooooo, o000 oooooooo0o,oooonon
obooooob. 00b0,000000 dp_gr_flagsO DUODODOOOODOODOOODOODO.
0000 dp_gr_flagsO OO ODOODO,000000000D0ODOOD,000000O0O
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, 000000bboooodd. on0ooo, 00000 oobooooooao.

odooooooooooooao O(OE)DDD.

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

ano.

NoCriB onJ00,0000000000D00O0,00 BOOOOOO.

NoGC on000,000000000000D0OOO0DOOODODOOODOODOOOD.

NoMC on000,0000000000DO00DOOD0DODODODODODDODODOOOODOOd
ooo.

NoRA on 000,000 reduced 000000000 DODODO interreduce DO OODO.

NoGCD on000,0000000000D0DOOOO0ODOOO,00DODOOODODOO,O00
[0 content 0 OO OO.

Top on 000, normal form 000000000 O00000O.

Reverse on OO0, normal form 00000 reducer 0, 000000 O0O0O0O0OOO0O
ooad.
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Print on000,0000000000O0O00O00O0OOODOOOOOOOOO.
PrintShort

on00Print 0 of 0D, 00000000O0O00000OO0DOODOOOOO0O.
Stat onl Print 0 of 000O,Print 0 on OO0 0O0000OOODODODO,0000

gboooooooo.

ShowMag onl Print0 on OO0, 0000000000,0000000000000
ubooboooo,oobo,obboobooobooooog.

Content

Multiple O OOO0OODODOOO, DO000O0O0OD0OOODOOO0OO, D0U0ObODObODDOO
Content 000D O0OODOOOO GCDOOOOO,00 GCDOOOOODO
O0000O0.Content 0 1 000,0000000GCDOOODOODOODOO
000000000, Content 0 2000000,00000000000000
O0,000000000000. backward compatibility 0 O O 0 Multiple O
ooooooogo.

Demand

0000000000 (Dboo0)0Do0ooo0oo,0000o0oUooooOooo
gooo,bo0o0booooboooobbooobboo,0o0ooboo
OO0 normal form 0000, 00000000 O0DOO0ODOOO. OO0O0O0O,DO
boobbobboobooboobuoobooboboob.obboobdg
gboboobobuooboobbooboobbooboobboob,oobobd
oboooooooooooog.

Print 0 000000 O0OO0OOOOOOOOOOOO.
[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 OO0 O0O0O0O00OO0O0O. mod 00O, eval OO
000000000 0000oO0b00o0oOooOoon.

gobodboobobooboobbooboobbooboad.
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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

gooooooooon
INDEX

S-00000D00D0O0D0O0DbO0bOO0bOooOooo
NB

oo, 0ooooooooog
NAB

gooooooooooobog
RP

gogooooo
S

Jo0ooodoononO sugar OO
M

0000000000000 00000 (ShowMag D on DO O0OOOOO.)

000,00000000000. 0000000, (00000DODOO00,000 20000
O0,00000 GCoooooooo.)

UP

oo0o0ooooooooooonog
SP

ooo0oOo s-0oo0oooo
SPM

ooo0oOo s-0oo0gooon
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO, 000 reduction OO OO0OO
PZ

content 00O 00O
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NP

gboboboboboobobbooobouoooooog
MP

S-000oobOOobOobOobOoboboboo
RA

interreduce 00 O O O
MC

trace-lifting 0000, 0000000000DO0O00O0ODO0O
GC

godbobobobobobobuobobboobo
T

goooooboognd

B,M,F,D
O criterion OO0O00O0O0O0OOOOOO

ZR

00 reduce UOODOOOUO
NZR

00000000 reduce DOOOOODO
Max_mag

gbobooboogbo,oobooobobooooan

85 UUUUOUU

gboooboo,bogboooboobooboobobboboobooobooo. boboo
gbobooboobgodoo,oboobobobbobobooboobooob,obooboo
g.oob,b0oooooooooooboboobobobobobobob.oobooo, b,
gbobooooooooooooon.

gboboooooooooobo 3obon.

0 (DegRevlex; DODOOOOODONO)
ooo,0000000000000O0OO00ODODOOD.0O0O,0DODOO
000000Doooo000,00000000. 0D0000DOoOOOoO00OO0
0,0000000,000000000000,000000000O0O00O0OO
ooooooooooooo.

1 (Deglex; OJOODODODODODO)
ugoboo,boogooooooooboooooooooooboooooaa,
DegRevlex UU DO OUO0OOUOODOOOODOOOOOODOD. ODOO,00000
0000000000 000,0000000000000000000000.

2 (Lex; OOOQO)
googodobooooouoo,obdbououooooooboooooooan
dodoooooooooooooooo. oo, 00000000, ogooooo
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oobooooboooboobooog. obo0,erO,hgrOQ OODOODO
goobooooboooon.

gbobooboooboboobooobooooobooobo,ooboooboobooboobo. boa,
(foi,r1],[02,L2],...]

0D00000.0i00,1,2000000,Li000000000.00000,00000
00 L1,L2,..00000000,0000000000,0001,02,..00000000
000000000000000000.0000000000000000000.

goo,0booboobooboboooboobo.0bd,n0dmboonboo MoonobOo
googooog.

1. 00mO000D0O0O vODOO Mv=00 v=0000.

2. 0b0b0oob0oob00mb o000 vobO, v O0DOOOOOODOO
oo.

000,2000000 +,s000,t>s0,Mt-s) 0 000000000000,000
0000000000000000.

Uoodb,gerO UDO0O0OO00O0OODOODOOO,000000 dp_oxd DD ODODO,00
ubobooobooboooboboon.

0000000 oDo00oooU0oo0DoDUoU0ooDoDU0oU0ooDoODUoOoDoDoUooDoODoOOoao
[Becker,Weispfenning] 00O O00OO0O0O.
00000000oo,00000o0Dooooo0o00oooooDoooDOo.
[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 " 7T+ (20%t " 2+6%t+1) ¥y "2+ (-t " 17+6*%t " 14-21*%t"12-15%t " 11
+84*t"9+20%t " 8-35*t " 7-126%t " 6-15%t " 5+70*t " 4+84*t"3-t " 2+5%t-9) *xz" 2%y
+(6*%t716-36%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*t"4-36*t"3-11%t"2-5*t+9)*z"2,
-~y 8-8%txy~3+16%z"2xy "2+ (-8*t " 16+48%t " 13-56%t"11-120%t~10+224*t~"8+160*t~7
—-56%t~6-336%t"5-112xt"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+9xt"2-t,
—zky "3+ (7T -2%t T 4+3%E 7241 ) ky+ (—2% L T6+4*E T3 +2%E-2) 272,
2%t 724y " 3+27 2%y " 2+ (2%t "5+4%t " 2-6) xz"4x*y
+(4%t"8-1t"7-8*%t " 5+2xt"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2% L T 3ky+ (-t TTH2¥E T4+ T2-8) %272,
—txz*xy 2-2%z" 3*y+t " 8-2%t"5-t"3+t72,
—t 3%y " 2-2%t " 2%z " 2%y+(t"6-2%t"3-t+1) *z"4,z"5-t"4]
[93] gr(B,[t,z,y,x],2);
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[x"10-t,x"8-2,x"31-x"6-x-y]
ooodg x,y,z,t] 0DOO00O0ODOOO0ODOODO,000000L0,000D000D000O0. 0O
0,00 t,z,y,x] DOOOO,BO0O0OOO0OOOOOOOOOOO.ODO0OOODO,O
goooooooooooooooog,oon (DDDDD)DDD,DDD (DDDDD)
ydddoooooooo,ooououd, s, z,ydd xdddooooooooaa
doooboodooooooooboo. oo oooooooobo,ooooooooon
doooooooooooooobo,ogooooooooooa.

8.6 Weight

00000000000,0000 weight (00)00000000O0O0O00OOOOOO
uo.
[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 (00D0DO0DO0D0O0OOOOO
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.

0000000 weight 00000000 weight vector J00. 0000000000
0,000000000000,000000000000000000 sugar weight O O
0000O00. sugar strategy 0000, 00000000000000000. 000, O
0000000000000 0 weight vector O, sugar weight 0000000000000
00,00000000000000.0000,0000000000000000000
0.0000,00000000000000,000 weight vector 100000. 00, O
000000,00000000000000000 1000 00 weight vector 00 O
0000000000,0000000 tiebreaking 000O0000000.

weight vector D 0 OO dp_set_weight() 0O OOO0DOOOO0O,0000000000
000000 (booo,0000)00000O0OO00O0OODOO00O. 00o0oO,000
OO0o0oOooooooooon.
[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],order=0) ;
[z73-6%2"2+11%z-6 ,x+y+2-6, -y "2+ (-2+6) *y-z"2+6%z-11]
[66] dp_gr_main(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]
Oobooopbooog,0bodgb option OOOOODOOOD. ODODOOD vODOO
00000, sugarweight 0 0O O sugar weight vector O, order0 0 000000 0O0D0O0O
O0.000000000 order 0000 matrixorder 00O0000O. ODOO0O,0000
O weight vector OO ODOO0OODDOO weight 0O0OO0OO. O0OOOOOCOOOCOOO,O
OO0 weight vector 00O OO0D0O0OOO0ODOCOOO. OO0DOOODOOOOODO.ODOO
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O00,order 0 O00O0O0ODOODOOOOOO0OO.OO0DOODOO, tiebreaker DO OOOO
gbooobobooboobobo.0obobodb, dp_gr_main, dp_gr_mod_main 0O 0
gboobobooboboboouobob,grodbobobob0bobobOoDbO.

.7 U uooooobood

gr() J000D0D0O0ODOO00O0O,0000,00000000000000 (DODO)0O,O
000000000 00doOdoo, 00000000000 DOoooOooDoooooog
O,0000,00000,00000000040.

[64] gr([a*x+bxy-c,d*x+exy-f], [x,y],2);

[(-exa+d*b) *x-f*b+exc, (—e*xa+d*b) *y+f*a-d*c]
O00000,a,b,c,d000000000OOOODO.O000O0O,00000 F=Q(a,b,c,d)
02000000 Fxy|0OOODODODODODODODODODODOOODOODOO. DODDODODOOOO,O
00000000000 0O00O000. 0000, 00000000000 o0ooDOoOoog
00000,00000000000000000,00D0000000000000000
0000D00O00oOooooooOoo. 00,000000000000DOoo,0o0o0ooon
00o0d0o0dodboOo0oodooodooooooo. 0dooo,00ooooooooaon
ooooooooooooooa.

8.8 UDIUMO

O00o0o0o0oo0o0ooOo0oooOo,00 grOOO0DODOOODO,D0000D0 (O
000000o0O0O000)0000ooOO0o0o0U0oOoO,00000000O0O00ObDODOOO
gbogboobuooouoobooboob. ob,obooboobuoobooboobo
obobDoO0o0Oo,000000b000000D0, Buchberger 00O 0O0O0OOO0ODOOOO
gbooobooobooboobooboooboobbo.booboobooboooo,oo
oooooood ‘groooobgboobobb.obo0 20b000,0000 viistl, O
OO0 order 0 0OOODOOOOOOODOODOOOODOO ghase D, 0000 viist2 00O
gbboobuodgbooboboobooboboooog.

tolex(gbase, viistl, order, vlist2)
O000d, ghase 0O0O00OO0OOOODODOOODODOOODODOOODODO. OO
000,0000000000000,00000000D00000D000000
O000,00000000 HenselOOOOOOOOOOOOO.

tolex_t1(gbase, vlistl, order, vlist2, homo)

00D000,0000000000000 Buchberger 00 O000DOOOOOO
0000000,00000000000000000000000 trace-lifting
dodddooooooooooo,goooooooooo,onoooooon
00000O,000000000bO00000bO00O0bOO0bOOoo0oO, 00 Buchberger
odooodooobooooooooooboooo. oo,0o0b0 oobooooo
0oo0,000000 1000000000000 0o0oooooooooooa
dooooo. oo, g0, goooooboboooooooooa
DD.(DDDDDDDD.)DD homo O 00000, hegerO DODOODOODODO
gooooooon.

goo,o0000b0booobo,bbooobbbooobobooobbooo,o0bbOon
gooOo,0o00b0o0oo0boo0b0oooO0b0b0dD groobbobob0. Oobbo
goboobooobobooooboooo.
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8.9 Weyl 00

oo0oo0,00000000000000000000D0DOO000D0OO00O0O, d
0doo0ddoodOo,0000b00dob00oo0ooOo00oobO. bo0oobooooo,  d
OO00000,WeylOO, 0000000000 DOODOODOOODOOODOOOOOODOO
00 Risa/Asir 000000O00O.

O0KXKOO 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

oooOo0o0oobooooooooa. D O OODO0O KIxi,...,xn] OOOODO
Oo0pDoOooog, pi O xi ODD0OOOODOOO. ooooooo, p oog,
x17il*. . .xxn"inxD1"jix. . .xDn"jn OO0 O0O0O0 KOOOOOOOOOOOODOOOO
O.Risa/Asir 00000,000000,0000000000<<i1,...,in,j1,...,jn>>
O00.0000,p0000000000DOO00DOO00O0. O0O0O0,00000000A0,
+,-000000000,000,000000000 dp_weyl_mulO ODOODODOODOO
ooog.

[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,WeylDOOODODOOOO,00000000000. dp_

weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4_mod_main(). OO, 00000, global b0 00OO0OOOOOOOOO.

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)
2000000000

return ogdn
plist vlist procs
000
order O,00000000
p 2~270O0gonOoag

e JOOIDODOODODO ‘grOOoonoboOO.
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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 HODDDOOOOO. viist DOODODOOOOO,00D00D00DbODbDObDOn.

e gr(), trace-lifting (0000000000 OOO) 00O sugar strategy 00000,
hgr () O trace-lifting 000000000 DO0ODODO sugarstrategy D0 O00OO0O0O0O.

e dgr() O,egr(O,hgr() DDOOODODOODODO procsO 20000000000000DO
gbo,00b0000000000000. 0000b00bob,b0000000o0o0o0on
gboogoooboo,booboobobooobooboobog.

e dgr() DO0OOOOCOODO,OD00CO0OOODODOODOODOODOCPUDODOODOO,
gbooobobooboobboobooboboon.

e I0UIDOUO plist 0ODO0ODOODUOODODUODOUOODODOODODODODOOOD
00.0000,0000000000000000000 dp_sort 00000000
J00000. dodoooooooooooooUoUoUoooUooUoooooooog
000 vist 000000000000 00 (ooO).

[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]*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_t1l, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlist1,order, vlist2, homo)
s 0000000000000 oooooooag

tolex(plist, vlist1, order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, vlistl, order, vlist2, homo)
s dd0ooooooooo,ooo0obooooboooooobooooo

return oon
plist vlist1 vlist2 procs
oono
order O,00000000
homo ood

e I0IDODOOOD ‘gry000O00ODDOO.

e lex_hensel(),lex_t1() 0,000000 plistd, 0000 vilistl, 0000 order O
000000000000, 000,0000 vist2000000000000000
00.
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e tolex(), tolex_t1() 0O,0000 viistl, OO0 order 0000000 DOOOODO
U00o0oO plist 00000 viist2000000000000O0ODO0O0ODO. tolex_d(O
O,tolexOO DUDOO,000D00D00,00000000 procsOO00O0OOOOn
goog.

e lex_hensel(),lex_t1(O U0ODO0O0O,00000000000000DOCO0O0OOODO
O00. ([Noro,Yokoyama] O .)

N =

- W

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

Goooobovist2000000000000O0DOOOO0ODOOOOOLOOOOO pO
O00,GF(p) DO0O0OD0OO0OOO0OO0ODOOODO GpOOOOO.

GpUOODOOOOOOD,GODOOO0O0O0OO NFOOOOD.

GpOUOO fOOO,fOO0DOOCOOOOCO,fOOO0ODOOOO0 NFODOOOD
Oo,000bo0o0obobo,b0boobbo0ooooobboOon Lfrogo.

L Lf0O,0 p00000O00O0OOOODOO LfFODODOO pO0O0OO HenselJODODO

goog.

o000 GpOOOOOOODOOOOOODOOOODOObOOOODOOODO
gogbooobda. gbbboooobobobdoodobbobooob, poobbboad
oo.

e lex_tl(), tolex_t1() UDUOUD, 00000000 ODODOODOODOODOODO
ao.

1.
2.

3.

viistl, order DO 00000000 GoOOOOO. (lex_hensel() ODO.)

GoDO 0000000 0DOOOO0O,GoO0O0O000,GoOODOD viist20000
O0000O0O0O000DOOO0O00bOOO0O00D pO0bO0O,pO0O00O0O trace-lifting
uboooboboooboboboboobob,oboooboboboooooboon
ugbobooobooboobb.oobuoobob,pgobooobboon.

GoDO o0ODO00DOO0OO,GoODOO0O0OO,00,vlst20000000000
0000000 0DbO00DO0000 G1oO00oo0,00b000oo0ooooobooon
gboboooo. oo, 0booboog,gooboobog,oobooooboon
O0D000O00000D0O tracellifting 00000000 0OOOO, 000000
gbooboboooboobooboobooobobgooboog.

e JOOOODODODOO, lex_t1(), tolex_t1(O) OO OODOOO.

e homo U 0OOIDOOO, 00000000 Buchberger OO OOOODOOOO,O0000
goog.

e tolex dO) UUDUOUODOOODO,00DO00DOOO0DOOOUDOODOODOODLDOOD
ooobobobo,0bobobobobuobobobo.

[78] K=katsura(5)$

30msec + gc : 20msec

[79] V=[u5,u4,u3,u2,ul,u0l$
Omsec

[80] GO=hgr(K,V,2)$

91.568sec + gc : 15.583sec
[81] Gl=lex_hensel(K,V,0,V,0)$
49.049sec + gc : 9.961sec

[82] G2=lex_t1l(X,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)

= GSLOO0ODO0O0OO0O0O00o

tolex_gsl(plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 000000000000, GSLOD0bOOOooOOo00oaoa

return ooad
plist vlist1 vlist2 procs

ooo
order O,00000000
homo ooagd

e lex_hensel_gsl() U lex_hensel() U, tolex_gsl() U tolex() UDOODO, 0000
O0000. tolex_gsl dO O, 00000,procs 00 0O0O0O0DOODOOODODOOO

goo.

e 00 OOODOODO, bOODOOODOODDOODO [f0,x1-f1,...,xn-fn]
(f0,.fn 0 x0 0 1 DDDOOD) D00 (OO0 SL OODOOO) 00000,
[[x1,gl,d1],...,[xn,gn,dn], [x0,£0,£f0°]1] OOOODO (OO0 GSLOOOOO)
gbo0. 000, gid,dixfo’*fi-gi 0 fod0 0000000 =x0oO0 1000000,
00 fo(x0)=0 00 x0 OO0, [x1=g1/(d1*£f0’),...,xn=gn/(dn*£0’)] 0O O. O
000000000000 DOO0000O000nDDO, telex() DOODDOOOODDOOO
goao.

e GSLODODOODOODOUODOODOODOOOOOOO,0DO0O0ODO SLODOODO
OO0D000DO0O0DOO0ODOO0O0DO0O0D0O0,0D000D000. tolex_gsl dO ODODODO
goboobg,bobogbooobooooobobobgooooooboobobobooboon,
goboobooboooobooog.

[103] K=katsura(5)$

[104] V=[ub5,u4,u3,u2,ul,u0l$

[105] GO=gr(XK,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 0000,000000DO0DO0DOO0DOODOODO

minipoly(plist, vlist,order, poly, v)
s 0o00ooobooodoo,oboooouoooon

return ooo

plist viist OO0

order O0,00000000

poly ooo

v oono

homo ooo

e gr minipoly() DO UODOODODOOODOOODDO, minipely) DDOOODOOODOODO
ooo.

e 0UIU ID0D KOOUDUUODOO KXJ]UO 0oOOODOUOOOO,K[v]OO f(v) O f(p)
mod | O000O0DODOODODOO 00O0O0ODOODODOODOOOO.ODOODOOO p

o,0 rjobobobobob.

e gr_minipoly(), minipoly() 0,000 pO00000O0D000,vO000000000
ooooo.

o JOOUODOO,00bD0O0DO0OD10DOOLODOODOOLOOODODLOODL,DOODODO
O000000, minipoly(), gr_minipoly() 0D OO0O0OOO0DOOOO0DOOOOO
oooo.

e gr minipoly() DD DOUODOOOODOOOO,00000000DOOOOOOO.

[117] G=tolex(GO,V,0,V)$
43.818sec + gc : 11.202sec
[118] GSL=tolex_gs1(GO,V,0,V)$
17.123sec + gc : 2.590sec

[119] MP=minipoly(GO,V,0,u0,z)$
4.370sec + gc : 780msec

od 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 00000000000 ODOOOOOO

minipolym(plist, vlist1,order, poly, v, mod)
0 mod DO0O00O0O0D0O0O0O0OO0OODDOOOOOODOOOO
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return tolexm() : 000, minipolym() : OO O
plist vlist1 vlist2

Ooo0
order O,00000000
mod 00

e 0 plist UDODOO ODOODO wviistl, 00O order, d mod D0ODOOODOOODO
goobooooon.

e minipolym() O minipoly D0O0O000000 modOOD.
e tolexm() 0 FGLM 00000000000 vist2, 000000000000000

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);
z732+11405%z"31+20868*%z~30+21602*xz~29+. ..

g 8.10.200 lex_hensel lex_tl tolex tolex_d tolex_t10p.118,8.10.400 gr_
minipoly minipoly[l p.121.

8.10.6 dp_gr_main, dp_gr_mod_main, dp_gr_f_main, dp_weyl_gr_main,
dp_weyl_gr_mod_main, dp_weyl_gr_f_main

dp_gr_main(plist, vlist, homo, modular, order)
dp_gr_mod_main(plist, vlist, homo, modular, order)
dp_gr_f_main(plist, vlist, homo, order)
dp_weyl_gr_main(plist, vlist, homo, modular, order)
dp_weyl_gr_mod_main(plist, vlist, homo, modular, order)
dp_weyl_gr_f_main(plist, vlist, homo, order)
000000000 (booooo)

return ggd
plist viist 000
order O0,000000a0n
homo ooad

modular OQO0O0O0O0OO

e JIDODOODO,0D000DDOODODODODOODOODODOO, grO,hgr(), gr_mod()
0000000 Db00DO0OD0O00DO00bOoDoDOOo0OD. o0oO weylOOOODOO
oo00,Weyl OOOOOODDODOOOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 00000000000000O0O0O0OOO
oobo0.000,00000,sinp_f£fO 000, 0000000000000D0O0
ogoogo.

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

e dp_gr_mod_main() 00000, modular O, GF(modular) 000000000 O. dp_
gromain() OO0D00, modular 0000000 O0ODOO.
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1. modular O 1 00, trace-lifting 00 000000. 000 1prime(0) 00000
U0000 1prime() DODOODODODO.

2. modular 0 200000000,00000000000 tracelifting 000. O
gboboobooogoo,oonon.

3. modular 00000, -modular 000000000 OO0D0OO0OO, trace-lifting
0000000000000 obobOobOobOOobOobOobobooooboOooOoog.

e gr(P,v,0) 0 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 0O0ODOO000OODOOODOOOOODOODOO
ooono.

gd 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
0o0Oo0dbdp.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)
»F4000000000000000O000O (booooo)

return oogod
plist vlist 0O 00O

order u,000ooooo
e MMUIDUODUODUODUODUODODODODLDODO.

e FAOOODOODO,J.C. Faugere 000 00O0OD0OOODOODOOODOODOODO, O
oo, 0boobboobooobboobooobbooboooobooboon.

e 10D00I0ODOOODDOODDOO,O00D0DOODOOODDOO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() OO0 DOOO.

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 000

order O, 00000ooo
homo oono

modular 00000000

g

gooooboo,0bo0booobboobooobboobon.

nd_grJ,p0d 0000000000 Buchberger 000OO0O0OO0OO0OOOCOO.pO 200
0000000, GF(p) 00O Buchberger 000000000OO.

nd_gr_trace U0 O0OOO0OO trace UOODODOODOODOODO. pOO0OD0OODO 1000,
uboooooboooobob,bbob0ob trace0000ODOODOOODO.pO 20
0000, trace0 GF(p) DO0ODO0O0OO0O. trace 0000000 O0OOOOO OOODO
ugb.pb0O0obobO, 000000000000 DOO0. O00O,pD0 1000000
uboobooobo,ooboboooboobooobobobooooboboooooobon
go.

nd_f40,00000 F4000000000O00O0O.
nd_weyl_gr, nd_weyl_gr_trace  Weyl DO ODOOO.
Ooooo0O0,000000goooooooog.

000 dp_gr_main, dp_gr_mod_main U0 UO0O0O0O0O0, OO000O00O0O0OO0OOO
Oo0.

[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)%
ndv_alloc=1477188

5.737sec + gc : 0.1837sec(5.921sec)
[54] dp_f4_mod_main(C,V,31991,0)$
3.51sec + gc : 0.7109sec(4.221sec)
[55] nd_£4(C,V,31991,00$

1.906sec + gc : 0.126sec(2.032sec)

8.10.10 O O dp_ordU p.125, 8.10.9 0 U dp_gr_flags dp_gr_printl p.124, 8.4
goboooooooboogop.11o0.

8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])

s ggoooooooobooobobo,bo

return goo

list

i

ooo
o
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e dp_gr_main(), dp_gr_mod_main(), dp_gr_f_main() OO0 0000000 0OOCOOO
ogoooo,ooon.

gooboooboo,obooboooood.

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

e dp_gr print() 0,000000 Print, PrintShort 00O OOOO,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,boobobooboboboboobobon
goog.

un 400000000000 00Op.110

8.10.10 dp_ord

dp_ord([order])
s 0o0o0oooog,on

return 00000 (o,ocobopoooon)

order g,000b0oo0oo

e J0IDDOO,000000 orderO0ODOO. ODOODOO,00D0000ODOODOO
gbooaoo.

goooboooobbooo,ggoboboooobboooobbooooobooboo
gog,boo0booboobobg,bobobooboboobobooboobooooo.

grO 00, 00000000D0000D0O0O,D000 dp_ordO 0O00OO0DO,000DO
ooooobo.ooooobo,0bobobobon.

gbooboogoboooboboobo,oobbooboobboobobooo.goboo,0boo
ugboobooobooboooboboboooo,ooboboboooooboboooooboooboan
gbod.gb,bgobuoabboob,oobboobooobuoobbooobooo
ooooooogo.

goboboobobooboobobooobooboo,gobobooboboobono
gboooobooobooon.

[19] dp_ord(0)$

[20] <<1,2,3>>+<<3,1,1>>;
(1)*%<<1,2,3>>+(1)*<<3,1,1>>
[21] dp_ord(2)$

[22] <<1,2,3>>+<<3,1,1>>;
(1) *%<<3,1,1>>+(1)*<<1,2,3>>

g gHU00b0b0O0n0nbO0dp.113
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8.10.11 dp_ptod

dp_ptod(poly, vlist)
s 000000000 ooooooo.

return goooooo
poly ood
viist ood

e NO0ODO vlist UODOOUODOOOODOOODOOOODOOODOOODOODO.
e vist 0O O0DODOOO0OO,000000DO00O0O0O0ODO

[50] dp_ord(0);

1

[61] dp_ptod((x+y+z)~2,[x,y,z]1);

(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 goboooobooobooooboon.

return goo
dpoly goooooo
viist ooo

o DD ODODO,DDO0DLOODDOODDOOOOODDOODOO.
o LIUDDOOODLO,00DbO0O0DLOODLDOODLOODOOObOOODbOOOnOO.

[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,bl);
z"2+(2*a+2%b) xz+a~2+2*xb*a+b”~2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
s 0000ooooooobooonooooooon

dp_rat(p)
s 0000000000 DQ0000o0ooobooooo

return goooooo
p ooooooao
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mod 00

subst ood

e dp_nf _mod(),dp_true_nf mod() 0,0000000000O00O0OOOOOOOODOO
ob.000o0oub,dpomod() DOOODODODODODOOODODOODUOODOOODOODOOO
00O000. 00,0000000,0000000000D000000,00000A0
Oo0b0o0dbooooogod,dp_ratO) ODOOOOoOoooboooO.

e 1I0IDDOOODDOOOO,I0DOOO setmod) DD OOODODODODOOODODOO
oooooooo.

e subst 0, 000000000, 00000000D000D0DO000DO000DODOODOO0O
0000000000000 D0o0O0,000000000400, [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 psubstl p.48, 6.1.16 0 O setmodU p.40.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
00000000000

dp_dehomo (dpoly)
s 0000000000000 0O

return ogooooog

dpoly gooboooo

e dp_homo() U, dpoly 0 U0 ¢tO000O0, 00000000001 000,00000
000 ddeg(t) (dO dpoly D000 )00O00OO0O0O0OOODOOO.
e dp_dehomo() O, dpoly OOODOO0ODO,0000000DOO0OO0OOOOOODOODO
oooooo.
e JI0OD,0D000DOO0DOODOODOODOO,00DOODOODOODOOO
oooooobooo.
e hger O JDDODOOD,0D00ODODODODO.
[202] X=<<1,2,3>>+3%<<1,2,1>>;
(1)%<<1,2,3>>+(3) *<<1,2,1>>
[203] dp_homo(X);
(1)%<<1,2,3,0>>+(3)*<<1,2,1,2>>
[204] dp_dehomo(@);
(1)*%<<1,2,3>>+(3) *<<1,2,1>>

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

dp_ptozp (dpoly)

s 000000bO0dbObOoobOo0booo Gebo 14000,
dp_prim(dpoly)

s 0dd0000bO0o0dboObObOoo0bOo0bOoOooDbOodbooOo Gebo 1000,



08l OO0O0OOO0O0OO000 127

return ooooooao

dpoly goooooo

e dp_ptozp() O, ptozp() 000D DODO0OOOOONONONOOOOOO. 000000
00000,000000000000000000000.

e dp_prim() O, 00000000000, 0000DO0LOODODLODODLOODDLDODOO.

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

(=3%y+3%2z) *k<<2>>+ (3ky " 2-3%Z"2) k<< I>>+ (~3kzky " 2+3%z " 2%y ) *<<0>>
[209] dp_ptozp(X);

(my+2) #<<2>>+ (y72-272) *<<1>>+ (—z*y " 2+2" 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. (CO0DLOoOoDUoOooooooon)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
00000000 00oooooO. (boooo [DO,o0o0]loooon)
return dpnf() : 0000O0ODOO, dp_true_nf() : OOO
indexlist OO0
dpoly ooooooo

dpolyarray
oo

fullreduce 0O 00O

mod 0o

e 1I0DOODO dpoly OODOODDOO.

e dp_nf_mod(), dp_true_nf mod() OO OO, dp_mod() OODODODO,000O0OO0ODOO
O00o0oo0ooooooooooo.

e JJ0O0O0ODO,0000D0O0DOODOODO,dpnfO) 00DODODODODOOOOO.
O00000000 dponf_mod() DO DOODODOO, 0000000000 dp_nf_mod(O
opooooog.

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 OOQODOOOOO.

e fullreduce 0 000D O0ODOOOOODOODOODOOOOO. fullreduce 0 000O00OOO
O0o0o0oooooo.
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e indexlist OO DOUOUODOOD,0D000O0O00OO0DOOOOOO.

e 00D indexlist 00O ODO0OOODOOOODOOODOOOOOO,OD00O0000O
gbooooooobooo.

o JUDODOUOOOOODOUODLDOODLOOODLDOUOOLDOOLOOODLOOLDOO
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,udl$

[72] DPi=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+ul-2) *ud+9*u3"2+(6*xu2+18*ul-6) *ud+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%ud "2+ (-4*xu3-4*u2-4*ul) *ud-u3"2-3*u3-u2"2+(2*ul-1) *u2-2*ul"2-3*ul+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*ud”"15+. ..

[79] dp_dtop(dp_nf([4,3,2,1,0],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488%ud”~15+. ..

[80] @78==079;

1

od 8.10.1200 dp_dtoplp.126, 8.10.10 00T dp_ordUp.125, 8.10.13 0 dp_mod dp_
ratl 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)
»000o0o0oooog.

dp_ht (dpoly)
2 00o0ooog.

dp_hc (dpoly)
s oguoooooa.

dp_rest (dpoly)
s 0o00ooooooooooon.

return dp_hm(), dp_ht(),dp_rest() : DO0OO0OO0O,dp_,hc) : ODOOOODOO

dpoly gbooboooo
o OO, 00DbO0O0DOODLOODLODOOLOOODODOOnOO.
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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+a46"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 agoo
dpoly Oo0oo0ooo
onoff Oo0o0d

e dp_tdO) O0,000000,0000C000000DCOOO.

o IO DOOODODOODDO,sugar DOODODOOOODOOODOOO. ODOOO O
ugbboobodgboobbooboobbooboobobg.

e sugar 0, 0000000000000 O0OOODOOODOOOOOOOODOOOOOO
oooooog.
[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 do0oooooo.

return gooooono
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dpolyl dpoly2
ooooooon

e 00O OOOOOOOOOOOOOOO.OOO 1000O.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>

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

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 ooDog.

return oo
dpolyl dpoly2
oooooon
e dpolyl DOD0OUO dpoly2 0000000000 1,0OODODOODOOoOODO.
e JO00OD00ODOODUODO,DODODUODUODODODODODO.

[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_modl p.133.

8.10.21 dp_subd

dp_subd (dpolyl,dpoly2)
s 00000ooooo.

return gooooon
dpoly1 dpoly2
ooo0oooo
e dp_ht(dpolyl)/dp_ht(dpoly2) OO DOO. OOOOODO 1000O.
e 000000 OODOOOOODOOOOOOOOOO.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)%<<0,1,1,1,1>>

RN 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)
s 0000oooooooag

return dp_vtoe : 0O OOOOO, dp_etov: UOOMO
vect good

dpoly ogoooooao

e dp_vtoe() I, 0000 vect DOODOODDOODOOODODOO.

e dp_etov() 0,0000000 dpolyDO0DOOD0OODOODOODODOODOODOODOO.
[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 ugbbooboabod

dplist ubobooboooboodgd

e 000000000 DO0DNOOOOONONONODDD,000000000000000
dplist 1000, dplist 0 KX]0OOODOODOOOO I0 00000,KO000000
000000 K[X]/I O monomial 000000000.

e J0UUDUDDOU,KX|/IU K-OOOOODDODODOUOOOODO.

[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*%xul0,ud*u0”~2,ud3*xu0"2,u2*%u0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul”~2,u4*ul,u3*ul,u2*uld,ul*ud,u0"2,us,u3,u2,ul,ul,1]

oo 8.10.1 U 0 gr hgr gr_modU p.117.
8.10.24 dp_mag

dp_mag(p)
2000000000000



08l OO0O0OOO0O0OO000 132

return O

p gooooon

e J00DDOODODUUDODODDOODODUL,ODO0D0O0UO (OODOOOOO)OOO
gboboogobood.

e OO ODODOODDODDODODDOODOODO.ODDO,00b000D0OODDOODO
ugoboooboooobo,oobobdooobobobuooobobooobobboooobooog
goog.

e dp_gr_flags() U, ShowMag, Print 0 on DO O O0O0OO0OO0O0O0O0OO0DOOOOOO
000 dp_mag) OO OOO0OO0OOODO.

[221] X=dp_ptod((x+2*y)~10, [x,y])$
[222] dp_mag(X);
115

oo 8.10.9 0 O dp_gr_flags dp_gr_printl p.124.
8.10.25 dp_red, dp_red_mod

dp_red (dpolyl,dpoly2,dpoly3)
dp_red_mod (dpolyl,dpoly2, dpoly3, mod)

s 0ooooog
return ggad
dpolyl dpoly2 dpoly3
ooooooo
vlist oono
mod oo

dpolyl +dpoly2 D0 U0OOO0OOOO dpoly3 0 1000DOO.
e dp_red_mod() OOODO,00000000000DO0O0DOCOODODOO.

0000000 dpoly2000000. 00O, dpoly2 0000 dpoly3 000000
00000000000 0000000000000.

000000000, 000,000000000,00 a,b, 0 ¢t000 a(dpolyl +
dpoly2)-bt dpoly3 0000 O00ODO.
000, [adpolyl,a dpoly2 - bt dpoly3] OO ODOOOOO.
[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>>]

0o 8.10.13 0 O dp_mod dp_ratl] p.126.
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8.10.26 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl,dpoly2, mod)

= S-000000
return uooooon
dpolyl dpoly2

oo0ooood
mod oo

e dpolyl, dpoly2 0 S-O000000OO0O.
e dp_sp_mod() DO0OO,0000000000000DO0ODOODOODO.

e JOUODOOD,0DODODODOOOLOL,0DO0DODL,0DbODODLDODODOD
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>>

g 8.10.13 0 O dp_mod dp_rat[] 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, (DD0booooooooUooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist,, order, mod)
s 000oooooooooon. (DDDDD (OO, 001 DDDDD)

return pnf : OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order o,000bo0boob

mod oo

e g’ 0000OOOO.

e 00O, 0000O0O0DDOODOOOOOOO.

dp_nf (), dp_true_nf (), dp_nf_mod(), dp_true_nf mod 00O OO DOOOOODONO
oo.

poly 000 plist 0, 0000 vist 00000000 otype 00000000000
00000, dp_nf(), dp_true_nf (), dp_nf_mod (), dp_true_nf_mod() OO O ODO.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce 0 1 000
gooo.
o JUUODOUOOODODOOUOOODODO.
e p_true_nf(),p_true_nf mod() DOODOOOOO,dp_true_nf(), dp_true_nf_mod()
gooog.
[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(X[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 000000.

return udn
poly oogd
vlist oogd
order O, 00000000

o ‘cr’JO00O0OODOODO.

e JOUDUDLOUULODUDUODUDUDUDUDUODLODLDO. viistODOO order OO O
gboooooboog,booboobboobooboboobobooboooboobg.

e JOUOODODOODOUDOLODODODODLO,DD0OO0ODOOOODODOODOD
goooooboo.

[233] G=gr(katsura(5), [u5,ud4,u3,u2,ul,ul0],2)$

[234] p_terms(G[0], [u5,ud4,ul3,u2,ul,ul],2);
[u5,u0°31,u0"30,u0"29,u0"28,u0"27,u0"26,u0"25,u0"24,u0"23,u0"22,
u0~21,u0"20,u0"19,u0"18,u0"17,u0"16,u0"15,u0"14,u0"13,u0"12,u0"11,
u0~10,u0"9,u0"8,u0"7,u0"6,u0"5,u0"4,u0"~3,u0"2,u0, 1]

8.10.29 gb_comp

gb_comp(plistl, plist2)
s gobo0ob,ob0booboobbooboobboooog.

return 0000 1

plist1 plist2
e plistl, plist2 0000, 00000O00ODOODOODODOODODOODO.
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e JOUODOODODODODODODLO,0DDLOOL,DO0DOO0ODLODODO,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)
= 00000000d

return goo

n uad
e katsura() O ‘katsura’, cyclic() O ‘cyclic’ 00 O0O0O0O0ODO.

e UIDODODODOODDOODDOO,000D0DOO0DLO0ODOD katsura, cyclic 00U
uboboobooooog.

e cyclic [0 Arnborg, Lazard, Davenport UU U UOUOUOOOODODOOOO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2%ud+2*u3+2*u2+2*xul+2*xub-1, 2*ud*u0-ud+2*xul*ud+u2”2+2*xub*ul ,
2*xu3d*xu0+2*ul*xud-ud+ (2*ul+2*xub) *u2, 2xu2*xud+2*u2*ud+ (2*ul+2*ub) *u3
—u2+ul~2, 2*xul*ul+ (2*xu3+2*ub) *ud+2*xu2*xu3+2*xul*u2-ul,
u0”~2-u0+2*ud "~ 2+2%u3" 2+2*xu2" 2+2*ul " 2+2*u5"2]

[90] hkatsura(5);

[-t+u0+2*ud+2*uld3+2*u2+2*%ul+2*ub,
—ud*xt+2xud*u0+2*xul*ud+u2”2+2*xub*xul , ~ud*xt+2*xu3d*u0+2*ul*ud+ (2*xul+2*ub) *u2,
—u2*xt+2*xu2*u0+2*xu2*xud+ (2*ul+2*ub) *uld+ul "2,

—ul*xt+2*xul*u0+(2*xu3+2*ub) *ud+2*xu2*u3d+2*xul*u2,

—u0*t+u0 " 2+2*%xud~2+2*xu3"2+2*xu2" 2+2*xul " 2+2*xub5"2]

[91] cyclic(6);

[cH*cd*xc3*c2xcl*xcO-1,
((((ch+ch)*c3+chbxcd) xc2+cbxcd*c3) xcl+cbxcd*xc3*c2) *cO+chxcd*c3*xc2*cl,
(((c3+ch)*c2+ch*cd) *cl+ch*cd*c3) *cO+cd*c3*kc2*cl+c5*cld*c3*c2,
((c2+ch)*cl+cb*xcd) *cO+c3*c2*cl+cd*c3*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%cl*cO,

((((ch+ch) *c3+chb*xcd) *c2+chbxcd*c3) *cl+cbxcd*xc3*c2) *cO0+chbxcd*c3*xc2*cl,
(((c3+ch)*c2+chb*cd) *cl+chb*cd*c3) xcO+cd*xc3xc2*xcl+ch*cd*c3*c2,
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RN

((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cl*c3*c2+c5*cd*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)

0000000
return
plist gooooo
viist gooono

RN

primadec(), primedec U ‘primdec’ DO OODODOODO.

primadec(), primedec() OO OO0OOODOOOO0O0O0O0O0O0O0O0O00O0O0,000000
ooooooo.
goooooooooooOooo0o0oDOoobO.Oooooo0ooboobooOoooo.
primadec 0 [ODO0O0, 00000001 0OO00O0O0ODO.

primadec U DO OUOOOOODODO.

000000, 00000000O00b0O00O00bOOo0oO0obO0o0obOOoDOoObODO
0.000000D00,0000D000 PRIMAORD, PRIMEOCRD UODODOOODOO.
primadec 0 [Shimoyama,Yokoyamal] U DO OODDOOODOODOOOOOO.

uoboboggbbooobod, primedec UDOOO0O0O. OO0, 00000000
Uboooboobobod,primadec U0 00O0DO0O0OOOD0OODOOOOODOODOODOO
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]);

[Ly,x],Ly,pl, [x,q],[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*y~2-2*q*y-p+q] ]
[103] primadec([x,z*y,wxy~2,w" 2xy-z"3,y"3], [x,y,z,w]);

[[[x,z*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 sqfrUp.50, 85000000000 p.113.

8.10.32 primedec_mod

primedec_mod (plist, vlist,ord, mod, strategy)

s 0oooaaa
return
plist googooo
vlist googono
ord o,0oobooooo
mod ugd
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strategy od

oo

primedec_mod() O ‘primdec_mod’ 0O O ODOODOO. [Yokoyamal] DO OO ODOODO
ooooooooooooo.

primedec_mod() DO DO UODOOODOOODOODOOODOOOODOODO,0000O
gbooooog.

primedec_mod() O, GF(mod) 000000 OOO. OO0O0OOOOOOOO,000
gooooog.

O000000,000000000000000000DOO000O0AO [viistordl DOODO
gbooooooooooooooooo.

strategy 0 0 000 OO, incremental 0 component 00000000000 OOOO
early termination 0 00O . OO0, 00000000O00O00O0O0OOOO,00000RO
Ub0,000000D000 overhead DO ODOOOOODO.

000000000 0O0ODbODbDODODO0OOO dp_gr_print(2) OOOOOOOO
guo.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t , Y 8+y 2+t ,2°8+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+1,2z"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+2z+1,2"8+2"2+t] , [y+z+1,x+z,2"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 O modfctrl p.51, 8.10.6 U 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,
§H50000000O0ODP.113. 810900 dp_gr_flags dp_gr_printl p.124.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
s bhbO0O0O0O0O

ann(f)

annO () +: 0000000 annihilator 00O O

return gooooooono

f ogoo

plist oooooo

viist dvlist
oooog

‘pfct’ JOOOODDOO.

bfunction(f), bfct(f) OOOO f O global bOO b(s) DODOODO. b(s) O, Weyl
OJO0pOO0O0000DO0O0OD[Is] OO P(x,s) OOODODO, P(x,s)f"(s+1)=b(s)f s O
O00DO0D00O00O bv(s) OOO,000000000000.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DOOOOOO 10,00
OO0 weight OO0 global bOODOOOOO. viist O x-00, vlist 00000 D-00
gooooo.

e bfunction U bfct DD DD DOODOOO0OOOOOODOD. DOOO0OODDDODODOOO
uo.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] OOO0O0O0O
O0.000,a0 fO bOOOOOOO0O, st 0 ann(f) 0000 s$0,a0000
oooooo.

0000000, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x”~3+y~3+z73+x"2%y 2%z~ 2+x*y*z) ;
-9%575-63%s74-173%s5"3-233*s"2-154*s-40

[217] fctr(@);

[([-1,1]1,[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4*x~3xdt+y*z*dt+dx,x*z*dt+4*y~3*dt+dy,
x*y*dt+b5*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*s710-70000*s"9+101750%s"8-79375*s " 7+35768*s~6-9277*s"5
+1278%574-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2,-3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2xdy*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 DDLUugggdg

Asir 00000, 00000000O0O0O0CCOO.O0ODOOCOCOOO0O0OOOOOOO,O
gogoooo. oo, i, oo boboboboobbbobo0o0goga
ugo.gbobobotodo, bbb bobbdoooobbboooooubooo
l1ooodgooooooobobodooooo. oo, bbb oooboobooboobooa
odid,reot DO gon.

[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+1=000,A1 0,00 0000000 x"3+A0xx+A0=0 00000
gogooooo.

newalg() 0 OO0DOOODOOOOOOODOOOOOOODO.
1. OobOoobo0o 100000000 0o00oo0o.

2. newalg() U0 OODUODOODODO,D0000D00OO0DODOODOODOODOD.
oooooo,0b0dbod srem() UOOOODODOOOOODOODODLDOOD. OOO
g, 0oobbooboo,booboobooooooboon.

3. U0b00b00b0 0DbOoobOo0ob00 recoct DOODOOODODOODOODOO
oo.

4. 000000, 000000000000 rect0000oboooobooonoobDOO
goood.

newalg() U0 DOUODOOOOOO,1000 200000.00,00000000D00O0DO0O
gooooooooo. bboobobooboobbooboboobobooboboob,oboo
ugbobog,bobobooboooboboon.

00 newalg() 0000000 OODOOODOO,00000000000,00,00000
000000000 oo0ooo. (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,reotd #n 000D 0O0OO. OO0, 00000O00OOOOOOO0O.
root 0000 ODOODOODOO,0000 alg(n) OOOODOODO. ODO,0000000,
000000 (D0O0O0000000O0OD)000 newalg() OO0ODO,000000000
000000oooooooooooooon.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root JO0O0O0O000, defpoly() 000000 OO.

[96] defpoly(AO);
t#072+1

[97] defpoly(Al);
t#H173+t#O*xt#1+t#0

gooboob,s#0,t#1 00000 #0, 1 D0DODODOODODO. ODOO0OOODOOOO
Uoob0obobb0.varO DODOODO,0000 algv(m) ODOOOOODO.

[98] var(@);
t#1

[99] algv(0);
t#0

[100]

9.2 UOOooon

gboo,boooobo,b0o0o0bo0boo0o. obob,0bo0ooboboboobobo
gb.0booboboob,0ogobboobbooboooobooboboobobg,oooo
OO00O0CO00O0O0DOO0O0O0O0Ob0OOD. boOooo,sp0,gr 000 Asr ODOODODO
goboooboboooooooog.

[0] load("gr")$
[1] load("sp")$

oboob,00b00oogog, ‘$HOME/ .asirrc’ DOOOOODOOODO.

root U ODUOOOOOOO, 0000000000, O000,00000000000000
gobobobooboo,bobooboobooooooooogooooboo. oo, oboo0obOob
googbooboooobo,boboobooboooboooboooboboobooobooboon
gopoog.

O00D00,000D0000000DO, simpalg() OOO.

[49] T=A0"2+1;
(#0"2+1)

[50] simpalg(T);
0

simpalg() DO DO OOOOOOOOOOO,0Db0bD0ODbObDODO.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0"2+A0+1)/(AO+3);
((#07~2+#0+1) / (#0+3))

[41] simpalg(T);

(3/10%*#0+1/10)

[42] T=1/(A0"2+1);

((1)/(#072+1))

[43] simpalg(T);

div : division by O

stopped in invalgp at line 258 in file "/usr/local/lib/asir/sp"
258 return 1/A;
(debug)
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ooooo,b0b0 ooooboobooboobobobo obbboboobobooboOo,bobo
0000000 simpalg() 00000000000 ODDODODOD. simpalg() O0,0000
O0o0o0dooooooooooooooo.

[43] simpalg(1l/AO*x+1/(A0+1));

(-#0) *x+(-1/2%#0+1/2)

000D000000000D0000OD00,00 simpalg() 00000O0OO0ODOOODOOO
0000000, 0000000000O0000D0DOO000D0DbOO000DODO0d, reot OO
0000000000000 00. 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+A1"2)*x+(1+A1)/(2+A0);

(#172+#0*#1+2+#0) *x+ ((#1+1) / (#0+2))

[86] S=algptorat(T);

(C(E#HO+2) xt#1 72+ (t#O ™2+ 2%t #0) ¥t # 1+ 2%t #0 ™ 2+4*t#0) *kx+t#1+1) / (t#0+2)

[87] algptorat(coef(T,1));

t#1T2+t#OXt#1+2%t#O

00000, algptorat() 0,000,000000 root 0,0000000,0000 #n
0000 +# 000000. 00000000, 0000000000000000000
00.000,000000000000,re0t00000000000000000000
oooo.

OO0, root DOODOOOODO,0000 root DOUODOODOUODODO rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]1);
(C(#0+2) / (#0+2) ) ¥t #1 2+ ((#0"2+2%#0) / (#0+2) ) *t#1
+((2%#072+4%#0) / (#0+2) ) ) *x+ ((1) / (#0+2) ) xt#1+((1) / (#0+2) )
[89] rattoalgp(S, [alg(0),alg(1)]1);
(((#0~3+6%#0"2+12%#0+8) *x#1 "2+ (#0~4+6%#0"3+12*x#0 " 2+8*#0) *x#1
+2x#074+12%x#0°3+24*#0 " 2+16*#0) / (#0"3+6*#0"2+12*#0+8) ) *x
+(((#O0+2) x#1+#0+2) / (#0~2+4x#0+4))
[90] rattoalgp(S, [alg(l),alg(0)]);
CCHO+2) *x#1 72+ (#O™2+2%#0) *#1+2%x#0 " 2+4%#0) / (#0+2) ) *x
+((#1+1) / (#0+2))
[91] simpalg(@89);
(#172+#0*#1+25#0) *x+ ((-1/5*#0+2/5) *#1-1/5*#0+2/5)
[92] simpalg(@90);
(#1°2+#0x#14+2%#0) *x+ ((—1/5*#0+2/5) *#1-1/5%#0+2/5)
rattoalgp() 0, 00000000 reoot O000OOODO 200000,00000,00000
godotddoooo. oo, oo ooboooooon

oobooobo,00bbo0boo00b0ooboobbOoDO. algptorat(), rattoalgp()
g,0o0gbbooboobboobooobooboooboooo.

9.3 U 10b0ooboboon

‘sp) 00,1 00000000,GCh, 0000000000 OOO0DOOObOO0O0ODOOn
goboogboooon.
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9.3.1 GCD

000000 GCD O cr_geda() 0000000 0. 0O0O00D0ODOO00ODODOOODOOOO
0d00O00d0000pD0OO0 GCboOoOoooOoooO,0oboooooooooog.
[63] A=newalg(t~9-15%t~6-87xt~3-125);
(#0)
[64] B=newalg(75xs”2+(10%A"7-175%A"4-4T70%A)*s+3*A~8-45%xA"5-261*%A"2) ;
(#1)
[65] P1=75%x"2+(150*B+10*A~7-175%A~4-395%A) *x
+(75%B"2+(10%A"7-175%A"4-395%A) *B+13*A~8-220*%A~5-581*%A"2)$
[66] P2=x"2+A*x+A"2$
[67] cr_gcda(P1,P2);
27*x+((#076-19%#0"3-65) *x#1-#0"7+19%#0"4+38*#0)

9.3.2 0J00bo0O,000n

Jddooo,dddddddddo GChboooDoOOOooDoooDDOoDOoDoDOoDOoOoOoOoOoao
oobobob. 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-A)"2);

X711+ (#4+1) *x~ 10+ (—4*#4-8) *x "9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7

+(24%#4-6) *x "6+ (-29*#4-31) *x "5+ (—15*#4+28) *x "4+ (38*#4+29) *x~3

+(#4-23) *x”" 2+ (21 #4-7) *x+ (3*#4+8)

[118] asq(T);

[[x~5+(-2%#4-4) xx" 3+ (-#4) *x "2+ (2% #4+3) xx+ (#4-2) ,2] , [x+(#4+1) ,1]]
000o0ooooO0,[00,000j0o0000oo0o0, 00000000, 00000000
Jdddddd0o0. 00,0000 ooboooooooo,00000004ad
ooo.
00D0000DO0000O, Trager 000 O0O0O0OOO0ODOOODODOO,0D0D000DO0DOO0O,
0000000000 000oo0b00o0o0oobo0ooooboooOooooboo.

[119] af(T,[Al);

[[x"3-x+(-#4),2], [x"2+(-2*#4-3) ,2], [x+(#4+1) ,1]1]

000 200,0 2000,rcot0000000. 0000DOOO0DOODO,0000 rootd
00odoooooood. reot OOOOOODODODOD. DOOO, 00000000000
Joooooooooooo.0oboooo0, 000000 oooo. ooooooooa.
JdddddddddddogoOog,b0oboo0oO0ob0ob0bObObbb 10000000o0oooao
00,0000000000. 0000,00b000b000d0boo0oo0oooooogooad
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]]

9.3.3 OO0

uboooooboobooo,oboobooboobooobooobog,boooooobooo
OoooOooDoooD.obog spOOODO.
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[103] sp(x~5-2);

[[x+(-#1) ,2xx+ (#0"3*x#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#174+t#O*xt#1 " 3+t#0"2xt#1 "2+t #0 " 3xt#1+t#0°4] , [(#0) ,t#0°5-2]11]1]

sp(O0 1000,000 10000000, [[root, algptorat(0O0O0O00)] OOODO]
oboooogoo. b0 2000 [root,algptorat(DOODOODN] DODOO,0D00ODOO,
Uooobbobboddoooouboibb reet 0. D00, bbbbogg
root U O UOUOUOUOUOOUOOOOOOODOOOOOQAQ.

0000100000 100000000,0 2000 reoot00ooooooononO,spO
gooooboooboobooobobo.obooboobooboooboooboo,0bbogob 10
ooobooobbo. «fOQ U000, 00000000,00000DO0O0DOOODOOODDO.

94 Lo uooboboobooao

9.4.1 newalg
newalg (defpoly)

s root U QUOOO.
return 0000 (root)

defpoly o0od

e defpoly 0D 0OODDIOOOOOOODO (reot) DODDODO.

e defpoly 0D DODOOOOOOO,910000C00000O0p.140000.
[0] AO=newalg(x~2-2);
(#0)

00 9.4.2 0 0 defpolyl p.144

9.4.2 defpoly

defpoly(alg)

croot UOOOOOOOO.
return aoo
alg 0000 (root)

e rootalg 00 OOODOODOO.

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 00O 0O.
e #i 000000 DOODOODOOOO,lg() 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) calg(@) 000000 O0OOODO.
return ggad

i oo

o OO t#iDO.

e t# JUIDOUODODODODODOD,algv() UOODODODOODOO.

[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 000DDO.
return ooad
rat ooad

o ‘spy UOUOOODOODO.
o 1, 000,000000000D00D0O0,0000 recot00dnononoonboOonO.

o 00O, 00D000000O0DOO,000 recotOnnon.
gbogob,obbuooboaon.
obooooo,bo0bobobobooboobooobooo.
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[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp")$

[46] simpalg((1+A0)/(1-A0));

(-2*#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(—2%#0+3) *x "2+ (1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1) ) / (x+(-#0+1))

9.4.6 algptorat

algptorat (poly)

2 00000000 root O, 0000000000000 .
return gggd
poly ooo

e ‘s UOUOOODOD.
e IIDODUODODO root#n UU0 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 0O defpolyl p.144, 9.4.4 0 0 algvl 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 poly?2
ooo

e sy onoon.
e 200 1000000 GCDOOODO.

[76] X=x"6+3*x"5+6%x"4+x"3-3*xx"2+12*x+16$

[77] Y=x"6+6%x"5+24*x"~4+8*x"~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

oo 8.10.1 0 U gr hgr gr_modU p.117, 9.4.10 U 00 asq af af_noalgll p.147
9.4.9 sp_norm

sp_norm(alg, var, poly, alglist)
000000000000

return goo

var poly 0O OO
poly 10000n
alg root

alglist root 0O OO

e ‘sp JOODOODOODO.

e poly 0,alg 0000000000. 0000, K = Q(alglist \ {alg}y) 00000, poly
0000 alg0,alg 0 KOOOOOOOOOOOOOOOOOOO.

e OO KOOUOOODODO.

e 1 IOUDUIODOUIOODOODO,0D0DDOO0ODOUOODDODODOOOUOODOOOO
oo, 0dogoobdooooboooooon. o000 usSELRESO 1000000
oo, gboooouooooooouoouoon.

[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(AO0,x,@@, [AO]);

X" 12+2xx"8+5xx"4+1

RN 6.3.14 0 Ores 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 dooono 1o0o0o00ooooon
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return ooo
poly ooad
alglist root 0O OO

defpolylist root 00000000 O0ODOOODOOOOOO

oo

oooo spy00o0goooog.

root HOOO0OOO0O0OOODODOODODODODODODO, reot 0000 oon,
crgcda() DOOOOOOOODOODOODOODOODO.

af(O) 0,000000,000002000,rect000nOoonoooonDOn.
alglist UODOUUODO root U, 00000000000 OO0OOOOOOOOOO0O.

af(F,AL) 0000, AL O0O0OOOOO0OO0O0O00O, boCoooooooooo.
Al=[An,...,A1] 0D00O0CO,0 Ak 0O, 000000000DOCOO0ODOODO, O
gbobooooboobooboobobooboobooboon.

[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 U0, poly UOUODOODOOD ai 000D viODODOOODO. defpolylist
0, [[vn,dn(vn,...,v1)],...,[vl,d(v]D)]] D000000O00O. 00O di(vi,...,v1) O ai 000
ooooooooooooo0 yOoboboboboo.

[1] af_noalg(x~2+a2xx+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 O0OD0OD0OO0O00O,defpolylist 000000 O0OOOOOOOO.

ooboooooooboboooog, polybooooooogooo.

[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 goooooogo.

return oo

poly

goo
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‘spy DOOoooooo.
O00000 100000 polyODDOOOD,000000000polyD 10000
gooboobo.

O00,polyO0O0OO0DOOOO,000000,000D0000DOOODOOODOO
O.sponoalg 00, 00000000,0000000 (OO0 #0000 t#i) 000
Uobo0o.bogbDb,spnoalg 000, 000000 OO0O0DOOODODOODODO.

000000, [root,algptorat(defpoly(root))] DO O OOOOOOOOOOO. O
go0o,0000boboobon,0dddd,dd recot 000000 ooooonoODO.
0o00,0000 root OO0 OOOO.

spO 0, 0000000000000 sponorm() DODUODOOODOO. ODDODODO
g, 0ddoooooooobobooooo, 0o oooooon,
oddoddodoouoouooobooooo. D000 usELRES O 1000000
oo, dooodobooodouoouoouoon.

[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*#2°2) ,

=54xx+ (—#1"7*#273-54%#1) ,54xx+(~#1"7T*#2°3) ,x+(-#1)],

[[(#2) ,t#2°6+t#1 " 3xt#2"3+t#1°6], [(#1) ,t#1°9-54]11]

[102] for(I=0,M=1;I<9;I++)M*=L[0][I];

[111] M=simpalg(M);

-1338925209984*x~9+72301961339136

[112] ptozp(M);

-x"9+54

g 9.4.10 00 asq af af_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 DO0Ooooooon

10,1 oo oboooagdg

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"B0+x"4+x"3+x72+1

[6] field_type_ff();

2

[7] setmod_ff(x~3+x+1,1125899906842679) ;

[1*x~3+1*x+1,1125899906842679]

[8] field_type_ffQ);

3

[9] setmod_ff(3,5);

[3,x"5+2*x+1,x]

[10] field_type_ff();

4

setmod_ff() 0, 00000000000000D0OC0O0OOOODOOO.0O0O0O0OO p

000 GF(p),n0000 f(x) OO0, f(x) mod 2000000000 GF(2°n) 0000
000000000000, 00,0000000000000000.0000 32000
O00Op.12000. setmod_£f£fO DU DOUOLOOUODOOUODOOODLOODO,DO00DO0ODOO
ooo.

ugobobda,buogobbboooobboooobbboooobboooboog,ban
ooboobobooooooboobobouooo. oo, 00bobobooooboboboo
. gb,b0bo0oboooboobbooboooboooboobb,oobbooboo
gbooopoooobog,bogboogooboo.

0000000000,0000000000,000000 1000.000,0000
00000000000, CGF(p) 000 6,GF(2°n) 000 7000.

00000000000,0000000000D0000. GF(p)DDOO, simp_f£f() O
00.
[0] P=pari(nextprime,2°50);
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"50+x74+x"3+x"2+1

[1] A=0;

(@

[2] ptogf2n(x~50+1);

(@°50+1)

[3] simp_ff(@Q);

(@"4+@"3+0"2)

[4] ntogf2n(2710-1);

(@"9+0@"8+0@"7+@"6+0@"5+Q@"4+Q~3+Q@"2+0+1)
O000000000,000000000.e0 GF(2"n)0O,GF(2)0O00O0OOOO.

o000 32000000p.12000.

10.2 000000 10000000 n

i’ 00, 00000 1000000D00,00000,DDF, 0000, 00000000
ogboooooboooboooon.

0000,000 [00,000]00000000,000 monicO00,000000O0
gbooogooboon.

oooooo,0bbo0oooobbo geboooobooooooobooooboouoDboog
ooooooogo.

0o0Db0o0ooOoooog,DbF OO0, 00000000000, Berlekamp OOOOO0O
0000000,000000000000000,0000 Cantor-Zassenhaus 0000 O
Oo0O00oO00O,0boboboboobooo.

103 DOOoooobooooooon

gobooboooboobobo,obbooobuoobboobbooboobboon
O000. 000 sffetrO) OO0O. OO0, modfectr) O, 00000000O0O0OODOO0O
oooo0oOo,00bo,bo0000o00bbo0ooDooOon,stfetrQ ODO00O0ODDO,0O00
gbobodgboobboo,boobooobboooog.

104 ODOOOOOOOOOOOOOO

goboooboobooboobboooboobboobo,booboooboobbon
go.

O00000000,00 200000 [abjU0O0. a, b000000O0O, setmod_£ff 00O
O00D000DbO0DOODbOD0d, yr2=x"3+ax+b, 00 200000 y 2+xy=x"3+ax~2+b
goo.

00000000, 00000000000000. D0O0O0OUD0O0O0, 00 (ecm_add_
f£0)), 00 (ecm_sub_ff()) 0000000000000 (ecm_chsgn_£f£f()) 000000
ud.ooooo,bboboboooouoooog,
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e JOODOO O.
e J0DDDODO,00 300000 [xyz].O0OO,z00000.

0000000. [xy2z 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]00OOO000000000000,([xy1]000
0000000000000. 000000000000000,2z000 10000000
0,00000000000000 x,y000 20000000000.

10.5 DUOOOO0ooooooao

10.5.1 setmod_ff

setmod_£f ([pldefpoly2])
setmod_f£f ([defpolyp, p])
setmod_ff ([p,n])
s gogoooo,goooooooooog,onbouooon

return uooooon

p gd

defpoly2 GF(2)0000 100000
defpolyp GF(p)O0OO0OO0O 100000
n goog

000000 pO0O,GF(p)00O0O0O0DODOOOOO.

000000 defpoly2 00, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
2)000000oUoooo.

000 defpolyp O p 00O, GF(p~deg(defpolyp)) D0 OO0OOOOOOO.

000 pO nO00,GF(prn) 00000000000, prn0 272900000000
gboo.00,p0d 271400000,n0 1000000000.

O00000,00000000000 GF(p)OOO p,GF(2"n)00000OODOOODO
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
00.000, defpoly 0, n 000000000, primelem 0, GF(p"n) 000000
ogoooood.

GF(2~n)0O0O0O0OOOO,GF2)0n0000000DODODOOO,00000Q0O0O0OO,
defpoly_mod2() DO DO ODOODOODO.
[174] defpoly_mod2(100);
x~7100+x~15+1
[175] setmod_£ff(QQ);
x~100+x~15+1
[176] setmod_ff();
x~100+x715+1
[177] setmod_ff (x"4+x+1,547);
[1*x~4+1*x+1,547]
[178] setmod_ff(2,5);
[2,x"5+x"2+1,x]
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oo 10.5.14 O O defpoly_mod20 p.158
10.5.2 field_type_ff

field_type_ff()
0000000000000

return 0
e J00ODDODOOODDOOOOODO.
e JODODDOO 0,GF(p) 00O 1,GF(2"n) 00 2000.
[0] field_type_ff();
0
[1] setmod_ff(3);
3
[2] field_type_ff(Q);
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff(Q);
2

uad 10.5.1 0 O setmod_f£f0 p.152
10.5.3 field_order_f£ff

field_order_f£f()
2 O00000000o0oooo

return o
e J00ODODOODDUULDDD (LLOD)OLDODO.

e J0DDODDODUO GF(qg OO qOOO.

[0] field_order_ff();

field_order_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3
[1] field_order_f£ff();
3
[2] setmod_ff(x"2+x+1);
X" 2+x+1
[3] field_order_ff();
4
uad 10.5.1 0 0 setmod_££0 p.152

10.5.4 characteristic_ff

characteristic_ff()
2 0000000o0ooao
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return oad

RN

gbobogbooobooood.

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 ggbooobooboooo,obgaboaoog

return oad

e 00DDOODOOO000,0000000000000.
e GF(p)0ODO 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,0J00D0ODODODODODODODODO.
o LI, 000D00O0DLO0ODLOO,DO0,0000000O0LDDOODbLDOObLOOnOO.

153
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e NOUIDOOOD,0D0UL0DOODLDOOLODOO reduction D OOODOODODOO.

e JDOODOOODODUODDLOODL,DOO0DODLOODODLO,D0DbODOODODLO.
OoobobooboboobOon ptesfpO ODOODO.

[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*xx+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 O setmod_££[1 p.152, 10.5.8 0 U ImptopU p.155, 10.5.10 O U gf2ntonl]
p-156, 10.5.13 0 U ptosfp sfptopl p.158

10.5.7 random_ff

random_ff ()
s 0gogoooggoo

return ogoooo

e UOOODOOOOOOODO.

e random(), lrandom() OO0 32bit OO 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

go 10.5.1 00 setmod_£f£f0 p.152, 6.1.8 U U randomU p.36, 6.1.9 0 U 1random[] p.36
10.5.8 lmptop

1mptop (obj)
» GF(p) 00OD0OOO0OODOOODOOOO

return goooooo
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obj GF(p) 00000
e GF(p) 000DD00O0O0DOOOODOD.

e GF(p)UOD,000 pO0OOOUOUDODOOODUOD. DODODOOOUOO,000O0O0O
000000 (@000 obooooooooooo.

[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+45xx"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_££0 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) D O O.
e 00O DOODUODOOODODOUODODUOLOD,simp_f£O)O0D0OODOODOODO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] N=ntogf2n(27100);
(6°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) OO
o gfonton U UUOOODO.

[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=gf2nton(27100);
(@~100)
[3] simp_ff(N);
(@°13+0"12+@"11+@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_ff(N));
15360

go 10.5.10 0 O gf2ntonl p.156
10.5.11 ptogfen

ptogf2n(poly)
2 0000000 GF(2~n)00O0OODO

return GF(2"n) OO

poly oooooO

e poly OO0 GF(Q"H)DDDDDDD. 0o00,2000000000000. poly OO
OO0 ed00O0O000OOoOOooOon.
[1] setmod_ff(x~30+x+1);
x"30+x+1
[2] ptogf2n(x~100);
(@°100)

un 10.5.12 0 O gf2ntopl p.157
10.5.12 gf2ntop

gf2ntop(ml,v])
© GF(2°n) 000000000

return ooooog
m GF(2"n) OO
v OO0

e mIUIODOOOD,00D000OD0DLO0ODLOODDOOODOO.

e vOOIUIDOODODOO,ODOD ptogfon() OO0 IO OODOODODODOOO (DODOODO x),
gboooooooooooooooooooooooooooo.

[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+x"11+x710
[208] gf2ntop(N,t);
t713+t712+t7 11+t 10

RN 10.5.11 0 O ptogf2nl p.157
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
s 000000000 Oo,ooo

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OODOOOO
000.000000000000D0DODOO0ODOOO0.00D00O00,0D0D0000000
00000,00 p000 pO0000,p0d xO00000O00O0ODODO,0000000
O00.000,GF(3°5) 0 GF3)[x]/(x*5+2*+1) 0000000, 00000000
xO00OO0O0O0O0OO0 k000 k000000 D0ODO.0000,000 23 =2%3"2+3+2
0,25 2+x+2 00000,00000 x" 1700 x*5+2*+1 000000, 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);
XT17-2%x"2-x-2

[200] sremm(@,x"~5+2%x+1,3);

0
[201] sfptop(A);
23
oo 10.5.1 0 O setmod_££f0 p.152, 10.5.6 U U simp_£f£f[ p.154

10.5.14 defpoly_mod2
defpoly_mod2(d)

©» GF(2)0O0ooOooooooood
return goo

d ooo
o ‘fEf’0DOODLOODODODO.
e J0DDDOODOD dOUO,GF(2)0 dOODOOOODOODODO.
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e U0 OO 30000O0OO0OLO,D 20000000O0O0DODO 300,00 0030
gobooobooob,ob0 s00o0o0,b 200b0000000000,00000 3
goobobooboboob,bobob 40000000000 ODOOOOODO.

uad 10.5.1 0 O setmod_f£f0 p.152

10.5.15 sffctr

sffctr(poly)
0000000000000 0000

return ggd

poly o00ooo ooog

e JO0OO,Db0DO0DODODODLODODLODODODODO.

e 00O, [[flml],[f2m2],..] D0OO0OO0O0OO0O. 000, fi0 monicOOODO0, mi 00
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]]

uad 10.5.1 0 0 setmod_££f0 p.152, 6.3.17 0 U modfctrl p.51
10.5.16 fctr_ff

fetr_£f (poly)
2 10000000000000000d

return ooo

poly 00000 100000
“4f£°00000000.
e 000D0D0DD,00000000000000000O000

000, [[fl,ml],[f2m2],.] 00000000. 000, 0 monic 00000, mi 00
ooooooo.

poly OOODOOOOOOO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);
[[1*x+14123390394564558010,1] , [1*x+6782485570826905238,1] ,
[1*x+15987612182027639793,1], [1*x~2+1%x+1,1]]

ud 10.5.1 0 0 setmod_££0 p.152

10.5.17 irredcheck_ff

irredcheck_£f (poly)
s 1000000000 bO0bOobOooD
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return 0l1

poly 00000 100000
e $f£’000000DOD.
e 00000 10000000000000,00000 1,00000 0000,

[178] setmod_ff(2°64-95);
18446744073709551521

[179] ] F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

oo 10.5.1 0 0O setmod_££f[ p.152
10.5.18 randpoly_£ff

randpoly_ff(d,v)
00000 0000 100000000

return goao
d ooo
\% ood

o P00 0OUODOODOO.

e dUUD,000 vvOOODOUOOUODODODOOUODODODOOD 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_ff(3,x);
7565988813172050604%x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x"2+10243690944992524936*xx+4063829049268845492

HEN 10.5.1 0 O setmod_££0 p.152, 10.5.7 U U random_££0U p.155
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff

ecm_add_ff(pl,p2,ec)
ecm_sub_£ff(pl,p2,ec)
ecm_chsgn_ff(pl)

s 000o0oooooo,o0o0,00

return gooooooo
pl p2 OO0 300000000 0
ec OO0 200000



0100 000000000 160

e« 0000000000000, e0000000000000 pl,p200 pl+p2, O
pl-p2, 00 -p1 0O0O.

e cc,0000000000D00DODOOONO, y2=x"3+ec[0]x+ec[l],00 2000
y " 2+xy=x"3+ec[0]x"2+ec[l] O OO .

e 0,00000,00000oO0000O0O0.

e pl,p2000 300000000, 000000000 OOOOO0O. OODOO,0 3
gobooooooooooo.

gboobo 3soboboaoa,b3sbuoooobba,1oobogb.onooooa
gooboooboooo,b100,02000030000000000.

pl,p200000000000O000000O00O000.

[0] setmod_ff (1125899906842679)%

[1] EC=newvect(2, [ptolmp(1),ptolmp(1)]1)$

[2] Ptl=newvect(3,[1,-412127497938252,1]1)%

[3] Pt2=newvect(3,[6,-252647084363045,1])$%
[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]1/D[2]==Pt1[1]/Pt1[2];

1

uagd 10.5.1 0 O setmod_£f£0 p.152
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OO0 A 00

Al O00O0O0OO

<gd>:
ce<Od>¢)?
<O><0doog> <d»>
‘40 <>
‘= <>
<0ood>
<O00O><O00000> <0>
<O0O00O> “++°
<gOo0> ‘==
‘440 000>
‘——> <OgOoo»>
“10 <d>
<O> ‘7> <Od> “:2 <O>
00> ¢ <OOd> ¢)?
<d00O> “C <d00> ¢ <0Ogogogos> <)
<goo»>
<goooogs>
000>
000>

(4210000000000p.22000.)
<O00O0>:
<O0O> [“[’<O>¢]°]%*
<QOO0Ogg>:

C4r oy ¢/7 t%; tA:(D)

(==) ¢!=7 ¢<J ¢>) ¢<=; ¢>=; t&&; ¢||,
<Ogooog>:

(=) (4=) (_=) (x=> ‘/:7 ‘%:7 (~=>
<OOOd>:

<O >

<O> [¢,” <O>]*
<Ogooog>:

alphabet DO OOOOO ¢=2 <O>

<O0O0oOooOooogds:

<O00oog»>

<gOO0O0o> [¢,> <00000>]*
<OgoOoog»>:

‘> <kOOoo> ¢]°
<0 0>:

oooooooobogd X,Y,Japan O O)

(42200000000000p.18000O.)

<0 0>:
ooooooooog (fctr,ged OO)
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<OgoOoo0»>:
goo>
<0 >

<ggo>:
ooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.18000O.)
<O >:

000>

<000o»>

<0O0ogo»>

00>

(32000000p.12000.)
<O000>:
o, 1, -2, 3/4
<gO00d>:
0.0, 1.2e10

<0goo>:
newalg(x~2+1), alg(0)~2+1

(90000 OODODOOO0OO0OOp.140000.)

<O000>:
1+@i, 2.3%@i

<O0go>:
‘v gpobobgoo

gQooooos>:
‘<2 <dOd> >>?

(08U OoOooOOoOoOoOoOOdp.109000.)

<d>:
<O><O00>
<0 0>
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0O>
‘return’ <O > <O 0>
“4f2 ¢ <Od0O0d> 9’ <O>
“if? fC <O00> )’ <O> ‘else’ <O>
‘for’ ‘(> <O0ODO> ;> <OOO> ¢;> <O0OO> ¢)’ <O>
‘do’ <O> ‘while’ ‘C <OOO> ¢)’ <OO>
‘while’ ¢’ <O0O0O> ¢)’ <O>
‘def’ <O0O> “C <OO0O> ) > <kO0000O><O000> ‘P
‘end(quit)’ <O 0>

(4250000p20000.)
<O00>:
(;J ‘$7
<O0O000d>:
[“extern’ <O 0> [¢,” <O 0O>]* <O O>]%*
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<O 0O>:
‘2 <O0O0o> 3

<0oOag»>:
[<O>]*

A2 JO00D0D0OO0O0ODOOOOOOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobbooboob. booboooboobooobooobo.

i i 0000000000 2000000000000000O (D 10O0O0DOO
O0000O0Op.150000.)

‘gr’ O000000000ooOo0O. (b8UUUUUOoOoOoOoOoOOp.109000O))

‘sp’ 0000000000000, 00000. (D9000OODOOODODODDDOD
p.140000.)

‘alpi’

‘bgk’

‘cyclic’

‘katsura’

‘kimra’> 000000000000, 00000000000O00O0O00O. (810300
O katsura hkatsura cyclic heyclicd p.136 0 0 O )

‘defs.h’ O00O0O0O0O0OOOOO. (42110000000000p.23000.)

‘fctrtest’
00000000 O0ooooooO0. REDUCE O ‘“factor.tst’ OO OO OO
000oooooooood. odd,leadO) DOOOOOOODOOOO. OO
OO0 Asir,) 0000000000 DOOO0OOO0OODOOOOOOOD.
‘fctrdata’

‘fetrtest’ DO OO0 ODOODOO,0000000000O0. Algll1OOODOO
00000, af() (9.4.100 OJasq af af noalg0 p.147) OO0 OO0 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 " 7-175%#0"4-470%#0) *x
+(3*#0°8-45%#0"5-261*#0"2) ,1],

[75%x"2+ (—10%#0"~7+175%#0"4+395%#0) *x
+(3*#0°8-45%#0"5-261*#0"2) ,1],

[25%x”~ 2+ (25*#0) *x+ (#0"8-15*#0"5-87*#0"2) , 1],
[x~2+(#0) *x+(#0°2) ,1], [x+(-#0),1]]
3.600sec + gc : 1.040sec
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‘ifplot’ OO (7.5.1500 ifplot conplot plot polarplot plotoverdp.105) 00 OO O . IS[]
gooooooobo,obo s, D,C,SOO00O0OOOOOO,000,000,0
000 (boO0O)oooOo0oooooo.

‘num’ ugbooooboobooaboobg.

4

mat’ gboooooooooooooon.

‘ratint’ 0O00O000O0O00O. ‘sp’,‘gr’000. ratint() DOO0OO0O000O0DOOO
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%xt#2-1] ,

[(#1)*1og (-5*x+(-21*#1-4)) ,21xt#1"2+3*xt#1+1]1]]

O0O000,x"6/(x"5+x+1) 0O OOO0ODOOOOOOOD. OO0 20000
obooooobo,01bo0boooobobooo,020b00oobOoOon.
oobooooboooooooboog,booun, [root*xlog(poly) ,defpoly] O
goboboooobD. o0b,0b0000b00b0d, defpoly DOUOOO root U
000 rootxlog(poly) DODOODODODOODOODOOOLOODOO. OO
U polyDroot UUOOUOO, reot UNOODDOOUOO poly DO OOONO
goooooboooo.boobob,bobo0b 200b0b0000O0DOOO,
obooboooooooooooooooon.

‘primdec’ OOO0OOO0ODOO0ODOOODOOOCODOODOODOODODODODOODO
(8.10.31 O U primadec primedecd p.137 0 0).

‘primdec_mod’
0000000000000 0000000000 (8.10.3200 primedec_modU
p.13700).

‘bfct’ bOO0OOO. (8.10.33 0 O bfunction bfct generic_bfct ann ann00 p.138 0 O ).

A3 000DOO0OOOO

DOSO,Windows 000000000 DOOOODOO0OOOODOOODODOOOOOODOO
goooooobooooobo. UNXOboobooooooobooooobooogoo,boo
OO00DOOoO00DOOo00DOOoOoO0ooOOOo0OOO0.00D0D AsrDO0DOOOD ftp O
OO00O. ftpserver 00000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOOODOOOOOOO0ODOOOOOO
OOoooO0oOOo0DOO0OO0. window OOODOODOODOOODOODOOOOOOOOOO
goooooOoOooOoOo0o0oOo0ooU0. oo oooooobooD,bob0d
go0oo0o00000O0O0000000. 00000000000, 000000D0DDOO0
000000000000 0ODOO00D0. 0000000000 readonly 000, 00000
goooooooooooooog.
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A.3.1 fep

fep00,SRAOOOOOOODOOCO0ODOOOOOOOOOD,00DDOO0DOOOOODOO
OO0000DCO0.0000D0DC0O00 esiryd00D0OD00O0O00O viDOOO emacs
OOooOOo0O0obDOoOboOo0o0D 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 0OoOoono =/
/* 000 +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep 000000000 0DOOOOCODOOOOO,000000000 makeOOOOO (OS)

OO00O00d00O.00bOo0OoOO0bOo0oo0oobooboooooooo,ftpOOODOO
ooo.

A.3.2 asir.el

‘asir.el’ O, Asir 0 GNU Emacs 00000000 OO (DOOODOOOO
(YVE25250@pcvan.or.jp). ‘asir.el’ 00000, 000 emacs 00000000000,
O0000,000000 completionDOOOOOOO.

‘asir.el’ 0 PC-VANOOOODOOOOODOO,0000O0O0DOO0OOOOOOOOO, D
o0 ftp00D0OoO00OO.

oooooo,0bobodn, fesir.el’ J000OO00OOODOO.

A4 000D00O0ODO0DOOOOO

Asir 000000 0OO0DOO0OO0ODOOOO0ODOOODOOODOOODOO0O, OpenXM OO0
oo, bbobooooo0d0o0o0ogogooooboobo. ooooggog, 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 O0O0OD0OD0OOOODOODOODOOOO. OpenXM root O0OD00OO0O
O$0penXxM_ HOMEO OO. ODDOODODOODOODOOODO ‘$0penXM_HOME/1iv’ OO OO ODOO.
oobooboobob 3ouboo.

e ‘libasir.a’

PARL X11 O0DOOOOOOODDO. OOOO0O ‘libasir-gc.2’ 0O00OD0ODO.

e ‘libasir_pari.a’

X110O0OoOo00Oo0OoOoO. 00000 ‘libasir-gec.a’, ‘libpari.a’ 00 0.

e ‘libasir_pari_X.a’

O0000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OODOODOO

ooooooo.

ubobooboobboobooboog.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 0000000000 CMODOODOOODOODODO
OOdOoO. byteorder 1 0 OOOOOOOODO byteorder DOOO. 1 000 network
byteorder 0O 0O0O. OO0OOOODOODOO 0,0000 -10000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODODO Asir O0ODO0O0OODOOODOODO 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()
00000000000 Asir OO0O0O MO OOOOOOOOOOOOOO. OO0
O00o000 -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asir OOO0DO popd,CMOOOODOO eclioC0OOOOO0O
ooog,cMOOO0O0O0O0O0OO0O. oooo,cMOb0Ob0b0O0D mmit000000000O
-1 000. cmo 000000000 Imit0O0000000O0O0O000OO0O. OOOOO
CMOODOOOOO0ODODOODODOO0ODOO, asir_ox_peek_cmo_size 00 O0.

e void asir_ox_push_cmd(int cmd)

oooooobDooob0 emddDOOO.

e void asir_ox_execute_string(char *str)
Asir 000000000 str00D00,0000000000 pushOO.

include 0 O O header file 0 ‘$0penXM_HOME/include/asir/ox.h’ 0O 0O. 00O
header file 00O, OpenXM O0O0O0O0O0O0 tag, command OO0 O00O0O0O0OOO. OOO
(‘$0penXM_HOME/doc/ox1ib/test3.c’) DO OOOOOOOOODO.

#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] )
continue;
kwd = buf+i;
for ( ; buf[i] && !isspace(buf[i]); i++ );
buf [i] = 0;
bdy = buf+i+l;
if ( !stremp(kwd,"asir") ) {
sprintf (sendbuf,"%s;",bdy) ;
asir_ox_execute_string(sendbuf);
} else if ( !strcmp(kwd,"push") ) {

h[0] = 0;
h[2] = 0;
j=0;

while (1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if ( tc)
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = 0;
} 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 000000
oooooooo.

e asir body
body O Asir D UOO0DO0OUOO0OO0ODO,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
000000000 0o0ooooo eMOUOOODO,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() 0O O ODODO.

e cmd body
body 0 SMOOOOOODOO,0000. asir_ox_push_cmd() O0OOO0ODO.

ASs5 00O

A.5.1 Version 990831

40000000.000 32pit00,00000000D00DO0ODLOODLOO,0000DO0O
oooopoobooboooogooD. 000, WindowsOOGOO,plot D0 O0OO0OO,00
goog.

OO00DDODOO000DDOO0O00000,000000 bsavefile0O0O0OOOO0O bload27
goboodgboog,boobogn.

A.5.2 Version 950831

A.5.21 O0O0OO

e JO0ODODODOOOUOOOOOOOO.

e finish OO QOQOOO.

e up,down, frame OO UO0O0OO, 00000 0OOODOOODOOO.
e trace 1O OON.

Ab.22 000000

e sdiv) DODOOOO,00000000DO0OO0.
e sdivm() OO, 0000000000000DO.
e det(), resO UOIDOOOO,0000O0DOODOOOODO
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e vtol() (DODODOODOOODOODODO)DODODO.
e map() OODO.

Ab5.23 00O0O0O0OO

e J0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) D000, 0000000D00O00ODO.

e JO0OOOOOOOOOOODO.

o JUOIDOOOIOOOOOOOOOONO.
goddoodoodoodoodooooooooon.
ooooooooboooooooog.

Ab5.24 0O0OO

doobooooo,oo0boono.

e JIO0DDOO GCDOOODDOODOODDOODO.
dodbDdooDooooooo.

Windows OO 0O 0O.

A.5.3 Version 940420

goooboo.
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% D
e 47 dabS. 81
dacos ... 80
dasin................ i 80
A datan............ i 80
deceil ... . 81
ACCESS t ettt et s ACOS ..t 80
BF 147 debug....... 83
defpoly. ...t 144
af_noalg .............. ... 147 de£POly_mod2 ..o oo 158
Alg . 145 QO -+ e e 44
algptorat ............c.iiiiiiii 146 delete NiStOTY ........ovueeeeeeeeeeeeee... 89
ALEYV. ..o 45 det ... 63
AN . oo 138 deval .. ..ot 38
ANNO0 . L 138 AeXP .t 81
APPENA . ..ot 58 dfloor....... .. 81
arfreg....... .. .. 65 dET..covvnnini 17
diff ... 48

AL o et 70

. ALog . ..o 81
BSCLITOSEE ..ot 2 AN .o 37
o] 147 AP_AENOMO + -+ e oot 127
dp_dtop.........o i 126
dp_etov. ...t 132
B dp_f4 main ............. ... .. ... L 123
dp_f4_ mod_main................ ... ... ...... 123
bEct . 138 dp_gr_f_main ........................... 122
bfunction ................... . ... ... 138 dp_gr_flags ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 124
bload..........ooiiiii i 76 dp_grmain .............. ... ... .. 122
BLOAAT .ot 76 dp_gr_mod_main........................ 122
bSave . ... 76 dp_grprint .......... ..o 124
dp_hc..... ... 129
dp_hm. ... 129
C dp_homo........... ... .. 127
dp_ht. ... ... 129
CALL ottt 70 dp_lem.... 130
CAT Lttt 58 Ap_mag. ..o 132
CAT .. 58 p_mbASE . ... .. 132
. dpmod............ i 126
Cell . i 81 S 128
characteristic_ff...................... ... 153 AP_DE_MOA oot 198
clear_Canvas ............ooiuiiuniiiniin.. 107 AP_OTA . o\ et 125
close_file ................oiiiii T8 AP _PTamM.....uiiitii i 127
coef . 44 dp_ptod........ ... .. 126
COMT + vttt e ettt et e 37 dp_ptozp ... 127
CONPLOT vt ettt e et e 105 dp_rat... ... 126
COMS o vttt ettt et e 58 dp_red.. ..o 133
Cputime. ..... ..o 85 AP_red.MOd . .. ..o 133
dp_redble .......... ... ... ... L., 131
Cr_gcda. .. ..ot 146 AP_TOSE . .o e oo 129
Ctrl. . 82 AP SP - o e e 134
currenttime .............. .. ... ... 86 AP_SP_MOA © .\ttt 134
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Ap_SUGAT .. .ot 130
dp_td. ... 130
dp_true_nf .......... ... ... ... ...l 128
dp_true_nf mod............................ 128
dp_vtoe............. i 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 .......... i 107
draw_string ............ ... ... ... ..o 107
Arint .. ... 81
ASin ..t 80
dsqrt ... .o 81
Atan .. ..o 80
E

ecm_add_ff ....... ... 160
ecm_chsgn_ff ........ ... ... ... il 160
ecm_sub_ff ........ .. ..., 160
ediff ... ... 49
BNd . .. 74
L5 s e 83
EVAL .t 38
eval _Str. ... 72
extdeg _ff ... ... L. 154
F

fac . 33
o v 50
fetr_ff. .. . 159
field_order_ff ............. ... ............ 153
field_type_ff ...... ... .. ... ... .. . L. 153
flaist .. 89
100 . . 81
funargs............. ... 70
functor......... .. 70
G

gb_comp........ .. 135
gCd . 53
generate_port ................. .. ... ... 97
generic_bfct.......... ... .. ...l 138
get_byte...... ... ... 78
get_line........... ... . ... 78
get_rootdir ........... ... ... . Ll 90
BetenvV. ... ... ... 90
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gf2nton........ ... ... 156
gf2ntop......... ... 157
=6 117
gr_minipoly ...... ... 121
Br_mod. . ...t 117
H

heyclic. ... 136
heap.....coii 87
help ... 84
hgr . . 117
hKatsSura ....ovvei e 136
I

1and . ... 41
IAAV . et 33
ifplot.... 105
iged. ..o 34
igedentl. . ... 34
0 5 34
int32ton. ... ... 41
S 35
INVmat . ... 63
1 41
Arem. . 33
irredcheck_ff ........... ... ... ... .. ...... 159
ishift ... .. 42
ISQTt .o 35
Do s 41
K

RAESUTA. .ot ottt e 136
RMul . ..o 55
ksquare.............iiiniiiiiiii 55
Rtmul . ... ..o 55
L

length..... .. ... .. 58
lex_hensel ...........coiiiiinnnnnnn.. 118
lex_hensel_gsl.................coiiun... 120
dexX tl .. e 118
Imptop. oo 155
doad . ..o 74
Iprime....... ... 35
1random. .. .ovv et 36
L0V . et 61
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MAD . o ettt e e e e 88
mindeg.............iiii 44
minipoly ....... ... 121
minipolym ........... ... ... . ... ... 121
modfctr....... ... ... . 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.........oiiiiniiiii 144
newbytearray .................. .., 61
NEWMAL . . .ottt e e 62
Nnewstruct .......... i 65
NEWVECT . vttt ettt 60
o1t 37
011170} o Lo U 44
ntogf2n........ ... 156
ntoint32. ... ... 41
NEYPE . . oot 69

OPEN_CANVAS .« .o vvvtieeieeieeeeiaennnn 107
open_file ......... ... ...l 78
[ e Pt 45
OULPUL . .ottt ettt 75
[3:98 % e T o T 98
ox_execute_string.............. ... ... ... 98
ox_flush .......... .. ... 103
OX_GeL ..ot 102
ox_get_serverinfo.................. ... .... 104
ox_launch .............ouiiiiii 94
ox_launch_generic.......................... 96
0X_1launch_NoX ........iiiiiiiii . 94
OX_POP_CIMO & et etteeteeteeeeeeieaens 101
ox_pop_local ........... ... ..., 101
OX _PODPS  « v ettt e e 102
ox_push_cmd ................ ... ... ... ..... 101
ox_push_cmo ................ .. ... ... .. .... 100
ox_push_local ............................. 100
OX_TeSebh ...t 99
OX _TPC e ettt e et e 98
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ox_shutdown ................. i, 94
OX_SYIC e oottt ettt 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 ........... ... ...l 137
primedec_mod ................. i, 137
print.......... 7
psubst............. 48
ptogfan....... ... ... 157
ptosfp.... ... 158
PtOZD ..o 52
purge_stdin ............ ... ...l 78
put_byte..... ... . ... 78

TANdOmM. . . oottt 36
random_ff ......... .. ... ... ... 155
randpoly_ff ......... ... ... ... ... .. L 160
rattoalgp ... 146
Ted .ot 54
register_handler........................... 99
register_server.................. ... 97
remove_file ........ ... 77
remove_module ..............iiiiii 80
o< P 49
FOVEETSE . o ot ettt ettt e e 58
Tint ... 81
TEOSET .ttt 71
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SAdV . oo 45
SAIVIN. . oo e e 45
set_upfft ........ ... ... 56
set_upkara ............ ..l 56
set_uptkara ............ ... . i 56
Setmod . ...t 40
setmod_ff ........ ... ... 152
SetPrec. .. ... ... 40
sffctr. ... . 159
SEptop. ..o 158
shell ... ... 88
simp_ff.... ... ... 154
simpalg. ...t 145
SizZe . . 63
SleeD ...t 87
=] o J 148
5] oJi0 s Te3 o P 147
SqQfr. .. 50
=T 45
=T 45
STRIM . o ottt et e 45
STEIMIM . o v vttt et e et et e et e e 45
str_chr. ... ... .. 73
SEr_den. .ottt 73
strtoascii ....... ... 72
SErEOV. .o 72
Struct_type ..o 67
SUD_SET . e 73
subst ... ... 48

o 47
Time . ..o 85
o 1= o 86
e = 118
tolex_d. ... .o 118
tolex_gsl ... 120
tolex_gsl d..............iiiiiiiiii., 120
tolex_tl ... 118
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tolexm............ i 121
try_accept ... 97
try_bind_listen.................. . ... ..., 97
try_connect .......... ...l 97
tstart....... ... 85
tStop. ... 85
BYPE . o 68

T oottt et e e e 43
UAECOMP .« ot ettt e et 56
UAIV . o 58
ufctrhint .............. ... .. ... .. 50
UBCA . oot 58
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UWIMUL ..o 54
umul _ff ... 54
L0 = 58
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urembymul_precomp.......................... 58
L0 B Ao T af < 56
ureverse_inv_as_power_series.............. 57
USQUATE .« o vve vt oo e e ie e 54
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