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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.101 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_historyOp9100)0000ODO.
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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
000000000000oo0o0oO0O. 81000000000 Op111000.) 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 o8uuonoouoooooodyp111gog.
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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
o90ouopouoooboooonbodbp142000.

bigfloat
bigfloat 0, Asir 00 PARI O OOOODOO0OOOOODODODODO. PARIOOO
OO, biglleat 0, 00D O0O000O0OOODOO, 0000 10000000000
OO0OdOdd. ctrl(O O bigloat OO O ODOOOOOO, 000000000
00 biglloat O OO0OO0OO. OOODOOOOOODO 100 90000000,
setprec() DO OOODOODOODO.

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

1

[1] eval(2°(1/2));

1.414213562373095048763788073031

[2] setprec(100);

9

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

1.41421356237309504880168872420969807856967187537694807317. . .
eval) O, OOOODODODODDODOOOOOOOOOOOOOOOOOO.
setprec() 0O DOOOOODODO, DODODUOOOODODODODOOOOO, PARI
000000000000 000000D00000o000O00. ({(undefined)
O eval devalO p.(undefined) 0 0O 0O, 6.1.14 O O paril p.39.)

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

gboobobobob

goboobogobobog,bogo 272r0o0ogo0oboooobob. boboobobo
oo, 0o0obooooobobooooboooboboooboobog,boooobooon
gbobooboobooboobboooboob. oobooooooboobo
00000000, setmod() D0 O0O0OO0O0DO0ODO pO00OO GF(p)OOODO
gobobobo.

gooooooooo
gbboobooboobad. boobog,bobibd simp_f£ 00000
gbobooooo.

002000000
00 200000000000000.0020000 FO,0000 [F:GF(2)]
0On0000,GFQ) 0000 n0000 f(t) 000 F=GF(2)[t]/(f(t)) OO
00000. 000,GF®2)[t) 00 g0, f(t)000000000000000
0000000,0000,F00gmodf0,g f00000 20000000
0000000000.

roOoooboboobOobOobobobobobobo.

e Q@
elIUIOOOODO,0DbO0O0O0O,000OODO0DO0O0OOOOOOO,dO0
DDDDDDDD,F:GF(Q)[t]/(f(t))DDDD tmod fO000O0O00O. OO
0,e0000000 FOOOOOOODO. (e 10+e+1 OO)
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11

14

e ptogf2n
ooboo0o0o 1000000, ptegt2n 0000000 FOOOOODO.
e ntogf2n
ooooooboo,b0oooo0 FroooboobO. ooboboooo,1004, 16
0O ((xO0O000),20 (obOOODO)0O0OO0O0D0OODODO.

e OO
ooooooboob rO0O0O0ODODO0O0ODOD0, simp_f£ 00000
oogd.

Ub prn00000O0O

000 pn(pO000000,n0000)0,00 pO000 GF(p) 0000 n
0000 m(x) 0 setmod_ff 0000000000000 000. 00000
0 m(x) 00000 GF(p) 00000000000 00.

00 prn000000 (D0D0)

000 prn0000 (pon0 22000,p0 2140000 n0 1)0,00p
0000000 00 setmod_ff 0000000000000000. 0000
000000,p0 271400000, GF(prn) 00000000000000O
0000,0000000000000.00000,0000 000000,0
0000000000000, p0 2714 00000000000000000
000,00000000000000000000000000000000
oQ.

U0 prpn00n0ooobOOooboooon

gobo,0b00 prn00000D0DO0 mOOOOLOOODOO. 00 pOOOOO
U0 n,m0 setmod_£f£ 0000000000000 0O00O. 00000 mO
gobooboooooboo,boobooobooboooobooboooogd
U.0b0d0d e g,

goooooboognd
o90oooooobobooobodbp.142000.

U000bobobooboObd setmod_f£f 00000, DOOOOOOOODOOOO, O
gobooboobo,booboobbobbooboobooboobboobobon, o
gooooo.

3.3 DOoga

oobooboboooboobobuoboouooboo. AsieJ0,00000000,000000
goooo,bo,‘ooobobobobobooogbogb,bobobboobooooboo
000000000000 0D00ODOD0. Asr00000OO00ODO,00000000000
gobooooo,oboo,boobooagbooooobgoa.

0

ooood
0oooooooooo.0ooooooo0oogooooooooo.
[0] [vtype(a),vtype(aA_12)];
[0,0]
oooo
uwe() 0, ’000000000DOOC0OO0OODOOO0ODOO.OO00OO,000D
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15

gogoobooobbooo,ogbbooobbbooo,oobbboobbo
0o0o0o0o0oooodooooooooooob oo ogoooooo
oo.

[1] U=uc(O;

_0

[2] vtype(U);

1

oooao
00000 0,00000000000,000000000 Asird00ODOO
000000, sin(x),cos(x+1) 000, 0000000000D0O000DO. O
00d0DO0D0OO0DOdD,0000d0 10d0000ooooooo. oooooo
O0000,000epi 0000000 @ OI00000D0O0OODOOO.

[3] V=sin(x);

sin(x)

[4] vtype(V);

2

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

[sin(x)]

ggdod

0000000, mame(args) 00000000000, mame 0000000
ygo.doooo,oouoboboobobobbotbdddooo,ouobobooo, oo
I I A A

[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.86.

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.166)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.69

4.2.10 JO00OO04Od

goboooboooooboo,boooooooboon.

0ooo, O
0O, 00000. 00 ¢ 0,00000000000. 000,2/300000



040 00000 Asir 23

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,DO0D0ODODODODO,
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 DO0O00O0

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();}
Stack([Sp] = A;
Sp++;
}
def pop() {
local A;
if (Sp <= 0) {print("Stack underflow"); return O;}
Sp—-;
A = Stack[Sp];
return A;

}
endmodule;

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

000000 module 000000 O endmoduled 00. ODOOOOOODOODOOODO
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.81, 6.12.2 00 0 module_definedpU p.81, 6.12.3 O
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.45, 6.3.10 O O %0 p.47.

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 0 U gcd gedzO p.53.
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 10 2°32-10000O00OO0OOOONO.

e 000IODDOOODOO,0D000O seed00OD0DOOO0DOO,0DD0O00D0O00O.

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

e U00-00000O0DODO Mersenne Twister (http://www.math.keio.ac.jp/matsumoto/mt.html)
N A A A

e JOO 2719937-1 00 0ODOODO.

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

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 O0O0OD0OODOCOO,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 ggboooboboobooobooboobooboo.

mt_load (fname)
s 000000000000 000oLObOoooooog.

return ocoO 1
fname oood
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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

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

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

(2+11%@1i)

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

6.1.13 eval, deval

eval(obj[, prec])

deval(obj)
mobj0ODOOO.

return googoon

obj good

prec ud

objDUODOUODUODOODOODODODODODO.
deval DU UOO0O0OO0O00O0O0O00O0 eval OO0, 0000000000.

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

deval DO ODOOODODOO.

eval 0O OO0, prec000000O,000,100 prec000000O0O0. prec O
O000000,0000000000000000. (6.1.1500 setprecOp.40000 )

goobooo, goooao.
sin, cos, tan,
asin, acos, atan,
sinh, cosh, tanh,
asinh, acosh, atanh,
exp, log, pow(a,b) (a”b)
ooooooobbobbood. bl ei 00000 eval,deval UOOODO.

i 0ooO
opi 00O
Qe oooooo

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

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

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

[122] eval(1/2);

1/2

[123] deval(sin(1)"2+cos(1)°2);

1

6.14.1 00 ctrll p.84, 6.1.15 0 O setprec p.40, 6.1.14 0 O paril p.39.

6.1.14 pari

pari (func, arg, prec)

' PARIOODO funecOOOODO.

return func O0O0O0ODO.

func
arg

prec
[ ]

PARIOOOO
func 00O

RN
PARIOODODOODOO.

PARI [Batut et al.] 0 Bordeaux 0000000000000 CDOO0O0O0O0O0O0O0O
OO00.PARIOOOODOOOODOOOOODOOO,000DO0O00DODOOODOOO
00 (bignum, bigfloat) 0000, 00000000 biglloat 00O 0OOOOOOOO
O0O0000OC0cO0O00O0DoCoOoOO. PARIOOOOOOOODOOOOOODOOOOOO
Ooooo0oOoooooo,on,ge 000 PARICOOOOOOOOOOOOOOO
UNIXOOOOOOOOOOoOooooooooooooD.ooooooooo 2.0.17beta
000000 ftp site (D000 ftp://megrez.ceremab.u-bordeaux.fr/pub/pari)
00 anonymous ftp 00O .

O0000 prec0000D00OO0OO0OO. precO00D00OOOO setprec() UOOODO
goooag.

O0D0O0OD0O0OD PARIOOOOOOOOOOD. ODDOOD1000 Asir000O0
oOooOoO000O0o0DoO0Ob0OO.00oooO00DOOo0ODOoO PARIODOOODOOODO
goo.

abs, adj, arg, bigomega, binary, ceil, centerlift, cf, classno, classno2,
conj, content, denom, det, det2, detr, dilog, disc, discf, divisors,
eigen, eintgl, erfc, eta, floor, frac, galois, galoisconj, gamh, gamma,
hclassno, hermite, hess, imag, image, image2, indexrank, indsort, initalg,
isfund, isprime, ispsp, isqrt, issqfree, issquare, jacobi, jell, ker,
keri, kerint, kerintgl, kerint2, kerr, length, lexsort, 1ift, lindep, 111,
111gl1, 11llgen, 1lllgram, lllgramgl, lllgramgen, lllgramint, lllgramkerim,

lllgramkerimgen, 111int, 111kerim, 111kerimgen, 11lrat, 1lngamma, logagm, mat,
matrixqz2, matrixqz3, matsize, modreverse, mu, nextprime, norm, norml2, numdiv,
numer, omega, order, ordred, phi, pngn, polred, polred2, primroot, psi, quadgen,
quadpoly, real, recip, redcomp, redreal, regula, reorder, reverse, rhoreal,
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roots, rootslong, round, sigma, signat, simplify, smalldiscf, smallfact,
smallpolred, smallpolred2, smith, smith2, sort, sqr, sqred, sqrt, supplement,
trace, trans, trunc, type, unit, vec, wf, wf2, zeta

e Asir 00O 0OODODO PARIOODOOODDOOODOOODO,0D0O0O0ODOOODOOOOO
gooooggopoooggooo.
/* 0000000000 oog. =/
[0] pari(eigen,newmat(2,2,[[1,1],[1,2]11));
[ -1.61803398874989484819771921990 0.61803398874989484826 ]
[11]
/* 1 00000000000, x=/
[1] pari(roots,t”2-2);
[ -1.41421356237309504876 1.41421356237309504876 ]

g 6.1.15 0 0 setprecl p.40.
6.1.15 setprec

setprec([n])
wbiglleat 0000 nOO00OODODO.

return 0

n 0

e DOUODODOOO,bigloat OO DO nODOOOOD. OOOOOODOODOOOO,ODO
gboboboobooooooo.

e bigfloat 0000 PARI (6.1.1400parilp.39) D0 O0OOOO.
e bigfloat 1000000 OO0OOO. bigloat 0 flagl on OO0 O0O0O, ctrl OOO.

e DUOODODDOODOODL,0DODOODLOODOODODOODL.O0DbODbOO
goboooobooooog.

[1] setprec();

9

[2] setprec(100);
9

[3] setprec(100);
96

oo 6.14.1 OO0 ctrl0p.84, (undefined)d eval devalll p.(undefined), 6.1.14 O
U paril p.39.

6.1.16 setmod

setmod([p])

0000 GR(p) D0DODO.
return oo
n 2727 dogooao

e JUDD GF(p)UUOUDODO.OODODODODO.
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e JOOODOODODODLO,00O0ODOODODODLDOOLODOOODODOD,DOOO
0000000 p0O0OD0O GF(p)OODODOOOOOODDO.

e JOUODOOUOODOOLOODLDOO DlODODODODODODOp.15400.

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

[1] A+A;

addmi : invalid modulus

return to toplevel

[1] setmod(3);

3

[2] A+A;

(1) *x<<1>>

ad 8.10.13 0 O dp_mod dp_ratU p.129, 3.20 000 0 0O p.12.
6.1.17 ntoint32, int32ton

ntoint32(n)
int32ton(int32)
000000000 3a2bit00oooon.

return oooDb 3a2pit0b0b00oboboon
n 27320000000

int32 ooooD 32bit OO0

e UUDD (DUDU 1)OOOUOUO 32vit 00 (DOO 10)0000,0000000000
go.

e 2bit DUD OpenXM OUODOUODOODOOOO,000000OD00ODO0ODOODODLDODLO
goog.

g O70000000p.93,32000000p.12.

6.2 bit 00

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

ior(il,i2)
2 bit OO0 or

ixor (il,i2)
+ bit OO0 xor

return 0
il i2 oo
e 0 il,i200000 bitOOOODOOODO.
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e JOUODOUODLOODO,0DODODO.

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

0x1

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

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

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

RN 6.2.2 0 0 ishift[ p.42.

6.2.2 ishift

ishift (i, count)
:: bit shift

return o

i count ud
e 00 i0ODODO bitOODOO shift dO.
e i0J00DDOO,0D0D000D00O.
e count 000000 shift, 00000 shift 00 O.

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

0ox1

[1] ishift(0x1000000,12);

0x1000

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

0x1000000

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

ud 6.2.1 0 O iand ior ixorU p.41.

6.3 UUU,000uon

6.3.1 var

var(rat) = ratQO0Q00O0.
return goo

rat goao
e 10D0DOOODOO,3.100Asir0000D0O00OO0p.10000.
e JI0OODOOOOOOOOOOOOOOOODO.

41

X7Y7Z7u7v7w7p7q7r7s7t7a7b7C?d7e?f7g7h7i’j7k717m7n707DDDDDDDD

go.
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[0] var(x~2+y~2+a”2);

X

[1] var(axbkc*dxe);

a

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

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

6.3.2 vars

vars(obj) = obj0 0000000000,
return gdd
obj 00
e JO00ODODOODODODODODODODO.
e JOUODUODOODUODUODUODOD.
[0] vars(x~2+y~2+a”2);
[x,y,a]
[1] vars(3/abc+2xxy/efg);

[abc,xy,efg]
(2] vars([x,y,z]);

[x,y,z]
00 6.3.1 0 0 vard p.42, 6.3.3 0 O ucO p.43, 6.3.7 0 O ord0d p.45.
6.3.3 uc
uc() s 0o00oo0ooooooooooon.

return vtype 0 10000
e uc() ODOODODO, 0,1, 2. 00000000O00ODO.

—-_ty =

e ucO) UODOODOOOODO,ODO0DOOOODODODOODOODOOOO. DOO, DO
gobooobooboobooboooboobooo,bbooboobobooboobooboon
gobooboobooobooooog.

e DOODOOO (vtype I 0) 00 DOD0OODO rtostr(), strtov() DO ODO.

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

[0] A=uc();

_0

[1] B=uc();

_1

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

ud 6.8.3 0 O vtypeld p.71, 6.10.1 O O rtostrd p.73, 6.10.2 0 O strtovl p.73.
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6.3.4 coef

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

return goo
poly aooo
var gdd
deg goo

e poly O var UODOO degOODOODODOODO.
e var 1, 00000000 var(poly) DOOODODODO.
e var HODODODODODOO,var OO0 0O0OOOOOODOODODOOOOO.

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

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

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

[2] coef(A,0);

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

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

deg(poly, var)
spoly 0,00 var 0O00OO0ODODOO.

mindeg(poly, var)
- poly 0,00 var 0000DO0ODDO.

return goao
poly aooo
var goao

e JOUODODLODOUOLOD varOOLDOOOOLODO,0DODODODO.
e U0 var DO OOODOODOODODODO.

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

10

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

0

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

6.3.6 nmono

nmono (rat)
cratQoO0oO0O0OOon.

return goao
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rat oogd
e JI0OOOOOOOOOO OOUOOUOOUOOOUOOOUOOOOO.
e JO0ODODOOO,0000O0OOODOODODOOO.

e U000 (330000000014 0,000D00D0DOOOOODODOOOODO. 10O
oooooo.)
[0] nmono ((x+y)~10);
11
[1] nmono ((x+y)~10/(x+z)"~10);
22
[2] nmono(sin((x+y)~10));
1

oo 6.8.3 0 0O vtypel p.71.
6.3.7 ord

ord ([varlist])
20000000

return gooooo

varlist gooooo

e OO ODOO,DO0ODDLOODDOODLDODOL,DDODDODDODDODDODOO
ooobooo0o.0oooboooobood,rd DO0O0DOOOODOOOODOO
go.

e OUDODODOOUODDDOOOODLDOO,000DbDDLDbOOODLDDLDDbDOOODbDDOO
gbooboooboooboobobobobooboo. bob,obo0oboooobooobo
O,Asir) 00000, 0000,0000000000000DOO00O0DOO0ODLOO.0DO
gbooooboobooboooboooobooboboboobo,booboobboobOon
goobooo.

[0] ord();
x,y,z,u,v,w,p,q,r,s,t,a,b,c,d,e,f,g,h,i,j,k,1,m,n,0,_x,_y,_z,_u,_v,
_w,_p,_9q,.r,_s,_t,_a,_b,_c, d,_e,_f, g, h,_i,_j, k,_1,_m,_n,_o,
exp(_x), (_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,2z,u,v,w,p,q,r,s,t,d,e,f,g,h,i,j,k,1l,m,n,0,_x,_y,
_z,_u,_v,_w,_p,_q,.r,_s,_t,_a,_b, c, d,_e, f, g, h, i, j,_k,_1,_m,_n,
_o,exp(_x), (_x)"(_y),log(_x),(_x) " (_y-1),cos(_x),sin(_x) ,tan(_x),
(-_x"2+1)"(-1/2) ,cosh(_x) ,sinh(_x) ,tanh(_x),

(Lx"2+1)°(-1/2) ,(_x"2-1)"(-1/2)]

6.3.8 sdiv, sdivm, srem, sremm, sqr, sqrm
sdiv(polyl,poly2[,v])

sdivm(polyl, poly2,mod[,v])
s polyl O poly2 000000000000 0ODOOOODODOODO.
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srem(polyl,poly2[,v])
sremm (polyl, poly2,mod[,v])
mpolyl O poly2000000000000DOO0OOOOODOOOOO.
sqr (polyl,poly2[,v])
sqrm(polyl, poly2,mod[,v])
s polyl O poly2 0000000000000 0ODOO0OO,000000.

return sdiv(), sdivm(), srem(), sremm() : OO0 0, sqr(), sqrm() : [0 ,0071 00

ooo
polyl poly2

ooo
v ooo
mod oo

e polyl O poly2 0000 var(poly2) (00 vODOOOODOO v)0OOOOO0O0OO
O,poly20,000000.

sdivm(), sremm(), sqrm() 0 GF(mod) DO 0OODODO.

oooogoogo,ooobobooobbobooooooo,ooobooooboDbobn poly2
U000, polyl DOOO0OOOOO0OO polyl UOUODO poly2000000000O0O0
gooboodbooo.ooboo,booboboobooobbooboo,obbooobooo
gobodboooooo,gboobboobooobuoobob. boo,boobooo
gboboboobobooooooo.

000000000, poly200000,00000000,000A0, poly20 polyl O
ooooOoooOoOoooooooobooboooo.
sqr(OO DO00D0OO0O0DOOO0OooOooobobogoo.
e 000IDODOO,000 idiv,iremO0000.
ooooooooooo »o0ooo.
[0] sdiv((x+y+z)~3,x"2+y+a);
X+3*xy+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;
X3+ (—y-2) *x "2+ (~y " 2-2%z*y-2"2) kx+y " 3+3*z*ky " 2+3%z" 2xy+2"3
[3] Y=(x+y+z) 2% (x-y-2);
X3+ (y+2) *x "2+ (-y " 2-2%zxy-2"2) *x-y " 3-3%z*y " 2-3%z " 2%y-z"3
[4] G=gcd(X,Y);
X"2-y"2-2%zxy-z"2
[5] sqr(X,G);
[x-y-z,0]
[6] sqr(Y,G);
[x+y+z,0]
[7] sdiv(y*x~3+x+1,y*x+1);
divsp: cannot happen
return to toplevel

00 6.1.1 0 0 idiv irem0 p.33, 6.3.10 O O %0 p.47.
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6.3.9 tdiv

tdiv(polyl, poly2)
mpolyl O poly2000000000DOOO0O.

return gopboobooo,0ooboboooboo o

polyl poly?2
ooo

e poly2 0 polyl DDODODOUODODOODODOODODO.

e OO DODODODODOODODODODDOOODLOODOD, 0000000 OOOooon,
tdiv() OO00O0O00D0OOCOO00OO00DOOCO0OOO.

[11] Y=(x+y+2z) "5*(x-y-2)"3;
KT8+ (2%y+2%2) *x T+ (—2%y " 2-4xz*y-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%z" 3xy " 2+30*z " 4*y+6%z"5) *x"3
+(2%y~6+12%zxy " 5+30%2" 2%y "4+40%2" 3xy " 3+30%2"4xy " 2+12%2 " 5xy+2%2"6) *x "2
+(~2%y " 7-14%z%y~6-42%z"~ 2%y " 5-T0%z" 3%y ~4-70%z"4*y~3-42%z"5*y "2
—14%z"6%y—-2%z"7) *x—y "~ 8-8%zxy " 7-28%z" 2%y~ 6-56%z" 3%y " 5-70*z"4*xy~4
—-56%z" 5%y~ 3-28%z" 6%y 2-8%z"7*y-z"8
[12] for(I=0,F=x+y+z,T=Y; T=tdiv(T,F); I++);
[13] 1;
5

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

6.3.10 %

poly vy m = QO0QO0QOQOdQonOg
return ooooooood
poly oooooooooooo

m o0
poly DO0O0O0O mUODDODOOOOODODDOOOOODODOO.
O0o0oooooooooooo.

poly OOOOOOO. OO0O0O,00000000O0O0OOOOOOO0O irem() OOO
gooooooooo.
poly OO0, mO000D000O0O0OODODOO,00000000000O.
[0] (x+2)°5 % 3;
XT5+XT4+x T 3+2%x T 2+2%x+2
[1] x-2)°5 % 3;
XT5+2*%xT4+x 7 3+x 7 2+2%x+1
(2] (-5) % 4;
3
[3] irem(-5,4);
-1

oo 6.1.1 0 0 idiv irem[ p.33.
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6.3.11 subst, psubst

subst (rat[, varn, ratn] *)
psubst (rat [, var, rat] *)
crat0 varn 0 ratn 000 (n=1,2,... 00000000 O0O00O0O).
return oo
rat ratn oo

varn goo
e JODODOOOOUOOO,0TODOOODD,000000OOOOODOOODOO.

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

e DD OODOODDOODLDOODDOO,DOO0DDO0ODOOODDOObOOODD.

e subst() O, sin() OO0DDOO0OOO0OODODOOOOOOOO. psubst() O, OO0
ooodbooooooooobooooooono, oo booooooooa. (partial
substitution 00 0 0O)

e AsirJ0,000000DOCO0ODOOOOCOOOD,0DOO0ODDO,OD00DO000OOD
gbooboooboobobob.oobooobobooboa,bobobooboaboaoobo
gbo,uogbbooo,boobboooboobooobgooboobobooboobog.

e DD OODOODOODDO.

e substU 0 rat DO OO, 00,00, 000000000000000O0000O, 00O
Uoo0oooooboooooooood subst OO
[0] subst(x~3-3*y*x"2+3*y~2%x-y~3,y,2);
X" 3-6%x"2+12%x-8
[1] subst(@Q@,x,-1);

=27
[2] subst(x"3-3*y*x~2+3*xy~2*xx-y~3,y,2,x,-1);
=27
[3] subst(x*y~3,x,y,y,X);
x"4
[4] subst(x*y~3,y,X,X,y);
y~4
[5] subst(x*y~3,x,t,y,X,t,y);
y*x~3
[6] subst(x*sin(x),x,t);
sint (t)*t
[7] psubst(x*sin(x),x,t);
sin(x)*t
6.3.12 diff

diff (rat[, varn]*)

diff (rat, varlist)
crat0 varn OO0 OO0 varlist OO0 O00OO0OOOOOO.

return O
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rat DDD(DDDDDDDDDDD)
varn goo
varlist goooooo

e JOUODUDOUODUOD varnODUODO varlist U0 OODODOODOODOODO.

e 000D0DO0D,00000000. 000, diff(ratx,y) O, diff(diff(ratx),y) O
goooa.
[0] diff((x+2*xy)~2,x);
2%x+4xy
[1] diff((x+2%y)~2,x,y);
4
[2] diff(x/sin(log(x)+1),x);
(sin(log(x)+1)-cos(log(x)+1))/(sin(log(x)+1)"2)
[3] diff(sin(x), [x,x,x,x]);
sin(x)

6.3.13 ediff

ediff (poly [, varn] *)

ediff (poly, varlist)
spoly O varn 0000 varlist 000000000 OOODOOOO.

return goo

poly ooad
varn goao
varlist ooooooo

e 000DDODDOD, OD0DO0DO0ODODO0DO. 000, ediff(polyx,y) O,
ediff(ediff(poly,x),y) 00O OOO.
[0] ediff ((x+2xy)~2,x%);
2%x72+4*y*x
[1] ediff ((x+2*y)~2,x,y);
dxyxx

6.3.14 res

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

return gdd
var goo
polyl poly?2
oono
mod RN

e JOODOONO polyl O poly20,00 var OO ODOODODOODO.
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e JOUODODLOODODLODODO.
e 00 mod 0000, GF(mod) DOOODDOOOO.

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

6.3.15 fctr, sqfr

fctr(poly)
s poly UOOOODOOOOO.

sqfr(poly)
s poly OOODOODOODO.

return goao

poly gbobobobo

e JOOUODUDUODN poly UODODUOODO. fctrO OUODOUODUOO, sqfrO) UDOODODO
goo.

e 00D [[0OO,1,[00,000],.]00000.
e 0000 D0O0O0DOO0-000 000 poly0000.

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

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

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

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

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

[3] fctr(A);

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

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

XT5+XT4-2%y T 2%x " 3-2%y " 2*x " 2+y " d*xx+y T4

[5] sqfr(A);

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

[6] fctr(A);

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

oo 6.3.16 0 O ufctrhint0 p.50.
6.3.16 ufctrhint
ufctrhint (poly, hint)
200000000 10000000000
return ggdod

poly goboob 100000
hint goo
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e 1I0DOODOO Aint OOODDOODOODOOODODOODO polyOOOOODOO
O fctrQO DOOOO0ODOO. poly U,d0000O0OOO0ODOOOOOOOODOOO (D
oo0o0O0oO0oOO0OO0OO0O0O0nOonOn D}1142) oo, do0ooooog doo
gooo.ooobooooooooon.

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

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

Omsec

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

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

980msec + gc : 250msec

[12] sqfr(N);

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

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

20msec

[13] fctr(N);

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

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

167.050sec + gc : 1.890sec

[14] ufctrhint(N,9);

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

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

119.340sec + gc : 1.300sec

oo 6.3.15 0 O fctr sqfrd p.50.

6.3.17 modfctr

modfctr (poly, mod)
0000000000000 0

return goao
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poly gbooboobooo

mod oon

e 2720000000 mod OODOODDOODOOODODO polyOODDOOODOODO.

e 00O [0D0D,1,[00,000),.]00000.

e D0 0 OO0 DOO-DDO OOO polyOOOO.
0000000000000000000 fetr_f£f0000. (0D 1000000000
0000p.154,10.5.16 O O fetr_ff0 p.163 0 O ).

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

[[1,1], [x+1513477736,1], [x+2055628767,1], [x+91854880,1],

[x+634005911,1], [x+1513477735,1], [x+634005912,1],

[x~4+1759639395*x~2+2045307031,1]]

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

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

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

ptozp(poly)
spoly OO0OODODOOODOODOOODODOO.

return oood

poly aooo

e 00DOOODO poly 00DODODODOODODO, 000000000 GCDO 100
oooooo.

e J0IDDODDO,00DOODOODOODODOO,0D0D0ODOOODOOOO,0000
ooooooooooooooog.

e J0IDOODOOD redO ODOODOODODOODODOOD,DO0D0ODODODODOODO
ooooo,00b000bo00oo0ft O O0,00000000,00D00000DO0O
00000000, 0000000000000000000.

e D0UUDN factor UODDOODUDDOOOULOOOOUUDN [ge]000. 000 cOOODO
000,g00000000000O0O00OOOOO, poly=c*gO0O0.

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

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

ad 6.1.11 0 0 nm dn0 p.37.
6.3.19 prim, cont

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

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

v ooo

e poly 0000 (DD vODODOOOOO vyOOOOODOOODO,00D0000.
[0] E=(y-2z)*(x+y)*(x-2) *(2*x-y) ;
(2xy-2%z) *x" 3+ (y"2-3*z*y+2*%z"2) *x "2+ (~y~3+2"2%y) *x+2z*y " 3-2" 2%y "2
[1] prim(E);
2xx "3+ (y-2%z) *x "2+ (-y " 2-z*y) *x+z*y "2
[2] cont(E);
y-2
[3] prim(E,z);
(y-2z) *x-z*y+z2"2

ud 6.3.1 0 O varU p.42, 6.3.7 0 O ordl p.45.

6.3.20 gcd, gcdz

gcd(polyl, poly2 [, mod])

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

return oo

poly1 poly2
oono

mod oo

e JIJUJOOUDDODUDDO (GCD)OODO.

gcd() JOOOODOOOOOODODO GCDOOO.OOOO,DO000000DO,0D0
oob GChbO 1goooooooo,ooo,bocooooob 1000,

gedz() O polyl, poly2 00000000000, 000000000000 GCD O
00.0000,gd() 000,0000000 GCDOOOOOOOOOOO.

e 00 mod 0000, gedO) O GF(mod) 000 GCDOOO.

gcd (), gecdz() Extended Zassenhaus OO DOOOOO0O. OOO0O0O GCD O PRS
ooooboooooobooob,00obo,GCbUu 1obooooboboooobooog.

[0] gcd(12*(x~2+2*xx+1) "2,18%(x"2+(y+1) *x+y) "3) ;
X73+3%x72+3*%x+1

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

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

xX"2-y~2

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

X" 3+y*x"2+y " 2xx+y "3

HEN 6.1.30 0 iged igedentl p.34.
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6.3.21 red

red(rat) wratQ0Q0Q00000O.
return goo
rat ooo

93

e Asir U0 DOOO0ODOOODOOOOD.ODO,DbDO00DOOODOOODO,O0D
gobooboooboobooob.00obbo0obio0obibg redadDO.

e EZGCD ODODO rat 0O0O,0000000.

e JO00O0ODOOOODODOOOOODOD,DODOO0GCDDO 10000O0O0DODOO. O
gboboboboboobobobuoboboo.

e GCDOOODODOOOOODL,0000CODOOOOODOOOOUODODOOOODODO.
gg,bbo,ggbooobooobuoobboobobuoob,bboobboabbdg

000.00000000000,0000000,0000000000.
[0] (x"3-1)/(x-1);
(x73-1)/(x-1)
[1] red((x"3-1)/(x-1));
x"2+x+1
[2] red((x"3+y~3+z"3-3*x*y*z)/(x+y+z)) ;
X2+ (-y-2) *x+y " 2-z*y+2"2
[3] red((3*xxy)/(12%x"2+21%y~3%x));
(y) / (4*x+T*xy~3)
[4] red((3/4xx~2+5/6%*x)/(2xy*x+4/3*x)) ;
(9/8%x+5/4) / (3*xy+2)

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

64 D0OOOOOOOO

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

umul (p1, p2)
umul _ff(pl,p2)
s 0o00oooooooo

usquare(pl)
usquare_ff(pl)
» 000000000 200

utmul (p1,p2,d)
utmul_£ff(pl,p2,d)
00000000000 (DOOoooooo)

return goOooon
pl p2 oooooo

d goog
o LIUDODOODOOODLO,00b0O0ODOOODbOOODOOODbOOObOOODnDDO.
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umul (), usquare (), utmul ) 0O OUOO00OO0OO00O0O,00000000000000O
O00.000000 GF(p)DOOOOODO,000 000 pOOOOOOOOODOO.

umul _ff (), usquare_ff(), utnul _ff() 0, 00000000000O00DO,O00000
000d0O0bOO0DOO00OO0. 000, 0000000 oOOoo0O,ooDOoopooOooOoooon
000000, 00000000000 bO0oodoooooooooooDoooDon
0000 simp_ffO) 0000000 ODODOODODODOO.

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

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

e JUDDO, set_upkara() (utmul, utmul_ff 00 000 set_uptkara()) 000000
000000000000 00000000, set_upfft() OO0OD0OD0OODOOODOO
0000 Karatsuba O, 000000 FFTOOOOOOOODDODODOOO. ODOO
0,000000 FFTOOO0,00000 10000000 miOO00O, pl, p2 O
000 miOOOOOOOOOOOOOO, FFTOOOO,000000000000
ogo.o0ob0,0goobooooobooo, oo oooooooooood
O000,0000 ShoupOOODOOOO [Shouwpl] DODOODODOODOODO.

[176] load("fff")$

[177] cputime(1)$

Osec(1.407e-05sec)

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

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

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

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

7.77sec + gc : 8.38sec(16.15sec)

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

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

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

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

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

100

HEN 6.4.3 0 U set_upkara set_uptkara set_upfftl p.56, 6.4.2 0 [0 kmul ksquare
ktmull p.55.

6.4.2 kmul, ksquare, ktmul
kmul (p1,p2)
s 0obooooboooobg

ksquare(pl)
000000000 200
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ktmul (pl,p2,d)
»0o00oo0oooooo (DDDDDDDD)

return gooooo
pl p2 goOooon
d gooao

e NO0IDOOOODOO Karatsuba 0O OO.
e JOUDUOD wml OO0O0O0O,0000000000FFTODODODODODODODO.
e GF2'n)JDODUDUDDOODDODOOOODOOODO.

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

1

[34] setmod_ff(defpoly_mod2(160));
x7160+x"5+x"3+x"2+1

[35] A=randpoly_f£ff(100,x)$

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

[37] umul(A,B)$

umul : invalid argument

return to toplevel

[37] kmul(A,B)$

6.4.3 set_upkara, set_uptkara, set_upfft

set_upkara( [threshold] )

set_uptkara( [threshold])

set_upfft ([threshold])
1 0000000000000 N2, Karatsuba, FFT OOOOOOOOODO
ooOo

return gobooooood

threshold 0000
e J00D,000000D00D0O0DODOODO,00D00O0O0DODOODODOODOO.

e JOOUODODOODL,D0 NODODODODODODL N2ODLOODUOD,DO0DO0OOO
Karatsuba OO0 0000, 0000000 rEFTOOOOOOOOCOOOO.DOOODO
goboogobood.

e DO, 000DO0ODOODDOODOO.

HN 6.4.2 00 kmul ksquare ktmull p.55, 6.4.1 00 umul umul_£ff usquare
usquare_ff utmul utmul_££0 p.54.

6.4.4 utrunc, udecomp, ureverse

utrunc(p,d)
udecomp (p,d)
ureverse (p)
s O0o0oooooo

return ubobooobooobboobooobooboon
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b
d

gooobgo
gooo

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

e p0000 e0D,i00D00D0 plij]0000, ureverse() O ple]+ple-1l]x+... OO 0.

HEN

[132] utrunc((x+1)~10,5);
252*xx75+210*%x74+120*x " 3+45*x"2+10*x+1

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

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

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

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)

s 0ooooooboob,oo0oa

return goOooon

b
d

o

gooooo
gooog

uinv_as_power_series(p,d) 0, 0000 0000000 pO000,pr-1 00000
0d+1 0000000000 d00000 roooog.

ureverse_inv_as_power_series(p,d) O p OOOBDO e QO OGOOAO,
pl=ureverse(p,e) 0000 uinv_as_power_series(pl,d) 00 00O0.
rembymul_precomp() D0 OOO00O0O0OOO, ureverse_inv_as_power_series() [
goooooooooooooon.

[123] A=(x+1)"5;
X"B5+5*%x74+10%x " 3+10*%x"2+5*%x+1

[124] uinv_as_power_series(A,5);
-126%x"5+70%x"4-35%x"3+15*xx"2-b5*xx+1

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

x~10+x"9

[128] R=ureverse_inv_as_power_series(A,5);
-X"Bb+x"4-x"3+x"2-x+1

[129] ureverse(A)*R;

-x"6+1

6.4.4 U0 utrunc udecomp ureversell p.56, 6.4.6 O [ udiv urem urembymul
urembymul_precomp ugcdl p.58.
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6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd

udiv(pl,p2)

urem(pl,p2)

urembymul (p1,p2)

urembymul _precomp(pl, p2,inv)

ugcd(pl,p2)
s 00000ooOooo, GCh

return gooooo

plp2inv OOO0O0OO

e N00DOO pl, p2000, udiv 00, urem, urembymul 000, uged 0 GCD OO
U.0bog0,booboobboobbuooboobbo0obOodn. urembymul O, p2
ogoooooog,p2000n0oooooobooo,ogd 20000000000,
gdodboooooooooon.

e urembymul _precomp 0, 000000000000 OO0O0OOCO0ODOOOODOOOODOO
O000O.0 3000,00000 ureverse_inv_as_power_series() 000000
ooog.

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

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

[180] cputime(1)$

Osec(1.597e-05sec)

[181] srem(A,B)$

0.15sec + gc : 0.15sec(0.3035sec)

[182] urem(A,B)$

0.11sec + gc : 0.12sec(0.2347sec)

[183] urembymul(A,B)$

0.08sec + gc : 0.09sec(0.1651sec)

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

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

g 6.4.5 0 Juinv_as_power_series ureverse_inv_as_power_seriesl p.57.

6.5 Jooong

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

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

cons (obj, list)
2 list 0000 objO0ODOODOODOODO
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append (list1, list2)

@ listl O list200000 10000000.

reverse (list)

s list 000000000.

length (list| vect)

s list 000,000 vect DOO.

return car() : OO, cdr(), cons(), append(), reverse() : OO 0O, length() : O
oo

list list1 list2
ooo

obj aad

000D [objlobj2,..1 OODOUODO. obj1 DODOODOODOO.

car(O 00,0000 st JODOOOOOOD. DOOO0DDOOOODOOOO,0D000
ooooboo.

cdr(O) U,0000 st OOODODO0ODODOOOODODOO. DOODOODO
goboobo,o0obooooboon.

cons() U, list 0000 objUDODODOODODODODO.

append() O, list] 0000 Lst20000000000000000O [lst1 00000
O,ist2000000])00000.

reverse() U, list 0000000000 DOOOO.
length() O, Ilist 000 veet 00O 0O00O0O0O. OO00OOODODOOO,size() 0O0OO.
goboobooobogo,boobboobooaboo.

0000 n0O0000000000,cdrO 0 nO000000 car() DOOOOO0O
oooooooDbOo,b0o0boOo,b00b0,0000D0o0b0OD,0b0b000n0 [n]
gobobobobobobobobobobob.obo,boboboboOo,0000
oobd n0OO00OD0OO,0000D0O00DOOO0ODO0ODDOOO0.

cdr() DO0OO0O000000O0DO0DO,append) 0, 00000 10000000000
U0 consO U0OO0ODOODODO,0D100D0OD0OO00OODODODODOODLO
D0O0DbO0Ob0ODbO. reverse() DODOOOOOODOO.

[0l L =1[I[1,2,3],4,[5,6]];
[(r1,2,31,4,[5,611]

[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([a,b,c,d]);
[d,c,b,al

[6] length(L);

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

(8] L[2][0];

5

6.6 00

6.6.1 newvect, vector, vect

newvect (lenl[, list])
vector (lenl[, list])
00 lenO000O000OO0O0ODO.

vect ([elements] )
s elements OO0 OO0O0O0O0O0OOOOOO.

return gooao
len goao
list goao

elements 00000
e vect O OOOOOOOOOOOOOODO.
e vector  newvect DO O OOO.

e newvect U0 lenDODOODOODOOOO. O 20000000,000000000
gbobO. 0 20000000,00000000000000,000000000000
gobobo.ooboo,0bobobobo,oo0oboob o0obobOoD.

00000ooo,0000000 len-100000. (0 100000000OOOOO.
)

e J0ODOOOO0ODL,DbO0ODDOODDOODDOODDOODLDbOOODLDOODDO,
000000000000 000000000 displacement (00)000000000O0
gobodboooo,bogb,oobbooobuoobbooboobbo.ooooo
gb,ggbooa,bgobgooboodgboobuoobooboboooba,booboa,
gbobobobobobobob.

Asir 00,00000,0000000000C0.O00000O000O0OOODOOOODOO
gbobo,gbgobobobobobobobob.

00000000 sizeO OOOOOOODO.

gobooobooboboobbobobobo,bbobboob,ooboboboboboobo
goooooog.

[0] A=newvect(5);

[0o00O0O0]

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

[2] A[O];

1

[3] A[4];



oed OO0OOOOO

[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] 1]

60

RN 6.6.5 00 newmat matrix{p.62, 6.6.7 00 sizellp.63, 6.6.200 1tovlp.61, 6.6.3

00 vtoll p.61.

6.6.2 ltov

ltov(ist) :: 000000 O0OOOOOO.
return gooao

list oon
o 1D Lst DDOOODOOOODDOODOOO.
e JOODODO newvect(length(list), list) OO OO.

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

ud 6.6.1 0 O newvect vector vectl p.60, 6.6.3 U U vtoll p.61.

6.6.3 vtol

vtol (vect)
s 0ogoooogooogg.

return goo

vect gooo

e U0 nOODODOO wvect O [vect[0],...,vect[n-11] O0ODOOOOCDOODO.

e JOIDDOUOOOOODDOONO newvect() ODODO.

[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.
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6.6.4 newbytearray

newbytearray (len, [listorstring])
200 len 0 bytearray DO OO DO.

return byte array
len ooo
listorstring

oooooooog
e newvect 000000 byte array 00 OO O. similar to that of newvect.
e OIDDOOODOODODOOODOOODODOO.
e bytearray 00000000000 ODOODOODO.

[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[O0];

97

[186] A[1]=123;

123

[187] A;

|61 7b 63|

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

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

matrix(row,col [,[[a,b,...]1,[c,d,...],...11)
crowd colOOOOOODOOO.

return oo
row col ooao
abcd 00

e matrix U newmat OO O ODO.

61

e row colUDUODOODOOD. O 3000000DO,0D00b0 ocb0bODbDODn. O
30000000, 0000000O00O00oUO0O,000, 0000000 (DoDoOOo
000000)000000000. 0000,000000000,000000 00

goooo.
e JOODODOONO size(O ODOOODO.

e MOUODOOOO,MIIDODOO IDUODOODOOODOOOODODODOODOODO.ODOODO
goo,000booobooboboob,boooboobobooobbg,ooboo

gobooooooboooog.
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e JOOODOODODODLOOLDOODLO,DODODODL,DO0OLODODODOODODODODOO
oooo.

(0] A
[11
[xy 0]

[ x°2 00 ]

[1] det(A);

-y*x”2

[2] size(A);

[3,3]

[3] Al1];

[xyo0]

(4] A[1][3];

getarray : Out of range
return to toplevel

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

O O

ad 6.6.1 0 0 newvect vector vectl p.60, 6.6.7 0 U size[d p.63, 6.6.8 0 J det nd_
det invmat[ p.64.

6.6.6 mat, matr, matc

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

matc (vector([,...])
s 00ooodooooooooooon.

return o

vector gooooooo
e mat D matr OO O OODO.

e JOODODOODOODODODODLO.ODOD,DO0DODODOL,DO0OOOD OO
goooo.

(0] matr([1,2,3],[4,5,6],[7,8]);
[123]
[ 456]
80 1]
matc([1,2,3],[4,5,6]1,[7,8]1);

| e I e IO e T e B |
WN PN

7]
8 ]
0]
.6.5

gd 6 U 0 newmat matrix[] p.62

6.6.7 size

size (vect| mat)
[veet OOO] 000 [matO0O0O ,mat 0007,
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return oogd
vect gooad
mat o

e vect UDOO, 000 mat UOODOUODOODOODOODOO.
e vect U OO length() DODOOODOOODODO.

e Jlist 0000 lengthOU,00000O0O0DOOOODOO nmono() OO ODO.

[0] A = newvect(4);

[00O0O0]

[1] size(A);

[4]

[2] length(A);

4

[3] B=n

[123]

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

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

oo 6.5.1 0 O car cdr cons append reverse lengthll p.58, 6.3.6 U [J nmonol] p.44.
6.6.8 det, nd_det, invmat

det (mat[,mod])
nd_det (mat[,mod])
cmat00000000.

invmat (mat)
cmat0000000O0O.

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

e det O nd det U000 matOOO0O0O0O0O0OO. invmat OO0 mat OOO0OO0OO
0.0000 (Do,00]l]00bo0o,0o0booo,0o0/0b0 0boOoooaag.

e 00 mod 0ODUDO,GF(mod) DOOUOOOOODOO.

o IO UODOOODOODLDODOODOODLODLDO,0D0DbO0bO0ObLObOObODbObOOobOOn
gbobodboobbooobooobboooboaboo.

e nd det UOUIDDOODOODOODODDODLDOODLOODODOO.DOODODODO
gbobooboobooboobog,bugoboobooboooboobn,big det
gobooooboooon.

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

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

[x,y,z,u,v]

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

[ 1 xx"2x"3 x4 ]
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~

E'N‘<1
l\)k\)[\)
C:N“<1
c,ooow
Cn'N‘<1

y "4 ]
z "4 ]
u ~4 ]
v "4 ]

=R e

[
[
[
[ v2 v'3 v
[95] fctr(det(A));

(f1,11, fu-v,11, [-2z+v,1]1, [-z+u, 1], [-y+u,1], [y-v,1], [-y+z,1], [-x+u, 1],

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

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

[98] A;

[ 1xx"2]

[1yy2]

[1z2z"2]

[99] invmat(A);

[[ —zxy 2+z" 2%y z*x"2-z"2%x —y*x"2+y~2%x ]
[ y72-27"2 -x"2+z"2 x"2-y~2 ]

[ -y+z x-z -x+y ], (~y+2)*x"2+(y~2-2"2) *x-z*y " 2+2" 2%y]
[100] Ax*B[O];

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

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

gsort (array [, func])

return
array

func

oo

2 0ubid array DOOOOO.
array (00000;000000000)
goooo

gooond

OO00O000 quicksort DODOOOO.

gbooobooboboobobooo,obooboooboboobooobobooobono
goboogboooon.

0,1,-1000 200000 funceO00O0ODOOOOODO, func(A,B)=1 0000 A<BO
gbo,0obobooooboooboooooooaoo.

goboobooboo,boobboobooboboob.

[0] gsort(newvect(10,[1,4,6,7,3,2,9,6,0,-11));
[-10123466729]

[1] def rev(A,B) { return A>B?7-1:(A<B71:0); }

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

6.3.7 0 O ordd p.45, 6.3.2 0 O varsU p.43.

64
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6.6.10 rowx, rowm, rowa, colx, colm, cola
rowx (matrix,i,j)
s 0i00d0djooooog.

rowm (matrix,i,c)
0100 cOgng.

rowa (matrix,i,c)
01000 i00 cOOOO0O.

colx (matrix,i,j)
01000 j000000.

colm(matrix,i,c)
20100 cO0O0.

cola(matrix,i,c)
01000 i00 cOOOOO.

return oo
i, j 00
c oo

e JO0ODOOOOOOOOOOOOODO.
e JOODDOODOOOOOOOODO.
[0] A=newmat(3,3,[[1,2,3],[4,5,6],[7,8,9]1]);

[123]

[ 456]

[ 7891

[1] rowx(A,1,2)$
[2] A;

[123]

[ 7891

[ 456]

[3] rowm(A,2,x);
[123]

[ 7891

[ 4%x 5%x 6%xx ]
[4] rowa(A,0,1,z);
[ 7*z+1 8*z+2 9*z+3 ]
[789]

[ 4xx 5xx 6*x ]

od 6.6.5 0 [ newmat matrix[] p.62

6.7 000

65
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6.7.1 newstruct

newstruct (name)
00000 nameOOOOOOOOO.

return oood

name goo
e U0 name 0O0OOOOOOOODO.
e J00O0OO,name DO OO0OOOOOOOOOOOOODOOO.

e 00 DOO0IUUIULUUDI OO bLObOOO. UOU0UOUOUOOULO,OO
> pgbggbogooboogboan.

[0] struct list {h,t};

0

[1] A=newstruct(list);
{0,0}

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

[3] A;

{0,{0,0}}

[4] A->h = 1;

1

[5] A->t->h
2

[6] A->t->t
3

(71 A;
{1,{2,3}}

RN 6.7.20 0arfregll p.67,4.2900000000p.22

]
N

]
w

6.7.2 arfreg

arfreg(name,add,sub,mul,div, pwr, chsgn, comp)
» 0000000000000 D0O0o0.

return 1
name goao

add sub mul div pwr chsgn comp
oooooogo
e name 00000000 OO0OOODOOOODOO.

e JOUDODODODODODODODO ODODODO. ODODOODLODODODOD
gbobobobon.

e JODODODOOOOO0OO0OOO0OOOOODODO.
add(A,B) A+B
sub(A,B) A-B
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mul(A,B) A*B
div(A,B) A/B
pwr(A,B) A°B
chsgn(A) -A

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

% cat test
struct a {id,bodyl}$

def add(A,B)

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

}

def sub(A,B)

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

}

def mul(A,B)

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

}

def div(A,B)

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

}

def pwr(A,B)

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

}

def chsgn(A)
{

C = newstruct(a);



oe6d

RN

goooogd

C->id = A->id; C->body = -A->body;
return C;

}

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

}

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

% asir

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

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

[11] A=newstruct(a);

{0,0}

[12] B=newstruct(a);

{0,0}

[13] A->body
3

[14] B->body
4

[15] AxB;
{0,12}

3;

4;

6.7.1 0 O newstructd p.67, 4.2900000 000 p.22

6.7.3 struct_type

struct_type (namelobject)

s ggboooobooabobon.

return o0
name goao
object aooo

68

e 000 name O OOOD, 000 object DOOOOOODODODOOOODDO. OODO
goobg-100d.

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

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

3
[13] struct_type("list");
3
00 6.7.1 0 OnewstructO p.67,4.290 0000000 p.22

6.8 DDOOOOOO

6.8.1 type

type(obj) = objd O (DDO)0O0ODO.

return RN
obj 00
e obj0 DODODOODO.
0 0
1 0
2 o000 (Dooo)
3 O00 (booooo)
4 oon
5 oooo
6 oo
7 oon
8 oon
9 ooooooo
10 32bit OO0OODO0O
11 ooobobobo
12 GF(2)0DOoOO
13 MATHCAP OO OODOO
14 oooboooon
-1 volboooooo

e IIDDOODOOO,ntype OUODO. ODOODLOODDOOODO,veypeUDODOO.

HEN 6.8.2 0 Ontypel p.71, 6.8.3 U O vtypel p.71.
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6.8.2 ntype
ntype (num)
coum (D)0 0 (00)000.
return goo
obj O
e DO0ODOOODDOO.
0 000
1 o0oooo0o
2 oooo
3 00000000 (bighoat)
4 ggdod
5 googn
6 gooooono
7 od 2000000

e newalg(x"2+1) JOOUOOD0O0O,0000 ei0,000000000000O.

e JODODOOOO,0ODODLODDOOOUOOOOOP.142000.
[0] [10/37,ntype(10/37)1;

[10/37,0]

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

[0.27027,1]

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

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

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

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

00 6.8.1 0 O typed p.70.
6.8.3 vtype
vtype (var)
cvar (0O0)0 0O (OO)0O0OO.
return HEN
var goo
e var (U0 )0000DO0O0ODODO. 00D 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, @e, ... etc)

70
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3 000 (000D0000,00000000,00000 : sin, log, ... etc)

e a(); U000 (DDDDODODODO)DOOOOO ntype(a) 0 3000. 0000 aO0OO
goboboooooooo.

o LHUDODOUODLOODLDOODLOOUODLOUOODO function OO O.
e Qpi,Ce 00O OOOOOOODODO,evalO,pari() DO0O0O0OOOOOOOOO.

00 6.8.1 0 O typel p.70, 6.8.2 0 O ntyped p.71, 6.3.3 0 0 uc p.43.

6.9 DUUOgoon

6.9.1 call

call(name, args)
2 00 nameO0O0OOO.

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

e 00O0O0O0DOO, veype) OOD.

e 100DODOOOOOODODOOOODDOD (xname)() OODO, ODOOOOOOO
call() DOODOOO.
[0] A=igcd;
igcd
[1] call(A,[4,6]);
2
[2] (*A) (4,6);
2

RN 6.8.3 0 O vtypel p.71.
6.9.2 functor, args, funargs

functor (func)
s func000000O0O0ODO.

args (func)
cfunc 0000000O0O00OO.

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

return functor() : OO0, args(), funargs() : 0O 0O

func 0000000000
e 00O00DOD0DOOO, vtype() OOO.
e 0000 func0000,0000000000.

e 00,000000C0O0O0UOOOODOOOODOOO FOOUODO (*F)(x)0x0O00O0O
goboobooobobooboooboobooooo.
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[0] functor(sin(x));

sin

[0] args(sin(x));

[x]

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

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

1.7320508058

oo 6.8.3 0 O vtypel p.71.

6.10 J0O0OOOOooOooad

6.10.1 rtostr

rtostr(obj)
sobj000D0ODO0ODO.

return oon

obj oo

e JOUDUDOUDLUO objOODODODLO.

e OO DOOODDDOOOODLDDOOUOUDLDDbDOUO,00UDDbDbOOODRDO
gobooobooooog.

o LI, 000D0D00D0DOODLODOODODO, strtov O ODO.

[0] A=afo;

afo

[1] type(A);

2

[2] B=rtostr(A);
afo

[3] type(B);

7

[4] B+"1";

afol

RN 6.10.2 0 O strtovl p.73, 6.8.1 U O typel p.70.
6.10.2 strtov

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

str goboooboobooobooooo
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e JOODOOLDODOLODDOLODODLOODODO.

e DD OO0ODOODLOODDOO,00DbOLOODODO,DO,0000000

goooooog.

73

_goo

e rtostr() UO0OOO0,00000DOO0O0O0O0OO0ODOOOOOODOODOOOODO.

[0] A="afo";
afo

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

[afo0, 2]
[afo1l,2]
[afo2,2]

gd 6.10.1 0 O rtostrU p.73, 6.8.1 0 O typel p.70, 6.3.3 0 O ucl p.43.

6.10.3 eval_str

eval_str(str)
cstr (000)00000.

return goooono

str Asir 0 parser OO OQODOOOO

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

e OOODODO rtostr() O DOOODO.

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

3

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

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

strtoascii(str)
s 000000o0o0ooooooag.

asciitostr (list)
s 0oggpooogooouoggooog.

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

e strtoascii() U0 OUODOO0OOODOOOOOODO. O0OOOOODOOOODOOO

gog.

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

[1] asciitostr(@);



oed OO0OOOOO 74

abcxyz

[2] asciitostr([256]);

asciitostr : argument out of range
return to toplevel

6.10.5 str_len, str_chr, sub_str

str_len(str)
s goggooogg.

str_chr(str,start,c)
2000000000000 o0o.

sub_str(str,start, end)
s O0o0oooooao.

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

start end 0000
e str_len() OOOOOOOOOO.

e str_chrO O str0 start 000000000 DO0OOOOOO cODOOODOOODO
gobooob. oboboobo obobOobo. booboobbobooboboD 10
go.

e sub_str() O,str 0 start 00U end DOO00OOO0O0OOO0DOOODOOO.

[185] Line="123 456 (X+y)"3";

123 456 (x+y)~3

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

3

[187] DO = eval_str(sub_str(Line,0,Sp1-1));

123

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

7

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

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

6.11 OO0

6.11.1 end, quit

end, quit
s goooboooboobobobooobo.gbobooooooobobobooon
goboooboog.
e end, quit 000000000000, O’0000000000000.0000A0O
gooooooboobboboboo.bog,o0obobbobboobooboboobo
goooood.
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e JOUODODO,DO0DODODODOODLOOL,DOO0DDODODODODODO,DO0O0
ooobooooobobuobooboo,bdb00oob0obOo,00b0ob0b00bO ends
goobooooon.

[6] quit;

h
od 6.11.2 0 0 loadl p.76.
6.11.2 load

load ("filename")
:: filename 00O 0O0O.

return (110)

filename 00000 (DODO)

e J0IIOIOOOOOOOO,040000000 AsirOp.1600. 000000000
000000,cpp00000,COO0O00O0O0OO #include, #define 01000 OO0
O0. wmix OO0, 0000000000000000 cppdO0D0O0OOO. Windows
000 mcpp http://mcpp.sourceforge.net 00O O00. OO0OOOODOOOO0O
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
ggdg.

o LIODODOODOOODODOODODOO1IOOO,0000DO00O00 oOOO.

e JID0DOO OOODDOODDOO,ODOOODOOODOOODOODDOO
obobooobbUoob0. obbUoOouob,0b0O0 ASIRLOADPATHOOODODOOO
ooooooooooooobooooo. oobooooooboooooooooooo,
0000000000000 (00000000 ASIR.LIBDIROOOOODOOOOOO
000)000000. Windows 0000, ASIR_LIBDIROOOOOOOOOOOOO,
get_rootdir()/1lib 0000 0OO.

e 000DDODO0O0DDD,end$ 0000 load) 00000000 OOOODOO, OO
0000000000.000,000000000000000000000 end$ O
000000000000, (end; 00000,end 0000 000000000, end$
oooooo.)

e Windows 10000000 0OOOOOOOOO ,ooo0O.
gd 6.11.1 0 0 end quitl p.75, 6.11.3 U O which[ p.76, 6.14.16 00 U get_rootdir[]
p-92.
6.11.3 which
which("filename")
= 00 filename 000, load() OO0OODOOOODOOO.
return oon

filename 00000 (ODOO)O0OO O

e loadO) DD UODOODODLDOOOOODUODODUOLO,00DODUODODODOOO
goboodoboooo,ooobooboooonobg.
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00000000000 1eadO) ODODO.

Windows 0000000000 COOOO0O0O «,o0000.
[0] which("gr");
./gb/gr
[1] which("/usr/local/lib/gr");
0
[2] which("/usr/local/lib/asir/gr");
/usr/local/lib/asir/gr

6.11.2 0 0 loadl p.76.

6.11.4 output

output ( ["filename"])

0000000 filenameODOODOOODOOOODOO.

return 1

filename ooooo

oo

Asir 00000OO00O0OO0ODO,00D000CO0OO00OO0ODO. OO,bOb00000D000,
goooobooooboobooooobog,bboooo.

O00O0OO000O00D0O00D00O0D0, 00 output('filename") OOOOO. 0,000
0000000000 OC00DOO0DOOO0,00000 output() DODOOO.

O0DO0O0D00O0OO filename OO0O00O0O0O0O,00000D00O0COOCODOO,000
goboodogboo,oboobobooobooo,boooboboooog.

goooooobog " oogoboooboboobobooboo,oobobo,ooboooooo
gobooboobobogo,boobbooboooboboon.

O00O0DOO00O0O00OO0b0O0DOo0OOODOOoDOO, ctri(techot,1) OODOODODO
goboobobooobooooodg.

gbobodobo,ogboobobooboobobooboobobooboonoobad.

O0000,0000 (vtypeO OD)O0OOOOOOOODOODOOODOOOOO, bload(),
bsave() OO O0O0O,00,0000000000.

Windows 0000000000 OODOOOOO vo0on.

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

1

[87] quit;

% cat afo

1

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

0

[86]

6.14.1 0 0 ctrll p.84, 6.11.5 O O bsave bloadll p.78.



oed OO0OOOOO 7

6.11.5 bsave, bload

bsave (obj, "filename")
:w filename 00 obj 000000 O0O0OO0O.

bload (" filename")
: filename 000 O00O0O0ODDOOOOODOOO.

return bsave() : 1, bload() : DO ODODOODO
obj oboob,00boobooogobooogoo

filename ooooo

e bsave() UOUDOUDOODOOODOUODODOOOOODOOOOODODO. bload() O,
bsave() DUODOUO0O0O0O0OOOODOODODODODODODOO. DObObODbODODO
O00000O0o00,0000,0000 (veype(O) O0)OO0OO0OOOOODO,00000
gobooboooobooboooooooboon.

e output() U0 DOOOO0OOO,000000000O00CO0O0DOO, bsave() OOODO
U000 vleadO DODOOO,000000D00ODOOOODO,DOO0,000D0DOO
go.

o [IUOOUO, 00000 DOO0OOUOOOUOOOOOOOUOOOLOOO,Ob0OO0On,
dodo00oooooooooOooo0ooo0o0oooooon.
e Windows OOOOOOOOOOOOOOOOO ¢<voooan.
[0] A=(x+y+z+utv+w) "20$
[1] bsave(A,"afo");
1
[2] B = bload("afo")$
[3] A == B;
1
[4] X=(x+y)~2;
X" 2+2xy*kx+y”2
[6] bsave(X,"afo")$
[6] quit;
% asir
[0] ord([y,x]1)$
[1] bload("afo");
Y2+ 2%xky+x72

RN 6.11.4 O U outputU p.77.

6.11.6 bload27

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

return gooooog

filename ooooo

e JOOO,00000DO,1000 27hit0000D00ODLDOO,D000 1000 32 bit
goboogo. 0Dogb,bdd esave U0 0OO0OO0ODOO0ODOOO0ODODOODODOO
gobO.ddbobobobooboonobOdn vlead27 DO ODO.
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e WindowsUUODOODODODOODOODOOOODO ,/roooon.

ud 6.11.5 0 O bsave bloadl p.78.
6.11.7 print
print(obj [,nl])
xobjO0OODOO.
return 0
obj oo
nl ooo (o)

e objOUIOODOODODO.

o 1 2000000,0000,200000,0000.02000o0000,0000,
gbooooooogoobobo,00booooboobobo. 02000 2000,0
goboobooooboobooooobg.

e JO0ODOOOCOODO ODOODOO,print(); OOODOOO,0000000000DO.
printQO$ 0000, 000 0oOO0OOODO.

e JOUO objO0ODOUIDODODODL obpjbODODODODO.

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

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

xyz123gahaha

6.11.8 access
access(file)
s file0000O0O00OOO0O.

return (110)

file gooond
e fleOOOODODO 1,0000000000DO.

6.11.9 remove_file

remove_file (file)

s file000O0ODO.
return 1
file gooond

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

open_file("filename" [,"mode"])
: filename O OO0ODOO0O.
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close_file(num)

000 numO00000000D00OO0O.

get_line([num])

2000 numUO40oOooooO 1000.

get_byte (num)

000 numO0000000 100000.

put_byte(num,c)

2000 numO000000 1000 cO0OO.

purge_stdin()

s gboooooooooooooo.

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

byte(), put_byte() : OO

filename 00000 (ODODO)
mode oon

num

0000 (0000000)

open_file() JOODODOOOODOOOO. modeJO0DOOOOODOOOOO, mode OO
ooooooo,cobooobobnb fopenO OOOOOOOOODOOCOO. OOODO
gbooooooobo w',00bo0bobo0 "="0b.00b0bo,00b00b000
0000000bO0. 000000000 b0. 00000000000 close_file(O)
O000000.00000000 unix://stdin, unix://stdout, unix://stderr 0 0 0O O
ggooooooo, bbb, bn. oo oobon
gooaag.

get_line() 00 DOOOOODOOCOOODODCOOODO1DO00,0000D0C000.00DO
gobog,booobgo 1000,

get_byte() DUOODOOUODOOOODODOODO 1000000 OOODOO.

put_byte) U0 O0ODOUODOOODOOOODOOO 100000, 00b0obOoboboOoO
goo.

U0boo0ooDoobooOnoD get_1ine() DO OOODOO, 000 0000.

000000000, 000000 sub_str() OODOOOOODDOOOOOODODOO
eval_str() DOOOOOOOOOODOO.

purge_stdin() 0, 0000000000000. 0000 get_line() DO OOODO
goooooooOoOoOoOO,00000000000D0DOODODOOOOOOOOOOO
oooooooooo.

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

0

[186] get_line(Id);

12345

[187] get_line(Id);
67890

[188] get_line(Id);
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0
[189]
0
[190]
1
[191]
1
[192]
12345

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

[198]
123;
123;

[199]

RN

type (QQ) ;
close_file(Id);
open_file("test");
get_line(1);
get_byte(1);
/* the ASCII code of ’6’ */
get_line(1);

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

def test1() { purge_stdin(); return get_line(); }

test();

80

/* a remaining newline character has been read */

/* returns immediately */
testl1();

/* input from a keyboard */

/* returned value */

6.10.3 0 0 eval_str[ p.74, 6.10.5 0 O str_len str_chr sub_strd p.75.

6.12 JUUOogoooon

6.12.1 module_1list

module_list ()

return

:0o0oooooooooooooboon.
oobobobobobooboo.

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

HEN

421300000000p.25000

6.12.2 module_definedp

module_definedp (name)

return

name

00000 nameO0O0O0OOO0OOO.
(110)
goooono

e IUDODOO name 0O UOODODO 1, 0000000 0o00DO.
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[100] module_definedp("gr");
1

g 6.12.1 0 Omodule_listOp.81,4.2.1300000000p.25000.
6.12.3 remove_module

remove_module (name)
00000 nameOQOQOQOnQ.

return (110)

name goooono
e JODUIOOO 1,O00ODODO ODOOO.

[100] remove_module("gr");
1

RN 421300000000p.25000.

6.13 U0UOO

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

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

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

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

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

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

dtan(num)
= 000 tan(num) OO O00O.

return goooooo

num O
e JI0OOOOOOOUOOOUOULOOUOOOO.

e JJ000ODO COOOOOOOOOOOODODOODO.OO0OOO,00000000O
ooobobobobobobobobo.

e DD OODOODLOODDOODLOODDOODOODLDOODD.
e i DOOODODOODDOODLOOODDOOODOO.

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

dabs (num)
+ 000 |lnuml OOOO.

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

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

dsqrt (num)
: 000 sqrt(num) 0000

return goooooo

num O
e J0O0OOOODOOODOODO.

e 000000 CODODOODOOOODODOUOOOD.OODOOO,0DO0D0O00000O0O
goboobooobooboooboobobon.

e dabs(O0 dsqrtOUUIDOO0OOOODOOOODOOOODOOOODOOODOOODODOO
gooo.

e piIOUOODOOODODOODLOOODDOOOOO.

[0] dexp(1);
2.71828

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

ceil (num)
dceil (num)
cnumO00000000000000.
floor (num)
dfloor (num)
cnum 000000000000 0OO0O.
rint (num)
drint (num)
cnumO00000000.

return 0o

num U

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

e J0DOOUODUUODDOUODLO,DDbOUODbLODODDOObDDOODDUOObbUUODD.
o D DODODOUODODOODDOUODODUOODDODOUODOODDOODDO.

epi 000000 DOOO0DLOObOOObDDbOOn.

[0] dceil(1l.1);
1
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6.14 00O U
6.14.1 ctrl
ctrl("switch" [,o0bj]l)

S ERERERE
return goooooon
switch ooooo
obj oooo

Asir 000 O0O0O0oOooOo,gpoog.

switch OO0 UOO0O,0000000000O0O0O0OO.

obj OO UODOUODOODOO,0000000OO.
gbobooboobboobooo. bbooboobooooboa.
ooooooDbOoOo.0obob,ond 1,off0 OOODOO.

cputime

nez

echo

bigfloat

adj

verbose

quiet_mode

prompt

hex

real_digit

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

EzGCDOOOOOOOODOOO.O00DOOoOobO11000,0000000
goooa.

on 0000000 OCOODOOODOO,of0DO0OODOOODODOOOO.
output O ODOODOO0OOOOOOOO.

on U0, 0000000000 bigloat DU DO, 0000000 PARI
(6.1.1400parilp.39) 00 0000D0. OOODDOOOOOOOO 9000
0.00000D000D00000 setprecOO DOODO. of 00,0000
gobodbo,ogbooobobooboon.

gooooobooooboobob.1oboooboobooobo.ooo
oboo 3. 10000,0000000000000DODOODODO
gooboboog. booobobooobooboooobbo. 240000000
gboboooodpsdnno.

onUU,00000000000000O00O00¢0O.

1000,00000000000000.240000000000000
OO0p5000.

o00000DO0ODbODOODODO. 100000000 oo0bOOooD. CcOoo
0000000000000 000000O0ODOODOOOOO0. O (asirgui
O0000):  ctrl("prompt","\033[32m[%d] := \033[0m")

1000,000 0x0000 160000000000.-1000,1600
o,00 «rgoobogspuboobuobuobobon.

goboooboooobooobooooog.
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double_output
1go0,00oo0goobodgnbd dddddd D OO O0OO0OOO.

fortran_output
1000,0000000 FORTRANOOOOOOO.OOOOOoQg <o’
0000 «»¥’00000.(0o00ooooo.)

ox_batch 1000,0000000000000000000000O flush. 0000,
000,00000000 flush. (0000000 0) 070000000
p.93000.

ox_check 1000,00000000000000O0O0O00O000O0OO0O00OO00O. 0
000000.(0000000 1) O070000000p9300O0O.

ox_exchange_mathcap
1000,0Xserver 00000000, 0000 mathcap JO0OO0DOO.
(0000000 1) 070000000p.93000O.

0 6.14.6 00O cputime tstart tstopl p.87, 6.11.4 OO outputl p.77, 6.1.14
O0parilp.39, 6.1.15 O0OsetprecOp.40,  (undefined)d eval devalll
p.(undefined).

6.14.2 debug

debug »gooooooooon.
e debug OO DOOODOOOOO, ()’ODODOODODO.

e JO0IDOODODODDUDDODDOO (@ebug) ODODO,0D000DOO0DOODODOODO.
quit O ddoooogooooon.
e JIDDOODLOUODDOUODLO OSUbDUOODOP290DO.
[1] debug;
(debug) quit
0
[2]

6.14.3 error

error (message)
000000000000 00000000.

message ggod

e 0D, 000000D0O0,00D00DO0DODOOOODODODLODODOOD,DO
ooooooooob,0bo0bo0obbo0obboooboooooboobn. error() O,
gbobooboobboobooobooobuooboobbooboan.

e D00,error() DOO0OOODOOOOOODOODOOOO,0D0O0OOD.

e J000OOODODO,0D0DOO0O00O0DO,000DDOOO0OO error(O) O0OOODOO
0oo0oooo, 000000 ooooooooooon.
% cat mod3

def mod3(A) {
if ( type(A) >= 2 )
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g

6.14.

help(

return

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

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

(debug) quit
return to toplevel

(4]
6.14.2 0 0 debugll p.85.

4 help

["function"])
s 000o0oooooo.

0

function ooo

o LIDODOO,0000O0DOO0ODLOOODLD. DOOOLOOOODOODLObOOObO,o0nO0
000000000000 relp 0000000OO0OoOOObOOOODOODO,DO
OO0 PAGERUODDOOOODOOOO,0000 mre’ OOOODOOOOOOODOO

O

uo.

85

e JOOO LANGUDOODDOODODOO,D000 "japan" O0O0O"jaJP" 000000,
‘help’ DD OO0 ‘help-j’ U0 O00O0O0O0OO0OOOO. OOODOODOO, ‘help-en’

O

ubooboooboooobooaa.

e Windows U0, 0000000 00OOODOOOO0ODOODOODOOODO, 00000

O

6.14.

time ()

return

HTML OOOOOOOOO0oooooooooo.

5 time

goo

e CPUODODOOO GCOUDOOUOUODOUDDOODDOODO.
e GCOODODO,0D0O000O0DOOUDODODOUODOOODODODOO,CcPUDODODO,ODO

O

ckUOODOO GCOOOOOOOOO,bboObOoOoo.

s 0O0o0bobooooooobboobo cekitbgbboo gGecooooooo
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e time() O0O0OODOD,000000O0O0O0O0O0O0O0O0 CPUDDO,GCOO,0000O
gbooobobgooboobo,oobobooboboobobooboboooboobo
Oo.oooo, fecpu0nO (O),ccO0 (O),0000 (0DOO),0000 (OH1O
obobobo.1oo0b0bbo 4000000,

e NO0OOODODOO,DDO00D time() OO,0D00000O0COCPUDO,GCOOODO
go.

e UODOODOOUODDDOOO,D0DDLODOOODDOOOODDOOOOODDO
goboooboooboobooan.

e ctrl() U cputime() ODUODO cputime OO 0O0D on ODODOODOODOODOO, 0000
ooooooooooooo,b0o00oboooboOobobo.oob,b0o000oobO0oOoDo
oOo,00b00o0bbo0oo0oobbo0boo0uDn,time OODOOOOOOODO.

e getrusage() OO0 UNIXOOO time() ODOOOOOOODOOOO, Windows 95,
gsgUouooboooobooobDbooobooobboobDboUoLb. bog, o
o0o0ooO0oo,0000000000000.

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

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

(751 ["CpU",T1[0]-TO[O],"GC",T1[1]1-TO[1]];
[CPU,6.577163,GC,7.221549]

HEN 6.14.6 U O cputime tstart tstopl p.87, 6.14.8 0 U currenttimel] p.88.
6.14.6 cputime, tstart, tstop

cputime (onoff)
2000 0000 cputime JOOODOOO. ODOOODOOODODOODO.

tstart() : CPUtime O0OO0O.

tstop() = CPUtime 00OO0OOOCOOO.
return 0
onoff ooo (oo)

e cputime() 0,000 0000 CPUtime 00D O0O0O. O0DDOOODODOODODO.
e tsart JODODODO, ()O’0O00,CPUtime 0000O0OODO.

e tstopUDODOOO, OO0, CPUtme 00000, 0000000O0.

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

e tstart, tstop U, 00000 0OO0OOOOOODOOOOOODOO,D0D000000O
OO0o0oO00D0,+time(O) OOODOOOOOODOO.

e cputime() OO0 on,off 0, 00000 on,of 000, 0000000000000
0J00000Od0DO0dDO0DO0. D00, 0000000000, 00ooooooooon
000 cputime(1) 0O ODOODOODOOOODOOOOOO.

[49] tstart$
[60] fctr(x~10-y~10);
[[1,1], [x+y,1], [x"4-y*x"3+y " 2%x"2-y " 3*x+y~4,1], [x-y,1],
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[x"4+y*x~3+y " 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 U currenttimel p.88, 6.14.1 O O ctrl p.84.
6.14.7 timer

timer (interval, expr, val)
2000000000000 oo.

return ud

interval oooo (o)

expr ogoogog

val ooboooooooooo

e timer() U, 00 U0D000ODOODO0OODODO. bOODODUODOOOUODOODOODOO
gob.o0boobobooboobobooooo,03boooo.

e J300000,0000000D0DLDO0ODOOODOODODOOD.

[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 ()
2 000o00on
return 19700 10100000 00000000O00O.
e currenttime() OO UO0OOD. UNIXOOO, time(3) DOO0OO0O0OOOOOO.

[0] currenttime();
1071639228
[1]

6.14.9 sleep

sleep (interval)
0000000000

return 1

interval oooo (boooo)
e sleep() U,00000000D0CO0O. UNIXOOO,usleepOODOOOOOOODO.

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

heap()

return goao

RN

oooooooooOo (0O

00000000 0ooooD. (Do:0o0o)

88

:000)000. 00000, Asir 000000000,

gogbooboobooooboboooooboobooooooboo,bboooooboboooobooboobogoo
ugb.0bogoboobbg,obuoobboobuoobboob,oobbooboo
goooopoooopoo,oSoooooooooOoOoOobobboboboOogOoooooooo

goboobogo.

ooooooo0oooDooOo,00bb ~-adqjOobO00oDO,GCOOOOOOODO

ooooooao.
% asir -adj 16
[0] load("fctrdata")$
0
[97] cputime(1)$
Omsec
[98] heap();
524288
Omsec
[99] fctr(Wang[8])$
3.190sec + gc : 3.420sec
[100] heap();
1118208
Omsec
[101] quit;
% asir
[0] load("fctrdata")$
0
[97] cputime(1)$
Omsec
[98] heap();
827392
Omsec
[99] fctr(Wangl[8]1)$
3.000sec + gc : 1.180sec
[100] heap();
1626112
Omsec
[101] quit;

24000000000000000p.5.

6.14.11 version

version()

s Asir 0O00DO0O0O0OOO.

return goao
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e Asir HODOUODDOOOOOODO.

[0] version();
991214

6.14.12 shell

shell (command)
s command O000000O00O00O0O0O0OOO.
return oood

command 000

e command 0 CO system() OO0OO0OO00OO0O0DODOOOOOOOOO.O0ODODOCODO
gooboooo.

[0] shell("1s");

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

map (function, arg0,argl, . . .)
000, 00000o0oboooooon.

return arg0 0O DODOOO0OOOOO
function ooo
arg0 0oo0,0000,00

argl ... 00 (0D00O0O)

e arg) JODODODOOODOD, argl OO0ODOOODOOODOO function O0OODODO,
arg0 DO O0D00OO0OD0O0O0DOO0ODO0ODOODODOODOO0OOODLOO0ObOO0bODO0n
goog.

e function 0, 00000000DOOOOOCOODO.
e function OO OOOOODOOODOOO.

e arg0 0000,0000,0000000,00 arg0, argl, .. 000000 function O
00000000000,

e map U0OD function D0 O0O0O0O0O0O0O, 000000000000 OO0ODOOOODO
UoDb0. 0000000 parseerror HO0O. D00 map 000 car,cdr D00 OO0
000000000, Asir 00000000DOODOO0ODODOODOOODOODOO. ODODOO
Umap UOUOU0O mep DO O OOOQOQOQUQn.
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[82] def afo(X) { return X°3; }
[83] map(afo,[1,2,3]);
[1,8,27]

6.14.14 flist

flist () s ggboooooboobooobobooboobooboon.

return goooooo
e J0ODODOOOOOOOOOOO,ODOODODOOO0O0OOOOOOOOOOODOOOO.
e JI0OIOOODOOOOOUOUOOUOUDODOO.

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

6.14.15 delete_history

delete_history([index])
2 000oooooo.

return 0

index Oooooooooooo

e JOODODOOCO,00O0DOODOOOOOODODODOODODOO.

e JOODODOOCO,00D0DDOODOOOOOODO.

e JO00OODODODODO,00000O0OODODOOOOCOOOOOOOOOOOOODDO,DO
000 enumber 000000000 O0OOO. O00O0OO,0000000000000
O0oo0oooooooooooooo.

e JJ00D0ODOOUUIDOODDODDOUUOL,000DDODUOUDDODODOOUOODODOO,
bsave() 0O DOO0OOODOODOODOO, delete_history) OODOODOOOODOOODO
ooooooooo.

[0] (x+y+z)~100%
[1] @0;

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

6.14.16 get_rootdir

get_rootdir()
sAsr 00DO00D000D0O0O00DOO0O
return oon
e UNIXOODOO,ODODOO ASIR_LIBDIROOOODOOODDODOODOOODO,DO0O0O
OO0Oddd ‘/usr/local/lib/asir’ OGO 0O.
e Windows 00 00O, ‘asirgui.exe’ 000000000 (pin’ OOODO0OOOOOO
0)0oooooooooooo.

o LIUODODOOODLDOOOODLDOOOODLDLDOOOODDLDOOODLODO,DbDOO
gobodgboobboobooobboobuooboobbooboobobg.
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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.
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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.100, 7.5.8 0O U ox_
pop_cmo ox_pop_localll p.103, 7.5.15 O O ifplot conplot plot polarplot
plotover[ p.107

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

NN 7.5.100 ox_launch ox_launch_nox ox_shutdownp.96, 7.5.2 00 ox_launch_
genericll p.98

7.5.3 generate_port, try_bind_listen, try_connect, try_accept,
register_server

generate_port ([use_unix])
;o port O OO

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

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

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

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

return generate_port() OO0 0ODOOOOO0OO. OO0OOODO.

use_unix 0000 1

host gooo

port control_port server_port
goooooon

socket control_socket server_socket
oo

e OO OO,0D0DIO0ODODOOOODODDOOUOOOODOOODOOODODOO.

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

e try_bind_listen() O,00000 port UODO, 00 protocol OO UOOO socket 0
00, bind, listen OO. OOO0O0OO,socket 0O0ODOOO. OO0O0O0OO,-1000.
e try_connect() 0,000 host O port port 000 connect O O0. OOOOODO,

socket ODOUOOO. 000O0OODO -1D000O.

e try_accept() U, socket OO0 connect OO0 accept U, 00 0000OMO socket
000.000000 -1000.00000000,socket 00000 closeOO0O. O
O port O, socket O protocol OO OOODODOOONO.

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

U000, o0x_push_cmo() OO OOODODOODOOOODOODO.

0000000000, shell) 00O00CODODO.

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

37222

[342] CSocket=try_bind_listen(CPort);
3

[343] SSocket=try_bind_listen(SPort);
5

/*
OO0, ox_launch OO0
% ox_launch "127.1" 0 39716 37043 ox_asir "shio:0"

*/
[344] CSocket=try_accept(CSocket,CPort);
6
[345] SSocket=try_accept(SSocket,SPort);
3
[346] register_server(CSocket,CPort,SSocket,SPort);
0
uad 7.5.1 OO ox_launch ox_launch_nox ox_shutdown[] p.96, 7.5.2 O0Oox_

launch_genericl p.98, 6.14.12 O 0O shelll p.90, 7.5.7 OO ox_push_cmo
ox_push_localll p.102

7.5.4 ‘ox_asir’

‘ox_asir’ 0, Asir 00000000 OpenXM OODOOOOD0OOO. ‘ox_asir’ O,
ox_launch 000 ox_launch_nox O0O0O0O0O. OO0 XOOOOOOOOOOOOOOO
ooooa.

[5] ox_launch();
0

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

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

[sumire,rokkaku,genkotsu, shinpuku]

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

[0,1,2,3]

oo 7.5.1 0 0 ox_launch ox_launch_nox ox_shutdown[ p.96

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 gubooaboboaoodgd

return 0
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number 0 (00O0OOODO)
func oo0o
command 000

arg0 ... o0 (oo)
e UOU number OO DOUODOODOODOODODO.
e JOUODOUODLOODODLO,0DOO0CDODO.

e ox_rpc() O0,0000 ‘ox_,asir’ 0O000OO0OOO0DOODOOODO. ODODOOODOO,
ox_cmo_rpc() 0O OO.

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

e UDOODO ‘ox_,asir O0OOODO (DOD0O Kan OO0 ‘ox_smi’'0D0) ODOODOO,
Open XM UO0OO0O0ODOO0ODOOOOOOODOOOOOOODOODOOOO.

e ox_execute_string 0, 000000 command 0000000000 OCOOODOO
000,00 0000000000DbO00bO0O00D0bOOoOoDOoaa.
[234] ox_cmo_rpc(0,"dp_ht",dp_ptod((x+y)~10, [x,y1));
0
[235] ox_pop_cmo(0);
(1)%<<10,0>>
[236] ox_execute_string(0,"12345 % 678;");

0
[237] ox_pop_cmo(0);
141
g 7.5.8 0 0 ox_pop_cmo ox_pop_localll p.103

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

ox_intr (number)
000000 SIGINT OO

register_handler (func)
s 000o0oooooooooooon

return 1
number O (OoobooooD)
func goopoogoo o

e ox_reset() 0,000 number UOOUODOOODOOOO,000000DO0OODOODODO.

e JOOOOODODODLOOLDL,DO0DOODODODLOOLODODOODODODL,DOOO
goobo,gbobobuoboboboboo.

gbobob RUNOOOOOOO,b0boboboobooobobooboo.

e DUOODODDODOO,00DODDLOODLOODLOODOD. ODO0DbO0ODbOOn
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 SIGUSRL OUODOODODO. */
[340] Procs=[ox_launch(),ox_launch()];

[0,1]

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

[0,0]

[343] register_handler(reset);

1

[344] interrupt ?(q/t/c/d/u/w/?) 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.100

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 oooogo

e 100 number 0O0O0ODOO objOOOOO.

e ox_push_cmo 0, Asir 000 Open XM O0ODODO0OOOODOOODO.

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.100, 7.5.8 0 U ox_pop_
cmo ox_pop_localll p.103
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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.100, 7.5.9 0 00 ox_push_
cmd ox_syncll p.103, 7.5.12 0 0 ox_selectU p.105, 7.5.10 O U ox_get p.104

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.100, 7.5.6 U U ox_reset
ox_intr register_handler[] p.101

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.103, 7.5.9 0 U ox_push_cmd ox_syncl[]
p-103

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.103
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.103, 7.5.9 0 U ox_push_cmd ox_sync[]
p-103, 7.5.10 0 U ox_getU p.104

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.103, 6.14.1 O 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]

RN 7.2 0 U Mathcapl p.94.
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.96, 7.5.6 (I [J ox_reset
ox_intr register_handler[] p.101

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.96, 7.5.6 (I [J ox_reset

ox_intr register_handler[] p.101, 7.5.8 [ U ox_pop_cmo ox_pop_localll
p-103.
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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.
0000 (head monomial)
00 (head term)
000 (head coefficient)

goboooobooboobboooo,booboboooboo. bbooooo
goboodboooo,oobobooobo,oobooobooo,oobooboa.

82 OO ULon

ooooobooboobbobobUub0obUO dp_gr_main() OO0 dp_gr_mod_main(),
dp_gr_f_main() U0 3000000000000, 000,00000000000000
ooooooooo0oooooOooooOoooOooOobOo.oboooooooOoo0o,000on ‘gre
O leadO) ODOOOOO0ODOOOODODOOOOODD. grd,Asr00000000OO0OO
gboboboobon.

[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],...]

0D00000.0i00,1,2000000,Li000000000.00000,00000
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*t*xy 3+16%2" 2%y 2+ (-8*%t " 16+48%t"13-56*t"11-120%t " 10+224*t"8+160*t"7
—56%t76-336%t"5-112%t"4+112%t " 3+224*t " 2+24*t-56) *z " 4*xy+(t"24-8*t"21
+20%t"19+28*%t"18-120%t~16-56*t " 15+14*%t~14+300*%t~13+70*t~12-56*t~ 11
—400%t~10-84*t"9+84*t " 8+268*t " 7+84*t"6-56%t " 5-63*t "4-36*t~3+46%t"2
—12%t+1) %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+ (7T 2% T 4+3%kt T2+t ) ky+ (m2% L T6+4* L T3 +2%E-2) %272,
2%t 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 " 54+2%xt"4-4*t " 3+5xt"2-t) *z,
Z7 3%y T 2+2xt " 3xy+ (—tTT+2%LT4+E72-) %272,
—txzky " 2-2%Z " 3ky+t"8-2%t "5-t"3+t72,
—t 3%y " 2-2%t " 2%z " 2%y+ (£ "6-2*%t " 3-t+1) ¥z 4,z 5-t"4]
[93] gr(B, [t,z,y,x],2);
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[x"10-t,x"8-2,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.124, 8.10.10 O O dp_ordll p.127.
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.124, 8.10.10 00 dp_ord0p.127, O
000000 0p.93

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.120, 0 7O O OO
000p.93

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

oo 8.10.2 0 0 1lex_hensel lex_tl tolex tolex_d tolex_t10 p.120.
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.120, 8.10.400 gr_
minipoly minipolyl p.123.

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
U00Db0O 1prime() DODOODOODODOO.

2. modular 0 200000000,00000000000 trace-lifting OO0O. O
ogooooooooo,odooa.
3. modular 00000, -modular 00000000 O0O0DOOOOOQO, trace-lifting
goooooooooooooooooooooooooooobooooooog.
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 ODOOOOODO.

e homo, modular 000, dp_gr_flagsO 00000000 OOOODOOOOOOOOO
ooog.

RN 8.10.1000 dp_ordUp.127, 8.10.9 00 dp_gr_flags dp_gr_printp.127, 8.10.1
U0 gr hgr gr_mod[p.119, 10.5.1 0 U setmod_£f£f0p.156, 8400 000000
ooooddp.112.

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)
»F400000000000000D0O0O0ODO (booooo)

return goo
plist vlist OO0

order g,0o0obooooon

e MIDUODUDOODUODUODODODODODO.

e FAOOODODODODO,J.C Faugere 0O DOODOOOO0ODODOOOOOOODODOODOO,O
gob,0bbooboobbooboobboooboobboobon.

e J00ODODUOODOUDUOD,0DUOODDOOCODOO dp_gr_main(), dp_gr_
mod_main(), dp_weyl_gr_main(), dp_weyl_gr_mod_main() OO0O0OOO.

oo 8.10.1000 dp_ordUp.127, 8.10.9 00 dp_gr_flags dp_gr_printlp.127, 8.10.1
O0gr hgr gr_modd p.119,840000000000000p.112.

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)
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return goo
plist vlist OO0
order O,0000000o
homo ooad

modular O0000D00O0O

ugd

goboooboo,0bo0boooobooboobboobon.

nd_gr0,p0 000000O00O0O0O Buchberger O ODOOODOOODOO. p0O 200
0000000, GF(p) OO Buchberger 00 OO0O0OOOOOO.

nd_gr_trace U0 nd_f4_trace U0 UODOOOO trace DODOUODOOODOODOO. pO
oooo01000,00000Db00Db000000,00000D0 traceOO0OnDOoO
O000.p0 200000, traced GF(p) DOUOOOOO. trace 00000000
oobobooobobo.pbobO0Ob,b0Db0DO0ODOODODLDODLO.ODODO, P
O-1goboogoooooobbooob,obbooooooboooboboooobbooooo
O000000Db00. nd_f4_trace 0, 00000000, 0000000 F40ODO
o0o0o0o0oobOoOoooOOo0,00o000bob0 oboOObOOOUODbOO Ss-OboboOoooDo
oooooOoOoooO,00oo00ooo0o0ooDOo0ooboooOoOoD.OobbooOoooo
OO000O00D0O0O0bOO0000O0,nd_gr_trace DO0OO0DOOOODOOOODO.

nd_f4 0 modular 0 O DO DODOO0OODODO, modular HOOOOOOODODOOODONO
o0 rM40O000b00oooboon.

nd_weyl_gr, nd_weyl_gr_trace U Weyl DO D ODOO.
oO0o0oOd0oDO,0000bOo0O0boo0ooogoo.

000 dp_gr_main, dp_gr_mod_main DO0O0O0O0000, 000000000000
oo.

[38] load("cyclic")$

[49] C=cyclic(7)$

[50] V=vars(C)$

[51] cputime(1)$

[62] 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 O O dp_ordU p.127, 8.10.9 0 U dp_gr_flags dp_gr_printl p.127, 8.4
ooooooooooboogOp.12.

8.10.9 dp_gr_flags, dp_gr_print

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

s ggboooboooobooobooa,od
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return oogd
list ooo
i 00

e dp_gr_main(), dp_gr_mod_main(), dp_gr_f_main() DO OO0 O0OOOODOOOO
goooo,oooo.
e JIDDOOOD,00DOODDOODO.

e OO0, ["Print",1,"NoSugar",1,... 1] 00000000, 0000000000O. O
gbobogbooobooobooaoo.

e dp_gr_print() U,000000 Print, PrintShort DO D ODOOD0O,000OO0O. O
oodbOoboOobobooboo

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

O00,dp_grmain() JO00O0O000O00O0O00OOOO0OODOOO0ODOOOO,0000
goboboobooobobooooooo,boooobboooooboboooobogoo
goog.

oo A0 00000 DO0ODOOOOp.112
8.10.10 dp_ord

dp_ord([order])
s ggoooooo,on

return 00000 (O,0o0o0D00000)

order g,0o00ooooo

e J0UDOO,000DDO0O oderb00IO0O. 0DO00ODOO,000DOO0ODOOOD
oooboo.

gobooboobooobooboo,obooobooboobooboboooboobooDbOoon
goo,b0boogbooboobo,obooogooboooboooogoboobooboooobo.

grO U0, 0000000000000000,000 dp_ordO DODOODO,000DO
gobodbo.booba,bbogboooboog.

e 0 DOODOOODOO,DOODODOODLOOODOODDO. O0ODL,O0DO
goboboobooobobooooobooboooo,oobooboobooooobooooboobooo
goboo.gg,bogbobooboooo,boobooboboobobooboooogd
gobogooab.

gbobooobobobooobobooboboboo,obobooboboooobo
gooboobooobooon.

[19] dp_ord(0)$

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

[22] <<1,2,3>>+<<3,1,1>>;
(1) %<<3,1,1>>+(1) *<<1,2,3>>
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oo §5000000000p.115

8.10.11 dp_ptod

dp_ptod(poly, vlist)
s 00o0oooooooooooon.

return gooogooo
poly aooo
vlist ooo
e JO0ODO vlist 00D ODOODOODOODOODOODOODODOODODODOD.

e vist 00OO0DODOOOCOO,000000DOOOOOODO

[50] dp_ord(0);

1

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

(1) *<<2,0,0>>+(2)*<<1,1,0>>+ (1) *<<0,2,0>>+(2) *<<1,0, 1>>+(2) *<<0,1, 1>>
+(1)%*<<0,0,2>>

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

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

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

RN 8.10.12 0 O dp_dtopl p.128, 8.10.10 U U dp_ordU p.127.

8.10.12 dp_dtop

dp_dtop(dpoly, viist)
s doo0oooooooooooon.

return goao
dpoly gooooog
viist oood

e JOUODOOLODL,DO0DODODODODODODODODODOD.
e JOUODOOLO,0DbO0DODODODODODODODODODODODODO.

[563] T=dp_ptod((x+y+z)~2, [x,y]);

(1) *<<2,0>>+(2) %<<1,1>>+ (1) %<0, 2>>+ (2%z) *¥<<1,0>>+ (2*z) *<<0, 1>>
+(z72)*%<<0,0>>

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

Zz" 2+ (2%a+2%Db) *z+a "~ 2+2*b*xa+b~2

8.10.13 dp_mod, dp_rat

dp_mod (p, mod, subst)
s 00O oogooooogoooog

dp_rat (p)
s 00O oogooooogoooog
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return ooooooo

p ooooooo
mod 00
subst ooo

e dp_nf _mod(), dp_true_nf mod() U,000000000O00D0OC0OOODOOOODOO
ob.000o00oub,dpomod() DOODODDOODODOODOOODOOOODOOUODOODOOO
gooobo. oo, 0boo00o0oobo,boobobooobobooooboog,ooobooboo
oooooooooooo,dp_rat() DOOOOO0OOODODO.

e JOUDUOODLUODOUDO,000D00 setmod) DUDOUODUODOOODOODODO
gobooooog.

e subst U, 000000000, 0D000D0C00O0C00OO00ODOODLDOOOOOOD
oooooboooooooobooo,booooboo0oooog, Chvar, valuel, .. .1 00
gooooog.

oo 8.10.16 U U dp_nf dp_nf_mod dp_true_nf dp_true_nf_modU p.130, 6.3.11 O
0 subst psubst p.48, 6.1.16 O O setmod p.40.

8.10.14 dp_homo, dp_dehomo

dp_homo (dpoly)
s ggbooaboboaoodg

dp_dehomo (dpoly)
= 000000000000 00

return goooooo

dpoly goooooo

e dp_homo() U, dpoly 0 OO ¢t00DO0,0000000D0001000,00000
000 ddeg(t) (dO dpoly 00DD0D)0000O0O0OOOODOOO.

e dp_dehomo() O, dpoly DO DOODOOO, 00000000 O0DOOOOODOOOCOODO
gooooo.

o OO0, 000D0DO0ODOODDODDODOOD,ODDbODbDOODDODDODO
goobooooon.

e hger O UDUODOD,000D00ODO0ODLDODOO.

[202] X=<<1,2,3>>+3%<<1,2,1>>;
(1)*<<1,2,3>>+(3) *<<1,2,1>>
[203] dp_homo(X);
(1)%<<1,2,3,0>>+(3)*%<<1,2,1,2>>
[204] dp_dehomo(@);

(1) *<<1,2,3>>+(3) *<<1,2,1>>

HEN 8.10.1 0 U gr hgr gr_modll p.119.
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8.10.15 dp_ptozp, dp_prim

dp_ptozp (dpoly)
s 0000000000000 bOOoOOobOOoD GCb o 1o0Oo0O.

dp_prim(dpoly)
2 0000000000000 00O00O00000ooOoO0ooD GEebo 1000.
return goooooo

dpoly goboogoo

e dp_ptozp() O, ptozp() 00000000 ODODDOOOOOOOOOD. 000000
00000,000000000000000000000.

e dp_prim() O, 00000000000, 0000D0000000DO0OOOOODO.

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

(=3%y+3%2) ¥<<2>>+ (3*y " 2-3%272) ¥<<1>>+ (=3*zxy " 2+3%2 " 2%y) *¥<<0>>
[209] dp_ptozp(X);

(—y+2) #<<2>>+ (y72-272) *<<I>>+ (—z%y " 2+2 " 2%y) #<<0>>

[210] dp_prim(X);

(1) #<<2>>+ (~y=2) *<<1>>+ (z*y) *<<0>>

HEN 6.3.18 O U ptozpU p.52.
8.10.16 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

dp_nf (indexlist , dpoly, dpolyarray , fullreduce)
dp_nf _mod (indexlist, dpoly, dpolyarray , fullreduce , mod)
0000000000000 0OD0O. (bobooooOooOoooooooD)
dp_true_nf (indexlist, dpoly, dpolyarray, fullreduce)
dp_true_nf_mod (indexlist, dpoly, dpolyarray, fullreduce, mod)
s 0000000000000 0D. (o000 [0bo,00100000)
return dp_nf() : O000OO00OO0O, dp_true_nf() : O0ODO
indexlist 000
dpoly ogoooooo

dpolyarray
00

fullreduce OO0

mod 00
e 1IDDOODO dpoly OOOODODOOO.

e dp_nf_mod(), dp_true_nf _mod() DD UD, dp_mod) DODOUO0O, 00000000
O0000o0o0ooobooooooooon.

e JUOUOODL,0000D00ODOUUODLOUODLO,denfOUUODODODODODOODODO.
0o00o0ooodn dponf_mod) UDOOUODOO, 0000000000 dp_nf_mod()
goooood.
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ood

dp_true_nf (), dp_true_nf_mod() O, [nm,dn] 00000000 O00O. 00O, nm
000000, 000000000000000,dn 000000000 nm/dn OO
goooa.

dpolyvarray 00 0000000000 DOOODODODO, indexlist D OOOODOOOOO
dpolyarray 0000000000 QOQOOO.

fullreduce 0 0 00000000 O0OOOOOOOOO. fullreduce 0 00O O0ODOOO
ooo0ooooooo.

indexlist 00O 0000000, 000000000000000.

U000 indexlist 00O 0O0O0OOO0O0OOOODOOOODOODOODO,OD0Db0ObOOOO
goboooooon.

gobogooboobboobbooboooboobobooboboobbooboo
gobD.00bboo0oboon, ponf, p_true_nf DOO0D0O0O.

[0] load("gr")$

[64] load("katsura")$

[69] K=katsura(4)$

[70] dp_ord(2)$

[71] V=[uO0,ul,u2,u3,usdl$

[72] DPl=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*u3d+2*xu2+6*ul-2) *ud+9*u3~ 2+ (6*u2+18*ul-6) *u3d+u2”~2
+(6*ul-2)*u2+9*ul”~"2-6*ul+1

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

-5%ud "2+ (-4*u3-4*u2-4*ul) *ud-u3d"2-3*u3d-u2" 2+ (2*xul-1) *u2-2*ul~"2-3*ul+1
[78] dp_dtop(dp_nf([0,1,2,3,4],T,DP2,1),V);
-11380879768451657780886122972730785203470970010204714556333530492210
456775930005716505560062087150928400876150217079820311439477560587583
488*ud”~15+. ..

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

[80] @78==079;

1

8.10.12 00 dp_dtopUp.128, 8.10.10 00 dp_ord[p.127, 8.10.13 0 1 dp_mod dp_
ratl p.129, 8.10.27 0 O p_nf p_nf_mod p_true_nf p_true_nf_modl p.136.

8.10.17 dp_hm, dp_ht, dp_hc, dp_rest

dp_hm(dpoly)

s gboooooooo.

dp_ht (dpoly)

s ggooaoo.
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dp_hc (dpoly)
s gooooooao.

dp_rest (dpoly)
s ggbooboooooaoboboooog.

return dp_hm(), dp_ht(),dp_rest() : OO0O0O0O0O0O,dp_hc() : DOOODOODO

dpoly gboooooo
e DD, 0D000D0DO0ODLOODDOODLOODDOOODO.
e IIDODOODO pOObDbOODbOOO.

p = dp_hm(p) + dp_rest(p)
dp_hm(p) = dp_hc(p) dp_ht(p)
[87] dp_ord(0)$
[88] X=ptozp((ad6~2+7/10%a46+7/48)*u3"4-50/27+a46~2-35/27+a46-49/216)$
[89] T=dp_ptod(X, [u3,u4,a46])$
[90] dp_hm(T);
(2160) x<<4,0,2>>
[91] dp_ht(T);
(1)*<<4,0,2>>
[92] dp_hc(T);
2160
[93] dp_rest(T);
(1512)*<<4,0,1>>+(315) *<<4,0,0>>+(-4000) *<<0,0,2>>+(-2800) *<<0,0, 1>>
+(-490) %<<0,0,0>>

8.10.18 dp_td, dp_sugar

dp_td(dpoly)
s goooogoon.

dp_sugar (dpoly)
» 0000 sugar OO 0O

return goao
dpoly goooooo
onoff ooo

e dp_td() O, 000000, 0D000000DLO0OO0O0OODO.

e IIUIDOOODOOODDOO,sugar HOODOO0ODOOODLOOO. DOODO O
goboobooobobooboooboboobooooboooboo.

e sugar U, JUUOUOUOUOOOOOOOOOODODOOOOOOOODODOOODODOOOOO
gooooono.
[74] dp_ord(0)$
[75] X=<<1,2>>+<<0,1>>$
[76] Y=<<1,2>>+<<1,0>>$
[77] Z=X-Y;
(-1)*<<1,0>>+(1) *<<0,1>>
[78] dp_sugar(T);
3
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8.10.19 dp_lcm

dp_lcm(dpolyl,dpoly2)
= 000ooooo.

return gooooon
dpolyl dpoly2
oooooon
e JOODOOODOOLODLODOLOLDOOO.ODOO1IDODO.
[100] dp_lcm(<<1,2,3,4,5>>,<<5,4,3,2,1>>);
(1)%<<5,4,3,4,5>>
RN 8.10.27 0 O p_nf p_nf_mod p_true_nf p_true_nf_modl p.136.

8.10.20 dp_redble

dp_redble(dpolyl,dpoly2)
0000000000000 0D000.

return RN
dpoly1 dpoly2
ooooooo
e dpolyl D0O0ODO dpoly2 00 00D00O0DOO0O 1,00000000o0000O.
e 00D ODOOODODO,D00O0OOUOOOOOOOOOODOO.

[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
RN 8.10.25 0 O dp_red dp_red_modll p.135.
8.10.21 dp_subd

dp_subd (dpolyl,dpoly2)
s gooooooood.

return goooooo
dpolyl dpoly2
ooOooooo

e dp_ht(dpolyl)/dp_ht(dpoly2) 00 0O0. 000000 1000.
e JI0DDO0ODOODLODOODOODDOOODOOOD.
[162] dp_subd(<<1,2,3,4,5>>,<<1,1,2,3,4>>);
(1)*<<0,1,1,1,1>>

HEN 8.10.25 0 O dp_red dp_red_modll p.135.



o8l OO0O0OO0OO0OO0O000 133

8.10.22 dp_vtoe, dp_etov

dp_vtoe (vect)
s O0000oooOoooo

dp_etov (dpoly)
s 0000oonooooag

return dp_vtoe: O UOOOOO, dp_etov: OO OO
vect goog

dpoly 0000000

e dp_vtoe() U,0000 vect 0O DOO0OOOOOOOODOODO.

e dp_etov() 0,0000000 dpely OODOODOODOODOODODOODODODO.
[211] X=<<1,2,3>>;
(1)*<<1,2,3>>
[212] V=dp_etov(X);
[123]
[213] V[2]++$
[214] Y=dp_vtoe(V);
(1) *<<1,2,4>>

8.10.23 dp_mbase

dp_mbase (dplist)
:: monomial 00000

return gbobooboogbod

dplist gobooboobooo

e I0000O0OODODOOOOOOOODDDD,000000000000000
dplist 0000, dplist 0 K[X]0OOOOOOOOO [0 00000,K000000
000000 K[X]/I O monomial 000000000,

e J0DDDODOUO,K[X]/IDO K-OODDODODODODODOODOODOO.

[215] K=katsura(5)$

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

[217] GO=gr(K,V,0)$

[218] H=map(dp_ptod,GO,V)$

[219] map(dp_ptod,dp_mbase(H),V)$
[u0~5,u4*u0"3,u3*u0"3,u2*u0"3,ul*u0"3,u0"4,u3"2*ul, u2*u3d*ul,ul*u3d*uo,
ul*u2*ul,ul~2*%ul,ud*u0"2,u3d3*u0"2,u2*u0"2,ul*u0"2,u0"3,u3"2,u2*u3d,ul*u3,
ul*u2,ul"~2,ud*ul,ud*ul,u2*ul,ul*ud,u0"2,us,uld,u2,ul,ud, 1]

go 8.10.1 0 U gr hgr gr_modU p.119.
8.10.24 dp_mag

dp_mag(p)
s gooopooooooogdg
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return O

p gboooooo

e J00DDOODODUULULODDOOOOODOL,DDO0OOODO (DODODOODOODO)OOO
gooogobood.

e OO ODOODDODDOODDOODOODLO.ODDO,00bbO0DDODODOODO
gobooobooobo,obbbooooobobooooboboooooboooooboooo
goog.

e dp_gr_flags() U, ShowMag, Print  on U0 O OO0ODOO0OOODOOOOODOODOO
000 dp_mag) ODOOOOODOOOODO.

[221] X=dp_ptod((x+2*y)~10, [x,y1)$
[222] dp_mag(X);
115

oo 8.10.9 0 O dp_gr_flags dp_gr_printl p.127.
8.10.25 dp_red, dp_red_mod

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

s 0000ooo
return ggd
dpoly1 dpoly2 dpoly3
ooooooon
vlist oon
mod RN

dpolyl +dpoly2 DO DOO0ODOOODODO dpoly3 0O 100000O.
e dp_red_mod() DO OO, 00000000 OOOOOLOODLOOODOO.

U0000o0d dpoly2000000. 00O, dpoly2 0000 dpolys UO0OUODODO
goboboboboboobobobuobobuobob.

000000000,000,000000000,00 a b0 t000 a(dpolyl +
dpoly2)-bt dpoly3 0000 O0O0DODO.

000, [adpolyl,a dpoly2 - bt dpoly3] 00O 0O O00D0OO.

[157] D=(3)%<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>;
(3)*<<2,1,0,0,0>>+(3)*<<1,2,0,0,0>>+(1)*<<0,3,0,0,0>>

[158] R=(6)*<<1,1,1,0,0>>;

(6)*<<1,1,1,0,0>>

[159] C=12%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>;
(12)%<<1,1,1,0,0>>+(1)*<<0,1,1,1,0>>+(1)*<<1,1,0,0,1>>

[160] dp_red(D,R,C);
[(6)*<<2,1,0,0,0>>+(6)*<<1,2,0,0,0>>+(2)*<<0,3,0,0,0>>,
(-1)%<<0,1,1,1,0>>+(-1)%<<1,1,0,0,1>>]

HEN 8.10.13 0 00 dp_mod dp_ratll p.129.
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8.10.26 dp_sp, dp_sp_mod

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

= S-00000o0d
return gogodooon
dpolyl dpoly2

ooooooo
mod oo

e dpolyl, dpoly2 0 SSO0O0O0D0O0DOOO.
e dp_sp_mod() 0000,00000000000000000000.

e JOOODODO,DDOOOODODODODOOOOO,O0DODODOOO,O0D0D0DOO00000000
ooooooao.

[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>>

g 8.10.13 U 00 dp_mod dp_ratl] p.129.
8.10.27 p_nf, p_nf_mod, p_true_nf, p_true_nf_mod

p_nf (poly, plist, vlist, order)
p_nf_mod(poly, plist, vlist,, order, mod)
0000000000000, (D0D0Dbooooooooooon)

p_true_nf (poly, plist, vlist, order)
p_true_nf_mod(poly, plist, vlist,, order, mod)
s 0o00oooooooood. (DDDDD [OO,00100000)

return p_nf - OO0, p_true_nf : OO0
poly ooo

plist vlist OO0

order 0o,00000o00o

mod oo

e g JO0OOODOODO.

e JO0ODO,000000000DO0ODDOODODO.

e dp_nf(), dp_true_nf(), dp_nf_mod(), dp_true_nf mod DO OOOOOOOODOO
oo.

e poly OO0 plist 0,0000 vlist 00000000 otypeOOODOODOOODOODO
0000od, dp_nf(Q, dp_true_nf (), dp_nf_mod(), dp_true_nf _mod() OO OO O.
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e dp_nf(), dp_true_nf (), dp_nf_mod(), dp_true_nf_mod() O fullreduce O 1 000
ooog.

o LIUDODOUOOLOOODLDOODODOODO.

e p_true_nf(),p_true_nf mod() OO DOOOOO,dp_true_nf (), dp_true_nf_mod()
ooooag.
[79] K = katsura(5)$

[80] V = [u5,u4,u3,u2,ul,u0l$
[81] G = hgr(K,V,2)$

[82] p_nf(K[1],G,V,2);

0

[83] L = p_true_nf(K[1]+1,G,V,2);
[-1503...,-1503...]

(84] L[0]/L[1];
1

oo 8.10.11 0 O dp_ptodU p.128, 8.10.12 0 O dp_dtopU p.128, 8.10.10 O O dp_ordl
p-127, 8.10.16 O O dp_nf dp_nf_mod dp_true_nf dp_true_nf_modl p.130.

8.10.28 p_terms

p_terms(poly, vlist, order)
s 000000000000 0Ooooon.

return gdd
poly ooad
vlist gooo
order O, 00000000

e cr’ 00 0O0ODOOO.

e J0DDDDOOO0OODLDOOOODODDOOOODODOD. viistOOO order 0000
odo0oOo0odoOoOo,000b0b000oo0o0ooobo0ooooobOooooooo.

e JIIUIOO0OOOOOOODODDODODODOO,O0DOOODODODODOOOOOOOOO
Ooooooooo.
[233] G=gr(katsura(5), [ub,ud4,u3,u2,ul,u0],2)$
[234] p_terms(G[0], [u5,ud4,ul3,u2,ul,ul],2);
[u5,u0°31,u0"30,u0"29,u0"28,u0"27,u0"26,u0"25,u0"24,u0"23,u0"22,
u0~"21,u0°20,u0"19,u0"°18,u0"17,u0"16,u0"15,u0"14,u0~13,u0~12,u0"11,
u0~10,u0°9,u0°8,u0"7,u0"6,u0"5,u0"4,u0"3,u0"2,u0,1]

8.10.29 gb_comp
gb_comp (plist1, plist2)
0000000, 00000000000O0DDOOODOOOO0O.

return 0000 1

plist1 plist2
e plistl, plist2 0000, 000000000 OOOOOOODOOOODO.
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e JOUODODODODOOODOO,0O0OLODL,0DO0ODODODODO,DO0D0O0O0
obobobobobobobob.

[243] C=cyclic(6)$

[244] V=[cO0,c1,c2,c3,c4,c5]$
[245] GO=gr(C,V,0)$

[246] G=tolex(GO,V,0,V)$
[247] GG=lex_t1(C,V,0,V,0)$
[248] gb_comp(G,GG);

1

8.10.30 katsura, hkatsura, cyclic, hcyclic

katsura(n)
hkatsura(n)
cyclic(n)

hcyclic(n)
000000000

return goao

n g
e katsura() O ‘katsura’, cyclic() U ‘cyclic’ D00 O0OODOO.

e IDDOODOOODDOODLOOO,DDO00DO0D0DO00 katsura, cyclic OO
gobooooboooood.

e cyclic U Arnborg, Lazard, Davenport U OO OOOOOOODOOODO.

[74] load("katsura")$

[79] load("cyclic")$

[89] katsura(b);

[u0+2*xud+2*u3d+2*xu2+2*ul+2*xusb-1, 2*ud*xu0-ud+2*xul*ud+u2~2+2*xub*ul,
2*xu3*xu0+2*ul*xud-ud+ (2xul+2*xub) *u2, 2xu2*xu0d+2*xu2*ud+ (2*ul+2*xub) *xu3
—u2+ul~2,2*xul*ul0+ (2*xu3+2*ub) xud+2*xu2*u3d+2*xul*u2-ul,
u0”"2-u0+2*ud " 2+2+xu3" 2+2*xu2 " 2+2*xul "~ 2+2*xu5" 2]

[90] hkatsura(5);

[-t+u0+2%ud+2*ud+2*u2+2*xul+2*ub,

—udxt+2*xud*xu0+2*xul*ud+u2~2+2*xub*ul, —ud*t+2*xu3d3*u0+2*xul*xud+ (2*xul+2*ub) *u2,
—u2*t+2*xu2*u0+2*xu2*xud+ (2*ul+2*xub) ¥u3d+ul~2,
—ul*t+2*xul*u0+ (2*xu3d+2*ub) *ud+2*xu2+u3d+2*xul*u2,
—u0*t+u0"2+2*%ud " 2+2*%u3"2+2*xu2"2+2*%ul " 2+2*xu5"2]

[91] cyclic(6);

[cB*cd*xc3*c2*xcl*xc0-1,

((((ch+cbh) *c3+cb*cd) xc2+chxcd*c3) xcl+chxcd*c3*c2) *cO+ch*kcd*c3*c2xcl,
(((c3+ch) *c2+cb*cd) xcl+chxcd*c3) xcO+chd*c3*c2xcl+chxcd*c3*c2,
((c2+ch)*cl+ch*cd) *cO+c3*c2kcl+cd*c3*c2+c5*cid*c3,

(c1+ch) *cO0+c2*xcl+c3*c2+cd*c3+chbxcd, cO+cl+c2+c3+cd+c5]

[92] hcyclic(6);

[-c"6+ch*cd*c3*xc2xcl1*cO,
((((ch+cbh)*c3+chb*xcd) *xc2+cbxcd*c3) xcl+cbxcd*c3*c2) *cO+chb*cd*xc3*xc2*cl,
(((c3+ch)*c2+chb*cd) *cl+chbxcd*c3) *xcO+cd*c3*c2xcl+ch*cd*xc3*c2,
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RN

((c2+cbhb) *c1+chb*cd) *cO0+c3*c2*xcl+cld*xc3*xc2+c5xcd*c3,
(c1+ch) *cO+c2*xcl+c3*c2+cd*c3+cbxcd, cO+cl+c2+c3+cd+c5]

8.10.12 0 O dp_dtop p.128

8.10.31 primadec, primedec

primadec (plist, viist)

primedec (plist, vlist)

0000000
return
plist gooooo
viist gooono

oo

primadec(), primedec U ‘primdec’ 0O OODODOODO.

primadec(), primedec() 00O 0OO0OO0ODOOOOODOOOOOO,00000O
ooooooo.

0000000ooooooo00ooooDO. 00oDooooo0OoUoooDOoO.
primadec 0 [0 000, 00000001 0000000O.

primadec U DO OOOOOOODO.
oooooo,000ooo0oooooooooooooooooboooooo0oo
0.00000000,000000 PRIMAORD, PRIMECRD OODOOOODOO.
primadec 0 [Shimoyama,Yokoyama] 00O ODOOOOOOOOOOOOOO.
O0000D000O0000D0O0, primedec 0000000, O0O0,00000000

ugbobooboodoboobn,primadec U0 0O0O00O0OO00O0O00O0O0O00OOOOOOOO0DOO
goo.

[84] load("primdec")$

[102] primedec([p*q*x—q 2%y 2+q 2%y, -p~2%X"2+p  2*X+p*q*y,

(g~ 3*y~4-2%q~3*y~3+q 3%y~ 2) *x-q " 3*y~4+q 3%y~ 3,
—q"3*y"4+2%q"3%y"3+(-q"3+p*q~2)*y~2], [p,q,x,y]);
[Ly,x1,[y,pl,[x,q],[q,p], [x-1,q], [y-1,p], [(y-1)*x-y,q*y~2-2*%q*y-p+q]]
[103] primadec([x,z*y,wxy~2,w 2xy-z"3,y"3], [x,y,z,w]);

[[[x,z*y,y"2,w 2*y-2"3], [z,y,x]], [[w,x,z*y,z"3,y"3], [w,z,y,x]1]

6.3.15 0 0 fctr sqfrJp.50, 850000000 00O p.115.

8.10.32 primedec_mod

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

s gooooon
return
plist oooooo
vlist ooooad
ord O, 00goooon
mod ooo
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strategy od

oo

primedec_mod() O ‘primdec_mod’ OO O DOOODOO. [Yokoyamal] OO O OO OONO
ooooooooooooo.

primedec_mod () U O UODO0OOODOOODOOOODOODODOOO,0D00DO
goooood.

primedec_mod() 0, GF(mod) 00 ODO0O0O0OOO. O0OO0OOOOOOODO,000
gooooogd.

000000,00000000000000000D0O0DOO00A0 [viistord) 0000
gbobobobobooboboobon.

strategy 0 0 00000, incremental 0 component 00000000000 OO0OO
early termination 0 00O . OO0, 000000O0O0O0O0OOOOOO,0DO000DO
0b0,0000000000 overhead UOODOODOODOO.

00000000 O0DODODOD0D0O0DOO dp_gr_print(2) OOOOOOODO
go.

[0] load("primdec_mod")$

[246] PP444=[x"8+x"2+t, yT8+yT2+t, z"8+z"2+t]$

[247] primedec_mod(PP444, [x,y,z,t],0,2,1);
[[y+z,x+z,z"8+z"2+t], [x+y,y 2+y+z"2+z+1,z"8+z"2+t] ,
[y+z+1,x+z+1,2"°8+2"2+t], [x+z,y " 2+y+z " 2+z+1,2"8+z"2+t] ,
[y+z,x"2+x+z"2+2z+1,2"8+z " 2+t] , [y+z+1,x"2+x+z2"2+z+1,2"8+z"2+t] ,
[x+z+1,y " 2+y+z"2+z+1,z"8+z"2+t] , [y+z+1,x+z,2"8+z"2+t],
[x+y+1,y " 2+y+2"2+2z+1,2"8+2"2+t], [y+z,x+z+1,z"8+z"2+t]]

[248]

6.3.17 0 Omodfctrl p.51, 8.10.6 J 0 dp_gr_main dp_gr_mod_main dp_gr_£_
main dp_weyl_gr_main dp_weyl_gr_mod_main dp_weyl_gr_f_main[] p.124,
8§5000000000p.115. 810900 dp_gr_flags dp_gr_printU p.127.

8.10.33 bfunction, bfct, generic_bfct, ann, ann0

bfunction(f)

bfct (f)

generic_bfct (plist, vlist, dvlist, weight)
s bhbO0OOO0O

ann (f)

annO () 0000000 annihilator OO0 O

return goooooooo

f ooao

plist oooooao

viist dvlist
o0ooDoo

‘pfct’ JODOOODODOO.

bfunction(f), bfct(f) OOOO f O global bO0O b(s) OODOODO. b(s) O, Weyl
O00DpD0ODOO0OOD0OOODOO DLs]l OO Px,s) OODOODO, P(x,s)f"(s+1)=b(s)f s [
000DOD0O0OD00O v(s) OODO,000000000000.
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e generic_bfct(f,vlist,dvlist,weight) O, plist 000000 DODODOOOO 10,00
00 weight 0000 global bODOOOO0O. viistd x00, viist 00000 D-O00
oooooo.

e bfunction [0 bfct DD D UOOOO0OOO00O0OODODODODO. ODDODDOODODDOOOO
go.

ann(f) O, f~s O annihilator ideal 0000000 . ann(f) O, [a,list] O0O0O0O
O0.000,a0 fO bOODOO0O0OOO,list0 ann(f) 0000 s$0,a0000
oooooo.

0000000, [Saito,Sturmfels, Takayama] O O O .

[0] load("bfct")$

[216] bfunction(x~3+y~3+z73+x"2%y 2%z~ 2+x*y*z) ;
-9%575-63%s574-173%5"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*y~3*dt+dy,
x*y*dt+b*z~4*dt+dz, -x"4-z*y*x-y 4-z"5+t]$

[219] generic_bfct(F, [t,z,y,x],[dt,dz,dy,dx],[1,0,0,0]);
20000*s~10-70000%s7"9+101750%*s"8-79375%s~7+35768%s~6-9277*s"5
+1278%s"4-72%s"3

[220] P=x"3-y~2%

[221] ann(P);

[2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y+6*s]

[222] annO(P);

[-1, [2xdy*x+3*dx*y~2, -3*dx*x-2*dy*y-6]]

oo 8.900Weyl 000 p.119.
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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,910000000000p.142000.
[0] AO=newalg(x~2-2);
(#0)

HEN 9.5.2 0 0O defpolyl p.147

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
0o 9.5.1 0 Onewalgd p.147, 9.5.3 0 0 alg p.147, 9.5.4 0 0 algv p.148
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.147, 9.5.4 0 0 algvl p.148
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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.147, 9.5.2 0 O defpolyl p.147, 9.5.3 0 O algl p.147

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.147, 9.5.4 O O algvl p.148
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)

gd 9.5.300alglp.147, 9.5.4 0 0 algvl p.148
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.119, 9.5.10 J 00 asq af af_noalgll p.150
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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

ud 6.3.14 0 O res p.49, 9.5.10 0 U asq af af_noalgl p.150
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 0 0 cr_gcdal p.149, 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 00O asq af af_noalgl p.150, 9.5.2 OO defpolyl p.147, 9.5.6 U
O algptoratl p.148, 9.5.9 00 U sp_norm[] p.150.

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 9.5.13 0 0 algtodalg dalgtoalg dptodalg dalgtodpl p.152

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 U set_fieldl p.152
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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 U defpoly_mod2[] p.162
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.156
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_£f£0 p.156

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.156

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.156

10.5.6 simp_£ff

simp_£ff (obj)

return

obj

0, 0000000b0o00b0obo0obooaoo
goooaoo

gboooooo

o L, 0J0OU0OODOODLOODLDDOOOLOOODLDO.
o LI, 0000D00O0O0OO0DOOO,DO00,00000O0OO0DDOODOODbOOOnOO.

157
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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.156, 10.5.8 U U Imptopl p.159, 10.5.10 O U gf2ntonl]
p-160, 10.5.13 0 U ptosfp sfptopl p.162

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.156, 6.1.8 0 1 random[] p.36, 6.1.9 O [0 1random[] p.36
10.5.8 1lmptop

1mptop (obj)
» GF(p) 0OOOOO0ODODOOODOOOO

return goooooo
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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 0 simp_££[ p.158

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.160
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.160
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.161
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 ptogfonl p.161
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.156, 10.5.6 U U simp_£f£f[ p.158

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.156

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((z*xy 3+z*y)*x"3+(y 5+y 3+zxy~2+2z)*x"2+z " 11xy*x+z"10*%y~3+z"11) ;
[[@_0,1], [@_O*z*y*x+@_0*y~3+@_0*z,1], [(@_0*y+@_0) *x+@_0%*z"5,2]]

RN 10.5.1 0 O setmod_££[1 p.156, 6.3.17 0 O modfctr p.51
10.5.16 fctr_£ff

fctr_ff (poly)
s 10000000000000000

return goo

poly 00000 100000
£ 00000000.
e 00000DD,000000000000D0O0DO0DOOOO.

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.156

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£[1 p.156
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_££[1 p.156, 10.5.7 00 00 random_££[1 p.159
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_££[1 p.156
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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 O0Op.142000.)

<000>:
1+0i, 2.3*@i

<ggo>:
‘v gooooboob

<goooods>:
‘<2 <JOd> >>»?

(0800U0UDLO0OULOOOUDOOpP111000O.)

<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
000000O0p.154000.)

‘gr’ 0000000000oOooO. (b8OoUUUUUboOooDOoOp.111DO0O))

‘sp’ ooooO0oO0OO0OO0OO0OO0OO00OO0O0,00000. (D900D0DO0OOOOODODDO
p.142000.)

‘alpi’

ngk’

‘cyclic’

‘katsura’

‘kimura’® O0000000O0COOO,0000000C000O0O0CO000O. (8.10.300
O katsura hkatsura cyclic heyclicO p.138 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 noalgl p.150) 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.107) OO0 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
(8.10.31 O O primadec primedecO p.139 0 O ).

‘primdec_mod’
0000000000000 0bOoO0o0oooooOO (8.10.3200 primedec.modO
p.14000).

‘bfct’ bOOOOO. (8.10.33 0 O bfunction bfct generic_bfct ann ann00 p.140 0 0O ).

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.



OO0 A OO 170

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) )
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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.

A6 OO

[Batut et al.]

Batut, C., Bernardi, D., Cohen, H., Olivier, M., "User’s Guide to PARI-GP",
1993.

[Becker,Weispfenning]
Becker, T., Weispfenning, V., "Groebner Bases", Graduate Texts in Math. 141,
Springer-Verlag, 1993.

[Boehm,Weiser]
Boehm, H., Weiser, M., "Garbage Collection in an Uncooperative Environ-
ment", Software Practice & Experience, September 1988, 807-820.

[Gebauer,Moeller]
Gebauer, R., Moeller, H. M., "An installation of Buchberger’s algorithm", J.
of Symbolic Computation 6, 275-286.

[Giovini et al.]
Giovini, A., Mora, T., Niesi, G., Robbiano, L., Traverso, C., ""One sugar cube,
please" OR Selection strategies in the Buchberger algorithm", Proc. ISSAC’91,
49-54.



OO0 A OO 174

[Noro,Takeshima]
Noro, M., Takeshima, T., "Risa/Asir — A Computer Algebra System", Proc.
ISSAC’92, 387-396.

[Noro,Yokoyama]
Noro, M., Yokoyama, K., "A Modular Method to Compute the Rational Uni-
variate Representation of Zero-Dimensional Ideals", J. Symb. Comp. 28/1
(1999), 243-263.

[Saito,Sturmfels, Takayama]
Saito, M., Sturmfels, B., Takayama, N., "Groebner deformations of hypergeo-
metric differential equations", Algorithms and Computation in Mathematics 6,
Springer-Verlag (2000).

[Shimoyama, Yokoyama]
Shimoyama, T., Yokoyama, K., "Localization and primary decomposition of
polynomial ideals", J. Symb. Comp. 22 (1996), 247-277.

[Shoup] Shoup, V., "A new polynomial factorization algorithm and its implementation",
J. Symb. Comp. 20 (1995), 364-397.

[Traverso]
Traverso, C., "Groebner trace algorithms", Proc. ISSAC '88(LNCS 358), 125-
138.

[Weber]  Weber, K., "The accelerated Integer GCD Algorithm", ACM TOMS, 21,
1(1995), 111-122.

[Yokoyama]
Yokoyama, K., "Prime decomposition of polynomial ideals over finite fields",
Proc. ICMS, (2002), 217-227.



0O 175

% D
/2 47 dabs ... 83
daCOS .ttt 82
dalgtoalg ............coiiiiiiii 152
A dalgtodp ...........ooiiiiiii 152
BCCESS . ettt et e 79 32::22;
A 100 il 83
AT NOALE - 150 ACOS . vt 82
Blg 147 debug........ ... 85
algptorat ... 148 defpoly.......iiiii 147
algtodalg ...............iiiiii 152 AefPOLY_MOA2 . ... 162
ALEV ..o 148 =Y 44
=1« 140 delete NiStOTY .....ooverneraeaeeannn... 91
ANN0. ... e 40 et 64
APPENd . .. 58 deval ... 38
arfreg............ 67 deXD e o i 83
AT et 72 AEL100T . .ottt 83
asciitostr ........... ... ...l 74 AT . 119
ASQ e et e et 150 diff ... 48
dlog ..o 83
dAno. . 37
B dp_dehomo ............... ... ... ... ... 129
Ap_dtop. ..ot 128
BECt . 140 AP_OBOT -+ e e e e 134
bfunction ........... .. ... ... L. 140 AP_A_MAIN .o 125
bload........coii 78 dp_f4_mod_main .......................... 125
bload27 ... .. 78 dp_gr_:f_main ............................. 124
bsave. ... ... 78 Ap_g_f1aES . oo 127
dp_gr_main ............oiiiiiiiiii 124
dp_grmod_main............................ 124
C dp_gr_print .............. ... ... ... 127
call ... 72 dp_hc.... ... 131
(o T 58 dp_hm.........i 131
CAT ottt 58 dp_homo. ... 129
ceil ... 83 dp_ht... ... 131
characteristic Ff . ....oooooenoee, 157 dp_lcm......... 133
CLOAT_CAMVAS « oo 109 AP_Mag. .ottt 135
close_file ... 80 dp_mbase ... 1;3
COBT Lttt 44 Ap_IOd. ...
dp_nf.. ... ... 130
COla. . 66 AP_DE_MOA + e e e 130
COLM . o\t 66 AP_OTA. e e e 197
COLX .ttt 66 AP_PTAI. v e eeee e 130
COMJ .\ttt et e 37 AP_PEOQ . e 128
conplot. ... ..o 107 AP_PLOZD « oo 130
oo} + = 2 58 AP_TAL o oo 129
Cputime. ... 87 AP Ted. ..ot 135
Cr_geda. ...t 149 Ap_Ted _mMod . ..ot 135
o v 84 dp_redb]_e ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 133
currenttime .......... ... ... ... ..., 88 Ap_Test. .. .ot 131



oo

dp_sp_mod ..............ii 136
dp_subd............. ... 133
dp_SUgAT ... 132
dp_td. ... .. 132
dp_true_nf .......... ... ... .. ... . 130
dp_true_nf mod.................. ... .. ..... 130
dp_vtoe........... .. 134
dp_weyl_f4 main........................... 125
dp_weyl_f4 mod_main....................... 125
dp_weyl_gr_f main......................... 124
dp_weyl_gr main........................... 124
dp_weyl_gr_ mod main....................... 124
dpodalg.......coiiiiiiiii 152
draw_obj ... 109
draw_string .............. ... .. ... .. 109
Arint . ... ... 83
ASIn ..o 82
dsqrt ... ... 83
dtan . ......co i 82
E

ecm_add_£ff ............. ... .. 164
ecm_chsgn_ff ........ ... .. ... .. .. Ll 164
ecm_sub_ff ....... ... .. ... ... 164
ediff ... ... 49
=55 T 75
= 85
eVal ... 38
eval _Str.. ... T4
extdeg_ff ......... ... ...l 158
F

facC . o 33
fetr . 50
fetr_ff. . . 163
field_order_£ff .............. .. .. .. ........ 157
field_type_ff ...... ... ... ... ... ... .. ... 157
flaist ..o 91
Floor. . .o 83
funargs................. 72
functor...... ... .. 72
G

Bb_COmP. ..ot 138
BCd . 53
generate_pPort ...............iiiiiiiiiii., 99
generic_bfct.......... ... ... .. il 140
get_byte...... ... ... 80

176
get_rootdir ........... ... ... Ll 92
getenv...... ... 92
getopt ... ... 92
gf2nton......... ... ...l 160
gf2ntop...... ... 161
= 119
gr_minipoly ......... ... ... 123
Eromod. ... ..ot 119
H
heyclic.....ooooi 138
heap......... .. 89
help.....ooo 86
hgr . . 119
hkatsura ............. ... ... i 138
I
1and . ..o 41
Adiv. .o 33
ifplot... .o 107
Iged .o 34
igedentl. ... ... 34
ilem. .o 34
int32ton.... ... 41
INV .o 35
INVIMAt . .o 64
i 41
ATEM. ot 33
irredcheck_ff ........... ... ... ... . . ..... 163
ishift...... .. .. 42
ISQrt .. 35
IO o ettt e 41
K
katsura............ ... ... 138
kmul.......o. . 55
ksquare.............iiiniiiiiiiii 55
ktmul....... ... 55
L
length. ... ... ... 58
lex_hensel ........... ... ... i 120
lex_hensel_gsl.............c.ccvinnenn... 122
lex_tl. .o 120
IMPEOP . oottt 159
load . ..ot 76
Iprime. ... ... 35
Irandom. ...t 36



oo

11 E= o P 90
1= 63
1= v o 63
(1= v 63
MAtTiX . . .ot 62
mindeg..........o . 44
minipoly ... 123
minipolym ............ ... ... .. 123
modfctr. . ..o 51
module_definedp............. ... ... ... ... .. 81
module_list .......... ... .. ... 81
mt_load...........ii 36
Mt SAVE . ot ittt e e ettt 36

nd_det........... ... .. 64
nd_f4. ... ... 125
nd_f4_trace ......... ..., 125
NA_gr. ..o 125
nd_gr_trace ................ i, 125
nd_weyl_gr ............ i 125
nd_weyl_gr_trace.......................... 125
newalg. ......ooiiiiii 147
newbytearray .............. ... . ... 62
NEWMAT . . o v ottt ettt e 62
Newstruct ......... ... 67
NEWVECT . ..ttt 60
o0 37
TMOTIO « & e vttt et et e e e e e e e e e 44
ntogf2n........... ... 160
ntoint32........ ... .. 41
DEYPE . ottt 71

OPEN_CANVAS .« . e eeteteteeeeeeeeaeennn. 109
open_file ........ ... .. .. . il 80
OFd .ot 45
output.......... ... 7T
OX_CIMO_TPC v vevteeteeeeieieieaennns 100
ox_execute_string......................... 100
ox_flush .............. ... . ... ... 105
OX_GEL . ottt 104
ox_get_serverinfo......................... 106
ox_launch .......... ... ... .. 96
ox_launch_generic.......................... 98

0x_launch_NoX ........viiiiiii i 96

177

OX_POP_CIO . o\ttt eee e 103
ox_pop_local ............. .. .. ..., 103
OX _POPS + « v e vttt et 104
ox_push_cmd ............ ... ... ... .. L 103
ox_push_cmo............... ... ... ... 102
ox_push_local ............................. 102
OX_TESEE .\ttt 101
OX _TPC e ettt ettt 100
O0X_SeleCt ...t 105
ox_shutdown ............. ... ... . ... . ... 96
OX_SYIC . o ettt ettt 103

pP_nf .. 136
pnf_mod ... ... 136
p_terms.......... 137
p_true_nf ......... ... 136
p_true_nf mod.............. ... .. ... ... 136
Pari.....i 39
Plot ..o 107
Plotover ......... ... 107
polarplot ............ ... ... 107
PTiM. ... 52
primadec ............. ...l 139
prime.............. . 35
primedec ........... ... 139
primedec_mod ................. ..., 140
print.......... L 79
psubst........... 48
ptogfan...... ... ... 161
ptosfp..... ... 162
PLOZD ..ot 52
purge_stdin ........... ... ... ... L 80
put_byte......... ... ... 80
Q

QSOTL . oot 65
QuUit ... 75

TANAOM . .« v v ot ettt e e e e e 36
random_ff ........ ... ... ... ... ... 159
randpoly_ff ........ ... ... .. ... ...l 164
rattoalgp ............. i 149
Yo 54
register_handler.......................... 101
register_server.............. ... ... ... 99
remove_file ........... ... ... 79
remove_module .............iiiii 82



oo

oY= Tt 49
LOVEE S . v vttt ettt et et et 58
ANt .. 83
o) - 66
e Pt 66
TOWXK o v v ettt et e et e e e e e 66
a7 T=3 v ol P 73

SAdV . .o 45
SAIVIN. . oot 45
set_field .......... ... ... 152
set_upfft ....... ... ... 56
set_upkara .............iiiiii 56
set_uptkara ................ ... 56
setmod. ... 40
setmod_ff ...... ... ... .. ... 156
SEtPreC. ..t 40
sffctr. . . 163
sfptop.......... 162
shell .. ... 90
simp_ff.... .. ... 158
simpalg........... ... 148
S1ZE . i 63
Sleep. ... 89
B D e e 151
5] J o T3 o 150
ST .. 50
ST ot 45
=T o 1 45
<=/ 45
STEMIM . . .\ttt e ettt et et et et s 45
Str_chr. ... ... e 75
Str_den............iiii e 75
strtoascii .......... i 74
SErtOV. . 73
struct_type .......... ... ...l 69
SUb_Str... ... 75
SUbSt .. ... . 48

AV . 47
time . .. 87
timer . ... .. 88
e 2 = 120

178
tolexX_d. .. 120
tolex_gsl .. ..ot 122
tolex_gsl d.......c.ooiiuiiiiin 122
tolex_tl ... 120
BOL@XM. . oottt 123
try_accept ... 99
try_bind_listen.............. ... .. ... ..... 99
try_conmect ........... ... ... 99
tstart. ... 87
ESEOP . ottt 87
By PO e vt 70
U
TG ot e ettt e e e 43
UAECOMP . . ot vttt et e 56
UAdV . o 58
ufctrhint .......... ... ... ... ... 50
UGCA . .t 58
uinv_as_power_series....................... 57
UMUL . oot e e 54
umul _f£. ... . 54
L0 =Y 58
urembymul .............. . 58
urembymul_precomp.......................... 58
L0 B Ao T ot 56
ureverse_inv_as_power_series.............. 57
USQUATE . .. oottt e et e e e i 54
usquare_ff ........ ... L. i 54
utmul ... 54
utmul _ff.... ... 54
UBTUNC . ..ottt e e e et e 56
.\/
R ol 42
VTS et ettt e e 43
7= 60
= 1 60
VerSION. .ottt 90
VEOL ot 61
VEYPE - oottt e 71
W
which...... ... ... 76



Ooon

1 Introduction . ...eeeeeeeeeeeseeeesoesssocnssnns 1
2 RiSa/ASII e e ittt i i i e, 3
A 10
I I L 16
N I 28
6 OOO0O00O 4eeeeeeeeeeeooosssssssssssonssns 32
A5 I 92
8 HOOOOOOODOD veeeeeeeeeooosaosssossooees 110
9 OO0D00000D0DODO 6eeeeeeeessooeeeasooeooeas 141
10 DO00ODOOO00O weeeeeeeeessssssooocsossonaas 153
I I 165
I 175



[ O
1 Introduction.............c.0 ... 1
1.1 00000000 ... 1
1.2 Notation ...........ciii 1
1.3 OOO0 oo e 2
2 Risa/ASir ......cooiiiiiiiiiiiiiiiii., 3
2.1 RisaOODO ASIr . ... 3
2.2 ASir OO0 .. e e 3
2.3 Installation...................o oo 3
2.3.1 UNIX binary version...................coovviiii... 4
2.3.2 UNIX source code version ......................... 4
2.3.3 WiIndows version..............ouuuuiiiiiineeniin.. 5
24 000000000000 ... 5
2.5 OO OO . 6
26 00000000 ... 7
2.7 OO OO o 7
2.8 OOOOD0 ..o 8
29 O000,0000 e 8
K 2 L 10
31 Asic OOOOODODO ..o 10
3.2 OO0 12
3.3 OO00O0O0 ... 14
O I . N 16
41 00 (COOOOODO) oiiei e 16
42 00000000000 ... . . i 17
421 O000000 ... 17
422 00000000 ... . 18
4.2.3 OO .o 19
O/ S T 19
4.2.5 O 20
4.2.6 return [ ... ... . . . . 20
4.2.7  Af O 21
4.2.8 OO0, break, return, continue................... 21
429 O0000 . ... .. 22
4210 O0O000O0O0 .. 22
4211 0000000 ... . 23
4212 0000000 ... . 24

4213 DOODOODO oo 25

ii



5 S 0 L 28
5.1 OOOODODO o 28
5.2 OOOODOOMO o 28
5.3 OOUOUOOOODO oo 30
54 DD00O0O00O0O0DOO0O0O0O0 o 31

6 HUOUOOOD weveir it iiiineiannnnn 32
6.1 OO OO o 32

6.1.1 didiv, irem ......c.oouuiiii 32
6.1.2  fac ... ..o 32
6.1.3 iged,igedentl. ... 33
6.1.4 A1Cm ... 33
6.1.5 3sqrt ...t 34
6.1.6 Anv ... 34
6.1.7 prime, lprime............. i 34
6.1.8  Tandom ... ...\t 35
6.1.9 1random. .. ... 35
6.1.10 mt_save,mt_load..........covviuiiiiiiernniii.. 35
6.1.11 mm, dn.....oooi 36
6.1.12 conj, real, imag .......couuriiiiii 36
6.1.13 eval,deval .........ooiiiiiieeiiii. 37
6.1.14  pari . ..o 38
6.1.15 setprec....... ..ot 39
6.1.16 setmod.........oouiiiii 39
6.1.17 ntoint32, int32t0m ... .vvvvte e 40
6.2 bit OO .o 40
6.2.1 iand, ior, iXOT..... ...t 40
6.2.2 dshift..... ..o 41
6.3 OO0, 000000 .. 41
6.3.1 var ... 41
6.3.2 vars ... 42
0.3.3  UC .ot 42
6.3.4  Coef ..t 43
6.3.0 deg, mindeg .........ooiiiiiiii 43
6.3.6 MMONO ...t 43
6.3.7  OTA .\t 44
6.3.8 sdiv, sdivm, srem, sremm, SQr, SQTM................ 44
6.3.9 tAiv ... 46
6.3.10 o 46
6.3.11 subst, psubst ...ttt 47
6.3.12 diff ... 47
6.3.13  eddff ... . 48
6.3.14  res ... 48
6.3.15 fetr, sQfr .. ..ot 49
6.3.16 ufctrhint.........ooiuuriiiie 49
6.3.17 modfctr..... ... 50
6.3.18 PLoZp ... 51
6.3.19 prim, cont ........... i 51

iii



6.3.20 gcd, gCAZ .ot 52
6.3.21 red ... 53
6.4 OODOOOOODO o 53
6.4.1 umul, umul_ff, usquare, usquare_ff, utmul, utmul_ff
..................................................... 53
6.4.2 kmul, ksquare, Ktmul ...........c.ooiiiiii... 54
6.4.3 set_upkara, set_uptkara, set_upfft............... 55
6.4.4 utrunc, udecomp, UTeVeTrSe. .. .......ovvueeenneen... 55
6.4.5 uinv_as_power_series,
ureverse_inv_as_power_series...................... o6
6.4.6 udiv, urem, urembymul, urembymul_precomp, ugcd... 57
6.5 OOOODOD o 57
6.5.1 car, cdr, cons, append, reverse, length ........... 57
6.6 LD o 59
6.6.1 newvect, vector, vect ..., 59
6.6.2  1BOV ..ottt 60
6.6.3 VEOL ..ot 60
6.6.4 newbytearray ...............iiiiiii 61
6.6.5 mnewmat, MatTiX...........ovrrerimiii.. 61
6.6.6 mat, matr,matc..............iiiiii 62
0.6.7 SiZe ... 62
6.6.8 det, nd_det,invmat ...............iiiiiiiii 63
6.6.9 qSOTt ...t 64
6.6.10 rowx, rowm, rowa, colx, colm, cola................ 65
6.7 OO 65
6.7.1 newstruct.............iiiiiii 66
6.7.2 arfreg......... ... 66
6.7.3 Struct_type .....coriii 68
6.8 OODOOODOO . 69
0.8.1  BYPe i 69
6.8.2 mbype ... 70
6.8.3 VEYDPe ... 70
6.9 OOOOOOODO o 71
6.9.1 call ... 71
6.9.2 functor, args, funargs................eieiiiiii... 71
6.10 ODOODOOOODOO oo 72
6.10.1 rTtostr.....ooiiiii 72
6.10.2 Strtov......ooiiiii 72
6.10.3 eval_str........coiiiiiiiiiiii 73
6.10.4 strtoascii, asciitostr.............. ... ..., 73
6.10.5 str_len, str_chr, sub_str ....................... 74
6.11 OO o 74
6.11.1 end, quit ... 74
6.11.2 Toad......ovniiii 75
6.11.3 Which.. ... 75
6.11.4 outpUL . ..ot 76
6.11.5 bsave, bload..........c.oviiiiiiiiei.. 77
6.11.6 bload27..........ooiiiii 7

iv



6.11.7 print.......couiiii 78

6.11.8 access ... .ot 78
6.11.9 remove_file ......... ..ot 78
6.11.10 open_file, close_file, get_line, get_byte,
put_byte, purge_stdin............... ... ... ... 78
6.12 O0000000000DO o 80
6.12.1 module_L1ist .......oouiiiiiiniiiii 80
6.12.2 module_definedp..........ccovvmmuiiiiiiennninn.. 80
6.12.3 remove_module ..............iiiii 81
6.13 OO0 oo 81
6.13.1 dacos, dasin, datan, dcos, dsin, dtan............. 81
6.13.2 dabs, dexp, dlog, dSqrt ......ooiiiiia 82
6.13.3 ceil, floor, rint, dceil, dfloor, drint .......... 82
6.14 OO0 o 83
6.14.1 ctrl ..o 83
6.14.2 debug........... i 84
0.14.3  @XT0r . 84
6.14.4 help .. ... 85
6.14.5  time ...ttt 85
6.14.6 cputime, tstart, tStop...........oiiiiiii... 86
0.14.7 BimMeT ..\ 87
6.14.8 currenttime ................ ... 87
6.14.9 Sleep......oiiii 87
6.14.10 heap....ouviite 88
6.14.11 version..........oouiiiiiiiiii 88
6.14.12 shell..........ooiiiiiii 89
6.14.13 map ...t 89
6.14.14  flist ... 90
6.14.15 delete_history...........ovieviiieninennnn... 90
6.14.16 get_rootdir.......c.oviiiiii 90
6.14.17 getopt....oov 91
6.14.18 getenv........coovuiiiii 91
(R T T 92
7.1 OpenXM ... 92
7.2 Mathcap ... 93
73 DOO0O00O0O0O0O0 i 93
T4 OOOO o 94
741 OO0OD0O0O0O0OO o 94
742 OOODO oo 95
743 DO0O0O0OOO0ODOOOOOOOOO oo 95
75 OD0O0O0O0000D00 o e 95
7.5.1 ox_launch, ox_launch_nox, ox_shutdown ........... 95
7.5.2 ox_launch_generic.................c.ccouuiiiean... 97
7.5.3 generate_port, try_bind_listen, try_connect,
try_accept, register_server........................ 98
7.5.4 0% _aSir ... 99

7.5.5 ox_rpc, ox_cmo_rpc, ox_execute_string ........... 99



7.5.6 ox_reset,ox_intr,register_handler.............. 100
7.5.7 ox_push_cmo, ox_push_local...................... 101
7.5.8 ox_pop_cmo, ox_pop_local ............oiiiii.... 102
7.5.9 ox_push_cmd, OX_SYNC .. .ovvvenniienenaennn.. 102
7510 0x_get ..o 103
7511 OX_POPS . et ettt 103
7.5.12 ox_select .....oviiiiii 104
7.5.13 ox_flush.........ooiiiiiii 104
7.5.14 ox_get_serverinfo...............oiiiiiiiiii.. 105
7.5.15 1ifplot, conplot, plot, polarplot, plotover..... 106

7.5.16 open_canvas, clear_canvas, draw_obj, draw_string
.................................................... 108
8 HUOUOUOOUOON veweviiiiiiieienn... 110
8.1 HOOOOOODO o e 110
8.2 HUOOOUOOOOD o e 110
8.3 HDODOOOD oo e 111
84 ODOOOOOOODODN o 111
8.5 HOOOOD o e 114
8.6 WeIGHE ... e 116
87 ULDDUOUDLUOUODDOODbDOOOO oo 117
8.8 LU o 117
8.9 Weyl OO ..o 118
810 DOUODODOOODOOODODO o 118
8.10.1 gr,hgr, grmod, dgr..........cvvviiiii 118
8.10.2 1lex_hensel, lex_tl, tolex, tolex_d, tolex_tl... 119
8.10.3 1lex_hensel_gsl, tolex_gsl, tolex_gsl d........ 121
8.10.4 gr_minipoly, minipoly.............coouiiui.n... 122
8.10.5 tolexm, minipolym ..............covvviiunnne.... 122

8.10.6 dp_gr_main, dp_gr_mod_main, dp_gr_f_main,
dp_weyl_gr_main, dp_weyl_gr_mod_main,
dp_weyl_gr_f main............. ... ... ... ... 123

8.10.7 dp_f4_main, dp_f4_mod_main, dp_weyl_f4_main,

dp_weyl_f4 mod main................c.iiiiiiinn... 124
8.10.8 nd_gr, nd_gr_trace, nd_f4, nd_f4_trace, nd_weyl_gr,

nd_weyl_gr_trace ...........c..iiiiiiiiiiii. 124
8.10.9 dp_gr_flags, dp_gr_print....................... 125
8.10.10 dp_ord..... ..o 126
8.10.11 dp_ptod.....covnunit 127
8.10.12 dp_dtop.....ovvnii 127
8.10.13 dp_mod, dp_rat.........coviiniiiiiiii. 127
8.10.14 dp_homo, dp_dehomo ..........ovviiiiiii 128
8.10.15 dp_ptozp, dp_prim .........oviuiiiiiiiii... 129
8.10.16 dp_nf, dp_nf_mod, dp_true_nf, dp_true_nf_mod

.................................................... 129
8.10.17 dp_hm, dp_ht, dp_hc, dp_rest................... 130
8.10.18 dp_td, dp_sSugar .............ceiiiiiiiiiiaa... 131

vi



8.10.20 dp_redble ..ot 132
8.10.21 dp_subd..........oiiiii 132
8.10.22 dp_vtoe, dp_etov .......coviriiiiiiii.. 133
8.10.23 dp_mbase ...t 133
8.10.24 dp_mag......c.vviniit 133
8.10.25 dp_red, dp_red mod ............ciiiiiiiiiiii... 134
8.10.26 dp_sp, Ap_Sp_mod ... ...ttt 135
8.10.27 p_nf, p_nf_mod, p_true_nf, p_true_nf_mod ..... 135
8.10.28 p_terms.......oouuuiiiiiiiii 136
8.10.29  gb_COmP. ..ottt 136
8.10.30 katsura, hkatsura, cyclic, hcyclic............ 137
8.10.31 primadec, primedec ...........oviiiiiiiiaana.. 138
8.10.32 primedec_mod...........viiiiiiiii., 138
8.10.33 bfunction, bfct, generic_bfct, ann, ann0...... 139

LS T I I 0 141
9.1 OODOOODOO e 141
9.2 O0O0OOOOO o e 142
93 UODOUOO0OODODO0O0OO0 v 143
94 OODOO0ODO 100000000 ..o 144
941 GCD ..o 144

942 DOO0O00O,0000 ... 145

9.4.3 OOODODO .. 145

9.5 OODO0OO0O0OO0O0O0O0O0 oo 146
9.5.1 mewalg.......ooiiiii 146

9.5.2  defpoly ...t 146

0.5.3  Alg . 146

9.5.4  algv ... 147

9.5.5 simpalg..........iii 147

9.5.6 algptorat............ouiiiiiiiiiii 147

9.5.7 Tattoalgp....uvviit e 148

9.5.8 cr_gcda.. ... 148

9.5.9 SpmOrm........... i 149

9.5.10 asqg,af,af noalg........coovvruiiiiieennnnnn... 149

9.5.11 sp,sp_noalg........coviiiiiiii 150

9.5.12 set_field .........coiiiiiiiii 151

9.5.13 algtodalg, dalgtoalg, dptodalg, dalgtodp....... 151

vii



10 OUOOOO0O0OO0OO ceeee e eeeeeeneenenenns 153
10.1 O0O000O000O000000 ... 153
10.2 000000 100000000 ... .. 154
10,3 00000000 0000000 ..., 154
104 O00O00O0000O0000O0000 ...t 154
10.5 O000000000000 ..., 155

10.5.1 setmod_ff ... 155
10.5.2  £ield_type_ff ...oooenmneeeeeee i 156
10.5.3 field_order_ff........ ..o, 156
10.5.4 characteristic_ff...........cco i ... 156
10.5.5 extdeg ff ..... ... .. i 157
10.5.6 simp_ff ... oo 157
10.5.7 random_ff ...t 158
10.5.8  Imptop .. vvvee e 158
10.5.9 ntogf2n........ .. ... ... 159
10.5.10 gf2nton.......... ...l 159
10.5.11 ptogfom.......ooviii 160
10.5.12  gfontop....vvvveiii 160
10.5.13 ptosfp, sEpPtop. .o v v 161
10.5.14 defpoly_mod2..............cciiiiiiiiiiaiia .. 161
10.5.15  SffCtr. ..o 162
10.5.16  fetr_ff. .. 162
10.5.17 drredcheck_ff ........ ..o, 162
10.5.18 randpoly_ff ........couiiiiiiiiii. 163
10.5.19 ecm_add_ff, ecm_sub_ff, ecm_chsgn_ff......... 163

I N I 165
A1 OOOOO .. 165
A2 O00000000000000 ... 167
A3 O00000000 .o 168

A3l fep . 169

A32 asirel..... ... .. 169

A4 OD00O0O0000O00O0O0O ... 169
AL OO0 . 172
A5.1 Version 990831 ......... ... ... 172

A5.2 Version 950831 ...... ... . 172
AB21 O0O0O0O ... . 172

Ab22 000000 ... .. 172

Ab523 000000 ..., 173

Ab24 OO0 ... 173

A5.3 Version 940420 ........ ... . 173

A6 OO 173
I 175

viii



