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0 10 Introduction

1 Introduction

1.1 00oboogga

gobodoboooobooboooobg.

1. Introduction
00000000, notation 00O OO0DOO

2. Risa/Asir
Asir 000, 000000000

3. 0
Asir 0O 00O

4. 00000 Asir
Asir DO0O0OOODOO

5. 0O OO
goboooooboooon

6. DOOO0O0O
goboodgboboooboooboo

7. 0ooo
gbobobobooob,bobob

§. oOoooooond
gobooboobbooo,ogonooo

9. DOOoOobooOooobo
goboobooooo,0obooon

10 DOO0O0OOooo0og
goboobooobo,o0obooo

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

1.2 Notation

do0obodoOooo,0dbo0oo0bodboooobO. ooboooobooooao.
e 00D, 0D000OD0DOODOODO.
gcd O, gr()
e JI0DDOO0ODOODOODDO,DOOO0DOOD.
int, poly
e JIDDODO,00D0DO00DOODOOODOODOODODOO.
‘dbxinit’, ‘asir_plot’
e JI0D0DODODO,0DDOO0DOODOODO.

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

e JOODOOO,000DO0ODLOOO, I ODOODOODO. ODO,0000DODDOOO,
Ox0o0oog.
setprec([n]), diff (rat[, varn]l*)
e shell (csh) DOODODO0ODO %00000.000,000000000,rcot00000
O0000oooooooo #00000O.
% cat afo
afo
bfo
% su
Password: XXXX
# cp asir /usr/local/bin
# exit
/A
e J0DDDD Z, 00000 QU000 R, UOOOO COOOO GF(q) (@qOODO
0)ooo.

1.3 000

Risa/Asir DO OO0 httpOOOOOO.
http://www.math.kobe-u.ac. jp/Asir
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2

Risa/Asir

2.1 Risa 000 Asir

Risal, 0000000000000 O0OO/00000000000. Risa00000O0O
goooag.

gooond

O00,Risa000000000O0COODOOOO (O,00000)DOD0OO00000OO
oopbOo0oo0od, UNIX O ‘1ibe.a’ JO00OOO0OO,0000000D000D00O. ODO
00,CO0000000000000,000000000000D00 Asir000O00O0O
gobooooooo.

ooooon

Risa 00O, ODOOOO0OOOOO, [Boehm,Weiser] ODOOOOOOOOOODO
(gc-6.1alphab) DO O0O0O0O. OOODOOOOOOOODOO (DO GCOOOD)OOO
0000000000000 D000d,Risad 000000000 DOOODODOOODOO
oooag.

Asir

Asir 0, Risa 000000000000 O00O0O0DOOOO. RisaOO, 000000
J00000oo0oooboOo0o000000oogo. Asir0000000OoOoooOoO
doo,CO0b0o0boopoooo. oo, cOodpdooobdnooOoooong dexd
ooooooooooo.

2.2 Asir 0000

Asir 0, 00000,0000000000D000000000. 00 Asir0O0OD0OODO
gobobobobobobobo.obooooooooooooooooooooo.

cOoOooooooon
0,000,0000000(0)

0000,00000

000000000

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

dbx 000000

000000

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

2.3 Installation

gboooboboobog,booboobboobooboooo

noro@math.kobe-u.ac. jp

OO0 email OOOOODOO.
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2.3.1 UNIX binary version

00000 CPU/OSOOOOO ‘asir.tgz’ O0O0O0O0. 000000 gzipOOOOO
good, bbbl gzipdgo. 00O, 00000000OOOULUUUUUOOO. DO
0000 ‘/usr/local/liv’ 0 ‘asir 00000000 OODOOOOOOOOODOOOOO
000O000.000bd0oo0o0ooooooo0ooooooooo.

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

000000000 Oo0OOg,$soMEd O ODODOODOd.

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

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

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

% /usr/local/bin/asir

This is Risa/Asir, Version 20000821.

Copyright (C) FUJITSU LABORATORIES LIMITED.

1994-2000. All rights reserved.
(o]

2.3.2 UNIX source code version

O0,000000000000000D00000000. 0000, 0000000400
doooooad.
e bin
PARIOOO Asir OOOQOOOOOO
e lib
PARIOOO Asir 0OQD OO0
e include

PARIOOOOOOOCO

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

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

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

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

% su

# make install

# make install-lib-sta

make 00 O000O0O0OCOO0,00000D0O.
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% cd Oxxx
% make lib-sta
% su
make install-lib-sta

# make install-include

# exit

b

O000,xx 0000000000000 DO OSOO0ODOOO. GpOOO0ODOOOOD

O0000,asir2000 000 0000O00O00O0OOODOOOOOOONO.

‘asir2000.tgz’ OO0, 000000000 OODOOD, 000D ODOOOb0On
go.

% gzip -dc asir.tgz | tar xf -

% cd asir2000

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

su

make install

make install-1lib

make install-doc

exit

+H+

HOHF H OH R

2.3.3 Windows version

‘asirwin32.msi’ (32bit 0000000 0) OO0 ‘asirwiné4.msi’ (64bit 000000
00)000000000000. 0000000000 OOO0OO ‘ASIR_ROOTDIR OO O
0000000000000 00. (zip OO ‘ASIR_ROOTDIR’' OO O OODOODOODOOO,
0000000000000 000000000000000O0. zipOOOOOO.) OOO
U000 asirgui 0000000000 asir U000 ogg. ggbbooboooooo
oooo0On, ‘%ASIR_RO0TDIR%\share\editor’ DO O OOODOOODOO. ODOOODOO
gbobobobooboooooboobobobobooboobooobooboboboobobo
00000000, (Ib000 D000 | 00000000 Uo0oooooUooOon)

24 0000O00O0O0OOOOO

gooboooooobooooboooo.

-heap number
Risa/Asir 00, 4KBOODOOO0OOOODOOOOODOOOODOOOOOO. O
O00000,00 heap000,160000 (64KB)DOOOOO,0000
00000, -heap 000D0. OOODOOOOOOO. heapdOOOO, heap(O)
00000000D00OO0OO0O (booooo).

-adj number
gooooboooo,0bo00bo0obooboOo,GCcobooooogon. num-
ber 000 100000000000. 0000000 3000.0000 10
00000 GCOODODODO0ODO0O000000ODO. heapOOOOOOODO
O0,GCO00000OO000DOOO0O0ODOO,D0DD000000 (DDO )
googd.
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-norc 0000000 ‘$HOME/.asirrc’ OO O 0O0O.
—quiet goooooooouoooono.

-f file ooooooooo, fleb0DbO0OO0O0OODOOOOOOO. ODOODOOOOD
gooooo.

-paristack number
PARI (6.1.1400parilp.3900) 0000000000 O0OODO. ODOOODO
O.0000000 1MB.

-maxheap number
heap O00OO0O0ODOOODO. 00O0ODOO.O0O00ODOOODOO. UNIXODO
O,000D0 1limit 0000000000 datasize 00000000 O0ODO
O,-maxheap 0000000000000 heapOO0O0OCOOOODODODODODO
ooo.

25 0000

Asir 000000000000 0O0O0O0O0O0O0ODO. UNIXODODODOODOO O shel OO
0000000000000 0,shell0 re0000000 OO. Windows OO, (0000
ooojooooo.

e ASIR_LIBDIR
goooooooooo.

e ASTR_CONTRIB_DIR
ggooooooobn.

e ASTRLOADPATH

0000000000000 0000000 UNIXOOO ', WindowsO OO ’’ 00
gugodoo. gooboobbbdodouooooobo.boobbuodoa,gobn
00000000 ASIRLOADPATH D0 0OOOO0O0O, D000OO0OO0O0OObOOOOOOO
Oo0D. wmix 0O00O0O0OD0OO0O0OO0OOODODO ‘$0penXM_HOME/lib/asir-contrib’,
‘$0penXM_HOME/lib/asir’, /usr/local/lib/asir-contrib, Jusr/local/lib/asir.
Windows 00 O00O0O0OO0OO0OO0OOO0O, ‘OpenXM_HOME OOOODOOODODO
000, %ASIR_ROOTDIR%\lib\asir-contrib, %ASIR_ROOTDIR%\lib\asir.
‘OpenXM_HOME’ OO UO0ODOODO, wix DOO0OO0. DO Windows D000, OO0
O ‘“%APPDATAY\OpenXM\lib\asir-contrib’ 0O O 0O0O0OO0ODOOODOOOO. OO
unix 00 0000000000000 00O0DOO00DO0Od, OpenXM OO0 asir 00O
‘OpenXM/rc/’ 00 OO ‘ASIRLOADPATH’ [0 ‘$0penXM_tmp/OpenXM/1lib/asir-contrib’
000000000000, asircontrib_update 0 O O. which, ctrl("loadpath"),
asir2000/parse/load.c 0 0 O.

e HOME
-norc O O0O00O00D00O0OOO0DODO, ‘$HOME/ .asirrc’0000, 000000000
O000.HOMEOOODOOOOOOD,UNIXOOOOOODOOOoOO, Windows O
OO0 Asir 00000000 (get_rootdir() 00D ODD0OOOOOODO) O ‘.asirrc
oo, ggoooooooo.
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26 DOOOO0OOO

Asir 000000,
(0]

000000000000, 0000000000. ‘$HOME/.asirrc’ (Windows 00O 0O,
HOMEOOOOOOOOOOOO get_rootdir() 0000000000 DOOO0O ‘.asirrc’)
000000000,0000000 AsrO00OO0OO0OO0OO0O0O0O0O0O0O0O0O0DBOO,000
ooo.

goboobooobooobbo.0b0odbd,end; 000 quit; OO0O0O0O0OO0O0OOO0O0O
ooo.ooo,yyooo0¢booooooboooooooOo. syyoooooooobog,
‘¢ 0oo00ooooon.

% asir

[0] A;

0

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

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

[2] A;

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

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

evalpv : invalid assignment

return to toplevel

[3] a;

a

[4] fctr(A);

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

[5] quit;

t
gboodo,A a,x,y0UOOOO0O0OO0OO0OOOO. AO0DODOODODODOOO, a,x,y0
gboobobooobooobooob. oobobbobboobooobooboo,boobooobo
ggbo. bogobbooob,bboooboa, o, oouobbooobboaoboog
oo,co0oooooooooooooo.0oo,oboo0000000b0000oooooon,
goo,booobobooobbooob. booob,0bboo0obbooo,0bboo
O subst) ODOODOOOOOOODO.

27 00gn

0000000000000 00000,000000000 (000 C-¢, Windows, DOS
ugoobO c-xuogoog.

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

goboobooobooon.

q Asir 0O0O0OO. (O0OOO)
t 000000o0ooD. (0ooo)
c goobooood.

d goboodoboooob.oobooooboo bobsbogbbodp29000.
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u register_handler () (7.5.6 O O ox_reset ox_intr register_handler( p.102 0 O )
00000000000000000000O0. (D0O0o)

W ggodgooooboobobboooooad.

? gooooooooooboo.

28 UO4Od

gboooboboobobobooboobooboboooboobooooo,oboboobo
gogbobooobboooboooboboooobooooboobooobobooobob. bboao
gboobooboo,boaoboobuoobodobuoboobo. bboboobbobobbo
gobobobo,bobobobobobobobobobooboob.bob,0bo0bob
gobooboooboooboooo.

goo,0dboboobogoobbooboobooboboooDoboboboobDOobLO. UNIXODo
Ub,0000000000 internal error 000000, 0000000000000,
gooboooboooon.

SEGV

BUS ERROR
goboobooooob,oboobooboboobogoogbooobobooboo
gboooboboooboobo.booboboobob,oboboob, oo
U0 NULLOOOOooooooooooooogoogo,oooooogoogoo.

BROKEN PIPE

goboobooooobg,0boobooboboobooooboobooobg
00000 (bO0oU0ooO0O0UoO0oUbOOoDOoULobOOoUoOD)O,0000
gbobodgboobboooboooboboooboaboo.

goboodgbbg,gbbooobuoobboobo,ugoboboobobboobooobon
gobobogobo,ooooooobobob,oboobooooobooooboboboobo,on
gobooooboobbooboon.

29 0o, goon

ec0buoobObOOobDbDOObOOOD.bOoOoboobbooog.

on n0000000.
Q@ 0oooooo.

i oooo.

epi ooo.

Qe oooooo.

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

©>, @<, @>=, @<=, 0==, Q&&, Q| |
quantifier elimination 0000, 000000000
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[0] fctr(x~10-1);

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

[1] ee[3];

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

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

1.000000000000000000000000000000000000000000000000000000000

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

0.99999999999999999999999999998

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

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

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

(-4-4%@i)

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

-1.0000000000000000000000000000

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

(@~9+0@"8+@+1)
dooOoo0oboObOo0oooobOoodooDbOoooooDoOobO0oooooooo,b0o00a
O0,0000000000DO0O000000O0DO00O0O0DOOO. OOo,b0b000000Ooa
gooo0o0ddoo,00d0 GCooooooboboodooooooo. ooobooaoa,
delete_history() (6.14.150 O delete_historyUp.9200)0000O0O.



o3gd O 10

3 0

3.1 Asir 0O O0OQOQOO

Asr 00000, 000000000O0C0000DOOOO,000DOOOODOOOOD
O,000000000 RsaODDOOODOOOOOOOOOODOODOOOOOOOD. OO
ooobob,0b0b0ob0obuobu. obob, 00000 b wypeOQ UOOODODODODO
OO0oOoO00D.000,Asr0000D0OO0O0OOOCO0ODOOODOOOODOOODOOOO.

00
o000 o0DOOO0ODOOODOOOODOOO.oDO,COO0ODoOODOOOD
OO0D0O0O0O000.00D0,000 Asird type(0) DO 0OODO.

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

gooo,0gooob,bbobooboobobbobo,oobo 11000
00000000000oO0o0O0OO0. 81000000000 0Op112000.) O
go,00bbooboooboooobodobo obb ooo.

300 @uoooog)
x+1)/(y~2-y-x) x/x
0000O,0000D00D00Db0Ob0,0000 redO) DODOODOOOOOOOO
O000.000,0000 GECDOOOODOOOOOODOOOO0OO,0000
goooooooooo.

4000
0 [1,2,03,4]1, x,y]l]
0000000000000. 1 0000000000.0000000000
000, car(), cdr(), cons() 0000000000, 00000000000
000, lindex] 0000000000000000000O00000000C
00.000
(0] L =1[[1,2,3],[4,[5,6]]1,7]%
(1] L[{11[1];
[5,6]
00000000,000,00 (00,0000)00,0000000000
0D00000,000000000000000000000000, 0000
000000000000 00000000,000000000000000
000000000000 0000000000000.
50000

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

0000, newvect) UOUODOODOODOODOODOOO. DODODO 2000
oboboooboobo,00b0,00000 o0 1000100000000
gboo.oooboboo o 2b000,01o0bo0boooobobooboobooon.
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00000000000000,000000 000000. 000 [index] O
ooooooo. oooo,0000,0ooo, 0o, jgooooooooa
ogoooooooboo,jgooooooonoooooooooon.

[0] A3 = newvect(3);

L000O0]

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

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

[3] A3;
[[L[Loo00]J[oo00]J[0001]]
[[LO0OO0OO0O]T[LOO0OO0O]T[LOO0OO0OT1]1
[LOO0OO0O]1T L0001 TLO0O0OO0OT1T1]1
[4] A3[0];
[[Lo0O0O0O]J[0o00]1[0O0O01]1
[5] A3[0][0];
[L000]
6 00
newmat(2,2) newmat(2,3,[[x,y],[z]])
000000 newmat() DOODODOOOOOOO. O0OOO,00000000
gooooOoOoOoOoOOOOOOOOOOO,0000000 (DOOODODOO
00o0o0)0,0000000000,00000000O0DOO0OO0ODO. DOO,
0000D00o000o0DOoOooO. Dooodoo0,000bD0ooooood
ooooo.
[0] M=newmat(2,3);
[L000]
[0o0O0]
(1] M[1];
[0o0O0]
[2] type(@Q);
5
7000
e ngfo
0000,000000000000000. 00000 D0oooooooo
0odoOo,000 200000000000.
[0] "afo"+"take";
afotake
gonoad

newstruct (afo)

Asr 0O0O0O0OO0OO0ODO,COO0O0O0CO00ODOOOOOOO0ODOObO.OoOOoOD
gboobogbuoobooboboboobobo,booboobobooboobo.

ououooono
2%<<0,1,2,3>>-3%<<1,2,3,4>>
o000, 0d0d0oooobooooboooo,o00o0ooooooooobooon
0000000, 000000000000 oooooooooon
00,00000000000000000D00O Asir JO0O0DDOOOODDOO
Oo.0ddoouoo o8uuonooooooooodyp.112000.
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100000000 32bit OO
11000000 oaon

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

obo,00 200000000000000000000DOO0ODOODOOODOO.
13 MATHCAP OO OOODO

Open XM OOODO,000000CC000000O0O0OC0COCOOOOODOOOOO.

14 first order formula

quantifier elimination D 0000 O0O0O0OO0O0OO.

15 matrix over GF(p)

goboogboooo.

16 byte array

OoOoD bytedd OO
-1voIboOoQoooQd

gbobOo-1oooboboobooboboobooboboooooboboon.

3.2 000

0 goo
0000,0000000 (bignum) 0000000 OODO. ODOO0OOOOO
goobooooo.

1 gooooon
obobobobobobobobob. Asic)D00O0OD0O, 00000000
O000000DOO000O0DO0O00Og. 000, ctrl() ODOO bigfleat 0O DO
OO00O0CO0DOOd biglleat OO ODODO.

[0] 1.2;

1.2

[1] 1.2e-1000;

0

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

1

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

gobooooobbooobobo,booobbobooooobboo,ooobooo
goooood.
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gooo
o9ouopouooobooboobodbp14400 0.

bigfloat
bigfloat 0, Asir 00 MPFROODOOODOOOOODOOOODOOO. MPFROODO
O0,bigfleoat 0, 00000000000,0000 64bit00000. ctrl()
O biglloat 0000000000, 00000000000 bigleat OO OODO
ob. dooobobobgi090bobouobgn, setprec(), setbprec()
oooooooooo.

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

1

[1] eval(2°(1/2));

1.4142135623731

[2] setprec(100);

15

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

1.41421356237309504880168872420969807856967187537694 . . .764157

[4] setbprec(100);

332

[6] 1.41421356237309504880168872421

eval() U, JO0OOUOODDOOODDODOODUOOODOODDODOODO.
setbprec() DU DOOOO20000,0000000000000O0DLODOO
O.setprec() JOD0OOODO 100000 200000000000C0O0O0O.

((undefined) eval devall p.(undefined) O 0O O .)

ooQ
0000,000,0000000, bigloat 000, 00000 at+b*ei (6i 00
000)000000000000.00,0000000 real(), imag() 0O
oooo.

goboogbooooon

oboooobooog,obg 2~2r000b0ob0o0ooboob. ooboboon
gbo,00b0boobooboobooboobooboboobo,0bo0boon
goboobooboobooboooooboob.oobooboooboobo
00000000, setmod() 000000 O0DO0OO pO000O0O GF(p)OOOO
goooood.

gbobobobob
gobooboobooboo.boobog,bobbg simp_f£ 00000
goobooooon.

002000000

00 200000000000000.00 20000 FO,0000 [F:GF(2)]
0On0000,GF?2) 0000 n0000 £(t) 000 F=GF(2)[t]/(f(t)) 0O
00000.000,GF@)[t)00 g0, f(t)000000000000000
0000000,0000,FO00gmodf0, g f00000 20000000
0000oo00oooo.

FoOOOOOOoOoOOoooOooooooooooon.
e @
eI OOUODO,000dOU0DL,000d00DO0DODODOOOOOOO, oo
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11

14

O00o0ooooo, F=GF2)[t]/(f(t)) D000 tmod fO00O0O0O0O. OO
O,e0000000 FOOUODODOOOOO. (e"10+e+1 O 0)
e ptogf2n
obobo 1000000, ptegf2n 0000O0O0OD0O FOOOODODO.
e ntogf2n
goboboobo,b0ob0ob0 FOOOOOO.DODODODO, 100,16
0O (xOooo),20 (obOOODO)0O0O0OOODOOO.

o OO
obooooboob rO0O00ODOD0O0O0ODO0, simp_f£ 00000
goo.

o prn000000O

000 pn(pO000000,n0000)0,00 pO00 GF(p) 0000 n
0000 m(x) O setmod_ff 0000000000000000. 00000
0 m(x)00000 GF(p) 0000000000000.

00 prn000000 (0O0)

000 p-n0000 (pn0 2°2900,p0 27140000 n0 1)0,00 p
0000000 n0 setmod_£f 0000000000000000. 0000
000000,pO 21400000, GF(prn) 00000000000000O
0000,0000000000000.00000,0000000000,0
0000000000000, p0 2714 00000000000000000
000,00000000000000000000000000000000
0o.

U0 prnO0000000O0O0DOODOODO

goo,000 prn 00000000 mOOOOOO0OO0O. 00 pOOgOnQ
U0 n,m0U setmod_£f£f U0 OO0 0OO0O00O0OO0O0O0O00O. O0O0O0OO mA0O
gbobobobobob,0ooooboooooobooboboobobobo
0.0000 esO0O0.

gboobobobo
goobooobuoobodbp14400bD 0.

U000bo0bo0oo00ognDob setmod_£f£f 00000, OO0OD0OODOOOOODOODO, DO
goobooboobo,booboobboboboobooboobboobboobobon, o
goobooo.

3.3 Doogag

0000000000 0DOO0bO0ObOoOoboO. Asir00,00000000,000000
ooooo,0b0,’oboo0o0obbo0obo0ooo0o0,oobooooooooooo
ooooooOooooooooOoDbo. AsikO0O0O0DOOoOoOO,000b00O0D0Ob0OOO
gboboobo,obogo,boooooooooooon.

0

ooood
gbobobobobo.ooooooboobooooooooooo.

[0] [vtype(a),vtype(aA_12)];
[0,0]
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oooo
uwcO) O, 0000000000 00O0OOO00O0OOOO. O000,0000d
ogooooboooooog, ooboooboooooo, booooooooaa
gdoodoooooooodouoooouooooooooooouooog
ono.

[1] U=ucQ);

_0

[2] vtype(U);

1

gooo
0d0o0d0oO0O,00000000000,000000000 AsirdO0DO0OOO
000000, sin(x),cos(x+1) 00O, 0000000000O0O0000O. O
ooboooooooo,00o000 1o0oobboooooob. oooooao
O0000,000 ei 0000000 e 000O0ODDOODOOO.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

goo

0000000, fname(args) DO0O0O0O0ODOODOO, fname 0000000
gobo.ooooo,bo0bobobobobobob,boboboobo,oon
gobooboob,0o0obooboboobooboboon.

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

Asr OO0O0OOO0ODOO,D00O0,GCDOOOOODOOOOO,DOO0OOO0O0ODOODO,
gbooboboobobooboobobuoobobooboboboob,bobodbo
gboboooooboboboboboobooooooboboboboboooooooobgn.
ooooob Asr) D000 0O. ODDUODO,0Db0DbD0OO0O0ODOO0OO0OODODODODODO
goboooboooobooboooooboobooooog.

4.1 00 (COOD0O0O0)

Asir 0000 COOOOODODOO. ODOOOOO0O0O0O0OooDoODOO. DOooO,0000
Asir 0000000 0OOO0OODODO,00000DO00O0O00O0DOO0o0OOoOoobOOoOooOg.
e JUOOOOOO.
J00oooooOo,Asr 0O00O0OO0OOODOOOOOOOOOOOOOOOO. ODOO,
I I T A A A
(0] A =1;
1
[1] type(d);
1
[2] A = [1,2,3];

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

e JOUODOUDOO,0DbO0DLODODODODODODODODO.
Ub0D0,extern 000000 DO0O,0000000000000000O00.0000O,0
gobobooooboooobobuoon 2000000040000, 0o0oobooboag,oo

goboboobboooboooboboobobooooboboobobooo. obboao
gbobodgboooood.

1. bDO0boooooobooooog,0b0b0obbo0no,bdbdl extern OO
gbobobo,gbobobobobobobobobon.

2. extern U0 0D0000DOODOODODOODODODODO.

% cat afo

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

def bfo() { return A;}
end$

% asir

[0] load("afo")$

(5] A =1;

1

[6] afo();

0

[7] bfo();

1

e IDODOODOODDOODLO,0DbO,0DO0D0OODODO.
o000, 0000C0C0000bOO00DO0O0oOo0O0bCODboOD. Asik0DO0O0OODOO
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gbooo,0o0boboobgoooobooooboboboboobooboobon
oboobobob,bob,0cobogboobooboobooooooooouooooDog.

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

e 0D0DODOD, for (A;B;¢) 000, while(A) 0 A,B,CO0D0D0DDOOOOD.
000,000000000000000000000000.
000000000,000000000000000
e 10000DOODOD,000 COOD0O0OOOODOOON.
e DDDDODOOD.

0000o0O00ooO0O0oO00ooOoO00oooOOo,b0bo000booog0ooo,cooooooo
goooobooooobooobo,gobooooog.

e JIOOUOUDOOUDLDDOUUDDOUO. Emacs-Lisp0000O0OO0OOOO. ODOOO,4.21
obobobobobplr0on DODO.

e JOUODUODOUDUDODUDODOD.
gbobobo,42120000000000p.24000.

Asir 0000000 DODODOODOOODODOOODOOOn.
cooood:
break, continue, do, else, extern, for, if, return, static, struct, while
coooooog:
def, endmodule, function, global, local, localf, module
0oo:

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

4.2 JO00O0O0O0O0OOoOoooo

4.2.1 JO00O0ODOOO

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

afo() redefined.

gbbobooooboobbobo. oboobooboobo,0oboobuoobooboboobo
go,0b0o0ogoobogoboboobo.obooobooboboboooooboboboooobooon
goo.

/% X! %/

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

/* ;C; (0 < i < N, 0 < j < i)x/

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

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

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

{

return A+B;

¥

2000000,00 N1 00000 (ADODO)OO0D0OOO. A[IJOOO I1 00000
Oo,000booobobooob ,c,00b0ooooooboog.

Jo0ob0oU0b0,00b00b0b00b0b0b0b0b00U0b0UDO Emacs-Lisp0O00dnQog

OoobOoboobooobouooboonoooubuobUobObnelp(add) DODOODODODO
goooooo

HEN 6.14.4 O 0 helpl p.87.

ooobo,cogoboooooboobooooDobooooDb,Asc00D0OO0OO0ODOOOO
gobobobo.

4.2.2 00O0O0OO0O0O0O

ooobobo,Asrd00b0oboboboboboboboboboboD.

RN ooobobo,gbooboobo,go,coooogoog

0000000000000 00,Asr 000000000000 O0O0DOO00
000000,0000000000,000000000. 0000000000
00000000, 0000dodoooo0ooooOo. oooo,000oon
Jddddoopoooooood.oddd0 oodooooooo.

[0] X~2+X+1;

1

[1] X=2;

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

ogn goooboo,b0bobgobo,0b,boobuoobo,0opoobOoo
gbooobooooobog,bobooobob.oobob,0booobooboaoon
oOooOoOo0DoOooob. Ase 00000, 00000000DOCOO0DOOODO
gbo,ogbbooobooboooood.

[3] X=x;

x

[4] X~2+X+1;

X" 2+x+1

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

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

4.2.3 U0

def sum(N) {
for (I =1, S=0; I <=N; I++ )
S += I;
return S;
}
o0oo0,100 NO0O000000o000ooonD sem() DOOOO0O0O. O000OO0O0O sum(N)
O Ngooooo. oooo,1o00goobogooo, gogoooogoooooooo, o
jojooddddo ¢«y00dd0oooboooooobooOo0. 0000 oooo. oooa, o
0Jo0oo0dooOOo,0d0b0b0ddoood0,ooooooooooooo. oo,
oooo0.odo,0oob, 0o obobobouoo. o000, 0ogoooon
N I A A A
gooooooooo,jgooooooooooooon.
def clear_vector(M) {
/* M is expected to be a vector */
L = size(M) [0];
for (I =0; I < L; I++)
M[I] = 0O;
}
oo0ooo,0doobodd0 ooooooobooooooobooooo. oo, o0o0on
Joodoododoo,00bdo0o0bdoOooodoooDoooOoogoooo. oooa,
000000, 00000 oooooo. oo oooooon

goooag.

424 0000

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

* This is a comment.

*/
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def afo(X) {

0000000000000 00000,0000d00o0oooooo. ¢/« 000000
Jo0000D0D0doooooDo0O, 000000 «/’0000b00ooooooooao.
00000000, 000000000000000D0D0D0D0ODODOOOoOg, #if o,
#endif 000000, (4211 0000000000p.23000.)

#if O

def bfo(X) {

/* empty */

}

#endif

4.2.5 [

Asir OOODOOO,

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

O

}
gooooooboo. oooobo,ogobooooooooobo,oo0obogooon
oo, dogootdobdoodouooooooouob. oo oouoo,oboao
0.o000,

S = sum(N);
gooo,odoood (‘;’DDD ‘$’)DDD|:||:|D|:|[|D. Oo0O0O00d0dddd return
O,break 00000000 0O0ODODOODODO. if00 for 0000 (A10O0O0O0O0OOO
p.168)DDDDDDDDD,DDDDDDD,DDDDDDDDDDDDDDDDD.DDD,
ooobOoooobooooooOooooo. bobooooo,Yo YyYoooooooo
g, 0o0douooooouoooou. ooooooon.

if (I ==0){

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

}

‘yoooooooooooooo. oooo,YYoooyoooobooooono,ifdo
goobobobobooboo.

4.2.6 return [J

return 00O,

return [ ;

return;

g20000000.0000000000DO00DO0ODOO.DOO0ODOOO0ODO0b0 OO0
gbo.0oobo,o0boooboboobooobobooooon.
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4.2.7 if [

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

else
O

O0200000.00000000000000,00000 if0000000000O00OO
O.0000000000.
if (0O )
if (0O ) O
else
O
0000, 000000,elsedd0, 000 if0000D0O0O0O00OOOO,0000,00
00 2000 if0000000O00O0O. O00O0,2000 ifd0o0ooooo,o0on
O000000,0000000000,elsed0d0,0000 if000O000O0OOOOONO
oooooooo.ooo,oooo,
if (0O ) {
if (O ) 0O else O
}
dooooooo.ooooooooooooag,
if (0 ) {
if (0O ) O
} else
O
ooOoooooooao.

ooogogod,toplevel I if DOOO0OOOO $000 ;0000000000O. OO
goboooboooobooobooon.

4.2.8 00O, break, return, continue

UbobobobOob,whiled, for0,do 00 300000.

e while O
ooo,

while ( O ) O
g,0bg0,0 bgobo,0bbo ooobboo b oobboooboobboo. o
gobool1gobo,0b0bo0obooooog.

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

do {
0
} while ( O )

g,00 0boobuodabboobuooboobbod whileOOoooog.

Jd0d00ddooOoDoDoOO0O,reax 000 return 00 00. OO0, 0000000000
O00O000000 continue OO OO.

break

break 00, 0000000000 OOOOO0O.

return

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

continue U0, 0000000000000 0ODO0O0O. 00O forg,0b00nO0
gobodbO0,whileODOODOOODODOODO.

4.29 00O0OOO

goboo,0obbooobooobboobobooobboobooboob. bboon
gbooobooobo.oobod,struct 00000000, O00000O0O00OO00O, asir
gboobooboobobooboboobuoboob.obooob,0bdbdl struct_
type UODODOODOOD. OOD0O0O00D0O0,000000 newstruect OO OOOOO. O
goooooboo,b0ob »00oo0booboo.boobboobog,>000ooboo
goooood.

RN

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

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

[3] A->num
1

[4] A->den
2

[5] A;
{1,2}

[6] struct_type(4);
1

1;

2;

6.7.1 O 0 newstructU p.67, 6.7.3 0 U struct_typel p.70

4.2.10 JO00OO04Od

goboooboooooboo,boooooooboon.

0ooo, O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000
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2/3000.0000,00000 (DO0OODOUDOO)DOD0OU0DDODODOUODOOUODOOO
oogd.

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

oo obooobooboboob. opbooboboobooo,ob0,00000,0
goboooboooboboooboobooonoo.

v[0] M[1][2]
e OOODO
000 (=="), 00000 (‘1=), 00 (>, <, >=, =)0 2000000. 0000
0000 1,0000000000.
e 0ODO
000 (&%), 000 (‘110 20000,00 ()00000000.00000 1,
oooo.

o [1[]
o000 < 000.0000,000000000000D0O0O0DDODO00O00O0O0OO
ooo. (c+=77 c_=7’ 4*=77 L/=77(~=7)
A=2 Ax=3 (000 A=A«3000; 0O0000O0OOOO0)
e JOODOOO
O00000o0ooOoooon.
.4++7’(__7

gobog,0booboooboo,obboooooboobog,bbon.

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

4.2.11 JO0O00ooo

Asir 0000000 COOODODOOODOOO. CcCOOobOooOo,0b0n0Oon0gd cppd
0o000Db0O0,00000b000obobobOooo, Asr 0D0O00O0ODOO0ODODOOOO
ooddd cppooobbobobobbbbboo. bhbOoooooooooboboog
#include, #define, #if J OO OO DO.

e #include
UNIX 00 00000000000, Asir 000000000 0ODO (DO0ODO
ASIRLIBDIR 000000000 0OO0O0) O #include OO0 OO0OO0ODOOOOOO
Uobooooboouobboodg. UNIX OOUODO ecppbbboobbooobrbog,
#include 00000000000 OO0OOOOOOOOOOOOOOO.

o #define
oooO,CcoObo0boooobooooooobooooao.

o #if
/¥, x/ 00 0000000000000000,00000000000000000
000000, #if 0, #endif 0O DO OOOODODO.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

cooooOoooobOOobOODOoOoO0O,0D000000D $0O000OO0DbODOD. 0o
U0 LisTU0odooooog LSt oo, $bopogbooogotLIsT$ 00D
goooood.

OPdP WNEFEON®

=

0

"U%HOCUD>’;UD

4.2.12 0000000

goooboo0o NOOOooboooo,obobobo,NOOUODOobobooooo
go.

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

evalf : argument mismatch in factor()
return to toplevel

goboooboboooobobobooobobobooono, 000, 0obbooobboooon
gbo,00booooboobooobobooooaoo.
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% cat factor
def factor(F)
{
Mod = getopt(mod) ;
ModType = type(Mod) ;
if ( ModType == 1 ) /* ’mod’ is not specified. */
return fctr(F);
else if ( ModType == 0 ) /* ’mod’ is a number */
return modfctr (F,Mod) ;
}
[0] load("factor")$
[1] factor(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]
[2] factor(x~5-1|mod=11);
[[1,1], [x+6,1]1, [x+2,1], [x+10,1], [x+7,1], [x+8,1]1]

2000 factor(O) OOOODODOODOD,O000000000000O0DO0DO x"5-1000
O lmod=11 00 00O00O0O. OD0O,000000,medd00O0 keyword DDOOO 11 00
0000000000000 0000. Doo00o0o0o0o00o0ooooooo. oooao
getopt(mod) 0O OO0 ODOODOO. 1000000O00O0ODmed000OD0OOOODOO
OooDooogonbog, getopt(mod) DUDOD -1 00000000O00ODO. ODODOD,00
doooooboodo fobobooooboooo. cyoooobo,oobooooooo, <,y o0
pgodooooooooon.

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

Ooo, O0o0oood keyl=valuel,key2=value2,... O 0O OO ¢’ 00O
OO00Dooo0ODoo0O0O, ODO0OODOOD0O option_list O O0O0OO0OODOO
[["keyl",valuell, ["key2",value2],...] U0 UODO0OOODOOOODODO.

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

O0,00000 getopt() DODOODODODOODODOO,DO0D0ODODODODG,
oodoo0oooooooooooooooooon.

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

4.2.13 DO000O0

00000000000 0000,0000000000000000000 (module)
oboo.oooboooooobooogogooooogoooog.

module stack;

static Sp $
Sp = 0%
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static Ssize$

Ssize = 100%$

static Stack $

Stack = newvect(Ssize)$
localf push $

localf pop $

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

}
endmodule;

def demo() {
stack.push(1);
stack.push(2);
print (stack.pop());
print (stack.pop());
}

000000 module 000000 O endmoduled 00. OODOOOOODOODOOODO
00.00000000000000D000 staticOOOOO. 00OO0O0OOCOOOOOODO
0000000000000 00000. staticO0OO0O0OO0ODOOOODOOOODOOOO
0J0000.000000ododoOo, 00000000000 ooooDoooooon
0000. 0000000000000 externODOOO0O.

000000000000000 localf 00000000 O00ODOOO0O. 00000
push 0 pop 0000 O0O00. 000000O000OO0.

00000 moduleName DO DO OOOOO functionName U O D OOODOODOOO
0 moduleName.functionName(OJO 1, 00 2, ... ) 000000O00O. O0O0O00OO0OOO
O0,00000000.00000,00000000000000 stackOOODOOODOO
push, pop DO OO QOO.
stack.push(2);
print( stack.pop() );
2
00000000000 000Ooob0o0. o000 ob0ooooobooOoOooon
O0000000oOoooooooooooaon.

gboooboboobooboooobooboobboob.oobooobooooon
Uboboo0obdod, 00 module_definedp O UOUOUOOOOOO. OOOODODOOODOO
gobobooboobooooo.

if (!'module_definedp("stack")) load("stack.rr") $
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asir O O0DO00O0000D0O0000O0.00Db00000 stackODODOOOOOODO
U0, local A; UDODOODODO0OOOO0ODOO. DO0OD0D local JODODOO,0000
gboooboo.obooobooobooo,0oboooboobobobbooboooboooboooonog
g.0bobboobooboobooboobooboobo,o0obuoobooboobo
goobooooo.

gboobooobooboooboooobooobooboobooboobooboobo
g, 0ogoboboobooobobooboobobooboooboboobooonoobood.
/* 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;

dddobobobooobobooooooooooooooooooo,0o0o0o0o0o00 :: o
ooo.
def afo() {
S = "afo, afo";
return S;

by

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
g 6.12.1 O O module_list0 p.82, 6.12.2 00 0 module_definedpl p.82, 6.12.3 [
U remove_modulel p.82.
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5 o

5.1 oo

cOO000O00DOOU0DOOO0OO0O0ODOO0OUOD axO,00000DOO0ODDOOODOOODO
oob0,000000,0000000000000DOOC0O0O0O0D. Asir00,dex0O0
gbobooboobbo.gboobboobooob,o0bodabn debug; DOOODO.

[10] debug;
(debug)

goo,0oogo,b0ooooooooooooooboon.
e DD ODODOODLOODOOODO

e JOUODOO @wDhUODODODO

e DD OODLOOODDOO

gbobogo,booboobooooao,obooooooboobooobooooooonoo
gboboobooboobboobua,booboboobooobooooboooobo,obo
gobobooboobooooo.

e crror() DO DOOODOOODO

5.2 O OUO4ggdgd

gobobdg dex 0000000000 bOOo0oobOoooob. Od,gdb000ononOoong
ggboboobbuoooboodg. gbbuoob aexgdbbgdbod, step, next U, U
gbobooooooobgobo.boog,1gb0ob0oboboooog,0000o0iyd next
oooooobobooboobooog. boO,dex 000 “Ldbxinit’ DO OODOODO, dox 00O
OaliasOOOO0OOOODOO.

step goobooobooo.obooboobooobooo,booooon.
next goooooboog.

finish gogooooboooboobobooboooooooooooboobooboooooobo. ooo
stepUUOOOO0OOOO0O0OOO.

cont
quit ooooooooooo,o0o0ooooa.

up [n] 000o0o00oo0 10 (00D n0O0O0O0OO0 nO)0O0O0.000OO0O,000
goobooboooboobooooobg,bbooobo.

down [n] O0O00O0OOOOO 10 (D0 n0O00O0OO0 nO)00OO.

frame [n] OO0O0O0OOO,000000000O0CO00.000DO0O0O,000000DO
Udbob n000O00O0O0bD. bDO0o0boobbbo0obibUd where OO
gobodgbooobuooboo,boobobooboobobooaboo.

list [startline]

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

func function
00000 function OO O0O0O.

stop at sourceline [if cond]

stop in function
sourceline 00,000 function 000000000000 DOOOODO. 0OO0O
000000, 0000000000D0000D0D00O0DODO. if00000,
cond J000O0,000 000000CO00ODOOOO,ODDOO0O0O00O0DOO.

trace expr at sourceline [if cond]

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

deleten UO0O0O0O0OD0O0OO0 nOO0OOOO.
status gbobobooboooooooo.
where gbobobobobobobobobo.

alias alias command
command O alias 00 O00OO0O.

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

e OODODODOO
gogooobobboooooooob, oo bobboooooobooboobooo, oo
gooooooobon.
(debug) print A
A=2
(debug) print A=1
A=1 =1
(debug) print A
A=1
e OODODOOO
doooooobobbobo,print 0o ooon.
(debug) print length(List)
length(List) = 14
000D00,00 List 0000000000 0O000O0 lengthO OOOOOOOO.
(debug) print ctrl("cputime",1)
ctrl("cputime",1) =1
oooo,000000 ceUOOODOOOODODOODODOOODOOO,OO00O0D0O0
I A I I A

oo,00boboo0ob0oboboboobobooobOo,0b0obgb00oUl bsave() O
goboobooobbooobooobooboobooobbooboa.
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(debug) print bsave(A,"savefile")
bsave(A,"savefile") = 1

goboooobboooobboooobobooobobDd,print D000O0O0ODOO0O
gboooboobooboo,obobooboboobooboooboboooboboobong
gobodgboobbooboobobooog.

53 UUogooon

goobo,boboooooooooobobobobobob,boboboobobobob
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 X

7  end$

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

(debug) quit <-- 000000000oog

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

5 return X * factorial(X - 1);

(debug) where <-- 0J00000O0oo0ooooooooo
ooo

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

(debug) print X <—-X00ooood

X=6

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

2 if ( 1X)

(debug) where

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

X =25

(debug) delete 0 <-—- 00000000 o000
(debug) cont <-—- 0o0oo

720 <-- Qg = 6!

[5] quit;
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54 DD0OOOOOOODODOOOOO

OO0DOoO0DO, Asir O, 0000 ‘$HOME/ .dbxinit’ OOOO0O. OOOOOOO, dbx O
oooboooooooouobooouoboo0ooooDoo0oOn, Asir0,alias 0000
gooo.gooo,

% cat ~/.dbxinit

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

alias q quit
0000000, print,cont 00, 00000000O0OCOOOODOOOOODOO,O
oob0p,cO00,00000000000C.00,00D0000000D00,1ias0DOO
OO0 aliasOOOOOODO.

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

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

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

(debug) ¢
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6 JUuooon

6.1 DOOU

6.1.1 idiv, irem

idiv(il,i2)
s ggooooog.

irem(il,i2)
2 00000000a.

return gd

il i2 RN

i10 200000000000,00D000¢0.

20 0000000000,
gobodbog,boobboobuooobuouoboooboo.
i1%i20,00000000000000000 irem(O 0000O0OOOODOOOODO.

e JIOODOO sdiv,srem OO QO0O.

[0] idiv(100,7);
14

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

[1] irem(100,7);
2

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

oo 6.3.8 0 0 sdiv sdivm srem sremm sqr sqrm[] p.46, 6.3.10 O O %0 p.48.

6.1.2 fac

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

e iJOOD0OODOCODO.

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

iged(il,i2)
+ 000 GCD (DDO0OO)

igedentl ([i])
00 GChboOOOoOooOoon

return oo

il i2i ad

e iged [ i1 0 20 GCDODOODO.

e J0ODODOOOOUOOO,D0OODDOODODDODOOOOOOO.

e JOODODOO, ged,gedz O ODODO.

e 00 GCDOODOIDODOOODOODD, igedentl OODOOODO.

0 Euclid 00O (default)
1 binary GCD

2 bmod GCD

3 accelerated integer GCD

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

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

[4] E=Ax*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)

RN 6.3.20 O U gecd gedzl p.5h4.
6.1.4 ilcm

ilem(il,i2)
»ggooooooo.

return o
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i1 i2 oo
e 10 il,i20000000D0O0ODO.
e D ODOOODODO.

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

isqrt(n) = O00O0OO0OOOOOOOOOOOOOO.
return oooao
n o0oogo

6.1.6 inv

inv(,m) :mQO0000 000
return ud

im RN

e ia=1mod (m) D000 a00O0OO.

e i mUIODOODOOOODOODLOO,invO DOOODDOODOOO.

[71] igcd(1234,4321);

1

[72] inv(1234,4321);

3239

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

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

prime (index)

lprime (index)
s ggooo

return o

index o

e prime(), lprime() DUOODOOO0ODOOOOOOODOOCOODOOODO. indexOd 00O
O0DoO0oO0,0000000D000D000D0D00. prime() O 16381 00000000
OO0 19000, 1prime () O, 100 SOUODOOOODOOOOODOOO999000. 00
goboobooobooboobooobO.

e JOUDUDOUDUDUDUOUDLDOD, pari(nextprime,number) OO0 .

[95] prime(0);

2

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

[98] 1lprime(999);
0

g 6.1.14 0 0 paril p.39.
6.1.8 random

random ( [seed])
s gogooog.

seed
return goao

e JO 2°32-1000000DOLOODODO.

e O000O0ODOOODDO,DO00DO seedbOdDOCOOODO,0O0O0DOOO.

35

e default 0 seed 00000, 000000000,0000000000000000O

goog.

e U0DI-00000D0O Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)]

gobooboo,oboobbooboooboon.
e JOO 2719937-1 0 000O0ODO.

e mt_save 00O state OO OO0 save UOO. OO0 mt_load OO O OOOOOO

0,00 Asir0000000OO0O0ODOOOO0OO0OO0ODOObOoOoon.

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

6.1.9 lrandom

lrandom(bit)

s O000o0o00ooooo.
bit
return goao

e 0 bit DOODOOODOOOODOO.
e random OO O0O0D0OODOCOO,000 bitOODOODOOOO.

gd 6.1.8 0 O randomU p.36, 6.1.10 U U mt _save mt_loadll p.36.

6.1.10 mt_save, mt_load
mt_save (fname)
s do0oooooooobooooooogoon.

mt_load (fname)
s 000000000000 000oLObOoooooog.

return ocoO 1
fname oood
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36

e JOODODODOOODO,0O0DODOOCODOOOOOOO,DOO0O0O0OOODOD,O000 Asir

goboobooooboobooooobg.

[340] random();

3510405877

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

1

[342] random();

4290933890

[343] quit;

% asir

This is Asir, Version 991108.
Copyright (C) FUJITSU LABORATORIES LIMITED.
3 March 1994. All rights reserved.
[340] mt_load("/tmp/mt_state");

1

[341] random();

4290933890
ad 6.1.8 0 O random(] p.36, 6.1.9 0 O 1random[] p.36.
6.1.11 nm, dn
nm (rat) csrat000O.
dn(rat) srat 000,
return gooooooo
rat oogoooooon

e JOUODUODLOODODLODODLODODODODO.
e JOODODL,00DO0D0ODO,00D0O00DO0OO.

e OO DOO, 00O, b0000DOOO0ODLOO. O0DLOOODLOD,bO0000O0O

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

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

real (comp)
s compO0QO0QO0Od.

imag(comp)
s comp UUgogn.
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conj (comp)

s comp U oggn.

return comp

6.1.

ooo
000000,00,00,000000
0000,0000000000

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

(2+11*01i)

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

13 eval, deval

eval (obj[,prec])

deval (obj)
xmobjOODOOO.

return ogooooo

obj goood

prec RN

obj DU UODOOODODOODODOODODO.
deval DO ODO0OO0OD0OO0OO0O0ODO eval OO0, 000000000O.

eval OOO0O0O, 000 MPFROOOOOOODO. deval DOOOO,000 CODO
gboboboboboboo.

deval DO UOOOOODOO.

eval U0 OO0, prec0000O0O0OO,000,100 precO00O0O0OOOOO. prec 00
000000,0000000000000000. (6.1.15 0 O setbprec setprecd p.40
ooo.)

ogooooo, ooogo.
sin, cos, tan,

asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a"b)
J0ooooooboboboboo0. 000 ei D000 D0OO eval,deval HOOODO.

i 0oo0O
opi ooQ
Qe oooooo
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HEN

6.1.

[118] eval(exp(@pix*@i));
-1.0000000000000000000000000000
[119] eval(2°(1/2));
1.414213562373095048763788073031
[120] eval(sin(@pi/3));
0.86602540378443864674620506632
[121] eval(sin(@pi/3)-3"(1/2)/2,50);
-2.78791084448179148471 E-58
[122] eval(1/2);

1/2

[123] deval(sin(1)"2+cos(1)72);
1

6.14.1 00 ctrll p.84, 6.1.15 0 U setbprec setprecl p.40.

14 pari

pari (func, arg, prec)

+ PARIOOO funcOO0OOODO.

return func OOO0ODO.

func
arg

prec
[

PARIOOOO
func OO 0O

oo
PARIOODOOOOOO.

PARI [Batut et al.] 0 Bordeaux 00 000000000000 DODOODOOOODOO
O00.PARIODOOODOOOODOOOOODOOO,000000000D000000
00 (bignum, bigfloat) 0000, 00000000 bigleat 000000000 OO
0000000000000 00O. PARIOOODOODOODOODOOOODODOOO
000000000000, 00,gp 000 PARIDODOODOOODOODOOOOOO
UNIXOOOOOoOooooooooooooooooo.

U0000 prec0000D00OO0OO0OO. precO00D0O0OOOO setprec() UOOODO
goooo.

000000000 PARIOOOOOOOOOODO. DOOD1000 Asir00OD0O0O
ooboooooooobboobobo.ogbobooboobbo0 PARIODOOODOOODO
oogd.

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

lllgramkerimgen, 111int, 11lkerim, 11lkerimgen, 11lrat, Ingamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pnqgn, polred, polred2, primroot, psi, quadgen,
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quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
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 JO0O0ODOODO PARIOOOODOOOODOOD.

/* 00000000000 Oo0O. */

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

[ -1.61803398874989484819771921990 0.61803398874989484826 ]

[11]

/* 1 0000000ooooo. =/

[1] pari(roots,t”2-2);

[ -1.41421356237309504876 1.41421356237309504876 ]

g 6.1.15 0 0 setbprec setprecl] p.40.
6.1.15 setbprec, setprec

setbprec([n])

setprec([n])
:: setbprec, setprec O biglloat 00000000 20,100 n00O0000OO.

return 0

n 0

e JOODODOOO,bigloat UUDDO nODOOOOD. OOOOOODOODOOOO,O0DO
oooboboboooo.

e biglloat 0000 MPFROOOODOODOODOODODO.
e bigfloat 00O DOD0OO0OOODO. bigloat 0 flagd on OO0 OD0OD0, ctrl ODODO.

o DU ODODDOODOOODO,0DODOODLOODLOO0DODOODL.O0bODbDO
gobooooboooood.

[1] setprec();

15

[2] setprec(100);
15

[3] setprec(100);
99

[4] setbprec();

332

oo 6.14.1 0 O ctrl0 p.84, (undefined)0 eval devalll p.(undefined).

6.1.16 setround

setround([mode])
2 bigfloat 00O 0000 mode ODOOODO.

return o

mode o0
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e JOUODDOO,bigloat UL DUUO mode JODOO. DODOOODOOOOODO
g,000bboooboobbooo.bogbboooboooboooon.

0 Round to nearest

1 Round toward 0

2 Round toward +infinity
3 Round toward -infinity

e bigfloat 00D DOOOOOODOO. biglloat 0 flagl on OOODOOO, ctrl OO0O.
[1] setprec();

15

[2] setprec(100);
15

[3] setprec(100);
99

[4] setbprec();

332

oo 6.14.1 0 O ctrl0 p.84, (undefined)d eval devalll p.(undefined).

6.1.17 setmod

setmod ([p])

0000 GF(p)OOOooo.
return 0
n 2°27r 0000

e JU0OD GF(p)UOUODODO.OODODODODO.

o LIUDOOODOOODOOODO,0bbOOLbOODOOLDbOODbDObDOODLbOO,bO0bO
0000000 pO0O0 GF(p)OOOOOODODOOOO.

e JOUODOOLOODOLODLDOLO DblODODODODODODOp.15600.

[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>>

oo 8.10.14 0 O dp_mod dp_ratU p.130, 3.20 000 0O O p.12.
6.1.18 ntoint32, int32ton
ntoint32(n)

int32ton(int32)
2 000000000 32vit00000o0oo.
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return oooo 32pitggdoooooog

n 27320000000

int32 oooo 32bit 00O

e J0UD (OO 1)000OO0O 32bit00 (DUD 10)0000,000000000
uo.

e 2bit DUD OpenXM OUODOUODOODOOOO,000000OD00ODO0ODOODODLDODLO
goog.

RN O70000000p94,32000000p.12.

6.2 bit 00

6.2.1 iand, ior, ixor

iand(il,i2)

+» bit 00O and
ior(il,i2)

»bit 00O or

ixor(il,i2)
: bit 00O xor

return oo
il i2 00
e 0 i1,i200000 bitOODODODODODOO.

e JOUODOUODLOODO,0DO0DODO.

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

0x1

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

[2] ior(0xa0a0al0alalalalal,0xb0cObObObObLOLOD) ;
Oxabacabababababab

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

oo 6.2.2 00 ishift[ p.42.
6.2.2 ishift

ishift (i, count)
1 bit shift
return o

i count o
e 0 00000 bitOODOO shift OO.
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e JO0OD0DOOO,00OO0DOODO.
e count 0O 0ODO shift, 00000 shift OO0,
[0] ctrl("hex",1);
0x1
[1] ishift(0x1000000,12);
0x1000
[2] ishift(0x1000,-12);
0x1000000
[3] ixor(0x1248,ishift(1,-16)-1);

ud 6.2.1 0 O iand ior ixorU p.42.

6.3 0O, 0000non

6.3.1 var

var (rat) crat0000.
return goao

rat oood

e 00OIDODOOODO,3.100Asir00000O0ODOOp.10000O.

e JO0DODOCODOOOOIUODODDOODDOOO.
X?y’z7u?v7w7p7q7r7S7t7a7b7C7d7e7f7g7h7i7j7k717m7n707DDDDDDDD
oo.

[0] var(x~2+y~2+a”2);
X

[1] var(axbxcx*xdxe) ;

a

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

abc
oo 6.3.7 0 O ord p.45, 6.3.2 0 O vars p.43.
6.3.2 vars
vars(obj) : objO0000000O0OODO.
return goao
obj oo

e 0IDODO0ODDODODOODOODODO.
e J0IDDOOUODOODODOOODODO.

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

[x,y,al

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

[abc,xy,efg]

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

[x,y,z]

0o 6.3.1 0 0 vard p.43, 6.3.3 0 O ucO p.44, 6.3.7 0 O ord0 p.45.
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6.3.3 uc

uc() s ggboooboobooboooboboon.

return vtype U 1 0000
e uc() ODOUODODO, 0,1, 2. 00000000O00ODO.

e uvcOO UOOOIDOOOODO,D0DOOOODODODODOODOOOO. DDOO, D
gbooooboobooboooboooo,bbooboboboboobobooDboon
gobooboobooobooooog.

e DOODOOO (vtype I 0)00D0D0O0O0O0 rtostr(), strtov() 0O ODO.

e uc() 0000000 D0O00O0O00O0DODO0 (vtype) D 1000. (3.3000000
O0p.14000.)

[0] A=uc(Q);

_0

[1] B=uc();

1

[2] (ucO+uc())"2;
_27242%_3%_2+_3"2
[3] (A+B)"2;
_072+42%_1%_0+_1"2

gd 6.8.3 0 O vtypel p.72, 6.10.1 O O rtostrd p.73, 6.10.2 0 O strtovl p.74.

6.3.4 coef

coef (poly,deg[,var])
spoly0 var (00O OO0OD)000O0O degOOODO.

return ggd
poly ooo
var ggdd
deg ooo

e poly 0 var 0000 deg 000000000,
e var 0,00000000 var(poly) 000D0O00DO.
e var 00000000, var 00000000O000O0O00O0ODOO.

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

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

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

[2] coef(A,0);

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

HEN 6.3.1 0 O varO p.43, 6.3.5 0 U deg mindegl p.45.
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6.3.5 deg, mindeg

deg(poly, var)
spoly 0,00 var OOOOQODODOO.

mindeg(poly, var)
spoly 0,00 var OOOOQODODOO.

return goo
poly aooo
var goo

e IIDDOODLOUODD var DOODDOOOD,00DbO0ODDOODO.

e U0 var OODOOOOOOODODOO.

[0] deg((x+y+z)~10,%);
10

[1] deg((x+y+z)~10,w);

0

[75] mindeg(x~2+3*x*y,x) ;
1

6.3.6 nmono

nmono (rat)

cratQQoO00O00000.
return oogd
rat goao

o DD OODLOOODLODO ODODOODLOODDLDOOOOODDOO.
e DD OODO,00D000D0DOODLOODDO.

44

e JJU0O (330000000 UOp.14) 0, 0000000000 DOOOOUDODO. 10O

oooooo.)

[0] nmono ((x+y)~10);

11

[1] nmono((x+y)~10/(x+z)"10);
22

[2] nmono(sin((x+y)~10));

1

g 6.8.3 0 O vtypel p.72.
6.3.7 ord

ord ( [varlist])
s 000ooon
return goOooon

varlist goOoooo
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e JOOODOODL,ODO0DO0DOOLOOODOODOD,DODO0OOLODODODOODODODOOO
ooobooo0o.0ooboooobood,rd) D0O0DOOOODOOOODOO
oo.

o IUOODOOUODLDOOOODLDOO,00b0DbObOOOUOLbLDDbDOOO0bLDbDOO
gboboobooboobooboboboboboo.bob,oboobooboobo
O,Asir) 00000, 0000,0000000000000D0000000O0. 00O
gobobobooobobooooobooboooobobooooobobo,obboooobobogo
gooooo.

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

(Lx~2+1)7°(-1/2) ,(_x"2-1)"(-1/2)]

[1] ord([dx,dy,dz,a,b,c]);
[dx,dy,dz,a,b,c,x,y,2,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,
_o0,exp(_x),(_Lx)"(_y),log(_x),(_x)~(_y-1),cos(_x),sin(_x),tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x),sinh(_x) ,tanh(_x),
(x"2+1)°(-1/2),(x"2-1)"(-1/2)]

6.3.8 sdiv, sdivm, srem, sremm, sqr, sqrm

sdiv(polyl,poly2[,v])
sdivm(polyl, poly2,mod[,v])

s polyl 0 poly20000000000000DO0OOODOODOODOO.
srem(polyl,poly2[,v])
sremm(polyl, poly2,mod[,v])

s polyl 0 poly2 0000000000000 0O0O0OO0ODOOOOOO.
sqr (polyl,poly2[,v])
sqrm(polyl, poly2, mod[,v])

s polyl O poly2 0000000000000 O0ODOO0OO,000000.

return sdiv(), sdivm(), srem(), stemm() : 000, sqr(), sqrm() : [0, 00100

ooo
polyl poly2

ooo
v ooo
mod oo

e polyl O poly2 0000 var(poly2) (00 vOOOOOOD v)OOOOOOOOO
O,poly20,000000.

e sdivm(), sremm(), sqrm() 0 GF(mod) DO0OODODO.

e 00000DD,000000000000000000,00000000000 poly2
0000, polyl 0000000000 polyl 0000 poly2 00000000000
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gbobobob.obgoobo,booooboooobobobobo,0b0o0obooobooon
goboobooooboo,gboobobooboooboobob.boo,booboo
gobooobooooobooooon.

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

sqrO DO00OD0OOODOOOOOOODOObOO.
goboon,dodD idiv,iremdd oo,
oooboboobooo »yobooa.

[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;

X734+ (—y-2) *x "2+ (~y " 2-2xz*y-2" 2) kx+y " 3+3*z*xy " 2+3%z" 2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);

X734+ (y+2) *x 72+ (-y " 2-2%z*ky-2"2) *x~y " 3-3*%z*y " 2-3%2"2%y-z"3
[4] G=gcd(X,Y);

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

[5] sqr(X,G);

[x-y-z,0]

[6] sqr(Y,G);

[x+y+z,0]

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

divsp: cannot happen

return to toplevel

00 6.1.1 0 0 idiv irem0 p.33, 6.3.10 0 O %0 p.48.

6.3.9 tdiv

tdiv(polyl, poly2)
zpolyl O poly2000000000DOOODO.

return gobooboooo,0oobobooooboo o

polyl poly?2
ooo

e poly20 polyl 00000000000 O0OOOOOO.

e JJ00OODODDOODODOOODODOODODO, DOODOUODODODOODODODOn,
tdiv) 0000000000000 0DOOO0OoOO.

[11] Y=(x+y+z) "5 (x-y-z)"3;
K78+ (2%y+2%2) xx T+ (-2xy " 2-4xzxy-2%2"2) *x"6
+(=6%y~3-18%z*y 2-18xz"2*y—-6%z"3) *x"5
+(6*y~5+30%zxy~4+60%z" 2%y~ 3+60%2z" 3xy " 2+30*z " 4*y+6%z"5) *x "3
+(2%y"6+12%z*y " 5+30%2" 2%y " 4+40%z " 3%y~ 3+30%z"4xy " 2+12%z " B5xy+2%z"6) *x"2
+(=2%y " T-14%z*xy~6-42%z" 2%y~ 5-70%z" 3%y~ 4-T70%z"4*y~3-42%z"5*xy~2
—14%Zz"6%y—-2%2"7) *x-y " 8-8*z*xy " 7-28%z" 2%y~ 6-56%2"3xy " 5-70%z"4*xy "4
~56%z" 5%y~ 3-28%z" 6%y~ 2-8%z " T*y-z"8
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[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] I;
5

RN 6.3.8 0 U sdiv sdivm srem sremm sqr sqrml] p.46.

6.3.10 %

poly v m = QO0QO0QOQOdQonOg

return oooooooo
poly 00o00o0o0ooooooao
m oo

e poly DUOUOD mOODOOOODOODOOOOOOODO.
e JOODODOODODODODO.

e poly ODODOUODOO. DOO0O,000D000D0O0OUODLDOODOO irem() ODODO
oboboboobon.

e poly U, mUODODOODOODOODODO,00000D0O0OODOO.

[0] (x+2)°5 % 3;
X"B+xT4+x"3+2%X T 2+2%x+2
[1] (x-2)°5 % 3;
X"B+2*%x74+x " 3+x 7 2+2*%x+1
(21 (-5) % 4;

3

[3] irem(-5,4);

-1

RN 6.1.1 00 idiv irem[ p.33.
6.3.11 subst, psubst

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

varn goao
e JI00OIDDIOOODODOO,000OOUOOOO,ODD0O0O0OOOOUOOOODOOOO.

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

e JDODOODOODLDOODOUODLOO,bOO0ODDLOODOODDOODOODD.

e subst() O, sin() D0ODDOOOOOODDOOOO0OODO. psubstO) O, OO0
00000000000000000000,000D00000D00000.  (partial
substitution 00 0 0)
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e AsirJ0,000000DOO00OO0DOOOOO0OOD,0DO000DO,0D000000D
gboooobooobobobob.oobgooboboobo,boboboobooboobo
gbo,00boooo,booboooboooboooboobooobooboobooooboog.

o LIUDODOODOOODLODOODDO.

e substUUU rat000OUO,00,00,0000000000000000000,0¢0
gbobobobobobobobon subst OO

[0] subst(x"3-3*y*xx"2+3*y~2*x-y~3,y,2);
X" 3-6%x"2+12*xx-8
[1] subst(@@,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,¥);
y~4
[5] subst(x*y~3,x,t,y,x,t,y);
y*x~3
[6] subst(x*sin(x),x,t);
sint (t)*t
[7] psubst(x*sin(x),x,t);
sin(x)*t
6.3.12 diff

diff (rat[, varn]*)

diff (rat, varlist)
crat0 varn O00O0O varist OO0 O00OO0O0OOOOO.

return u

rat 000 (booboooooooo)
varn goo

varlist oopooooo

e JOUODUDOUDUOD varnODUODO varlist DO DOODODOODOODO.

e 00000000,00000000.000,diff(ratx,y) 0, diff(diff(ratx),y) 0
ooooo.

[0] diff((x+2*y)~2,%);

2%x+4¥y

[1] diff ((x+2%y)~2,x,y);

4

[2] diff(x/sin(log(x)+1),x);
(sin(log(x)+1)-cos(log(x)+1))/(sin(log(x)+1)~2)
[3] diff(sin(x), [x,x,x,x]);

sin(x)



oed OO0OOOOO 49

6.3.13 ediff

ediff (poly [, varn] *)

ediff (poly, varlist)
s poly O varn00O0O0 varlist DD O0OOOOOOOODOOOO.

return goo

poly aooo
varn goao
varlist ooOooooo

e JIIOOOOO, DOOODODODDODODDDO. 000, ediff(poly,x,y) O,
ediff(ediff(poly,x),y) OO0 O OOO.
[0] ediff ((x+2*y)~2,x);
2%x " 2+4%y*xx
[1] ediff ((x+2*y)~2,x,y);
Axy*x

6.3.14 res

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

return oon
var ggod
polyl poly2
ooo
mod oo

e JOUODOUODO polyl O poly20,00 var DOUODUODODOODO.
e OO OOUOOUOLOOOODO.
e 00 mod 0000, GF(mod) DOOOOOOO.

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

6.3.15 fctr, sqfr
fctr(poly)
s poly OOODOOOODODO.

sqfr(poly)
s poly UOOOODOOO.

return goo

poly 000000000

e JOOUODUDODND poly UODUODOODO. fctrO OUODOUODOO, sqfr() UDOODODO
goo.
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e 00O [[DOO,1,[00,000],..]00000.
e D00 D 000 0DO-000 000 poly 000DO

e 00O O, (poly/000)0,00000,000 GCDO 1000000000000
000000000, (ptozpO) O0O)

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

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

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

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

[3] fctr(d);

[[1,1], [atb+c+d,2]]

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

XTE+xT4-2%y T 2%x T 3-2%y T 2%xx T 2+y T dkx+y T4

[5] sqfr(A);

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

[6] fctr(A);

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

o0 6.3.16 O O ufctrhint p.51.
6.3.16 ufctrhint

ufctrhint (poly, hint)
s dd0ooooo 1o000o0ooboooa

return goo
poly gooooo 1ggoooo
hint goo

e 10DDOODOOD int OOODDOODOODOOODDODODO polyOOOOODOO
0 fctr() DO0OO0OOOO. poly0,d00000O0OOOOOOOOOOOOOO (O
0000000000000 P.144) 000000000, 000000000 400
Oo0o00.000000000000a0.

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

t79-15%xt"6-87*xt~3-125

Omsec

[11] N=res(t,subst(A,t,x-2*t),A);
-x"81+1215%x"78-567405*xx"75+139519665%xx~72-19360343142*x~69
+1720634125410%xx~66-88249977024390*xx~63-4856095669551930%x~ 60
+1999385245240571421*xx~57-15579689952590251515%x~ 54
+15956967531741971462865*x"51

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

980msec + gc : 250msec

[12] sqfr(W);

[[-1,1], [x"81-1215%x"78+567405%x"75-139519665%x"72+19360343142*x"~69
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-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
+31524548679,1],

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

167.050sec + gc : 1.890sec

[14] ufctrhint(N,9);

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

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

119.340sec + gc : 1.300sec

RN 6.3.15 0 U fctr sqfrl p.50.

6.3.17 modfctr

modfctr (poly, mod)
s 000000000000 00

return goao
poly gooooooo
mod ooo

e 2729000000 med D0DDDD0000D00DOD poly 0000000000,
e 00O [[0O0O,,00,000),..]00000.
e 000 0 OOD0OD-000 00O polyDODODO.

e J00DDODDUUUDUDDODODOUOD fetr_ff0000. (0 100000ODODOODO
0000p.156,10.5.16 O O fetr_ff0 p.165 0 O ).

[0] modfctr(x~10+x7~2+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]]

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

ptozp(poly)
s poly UOOODODOODOOOOODODOO.

return goao

poly ooo

e JJ0DOOODO poly 0ODODODODOOODO,000000000 GCDO 100
gooooo.

o LIUODOOOODO,000Db0OO0O0DLOODLDOO,0b00O00DbOOO0O0ObOO,0000
gboboboobobooooooo.

e JOUDOUDUD redO UDUODLUODUODUODUDLUOUDL,DObOODOOODODOD
ooooo,0bob0oobdbt smO OO, 00000000, 000000000
gobooboog,booboooboobooooboooo.

e D0UUDN factor UODDOODUDDOOUDDOOOUUD [ge]000. 000 cOOODO
O00,g00000O0OO0OO0O00O0OO0O0OOOOO, poly =c*gO0O0O.
[0] ptozp(2*x+5/3);
6%x+5
[1] nm(2*x+5/3);
2%x+5/3

gd 6.1.11 U 0 nm dn[] p.37.
6.3.19 prim, cont

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

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

return poly
oo0oooooo

v oon

e poly 0000 (DD vODODOOOOO v)yOOOOOOOODO,000000.
[0] E=(y-2z)*(x+y)*(x-2)*(2*x-y) ;
(2%y-2%2) *x" 3+ (y"2-3*%z*y+2%272) *x "2+ (-y " 3+27 2%y ) xx+2z*y " 3-2" 2%y 2
[1] prim(E);
2%x "3+ (y-2%2z) *x "2+ (-y " 2-z*y) *x+z2%y "2
[2] cont(E);
y-z
[3] prim(E,z);
(y-2z) *x-z*y+z"2

gd 6.3.1 0 0 varO p.43, 6.3.7 0 O ordl p.45.
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6.3.20 gcd, gcdz

gcd(polyl, poly2 [, mod])

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

return oogd

poly1 poly2
ogoo

mod oo

e JIUJDOOUDDODUDDO (GCD)DOODO.

gcd() DOOOO0ODOOOOOODODO GCDOOO.OOODO,DO000000DO0,0D0
Ooo GCbO 1goooooooo,0o0,0000D0000 1000.

gcdz() O polyl, poly2 OO OO00OOOOOOCO,0000D0000000C0O GCD DO
o0.0000,gedO D00, 0000000 GCDODOODOOOODOO.

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

gcd (), gedz() Extended Zassenhaus 0000000 00. O0OO0O0O GCD O PRS
oooooooboooboooobO,00o0oo,GCbU 1gbooooOoboooobooog.

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

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

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

x"2-y~2

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

X" 3+y*x"2+y " 2%x+y”3

HEN 6.1.30 0 iged igedentl p.34.
6.3.21 red

red(rat) = rat000O0000O0O.
return goo

rat goao

e Asir U0 DOOO0ODOOUOODOOOOD.ODO,bDO00DOOODOOODO,O0D
goboobooobooboooob.00obbo0obio0obibd reddD0.

EZGCD OODO rat 000, 0000000.

oobooooooooooboog,b0boob geb o 1Oo0oOoOooOoooOobob. o
gobogboobboobooobooobgad.

e GCDOOODODOOOOUODO,0000ODOOUOOODOOOUOODODOOOODD.
ugo,b0o0,00bbooobooobuoobboooboob,bbooboboobobd
gob.goboobbodgboo,obodgboa,booboaobbgad.

[0] (x~3-1)/(x-1);
(x"3-1)/(x-1)
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g

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

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

(y) / (4*x+T*y~3)

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

6.1.11 0 O nm dn0 p.37, 6.3.20 U O gcd gedzU p.54, 6.3.18 O O ptozpl p.53.

64 J0OUOOODOOOO

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

umul (p1,p2)
umul _ff(pl,p2)

2 0ogoooooooobg

usquare(pl)
usquare_ff(pl)

s gooooboooo 200

utmul (pl,p2,d)
utmul _£f (pl,p2,d)

00000000000 (DOooooooo)

return goOooon
pl p2 oooooao

d

oooo
gobobobobob,bobobobobobobobobobOobobo.

umul (), usquare (), utmul ) 0O OUOO00OO0OO00O0O,0000000000000O
O00.000000 GF(p)DOOOOODO,000 000 pOOOOOOOOODOO.

umul_ff(), usquare_ffO),utmul_f£fO 0O, 0000000000000, 00000
O0o0o000oooooo. 0oo,00000000000,000000000000
000000, 00000000000000000000000D00000D000O0
000D simp_f£fO 000000000 O0OODOODOODOODO.

umul _£ff (), usquare_ff (), utmul _ff() O, GF(2"n) 00000000000 OOO.

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

0000, set_upkara() (utmul, utmul_ff 00000 set_uptkara()) 000000
000000000000 00000000, set_upfft) OO0OD0OD0OODOOODOO
0000 Karatsuba O, 000000 FFTOOOOOODOODDDODDODOOO. OOO
0,000000 FFTOO00,00000 10000000 mi0OOO0O, pl, p20
000 miOOOO0O0OOOOO0OO0OOO, FFTOOOO,00000000000A0
0. 000, 0gooboooobouoo, 000 oooooooooood
O000,0000 ShoupOOODOOOO [Shouwpl] DODOODODOODOODO.
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[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

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

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

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

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

7.77sec + gc : 8.38sec(16.15sec)

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

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

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

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

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

100

oo 6.4.3 0 0 set_upkara set_uptkara set_upfftl p.57, 6.4.2 U 0 kmul ksquare
ktmulll p.56.

6.4.2 kmul, ksquare, ktmul

kmul (p1,p2)
s 000000000 o0o

ksquare(pl)
s 000000000 20d
ktmul (pl,p2,d)
» 00000000000 (Cooooooo)
return gooooo
pl p2 ooooon
d good

e JOUDOUODODONO Karatsuba OO ODO.
e J00IDDwmul ODODO0O0OO,0000000000FFTOODOOOOOODODDOO.
e GF(2n)OJOOUODODODODOOOOODOOODO.

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

1

[34] setmod_ff(defpoly_mod2(160));

x"160+x"5+x"3+x"2+1

[35] A=randpoly_£ff(100,x)$

[36] B=randpoly_£ff(100,x)$
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[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])
2 10000000000000 N2, Karatsuba, FFTOOOOOOOOODO
ooo

return gooooooo

threshold 0000
e 100D, 00000D0O0ODOODDOO,D00D0O0O0ODDOOO0DOODDOOO.

e JOUOUOUODUODL,D0 NODUODUODODODODL N2ODQOUODUOD,DO0DOOO
Karatsuba DO O0O0OO, 0000000 FFTOOOODOOODODODOOD. ODODODO
goooooboog.

o IO, 00000O0DOODOOODLDOODN.

g 6.4.2 00 kmul ksquare ktmull p.56, 6.4.1 00 umul umul_£f usquare
usquare_ff utmul utmul_££0 p.55.

6.4.4 utrunc, udecomp, ureverse

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

return 00000000000000000000
p 0oo0ooO
d oooo

e pODOD xO0OD. 0000 p=pl+x-(d+)p2 (p1 00D0 d0OD)0O00O0OD.
utrunc() O pl 000, udecomp() O [pl,p2] 0O O.

e p00O0O e00,i00000 pij0000, ureverse() O ple]+ple-l]x+... OO O.

[132] utrunc((x+1)~10,5);

252*xx"5+210%x"4+120%x"3+45%xx " 2+10*x+1

[133] udecomp((x+1)~10,5);
[252%x~5+210%x"4+120*x "~ 3+45*%x " 2+10%x+1 ,x"4+10*x "~ 3+45%x~2+120*x+210]
[134] ureverse(3*x~3+x"2+2%*x) ;

2*%x"2+x+3

HEN 6.4.6 0 UJ udiv urem urembymul urembymul_precomp ugcdll p.58.
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6.4.5 uinv_as_power_series, ureverse_inv_as_power_series

uinv_as_power_series(p,d)
ureverse_inv_as_power_series(p,d)
0000000000, 0000

return gooooo
p oogooog
d oooao

e uinv_as_power_series(p,d) U, 0000 000O0O0O0OO pO0O0,pr-1 00000
Od+1 00000000 00 d00o0o0o rooon.

e ureverse_inv_as_power_series(p,d) O p O000 e Oooo0ooad,
pl=ureverse(p,e) 00O 00O uinv_as_power_series(pl,d) O0O0O0ODO.

e rembymul_precomp() DO DODOOODODOOODN, ureverse_inv_as_power_series() [

Oo0o0000o0ooooooooon.
[123] A=(x+1)"5;
X" 5+5*%x74+10%x"3+10%x " 2+5*%xx+1
[124] uinv_as_power_series(A,5);
-126%x"5+70%x"4-35*%x"3+15%x"2-5%x+1
[126] AxR;
-126%x"10-560%x"9-945%x"8-720*x"7-210*xx"6+1
[127] A=x"10+x"9;
x~10+x79
[128] R=ureverse_inv_as_power_series(A,5);
-x"5+x74-x"3+x"2-x+1
[129] ureverse(A)*R;
-x"6+1

ud 6.4.4 U0 utrunc udecomp ureversell p.57, 6.4.6 U [ udiv urem urembymul
urembymul_precomp ugcdl] p.58.

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 dodoooooog, GEb
return gooooo

plp2inv OOOO0OO

e JOUDODO pl, p2000, udiv 00O, urem, urembymul 000, uged O GCD OO
0.0000,00000000000000000D0000D000. urembymul O, p2
0oo00o0oOd,p2000000000000D000O0,00 200000000000,
doodDooooooooooo.
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e urembymul_precomp I, 0000000000000 0000O0O0ODOOOOCCODOO
OO0O00. 0D 3000,00000 ureverse_inv_as_power_series() JODODOOO
gog.

[177] setmod_ff(2°160-47);
1461501637330902918203684832716283019655932542929
[178] A=randpoly_£ff(200,x)$

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

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.1bsec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul (A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

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

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

g 6.4.5 0 Juinv_as_power_series ureverse_inv_as_power_seriesl p.58.

6.5 DDOOUOOOO

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

car(list) = 0000 ListO0OOO0O.
cdr (list) 0000 st 00000 oooooooooo.

cons (obj, list)
s list 0000 obj0OODOOOODOO.

append (list1, list2)
s listl O list2 00000 10000000.

reverse (list)
s list 00000O00O0O00O0O.

length (list| vect)
s list 000,000 vect OO

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

list list1 list2
ooo

obj a0

e OOD [objlobj2,.. ] 00D0O0OO. obj1 ODOOODODOO.

e car() U, 0000 Ist UDOUODODLDODLDODO. DODODODODODOO,DO00O
gooooo.
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e cdr() 0, 0000 Lst DODUOOOUODLDOODOOOUODLODOODO. ODDOOOOD
ooobob,0coooooogoog.

e cons(O U, list 0000 objO00DOOOODOOOOOOO.

e append() O, list] 0000 list20000000000000000 [list1 00000
O.ist2000000]00000.

e reverse() U, list 00D UO0OO0OOOODOODOO.
e length() O, list D00 vect OO OOOOO. OOOOO0O0OD,size() OODODO.
o DD OODOODDO,0DbOODDLOOODOODO.

e J00O0 nO0D0O0OOOODOD,cdrO U0 nOO00OO0O0DO0 carO OOOODOODO
ooooooobo,boobo,bo0b,0b0b00ob0obobooD,0bbo0obn [nd
goboobooboooboobobooboobobo.oob,0o0bbooboa,0boo
ogbobd n0OO0000OO0,00000000000000O0DO00A0.

e cdr(O UIOOO0OODODOOODODO,append() O,00000 10000000000
U0 consO U0OO0ODOODODO,0D100D0ODO00OO00OODODODODOODLO
D0O0Db0Ob0ODbOO. reverse() DODOOOOOODOO.

[0l L =1[[1,2,3],4,[5,6]1];
[f1,2,31,4,[5,6]1]

[1] car(L);

[1,2,3]

[2] cdr(L);

[4,[5,6]]

[3] cons(x*y,L);
[y*x,[1,2,3],4,[5,6]]

[4] append([a,b,c],[d]);

[a’b’c,d]
[5] reverse(l[a,b,c,d]);
[d,c,b,al
[6] length(L);
3
[7] length(1ltov(L));
3
(8] L[2][0];
5
6.6 U

6.6.1 newvect, vector, vect

newvect (len[, list])

vector (len[, list])
00 lenO0000O0O0OOOO.

vect ([elements])
celements OO0 0000 0OOO0OOOOOO.

return gooao
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len oogd
list o000

elements 00000
e vect O OOOOODOOOOOOOOODO.
e vector 0 newvect DO O OOO.

e newvect U0 lenDODOOD0OOOODOO. O 20000000,0000 00000
gbobO. 0 20000000,00000000000000,000000000000
gobobo.ooboo,0bobobobo,oo0oboob o0obobOoD.

00000000,0000000 Ilen-100000. (0 1000000000OOOO.

)

gbobgooboo,oooooboobobgobobgooooooobooobobobon,
000000000000 000000000 displacement (00 )0O00O00O0O00O0O
gobooboooo,boobo,o0booobooboobooboobobo.ooooo
gbo,gobooa,booobooboodgbooobooboobboooboga,boobooa,
gobodgbooobooboon.

Asir 00,00000,0000000C00O0O0.O0000D0O0O0OOOOOOOOOO
goboo,boobooboooboobooooaoo.

00000000 sizeOQ OOOOOOOO.

gbobooobooboboobbobbobo,bboboboob,obpbobobobobooboobo
goboogoobood.

[0] A=newvect(5);
[0O0O0O0O0]

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

(2] A[0];

1

[3] A[4];

[5,6]

[4] size(A);

[5]

[5] length(A);

5

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

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

[9] A;

[ x 234 [5,6] ]

uag 6.6.5 00 newmat matrix[p.63, 6.6.7 00 sizellp.64, 6.6.200 1tovlp.61, 6.6.3
00 vtoll p.62.

6.6.2 ltov

ltov(list) = O00OOODOOOOOOODO.
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return oooao

list goo
e JOU st DODODUODODODODODO.
e JOODODO newvect(length(list), list) OO OO.

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

ad 6.6.1 0 0 newvect vector vectl p.60, 6.6.3 0 O vtoll p.62.
6.6.3 vtol

vtol (vect)
s Qoooooooooogg.

return goao

vect gooo
e 00 nOOOOO vect O [vect[O],...,vect[n-111] OOOOO0OOOOO.
e JO0OODOOOOOOOOOO newvect() OOO.

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

[4] vtol(A);

[1,2,3]

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

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

return byte array
len o000
listorstring

oooooooog
e newvect OO OODO byte array 00O OO . similar to that of newvect.
e N0IDODO0ODDODODOODOODODO.
e bytearray 0000000000000 O0OOO.

[182] A=newbytearray(3);

|00 00 00|

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

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

[185] A[O1;

97
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[186] A[1]=123;
123

[187] A;

|61 7b 63]

gd 6.6.1 0 U newvect vector vectl p.60.
6.6.5 newmat, matrix

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

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

return o0
row col goao

abcd 00
e matrix 0 newmat O OO OO.

e row J col DOOOOODOOO. O 30000000O0,000D000000000O. O
30000000, 0000b00o000oU0o00oD,0b00, 0000000 (OoODO
000000)000000000. 0000,000000000,000000 00
goooa.

e IIODOODNO size() DO OODO.

Mmoooooo,MIloood 1gobogoooooogoooooboooD.booo
goo,000bogobooboboob,boooboobboobobg,ooboo
goboooooobooooog.

goboooboobooboobboboboo,bobbobobo,0booboboboboboobo
goog.

(0] A
[11
[xy 0]

[ x°2 00 ]

[1] det(a);

-y*x72

[2] size(A);

[3,3]

[3] A[1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

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

O O

gd 6.6.1 0 O newvect vector vectl p.60, 6.6.7 0 0 sizel p.64, 6.6.8 0 U det nd_
det invmatl p.65.

6.6.6 mat, matr, matc

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

s 0gooooobooobooobooboon.

matc (vector[,...])

s ggbooopooooboooooboon.

return o

vector goooooog
e mat D matr OO DO OODO.

HEN

6.6.

gbobooboobooboobo.gboog,oobobobboo,o0bgoono oo
goooa.

(0] matr([1,2,3],[4,5,6],[7,8]);
[123]
56 ]
8 0 1]
matc([1,2,3],[4,5,6]1,[7,8]1);

.
W N RN

o O

7]
8 ]
0]
.6.

6.6.5 U U newmat matrix[ p.63

7 size

size(vect| mat)

lveet OOO]1 000 [matd00O0 ,mat 0007,

return goo
vect gooo
mat oo

e vect UOD, 000 mat O DOODOODODOODO.
e vect UODODO length() OOOOOOODOODO.
e Jlist OO O lengthOU, 0000 0OOODOOOOOO nmono() OO ODO.

RN

[0] A = newvect(4);
[ 00O0O0]

[1] size(A);

[4]

[2] length(A);

4

[31 B=n
[123]
[ 456]
[4] size(B);
[2,3]

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

6.5.1 0 0 car cdr cons append reverse lengthll p.59, 6.3.6 U [0 nmono[] p.45.
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6.6.8 det, nd_det, invmat

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

invmat (mat)
cmat0000000O0.

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

64

e det U nd_det U0 mat U DOODOODO. invmat OO0 mat DOODOODOO

o.ooob0 [0co,0ob0loooooo,0bobo,gbo/00 bobobon.
e U0 mod OODOO, GF(mod) DODOODOOOOODO.

e O UODOOODODODODODODLO,D0DbODLOODODLOODDODODOOO

goboobooobboooboobooooboooo.

e nd det UOUDDOUOUOOOUOODLUOOOLOOOLOOODLDOOOOOOO. ODOO0OOOO
gbobooooobobobobo,0000b0000b0ob0ob0obon0,00d det

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

[94] A;

[ 1 xx"2x"3x74]
[1yy2y3y4]
[1z2z"22z"32z"4]
[1uu2u3ui4d]
[1vv2v3vid]
[95] fctr(det(A));

(f1,11, fu-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[JI=W"J;
[98] A;

[ 1 xx72]

[1yy 2]

[1z2z"2]

[99] invmat(A);

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

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

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

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

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

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

[101] map(red,A*B[0]/B[1]);
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[100]

[010]

[0O01]
gd 6.6.5 0 U newmat matrix[ p.63.
6.6.9 gsort

gsort (array [, func])
200000 array OO0 OO0 Q.

return array (00000;000000000)
array gooodn

func ooood
e II0DDODO quicksort DD OODO.

e DO UODOO0ODODODOODO,0D00ODODODOODODLOODODLODOODn
goooooboooon.

e (0,1,-1000 200000 funcO00O0OO0DOOOODO, func(A,B)=1 0000 A<BO
gb,uggbboooboogbooobooaog.

e JOUODOOLOODOLO,0DbODODODODODODAO.

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

gd 6.3.7 0 O ordd p.45, 6.3.2 0 U varsU p.43.
6.6.10 rowx, rowm, rowa, colx, colm, cola
rowx (matrix,i,j)

= 0igoo0 jo0o0o0ooo.

rowm (matrix,i,c)
0100 cOOO.

rowa (matrix,i,c)
2 0:1000:00 cOO0OOO.

colx(matrix,i,j)
01000 jO000000.

colm(matrix,i,c)
20100 cOO0O.

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

return o

i, j 0o
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c 00
e JO0ODODOOOOO0OO0OO0OOOOOODODO.
e JOODOOOOOOOOODODODO.
[0] A=newmat(3,3,[[1,2,3],[4,5,6],[7,8,9]1]1);
[123]
[ 456]
[789]
[1] rowx(A,1,2)$
[2] A
[ 12
[ 78
4 5
3] rowm(A,2,x);
1 23]
7891
4xx 5%x 6*x ]
4] rowa(A,0,1,z);
T*z+1 8%z+2 9*z+3 ]
7891
4xx 5*x 6*x ]

L
L
L
L
L
L
L
L
L

oo 6.6.5 0 0 newmat matrix[] p.63

6.7 00O

6.7.1 newstruct

newstruct (name)
2 00000 nameO0O0O00D0OOOOO.

return oogd

name goao
e OO name 00O OOOOOOODO.
e J00OUOO,name D0 O0O0OOOOOOOOOOOOODODOO.

e 00000 DUCOOUDO ->00000D0O0ODOODOOD. OODOOOOOOOO,O00

->fJd00oooooooooooo.
[0] struct list {h,t};

0

[1] A=newstruct(list);

{0,0}

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

[3] A;

{0,{0,0}}

[4] A->h = 1;

1

[5] A->t->h = 2;



oed OO0OOOOO 67

2

[6] A->t->t = 3;

3

[7] A;

{1,{2,3}}
oo 6.7.200arfregl p.68, 42900000000 p.22
6.7.2 arfreg

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

s 0oooooboobooooboo.

return 1
name ggdd
add sub mul div pwr chsgn comp

goooaoo
name U0 0000000 OOD0OOO0ODOOOO.

ogbobobobgoobooboobooooboo ooobbO.oboboboboobDoooon
gbobobobon.

goboooooboooogoooooaa.
add(A,B) A+B

sub(A,B) A-B

mul(A,B) A*B

div(A,B) A/B

pwr(A,B) A°B

chsgn(A) -A

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

% cat test
struct a {id,bodyl}$

def add(A,B)

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

}

A->body+B->body;

def sub(A,B)

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

A->body-B->body;
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}

def mul(A,B)

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

A->body*B->body;
}

def div(A,B)

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

A->body/B->body;
}

def pwr(A,B)

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

A->body~B;
b

def chsgn(4)

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

-A->body;
b

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}

68
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[12] B=newstruct(a);
{0,0}

[13] A->body
3

[14] B->body
4

[15] Ax*B;
{0,12}

gd 6.7.1 0 O newstructU p.67,4.2.90 0000000 p.22

3;

4;

6.7.3 struct_type

struct_type (namelobject)
2 0000000ooooooog.

return o
name goo
object ooo

e 00 name 00O0OD0O0OO,000 object 0O0ODOOODODODOODOOODODOO. ODOO
gooo -100g.
[10] struct list {h,t};
0
[11] A=newstruct(list);
{0,0}
[12] struct_type(A);
3
[13] struct_type("list");
3

ud 6.7.1 0 O newstructU p.67,4.2.90 0000000 p.22
6.8 UUUOOOO

6.8.1 type

type(obj) :objd O (OD0)0O0ODO.

return gd
obj aad
e obj DODOODODO.
0 0
1 g
2 oo0O (booo)
3 Oo00 (booooo)
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4 goo
5 goood
6 oo
7 goo
8 goo
9 oopooooo
10 32bit 000000
11 goooooogn
12 GF(2)OoOooOo
13 MATHCAP OO OODOO
14 oopooooo
-1 volb oooooo
e JOUDUDLDUDOO,ntype UOUOD. UODODUODODODOO, veype DODOO.
gd 6.8.2 0 Ontypel p.71, 6.8.3 U O vtypel p.72.
6.8.2 ntype
ntype (num)
cnum (0)0 0O (0DO0)00O0.
return gdd
obj a
e JOODODOODODO.
0 goo
1 gobooooo
2 good
3 00000000 (bigfloat)
4 goo
5 googd
6 gopoogooo
7 o0 2000000

e newalg(x"2+1) 0000000, 0000 i 0,000000000000.
e J00DODOOOO,090000000000000p.144000.

[0] [10/37,ntype(10/37)1;

[10/37,0]

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

[0.27027,1]
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[2] [newalg(x~2+1)+1,ntype(newalg(x"2+1)+1)];
[(#0+1),2]

[3] [eval(sin(@pi/6)) ,ntype(eval(sin(@pi/6)))];
[0.49999999999999999991, 3]

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

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

oo 6.8.1 0 0O typel p.70.
6.8.3 vtype
vtype (var)
cvar (000)0 0 (QO0)000.
return ud
var ggd
e var (000)000D0DOO0OODO. 00O 3300000000p.14000.
0 00000 (a,b,x,afo,bfo,...etc)
1 uc() OOODODOOOODO (L0, _1, _2, ... etc)
2 0000 (sin(x), log(a+l), acosh(1), @pi, Qe, ... etc)
3 000 (00O00O000,00000000,00000 : sin, log, ... etc)

e 2(); U000 (UDDDODOO)DODOOOUO ntype(a) 0 3000. 0000 aO0OO
gobooboooboon.

o DD OODLOOODDOODOOODLDOOODOO function O OO,
e Qpi,Ce 000O00OO0O0O0O0O0DODO,eval,pari() DO0O0O0O0O0O0OOOOOO.

0o 6.8.1 0 O typel p.70, 6.8.2 0 O ntypel p.71, 6.3.3 0 O ucl p.44.

6.9 DUUOooon

6.9.1 call

call(name, args)
= 00 name U404 n.

return OO0 name() OO ODO.
name 000000000 (Doboooooon)
args gooooo

e JOOOODODD, vtype) OO D.
e JI0DIDODOUODODOUODODOOOOODOOODO (xname)() OODO, DOOOODOOO
call() ODOOODOO.
[0] A=igcd;
iged
[1] call(A,[4,6]1);
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2
(2] (xA) (4,6);
2
g 6.8.3 0 O vtypel p.72.

6.9.2 functor, args, funargs

functor (func)
cfunc 00000 0OODODO.

args (func)
s func 0O000O0OO0OOODO.

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

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

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

e 00,00000000O0ULOOUOOODUDLOOO FOUODO (*F)(x)0x0O000O
oboboboboboobooobobooooo.

[0] functor(sin(x));

sin

[0] args(sin(x));

[x]

[0] funargs(sin(3*cos(y)));
[sin,3*cos(y)]

[1] for (L=[sin,cos,tan];L!=[];L=cdr(L)) {A=car(L);
print (eval ((*A) (@pi/3)));}
0.86602540349122136831
0.5000000002

1.7320508058

oo 6.8.3 0 0 vtypel p.72.

6.10 OO OOooog

6.10.1 rtostr

rtostr(obj)
cobj0O0O00O0DODO.

return goo

obj 00

e OIDOOOODDO objOODOOOODDO.
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e JOUDOOODOODODOODODOOODODOOODO,0DO0ODODOODODO
ooboboboboobg.

o LI, 000O000D0DOOODODOODODO, strtov 0O OO.

[0] A=afo;

afo

[1] type(d);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+"1";

afol

HEN 6.10.2 0 O strtovl p.74, 6.8.1 O O typel p.70.
6.10.2 strtov

strtov(str)
cstr (000)0000000O0O.

return goao

str ogbooboboboboboob
e DD OODOODDOODOODDOOODO.

o DD OODOOODLOODDOO,00DbDOOODO,DO,0000000 _O00O0O
goobooooboog.

e rtostr() U0 D00, 00000D0O0O0O00O0O0DOOOOOODOODOOOODO.

[0] A="afo";

afo

[1] for (I=0;I<3;I++) {B=strtov(A+rtostr(I)); print([B,type(B)1);}
[afo00,2]

[afo1l,2]

[afo02,2]

gd 6.10.1 0 O rtostrl p.73, 6.8.1 U O typel p.70, 6.3.3 U 0 ucl p.44.
6.10.3 eval_str
eval_str(str)

cstr (00D0)00000O.

return gooooo

str Asir 0 parser O OOQOD0OOOO

e Asir 0 parser 000000000000 OODOOODOO.
e JOUIDDOOOO,0O0DOOOODOO.

e NDDDOD rtostr() O DOOODDO.
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[0] eval_str("1+2");

3

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

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

strtoascii(str)
s 0oooooooooocgon.

asciitostr (list)
s 000000000000 00oOooon.

return strtoascii():0 00 ; asciitostr():0 00

str goo

list 100 26 000000000000

e strtoascii() 000D DODODOOOOOOOOO. OD0O0D0OD0ODODODOOOOOOOO
ooo.

e asciitostr() O asciitestr() JOOOODODO.

[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 gogogooogg.

str_chr (str,start,c)
»00000goooooooon.

sub_str(str,start, end)
2 0000000a.

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

start end 0000
e str_len() DOODOOOOODOO.

e str_chr(O O str0 start 000000000 DO0OOOOOO cODOOODOOODO
gobooob. obobgoobo ooobob. boobobbobooboboD 10

0oo.
e sub_str() O,str 0 start 0000 end DOD0O0O00OO0OOODOODOO.
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[185] Line="123 456 (x+y)~3";

123 456 (x+y)~3

[186] Spl = str_chr(Line,0," ");

3

[187] DO = eval_str(sub_str(Line,0,Spl-1));

123

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

7

[189] D1 = eval_str(sub_str(Line,Spl+1,Sp2-1));
456

[190] C = eval_str(sub_str(Line,Sp2+1,str_len(Line)-1));
X7 3+3ky*kx"2+3*%y " 2*x+y "3

6.11 00O

6.11.1 end, quit

end, quit
s ggboogbooboobooobbo. obooboobboobooobobo
gobooobood.

e end, uit 000000000000, O’0000000000000.0000A0O
gbooboooobooboboboboo. oo, 0o0boobbobboobooboboobo
goooood.

o LIUDODOUOOOLO,b00DL0DUOODLDLOUOL,DOOO0OLOOOO0ODLOOObOOO,0bOn
ooboooooooboooboob,b0b0o0b0o0b0,00b0o0b0O0dn ends
gooboooogo.

[6] quit;

yA
g 6.11.2 0 0 loadl p.76.
6.11.2 load

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

return (110)

filename 00000 (DODO)

e J00DDDDOOOODODODO,040000000 AsitOp.1600. 000000000
000000,cpp00000O,COO0O00O0O0OO #include, #define 010 OO0 OO0
O0. wmix OO0, 0000000000000000 cppd0DOO0OOO. Windows
000 mcpp http://mcpp.sourceforge.net 00O O00. OO0OOOODOODOO0O
O0000000. unix/OpenXM O (Mac O cfep/asir 00 0 )00 OpenXM/bin/ox_cpp
O0O0000. 000 Portable C compiler http://pcc.ludd.ltu.se D00 OO cpp
gdgd.

o LIODODOODOOODODOODODOO1IOOO,0000DO000O00 oOOO.
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e J00DOO VD0OOODDOODDOO,‘ODOOODOOOODDOOODDOODDO
0000ooooooood. 0oouoono, 000 ASIRLOADPATH OO OO OOO
ogooooooooooooooooo. gonoooooobooooooooooon,
0000000000000 (00000000 ASIR.LIBDIROOOOODOOODOOO
O000)000000. Windows 0000, ASIR_LLIBDIROOOOOOOOOOOOO,
get_rootdir()/1lib 0000 0OO.

e 10D0IDOOODOODOOO,end$ 0000 load() DODOODOODOODODOODO,ODO
oooooooooo. 000, 000000000 b0b0ob000DU0boOdn end$ O
000000000000, (end; DO0OOO,end0000 000O0O0OOOUDO, end$
oooooo.)

e WindowsUODOODOOOODOODOOODO ,/rooon.

o 6.11.1 0 0 end quitO p.76, 6.11.3 0 O whichU p.77, 6.14.16 U U get _rootdirl]
p-92.
6.11.3 which

which("filename")
00 filename OO0, load() OOOOOOOOODOO.

return oood

filename 00000 (0DO0O0)O00O0OO

e load() DOODODOOOOOOODOOOOODOOODO,0DOOODOUOODOOOD
gbobobobo,oboobooboobooobon.

e JOUODOODOODOODN load) ODDO.
e Windows 000000000 OOOOOOO ,oboon.

[0] which("gr");

./gb/gr

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

0

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

RN 6.11.2 0 0 loadU p.76.
6.11.4 output

output (["filename"])
» 0000000 filenameO0ODOOOOOOODOOO.

return 1

filename ooooo
e Asir 000000 DOOD,0000D0OD00OODODOO. OO,00000D00000,
0d0dD00o0DbOooO0DOooOoDOoo,o0ooooag.

e J0IDODOODOOUODOODDOO, OO output("filename") OOO0ODO. 0,000
0000000000 O00DOO0bOOO0,00000 output() DODOOO.



oed OO0OOOOO 7

00000000 filename 0000000, 000000000000000,000
ooobobo,obobobobuobo,goobooooog.

goboboboo »goboooooooooboobobo,bobo,b0bobOobo
goboboboboboo,obobobuobuobobobo.

oo00oobDOoo0oO0oooboo0bOoooOoDOoDbDoOog, ctri(techot,1) ODODOODOO
gboobobobobobobo.

gobodbo,o0boooboboobooobobooboooboboobooonoobooa.

e DIDOD,0000 (vtype(O OD)IDOUDUDOUODOOOODOODOODOODOO, bload(),
bsave() DUOOODO,00,0000000000.

Windows 0000000000 COOO0O0O0O «,/o000.
[83] output("afo");
fectr(x™2-y~2);
print("afo");
output () ;

1

[87] quit;

% cat afo

1

[84] [I[1,1], [x+y,1], [x-y,1]]
[85] afo

0]

[86]

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

bsave (obj, "filename")
 filename 0 obj 00 O0O0DOOOOOOODO.

bload (" filename")
: filename OO0 0000000 OOOOOOO.

return bsave() : 1,bload() : DOOOOOO
obj 000D, 0000o00o0oooooog

filename ooooo

e bsave() DU DD UODODOODOODOODOODOODOODOODODO. bload() O,
bsave() OO ODOOODOOOOCOOOOOOCOOOOOODO. ODOODOODOOO
000000000,0000,0000 (veype(O) 00)00000000,00000
gbobobobobobobobobobobo.

e output() D0 DOOOO0OOO, 00000000 O0DOCO0O0ODOO,pbsave() OOODO

000D vload) DOOOD,000000DOOO0O0O0DOO,DO00,D0000O00
oo.

o LIOODOO,DO0Db0O0DLOODLOODODLOLODObOObODOObLObLO,bO0b0000,
gboboboboboobooboobooooooboooo.

e Windows OODOOODOOOODOOODOOODO ,ro0on.
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[0] A=(x+y+z+ut+v+w) 20$
[1] bsave(A,"afo");

1

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

1

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

X" 2+2%y*x+y”2

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

% asir

[0] ord([y,x]1)$

[1] bload("afo");

¥ 2+2xxky+x"2

RN 6.11.4 O O outputU p.77.
6.11.6 bload27

bload27 ("filename")
0000000 bsavefile D OO OO

return gooooog

filename o0ooDoo

e JOOO,00000DO,1000O0 27bhit0000D00ODLO0OO,D000 1000 32 bit
goboogo. 0Dogb,bdd esave U0 0OO0O0ODOO0ODOOO0ODODOODODOO
gbobO.ddbboobobooboonobodn vlead27 DO ODO.

e Windows OODOOODOOOODOOODOOOO ,ro0on.

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

obj0O0DOOODOODO.

0D2000000,0000,200000,0000.020000000,0000,
0000000000000,00000000000000.0 2000 2000,0
000000000000 000000.

e JOUODUODOOD OLOODUOD,printO; UDODODO,00D0OD ODODODO.
print(O$ 0000, 000 0OO0OCOODOO.

e 000 obj00OOTODOODODOO objDOOOOOOD.
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[8] def cat(L) { while ( L !'= [1 ) { print(car(L),0); L = cdr(L);}
print(“ u) ; }

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

xyz123gahaha

6.11.8 access
access (file)
s file0000OO00O00OO0O.

return (110)

file googd
e fileOOOODOD 1,0000000000DO.

6.11.9 remove_file
remove_file (file)
s file000O0ODO.

return 1

file googd

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

open_file("filename" [,"mode"])
 filename OO0 OOD0O0O0O.

close_file(num)
2000 numOD0OOOOODODOOOO.

get_line([num])
=000 numO00000001000.

get_byte (num)
000 numOdO000O0OO00O0 100000.

put_byte(num,c)
000 numOO00D0O0O0 1000 cOOO.

purge_stdin()
s gooboooboooboooo.

return open_file() : OO (O OO); close_file() : 1; get_line() : OO DO ; get_
byte(), put_byte() : OO

filename ooooOo (ooo)
mode ogoo
num o000 (bobooooo)
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e open_file() DOOOUODOOOOOD. mode DOODUOODODOOOODODO, mode 00O
0000000,CO00000000 fopen() OO0O0OO0O0O0O0OCOODO.OO0OO
gooooooboog w, dodoooob "a"bob.0bbugg,obooooon
0000000O00.0000000D0000. 00000000000 close_file(O
O0000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 0 O
Jooooooobo,0bbbo,bbo00ddddd000. booooooooo
googogo.

e get_line() U0 DOOOOODODOOODDOOOO1D00O0,0000DCO0OO0.O0ODO
gobog,booobgo 1000,

e get_byte() OO ODODOOODOOODOOOODOO 1000DOODOOOODO.

e put_byte() DIDOO0OOUODOOODOOUODOD 100000,0D00000O00O0OO
oogd.

e JOIDUDOUODUDLDODOD get_line() DUDODUODO,0D0OD OODOO.

e 1000OOODODODO,000000 sub_str() DODOOOOOOOODOODODOOOO
eval_str() DOOOOOOOOOODOO.

e purge_stdin() 0,0000000000000. 0000 get_line() 000000
0000000000000,00000000000000000000000000
00000o0o0ooo.

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

[186] get_line(Id);

12345

[187] get_line(Id);
67890

[188] get_line(Id);
%189] type (@Q) ;

?190] close_file(Id);
1191] open_file("test");
%192] get_line(1);

12345

[193] get_byte(1);

54 /* the ASCII code of ’6’ x/
[194] get_line(1);
7890 /* the rest of the last line */

[195] def test() { return get_line(); 2

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

[197] test();
/* a remaining newline character has been read */
/* returns immediately */

[198] test1();
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123; /* input from a keyboard */
123; /* returned value */
[199]
od 6.10.3 0 O eval_str0 p.74, 6.10.5 0 O str_len str_chr sub_str p.75.

6.12 OO OO0Oooon

6.12.1 module_list
module_list ()
s 0000000000 bOb0Oooooo.

return goboooooobooooog.

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

HEN 421300000000p.25000

6.12.2 module_definedp
module_definedp(name)

200000 name D0OO0OD0OO0O0OO.
return (110)

name goOooon
e J0ODODO name 0OOUOODO 1,00000000 00OOO.

[100] module_definedp("gr");
1

RN 6.12.1 0 Omodule_list0 p.82,4.2.1300000000p.25000.

6.12.3 remove_module
remove_module (name)

00000 nameOddQoQoonQo.
return (110)

name gooooo
e IDDOODO 1,00DO00O0DODO.

[100] remove_module("gr");
1

oo 421300000000p.25000.
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6.13 U000

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

dacos (num)
2 000 Arccos(num) 0O O0O.

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

datan (num)
» 000 Arctan(num) OO0 0O0O.

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

dsin(num)
2 000 sin(num) 0O00O0O.

dtan (num)
: 000 tan(num) OO0 DO00O.

return goooooo

num O
e JIO0OIOOODOOOOOOUOOUOUDODOO.

e JJ0O00OODOCOOOOOOOOOOOODODOODO.OO0ODOO,00O0O0O0000O
oobobobobobobobobobo.

e DODOODOODLOODDOUODLOODDLDOODLOODLDODD.
e il OOODLDODLOODLDODLOODODLDODODO.

[0] 4*datan(l);
3.14159

6.13.2 dabs, dexp, dlog, dsqrt
dabs (num)

2000 |lnum|l OOOO.

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

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

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

return goooooo

num O
e JIOOOOOOOOOOOO.
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e JJ000O0ODO COOOOOOOOOOOOODOODO.OO0ODOO,00000000O
oobobobobobobobobobo.

e dabsOU dsqrtQUUOUODOODOOOLOOODOODODOODLODODODODODODOLOOODO
goog.

e CPiJODUOODOODDOODLOODDOOODO.

[0] dexp(1);
2.71828

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

ceil (num)

dceil (num)
cnumO000000000D00000.

floor (num)

dfloor (num)
cnumO00000000000000.

rint (num)

drint (num)
cnum O00000000O.

return 0

num 0

dceil, dfloor, drint 0 ceil, floor, rint 0O OO OO.
gobooboobobooboo,booboobbooboobbooboonboo.
gobodboooboboobboooboobbooobuouobbooob.

epi 000000 DOOO0DbOObObOObODbOOn.

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

6.14 OO 0O

6.14.1 ctrl

ctrl("switch" [,objl)
0000

return gooooooo

switch ooooo

obj oooo

e Asir HODODOODOOOODO,0O000DO.
e switchOOODOO,000000O000O0000O0ODOAO.
e obj000IDOODOOOO,ODOOODOOO.
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e JOUODOOOLOODOLODOOLO.ODODODOODODODOD.
e JOUIDOOODOO.OOD,onO 1,of O OOODOO.

cputime

nez

echo

bigfloat

adj

verbose

quiet_mode

prompt

hex

real_digit

on00 CPUtime 000 GCtimeOOO,off 00 OOOOO. cputime()
OO00. ctrl("cputime",onoff) O cputime(onoff) ODODOOOO.

EzGChD OOODOOOOOOOO.000000 1000,000000OD
goooo.

on 0000000 OCOODOOODOO,of0DO0OODOOOODOOOO.
output O OOOD0OO0OOOOOOOO.

on00,0000000000 biglloat 00000, 0000000 PARI
(6.1.1400parilp.39) 00 00000. D0OODOOOOOOO 9000
O0.00000000D00000 setprecO DOODO. off 00,0000
gbobobo,boboboobobobob.

gbooobooobooboboboo.1gboooooooboooo. oobn
ggoon 3. 100boo,bobooboboooboooboooaooboog
oboooo. oooboobooboboobobo. 240000000
gboboboobpbs0O0O.

on0,00000000000000O00O00¢0O.

1000,00000000000000.240000000000000
OO0p5000.

o00000bOO0ObOobObDObO. 10bobDOobOOoboboobOoD. cOoo
0000000000000 00000O0ODODOODOO0O0O00. O (asirgui
0000):  ctrl("prompt","\033[32m[%d] := \033[0m")

1000,000 0x0000 160000000000.-1000,1600
O,00 ‘roobboospgooboouoooooogon.

goboodoboooobooobooooog.

double_output

1go0,00oo0googobdgnod dddddd 00O O0OO0OO.

fortran_output

ox_batch

ox_check

1000,0000000 FORTRANOOOOOOO.OOOOOOg o'
0000 «00000.(00000oo o)

1000,0000000000000000000000 flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p.o4000.

1000,00000000000000DO0O00O0OO0OO0DOO0O00b00O. o
000000.(0000000 1) 0O70000000pY%0O00O.

ox_exchange_mathcap

1000,0Xserver 00000000, 0000 mathcap JO0OO0DO0O.
(0000000 1) 070000000p.94000.
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debug_window
100 debugwindow 00000000 O0DODO.(DOOOOODO 0.)

fake_ox_reset
1000,0xreset 0000000000 DODOOOO0O ox_shutdown OO
O00. oxreset OO 0000 mathcap O optional argument (0 O O
0)0000 nooxreset 00000000000 ODOOOOO. oxpari O
gooooOoOoOoOOO0OO0OO0 100000000 0O0OOD. (oboooo
00)070000000pY4000.

g 6.14.6 O O cputime tstart tstopl p.88, 6.11.4 O O outputl p.77, 6.1.14 O
O paril p.39, 6.1.15 O O setbprec setprecl p.40, (undefined) eval devalll
p.(undefined).

6.14.2 debug

debug »0b0ooooooaa.
e debug O OOOODOOOOO,O’OO000O0DOO.

e DOIDODOODODOODOUODODODO (debug) ODODO,000DOOOOCOOOODO.
quit 0000000000000 00.
e NO0IDOOOODOODOOUOOD OSOO0ODOODOP2900DO.
[1] debug;
(debug) quit
0
(2]

6.14.3 error

error (message)
0000000000000 0ooooooo.

message oon

o LD, 00000000, 000000O00D00OO0OO0ODODLOOOLOOOODOOOn,DO
oooooboDbooo,000boo0o00ooooboboOooboboOoOoOg. error(O) O,
goboboboboboboboboboboboboboboboo.

e D00,error() DOO0OOODOOOOOOODOODOOOO,DDOO0OOD.

e O00O0I0ODOOOO,DO00O0OOODO,D0O0DDOOOOOD errorO OOOOODO
gobogboo,gboobboooboobbooobodaboo.

% cat mod3
def mod3(A) {
if ( type(d) >= 2 )
error("invalid argument");
else
return A % 3;

end$
% asir
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g

[0] load("mod3");

1

[3] mod3(5);

2

[4] mod3(x);

invalid argument

stopped in mod3 at line 3 in file "./mod3"

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

(debug) quit
return to toplevel

(4]
6.14.2 0 0 debugll p.86.

6.14.4 help

help(["function"])

s gooooooooo.

return 0

function ogoog

00000,000000000000.0000000000000000,0000
000000000000 ‘el 0000000000000000000O0O, 00
00 PAGGROODOOOOOOOOO0ON,0000 ‘more’ 00000000000000
ooo.

0000 LANG0000000000,0000 "japan" 000"ja_JP* 000000,
‘help’ 00000 ‘help-ja’ 00000 D0O0000000. 0000000, ‘help-en’
0oo0000O0O00000.

Windows 000, 0000000OC00DOO0O0ODOOO0OO0OOOCOOOODOO,0D000O0
O HTMLOOOOOOODODOOoDOOoOoooooDo.

6.14.5 time
time () 2 00000000000000 CcPUOOOOD GCOoOoooooo
return goao

ceUDOOODODO GCODODOOOOODODODOOOOODOO.

GCoOoob,00boo0ooooooobooobooooobpooo,cpuooo,on
OocePUODOO GCOUOODOODOO,00bDbOOOD.

time() 0O0O0O0ODO,00000000000O0000O0 CcpUODO,GCOO,0OD000O
gboobobogooboobogo,oobobooboboobobooboboonooboono
Oo.oooo, feceunD (O),ccO0O (O), 0000 (0DOO),0000 (OH1O
gbobobo.1o0b00bb0 4000000,

00000000, 0000 time() 0D, 00000000 CPUDO,GCODOOO
go.
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e JOUDOODODOODODOOD,0DODOOLODODDLODOODDODOODOD
gboobobooboooooo.

e ctrl() U cputime() UUODO cputime OO 0O0D on ODODOODOODOODOO, 0000
ooooooooooooo,b0o00oboooboobobo.oob,b0o000oobooOoDo
oO0,00b000bbo0obo0oobbo0boo0uDn,time OODOOOOOOODO.

e getrusage() DU 00O UNIXOUODO time() 0D OOOOOODOOO, Windows 95,
ggoooooobogoobooobobooobooobboobDbOoobLDb. oo, o
goboooo,0boobooooobogoooo.

[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]

gd 6.14.6 0 O cputime tstart tstopl p.88, 6.14.8 0 U currenttimel p.89.

6.14.6 cputime, tstart, tstop

cputime (onoff)
2000 0000 cputime JODODDOOO. DODODOOOOOOODODO.

tstart()  CPUtimeO0OO0O.

tstop() = CPUtime O0O00OOOOODO.
return 0
onoff 000 (0D)

e cputime() 0,000 0000 CPUtime JO0DODOO0O0O. ODDOOOODDOODODO.
e tsart JO OO0, (’O000,CPUtme 0000OODOO.

e tstopJDODOOO,(OODO,CPUtme 00000, 0000000O.

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

e tstart, tstop U, 000000 0OOO0OOO0OOOOOOOOOO,O0000000O
ooooooD,time(OQ OOODOOOOOODOO.

e cputime() 000 on, of 0,00000 on, of 000, 0000000000000
O000000000000.000,0000000000,00000000000
000 eputime(1) 0000000000 DOOOOOO.

[49] tstart$

[60] fctr(x~"10-y~10);

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

[51] tstop$

80msec + gc : 40msec

gd 6.14.5 0 0 timel p.87, 6.14.8 0 O currenttimel p.89, 6.14.1 O O ctrl p.84.
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6.14.7 timer

timer (interval, expr, val)
s 0000000o00oooooo.

return RN

interval oooo (o)

expr googog

val goboobooobobooon

e timer() 0,00000000O0OCO0DOOO. OOOOOOODOOOODOOCOOD
oboo.0obooooboooooooobooooo,03000oD0.

e 1 300D00,00D0DO0DLOODDOODLOODDOODOO.

[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 ()
s 000oooon
return 19700 10100000 o00000000O00O.
e currenttime() OO UO0OOD. UNIXOOO, time(3) DOO0ODOOOOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
s 0ooooooboogon

return 1
interval oooo (boooo)

e sleepO) U,00000000D00C00O. UNIXOUOO,usleepOOOOOOooooDOQ.

[0] sleep(1000);
1

[1]
6.14.10 heap
heap() 0000000000 ooo. (Do:0o0)

return goao
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:000)000. 00000, Asir 000000000,

gobobboooboboooooobooooobo,bboooobboooobogoo
ub.0boobooooobog,oboooboboobooobboobo,oobobooooo
ooopoooooopoogo,oStoboo0ooobboooboooooooooDoOooDod

gbobooooo.

ooooO0o0ooO0oo0DoO,00bnb -adqjO0O0O0O0ODO,GCOOOOOOODO

goboboobo.

% asir -adj 16

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

524288

Omsec

[99] fctr(Wang[8])$
3.190sec + gc : 3.420sec
[100] heap();

1118208

Omsec

[101] quit;

% asir

[0] load("fctrdata")$
0

[97] cputime(1)$
Omsec

[98] heap();

827392

Omsec

[99] fctr(Wangl[8]1)$
3.000sec + gc : 1.180sec
[100] heap();

1626112

Omsec

[101] quit;

24000000000000000p.5.

6.14.11 version

version()

return

s Asir 0O0DO0OO00OOO.

ooo

e Asir HODOOODOOOOOOODO.

[0] version();
991214
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6.14.12 shell

shell (command)
ccommand OO0 O0O00O00O00O0O0OOOOOO.
return goao

command 000

e command 0 CO system() 0000000000 DOOOOOOOOO.O0O0DOOCOO
gooboooo.

[0] shell("1s");

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

map (function, arg0,argl, . . .)
s 000, 00000ooboooooon.

return arg0 DO DOO0O0OOO0OOOO
function oono
arg0 ooo,00oo,o0n

argl ... 00 (0DOOO)

e arg0 J0OD0OD0ODODO, argl O0O0D0OD0ODODODO function DO OO0,
arg0 DO 00000000 O0DOO0DOODODOODOO0OO0ObOOO0bOO00obOO0nOOan
goog.

e function 0, 0000000O0DOOOOOOODO.
e function 00O 00O OOOOOODO.

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

e map U0ODO function OO0 OO0OO0ODOO,000000D000OOOO0O0O0ODOOO
ddd.ddduddd parseerror UUOO. D00 map UL O car, cdr UOOOO
OooooooOo0,Asc00000O0OOO0O0OO0DOOOOODOOOOODOO. OOOO
UOmep 0000 map OO DODOOO0ODOODO.

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

flist () s ggbooobobooboooboboobooboboon.

return goooooo
e J0ODDOOOOUOUOOOOUOO,DOODDODOOUOUOODOOOOUOODODOODDOOO.
e JIO0OOOOOOOOOOOOOOODOO.

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

6.14.15 delete_history

delete_history([index])
2 00oooooog.

return 0

index goboogbooooooo
o DD OODO,00DO0ODLOODDLOOODLOODDOODO.
e DD OODL,00DbOODLOODDOODO.

e JOOODOODODL,DO0DOOLOODOODODODOLOOLOOODODODODLODO,O
U000 enumber 0O DO0OODOODOODOO. DODOO,bD0Db0D0ODbObOOOO
goboooboooobooobooooog.

Jo0oo0d0ooodooodoooo, 00000000 oDoDOoooDoOoooooa,
bsave() DO OOODOOODODOOONO, delete_history() DODDOOOOODOOOMO
oooooooon.

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

[1] @O0;

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

6.14.16 get_rootdir

get_rootdir()
s Asir O0O0O0O0OO0ODODOOCODOOOO
return ood

e UNIXOUOUOO,OOOO ASIR_LIBDIROOOOOOOOOOOOOODO,D0DOOOO
O0O0Qggd ‘/usr/local/lib/asir 0.

e Windows 0000, ‘asirgui.exe’ 000000000 (pin’ OO0OD00OOOOOO
0)ooooooooooooo.

o LIUODODOOODLDOOOODLODLDOOOODLDLDOOOODDLODbDOOODLODO,DDOO
gobodgboobboobooobboobuooboobbooboobobag.
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6.14.17 getopt

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

o IDOUOODOODO,0000O000DODDOLOO. ODOO0DLObOOObOOObOOOn
000000000O00,00000000000000D0O0O (421200000000
O0p2400). 00000000000 OOOOOOOODOODOOODOOOOOO.

e JOODOODOODOODODOO, getopt() O [[keyl,valuel], [key2,value2],...] OO
O00000.000,key000000000DDOOCOOOO0O0O0O,valueO oo
ooo.

e JO0OUOODOD keyUOODOODDOOUOOODOOOOOD,DO0OODO. D
O00oooooooo,volbooooooo (00O -1) 000, getopt() OO0
ooooDbD typeOQ UODODOOOO,0000D0DOO00ODO0ODODOODOLODOODO
goo.

e JIIDODODODODODODOOO,0D0ODODODODOn,
xxx(A,B,C,D|x=X,y=Y,z=27)
ooooo,‘rrogo, key=valued *,’000000D00O0ODODODODOO.

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

getenv(name)
»0000ooooog.

return
name goao
e OO0 name OO0 4OQO.

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

7.1 OpenXM

Asir 0, 00000000000000000O0O, OpenXM (Open message eXchange
for Mathematics) DO O0O0O0O00OO0OO0OOOO. OpenXM O0OOODOOOODODOO,
http://www.math.sci.kobe-u.ac.jp/OpenXM/ OO 00O OODO.

OpenXM UOUOOODOO,0000000D0COO0O000O0O0DOOOODDOOOODOO
oodo. OpenXM O0O0OOO

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

3. client O server 00O O0O0OOO0OOOOOODODOO.

4. server O DOO0OO,client OO OOODOO

O0O000O000DO0O00DD.sercver DOOOO0DOOOODO. 0000, client OO0
gooobooooboboob,0bgboibb sercver O 0OO0ODOOOO,0D000000DO
gobo,0b0bo0oboobobooboobboob,o0obooboooobon.

OpenXM 0000000 OODOO,0000000 server DOOOOOOOOCOODO,
cient 0 O0O000O0OO0DOO,0000000000000DOODOOO.

0000000, 00000000000000000000 CMO (Common Mathe-
matical Object format), 00 0000000000000 SM (Stack Machine command)
000o00.0000,00000000,00000D000000000 OX expression 0
gogoooaooon.

OpenXM O OOOOOOOODODOODOO,O0O0,server 000000, 000000003
ooooDb. ObOoO, ox_launch(), ox_launch_nox(), ox_launch_generic() OO0
JddddddoOoo. 0ooo0,0000000 server 0000000 O0OOOOOOOO
Ooo0oo0ooooon.

ox_push_cmo ()
o000 server O OOOOOO

ox_pop_cmo ()
o000 server OO OOOOOOOOQ.

ox_cmo_rpc()
server O O000O0O0O0O,0000000000.

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

ox_push_cmd ()
sMOOOoooo.

ox_get ()
uobooooobooooooog.
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7.2 Mathcap

server, client D00, OpenXM OO 0OO0OOOOOOOOCMOOOODOOO,SMOOO
00000000000000. 0000000000, 0000000000, 00000
ooooodooo. ogoo,o0penXM OO0, 00000000000DO0O00 CMO, SM O
00o0odo0o0o, 0000000000000 ooooooooOooOoooog.
000000000 Mathcap OO 0. Mathcap O CMO OO O0OO0OOODOO, 0000
O032bit0000000000O0. 0000000, MathcapOODOO 300000,

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

O00000000. [0OXtag,CMOtaglist] 0, OXtag 00 0000000000000
go,gooocgococMouooogoooooobooooo. bgoooooboooooooD, o
00 ‘ex_asir 0o, CMO DOD00O0OO, Asir 000000 0ODODO,cMOO0ODO
gobooboooboboobooobobooooo.

OboobDooo0,bdb0obbd Mathcap DOODOUODODOODOO, Mathcap OO
UbooobooooobooD,ectrl 00000 "ox_check" OOOODOOOOOO. OOOOO
000000 10,00000000000000. ctrl("ox_check",0) DODOODOOODO
gboboboobon.

3 0000oonononbobon

O00000000000,0000000000 serverJ00000000000OOO0
00oDo000oo00. 0000000000, 000000000, 000000,00000
O0,Asr 000000 0O00OD0OOOO00ODO,00000000000000000DO00C000
000D000. 000000000000 32bit00000000, ox_push_cmd() OO0
00O0DOO000.000,0000000000000D0000000000. SM_xxx=yyy
0, SM_xxx [0 mnemonic, yyy DO O0ODO.

goo,b00oooobooboobbooboob,oboooboboooboboooooboon
goo.

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

SM_popCMO=262
CMOOODOOOODOOODOOOOOOD,00D0OOO.

SM _popString=263
0J00D0D0000000o0o0,00b00b00b00b00o00ooDoooooon.

SM_mathcap=264
server 0 mathcap OO OO OODOO.

SM _pops=265
0000000000000 oOooOo,0dpooooooooooon
oooo.

SM _setName=266
0000000000000 0O0DOooOoo,0dp0oooooooooon
O0DOO000O.000bOO000,server D00 OOOO0OODODOO.



o770 Oogo 95

SM _evalName=267
0J0dDO0000D0o0oo0oo0oo0oo0oo0o,0oooooooooon.

SM _executeStringByLocalParser=268
00D0D000000D0O00D0D0Od, server 00O parser, evaluator 0 OO0, O
gboobobooboo.

SM _executeFunction=269
00dDoOdDO,000,00000,00000000000,000oooOoon
ooooooooog.

SM _beginBlock=270
oooooooooooo.

SM _endBlock=271
oooooooooog.

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

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

SM _getsp=275
00000000000 ooooooooooooooon.

SM_dupErrors=276
0000000000000 0000D0000, 0000000000000 0d

goog,b0oooboon.

SM _nop=300
oooooo.

7.4 0000

O0O0DO0O000O0,000Db0000000D0OO. ex_esirygdoogo,0oooog
gobodgboooboobooon.

7.4.1 00ODDOOOO0OO0OOO

OpenXMserver 00000000000 ODOOO,0000000CMOO000D00OOO
oooooooooob.bObooooooobooo,ooobosMoooooooooobooo, o
oobooobooooboo,oboobobooobo sMogboobooboobooDbooDOo
gobooooog.

[340] ox_launch();

0

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

0

[342] ox_pop_cmo(0);

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

ox_reset() UODOOOOO server O OOOOO,0000O0O0O0O00C0O0OCOO. OO
O00,000 Asic) 000000000 O0DOOOOOO0DOO0OO0DOO, OpenXM server
oobooboOo. obo,0b0b00bo0,b00000b00bb0bbo0DOn ox_rpe()
O0ooooobd, ox_pop_cmo) U0, 00000000 0ODOLO,00D00ODODOOO
gooooobooob.booboooobooobooon.

743 00000000 OOOOOoOOon

server D0, client 00 00OO0OCOCOCOOOOOOOOOOOOOOO,server 00000
ooooooooooboooooooooooboDoDO. 0000,server DOOOO0O0O00O0O
oooDoooDooo0DOog, client D00 ox_rpe(id,"debug") OO OODO, server U 0
O0000000000000000000O000000O0O00000. 000000000
O0OoOoooDooog,log00 xterm’ OOOO00OD0. OOOO0OO0O0ODOOOOOO, quit
oooooooo.

7.5 Uonouoooooon

7.5.1 ox_launch, ox_launch_nox, ox_shutdown

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

ox_shutdown (id)
s 00o0ooooooobo,ooooooo.

return gd
host ooooooo
dir command
oon
id oo

e ox_launch() O, 000 host OOOODO command 0000, 00000O0OOO
0ddddd. 000 30d0dd, host OO, dir 00O ‘ox_launch’ 0OOOOO0O
000000000 DOO00d. ‘ox_launch’ 0 command 0O00O0O0O. host 0 0 OO,
Asir 00000000 DOO0OO0OO0OO0ODOODOOO0OO. ODODbOOOd, host O 0, dir O
get_rootdir() DUODODOUODODOOODO, command DO0ODOODOOD0ODOO ‘ox_asir’
goooao.

e hostO 0, 00000000 locall DOOOODOOO,dir000onoo.DOOO, dir
O get_rootdir() DODOODOOOODOODOOO.

e command 0 /0000000000, 0000000000.000000DO,dir0O
oooboboobooooo.

e UNIX OOUOODDO, ox_launch() O, command DO 000, OODOOOODOOOO
00000 ‘xterm D00 OO, ox_launch_nox() O,X 00000000, 0000
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xterm’ 000000000000 OO0DOOODOOO. D000, command 0000
‘/dev/null’ 0O00OODOO. ox_launch() 00000, 0000 DISPLAYOODOODOO
0000000, ox_launch_nox() OOOOODODOO.

gbobobobobobobobobo.

Asr 00000000 O0OOO0OOOODOOOOOOOODOOOOObO. 0bg,0000
O0D0O0O0D0O00D server, client OO0 OODO negotiation DOOOOO, 00000
gbobobooboboooooooooooo.

host 0O0OO0OODOOODOOO,00D0O00DOOCODO. OOO,Ask0000CODO
oo A tbdobbooboobboobuoobbo sgon.

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

2. ‘ox_plot’ U0, X000000000O0ODODOODOO,Xserver OO, 0000
000 authorize UOO. xhost OO UODOODUODOODOODOODOO.

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

command 0, X 00000000 00D0O0O,display00000000D0OO0O0DO,O
UboobOobobbpispLAYODODODO.

O000 ASIRRSHOODOOOOOOODO,000D0O000000DOO0O0O0 ‘rsh’
goboobooooooobooooo. oon,

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

O00,00000000D0 ssh’00000,X11 0000 forwardingOODO. OO
00 ‘ssh’" 000O0ooooo.

ox_shutdown() OO0ODO id00O0O0OOOODOOOCOODO.

Asir JO0O00Q0DO0O0oooboobobobooboobooobobobogobo,oooooob
goboboboooobobog,booooboo,bbooobbooooobobooon.
Asr 0O0O0D0O0OOO0DO,0000000000OO00O0O0DOO psOODOOOOD,OO
Asr 0O000OO0OO0DOOOO0OOO0OODOOOO,kxi110000000.

log OO0 ‘xterm’ 0 ‘-name ox_term’ 000D OODODOOO. OO0, ‘ox_term’ [
0000000000 xterm’ OO0O0OOO0ODO0OO0O0O,log0 ‘xterm’ 000000
ooobooooo.ooo,

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

000, icon OO0, scrollbar OO, scrollbar 00O O0OOOOOOO 10000, 000
oooooo.

[219] ox_launch();

0

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

0

[221] ox_pop_local(0);

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

0
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od 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringl] p.101, 7.5.8 00U ox_
pop_cmo ox_pop_localllp.104, 7.5.15 O 0 ifplot conplot plot polarplot
plotoverl p.108

7.5.2 ox_launch_generic

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

return 0
host ooooog o

launcher server
oono

use_unix use_ssh use_x conn_to_serv
RN

e ox_launch_generic() O, 000 host U0, 0000000000 launchO0O OO0
00000 server 00 000. O0D0O0O00OO,0000 protocol000,X 000 /0
O0,rsh/ssh 000000000, connect 0000000000000 OOOO.

e host 1 0000, Asir D DOODOODOODOOO, launch, server 000 O000O. OO0
O, use_unix 0O 0 0O0OD0OO0O, UNIX internal protocol O O OO DO .

e use_unix 0 1000, UNIX internal protocol 0000 . 0 000, Internet protocol O
ooo.

e usessh 0 1000, ‘ssh’ (Secure Shell) 000000000, 00000000000
O0. ‘ssh-agent’ OO0 O UODOODOODOODO,00000DO0DO0ODODOD.O0OOO
‘sshd’ DO 0OD0O0O0O0O0OO0O,0000 s’ 0000000, 00000000000O
oo, ggooooooobooo.

e usex 1 1000,X000000000,0000000 DISPLAYOOOOOO, log
O00 ‘xterm’ 0000 server 0O0DO0O0OCO. DISPLAY OOOOODOOCOOOOOO
000,0000 XOOOOODoOOoOO. DISPLAY OODODOODOOODOODOOOOO
g,0o0obooboo,b0ooboooboooboooooboa.

e conn_toserv 0 1 000, Asir (client) DO0OOOO0O0OOOO, client 0 bind,listen
0,0000000000 connect JO. conn_toserv 0 0000, 000000000
O bind, listen O, client O connect O O .

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

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

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

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

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

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

a0 7.5.100 ox_launch ox_launch_nox ox_shutdownp.97, 7.5.2 00 ox_launch_
genericl p.99

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
:port 00O

try_bind_listen(port)
:: port 0000 bind, listen

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

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

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

return generate_port() DO O0OO0OODOOO. O0ODODO.
use_unix 0000 1
host oon

port control_port server_port
goooooon

socket control_socket server_socket
oo

gooooboo,0oboobbooboobobooboonoboobooonon.

e generate_port() DUOUODOOOO port DOODOO. ODOOOOOOOODO oOOO,
Internet domain O socket OO OO port OO, O0OOOOOOOO, UNIX domain
(host-internal protocol) 0000, 0000000000, port 00O random 00O
Oo0oO0,00port 000DOODOOOOOO.

e try_bind listen() O,00000 port D00, 00 protocol 00 OO0 socket 00
00, bind, listen O0. 0000000, socket 000000, 000O000O,-1000.

e try_connect() O, 000 host O port port D00 connect OO DO. OOOOODO,
socket O O0O0O0O. O000OOOO -1000.

e try_accept() O, socket OO0 connect OO0 accept U, 00 000O0OMO socket
O00.000000 -1000.00000000, socket 00000 closeO0O0O. O
O port O, socket 00 protocol OO DOOODODOOODO.

e register_server() U, control, server U OO0 socket 0 OO OMOO, server list U
000, ox_push_cmo() DO ODDOOOOODODOOODOO.

OO00O0oO000000,shell1() OD0OOOOOOO.
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[340] CPort=generate_port();

39896

[341] SPort=generate_port();

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5

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

*/
[344] CSocket=try_accept(CSocket,CPort);
6
[345] SSocket=try_accept(SSocket,SPort);
3
[346] register_server(CSocket,CPort,SSocket,SPort);
0
oad 7.5.1 00 ox_launch ox_launch_nox ox_shutdownl[] p.97, 7.5.2 0O0ox_

launch_genericll p.99, 6.14.12 00O shelllp.91, 7.5.7 OO ox_push_cmo
ox_push_localll p.103

7.5.4 ‘ox_asir’

‘ox_asir O, Asir 00 0O0O0O0ODO0OO OpenXM OODODOOOODOOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox OO 0O0O0O. OO0 XOOOOOOOOOOOOODOO
ooooag.

[5] ox_launch();

0

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

0

[7] RemoteLibDir = "/usr/local/lib/asir/"$

[8] Machines = ["sumire","rokkaku","genkotsu","shinpuku"];
[sumire,rokkaku,genkotsu,shinpuku]

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

[0,1,2,3]

ud 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdown[] p.97

7.5.5 ox_rpc, ox_cmo_rpc, ox_execute_string

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

s 0ooooooooog
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return 0
number O(@oooooo)
func ogoo

command 000

arg0 ... o0 (00o)
e U0 number OO DOOODOODODOODO.
e OO OOUOUULO, DD OUDOD.

e ox_rpc() 0,0000 ‘ox_asir 0O00O00DOOOO00ODOOO. ODODDQOOODODOO,
ox_cmo_rpc() O0ODOO.

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

e 000D ‘ox_asir’ OD0OODOD (OO Kan OO0 ‘ox_sm’0D0) ODODOOO,
Open XM O0O0O0O0O0OOODOOOOOOODOOOOOODOODODOOO.

e ox_execute_string [, 00000 command DO OO O00O0O0ODOOOOOOODOO
000,00000000000000000ooooooog.
[234] ox_cmo_rpc(0,"dp_ht",dp_ptod((x+y)~10, [x,y]1));
0
[235] ox_pop_cmo(0);
(1) *<<10,0>>
[236] ox_execute_string(0,"12345 % 678;");

0
[237] ox_pop_cmo(0);
141
oo 7.5.8 0 O ox_pop_cmo ox_pop_localll p.104

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

ox_intr (number)
2 000000 SIGINTOO

register_handler (func)
s 0o0000000o0oooooooo

return 1
number O (Oooboooo)
func oogooog o

e ox_reset() U,000 number 0000 DOO0OO0OO,000000D00000DOO.

o LIUDOOODOOODOOODOOO,OD0bLOODOODLDbOODbOODOODLbOO,bO0bOO
gobood,bogboobobogbooood.

e JOUDOOUD RUNUODOOODODOO,D000DbODLODLOLODLOLODLOO.

e DO ODODDODOO,00DbODDOODLOODLOO0DOD. ODO0bO0ODbOOO
goobooooon.
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e ox_intrO U,000 number UOUOOOUODOODOO SIGINTOODOO. SIGINT O[O
00D000DO0o0b0o0b0o0onoOoonog, ‘ex_asiry 000, 0000 debug mode O
00. XO0Ooooooooo,0000do0booooboooooooonooooo
oo.

e register_handler() U, C-cU00U00O0O0O0O0OO0O0O0O,u00000000O,0000
0000000 fune() DODODO0ODODOOOOOOOO. ODDODOOO, ox_reset() OO
00000000,00000000000 OpenXMserver JOO0OODOOOOODOO
oo.

e func 0 0O0ODOOODOOO,0DO000000O0O.
[10] ox_launch();

0

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

0

[12] ox_reset(0); /*x xterm DOODODODO */

1 /* usrl : return to toplevel by SIGUSR1 DOOOOO. */}
[340] Procs=[ox_launch(),ox_launch()];

[0,1]

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

[0,0]

[343] register_handler(reset);

1

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

Abort this computation? (y or n) y

Calling the registered exception handler...done.

return to toplevel

gd 7.5.50 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.101

7.5.7 ox_push_cmo, ox_push_local

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

return 0
number O@oooooo)

obj oooogoo

e 100 number 0O0O0ODOO objOOOOO.

e ox_push_cmo 0, Asir 000 Open XM O0ODODOD0OOOODOOODO.

e ox_push_local 0, ‘ox_asir’, ‘ox_plot’ OO OO OOOOOODOOODOOOODOO.
e JO00IDODOUODUODUODODOD,DODODODOO.

od 7.5.5 U 0 ox_rpc ox_cmo_rpc ox_execute_stringl] p.101, 7.5.8 0 U ox_pop_
cmo ox_pop_localll p.104
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7.5.8 ox_pop_cmo, ox_pop_local

ox_pop_local (number)
20000000 number 0O0DOODOODOODO.

return gooono

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

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

O000000oooOOoO0o0oO0oD. 0000000000, ox_push_cmd 0 SM_popCMO
(262) 0 0O SM_popSerializedLocalObject (258) 00 OO0 00O, ox_select 0O
OO0 ready OODODOODOOOOO0O0O0DODD ox_getOOOOO.

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

0

[342] ox_pop_cmo(0);

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

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

0

[344] ox_pop_cmo(0);

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

[345] ox_pop_local(0);

[00O0]

oo 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringl]p.101, 7.5.9 0 0 ox_push_
cmd ox_syncll p.104, 7.5.12 0 0 ox_selectU p.106, 7.5.10 O O ox_getU p.105

7.5.9 ox_push_cmd, ox_sync

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

ox_sync (number)
» 0000000 number 000000 OXSYNCBALLOODOOO.

return 0
number O (OoobooooD)

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

e Open XM UOODODOOOOODODOO OX.DATA, OX_COMMAND, OX_SYNC_BALL O
sobooogb. oo, 0boogbooooboobobooobooooboooboon,
gbobobobobobobobuobobon.

e OXSYNCBALL O ox_reset UO00OODO0OO,00000D0000C0D00,0000
oOooOoO00oDOOoOobooOo.00,00000D0 OXSYNCBALLOOOOOD.
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[3] ox_rpc(0,"fctr",x~100-y~100);

0

[4] ox_push_cmd(0,258);

0

[56] ox_select([0]);

(0]

[6] ox_get(0);

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

RN 7.5.5 00 ox_rpc ox_cmo_rpc ox_execute_stringllp.101, 7.5.6 J U ox_reset
ox_intr register_handler(] p.102

7.5.10 ox_get

ox_get (number)
20000000 number 000000 OOOOODODDODO.

return gooono

number O@oooooo)

e JOUDOUDUO number U UODUODODODODUODO. DDbODODODODODO
oooooooobooon.

e ox_push_ecnd JOOOOOOODODO.

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

g 7.5.8 0 0 ox_pop_cmo ox_pop_localllp.104, 7.5.9 0 U ox_push_cmd ox_sync[]
p-104

7.5.11 ox_pops

ox_pops (number [, nitem] )
2 0000000 number 0O00000D0OODOODODOODOODOODOO.

return 0
number 0O (DO0O00OOOO)
nitem goao

e JODODODODD number O0OODDDODOOODDDODOOOOOOOO. nitem 0000
0000000 nitemd, 00000000 100000.
[69] for(I=1;I<=10;I++)ox_push_cmo(0,I);
[70] ox_pops(0,4);
0
[71] ox_pop_cmo(0);
6
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RN 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.104
7.5.12 ox_select

ox_select (nlist [, timeout])
0000000000000 ooooon.

return oon

nlist 0O (Dooooooo)oooo

timeout 0

e 100ODODOO nist DODOOODODOOOOODODOOODODOOODODOOODODOOO
agd.

e JOUDOOUODO RUNODDODO,0D00000DODOODODO. OO, timeout
gbooboboobon, timeout DOOODO.

e ox_push_cmd() 00 SM_popCMO [ 0O SM_popSerializedLocalObject DO OO OO,
ox_selectO) Uready DD OUOODOOOOON ox_get() DO DO OO, ox_pop_local(),
ox_pop_cmo(O0 0000000 DOOOOOOOOOO.

ox_launch();

0

[220] ox_launch();

1

[221] ox_launch();

2

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

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

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

0

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

[0,1,2]

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

[227] ox_select(P);

(0]

[228] ox_get(0);

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

RN 7.5.80 0 ox_pop_cmo ox_pop_localllp.104, 7.5.9 0 U ox_push_cmd ox_sync[]
p-104, 7.5.10 0 U ox_getU p.105

7.5.13 ox_flush

ox_flush(id)
2 000000000 flush

return 1
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id gbooboobooo

e JOIDODOODOOODO of OOO,000,00000000DO0O0DCOODOO flush O
oo.

e DO0IDOOODO "etrl"OODOOO "ox_batch" OO OO0 on/off 0O DO .

e JOUDUODOODLOUODLDODO, ctrl("ox_batch",1) DODUOOOOLO on OOODO,
O00D0OD0ODO0ODOODO0O0O0O0O0D flushOOODOO,overheaed OOOOO0ODOODO
O0.00000000D0,000 ox_flush(id) ODODODODO, 000000000 flush
goooood.

e ox_pop_cmo, ox_pop_local 00D, 0000000000000 0000O0000O
000000000,0000000000000 lushO00O0O0O00O00OO.

[340] ox_launch_nox();

0

[341] cputime(1);

0

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

1

4.5e-05sec(3.302e-05sec)

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

9.6e-05sec(0.01317sec)

RN 7.5.80 0 ox_pop_cmo ox_pop_localllp.104, 6.14.1 0 O ctrll p.84
7.5.14 ox_get_serverinfo

ox_get_serverinfo ([id])
:» server 0 Mathcap, O OOOO0OO0OOO0DOOODOO0O

return goao

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

e JOUIDODOODL,0O000O0O0O0DOODOODLDOOODO MathcapOOWOoQooo, O
gobobobo.

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

[344] ox_get_serverinfo();

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

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

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

o 7.2 0 U Mathcapl p.95.
7.5.15 ifplot, conplot, plot, polarplot, plotover
ifplot (func [,geometry] [,xrangel [,yrange]l [,id] [,name])

s2000000000000O0000OO0.

conplot (func [,geometry]l [,xrange]l [,yrangel [,zrangel [,id] [,namel)
2000000 00000000000A0.

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

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

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

return od

func ooo

geometry xrange yrange zrange
ogd

id number 00O

name oon

e ifplot() 0,20000 funcO0O00OO0ODODOOODOOODOOOODODO. conplot() O,
OooooooOg,000000000. plotO 0O 100000O00O00O0DCOOO.
polarplot() O OO0 r=f(theta) 000000000000 OOOOO.

e 0O0OO OpenXM UOOODODOODOODODOOOO. UNIXODOD ‘ox_plot’ O, Windows
000 ‘engine’ 0000000000000, 0000 Asir000000000O0OO
O00000.000000 ‘ex_plot’'0d id0O idO0O0O0ODOOOODO,000000
O00O00.id00D0O000000,000DO00b0b0Oon0ooOg, ‘ex_plot’d0O0O
0000000O00000. ‘ex_plot’ 00000DOOODOODOONO, ox_launch_nox()
0000000000, ex_plot’ 000000, 000000000.

e 1000, func0000O0O0.00000COCOCCCOODODODODOD.DO00OOODODDODOO
000000000 (Dooo)ooooo.

geometry DO00000D000000D0000 [xy]00O0OO. ([300,300]. )

xrange yrange
O00o0ooooog, [vywmingvmax) 00000, (0000000 [v,-2,2].)
000000000, func0000000D0OQOO0OOODOOOOOO %, 0
oood yOoouobOoOobo.0ooo4OobobO0OdDo xrange, yrange 0 00
OoO0.00,func0 100000,000000000000.
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zrange conplot() U0OOUOOOOOO. 00O [v,vmin,vmax [,step 1] O, step
0000000000, 0000000 (vmax-vmin)/step 000, (z-

2,2,16].)

id 000000000,0000 ox_launch() O0OOOODOOOOODO. (O
0000000,00000000000000000OO.)

name 00000000, (Plet.) OO0ODOOODDODOUODOOOOOO name:n/m

000.000,000000 nO0ODDOOO,mO0O00O0O0OODODODOO
O0.00000,plotover() OOODOODO.

o IUDDOODOOODODOODODOUODLOOODDOOO 1280000.
e plotoverO) O, 00000000 0ODOO, 00000 200000000000O0ODOO.

e JOOUDODODODOODO,0Db0OO0DODOLODODODODOOOLODODDOOD
gooooooboobobooboboob,obobbobbooboobOooDb. o
gboooboopooobbobo.oboboobooboboobooobog,boobo
gboooboooboooboboboobobooboboboo.boobooboooo,bo
gobodb,oabb,obboobbooobuobobooboobbooo.boo
U000 precise 0 on U000, 000000000 window OOOOOOODO.

o LIUODOODLOOODLODOODLODO,DOO0DLOOODOOObOOObLbOOODbOOd.

e conplot() JO0OOOOOODOOOOOO,DOU0DOOCUODOODOODOODOOO
gbooboo,bboobbobboobbob,oobobboobboobbobboong
gog.

e UNIXOUODOODODLOODOOLOODODODOODODODOOL,0DbO0OO0ODLOO. UNIXODOO
goboogobood.

quit window D ODOUO0O. OO00OO0OO0O0O0O, ox_resetO) ODODODO.

wide (0O O)
gooooooooobo coooooooooo. oonoouoooood
gooooootooooooootoooooobo. ooobooooooon
o0, 0000o0b00o0oooobooooooog.

precise (U O0O)
ooooo,00b00000,00g0oboo0ooo0.oono, funcgon
oob20000000000000D0O0.0D00D0000O Sturm OO
ooooobo,0booooboooboooooboobooo,oboooD
0000000000000 0oOO0ObO. Ooo,00000000000
o0bO0o0.00bo0obo0bOoO0boO,00b00oo0oooooooo
00000000000000. ((x"2+y"2-1)2000000000.)

formula ogooooooooao.
noaxis (0 O0O)
oooooo.

e ‘ox_plot’ JUDUOOODUODOOODUODLDO,0Db0DbUOODODOODDUDOUODODL,
‘.cshrc’ DO UO0O0O0OOOOOODO (I6MBODO)OODODOOOOOOOOOOO. O
OO0O00000 1imit stacksize 16m OO QOO 0O0OO.

e X UUUOOUODDDOOOUDDDOO resource O DODO0OODOOODODOOOOO
gb0odb00d0ODOresource UOODO0O0O0OOO0O0O00ODDOO0MOOOODOOOOOOO0O
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plot*xform*shapeStyle U [rectangle, oval, ellipse, roundedRectangle [ [
oooogo

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

0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.97, 7.5.6 [0 [ ox_reset
ox_intr register_handler[] p.102

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

00000000 (boooo)ooooo.

clear_canvas (id, index)

s goooooooooo.

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

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

return 0

id index color x y

RN
pointorsegment

goo
string agoao

e 0OO0DO OpenXM OO0 ‘ox_plot’ (Windows 0O 0O ‘engine’) 00O DOODODODO.

e open_canvas U, 000000000 (D0O0OO0D0)00000. geometry 00000
00000000 pixel 000 [xy] 00000, default size O [300,300]. 0000
ooooooDOo,000d OpenXM OOOOODOOD push OO, DODOOOO
draw_obj U0 OD0O0ODOODOOO, ox_pop_cmo UOODOOOODOOOODOOODODO.

e clear_canvas [, 000 idid, DOD0ODO idindex OODOO0O0OD0OO0OODOOOODO
gagd.

e draw_obj I, 000 idid, DO0O0OD idindex 0000000000 ODOODOODO
O000000. pointorsegment O [x,y] 0000000, [x,yuv] 000 [xy], [uv] O
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O0o0fdoooooooouo. boooooooo,0obooboooooooooon
O0,00000000000. 00 pixelOOOOODOO. color OOOOOOOO,
color/65536 mod 256, color/256 mod 256, color mod 256 O 0 0 OO Red, Green, Blue
00 (00 255)0000.

e draw_string 0,000 idid, U0 DOUODO idindex OO0 O0OD0O0O0D0OOO0OODOOOO
0000.000 [xy]OOOOOODO.

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

%183] open_canvas (Id);
?184] Ind=ox_pop_cmo(Id);
?185] draw_obj(Id,Ind, [100,100]);
0[186] draw_obj (Id,Ind, [200,200] ,0xffff);
?187] draw_obj(Id,Ind, [10,10,50,50] ,0xff00£ff);
?:187] draw_string(Id,Ind, [100,50],"hello",0xff£ff00) ;
?189] clear_canvas(Id,Ind);
0
0o 7.5.1 0 O ox_launch ox_launch_nox ox_shutdownl[] p.97, 7.5.6 [0 [ ox_reset

ox_intr register_handler[] p.102, 7.5.8 [ U ox_pop_cmo ox_pop_localll
p.104.
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 ubuuouogon

8.1 UDLUOU4Ogg

000000000,00000000000000. 000000 (typed 2)0,000
0000000000000000. 0000,000000000000 1000000,
0000000,00 1000000000,00000000000000000.000
00,00,000000000000000000000000000000000.
(t+y+z)?=1-2+2-y+(22) 2+(22) y+ (1 2?)
00000,0000,00000000000000000000000000000
(x+y+z2)P=1-2"+2-2y+2-22+1-y*+2-yz+1-2?
0000000000000, 000000000000000000000000000
0000000D00000000000. 0000,00000000,000 900000

Asr 00000000 OO0O0OOO0OO0ODOOOO0.O0bO,0O000DO00,00bb0OD
oooboog.

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

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

000 (term order)
gogodgdoooooboobbbo,bdduooooobooobboooada.
1. 0000 t 00O £>1
2. t,s,u000000,t>s0O00 tu>su

00000000o00o0o0oUO0o0. 000000 oDU0D (Dooooo)o
0000 (0,0000000D0)D000O00O0ODO.

000 (monomial)
gooooo.
2%<<0,1,2,3,4>>
gogodooooobo,bb,bdduugauoooo.

00 (head term)

0000 (head monomial)

000 (head coefficient)
oo g, oo ooo. boboooog
ggoooooob,bbbboudo,gdogouobooob,0oboooaa.

82 OO ULon

oooo0obooboobobobobUub0obU0 dp_gr_main() OO0 dp_gr_mod_main(),
dp_gr_f_main() U0 3000000000000, 000,00000000000000
ooooooooo0oooooOooooooooOobOo.oboooooooOoo0o,000n ‘g
O leadO) ODOOOO0ODOOOODODOOOOODD. grd,Asr00000000OO0OO
gboboboobob.

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

‘gr’ DO0O00OO0OO0OOO0OO0OOOOOOOO, 0000000000 DOObOODOODOO
0000 30000.000,plist 00000000, vlist 00O (000)0000, order
gooodo,pb 227000gobDOn.

gr (plist, vlist, order)
Gebauer-Moeller (1 0 O useless pair elimination criteria, sugar strategy 00 0 O
Traverso 0 0 O trace-lifting 00 00O Buchberger 0000000000000
00o0bOo0oo0o0o0oo.oogoooooogoooo.

hgr (plist, vlist,, order)
oooooooooooD grOQUOOooooboOOOOO0OO0OoooonO,D
000, interreduce 00000 gr(O OO0O0OO0OO0O0O0OODOOOOOODOOO.
0000000 (0000000000 0UD0D) 000, sugar strategy D000
dddddooooduu. oooobobO, strategy UOUOOOOO strategy
gobodbooooboobboooboobbooobuoobboooob.

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

84 UUDOOOOOOO

0oooooooooooo, oo ooooooboo0o,ooooon
oooopoob.0db0o,000000 dp_gr_flagsO DUODOOODODODODOOODODO.
0000 dp_gr_flagsO ODOODOODO,000000000DODOODO, 00000000
goooo.

[100] dp_gr_flags();

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

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

[101]

goo,0ddooooboooodd. on oo, 0o0ggo ogooooboao.

O000000000ODO0O0OO0O o(eff)y0OO.

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

oo.

NoCriB onJ00,00000000000,00 BOOOOOO.

NoGC on00,000000000D0OCOOO0OO0ODOODOOOODOODO.

NoMC on0J00,0000000O0CCOOOOOO0O0OOOOOOODOODOOOOO
ooo.

NoRA on 000,000 reduced 00000000 O0O0DODO interreduce DO O0ODO.

NoGCD on000,00000000D000DO00OOOO,0000O0O00O0DOO,O00
O content O DO ODO.

Top on OO0, normal form OO0 O0O0OO000O0OOOODOOO.

Reverse on 000, normal form O0000 reducer 0, 00000000000 ODOO
oogd.
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Print on00,0000000000O000O0O0O0OOOOOOOOOO0O0.
PrintShort

on00Print 0 of 00O, 0000000O0O0O00000OODODOOOOOO0O.
Stat onl Print 0 of 000,Print 0 on DO 000000 OOODODO,O0000

gbobooooo.

ShowMag onl Print0 on OO0, 0000000000,0000000000000
gooodgo,oob,0p0boobooooooooo.

Content

Multiple 0 OOOODOOOO,00000O0O0DOOOOODO,00O0DOODOOO
Content 10000000 OOODO GCDOOODOO,00 GCDOOOOOO
O00000O0.Content 0 1 000,0000000GCDOOOOOOOODO
000DOO0O0O0OD0OO,Centent 0 2000000,00000000000000
O0,000000000000. backward compatibility 0 0 O 0 Multiple O
gboobooooo.

Demand

0000000000 (D0b0)0oOo0o0ooO,00000D00000O0O00o
gboo,bgbooboooboobooobooboooobooboo,oooboo0bon
00 normal form 0000, 000000000000DO0OCO. OO0O0O0O,O
gboboobooboooboooboooobooboobooob.ooooooboo
gobodoboooobooboooboobbooboobooo,boaboo
gboboboboboboo.

Print 0 0O0O0ODOOODOOOODOOOOOOODOO.

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

mod= 99999989, eval = []

(0) (0)<<0,2,0,0>>(2,3) ,nb=2,nab=5,rp=2, sugar=2,mag=4
(0) (0)<<0,1,2,0>>(1,2) ,nb=3,nab=6,rp=2, sugar=3,mag=4
(0) (0)<<0,1,1,2>>(0,1) ,nb=4,nab=7,rp=3, sugar=4,mag=6

(0) (0)<<0,0,3,2>>(5,6) ,nb=5,nab=8,rp=2, sugar=5,mag=4
(0) (0)<<0,1,0,4>>(4,6) ,nb=6,nab=9,rp=3, sugar=>5,mag=4
(0) (0)<<0,0,2,4>>(6,8) ,nb=7,nab=10,rp=4, sugar=6 ,mag=6
....gb done
reduceall
membercheck
(0,0)(0,0) (0,0) (0,0)
gbcheck total 8 pairs
UP=(0,0)SP=(0,0)SPM=(0,0)NF=(0,0)NFM=(0.010002,0) ZNFM=(0.010002,0)
PZ=(0,0)NP=(0,0)MP=(0,0)RA=(0,0)MC=(0,0)GC=(0,0)T=40,B=0 M=8 F=6
D=12 ZR=5 NZR=6 Max_mag=6
[94]
00000000 mod, eval O, trace-liftinge 0000000000 . mod OO0, eval OO
ofdo0ooooooooooooooooon.

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

TNF

normal form 0000 (O)
TCONT

content 1 OO0 (O)
HT

gdoooooooon
INDEX

S-00000o0ooooooooooooog
NB

oo, ogoooboooobog
NAB

Jooooooooooooo
RP

gooooon
S

obodboodn sugar 00O
M

O000000000000000000 (ShowMag 0D on DO OOOOODO.)

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

UP

gooboboboboobobooo
SP

ooobo s-ooooooo
SPM

ooobOo s-ooooooo
NF

00000 normal form 0000
NFM

00000 normal form 0000
ZNFM

NFM OO,000 reduction OO O OOOO
PZ

content 0 0O 00O
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NP

gbobobobobobboboobobouoouoouooog
MP

S-0000ooooDobOoboobOoboobon
RA

interreduce 00 0 0O O
MC

trace-lifting 0000, 0000000000000 0CO0O
GC

0odbobOOobOobobOobobobobboooo
T

gobooooboogn

B, M, F,D
O criterion OO0O00OO0OO0O0O0OOO

ZR

00 reduce UOODOOOO
NZR

00000000 reduce O ODOODOO
Max_mag

gobooboob,0o0boooboobooon

85 U

goooog,gbobobooooboobobooooooboboooboobob.boobob
goboobooboob,0oboobbobbooboobooboob,obboobbo
g.goobo,0obbooboooboooboobooboboobooooob.booobo,a,
goboooobooobooooboooo.

goboobooobobooob 3gaoo.

0 (DegRevlex; OO ODOODOONO)
gboo,b00b0boobooobobooobobooobooobo.bob,0oboooon
goboooobboodobog,goboboobb. oobobooobboobbd
g,0boooogo,bobobooooboooboo,goboboooooobobo
gopbooboooobooo.

1 (Deglex; 0OOOODODOO)
gogooo,bbodooooooobobobbooooooobobooboboboooa,
DegRevlex U D OODDOO0ODOODDOOODOODD. O0ODO,00000
0o0oo0ooooooooo, 0o oooobooooooon.

2 (Lex; ODODOO0O)
o0oo0ooooooooooo, oo ooooooooooon
ogooooboooooooogooo. oo, 00000000, gggooo
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oobooooooobooobooDOo. oobod,erO,hegerOQ DODOOODO
gboobobooboooooo.

gobooobooobobooboooooboooooob,oobobooboooboboo. oo,
(fo1,r1],[02,L2],...]
gobobob.oi o 1,2000000,Li00000D00DO0O0.00000O0,D0D0O0DO

00 L1,l2,..00000000,0000000000,00 01,02,..00000000
000000000000000000.0000000000000000000

goo,0bogboooboobobooboobo. o0, nOdm0bO0o0DbOO0 MODOOO
gooooogd.

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

2. 0b0ob0ob0ob00mb o0 b0 vOobOO,MvDO OODODODODO
oo.

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

o000, grOUDO0OD0O0O0OODOODOODO,000000 dp_ord) OOUODO,0DO
goboobooooboobooon.

ofdooboobooooooo0booboooooooooooboooooan
[Becker,Weispfenning] DO O DOOODOO.
O00o00ooooooo,0j0o0oooooooooooooooon.
[90] B=[x"10-t,x"8-z,x"31-x"6-x-y]$
[91] gr(B, [x,y,z,t],2);
[x72-2%y 7T+ (-41%t72-13%t-1) xy "2+ (2%t "17-12%t " 14+42*%t " 12+30*%t " 11-168*t "9
—40*t"8+70*t " 7+252+t"6+30%t " 5-140%t"4-168*t " 3+2+t"2-12%t+16) *xz~ 2%y
+(=12*%t"16+72%t713-28*t"11-180*%t"10+112%t " 8+240%t " 7+28*t"6-127*t"5
-167*t"4-55%t"3+30%t " 2+58*t-15) *z"4,
(y+t72%272) *xx+y "7+ (20%t "2+6%t+1) xy "2+ (-t "17+6%t ~14-21%t~12-156%t"11
+84%t"9+20%t " 8-35*%t " 7-126%t " 6-15*%t "5+T70*t "4+84*t " 3-t " 2+5xt-9) *z" 2%y
+(6*t"16-36*t"13+14%t"11+90%t~10-56*t"8-120*t " 7-14*t " 6+64*t"5+84*t"~4
+27%t"3-16%t " 2-30%t+7) *xz"4,
(£73-1) *x-y 6+ (-6%t"13+24%t"10-20%t " 8-36*t " 7+40%t " 5+24*t"4-6xt"3-20%t"2
—6*%t—1) *y+(t~17-6%t"14+9%t " 12+15%t"11-36%t"9-20%t"8-5*t " 7+54*t"6+15%t"5
+10*%t~4-36%t"3-11%t"2-5*%t+9)*z"2,

—y " 8-8%txy " 3+16%z 2%y 2+ (~8*t " 16+48%t~13-56%t"11-120*t"10+224*t"8+160*t 7|}

—564t76-336%t"5-112%t"4+112%t " 3+224*t " 2+24*t-56) *z"4*xy+(t"24-8+t"21
+20%t719+28*%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 " 7T+84*t"6-56%t " 5-63*t "4-36%t~3+46%t"2
—12%t+1) %z, 2% t*y " 5+zky "2+ (2%t " 11+8%t "8-20%t "6-12%t " 5+40%t " 3+8*t "2
—10%t-20) *z " 3*y+8%t~14-32+t"11+48*t 8-t "7-32xt"5-6*t "4+9*t"2-t,
—zky "3+ (77241 " 4+3%kt 7241 ) ky+ (-2% L T6+4* L T3 +2%E-2) %272,

2%t 2%y " 3+z7 2%y "2+ (-2%t "5+4%t " 2-6) *z"4x*y
+(4%t7"8-t"7-8%t " 5+2%xt"4-4*t " 3+5xt"2-t) *z,

Z7 3%y T 2+2xt " 3xy+ (—tTT+2*LT4+E72-) %272,

—tkzKy " 2-2kz " Bky+t"8-2%t " 5-t"3+t°2,

—t 3%y " 2-2%t 7 2%z " 2%y+ (£ "6-2*%t " 3-t+1) *z"4,z"5-t"4]

[93] gr(B, [t,z,y,x],2);
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[x"10-t,x"8-2,x"31-x"6-x-y]
oood x,y,z,t] DOOO0OO0OO0OOOOODO,000000D0,000D00000DO0.0DO
o,0o0 [t,z,y,x] UOOOO,BO0OO00OOODODODODODOODOO.OO00OOOOO,DO
goooooooooooooooog, oo (D oo D) ogod,ood (D goo D)
gogoooooooooo, guooood, s,z ydddd xdddooooooooaa
O0o0o0b0oooooooooooboo. oo ooooooobo,0boooooooon
ooooooooboooooooo,gooobooooooooaa.

8.6 Weight

O00000000000,0000 weight (00)000000000000OO0O0O0O0O
oo.
[0] dp_td(<<1,1,1>>);
3
[1] dp_set_weight([1,2,31)$
[2] dp_td(<<1,1,1>>);
6
goboobooboobo, bbb oobboobboobooboo.booo
000 weight 0 1000000000DO00O0ODO. 00D00O0O,00,00,00000 weight
00000 1,230000000.0000,<<1,1,1>»>0000 (00000000000
weight D00 0) O 1*1+1x2+1x3=6 D0 0. weight 00000000, 000000000
0000000000000, D00, weight 0ODODOOOOODOO,0000 weighted
homogeneous 0 0 OO0 O0D0OOO0OOODOO.

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

weight vector 0 000 dp_set_weight() OO0 OD0O0OO0OOO, 0000000000
000000 (booo,0000)0000U0O0OOO0O0D0bOODOOU0O. O0oOoO,000
ooboooobooooooo.

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

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

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

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

OO00OO0O0DOo0o0O,0000 option OOODOOODOODO. ODODOODO vOOO
00000, sugarweight OO O sugar weight vector U, order0 000000 ODOODOO
00.000000000 order 0000 matrixorder 00O0000O. O00OO0O,0000
O weight vector 000 DO000OO weight 00O00O0O0O. O0O0ODOOODOODO,O
000 weight vector 00O O0O0ODOO0OO0DOOOOO. O0DOOCOOODOOOOD.DOOO
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O00O,order 0 00O0O0ODOOOOOOOOOO.OODODODOO, tiebreaker DO OOOO
goooboboooboobobg.0obobdgob, dp_gr_main, dp_gr_mod_main 0J 0
oobodbooooboobod,grogoobooboooboboooog.

.7 U uuubuouooooon

grO 000000O0O0ODOOO,00D0O0,000000000000ODO (oO)O,o
0000000o00oDOooo0oD, 000000000000 oDOoooooDOoooOoong
0,0000,00000,0000000000.

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

[(-e*a+d*Db) *x—f*b+e*c, (—e*xa+d*b) *xy+f*a-d*c]
O00000,a,b,c,d00000000O0O0OO0OO.0000,00000 F=Q(ab,c,d) O
02000000Fxy|0O0O0OOOOOOOOODODODODODOODOO. DOODDODODODOO,O
000000000000 o00Do0O0. D000, 000000000000 oDO000000n
00000, 00000000D0000bO00OO0, 000000000 oooooOooog
0000D00O0000oooooOoo. 00, 000000000000 DOo0D,000o00on
J00d0ododoooodo0oooDOoooooO. oo, 00no0oooooooon
dooooooooooooooag.

8.8 LUUU

O00o0O000oOoO0o0ooOo0oooO0,00 grOOO0DDODOOODO,D0D00000 (O
00000o0O0oO0o0O00)00U0oooO0o0oU0oooO,000000000O00D0bOODOOO
gbboobooboooboooboobuoob. ob,oboobbooboobooboobo
ooo0o0ooOo,00000bbo0o00uubD, Buchberger 00D ODOO0OO0OODOOOOO
googbooobooboooboobuooboobo.booboobooboobo,bo
oooooood ‘gerydbobbobogobob0o. 000 20b000,0000 vlistl, O
OO0 order O O0OO0D0OOODOOCOOOOODOODODOO ghase D, 0000 viist2 00
gbobodboobboobooobobooobuoaboo.

tolex(gbase, viistl, order, vlist2)
000dO0O0,ghase 00000 D0DO0ODODOO0OODODODODOOOOODODO. OO
000,0000000000000,000000000000000004
0000,00000000 Hensel DOOODOOODOOODDOO.

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

00000,0000000000000 Buchberger 00000000000
0000000, 000000000000000000000D000 trace-lifting
00000d000o0o0oooon,do0doooooon,0noooonoooo
00000O,000b000000b00boo0b00oo0o0boOonog, 00 Buchberger
odo0booddoOooobOo0oobOoooooobOOo. 00,000 o0bOo0ooo
000,000000 1000000000000O000O000O0000O0000
Jo00000d.0o00dog,00000,0po00booooooooooooon
O0.(00000000. )00 homoO 00000, hegr) DOODDOODOOO
oooooooon.

gobo,obooobobooo,0obbooobobooobbooobboo0o,o0bbOoo
ooobo,bdboobooboboooboboboooDb g oobobobb. obooob
goobooooobooooboooo.
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8.9 Weyl 00

00000, 0000000000000 bODooboOoooouooo, o
oooooooboo,00bo00ooooooooooooooooo. boooooooao, O
Oo0ooOo,Weyl OO, 00000D000OD0DOOOO0ODOOO0OODOOOODOODODOOO
00 Risa/Asir 00000000,

O KOO nOO Weyl OO D=K<x1,...,xn,D1,...,Dn> [

xi*xj-xj*xi=0, Di*Dj-Dj*Di=0, Di*xj-xj*Di=0 (i'=j), Di*xi-xi*Di=1

Oo0o0ooooooooooad. D O OO0OO0O K[xi,...,xn] OD0OOODO
ooooooooOo, pi O xi OO0OOOODODO. ooooooo, o ooo,
x17il*...*xn"in#D17j1x. . *xDn~jn DO O 0O0O0O X ODODOOODOOODOOOoOoOoOooDO
O.Risa/Asir 00000,000000,0000000000<<i1,...,in,j1,...,jn>>
ogo0o.0odd,pdoooooobobooooooL. oo, o0ooooooa,
+,-000000000,000,000000000 dp_weyl_ mul() ODOODOODOODOO
ooo.

[0] A=<<1,2,2,1>>;

(1)*<<1,2,2,1>>

[1] B=<<2,1,1,2>>;

(1)%<<2,1,1,2>>

[2] AxB;

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

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

OoooopooooobD, WeylDOOOOODOOOO,00O00000D0O0O0O. dp_

weyl_gr_main(), dp_weyl_gr_mod_main(), dp_weyl_gr_f_main(), dp_weyl_f4_main(),
dp_weyl_f4_mod_main(). OO, 00000, global b OO0 OOODOOODODOODOO.

8.10 UL UL UouoooLon

8.10.1 gr, hgr, gr_mod, dgr

gr (plist, vlist, order)

hgr (plist, vlist, order)

gr_mod (plist, vlist, order, p)

dgr (plist, vlist, order, procs)
20000000040

return goo
plist vlist procs
oono
order 0,00000000
P 2°270000Oo

e O0IDOOOOD ‘grr0OOOODOOO.
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e 00D0D,000000 plist 0, 0000 vlist, 1000 order 1000000000
0000.grO,hgrO 0 00000, gromodO) 0 GF(p) D000O0OOOO.

e viist UDODUODOOD. viist DOODO0OOOOO,D000D00D0OD0ODOD.

e gr(), trace-lifting (00D D OD0OOO0OOO0ODOOO) 00O sugar strategy 00000,
hgr() O trace-lifting 000000000 OOOODO sugar strategy 00 O0O00O0O0O.

e dgr() 0,gr(,hgr() JODOOOOOODO procsO 20000000000000OO
gbo,0o000o0ooooooooob.bobooboboob,b0obooooooooon
goboobog,boobbooobooboboooboooo.

e dgr() 0O0OIDOODOOO,OD00DOO0OODODOODOOODDOODCPUODOOO,
gobooboooobooboooobooboon.

e NO0ODOUODO plist 00ODO0OOODOOODOOOUODOOOODOODODDOOD
ugb.gobo,goboobboobbodbboobb dpesort OO0 onoog
gboobooo. goooboboobooboboboooobobobooboboon
000 vlist 00OD0O00D0O00O0O0O0O0OO0 (ooo).

[0] load("gr")$

[64] load("cyclic")$

[74] G=gr(cyclic(5),[c0,c1,c2,c3,c4],2);
[c4~15+122%c4~10-122%c4"5-1,...]

[75] GM=gr_mod(cyclic(5), [c0,c1,c2,c3,c4],2,31991)$
24628%c4~15+29453*%c4~10+2538%c4"5+7363

[76] (G[0]*24628-GM[0])%31991;

0

oo 8.10.6 0 0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main dp_
weyl_gr_mod_main dp_weyl_gr_f_main[]p.125, 8.10.10 O O dp_ordl] p.128.
8.10.2 lex_hensel, lex_tl, tolex, tolex_d, tolex_tl

lex_hensel (plist, vlist1, order, vlist2, homo)
lex_t1(plist, vlist1l,order, vlist2, homo)
000000000 000000000000

tolex(plist, vlistl, order, vlist2)
tolex_d(plist, vlist1, order, vlist2, procs)
tolex_t1(plist, viistl, order, vlist2, homo)
0000000000 00,00000000000O000O000D0DO0O00

return oon
plist vlist1 vlist2 procs

ooo
order O, 00000ooo
homo ooad

e JOUODLODLOUD ‘grr0buboDbO.

e lex hensel(),lex_t1() O0,000000 plistd, 0000 vlistl, 0000 order O
oooooooooooo,boog, o0 viist2 00000000 000oooog
oo.
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e tolex(), tolex_t1() 0O,0000 viistl, OO0 order 0000000 DOOOOODO
U00o0boO plist 00000 viist20000000000O0O0O0ODO0OODO. tolex_d(O
O,tolex()O 0000, 0000000,00000000 proecsOO0O0DOOODOO
goog.

e lex_hensel(),lex_t1() OO0O0O0,0000000000000000000000O
00. ([Noro,Yokoyama] OO .)

N =

4.

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

GoooOO0Ovist2000000000DO0O0OO0DOOO0O0ODOO0O0ODO0OO pO
O00,GF(p) 0000000000000 GpOOOOO.

GpOUOOOOODOODO,GoO0OO0O0DOOO NFOOOOD.

GpOUOO fOO0O,fOO000OO0O0OOOCO,fOO0O0ODOOOO0 NFODOOOD
Oo,000b00o0obobO,bo0bbo00oDoobboOn Lfogo.

. Lf0O,0 p00000O0O0O0OOODOO LfFODODOO pO0O0OO HenselJODODO

goog.

o000 GpOOOOOOODOOOOOUODOOOODOObOOOODOOODOO
ogoboobo. ooboobooboboobuobbooboobg,pb00bObbO
go.

e lex_tl(), tolex_t1() UDDOUOD,0D000DL00OO0DOODOODLDOODOODOO
go.

1.
2.

3.

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

GoD 0000D0ODOO0O0O0O0DO,GoD0OO00000,GoO0000O viist20000
O0000O0O000DOO0O000ODOOO0O0O0DO pODOO,pO0O0O0O0 trace-lifting
gboobooobooboobooboboo,gobobobooobobogaobo
gbobodgbooboboogb.ooboogo, pggbbooobgoab.

GoO 0D0O0O0O0D0O0OD0O0,Go0D00O000,00,vlst20000000000
00b0o0o0O00o00ob0O0b0O0 GloobOo,0bo0oboooOoooOooo
gogooodobo. oo, gboboobob,boo0boobog,ooboboooobooon
000000000000 tracellifting 0 O00OODOOOOODO, 000000
gbooboboobooboboobooboooboobgoobooog.

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

e homo 0 0O0OIDOOO, 00000000 Buchberger OO0 OOOODOOOO,O0000
goog.

e tolex dO UUODOUODOODOO,00000O0DLODODODOUODODOOUODODOOD
gobooboob,o0booboboobooboboon.

[78] K=katsura(5)$

30msec + gc : 20msec

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

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

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

[82] G2=lex_tl1l(K,V,0,V,1)$
31.186sec + gc : 3.500sec
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[83] gb_comp(GO,G1);
1

10msec

[84] gb_comp(GO,G2);
1

g 8.10.6 U0 dp_gr_main dp_gr_mod_main dp_gr_f_main dp_weyl_gr_main dp_
weyl_gr_mod_main dp_weyl_gr_f_main[]p.125, 8.10.10 00 dp_ordp.128, O
0000000 p.94

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

2 GSLOODOO00OO0O0DOooon

tolex_gsl (plist, vlist1, order, vlist2)
tolex_gsl_d(plist, vlistl,order, vlist2, procs)
s 000000D0O00DOO0O0,GSLO0bOoooooooaon

return oood

plist vlist1 vlist2 procs

ooo
order O, 000dooon
homo ogoo

e lex_hensel_gsl() U lex_hensel() U, tolex_gsl() O tolex() DO ODO,0000
O0000. tolex_gsl dO O, 00000,precs 000000 OODOODOOODOODO

goao.

e 00 OOO0DOOODDO, bOODOODOODDOODO [f0,x1-f1,...,xn-fn]
(f0,..fn 0 x0 0 1 0O0OOO0) OO0 (00D SL ODDDO) 000O0OO,
[[x1,gl,d1],...,[xn,gn,dn],[x0,£0,£0’]] OOOOO (D00 GSLOOOOO)
goD. 000, g 0,di*f0’xfi-gi 0 foO0 00000000 x00 1000000,
00 fo(x0)=0 00O x0 OO0, [x1=g1/(d1*£f0’),...,xn=gn/(dn*£0’)] 0O O. O
000000000000 DOO0O00D0O0O0O0nDO, telex() DOODODOOOODDOOO
goao.

e GSLODOOODOODOUODOUODDOODOOOOOOO,0D00DO SLODOOD
O00DO00DO00ODO00ODOO000O0O000,0D000D000. tolex_gsl_ dO OODODO
gogbood,gbbooobooobbooobboobbooobboobbooboaa,
gboboboobooooooooo.

[103] K=katsura(5)$

[104] V=[u5,u4,u3,u2,ul,udl$

[105] GO=gr(K,V,0)$

[106] GSL=tolex_gsl(GO,V,0,V)$

[107] GSL[0];
[u1,8635837421130477667200000000*%u0~31-...]
[108] GSL[1];
[u2,10352277157007342793600000000%u0"~31-. . .]
[109] GSL[5];
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[u0,11771021876193064124640000000%u0"32~-. . .,
376672700038178051988480000000*u0~31~. . .]

gd 8.10.20 0 lex_hensel lex_tl tolex tolex_d tolex_t10p.121, 0 7O O OO
O000p.94

8.10.4 gr_minipoly, minipoly

gr_minipoly(plist, vlist, order, poly, v, homo)
2 0000,0000000000D0000000

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

return ooo

plist viist 000

order O,00000000

poly ooo

v ooo

homo ooo

e gr minipoly() DO ODODODOO0D0O0O0DO, minipely) DDOOO0DOOO0D0OODO

ooo.

e J0DD 100 KOOOODODO KX D 000000000, K([v] OO f(v) O f(p)
mod | 000000000000 000000000000000. 000000 p
0,0 I0000000000.

e gr_minipoly(), minipoly() 0,000 pO0O00D000000,vO000000000
ooooo.

e JOOOUDOO,00D00DO0DLO100OODODLOODODOOOODL,0DOO0DODO
O000000, ninipoly(), gr_minipoly() 0O OO0 0OOO0D0OOO0DOOOODOO
oooo.

e gr minipoly() O DOUOODOODOOOOO,00000DOODLOOOODOO.

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

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

gd 8.10.20 0 lex_hensel lex_tl tolex tolex_d tolex_t10 p.121.
8.10.5 tolexm, minipolym

tolexm(plist, vlist1, order, vlist2, mod)
0O mod 000000 0OOOOOOOOOOO

minipolym(plist, vlist1,order, poly, v, mod)
0 mod 000000000 OOOOOOOOOOOOOO
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return tolexm() : 000, minipolym() : OO O
plist vlist1 vlist2
goo
order O, 00goooon
mod oo

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

e minipolym() U minipoly DOOUODOOOODO modOUOO.
e tolexm() 0 FGLM OOOODOOOOOODO viist2, O0O0000O0OCOOOOODOO

oooog.
[197] tolexm(GO,V,0,V,31991);
[8271*%u0"31+10435%u0~30+816*u0"29+26809*%u0"28+...,...]

[198] minipolym(GO,V,0,u0,z,31991);
z732+11405%xz"31+20868*%z~30+21602*xz"29+. . .

oo 8.10.200 lex_hensel lex_tl tolex tolex_d tolex_t1Up.121,8.10.400 gr_
minipoly minipolyl p.124.

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

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

return ggd
plist viist 000
order O0,00000000
homo ooad

modular OQO0O000O0O0OO

e JI0ODOODO,0D00DODOODODODODOODOODODO, grO,hgr(), gr_mod()
0000000Db00DOO0ODOO00bO00bOoDoDDOOo0O0D. o000 weylOOOODOO
o00,Weyl OOOOOODDODOOOOODODOO.

e dp_gr_f main(), dp_weyl_f main() 0, 000000000000000O0O0OO0O
oobooOo.0o00,00000,sinp_f£fO 000, 0000000000D000D0O0
ogoogo.

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

e dp_gr_mod_main() 00000, modular O, GF(modular) 000000000 O. dp_
gromain() OO0OD00, modular 0000000 O0O0OO.
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1. modular O 1 00, trace-lifting 00 000000. 000 lprime(0) OO DODOO
00000 lprime() DO OODODOOODOO.
2. modular 0 200000000,00000000000 trace-lifting 000, O
dooooooooo,o0nono.
3. modular 00000, -modular 00000000 0ODOOO0ODOO, trace-lifting
0ooooooobooooooooobooooobooooooooooooon.
e gr(P,v,0) 0 dp_gr_main(P,V,0,1,0), hgr(P,V,0) 0 dp_gr_main(P,V,1,1,0), gr_
mod(P,V,0,M) O dp_gr_mod_main(P,V,0,M,0) DO OOOOOODO.
e homo, modular 00U, dp_gr_flagsO DU OUODO0O0OOOOOODOODOOOOODOO
ooog.

go 8.10.1000 dp_ordlp.128, 8.10.9 00 dp_gr_flags dp_gr_printllp.128, 8.10.1
U0 gr hgr gr_mod[ p.120, 10.5.1 J U setmod_££0p.158,84 00000000
gobodp.113.

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)
k400000000000 0000000 (DDDDDD)

return ggdod
plist vlist OO0

order g,0ogboooon
e MMIDUDUDOUODUODUODODODODODO.

e FAOOODOODO,J.C Faugere DO O0DOOODOOODOODOOODOOOOOOO, DO
gbobO,0bbooboobbooobooobboooboobboobaa.

e NIDOUODODODOUODODLODL,DODUDUDLODLDODOO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() DO DO ODOO.

go 8.10.1000 dp_ordlp.128, 8.10.9 00 dp_gr_flags dp_gr_printllp.128, 8.10.1
U0 gr hgr gr_mod p.120, 840 00000000000 0Op.113.

8.10.8 nd_gr, nd_gr_trace, nd_f4, nd_f4_trace, nd_weyl_gr, nd_weyl_
gr_trace

nd_gr (plist, vlist, p, order)

nd_gr_trace(plist, vlist, homo, p, order)

nd_£4 (plist, vlist, modular, order)

nd_f4_trace(plist, vlist, homo, p, order)

nd_weyl_gr (plist, vlist, p, order)

nd_weyl_gr_trace(plist, vlist, homo, p, order)
000000000 (oooog)



o8l OO0O0OO0OO0OO0O000 126

return goo
plist viist 000
order O,0000000o
homo ooo

modular O0000D00O0O

goboooboo,0boobooooboobooobbooboan.

e nd gr,p0 0O0O0O0ODOOOOO Buchberger 00 O0O0OO0OOOOO.pO 200

0000000, GF(p) OO Buchberger 0000000 O0O0OO.

e nd_gr_trace UUU nd_f4_trace DU UOUOOO trace UUUOUOUOUOUOOODOO. p

ud

goobO0o1o0b0o,b0b00o0b0oboboobo,bobobb traceb0DO0
O00000.pO 200000, traced GF(p) DOOOODODO. trace 000000
goboooooonoboo. pboob,00bbooboobooobbog. oo
U,p0 -1000000000000O0O0O,0000000000000000000
UboobO0ob0obO0ob0O00. nd_f4 trace U, 00000000, 0000000 F4
ogooooooooooooooo,bob0ooo00 oooboOObDbOOO s-ogoOoo
gbooobooobobbo,00boobobooboobooboboo.boobo
goboobooobboobooobbdd, nd_gr_trace DO OO0O0OOODODOOOO.

nd_f4 0 modular 0 O DO DODOO0OODODO, modular HOOUOOOOODODOOOONO
o0 rM40O000b00oooboon.

plist 0000000000, plistD0000O00OO00O0ODOOOOODOOOOODOOO.
plist000000O00O0OO0O0O0DOO, 00000000 bODOOOoO0oLODObOOoOOn,o
goooooboooooboobooooobobooobou. bbb o,oob0obobo
O000000o0O0o0o00ooo0. 000 [serd JO0O0OOOO. sO 0O00OO TOP
(Term Over Position), 1 000 POT (Position Over Term) D000, ord 00000
oboboboboboboo.

nd_weyl_gr, nd_weyl_gr_trace 0 Weyl OO ODOOO.
f40000000000DbO0O00O0ObOObOObOOOODOD.

U000 dp_gr_main, dp_gr_mod_main DO OOO0OOO, DODOOOO0OOOOOOO
go.

[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)
[65] nd_£4(C,V,31991,0)$

1.906sec + gc : 0.126sec(2.032sec)

8.10.10 0 O dp_ordl p.128, 8.10.9 U U dp_gr_flags dp_gr_printl p.128, 8.4
0o0o0oooooboooodp.113.
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8.10.9 dp_gr_flags, dp_gr_print

dp_gr_flags([list])
dp_gr_print ([i])
s dd0o0oooboooooooa, oo

return goao
list oood
i oo

e dp_gr_main(), dp_gr_mod_main(), dp_gr_f main() OO0O0OOO0O0OOO0DOOOO
oooog,oooo.

o OO OODO,00Db000O0DOOO.

e OO, ["Print",1,"NoSugar",1,... ] 00000000, 0000O000O000O0O0O. O
goobooooobooooboooo.

e dp_gr_print() U,000000 Print, PrintShort OO UODOOD0O, 00000, O
oOoooOoobOooooooo

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

O00,dp_gromain() U0 0O0O00O0O0O0OOOOOOODOOOODOOOO,00D00
gobobobooobboooobooboo,boooobobbuoooobbooooboboboOoo
goog.

RN A00000U0O00O0O0OO0OOOP.113
8.10.10 dp_ord

dp_ord( [order])
»0000opoooo,00

return 00000 (O,0o0o0D00000)

order g,0oobooooo

e JOODOO,00D0L0O0 onderIOUODO. DODODLOO,0Db0DOODODLDOODO
gooooo.

goboobobooobbooo,goobobooooboboooooboboooobogoo
gboo,boboooboboboo,bgbooboobooboobobooooboooooobo.

grO U0, 00000000000000OO00O,000 dp_ordO OODOODO,000DO
gobooobo.booboa,bboooboooobog.

gobobobobobobo,ooobooooobobooboobooboob.0obo,0000
gobobobooobbooooboobooo,ooobboooobboooobobobooo
gooo. oo, boobobooboooo,boobooboboobobooboooogd
goboobooan.

o OUDODOODODODDOODODOODODLO,00DbO0ODLODDOODODO0On
gooboobooobooon.
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[19] dp_ord(0)$

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

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

RN gHU00000D0D0O0Op.116
8.10.11 dp_set_weight, dp_set_top_weight, dp_weyl_set_weight

dp_set_weight ([weight])
: sugar weight 000, 00O

dp_set_top_weight ([weight])
:: top weight 000, 00O

dp_weyl_set_weight ([weight])
: weyl weight 0O O, 00O

return oooao

weight gbobooooobooon

e dp_set_weight 0 sugar weight 0 weight 000 00. 000000, 00000000
00 sugar weight 0O 0O. sugar weight 00 000000000 OO0DOO,00000
O000.0000000000,000000000000000000. 00000
00,000 100000000000000.

e dp_set_top_weight U top weight 0 weight OO UOD. D0OO0O0OO,000000
000 top weight 0O 0O. topweight 00D O0DOO0OO0OO, OO top weight 0000
O0D0O0O000OD0DO. tiebreaker 0O0O00O0OOOODOOODOOOOODOOODOO,O
00000 topweight DOOOOOO.

e dp_weyl_set_weight [0 weyl weight 0 weight 00 0O00. OO0OO0OO,000000
0000 weyl weight 000 . weyl weight w J00000,0000 110000000
O, (-w,w) O top weight, tie breaker 0 graded reverse lex 000000000 O0O0O.

oo (undefined)d Weight[ p.(undefined)

8.10.12 dp_ptod

dp_ptod(poly, viist)
00000000 0000ooooo.

return goooooo
poly ooo
viist oood

e 00D vlist UODOOUODOOOODOOODOOOOOOODOODOOOOD.
e vist 00OODODOOOCOO,000000DOODOOOODO.
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[50] dp_ord(0);

1

[51] dp_ptod((x+y+z)~2,[x,y,z]);
(1)%<<2,0,0>>+(2)*%<<1,1,0>>+(1)*<<0,2,0>>+(2) *<<1,0,1>>+(2) *<<0,1, 1>>
+(1)*<<0,0,2>>

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

(1) #<<2,0>>+(2) #<<1, 1>>+ (1) *<<0,2>>+ (2*z) *<<1,0>>+ (2*z) ¥<<0, 1>>
+(z72) *%<<0,0>>

RN 8.10.13 0 O dp_dtopll p.130, 8.10.10 00 I dp_ordl p.128.

8.10.13 dp_dtop

dp_dtop (dpoly, vlist)
s goooooboobooobog.

return goao
dpoly goooooo
viist goo

e JOUODUODODL,DUDUODODLUDODLDUDODLUDODUDOD.
e JOOUDOUOLO,0DbO0DODODODODODODODODODODODOD.

[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>>
+(z72) *%<<0,0>>

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

z" 24+ (2%a+2%Db) *z+a "~ 2+2*b*a+b~2

8.10.14 dp_mod, dp_rat

dp_mod (p, mod, subst)
2000000000000 0b0b0O0oO0o0O000a

dp_rat(p)
0000000000000 O0oO0OoDoooog
return goooooo
p ooooooo
mod oo
subst ooo

e dp_nf_mod(), dp_true_nf mod() U,000000000O0O0DOOCOOODOOOODOO
ob. 0000000, dpomod() DOODODODOODOOLOOOODOOODOOOODOODOOO
goobo. g0, 0boooboo,boobobooobboooboo,o0booboo
oooooooooooo,dp_rat() DOOOOO0OODODOO.

e JOUIDUOODLUODOOUDO,000DLO setmed) DUODOUODUODOOODDODODO
goooooboog.
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e subst U, 000000000, 000000000000 00DOODLOOOOOOD
gooobooboooogoboobooo,obobooboooon, Chvar, valuel, .. 1 OO

ooooooo.
g o 8.10.17 U 0O dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod dp_weyl_nf
dp_weyl_nf_mod[ p.132, 6.3.11 O U subst psubstU p.48, 6.1.17 0 U setmodl]
p-41l.

8.10.15 dp_homo, dp_dehomo

dp_homo (dpoly)
»0o00oo0oooooo

dp_dehomo (dpoly)
s doo0oboooooooooa

return ooooooo

dpoly Doooooo

e dp_homo() O, dpoly 0 OO ¢tO00DO0O,00000000001000,00000
000 ddeg(t) (dO dpoly DODOD)000O0OOOOOOOOODO.

e dp_dehomo() U, dpoly DO UODUODO0O, J000O0O0OO0ODOO0OOODOOODODO
goooogo.

o IO O,000D0D0O0DOODDOODLDODOOD,DbDbODbDOObODbObODbDODnOO
gobogooab.

e hger(O UDODOUOODO,0000D0O00DOODO.

[202] X=<<1,2,3>>+3%<<1,2,1>>;
(1)*%<<1,2,3>>+(3) *<<1,2,1>>
[203] dp_homo(X);
(1)*%<<1,2,3,0>>+(3)*%<<1,2,1,2>>
[204] dp_dehomo(Q);

(1) %<<1,2,3>>+(3) %<<1,2,1>>

HEN 8.10.1 0 U gr hgr gr_modll p.120.
8.10.16 dp_ptozp, dp_prim
dp_ptozp (dpoly)
000000000 O0bOoO00ooOoOooo Gebo 1000,

dp_prim(dpoly)
s 0000000000000 bO00DOO0o0DbOO00oOoOo0 Gebo 14000.

return goooooo

dpoly Doooooo

e dp_ptozp() O, ptozp() 00000000 ODODDODOOOOOONOOD. 000000
00000,000000000000000000000

e dp_prim() O,0000000D00O0O,0000D0O0000C00DOOODOOODO.
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[208] X=dp_ptod(3*(x-y)*(y-z)*(z-x), [x]);

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

(my+2) #<<2>>+ (y72-272) *<<1>>+ (—zxy " 2+27 2% y) *<<0>>

[210] dp_prim(X);

(1) *¥<<2>>+ (—y—2) ¥<<1>>+ (zxy) ¥<<0>>

0o 6.3.18 0 O ptozpl p.53.

8.10.17 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_
dp_
dp_
dp_

dp_
dp_

nf (indexlist, dpoly, dpolyarray , fullreduce)
weyl_nf (indexlist, dpoly, dpolyarray, fullreduce)
nf _mod (indexlist, dpoly, dpolyarray , fullreduce , mod)
weyl_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
» 00000000000 000OD0O. (bOooooOOooDoDUObOoOoDDoO)
true_nf (indexlist, dpoly, dpolyarray , fullreduce)

true_nf_mod (indexlist, dpoly, dpolyarray , fullreduce, mod)
000000000 0ooooOO. (boooo [DO,0o0loooog)

return dpnf() : O00O0O0OODOO, dp_true_nf() : OO0
indexlist oogd
dpoly ooooooo

dpolyarray

g

fullreduce 0O 00O
mod oo

0000000 dpoly DOOODOOODO.

000 weyl ODDO0O0DO0ODODOODODO0ODOOODOOODOD. OO0OODOO weyl O
godoooooooooooon.

dp_nf_mod(), dp_true_nf_mod() 0O OO, dp_mod() OO OO0, 00000000
goooooooooooooooo.
oooooo,0b0b0bobooboooooo,dpnfO D00 0OO00OOOOOODOO.

O0O000D0000 dponf_mod() DOOODODOO, 0000000000 dp_nf_mod()
gooboood.

dp_true_nf (), dp_true_nf_mod() O, [nm,dn] 00000000 O00O. 00O, nm
oo0o000,000000000000000,dn 000000000 nm/dn OO
goooo.

dpolyarray 0000000000000 D0OO0ODO, indexlist 0000000DOO0O
dpolyarray 0000000000 QOQOOO.

fullreduce 0 0 000000000 O0OO0ODODOOODOO. fullreduce O 0O0O0O0OOOO
oooooooooo.

indexlist 00 O00OOO0OOCO0O,00000000D0000C0OO.
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e NUUD indexlist 0O OODOOO0ODOOOODOOODOOOODOO,0000000DO
obooboboobon.

e JOUDODODODODODODLODODODOODOOODODODODOLOODOLODODOD
ooO0.0o0o0o0ob0ob00obO0, ponf,p_truenf DO OOOODO.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

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

[72] DPil=newvect(length(K) ,map(dp_ptod,K,V))$

[73] G=gr(K,V,2)$

[74] DP2=newvect(length(G) ,map(dp_ptod,G,V))$

[75] T=dp_ptod((u0-ul+u2-u3+ud)~2,V)$

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

ud "2+ (6*u3+2*u2+6*ul-2) *ud+9*u3" 2+ (6*u2+18*ul-6) *u3d+u2"2
+(6*ul-2)*u2+9*ul”~"2-6*ul+1

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

-5*%xu4 "2+ (-4*xu3-4*xu2-4*ul) *ud-u3"2-3*uld-u2" 2+ (2*ul-1) *u2-2%ul~2-3*xul+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*ud”~15+. ..

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

[80] @78==0@79;

1

g 8.10.13 00 dp_dtopUp.130, 8.10.10 U U dp_ordp.128, 8.10.14 0 [0 dp_mod dp_
ratll p.130, 8.10.28 U U p_nf p_nf_mod p_true_nf p_true_nf_modl p.138.

8.10.18 dp_hm, dp_ht, dp_hc, dp_rest
dp_hm(dpoly)

s ggooooooo.

dp_ht (dpoly)
s goooooo.

dp_hc (dpoly)
s gooooogg.

dp_rest (dpoly)
»0o00oo0ooooooooon.

return dp_hm(), dp_ht(),dp_rest() : DOOOOOO,dp_hec) : OOOOODOO

dpoly gboooooo
o LIUDOD,0000D0DOODLOODLDbDOObLbOODbOOOnOO.
o IIDODOOODO pOObbOODbOOO.
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p =dp_hm(p) + dp_rest(p)

dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((ad67~2+7/10%a46+7/48)*u3"4-50/27*a46"2-35/27*a46-49/216)$
[89] T=dp_ptod(X, [u3,ud,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>>

8.10.19 dp_td, dp_sugar

dp_td(dpoly)
s doooooooaa.

dp_sugar (dpoly)
20000 sugar 0O O.

return goao
dpoly goooooo
onoff ooo

e dp_td) O, 000000, 00D0000DOODLDODDLDODLOO.

o LIUODOOOODLOOOODLODOO, sugar UUODOOOOOOOOOOOO. DOODO O
gbobobobobobobobobobobobobob.

e sugar 1, 00 000000000000 0ODO0OOOOOODOOOOOOOODOOO
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

8.10.20 dp_lcm

dp_lcm(dpolyl,dpoly2)
»00000000.
return gooooono

dpolyl dpoly?2
ooooooo
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e J00DOD0DOODOODDOOODOO.ODOO 1000,
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)*<<5,4,3,4,5>>

o0 8.10.28 U O p_nf p_nf_mod p_true_nf p_true_nf_modl p.138.

8.10.21 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0oDoOg.

return oo
dpolyl dpoly2
ooooooo
e dpolyl 0000 dpoly2 00 0D0DO0ODOOO 1,000000000000O.
e JO0ODOOO0O0O0OO,00D0DDOODOOO0O0OOOOOOD.

[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
HEN 8.10.26 0 O dp_red dp_red_mod[] p.137.
8.10.22 dp_subd
dp_subd (dpolyl,dpoly2)
s 000o0ooooon.
return ooooooOoo

dpolyl dpoly2
ooooooo
e dp_ht(dpolyl)/dp_ht(dpoly2) ODODO0O. 0OOOOO 1000,
e J0IDODODODODODODODODODODO.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)%<<0,1,1,1,1>>

RN 8.10.26 U O dp_red dp_red_mod[ p.137.

8.10.23 dp_vtoe, dp_etov

dp_vtoe (vect)
s 0ooopooogooon



o8l OO0O0OO0OO0OO0O000 135

dp_etov(dpoly)
»0o00o0o00oooooon

return dp_vtoe: O OOOOO, dp_etov: OODODO
vect gogod

dpoly ooooooo

e dp_vtoe() 0,0000 vect 00000000 OD0OOOODOODO.

e dp_etov() O0,0000000 dpoly OOODDOODODOOODOODOOOODDOO.
[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>>

8.10.24 dp_mbase

dp_mbase (dplist)
:» monomial OO OO0

return gbobogboodgabod

dplist gbobooboogbod

e 000D0O0000OOO0O0O0OOOOOONONOOD,000000000000000
dplist 0000, dplist 0 KX]0OODODOOOOOO 10 00000,K000000
000000 K[X]/IO monomial 00 0000000.

e 0UDODOUDDOO,KX]|/ID KOOODODODDOOOOOOODODO.

[215] K=katsura(5)$

[216] V=[ub5,u4,u3,u2,ul,udl$

[217] GO=gr(XK,V,0)$

[218] H=map(dp_ptod,GO,V)$

[219] map(dp_ptod,dp_mbase(H),V)$
[u0~5,u4*u0"~3,u3*u0"3,u2*u0"3,ul*u0"3,u0"4,u3"~2*ul,u2*uld*uld,ul *uld*ul,
ul*u2*ul,ul"2*%ul,ud*u0"2,u3d3*u0"2,u2*xu0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"2,ud*ul,ud*ul,u2*ud,ul*ul0,u0"2,u4,u3d,u2,ul,ud, 1]

go 8.10.1 0 O gr hgr gr_modU p.120.

8.10.25 dp_mag

dp_mag(p)

s 0O0o0ooooooooo
return U
D ooooooon

e J00DDODDODUUDOUDDOOODOD,DDODODD (DODODODDODODO)OOO
goooooboog.
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e JOOODOODODOUDODODOOLDOOOODO.ODO,0D00D00D0DODODOO
gobobobooob,0obbboooobbooooboboooooboboooobogoo
goog.

e dp_gr_flags() O, ShowMag, Print 0 on 0000000000000 0000000
000 dp_mag() 00000000000,

[221] X=dp_ptod((x+2*y)~10,[x,y]1)$
[222] dp_mag(X);
115

HEN 8.109 00 dp_gr_flags dp_gr_printl p.128.
8.10.26 dp_red, dp_red_mod

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

= 000o0oog
return oon
dpoly1 dpoly2 dpoly3
goooooo
vlist ooo
mod 00

dpolyl + dpoly2 0000000000 dpoly3 0 100000.
e dp_red_.mod() 0000, 0000000000000000O00C0O.

0000000 dpoly2000000. 000, dpoly2 0000 dpoly3 000000
000000000000000000000000.

000000000, 000,0000000o00,00 a, b, 0 t 000 a(dpolyl +
dpoly2)-bt dpoly3 00000 ODODO.
000, [adpolyl,a dpoly2 - bt dpoly3] OO DOO0OOOO.
[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>>]

oo 8.10.14 U O dp_mod dp_ratl p.130.

8.10.27 dp_sp, dp_sp_mod

dp_sp(dpolyl,dpoly2)
dp_sp_mod (dpolyl, dpoly2, mod)
2 S-00ooan
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return ooooooo

dpolyl dpoly2
ooooooo

mod RN
e dpolyl, dpoly2 0 S-O00000OO0O0O.
e dp_sp_mod() 0ODOO, 0000000000000 ODOODOODODO.

e JOOODODO,DDODOOODODODODOOOOO,DODODODOOO,O0D0DDOO00000000
ooopoooa.
[227] X=dp_ptod (x~2*y+x*y, [x,y]);
(1) *<<2,1>>+ (1) *<<1,1>>
[228] Y=dp_ptod(x*y~2+x*y, [x,y]);
(1) *<<1,2>>+ (1) *<<1,1>>
[229] dp_sp(X,Y);
(1) *<<2,1>>+(1) *<<1,2>>

HEN 8.10.14 0 00 dp_mod dp_ratl p.130.
8.10.28 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, (Doobooooooooooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist, order, mod)
0000000000 00O0. (000D [DOo,00]lo00000)

return p_nf - OO0, p_true_nf : OO0
poly ooo

plist vlist 000

order o,gooogoogo

mod oo

o gr’pnoonogon.
e DD ,0D0DOO0DOODLOODDOOD.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod DO OO OO0DOOODOOO
oo.

e poly 000 plist 0, 0000 viist 00000000 otype 00000000000
00000, dp_nf(), dp_true_nf (), dp_nf_mod (), dp_true_nf mod() OO O OO.

e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf _mod() O fullreduce 0 1 000
ooog.

o DD OODOOODLDOODODOODO.

e p_true_nf(),p_true_nf mod() DOODOOODOO,dp_true_nf (), dp_true_nf_mod()
ooooo.
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[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,udl$
[81] G = hgr(K,V,2)$

[82] p_nf(K[1],G,V,2);

0

[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]

(84] L[0]/L[1];
1

NN 8.10.12 0 0 dp_ptodU p.129, 8.10.13 U 0 dp_dtopl p.130, 8.10.10 O O dp_ordl]
p-128, 8.10.17 00 dp_nf dp_nf_mod dp_true_nf dp_true_nf_mod dp_weyl_nf
dp_weyl_nf_modll p.132.

8.10.29 p_terms

p_terms(poly, vlist, order)
2 0000000000000 o0ooo00.

return ggdd
poly ooo
vlist ooo
order O, 00000000

e g’ 00000OOOO.

e J0D0D0DODOOOOODLDOOOODODODOOOODODODO. viistOOO order 0000
oo0oodoOoOo,000b0b000oo0oobooooooobooooooan.

e J0I0DUODUODUODUODUDUUODU,ID000DODODUOO0DODOODOO
ooooooon.
[233] G=gr(katsura(5), [ub,ud4,u3,u2,ul,ul],2)$
[234] p_terms(G[0], [u5,ud,ul3,u2,ul,ull,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]

8.10.30 gb_comp

gb_comp (plistl, plist2)
s 0000000, 00000Db000b0bO0oo0bObOoOoobooOoooa.
return 0000 1
plist1 plist2
e plistl, plist2 0000, 0000000000 OOOCOOOOOOOO.
e JID0DOODDOODDOODD,0D0O0DOO,00D0O0OOO0DOODODO,O0O000OO
dopoodoooooooooon.

[243] C=cyclic(6)$
[244] V=[cO0,c1,c2,c3,c4,c5]$
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[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

8.10.31 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)

cyclic(n)

hcyclic(n)

s gooooooon

return oood

n

RN

e katsura() O ‘katsura’, cyclic() O ‘cyclic’ O00O0O0OOODO.

HEN

gbobodbooobuoobooo,boobouobbddibd katsura, cyclic O U
gbobobobobo.

cyclic U Arnborg, Lazard, Davenport U U DD O UOUOOUOOOOOMNO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(5);

[u0+2*ud+2+u3d+2*xu2+2*+ul+2*xub-1, 2*ud*u0-ud+2*ul*ud+u2”~2+2*xub*ul,
2*%u3*u0+2*ul*ud-uld+(2*xul+2*ub) *¥u2, 2¥u2*u0+2*xu2*ud+(2*xul+2*ub) *¥u3
—u2+ul~2,2*xul*ul+(2*xu3d+2*ub) ¥ud+2*u2*ud+2*xul*u2-ul,
u0~2-u0+2*ud " 2+2*xu3”"2+2*xu2" 2+2*xul " 2+2*xub"2]

[90] hkatsura(5);

[-t+ul0+2*ud+2*xuld3+2*xu2+2*xul+2*ub,
—udxt+2xud*xu0+2*xul*ud+u2~2+2*xub*ul , —ud*t+2*xud3*u0+2*xul*ud+ (2*xul+2*ub) *xu2,
—u2xt+2*xu2*xu0+2*xu2*ud+ (2xul+2*ub) *u3d+ul~2,

—ulxt+2*xul*ul+(2*xu3d+2%ub) xud+2*xu2*xud+2*xul*u2,
—u0*t+u0"2+2*xud " 2+2*u3"2+2*xu2"2+2*ul " 2+2*xub5"2]

[91] cyclic(6);

[c5*cd*xc3*c2*xcl1*xc0-1,

((((ch+cbh) *c3+c5*cd) xc2+chxcd*c3) xcl+chrxcd*c3*c2) *cO+ch5*xcd*c3*kc2*cl,
(((c3+cbhb)*c2+ch*cd) *cl+chb*xcd*c3) *xcO+cd*c3*c2*xcl+ch*cd*xc3*c2,
((c2+ch) *cl+chb*cd) *cO+c3*c2*xcl+cd*c3*c2+ch*xcld*c3,

(c1+ch) *cO+c2*xcl+c3*c2+cd*xc3+cbxcd, cO+cl+c2+c3+cid+c5]

[92] hcyclic(6);

[-c~6+chb*cd*xc3*xc2*cl*cO,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+ch*cd*c3*xc2*cl,
(((c3+ch) *c2+chb*cd) xcl+chxcd*c3) xcO+cdxc3*c2xcl+chxcd*c3*c2,
((c2+ch) *cl+chb*cd) *cO+c3*c2*xcl+cd*c3*c2+chbxcld*c3,

(c1+ch) *cO0+c2*xcl+c3*c2+cd*c3+cbxcd,cO+cl+c2+c3+cd+c5]

8.10.13 0 O dp_dtopl p.130.
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8.10.32 primadec, primedec

primadec (plist, viist)

primedec(plist, vlist)

»0o00ooon
return
plist goOooon
viist gooono

oo

primadec(), primedec O ‘primdec’ 0O OODODOODO.

primadec(), primedec() 00O 0O0O0OO00ODOOOOODOOOOOO,00000O
ooooooo.
gobooooooooooobooooboob.boobboooboobboooo.
primadec 0 [0 OO0, 00000001 00O0O0ODO0O.

primadec 0 OO OOOOOODOO.
oo00od0oo,000bO00C00obO0o000DOO0O0OO00oDOO0O0ObOOoDOobObOOoDOobOo
0.00000000,000000 PRIMAORD, PRIMECRD UODODOODODOO.
primadec O [Shimoyama,Yokoyama] DU O DOOODOOUOOOOODOOOODO.

goboboobbooobog, primedec U0 0OO0O0O0O. OOO0,00000000
ugbobooboodoboobn,primadec U0 0O0O00O0OO00O0O00O0O0O00OOOOOOOO0DOO
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,
(q73*y~4-2%q~3*%y~3+q~3*y~2) *x-q 3%y ~4+q~3*y~3,

-q 3%y 4+2%q 3%y~ 3+(-q"3+pxq~2)*xy~2], [p,q,x,y1);

[Ly,x], [y,pl, [x,9],[q,p], [x-1,q], [y-1,p], [(y-1) *x-y,q*y~2-2*q*y-p+q]]
[103] primadec([x,z*y,wxy~2,w" 2*xy-z"3,y73], [x,y,2z,w]);

[[[x,z*y,y"2,w 2xy-z"3], [z,y,x]], [[w,x,z*y,2z"3,y"3], [w,z,y,x]]]

6.3.15 0 0 fctr sqfr0p.50, 85000000000 p.116.

8.10.33 primedec_mod

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

s goooooo
return
plist oooooo
vlist goognd
ord g, 00gooooo
mod ooo

strategy ad

primedec_mod() U ‘primdec_mod’ U O DODOODOO. [Yokoyamal DO DO OOONO
O0o0o0ooooooooo.
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e primedec_mod() DO U DOUOOOODOODOOODOOOOOOODOOOO,0000O
ooobooog.

e primedec_mod() O, GF(mod) O00O0O0O0O0OOO. OOODOOOOOODOD,O00O
goooood.

e J00OUD,0000DDLDOUOODOOLUDOOOOODDOOOO [vlistierd DODOO
gbobobobobooboboobon.

e strategy 0 0 DO OO0, incremental 0 component 0000000 OOODOOONO
early termination OO 0. OO0, 000000000 0O0OOOOODOO,0000000
00,0000000000 overheed OOODOODOODOO.

e NIDOODOOOOOODOOCOODOODOODODOO dp_gr_print(2) DOODOODOODO
oo.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t,y 8+y~2+t,z"8+z"2+t]$

[247] primedec_mod(PP444, [x,y,z,t]1,0,2,1);
[[y+z,x+z,z"8+z"2+t] , [x+y,y 2+y+z"2+z+1,2"8+z"2+t],
[y+z+1,x+z+1,2"°8+2"2+t], [x+z,y " 2+y+z"2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+z+1,z"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+z2"2+z+1,2"8+z"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]

oo 6.3.17 0 Omodfctrl p.52, 8.10.6 J 0 dp_gr_main dp_gr_mod_main dp_gr_£_
main dp_weyl_gr_main dp_weyl_gr_mod_main dp_weyl_gr_f_main[] p.125,
g5000000000p.116. 8.10.90 0 dp_gr_flags dp_gr_printl p.128.

8.10.34 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)
bfct (f)
generic_bfct (plist, vlist, dvlist, weight)
s bO0OO0O0O
ann ()
annO () 0000000 annihilator 00O O
return goooooooo
f ooo
plist oooooo

viist dvlist
ooooag

e bfct’ 000D DOOODO.

e bfunction(f), bfct(f) OOOO f 0O global bO0O b(s) DOOODO. b(s) O, Weyl
00 DpD0ODO0O0OD0OOOO DLs]1 OO P(x,s) DODOODO, P(x,s)f"(s+1)=b(s)f"s [
ooobOobOobOo v(s)y OO, 0b0b00ObObDODbDOO.

e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DODODOOOO 10,00
00 weight 0000 global bODOOOO0O. viistd x00, viist 00000 D-O00O
oooooo.
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e bfunction U bfct O DOUODOOOODDOOODOODO. DOO0DDOODODOODO
oo.

e ann(f) O, f~s 0 annihilatorideal 00 0O 0O00O. ann(f) O, [a,list] OOOOO0O

O0.000,a0 fO bOODODOOO,list0 ann(f) 0000 s$0,a0000
gooooo.

e 0O OTDOOOO, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x"3+y~3+z"3+x" 2%y 2%z~ 2+xX*y*z) ;
-9%575-63%s574-173%s5"3-233*%s"2-154%s-40

[217] fctr(Q);

[[-1,1],[s+2,1], [3*s+4,1], [3*s+5,1], [s+1,2]]

[218] F = [4xx"3*dt+y*zxdt+dx,x*z*dt+4*xy~3*xdt+dy,
x*xy*dt+b*z~4xdt+dz,-x"4-z*y*x-y~4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x],[dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000%s7"9+101750*s~8-79375%s~7+35768%s~6-9277*s"5
+1278%s"4-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2xdy*x+3*dx*y~2, -3*dx*x—-2*dy*y-6]]

g 8.90 0Weyl 000 p.120.
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g ubogoooonbd

9.1 DLUuoogdgd

Asir 00000,000000000000O0O0O0.0000O0DOOOOCOOOOOOO0, DO
gooooo.booo, 0, oo bbobobobobboooogg
gogd.gooboboo, bbb bobboooouobDbobboooooboo
l1o0boodgooooooooboodoo. oo, oobbbooooooooLboboobo
uddd,reot DOy,

[0] AO=newalg(x~2+1);

(#0)

[1] Al=newalg(x~3+A0*x+A0);

#1)

[2] [type(A0),ntype(A0)];

[1,2]
O0000,A00 x2+1=000,A1 0,00 A00O0O000ODO x~3+A0*x+A0=0 OO O OO
goooooo.

newalg() 0 O0OO0D0OOOOOOO0ODOODOOOODOOODOO.
1. bobob0o 1000000000000 00.

2. newalg() U0 O0ODOUODOOODODO,D0000D0OO0DODOODODOODOD.
oooooo,0bdbod srem(O) UOODOODODOOOOODOODODOOODO. OOO
g,0oobbooboo,boobbooooooboboon.

3. 000000Db00 0bOoobboOobbU0 recot OO0 DOODOODOOODOO
oo.

4. 000000, 000000000000 rect000ogbooooboooboobOO
gooodg.

newalg() U0 DOUODOO0OODOO,1000 200000.00,000b00000D00O0O0
goooooooboo. bboobobooobooboobbooboboooboob,boo
gobog,booboobooobobon.

00 newalg() 0000 OO0ODOODODOOOOO,00000000000,00,00000
O0000000000000. (typeO, vtype() 00.) O0OO0,0000,root O0OOO
oooooooooog.

[87] N=(A0"2+A1)/(A172-A0-1);

((#1+#072) / (#172-#0-1))

[88] [type(N),ntype(N)];

[1,2]
O0000o0oood,reoth #n 00O UO0OOO. OD0O0O,00000000000O00O0ODO.
root 0O0OOOODOODOOODO,0000 alg(n) OOOODODO. ODO,0000000,
000000 (D0O0O00000000D0)000 newalg() DO0ODO,000000000
00000oooooooooooooon.

[90] alg(0);

(#0)

[91] newalg(t~2+1);

(#0)
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root UOODODOONO, defpoly() DOOODODOOO.

[96] defpoly(AO);
t#072+1

[97] defpoly(Al);
t#173+t#O*xtH#1+t#0

goboodbo,t#o,t#1 D0OUO0O0O #o, 1 UDOUUOODOOODOOO. ODOOODOOOOOO
oobooooood.varQ UOOOOOO0,0000 algv(n) JOOOODO.

[98] var(Q);
t#l

[99] algv(0);
t#0

[100]

9.2 DDOOO4Oo4gdgd

goo,b0oobobgo,bboo0oboboobob. obob,00b0oboooobobOobDo
go.oboooboob,booboobboobbooobooobooboboo,0boo
000000000 0ODOO0ODOOoO0Ob. booog,sp0,gr’ 000 Asir 00ODO0OO
gobooobooboooooooog.

[0] load("gr")$
[1] load("sp")$

ooob,00b0bDgbg, ‘$HOME/ .asirrc’ DO O OOOOOODO.

root J DOOUOODOOO,0000000000. 000,00000000000000
gooboooboooboo,bboobooboobbooboooo. ob,obb o0obbO
gbogbobooboboob,obobuoboboboobobobooboboobobg
goooo.

oo0o00,0b0b0ob0obobob, simpalg OODO.

[49] T=A0"2+1;
(#0°2+1)

[50] simpalg(T);
0

simpalg() DO O0UOOOOODOOODOOO,000000000DO.

[39] AO=newalg(x~2+1);

(#0)

[40] T=(A0"2+A0+1)/(A0+3);
((#0~2+#0+1) / (#0+3))

[41] simpalg(T);

(3/10%#0+1/10)

[42] T=1/(A0"2+1);

((1)/(#072+1))

[43] simpalg(T);

div : division by O

stopped in invalgp at line 258 in file "/usr/local/lib/asir/sp"
258 return 1/A;
(debug)
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ooooo,0o00 obboO0OoOoOOOO0OODOOOO0cOODODOOODODO,DO0O0
0000000 simpalg() 00000000000 DODOODOO. simpalg() O,0000
O0o0oooooopooooooooooo.

[43] simpalg(1/AO*x+1/(A0+1));

(-#0) *x+(-1/2%#0+1/2)

0oobobooooobogoonouboD, b simpalg) DO0ODOOUODOODODODO
goboboono,bbooobboobbooobbooobbooobbogg, root OO
OO00OOoO000O00D0OO0b0OO0.00D0, algptorat() OODOO.

[83] AO=newalg(x~2+1);

(#0)

[84] Al=newalg(x~3+A0*x+A0);

#1)

[85] T=(2*A0+A1xAO+A172)*x+(1+A1)/(2+A0);
(#172+#0*x#1+2x#0) *x+ ((#1+1) / (#0+2) )

[86] S=algptorat(T);

(C(t#0+2) #t#172+ (L#0™2+2xt#0) ¥t #1+2%t#0 " 2+4*t#0) xx+t#1+1) / (t#0+2)
[87] algptorat(coef(T,1));

tH#17 2+t #O*t#1+2xt#0O

00000, algptorat() 0,000, 000000 root 0, 0000000,0000 #n
D000 +#n 000000. 00000000, 0000000000000000000
00.000,000000000000,r0t00000000000000000000
oooo.

OO0, root DDOUOODOODOO0O, 0000 root UOUOODDUODODOODN rattoalgp() OO
go.

[88] rattoalgp(S, [alg(0)]1);

(((#0+2) / (#0+2) ) xt#1 72+ ((#0"2+2%#0) / (#0+2) ) xt#1

+((2%#072+4%#0) / (#0+2) ) ) *x+ ((1) / (#0+2) ) xt#1+( (1) / (#0+2) )

[89] rattoalgp(S, [alg(0),alg(1)]);

(((#0"3+6x#0"2+12*#0+8) *#1 "2+ (#0"4+6%#0 " 3+12*x#0 " 2+8*#0) *#1

+2%#0 " 4+12%#0 " 3+24%#0 " 2+16%#0) / (#0"3+6*#0"2+12%#0+8) ) *x

+(((#HO+2) *#1+#0+2) / (#0"2+4*#0+4) )

[90] rattoalgp(S, [alg(l),alg(0)]);

CC(HO+2) *x#1 72+ (#0™2+2%#0) *#1+2x#0 " 2+4*#0) / (#0+2) ) *x

+((#1+1) / (#0+2))

[91] simpalg(@89);

(#172+#0*#1+2%#0) *x+ ((-1/5%#0+2/5) *#1-1/5%#0+2/5)

[92] simpalg(@90);

(#172+#0*#1+2%#0) *x+ ((-1/5*#0+2/5) *#1-1/5%#0+2/5)
rattoalgp() 0, 00000000 root DOUODODODO 200000,00000,00000
gddoddodoo. oo, oo oobooouoog
000DbO00OO0,00b00b00b0obOobD0oDOoDoOooOoog. algptorat(), rattoalgp()
O, 0000000000000 ooobooooooooooon.

9.3 DOUooooobbooood

gbooobooobd,reot 0000000 OO0ODLO0ODODOODOODOODODOO.
gboooo,boboobooboobobooboobobobooo,boboo,0oo0ooooo
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gboooogoobogoboboooo.ooooo,oboboooooobobooooobon
gooobooobob,0obbbooobbbooobbbooobbobooooobobooo
U.0b000bogbbg,pAlg0obbo0onooobooonobooobodn. pAlgd
gobodboooob.ogbogo,booboboooboooboboooog.

DAlg OOset_field) ODOOOOODOOODOODOOODOOOOOOODOOD. OO
O00,newalg) DO DOUODO0O0OUODOOODOODODO algtedalg) UDOOODO,0000
O00000000 dptodalg() DODUDUOD 20000. OO DAlgOOOOOODO
g,000boooboobooon.

[0] A=newalg(x~2+1);

(#0)

[1] B=newalg(x"3+A*x+A);

(#1)

[2] set_field([B,A]);

0

[3] C=algtodalg(A+B);

((1)*<<1,0>>+(1)*<<0,1>>)

[4] C°5;
((-11)%<<2,1>>+(5) %<<2,0>>+ (10) *<<1, 1>>+(9) *<<1,0>>+ (11) *<<0, 1>>
+(-1)*%<<0,0>>)

[5] 1/C;

((2)%<<2,1>>+ (1) *<<2,0>>+ (1) *<<1, 1>>+(2) *<<1,0>>+(-3) *<<0, 1>>
+(-1)*<<0,0>>)/5

00000, Qab) (a~2+1=0, b~3+ab+b=0) 0000, (a+h)"5 000 1/(a+b) OO O
(00D0)0000. 00000000000000,00000000000000000
oo.

94 DOUUOOOO 100000000

‘sp) 00,1 00000000,GCDh, 0000000000000 0O0ODOOOOOOO
oboobobooboo.

9.4.1 GCD

000000 GCD O cr_geda() UO0DOOOODOOC. O0OOODOOOODOOODOOO
oooooooboooobo Geboooooboooo,0booboo0ooboooon.

[63] A=newa1g(t‘9—15*t‘6—87*t“3—125);

(#0)

[64] B=newalg(75xs"2+(10*A"7-175%A~4-4T0*A)*s+3*A~8-45%A"5-261*%A"2) ;
(#1)

[65] P1=75%x"2+(150*B+10*A~7-175%A~4-395%A) *x
+(75%B~2+(10%A"7-175%A"4-395%A) *B+13*A~8-220*%A~5-581*%A"2)$

[66] P2=x"2+A*x+A~2$

[67] cr_gcda(P1,P2);

27*xx+((#0°6-19*%#0"3-65) *#1-#0"7+19*#0~4+38*#0)
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94.2 JOOOO, 0000

ooodOoo,0b00b0o00b0o0ob0 GCbooOobDOoOoboODboOobOoOOoDbDOoOobOoDo
OO00O0O0000.000 asqO) OOO.

[116] A=newalg(x~2+x+1);

(#4)

[117] T=simpalg((x+A+1)*(x"2-2*%A-3) 2% (x"3-x-4)"2);

X711+ (#4+1) *x~ 10+ (—4*#4-8) *x~ 9+ (—10*#4-4) *x "8+ (16*#4+20) *x~7
+(24%#4-6) *x "6+ (-29*#4-31) *x "5+ (—15*#4+28) *x "4+ (38*#4+29) *x~3
+(#4-23) *x "2+ (21 *#4-7) *x+ (3*#4+8)

[118] asq(T);

[[x"5+(-2%#4-4) xx~ 3+ (—#4) *x "2+ (2%#4+3) *x+ (#4-2) , 2] , [x+(#4+1) ,1]]

00oo0oo0o,[00,000jo0000U00O0, 000000 UO, 00000000

goboooboo.obb,00boobboobobooobooobo,0bbooboo
goo.

obobooooooon, Trager 00 00OO0OD0OODOOO0OO0OOOO,D000000000,
gbobobobobobobobobobobobobobobobobo.

[119] af (T, [A]);

[[XA3_X+(_#4) ’2] ) [Xh2+(_2*#4_3) ,2] ) [X+ (#4+1) ) 1]]
odd 200,00 2000,recot00000O0O0O. 0000O0O0DOOOO,0000 rootO
Jdododoooooood. root DOODOOODODODODO. ODOOO, 00000000000
ooo0oooooooooo. boooo, oo ooobo. ooooooooo.

gobobooobobooooooobo,boooboboobbo1b000o0boobooon
go,bgdbobogboo. gobbo,obboobboobboobooobooaoobog
gbobobobobobobobobob.

[120] B=newalg(x~2-2*A-3);

(#5)

[121] af (T, [B,Al);

[[x+(#5),2], [x"3-x+(-#4),2], [x+(-#5),2], [x+(#4+1) ,1]]

9.4.3 DO DOO

O0o0o00ooooooooo, o000 oooobooooooo,0ob0oooooon
ooDoDooooooo.oono spOO0OO.
[103] sp(x~5-2);
[[x+(-#1) ,2%x+ (#0"3%x#1 " 3+#0 " 4x#1 "2+ 2% #1+2*x#0) , 2xx+ (-#0"4*x#1°2) ,
2xx+(-#0"3*x#1°3) ,x+(-#0)],
[L(#1) ,t#1"4+t#HO*t#1 "3+t #O 2%t #1 2+t #0 "3kt #1+t#0~4], [ (#0) ,t#0°5-2]11]

sp(O0 1000,000 10000000, [[root, algptorat(0OO0O00)] 0O0OODO]
oooobogono. 02000 [root,algptorat(ULDUODO)] DOODLOO, 00000,
dodoobbbbtbdooooubb recot 0. bbb oo, oo
root UODODOOUOUOUOUOUOUOOOOULOOOOOOOg.

o0 10000 100b0oboob,0 2000 reoot D0 oobooooog, spO
gooobobooboobobo.gbobooboboobobobo,bobbo0 110
OO0o0o0o0o00. «fO U000, 0000DO00O0,0DO0O0DOO00DOO00ODOODOO.
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9.5 DO0O0OO0Ooooboboooa

9.5.1 newalg
newalg (defpoly)

s root U UOOUO.
return 0000 (root)

defpoly aooo

e defpoly D0 DODDO0ODOOOOOOO (root) DO OODO.

e defpoly 000D 0OOOOOODO,S10000000000p.144000.
[0] AO=newalg(x~2-2);
(#0)

HEN 9.5.2 0 0 defpolyl p.149

9.5.2 defpoly

defpoly(alg)

sroot UODOODOODODO.
return goo
alg 0000 (root)

e rootalgOOODOOOOOO.
e root Il #n 00, 0000OO0OOOOO t#n OO O.
[1] defpoly(AO);

t#072-2
od 9.5.1 0 O newalgll p.149, 9.5.3 0 U algl p.149, 9.5.4 0 O algvl p.150
9.5.3 alg
alg(i) 00000000000 reootOODO.
return 0000 (root)
i ud

e rToot #1 O 0O.
e #i IO 0000 0ODODOODUODOO,alg() ODODODODO.

[2] x+#0;
syntax error
0

[3] alg(0);
(#0)

HEN 9.5.1 0 U newalgl p.149, 9.5.4 0 0 algvU p.150
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9.5.4 algv

algv (i) talg() OO0OOOOO0OOODO.
return goo

i 00

e DO t#i 0ODO.
e t# IO UODUODODODODOD,algv() DOOOODOODOO.
[4] var(defpoly(A0));
t#0
[5] t#0;
syntax error
0
(6] algv(0);
t#0

gd 9.5.1 0 O newalgll p.149, 9.5.2 0 O defpolyl p.149, 9.5.3 0 O algl p.149

9.5.5 simpalg

simpalg(rat)

s 000oo00oooooooooooon.
return goo
rat goo

e ‘s JO0OOODOODO.

o 1, 000,0000000DL0O0O0O00OO,0000 reotd0nonbonooboooon.
e DD, 0D000OD0DO0ODLOO,DUO0 reot D ognO.
gobodgb,oobooobooan.
gboboobo,obobooboooboboooobooaoo.

[7] simpalg((1+A0)/(1-A0));

simpalg undefined

return to toplevel

[7] load("sp™)$

[46] simpalg((1+A0)/(1-A0));

(-2*#0-3)

[47] simpalg((2-A0)/(2+A0)*x"2-1/(3+A0));
(—2%#0+3) *x"2+(1/7*#0-3/7)

[48] simpalg((x+1/(A0-1))/(x-1/(A0+1)));
(x+(#0+1)) / (x+(-#0+1))

9.5.6 algptorat

algptorat (poly)
2 00000000 root O, 00000000000O0O.

return goao
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poly aooo
e ‘s JO0OOODOODO.
e IUOUODOUD reot#nUUO t#n OO OUODO.
[49] algptorat((-2*alg(0)+3)*x"2+(1/7*alg(0)-3/7));
(—2%t#0+3) *x"2+1/7*t#0-3/7

RN 9.5.2 0 O defpolyl p.149, 9.5.4 O O algvl p.150
9.5.7 rattoalgp

rattoalgp (poly, alglist)
200000000 root OD0OOO0O0O0DOD reot0OODODOO.

return oon
poly aooo
alglist ooo

e s 0O0OOODOODO.

e 2000 root UDUDODOD. rattoalgp() U, 00 root U UODODOOODO, O
000 recot OOOODOO.

[51] rattoalgp((-2*algv(0)+3)*x~2+(1/7*algv(0)-3/7),[alg(0)]);
(—=2*#0+3) *x"~ 2+ (1/7*#0-3/7)

HEN 9.5.300alglp.149, 9.5.4 0 0 algvl p.150
9.5.8 cr_gcda

cr_gcda(polyl, poly2)
» 000001000000 GCD

return goo

polyl poly2
oono

e sy OO on.
e 200 1000000 GCDOOODO.

[76] X=x"6+3*x"5+6*x"4+x"3-3*x"2+12*x+16$

[77] Y=x"6+6%x"5+24*x"~4+8%x"~3-48%x"2+384*x+1024$
[78] A=newalg(X);

(#0)

[79] cr_gcda(X,subst(Y,x,x+A));

x+(-#0)

HEN 8.10.1 0 U gr hgr gr_modll p.120, 9.5.10 0 00 asq af af_noalgll p.152
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9.5.9 sp_norm

sp_norm(alg, var, poly, alglist)
s 0000000oooooo

return gdd

var poly OO0
poly 1000004
alg root

alglist root 0O OO

e ‘s UOUOOODOD.

e poly 0,alg 0000000000. D000, K=Q(alglist \ {alg}) 00000, poly
0000 alg0,alg0 KOOOOOODOODOODOOODODOODO.

e 00 KOODODOOODO.

e JO0IODDODOOODDODODOOODDO,DODOOODDOOOODDOOOOODDOO
000O,000000000000O000000. 0000 USELRESO 1000000
Jodd0o,000boooooooo00ooooon.

[0] load("sp")$

[39] AO=newalg(x~2+1)$

[40] Al=newalg(x~2+A0)$

[41] sp_norm(Al,x,x"3+A0*x+A1l, [A1,A0]);
X"6+(2%#0) *x "4+ (#072) xx "2+ (#0)

[42] sp_norm(A0,x,@@, [AO]);

X" 12+2%x"8+b*xx"4+1

g 6.3.14 0 O res p.50, 9.5.10 0 U asq af af_noalgl p.152
9.5.10 asq, af, af_noalg

asq(poly) = U0D00O0O0O10000000O00OOO

af (poly, alglist)
af_noalg(poly, defpolylist)
00000 10000000000

return gdad
poly ooo
alglist root O OO

defpolylist root DO ODOOUODOOOODOOODOOOOOO
e JOODO sppODODOODO.

e root HUUDODOUOUOODOOOOOOODOOODDOODDOO, reotd0ooon,
cr_geda() DOOOOOOODOODOOOODOOO.

e 2f O 0, 000000, 00000 2000, recot 0000 Oononoong.
e alglist UODOOODO root U, 00000000000 OO00O0OOODOOODOOO.
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oo

af(F,AL) 0000, AL OO0OO0O0O0000000O, Ooobooooggooao.
Al=[An,...,A1] ODO0OO,0 Ak 0O, 000000C00DODOODOODODOO, O
ooooOoooOoooboooooOooboooobooboooo.

[1] Al = newalg(x"2+1);

[2] A2 = newalg(x~2+A1);

[3] A3 = newalg(x"2+A2*x+A1);

[4] af(x"2+A2%x+A1, [A2,A1]);

[[x™2+ (#1) *x+(#0) ,1]]

af_noalg 00, poly OOODOOD0O0O0ODN ai0DOODO viODODOODOO. defpolylist
0, [[vn,dn(vn,...,v1)],...,[vl,d(v]))]] D000O0O0000O. 00O di(vi,...,v1) O ai 000
oooboobooooobooooo vyoooooooooobaa.
[1] af_noalg(x~2+a2+*x+al,[[a2,a2"2+al], [al,al"2+1]]);
[[x"2+a2#*x+al,1]]

000,00000000,0000000 [00,000)0000000. af_noalgO
00,00 O0OOCO0ODOO0O,defpolylist DOOOOOODOOODOOOO.

oboobobobobobobg,poly DOOOOooooooOoO.

[98] A = newalg(t~2-2);

(#0)

[99] asq(-x"4+6*x"3+(2%alg(0)-9)*x~2+(-6*alg(0))*x-2) ;
[[-x~2+3*x+(#0),2]]

[100] af (-x"2+3*x+alg(0), [alg(0)]);

[[x+(#0-1),1], [-x+(#0+2),1]]

[101] af_noalg(-x"2+3*x+a, [[a,x"2-2]]);

[[x+a-1,1], [-x+a+2,1]]

9.5.8 00 cr_gcdal p.151, 6.3.15 0 O fctr sqfr p.50

9.5.11 sp, sp_noalg

sp(poly)
sp_noalg(poly)

s ggobooooooo.

return goao

poly

goo
‘sp) DO0OOoOoooo.

000000100000 poly DODDOUODO, 000000000 poly 10000
goooood.

Od0,polyDO0O0ODOOO0,000000,000DC00DOOODOOODOO
O.sponoalg 00, 00000000,0000000 (DO #0000 t#i) 000
gbobOo.00000,spnoalg 000, 000000DOO0OO0DOOODODO.

000000, [root,algptorat(defpoly(root))] DOOOOOOOOOOOOO. O
Jo0,0000oboboob,bbdbddd,dd recot 000000000 OOOOOO.
oo, dddd rcot dooooogn.

spO 0, 0000000000000 spunorm() DODODOODODOO. OOOODO
g,ggbobooobobooboobooooo,oboobobogooobooboooaoag,
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gbooobooboboobooboboobOo.bo0b uselRESU 1000000
oooOo,0000bo0boooobooobooooo.
[101] L=sp(x~9-54);
[[x+(—#2) ,-54*x+(#1"6%#274) ,54*xx+ (#1"6*#2"4+54%#2) ,
B4xx+(~#1"8*#272) ,-54xx+(#1 " 5x#275) , 54*x+ (#1 5+#2"5+#1"8*#2°2) ,
=54xx+ (~#1"7*#273-54x#1) ,54xx+(~#1"7*#2°3) ,x+(-#1)],
[L(#2) ,t#276+t#1 " 3*t#2°3+t#1°6], [(#1) ,t#1°9-54]1]1]
[102] for(I=0,M=1;I<9;I++)Mx=L[0] [I];
[111] M=simpalg(M);
-1338925209984*x79+72301961339136
[112] ptozp(M);
-x"9+54
gd 9.5.10 OO asq af af_noalgl p.152, 9.5.2 OO defpolylp.149, 9.5.6 O
Ualgptoratl p.150, 9.5.9 U U sp_norm[] p.152.

9.5.12 set_field

set_field(rootlist)
s 00000000o0ooooag.

return 0
rootlist root 0O OO
e root UU0OO rootlist 000D 0D0OOODODODOOODOOOOOO.

e root U DUDDDODODOODODDOOOD,rootlist 00000000 DOOODO. (0O
o0o0ooooooo.)
[0] A=newalg(x~2+1);

(#0)
[1] B=newalg(x~3+A);
(#1)
[2] C=newalg(x~4+B);
(#1)
[3] set_field([C,B,A]);
0
go 9.5.130 0 algtodalg dalgtoalg dptodalg dalgtodpl p.154

9.5.13 algtodalg, dalgtoalg, dptodalg, dalgtodp
algtodalg(alg)
0000 algd DAlgODOOODO.

dalgtoalg(dalg)
© DAlgdalg 00D0OOODODO.

dptodalg(dp)
= 00000 dpUO DAlgODOOODO.

dalgtodp (dalg)
m DAlgdalg UUOODODOOODODOOO.
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return O000,DbAlg 000 [DOUOO,00]0000O
alg root JOOOOOO

dp goboogboogooo
e root UUUDOOODO,DAlgIDDOODODOOODODOODODOO.
e DAlg 0D UDODODNO, set_field() OO DOODODOOODODODODODOO.

e dalgtodp() U, 000000000 OOOOOO,00000DOODLOOOODOOODO
oogd.

e algtodalg(), dptodalg) DO D OOOOOODOOO.
[0] A=newalg(x~2+1);
(#0)
[1] B=newalg(x~3+A*x+A) ;
(#1)
[2] set_field([B,Al);
0
[3] C=algtodalg((A+B)~10);
((408) %<<2,1>>+(103) *<<2,0>>+(-36) *<<1, 1>>+(-446) *<<1,0>>
+(-332) *%<<0, 1>>+(-218) *<<0,0>>)
(4] dalgtoalg(C);
((408%#0+103) *#1~2+ (-36*#0-446) *#1-332x#0-218)
[56] D=dptodalg(<<10,10>>/10+2%<<5,5>>+1/3%<<0,0>>);
((-9) %<<2,1>>+(57) %<<2,0>>+(-63) *<<1, 1>>+(~-12) *<<1,0>>
+(=60) ¥<<0, 1>>+(1) ¥<<0,0>>) /30
[6] dalgtodp(D);
[(-9)%<<2,1>>+(57) *<<2,0>>+(-63) *<<1, 1>>+(-12) *<<1,0>>
+(-60) *<<0, 1>>+ (1) *<<0,0>>,30]

HEN 9.5.120 0 set_field[ p.154
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10 00O ooooon

10,1 oo obooagdad

Asir 00000,0000,00000 GF(p),00 20000 GF(2°n), GF(p) 0 nO0O
0 GF(p'n) D000O00. 000000, setmod_££f() 000O0D0D00.

[0] P=pari(nextprime,2~50);

1125899906842679

[1] setmod_ff(P);

1125899906842679

[2] field_type_ff();

1

[3] load("fff");

1

[4] F=defpoly_mod2(50);

x"50+x74+x"3+x"2+1

[56] setmod_ff(F);

x"B0+x74+x"3+x72+1

[6] field_type_ff();

2

[7] setmod_ff(x"3+x+1,1125899906842679) ;

[1*x~3+1*x+1,1125899906842679]

[8] field_type_ff();

3

[9] setmod_ff(3,5);

[3,x"5+2%x+1,x]

[10] field_type_ff(Q);

4

setmod_ff() 0,000000000000000OCOOOOOOOO.OODOO0O0O p

000 GF(p),n0000 f(x) U000, f(x) mod 2000000000 GF(2°n) 0000
0000000o00oo0. 00,0000000000000000.0000 32000
O00Op12000. setmod_££f () DO 000D O0OOODOOOOOOODOO,00D00000O
ooo.

gboboog,booobboodbboboooobobooobobobooobooo,oan
gbboobooboobuooboobuoob. ob,obboobboobuooboobodobg
g.0g,b0b0obobgoboboobooboooobooooooooo,0ooooooooob
goboobooooog,obooboooobg.

0000000000,0000000000,0000001000.000,0000
00000000000,GFR(p) 000 6,GF(2n) 000 7000.

goooooooooo,0ooooooooooooan. GF(p)DDD,Simp_ff() O
go.
[0] P=pari(nextprime,2°50);
1125899906842679
[1] setmod_ff(P);
1125899906842679
[2] A=simp_ff(27100);
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3025

[3] ntype(@Q);

6
O00,GF(2"n)0000000O000OODOO.

[0] setmod_ff(x~50+x"4+x"~3+x"2+1);

x"B50+x"4+x"3+x"2+1

[1] A=e;

(®

[2] ptogf2n(x~50+1);

(@~50+1)

[3] simp_£ff(QQ);

(@"4+@°3+0@"2)

[4] ntogf2n(2710-1);

(@"9+@"8+@"7+@"6+@"5+@"4+0@~3+0"2+0+1)
O0000000000,000000000.e0 GF(2"n)0O,GF(2)UOO0ODOOOO.

0000 32000000p.12000.

10,2 ODOOO0OO0O 1000o0oood

i’ 00, 00000 100000000,00000,DDF,0000,000000000
gooooobooooooon.

O0000,000 [00,000]00000000,000 monicO000,000000
gobogooab.

ooooOoO0,000000oooo Geboooooooooooooooooooo
gboobooooo.

O0o0o0obOoooog,DbF OO0, 00000000000, Berlekamp D000 OO0
0000000,000000000000D0000,D0000 Cantor-Zassenhaus 00000
oooboboo,ob0obooooooooo.

103 OO oooooouoood

goooobooboboooboo,0boobbuooboooboobboobobooon
O0o00. 000 sffetr() OO0O. OO, modfctr() O, 000000000O0O00OO0DO0O
oooo0o0o,00bobo,bo000o00bo0oDoOon,stfetrOQ ODO00O0ODO,000
gboboodgboooboda,boobooaobbooog.

104 ODOOOOOOOOOOOOOO

gboogooboobooobbooboooboobb,o0boooboobboon
go.

goodoooo,oon 200000 [ab]DDD.a,bDDDDDDD,setmod_ffDD
00D000000DbOO00D0D00, yr2=x"3+axtb, 00 200000 y 2+xy=x"3+ax~2+b
ooo.

00000000, 0o00dobo0doooooooo. ooboboooooa, oo (ecm_add_
£f£()), 00 (ecm_sub_ff()) 0000000000000 (ecm_chsgn_f£f()) 000000
ogo.ggoooo,goooboooooooooa,
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e JODODOO O.
e J0D0DDOO,00 300000 [xyz.O0OO,z000000.

000000O0. xyz 0000000000000,00000000 [x/zy/2 00
0000.000,000000 [xy]0OOODODOOO0OO000000000,[xy1]000
0000000000000. 000000000000000,2z000 10000000
0,00000000000000 x,y000 20000000000.

10,5 DOUOO0Ooooooooo

10.5.1 setmod_ff

setmod_£f ([pldefpoly2])
setmod_£f ([defpolyp, pl)
setmod_ff([p,n])
s oo, dougooouoooo,oooouoooad

return gogoooon

p oo

defpoly2 GF(2) 0000 100000
defpolyp GF(p) DOOO 100000
n goood

000000 pO00,GF(p)000O0ODODODOOOO.

000000 defpoly2 00, GF(2~deg(defpoly2 mod 2)) = GF(2)[t]/(defpoly2(t) mod
2)000000Uoooo.

000 defpolyp O p 00O, GF(p~deg(defpolyp)) D0 O D0OOODOOODODO.

000 pO nO0,GF(prn) 000000000000, prn0 272900000000
gboo.o0o,pd 2714 00000,n0 1000000000.

00000,00000000000 GF(p)OOO p,GF(2"n) 0000000000
0. 0000 setmod_ff(defpoly,p) 000000 GF(p~n) OO0, [defpoly,p] OO
0.0000 setmod_ff(p,n) 000000 GF(p~n) 00O, [p,defpoly,prim_elem] U
O0.000,defpoly O, n000000000, primelem 0, GF(pn)00000O00O0
goooood.

GF(2~n)0O0O00O0OOO,GF(2)0n00000O00O0DOOOO,0D0000OQ0DOOO,
defpoly_mod2() DO O OOOODOO.
[174] defpoly_mod2(100);
x~7100+x715+1
[175] setmod_ff (QQ);
x7100+x715+1
[176] setmod_ff();
x~100+x715+1
[177] setmod_ff (x"4+x+1,547);
[1*x"4+1*x+1,547]
[178] setmod_ff(2,5);
[2,x"5+x"2+1,x]
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oo 10.5.14 O O defpoly_mod2[] p.164
10.5.2 field_type_ff

field_type_ff()
0000000000000

return 0o
e JO00DDODOODODDOOOOODO.
e JODODDOO 0,GF(p) 00O 1,GF(2°n) 00 2000.
[0] field_type_ff();
0
[1] setmod_ff(3);
3
[2] field_type_ff(Q);
1
[3] setmod_ff(x"2+x+1);
X" 2+x+1
[4] field_type_ff(Q);
2

ud 10.5.1 0 O setmod_££f0 p.158
10.5.3 field_order_ff

field_order_£ff()
s 0000000o0ooooo

return o
e J00DDODUDUUDDOD (LLUDD)OLODO.

e J0DDDOODOO GF(qg OO qOOO.

[0] field_order_ff();

field_order_ff : current_ff is not set
return to toplevel

[0] setmod_ff(3);

3
[1] field_order_ff();
3
[2] setmod_ff(x"2+x+1);
X 2+x+1
[3] field_order_ff();
4
ud 10.5.1 0 0O setmod_££01 p.158

10.5.4 characteristic_ff

characteristic_ff()
2 00000o00o0ooo
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return oo

HEN

gobodgboobooood.

GF(p) UOO p,GF(2"n) 000 2000.
[0] characteristic_ff();
characteristic_ff : current_ff is not set
return to toplevel
[0] setmod_ff(3);

3

[1] characteristic_ff();
3

[2] setmod_ff(x"2+x+1);

x"2+x+1
[3] characteristic_ff();

2

10.5.1 0 00 setmod_f£[1 p.158

10.5.5 extdeg_ff

extdeg_ff()

s ggbobooooboaboo,obnuoabobaoood

return oo

e 0000OOODOO0000,0000000000000.
e GF(p)0OO 1,GF(2"n) 000 nO0OO.

RN

[0] extdeg_ff();
extdeg_ff : current_ff is not set
return to toplevel

[0] setmod_£ff(3);

3

[1] extdeg ff();

1

[2] setmod_ff(x"2+x+1);
X" 2+x+1

[3] extdeg_ff();

2

10.5.1 0 00 setmod_f£[1 p.158

10.5.6 simp_£ff

simp_£ff (obj)

return

obj

0, 0000000b0o00b0obo0obooaoo
goooaoo

gboooooo

o L, 0J0OU0OODOODLOODLDDOOOLOOODLDO.
o LI, 0000D00O0O0OO0DOOO,DO00,00000O0OO0DDOODOODbOOOnOO.

159
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e NOUIDOOOD,00UU0DOODLDOOODD reduction O OODOOOODDO.

e DO ODOODODLOODODL,DO0ODODLOODODLO,bDO0DbODDOODODO.
DoobOobOobOobobOon ptesfpO ODODO.

[0] simp_ff((x+1)710);
Xx"10+10*%x"9+45%x"8+120*x"7+210*x "~ 6+252%x"5+210%x"4+120*x "~ 3+45%x~2+10*x+1
[1] setmod_ff(3);

3

[2] simp_ff((x+1)710);
1%x710+1*x"9+1*x+1

[3] ntype(coef(©@Q,10));
6

[4] setmod_ff(2,3);
[2,x"3+x+1,x]

[5] simp_ff(1);

@_0

[6] simp_ff(2);

0

[7] ptosfp(2);

Q_1

g 10.5.1 0 0O setmod_££[0 p.158, 10.5.8 U U Imptopl p.161, 10.5.10 O U gf2ntonl]
p-162, 10.5.13 0 U ptosfp sfptopll p.164

10.5.7 random_ff

random_£ff ()
s o0ogopooogono

return gooono

o OOOOOOOOOODO.

e random(), lrandom() OO0 32bit OO O DOOOOOODODOO.
[0] random_ff();
random_ff : current_ff is not set
return to toplevel
[0] setmod_ff (pari(nextprime,2740));
1099511627791
[1] random_ff(Q);
561856154357
[2] random_ff();
45141628299

og 10.5.1 00 setmod_f£f[1 p.158, 6.1.8 0 O random[] p.36, 6.1.9 O [0 1random[] p.36
10.5.8 1lmptop

1mptop (obj)
» GF(p) 0OOOOO0ODODOOODOOOO

return goooooo



0100 000000000 161

obj GF(p) 00000
e GF(p) 000DD00O0O0DOOOODOD.

e GF(p)UUOD,000 pUODOOO0UDOODOODOODO. DUDDOOOOO,00000O
000000 (@CMOo00 oboooooooooo.

[0] setmod_ff (pari(nextprime,2740));

1099511627791

[1] F=simp_ff((x-1)"10);
1%x710+1099511627781*x~9+45%x~8+1099511627671%x"7+210*x"6
+1099511627539%x"5+210%*x"4+109951162767 1*x~3+45*x"2+1099511627781*x+1
[2] setmod_ff(547);

547

[3] F=simp_ff((x-1)"10);
1%x710+537*x"9+45%x " 8+427*x"7+210%x"6+295%x"5+210%x"4+427*x"3
+45%x"2+537*x+1

[4] lmptop(F);

x"10+537*x " 9+45%x"8+427*x"7+210%x " 6+295*%x " 5+210*x " 4+427%x"3
+45%x"2+537*x+1

[5] lmptop(coef(F,1));

537
[6] ntype(@Q);
0
oo 10.5.6 0 O simp_££0 p.160

10.5.9 ntogf2n

ntogf2n (m)
0000 GF(2°n) 00000

return GF(2"n) OO

m gooad
e 000 mO 2000 m=mO+mI*2+.+mk*2°k 00O, GF(2°n)=GF(2)[t]/(g(t)) O
0 mO0+mI1*t+..+mk*t"k mod g(t) OO O .
e 10I00O0DDOODUODODODOODLOUODODUOOD,simp_f£O)O0D00OOOODOOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] N=ntogf2n(27100);
(@~100)

[3] simp_ff(N);
(@°13+@"12+@"11+@"10)

g 10.5.10 0 0 gf2ntonl p.162
10.5.10 gf2nton

gf2nton (m)
+ GF(2"n) 000000000

return gooao
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m GF(2~n) 00O
e gfonton U UUOOOD.

[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=gf2nton(27100);
(@~100)
[3] simp_ff(N);
(@°13+@"12+@"11+@"10)
[4] gf2nton(N);
1267650600228229401496703205376
[5] gf2nton(simp_ff(N));
15360

ao 10.5.10 0 O gf2ntonl p.162
10.5.11 ptogfon

ptogf2n(poly)
2 0000000 GF(2~n)00OOODO

return GF(2"n) OO

poly 0ooooQ

e poly 00D GF(2"n) 0000 0U0OO.000,2000000000000. poly 0O
U0 e0DOODODOODOO.

[1] setmod_ff(x~30+x+1);
x"30+x+1

[2] ptogf2n(x~100);
(@~100)

ao 10.5.12 0 0 gf2ntopl p.163
10.5.12 gf2ntop

gf2ntop(ml(,v])
+ GF(2"n) 000000000

return goOooon
m GF(2"n) OO
v ooo

e mUU0O0OD00ODO,0000000000000000D0OO.

e vOIIUODOOOO,OOD ptogfon() I UDOODOODOUDOOOO (DODOOODO x),
godooooooooooodooooooooooooon.
[1] setmod_ff(x~30+x+1);
x~30+x+1
[2] N=simp_ff(gf2ntop(2°100));
(@"13+0@"12+@"11+@"10)
[5] gf2ntop(N);
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[207] gf2ntop(N);

x"13+x712+x711+x710
[208] gf2ntop(N,t);
t713+t712+t711+t 710

oo 10.5.11 0 O ptogf2nll p.163
10.5.13 ptosfp, sfptop

ptosfp(p)
sfptop(p)
s 0000000000, 000

return goo

p ooo

e ptosfp() 0,0000000,000000000000000 GF(prn)OOOODOO
000.000000000000D0DO0OO0DOO00.00D00O00,0D00000000
00000,00 p00d0 pO0d0O0,pd x0000COOOODO,0000000
O00.000,GF3"5) 0 GF3)[x]/(x™5+2*x+1) 0000000, 00000000
xJ00O0O0O0O0O0O0 k000 ek O000D00OD0OOO0.0000,000 23=2%3"2+3+2
0,2*%2+x+200000,00000 x 1700 x5+2%+1 000000, 01700
oooog.

e sfptop() O ptosfp() OO ODOODOO.

[196] setmod_£ff(3,5);
[3,x"°5+2%x+1,x]

[197] A = ptosfp(23);

Q_17

[198] 9%*2+3+2;

23

[199] x~17-(2*x"2+x+2);
X"17-2%x"2-x-2

[200] sremm(@,x"5+2%x+1,3);

0
[201] sfptop(A);
23
0o 10.5.1 0 O setmod_££f0 p.158, 10.5.6 U U simp_£f£[ p.160

10.5.14 defpoly_mod2
defpoly_mod2(d)

2 GF(2)0O0ooOooooooood
return goo

d ooo
o ff’00O0ODLOOODODO.
e J0DDDOD dOUOO,GF(2)0 dOODOOOOOODODO.
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e U0 OO 30000DOO0DLO,D 20000000LO0O0DODLO 300,00 0030
goobooobogbo,o0so0oobog,b 200000bo0bobooo,g0bog 3
gooboboboboob,bobob 40000000000ODODOODODO.

ud 10.5.1 0 O setmod_££f0 p.158

10.5.15 sffctr

sffctr(poly)

2 0000000000000D0000
return goo
poly Oo0o0oo0o ooao

e JOODL,0D0DO0DODODODODODODODODOD.

e 00O, [[flymI],[f2,m2],..] D000 O000. 000,fi0 monicOO00O0O, mi 00
goooood.

[0] setmod_f£f(2,10);

[2,x710+x"3+1,x]

[1] sffctr((zxy 3+z*xy)*x 3+ (y 5+y 3+zxy 2+2) *x"2+z  11*y*x+z"10*y~3+z"11) ;|}
[[@_0,1], [@_O*z*y*x+@_0*y~3+@_0*z,1], [(@_0*y+@_0) *x+@_0%*z"5,2]]

RN 10.5.1 0 O setmod_££0 p.158, 6.3.17 0 O modfctr] p.52
10.5.16 fctr_ff

fctr_ff (poly)
s 100000000000000o00

return goo

poly 00000 100000
£ 00000000.
e 0000D0DD,000000000000D0O0O0DOOOO.

000, ([fl,ml],[2m2],.] 00000000. 000, 0 monic 00000, mi 00
ooooooo.

poly OOODOOOODOOO.

[178] setmod_ff(2°64-95);

18446744073709551521

[179] fctr_ff(x"5+x+1);

[[1*x+14123390394564558010,1] , [1*x+6782485570826905238,1],
[1%x+15987612182027639793,1], [1*x"2+1*xx+1,1]]

ud 10.5.1 0 0O setmod_££0 p.158

10.5.17 irredcheck_ff

irredcheck_£f (poly)
21 0000000000000000
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return 011

poly 00000 100000
e $ff’000DO0D0D0ODO.
e 00000 10000000000000,00000 1,000000000.

[178] setmod_ff(2°64-95);
18446744073709551521

[179] ] F=x"10+random_£ff();
x~10+14687973587364016969
[180] irredcheck_ff(F);

1

oo 10.5.1 0 O setmod_£f£[] p.158
10.5.18 randpoly_£ff

randpoly_£f(d,v)
00000 0000 1000000 oo

return goao
d oogd
\% oood

o ffEPIDODOOODODO.

e dIIDO,000 v,OOOODOOOODODODODOOOOODODO1O0DOO0O000OODOOO.
000 random_£f£f() OOOOOODO.

[178] setmod_ff(2°64-95);
18446744073709551521
[179] ] F=x"10+random_ff();
[180] randpoly_ff(3,x);
17135261454578964298%*x~2+4766826699653615429*xx+18317369440429479651
[181] randpoly_£ff(3,x);
7565988813172050604*x~2+7430075767279665339%x+4699662986224873544
[182] randpoly_£ff(3,x);
10247781277095450395%x72+10243690944992524936*x+4063829049268845492

0o 10.5.1 0 O setmod_££01 p.158, 10.5.7 0 O random_££[1 p.161
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)

000000000 0,00,00

return gooooono o
pl p2 o0 300000000 o
ec oo 200000
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00000000000000,e 0000000000000 pl, p200 pl+p2, O
pl-p2, 00 -p1 OODO.

ecd,0000000000000D00D0000O, y2=x"3+ec0)x+ec[l],00 2000
y " 2+xy=x"3+ec[0]x"2+ec[1] O O 0.

e I0,00000,000000000D0O0.

pl,p2000 300000000, 0000000000D00000. ODODO,DO 3
gbobooooooooooo.

gboobo 3soboboaoa,b3sbooouboba,1bobodgb.ogooobo
gobobobobobob,b100,0 20000 30000000000.

pl,p20000000000000O0000000O0O0.

[0] setmod_ff(1125899906842679)%

[1] EC=newvect (2, [ptolmp(1),ptolmp(1)]1)$

[2] Pti=newvect(3,[1,-412127497938252,1]1)%
[3] Pt2=newvect(3,[6,-252647084363045,1]1)%
[4] Pt3=ecm_add_ff(Pt1,Pt2,EC);

[ 560137044461222 184453736165476 125 ]

[5] F=y~2-(x"3+EC[0]*x+EC[1])$

[6] subst(F,x,Pt3[0]/Pt3[2],y,Pt3[1]/Pt3[2]);
0

[7] ecm_add_ff(Pt3,ecm_chsgn_ff(Pt3),EC);

0

[8] D=ecm_sub_ff(Pt3,Pt2,EC);

[ 886545905133065 119584559149586 886545905133065 ]
[9] D[0]1/D[2]==Pt1[0]1/Pt1[2];

1

[10] D[11/D[2]==Pt1[1]/Pt1[2];

1

o 10.5.1 0 00 setmod_f£[1 p.158
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OO0 A 00

Al O00O0O0OO

<gd>:
ce<Od>¢)?
<O><0gdood> <d»>
‘40 <>
‘= <>
0>
<O00O><O00000> <0>
<O0O00O> “++°
<gOo0> ‘“-=
‘440 000>
‘——> <OgQOo»>
‘10 <d>
<O> ‘7> <Od> ‘.2 <>
<O0O> ¢ <OOd> ¢)?
<d00O> “C <d00d> ¢ <0Ogoogoogo> <)
<good»>
<goOooogs>
000>
000>

(4.2.10DDDDDDDDDp.ZQDDD.)
<OgoOOd>:
00> [“[’<O>¢]1°7%
<ggoofd>:

C4r oy ¢/7 (%; tA)(D)

(==) ¢!=7 ¢<J (>) (=" ¢>=; t&&; tll;
<gooogd>:

C—» (+=; =) (*=; (/=; ¢%=) C~—»
<goad>:

<O >

<O> [¢,” <O>]*
<QOoggg>:

alphabet UODOOOOO ‘=2 <O>

<00oooods:

<0goood>

<QgOO0O00> [¢,> <0D0000>)=*
<goad>:

‘> <O0O0> ¢]°
<g0>:

0000000000 X,Y,Japan OO)

(42200000000000p.1800D0O.)

<0 0>:
oO0000oo0ooooO0 (fctr,ged O0O)
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<goOoog>:
goo>
<0>

<ggo>:
oooooooooon (a,bCb,ci_2 O0O)

(42200000000000p.1800D0O.)
<O >:

000>

<000o»>

<0O0oOoo»>

<0oOod>

(3.2000000p.12000.)
<O00O0>:
o, 1, -2, 3/4
<0O00O00>:
0.0, 1.2e10

<OOoOoO>:
newalg(x~2+1), alg(0)~2+1

(0900000000000 O0OpP.144000.)

<000>:
1+0i, 2.3*@i

<ggo>:
‘v gooooboob

<goooods>:
‘<2 <JOd> >>»?

(08000 DLOOUOOOLUDOOpP.112000.)

<O >:
<O><O00>
<gad»>
‘break’ <O 0>
‘continue’ <O 0>
‘return’ <O 0>
‘return’ <O> <O 0>
“if> < <O0O00> 9’ <O0>
“4f > <OO0O> )’ <O> ‘else’ <O>
‘for’ ‘(> <O0O0O> ¢;? <AOOO> ¢;> <OO0O> )’ <O>
‘do’ <O > ‘while’ (> <O0O0O> ¢)’ <O0O>
‘while’ ‘C <OO0O> ¢ <O>
‘def’ <O 0> “C <OO0O> ¢) > <kO0O0O00O><O000> ¢}
‘end(quit)’ <O 0>

(4250000p20000.)
<O00>:
RN
<0Oooog>:
[‘extern’ <O 0> [¢,” <O0O>]* <O 0O>]*
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<O 0O>:

‘2 <0O0o> 3
0oOag»>:

[<O>]*

A2 JO00D0D0OO0O0ODOOOOOOO

0000000000000 (0000000 ‘/usr/local/lib/asir’) 000000000
goboobooobobooboonbo. boobooobooboooobooobo.

i i 0000000000 2000000000000000O0 (0D 1000000
O0000O0O0p.156000.)

‘gr’ 00000000ooOooOO0O. (b8OoUUUUOooOoooDOOp.112000.)

‘sp’ ooooO0oO0OO0OO0OO0OO0OO00OO0O0,00000. (D900D0DO0OOOOODODDO
p.144000.)

‘alpi’

ngk’

‘cyclic’

‘katsura’

‘kimura’® O0000O000O0COOO,0000000CO00O0O0CO0OO. (810310
O katsura hkatsura cyclic heyclicO p.140 0 0 O )

‘defs.h’ O000000O0OO0OOO. (42110000000000p.23000.)

‘fctrtest’
00000000 ooooouoon. REDUCE O ‘“factor.tst’ OO0 OO OO
O000oooooooood. odd,lead) ODOODOOOOOOODOO. OO
OO0 Asir 000000000 DOO0O0OO0OOOOOOOOOOOO.

‘fctrdata’

‘fetrtest’ 0O O ODODOODOOO,0000000000. Algll1O0ODOO
00000, af() (9.5.10 0 O asq af af noalg p.152) DO O O0ODO.

[45] load("sp"™)$

[84] load("fctrdata")$

[175] cputime(1)$

Omsec

[176] Algl[5];

X"9-15%x"6-87*x~3-125

Omsec

[177] af(Alg[5], [newalg(Alg[51)]);

[[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.108) 00 OO O . IS[]
goooooooobo,o0o0 s, D,C,sO000O0O0OOOOO, 000,000, 0d
000 (Coo)oooooooooo.

‘num’ oboboboboboboo.
‘mat’ gboobobobobobobo.

‘ratint’ O000O0O0O0O0OO. sp’,‘gr’ J00. ratint() OOOODOOOODOOOOO
g,00goobooboobobooo.boooog.

[0] load("gr")$

[45] load("sp")$

[84] load("ratint")$

[102] ratint(x~6/(x"5+x+1),x);

[1/2%x"2,
[L(#2)*1og(-140%x+(-2737*#2"2+552*#2-131) ),
161%t#2°3-23%t#2°2+15xt#2-1] ,

[(#1)*x1og (=5*x+(-21*#1-4)) ,21*t#1"2+3*t#1+1]1]]

ooooo,xte/(x"6+x+1) O OOOODOOOOOOOO. ODO0O 200000
ooooooobo,0 1oo0boooobobooo,020b00oboobOooo.
OoboooO0oDbOoOooo0oOoboog,ooun, root*xlog(poly) ,defpoly] O
oboooobg. 0b0,000000000, defpoly D0OUODOO root U
000 rootxlog(poly) DO DOODUODDODOODODOODODO. OO
UpolyOroot DOOOOO, root UOODODODODODOOO polylOODOOO
goooooogoobob.ocgbob,b0ob0o 2000000000O000DO,
gbobobobobobobobobo.

‘primdec’ 000000000 O0O0O0OOO0OOO0OOCOOCOOOOOOOCOOOOOO
(8.10.32 O O primadec primedecO p.141 0 0).

‘primdec_mod’
0000000000000 0bOoO0ooooooOO (8.10.3300 primedec.modO
p.14100).

‘bfct’ bOOOOO. (8.10.34 0 O bfunction bfct generic_bfct ann ann00 p.142 00 ).

A3 000DO0OO0OO

DOSO,Windows 0000000 0O0DOOOOOOOOO0ODOOODODOOOOOOOO
gooobooobobooobo. UNXObogoooooooboooooboboooo,ooo
oo0oo0oO00ooOoOo0oOo0o0O0obOo00obbo0o0. o000 As'DO000OO0OODOO ftp O
Ooo0O. ftpserver 00000 1.30000000p.2000.

Windows O ‘asirgui.exe’ 0,000 Windows OOOODODOOOOOO0OODOOOOO
O0DOo0oDOoO0oDOoO0. wWindow OOOOOOOOOOCOOOODOOODOOODOOODOO
goooo0oooOoOo0o0ooooooOo. ogoooooooooooooboO,000o0
0000000000000 00000. 0000000000D,00000000000
0000000000 000O00DOO0.OD000000000 readonly 00O, 00000
gooooooooooooooo.
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A.3.1 fep

fep00,SRAO0OOOOOODOOO0ODOOODOOOOODO,00DODOO0DODOOODOOO
O0000D0CO0.0000D000C000 esiryd00DO0OO00O0O0O viDbOOO emacs
ooooooo0ooooOobobo eshoOOoOoooOoOobOOOoOODOODO.

% fep asir

[O] fctr(x~5-1);
[[1,1], [x-1,1], [x"4+x"3+x"2+x+1,1]]

[1] ! /* 11+Return */
fctr(x~5-1); /x 00000000000000 *x/
/* 00O +Return */

fctr(x~5+1);
[[1,1], [x+1,1], [x"4-x"3+x"2-x+1,1]]
fep00000000ODOD0OO0O0OO0ODOODO,000000000 makedDOODOO (OS)

ooooOooOO0.0oood0oo0ooobooobo0ooooo0oDooUDo, ftpo0bDbOO
goo.

A.3.2 asir.el

‘asir.el’ O, Asir 0 GNU Emacs 0000000 OOO (COODOOOODO
(YVE25250@pcvan.or.jp). ‘asir.el’ 00000, 000 emacs 00000 DO0O0OOOO,
O0000,000000 completion 0O00OOO0O0OO.

‘asir.el’J PC-VAN OO UOUOOOOOOOO,000000D0O0O000O0DDOOOO,O
OO0 ftp00D0O0OO00O0O.

oooooo,0bbodn, fesir.el’ J000O0OO00OOODOO.

A4 00000O0OO0DOOOO

Asir 0000000000 DOOO0O0OO0OO0OO0OODOOO0DOOoOoOO, OpenXM OO0
o0, oo0ooo0ooOooboooooooopDooD. ooopoo, GCOoooo
0000 ‘libasir-gc.a’ 0000 OpenXM distribution (http://www.math.kobe-
u.ac.jp/OpenXM) DO0OO0O. 0000 OpenXM OO0 O0O0OOO0OOOOOOOOODOO
O,0000O0penXM 000000000 0ODOOOOODO. OpenXM root 000000
O$0penXM_ HOMEO OO. OJ0OOOOO0ODODOOO ‘$0penXM_HOME/1ib’ OO OODODOO.
Oooooooooo 3000o0o.

e ‘libasir.a’

PARL X11 0OOODODOOOOO. 00000 ‘libasir-gc.a’ J0000O.

e ‘libasir_pari.a’

X11000O000O0OO0O0O0. 00000 ‘libasir-gc.a’, ‘libpari.a’ 000.

e ‘libasir_pari_X.a’

00000000.00000 ‘libasir-gc.a’, ‘libpari.a’ 000 X11 OOOOODO

ooooooo.

gboooboboobooobboooboaa.
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e int asir_ox_init(int byteorder)
O000000000. byteorder 00000000000 CMODOODOOODODOODO
O0000. byteorder 0 0 O0D0OOOOO0OO byteorder 00O0O. 1 000 network
byteorder 00 0O0O. OO0OOOOOOOO 0,0000 -10000.

e void asir_ox_push_cmo(void *cmo)
000000000 CMOODOODO Asir 0000 0ODOODODOODOODO 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()
OO0DoO0ODOo00O0OD Asie 0OO0O0 CcMOOODOOOOOOODOOO. ObOO
oooooo -1000.

e int asir_ox_pop_cmo(void *cmo, int limit)
00000000000 Asic 0DOO0O0O popd,CMOOOODODO ecmoOOOOOOO
goo,cMOOO0OoooDoO. ooooO,cMO00dd0d mmit000D0D0O0O0O0O0O
-1000. ecmo 000000000 Imit0O000000O0O0O00O0OO0O. ODOOOO
cCMOODOODOODOODODOODODOODOO, asir_ox_peek_cmo_size 00 00O.

e void asir_ox_push_cmd(int cmd)

oooooobDooob0 emddD0OOOO.

e void asir_ox_execute_string(char *str)
Asir OO00O0O0D0O0O str 0000,0000000000 pushOO.

include 00O 0O header file O ‘$0penXM_HOME/include/asir/ox.h’ O00O0O. OO
header file D0, OpenXM OO O0OODOO tag, command 0O O00O0O0O0OO0OO. OO0O
(‘$0penXM_HOME/doc/oxlib/test3.c’) 00O O0O0O0O0OODOOO.

#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;
Jj=0;

while (1) {
for ( ; (c= *bdy) && isspace(c); bdy++ );
if (!¢ )
break;
else if ( h[0] ) {
h[1] = c;
sendbuf [j++] = strtoul(h,0,16);
h[0] = O;
} else
h[0] = c;
bdy++;
}
if ( n[0] )
fprintf (stderr,"Number of characters is odd.\n");
else {
sendbuf [j] = 0;
asir_ox_push_cmo(sendbuf) ;
}

} else if ( !'strcmp(kwd,"cmd") ) {
cmd = atoi(bdy);
asir_ox_push_cmd(cmd) ;

} else if ( !strcmp(kwd,"pop") ) {
len = asir_ox_peek_cmo_size();
if ( !len )

continue;
if ( len > result_len ) {
result = (char *)realloc(result,len);
result_len = len;
}
asir_ox_pop_cmo(result,len);
printf ("Output>"); fflush(stdout);
printf ("\n");
for (i =0; i< len; ) {
printf ("%02x ",result[i]);
i++;
if ( 1(i%16) )



OO0 A OO 174

printf("\n");
}
printf ("\n");
}
}
}

00000000, keyword body 00 100000000000 keyword 00 O0ODO
oooooooo.

e asir body
body O Asir D OO0D0O0OU0OOOO0OO,000000000DO0 pushODO. asir_ox_
execute_string() DO DO ODOO.

e push body
body 0 16 OODOODOOODO CMOUOODOODOO,Asir00000OO0OCODOOOO
0000 push O0O. asir_ox_push_cmo() OO OOODO.

® pop
000bOobOO0bOobOOobOoboOo ecMOODOODO,160000000. asir_ox_peek_
cmo_size() 000 asir_ox_pop_cmo() 0O OOODO.

e cmd body
body 0 SMOOODOOODOD,0000. asir_ox_push_cmd() 0O OO0ODO.

A5 00O

A.5.1 Version 990831

40000000.000 32bit00,0000000000DO0OLOOOO,0D000ODO
ooobooooobobobobob.obog,Windows DOOO,plot UODODOODOO, 00
goog.

O0D0O0O0000DDOO000000,00D0000 bsavefile0O0O0OOO0O0O bload27
goobogboog,booboon.

A.5.2 Version 950831

A.5.21 O0O0OO

e JO0ODODODOOOOUOOOOOODO.

e finish OO OQOOO.

e up,down, frame IO O0OD0OO, 00 00O00OOODOOODOO0O.
e trace 1D OOODO.

Ab5.22 J0ODOOOO

e sdiv) DODOOOO,00000DOODOOO.
e sdivm() OO0, 0000000000O0COO.
e det(), resO DOOOOO,00000DOOOOOODO
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e vtol() (0O0UODOODDOOODODOO)OODO.
e map() O ODO.

Ab5.23 00O0O0O0OO

e J0OIDOOOOOOOOOOOOONO.

grm(), hgrm() O gr(), hgrO) OO O.

grO,hgr) D000, 0000000D00O00DO.

e JIOOOOOOOOOOODO.

o JIOIODOOOOOOOOOOOOONO.
pgoddoooooooodododooooooooon.
ooooooooboooooooog.

Ab5.24 00O

dooboooo,oo0boon.

e JIODDOO GCDOOODDOODOODDOODO.
doodDoooooooooo.

Windows OO 0O 0O.

A.5.3 Version 940420

gooogo.
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